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Abstract 

Soil salinity reduces the growth of glycophytic plants such as Arabidopsis 

thaliana and rice. In vascular plants, roots are organized into concentric layers of 

cells and each layer has a specific biological function coordinated with other cell 

types in the root. Therefore, genes differentially expressed in response to a salt 

stress are also likely to be changing only in specific cell types, and thus may not 

be revealed at the organ level. In order to identify novel salt-responsive genes, 

cell-type specific transcriptomic approaches were undertaken in Arabidopsis 

thaliana and rice, with application of physiologically reasonable salt stress (50 

mM) over 48 hours. Two cell-types from the root were chosen in both species for 

their potential role in salt storage and transport: cortical and pericycle/stelar cells 

respectively. Cell-types of interest expressing specifically Green Fluorescent 

Protein (GFP) were isolated from the rest of the root using fluorescence-activated 

cell sorting (FACS). 

The outer layer of the root was found to be responding more than the inner part of 

the root after 48 hours of salt stress, with an overall down-regulation in both rice 

and Arabidopsis. Arabidopsis cortical cells responding to salt seem to regulate the 

cell wall biosynthesis, which may modulate the shape of the cells or alter the 

apoplastic movements of solutes in response to salt. Genes related to transport 

were affected by salt in Arabidopsis, with the crucial role of cortical cells in the 

movement of solutes being evident. Rice cortical cells respond to salt by showing 

a more extreme defense reaction in changing the protein metabolism and the 

regulation of transcription. The response of the inner part of the rice root to 48 

hours of mild salt stress showed up-regulation of genes implicated in broader 

functional categories. The biological relevance of genes revealed using cell type-

specific transcriptomics was demonstrated in a salt assay using knock-out (KO) 

lines of candidate genes from both cell-types in Arabidopsis thaliana. Three KO 

mutant lines showed 20% reduction in shoot sodium after 5 weeks of salt stress 

and were also able to maintain a higher shoot dry weight.  

These transcriptomic studies of isolated stelar and cortical cells in response to a 

mild salt stress have revealed salt responsive genes and pathways, indicating new 

areas for further study, and contributing to our understanding of the complex 

responses of plants to their environment at the cellular level. 
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Résumé 

La salinité du sol affecte la croissance des plantes glycophytes telle que 

Arabidopsis thaliana et le riz. Chez les plantes vasculaires, les racines sont 

composées de divers types de cellules organisées en cercles concentriques. 

Chaque type de cellules racinaires possède une fonction biologique spécifique et 

coordonnée avec les autres cellules qui composent cette même racine. Il est 

probable que la réponse des gènes au stress salin soit spécifique du type cellulaire, 

ce qui ne peut être révélé par des études à l’échelle de l’organe entier. Afin 

d’étudier les réponses spécifiques, notre approche a été de générer des profils de 

transcriptome pour deux types de cellules racinaires chez les plantes modèles, 

Arabidopsis et riz. Les deux types de cellules étudiées ont été choisis en raison de 

leur rôle possible soit dans le stockage du sodium dans les cellules corticales, soit 

dans son transport dans les cellules du péricycle chez Arabidopsis ou du cylindre 

central chez le riz. Des plantes exprimant la protéine fluorescente verte (GF) 

spécifiquement dans un type de cellule racinaire furent utilisées pour cette 

analyse. Les cellules ont donc pu être isolées chez le riz et Arabidopsis grâce à la 

technique de cytométrie en flux. 

L’analyse du transcriptome des cellules du péricycle et du cylindre central 

montrent que les cellules corticales sont plus réactives au stress salin et qu’une 

large majorité des gènes est sous–exprimée chez les deux plantes modèles. 

D’après les analyses d’expression des cellules du cortex d’Arabidopsis, trois voies 

métaboliques sont significativement sous-exprimées en réponse au stress salin: la 

voie de biosynthèse des phénylpropanoïdes, le transport de l’eau and le 

métabolisme secondaire. La régulation de gènes impliqués dans le transport de 

l’eau et des nutriments démontre l’importance des cellules corticales dans le 

mouvement des solutés. Chez le riz, les profils des deux types cellulaires étudiés 

révèlent une forte réaction de défense ; en effet le métabolisme protéique et la 

régulation de la transcription sont fortement sous-exprimés dans les cellules 

corticales alors que les cellules du cylindre central modifient et activent les gènes 

correspondant à divers catégories fonctionnelles telles que la réplication de l’ADN 

et le transport. Des gènes candidats ont été sélectionnés dans les deux types 

cellulaires d’Arabidopsis. Des lignées mutantes n’exprimant pas ces gènes ont été 

testées en stress salin dans des conditions hydroponiques. Les résultats ont révélé 
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un phénotype accumulant moins de sodium dans les parties aériennes (20% par 

rapport au génotype sauvage) pour certaines de ces lignées mutantes.  

Ce travail est la première étude de transcriptome utilisant des types spécifiques de 

cellules racinaires chez le riz. L’identification de gènes et voies métaboliques 

répondant au stress salin dans le cortex et le cylindre central de la racine ouvre de 

nouveaux axes de recherche et va permettre d’élucider la complexité des 

processus biologiques d’adaptation au stress salin. 
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Chapter 1: General introduction and literature 

review  

1.1 Salinity stress 

1.1.1 Soil salinity around the world and Australia 

Considered to be one of the major environmental stresses of modern times, soil 

salinity affects approximately 6% of the world’s land area (Munns, 2005). Saline 

soils are found naturally around the world but ‘secondary’ salinity, that caused by 

human activities, has increased over the past decade (Tester and Davenport, 

2003). Salinisation of soil occurs naturally over a long period of time due mainly 

to the solubilisation of salts from rock weathering or salt deposition brought by 

wind and rain. Amongst salts released from rock weathering, sodium chloride 

(NaCl) is the most soluble and abundant. Secondary salinity occurs due to poor 

agricultural practices such as irrigation and land clearance that cause the water  to 

rise around the root area and increase the concentration of salts in this zone 

(Munns and Tester, 2008).  

Salinity in the soil impairs crop productivity and yield and it is expected that the 

area of saline soil will increase around the world (Munns and Tester, 2008). Of 

the total cultivated land worldwide, irrigated land represents only 15% and 

approximately 20% of irrigated soils are salt affected. Irrigated lands are highly 

productive and sustain one third of the world population food supply. In the next 

40 years, the world population is expected to reach 9 billion. In order to feed this 

growing population an increase in food production is necessary. As a 

consequence, current arable lands will be put under pressure to be more 

productive, and any land with potential for crop production will be highly 

regarded with the risk of soil degradation. Thus, the need to develop and study salt 

tolerant plants that are able to deliver increased yields under saline conditions is 

essential. 

In Australia, the area of saline soils is currently estimated at 5.7 million hectares 

and is predicted to reach over 17 million hectares in 50 years (The National Land 

and Water Resources Audit's Australian Dryland Salinity Assessment, 2000). 
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Farmers are facing a huge problem with soil salinity estimated to affect up to 2.1 

million hectares of arable land; half of this in Western Australia. Despite 

revegetation activities to assist soil management in these areas and reduce the salt 

concentration in the soil, salinity costs Australian farmers millions of dollars in 

lost yield. Therefore, researchers are focusing on producing salt-tolerant crops 

which could maintain growth and yield when grown on saline soils to provide a 

sustainable agriculture and ensure food security in the future. 

1.1.2 Sodium toxicity in plants  

1.1.2.1 Plants vary in salinity tolerance 

Plants able to thrive in high saline environments are called halophytes, as distinct 

from glycophytes, which are sensitive to saline soil. Regardless of their category, 

plant species vary in salinity tolerance, with most cultivated plants being 

moderately sensitive to salt (Figure 1.1). Cereals such as barley, wheat or rice 

(Oryza sativa L.) show a wide range of tolerance for salt stress. Amongst these 

crops, rice is the most sensitive and will not complete its life cycle at 100 mM 

NaCl (Aslam et al., 1993), whereas barley (Hordeum vulgare) is the most tolerant 

and can cope with 150 mM NaCl (Munns and Tester, 2008). Some legumes 

species such as lucerne (Medicago sativa) are moderately tolerant to salt but are 

commonly grown on saline lands for pasture management. Amongst the mustard 

family, Arabidopsis thaliana is highly sensitive to 100 mM salt and will not 

complete its life cycle (Munns and Tester, 2008). On the other hand its halophyte 

relative Thellungiella halophila (salt cress) is able to maintain its growth on 

elevated saline soil. Comparisons between Arabidopsis and Thellungiella 

halophila have helped to gain insight into the biological salt tolerance 

mechanisms (Aleman et al., 2009).  

By engineering tolerance to salt stress in glycophytes, researchers expect to 

increase the total biomass and maintain a good yield in saline conditions. A recent 

publication emphasizes that increasing total biomass in crops does not necessary 

decrease the yield in low sodium conditions (Munns et al., 2012). 
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Figure 1.1: Plant species vary in salinity tolerance. Plants were grown for 3 

weeks in solution or sand containing various salt concentrations for at least 3 

weeks, the percentage salinity tolerance is growth in high NaCl relative to plant 

growth in the absence of NaCl (Munns and Tester, 2008). 

1.1.2.2 The two phases of the salt response in plants: osmotic and ionic 

Salt is taken up by the root system and transported up to the shoot area where its 

accumulation is toxic to the plant. Damage caused by salt exposure is not entirely 

understood but two distinct effects can be observed over time. The first 

measurable effects on plants treated with a saline solution are stomatal closure and 

a rapid reduction of shoot growth (Munns and Tester, 2008). Addition of salt or 

other osmotic agents such as mannitol demonstrated the same effect in regard to 

cell growth rate, implying that changes in cellular water distribution occur 

independently of ion accumulation (Munns, 2002). Addition of salt induces 

osmotic stress around roots but the effect is transient and cells will regain their 

turgor within hours (Frensch and Hsiao, 1994). The complex mechanisms 

controlling osmotic stress tolerance by plants remain mostly unknown. 

The second effect on plants to salt exposure is sodium accumulation in the shoots 

which builds up progressively over time (Munns and Tester, 2008). If soil sodium 

levels are high, sodium gradually accumulates in the shoots, starting from the tip 

A 
NOTE:   

     This figure/table/image has been removed  
         to comply with copyright regulations.  
     It is included in the print copy of the thesis  
     held by the University of Adelaide Library. 
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of the older leaves and progressing to the younger leaves. This accumulation of 

sodium in the leaves corresponds to ionic stress. Roots tend to have a relatively 

constant concentration of sodium. Tester and colleagues suggested that roots 

exported sodium ions either by loading them into the xylem or exporting them 

into the xylem (Tester and Davenport, 2003). A high concentration of sodium is 

likely to inhibit cytoplasmic enzyme-catalysed reactions, thus inhibit protein 

synthesis and photosynthesis, leading to reduced growth and eventually the death 

of the plant (Munns and Tester, 2008; Tester and Davenport, 2003).  

The ionic effect of the salt in the shoots can be measured by the rate that senescent 

leaves accumulate sodium ions. The ionic stress of a plant can be measured by the 

use of a non-destructive method such as image analysis to measure leaf 

senescence or yellowing of the shoot tissue. The growth rate of the young leaves 

and the rate of senescence of old leaves will indicate the plants tolerance to 

salinity (Rajendran et al., 2009).  

In order to maintain a low concentration of sodium in the cytoplasm, plants 

growing on saline soils have developed two well characterised mechanisms: 

sodium exclusion from the shoot and tissue tolerance. The sodium exclusion 

mechanism requires the transport of sodium and, more specifically, limitation of 

the loading of sodium into the xylem vessels via transporters. Tissue tolerance 

requires the storage of the sodium in compartments within plant cells, such as the 

vacuoles (Munns and Tester, 2008). Both salinity tolerance mechanisms can be 

found in plants, one being generally predominant, depending on the species and 

conditions of growth (Munns and Tester, 2008).  

1.1.3 Salinity tolerance mechanisms  

1.1.3.1 Osmotic stress tolerance 

In response to an addition of salt, a reduction of the shoot growth is observed due 

to the osmotic stress (Munns and Tester, 2008). This reduction of shoot growth 

can be recovered later in the osmotic phase before sodium ions build up in the 

older leaves. Several accessions of durum wheat have been identified with higher 

osmotic tolerance and these are able to maintain their growth rates after addition 

of salt (Rajendran, et al., 2009). Despite the fact that the mechanisms controlling 

osmotic stress tolerance in plants are still not well understood, it is known that 
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many biological pathways and strategies are used by the plants to re-establish 

their continuous growth in osmotic stress conditions and to signal the stress at the 

cellular level to coordinate the biological responses (Dinneny, 2010; Tester and 

Davenport, 2003)  

1.1.3.1.1 Biological pathways involved in cellular growth 

Additional sodium in the soil decreases the soil water potential. Water moves 

from compartments of high water potential to those of low water potential; 

consequently, plants need to adjust their osmotic potential to maintain the influx 

of water and nutrients in order to maintain continuous growth (Tester and 

Davenport, 2003).  

 

The strategy to maintain cellular growth in response to an osmotic stress can be 

attributed so far by three biological processes which involved osmoprotectants, 

aquaporins and the cell wall metabolism. 

One strategy employed by root cells to increase the osmotic potential by is by 

synthesising intracellular compatible solutes (or osmoprotectants) in the cytosol 

(Apse and Blumwald, 2002; Rontein et al., 2002). These solutes increase the 

osmotic potential of the cytoplasm and therefore reduce the damages causes by 

the salt stress. Diverse types of osmoprotectants are known to be synthesised in 

plants. These include: amino acids such as proline; sugars such as trehalose and 

mannitol; betaine; and dimethylsulfoniopropionate (Rontein, et al., 2002). In 

addition to their role in increasing osmotic potential, these solutes can have 

additional benefits as they also act as effective stabilisers of enzyme function and 

they support the structure of the cell membranes. However, production of 

osmoprotectants such as proline or polyols requires energy and therefore impact 

on plant growth (Rontein, et al., 2002). A less energy consuming process for 

plants, to balance osmotic pressure is to use other inorganic cations such as 

potassium (K
+
) which is also an essential macronutrient. However, the selectivity 

of K
+
 over sodium ions (Na

+
) is species dependent. The halophyte Thellungiella 

halophila showed a higher K
+
/Na

+
 selectivity than Arabidopsis thaliana in saline 

conditions (Aleman, et al., 2009). This cytosolic K
+
/Na

+
 ratio has also been 

shown to be a key determinant for salinity tolerance in cereals such as barley or 
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wheat (Chen et al., 2007; Gorham et al., 1990). Membrane transport of potassium 

can be mediated by diverse potassium channels or transporters which can be 

subdivided in two categories in plants regarding their affinity for potassium. 

Amongst shaker type K
+
 channels (similar to animal voltage-gated KC channels), 

AKT1 was shown to be involved in the uptake of potassium in response to salt 

(Very and Sentenac, 2003). In rice the OsAKT1 gene was significantly down-

regulated in response to salt (Fuchs et al., 2005). A candidate gene identified at 

the locus Kna1 in wheat was associated with a higher K
+
/Na

+
 in shoots. It was 

subsequently shown that the gene expression level correlated with the high 

affinity potassium transporter (HKT) (Byrt et al., 2007). Another type of 

potassium transporters have been characterised in plants that includes SKOR, a K
+
 

channel which contributes to K
+
 loading in the xylem sap (Very and Sentenac, 

2003). Its gene expression is specific to particular cells of the roots in 

Arabidopsis: the pericycle and xylem parenchyma cells. It was shown to be down-

regulated in response to abscisic acid (ABA) and water stress and salt stress (Very 

and Sentenac, 2003). The importance of potassium channels for translocating K
+
 

in the shoots is likely to be essential for limiting the accumulation of sodium into 

the shoots. 

 

Osmotic stress caused by increased salt levels dramatically reduces the uptake of 

water by the roots causing dehydration and reduced turgor and growth. 

Aquaporins i.e. water channels play an essential role in water transport across 

membranes. Salinity has been shown to regulate the expression of aquaporins. 

Salt stress of 100 mM applied to Arabidopsis thaliana demonstrated a decrease in 

root hydraulic conductivity and a decrease in aquaporin transcripts after 2 to 4 

hours of stress (Boursiac et al., 2005). This inhibition in water transport in 

response to osmotic stress was reported to be one of the earliest responses of 

plants to salinity (Boursiac, et al., 2005). Therefore, aquaporins play an essential 

role in maintaining cellular water homeostasis under salt stress. 

 

It was observed that growth in roots recovers more quickly than in leaves after 

application of salt. Munns and Tester suggested that this may be due to different 

properties of the cell walls of root and shoot (Munns and Tester, 2008). One 
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study, focused on strawberries, demonstrated that a salt tolerant cultivar showed 

rigidity of cell wall structure. On the other hand, a sensitive cultivar demonstrated 

a weaker cell wall structure and slower cell expansion (Keutgen and Pawelzik, 

2007). However, given that this study only focused on fruits, the findings may not 

be applicable to root cell biology. In Arabidopsis, a cellulose synthase-like 

protein, AtCSLD5/SOS6, was discovered to play a critical role in osmotic stress. 

The knock-out mutant of this gene accumulated high levels of reactive oxygen 

species (ROS) under osmotic stress but had only minor changes in cell wall 

composition (Zhu et al., 2010). Additional studies on maize showed that cell wall 

modifications could occur at distinct zones of the root under water stress. For 

instance, Yamaguchi and colleagues demonstrated that elongation of the apical 

zone of the maize root was greater than that of the basal zone under water stress 

which suggests that cell wall extensibility was maintained in the apical zone 

(Yamaguchi and Sharp, 2010). The researchers proposed that the modifications of 

cell wall properties could occur by expansins and xyloglucan 

endotransglycosylase/hydrolase (XTH), as both proteins are known to affect cell 

wall loosening (Yamaguchi and Sharp, 2010). Another study implicated two 

genes cinnamoyl-CoA reductase 1 and 2 which are involved in the biosynthesis of 

the lignin showed that the reduction of elongation in the basal zone was associated 

with an increase in lignin deposition and consequently a rigidity of the cell wall 

(Rahantamalala et al., 2010). The modification of cell wall properties were shown 

to be spatially localised along the root (Fan et al., 2006; Moura et al., 2010). 

1.1.3.1.2 Cellular signalling 

Salt stress signal transduction at the cellular level involves hormones, reactive 

oxygen species (ROS) and calcium. The plant hormone ABA is essential in plant 

growth and development. Its rapid production in response to dehydration and 

osmotic stress demonstrates its importance in terms of regulation of physiological 

responses to environmental stress. ABA plays a central role in regulating plant 

water status by modulating the stomatal closure in the shoot (Zhu, 2002). ABA 

has also been shown to be a cellular signal which modifies the constitutively 

expressed transcription factors at a posttranslational level (Zhu, 2002). Several of 

the salt responsive genes contain the dehydration response element (DRE) in their 
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promoter. It was shown that some transcription factors after posttranscriptional 

modifications can bind these DRE and induce the expression of down-stream salt 

effector genes (Zhu, 2002). In higher order plants, the biosynthesis of ABA in 

response to a stress occurs through a pathway using precursors such as 

xanthophylls which are present in large quantities in the leaves (Zhu, 2002). 

However, it is still unclear how the ABA biosynthesis genes are induced and how 

ABA is involved in the long distance signalling from shoot to root. 

 

In addition to hormone signalling in the root, salt stress can lead to a rapid 

increase and high levels of ROS such as superoxide, hydrogen peroxide (H2O2) 

and hydroxyl radicals; these molecules act as stress signals at the cellular level. As 

a result of the high concentration of ROS, oxidative injuries occur, resulting in 

damage to the cell structures. In order to minimise damage to the cell, 

detoxification enzymes are activated including glutathione reductase, peroxidase 

and superoxide dismutase (Neves et al., 2010). Most production sites for ROS are 

in the cell organelles such as the mitochondria or chloroplasts. The balance 

between the production and removal of ROS acts as a key cellular signal. Double 

mutants for cytosolic and chloroplastic ascorbate peroxidase demonstrated an 

increase in salt tolerance (Miller et al., 2007). Moreover, in rice it was shown that 

glutathione reductase was expressed in response to the addition of sodium ions but 

not to the osmotic stress caused by mannitol (Hong et al., 2009). The complexity 

of the mechanisms of the ROS network in response to salt is still not fully 

understood (Miller, et al., 2007; Zhu, et al., 2010).  

 

The mechanisms for sensing elevated salt levels by the roots remains obscure as 

no sensor has been identified so far. However, it is known that a signal is 

transferred from root to shoot in order to coordinate the physiological response. It 

is well established that an increase of intracellular calcium (Ca
2+

) occurs in 

response to salt (Kiegle et al., 2000). The sodium concentration and other 

environmental changes coincide with the release of intracellular calcium (Tracy et 

al., 2008). The flux of free Ca
2+ 

crossing the plasma membrane initiates the stress 

signalling pathway (Mahajan et al., 2008). The unique signature of the free 

cytosolic Ca
2+

 is decoded by calcium-binding proteins to propagate the stress 
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signal cascade (Mahajan, et al., 2008). The Salt Overly Sensitive (SOS) pathway 

is well known for its involvement in response to salt stress in Arabidopsis 

thaliana (Lin et al., 2009; Mahajan, et al., 2008; Shi et al., 2002). Three proteins 

SOS1, SOS2 and SOS3 are involved in this pathway. The interaction between 

SOS3, a calcium binding protein, and SOS2, a protein kinase, recruits SOS1, a 

Na
+
/H

+
 antiporter, to maintain ion homeostasis within the cell (Lin, et al., 2009). 

Knock-out mutants of these three SOS proteins produced different phenotypes 

indicating the complex regulation of many of the Na
+
 related proteins (Shi et al., 

2000). The recent discovery of calcineurin B-like proteins (CBLs), and their target 

partners CBL-interacting protein kinases (CIPKs) increases the complexity of the 

network of molecular regulation in response to stress in plants (Luan et al., 2002; 

Xu et al., 2010).  

1.1.3.2 Tissue tolerance 

1.1.3.2.2 Tissue tolerance strategies 

Plants have developed strategies to minimise the ionic effects of sodium in the 

cytoplasm that can interfere with enzymatic reactions and protein synthesis. One 

of the strategies in terms of tissue tolerance used by halophytes plants is to excrete 

the salt via salt glands through their trichomes (Rogers et al., 2012). Their main 

tissue tolerance strategy consists of storing sodium ions in their vacuoles to avoid 

sodium ions accumulating in the cytoplasm. Enzymes from halophytes plants 

were shown to be as sensitive as glycophyte enzymes in an in vitro salt assay, 

which confirms the importance of sequestering Na
+
 out of the cytosol (Munns and 

Tester, 2008).  

 

1.1.3.2.3 Transporters involved in tissue tolerance 

When sodium ions are stored in the vacuole, the vacuolar pressure increases 

leading to an imbalance in pressure compared to the cytosol (Munns and Tester, 

2008). To address this imbalance, the osmotic potential in the cytosol is increased 

either by the synthesis of osmoprotectants which at high concentration do not 

inhibit metabolic reactions or by increasing the intracellular K
+
 concentration (see 

chapter 1 section 1.1.3.1) (Byrt, et al., 2007; Chen, et al., 2007; Gorham, et al., 
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1990). As the concentration of osmoprotectants increases in the cytosol, the Na
+
 

ions need to be compartmentalised. An active mechanism of pumping Na
+
 into the 

vacuole is achieved by antiporters (An et al., 2007). In order for these Na
+
/H

+
 

antiporter (NHX) proteins to transport Na
+
, a gradient of H

+
 ions is necessary 

across the tonoplast. The vacuolar H
+
-ATPase and the vacuolar H

+
-

pyrophosphatase generate this H
+
 gradient (Gaxiola et al., 2001). The vacuolar 

H
+
-pyrophosphatase (AVP) pumps H

+
 into the vacuole. Over-expression of 

AVP1, encoding the vacuolar H
+
-pyrophosphatase led to an increase in salinity 

tolerance in Arabidopsis thaliana (Gaxiola, et al., 2001; Silva and Geros, 2009). 

This result suggests that enhancing the driving force of protons across the 

tonoplast increases the activity of vacuolar antiporters such as Na
+
/H

+
 antiporters. 

NHX antiporter family was characterised with 8 members in Arabidopsis. 

AtNHX1 and AtNHX7/SOS1, both antiporters, are localised on the tonoplast and 

the plasma membrane respectively (An, et al., 2007). Over-expression of AtNHX1 

(At5g27150) increases salinity tolerance in Arabidopsis (Apse et al., 1999). 

However, in rice, a salt sensitive species, the activity of the NHX protein is not 

increased with addition of salt (Fukuda et al., 1998).  

1.1.3.3 Sodium exclusion from shoots 

1.1.3.3.1 Radial transport across the root 

Sodium ions move radially across the root through symplastic transport and 

apoplastic transport. Symplastic transport uses the plasmodesmata junction that 

occurs between two cells and allows passage of molecules from cytoplasm to 

cytoplasm. Nothing is known about the regulation of the selective passage of 

sodium ions through the plasmodesmata. However, the movement of the 

molecules is limited at the plasma membrane of the xylem parenchyma where 

solutes need to be selectively loaded into the xylem vessels. Apoplastic transport 

is less selective as ions follow the cell wall path. The radial transport of sodium 

ions between the epidermal layer and the xylem vessels following the apoplastic 

path will encounter the endodermal layer. This layer contains the Casparian band 

which is expected to be highly selective regarding ion transport because of the 

deposition of suberin. Therefore, an efficient Casparian band will limit the loading 

of sodium ions into the xylem (Baxter et al., 2009; Franke and Schreiber, 2007; 
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Krishnamurthy et al., 2009). In rice, it was observed that the bypass flow is 

greater than in others cereals indicating a high water flow through the apoplast 

and some leakage in the endodermal cell layer where lateral roots grow (Plett and 

Moller, 2010; Yeo et al., 1987). 

1.1.3.3.2 Potential transporters involved in sodium efflux 

Sodium ions enter passively into the root via nonselective cation channels or ion 

channels (Demidchik and Maathuis, 2007). This entry is enhanced by a negative 

electrical potential difference at the plasma membrane and a lower sodium 

concentration into the cytosol. It was shown these nonselective ion channels were 

directly involved in stress responses as well as in the perception of external 

stimuli (Chin et al., 2009). Once the sodium has entered the external layer of cells, 

it is moved from the outer part of the root towards the stelar tissue to be uploaded 

in to the xylem vessels (Tester and Davenport, 2003). In order to minimise the 

entry of the sodium ions into the sap, sodium can be pumped back into the soil. 

SOS1 has been identified as a candidate gene controlling the efflux of sodium in 

different layers of the root. An experiment involving the SOS1 gene fused to a 

reporter gene indicated that the SOS1 proteins are localised in the epidermal zone 

of the apical roots and in the stelar tissue/parenchyma cells (Shi, et al., 2000). The 

Atsos1 mutant showed higher accumulation of Na
+
 in shoot tissue and in the roots 

compared to the wild type when grown under high salt (Shi, et al., 2000). These 

results suggest that the SOS1 antiporter protein may be involved in unloading 

sodium from the transpiration stream. This is also supported by the evidence that 

plants constitutively over-express AtSOS1 have reduced Na
+
 in the shoot and 

xylem sap suggesting that the SOS1 antiporter is removing sodium back into the 

soil from the epidermal cell layer (Shi et al., 2003). Other cation/H
+
 exchangers 

(CHX) may have a role in sodium ion efflux. A family member AtCHX17 was 

found expressed in epidermal and cortical cell types of Arabidopsis root cells 

(Cellier et al., 2004). The gene was induced in response to salt and a knock-out 

mutant of this gene showed less accumulation of K
+
 in roots; which indicates that 

AtCHX17 may function as a K
+
/H

+
 antiporter (Cellier, et al., 2004). Another 

member of the cation/H+ exchanger family, AtCHX13, was described as a K
+
/H

+
 

antiporter localised on the plasma membrane (Zhao et al., 2008). OsCHX11 in 
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rice has also been implicated in limiting the sodium influx in saline conditions 

(Senadheera et al., 2009).  

1.1.3.3.3 Uptake of Na+ from the transpiration stream 

Once sodium reaches the stelar tissue, it is loaded into the xylem sap and 

transported up to the shoots (Tester and Davenport, 2003). The uptake of Na
+
 

from the parenchyma cells into the xylem vessels is passive. Therefore, the only 

way to limit the transport of sodium up to the shoots is to retrieve Na
+
 from the 

xylem sap. Research in a range of plant species has demonstrated the involvement 

of HKT transporter in the uptake of Na
+
 from the xylem vessels to the 

surrounding cells (parenchyma cells) (Byrt, et al., 2007; Davenport et al., 2007; 

Ren et al., 2005).  

Phylogenetic analysis of HKT members subdivides them into two subfamilies 

according to their amino acid sequences.  The main reason for the subdivision 

seems to be associated with the presence of a glycine to serine substitution in the 

first pore loop of the protein (Platten et al., 2006). All HKT proteins from 

dicotyledons fall into the first subfamily, whereas rice HKT proteins are shared 

between the two subfamilies. The amino acid substitution is thought to play a 

critical role in the selectivity of Na
+
 (Platten, et al., 2006). 

The expression pattern of the AtHKT1;1 gene showed that it is expressed mainly 

in the inner part of the root, stele and vascular tissue (Berthomieu et al., 2003). In 

Arabidopsis, the Athkt1;1 mutant is salt sensitive, with over-accumulation of Na
+
 

found to occur in the shoot (Maser et al., 2002). The rice OsHKT1;5 gene was 

implicated in retrieving Na
+
 from the xylem sap to the stelar tissue and the 

OsHKT1;4 gene is mainly expressed in the shoots and may work by sequestering 

Na
+
 in the sheath tissue (Garciadeblas et al., 2003). 

1.1.4 Importance of different cell types in salinity tolerance 

1.1.4.1 Root cells important for sodium accumulation in shoots 

Early studies tried to dissect the root in order to determine where the control key 

points for shoot sodium accumulation were. A patch clamp technique was applied 

to cortical and stelar protoplasts in order to understand the properties of ion 

transport (Roberts and Tester, 1995). Results suggested different roles for the stele 
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and cortical cells in terms of potassium uptake or release (Roberts and Tester, 

1995). Another study, using xylem parenchyma cells from stelar tissue of barley, 

demonstrated the importance of these cells in releasing and reabsorbing ions from 

the xylem sap (Wegner and Raschke, 1994). With the same experimental 

approach used to determine the importance of root cell type, measurements of 

sodium in cell types of wheat root were performed to determine and to understand 

the specificity of each cell type of the root involved in salinity tolerance (Lauchli 

et al., 2008). The results suggested that the outer cell layers of the T. durum root 

controlled the passage of sodium ions to establish a radial gradient of sodium ions 

(Lauchli, et al., 2008). It is now well established that cortical cells are involved in 

the storage of sodium and act as a control point for containing the flux of sodium 

before the ions reach the xylem vessels. Other results from Lauchli et al, showed 

that the endodermis cell layer was not the main point controlling the shoot sodium 

uptake but instead pointed to the pericycle and xylem parenchyma cells (Lauchli, 

et al., 2008).  

Other studies have focused on the role of each cell type in response to different 

abiotic stress. Arabidopsis plants transformed with the calcium reporting protein, 

aequorin, fused to a luminescent reporter protein allowed the visual identification 

of particular changes in Ca
2+

 concentration in different cell types in response to a 

salt stress (Kiegle, et al., 2000). This release of calcium in the cytoplasm was 

quantitatively different in each cell type tested and different according to the 

stress. These studies specifically demonstrate the importance of the pericycle cell 

layer with a distinct primary peak and secondary response in free cytosolic 

calcium released in response to salt compared to other cell types (Kiegle, et al., 

2000).Therefore, it is obvious that the flux of sodium to the shoot is controlled at 

different key control points in the root and thus it may be possible to improve 

salinity tolerance in plants through influencing these key control points.  

1.1.4.2 Proof of concept: cell type-specific expression of key sodium 

transporters 

As discussed previously, genes involved in the transport of sodium are keys to 

regulating the shoot sodium ion accumulation. However, over-expression of these 

key genes may not bring any advantage in terms of salinity tolerance of the plants 
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(Yang et al., 2009). Over-expressing transporter genes ubiquitously throughout 

the whole plant may have disadvantageous side effects such as reductions in yield 

or fertility. For example, the over-expression of AtHKT1;1 in Arabidopsis was 

deleterious with serious alterations in growth observed (Møller et al., 2009). In 

order to avoid the over-expression of a gene throughout the whole plant and thus 

avoid the negative side effects, researchers have decided to use different 

promoters to target a specific cell type or tissue when expressing a gene of 

interest. The first cell type specific expression of a transporter gene was achieved 

by Møller et al. in Arabidopsis (Møller, et al., 2009). The antiporter AtHKT1;1 

expressed specifically in the stelar tissue of Arabidopsis roots showed a decrease 

in sodium accumulation in the shoot in saline conditions, and therefore an 

improvement in tissue tolerance (Møller, et al., 2009). A study from Plett et al. 

demonstrated that the modification of sodium transport in a cell type-specific 

manner could also be achieved in rice (Plett et al., 2010). In fact, the over-

expression of the native Arabidopsis gene AtHKT1;1 in rice cortical cells was 

engineered and the results of this study showed that these modified rice plants had 

a lower sodium accumulation in the shoots and a higher shoot fresh weight in 

response to salt application compared to their wild type counterparts (Plett, et al., 

2010). These physiological observations were linked to the gene expression of 

native transporters. It was demonstrated that the over-expression of AtHKT1;1 in 

rice cortical cells increased the native expression of OsHKT1;5 in rice (Plett, et 

al., 2010). These two studies by Moller and Plett and their respective colleagues 

demonstrate the importance of targeting a cell type to express a gene of interest; 

however, these studies also unravel the complex networks of gene expression and 

their regulation at the cell type-specific by modulating the native expression of 

transporters genes such as HKTs. 

It seems obvious that limiting the entry of sodium ions in the outer cell layers or 

increasing the efflux of sodium ions back into the soil will improve salinity 

tolerance. However, the passive entry of sodium may be difficult to control and no 

study targeting sodium ion efflux in the outer layers of the roots has been 

published so far. 
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1.2 The two model plants of this salinity study 

1.2.1 The Arabidopsis dicotyledon model 

1.2.1.1 Genetic model 

The glycophyte chosen as the dicotyledon model for this project is Arabidopsis 

thaliana. It is a small flowering plant that belongs to the Brassicaceae family that 

includes cultivated species such as cabbage and broccoli. Arabidopsis is of no 

agronomic interest; however, its use as a model offers many advantages in terms 

of research. Its small diploid genome is comprised of five pairs of chromosomes; 

and its 157 Mb genome was sequenced in 2000 (Arabidopsis Genome, 2000). Its 

short life cycle and prolific seed production; the availability of knockout (KO) 

mutants; and the ability to manipulate it though routine transformation via 

Agrobacterium tumefaciens have made Arabidopsis a very useful model for plant 

molecular biology (Lloyd et al., 1986).  

With regards to salinity tolerance, Arabidopsis thaliana is not able to finish its 

reproductive cycle when grown in a saline solution at 100mM. Thus Arabidopsis 

is amongst the more sensitive species to salt exposure (Munns and Tester, 2008). 

Salinity tolerance mechanisms have been well studied in Arabidopsis and it has 

been shown that the tissue tolerance mechanism is more important than the 

sodium exclusion mechanism in this species (Møller and Tester, 2007). This is in 

contrast to most cultivated cereals including wheat, rice and barley; as studies in 

these plants have shown that they tend to exclude sodium out of the shoot to 

achieve salinity tolerance (Garthwaite et al., 2005; Gorham, 1990; Yan et al., 

1992). It is important to keep in mind that Arabidopsis and rice, the cereal model, 

diverged 120 to 200 million years ago (Chaw et al., 2004). Despite the fact that 

71% of rice proteins have homologues in Arabidopsis and that for 90% of 

Arabidopsis proteins homologues have been identified in the rice, the knowledge 

acquired in regard to salinity tolerance in Arabidopsis may be difficult to transfer 

to crops (International Rice Genome Sequencing, 2005).Therefore, although 

Arabidopsis studies on sodium transport processes have helped discover pathways 

and genes implicated in salinity tolerance these findings should be transferred 

with care to monocotyledon species, because of the stated differences above.  
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1.2.1.2 Root architecture  

The primary sensor for nutrient uptake from the soil is the root which, in 

Arabidopsis, is composed of many cell types organised in concentric cylinders. 

Arabidopsis is composed of three outer cell layers: epidermal, cortical and 

endodermal cells. The two cell layers of cortex and endoderm form the ground 

tissue. The inner stele tissue is composed of one concentric layer (pericycle cells) 

at the most external zone and the vascular tissue. The vascular tissue in 

Arabidopsis originates from the primary meristem: the procambium. The 

procambium divides into the secondary vascular tissues of xylem and phloem. 

These vascular bundles transport water, nutrients and minerals. The transpiration 

stream is taken up via the xylem vessels from the root to the shoot. The flow in 

the phloem vessels is in opposition to the xylem vessels transport, and mainly 

carries organic elements from the shoot to the root.  

Figure 1.2 shows a schematic outline of the vascular tissue in Arabidopsis 

(adapted from Petricka et al. 2012; Carlsbecker et al. 2010). The development of 

the vascular tissues in Arabidopsis roots has been well studied. Vascular cells are 

organised in a regular pattern during their growth. Longitudinal growth of 

Arabidopsis is graded along the root axis. Older cells are more in the mature root 

and close to the hypocotyls; whereas the youngest cells are localised near the root 

meristem and closer to the tip (Petricka et al., 2012). The stem cells produce by 

division daughter cells that will grow and be differentiated into a specific cell 

type. The longitudinal zones of elongation, maturation and differentiation are 

indicated on Figure 1.2. The characterisation of Arabidopsis mutants with 

alterations in their root division helps to elucidate the differentiation mechanisms 

and the combination of genes controlling the differentiation. For example, two 

genes encoding transcriptional regulators (scarecrow and short-root) were 

determined to play an essential role in the patterning of the root (Sozzani et al., 

2010); and these two transcriptional regulators and gibberellins were shown to be 

involved in the ground tissue maturation (Paquette and Benfey, 2005). However, 

most of the processes by which the cells acquired their identity remain unknown.  

Arabidopsis roots contain two more structures to those described above: lateral 

roots and root hairs. Lateral roots typically extend horizontally from the primary 

root; they increase surface absorption and help anchor the plant into the soil. 
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Pericycle cells were discovered as the initiating center of lateral roots and 

therefore the emergence of lateral roots occurs after the four concentric layers 

have been differentiated (Benfey et al., 2010). Root hairs are small extensions of 

the mature epidermal layer and help in the absorption of nutrients and water. 

Overall, the regular and simple anatomy of Arabidopsis roots makes it a good 

model for discovering development mechanisms and in our case mechanisms 

involved in the salt response. 

 

 

Figure 1.2: Vascular tissue and longitudinal zones of Arabidopsis. A, Schematic 

outline of Arabidopsis root and vascular tissue. The colour code indicates the cell 

type. B, Spatial organisation of the longitudinal zones of Arabidopsis root. 

Adapted from Petricka et al. 2012. 

1.2.2 The Oryza sativa monocotyledon model 

1.2.2.1 An important source of food and its world distribution 

Rice is cultivated in all climate zones that permit its growth except Antarctica 

(www.unctad.com). The rice life cycle is between 3 and 6 months, and varies 

dependent on the environment and the variety. Two rice species are cultivated, 

A 
NOTE:   

     This figure/table/image has been removed  
         to comply with copyright regulations.  
     It is included in the print copy of the thesis  
     held by the University of Adelaide Library. 
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Oryza sativa which is grown all around the world, and Oryza glaberrima which is 

mainly grown in West Africa (Hoshikawa, 1989). The domesticated rice plant is a 

semi aquatic annual grass but can be also be cultivated in dry area. Domestication 

of the rice started with 'puddling' (water logged soil) and 'transplanting'. The 

transplantation of young rice seedlings aged 1 to 6 weeks in puddle soil is a 

current practice for rice farmers. This practice allows the rice farmers to control 

field duration, competition with weeds and overall provide better yields (Maclean 

et al., 2002). 

The total world surface area cultivated with rice is 148 million hectares per annum 

(Khush, 1997). Regions in Asia grow about 90% of the world’s rice with their 

Asian populations the main consumers of the rice (Khush, 1997). China and India 

produce most of the rice which is about 60% of the world total production 

(Khush, 1997). In most developing countries, but mainly in Asia, rice is the most 

important crop for human consumption. Amongst other cereals such as wheat or 

corn, rice is the most consumed by human with up to 85% of the production 

designated for human consumption (Maclean, et al., 2002). 

Two types of rice seeds or grains are commonly consumed by humans: brown rice 

seed (unpolished) and white rice seed (polished). Brown rice seed contains more 

vitamin B, minerals and proteins than white rice (Khush, 1997). However, around 

the world, humans consume more white rice than brown around the world because 

it has better longer term storage properties and allows better nutrient absorption 

(Khush, 1997). 

Rice amongst other crops is very sensitive to biotic and abiotic stresses through all 

its cycles, from germination to ripening. Climate changes, and poor soil quality 

and management affect the production of rice (Khush, 1997). With the growing 

population, food security is an imminent issue. Therefore efforts in crop 

management and research should be pursued to contribute to improved rice grain 

quality and yield. 

1.2.2.2 Genetic model for cereals 

The rice genome is a diploid and contains 21 pairs of chromosomes. Its small 

genome is only 385 Mb in size and so far about 50 000 genes have been identified 

(Ouyang et al., 2010). Its short life cycle and simple genome make it a good 
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genetic model. Moreover, Oryza sativa cultivars are classified into two sub 

species, indica and japonica both can now be transformed via Agrobacterium and 

this allows for gene manipulation (over-expression or knock-out expression) in 

diverse genetic background (Izawa and Shimamoto, 1996). Research shows that 

there is a high co-linearity between genes along the chromosomes of rice and 

other grass species (Schnurbusch et al., 2007). In 2005, an important genomic step 

was achieved with the sequencing of the genome of Oryza sativa L. by the 

International Rice Genome Sequencing Project (IRGSP). Currently, 95% of the 

genome is sequenced and available for the identification of genes (Ouyang, et al., 

2010; Project, 2005). However, this enormous source of data is of limited use for 

improving rice yield if the biological functions of the genes remain unknown. 

1.2.2.3 Root architecture 

1.2.2.3.1 Rice root structure 

Overall, the rice root structure is very different from Arabidopsis thaliana with 

three different root systems. The seminal root is the only one growing from the 

germinated seed. The two other root systems consist of nodal roots from the 

mesocotyl (above the soil surface) and crown roots or adventitious roots that grow 

from the stem. The seminal root is the first root after germination and is involved 

in nutrient and water uptake at the early stage of the seedlings (until the 7 leaves 

stage - (Hoshikawa, 1989).  

1.2.2.3.1 Rice root cell type composition 

The rice root is composed of the root apex (at the tip of the root) covered by the 

root cap and the body of the root (Hoshikawa, 1989). The apex cells divide to 

generate the daughter cells that will form the epidermal tissue and the cortex 

tissue. These daughter cells actively divide in the division zone of the root. The 

above section of the root corresponds to the elongation zone where cells elongate. 

The top section of the rice root corresponds to the root hair zone where epidermal 

cells produce root hairs (Figure 1.3). This root hair zone is also where lateral 

roots develop.  
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B  

 

Figure 1.3: A. Parts of a young rice seedling germinated in the dark. (Maclean et 

al. 2002) ; B. Schematic representation of rice root radial organization. Cell types 

are color coded as indicated in the right box (Coudert et al., 2010). 

 

The mature rice root can be divided in three parts: the outer layers, the ground 

tissue and the stelar tissue (Hoshikawa, 1989). The outer layers of the root consist 

of the epidermal cell layer, the exodermal cell layer and the sclerenchymatous cell 

layer. The epidermal layer is generally fine and broken. The exodermal layer is 

suberised and works as the first layer in contact with soil. The layer of small 

sclerenchymatous cells adds a protective layer to the two other external cell 

layers.  

A 
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The ground tissue is composed of 8 to 10 layers of cortical cells and one 

endodermal cell layer (Hoshikawa, 1989). Only the most internal cortical layers 

remain intact, the external layers have generally disappeared and only thin cell 

walls remain. These large cortical cells are empty of cytoplasm leaving air spaces 

called aerenchyma which is recognized as a water submergence adaption 

mechanism (Hoshikawa, 1989). The endodermal cells with the Casparian band 

surround the stelar tissue like a ring. The inner tissue or stelar tissue consists of 

the pericycle cell and the vascular tissues. The most external layer of the stelar 

tissue layer is the pericycle which is composed of small cells with thick walls. The 

inside of the stele is composed of protoxylem and metaxylem cells usually 

characterised by large thick vessels. These vessels conduct nutrients and water 

from the root to the shoots (Hoshikawa, 1989). The companion cell, protophloem 

and the metaphloem are also constituents of the vascular cylinder. The small 

metaphloem components of the vascular cylinder transport nutrients from shoot to 

shoot (Hoshikawa, 1989). The rest of the vascular cylinder is composed of the 

parenchyma cells. 

1.2.2.3.3 Rice root structure comparison with Arabidopsis 

The root structures of Arabidopsis and rice are very different. The seminal/crown 

root of rice that we used in our study is composed of more cell layers that that for 

Arabidopsis with two of them modified by suberisation. They likely act as barrier 

to limit the entry of nutrients into the stele. It is well documented that in the root 

of rice, the flow of nutrients and water passes through the apoplast 

(Krishnamurthy, et al., 2009). It was shown that excessive sodium ions in the 

apoplast correlated with a faster death rate in the rice plants (Krishnamurthy, et 

al., 2009). Some spatial discontinuities in the endodermal and exodermal 

Casparian bands provide a way for the nutrients to reach the stele. These 

discontinuities are at the initiation point of lateral roots (Krishnamurthy, et al., 

2009; Plett and Moller, 2010; Yeo, et al., 1987). However, this proposal is 

controversial as a recent study has showed no evidence that sodium ion entry was 

facilitated at the initiation points of lateral roots (Krishnamurthy et al., 2011).  

 

Both Arabidopsis and rice were chosen in this study due to:  



Chapter 1 General introduction and literature review 

 

22 

 

 Numerous available molecular resource tools such as mutants and studies 

information well described in the literature. 

  Gal 4 enhancer trap libraries are available for both species (Johnson et al., 

2005; Møller, et al., 2009). Haseloff’s laboratory has created hundreds of 

enhancer trap lines in Arabidopsis. These lines express reporter genes such 

as that which codes for the Green Fluorescent Protein (GFP) gene in a cell 

type manner. Similarly, an important rice library construct was achieved in 

2005 using the Gal 4 enhancer trapping system (Johnson, et al., 2005). 

Depending on the position of the insertion of the cassette into the genome, 

the GFP reporter expression may show a specific spatial pattern. Some of 

the expression patterns correlate specifically with the anatomy of the root 

and can therefore be used to study the physiological function of each cell 

type (Johnson, et al., 2005).  

 Affymetrix chips are available for both rice and Arabidopsis.  

1.2.3 Choice of the two root cell types in this study 

Two cell types were chosen for this study as they are particularly interesting in 

terms of investigating the adaptive responses to salt: cortical and pericycle cells. 

Cortical cells are in the outer root and are one of the first layers to be in contact 

with salt in the soil. In Arabidopsis, they may be implicated in sodium 

sequestration into their large vacuoles (Munns and Tester, 2008). The role of rice 

cortical cells in salt may be similar to Arabidopsis cortical cells at the early stage 

of development of the plants as the cells are small and no aerenchyma is 

developed yet. The structure of mature cortical cells is very different between 

these two species and their role in the root tissue may be different as the cells 

developed in more mature zone. Therefore, the role of mature rice cortical cells 

and Arabidopsis may be very different in response to a salt stress. Pericycle cells 

surround the vascular tissues and are the initiating centre of lateral roots in 

Arabidopsis (Benfey, et al., 2010). Since they are close to the stele and xylem 

vessels, they are likely to play a role in loading/unloading sodium (Tester and 

Davenport, 2003). However, little is known about the specific mechanisms 

activated in each cell type of the root in response to a salt stress. 
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1.3 Gene expression analysis 

The use of arrays is a high-throughput molecular analysis method to visualize the 

global and simultaneous changes in gene expression.  

1.3.1 Affymetrix microarrays 

The in silico oligonucleotide-synthesis pioneer company is Affymetrix 

(http://www.affymetrix.com), it produces Gene Chip arrays for species ranging 

from mammals to microorganisms (Zhu, 2003). Gene Chips contain single 

stranded 25-mers oligonucleotides which are synthesised on the support. The 

Affymetrix probe sequences are based entirely on the genome published data and 

are, thereby, very specific for each gene.  

The reproducibility of the Gene Chip arrays is very good, and the standard 

protocols are optimised even for limited amounts of RNA (Hardiman, 2004). 

However, none specific hybridisation or cross-hybridisation to the probes may 

happen. Cross-hybridisations are possible between gene family members, or with 

other sequences. The design of short probes from Affymetrix is advantageous as it 

provides a level of specificity greater than that of longer probes (Hardiman, 2004). 

On the other hand, 60-mers oligonucleotides from Agilent are more tolerant to 

sequence mismatches. Due to the longer hybridisation area available, they also 

provide a greater sensitivity for detecting the small fold-changes in gene 

expression. To compensate for the loss in sensitivity due to the probe length, 

Affymetrix has designed multiple pairs of probes per transcript and thus 

improving the systems robustness and reliability (Hardiman, 2004). An 

Affymetrix 3’ IVT microarray is a 3' In Vitro Transcription expression analysis. 

Its name refers to the transcription reaction step that produces amplified amounts 

of labeled antisense RNA. These 3’IVT arrays are comprised of 11 pairs of 

probes. Each pair contains one oligonucleotide with a perfect match (PM) and 

another one with a mismatch (MM) (Galbraith and Birnbaum, 2006). The 

mismatch probe has a change at a central position, the 13
th

 nucleotide. The MM 

probes can be used as a control for cross-hybridisation signals. The design of the 

11 probe pairs per gene provides a reliable quantification of RNA. The 

Affymetrix probes are designed in priority from the 3’ end of mRNA as it is the 

last part transcribed and less degraded. If only one probe from a set reveals a high 
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change in intensity of signal between the two experimental conditions or tissues, it 

will be excluded from the data analysis and the quantification of the signal 

intensity based only on the ten last probes. However, this outlying high signal 

level can also provide a good indication of alternative splicing (Lee and Roy, 

2004).  

Two Gene Chips from Affymetrix were used for this project: the Arabidopsis 

Gene Chip (ATH1) and the Rice Gene Chip. The Arabidopsis ATH1 Gene Chip 

represents approximately 26200 genes. Its design is based on the sequencing data 

available from December 2000 by IASP (International Arabidopsis Sequencing 

Project). The Arabidopsis ATH1 Genome Array is based on the sequence 

annotation that was finalised in December 2001 by The Institute for Genome 

Research (TIGR- http://plantta.jcvi.org/index.shtml) and funded by National 

Science Foundation (NSF- http://www.nsf.gov/). 

The Rice Gene Chip covers 51279 transcripts from two rice cultivars indica and 

japonica. The design is based on the annotation of high quality sequence data 

from mRNA sequences or gene predictions. The final arrays were designed using 

the NCBI UniGene Build #52 in May 2004. The Affymetrix Rice Gene Chip and 

Arabidopsis ATH1 Gene Chip both contain 11 probe pairs for each gene.  

1.3.2 Transcriptomic studies under salt stress  

1.3.2.1 Whole plant or organ level  

Researchers have used different microarray platforms to try to identify genes 

regulated by salt stress at the early stage in the whole plant or at the organ level 

(Table 1.1). Moreover, the shock treatment involved in most studies is a very 

critical point as it may not be relevant to identify the adaptive responses to salt 

(Table1.1 - (Gong et al., 2005; Popova et al., 2008; Seki et al., 2002; Taji et al., 

2004).  

Transcriptomic studies of organs (roots or shoots) have also been performed in 

response to salt exposure in rice and Arabidopsis (Cotsaftis et al., 2011; Kawasaki 

et al., 2001; Kreps et al., 2002; Maathuis et al., 2003; Walia et al., 2005). In 

Arabidopsis , salt transcriptomic studies have demonstrated that a large proportion 

of genes are differentially expressed and that 30% of these genes were found to be 

commonly regulated by different stresses in a single organ (Kreps, et al., 2002). 
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Two rice transcriptomic studies were performed at the organ level between 

sensitive and tolerant genotypes at different times following salt application 

(Kawasaki, et al., 2001; Walia, et al., 2005). Both studies showed that the tolerant 

genotype responded faster and recovered better compared to the sensitive cultivar. 

Kawasaki et al. demonstrated that early gene regulation are essential for later 

adaptation to salt in rice. However, they used a strong shock treatment of 150 mM 

NaCl which killed the sensitive cultivar. Therefore, the salt treatment used in this 

study may not have been appropriate to reveal genes involved in adaptive 

processes of the sensitive cultivar. On the other hand, Walia et al. used a lower 

salt stress and observed longer term responses (Walia, et al., 2005). They showed 

that more genes responded to salt in the sensitive cultivar compared to the tolerant 

one during salt exposure. They linked the transcriptomic data obtained with the 

concentration of elements in the shoot and determined that the salt sensitive 

cultivar accumulated more salt in the shoots than the tolerant one. As this study is 

more relevant to what happens in the field in terms of concentration of salt stress, 

the transcriptomic data produced will be more relevant to processes involved in 

the adaptive responses to salinity.  

The transcriptomic analysis of roots and shoots in rice allowed the identification 

of both common and specific genes involved in each abiotic stress (Rabbani et al., 

2003). The gene expression comparison between rice and Arabidopsis in salt 

exposure studies revealed that 50% of the salt responsive genes were common to 

both species (Rabbani, et al., 2003). The study by Narsai et al. in 2010 focused on 

a comparison of rice and Arabidopsis transcriptomic responses at the organ level 

(Narsai et al., 2010). They discovered that more genes were regulated in rice in 

response to salt exposure compared to Arabidopsis. They demonstrated that more 

than 70% of the genes differentially regulated in response to salt exposure in 

Arabidopsis, and 55% of those found in rice have orthologous in Arabidopsis 

(Narsai, et al., 2010). Their conclusion is that there is a no common or conserved 

response to salt between rice and Arabidopsis and each plant expressed a specific 

set of genes to accomplish growth and stress responses.  

So far, transcriptomic studies have contributed to an initial understanding of the 

responses to salt stress in plants. However, greater care must be taken when 

experiments are designed as they need to be relevant to realistic physiological 
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stress levels in order to appropriately mimic and study the adaptive responses to 

salinity.  

 

 

1.3.2.2 Appropriateness of the salinity treatment applied in transcriptomic 

studies 

1.3.2.2.1 Timing and concentration of salt stress applied  

Two distinct phases occur when plants are grown on saline soils. The first 

immediate response, known as the osmotic stress, is encountered within seconds 

after salt application to the medium (Munns and Tester, 2008). This results in 

rapid growth inhibition that is independent of salt accumulation in the shoots. The 

second phase, known as ionic phase is dependent on salt accumulation in the 

shoots and occurs over a longer time which is dependent on the salinity tolerant of 

plants (Munns and Tester, 2008). These two response phases to salinity may be 

difficult to distinguish if plants are sensitive to salt exposure (Munns and Tester, 

2008). Therefore, the concentration and the length of time of the salt stress are 

critical experimental conditions that should be appropriately modified in order to 

understand the salt tolerance mechanisms in plants. Application of salt at high 

concentration (>50 mM) is more likely to operate as a shock treatment for 

sensitive species such as rice and Arabidopsis. Previous microarray experiments 

were set up with high concentrations and short length of salt treatment (Table 1.1) 

and thus may not reveal pathways or genes that are important in adaptive 

responses; and instead are more likely to identify genes implicated in osmotic 

shock. In our study, we have chosen to apply a mild salt stress (50mM) to both 

Arabidopsis and rice with incremented sampling over 48 hours. These 

experimental conditions are more likely to reveal adaptive mechanisms to salinity 

such as the ones encountered in the fields. 
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Table 1.1: Microarray experiments from whole organ/tissue in response to a 

strong salt stress. 

Platform Species Organ/tissue Salt stress Reference 

7K cDNA microarray Arabidopsis thaliana whole plant 250 mM (Seki, et al., 2002) 

oligonucleotides microarray Arabidopsis thaliana root 80 mM 
(Maathuis, et al., 

2003) 

Affymetrix Arabidopsis Arabidopsis thaliana leaf/root 100 mM (Kreps, et al., 2002) 

7K cDNA microarray 
Arabidopsis thaliana 

/Thellungiella halophila 
whole plant 250 mM (Taji, et al., 2004) 

70-mer oligonucleotides 
Arabidopsis thaliana 

/Thellungiella halophila 
whole plant 

150 mM/ 
250 mM 

(Gong, et al., 2005) 

cDNA microarray 
Arabidopsis thaliana/ 

Lobularia m 
aritima 

whole plant 
150 mM/ 
250 mM 

(Popova, et al., 
2008) 

9000 unigenes cDNA 
microarray 

Rice shoot 140 mM (Chao et al., 2005) 

1.7K cDNA microarray Rice root/shoot 250 mM 
(Rabbani, et al., 

2003) 

70mer oligomer microarray Rice 
flag leaf/ shoot/ 

panicule 
200 mM (Zhou et al., 2007) 

Affymetrix rice genome 
array 

Rice (2 cultivars) 
shoot/growing 
point, crown 

tissue 
75 mM (Walia, et al., 2005) 

1.7K cDNA microarray Rice (2 cultivars) root 150 mM 
(Kawasaki, et al., 

2001) 

Affymetrix rice genome 
array 

Rice (2 cultivars) root 70 mM 
(Cotsaftis, et al., 

2011) 

 

1.3.2.2.2 Maintenance of extracellular calcium  

Early salt studies have identified that addition of extracellular calcium improves 

the negative impacts of salt exposure for plants (Murata et al., 1998). The addition 

of calcium can either decreased the influx of sodium ions through the non-

selective cation channels or inhibit the NaCl-induced K
+
 loss through K

+
-

permeable channels (Demidchik et al., 2002; Shabala et al., 2006). Therefore, in 

this postdoctoral salinity study it was decided that extracellular calcium would be 
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added to maintain the cellular membrane integrity and thus enable measurement 

of only the salt impact on plants. 

1.3.3 Cell type specific transcriptome studies 

Gene expression changes in response to salinity stress have been studied in 

Arabidopsis and rice at the organ level (Gong, et al., 2005; Popova, et al., 2008; 

Seki, et al., 2002; Taji, et al., 2004). Arabidopsis studies at the organ level and 

have provided insights into the genes implicated in the common response 

mechanisms following salt exposure. However, each cell type within a single 

organ has a function, and therefore a specific transcriptional profile. Its 

transcriptional response to salt stress will be unique and the expression of salt 

responsive genes in this cell type is likely to be different to that observed for the 

total gene expression changes at organ level (Long, 2011). To gain knowledge 

about cell interactions and their specific functions in a single organ, it is now 

essential look at a higher resolution and gain an understanding of the responses of 

specific genes in particular cell types (Dinneny, 2010; Munns and Tester, 2008; 

Tester and Davenport, 2003). 

1.3.3.1 Isolation of the cells of interest 

To analyse root cell type-specific transcriptomes, cells need to be separated in 

order to determine the contribution of each cell type to gene expression. One of 

the strategies to isolate a pool of cells from an organ is to use a laser capture 

micro-dissection technique where the cells are dissected using a UV laser 

(Galbraith and Birnbaum, 2006). This technique requires tissues to be sectioned 

and fixed on a support. Another strategy that has been used is based on the 

expression of reporter genes such as GFP in a cell type specific manner. Cells can 

then be isolated using a Fluorescence-Activated Cell Sorter (FACS) based on the 

capacity of a scanner to recognise the fluorescence emitted by GFP positive cells 

(Birnbaum et al., 2005). Prior to sorting the cells, a protoplast step is required 

where the cell walls of the cells composing the organ are digested with 

biochemical enzymes. The protoplasting method used in this project is described 

in Chapter 2 for both Arabidopsis and rice root cells. Once the cell walls have 

been digested, the mixture of protoplasts obtained is passed through the FACS 

nozzle in order to separate each cell (Figure 1.4). As cells flow down the stream 
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of liquid, they are scanned by a laser. The laser light excites the GFP which emits 

a colour of light that is detected by the photomultiplier tube. This information is 

collected and analysed by a computer that determines which cells are to be 

separated and collected. The final step is accomplished by electrical charge in 

order to sort each cell. As the drop forms, an electrical charge is applied to the 

stream and each drop will form with an electrical charge, the drop is then 

deflected by charged electrodes into sample tubes or waste. This sorting technique 

allows the rapid sorting of large numbers of cells of interest and is a popular 

method for isolation of a specific cell population from a tissue or an organ (Brady 

et al., 2007; Dinneny et al., 2008; Gifford et al., 2008). More recently, matured 

RNAs were isolated from nuclei tagged with fluorescent proteins followed by 

flow cytometry (Zhang et al., 2008). This technique allowed a rapid isolation of 

total nuclear transcripts with little tissue manipulation (no protoplasting step 

required) and gives a representative picture of the total transcriptome from 

different cell types (Wang et al., 2012). 
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 Figure 1.4: Diagram of a FACS machine. Illustration from Department 

of Biology, Davidson College, Davidson, NC 28036. 

 

1.3.3.2 Root cell type transcription profiles for Arabidopsis and rice 

The root cell type specific transcription profiles that have been published for rice 

and Arabidopsis are listed in Table 1.2. All the studies that are cited for 

Arabidopsis used the FACS technique to isolate cells from the root system, 

whereas the micro-dissection technique was used to separate rice cells from the 

root. 

 

 

A 
NOTE:   

     This figure/table/image has been removed  
         to comply with copyright regulations.  
     It is included in the print copy of the thesis  
     held by the University of Adelaide Library. 
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Table 1.2: Root cell type specific transcription profiles for rice and Arabidopsis. 

Tissue/cell type  Plant species Response to stress Reference 

Root (five cell types) 
Arabidopsis 

Thaliana  
No  (Birnbaum et al., 2003) 

Root quiescent center 
Arabidopsis 

Thaliana 
No (Nawy et al., 2005) 

Root (15 cell types) 
Arabidopsis 

Thaliana 
No (Brady, et al., 2007) 

Root (five cell types) 
Arabidopsis 

Thaliana 
 Salt and iron stress response  (Dinneny, et al., 2008) 

Root (five cell types)  
Arabidopsis 

Thaliana 
Nitrogen influx response (Gifford, et al., 2008) 

Root (four cell types) Rice No (Jiao et al., 2009) 

Root (three cell types) Rice No (Takehisa et al., 2012) 

 

The first Arabidopsis thaliana root map was generated from five separate GFP 

lines according to their developmental stage along the longitudinal axis 

(Birnbaum, et al., 2003). This study showed that each cell type expresses a 

specific set of genes and demonstrated for the first time the complex regulatory 

genes network that exists across different cell types. The cell type specific 

transcription profiles generated are useful for the identification of genes involved 

in the pattern of the root development (Birnbaum, et al., 2003). Furthermore, a 

detailed expression profile from 15 cell types at different root developmental 

stages was achieved using 19 fluorescently sorted GFP marked lines in another 

separate study (Brady, et al., 2007). Brady and colleagues demonstrated that gene 

expression fluctuated throughout the different developmental stages with a 

dominant pattern of gene expression that did not always correlate with the 

traditionally defined developmental root zones (Brady, et al., 2007). These two 

studies are the most complete expression datasets obtained using microarray 

expression platforms that describe the transcription profile of almost all of the cell 

types that compose the Arabidopsis root.  

Other studies have used individual fluorescently sorted GFP marked cell lines to 

dissect in detail the complex regulatory networks involved in the formation of a 

specific cell type. The study from Levesque et al. elucidated the function of 

SHORT-ROOT (SHR) gene in the development of the vascular tissue and led to 
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the discovery of specific SHR targets (Levesque et al., 2006). Using epidermal 

mutants in Arabidopsis and combining gene expression analysis with hormonal 

treatment, Bruex et al. unravelled the regulatory network of 208 core genes 

involved in epidermal development (Bruex et al., 2012).  

 

The first analysis of rice transcriptome profiles was undertaken by Jiao’s research 

team studying 40 cell types from diverse organs (Jiao, et al., 2009). They 

discovered very specific profiles of transcription in some cell types such as root 

tip, vascular bundle and root maturation zone epidermis. They also highlighted the 

strong transcriptional activity of the inner part of the root (vascular bundle). The 

second study to produce rice transcription profiles used 7 cell types of the crown 

root (Takehisa, et al., 2012). Researchers found that the stelar tissue and the 

endoderm expressed enzymes involved in the brassinosteroid biosynthesis at the 

developmental zone of the lateral roots. They also showed that cortical cells 

express a large portion of the genes involved in the transport of nutrients and 

water (Takehisa, et al., 2012). 

Transcription profiles of cells that comprise the root are essential to determine the 

specific identity of cells through their expression of specific genes. The 

complexity of the regulatory network of genes expressed within the organs of 

plants can now be dissected using cell type specific transcription profiles. 

However, little is known about the cell type specific mechanisms that occur in 

response to stress in Arabidopsis and rice roots. So far, only two studies have used 

gene expression analysis to identify pathways and genes involved in an 

environmental stress response (Table 1.2). One of the studies focused on nitrogen 

responses (depletion followed by addition of nitrate) in five tissues of Arabidopsis 

roots and the second one on high salt and iron deficiency in six tissues of 

Arabidopsis roots (Dinneny, et al., 2008; Gifford, et al., 2008).  

1.3.3.3 Cell type-specific salt stress responses 

The first study to look at cell type specific responses to salt stress was not 

achieved using gene expression analysis, but calcium oscillations instead (Kiegle, 

et al., 2000). In this study, the researchers identified two specific cell types in 

Arabidopsis where the release of cytosolic calcium was greater; these two cell 
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types are the endodermis and pericycle. This emphasised the specific role of the 

pericycle cells in response to salt exposure due to the distinct signal of calcium 

release (Kiegle, et al., 2000).  

The first gene expression analysis of salt responsive genes in Arabidopsis root cell 

types was done by Benfey and his team using cell type specific GFP expression 

lines (Dinneny, et al., 2008). The changes in gene expression observed in four 

longitudinal zones were associated with the developmental stage of the cells in the 

particular zone. The transcriptional changes in the outer part of the root (cortex) 

revealed that 48% of the genes responded to salt. In this case, a set of genes linked 

to cell wall biosynthesis was down-regulated in the cortex. Although these data 

are directly relevant to an understanding of mechanisms of salinity response in a 

cell type specific manner, the salt stress used (140 mM) was particularly high for 

Arabidopsis thaliana (Dinneny, 2010; Dinneny, et al., 2008). This short, strong 

treatment was more likely to have acted as a shock treatment and thus may not 

have revealed genes important in adaptive responses. Therefore, microarray 

studies using realistic salt levels should be used to discover genes important in 

adaptive responses. 

 

1.4 Aim of the work in this thesis  

The aim of the work presented this thesis was to investigate the biologically 

relevant responses to salt of two specific cell types in the roots of Arabidopsis and 

rice. The two cell types from the root were chosen for their potential role in salt 

storage and transport: cortical and pericycle/stelar cells respectively. In this study, 

plants were grown under control and long term moderately salt-stressed 

conditions; therefore this study is more likely to reveal the adaptive responses to 

salt of the two root cell types. The research described in this salt response study 

should improve our knowledge of salinity tolerance in the two model plants, rice 

and Arabidopsis. Cell type-specific candidate genes identified from these 

transcriptomic studies will help to improve our current knowledge of salinity 

tolerance in both species. Their specific roles in salinity stress are likely to be 

essential to unravel the biological network involved in stress response. The gain in 

knowledge about salinity tolerance in monocotyledons and dicotyledons will 
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eventually help to maintain crop yield on saline soil and may in the future 

improve the world food supply. 

The methodology used to isolate cell type of interest from the rest of the root 

using a cell sorting technology is described in Chapter 2. 

Metabolic pathways and differentially expressed genes involved in the salt 

response of pericycle and cortical cells in Arabidopsis were highlighted in 

Chapter 3.  

The biological relevance of the Arabidopsis cell type-specific transcriptomics was 

confirmed by investigating shoot ion accumulation in salinity assays is described 

in Chapter 4; the approach taken was to use knock-out lines from the selected 

Arabidopsis candidate genes.  

Transcriptome analyses of isolated stelar and cortical cells in response to a mild 

salt stress were undertaken for the first time in rice Chapter 5. 

The comparative analysis of cell type-specific salt responsive genes/pathways 

between rice and Arabidopsis is also described in Chapter 6. 

In Chapter 7 is described the selection of salt responsive rice candidate genes in 

stelar and cortical tissues.  

In Chapter 8, a broad overview of the findings is given, with discussion of the 

points of interest in this study and proposals for future directions. 
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Chapter 3: Transcriptional responses of 

Arabidopsis thaliana pericycle and cortical cells 

to salinity  

3.1 Introduction 

In this chapter, we chose the model dicotyledonous species Arabidopsis thaliana, 

which is moderately sensitive to sodium, to analyse the global changes in gene 

expression after a mild salt stress. Previous Arabidopsis transcriptomic studies 

helped to identify pools of genes regulated in response to salt in the whole plant or 

at the organ level (Chapter1). Most of these studies focused on the early stages of 

the salt responses and used a strong salt treatment which may not be suitable for 

Arabidopsis to reveal adaptive mechanisms. In addition, most of these 

transcriptomic studies detected changes in gene expression at the organ or tissue 

level. These observed changes in expression were an average of all cell type 

layers composing one organ and therefore may not be relevant to understand the 

particular function of one cell type. It is now important to look at a higher 

resolution and to gain an understanding of the responses of specific genes and 

pathways in particular cell types. A recent publication demonstrated the 

importance of individual cell types for salinity tolerance in Arabidopsis. The 

specific expression of a transporter in the inner part of the root rather than the 

whole organ showed less sodium accumulation in the shoot (Møller, et al., 2009). 

Therefore, this experiment showed that cell type-specific expression is a good 

strategy to increase salinity tolerance. Salt transcriptomic responses at the cell 

level were studied previously (Dinneny, et al., 2008). Although these data are 

directly relevant to an understanding of mechanisms of salinity response in a cell 

type-specific manner, the salt stress used (140 mM) was particularly high for 

Arabidopsis thaliana (Dinneny, 2010; Dinneny, et al., 2008). This short, strong 

treatment was more likely to have operated as a shock treatment and may not have 

revealed genes important in adaptive responses. The two cell types chosen for this 

study, pericycle and cortical cells, are anticipated to show different genes 

expression due to their particular location and function in Arabidopsis root. 
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The aim of this study was to identify genes and pathways differentially regulated 

in response to a mild salt stress in the two chosen cell types of Arabidopsis root. It 

is expected that this study reveal pool of genes differentially regulated in response 

to a mild salt stress on a long term (48 hours of stress) that may be associated with 

adaptive responses of the plant.  

3.2 Materials & methods 

3.2.1 Plant material and growth conditions 

3.2.1.1 Arabidopsis thaliana GFP reporter lines used in microarrays 

experiments 

Two Arabidopsis thaliana GAL4 enhancer trap lines in C24 background, J2731 

and J1551 were identified previously as expressing GFP in pericycle and cortex 

cells respectively. All lines were generated at the University of Cambridge 

(Haseloff et al., 1997). These lines were grown in control and salt conditions as 

described in Chapter 2 for microarray hybridizations.  

3.2.1.2 Growth conditions for imaging 

Arabidopsis thaliana seeds were sterilized in a 10% bleach solution for 5 min and 

rinsed in sterile water several times. Seeds were deposited on the surface of a 

solidified media containing 2.2 g/L Murashige and Skoog solution (MS), 0.5% 

sucrose and 0.3% Phytagel (Sigma). After two days in the dark at 4°C, plates were 

moved to a growth room with 14 h light at 22°C and 8 h dark at 18°C cycle for 5 

days. 

Cut roots were placed for 5 min in a solution of 10 µg/mL propidium iodide (PI) 

stain for 5 min to stain the cell wall and then rinsed in water. A confocal 

microscope (LSM 5 PASCAL laser scanning microscope, Carl Zeiss, Germany) 

using two excitation lasers (argon and neon) was used to take whole root pictures. 

The lasers provided excitations at wavelengths between 483 nm +/- 20 and 540 

nm +/- 20. The band path filter (below 540 nm) was used to visualize GFP 

expression in Arabidopsis thaliana roots. The PI signal selected by the long path 

filter (above 540nm) was visualized in red. The superimposition of both images 
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resulted in a composite image. Images were taken using a digital camera (Leica 

DC 300F, Leica, Switzerland).  

3.2.1.3 Quantitative PCR growth conditions  

The growth conditions were as described in Chapter 2. The growth conditions in 

Adelaide were slightly different as the Arabidopsis seedlings were grown in a 

different chamber than the one used for microarray experiments in New York. 

The light cycle was set on 14 h light at 22°C (210µm s
-1 

m
-1

) and 10 h dark at 

20°C. A phytatray (one technical replicate) was sown with ~0.03g=1500 seeds. 

For plants grown in control conditions, three tanks with plants expressing GFP in 

pericycle cells and two tanks with Arabidopsis seedlings expressing GFP in 

cortical cells were used in quantitative PCR (q-PCR) experiment. Salt treated 

plants were included in the quantitative PCR (q-PCR) experiment with two 

replicates for plants expressing GFP in pericycle and three replicates for the ones 

expressing GFP in cortical cells. 

3.2.2 Microarray experiments 

All microarrays experiments were done at New York in collaboration in Dr. Ken 

Birnbaum laboratory. 

3.2.2.1 Protoplasts sorting using Fluorescently Activated Cells Sorting 

(FACS) 

See Chapter 2. 

3.2.2.2 RNA extraction and cDNA amplification 

RNA was extracted using a kit (RNeasy Micro kit, Qiagen) which includes a 

DNAse treatment. To examine the quality and to estimate the quantity of total 

RNA, a RNA 6000 pico assay was run using a 2100 Bioanalyzer (Agilent, 

Australia). Amplification of cDNA was performed using WT-Ovation Pico RNA 

Amplification System (NuGEN technologies, USA) following the manufacturer’s 

instructions.  

3.2.2.3 Hybridization, washing and scanning 

For each sample, cDNA was labeled and sheared using the FL-Ovation™ cDNA 

Biotin Module V2 (NuGEN technologies, USA). Biotin-labeled cRNA was 



Chapter 3 Transcriptional responses of Ath pericycle and cortical cells to salinity 

 

52 

 

hybridized to the Arabidopsis gene chip ATH1 Genome Array. Chips were 

washed using a Gene Chip Fluidics Station 450 and scanned with GeneChip 

Scanner 3000 (Affymetrix, USA).  

Transcription profiles were generated from five arrays (2 for pericycle and 3 for 

cortical cells) from plants grown in control conditions. 

By comparison from control microarray, 6 others arrays from salt treated plant (3 

for both cell types) allowed the identification of salt responsive genes. Fold 

change value is the difference between logged and normalized signal intensities 

from salt treatment and control conditions. 

3.2.3 Validation of gene expression by quantitative PCR  

All qPCR experiments were done at Adelaide and sorting at the Flinders Medical 

centre in South Australia. 

3.2.3.1 RNA extraction, FACS and cDNA amplification 

Cells expressing GFP were sorted as described in Chapter 2. The FACS model 

was FACS BD Aria but different nozzle sizes were used in New York and 

Adelaide. In addition, the cells sorted in Adelaide were selected on the basis of a 

stronger GFP expression signal. Positive cells were collected in RLT buffer 

containing β-mercapto-ethanol (RNeasy Micro kit, Qiagen, Australia). RNA was 

extracted using the kit RNeasy Microkit from Qiagen. Each RNA sample was 

then reverse-transcribed in cDNA and amplified using the SMARTer Pico PCR 

cDNA Synthesis kit (Clontech, Canada).  

3.2.3.2 Quantitative PCR validation 

Quantitative PCR were run on complementary DNA (cDNA) for each replicate. 

Primer pairs for the amplification of selected genes and control genes were 

designed using AlleleID software (Table 3.1).  
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Table 3.1: Primer pairs of control genes (grey) and genes of interest used in Q-

PCR with their locus and Affymetrix identifier. 

Affymetrix ID Gene locus Forward primer sequence Reverse primer sequence 

262958_at At1g54410 GGTGAGGAAGTGAGGAGGATC AACATAACAAACAAAGATAGATGC 

252102_at At3g50970 ACGATGGATAAGATTAAAGAGAAG GCGACTCAATGAAAGAAAGC 

252323_at At3g48530 CTTGAAGGACTCATCACTCTTAG AACAGACAGAAGCATTATCACC 

261199_at At1g12950 GATGGTGACGGGAACTTTTG TCCTCTGCCATTGAAGCC 

263419_at At2g17220 ATTATCGCCCGCAACAAC CCAAACACTACATACTAATACAGG 

257672_at At3g20300 GCACTCTCCATACAATCTTCG ATACCAACATCATCCAACAAGG 

251114_at At5g01380 AGATACAAGGCGTGTGAGAC TGGTTCTGTGGCTTCTGAC 

252193_at At3g50060 AGTTACATGGCGGAAATGC AGGTGTTATTACTCCACAATCC 

264157_at At1g65310 GCCAGACAAGAATGAAAGGTG GCACTCGGCAGGAACTCC 

251770_at At3g55970 GCGTTCTTGTTGTATAAATAATG CGCATCAAACCCATATCC 

248301_at At5g53150 TCGTATCATCTCATTAGGGCACAG ATGGCTACTTTCTGGGTCAACC 

245351_at At4g17640 AGACCATTTGTATCACAGAAGG GGGATTTCAGTTCACCAGTC 

246099_at At5g20230 TGTATTTGTTTTACCTTACTCTCC TGAAACCCACTCTTTATTTTGC 

251306_at At3g61260 TGCGAATCAAAGTTTCAAGAC ACAACATTACAAGCCATTAAAGAG 

 

Control genes were selected from all microarray experiments demanding that the 

mean signal intensity was between 9 and 12 and the standard deviation was lower 

than 0.1  

 

A total of 15 genes were selected from the list of genes differentially expressed in 

response to salt in both pericycle and cortex (data not shown). The selection was 

restricted to the subset of genes whose probes hybridize to only one gene. It was 

asked that the mean signal intensity across all arrays was greater than 4 for each 

gene and the minimum fold change was 1.2. Each PCR product (genes of interest 

and controls) was amplified with a specific pair of primers from a cDNA test to 

verify only a single product was produced. Each amplicon was sequenced 

(Appendix 3.1). After these two steps, only 8 genes in each cell type were kept 

for qPCR validation. Each of these PCR amplicons was diluted in a series from 

10
2
 to 10

7
 and used in each q-PCR to calculate the number of copies dependent of 

the number of PCR cycles. Each cDNA set (2µL of the dilution 1/2) was 

amplified in a reaction containing 5 µL of QuantiTect SYBR Green PCR reagent 

(Qiagen, Valencia, CA), 1.2µL of 4 µM forward and reverse primers and 0.6 µL 
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of water. The PCR reaction was performed in  a RG 2000 Rotor-Gene Real Time 

Thermal Cycler (Corbett Research, Sydney, Australia) as follows: 15 min at 95°C 

followed by 45 cycles of 20 sec at 95°C, 30 sec at 55°C, 30 sec at 72°C, and 15 

sec at 80°C. Three replicates of each of the six standard concentrations were 

included in each Q-PCR experiment, along with all controls. Cycle numbers were 

estimated for each amplicon of interest in each cDNA set using the optimal cycle 

threshold determined by the software Rotor Gene. Dilution series of each unique 

product was used to estimate the number of copies of each amplicon of interest in 

each cDNA set. The real copies number was normalized using control genes. 

3.2.4 Bioinformatic analysis of microarrays  

Affymetrix GeneChip Operating Software (GCOS) used the DAT file from the 

scan to extract the signal intensities of each probe and to store them to CEL files. 

Using “R” statistical software (R-project, http://www.R-project.org/), CEL files of 

each chip were imported and read using the “affy” package available from the 

Bioconductor website (http://www.bioconductor.org/).  

3.2.4.1 Quality control and array data analysis  

Quality control steps included (i) a visual inspection of the scanned images, (ii) an 

examination of the distribution of signal intensities and (iII) a test for RNA 

degradation; plots were generated in “R”, using the functions “AffyRNAdeg” and 

“plotAffyRNAdeg”.  

Biological variability between the different chips was assessed using Spearman’s 

correlation coefficients from QC report in “R” (function affyQCReport). 

Background correction and Robust Multi-array Average (RMA) normalization 

were performed within the “R” program (Irizarry et al., 2003). The RMA method 

is based on the assumption that the probe intensities are the same on every 

Affymetrix chips. The RMA normalization is done in a three step procedure: a 

background correction of the PM values, a quantile normalization of log2 (the 

common distribution is obtained by averaging each quantile across all chips), and 

a summarization of the probe set values using a median polish method.  Overall, 

the RMA method reduces the variability across chips without loosing the ability to 

detect differential expression. Differentially expressed genes between the 

control and salt conditions (only using PM values) were identified using the 
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moderated t-statistic in Limma. P values were adjusted based on the “Benjamini 

& Hochberg (1995)” method to control the false discovery rate (FDR) due to 

multiple testing. Genes were considered differentially expressed between the two 

experimental conditions when the adjusted p value was strictly smaller than 0.05. 
P-values of overlapping lists were calculated using Fisher function in “R” 

program as explained in (Fury et al., 2006). 

The changes in mRNA concentration during the protoplasting stage or RNA 

degradation are likely to follow the same trends in salt or control samples. 

Therefore, the signal intensity difference between salt and control condition 

should cancel out these protoplasting effects and measure the changes in 

transcripts in response to salt. 

3.2.4.2 Bioinformatic software used for categorization and over-

representation of responsive genes 

Differentially expressed genes obtained between control and salt conditions were 

uploaded into Mapman (Usadel et al., 2009). The Mapman software uses a 

mapping matrix which connects the identifier from the ATH1 array platform to a 

hierarchical BIN or functional category. The Mapman software was used to 

visualize and identify metabolic pathways which showed gene expression changes 

in response to salt.  

The differentially expressed genes were also uploaded in Plant MetGenMAP in 

order to identify the most significantly altered pathways (analysis of the 

distribution of genes for all pathways); the p value of a significantly regulated 

pathway was determined as explained in (Joung et al., 2009). 

Over-represented categories of salt responsive genes in each cell type were 

determined in “PageMan”. A subset of the output table (Wilcoxon’s p value 

<0.01) was kept to assign functional category (BIN) for each gene (Usadel, et al., 

2009) - http://mapman.mpimp-golm.mpg.de/general/ora/ora.shtml). 
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3.3 Results 

3.3.1 Microarray hybridisation and validation 

3.3.1.1 Two GAL4 enhancer trap lines selected  

To confirm expression of GFP marker gene in specific cell types, GAL4 enhancer 

trap lines were examined using confocal microscopy. Lines J2731 and J1551 

showed a specific GFP signal in the pericycle and cortical cells, respectively 

(Figure 3.1). The pericycle-specific GFP expression of J2731 was previously 

described in Møller et al., 2009.  
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A B

C

 

Figure 3.1: Cell type-specific expression of GFP in roots of two GAL4-GFP 

Arabidopsis enhancer trap lines as visualized by confocal laser scanning 

microscopy. A, Representation of an Arabidopsis root; colours represent different 

cell types: deep blue, columella root cap; green, lateral root cap; purple, 

epidermis; light blue, cortex; yellow-green, endodermis; red, pericycle; white, 

vasculature. B, GFP expressed in the pericycle cells, line J2731. C, GFP 

expression in cortical cells, line J1551 adapted from (Marchant et al., 1999). 

 

3.3.1.2 Pre-processing of the microarrays data 

Total RNA extracted from plants grown in control conditions was used for 

generating transcription profiles. All seedlings grew in one tank were collected 

and correspond to one biological sample. Two biological replicates were used for 

pericycle and 3 for cortical cells. By comparison from control microarray, 6 others 
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arrays from salt treated plant (3 for each cell types) were used to identified salt 

responsive genes. The number of cells collected by the FACS for each biological 

replicate varies between 400 and 16 000 GFP positive cells. The quantity of total 

RNA was estimated by RNA 6000 pico assay using a 2100 Bioanalyzer. The 

average concentration of total RNA varies from 0.14 to 0.85 pg per cell sorted. 

The average of RNA quantity in pg was more elevated in cortex cells compared to 

pericycle cells and RNA extracted from plants grown in saline conditions showed 

elevated content of RNA compared to control conditions. 

The biological variability was evaluated using Spearman’s correlation coefficients 

(Figure 3.2 A). Data from cortex cell type showed higher correlation coefficient 

(0.88-0.94), therefore less variability between these cell samples. On the other 

hand, pericycle experiments showed higher biological variability Spearman’s 

correlation coefficient (0.72-0.86) perhaps due their localization along the 

longitudinal zone of the root and therefore their different activation stages on 

initiating lateral root. Transformed signal intensities (log2) of each chip followed a 

normal distribution; therefore parametric statistics could be applied (Figure3.2B). 

The shape of the curves of average intensities across probe sets was similar 

between the 11 chips, indicating that RNA was not degraded before hybridization 

(Figure 3.2C). Logged raw signal intensity of the 11 chips ranged from 5 to 14.  

RMA normalization method was employed to remove any technical biases and 

ensure that only the biological variability between salt and control was detected 

(Figure 3.2D).  

In order to assess genes differentially expressed between the control and salt 

conditions in each cell type, we use the linear model implemented in “Limma 

package”. A P-value was assigned for the difference in signal intensities between 

the two conditions for each gene. These P-values were corrected with the 

“Benjamini & Hochberg (1995)” method to control the false discovery rate (FDR) 

due to multiple testing (see section 3.2.34). Ajusted P-values lower than 0.05 were 

considered significant and imply a significant change in gene expression between 

the two conditions.  
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Figure 3.2: Pre-processing of the microarray data. A, Array-array Spearman rank 

correlation coefficients; B, Smoothed histograms (density estimators) for the raw 

log scaled signal intensities; C, Average signal intensities across a probe set, from 

probe 0 to probe 10, for the 11 ATH1 chips produced by plotAffyRNA deg. Probe 

number are oriented 5’ to 3’. D, Boxplots of signal intensities of the 11 ATH1 

chips after RMA normalization, dark colors indicate control conditions, light 

colors indicate salt conditions. 

 

3.3.2 Cell type transcription profiles  

A total of 2422 genes (Appendix 3.2) were found to be differentially expressed 

between pericycle and cortex cells (adjusted p value <0.05). Among these genes 

regulated between the two cell types, 1068 were up-regulated and 1354 were 

down-regulated in pericycle cells compared to cortical cells. Different softwares 

described in section 2.3.2 were used to identify significant metabolic pathways 

regulated in one cell type. 
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3.3.2.1 Phenylpropanoid/flavonoid pathway expressed in both cell types  

3.3.2.1.1 Higher expression of key enzymes in the lignin pathway in pericycle 

cells 

Mapman representation of the phenylpropanoid pathway (or lignin pathway) 

revealed that seven transcripts of enzymes were more highly expressed in 

pericycle cells than cortical cells (Figure 3.3). The difference in expression 

between these two cell types ranged from 1.5 for the caffeoyl coenzyme A O-

methyltransferase (CCoAMT) to 12 for the cinnamoyl-CoA reductase-related 1 

(CCR1). The enzymes at the top of this pathway (two phenylalanine ammonia-

lyases, PAL1 and PAL2) and the p-hydroxy cinnamoyl-CoA shikimate/quinate p-

hydroxy cinnamoyl transferase (HCT) were four times more abundant in pericycle 

cells than in cortex cells. The two cinnamyl alcohol dehydrogenases (CAD5 and 

CAD4), the last enzymes to add modifications to the monolignol precursors, 

showed an increase in transcript levels of seven and two fold, respectively in 

pericycle cells compare to cortical cells. Only two transcripts, encoding 

cinnamoyl-CoA reductase and cinnamyl-alcohol dehydrogenase (CAD) were 

more lowly expressed in pericycle cells compared to cortex cells. The presence of 

lignin in cell walls is the main constituent of tracheids elements; therefore a strong 

expression of seven key enzymes of the lignin synthesis pathway in the pericycle 

cells was expected. 
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Figure 3.3: Mapman representation of the biosynthesis pathway of lignin showing 

differences in transcript abundance between pericycle cells and cortex cells. 4CL, 

4-coumarate: coenzyme A ligase; AldOMT, 5-hydroxy coniferaldehyde O-

methyltransferase; C3H, cinnamate 3-hydroxylase or pcoumaroyl-shikimic 

acid/quinic acid 3-hydroxylase; C4H, cinnamate 4-hydroxylase; CAD, cinnamyl 

alcohol dehydrogenase; Cald5H, coniferaldehyde 5-hydroxylase; CCoAOMT, 

caffeoyl coenzyme A O-methyltransferase; CCR, cinnamoyl coenzyme A 

reductase; F5H, ferulate 5-hydroxylase; HCT, p-hydroxy cinnamoyl-CoA: 

shikimate/quinate p-hydroxy cinnamoyl transferase; OMT, O-methyltransferase; 

PAL, phenylalanine ammonia-lyase. 
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3.3.2.1.2 High expression of phenylpropanoid enzymes in cortex cells 

Most enzymes implicated in the phenylpropanoid/flavonoid pathway 

demonstrated a lower but significant high level of expression in cortical cells 

compare to the pericycle cells (Table 3.2). 

 

Table 3.2: Mean signal intensity (SI) for key enzymes implicated in 

lignin/phenylpropanoid pathway in pericycle and cortical cells. Enzymes 

significantly differentially expressed between pericycle and cortical cells are 

listed with their p value. 4CL, 4-coumarate: coenzyme A ligase; C4H, cinnamate 

4-hydroxylase; CAD, cinnamyl alcohol dehydrogenase; CCoAOMT, caffeoyl 

coenzyme A O-methyltransferase; CCR, cinnamoyl coenzyme A reductase; F3H, 

ferulate 3-hydroxylase; HCT, p-hydroxy cinnamoyl-CoA: shikimate/quinate p-

hydroxy cinnamoyl transferase; PAL, phenylalanine ammonia-lyase; CHS, 

chalcone synthase; CHI, chalcone isomerase; FLS, flavone synthase; UTG, UDP-

dependent glycosyltransferases. 

Affymetrix ID Enzyme Locus Mean SI cortex Mean SI pericycle Fold change  
Adjusted 
P value 

263845_at PAL at2g37040 5.56 8.3 2.750 0.011 

251984_at PAL at3g53260 4.55 6.44 2.010 0.049 

248639_at HCT at5g48930 5.3 7.39 2.120 0.047 

253276_at CCoAOMT at4g34050 9.09 9.78 0.650 0.017 

261792_at CCR1 at1g15950 6.15 9.79 3.640 0.006 

253638_at CCR at4g30470 11 9.07 -1.970 0.033 

258023_at CAD4 at3g19450 7.65 8.8 1.080 0.033 

253277_at CAD5 at4g34230 6.36 9.19 2.090 0.020 

259911_at CAD1 at1g72680 7.41 5.98 -1.440 0.011 

266669_at UTGs at2g29750 4.74 3.04 -1.700 0.010 

261907_at 4CL at1g65060 2.5 2.6 0.100 na 

250207_at CHS at5g13930 4.88 6.22 1.340 na 

251827_at CHI at3g55120 2.2 2.85 0.650 na 

250558_at F3'H at5g07990 2.67 2.78 0.110 na 

252123_at F3H at3g51240 5.43 5.98 0.550 na 

250533_at FLS at5g08640 4.38 5.85 1.470 na 

260955_at UTGs at1g06000 6.15 5.78 -0.370 na 

263134_at UTGs at1g78570 10.44 9.81 -0.630 na 

258167_at UTGs at3g21560 3.94 2.91 -1.030 na 

245560_at UTGs at4g15480 2.53 3.05 0.520 na 

246468_at UTGs at5g17050 4.04 4.35 0.310 na 
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3.3.2.2 Higher expression of photosynthesis light reaction genes in the inner 

root 

Twenty seven transcripts were expressed at a higher level  in pericycle cells 

relative to cortical cells. They belonged to the photosynthesis pathway with the 

corresponding bincode 10 (Table 3.3). Mapman representation of the 

photosynthesis light reaction pathway confirmed the abundance of those 

transcripts in pericycle cells (Figure 3.4). 

 

Table 3.3: Genes associated with the photosynthetic light reaction. 

Pathway  
Mapman 
Bincode 

Affymetrix 
identifier  

Fold change 
(pericycle-cortex) 

Adjusted 
P value 

PS.lightreaction.photosystem I.PSI polypeptide subunits 1.1.2.2 245007_at 2.398 0.017 

PS.lightreaction.photosystem I.PSI polypeptide subunits 1.1.2.2 245006_at 2.356 0.019 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 244975_at 2.279 0.022 

PS.lightreaction.ATP synthase 1.1.4 244995_at 2.144 0.006 

PS.lightreaction.other electron carrier (ox/red).ferredoxin 1.1.5.2 260481_at 2.141 0.010 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 245002_at 2.055 0.027 

PS.lightreaction.NADH DH 1.1.6 244934_at 2.015 0.026 

PS.lightreaction.state transition 1.1.30 255617_at 2.005 0.026 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 245021_at 1.947 0.017 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 244964_at 1.923 0.012 

PS.lightreaction.cytochrome b6/f 1.1.3 244976_at 1.841 0.041 

PS.lightreaction.ATP synthase.alpha subunit 1.1.4.1 245024_at 1.821 0.025 

PS.lightreaction.cyclic electron flow-chlororespiration 1.1.40 244937_at 1.818 0.011 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 245003_at 1.812 0.016 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 244972_at 1.732 0.027 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 245047_at 1.721 0.041 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 244963_at 1.640 0.013 

PS.lightreaction.cyclic electron flow-chlororespiration 1.1.40 244991_s_at 1.624 0.012 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 245050_at 1.617 0.034 

PS.lightreaction.ATP synthase.subunit B (ATPF) 1.1.4.8 245025_at 1.606 0.022 

PS.lightreaction.photosystem II.PSII polypeptide subunits 1.1.1.2 245023_at 1.590 0.024 

PS.lightreaction.ATP synthase.epsilon chain 1.1.4.3 245013_at 1.561 0.010 

PS.lightreaction.ATP synthase.beta subunit 1.1.4.2 245014_at 1.533 0.044 

PS.lightreaction.cytochrome b6/f 1.1.3 245000_at 1.530 0.008 

PS.lightreaction.ATP synthase.subunit C 1.1.4.5 245026_at 1.430 0.020 

PS.lightreaction.photosystem I.LHC-I 1.1.2.1 252430_at 0.850 0.035 
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Figure 3.4: Photosynthetic light reaction pathway and genes up-regulated in 

pericycle cells compare to cortex cells. PSI, photosystem one; PSII, photosystem 

two. Each red square represents a transcript up-regulated in pericycle. 

 

Confocal imaging of the roots was used to verify the accumulation of chloroplasts 

around the stele. Without PI staining, chloroplasts can be observed around the 

stelar tissue (Figure 3.5). 

 

Figure 3.5: Confocal images of four Arabidopsis demonstrating the presence of 

plastids (red dots) in root tissue. A, line J3611 expressing GFP in endodermis; B, 

line J2731 expressing GFP in pericycle; C, line J1551 expressing GFP in cortex 

cells; D, C24 line.   
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3.3.2.3 Abundance of nitrate metabolism genes in cortical cells 

Keys enzymes implicated in nitrate metabolism showed higher transcript 

abundance in cortical cells (Figure 3.6) than in pericycle. These include the 

nitrate transporter NRT1, nitrate reductase NIA2 and a glutamate synthase GLT1, 

genes that are expected to be expressed in the outer layer for the root for uptake of 

nitrate. 
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Affy 
identifier 

Gene Bincode Pathway TAIR annotation 

261979_at At1g37130 12.1.1 
N-metabolism.nitrate 
metabolism.NR 

NIA2 (NITRATE REDUCTASE 2); nitrate reductase 
(NADH)/ nitrate reductase 

259681_at At1g77760 12.1.1 
N-metabolism.nitrate 
metabolism.NR 

NIA1 (NITRATE REDUCTASE 1); nitrate reductase 

248267_at At5g53460 12.2.1.2 

N-metabolism.ammonia 
metabolism.glutamate 
synthase.NADH 
dependent 

GLT1; glutamate synthase (NADH) 

256524_at At1g66200 12.2.2 
N-metabolism.ammonia 
metabolism.glutamine 
synthase 

ATGSR2; copper ion binding / glutamate-ammonia 
ligase 

251973_at At3g53180 12.2.2 
N-metabolism.ammonia 
metabolism.glutamine 
synthase 

catalytic/ glutamate-ammonia ligase 

249581_at At5g37600 12.2.2 
N-metabolism.ammonia 
metabolism.glutamine 
synthase 

ATGSR1; copper ion binding / glutamate-ammonia 
ligase 

250032_at At5g18170 12.3.1 
N-metabolism.N-
degradation.glutamate 
dehydrogenase 

GDH1 (GLUTAMATE DEHYDROGENASE 1); ATP 
binding / glutamate dehydrogenase [NAD(P)+]/ 
oxidoreductase 

264348_at At1g12110 34.4 transport.nitrate 
NRT1.1; nitrate transmembrane transporter/ 
transporter 

Figure 3.6: Expression and description of several genes implicated in nitrate 

metabolism in cortex and pericycle cells. A, Average expression in cortical cells 

(grey bars) and pericycle cells (black bars). Error bars, standard deviation .Stars 

indicate that the expression is significantly different between cell types in a 

student t-test (function t-test in R program); ***, pvalue<0.001; **, pvalue <0.01; 

*, pvalue<0.05; ns, non-significant. B, Additional information on the genes.  

B 
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3.3.2.4 Auxin transport: PIN transcripts more abundant in pericycle cells 

PIN proteins are known as auxin efflux carrier and control the distribution of 

auxin in the root. Auxins are known to play a role in promoting root growth. Four 

members of the PIN family on 8 showed higher expression in pericycle cells 

compare to cortical cells: At1g73590 (PIN1), At1g70940 (PIN3), at2g01420 

(PIN4) and At1g23080 (PIN7). The difference in expression between the two cell 

types for these four genes ranged from 1.8 to 3.3.  

3.3.3 Salt responsive genes  

3.3.3.1 Trends and functional categories 

453 transcripts were found differentially expressed in response to salt in pericycle 

and 945 in cortex cells (adjusted p value <0.05; Appendix 3.3 & 3.4). About half 

of the salt responsive genes (216) were down-regulated in pericycle and two third 

of the transcripts (620) were down-regulated in cortex cells. Global trends of both 

cell type of the root showed that over twice as many genes were responsive to salt 

treatment in cortex cells than in pericycle. 

 

Twenty one genes in pericycle cells and 33 genes in cortex (Appendix 3.5) were 

identified as genes responsive to the protoplasting step by comparison with the list 

generated by Dinneny et al., 2008. Genes responsive to protoplasting were kept 

for further analysis; however, they will not be selected as candidate genes (See 

Chapter 4).  

 

Differentially expressed genes in response to salt in pericycle and cortical cells 

showed that 78 genes were commonly regulated in both cell type (Figure 3.7). 

Among these salt responsive genes, 30 and 43 genes were up or down-regulated 

respectively in both cell types. Only 5 genes showed inverted trend: up-regulated 

in pericycle and down-regulated in cortex.  
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Figure 3.7: Number of genes up (↑) or down-regulated (↓) in pericycle (solid 

lines) and cortex cells (dashed lines) in response to salt. Shaded segments indicate 

number of genes common to both cell types.  

 

 

 

 

To determine specific functional categories of the salt responsive genes, they were 

classified using their bincode. Salt responsive genes were analyzed per cell type 

and depending of their regulation trends, only categories with more than 10 genes 

in at least one cell type were shown (Figure 3.8 and 3.9).  

In both cell types, among all genes up or down-regulated in response to salt about 

one third belongs to the “not assigned” category. 
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Up-regulated salt responsive genes in cortical and pericycle cells were implicated 

in many functional categories with the genes more abundant in the following 

ones: protein metabolism, RNA processing and enzymes (Figure 3.8).  

 

4% 3%
4%

6%

31%

24%

19%

5% 4%

amino acid metabolism development DNA synthesis

enzymes not assigned protein metabolism

RNA processing signalling transport

 

Figure 3.8: Representation per functional category of genes up-regulated in 

response to salt in cortical cells and pericycle cells. Only functional categories 

with more than 10 genes in at least one cell type are shown. 

 

 

 

Salt responsive genes down-regulated were implicated in RNA processing in both 

cell types. In cortical cells, a high portion of genes down-regulated by salt belong 

to the following categories: signaling, enzymes, transport and cell wall 

metabolism. In pericycle cells, genes down-regulated in response to salt belong to 

the following categories: protein metabolism, enzymes, signaling, cell wall 

synthesis (Figure 3.9).  
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Figure 3.9: Representation per functional category of genes down-regulated in 

response to salt in cortical cells and pericycle cells. Only functional categories 

with more than 10 genes in at least one cell type are shown. 

 

 

3.3.3.2 Over-represented categories in each cell type 

All genes classified with ‘unknown function’ were taken out of this analysis. 

Functional categories over-represented in cortical cells and responding to salt 

were identified in the categories cell wall biosynthesis, protein degradation and 

secondary metabolism (Figure 3.10). The over-represented genes from salt-

treated pericycle cells belonged to cell wall biosynthesis, enzymes families and 

hormone metabolism. Among genes common to both cell types, the functional 

over-represented categories were amino acid synthesis, enzymes families and cell 

wall biosynthesis. 
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Figure 3.10: Over representation of genes responsive to salt in each cell type 

classified per categories. Each colour displays one cell type. Black: genes specific 

to cortical cells; white: genes specific to pericycle; grey: genes common to both 

cell types. 

 

3.3.3.3 Unknown functional categories 

Amongst genes salt-regulated, a large categories was annotated with unknown 

function: 73 genes in pericycle cells (16.1%) and 165 genes in cortex cells 

(17.5%). Amongst these genes 26% belong to chromosome 1, 14.3% to 

chromosome 2, 18.9% to chromosome 3, 13.9% to chromosome 4 and 26.5% to 

chromosome 5. One hundred forty six genes showed a negative fold change and 

38 unknown function genes were down-regulated in response to salt with a fold 

change lower than 2. Ninety three unknown function genes were up-regulated in 

response to salt and only 8 showed a fold change higher than 2. 

3.3.3.4 Comparison with previous cell type studies 

Cell type-specific genes differentially expressed in response to 140 mM salt after 

1 hour treatment were identified in a previous study (Dinneny, et al., 2008). 

Among all cell types they used in their transcriptomic analysis we selected cell 
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types according to their localization in the roots to compare with our data: cortical 

cells, phloem cells and stelar tissue.  

The comparison between the two lists of cortical salt responsive genes showed 

that only 84 genes were found differentially regulated between the two datasets 

(Appendix 3.6). The overlapping p-value between these two lists was 0.18 and 

was not significant at the point 0.05. Among these genes, 55 genes followed the 

same trends in both analyses (shown in bold in Appendix 3.6) and 8 genes belong 

to the cell wall group and 5 are classified as transcription factors. 

List of genes significantly responding to salt between pericycle cells (our data) 

and the two inner cell types of Arabidopsis root (phloem and stelar) were 

compared. Fifteen genes were following the same trends in response to salt in 

pericycle and phloem cells, the overlap was not considered significant as the p-

value calculated was higher than 0.05.(Appendix 3.7). 

Thirty three salt responsive genes overlapped between pericycle cells and stelar 

tissue, 29 genes been up-regulated in both studies (Appendix 3.8). The degree of 

overlap for these 29 genes was considered significant (p-value 0.008).  

This comparison showed that common genes can be found between transcriptomic 

studies where salt application is very different and therefore salt treatment by 

itself is enough to induce changes in expression of a small core set of genes. 

However, these common genes did not always show the same trends of expression 

in response to a shock salt treatment or a mild adaptive treatment. 

3.3.4 Pathways affected by salt stress 

3.3.4.1 Regulation of transcription 

Major classes of transcription factors were down-regulated in response to salt 

(Figure 3.11). The classes of MYB, AP2 and HD zipper were mainly down-

regulated in cortex cells.  

A few classes of transcription factor belonged to cortex only: DREB, AIL, 

CCAAT box were up-regulated and NFX, CEJ, bHLH and ARR were down-

regulated.  
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Figure 3.11: Number and regulation trends of transcription factor families in 

response to salt treatment in pericycle and cortex cells. Each colour represents a 

cell type and a trend of expression. Dark blue: pericycle and cortex down, green: 

cortex down only, light blue: pericycle down, pink: cortex up only, red: pericycle 

up only, purple: pericycle and cortex up. 

 

 

 

3.3.4.2 Cell wall and secondary metabolism 

To obtain an overview of the metabolism changes in cortical cells, the trends of 

salt responsive genes were observed using Mapman representation (Figure 3.12). 

Most of the salt responsive genes from cortex cells showed a change of expression 

in the cell wall pathway, in the secondary metabolism and in the carbohydrate 

metabolism.  
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Figure 3.12:  Selected metabolism overview (Mapman) of salt responsive genes 

in cortical cells: boxes represents individual genes; box colour indicates level of 

up or down-regulation as per scale in top right corner (for example a box with +3 

showed an up-regulation of this gene in response to salt of 8 fold). Minor CHO 

displays the minor Carbon, Hydrogen and Oxygen metabolism, part of the 

primary metabolism. 

 

A classification was done using the Mapman bincode to identify genes specific to 

the cell wall pathway. Around 4 % of genes responsive to salt belong to the cell 

wall group. In cortical cells, 38 genes were down-regulated and 5 transcripts were 

up-regulated in the cell wall pathway. In pericycle cells, 15 genes were down-

regulated while only 4 genes were up-regulated in response to salt. Cell wall 

genes down-regulated in cortical and pericycle cells were mostly implicated in 

modifying the structure and organization of the cell wall (Figure 3.13). Cortical 

cells, as already observed, were transcriptionally more responsive to salt compare 

to pericycle cells, and the expression was down-regulating for those cell wall 

genes.   
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Figure 3.13: Number of genes implicated in cell wall biosynthesis down-

regulated by salt in cortical and pericycle cells. Black bars correspond to cortex 

cells, and white bars correspond to pericycle cells. 

 

In addition, salt responsive genes from cortical cells were imported in Plant 

MetGenMAP to identify pathways significantly regulated by salt (Appendix3.8). 

Among the most significant pathways salt regulated in cortical cells, 7 of these 

belong to the secondary metabolism: pathway of flavones and derivatives 

biosynthesis, phenylpropanoid biosynthesis, quercetin glucoside biosynthesis, 

flavonoid biosynthesis, suberin biosynthesis, scopoletin biosynthesis, simple 

coumarins biosynthesis. All key enzymes implicated in phenylpropanoid pathway 

were down-regulated in cortical cells in response to salt (Figure 3.14). Three 

other salt responsive pathways showed significant changes in enzymes transcripts 

in cortical cells: cellulose biosynthesis, homogalacturonan degradation and 

isoleucine biosynthesis (Appendix 3.9). Cortical transcriptomic data showed an 

overall down-regulation of genes implicated in secondary metabolism and more 

specifically the phenylpropanoid and flavone pathways and cell wall biosynthesis. 

Salt responsive genes from pericycle cells revealed two pathways significantly 

regulated in response to salt: UDP-sugars interconversion and cellulose 

biosynthesis (Appendix 3.10). Pericycle transcriptomics data showed that 

pericycle cells may be more implicated in carbohydrate metabolism and cell wall 

biosynthesis. 
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Figure 3.14: Plant MetGenMAP pathway of the phenylpropanoid biosynthesis 

showing down-regulated transcripts in cortical cells in response to salt. Green 

indicates the down-regulation of transcripts in response to salt. The identifier 

corresponds to the Affymetrix ID from ATH1. 

 

3.3.4.3 Water transport 

Genes encoding water channels (aquaporin) were strongly down-regulated in 

response to 50 mM salt application after 48 hours in cortical cells, as previously 

shown in Boursiac et al., 2005 (Figure 3.15). Only one aquaporin channel 

(PIP2;4 ) was down-regulated in pericycle cells.  
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Figure 3.15: Down-regulation of 17 water channels in response to salt in cortical 

cells and one water channel in pericycle. TIP, Tonoplast Intrinsic Protein; PIP, 

Plasma membrane Intrinsic Protein; NIP, Nodulin 26-like Intrinsic Protein; RD28, 

homolog to Major Intrinsic Protein (MIP).  The red lozenge indicates the 

regulation of PIP 2;4 in pericycle cells.   

 

3.3.4.4 Changes in expression of a range of nutrient transport genes 

Twenty five genes annotated as transporters from Affymetrix data were found 

significantly differentially regulated in response to salt in cortex and pericycle 

(Table 3.4). Salt treatment down-regulated the majority (13/16) of these 

transporters in cortex, whereas only 4 genes of 10 were found down-regulated in 

pericycle cells. These transporters were grouped in five categories: genes 

belonging to the SOS pathway, CIPK/CBL genes, antiporters, potential cation 

transporters, potassium channels and potential anion transporters. Three 

CIPK/CBL genes and SIP4 were only found down-regulated in cortical and 

pericycle cells after 48 hours of salt treatment. All genes responding to salt 

application and annotated like potassium channels were down-regulated in cortex 

and pericycle cells except ATKT1 which was found up-regulated in cortical cells. 
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Table 3.4: Genes significantly differentially expressed in response to salt per cell 

type annotated with a transport function. 

  Cortex  Pericycle 

Group of genes implicated in salt responses 
up-
regulated 

down-
regulated 

up-
regulated 

down-
regulated 

Genes belonging to SOS pathway         

At2g30360; SIP4 (SOS3-INTERACTING PROTEIN 4)   -1.04     

CIPK/CBL  genes          

At4g14580; CIPK4 (CBL-interacting protein kinase 4)       -1.09 

At1g29230; CIPK18 (CBL-INTERACTING PROTEIN KINASE 18)   -1.46     

 
     

At2g26980; CIPK3 (CBL-INTERACTING PROTEIN KINASE 3)   -1.59     

Antiporters 

   
  

At1g64170;  ATCHX16 (CATION/H+ EXCHANGER 16)   -0.69     

At1g79610; sodium proton exchanger, putative (NHX6)      1.23   

At2g47600; ATMHX (ARABIDOPSIS THALIANA 
MAGNESIUM/PROTON EXCHANGER)     1.03   

At4g23700;  ATCHX17 (CATION/H+ EXCHANGER 17)   -1.83     

At5g64280; DiT2.2 (dicarboxylate transporter 2.2)       -1.54 

Potential cation transporters 
   

  

At1g01340; ATCNGC10 (CYCLIC NUCLEOTIDE GATED CHANNEL 
10)   -1.14     

At1g26560; BGLU40 (BETA GLUCOSIDASE 40)     2.63   

At1g30870; cationic peroxidase, putative    -1.65     

At1g58200; MSL3 (MscS-LIKE 3)   -1.16     

At2g44450; BGLU15 (BETA GLUCOSIDASE 15)   -1.64     

At5g19520; MSL9 (MECHANOSENSITIVE CHANNEL OF SMALL 
CONDUCTANCE-LIKE 9) 1.28       

Potassium channels 
   

  

At2g30070; ATKT1 (POTASSIUM TRANSPORTER 1) 1.77       

At4g19960; potassium ion transmembrane transporter   -1.39     

At5g41330; potassium channel tetramerisation domain-
containing protein       -1.13 

Potential anion transporters 
   

  

At1g59740; proton-dependent oligopeptide transport (POT) 
family protein     1.78   

At1g72140; proton-dependent oligopeptide transport (POT) 
family protein 1.37       

At3g27170; CLC-B (CHLORIDE CHANNEL B)   -1.55     

At3g47960; proton-dependent oligopeptide transport (POT) 
family protein     1.55   

At3g62270; anion exchange family protein   -1.93     

At5g49890; clc-c annion channel voltage gated chloride channel     1.66   

At5g62680; proton-dependent oligopeptide transport (POT) 
family protein   -1.39     
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3.3.4.5 Auxin transport: PIN family members 

Two PIN genes were found differentially regulated in pericycle cells in response 

to 48 hours of salt treatment. PIN 3 (At1g70940) and PIN 4 (At2g01420) were 

down-regulated of 1.4 and 2.2 fold changes respectively.  

3.3.5 Validation of microarrays 

Eight genes were tested in q-PCR from cortical and pericycle cell sorted to 

validate the trend of expression in response to saline treatment. Half of them were 

confirmed to follow the same trends in response to salt in both techniques whereas 

transcription changes in response to salt showed opposite trends for four other 

cortical genes in q-PCR and did not validate the trends seen in the microarray data 

(Figure 3.16 & 3.17) 
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Figure 3.16: Gene expression changes in response to salt in cortical cells of genes 

tested in microarrays and q-PCR.  
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Figure 3.17: Gene expression changes in response to salt in pericycle cells of 

genes tested in microarrays and q-PCR.  

 

 

3.4 Discussion 

The work reported in this chapter provides a complete transcriptional profile of 

pericycle and cortex cell from plants grown under control and realistic salt-

stressed conditions.  

 

The most significant pathway regulated in both cell types is the phenylpropanoid 

pathway. Numerous secondary metabolites are generated via this pathway such as 

coumarins, lignins, lignans, suberins, flavonoids, anthocyanins (Vogt, 2010). 

Keys enzymes leading to monolignol synthesis were highly expressed in pericycle 

cells; nevertheless cortical cells also displayed a high expression for most 

enzymes included in the phenylpropanoid pathway. Our cell type profile 

expression data confirmed the previous finding of enriched expression of 

phenylpropanoid/flavonoid enzymes in cortex cells (Brady, et al., 2007; Rogers, 

et al., 2012). The accumulation of flavonoid enzymes in cortical cells were also 

demonstrated at the protein level from plants grown in control conditions (Rogers, 

et al., 2012).  

However, cortical cells showed a massive decrease in expression for most 

enzymes of this phenylpropanoid/flavonoid pathway in response to 50 mM salt 
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stress. As a consequence of enzymes being down-regulated in response to salt, 

secondary metabolites at the entry of this pathway might accumulate such as 

cinnamic acid and coumaric acid. Coumaric acid metabolites have been shown to 

play a role in growth inhibition of the soybean root by increasing the production 

of monolignols (H and G) and strengthen the cell wall (Zanardo et al., 2009). On 

the other hand, final metabolites of this pathway may be less abundant in the cells 

such as monolignols (H, S and G). All three monolignols are essential constituents 

of the lignin polymer (G and S been the major components). The decrease in 

concentration of these cell wall compounds may have consequences on the 

composition of the cell wall in cortical cells. In addition, many cell wall genes 

implicated in the structure, degradation or biosynthesis were down-regulated in 

cortex and pericycle cells in response to salt. Therefore, cell wall composition 

may play an essential role in adaptive salt responses.  

 

Transport of nutrients and water is the main function of the root, for this particular 

reason it is interesting to look in details at the transporters in each cell type. The 

Arabidopsis genome encodes 35 aquaporins or water channels (Jang et al., 2004). 

They are classified in four categories depending of their sub-localization into the 

cell: TIP, Tonoplast Intrinsic Protein; PIP, Plasma membrane Intrinsic Protein; 

NIP, Nodulin 26-like Intrinsic Protein; SIP, Small basic Intrinsic Proteins and 

recently discovered XIP, X Intrinsic Proteins .It is well know that some PIP 

family members are strongly expressed in the root such as PIP1;1 and PIP 1;2 

(Jang, et al., 2004). It was demonstrated that aquaporin expression (PIP and TIP) 

was down-regulated after exposure to salt and TIP water channels were re-

localized in spherical bodies within the root (Boursiac, et al., 2005).This findings 

suggest that the number of aquaporins targeting the plasma membrane are 

diminished, therefore it may be a mechanism to limit the loss of water from the 

cells. More recently, it was shown that the regulation of aquaporin at the 

transcriptional and posttranscriptional level was reliant on the ecotype (Sutka et 

al., 2011). The work from Sutka et al demonstrated that the endodermis layer in 

Col-0 ecotype contain more suberin deposition. This additional layer is likely to 

limit the passage of selective ions. Our salt transcriptomic data from both cell 

types confirmed the transcriptional changes of water channel (PIP and NIP in our 
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case) with a strong and specific down-regulation in cortical cells. Taken this 

together, it looks as if the plants are still adjusting their internal water potential 

resulting of the osmotic salt stress.  

 

With respect to nutrient transport, it was interesting to observe that some 

important salt responsive genes were not detected in our transcriptomic data such 

as SKOR, NHX1, HKT, AVP1 and SOS1 (See Chapter 1 section 1.3.2.1.1). On 

the other hand, our transcriptomic data was done at only one time point and with a 

mild salt stress. As previously stated, Arabidopsis roots may still be adjusting 

their internal osmotic potential and the transcriptomic changes for these 

transporters genes may have not occurred yet or may have happened earlier after 

the treatment. Some studies also reported the post-transcriptional regulation of 

HKT proteins in rice (Horie et al., 2009). Therefore, the transcriptional level may 

not change in response to salt but the level of protein may be maintained by post-

transcriptional events. 

Amongst potassium transporters, ATKT1 was found up-regulated in cortex in 

response to salt which is consistent with previous findings in the whole root (Kim 

et al., 1998; Maser et al., 2001). Another potassium transporter was found more 

abundant in cortical cells: ATKC1 (At4g32650). The expression observed from 

our data is consistent with the observation of the GUS expression reporter in 

cortical cells (Pilot et al., 2003).  

Regarding auxin transport, our transcriptomic data suggests that PIN carrier 

proteins are more strongly expressed in pericycle cells compare to cortex cells. 

These findings are in agreement with the previous observations in Birnbaum et al 

and confirming the role of auxin in vascular development (Berleth and Mattsson, 

2000; Birnbaum, et al., 2003).  

 

Cortical and pericycle cell types were selected due to their localization in the root 

and their potential function in response to salt. In term of transcriptomic 

responses, it was shown that twice more genes were responding to salt in cortical 

cells than pericycle cells. The same observation was made in previous studies 

implying that these cells are more actively responding to salt stress (Benfey, et al., 

2010; Dinneny, et al., 2008).  



Chapter 3 Transcriptional responses of Ath pericycle and cortical cells to salinity 

 

82 

 

In cortex and pericycle cells, the majority of genes differentially expressed belong 

to the RNA processing, enzymes and signaling functional categories. Amongst the 

genes in the RNA processing category, 84 genes are involved in the regulation of 

transcription as different classes of transcription factors. The transcription factor 

SHORT-ROOT SHR (At4g37650) was specifically expressed in pericycle cells 

and is consistent with the previous findings (Levesque, et al., 2006). In addition, 

only 78 salt responsive genes were found in common between the two cell types. 

Each cell layer responds by modeling the transcription level of the same 

functional categories but most of differentially regulated genes differed from one 

cell type to the other. This indicates a unique and specific function of each cell 

type after salt exposure. 

Interestingly, the comparison between genes differentially expressed in response 

to 140 mM salt at 1 hour after treatment and 50 mM salt after 48 hours in different 

cell types found genes in common. A large portion of genes followed the same 

trends in response to the two different salt treatments between stelar and pericycle 

cells or cortex cells. Therefore, the regulation of transcription in response to 

different salt treatments in each of the two cell types demonstrated some core 

responsive genes. However, some cell type-specific genes common between the 

two treatments showed an opposite trends of regulation. This is not surprising as a 

cell is a dynamic system responding continuously to any changes in the 

environment. Therefore, the analysis of changes in expression over time is very 

challenging for us. To interpret the meaning of gene expression in response to a 

stress changing over time is difficult (Chechik and Koller, 2009). Our 

transcriptomic study captures only one aspect of the cell’s dynamic at one time 

point after salt application, nevertheless, it helps to understand the molecular 

changes on a long and mild salt stress. 

 

Quantitative PCR validated the trends in expression of half of the selected genes 

and for both cell types, however, for the other half I did not get the same 

directional changes. As previously mentioned, the growth conditions were 

difficult to replicate between New York and Adelaide. In addition, there were 

other technical factors differences such as FACS nozzle and experimenter. The 

work from Massonnet et al, examined the difficulty to reproduce results 
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specifically for transcriptomic studies. They demonstrated that small variations in 

light and the way plants are handled are enough to show significant differences in 

the molecular profile and the phenotype of the plants (Massonnet et al., 2010). 

Mishra et al, compared the growth of Arabidopsis in the field and in growth 

chambers, they showed that the plants in the two environments showed different 

phenotypes with distinct leaf morphology and composition of the photosystem 

(Mishra et al., 2012). Jin et al, grew Arabidopsis plants at three different 

temperatures (2 degrees difference between each environment), they showed that 

even such a subtle change in temperature impacts on the biochemistry of the leaf 

(Jin et al., 2011). These studies emphasized the fact that the biological responses 

observed are directly dependent on the changes in the environment (Binelli and 

Mascarenhas, 1990; Jin, et al., 2011; Mishra, et al., 2012). Therefore, the 

discrepancies in gene expression differences observed between q-PCR and 

microarrays in response to salt may be explained by the sensitivity of the plants to 

small changes in their environment. Moreover, correlation between q-PCR and 

microarrays were studied in details in Morey et al, they demonstrated that many 

factors should be considered in order to compare the results from the two 

techniques. Amongst them, four factors require specific attention: the RNA 

quality, the primers localization on the mRNA for Q-PCR and microarrays, the 

level of fold change expression in microarrays and the normalization procedure 

(Morey et al., 2006). Their paper also evaluated the limitations of the q-PCR 

technique to validate the gene expression from microarray data. Therefore, in our 

case, the validation of microarray gene expression with q-PCR experiment was 

unlikely to show 100% correlation.  

 

 

A significant portion of genes belonging to the cell wall category was found to be 

involved in the salt response. Therefore, it would have been interesting to evaluate 

the importance of cell wall modifications in response to salt by qualitative or 

quantitative methods. Preliminary tests were done employing these methods.  

 The monosaccharide content was achieved by hydrolyzing freeze dry 

Arabidopsis root in hot hydrochloride acid. Each monosaccharide 

(mannose, ribose, rhamnose, galacturonic acid, galactose, and fucose) 
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were calculated as xylose equivalents. Root monosaccharide 

measurements from whole Arabidopsis root grown in control and salt 

conditions did not reveal any differences in concentration for each 

monosaccharide.  

 Arabidopsis root samples were sent to the Australian Research Council 

Centre of Excellence in Plant Cell Walls in Melbourne. Measurements 

of different cell wall polymers such as lignin by a calorimetric assay 

and pectin after carboxyl reduction by Gas Chromatography–Mass 

Spectrometry (GCMS) method were tested in from plants grown in 

control and salt conditions, the results are pending. 

 A quantitative method such as staining root sections under light 

microscope with different dyes was also explored. A preliminary test was 

achieved and showed there was no difference in the intensity of the 

staining of the root between plants grown with salt and without salt 

treatment. Alternatively in-situ hybridization with antibodies such as JIM 

5 and JIM7 which bind specifically to pectic polysaccharides with 

different patterns of methyl esterification could be performed. However, it 

could not be achieve in the time-frame given. 

 

The work described in this chapter emphasizes the importance of studying the salt 

response mechanism at the cell type specific level as the two cell types reacted 

differently to the salt stress. Therefore, this has implications for our understanding 

of the underlying mechanisms involved, and how to ultimately manipulate these 

in order to generate more salt tolerant plants. 
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Chapter 4: Functional characterization of 

Arabidopsis cell type-specific salt candidate genes 

4.1 Introduction 

The work described in this chapter follows directly the cell type-specific 

transcriptional analysis from the previous chapter. Genes identified as being 

differentially expressed in response to salt in both cell types were listed in the 

previous chapter. The aim of the work outlined in this chapter was to establish the 

biological relevance of our cell type-specific transcriptomics by investigating 

shoot ion accumulation in salinity assays using knock-out (KO) lines. The strategy 

for selection of candidate genes is described here. Also, the transport capacity of 

two of the selected candidate genes was tested using standard electrophysiological 

techniques involving, for example, oocytes from the frog Xenopus laevis. 

Membrane potentials of cortical cells from intact roots were also measured for one 

homozygous KO mutant line and the wild type ecotype Columbia (Col). 

4.2 Materials and methods 

4.2.1 Knock-out mutant lines and growing conditions 

From the lists of genes differentially expressed in response to salt in both 

pericycle and cortex cells (Appendix 3.2 and 3.3) candidate genes were narrowed 

down according to the following steps. The list of genes differentially expressed 

in response to salt was separated in two projects: the first project comprised 

candidate genes with functional annotation; the second list regrouped those genes 

with unknown function. The selection of candidate genes with functional 

annotation depended first on any change in expression in response to salt and/or 

other abiotic stresses identified in previous studies. Genevestigator was used to 

check that a strong change in gene expression in response to salt was observed in 

previous microarray experiments. Then, the number of candidate genes with 

functional annotation was reduced on the basis of their pattern of expression 

specific to the root using Arabidopsis eFP Browser (http://bar.utoronto.ca/efp/cgi-

bin/efpWeb.cgi). The final list of genes for the first project was restricted to 



Chapter 4 Functional characterization of Ath cell type-specific salt candidate genes 

 

86 

 

candidate genes annotated within one of the following categories: transcription 

factors; kinases; transporters; and genes involved in cell wall metabolism. The 

second project was intended as a discovery project as all genes selected were 

annotated with unknown function. The selection was made on the basis that genes 

showing changes in log2 larger than 2 or lower than -2 were retained. The pattern 

of expression of unknown function candidate genes was also checked using 

Arabidopsis eFP Browser to ensure specificity to the root. Searching for KO 

mutants for each of the candidate genes in both projects was carried out and genes 

with at least one insertion of T-DNA in exons were retained. The SALK Institute 

provides information on the genotype of the lines and those with homozygous 

insertion were preferentially selected. All corresponding KO mutant lines were 

ordered from the SALK Institute although, due to low seed numbers, certain of 

the KO lines were unavailable. 

4.2.2.1.1 KO lines grown on solid media  

Between 8 and 10 seeds from each KO mutant line were sterilised with 1 ml of 

100% ethanol for 1 min. The ethanol was then discarded and 1 ml of bleach 

solution (available chlorine 4.75% m/v) was added before the tubes were put on 

an orbital shaker for 5 min. The seeds were rinsed multiple times with sterile 

water, then kept in their last rinse with sterile water and stored at 4°C overnight. 

The following morning, the seeds were deposited on solidified MS medium 

containing 1/4 MS basal salt mixture (PhytoTechnology Laboratories, M524), 

0.5% (w/v) sucrose, 0.05% (w/v) MES, 0.7% agar granulated (w/v) (Difco, 

214530) and pH adjusted to 5.7 with 10M KOH. Seedlings were grown under a 

cycle of 14 h light at 22°C and 10 h dark at 18°C for 14 to 16 days. 

4.2.2.1.2 KO lines bulked-up in artificial soil mix  

When young plants reached the 4 leaves stage (between 14 to 16 days), they were 

transferred to artificial soil to bulk-up for seed. Artificial soil mix was mixed 

equally with 1/3 of sterilised sand, peat moss and perlite, and the pH adjusted to 

5.7 (adapted from Miva Splawninski mix). Fertilisers were added as follows for 

500L soil: iron sulphate 500g, osmocote 1500g, dolomite 1000g, gypsum 250g, 

Ag Lime 500g, hydrated lime 200g. Plants were grown under 14h light at 22°C 

(110-140 µm m
-2 

s
-1

) and 10 h dark at 18°C cycle for 4 weeks before being moved 
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to a long day growth room with 16 h light at 22°C (110-140 µm m
-2 

s
-1

) and 8 h 

dark at 18°C cycle. Plants were watered three times a week from below until the 

soil was fully saturated.  

4.2.2.2 Media for Relative Growth Rate (RGR) of roots  

Seeds from the homozygous mutant lines were sterilised and grown on control 

media as outlined in paragraph 4.2.2.1.1 Salt stressed seedlings were put on a salt 

medium composed of 1/4 MS basal salt mixture (PhytoTechnology Laboratories, 

M524), 0.5% (w/v) sucrose, 0.05% (w/v) MES, 50 mM NaCl, 0.375 mM CaCl2, 

0.7% granulated agar (w/v) (Difco, 214530) and pH adjusted to 5.7 with 10M 

KOH. Media containing sodium chloride was supplemented with CaCl2 to 

maintain constant Ca
2+

 activity following Dr. Matthew Gilliham’s instructions 

(Parker et al., 1995; Tester and Davenport, 2003). 

4.2.2.3 Media for membrane potential measurements 

Homozygous seeds from a KO line encoding a putative ligand transporter were 

grown on a solid medium containing 1/2 MS basal salt mixture (Sigma), 0.5% 

(w/v) sucrose, 0.05% (w/v) MES, 0.7% agar type M (Sigma) and pH adjusted to 

5.8 with 10M KOH. Seeds from the homozygous line and wild type Col were 

sterilised as described in section 4.2.2.1.1 and then placed on a cellophane 

membrane which allowed uptake of nutrients and water from the solid medium. 

Plants were grown vertically under a cycle of 14 h light at 22°C and 10h dark at 

18°C. When 7 days old, half of the Arabidopsis seedlings for both lines were 

transferred easily due to the cellophane membrane to a solid medium with 50 mM 

salt for 2 days. The membrane potential was measured for seedlings at the same 

age. 

4.2.2.4 Hydroponic conditions  

Four to five seeds were deposited on the surface of rock wool which had been 

used to fill 1.5 ml non-transparent tubes. The bases of the tubes were pre-cut to 

allow the roots to grow through. Seeds were germinated in 1 mM CaCl2 solution 

starting with three days at 18-22
o
C in the dark, then grown for the following 5 

days under a 14 h light at 22°C (170 µm m
-2 

s
-1

) and 10 h dark at 18°C cycle. 

After one week, one seedling only was left in each tube. Seedlings from each line 
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were distributed equally between control and salt conditions. Each treatment was 

divided between three tanks; in each tank, three seedlings from each line were 

distributed randomly. 

Every tank was filled with a growth solution comprising 2 mM KNO3, 1 mM 

KH2PO4, 1 mM MgSO4, 0.25 mM CaSO4 and 0.1 mM FeEDTA and with the 

following micronutrients added: 0.5 M CuSO4, 2 M ZnSO4, 2 M MnSO4, 25 

M H3BO3, 0.5 M Na2Mo04, 50 M KCl and pH adjusted to 5.9 with KOH. 

The salt treatment started on the first day of transfer to the hydroponic tank to 

which 25 mM salt had been added with a 0.22 mM CaCl2 supplement to maintain 

Ca
2+

 activity. The following day, the salt concentration was increased to 50 mM. 

Solutions were changed every week to maintain a sufficient nitrate and iron 

concentration over the growth period. 

4.2.2 Over-expressing lines 

One line over-expressing the Mate gene (At1g12950) in root hairs was requested 

from the Hyung-Taeg Cho laboratory. This line, called RHSox2, was transformed 

with the EXPA7 promoter driving the over-expression of the Mate gene in the 

root hairs. The abundance of Mate transcripts was demonstrated by semi-

quantitative PCR in the root hairs (Won et al., 2009). This over-expressing line 

(re-named Mateox) was included in all experiments referred to in this chapter. 

4.2.3 Methods 

4.2.3.1 Genotyping of plants 

4.2.3.1.1 Extraction of genomic DNA  

To determine the genotype of each KO mutant line, DNA was extracted from a 

leaf collected from the rosette of each plant before it had reached the reproductive 

stage. The genotype of plants grown in hydroponics was tested from DNA 

extracted from root tissue frozen in liquid nitrogen. Tissues were ground in liquid 

nitrogen with a mortar and pestle to form a fine powder. Ground tissue was 

transferred to a 1.5 ml tube and 0.5 ml of DNA extraction buffer (1% sarcosyl, 0.1 

M Tris, 0.1 M NaCl, 10 mM EDTA, 2% PVPP, pH 8.5) was added. After mixing, 

0.5 ml of phenol/ chloroform/ iso-amyl alcohol was added to each sample. Each 
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tube was shaken vigorously and incubated on an orbital shaker for at least 10 min 

at room temperature. Samples were centrifuged for 10 min at 4000 rpm and the 

upper layer transferred into a new tube. In order for DNA to precipitate, 50 µl of 3 

M sodium acetate (pH 4.8) and 0.5 ml of isopropanol were mixed by inversion 

with the upper layer and the sample then left at room temperature for 10 min. The 

tubes were centrifuged for 10 min at maximum speed and the supernatant 

removed. The pellet was washed with 70% (v/v) ethanol. Each pellet was dried 

before being dissolved in 30 µl of RO water treated with 2 µl of RNaseA (10 

mg/ml) in order to degrade RNA. Random samples were selected and DNA was 

quantified using Nanodrop instrument (ND-1000, Spectrophotometer). 

4.2.3.1.2 PCR screening for T-DNA insertion  

Primers were designed using the iSct primers tool from the SALK website to 

select KO mutant lines with homozygous insertion 

(http://signal.salk.edu/tdnaprimers.2.html). Two rounds of PCR were performed 

for each line to verify the homozygous insertion at the predicted locus. For the 

first PCR primers were used which had been designed with the iSct primers tool 

outside the T-DNA insertion; these primers were referred to as left and right 

primers (LP, RP). The second PCR was used to confirm the direction and 

presence of the T-DNA and used one primer designed in the left T-DNA border 

(LB), and also either one of the LP or RP. The Salk Institute recommended that 

LBb1.3 be used as the left T-DNA border primer for PCR amplification of 

flanking sequences. If the insertion of the T-DNA (5’left border-> right border 3’) 

is in the same direction as the gene (5’->3’), LP will be used in the second PCR 

with the complementary sequence of the LB primer. Otherwise, if the gene and 

the T-DNA were in the opposite direction, RP and LB will be used in the second 

PCR reaction. One line was considered homozygous when no band could be 

observed in the first PCR (LP+RP) but DNA from the wild-type plant was at the 

expected size, and when the second PCR showed a band at the expected size for 

the second pair of primers (LB+RP/cLB+LP), as shown in Figure 4.1. 
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Figure 4.1: Screening strategy for direct (A) or indirect (B) insertion of T-DNA in 

exons. An example is given on the right panel for each case. LP, Left Primer; RP, 

Right Primer; LB, Left Border; cLB, complementary Left Border. +control in the 

first PCR corresponds to genomic DNA from Col-0 wild type, whereas in the 

second PCR + control corresponds to genomic DNA of plant screened positive for 

the T-DNA insertion in the first generation. 

 

PCR amplification performed from genomic DNA was diluted 1:30 in water and 1 

l was used for the PCR reaction. Lists of the primer pairs and corresponding 

annealing temperatures are provided in Appendix 4.1. PCRs were carried out 

with the platinum Taq DNA polymerase (Invitrogen). The reaction mix for 

genotyping Arabidopsis mutant lines consisted of 0.1 µl platinum Taq DNA 

polymerase, 2 µl 10X buffer, 0.6 µl MgCl2 50mM, 0.4 µl dNTP 10mM, 0.6 µl 

each primer 10 µM, 1 µl DNA template diluted (1/30) in a final volume of 20 µl. 

The PCR programme consisted of 2 min for the activation of the Taq platinum at 

94°C followed by 30 cycles of 30 s at 94°C for denaturation of DNA strands, 30 s 

of annealing at the corresponding temperatures, polymerisation at 72°C for 30 s 

and was run in the Tetrad2 (Biorad, Australia). Gel electrophoresis was carried 

out for each PCR reaction in order to visualise whether amplification had occurred 

and to check the size of the fragments. Loading buffer composed of orange dye 
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and 5% sucrose was added to each PCR reaction. The mixture was loaded into a 

1% agarose gel pre-stained with SYBR safe in order to visualise DNA bands 

under UV excitation (Invitrogen, Australia). Gels were run for 20 min at 120 V in 

0.5X TAE buffer. The size of the PCR fragments was checked by comparison 

with the known size bands of a HyperLadder I (Bioline, Australia). 

4.2.3.2 Relative growth rate measurements of roots  

In order to measure root growth of homozygous KO lines, an experiment was set 

up using a scanner to image roots growing on a solid medium. The experimental 

set up is described in Figure 4.2. Roots were scanned with a Pro Epson 

expression 10000XL scanner at dpi 600 in black and white and measurement of 

the root length was estimated using the software WhinRHIZO. The growth rate 

(cm min
-1

) of each root was calculated as the difference in length (cm) between 

two time points divided by the period of growth. The relative growth rate (RGR) 

of a root was calculated as its growth rate divided by the average length of this 

root between two time points.  

 



Chapter 4 Functional characterization of Ath cell type-specific salt candidate genes 

 

92 

 

Stratification 

4 days at 4 C

5 days 

growth 

on 

control 

media

2 weeks images acquisition 3 times a 

week

20 

seedling

s per 

plate

20 

seedling

s per 

plate

5 

seedling

s per 

plate

5 

seedling

s per 

plate

M1

5 

seedling

s per 

plate

5 

seedling

s per 

plate

M2

Control conditions

50mM salt conditions

M3 M4 M5 M6

 

Figure 4.2: Experimental set up for Arabidopsis root scanning over 3 weeks. 

 

4.2.3.3 Shoot ion content measurements  

When the Arabidopsis seedlings had grown for 5 weeks in the hydroponic tanks, 

the whole shoot was collected carefully using gloves and clean scissors and placed 

in a 50ml tube. All samples were dried at 65°C overnight. Shoot dry weight was 

measured the next morning. Acid digestion and ICP-OES analysis were carried 

out by the Waite Analytical Services at the University of Adelaide. The standard 

plant suite method was selected to estimate the quantity of Iron (Fe), Manganese 
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(Mn), Boron (B), Zinc (Zn), Sulfate (S), Calcium (Ca), Magnesium (Mg), 

Phosphate (P), Potassium (K), and Sodium (Na) elements in each dry shoot 

(Wheal et al., 2011). Mean and standard error of the mean were analysed for the 

following elements: Mn, B, Zn, Ca, Mg K, Na, and P, S. Maximum root length 

was measured vertically using a ruler when plants were pulled out of the 

hydroponic tanks. Roots were then placed individually in tubes and frozen in 

liquid nitrogen for genotyping. 

4.2.3.4 Electrophysiology  

4.2.3.4.1 Transporters cloning 

To test the transport capacity of two ‘putative’ transporters, Ligand (At3g20300) 

and Mate (also named AtDTX31, (At1g12950)), trans-membranes domains were 

determined using the TMHMM software 

(http://www.cbs.dtu.dk/services/TMHMM-2.0/). Software such as Gramene 

(http://www.gramene.org/) or UniProt (http://www.uniprot.org/blast/) were used 

to look for the annotation and blast the protein sequence against other cellular 

organisms. 

In order to test their transport properties, the cDNA of these two putative 

transporters was cloned in a destination vector for heterologous expression in 

Xenopus laevis oocytes. The cloning was achieved with specific primers containing 

enzyme restriction sites for directional cloning in a destination vector 

(PGEMXHO) provided by Dr. Hervé Sentenac. The amplification of each cDNA 

was obtained from Arabidopsis roots grown in 50 mM salt for 2 weeks in 

hydroponics (provided by Monique Shearer). A strategy with two PCR reactions 

using two different high fidelity Taq polymerases was employed to clone both 

fragments into the destination vector.  

The first PCR reaction was performed with Phusion high fidelity DNA 

polymerase which generates blunt-ended products (New England Biolabs). The 

reaction mix consisted of 2.5 µl of each primer (10 µM), 10 µl buffer 5X, 1µl 

dNTP (10 mM), 1 µl cDNA and 0.5 µl Phusion polymerase in a final volume of 

50 µl. The PCR programme was set up with an initial denaturation at 98°C for 10 

s, followed by 35 cycles including a denaturation step at 98°C for 10 s, an 

annealing step at 48°C for the Ligand gene, or 46.5°C for the Mate gene for 30 s 
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and extension step at 72°C for 90 s. A final extension at 72°C for 5 min ended the 

PCR reaction. Each PCR product from the first PCR reaction was diluted 1/500 

and re-amplified with a DNA polymerase high fidelity (Invitrogen) This enzyme 

adds a single deoxyadenosine (A) to the 3' ends of PCR products. The PCR mix 

reaction was composed of 1 µl of each primer (10 µM), 5µl buffer 5X, 1µl dNTP 

(10 mM), 2 µl MgSO4 (50 mM), 1 µl template (1/500) and 0.2 µl Hifi Taq in a 

final volume of 50 µl. The PCR programme was set up with an initial denaturation 

at 94°C for 30 s, then 35 cycles including a denaturation step at 94°C for 30 s, an 

annealing step at 48°C for the Ligand gene or 52°C for the Mate gene for 30 s and 

extension step at 68°C for 120 s. Fragments were run and cut out of a 1.5% 

agarose gel and purified on a DNA purification column (Nucleospin, Macherey-

Nagel). The clean-up products were digested with the appropriate enzymes (XhoI 

and SpeI) as well as the destination plasmid. Fragments were digested as follows: 

5 µl (plasmid 200 ng/µl) or 500 ng for PCR fragments, 1 µl XhoI, 1 µl SpeI, 5 µl 

buffer4 (10X), 0.5 µl BSA (100X) in a final volume of 50 µl (New England 

Biolabs). Digested fragments were purified on columns (Nucleospin, Macherey-

Nagel). The ligation was achieved overnight at 16°C using 1 µl of T4 DNA ligase 

(Invitrogen), 4 µl of 5X buffer, 130 ng of DNA vector and 200 ng of Ligand 

insert, or 230 ng of Mate insert. The next morning the reaction was stopped by 

placing the tubes at 65°C for 10 min.  

4.2.3.4.2 Bacteria transformation 

Two microlitres of the ligation reaction was mixed with 20 µl of dH5α bacterial 

cells for 15 min on ice. The bacterial cells were heat shocked in a 42°C water bath 

for 45 s. Immediately after heat shock, 250 µl of LB medium was added to each 

tube which was then shaken for 45 min at 37°C. The bacterial culture was spread 

on LB plate containing 100 mg/L of ampicillin (Sigma) at 37°C overnight. A 

plasmid preparation was carried out for two colonies per plate. Plasmids were 

purified from overnight LB liquid cultures with 100 mg/l of ampicillin following 

the manufacturer’s recommendations (Isolate plasmid mini kit, Bioline). In order 

to verify the correct insertion of each fragment into the destination vector, 1 µg of 

plasmid was digested with 1 µl of PvuII and 1 µl of HindIII enzymes with 5 µl of 
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buffer2 in a final volume of 50 µl for 1 hour at 37°C (NEB). The digestion 

reaction was run in a 1% agarose electrophoresis gel. 

4.2.3.4.3 Transcription in vitro 

Two strategies were used to linearise the plasmids. The plasmid with the Ligand 

cDNA sequence was linearised by restriction using the SphI enzyme. Between 5 

and 8 µg of plasmid were digested with 1 µl of SphI FastDigest enzyme, 7 µl 10X 

FastDigest buffer into a final volume of 70 µl for 60 min at 37°C (Fermentas). To 

ensure the digesting reaction was optimal, 1 µl of SphI FastDigest enzyme was 

added to the reaction for a further 60 min at 37°C. The plasmid with the Mate 

cDNA sequence was amplified by PCR reaction as the sequence contained 

enzymes sites used for linearisation. The PCR reaction was set up to amplify from 

T7 promoter to the nos terminator for transcription in vitro. The primer sequences 

used in this PCR were NLP-F (5’-GTTTTCCCAGTCACGACGTT-3’) and 

NLP_R (5’-TTCTTGAGGCTGGTTTAGTGGTA-3”). The PCR reaction mix 

consisted of 1 µl of vector, 2 µl of each primer (10 µM), 2 µl of dNTP (10 mM), 

10 µl of 10X buffer , 0.5 µl iProof High fidelity DNA polymerase enzyme in a 

final volume of 50 µl. The PCR programme was set up with an initial denaturation 

at 98°C for 120 s, then 35 cycles including a denaturation step at 98°C for 20 s, an 

annealing step at 58°C for 30 s and extension step at 72°C for 90 s. A final 

extension at 72°C for 10 min completed the PCR reaction. Purification of the 

digest product (Ligand gene) and the PCR reaction (Mate gene) were achieved 

using the GeneJETPCR purification kit following the manufacturer’s 

recommendations (Fermentas). 

To synthesise capped and polyadenyled RNA from the linearised plasmid (Ligand 

gene) or PCR fragments (Mate gene) a transcription in vitro kit was used 

(mMessage Machine T7 ultra kit, Ambion). On average, 1 µg of linearised DNA 

was mixed with 10 µl of T7 2X NTP/ARCA, 2 µl of 10X T7 reaction buffer and 2 

µl of T7 enzymes mix and left for 120 min at 37°C while transcription was 

achieved. In vitro transcription reactions were stopped by adding 15 µl of 

NH4OAc and 115 µl DEPC water from the kit. Each RNA sample was purified 

using Phenol/Chloroform/Isoamyl alcohol (PCI) in the following ratio 25/24/1. 

RNA samples were mixed with 150 µl of PCI, and centrifuged at maximum 
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speed. The upper layer phase (aqueous) was collected in a fresh tube while the 

remaining organic phase was mixed with 100 µl of DEPC water and centrifuged. 

The second upper phase was collected and added to the first and mixed with 250 

µl of Chloroform/Isoamyl alcohol (ratio 24/1). The contents were mixed and 

centrifuged at maximum speed. The upper phase layer was collected, mixed with 

250 µl of isopropanol and RNA was precipitated at -20°C overnight. The next 

morning, the tubes were centrifuged for 30 min at maximum speed at 4°C and the 

supernatant removed. The pellet was washed with 70% (v/v) ethanol. Each pellet 

was dried before being dissolved in 20 µl of Diethylpyrocarbonate (DEPC) water 

treated. The quality and size of RNA was visualised in a 0.8% agarose. Each RNA 

sample (1 µl) was loaded with a 10X loading buffer containing formamide to 

avoid formation of RNA secondary structures. The concentration of each RNA 

sample was quantified using Nanodrop instrument (ND-1000, 

Spectrophotometer). 

4.2.3.4.4 RNA injection in Xenopus oocytes and measurement of currents 

Ovarian tissues were harvested from hypodermically anaesthetised frog Xenopus 

laevis. Tissues were cut immediately in small pieces containing 40-50 oocytes and 

the membrane linking oocytes together was digested with collagenase (10 mg/ml) 

in calcium free OR2 buffer (82.5 mM NaCl, 2.5 mM KCl, 1 mM MgCl2, 1 mM 

Na2HPO4, 5 mM HEPES, pH 7.8) for 60 min at 19°C under gentle agitation.  

RNA transcribed in vitro was injected into about 30 eggs using an injector 

(Nanoliter 2000, WPI) mounted on a micromanipulator (Leitz, Germany) under a 

binocular microscope (Olympus). Glass tubes (WPI) were pulled with a stretch-

machine (Narishige PP-83) to create microinjection needles. These were filled 

with mineral oil. Air was forced out of the needle to fully aspirate a 2 µl drop of 

RNA. About 50 nl of transcribed RNA, or water as a negative control, was 

injected into each egg (~25 ng). A positive control (the potassium shaker KAT1) 

was also injected into 8 to 10 oocytes to confirm the injection was achieved 

correctly. Eggs were stored at 19°C for 3 days in filtered ND96 solution (96 mM 

NaCl, 2 mM KCl, 1.8 mM CaCl2, 1 mM MgCl2 and 5 mM HEPES and 2.5 mM 

NA-pyruvate, pH adjusted to 7.5 with NaOH supplemented with 50 mg/ml 

gentamycin). 
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Whole currents were measured with two microelectrodes voltage clamp in a 

controlled air-conditioned room at 19°C. Each pre-injected oocyte was impaled 

with two microelectrodes filled with 3M KCl and having a resistance in the range 

of 0.5 to 2.2 MΩ. Current-voltage curves were constructed from a ramp protocol 

using -40 mV as a resting potential with 15 mV steps from +60 mV to -165 mV. 

Eight bath solutions were tested as shown in Table 4.1. It has been shown 

previously that some MATE transporters in Arabidopsis thaliana (56 members in 

total) exude organic ions such as malate or citrate leading to higher tolerance to 

aluminum (Yazaki, 2005). Current-voltage curves were fitted with standard error 

of the mean (SEM) at each voltage measurement in the different bath solutions 

containing either malate or citrate and various calcium concentrations. Data 

acquisition, protocols and analysis were established with the pClamp program 9 

(Axon instruments).  

 

Table 4.1: Bath solution compositions used to measure voltage-current curves. 

 
Solution  

1 
Solution 

 2 
Solution  

3 
Solution  

4 
Solution  

5 
Solution 

 6 
Solution  

7 
Solution  

8 

TriNacitrate 
(Na3C6H5O7) 

12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 

Sodium 
Chloride 

(NaCl) 
12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 

Potassium 
Chloride 

(KCl) 
25 mM 25 mM 25 mM 25 mM 15 mM 15 mM 15 mM 15 mM 

Potassium 
hydroxide 

(KOH) 
25 mM 25 mM 25 mM 25 mM 25 mM 25 mM 25 mM 25 mM 

Malic acid 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 12.5 mM 

L-Glutamic 
acid 

potassium          
( C5H8KNO4  

H2O ) 

    
10 mM 10 mM 10 mM 10 mM 

MES 10 mM 10 mM 10 mM 10 mM 10 mM 10 mM 10 mM 10 mM 

 

Adjusted 
pH6 with 

Tris 

Adjusted 
pH6 with 

Tris 

Adjusted 
pH6 with 

Tris 

Adjusted 
pH6 with 

Tris 

Adjusted 
pH6 with 

Tris 

Adjusted 
pH6 with 

Tris 

Adjusted 
pH6 with 

Tris 

Adjusted 
pH6 

with Tris 

Magnesium 
Chloride 
(MgCl2) 

6 mM 6 mM 6 mM 6 mM 6 mM 6 mM 6 mM 6 mM 

Calcium 
Chloride 
(CaCl2) 

1.8 mM 10 mM 0.3 mM 0 mM 1.8 mM 10 mM 0.3 mM 0 mM 

Mannitol 25 mM 
 

45 mM 45 mM 25 mM 
 

45 mM 45 mM 
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4.2.3.4.5 Experimental set up of membrane potential measurements  

One Arabidopsis root grown on solid medium was deposited on a plastic cuvette 

covered with vaseline for adhesion. The cuvette supporting the single seedling 

was bathed in one of the running control solutions (C1 or C2), or with a solution 

containing 50 mM salt (S). Each of the three solutions comprised the same base: 

10mM MES adjusted to pH 5.8 with Ca(OH)2 and 0.5 M of K2SO4. The solution 

C1 contained 1 mM of K2SO4, 2mM MES and no sodium chloride, whereas the 

C2 solution was identical to C1 with additional 1 mM NaCl. The membrane 

potential of plants grown for 2 days in 50 mM salt conditions were measured in a 

bathing solution containing 1 mM of K2SO4, 2 mM MES and 50 mM salt 

(Solution S). One glass microelectrode (resistance 100 MΩ) was used to impale 

each root (GC200F-10, Harvard Instruments, USA). A camera (CCD, Sony, 

France) was used to visualise and guide the root penetration with the 

microelectrode. When the microelectrode was seen at the surface of the root with 

the camera, the origin of penetration was set to zero to allow measurement of the 

depth of impalement. Roots were gradually impaled by 2 µm steps and the 

membrane potential (Em) was recorded continuously. Each cortical Em was 

recorded over a period of 5 min. Data acquisition and analysis were carried out 

using the pClamp program 9 (Axon instruments). At least six different roots 

grown either in control or salt conditions over two set of experiments were 

measured for the cortical Em, with up to three measurements for each root.  

4.3 Results 

4.3.1 Identification of homozygous KO lines by PCR 

Twenty one candidate genes with annotation were selected with eight genes from 

the pericycle, 10 genes from cortical cells and three common to both cell types 

(Appendix 4.2). Candidate genes with an unknown function were limited to 10 

(Appendix 4.2). The first generation of KO plants was grown in an artificial soil 

mix for at least 4 weeks before a leaf was taken for PCR reactions. Some of the 

lines did not regenerate and died. Each surviving line was genotyped using the 

two PCR reactions described in the section 4.2.3.1. After all PCRs were 

performed on the DNA material. On the total plants tested, 13 contained at least 
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one homozygous insertion (Appendix 4.3). Three candidate genes were identified 

with two independent homozygous lines: Mate (At1g12950), Myb (At3g50060) 

and unkpC (At1g79160). All other candidate genes were identified with only one 

homozygous line: Kin (At2g17220), Ligand (At3g20300), TF (At5g01380), Zinc 

(At1g74770), XTH17 (At1g65310), unkcA (At3g22540), unkpD (At4g33330). 

Each of these 13 homozygous lines was kept for further analysis.  

In order to test the effect of candidate genes on shoot sodium accumulation, all 

lines found to be homozygous at the locus of insertion in the first screen were 

retained. This second generation of lines was re-screened using PCR to confirm 

the insertion of T-DNA in the coding sequence of the gene from ground root 

material (Appendix 4.4). Of the 13 lines, 10 were confirmed as homozygous at 

the locus of interest and 3 were found to be hemizygous. A third generation was 

grown in artificial soil mix and PCR reactions were carried out for DNA extracted 

from a leaf. When the third generation lines were confirmed by the PCR reactions 

as homozygous, the seeds were kept for future experiments (Appendix 4.5).In this 

third generation, only two plants were screened per line. The following lines were 

 homozygous: Kin3, Mate3, Myb6, Ligand1,unkcA 2,XTH17 1, Zinc1, 

unknpC3,unknpD1. 

 heterozygous: Mate7, TF1,unkpC4. 

 genotype unknown: Myb5. 

4.3.2 Shoot ion accumulation in KO mutant lines  

All 13 individual KO plants identified as homozygous for the T-DNA insertion at 

the locus of interest were used for this analysis of the shoot ion accumulation 

(Appendix 4.3). Plants provided by the Hyung-Taeg Cho laboratory were also 

added into this analysis (Mateox). Moreover, one line identified as a null 

segregant in the previous screening was used, that is, TF null. Amongst 13 KO 

mutant lines, one wild type (Col) and the TF null, only 10 were able to survive in 

saline conditions. The lines named TF and MYB6 and ZINC1 were discarded 

from the analysis as fewer than 2 plants survived the 5 weeks under the 

experimental saline conditions. The TF null line was also deleted from the 

analysis as no plants survived in the control conditions. Iron, aluminium and zinc 



Chapter 4 Functional characterization of Ath cell type-specific salt candidate genes 

 

100 

 

elements were eliminated from this analysis due to a probable contamination of 

the solutions with metal scissors. 

4.3.2.1 Shoot sodium accumulation decreased by 20% in three KO mutant 

lines in salt conditions 

Figure 4.3 presents the average sodium concentration calculated for Col control 

lines (null line did not survive) and each KO mutant line, with the standard error 

of the mean. Under control conditions, sodium accumulates in the shoot to 

account for 400 to 1000 mg/kg of dry weight. After 5 weeks of salt stress, all 

plants accumulated 30 to 35 times more sodium in the shoot compared with plants 

grown under control conditions. Shoot sodium accumulation in salt-grown plants 

was significantly decreased (p < 0.05), by about 20% in these three homozygous 

mutant lines compared with the wild type: Ligand1, unkpC3 and unkpD1.  
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Figure 4.3: Average sodium accumulation in the shoot in all KO mutant lines 

after 5 weeks growth in hydroponic solution. White bars indicate salt conditions 

of growth, black bars indicate control conditions. Statistical significance was 

determined by t-test. **P<0.05; ***P<0.001. Error bars denote ±S.E.M., 2<n<7. 

 

The shoot dry weight of each line relative to the control is presented in Figure 

4.4. When grown in saline conditions, three lines increased their shoot dry weight 

(Mate3, XTH17and Ligand1), five KO lines (Mateox, Kin3, unkpC3, unknpC4, 

unkpD1) showed a slight reduction, but less so than in Col, which showed a 
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reduction of more than 50%. Two lines showed lower relative shoot dry weight 

than Col (Mate7 and Myb5). 
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Figure 4.4: Shoot dry weight in salt conditions relative to control conditions. 

The maximum root length was also measured and an overall decrease in size was 

observed for plants grown under saline conditions. Two lines maintained their 

maximum root length in saline conditions: Mate3 and XTH17. A large decrease of 

36% was measured in the wild type. All other mutant lines showed around 20% 

reduction in root (Figure 4.5). 
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Figure 4.5: Average of the maximum root size in KO mutant lines. White bars 

indicate control conditions of growth, black bars indicate salt conditions. Error 

bars denote ±S.E.M., 2<n<7. 
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4.3.2.2 General trends of B, Mg, Mn, P, K, S and Ca in saline conditions 

In all 10 KO mutant lines and the wild type, a general decrease in shoot 

accumulation can be observed under saline conditions compared with the control 

for the following elements: B, Mn, P, K, Mg and S (Table 4.2 on next page). An 

accumulation of calcium in the shoot was observed for all lines tested (Table 4.2). 

However, none of the lines included in this ion shoot elemental analysis showed 

significant differences in concentration of B, Mn, P, K, Mg, S and Ca compared 

with the wild type.
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Table 4.2: Average elemental composition of whole shoots for KO mutant lines and Col grown for 5 weeks in hydroponics without or with 50 mM 

NaCl and additional calcium. The content in mgkg
-1

 DW of 7 elements was measured using ICP-OES analysis. Average±S.E.M., 2<n<7. 

Condition Genotype 
 Mn conc in shoot  

(mg/kg DW) 
B conc in shoot 

(mg/kg DW) 
 Mg conc in shoot 

(mg/kg DW) 
P conc in shoot (mg/kg 

DW) 
K conc in shoot (mg/kg 

DW) 
 S conc in shoot (mg/kg 

DW) 
Ca conc in shoot (mg/kg 

DW) 

control Col 156.5±8.7 256.7±22.9 16875±652.4 10400±944.3 54000±3851.4 11625±1699.7 17525±707.6 

control mate 3 137.1±13.7 242±28 15633.3±801.5 10516.7±706.8 52666.7±2848 11350±746.8 16266.7±940.1 

control mateox 154.6±2.7 236.7±15.6 16980±270.9 9920±182.7 52800±2745.9 11220±717.2 17360±460 

control mate7 163±5.5 232±40 16633.3±950 9733.3±100 52000±6500 10500±900 18166.7±300 

control kin3 163.2±6.6 211±8.1 17880±193.4 9060±188.7 49400±1630.9 9620±177.2 18600±253 

control unkpC3 160.5±12.5 210±19 18100±700 9800±900 52500±500 9350±150 19000±1000 

control unkpC4 161.75±4.9 217.7±18.9 17150±155.4 9400±505 54250±2393.6 9975±712.2 18675±531.3 

control unkpD1 158±2.7 224.5±10 16900±267.7 9225±262.6 53750±1493 10375±525 18400±437.8 

control myb5 156.5±16.5 235±25 17200±300 9300±500 50000±1000 10400±500 18000±700 

control xth171 153±7 256.7±24 17666.6±1254.8 10200±378.6 53000±3605 11233.3±768.8 18566.7±676.6 

control ligand1 146±8.36 253.4±25.8 16300±725.7 9466.7±348 54666.7±3402.6 10616.7±486.1 16733.3±787.7 

Salt Col 113.7±8.5 141.7±6.4 7585.7±295.5 7742.8±134.2 24971.4±1841.9 7428.6±279.2 19485.7±1024.5 

Salt mate 3 135.1±3.15 162.7±6.4 7716.7±164.1 7883.3±246.9 27666.7±1498.1 7616.7±283.3 20783.3±744.05 

Salt mateox 126.2±3.42 150.8±6.5 7640±102.9 7600±181.6 25800±1624.8 7100±204.9 19840±160 

Salt mate7 126±9 166±1 7600±500 8500±600 29000±2000 8750±350 20200±800 

Salt kin3 126.2±8.15 149.3±7.9 7650±388.4 8200±195.8 28500±2179.4 7825±205.7 20325±1133.9 

Salt unkpC3 126±3.1 152.7±5.8 7650±64.5 7850±150 30250±853.9 7425±217.5 20250±250 

Salt unkpC4 116.4±6.2 149.5±5.7 8240±673.5 8960±1514.8 25900±2561.2 6800±126.5 21560±2407.8 

Salt unkpD1 138±2 133.2±3.6 7966.7±318 7800±230.9 33000±2081.7 7600±115.5 21666.7±333.3 

Salt myb5 127.25±3 142.7±5.2 8200±81.6 7800±147.1 30250±1750 8125±205.7 20500±288.7 

Salt xth171 128.4±9.5 151.2±11.1 7700±356.4 7900±392.4 27200±1772 7240±435.4 20260±880.7 

Salt ligand1 110.5±7.4 135.3±8.5 6766.7±470.2 7016.7±335.1 25833.3±1701.3 6866.7±377.4 18150±1278.7 
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4.3.3 Effects of salt stress on relative growth rate of the 

roots  

Only candidate genes identified as homozygous from the second generation were 

used in this assay, as well as the wild type Col. Addition of salt induces osmotic 

stress around roots but the effect is transient and cells regain their turgor within 

hours. Therefore, an application of salt in the medium resulted in an immediate 

reduction of root growth. Our aim was to measure the relative growth rate (RGR) 

of the roots for each genotype before and after salt stress and, on this basis, 

identify the lines with the ability to maintain growth in response to a salt stress. 

Appendix 4.6 presents the average RGR calculated for each genotype under both 

control and salt conditions. The relative growth rate (RGR) of individual Col 

seedlings over all time points of scanning is presented in Figure 4.6. The RGR 

varied amongst the Col samples and especially after the salt application (M1, M2, 

M3). As a consequence of the high variation over time of the RGR, only the two 

last time points (193 h and 234 h) of this experiment were chosen to quantify the 

effect of stress. Therefore, this assay was not used to measure an immediate 

osmotic effect on root growth.  
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Figure 4.6: RGR of Col plants grown in control conditions (A) and salt conditions 

(B). Each line represents one seedling. The red line represents the average RGR 

calculated. 

 

In order to analyse the response of all genotypes under control and saline 

conditions, an analysis of variance for both time points (193 h and 234 h) was 

calculated. The corresponding p-value of this Anova for the effect of conditions, 

genotype and their interactions on RGR is presented in Table 4.3; the p-value was 

found to be significant at alpha < 0.05. The data presented shows that the effect of 

the conditions was not significantly different at 192 h but became significant at 

234 h. The genotype effect is highly significant at both time points indicating that 

at least two genotypes showed different responses. The p-value for the interaction 

of the conditions and the genotypes indicated that the genotypes are responding 

differently depending on the conditions at 192 h (pvalue = 0.001). However, at 

234 h the p-value = 0.306 is not significant, indicating that these genotypes 
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showed the same response in both conditions. The experimental design was 

modified in order to address the problems encountered and in an attempt to 

measure the osmotic effect of salt on young root seedlings. 

 

Table 4.3: Analysis of variance for the effect of conditions, genotype and their 

interactions on RGR at 192 hours and 234 hours after salt application. P-values 

were calculated using the general linear model with the effect of conditions, 

genotype and their interactions on RGR.  

 

Conditions Genotype Conditions X Genotype

192hours 0.935 0.000 0.001

234 hours 0.000 0.000 0.306  

 

4.3.4 Functional characterisation of two “putative” 

transporters injected into oocytes 

Two candidate genes were annotated as putative transporters: Ligand 

(At2g20300) and Mate (At1g12950). Both transporters were verified to contain 

trans-membrane domains (Figure 4.7). Each MATE protein is composed of 12 

trans-membrane domains as are all other members of the family. The Ligand 

protein contains 6 trans-membrane domains.  
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Figure 4.7: Estimation of transmembrane domains for Ligand gene (A) and Mate 

gene (B) using the TMHMM software. 6 distinct transmembrane domains are 

estimated for Ligand gene (A) and 12 for Mate gene (B). 

 

The gene named “Ligand” (At3g20300) was annotated with the domain DUF3537 

from GenBank. This domain corresponds to an uncharacterised domain; however, 

the annotation found in Gramene was given as an extracellular ligand-gated ion 

channel. The first hit from the protein blast of At3g20300 was in Arabidopsis 

lyrata and corresponded to an extracellular ligand-gated ion channel. Five 

paralogous genes were identified in Arabidopsis thaliana: At1g50630, 

At4g22270, At4g03820, At2g21080 and At1g67570, leading to the conclusion 

that the Ligand gene belongs to a small gene family. Both cDNA from Mate and 

Ligand were cloned in the right orientation in the destination vector as presented 

in Figure 4.8. The size of each band for each construct was compared with the 

ladder molecular markers and the band was of the expected size. After 

transcription in vitro, RNA concentration of each putative transporter was 

estimated at 1.2 µg/µl. 
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Figure 4.8: Mate and ligand cDNA cloned in the destination vector and their 

restriction pattern after digestion with HindIII and PvuII. The size of molecular 

weight markers from the HyperLadder I (bioline) are indicated on the left side. 

The expected size of each digested fragments are showed on the right side. 

 

4.3.4.2 MATE transporter does not transport malate or citrate 

After RNA was injected in the oocytes, three to four days were allowed for 

translation of the RNA into proteins. When large inward currents were observed 

with the positive control (KAT1), the injection was considered successful (data 

not shown). Therefore, currents from oocytes injected with different RNAs were 

measured. Currents were measured on four oocytes from two independent 

experiments on days 3 and 4 after injection. No difference in current was observed 

for days 3 and 4 after injection and so the data from both days were compiled. The 

current-voltage curves for oocytes injected with water and used as a negative 

control. Small currents for eggs injected with water may well be endogenous to 

the oocytes. However, no significance conductance of the membrane was 

observed between Mate injected oocyte and water injected oocytes at any imposed 

potential in all 8 solutions (Figure 4.9 and Appendix 4.7). 
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Figure 4.9: Current-voltage relations for oocytes injected with water (black), mate 

RNA (blue) in solution1. Other solutions 2 to 8 tested are shown in Appendix 4.7. 

 

4.3.4.3 No effect of different external solutions on the “putative” LIGAND 

transporter expressed in oocyte 

Three to four days after the RNA was injected into the oocytes, currents were 

measured on oocytes injected with Ligand RNA. As stated above, data for day 3 

and day 4 of observations were compiled as there were no significant differences 

found between the two days of experiments. Means and SEMs for each current-

voltage curve of oocyte injected with Ligand RNA are shown in Figure 4.10 and 

Appendix 4.7. The amplitude and shape of the curves did not reveal any 

difference when compared with the oocyte injected with water. Therefore, it 

cannot be concluded that the LIGAND transporter is transporting any element 

present in the bath solutions. 
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Figure 4.10: Current-voltage relations for oocytes injected with water (black), 

ligand RNA (red) in solution1. Other solutions 2 to 8 tested are shown in 

Appendix 4.7. 

 

4.3.6 Pattern of transcription of Ligand gene and other 

family members in Arabidopsis root 

Ligand gene (At3g20300) is part of a small family which was identified with five 

paralogous genes, At1g50630, At4g22270, At4g03820, At2g21080 and 

At1g67570. None of these genes have yet been annotated with a function. A 

phylogenetic tree was generated using BLOSUM62 logarithm which focusses on 

conserved regions of protein families. Two pairs of genes showed identical 

protein sequences: At3g20300 and At1g50630, At4g03820 and At4g22270 

(Figure 4.11). 
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Figure 4.11: Phylogenetic tree of the “Ligand’ family showing average distance 

between members. The tree was generated using the BLOSUM62 logarithm. 

 

Expression values of each gene were searched in the cell type-specific microarray 

data and their values are presented in Table 4.4. Three genes are highly expressed 

in cortical cells but did not show a change in expression in response to salt: 

At3g20300, At1g50630 and At4g22270. The same three genes were expressed at 

a lower but significant level in pericycle cells. At3g20300 was selected because of 

its up-regulation in response to salt. At1g50630 showed a small increase in 

expression in response to salt in pericycle cells whereas At4g22270 did not vary 

in expression value. 

 

Table 4.4: Mean expression values of Ligand family members in cortex and 

pericycle in control and salt conditions. Number of isoforms cDNA and number 

of exons is indicated. 

  Cortex Pericycle Number 

Number exons 

 

control salt control salt Isoform cDNA 

At3g20300 8.4 8.4 4.8 6.7 1 4 

At1g50630 7.4 7.5 5.1 5.8 2 4/3 

At4g22270 6.7 6 6.9 6.8 1 5 

At4g03820 3.2 2.7 2.9 2.7 2 5/4 

At2g21080 2.9 3 3 3.3 1 3 

At1g67570 2.07 1.85 1.75 2.16 1 4 
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Overall, these expression data indicate that the Ligand gene is specifically and 

significantly expressed in the pericycle in response to salt but also showed a 

strong expression in cortical cells. Interestingly, At1g50630 showed the same 

trends in expression as At3g20300 but did not respond strongly to salt application; 

this implies a salt specific function for the Ligand gene. 

4.3.5 Less negative membrane potential in one KO line 

compared with the wild type 

Membrane potential, Em, was measured in the roots of young Arabidopsis 

seedlings between 7 and 9 days old. Figure 4.12 shows the mean of membrane 

potential measured in cortical cells of plants grown full time under control 

conditions. A statistically significant difference of 30mV between the means of 

cortical Em of wild type and KO mutant was calculated (student t-test, p < 0.05).  
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Figure 4.12: Average membrane potential measurements in Col-0 and the KO 

mutant line ligand1in control conditions. F-test was performed with P < 0.05 to 

determine equal or unequal variance in the data. Statistical significance was 

determined by a two-samples two-tailed Student’s t-test assuming unequal 

variance t-test  (P<0.001). Error bars denote ± S.E.M., 14<n<17. 

 

In contrast, no significant difference was observed in cortical Em between Col 

and KO ligand plants which had been treated with 50 mM salt for the last two 

days of experiment (Figure 4.13). After 2 days of salt application, a 

depolarisation could be measured in both the wild type and KO mutant; however, 

the magnitude of the depolarisation showed differences: 70 mV for Col and 28 
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mV for Ligand mutant. The depth of impalement for measuring the Em for plants 

grown in control was in the same range for both mutant and wild type whereas the 

depth measured for plants salt treated was different to that for control plants.  
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Figure 4.13: Average membrane potential measurements in Col-0 and the KO 

mutant line ligand1 in 50 mM salt. Error bars denote ± S.E.M., 16<n<29. 

 

4.4 Discussion 

Candidate genes from cell type-specific transcriptomics were selected 

successfully and their function was investigated in a salinity assay using KO 

mutant lines. For the first time, certain candidate genes were assigned a function 

on the basis of direct experimental evidence. Some candidate genes were 

implicated in decreasing the accumulation of sodium in the shoot following 

growth in saline conditions. The transport capacity of two putative candidate 

genes annotated as transporters was also investigated but did not lead to 

identification of the molecules transported. The membrane potential of cortical 

cells was measured for the ligand KO mutant line and Col. 

 

Both genotypes demonstrated a depolarisation after 2 days of exposure to 50 mM 

NaCl. The depolarisation observed in the wild type of 70 mV is consistent with 

previous findings (Shabala, et al., 2006). However, the depolarisation observed in 

the KO mutant was found to be only 28 mV in response to salt application. The 

Em of the KO mutant line was 30 mV less negative than the Em of Col when 

measured under control conditions. The KO mutant of Ligand1 is a good 
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candidate for salt tolerance as it accumulated 20% less sodium in the shoot after 

salt treatment and maintained a higher dry weight of the shoot as well as longer 

roots compared with wild type. The expression pattern of At3g20300 showed that 

this gene is strongly expressed in cortical cells and it is significantly up-regulated 

in pericycle cells in response to salt application. A comparison of protein 

sequences showed that At1g50630 shared 76.8% of amino acid identity with 

At3g20300 (data not shown) and may, therefore, also share a function in 

transport.  

In order to further characterize the function of the ligand gene (At3g20300), few 

experiments could be done such as: 

 Clone the gene with a reporter gene such as GFP to establish the sub-

localization of this protein in protoplasts and oocytes. 

 Test different ion solutions and pHs for the Em in wild type and KO 

mutant line to determine what is the main contributor. 

 Express the ligand gene in yeast strains deficient background (once the 

ions transported are characterized) and see if the yeast growth can be 

restored in order to confirm the transport properties of LIGAND. 

 Identify the possible interacting partners of LIGAND protein using yeast 

double hybrid. 

 To characterize At3g20300 expression, its promoter-driven GUS activity 

could be observed in planta to determine the pattern of expression of the 

protein. 

 Search for a phenotype in control or salt conditions for plants 

overexpressing (35S promoter) the ligand gene (resource generated and 

available). 

 

Transport properties from previous studies have shown that some MATE 

transporter family members targeted the plasma membrane, they could transport 

malate or citrate, and they were involved in aluminium resistance (Furukawa et 

al., 2007; Yazaki, 2005). The current study showed that MATE (AtDTX31) 

transported neither malate nor citrate. Other MATE transporters have been shown 

to be involved in iron distribution through the plant, or to have a role in cell 
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detoxification, or to act as antiporters leading to the accumulation of flavonoids in 

the vacuole (Diener et al., 2001; Yazaki, 2005). More experiments are needed to 

establish whether AtDTX31 could transport iron or other flavonoid compounds. 

In Polinceusz’s work, the MATE transporter (AtDTX31) was cloned with GFP 

fused to the C-terminus. The transient expression was observed in Nicotiana 

benthamiana after transformation with Agrobacterium tumefaciens and 

localization of the MATE DTX31 on the tonoplast membrane was demonstrated 

(Polinceusz, 2011). The localisation of AtDTX31 to the tonoplast could explain 

the lack of currents found in the electrophysiology experiments. Specific 

expression of GUS under the control of the DTX1 promoter has been observed in 

response to salt but not to osmotic stress (Polinceusz, 2011). 

In order to gain a better understanding of the function of this particular gene, other 

aspects of the biology would be assessed by:  

 Searching for DNA sequences in this promoter with specific motifs might 

be helpful for the identification of TFs binding sites implicated in the 

specific salt response. 

 Testing the transport of diverse flavonoids compounds linked to 

glucosides as they have been shown to accumulate in the vacuole 

(Winkel-Shirley, 2001). The transport rate and direction of flavonoids 

may be achieved using a synthetic bi-layer membrane where the MATE3 

is expressed. 

 Measuring the size and number of cortical cells in KO mutant lines in 

order to elucidate the role of this flavonoid transporter in growth or 

maintain turgor pressure. 

 

To gain a better understanding of the function of the selected candidate genes, the 

following experiments would have to be undertaken: 

 Southern blot to determine the number of T-DNA copies inserted per 

genome. 

 Repeat the RGR experiment of root seedlings of the different mutant lines 

by pooling the seedling measurements in order to avoid measuring the 

biological variability, imposing a strong stress would be more suitable in 
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order to observe the effects of salt on the growth of roots (preliminary 

results indicated that 150 mM salt is sufficient to result in a reduction of 

root growth for the Col ecotype on solid media) and employing cellophane 

in order to disturb as little as possible the structure of the root hairs. 

 Evaluate the salt responses through the root architecture of Arabidopsis by 

measuring lateral root initiation and branching in all KO mutant lines  

 Evaluate the germination rates of all KO mutant lines in a salinity assay on 

agar plates. 
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Chapter 5: Transcriptional salt responses of two 

root cell types in Oryza sativa 

5.1 Introduction 

Plants subjected to salt may be affected by both osmotic and ionic stresses. 

However, the response to salinity stress varies amongst plants (see Chapter 1). Of 

the cereals, rice is considered to be more sensitive than other species such as 

wheat or barley. Yield in rice is significantly reduced in the presence of 30 mM 

salt in the soil and, if grown in the presence of 100 mM salt concentration, rice 

plants will die before reaching maturity (Aslam, et al., 1993; Munns et al., 2006; 

Prakash and Prathapasenan, 1988). Rice, model of the monocotyledonous plants, 

was chosen in this study to investigate the transcriptomic salt responses. 

Transcriptional studies identified several biochemical processes that seem to be 

affected by salt stress in rice cultivars such as, detoxification, carbohydrate 

metabolism and transport (Chao, et al., 2005; Kawasaki, et al., 2001; Rabbani, et 

al., 2003; Zhou, et al., 2007). However, most studies were carried out at the organ 

level and any cell type-specific regulation of genes may have been missed. To 

gain knowledge of cell interactions and the specific functions of cells in one 

particular organ, it is now essential to understand mechanisms that occur within 

specific cell types (Dinneny, 2010; Munns and Tester, 2008; Tester and 

Davenport, 2003). Recently, cell type-specific transcriptomic studies have been 

performed using the dicotyledonous model Arabidopsis thaliana from cells 

isolated from the root (Dinneny, 2010 ; Galbraith and Birnbaum, 2006); Chapter 

1). However, gene discovery and conclusions drawn from such research may not 

always be transferable to other species, specifically to crops such as rice (Møller 

and Tester, 2007, Rabbani, 2003 #158). Using micro-dissection techniques, rice 

transcriptome profiles of different cell types have been uncovered by Jiao research 

team and more recently by Takehisa team (Jiao, et al., 2009; Takehisa, et al., 

2012). However, little is known about cell type-specific mechanisms in response 

to a mild salt stress in specific cell types of rice roots.  

The aim of this study was to investigate, for the first time, salt responsive genes 

and pathways in both stelar tissue and cortical cells of the rice root. It was 



Chapter 5 Transcriptional responses of rice stelar and cortical tissues to salinity 

 

118 

 

anticipated that different pools of salt responsive genes would be activated in each 

cell type due to their localisation in the inner (stelar tissue) and outer (cortical 

cells) part of the root. For the first time in rice, cell types from the root were 

isolated using the FACS technique. Two lines from a GAL4 enhancer trap library 

were selected because on their specific GFP expression either in root cortical or in 

stelar tissue.  

5.2 Material and methods 

5.2.1 Plant material and growth conditions 

5.2.1.1 Rice enhancer trap material 

Rice enhancer trap lines were generated using the Nipponbare cultivar (Oryza 

sativa L. ssp Japonica) in 2005 (Johnson, et al., 2005). The enhancer trap library 

was screened for patterns of GFP expression in roots 

(http://129.127.183.5/fmi/iwp/cgi?-db=Oryza%20sativa%20GAL4-

GFP%20Database&-loadframes).  

5.2.1.2 Growth conditions for imaging 

All experiments were carried out in a sterile environment. Rice seeds were de-

husked prior to the sterilisation process. Approximately 50 seeds per 50 ml tube 

were surface sterilised for 1 min in a 70% ethanol solution followed by incubation 

of the seeds in a 30% bleach solution under constant agitation on a rotating wheel 

for 30 min. The seeds were rinsed 10 times in sterile water (last rinse for 20 min 

on wheel). Ten to 12 seeds were distributed per plate containing filter paper 

imbibed with 25ml of rice solution (See Chapter 2 General methods). Seeds were 

grown under 12 h light/12 h dark cycles at 28°C and 25°C respectively for 6 days. 

At day 6, roots were sectioned into pieces of 15 mm length and embedded in 5% 

low melting agar. Root sections were obtained using a semi-automatic vibrating 

blade microtome (Leica VT 12000, Germany). Roots were cut into transverse and 

longitudinal sections of between 150 µm and 300 µm thickness. Root sections 

were dipped for 5 min in a solution of 10 µg/mL propidium iodide (PI) stain then 

washed in water for 5 min. PI permitted visualisation of distinct cell boundaries. 

A confocal microscope (LSM 5 PASCAL laser scanning microscope, Carl Zeiss, 



Chapter 5 Transcriptional responses of rice stelar and cortical tissues to salinity 

 

119 

 

Germany) using two excitation lasers (argon and neon) was used to take images of 

rice root sections. The band path filter (below 540 nm) was used to visualise GFP 

expression in root sections which appeared green. The PI signal selected by the 

long path filter (above 540 nm) was visualised in red. The superimposition of both 

images resulted in a composite image. Images were taken using a digital camera 

(Leica DC 300F, Leica, Switzerland).  

5.2.1.3 Salinity treatments for microarrays  

The sterilisation procedure for rice seeds was followed as described previously in 

Chapter 2. 

5.2.2 Microarray experiments 

5.2.2.1 Protoplast sorting using Fluorescence-Activated Cell Sorter (FACS) 

See Chapter 2. 

5.2.2.2 RNA extraction and cDNA amplification 

Total RNA was extracted from each sample using an RNeasy Micro kit (Qiagen, 

Australia) and included a DNAse treatment on the column. RNA quality was 

checked using a RNA 6000 pico assay run by 2100 Bioanalyzer (Agilent, 

Australia). PolyA RNA was reverse-transcribed and amplified using the WT-

Ovation Pico RNA Amplification System (NuGEN technologies, USA) following 

the manufacturer’s instructions. 

5.2.2.3 Hybridisation, washing and scanning 

The Affymetrix 57K GeneChip® rice genome array was used for hybridisations. 

It contains more than 55000 probe sets corresponding to more than 49000 

transcripts from both japonica (97%) and indica cultivars (2.5%). Biotin labelled 

cRNA was hybridised to the GeneChip® rice genome array after labelling and 

shearing using the FL-Ovation™ cDNA Biotin Module V2 (NuGEN 

technologies, USA). Chips were washed using a Gene Chip Fluidics Station 450 

and scanned with GeneChip Scanner 3000 (Affymetrix, USA) creating a DAT file 

for each chip.  
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5.2.3 Microarray data analysis  

5.2.3.1 Data extraction 

For each DAT file, probe signal intensities were extracted using GCOS 

(GeneChip Operating System) into a CEL file. CEL files were imported in R 

software (R-project) using the package “affy” downloaded from the Bioconductor 

website (http://www.bioconductor.org/). 

5.2.3.2 Differences in experimental conditions for microarray datasets 

In collaboration with Ken Birnbaum in New York (New York University), three 

microarray datasets were generated at different times. Datasets differ by age of the 

plant at the time of salt application; the experimenter; the light intensity of the two 

growth chambers; the quality of the sorting and the FACS (Table 5.1). The FACS 

model was FACS BD Aria but different nozzle sizes were used in New York and 

Adelaide. Although the cell sorter was run by different technicians in New York 

and Adelaide, the settings of the FACs were as described in Chapter 2. In 

addition, the stringency of the cells sorted was different in Adelaide and New 

York, the cells sorted in Adelaide being selected on the basis of a stronger GFP 

expression signal. The first rice dataset (O) was generated in 2008 in New York 

from plants expressing GFP in stelar and cortical tissue. A preliminary analysis 

demonstrated an incomplete separation of the cells of interest from the rest of the 

root tissue. Therefore, this dataset was eliminated from the transcriptional analysis 

as signal intensity observed on the chips corresponds to a mixture of transcripts.  

The second dataset, A, contained 6 chips (3 control and 3 treated) hybridised with 

cRNA of stelar tissue (ASG F03) and 6 chips (3 control and 3 treated) hybridised 

with cRNA of cortical cells (ASU A03). The third dataset, B, consisted of 5 

microarray hybridisations (2 control and 3 treated) with cRNA of cortical lines 

(ASU A03) and 6 chips (3 control and 3 treated) hybridised with cRNA of line 

ASG FO3 (GFP expressed in stelar cells). Datasets A and B were combined to 

create a combined dataset (C) containing 23 chips in total. A microarray data 

analysis was carried out for dataset A and B, and also for the C set.  
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Table 5.1: Experimental differences between microarray datasets O, A, B and q-

PCR sets. 

 
Dataset O Dataset A Dataset B q-PCR 

Experimentor 1 1 2 2 

Age plant when salt applied 10 10 5 5 

Location growth chambers 
(light intensity measured) 

New York 
(600µmol.m-2.sec-1) 

New York 
(600µmol.m-2.sec-1) 

New York 
(700µmol.m-2.sec-1) 

Adelaide 
(750µmol.m-2.sec-1) 

Sorting of cells of interest No Yes Yes Yes 

 

5.2.3.3 Quality control and selection of differentially expressed genes 

Prior to gene expression analysis, quality controls were performed on each rice 

chip. Failed hybridisations were assessed using array-array Spearman coefficient 

in “R” which ranked the chips according to their intensities (function 

affyQCReport). RNA degradation was checked in “R” (function AffyRNAdeg) 

and plots were generated displaying average intensities across probes from 5’ to 

3’ (function plotAffyRNAdeg). Background correction and Robust Multi-array 

Average (RMA) normalization were performed within the “R” environment 

(Irizarry, et al., 2003). 

For the identification of differentially expressed genes a moderated t-statistic was 

calculated for each gene on the array employing an empirical Bayes method 

developed by Smyth (2004) and implemented into the R-package Limma. P-

values were adjusted based on “Benjamini & Hochberg (1995)” method to control 

the false discovery rate (FDR) due to multiple testing. Genes with FDR-adjusted 

p-values <0.05 were considered to be salt-responsive. The fold change value is the 

difference between signal intensities from salt treatment and control conditions. 

5.2.3.4 Gene annotation 

Target sequences from Affymetrix corresponding to 11 probe sequences for each 

gene were compared against the MSU Rice Genome Annotation Project Database 

and Resource (http://rice.plantbiology.msu.edu/) using the Basic Local Alignment 

Search Tool (Blast). At the time of analysis, the Affymetrix RGAP (Rice Genome 

Annotation Project) was available but not updated. In order to obtain the latest 

annotation for the rice genes, a blast of each target sequence was performed 
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against RGAP v6.1 in December 2010, and the annotation resulting from this 

analysis was the one used in functional classifications.  

5.2.3.5 Analysis of salt responsive pathways 

The Mapman software was used to visualize metabolic pathways affected by salt 

for both cell-types (Usadel, et al., 2009). A software accessible online “Plant 

MetGenMap” was used to analyse significantly altered pathways from the lists of 

salt responsive genes (Joung, et al., 2009) - http://bioinfo.bti.cornell.edu/cgi-

bin/MetGenMAP/home.cgi).  

5.2.4 Validation of gene expression by quantitative PCR 

All qPCR experiments were done at Adelaide and sorting at the Flinders Medical 

centre in South Australia. 

5.2.4.1 RNA extraction and cDNA synthesis 

Rice seedlings were grown as described in Chapter 2 with differences in light 

intensity and growth chambers (Table 5.1). Rice seedlings were 5 days old when 

the incremented salt treatment was applied and seedlings were 7 days old when 

harvested. Protoplasts were sorted as described in Chapter 2 and RNA was 

extracted following the methods in Chapter 2. RNA quality was checked using a 

RNA 6000 pico assay run by 2100 Bioanalyzer (Agilent). PolyA RNA was 

reverse-transcribed and amplified using the SMARTer Pico PCR cDNA Synthesis 

Kit (Clontech) following the manufacturer’s instructions. Cleaning and 

purification of cDNA were carried out using NucleoSpin Extract II columns 

(Clontech). Amplification of single strand cDNA was achieved with the 

Advantage 2 PCR kit from Clontech following the manufacturer’s instructions.  

5.2.4.2 Selection of salt responsive genes for q-PCR 

Genes analysed by q-PCR were selected from the two microarrays datasets A and 

B. Due to differences between these two datasets, only trends in response to salt 

will be considered for selected salt responsive genes. Firstly, genes were selected 

with the criteria that probe set do not cross hybridize with any other sequences in 

the design of the chip (probe set name finishes with _at). Then, potential genes 

were selected according to their changes in response to salt. Only genes that 
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followed the same directional change in the two datasets were retained. Amongst 

this last selection, candidate genes for testing by q-PCR were chosen on the basis 

of their functional annotation implicated in transport, signaling and regulation of 

transcription. 

5.2.4.3 Determination of transcript levels 

Quantitative PCR were run on complementary DNA (cDNA) for each replicate. 

Primer pairs for the amplification of selected genes and control genes were 

designed in the 3’UTR of the gene using Primer 3 software. Control genes were 

selected from microarray experiments with mean signal intensity normalized 

between 10.8 and 12 and standard deviations lower than 0.5 (Table 5.2). 

 

Table 5.2: Control genes used to normalise q-PCR data with their mean and 

standard deviation across 23 arrays. 

Locus Affymetrix identifier  Annotation Mean  Standard deviation 

Os07g34589 Os.7945.1.S1_at ELF1 11.774 0.251 

Os08g03290 AFFX-Mgr-gapdh-M_at GAPdH 10.823 0.462 

Os02g03280 Os.6263.1.S1_at bax 12.319 0.193 

 

Each PCR product (genes of interest and controls) was amplified with a specific 

pair of primers from a cDNA test to verify that only a single band was produced 

(Appendix 5.1).  

Each amplicon was sequenced and compared with the original sequence 

(Appendix 5.2). Each of these PCR amplicons was diluted in a series from 10
2
 to 

10
7
and run in each Q-PCR as a standard to calculate the copy numbers present in 

each cDNA set. Each cDNA set (2 µL of the dilution 1/100) was amplified in a 

reaction containing 5 µL of QuantiTect SYBR Green PCR reagent (Qiagen, 

Valencia, CA), 1.2 µL each of 4 µM forward and reverse primers and 0.6 µL of 

water. The PCR reaction was done with a RG 2000 Rotor-Gene Real Time 

Thermal Cycler (Corbett Research, Sydney, Australia) with 15 min at 95°C 

followed by 45 cycles of 20 sec at 95°C, 30 sec at 55°C, 30 sec at 72°C, and 15 

sec at 80°C. Triplicates were run for each of the six standard concentrations along 

with all controls and genes of interest. Cycle numbers were estimated for each 

amplicon of interest in each cDNA set using the optimal cycle threshold 

determined by the software Rotor Gene. A dilution series of each unique product 
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was used to estimate the number of copies of each amplicon of interest in each 

cDNA set at the optimal cycle. Normalization was performed as described by 

(Vandesompele et al., 2002). 

5.3 Results 

5.3.1 Microarray hybridisation and validation 

5.3.1.1 Rice enhancer trap lines expressed GFP in specific cell types 

Two lines were identified as expressing GFP in cortical (ASU A03) and stelar 

tissue (ASG F03).To confirm GFP expression in the rice root tissue, images of 

root cross sections were observed using confocal laser scanning microscopy. Root 

cross sections displayed red fluorescence of the cell wall stained by propidium 

iodide (PI) as can be seen in Figure 5.1. Enhancer trap line ASG F03 displayed 

bright GFP fluorescence in the xylem parenchyma cells part of the stelar tissue. 

Line ASU A03 displayed bright GFP fluorescence in the cortical cells just outside 

the endodermis. Expression of GFP in both rice enhancer trap lines was confirmed 

in specific root cell types and these lines were used for cell sorting with the 

FACS. 
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Figure 5.1: Cell type-specific expression of GFP in roots of the selected GAL4-

GFP rice enhancer trap lines as visualized by confocal laser scanning microscopy. 

Images of root cross sections are presented as fluorescence of the cell wall stained 

by propidium iodide in red, GFP in green. A, Enhancer trap line ASG F03 

displays bright GFP fluorescence in xylem parenchyma cells (stelar tissue) and 

the pattern is most evident in emerging lateral roots. B, Enhancer trap line ASU 

A03 displays bright GFP fluorescence in cortical cells just outside of the 

endodermis (note that most cortical cells have been replaced by aerenchyma). 
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5.3.1.2 Analysis of dataset microarrays identified salt responsive genes 

Total RNA extracted from plants grown in control conditions was used for 

generating transcription profiles. By comparison from control microarray, others 

arrays from salt treated plant (3 for each cell types) were used to identified salt 

responsive genes. The number of cells collected by the FACS for each biological 

replicate varies between 3130 and 28 600 GFP positive cells. The quantity of total 

RNA was estimated by RNA 6000 pico assay using a 2100 Bioanalyzer. The 

average concentration of total RNA varies from 0.18 to 0.83 pg per cell sorted. 

The average of RNA quantity in pg was more elevated in stelar cells compared to 

cortex cells and RNA extracted from plants grown in saline conditions showed 

elevated content of RNA compared to control conditions only in stelar tissue 

(quantity were identical for cortex sorted cells). 

Gene expression of salt responsive genes in cortical and stelar tissue was 

determined from 23 microarray hybridisations. 

A visual inspection of the scanned images of Affymetrix arrays was conducted but 

no abnormalities on scanned images of rice Affymetrix chips was observed (data 

not shown). The biological variation of signal intensity between chips was 

evaluated using the Spearman’s coefficient (Figure 5.2A). The microarray data 

displayed positive coefficients ranking from 0.6 to 0.9; therefore, low biological 

variability was observed between samples. However, arrays 4, 5 and 6 displayed a 

higher variability compared with all other chips (Spearman’s coefficient 0.6); this 

may have been due to real biological variability, or else failed hybridisations. 

RNA degradation plots were generated for the 23 rice chips, all curves displayed a 

similar shape across all probe sets and no low intensity curve was observed at that 

end of the probe set in 3’. This indicated that the RNA had not been degraded 

before hybridisation and so all 23 chips were kept for further analysis (Figure 

5.2B). To remove technical biases RMA normalization was applied to all 23 chips 

in “R” (“rma” function) and boxplots were generated (Figure 5.2C). 
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Figure 5.2: Pre-processing of the rice microarray data. A, Array-array Spearman 

rank correlation coefficients; B, Average signal intensities across a probe set, 

from probe 0 to probe 10, for the 23 rice chips produced by plotAffyRNA deg. 

Probe number are oriented 5’ to 3’. C, Boxplots of signal intensities of the 23 rice 

chips after RMA normalization. 1-3 : cortex control (dataset A); 4-6: cortex salt 

(dataset A);  7-9: stelar tissue control (dataset A); 10-12: stelar tissue salt (dataset 

A); 13,15 : cortex control (dataset B); 14,16,17: stelar tissue control (dataset B); 

18,20,22 : cortex salt (dataset B); 19,21,23: stelar tissue salt (dataset B). 

. 
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Significant salt responsive genes in cortical cells were identified in each dataset A 

(164 genes) and B (313 genes) on the basis of differences with their 

corresponding control cortical arrays (adjusted p values <0.05). After individual 

analysis of each dataset, no overlap was found between salt responsive genes in 

dataset A and dataset B. An analysis of combined cortical arrays (C) was done 

using all cortical arrays. Dataset A and B differed by few experimental processes 

(Table 5.1) but the essential factor was the age of the seedlings. By combining 

dataset A and B, cortical genes which were responsive to salt independently of the 

plant age were identified. Some 174 cortical genes were identified as being 

differentially expressed in response to salt in the combined dataset (C) with an 

adjusted P-value of less than 0.05 (Appendix 5.3). The comparison of cortical 

genes in dataset A and C that were differentially responsive to salt showed that 

there were 37 genes common for the two datasets (overlapping p value 2.4x10
-44

). 

On the other hand, a comparison of dataset B and the combined dataset revealed 

that 30 genes were identified as responsive to salt in cortical cells (overlapping p 

value 1.7x10
-24

). 

Salt responsive genes in stelar tissue were identified as being differentially 

expressed in salt treated plants compared with control plants for both dataset A 

and B. Only dataset A contained genes that were significantly differentially 

expressed in response to salt in stelar tissue with an adjusted P-value of less than 

0.05 (Appendix 5.4). 

A Principal Component Analysis (PCA) was done on each dataset (A and B) for 

each cell type (Figure 5.3). The PCA results for each dataset demonstrated a clear 

separation of salt and control replicates for dataset A whereas for dataset B, all 

replicates seemed to be merged. Moreover, the same trends could be observed for 

both cell types: stele and cortex. The PCA analysis showed that in dataset B the 

effect of salt could not be determined for either cell type. Therefore, it was 

decided that only those genes responding significantly to salt treatment from 

dataset A would be used for stelar tissue, but the cortical genes found to be 

responsive to salt in the combined dataset would be kept for further analysis. 
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Figure 5.3: Principal component analysis. [A] cortex RNA data; [B] stelar RNA 

data. Results from plants grown under control (c) and with salt (s). The dashed 

line indicates dataset A, plain line indicates dataset B. 

 

5.3.2 Cell type transcription profiles 

Eleven microarrays hybridised with cRNA from control plants were used to 

generate transcription profiles of cortical and stelar tissue. A total of 62 genes 

were identified as being differentially regulated between stelar and cortical cells 

(adjusted p value <0.05). Amongst these genes, 41 are up-regulated in stelar tissue 

compared with cortical cells and 21 genes showed a higher expression in cortical 

cells (Appendix 5.5). 
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5.3.2.1 Stelar tissue displays higher gene expression 

Genes differentially expressed between stele and cortex cells were implemented in 

Mapman software. The transcriptional level differences observed showed an 

overall up-regulation of cellular functions in stelar compared with cortical tissue 

(Figure 5.4). The following functional categories showed an abundance of 

transcripts only in stelar tissue compared with cortical cells: cell organisation, 

regulation of transcription, protein synthesis and modification, and hormones.  

 

 

Figure 5.4: Mapman representation of cell functions showing transcriptional level 

differences between stelar and cortex tissue in control conditions. Each box 

represents individual genes; box colour indicates up (red) or down (blue) 

regulation in a log2 scale as in top right corner.  

 

5.3.2.2 Transcription factors up-regulated in stelar tissue 

Genes in the functional category ‘Regulation of transcription’ are up-regulated in 

stelar tissue compared with cortical cells. Four transcription factors are more 

abundant in stelar tissue than in cortical cells (Table 5.3). Three belong to bZIP 

homeobox families and one is part of the initiation complex of the RNA 

polymerase.  
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5.3.2.3 Transporters up-regulated in cortical cells 

Five genes annotated with putative transport properties are up-regulated in cortical 

cells compared to stelar tissue. Only one gene encoding a “protein copper-

transporting ATPase 3” was found to be up-regulated in the stele (Table 5.3). 

 

Table 5.3: Genes showing differences in expression between stelar and cortical 

cells are from two functional categories: Regulation of transcription and transport. 

Mapman BinName  Affymetrix Identifier Blastn Annotation 
Fold Change differences 

between stele  and 
cortex cells 

bZIP transcription factor 
family 

os.23469.1.s1_at protein transcription factor TGA6 2.19 

bZIP transcription factor 
family 

os.49126.1.s1_at 
protein TGACG-sequence-specific 

DNA-binding protein TGA-2.1 
2.40 

HB,Homeobox transcription 
factor family 

osaffx.29958.1.s1_x_at 
protein homeodomain leucine 

zipper protein CPHB-5 
2.20 

Regulation of transcription os.10792.1.s1_at protein transcription factor TFIIF 1.32 

transport.metal os.27124.1.s1_at 
protein copper-transporting 

ATPase 3 
1.55 

transport.ABC transporters 
and multidrug resistance 

systems 
os.9066.1.s1_s_at 

protein multidrug resistance 
protein 8 

-1.69 

transport.ABC transporters 
and multidrug resistance 

systems 
os.11800.1.s1_at 

protein multidrug resistance 
protein 4 

-1.97 

transport.ABC transporters 
and multidrug resistance 

systems 
os.39411.1.a1_at 

MULTIPLE HITS protein multidrug 
resistance protein 4,protein 

copine family protein, protein 
thylakoid lumenal 21.5 kDa 
protei, protein bifunctional 
aspartokinase/homoserine 
dehydrogenase 2, protein 

expressed , protein N-
acetyltransferase 

-1.73 

transport.ABC transporters 
and multidrug resistance 

systems 
os.11800.1.s1_s_at 

protein multidrug resistance 
protein 4 

-1.86 

transport.Major Intrinsic 
Proteins 

osaffx.21779.1.s1_at 
MULTIPLE HITS: retrotransposon 

proteins 
-0.79 
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5.3.3 Salt responsive genes 

In dataset A, a total of 174 genes were found to be salt responsive in cortical cells 

and 96 genes in the stelar tissue (adjusted p value<0.05, Appendices 5.3 and 5.4). 

Salt responsive genes identified in both cell types were classified on the basis of 

their annotation results from sequence comparison (blast) to the MSU Rice 

Genome Annotation Project Database and Resource 

(http://rice.plantbiology.msu.edu/). 

 

5.3.3.1 Large proportion of genes are down-regulated in cortical cells 

Cortical cells exhibited a higher number of genes that were differentially 

expressed in response to salt with 134 genes down-regulated and 40 up-regulated 

in response to salt (Figure 5.5). In stelar tissue 39 genes were down-regulated and 

57 genes were up-regulated as a result of salt stress. Amongst the regulated genes 

a large proportion is annotated with “unknown function”: one third in cortical 

cells and one quarter in stelar tissue (Figure 5.5). These genes were disregarded 

from further analysis. The largest changes in gene expression were observed in 

stelar tissue with fold changes ranking from +5.32 to -4.93 (Figure 5.5).  
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Figure 5.5: Number and transcriptional changes of salt responsive genes in both 

root cell types of the rice (adjusted P-value <0.05 corrected by Bonferroni and 

Hochberg). A, Number of salt responsive genes regulated in cortical and stelar 

tissues. Dotted squares indicated number of genes with unknown function. B, 

Highest fold changes in response to salt in both cortical and stelar tissues. 

 

5.3.3.2 Two functional categories are affected in cortical cells: protein 

metabolism and regulation of transcription 

As shown in Figure 5.6, two categories were identified to have a greater number 

of genes down-regulated: protein metabolism (25 genes) and regulation of 

transcription (24 genes). Signaling and transposon categories were affected by salt 

and showed up and down-regulation trends. The up-regulated genes in the 

signaling category contained kinases and defensins. As observed previously, 

many functional categories were down-regulated only: DNA replication (7 genes), 

organelle metabolism (5 genes), sugar metabolism (4 genes), transport (4 genes), 

cell wall metabolism (1 gene) and hormone transport (1 gene) (Figure 5.6).  
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Figure 5.6: Salt responsive genes in cortical rice cells classified according to their 

Blastn results against Rice Genome Annotation Project (RGAP). Black bars 

indicate number of genes down-regulated and white bars show genes up-regulated 

in response to salt. Genes with unknown functions are not shown.  

 

To obtain an overview of the changes in gene expression in cortical cells, the 

trends of salt responsive genes were observed using Mapman representation. Most 

of the genes implicated in the metabolic pathway of RNA and protein synthesis 

are down-regulated in response to salt as shown on Mapman representation 

(Figure 5.7). Differences in gene expression are highly down-regulated with fold 

change between -1 and -3. 
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Figure 5.7: Metabolic pathways of RNA and protein synthesis highlighted down-

regulation of salt responsive genes in cortical cells. Each box represents individual 

genes; box colour indicates level of up or down-regulation as per scale in top right 

corner. 

 

To further investigate which pathways were regulated in cortical cells, salt 

responsive genes were implemented in Plant MetGenMap. All pathways listed in 

Table 5.4 were significantly down-regulated in response to salt. Most of these 

pathways are involved in amino acid biosynthesis (see top of Table 5.4). The 

lower part of Table 5.4 indicates a down-regulation of pathways implicated in 

gluconeogenesis (biotin synthesis), aerobic respiration and oxidative stress 

response. Transcriptomic results indicated overall a down-regulation of cellular 

respiration and a decrease in ATP production, as well as a down-regulation of a 

large proportion of genes implicated in protein metabolism (mainly heat shock 
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proteins, ubiquitin, ribosome and protein chaperones) and regulation of 

transcription. 

 

Table 5.4: Pathways identified as significantly responsive to salt in cortical cells. 

The arrows indicated the directional regulation in response to salt. 

Pathway name p value (adjusted) 

chorismate biosynthesis ↓ 0.00282 

tryptophan biosynthesis ↓ 0.00282 

isoleucine biosynthesis from threonine ↓ 0.00282 

superpathway of leucine, valine, and isoleucine biosynthesis ↓ 0.00282 

valine biosynthesis ↓ 0.00282 

threonine biosynthesis from homoserine ↓ 0.00282 

superpathway of lysine, threonine and methionine biosynthesis II ↓ 0.00282 

tRNA charging pathway ↓ 0.00282 

biotin biosynthesis I ↓ 0.00282 

biotin biosynthesis II ↓ 0.00282 

branched-chain ?-keto acid dehydrogenase complex ↓ 0.00282 

ascorbate glutathione cycle ↓ 0.00282 

removal of superoxide radicals ↓ 0.00282 

betanidin degradation ↓ 0.00282 

aerobic respiration -- electron donor II ↓ 0.00282 

aerobic respiration -- electron donor III ↓ 0.00282 

oxidative ethanol degradation III ↓ 0.00282 

 

5.3.3.3 Salt responsive stelar genes belong to several biological functions 

Figure 5.8 presents salt responsive genes identified in stelar tissue classified into 

functional categories. Up-regulated genes in stelar tissue can be divided in two 

groups: group I with more than 5 genes, and group II with less than 5 genes per 

biological process. Group I exhibits more than 5 genes in each of the following 

categories: protein metabolism, transcription regulation, transport, DNA 

replication and signaling. Group II includes categories with less than 5 genes: 

hormone, lipid metabolism, sugar metabolism, transposon, biotic stress, 

detoxification and organelle metabolism. Genes down-regulated in response to 

salt belong to fewer categories than those that were up-regulated. They can be 

divided on the basis of whether the same number or more than 4 genes belong to 

one category. Group III includes categories of biological processes with equal or 

more than 4 genes: protein metabolism, signaling and detoxification. Group IV 
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contains all the other categories with fewer than 4 genes: regulation of 

transcription, transport, lipid metabolism, sugar metabolism and organelle 

metabolism.  

0

1

2

3

4

5

6

7

8

9

10

N
u
m

b
er

 o
f 

g
en

e

Biological process

 

Figure 5.8: Salt responsive genes regulated in rice stelar tissue classified 

according to their Blastn results against Rice Genome Annotation Project (RGAP) 

annotation. Black bars indicate number of genes down-regulated and white bars 

show genes up-regulated in response to salt. Genes with unknown functions are 

not shown.  

 

In addition, all salt responsive genes were uploaded in Plant MetGenMap to 

determine which pathways were statistically regulated in response to salt. Four 

main pathways involved in salt response were identified: Calvin cycle, purine and 

pyrimidine pathways and monoterpenes / bitter acids pathways and lipid 

metabolism (Table 5.5). Overall, those genes that are responsive to salt in stelar 



Chapter 5 Transcriptional responses of rice stelar and cortical tissues to salinity 

 

138 

 

tissue are implicated in broad cellular functions. Genes implicated in 

detoxification and signaling seemed to be the two main categories where genes 

are up-regulated in response to a mild salt stress in stelar tissue. Five main 

functional categories showed a down-regulation in response to salt: protein 

metabolism, transcription regulation, transport, DNA replication and signaling. 

 

Table 5.5: Pathways identified as significantly responsive to salt in stelar tissue. 

The arrows indicated the directional regulation in response to salt. 

Pathway name p value (adjusted) 

Calvin cycle ↓↑ 4.13E-05 

glycolysis IV (plant cytosol) ↑ 0.00157 

sucrose degradation to ethanol and lactate (anaerobic) ↑ 0.00157 

gluconeogenesis ↑ 0.00157 

glucose fermentation to lactate II ↑ 0.00157 

glycolysis I ↑ 0.00157 

fructose degradation to pyruvate and lactate (anaerobic) ↑ 0.00157 

salvage pathways of pyrimidine ribonucleotides ↓ 0.00157 

salvage pathways of purine and pyrimidine nucleotides ↓ 0.00157 

purine nucleotides de novo biosynthesis II ↑ 0.00157 

purine nucleotides de novo biosynthesis I ↑ 0.00157 

salvage pathways of purine nucleosides ↑ 0.00157 

bitter acids biosynthesis ↓ 0.00157 

humulone biosynthesis ↓ 0.00157 

cohumulone biosynthesis ↓ 0.00157 

geranyldiphosphate biosynthesis ↓ 0.00157 

geranylgeranyldiphosphate biosynthesis II (plastidic) ↓ 0.00157 

linear furanocoumarin biosynthesis ↓ 0.00157 

polyisoprenoid biosynthesis ↓ 0.00157 

trans,trans-farnesyl diphosphate biosynthesis  ↓ 0.00157 

triacylglycerol degradation ↓ 0.00157 

 

5.3.4 Q-PCR validated microarrays salt responsive genes 

Eleven genes in cortical and 10 genes in stelar tissue were chosen to further 

validate the microarray data. These genes were selected based on their identical 

trends in datasets A and B. Due to the experimental differences in obtaining the 

RNA for the two techniques, little regard was paid to the quantitative value of the 

transcription level and instead the focus was on the trends in response to salt. 

Transcription changes in response to salt from the microarrays and q-PCR showed 
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that eight cortical genes of the eleven selected showed the same trends for both 

techniques (Figure 5.9).  
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Figure 5.9: Expression level of 11 cortical genes in response to salt in 

microarrays (Dataset A and B) and q-PCR. 

 

 

Four other cortical genes showed opposite trends in transcription changes in 

response to salt in q-PCR which did not validate the trends seen in the microarray 

data. There was a good correlation between the two techniques for seven changes 

in stelar gene expression; however, three genes showed some inconsistencies 

(Figure 5.10).  
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Figure 5.10: Expression level of 10 stelar genes in response to salt in microarrays 

(Dataset A and B) and q-PCR.  

 

 

 

5.4 Discussion 

Transcriptomic studies of isolated stelar and cortical cells in response to a mild 

salt stress have been undertaken for the first time in rice. Pools of genes regulated 

in response to salt in each cell type were identified and most of these genes were 

down-regulated in both cortical cells and stelar tissue. Of these salt responsive 

genes one third were classified as ‘unknown function’ and thus, these genes could 

not be included in the functional classification.  

 

Gene expression specifically altered in response to salt in cortical cells was 

predominantly characterised by down-regulation of genes implicated in protein 

metabolism and regulation of transcription. Amongst genes classified as being 
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involved in protein metabolism, heat shock proteins, chaperone proteins and small 

ubiquitin-like modifier proteins (SUMO) were found (Conti et al., 2009). Heat 

shock proteins have been shown to be implicated in various abiotic stresses in rice 

(Hu et al., 2009). Hu et al showed that two thirds of the heat shock proteins were 

up-regulated in response to salt in rice and one third was down-regulated (Hu, et 

al., 2009). In the present study, all genes annotated as heat shock proteins were 

found to be down-regulated. This discrepancy in trends may have been due to 

averaging gene expression values across all cell types of the root in Hu et al study 

(organ level) whereas we isolated and looked at the expression of only one cell 

type. Amongst the down-regulated genes in cortical cells, many were classified 

into “regulation of transcription” including ribosomes, and various transcription 

factors containing motifs such as zinc finger, bZIP and myb. Many transcription 

factors have been found to be induced in response to abiotic stresses and, 

specifically, in salt stress (Chao, et al., 2005; Rabbani, et al., 2003; Zhou, et al., 

2007). In the cortex transcriptome examined here only one locus, annotated as a 

myb transcription factor, was up-regulated whereas many other transcription 

factors were found to be down-regulated in response to salt. The myb family is 

one of the largest families of transcriptional activators in plants. Amongst many 

attributed functions, they may be involved in regulating the secondary metabolism 

which is key to protection or survival of plants (Vom Endt et al., 2002).  

 

Amongst the salt responsive genes that are up-regulated in cortical cells, several 

kinases and defensins were found. Plant defensins are involved in biotic and 

abiotic stress-response and play a role against external aggressors (Ahmed et al., 

2012). For this reason, defensins seemed to be specifically expressed in the outer 

layer of a tissue, which is indeed where they were found in the transcriptomic data 

presented here (Thomma et al., 2002). It is interesting to note that no water 

channels were found to be differentially regulated in cortical cells in response to 

salt that may be an indication that the water flow is maintain from root to shoot 

and does not indicate an osmotic state. 

 

Genes responsive to salt in stelar tissue are involved in a broad range of cellular 

functions. In the category “signaling”, nine protein kinases showed differential 
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expression in response to salt in stelar tissue. Of these, three genes were annotated 

as receptor-like kinases; one of them encoded a SHR5 receptor-like kinase. 

Interestingly, this receptor-like kinase was described as being involved in plant 

growth, defense against pathogens, and abiotic stresses, but was also shown to be 

implicated in nitrogen fixation (Vinagre et al., 2006). Stelar cells showed a 

broader range of differentially expressed transcriptional regulators than the cortex 

including zinc fingers and ring fingers transcription factors.  

Seven transporters were up-regulated in stelar tissue in response to salt. These 

transporters are implicated in protein trafficking, metal transport and were 

annotated as localised on the tonoplast. Similar to what was observed in cortex no 

aquaporin was found to be differentially regulated in response to salt in our stelar 

transcriptomic data implying that cells are not in the first phase of the salt 

(osmotic). The abundance of transcripts encoding transporters in the stelar tissue 

in response to salt demonstrated the central role of these cells in terms of 

translocation of nutrients to the shoots and may be important in the signal root to 

shoot.  

The cell type-specific transcription profile comparison revealed that stelar tissue is 

more transcriptionally active than cortical cells; this is in agreement with previous 

findings from Jiao team. They demonstrated a higher gene expression in vascular 

bundles from micro-dissected rice root cells (Jiao, et al., 2009). Jiao et al found 

that the transcriptome of cortical cells in the elongation zone of rice root was 

enriched in genes related to protein translation, transcription, response to stimuli 

and cell part as classified with GO terminology. These findings were not 

confirmed by the transcription profile in control conditions. Takehisa and his team 

observed that a large portion of the genes involved in the transport of nutrients 

and water were strongly expressed in cortex cells (maturation and elongation 

zone) (Takehisa, et al., 2012).Our findings are in contradiction with Takehisa 

observations, less transporters were found actively regulated in cortex than in 

stelar tissue in control conditions. The differences observed may possibly due to 

the sorting of cells in radial position all along the root, rather than the cells being 

separated according to the longitudinal developmental stage along the root (as 

done by Jiao et al and Takehisa et al). 
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A quantitative PCR analysis validated the trends in differential expression of two 

third of the selected genes in response to salt in both cell types (Figures 5.4 and 

5.5). As mentioned earlier in this chapter, the growth conditions at distinct 

locations were difficult to replicate and the technical differences between 

experiments were listed in Table 5.1. Therefore, the experimental variation 

between datasets is likely to have impacted on the biological responses of the rice 

seedlings, thus differential gene expression specifically in response to salt was 

difficult to isolate from the other experimental factors. One way to avoid this 

problem would be to use factorial design which allows studying the effect of the 

different experimental variation on the salt response.  

The fact that small environmental changes impacted on the responses of plants 

was examined in the study of Massonnet and his colleagues. They showed that 

manipulation of the plants and subtle changes in the environment is enough to 

show significant differences in the molecular profile and the phenotype of the 

plants (Massonnet, et al., 2010). Moreover, as stated by Morey et al, the q-PCR 

technique may also be of limited use to validate the gene expression from 

microarray data due to different factors such as normalization procedure, the RNA 

quality or the position of the microarray probeset compare to q-PCR fragment 

(Morey, et al., 2006).Therefore, it is assumed that the level of correlation between 

q-PCR and microarray data will be somewhat variable. The use of high through 

put RNA sequencing may be a way of over-passing the correlation problem as this 

technique measures RNA level as well as sequences the RNA fragments. 

 

To gain a better understanding of the biological response of the two rice cell 

types, the following experiments would have undertaken: 

 Avoid any technical differences (FACS, experimenter, growth conditions, 

age of the seedlings) and use sorted cells from the same pool to compare 

RNA level between q-PCR and microarrays. 

 Select more time points for microarray study. The response to salinity is 

defined in two phases: the osmotic phase occurring after addition of salt 

and ionic stress corresponding to the accumulation of ions in the shoot. 

Therefore, it would be interesting to set early time points such as a few 
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hours after application of the 25mM and 50mM salt in order to analyse the 

osmotic effect of salt on the rice transcript level.  

The work described in this chapter emphasizes once more the importance of 

studying salt responses at the cell type specific level. The implications of this 

work can lead to a better understanding of the salt mechanisms involved, and 

therefore, lead to generating salt tolerant rice plants by gene manipulation. 
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Chapter 6 Comparative analysis of transcriptomic 

patterns between rice and Arabidopsis in cortical 

and stelar tissue 

6.1 Introduction  

Chapters 3 and 5 summarise the transcriptional analysis of cortical and stelar 

tissues in rice and Arabidopsis. Differentially regulated pathways and genes were 

identified in response to salt exposure in the two cell types of the root: the cortex 

(outer part) and pericycle/stelar (inner part). Rice and Arabidopsis diverged 120 to 

200 million years ago (Chaw, et al., 2004). Despite the fact that the rice genome is 

three and a half times larger than that of Arabidopsis, they share 50-75% of 

homologous genes (Movahedi et al., 2011). Therefore, comparative gene 

expression analysis at the cell type-specific level can reveal how cellular 

mechanisms have evolved between the two species (Miller et al., 2004). This 

comparative functional analysis from two or more species can help to identify and 

predict gene function as well as completing gene annotation. On the other hand, 

differences will reveal insights into new biological mechanism of adaptations to 

salt stress (Tirosh et al., 2007). Previous studies have compared transcription 

profiles of diverse organs between rice and Arabidopsis (Ma et al., 2005; Narsai, 

et al., 2010). They revealed that gene classified according to their functional 

categories were distinct between rice and Arabidopsis in diverse organs (Ma, et 

al., 2005). On the other hand, Narsai and colleagues showed a greater overlap of 

some functional categories between the two root species (Narsai, et al., 2010). 

They also demonstrated that gene regulation and expression in response to abiotic 

stresses differed between the two species at the organ level (Narsai, et al., 2010). 

However, the genes and pathways involved in the salt response have not been 

explored at the cell type level. Therefore, this chapter aims to identify if any 

mechanism, pathway or biological process is in common between rice and 

Arabidopsis after 48 hours of a mild salt treatment.  
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6.2 Methods 

6.2.1 Homology search 

To identify homologous probesets between rice Affymetrix chip and ATH1, a 

tblastx analysis was performed. Each probeset sequence from Arabidopsis chip 

was compared at the amino acid level (in all six reading frames) against all rice 

probeset sequences translated in amino acids (six reading frames). The reciprocal 

tblastx was also performed. Up to 20 hits of each tblastx results with the highest 

sequence homology were kept (e value< 10
-40

). These tblastx data were kindly 

provided by Dr. Ute Baumann. 

6.2.2 Salt responsive genes analysis 

Salt responsive genes common between rice and Arabidopsis were established by 

comparing two lists of genes. If genes appeared in the two lists, a p-value 

assessing the overlap to be a chance event was calculated in the “R”-software 

using the two-sided Fisher's Exact Test (function: exact2x2) (Fury, et al., 2006).If 

the calculated probability (p-value) was lower than 0.05, the observed number of 

overlaps (genes) was higher than the random overlap of genes and may therefore 

have a real biological meaning. 

6.2.3 Salt responsive pathways analysis 

The first question addressed was to search for any similarities between the 

biochemical pathways in the two species. Each significant salt responsive 

pathway was listed in order to identify if any were in common between rice and 

Arabidopsis for each cell type.  

The second question extended the first comparison to all genes composing one 

pathway. The most significant salt responsive pathways in one species were 

uploaded in the Gramene website (http://www.gramene.org/pathway/) to identify 

if any corresponding metabolic pathways existed in the other species. The 

metabolic pathway databases for rice and Arabidopsis used were RiceCyc version 

3.3 and AraCyc version 8.0. If one Arabidopsis pathway was found in rice, then 

all rice genes were compared with the list of rice salt responsive genes and vice 

versa.  
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6.3 Results 

6.3.1 Homologous Affymetrix probesets 

For the purpose of this study, the probeset sequences on ATH1 chip represent 

mRNA sequences. The ATH1 array was completed in 2000 and therefore, this 

comparative study works with a subset of Arabidopsis genes since genes 

discovered after the manufacture of the chip are not represented. 

Homologous genes are defined as genes that have a common ancestor. I decided 

not to attempt the identification of orthologous genes between rice and 

Arabidopsis firstly because their identification is complicated due to gene 

duplication events, secondly not all Arabidopsis genes were represented on the 

ATH1 chip and thirdly constructing phylogenetic trees which would ultimately be 

needed to prove orthology is extensive and complex (Wu et al., 2006). Therefore, 

in this study, we choose to look at genes which are the most closely related. 

 

The comparative analysis of the genes represented by the probesets from each 

chip showed that 14625 Arabidopsis genes matched 57302 rice genes. The 

reciprocal comparison showed that 21178 rice genes matched 22710 Arabidopsis 

genes. The distribution of tblastx hits is shown in Figure 6.1 and demonstrated 

that a large portion of genes matched either less than 2 hits either more than 20. A 

subset of 2648 genes showed reciprocal tblastx results between rice and 

Arabidopsis suggesting a related function in both species. A subset 7324 rice 

genes found homologous genes in Arabidopsis but none of them were present in 

the 14625 Arabidopsis genes. These differences are likely to indicate that the 

protein sequence was not conserved therefore these genes may have acquired very 

specific function in rice. 



Chapter 6 Comparative analysis 

 

148 

 

0

1000

2000

3000

4000

5000

6000

7000

8000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

N
u
m

b
er

 o
f 

g
en

es

Number of hits

Rice Vs Arabidopsis

Arabidopsis Vs Rice

 

Figure 6.1: Summary of the tblastx results.  

6.3.1 Identification of homologous salt responsive genes 

6.3.1.1 Inner tissue 

When I compared the 96 genes which were salt-responsive in stelar tissue with 

their Arabidopsis homologues in pericycle cells (138 in total), I observed only 

was gene in common. Amongst the 138 Arabidopsis homologous genes, 54 were 

up-regulated and 84 down-regulated (Figure 6.2 & Table 6.1). 

In Arabidopsis, the 453 salt responsive genes found a total of 2250 homologous 

genes with 1089 genes up-regulated and 1161 down-regulated in rice. The 

comparison of salt responsive genes revealed that 8 genes were found to be in 

common. The overlapping p-value was significant (p-value < 2.2e-16) therefore; 

these 8 genes do not belong to both lists by chance (Figure 6.2 & Table 6.1). 

 



Chapter 6 Comparative analysis 

 

149 

 

1

Rice
Arabidopsis
homologues

96 138

8

Arabidopsis
Rice

homologues

453 2250

 

Figure 6.2: Common salt responsive genes in the inner part of the root. 

 

These common stelar/pericycle genes are listed in Table 6.1 along with 

corresponding trends in response to salt exposure. Half of the eight common 

genes between rice and Arabidopsis followed the same trends in response to salt 

exposure. The salt genes that respond in the same way to salt exposure between 

the two species are two kinesin motor domain containing proteins 

(OsAffx.27959.1.S1_x_at, Os.53158.1.S1_at), a protein kinase domain containing 

protein (OsAffx.23435.1.S1_at) and a putative cytochrome P450 (248263_at).  
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Table 6.1: Trends of Arabidopsis and rice salt-responsive genes in the inner part 

of the root. 

Trends 
Arabidopsis 
homologous 

genes  

Cell type 
Probeset 

identifier in 
Arabidopsis 

Annotation in ATH1 

Trends in the 
Arabidopsis 

transcriptomic 
analysis 

- stelar/pericycle   none 

+ 
+ stelar/pericycle 248263_at 

PMEPCRF (PECTIN METHYLESTERASE PCR 
FRAGMENT F) 

Trends of 
rice 

homologous 
genes  

Cell type 
Probeset 

identifier in rice 
Annotation in RiceChip 

Trends in the rice 
transcriptomic 

analysis 

- stelar/pericycle 

Os.9597.1.S1_at 
AP2-like ethylene-responsive 
transcription factor AINTEGUMENTA, 
putative 

+ 

OsAffx.27959.1.
S1_x_at 

kinesin motor domain containing protein, 
expressed 

- 

Os.53158.1.S1_
at 

kinesin motor domain containing protein, 
putative, expressed 

- 

Os.26993.1.S1_
at 

MLO domain containing protein, putative, 
expressed 

+ 

OsAffx.23435.1.
S1_at 

protein kinase domain containing protein, 
expressed 

- 

OsAffx.27684.1.
S1_s_at 

protein kinase, putative, expressed + 

+ stelar/pericycle 

Os.5129.2.S1_a
_at cytochrome P450, putative, expressed 

+ 

Os.12239.1.S1_
at 

ubiquitin family protein, putative, 
expressed 

- 

 

6.3.1.2 Cortical tissue 

When I compared the 74 salt responsive genes from cortical rice with their 

Arabidopsis homologues in cortex (365 genes in total), I identified 24 genes in 

common. Of these 365 genes, 29 are up-regulated and 326 correspond to genes 

that are down-regulated in response to salt exposure. The 24 genes (p-value = 

3.843e-15) were looked in more details as their expression is likely to contribute 

to salinity tolerance in both species (Figure 6.3 & Table 6.2). None of the 24 

genes were up-regulated (Table 6.2). Of the 24 down-regulated genes, 13 showed 

down-regulation trends in Arabidopsis data (Table 6.2). These salt responsive 

genes are: BAS1 (PHYB ACTIVATION TAGGED SUPPRESSOR 1) 

(267614_at), C2 domain-containing protein (255630_at), CELLULOSE 

SYNTHASE A2 (252886_at), CLAVATA1 receptor kinase (CLV1) (264804_at), 
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CYP72A14 an electron carrier (258064_at), ERD4 (early-responsive to 

dehydration 4) (256310_at), ENDOXYLOGLUCAN TRANSFERASE 

(266215_at), FLAVONOL SYNTHASE (250533_at), germin-like protein 

(249477_s_at), germin-like protein (259478_at), WRKY27; transcription factor 

(248306_at), XTH33 hydrolase (263207_at), XYLOGLUCAN 

ENDOTRANSGLYCOSYLASE 4 (245794_at). 
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Figure 6.3: Common salt responsive genes in the outer part of the root. 
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Table 6.2: Trends of the Arabidopsis salt responsive genes in the outer part of the 

root. 

Trends  of 
Arabidopsis 
homologous 

genes  

Cell 
type 

Probeset 
identifier in 
Arabidopsis 

Annotation in ATH1 

Trends in 
the 

Arabidopsis 
transcripto
mic analysis 

-  cortex 

246463_at AT-AER (alkenal reductase); 2-alkenal reductase + 

250272_at ATGSL12 (glucan synthase-like 12); 1,3-beta-glucan 
synthase/ transferase, transferring glycosyl groups 

+ 

267614_at BAS1 (PHYB ACTIVATION TAGGED SUPPRESSOR 1); 
oxygen binding / steroid hydroxylase 

- 

255630_at C2 domain-containing protein - 

252886_at CESA2 (CELLULOSE SYNTHASE A2); cellulose synthase/ 
transferase, transferring glycosyl groups 

- 

256983_at chaperonin, putative + 

264804_at CLAVATA1 receptor kinase (CLV1) - 

265076_at 
CPN60B (CHAPERONIN 60 BETA); ATP binding / protein 
binding 

+ 

266000_at 
CYP71B6 (CYTOCHROME P450 71B6); electron carrier/ 
heme binding / iron ion binding / monooxygenase/ 
oxygen binding 

+ 

258064_at CYP72A14; electron carrier/ heme binding / iron ion 
binding / monooxygenase/ oxygen binding 

- 

258110_at CYP72A7; electron carrier/ heme binding / iron ion 
binding / monooxygenase/ oxygen binding 

+ 

256310_at ERD4 (early-responsive to dehydration 4) - 

266215_at 
EXGT-A1 (ENDOXYLOGLUCAN TRANSFERASE); 
hydrolase, acting on glycosyl bonds / 
xyloglucan:xyloglucosyl transferase 

- 

250533_at FLS (FLAVONOL SYNTHASE); flavonol synthase - 

249477_s_at germin-like protein, putative - 

259478_at germin-like protein, putative - 

251770_at oxidoreductase, 2OG-Fe(II) oxygenase family protein + 

267147_at oxidoreductase, 2OG-Fe(II) oxygenase family protein + 

261513_at transducin family protein / WD-40 repeat family protein + 

255235_at transposable element gene + 

248465_at unknown protein + 

248306_at WRKY27; transcription factor - 

263207_at 
XTH33; hydrolase, acting on glycosyl bonds / hydrolase, 
hydrolyzing O-glycosyl compounds / 
xyloglucan:xyloglucosyl transferase 

- 

245794_at XTR4 (XYLOGLUCAN ENDOTRANSGLYCOSYLASE 4) - 

+ cortex   none   
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The comparison of the 945 rice salt responsive genes with their 3894 Arabidopsis 

homologues (1089 up-regulated and 1161 down-regulated), a subset of 14 genes 

were common in the two data sets with a highly significant p-value < 2.2e-16. 

Therefore these 14 genes are of particular interest for salinity tolerance in both 

species (Figure 6.3 & Table 6.3). Five genes displayed a common trend in 

response to salt exposure for homologous rice and Arabidopsis genes (Table 6.3). 

These five genes correspond to an auxin efflux carrier component 

(Os.50938.1.S1_at), a STRUBBELIG-RECEPTOR FAMILY 8 precursor 

(Os.49369.1.S1_at), a START domain containing protein (Os.18181.1.S1_x_at), 

an anthranilate phosphoribosyltransferase (Os.14652.1.S1_at) and a putative 

nodulin (Os.8504.1.S1_at). 

 

Table 6.3: Trends of the rice salt responsive genes in the outer part of the root. 

Trends of 
homolog
ous rice 
genes  

Cell 
type 

Probeset identifier 
in rice 

Annotation in RiceChip 

Trends in 
the rice 

transcripto
mic analysis 

- cortex 

Os.50938.1.S1_at auxin efflux carrier component, putative, expressed - 

Os.49369.1.S1_at 
STRUBBELIG-RECEPTOR FAMILY 8 precursor, putative, 
expressed 

- 

Os.18181.1.S1_x_at START domain containing protein, expressed - 

Os.14652.1.S1_at 
anthranilate phosphoribosyltransferase, putative, 
expressed 

- 

Os.8504.1.S1_at nodulin, putative, expressed - 

OsAffx.29903.1.S1_
at expressed protein 

+ 

Os.36236.1.S1_at TKL_IRAK_DUF26-lh.1 - DUF26 kinases have homology 
to DUF26 containing loci 

+ 

+  cortex 

Os.18959.1.S1_at 
calmodulin-binding transcription activator, putative, 
expressed 

- 

Os.46898.1.S1_at ras-related protein, putative, expressed - 

Os.7726.1.S1_at transposon protein, putative, unclassified, expressed - 

Os.53264.1.S1_x_at conserved hypothetical protein - 

Os.52872.1.S1_x_at 
hydrolase, NUDIX family, domain containing protein, 
expressed 

- 

Os.2852.1.S1_at 
WD domain, G-beta repeat domain containing protein, 
expressed 

- 

Os.20421.1.S1_at expressed protein - 
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6.3.2 Common and distinct salt responsive pathways  

6.3.2.1 Inner part of the root 

In rice, four significant pathways were previously identified in response to salt in 

stelar tissue: Calvin cycle, purine and pyrimidine pathways, monoterpenes/bitter 

acids pathways and lipid metabolism (Table 5.4). All genes corresponding to the 

Arabidopsis Calvin cycle (most significant pathway) were compared with the 

Arabidopsis salt responsive genes from pericycle data, and no overlap was found.  

In Arabidopsis, two pathways were identified with changes in gene expression 

upon exposure to salt: UDP-sugars interconversion and cellulose biosynthesis 

(Appendix 3.10). Neither of these two showed changed expression levels in rice. 

Comparison of the corresponding genes in rice did not show an overlap. 

Therefore, the extended comparison of salt responsive metabolic networks in the 

inner part of the root between rice and Arabidopsis do not show any similarities.  

6.3.2.2 Cortical cells 

In rice, I observed several salt responsive pathways: amino acid biosynthesis, 

gluconeogenesis (biotin synthesis), aerobic respiration and oxidative stress 

response (Table 5.3) in other words pathways that control the primary metabolic 

activities of rice. Four genes were identified in Arabidopsis for the extended 

comparison of the salt responsive pathways. The overlapping p-value was 

calculated at 0.02 and was significant at the level 0.05. The four genes are listed in 

Table 6.4. 

 

Table 6.4: Genes common between Arabidopsis and rice after an extended 

pathway comparison. 

Pathway Cell type  Locus Annotation 

Superpathway of the lysine, 
threonine, methionine 

biosynthesis 
stelar/pericycle At5g13280 AK-LYS1 (ASPARTATE KINASE 1); aspartate kinase 

Superpathway of the lysine, 
threonine, methionine 

biosynthesis 
stelar/pericycle At1g14810 semialdehyde dehydrogenase family protein 

Superpathway of leucine, valine, 
isoleucine biosynthesis 

stelar/pericycle At1g50090 aminotransferase class IV family protein 

Superpathway of leucine, valine, 
isoleucine biosynthesis 

stelar/pericycle At3g48560 
CSR1 (CHLORSULFURON/IMIDAZOLINONE 

RESISTANT 1); acetolactate synthase/ pyruvate 
decarboxylase 
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Two pathways identified in Arabidopsis cortical cells belong to the super pathway 

of biosynthesis of flavones and derivatives, which includes phenylpropanoid 

biosynthesis and the cellulose biosynthesis (Appendix 3.9). Only four pathways 

were found in rice: the flavonoid biosynthetic pathway, the suberin pathway, the 

cellulose biosynthetic pathway and the isoleucine biosynthetic pathway. None of 

these four pathways showed changed expression levels in rice.  

No conserved salt responsive pathway was identified between rice and 

Arabidopsis in cortical cells which indicates a distinct biological response in both 

species. 

6.4 Conclusion and discussion 

The work presented in this chapter showed that the core transcriptomic salt 

responses after 48 hours of a mild salt stress are unique in each cell type, and for 

each species. These findings are in agreement with previous studies where they 

showed that different biological categories of transcripts were expressed in rice 

and Arabidopsis roots (Narsai, et al., 2010; Rabbani, et al., 2003). More recently, 

cell type transcription profile comparison of rice and Arabidopsis eggs and 

synergid cells involved in the fecundation process, revealed that unique set of 

genes were expressed in each cells and in each species (Ohnishi et al., 2011). 

Overall in our study, few salt responsive genes were discovered to be in common 

between both species in pericycle/stelar cells whereas more genes in common 

were identified in cortical cells. These genes may be of particular interest for 

investigating the salt response in both species. 

While carrying out comparison between the two species, it is important to keep in 

mind that some major morphological differences exist between rice and 

Arabidopsis. Cortical cells were identified as existing as a single cell layer in 

Arabidopsis whereas there are 8 to 10 layers of cells in rice. The rice stelar tissue 

includes the pericycle cell layer and other cell layers such as the xylem 

parenchyma. Therefore, the observed changes in gene expression may have been 

masked by other cell layers in rice and may explain the few genes found in 

common.  

From this presented analysis, it seems possible that the two species may have been 

at a different timing of the salt response. In fact, Arabidopsis transcriptomic data 
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revealed that many aquaporins were down-regulated at the time of sample harvest 

in cortical cells and pericycle indicating that the seedlings were adjusting their 

internal water potential during this time (discussion Chapter 3). Therefore, the 

seedlings were still in the osmotic phase. On the other hand, cell type-specific 

transcriptomic data for rice did not reveal down-regulation of aquaporins in 

cortical cells after 48 hours of salt stress; only one water channel was down-

regulated. Results for the stelar tissue demonstrated that many transporters were 

regulated at 48 hours of stress. Therefore, it is likely that the rice seedlings had 

already entered the ionic stress phase. It is possible that the roots from the two 

species were harvested at different phases of their response to salt stress, and in 

retrospect, a cell type comparative analysis between them was unlikely to reveal 

common processes.  

It is also important to mention that rice and Arabidopsis do have physiological 

differences in term of growth conditions and uptake of the nutrients from the 

external media. In fact, rice was domesticated and grew with roots submerged in 

water. It is also well known that the rice is subjected to bypass flow where a high 

flow of water and nutrients enter the roots and are taken up to the shoot. On the 

other hand, Arabidopsis is used to grow in dry soil. Our transcriptomic 

experiments were carried out in hydroponic systems which sound adequate for 

rice but not Arabidopsis. It was shown that barley plants showed distinct salt 

responses if cultivated in hydroponic or soil environment (Tavakkoli et al., 2010). 

A comparison of Arabidopsis grown in hydroponic and soil conditions showed 

that mineral elements accumulation in the shoots is dependent on the genotype of 

the plant and its interaction with the growing conditions (Baxter et al., 2012). 

Therefore, the distinct cellular salt mechanisms revealed in this comparison may 

be due to the fact that Arabidopsis is not used to grow in hydroponic system as its 

natural environment and it controlled its water and nutrients uptake from the 

external medium.  

 

To better understand the physiological salt responses of both plants in any future 

experiments, the following preliminary experiments are suggested:  

 The growth of rice and Arabidopsis seedlings in a 50 mM salt 

concentration and then measurement of the growth rate of the root to 
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determine the end of the osmotic phase (when the growth starts again). 

The growth rate could also be determined by imaging the shoot area using 

non-destructive analysis. This could be done on a agarose media plate, 

with care taken to ensure that it is undertaken in transpiring conditions for 

Arabidopsis (for example placement of the shoot in the external 

environment and roots on the plates). The use of cellophane may be 

important in order not to disturb the roots when transferring samples from 

the salt medium. For rice, it is suggested that the rolling paper technique is 

used; soaking in a salt solution and then measuring the size of the roots 

with a scanner. 

 Measurement of the concentrations of sodium in the shoot at different 

times during salt stress to help to determine how fast the sodium reaches 

the shoots and within which leaves it accumulates preferentially and help 

to determine the beginning of the  ionic phase in both species. 

 Consider the longitudinal developmental stage of the root cells and section 

the roots along the longitudinal axis of the root according to different 

zones of development that are defined in the literature may help the gene 

expression comparison in both species. 

 

It is now well established that regulatory processes take place at the cell type level 

and not the organ level (Dinneny, 2010). The work described in this chapter 

revealed that rice and Arabidopsis have diversified their adaptive salt mechanisms 

at the cell type level; these mechanisms and the genes involved can be good 

resources to explore for generating salt tolerant plant. 
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Chapter 7: Identification and selection of 

homozygous rice mutant lines 

7.1 Introduction 

The aim of the work outlined in this chapter was to identify and select salt 

responsive rice candidate genes in stelar and cortical tissues. In order to test the 

function of these genes in response to salt, KO mutant lines of selected genes 

were ordered and screened for homozygous insertion of the T-DNA at the locus of 

interest. Rice candidate genes were selected at the early stages of this PhD study 

on the basis that it would take time to obtain seeds. Indeed, once in Australia, the 

movement and use of the rice seeds was restricted according to their quarantine 

status and this delayed growth experiments. Moreover, at the time of the selection 

of rice candidate genes the complete rice transcriptional analysis as described in 

Chapter 5 was incomplete.  

7.2 Materials and methods  

7.2.1 Selection of candidate genes  

7.2.1.1 Strategy used to identify rice candidate genes  

In order to select rice candidate genes, all datasets described in Chapter 5 section 

5.2.3.2 were used. In this case, the first rice dataset (O) that had been taken out of 

the transcriptional analysis outlined in Chapter 5 was kept. The partially enriched 

fraction of cells sorted in this first dataset was considered sufficient to unravel the 

overall trends for salt responses. The two last datasets were included for the 

purpose of selecting rice candidate genes. The analysis of each dataset performed 

at this early stage of the PhD study was not completed and only included the 

normalization step. The strategy for selection of rice candidate genes involved 

identifying the common trends in response to salt in the three datasets. Genes 

were kept as potential candidates when they responded to salt following the same 

directional change in the three datasets. Moreover, the number of candidate genes 

was estimated at 1, 0.7 and 0.5 fold changes in response to salt. PLEXdb website 

(http://www.plexdb.org/modules/PD_browse/experiment_browser.php) was used 
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to identify any strong changes in gene expression in response to salt from 

previous microarray experiments. The expression of each probe set in PLEXdb 

corresponding to candidate genes of interest was analysed after rma 

normalization. Two rice experiments were planned: OS2 to investigate the 

response to salinity stress of two cultivars during the vegetative growth stage; and 

OS10 which was aimed at identifying general trends in rice seedlings subjected to 

abiotic stress treatment. The final list of candidate genes was based on the 

Affymetrix RAGP (Rice Annotation Genome Project) functional annotation 

available at the time. 

7.2.1.2 Sourcing rice KO mutant lines  

For each candidate selected, KO mutants were searched for at the Salk Institute 

website (http://signal.salk.edu/cgi-bin/RiceGE) and the Cirad website 

(http://orygenesdb.cirad.fr/index.html). Mutants were selected on the basis of the 

T-DNA insertion being in an exon or in the 5’ untranslated region of the 

messenger RNA. KO mutants were ordered from the following centres:  

 PFG mutants (Oryza sativa L. cv Dongjin and Oryza sativa L. cv 

Hwayoung) were ordered from the RISD DB (Rice T-DNA insertion 

Sequence Database) from the following website: 

http://cbi.khu.ac.kr/RISD_DB.html. 

 RMD mutants (Oryza sativa L. cv Zhonghua) were ordered from RMA 

(Rice Mutant Database) from the website: 

http://rmd.ncpgr.cn/introduction.cgi?nickname.  

 TRIM mutants (Oryza sativa L. cv Tainung67) were ordered from Taiwan 

Rice Insertional Mutants Database from the following website: 

http://trim.sinica.edu.tw/. 

Other sources of mutant lines have been considered, however they used 

transposable elements such as the Tos17 element - a retro-transposon. This DNA 

element is present naturally in the rice genome and it is transposed through the 

genome when tissues are actively dividing, such as in calli transformation during 

a tissue culture stage. It was decided that no Tos 17 KO mutants would be ordered 

on the basis that, as transformation of rice plants may prove necessary; this could 

result in loss of the locus of insertion of Tos17 in the gene of interest. 

All KO lines were imported into Australia under the same quarantine permit and a 

strict protocol had to be followed regarding the use of these seeds. The quarantine 

permits allowed plants to be grown only in designated glasshouses. 
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7.2.1.3 Growth conditions of rice mutants  

Upon arrival in Australia, the seeds were inspected and released into the country. 

In the quarantine laboratory, the seeds were dehusked using a seed thresher. 

Sterilisation was carried out as required by the quarantine permit. All seeds were 

sterilised by immersion into 70% alcohol for 1 min followed by 30 min in a 30% 

bleach solution. The seeds were rinsed multiple times with water. Each sterile 

dehusked seed was germinated on filter paper with 1.5 mL of sterile nutrient 

solution containing 1/4 MS basal salt mixture (PhytoTechnology Laboratories, 

M524) and the pH was adjusted to 5.7 with 10M KOH. The rice seeds were 

grown for 6 days in a growth cabinet with 12 h lights (650 µm m
-
2 s

-1
) and 12 h 

dark at 24°C. When the young rice seedlings reached the three leaves stage, they 

were transferred to artificial UC Davis soil to bulk-up for seeds. UC Davis soil 

was prepared by mixing 1200 L of sterile sand and 750 L of peat moss. Fertilisers 

were added at the following weights to the pre-mixed soil: calcium hydroxide 

1400g, calcium carbonate 2000g and mini-osmocote 1500g. Plants were grown in 

a glasshouse under 12 h light at 26-28°C (110-340 µm m
-
2 s

-1
) and 12 h dark at 

22°C cycle. The soil pots containing rice plants were kept in water throughout the 

growth period. Seeds were collected from fertile plants, dried in paper bags for 3 

days at 37°C and stored under dry conditions. 

7.2.1.4 Quarantine procedures to release KO mutant seeds 

A fungus infection was declared in one of the rice quarantine facilities where the 

KO mutant lines were growing at the time of harvesting seeds. Plants which had 

not reached maturity were destroyed but it was possible to retain seeds collected 

from plants in this glasshouse. In order for these seeds to be used in any further 

experiment they needed to be released from quarantine status. A strict quarantine 

procedure was followed with these rice seeds before seedlings could be 

transferred into soil. The protocol involved dehusked seeds being immersed in hot 

water (57°C) for 15 min, dried on filter paper and then treated with large spectra 

fungicide (Thiram). Tests were conducted on wild type cultivars initially to 

establish the germination rate after the quarantine treatment. 
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7.2.2 Genotyping of rice plants 

7.2.2.1 Extraction of genomic DNA  

Leaf tissue was collected from one month old rice plants and placed in a 96 well 

format plate. The tissue was frozen in liquid nitrogen with two stainless steel ball 

bearings to each well and the tissue was ground in the Qiagen grinder (Retsch 

mill, Type MM 300, Germany) for at least 2 min at a vibration frequency of 

25Hz/sec. The ground tissues were mixed with 600 l of extraction buffer (0.1 M 

of Tris HCl pH 7.5, 0.05 M EDTA pH 8, 1.25% SDS) and each well was sealed 

with a cap. The mixture was shaken vigorously and the plates were incubated at 

65
o
C in a water bath for 30 min. The plates were then cooled down to 4

o
C for 

about 15 min before 300 l of 6M ammonium acetate were added (6 M 

Ammonium acetate should be stored at 4
o
C). The mixture was shaken vigorously 

and incubated for 15 min at 4
o
C. The plates were centrifuged for 15 min at 4000 

rpm in order for the protein and plant tissue pellet to precipitate. The supernatants 

(600 l) were transferred to new plates containing 360 l of isopropanol in each 

well. After mixing, the tubes were kept for 5 min at room temperature in order for 

the DNA to precipitate. The plates were centrifuged for 10 min at maximum speed 

and the supernatants removed. The pellets were washed with 70% (v/v) ethanol, 

care being taken not to lose the pellets when emptying tubes. Each pellet was 

dried before being dissolved in 60 µl of RO water treated with 2 µl of RNaseA 

(10 mg/ml) in order to degrade the RNA. The DNA concentration was checked in 

10 random samples using the Nanodrop instrument (ND-1000, 

Spectrophotometer, USA). All samples were diluted 1/20 in a final plate prior to 

for Polymerase Chain Reactions (PCR).  

7.2.2.2 PCR screening for T-DNA insertion 

In order to screen for the presence of the T-DNA in the gene of interest, two PCR 

reactions were performed: PCR1 used two gene specific primers designed to be 

located on each site of the T_DNA insertion, namely left primer (LP) and right 

primer (RP). PCR2 used two insertion specific primers which depended on the 

orientation of the T-DNA in the gene of interest. If the gene and T-DNA were in a 

forward orientation, the RB and RP were used. In case the T-DNA was inserted in 

a reverse orientation within the gene, the LP and RB complemented sequence 
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primers were used. In a few cases the RB primer resulted in no PCR amplification 

and so the left border primer (LB) was used instead with the following 

combinations: LB+LP (forward orientation) or LB complemented+RP (reverse 

orientation). Appendix 7.1 summarises the orientation and pairs of primers used 

in PCR1 and PCR2 for the selected candidate genes in each tissue. 

PCR amplifications were performed from 1 l of diluted genomic DNA. A list of 

primer pairs and corresponding annealing temperature is provided in Appendix 

7.1. PCRs were carried out with the platinum Taq DNA polymerase (Invitrogen, 

Australia). The reaction mix consisted of 0.1 µl platinum Taq DNA polymerase, 2 

µl 10X buffer, 0.6 µl MgCl2 50 mM, 0.4 µl dNTP 10 mM, 0.6 µl each primer at 

10 µM, 1 µl DNA template diluted (1/20) in a final volume of 20 µl. The PCR 

programme consisted of 2 min for the activation of the Taq platinum at 94°C 

followed by 30 cycles of 30 s at 94°C for denaturation of DNA strands, 30 s of 

annealing at the corresponding annealing temperatures, polymerisation at 72°C for 

30 s and was run in the Tetrad2 (Biorad, Australia) . Gel electrophoresis was 

carried out for each PCR reaction to visualise the size of the amplified fragments. 

Loading buffer comprising orange dye and 5% sucrose was added to each PCR 

reaction. The mixture was loaded into a 1% agarose gel pre-stained with SYBR 

safe in order to visualise DNA bands under UV excitation (Invitrogen, Australia). 

Gels were run for 20 min at 120 V in 0.5X TAE buffer. The size of each PCR 

fragment was checked by comparison with molecular weight markers of 

HyperLadder I (Bioline, Australia). 

 

7.3 Results  

7.3.1 Identification of rice KO mutant lines from transcriptomic data 

Amongst the three rice microarray datasets, 112 cortical genes and 69 stelar genes 

followed the same trends in response to salt (data not shown). Potential candidate 

genes were selected on the basis of changes in gene expression being higher than 

0.7 and lower than -0.7. A change in gene expression higher than 1 or lower than -

1 was shown to be too stringent whereas when a cut off was imposed at level 0.5 

the number of candidate genes was too large (Table 7.1).  
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Table 7.1: Number of salt responsive genes showing consistent trends across the 

three rice datasets depending on the fold-change cut off selected. 

 
Stele  Cortex 

cut off  Up-regulated  Down-regulated Up-regulated Down-regulated 

1 5 5 8 10 

0.7 56 15 52 62 

0.5 241 54 148 226 

 

 

Candidate genes in cortical and stelar tissue were prioritised according to their 

functional annotation such as transcription factor, transporter activities, and 

cytokinin-related. Finally, KO mutant lines for 8 cortical genes and 5 genes in 

stelar tissue were ordered (Appendix 7.2). Most of the lines came from the RISD 

DB (Rice T-DNA Insertion Sequence Database) center and were labeled 

PFG_XXXX. Mutant seeds received from the RMA (Rice Mutant Database) 

center were labeled RMD_XXXXX and seeds from the Taiwan Rice Insertional 

Mutants Database were labelled TRIM_XXXX.  

 

7.3.2 Identification of homozygous KO mutant lines 

Once the seeds had been received and inspected by a quarantine officer, three to 

six seeds per line were germinated according to the quarantine requirements. The 

number of rice seeds was small due to limited growing space in the rice 

quarantine glasshouse. After 6 days of germination under sterile conditions, only 

seeds showing no signs of infection (such as brown marks on the aleurone layer) 

were transferred to soil (Appendix 7.2). Two mutants lines RMD_02Z15AC93 

and RMD_04Z11DQ05, corresponding to a corA-like magnesium transporter 

protein and a membrane associated salt inducible protein respectively, were lost as 

they did not germinate. All surviving plants were tested with two sets of PCR 

reactions (PCR1 and PCR2) with corresponding primer pairs (Appendix 7.1). 

PCR1 and PCR2 amplifications are shown in Figure 7.1. Four plants were 

homozygous at the locus of insertion for three cortex candidate genes 

(calmodulin-binding transcription activator, cytokinin dehydrogenase and heavy 

metal associated-domain containing protein). In total, 13 of the 25 plants tested 

revealed an absence of insertion at the locus of interest for cortex candidate genes 
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and 3 lines were nulls. For the stelar tissue candidate genes, no line was found to 

be homozygous at the locus of interest. One mutant line - labeled PFG_ 2D-

31141, corresponding to the cysteine-rich receptor - amplified in neither PCR1 

nor PCR2. With the exception of the cysteine-rich receptor gene, half of the lines 

screened as hemizygotes for the locus of interest in PCR1 and PCR2. All mutant 

lines for the stelar gene annotated as a chloride channel were nulls.  
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Figure 7.1: Genotyping of each KO mutant using PCR amplifications. PCR1 used two gene specific primers designed on each site of the T_DNA 

insertion and PCR2 used one primer inside the T-DNA and one specific primer from PCR1. The third line of the table indicates the genotype (G): null 

(N), homozygous (H), hemizygous (M) and undetermined (Ø). 
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7.3.3 Quarantine rice not released from quarantine status 

The majority of seeds were harvested from fertile rice plants during the quarantine 

fungus infection. These seeds required treatment in order to be released from 

quarantine status before they could be used for any purpose. The quarantine 

treatment was performed on wild type dehusked seeds: Nipponbare, Dongjin 

Hwayoung Zhonghua and Tainung67. A germination rate of around 50% was 

expected, as described in the quarantine protocol. However, only 40% of the 

Nipponbare seeds germinated and no germination was observed for the other 

cultivars. The experiment was repeated twice with no germination observed for 

any cultivar except Nipponbare. On the basis of these results, the decision was 

made that the rice seeds would be kept but not released from quarantine status. 

The success of germination for homozygous or hemizygous KO mutant lines 

would be very limited as most of them belong to a cultivar other than Nipponbare. 

Consequently, the selection of homozygous KO mutant plants was never 

completed. 

7.4 Conclusions and perspectives 

The first generation of KO rice mutants was screened after arrival in Australia. 

The results showed that three plants were homozygous at the loci of interest for 

three cortical candidate genes. Other rice plants were identified as hemizygous or 

nulls at the locus of T-DNA insertion. In order to obtain homozygous lines from 

hemizygous plants, seeds should have been sown to allow segregation of the 

T_DNA locus. However, the rice seeds were under quarantine status which 

restricts their movement and growth conditions. Attempts were made to have the 

rice seeds released from their quarantine status so that they could be grown in any 

glasshouse and used in a salinity screening assay. However, most of the seeds 

from the different cultivars failed to germinate after the quarantine protocol had 

been followed. Therefore, the planned project of examining the response of these 

candidate genes using KO mutants was halted and never completed. 

 

My rice experiment was stopped since the treatment that was required to get the 

seeds released from quarantine involved dehusking, which killed them. A few 
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months later quarantine changed their requirements and it would now be possible 

to revisit the experiment as a dehusking is no longer necessary before the heat 

treatment. However, it would have been compulsory to obtain three permits (one 

from each country where the seeds where ordered from) to finally release the rice 

seeds from quarantine. This was not achieved as quarantine permits would have 

taken a long time and I was running out of time to pursue the rice experiments. 

Had I not encountered this problem, I would have undertaken the following 

experiments: 

 Grow all rice identified as heterozygous at the first generation, and screen 

this generation with the same PCR screening protocol described 

previously in this chapter.  

 Test all homozygous KO rice lines for each candidate gene in a salinity 

assay to examine their phenotype in response to salt. A mild salt stress 

would be applied over four weeks using wild type cultivars and nulls as 

control plants.  

 Collect the youngest fully expanded leaf, the newest leaf and the whole 

root system from this salinity assay in order to measure the ion content in 

each organ.  

 Test the growth response of all homozygous rice candidate lines by 

measuring the shoot area in response to mild salt treatment over time at the 

seedling stage. The idea behind this experiment is to test the effects on 

salinity tolerance of candidate genes that are implicated in the osmotic or 

ionic phase of the salt stress response. 
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Chapter 8: General discussion 

Despite the increased number of studies that focus on dissecting the complexities 

of plant responses to salinity, few analyses have studied responses at the cellular 

level. Therefore, in our transcriptional studies, we used two different types of root 

cells isolated from the inner and outer parts of the root (stelar/pericycle and 

cortical cells) to investigate the genes and pathways regulated in response to 50 

mM salt stress. This was done in Arabidopsis and rice. Each root cell type from 

both species responded to salt by regulating a unique small core set of genes.  

8.1 Advances in knowledge from this study 

The transcriptomic study of cortical cells in Arabidopsis confirmed the important 

role of these cells in nutrient and water transport in response to salt. Down-

regulation of some of genes encoding water transporters suggests that the cortical 

cells may be adjusting the internal osmotic potential in order to re-establish the 

influx of nutrients and water inside the cell. A significant portion of genes down-

regulated in cortical cells were associated with secondary metabolism and cell 

wall biosynthesis - these categories of genes may be important for modulating the 

shape of the cells or altering the apoplastic movements of solutes in response to 

salt.  

Genes associated with RNA processing were mainly down-regulated in both inner 

and outer parts of the root, suggesting new proteins were required with different 

functions to regulate plant tolerance mechanisms in order to better adapt the plant 

to their new environment. A strong down-regulation of cell wall biosynthesis 

genes was observed. Changes in cell wall properties are likely to be crucial for the 

growth of the plant in response to abiotic stresses (Munns and Tester, 2008). The 

extensibility of the cell wall was shown to be spatially regulated in distinct zone 

of the maize root (Yamaguchi and Sharp, 2010).Yamaguchi and colleagues 

demonstrated that the water stress affected the synthesis of phenylpropanoid 

compounds and cell wall phenolic elements in the elongation zone of the root 

(Yamaguchi and Sharp, 2010). The auxin transport through PIN proteins was 

reported to be linked to gravitropism as an avoidance mechanism for the roots in 

order to escape the saline area (Dinneny, 2010). Taken together, our Arabidopsis 
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transcriptomic results may indicate that cell wall and phenylpropanoid compounds 

are involved in controlling cell growth whereas the direction of growth may be 

controlled by auxin transport (Figure 8.1). 

In addition, 29 genes were found to be up-regulated in Arabidopsis in response to 

salt in the inner part of the root in both this work and the work of Dinneny 

(Dinneny, et al., 2008). These genes should be of particular interest for further 

studies as, given they were found in the vascular bundles, they may be involved in 

the coordination and signalling from root to shoot. The promoter regions of these 

genes could also be compared in order to reveal DNA binding motifs specific to 

salt. These stress-inducible/cell type-specific motifs could be used to engineer salt 

tolerant plants. The development of plants is unlikely to be affected with these 

promoters unlike the use of constitutive promoters which often are deleterious for 

the growth of the plants (Pardo, 2010). The expression of AtHKT1;1 specifically 

in the stelar tissue was shown to improve salinity tolerance in Arabidopsis, in 

contrast to constitutive expression using a 35S promoter (Møller, et al., 2009). 

Therefore, engineering salt tolerant plant with promoters driving the expression of 

a gene of interest with both temporal (inducible) and spatial (cell type-specific) 

control is undoubtedly a valuable approach.  

 

Rice cells showed a larger response to salt: the cortex cells demonstrated a strong 

down-regulated response for the following functional categories: the protein 

metabolism and the regulation of transcription. The stelar tissue responded to salt 

application by up-regulating expression of genes in functional categories such as 

DNA replication and protein metabolism, signalling and transport. Only the genes 

involved in detoxification were strongly down-regulated in stelar rice tissue 

(Figure 8.1). A recent study on rice demonstrated that a tolerant cultivar (FL478) 

showed a distinct oxidative stress response in the root compare to a sensitive 

cultivar (IR29). They concluded that the expression of enzymes implicated in the 

oxidative stress may contribute to salt tolerance in rice (Senadheera et al., 2012).  
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Figure 8.1: Schematic representation of the adaptive processes in Arabidopsis and 

rice inner and outer root in response to a mild salt stress. 

 

8.2 Future investigations and directions  

Further investigations should be conducted to characterize the function of some of 

the candidate genes identified in this study. The ones with potential transport 

capacity are of particular interest as they may be important in the inner part of the 

root to limit the uptake of sodium ions up to the shoots. The candidate genes in 

cortical cells may have a role in modulating the ion homeostasis of the root; 

therefore, they may be involved in maintaining the uptake of water and nutrients 

to maintain the overall growth of the plant. 

The ligand1 gene showed very promising results, with knockouts having 

improved salinity tolerance, as well as reduced sodium accumulation in the shoots 

and a less negative membrane potential in control conditions (Chapter 4). It will 

be interesting to further characterize this potential transporter in term of what 

substrates it transports and what is its function in controlling membrane potential. 
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According to our transcriptomic data, the promoter of genes identified as salt 

responsive could be analysed for the identification of stress inducible and/or cell 

type-specific motifs. The use of such promoter motifs would be valuable for 

controlling the expression of gene of interest in a cell type manner. 

 

All cell types in this study were sorted according to their distal position in the 

root. The developmental stage of each cell type along the longitudinal 

developmental zones of the root could be taken into account. Thus, cells could be 

separated according to their developmental stages prior to being sorted by FACS. 

In addition, changes in gene expression in response to salt were only estimated at 

one time point. Therefore, in terms of adaptive responses to salt, it would be 

valuable to increase the number of time points for gene expression studies to 

determine which mechanisms/pathways are activated over time. 

 

The FACS sorting technique used in this study could be extended to other cell 

types from different organs after screening the GAL4 enhancer trap lines in both 

rice and Arabidopsis. The transcriptomic studies of floral tissue, for instance, 

could be of particular interest to understand salt responsive mechanisms in 

reproductive tissue. This can even be extended to biotic stresses which severely 

affect rice, for example. The reporter protein, GFP, could be driven in a cell type-

specific manner after infection by fungus, bacteria or insects and therefore 

facilitate the isolation of infected cells to investigate what genes are activated in 

these cells. 

 

In order to investigate further, the transcriptome of both rice and Arabidopsis, the 

Affymetrix microarrays from this study could be used at the probe level to 

determine any splicing forms in each cell type in response to salt. The discovery 

of these new splicing forms could be validated by RT-PCR from FACS cell 

sorted. RNA-Seq could also be used to quantify the levels of transcripts and their 

isoforms, the non-coding RNAs and the small RNA. This technique is 

advantageous as it allows the measurement of gene expression and distinguishes 

different isoforms (alternative splicing) and diverse allelic expression.  
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Metabolomics studies will provide complementary information at the cell type-

specific level about all metabolites present in the cells. However, information 

regarding the cell wall will be missed if using protoplasts isolated using FACS. 

Laser micro-dissection could be used to excise particular cell types prior to 

analysis by metabolomics approaches. This approach uses mounted tissue sections 

on a MALTI plate and exposes them to laser pulses; thus providing a snapshot of 

the metabolites of a very specific area (Roessner and Basic, 2009).  

 

More studies focused on the function and behaviour of cell types in response to 

abiotic stresses, however; the interaction and communication between cell types 

in one tissue or organ is still largely unexplored in response to stress. Many 

questions can be explored such as: what signalling molecules are exchanged 

between cells; what are the receptors and what mechanisms are involved. 

 

These transcriptomic studies of isolated stelar and cortical cells in response to a 

mild salt stress have revealed salt responsive genes, promoters and pathways. 

These studies contributed to our understanding of the complex responses of plants 

to their environment at the cellular level. 

In the future, salt tolerant plants could be engineered with spatial control of the 

gene of interest in a cell type of interest, this concept was proven by (Møller, et 

al., 2009). Using transgenic approaches to control the spatial (cell type-specific) 

and temporal (inducible promoter) expression of a gene of interest could lead to 

the production of salt tolerant plants which are less likely to be affected in other 

aspects of their biology. Moreover, salinity is a complex trait; therefore the 

targeted expression of multiple genes of interest could be beneficial for 

improvement of agronomic traits. A non-transgenic approach could also be used 

in order to identify natural allelic variation of the genes of interest that lead to 

improve salinity tolerance. The development of molecular markers associated 

with the favorable allele can be then taken over in breeding programs. Both 

transgenic and non-transgenic approaches could be taken into field trials managed 

by farmers to examine the plant responses in a natural environment.  
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The knowledge acquired through the study of rice may be of special interest as it 

could be more readily transferred to other cereals such as wheat and barley to 

improve salinity tolerance. This approach may be beneficial for the farmers who 

grow crops in saline areas. In generating salt-tolerant crops, it is likely that better 

yield will be achieved in saline conditions compared to today, therefore producing 

more food which is essential for feeding the world growing population. 
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Appendices 

Appendix 3.1: Amplicons sequenced for qPCR experiment corresponding either 

to control genes or genes of interest with their locus and Affymetrix identifier. 

Cell type Affymetrix ID Gene locus  Amplicon sequenced 

control 262958_at At1g54410 

GGTGAGGAAGTGAGGAGGATCGCTTGAATAAAACAGATCTGGTTCTGGCTATT
ATTAATTAATGTTGCTGTATGTTCTTATCATCTTAGAGAGAGGTTAAAGACAGG
AGAACCGTGCATCTATCTTTGTTTGTTACTCCG 

control 252102_at At3g50970 
CGACGATGGATAAGATTAAAGAGAAGCTTCCCGGTGGTCATCACTAGATTGATT
AACAACTTGTTTAAGCTTATTTTAAGTATTTGTGTGGTGTAATAATATGATGATG
TGGCTTTCTTTCATTGAGTCGC 

control 252323_at At3g48530 

TCTTGAAGGACTCATCACTCTTAGAGACATCATTGCAAGACTTGTCCATGAGCC
ATCCGGCTATTTTGGAGATTTCTTTGATGGTGTTATGCCTCTTCCCGAAAACTAC
CGAGTCTGAGAGAAAAATGGTATCTTTCTTCTGTAAATTGTCTTTTGTTTGGTGA
TAATGCTTCTGTCTGTT 

pericycle 261199_at At1g12950 
CCTCTTTCTCCCAATTGGTTTTGCAGATCATCCAAGTCAGGACTATCGATTGAAC
AAAAGTTCCCGTCACCATC 

pericycle 263419_at At2g17220 

TTTTATCGCCCGGACAACTCTCTTCGTTTCGTCCTAGACAAAACGTGTCTCGAGC
TCACTAGTGTTGTTTGAAGACACTGAGATTCTTTTCTTAGTTTTGTATTTGTTAAG
ATTATCAAAACCCATTCGTATGTATACTACATGAAAGAGAAAACAAATGTTGTA
CCTGTATTAGTATGTAGTGTTTGGA 

pericycle 257672_at At3g20300 
CTCGCTCTCCGTAGATCTTCGGTATCGAAATGTCGCTTGTTCTCTGGTTACTTGG
TAAGACCATTGGAATTTCTTGAATCATTCTTTGGATCATTAAAGTTCTCAAAGTT
TTGGCTCCCTTGTTGGATGATGTTGGTATCG 

pericycle 251114_at At5g01380 
CGTGATACAAGGCGTGTGAGACCACTGAGCCAGATGCTATTAGGCAGCAGTTC
CCATTCTACAATGAGATTCAGTCGATTTTT-
GAAGCAAGAATGCAAAGAATGCTGTGGTCAGAAGCCACAGAACCA 

cortex 252193_at At3g50060 
CGAGTTACATGGCGGAAATGCAGAAAACAAGTGGTGGATTCGTCGTCGGAGGT
TTATACGAATCCGGCGGCAATGGTGGTTTTAGGGATTGTGGAGTAATAACACAT
AA 

cortex 264157_at At1g65310 
GCACTCGGCAGGAACTCCTCGAGGAAACCTTCTTTTATCGGTGCAATAGTTGTA
GATCATGTATTTACTTTGCACACCTTTCATTCTTGTCTGGCCG 

cortex 251770_at At3g55970 
GCGTTCTTGTTGTATAAATAATGAACAATGCTTCTTTTTATCTGTTATAAGTACTG
TAATATTTATTGTGTTTGTTATGTGAGCATGTTTATATTATGTTTTAGGATATGG
GTTTGATGCG 

pericycle/c
ortex 

248301_at At5g53150 
TTCGTATCATCTCATTAGGGCACAGGACTAATCAATGTCAGGTCTGATCTTTCGC
TTTTTTCTATTTTTTCTTTCTTTTGTTTAAGGTTGACCCAGAAAGTAGCCAACG 

pericycle 245351_at At4g17640 
AGACCATTTGTATCACAGAAGGTGAAACTAGTTCCATCTCTCTCTCTCTCTCTCTC
TTTTTCTTTGTTTTTGGTATTGTGTTTAGGTTTAGATAAAACATTAGCAGCATGG
ACTGGTGAACTGAAATCCC 

pericycle 246099_at At5g20230 
TGTATTTGTTTTACCTTACTCTCCTTATTTAAATAGTCATGTATTTGATTATTTGTG
AGAATAAGGACTTGTTTTCAAGTCATTATAAACGTCTTATACTTGTGATTAGTAT
TGAGTTTCAATATATGATTATTCGGTTGCAAAATAAAGAGTGGGTTTCA 

cortex 251306_at At3g61260 
TGCGAATCAAAGTTTCAAGACTTCGTAACTGTAAAGTGTAATCAAATTTCTCTGT
TCTCTTTAATGGCTTGTAATGTTGT 
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Cell type Affymetrix ID Gene locus  Amplicon sequenced 

pericycle 258023_at At3g19450 

GAGCATTAAAGAGACAGAAGAAGTGTTGGCTTTCTGCAAAGAGAAAGGGCTTA
CGTCGACGATTGAAACTGTGAAGATCGATGAGCTTAACATTGCGTTTGAGAGG
CTTCGCAAGAACGATGTTCGTTACAGATTTGTGGTTGATGTTGCAGGAAGTAAT
CTGGTGGAGGAGGC 

cortex 260251_at At1g74250 
GAGCAGTGAAGCGGATGATACTCAATATGTAAATCGAGACATGGAGTCCCAGG
ATTACAAGAAGGCTCCCAGATCAAAGAAATCCACCAGAGGAATGAAAACCAAG
GGCACAACGAAGAAA 

cortex 262170_at At1g65610 
AGCCTACTCTCTCTGGTAACGCAGGCCTCGTAGCTGCTCTCGTTTCCTTAACCAG
CAGTGGTGGCCAACAAATTGATAAGAACACGATGTTCAATAGTGTTCCTCCT 

cortex 260758_at At1g48930 

GCTTCCTCAATGGCAAAAGACTTTGAGAGCAGGACAAGCTTATGATTTTGTCTA
TGTACAAGGTGGCCCTCAAGCTAAAGTCTCAGTTTTGAGTTACAACTAGTGAGA
AAACAACACTTTCTTCAATCTTTTTGTTTATGCTTATTATGAGTGAAAGATGTGA
ACATAGCCAACCAAGTTGAGCCTAAATATGAGAA 
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Appendix 3.2: List of genes differentially regulated between pericycle and cortex 

cells. Their Affymetrix identifier, locus, Bincode, Tair annotation, Fold change 

and their adjusted P value are indicated. 

Affymetrix 
Identifier  

Gene Bincode TAIR annotation 

Fold 
Change 

(pericycle-
cortex) 

log2 

adj.p.value 

262796_at At1g20850 29.5.3 
XCP2 (xylem cysteine peptidase 
2); cysteine-type peptidase/ 
peptidase 

6.22 0.00 

266244_at At2g27740 35.2 unknown protein 5.97 0.00 

264718_at At1g70130 30.2.99 lectin protein kinase, putative 5.83 0.00 

261957_at At1g64660 13.2.3.4.1 

ATMGL (ARABIDOPSIS THALIANA 
METHIONINE GAMMA-LYASE); 
catalytic/ methionine gamma-
lyase 

5.50 0.01 

253191_at At4g35350 29.5.3 

XCP1 (XYLEM CYSTEINE 
PEPTIDASE 1); cysteine-type 
endopeptidase/ cysteine-type 
peptidase 

5.23 0.00 

245325_at At4g14130 10.7 

XTR7 (XYLOGLUCAN 
ENDOTRANSGLYCOSYLASE 7); 
hydrolase, acting on glycosyl 
bonds / hydrolase, hydrolyzing O-
glycosyl compounds / 
xyloglucan:xyloglucosyl 
transferase 

5.21 0.01 

254226_at At4g23690 20.1.7 
disease resistance-responsive 
family protein / dirigent family 
protein 

5.16 0.01 

265615_at At2g25450 16.5.1.1.1.13 
2-oxoglutarate-dependent 
dioxygenase, putative 

5.16 0.01 

248382_at At5g51890 26.12 peroxidase 5.02 0.01 

248944_at At5g45500 35.1 unknown protein 4.92 0.01 

246827_at At5g26330 26.19 
plastocyanin-like domain-
containing protein / mavicyanin, 
putative 

4.85 0.03 

247175_at At5g65280 35.1 GCL1 (GCR2-LIKE 1); catalytic 4.78 0.01 

246425_at At5g17420 10.2.1 
IRX3 (IRREGULAR XYLEM 3); 
cellulose synthase 

4.78 0.01 

249070_at At5g44030 10.2.1 
CESA4 (CELLULOSE SYNTHASE A4); 
cellulose synthase/ transferase, 
transferring glycosyl groups 

4.65 0.01 

245555_at At4g15390 35.1 transferase family protein 4.62 0.00 

267493_at At2g30400 33.99 OFP2 (OVATE FAMILY PROTEIN 2) 4.61 0.01 

254510_at At4g20210 16.1.5 
terpene synthase/cyclase family 
protein 

4.56 0.01 

250918_at At5g03610 26.28 GDSL-motif lipase/hydrolase 4.56 0.02 
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Affymetrix 
Identifier  

Gene Bincode TAIR annotation 

Fold 
Change 

(pericycle-
cortex) 

log2 

adj.p.value 

family protein 

250752_at At5g05690 17.3.1.1.3 

CPD (CONSTITUTIVE 
PHOTOMORPHOGENIC DWARF); 
electron carrier/ heme binding / 
iron ion binding / 
monooxygenase/ oxygen binding 

4.55 0.01 

261345_at At1g79760 33.99 
DTA4 (DOWNSTREAM TARGET OF 
AGL15-4) 

4.55 0.01 

249867_at At5g23020 16.5.1.1.1.2 

IMS2 (2-ISOPROPYLMALATE 
SYNTHASE 2); 2-isopropylmalate 
synthase/ methylthioalkylmalate 
synthase 

4.53 0.01 

252938_at At4g39190 35.2 unknown protein 4.49 0.00 

260914_at At1g02640 10.6.2 
BXL2 (BETA-XYLOSIDASE 2); 
hydrolase, hydrolyzing O-glycosyl 
compounds 

4.45 0.00 

248862_at At5g46730 35.1.40 glycine-rich protein 4.45 0.01 

252025_at At3g52900 28.1 unknown protein 4.43 0.01 

259371_at At1g69080 20.2.99 
universal stress protein (USP) 
family protein 

4.40 0.01 

266119_at At2g02100 20.1 
LCR69 (LOW-MOLECULAR-
WEIGHT CYSTEINE-RICH 69); 
peptidase inhibitor 

4.40 0.02 

251290_at At3g61850 27.3.8 
DAG1 (dof affecting germination 
1); DNA binding / transcription 
factor 

4.37 0.01 

267147_at At2g38240 16.8.1 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

4.34 0.01 

264662_at At1g09960 34.2.1 

SUT4 (SUCROSE TRANSPORTER 4); 
carbohydrate transmembrane 
transporter/ sucrose 
transmembrane transporter/ 
sucrose:hydrogen symporter/ 
sugar:hydrogen symporter 

4.32 0.01 

260143_at At1g71880 34.2.1 

SUC1 (Sucrose-proton symporter 
1); carbohydrate transmembrane 
transporter/ sucrose:hydrogen 
symporter/ sugar:hydrogen 
symporter 

4.27 0.01 

253064_at At4g37730 27.3.35 
AtbZIP7 (Arabidopsis thaliana 
basic leucine-zipper 7); DNA 
binding / transcription factor 

4.26 0.01 

250322_at At5g12870 27.3.25 
MYB46 (MYB DOMAIN PROTEIN 
46); DNA binding / transcription 
factor 

4.26 0.01 

265116_at At1g62480 30.3 
vacuolar calcium-binding protein-
related 

4.21 0.01 

258516_at At3g06490 27.3.25 
MYB108 (myb domain protein 
108); DNA binding / transcription 
factor 

4.19 0.01 

256991_at At3g28600 29.5.9 
ATP binding / ATPase/ nucleoside-
triphosphatase/ nucleotide 
binding 

4.19 0.01 

251395_at At2g45470 10.5.1 
FLA8 (FASCICLIN-LIKE 
ARABINOGALACTAN PROTEIN 8) 

4.15 0.01 

263470_at At2g31900 31.1 XIF; motor 4.13 0.01 
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259680_at At1g77690 17.2.2 

LAX3 (LIKE AUX1 3); amino acid 
transmembrane transporter/ 
auxin influx transmembrane 
transporter/ transporter 

4.12 0.01 

256454_at At1g75280 16.8.5 isoflavone reductase, putative 4.12 0.01 

265204_at At2g36650 35.2   4.12 0.01 

257502_at At1g78110 35.2 unknown protein 4.09 0.01 

258377_at At3g17690 34.22 ATCNGC19; calmodulin binding /  4.09 0.01 

267126_s_
at 

At2g23590 26.8 
MES8 (METHYL ESTERASE 8); 
hydrolase/ hydrolase, acting on 
ester bonds 

4.07 0.00 

250248_at At5g13740 34.2 

ZIF1 (ZINC INDUCED FACILITATOR 
1); carbohydrate transmembrane 
transporter/ sugar:hydrogen 
symporter/ tetracycline:hydrogen 
antiporter 

4.06 0.01 

246036_at At5g08370 3.8.2 

AtAGAL2 (Arabidopsis thaliana 
ALPHA-GALACTOSIDASE 2); alpha-
galactosidase/ catalytic/ 
hydrolase, hydrolyzing O-glycosyl 
compounds 

4.04 0.01 

254644_at At4g18510 33.99 
CLE2 (CLAVATA3/ESR-RELATED); 
protein binding / receptor binding 

4.04 0.02 

246802_at At5g27000 31.1 
ATK4 (ARABIDOPSIS THALIANA 
KINESIN 4); ATPase/ microtubule 
binding / microtubule motor 

4.04 0.02 

254618_at At4g18780 10.2.1 
IRX1 (IRREGULAR XYLEM 1); 
cellulose synthase/ transferase, 
transferring glycosyl groups 

4.02 0.01 

267117_at At2g32570 29.5.11.4.3.2   4.02 0.01 

265656_at At2g13820 26.21 
protease inhibitor/seed 
storage/lipid transfer protein 
(LTP) family protein 

3.99 0.01 

263437_at At2g28670 20.1.7 
disease resistance-responsive 
family protein / fibroin-related 

3.96 0.02 

246475_at At5g16720 35.2 unknown protein 3.96 0.03 

248585_at At5g49640 35.2 unknown protein 3.95 0.01 

250741_at At5g05790 27.3.26 myb family transcription factor 3.94 0.01 

253556_at At4g31100 30.2.25 wall-associated kinase, putative 3.94 0.02 

246178_s_
at 

At5g28430 35.2 transposable element gene 3.93 0.01 

265250_at At2g01950 17.3.2.1 

BRL2 (BRI1-LIKE 2); ATP binding / 
protein serine/threonine kinase/ 
transmembrane receptor protein 
serine/threonine kinase 

3.93 0.01 

251563_at At3g57880 35.1.19 C2 domain-containing protein 3.93 0.02 

256024_at At1g58340 34.99 
ZF14; antiporter/ drug 
transporter/ transporter 

3.91 0.01 

264947_at At1g77020 20.2.1 
DNAJ heat shock N-terminal 
domain-containing protein 

3.90 0.01 

267153_at At2g30860 26.9 

ATGSTF9 (GLUTATHIONE S-
TRANSFERASE PHI 9); copper ion 
binding / glutathione binding / 
glutathione peroxidase/ 

3.90 0.01 
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glutathione transferase 

247197_at At5g65240 30.2.2 kinase 3.89 0.00 

266118_at At2g02130 20.1 
LCR68 (LOW-MOLECULAR-
WEIGHT CYSTEINE-RICH 68); 
peptidase inhibitor 

3.88 0.03 

253957_at At4g26320 10.5.1 
AGP13 (arabinogalactan protein 
13) 

3.85 0.02 

265172_at At1g23820 22.1.6 
SPDS1 (spermidine synthase 1); 
spermidine synthase 

3.85 0.03 

258727_at At3g11930 17.5.3 universal stress protein (USP)  3.85 0.01 

259507_at At1g43910 29.5.9 AAA-type ATPase family protein 3.84 0.03 

265131_at At1g23760 10.6.3 JP630; polygalacturonase 3.84 0.01 

265188_at At1g23800 5.10 
ALDH2B7; 3-chloroallyl aldehyde 
dehydrogenase/ aldehyde 
dehydrogenase (NAD) 

3.84 0.01 

259822_at At1g66230 27.3.25 
MYB20 (myb domain protein 20); 
DNA binding / transcription factor 

3.80 0.01 

249059_at At5g44530 29.5.1 subtilase family protein 3.80 0.02 

265561_s_
at 

At2g05510 35.1.40 glycine-rich protein 3.79 0.03 

249136_at At5g43180 35.2 unknown protein 3.79 0.01 

265856_at At2g42430 27.3.37 
LBD16 (LATERAL ORGAN 
BOUNDARIES-DOMAIN 16) 

3.78 0.00 

246703_at At5g28080 29.4 WNK9; kinase/ protein kinase 3.78 0.01 

262947_at At1g75750 17.6.3 
GASA1 (GAST1 PROTEIN 
HOMOLOG 1) 

3.78 0.01 

256275_at At3g12110 31.1 
ACT11 (actin-11); structural 
constituent of cytoskeleton 

3.77 0.01 

257952_at At3g21770 26.12 
peroxidase 30 (PER30) (P30) 
(PRXR9) 

3.77 0.01 

249894_at At5g22580 35.2   3.76 0.02 

265463_at At2g37090 10.3.2 
IRX9 (IRREGULAR XYLEM 9); 
transferase, transferring glycosyl 
groups / xylosyltransferase 

3.74 0.01 

266901_at At2g34600 35.2 
JAZ7 (JASMONATE-ZIM-DOMAIN 
PROTEIN 7) 

3.74 0.01 

254207_at At4g24060 27.3.8 
Dof-type zinc finger domain-
containing protein 

3.72 0.01 

257517_at At3g16330 35.2 unknown protein 3.72 0.01 

262844_at At1g14890 26.18 
enzyme inhibitor/ pectinesterase/ 
pectinesterase inhibitor 

3.71 0.02 

264346_at At1g12010 17.5.1.2 
1-aminocyclopropane-1-
carboxylate oxidase, putative / 
ACC oxidase, putative 

3.70 0.02 

267233_s_
at 

At2g43920 13.1.3.4.13 thiol methyltransferase, putative 3.70 0.01 

247648_at At5g60020 16.10 LAC17 (laccase 17); laccase 3.69 0.02 

262380_at At1g72810 13.1.3.2.1 threonine synthase, putative 3.68 0.01 

261399_at At1g79620 30.2.8.1 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

3.68 0.00 
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248732_at At5g48070 10.7 

XTH20 (XYLOGLUCAN 
ENDOTRANSGLUCOSYLASE/HYDR
OLASE 20); hydrolase, acting on 
glycosyl bonds / hydrolase, 
hydrolyzing O-glycosyl compounds 
/ xyloglucan:xyloglucosyl 
transferase 

3.66 0.02 

261609_at At1g49740 30.6 
phospholipase C/ phosphoric 
diester hydrolase 

3.65 0.00 

261792_at At1g15950 16.2.1.7 
CCR1 (CINNAMOYL COA 
REDUCTASE 1); cinnamoyl-CoA 
reductase 

3.64 0.01 

246962_s_
at 

At5g24800 27.3.35 

BZIP9 (BASIC LEUCINE ZIPPER 9); 
DNA binding / protein 
heterodimerization/ transcription 
factor 

3.62 0.01 

245929_at At5g24760 26.11.1 alcohol dehydrogenase, putative 3.61 0.01 

260693_at At1g32450 34.13 
NRT1.5 (NITRATE TRANSPORTER 
1.5); nitrate transmembrane 
transporter/ transporter 

3.61 0.01 

245033_at At2g26380 20.1.7 
disease resistance protein-related 
/ LRR protein-related 

3.61 0.01 

256419_at At1g33470 35.2 
RNA recognition motif (RRM)-
containing protein 

3.58 0.01 

245174_at At2g47500 31.1 ATP binding / microtubule motor 3.57 0.01 

266732_at At2g03240 34.7   3.57 0.01 

250211_at At5g13880 35.2 unknown protein 3.56 0.01 

257197_at At3g23800 15 
SBP3 (selenium-binding protein 
3); selenium binding 

3.54 0.02 

253380_at At4g33340 26.2   3.54 0.02 

262873_at At1g64700 35.2 unknown protein 3.53 0.01 

266014_s_
at 

At2g07722 35.2 unknown protein 3.53 0.00 

250199_at At5g14180 11.9.2.1 
MPL1 (MYZUS PERSICAE-INDUCED 
LIPASE 1); catalytic 

3.52 0.01 

257613_at At3g26610 10.6.3 
polygalacturonase, putative / 
pectinase, putative 

3.51 0.01 

257757_at At3g18660 2.1.2 

PGSIP1 (PLANT GLYCOGENIN-LIKE 
STARCH INITIATION PROTEIN 1); 
transferase, transferring glycosyl 
groups 

3.51 0.01 

264436_at At1g10370 26.9 
ERD9 (EARLY-RESPONSIVE TO 
DEHYDRATION 9); glutathione 
transferase 

3.51 0.02 

252956_at At4g38580 15.2 
ATFP6 (FARNESYLATED PROTEIN 
6); metal ion binding 

3.50 0.03 

265467_at At2g37050 30.2.1 kinase 3.50 0.01 

246601_at At1g31710 26.7 copper amine oxidase, putative 3.50 0.00 

264758_at At1g61340 33.99 F-box family protein 3.49 0.02 

249367_at At5g40630 29.5.11.1 ubiquitin family protein 3.49 0.01 

245792_at At1g32100 16.2 
PRR1 (PINORESINOL REDUCTASE 
1); pinoresinol reductase 

3.48 0.01 

245034_at At2g26390 29.5.5 
serpin, putative / serine protease 
inhibitor, putative 

3.47 0.01 
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263285_at At2g36120 35.1.40 
DOT1 (DEFECTIVELY ORGANIZED 
TRIBUTARIES 1) 

3.45 0.01 

267299_at At2g30150 26.2 
UDP-glucoronosyl/UDP-glucosyl 
transferase family protein 

3.45 0.01 

246230_at At4g36710 33.99 transcription factor 3.44 0.01 

245534_at At4g15150 35.1.40 glycine-rich protein 3.43 0.05 

259655_at At1g55210 20.1.7 disease resistance response 3.43 0.01 

250622_at At5g07310 27.3.3 
AP2 domain-containing 
transcription factor, putative 

3.42 0.04 

265060_at At1g52150 27.3.22 
ATHB-15; DNA binding / 
transcription factor 

3.41 0.00 

245568_at At4g14650 35.2 unknown protein 3.41 0.00 

249118_at At5g43870 35.2 phosphoinositide binding 3.41 0.01 

258293_at At3g23430 34.7 PHO1 (phosphate 1) 3.41 0.01 

253879_s_
at 

At4g27570 16.8.1 glycosyltransferase family protein 3.39 0.01 

254914_at At4g11290 26.12 peroxidase, putative 3.37 0.01 

261149_s_
at 

At1g19570 21.2.1 

DHAR1 (dehydroascorbate 
reductase); copper ion binding / 
glutathione dehydrogenase 
(ascorbate) 

3.35 0.04 

248727_at At5g47990 26.10 
CYP705A5; oxygen binding / 
thalian-diol desaturase 

3.33 0.01 

257874_at At3g17110 35.1.40   3.33 0.01 

267316_at At2g34710 27.3.22 
PHB (PHABULOSA); DNA binding / 
transcription factor 

3.33 0.00 

253402_at At4g32880 27.3.22 
ATHB-8 (HOMEOBOX GENE 8); 
DNA binding / transcription factor 

3.33 0.00 

249042_at At5g44350 17.5.3 
ethylene-responsive nuclear 
protein 

3.33 0.01 

264342_at At1g12080 35.2 unknown protein 3.32 0.04 

245386_at At4g14010 30.8 
RALFL32 (ralf-like 32); signal 
transducer 

3.32 0.01 

262263_at At1g70940 17.2.2 
PIN3 (PIN-FORMED 3); 
auxin:hydrogen symporter/ 
transporter 

3.32 0.00 

266356_at At2g32300 26.7 
UCC1 (UCLACYANIN 1); copper ion 
binding / electron carrier 

3.31 0.01 

250872_at At5g03960 30.3 
IQD12 (IQ-domain 12); calmodulin 
binding 

3.30 0.01 

263438_at At2g28660 15.2 copper-binding family protein 3.30 0.01 

266713_at At2g46760 35.1 
FAD-binding domain-containing 
protein 

3.30 0.00 

264605_at At1g04550 27.3.40 
IAA12 (AUXIN-INDUCED PROTEIN 
12); transcription factor/ 
transcription repressor 

3.28 0.00 

249256_at At5g41620 35.1   3.28 0.01 

255876_at At2g40480 35.2 unknown protein 3.28 0.02 

249866_at At5g23010 16.5.1.1.1.2 

MAM1 
(METHYLTHIOALKYLMALATE 
SYNTHASE 1); 2-isopropylmalate 
synthase/ methylthioalkylmalate 
synthase 

3.27 0.01 
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255110_at At4g08770 26.12 peroxidase, putative 3.26 0.05 

257510_at At1g55360 35.2 unknown protein 3.25 0.01 

259694_at At1g63180 10.1.2 

UGE3 (UDP-D-glucose/UDP-D-
galactose 4-epimerase 3); UDP-
glucose 4-epimerase/ protein 
dimerization 

3.24 0.01 

255150_at At4g08160 35.1 
glycosyl hydrolase family 10 
protein / carbohydrate-binding 
domain-containing protein 

3.23 0.02 

253557_at At4g31110 35.2 kinase 3.23 0.01 

259599_at At1g28110 29.5.5 

SCPL45 (SERINE 
CARBOXYPEPTIDASE-LIKE 45 
PRECURSOR); serine-type 
carboxypeptidase 

3.23 0.01 

261826_at At1g11580 10.8.1 
PMEPCRA (METHYLESTERASE PCR 
A); enzyme inhibitor/ 
pectinesterase 

3.23 0.01 

259590_at At1g28160 17.5.2 
ethylene-responsive element-
binding family protein 

3.22 0.03 

253423_at At4g32280 27.3.40 
IAA29 (INDOLE-3-ACETIC ACID 
INDUCIBLE 29); transcription 
factor 

3.22 0.03 

258122_at At3g14570 3.6 

ATGSL04 (glucan synthase-like 4); 
1,3-beta-glucan synthase/ 
transferase, transferring glycosyl 
groups 

3.22 0.02 

266066_at At2g18800 10.7 

XTH21 (XYLOGLUCAN 
ENDOTRANSGLUCOSYLASE/HYDR
OLASE 21); hydrolase, acting on 
glycosyl bonds / xyloglucan 
endotransglucosylase 

3.21 0.02 

259688_at At1g63120 29.5.5 
ATRBL2 (Arabidopsis thaliana 
Rhomboid-like 2); serine-type 
endopeptidase 

3.21 0.01 

265547_at At2g28305 35.2 unknown protein 3.20 0.01 

261309_at At1g48600 35.2 
phosphoethanolamine N-
methyltransferase 2, putative 
(NMT2) 

3.19 0.01 

263485_at At2g29890 31.1 
VLN1 (VILLIN-LIKE 1); actin binding 
/ actin filament binding 

3.18 0.01 

267619_at At2g26730 30.2.3 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

3.16 0.01 

264226_at At1g67510 30.2.3 leucine-rich repeat family protein 3.16 0.00 

256788_at At3g13730 17.3.1.1.99 

CYP90D1; oxidoreductase, acting 
on paired donors, with 
incorporation or reduction of 
molecular oxygen, NADH or 
NADPH as one donor, and 
incorporation of one atom of 
oxygen / oxygen binding 

3.15 0.01 

251298_at At3g62040 35.1 catalytic/ hydrolase 3.14 0.01 

263545_at At2g21560 35.1 unknown protein 3.14 0.01 

252296_at At3g48970 15.2 copper-binding family protein 3.13 0.02 

256564_at At3g29770 35.1 
MES11 (METHYL ESTERASE 11); 
hydrolase 

3.13 0.03 
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251093_at At5g01360 35.2   3.11 0.00 

258369_at At3g14310 10.8.1 ATPME3; pectinesterase 3.10 0.01 

253799_at At4g28140 27.3.3 
AP2 domain-containing 
transcription factor, putative 

3.10 0.02 

257066_at At3g18280 26.21 
protease inhibitor/seed 
storage/lipid transfer protein 
(LTP) family protein 

3.08 0.01 

266474_at At2g31110 35.2 unknown protein 3.08 0.01 

252080_at At3g51670 34.99 
SEC14 cytosolic factor family 
protein / phosphoglyceride  

3.06 0.01 

260027_at At1g29950 27.3.6 
transcription factor/ transcription 
regulator 

3.04 0.01 

249011_at At5g44670 35.2 unknown protein 3.03 0.01 

267096_at At2g38180 26.28 
GDSL-motif lipase/hydrolase 
family protein 

3.03 0.03 

262211_at At1g74930 27.3.3 
ORA47; DNA binding / 
transcription factor 

3.03 0.02 

245254_at At4g14680 14.1 
APS3; sulfate adenylyltransferase 
(ATP) 

3.03 0.04 

263439_at At2g28650 31.4 
ATEXO70H8 (exocyst subunit 
EXO70 family protein H8); protein 
binding 

3.02 0.01 

252425_at At3g47620 17.2.3 
AtTCP14 (TEOSINTE BRANCHED1, 
CYCLOIDEA and PCF (TCP) 14); 
transcription factor 

3.01 0.03 

257641_s_
at 

At3g25760 17.7.1.4 
AOC1 (ALLENE OXIDE CYCLASE 1); 
allene-oxide cyclase 

3.00 0.01 

253246_at At4g34600 35.2 unknown protein 3.00 0.05 

262010_at At1g35612 35.2 transposable element gene 2.98 0.01 

262649_at At1g14040 34.7   2.97 0.01 

251940_at At3g53450 35.2 unknown protein 2.96 0.01 

251688_at At3g56480 31.1 myosin heavy chain-related 2.96 0.02 

264069_at At2g28000 1.3.13 
CPN60A (CHAPERONIN-60ALPHA); 
ATP binding / protein binding 

2.94 0.03 

258343_at At3g22810 35.2 phosphoinositide binding 2.94 0.04 

250062_at At5g17760 29.5.9 AAA-type ATPase family protein 2.94 0.03 

245645_at At1g25320 31.1 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

2.93 0.01 

257896_at At3g16920 20.1 chitinase 2.93 0.03 

261553_at At1g63420 35.2   2.92 0.04 

247492_at At5g61890 27.3.3 
AP2 domain-containing 
transcription factor family protein 

2.92 0.01 

253245_at At4g34590 27.3.35 

GBF6 (G-BOX BINDING FACTOR 6); 
DNA binding / protein 
heterodimerization/ transcription 
factor 

2.91 0.02 

253277_at At4g34230 16.2.1.10 
ATCAD5 (CINNAMYL ALCOHOL 
DEHYDROGENASE 5); cinnamyl-
alcohol dehydrogenase 

2.90 0.02 

261919_at At1g65980 21.5 
TPX1 (thioredoxin-dependent 
peroxidase 1); antioxidant/ 

2.90 0.01 
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oxidoreductase 

254490_at At4g20320 23.1.1.10 CTP synthase/ catalytic 2.89 0.03 

257151_at At3g27200 26.19 
plastocyanin-like domain-
containing protein 

2.89 0.01 

247879_at At5g57770 35.2   2.88 0.03 

256255_at At3g11280 27.3.26 myb family transcription factor 2.88 0.02 

260903_at At1g02460 10.6.3 
glycoside hydrolase family 28 
protein / polygalacturonase 
(pectinase) family protein 

2.87 0.04 

260173_at At1g71930 33.99 

VND7 (VASCULAR RELATED NAC-
DOMAIN PROTEIN 7); 
transcription activator/ 
transcription factor/ transcription 
regulator 

2.87 0.01 

247965_at At5g56540 10.5.1 
AGP14 (ARABINOGALACTAN 
PROTEIN 14) 

2.87 0.01 

256220_at At1g56230 35.2 unknown protein 2.86 0.01 

248058_at At5g55530 20.2.2 C2 domain-containing protein 2.86 0.04 

249318_at At5g40870 23.3.1.3 

AtUK/UPRT1 (Uridine 
kinase/Uracil 
phosphoribosyltransferase 1); ATP 
binding / kinase/ uracil 
phosphoribosyltransferase/ 
uridine kinase 

2.85 0.02 

260648_at At1g08050 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

2.83 0.01 

262754_at At1g16350 23.1.2.30 
inosine-5'-monophosphate 
dehydrogenase, putative 

2.82 0.02 

247031_at At5g67230 26.2 
glycosyl transferase family 43 
protein 

2.82 0.01 

260427_at At1g72430 17.2.3 auxin-responsive protein-related 2.82 0.01 

244931_at orf110b 35.2   2.82 0.01 

249185_at At5g43030 35.1.26 DC1 domain-containing protein 2.81 0.01 

249832_at At5g23400 20.1.7 
disease resistance family protein / 
LRR family protein 

2.80 0.00 

256818_at At3g21420 16.8.4 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

2.80 0.04 

262872_at At1g64690 35.2 unknown protein 2.80 0.02 

251889_at At3g54080 35.2 sugar binding 2.80 0.02 

264549_at At1g09440 29.4.1.55 protein kinase family protein 2.78 0.01 

254234_at At4g23680 20.2.99 
major latex protein-related / MLP-
related 

2.78 0.04 

260100_at At1g73177 35.2 BNS (BONSAI) 2.78 0.02 

260059_at At1g78090 3.2.2 
ATTPPB (TREHALOSE-6-
PHOSPHATE PHOSPHATASE); 
trehalose-phosphatase 

2.78 0.02 

252014_at At3g52870 30.3 calmodulin-binding family protein 2.76 0.02 

252432_at At3g47680 27.3.25 DNA binding 2.75 0.02 

256781_at At3g13650 20.1.7 disease resistance response 2.75 0.02 

263845_at At2g37040 16.2.1.1 
pal1 (Phe ammonia lyase 1); 
phenylalanine ammonia-lyase 

2.75 0.01 
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247439_at At5g62670 34.1 
AHA11 (Arabidopsis H(+)-ATPase 
11); ATPase 

2.75 0.05 

266821_at At2g44840 17.5.2 
ERF13 (ETHYLENE-RESPONSIVE 
ELEMENT BINDING FACTOR 13); 
DNA binding / transcription factor 

2.75 0.01 

257203_at At3g23730 10.7 

xyloglucan:xyloglucosyl 
transferase, putative / xyloglucan 
endotransglycosylase, putative / 
endo-xyloglucan transferase, 
putative 

2.75 0.01 

246864_at At5g25900 17.6.1.3 
GA3 (GA REQUIRING 3); ent-
kaurene oxidase/ oxygen binding 

2.75 0.01 

259664_at At1g55330 10.5.1 AGP21 2.73 0.01 

254258_at At4g23410 33.99 TET5 (TETRASPANIN5) 2.72 0.01 

248609_at At5g49440 35.2 unknown protein 2.70 0.01 

253438_at At4g32520 1.2.5 

SHM3 (SERINE 
HYDROXYMETHYLTRANSFERASE 
3); catalytic/ glycine 
hydroxymethyltransferase/ 
pyridoxal phosphate binding 

2.70 0.02 

265238_s_
at 

At2g07696 29.2.1.1.2.1.7 
ribosomal protein S7 family 
protein 

2.70 0.02 

256273_at At3g12090 33.99 TET6 (TETRASPANIN6) 2.69 0.02 

245657_at At1g56720 29.4.1.55 protein kinase family protein 2.69 0.02 

265629_at At2g27230 27.3.6 

LHW (LONESOME HIGHWAY); 
protein homodimerization/ 
transcription activator/ 
transcription factor 

2.69 0.02 

253749_at At4g29080 30.11 
PAP2 (PHYTOCHROME-
ASSOCIATED PROTEIN 2); 
transcription factor 

2.68 0.01 

248928_at At5g45970 30.5 
ARAC2 (ARABIDOPSIS RAC-LIKE 2); 
GTP binding 

2.68 0.02 

250285_at At5g13300 30.5 
SFC (SCARFACE); ARF GTPase 
activator/ phosphoinositide 
binding 

2.67 0.02 

256356_s_
at 

At1g66500 27.3.99 
zinc finger (C2H2-type) family 
protein 

2.67 0.01 

248358_at At5g52400 26.10 
CYP715A1; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

2.66 0.01 

259618_at At1g48000 27.3.25 
MYB112 (myb domain protein 
112); DNA binding / transcription 
factor 

2.65 0.03 

266663_at At2g25790 30.2.4 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

2.65 0.04 

266469_at At2g31180 27.3.25 
MYB14 (MYB DOMAIN PROTEIN 
14); DNA binding / transcription 
factor 

2.65 0.05 

254340_at At4g22120 20.2.3 
early-responsive to dehydration 
protein-related / ERD protein-
related 

2.64 0.01 

247868_at At5g57620 27.3.25 
MYB36 (myb domain protein 36); 
DNA binding / transcription factor 

2.64 0.01 

265034_at At1g61660 27.3.6 
basic helix-loop-helix (bHLH) 
family protein 

2.64 0.01 
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252023_at At3g52920 35.1 unknown protein 2.64 0.01 

259237_at At3g11630 21.5.1 
2-cys peroxiredoxin, chloroplast 
(BAS1) 

2.64 0.01 

248121_at At5g54690 10.3.2 

GAUT12 
(GALACTURONOSYLTRANSFERASE 
12); polygalacturonate 4-alpha-
galacturonosyltransferase/ 
transferase, transferring glycosyl 
groups / transferase, transferring 
hexosyl groups 

2.64 0.01 

253219_at At4g34990 27.3.25 
AtMYB32 (myb domain protein 
32); DNA binding / transcription 
factor 

2.62 0.02 

255298_at At4g04840 27.3.67 
methionine sulfoxide reductase 
domain-containing protein / SeIR 
domain-containing protein 

2.62 0.02 

251642_at At3g57520 3.1.2.2 
AtSIP2 (Arabidopsis thaliana seed 
imbibition 2); hydrolase, 
hydrolyzing O-glycosyl compounds 

2.60 0.03 

245140_at At2g45420 27.3.37 
LBD18 (LOB DOMAIN-
CONTAINING PROTEIN 18) 

2.60 0.00 

246488_at At5g16010 17.3.1.1.1 

3-oxo-5-alpha-steroid 4-
dehydrogenase family protein / 
steroid 5-alpha-reductase family 
protein 

2.60 0.03 

267414_at At2g34790 26.8 

MEE23 (MATERNAL EFFECT 
EMBRYO ARREST 23); FAD binding 
/ catalytic/ electron carrier/ 
oxidoreductase 

2.60 0.04 

249676_at At5g35960 29.4.1.56 protein kinase, putative 2.59 0.05 

264661_at At1g09950 27.3.99 transcription factor-related 2.59 0.01 

267488_at At2g19110 34.12 

HMA4; cadmium ion 
transmembrane transporter/ 
cadmium-transporting ATPase/ 
zinc ion transmembrane 
transporter 

2.58 0.02 

266038_at At2g07680 34.16 
ATMRP11; ATPase, coupled to 
transmembrane movement of 
substances 

2.57 0.02 

254328_at At4g22570 23.3.1.1 
APT3 (ADENINE PHOSPHORIBOSYL 
TRANSFERASE 3); adenine 
phosphoribosyltransferase 

2.56 0.01 

249265_at At5g41700 29.5.11.3 
UBC8 (UBIQUITIN CONJUGATING 
ENZYME 8); protein binding / 
ubiquitin-protein ligase 

2.56 0.01 

260920_at At1g21530 35.2 AMP-binding protein, putative 2.55 0.01 

264580_at At1g05340 35.2 unknown protein 2.55 0.02 

254361_at At4g22212 20.1.7.12   2.55 0.01 

264577_at At1g05260 20.2.2 
RCI3 (RARE COLD INDUCIBLE 
GENE 3); peroxidase 

2.55 0.01 

264900_at At1g23080 17.2.2 
PIN7 (PIN-FORMED 7); auxin efflux 
transmembrane transporter/ 
auxin:hydrogen symporter/  

2.54 0.01 

260024_at At1g30080 26.4.1 
glycosyl hydrolase family 17 
protein 

2.54 0.02 

263706_s_
at 

At1g31180 16.5.1.1.1.5 
3-isopropylmalate 
dehydrogenase, chloroplast,  

2.54 0.05 
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248021_at At5g56500 29.6 ATP binding / protein binding 2.53 0.05 

254408_at At4g21390 30.2.24 
B120; ATP binding / protein 
kinase/ protein serine/threonine 
kinase/ sugar binding 

2.53 0.02 

267530_at At2g41890 26.16 
curculin-like (mannose-binding) 
lectin family protein / PAN 
domain-containing protein 

2.51 0.01 

261504_at At1g71692 27.3.24 
AGL12 (AGAMOUS-LIKE 12); 
transcription factor 

2.51 0.01 

250794_at At5g05270 16.8.2 
chalcone-flavanone isomerase 
family protein 

2.51 0.03 

267310_at At2g34680 17.2.3 AIR9; protein binding 2.51 0.02 

266033_at At2g05830 29.2.3 
eukaryotic translation initiation 
factor 2B family protein / eIF-2B 
family protein 

2.51 0.01 

249094_at At5g43890 26.7 YUCCA5; monooxygenase 2.50 0.01 

257325_at orf113 35.2   2.49 0.03 

245258_at At4g15340 16.1.5 
ATPEN1 (ARABIDOPSIS THALIANA 
PENTACYCLIC TRITERPENE 
SYNTHASE 1); arabidiol synthase 

2.49 0.01 

249457_s_
at 

At5g39550 29.5.11.4.2 

VIM3 (VARIANT IN METHYLATION 
3); methyl-CpG binding / methyl-
CpNpG binding / methyl-CpNpN 
binding / protein binding / 
ubiquitin-protein ligase/ zinc ion 
binding 

2.49 0.01 

264897_at At1g23220 31.1 
dynein light chain type 1 family 
protein 

2.49 0.02 

262391_at At1g49530 16.1.1.10 
GGPS6 (geranylgeranyl 
pyrophosphate synthase 6); 
farnesyltranstransferase 

2.47 0.01 

267157_at At2g37630 27.3.25 

AS1 (ASYMMETRIC LEAVES 1); 
DNA binding / protein 
homodimerization/ transcription 
factor 

2.47 0.01 

261991_at At1g33700 35.2 catalytic/ glucosylceramidase 2.47 0.01 

248779_at At5g47720 13.2.4.5 
acetyl-CoA C-acyltransferase, 
putative / 3-ketoacyl-CoA 
thiolase, putative 

2.47 0.03 

254119_at At4g24780 10.6.3 pectate lyase family protein 2.47 0.01 

264421_at At1g43170 29.2.1.2.2.3 
ARP1 (ARABIDOPSIS RIBOSOMAL 
PROTEIN 1); structural constituent 
of ribosome 

2.46 0.01 

267630_at At2g42130 35.2 unknown protein 2.46 0.01 

254466_at At4g20430 29.5.1 subtilase family protein 2.46 0.02 

247845_at At5g58090 26.4.1 
glycosyl hydrolase family 17 
protein 

2.46 0.01 

261646_at At1g27690 35.2 unknown protein 2.46 0.02 

264800_at At1g08800 35.1 unknown protein 2.45 0.02 

258270_at At3g15650 11.9.3.2 
phospholipase/carboxylesterase 
family protein 

2.45 0.03 

248618_at At5g49620 27.3.25 
AtMYB78 (myb domain protein 
78); DNA binding / transcription 
factor 

2.44 0.02 
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262226_at At1g53885 33.99 
senescence-associated protein-
related 

2.44 0.02 

260637_at At1g62380 17.5.1.2 
ACO2 (ACC OXIDASE 2); 1-
aminocyclopropane-1-carboxylate 
oxidase 

2.44 0.01 

252265_at At3g49620 33.99 DIN11 (DARK INDUCIBLE 11)  2.43 0.01 

248535_at At5g50120 30.5 
transducin family protein / WD-40 
repeat family protein 

2.43 0.02 

258445_at At3g22400 17.7.1.2 

LOX5; electron carrier/ iron ion 
binding / lipoxygenase/ metal ion 
binding / oxidoreductase, acting 
on single donors with 
incorporation of molecular 
oxygen, incorporation of two 
atoms of oxygen 

2.43 0.01 

246034_at At5g08350 17.1.3 
GRAM domain-containing protein 
/ ABA-responsive protein-related 

2.41 0.01 

265061_at At1g61640 35.1.1 ABC1 family protein 2.41 0.01 

259818_at At1g49890 35.2 unknown protein 2.41 0.01 

262181_at At1g78060 10.6.2 glycosyl hydrolase family 3 protein 2.40 0.02 

245007_at psaA 1.1.2.2   2.40 0.02 

248181_at At5g54290 29.8 
cytochrome c biogenesis protein 
family 

2.40 0.04 

246483_at At5g16000 30.2.2 
NIK1 (NSP-INTERACTING KINASE 
1); kinase 

2.39 0.01 

260401_at At1g69840 35.1 band 7 family protein 2.39 0.02 

251227_at At3g62700 34.16 
ATMRP10; ATPase, coupled to 
transmembrane movement of 
substances 

2.39 0.01 

265955_at At2g37280 34.16 

PDR5 (PLEIOTROPIC DRUG 
RESISTANCE 5); ATPase, coupled 
to transmembrane movement of 
substances 

2.39 0.01 

254975_at At4g10500 35.1 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

2.39 0.02 

247696_at At5g59780 27.3.25 
MYB59 (MYB DOMAIN PROTEIN 
59); DNA binding / transcription 
factor 

2.39 0.02 

259752_at At1g71040 20.2.3 
LPR2 (Low Phosphate Root2); 
copper ion binding / 
oxidoreductase 

2.39 0.02 

255176_s_
at 

At4g07950 27.3.50 
DNA-directed RNA polymerase III 
family protein 

2.38 0.01 

251211_s_
at 

At3g62470 35.1.5 
pentatricopeptide (PPR) repeat-
containing protein 

2.38 0.02 

256093_at At1g20823 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

2.38 0.01 

266300_at At2g01420 17.2.2 
PIN4 (PIN-FORMED 4); 
auxin:hydrogen symporter/ 
transporter 

2.37 0.01 

255365_at At4g04040 4.2.6 

MEE51 (maternal effect embryo 
arrest 51); diphosphate-fructose-
6-phosphate 1-
phosphotransferase 

2.37 0.03 

245864_at At1g58070 35.2 unknown protein 2.36 0.02 

253400_at At4g32860 35.2 unknown protein 2.36 0.01 
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260857_at At1g21880 35.1 
LYM1 (LYSM DOMAIN GPI-
ANCHORED PROTEIN 1 
PRECURSOR) 

2.36 0.04 

248559_at At5g50010 27.3.6 
transcription factor/ transcription 
regulator 

2.36 0.01 

244980_at rpl36 
29.2.1.1.1.2.3

6 
  2.36 0.02 

264204_at At1g22710 34.2.1 

SUC2 (SUCROSE-PROTON 
SYMPORTER 2); carbohydrate 
transmembrane transporter/ 
sucrose transmembrane 
transporter/ sucrose:hydrogen 
symporter/ sugar:hydrogen 
symporter 

2.36 0.02 

245006_at psaB 1.1.2.2   2.36 0.02 

257823_at At3g25190 33.99 nodulin, putative 2.36 0.05 

244993_s_
at 

ycf1.1 29.8   2.35 0.00 

245628_at At1g56600 16.8.1 

AtGolS2 (Arabidopsis thaliana 
galactinol synthase 2); 
transferase, transferring glycosyl 
groups / transferase, transferring 
hexosyl groups 

2.35 0.02 

267037_at At2g38320 35.2 unknown protein 2.35 0.01 

245346_at At4g17090 2.2.2.1 
CT-BMY (CHLOROPLAST BETA-
AMYLASE); beta-amylase 

2.34 0.04 

253056_at At4g37650 33.99 
SHR (SHORT ROOT); protein 
binding / sequence-specific DNA 
binding / transcription factor 

2.34 0.01 

245009_at rps4.chloroplast 29.2.1.1.1.1.4   2.34 0.01 

254126_at At4g24770 27.4 
RBP31 (31-KDA RNA BINDING 
PROTEIN); RNA binding / poly(U) 
binding 

2.33 0.01 

253841_at At4g27830 26.3 

BGLU10 (BETA GLUCOSIDASE 10); 
catalytic/ cation binding / 
hydrolase, hydrolyzing O-glycosyl 
compounds 

2.33 0.03 

247912_at At5g57480 29.5.9 AAA-type ATPase family protein 2.32 0.04 

252368_at At3g48520 26.10 
CYP94B3; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

2.32 0.04 

244930_at orf106c 35.2   2.32 0.02 

245194_at At1g67820 29.4 
protein phosphatase 2C, putative 
/ PP2C, putative 

2.31 0.01 

256319_at At1g35910 3.2.2 
trehalose-6-phosphate 
phosphatase, putative 

2.31 0.02 

255433_at At4g03210 10.7 

XTH9 (XYLOGLUCAN 
ENDOTRANSGLUCOSYLASE/HYDR
OLASE 9); hydrolase, acting on 
glycosyl bonds / 
xyloglucan:xyloglucosyl 
transferase 

2.30 0.01 

253614_at At4g30350 20.2.1 heat shock protein-related 2.30 0.02 

257329_at orf205 35.2   2.30 0.04 

247153_at At5g65700 30.2.11 
BAM1 (BARELY ANY MERISTEM 1); 
ATP binding / kinase/ protein 

2.30 0.01 
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serine/threonine kinase 

253145_at At4g35560 35.2   2.29 0.01 

262452_at At1g11210 35.2 unknown protein 2.29 0.02 

257748_at At3g18710 27.3.64 
PUB29 (PLANT U-BOX 29); 
ubiquitin-protein ligase 

2.29 0.04 

246458_at At5g16860 35.1.5 
pentatricopeptide (PPR) repeat-
containing protein 

2.28 0.01 

247925_at At5g57560 10.7 

TCH4 (Touch 4); hydrolase, acting 
on glycosyl bonds / 
xyloglucan:xyloglucosyl 
transferase 

2.28 0.01 

248017_at At5g56460 29.4.1.57 protein kinase, putative 2.28 0.03 

244975_at psbH 1.1.1.2   2.28 0.02 

259864_at At1g72800 35.1 nuM1-related 2.27 0.01 

254481_at At4g20480 35.2 unknown protein 2.26 0.01 

254396_at At4g21680 34.13 
proton-dependent oligopeptide 
transport (POT) family protein 

2.26 0.04 

256365_at At1g66530 29.1.19 
arginyl-tRNA synthetase, putative 
/ arginine--tRNA ligase, putative 

2.25 0.01 

251733_at At3g56240 15.2 
CCH (COPPER CHAPERONE); 
copper chaperone 

2.24 0.01 

253493_at At4g31820 30.11 
ENP (ENHANCER OF PINOID); 
protein binding / signal transducer 

2.24 0.01 

263783_at At2g46400 27.3.32 WRKY46; transcription factor 2.23 0.01 

248252_at At5g53250 10.5.1 
AGP22 (ARABINOGALACTAN 
PROTEIN 22) 

2.23 0.01 

259753_at At1g71050 15.2 
heavy-metal-associated domain-
containing protein / copper 
chaperone (CCH)-related 

2.23 0.02 

260645_at At1g53300 21.1 
TTL1 (TETRATRICOPETIDE-REPEAT 
THIOREDOXIN-LIKE 1); binding 

2.23 0.02 

260051_at At1g78210 35.1 
hydrolase, alpha/beta fold family 
protein 

2.22 0.01 

260182_at At1g70750 35.2 unknown protein 2.22 0.02 

253811_at At4g28190 33.99 
ULT1 (ULTRAPETALA1); DNA 
binding 

2.22 0.04 

254274_at At4g22770 27.3.67 DNA-binding family protein 2.21 0.01 

244996_at rps2 29.2.1.1.1.1.2   2.21 0.00 

265354_at At2g16700 31.1 
ADF5 (ACTIN DEPOLYMERIZING 
FACTOR 5); actin binding 

2.20 0.01 

251956_at At3g53460 27.3.99 
CP29; RNA binding / poly(U) 
binding 

2.20 0.00 

254209_at At4g23490 35.1 fringe-related protein 2.19 0.05 

264941_at At1g60680 17.2.3 
aldo/keto reductase family 
protein 

2.19 0.01 

251282_at At3g61630 27.3.3 
CRF6 (CYTOKININ RESPONSE 
FACTOR 6); DNA binding / 
transcription factor 

2.19 0.01 

265828_at At2g14520 35.1 CBS domain-containing protein 2.18 0.01 

258736_at At3g05900 35.1 neurofilament protein-related 2.18 0.02 

250933_at At5g03170 10.5.1 FLA11 2.17 0.01 
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248855_at At5g46590 33.99 
anac096 (Arabidopsis NAC domain 
containing protein 96); 
transcription factor 

2.17 0.03 

257324_at orf101b 35.2   2.17 0.02 

262488_at At1g21820 35.2   2.17 0.04 

245841_s_
at 

At1g58380 29.2.1.2.1.2 
XW6; structural constituent of 
ribosome 

2.16 0.01 

255728_at At1g25500 34.99 choline transporter-related 2.16 0.02 

261845_at At1g15960 34.12 

NRAMP6; inorganic anion 
transmembrane transporter/ 
metal ion transmembrane 
transporter 

2.16 0.01 

267058_at At2g32510 29.4 
MAPKKK17; ATP binding / kinase/ 
protein kinase/ protein 
serine/threonine kinase 

2.16 0.03 

248311_at At5g52570 16.1.4 
BETA-OHASE 2 (BETA-CAROTENE 
HYDROXYLASE 2); carotene beta-
ring hydroxylase 

2.15 0.02 

251413_at At3g60320 35.2 DNA binding 2.15 0.01 

253379_at At4g33330 26.2 
transferase, transferring glycosyl 
groups 

2.14 0.01 

260481_at At1g10960 1.1.5.2 
ATFD1 (FERREDOXIN 1); 2 iron, 2 
sulfur cluster binding / electron 
carrier/ iron-sulfur cluster binding 

2.14 0.01 

261089_at At1g07570 29.4.1.57 
APK1A; kinase/ protein 
serine/threonine kinase 

2.14 0.01 

254707_at At4g18010 3.4.1 

AT5PTASE2 (MYO-INOSITOL 
POLYPHOSPHATE 5-
PHOSPHATASE 2); inositol-
polyphosphate 5-phosphatase 

2.14 0.03 

254042_at At4g25810 10.7 

XTR6 (XYLOGLUCAN 
ENDOTRANSGLYCOSYLASE 6); 
hydrolase, acting on glycosyl 
bonds / hydrolase, hydrolyzing O-
glycosyl compounds / 
xyloglucan:xyloglucosyl 
transferase 

2.13 0.01 

266308_at At2g27010 26.10 
CYP705A9; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

2.13 0.01 

255080_at At4g09030 10.5.1 
AGP10 (ARABINOGALACTAN 
PROTEIN 10) 

2.13 0.05 

262884_at At1g64720 11.6 CP5 2.13 0.01 

248639_at At5g48930 16.2.1.4 

HCT (HYDROXYCINNAMOYL-COA 
SHIKIMATE/QUINATE 
HYDROXYCINNAMOYL 
TRANSFERASE); quinate O-
hydroxycinnamoyltransferase/ 
shikimate O-
hydroxycinnamoyltransferase/ 
transferase 

2.13 0.05 

252377_at At3g47960 34.13 
proton-dependent oligopeptide 
transport (POT) family protein 

2.13 0.01 

245985_at At5g13120 31.3.1 
peptidyl-prolyl cis-trans isomerase 
cyclophilin-type family protein 

2.12 0.02 

254909_at At4g11210 20.1.7 
disease resistance-responsive 
family protein / dirigent family 

2.12 0.01 
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protein 

261893_at At1g80690 35.2 unknown protein 2.10 0.04 

263372_at At2g20450 29.2.1.2.2.14 
60S ribosomal protein L14 
(RPL14A) 

2.10 0.01 

248524_s_
at 

At5g50570 33.3 
squamosa promoter-binding 
protein, putative 

2.09 0.01 

253602_s_
at 

At4g30910 29.5 
cytosol aminopeptidase family 
protein 

2.08 0.02 

264435_at At1g10360 26.9 
ATGSTU18 (GLUTATHIONE S-
TRANSFERASE TAU 18); 
glutathione transferase 

2.07 0.02 

244987_s_
at 

rpl2.1_chloro 29.2.1.1.1.2.2   2.07 0.01 

246000_at At5g20820 17.2.3 auxin-responsive protein-related 2.06 0.02 

259287_at At3g11490 30.5 
rac GTPase activating protein, 
putative 

2.06 0.03 

245002_at psbD 1.1.1.2   2.06 0.03 

249812_at At5g23830 35.1 
MD-2-related lipid recognition 
domain-containing protein / ML 
domain-containing protein 

2.05 0.01 

260309_at At1g70580 13.1.5.2.2 

AOAT2 (ALANINE-2-
OXOGLUTARATE 
AMINOTRANSFERASE 2); L-
alanine:2-oxoglutarate 
aminotransferase/ glycine  

2.05 0.02 

249811_at At5g23760 35.1 
heavy-metal-associated domain-
containing protein 

2.04 0.02 

261551_at At1g63440 34.12 

HMA5 (HEAVY METAL ATPASE 5); 
ATPase, coupled to 
transmembrane movement of 
ions, phosphorylative mechanism 

2.04 0.01 

258386_at At3g15520 31.3.1 

peptidyl-prolyl cis-trans isomerase 
TLP38, chloroplast / thylakoid 
lumen PPIase of 38 kDa / 
cyclophilin / rotamase 

2.03 0.01 

253619_at At4g30460 35.1.40 glycine-rich protein 2.03 0.03 

267083_at At2g41100 30.3 
TCH3 (TOUCH 3); calcium ion 
binding 

2.03 0.03 

262344_at At1g64060 20.1.1 

ATRBOH F (ARABIDOPSIS 
THALIANA RESPIRATORY BURST 
OXIDASE PROTEIN F); NAD(P)H 
oxidase 

2.03 0.01 

256115_at At1g16880 35.1 uridylyltransferase-related 2.02 0.02 

264879_at At1g61260 35.2 unknown protein 2.02 0.01 

258260_at At3g26850 35.2   2.02 0.02 

246339_at At3g44890 29.2.1.1.1.2.9 
RPL9 (RIBOSOMAL PROTEIN L9); 
structural constituent of ribosome 

2.02 0.03 

251984_at At3g53260 16.2.1.1 
PAL2; phenylalanine ammonia-
lyase 

2.02 0.05 

257216_at At3g14990 18.2 
4-methyl-5(b-hydroxyethyl)-
thiazole monophosphate 
biosynthesis protein, putative 

2.02 0.01 

244934_at ndhG 1.1.6   2.01 0.03 

263636_at At2g11910 35.2 unknown protein 2.01 0.03 
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255617_at At4g01330 1.1.30 
ATP binding / kinase/ protein 
kinase/ protein serine/threonine 
kinase/ protein tyrosine kinase 

2.01 0.03 

264932_at At1g61240 35.2 unknown protein 2.00 0.01 

258614_at At3g02770 25 
dimethylmenaquinone 
methyltransferase family protein 

2.00 0.02 

247261_at At5g64460 35.2   2.00 0.01 

250846_at At5g04590 14.3 
SIR; sulfite reductase (ferredoxin)/ 
sulfite reductase 

1.99 0.02 

258253_at At3g26760 26.22 
short-chain 
dehydrogenase/reductase (SDR) 
family protein 

1.99 0.04 

259117_at At3g01320 35.1.25 SNL1 (SIN3-LIKE 1) 1.99 0.03 

244982_at rpl14 
29.2.1.1.1.2.1

4 
  1.98 0.03 

253559_at At4g31140 26.4 
glycosyl hydrolase family 17 
protein 

1.98 0.03 

244998_at rpoC1 27.2   1.97 0.03 

266643_s_
at 

At2g29730 16.8.3 

UGT71D1 (UDP-GLUCOSYL 
TRANSFERASE 71D1); UDP-
glycosyltransferase/ quercetin 3-
O-glucosyltransferase/ 
transferase, transferring glycosyl 
groups 

1.97 0.04 

247755_at At5g59090 29.5.1 
ATSBT4.12; identical protein 
binding / serine-type 
endopeptidase 

1.97 0.03 

260390_at At1g73940 35.2 unknown protein 1.97 0.04 

253049_at At4g37300 35.2 
MEE59 (maternal effect embryo 
arrest 59) 

1.97 0.01 

251830_at At3g55010 23.1.2.5 
PUR5; ATP binding / 
phosphoribosylformylglycinamidin
e cyclo-ligase 

1.97 0.03 

253397_at At4g32710 30.2.22 
ATP binding / kinase/ protein 
kinase/ protein serine/threonine 
kinase/ protein tyrosine kinase 

1.97 0.01 

245492_at At4g16340 31.1 
SPK1 (SPIKE1); GTP binding / 
GTPase binding / guanyl-
nucleotide exchange factor 

1.97 0.01 

264930_at At1g60800 30.2.2 
NIK3 (NSP-INTERACTING KINASE 
3); kinase 

1.97 0.01 

252751_at At3g43430 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

1.96 0.01 

257184_at At3g13090 34.16 
ATMRP8; ATPase, coupled to 
transmembrane movement of 
substances 

1.96 0.01 

266478_at At2g31170 29.1.16 
SYCO ARATH; ATP binding / 
aminoacyl-tRNA ligase/ cysteine-
tRNA ligase/ nucleotide binding 

1.96 0.01 

248611_at At5g49520 27.3.32 WRKY48; transcription factor 1.95 0.04 

257644_at At3g25780 17.7.1.4 
AOC3 (ALLENE OXIDE CYCLASE 3); 
allene-oxide cyclase 

1.95 0.01 

245021_at psbJ 1.1.1.2   1.95 0.02 

267238_at At2g44130 29.5.11.4.3.2 
kelch repeat-containing F-box 
family protein 

1.94 0.01 

249186_at At5g43040 35.1.26 DC1 domain-containing protein 1.94 0.01 
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245630_at At1g56580 27.3.25 unknown protein 1.94 0.03 

257834_at At3g26720 26.3.3 
glycosyl hydrolase family 38 
protein 

1.94 0.03 

253732_at At4g29140 34.16 MATE efflux protein-related 1.93 0.04 

249174_at At5g42900 35.2 unknown protein 1.93 0.02 

244964_at psbE 1.1.1.2   1.92 0.01 

249378_at At5g40450 35.2 unknown protein 1.92 0.00 

258071_s_
at 

At3g26070 31.1 
plastid-lipid associated protein 
PAP / fibrillin family protein 

1.91 0.02 

244989_s_
at 

ycf2.1 29.8   1.91 0.02 

245208_at At5g12330 33.99 
LRP1 (LATERAL ROOT 
PRIMORDIUM 1); protein 
homodimerization 

1.91 0.01 

  
AFFX-r2-At-Actin-

5 
    1.90 0.03 

259803_at At1g72150 34.99 PATL1 (PATELLIN 1); transporter 1.90 0.02 

244984_at rps3.chloroplast 29.2.1.1.1.1.3   1.90 0.03 

253332_at At4g33420 26.12 peroxidase, putative 1.89 0.01 

267339_at At2g39870 35.2 unknown protein 1.88 0.05 

266216_at At2g28810 27.3.8 
Dof-type zinc finger domain-
containing protein 

1.88 0.03 

244985_at rpl22 
29.2.1.1.1.2.2

2 
  1.88 0.03 

246439_at At5g17600 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

1.88 0.01 

250694_at At5g06710 33.99 
HAT14 (HOMEOBOX FROM 
ARABIDOPSIS THALIANA); DNA 
binding / transcription factor 

1.87 0.01 

247450_at At5g62350 26.18 
invertase/pectin methylesterase 
inhibitor family protein / DC 1.2 
homolog (FL5-2I22) 

1.86 0.01 

265570_at At2g28310 35.2 unknown protein 1.86 0.04 

255497_at At4g02590 27.3.6 
UNE12 (unfertilized embryo sac 
12); DNA binding / transcription 
factor 

1.86 0.01 

249126_at At5g43380 29.4 
TOPP6; protein serine/threonine 
phosphatase 

1.86 0.04 

261033_at At1g17380 35.2 
JAZ5 (JASMONATE-ZIM-DOMAIN 
PROTEIN 5) 

1.86 0.05 

251992_at At3g53350 31.1 myosin heavy chain-related 1.85 0.04 

265966_at At2g37220 27.4 
29 kDa ribonucleoprotein, 
chloroplast, putative / RNA-
binding protein cp29, putative 

1.85 0.03 

245960_at At5g19660 35.2 
S1P (SITE-1 PROTEASE); 
endopeptidase/ serine-type 
endopeptidase 

1.84 0.03 

263249_at At2g31360 11.2.1 
ADS2 (16:0Delta9 Arabidopsis 
desaturase 2); oxidoreductase 

1.84 0.03 

254515_at At4g20270 33.99 

BAM3 (BARELY ANY MERISTEM 3); 
ATP binding / protein binding / 
protein kinase/ protein 
serine/threonine kinase 

1.84 0.04 
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251420_at At3g60490 27.3.3 
AP2 domain-containing 
transcription factor TINY, putative 

1.84 0.01 

244976_at petB 1.1.3   1.84 0.04 

249063_at At5g44110 34.16 POP1; transporter 1.84 0.01 

251714_at At3g56370 30.2.7 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

1.84 0.03 

258325_at At3g22830 27.3.23 
AT-HSFA6B; DNA binding / 
transcription factor 

1.84 0.01 

258394_at At3g15530 35.2 methyltransferase 1.84 0.05 

244960_at rpl32 
29.2.1.1.1.2.3

2 
  1.83 0.05 

264354_s_
at 

At1g03240 35.2 unknown protein 1.83 0.05 

244938_at rps15 
29.2.1.1.1.1.1

5 
  1.83 0.05 

244986_at rps19 
29.2.1.1.1.1.1

9 
  1.83 0.02 

260397_at At1g69680 35.1   1.82 0.03 

259400_at At1g17750 30.2.11 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

1.82 0.03 

248656_at At5g48460 31.1 fimbrin-like protein, putative 1.82 0.03 

245024_at atpA 1.1.4.1   1.82 0.02 

245725_at At1g73370 2.2.1.5 
SUS6 (SUCROSE SYNTHASE 6); 
UDP-glycosyltransferase/ sucrose 
synthase 

1.82 0.01 

244937_at ndhH 1.1.40   1.82 0.01 

264769_at At1g61350 35.1.3 
armadillo/beta-catenin repeat 
family protein 

1.81 0.04 

260034_at At1g68810 27.3.6 
basic helix-loop-helix (bHLH) 
family protein 

1.81 0.04 

245463_at At4g17030 10.7 
ATEXLB1 (ARABIDOPSIS THALIANA 
EXPANSIN-LIKE B1) 

1.81 0.02 

245003_at psbC 1.1.1.2   1.81 0.02 

263284_at At2g36100 35.1 integral membrane family protein 1.81 0.02 

255664_at At4g00440 35.2 unknown protein 1.81 0.02 

244983_at rpl16.chloroplast 
29.2.1.1.1.2.1

6 
  1.81 0.03 

259845_at At1g73590 17.2.2 PIN1 (PIN-FORMED 1); transporter 1.81 0.02 

264529_at At1g30820 23.1.1.10 
CTP synthase, putative / UTP--
ammonia ligase, putative 

1.80 0.01 

263296_at At2g38800 30.3 
calmodulin-binding protein-
related 

1.80 0.02 

264390_at At1g11950 27.3.57 transcription factor 1.80 0.03 

249227_at At5g42180 26.12 
peroxidase 64 (PER64) (P64) 
(PRXR4) 

1.80 0.03 

264928_at At1g60710 17.2.3 ATB2; oxidoreductase 1.80 0.01 

248074_at At5g55730 10.5.1 
FLA1 (FASCICLIN-LIKE ARAB 
INOGALACTAN 1) 

1.79 0.03 

266486_at At2g47950 35.2 unknown protein 1.79 0.04 
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260208_s_
at 

At1g70670 33.99 caleosin-related family protein 1.78 0.01 

259200_at At3g09070 35.1.40 glycine-rich protein 1.78 0.03 

251305_at At3g62030 31.3.1 

peptidyl-prolyl cis-trans 
isomerase, chloroplast / 
cyclophilin / rotamase / 
cyclosporin A-binding protein 
(ROC4) 

1.78 0.04 

246389_at At1g77380 34.3 
AAP3; amino acid transmembrane 
transporter 

1.77 0.01 

256302_at At1g69526 35.1 
UbiE/COQ5 methyltransferase 
family protein 

1.77 0.01 

244999_at rpoB 27.2   1.77 0.03 

256962_at At3g13560 26.4.1 
glycosyl hydrolase family 17 
protein 

1.77 0.01 

262885_at At1g64740 31.1 
TUA1 (ALPHA-1 TUBULIN); 
structural constituent of 
cytoskeleton 

1.77 0.03 

251946_at At3g53540 35.2 unknown protein 1.77 0.04 

261911_at At1g80750 29.2.1.2.2.7 60S ribosomal protein L7 (RPL7A) 1.77 0.04 

252131_at At3g50930 29.5.9 

BCS1 (CYTOCHROME BC1 
SYNTHESIS); ATP binding / 
ATPase/ nucleoside-
triphosphatase/ nucleotide 
binding 

1.76 0.02 

263532_s_
at 

At5g37350 29.4 RIO1 family protein 1.76 0.02 

262268_at At1g42410 28.1.1.5 transposable element gene 1.76 0.01 

260443_at At1g68185 29.5.11.1 ubiquitin-related 1.76 0.02 

254710_at At4g18050 34.16 

PGP9 (P-GLYCOPROTEIN 9); 
ATPase, coupled to 
transmembrane movement of 
substances 

1.76 0.01 

259637_at At1g52260 21.1 
ATPDIL1-5 (PDI-LIKE 1-5); protein 
disulfide isomerase 

1.75 0.01 

  
AFFX-Athal-

Actin_M 
    1.74 0.03 

257680_at At3g20330 23.1.1.2 
aspartate carabmoyltransferase, 
chloroplast / aspartate 
transcarbamylase / ATCase (PYRB) 

1.74 0.03 

249755_at At5g24580 15.2 copper-binding family protein 1.73 0.01 

244972_at psbB 1.1.1.2   1.73 0.03 

247247_at At5g64650 
29.2.1.1.3.2.1

7 
ribosomal protein L17 family 
protein 

1.73 0.03 

261935_at At1g22610 35.1.19 C2 domain-containing protein 1.72 0.01 

261951_at At1g64490 35.2 unknown protein 1.72 0.05 

245047_at psbA 1.1.1.2   1.72 0.04 

265729_at At2g31960 3.6 

ATGSL03 (GLUCAN SYNTHASE-LIKE 
3); 1,3-beta-glucan synthase/ 
transferase, transferring glycosyl 
groups 

1.72 0.05 

259439_at At1g01480 17.5.1.1 
ACS2; 1-aminocyclopropane-1-
carboxylate synthase 

1.72 0.01 
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265377_at At2g05790 26.4.1 
glycosyl hydrolase family 17 
protein 

1.71 0.01 

249388_at At5g40090 20.1 

ATP binding / nucleoside-
triphosphatase/ nucleotide 
binding / transmembrane 
receptor 

1.71 0.01 

253485_at At4g31800 27.3.32 WRKY18; transcription factor 1.71 0.01 

251668_at At3g57010 16.4.1 
strictosidine synthase family 
protein 

1.71 0.05 

251478_at At3g59690 30.3 
IQD13 (IQ-domain 13); calmodulin 
binding 

1.70 0.01 

267544_at At2g32720 21.2 
CB5-B (CYTOCHROME B5 
ISOFORM B); heme binding 

1.70 0.02 

248295_at At5g53070 29.2.1.1.3.2.9 
ribosomal protein L9 family 
protein 

1.70 0.02 

253822_at At4g28410 13.2.6.2 aminotransferase-related 1.69 0.01 

266039_s_
at 

At2g07739 35.2   1.69 0.05 

259850_at At1g72240 35.2 unknown protein 1.69 0.03 

265844_at At2g35620 30.2.13 FEI2 (FEI 2); kinase 1.69 0.02 

249904_at At5g22700 29.5.11.4.3.2 F-box family protein 1.68 0.01 

260629_at At1g62330 35.2 unknown protein 1.68 0.02 

263083_at At2g27190 26.13 

PAP12 (PURPLE ACID 
PHOSPHATASE 12); acid 
phosphatase/ protein 
serine/threonine phosphatase 

1.68 0.01 

248984_at At5g45140 27.2 
NRPC2; DNA binding / DNA-
directed RNA polymerase/ 
ribonucleoside binding 

1.68 0.04 

247937_at At5g57110 34.21 

ACA8 (AUTOINHIBITED CA2+ -
ATPASE, ISOFORM 8); calcium-
transporting ATPase/ calmodulin 
binding / protein self-association 

1.68 0.01 

260053_at At1g78120 35.1.5 
tetratricopeptide repeat (TPR)-
containing protein 

1.67 0.03 

258529_at At3g06740 27.3.9 
zinc finger (GATA type) family 
protein 

1.67 0.05 

256053_at At1g07260 26.2 

UGT71C3 (UDP-GLUCOSYL 
TRANSFERASE 71C3); UDP-
glycosyltransferase/ quercetin 3-
O-glucosyltransferase/ 
transferase, transferring glycosyl 
groups 

1.67 0.01 

263598_at At2g01850 10.7 

EXGT-A3; hydrolase, acting on 
glycosyl bonds / 
xyloglucan:xyloglucosyl 
transferase 

1.67 0.01 

267596_s_
at 

At2g33050 30.2.99 
AtRLP26 (Receptor Like Protein 
26); kinase/ protein binding 

1.67 0.05 

249901_at At5g22650 27.3.55 
HD2B (HISTONE DEACETYLASE 
2B); histone deacetylase 

1.66 0.02 

261327_at At1g44830 27.3.3 
AP2 domain-containing 
transcription factor TINY, putative 

1.66 0.02 

259169_at At3g03520 11.9.3.5 phosphoesterase family protein 1.66 0.02 

258316_at At3g22660 29.2.6 rRNA processing protein-related 1.66 0.01 
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265249_at At2g01940 27.3.11 
nucleic acid binding / 
transcription factor/ zinc ion 
binding 

1.65 0.02 

265449_at At2g46610 27.1.1 
arginine/serine-rich splicing 
factor, putative 

1.65 0.02 

246623_at At1g48920 29.2.6 
ATNUC-L1; nucleic acid binding / 
nucleotide binding 

1.64 0.02 

248190_at At5g54120 30.3   1.64 0.05 

250183_at At5g14510 27.3.67 
armadillo/beta-catenin repeat 
family protein 

1.64 0.04 

245049_at rps16 
29.2.1.1.1.1.1

6 
  1.64 0.05 

244963_at psbF 1.1.1.2   1.64 0.01 

252033_at At3g51950 27.3.99 
zinc finger (CCCH-type) family 
protein / RNA recognition motif 
(RRM)-containing protein 

1.63 0.01 

264647_at At1g09090 20.1.1 

ATRBOHB (respiratory burst 
oxidase homolog B); FAD binding / 
calcium ion binding / electron 
carrier/ iron ion binding  

1.63 0.04 

244991_s_
at 

ndhB.1 1.1.40   1.62 0.01 

258310_at At3g26744 27.3.6 

ICE1 (INDUCER OF CBF 
EXPRESSION 1); DNA binding / 
transcription activator/ 
transcription factor 

1.62 0.04 

249214_at At5g42720 26.4.1 
glycosyl hydrolase family 17 
protein 

1.62 0.01 

245050_at psbK 1.1.1.2   1.62 0.03 

260739_at At1g15000 29.5.5 
scpl50 (serine carboxypeptidase-
like 50); serine-type 
carboxypeptidase 

1.61 0.02 

246330_at At3g43600 17.1.1 
AAO2 (ALDEHYDE OXIDASE 2); 
aldehyde oxidase 

1.61 0.04 

260494_at At2g41820 30.2.10 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

1.61 0.02 

265006_at At1g61570 29.3.2 

TIM13 (TRANSLOCASE OF THE 
INNER MITOCHONDRIAL 
MEMBRANE 13); P-P-bond-
hydrolysis-driven protein 
transmembrane transporter 

1.61 0.03 

245025_at atpF 1.1.4.8   1.61 0.02 

247407_at At5g62900 35.2 unknown protein 1.60 0.04 

248990_at At5g45210 20.1.7 
disease resistance protein (TIR-
NBS-LRR class), putative 

1.60 0.04 

248765_at At5g47650 23.3.3 

ATNUDT2 (ARABIDOPSIS 
THALIANA NUDIX HYDROLASE 
HOMOLOG 2); ADP-ribose 
diphosphatase/ NAD or NADH 
binding / hydrolase 

1.59 0.01 

256341_at At1g72040 23.3 deoxynucleoside kinase family 1.59 0.01 

260425_at At1g72440 27.3.13 
EDA25 (embryo sac development 
arrest 25) 

1.59 0.04 

245023_at psbI 1.1.1.2   1.59 0.02 
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262438_at At1g47410 35.2 unknown protein 1.59 0.01 

258656_at At3g09900 30.5 
ATRABE1E (ARABIDOPSIS RAB 
GTPASE HOMOLOG E1E); GTP 
binding 

1.58 0.01 

258440_at At3g17250 29.4 
protein phosphatase 2C-related / 
PP2C-related 

1.58 0.02 

257810_at At3g27070 29.3.2 

TOM20-1 (translocase outer 
membrane 20-1); P-P-bond-
hydrolysis-driven protein 
transmembrane transporter 

1.57 0.01 

246125_at At5g19875 35.2 unknown protein 1.56 0.02 

245013_at atpE 1.1.4.3   1.56 0.01 

244992_s_
at 

rps7.1_chloroplas
t 

29.2.1.1.1.1.7   1.55 0.01 

250898_at At5g03300 23.3.2.1 
ADK2 (ADENOSINE KINASE 2); 
adenosine kinase/ copper ion 
binding / kinase 

1.54 0.01 

246199_at At4g36530 35.1 
hydrolase, alpha/beta fold family 
protein 

1.54 0.04 

256222_at At1g56210 15.2 copper chaperone (CCH)-related 1.54 0.02 

253746_at At4g29100 17.5.3 
ethylene-responsive family 
protein 

1.54 0.02 

253009_at At4g37930 25.1 

SHM1 (SERINE 
TRANSHYDROXYMETHYLTRANSFE
RASE 1); glycine 
hydroxymethyltransferase/ 
poly(U) binding 

1.54 0.02 

245048_at matK 27.1.1   1.54 0.01 

245014_at atpB 1.1.4.2   1.53 0.04 

264394_at At1g11860 13.2.5.2 aminomethyltransferase, putative 1.53 0.04 

245000_at ycf6 1.1.3   1.53 0.01 

250604_at At5g07830 35.1 
AtGUS2 (Arabidopsis thaliana 
glucuronidase 2); beta-
glucuronidase 

1.53 0.03 

246030_at At5g21105 21.2.1 
L-ascorbate oxidase/ copper ion 
binding / oxidoreductase 

1.53 0.04 

265642_at At2g27450 22.1.5 

NLP1 (NITRILASE-LIKE PROTEIN 1); 
N-carbamoylputrescine amidase/ 
hydrolase, acting on carbon-
nitrogen (but not peptide) bonds 

1.53 0.05 

264852_at At2g17480 20.1.3.1 
MLO8 (MILDEW RESISTANCE 
LOCUS O 8); calmodulin binding 

1.53 0.03 

260153_at At1g52760 11.9.2 
esterase/lipase/thioesterase 
family protein 

1.53 0.01 

266887_at At2g44650 29.6 
CHL-CPN10 (CHLOROPLAST 
CHAPERONIN 10); chaperone 
binding 

1.52 0.01 

248981_at At5g45110 31.1 
NPR3 (NPR1-LIKE PROTEIN 3); 
protein binding 

1.52 0.04 

247277_at At5g64420 28.2 DNA polymerase V family 1.52 0.02 

256598_at At3g30180 17.3.1.1.99 
BR6OX2 (BRASSINOSTEROID-6-
OXIDASE 2); monooxygenase/ 
oxygen binding 

1.51 0.03 

258882_at At3g06330 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) 

1.51 0.01 
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253549_at At4g30930 
29.2.1.1.1.2.2

1 

NFD1 (NUCLEAR FUSION 
DEFECTIVE 1); RNA binding / 
structural constituent of ribosome 

1.51 0.04 

246403_at At1g57590 10.8.2 carboxylesterase 1.51 0.02 

244997_at rpoC2 27.2   1.51 0.03 

266011_at At2g37440 28.1 
endonuclease/exonuclease/phosp
hatase family protein 

1.50 0.04 

261400_at At1g79630 29.4 
protein phosphatase 2C family 
protein / PP2C family protein 

1.50 0.03 

251769_at At3g55950 30.2.26 
CCR3 (ARABIDOPSIS THALIANA 
CRINKLY4 RELATED 3); kinase 

1.50 0.04 

261524_at At1g14300 35.2 binding 1.49 0.01 

251297_at At3g62020 20.2.99 
GLP10 (GERMIN-LIKE PROTEIN 
10); manganese ion binding / 
nutrient reservoir 

1.49 0.03 

260125_at At1g36390 29.6 co-chaperone grpE family protein 1.49 0.01 

267185_at At2g43950 35.2 OEP37; ion channel 1.49 0.01 

250333_at At5g11690 29.3.2 
ATTIM17-3; P-P-bond-hydrolysis-
driven protein transmembrane 
transporter/ protein transporter 

1.49 0.04 

260605_at At2g43780 35.2 unknown protein 1.48 0.02 

250624_at At5g07330 35.2 unknown protein 1.48 0.01 

251218_at At3g62410 1.3 CP12-2; protein binding 1.48 0.02 

254667_at At4g18280 35.1.40 
glycine-rich cell wall protein-
related 

1.48 0.02 

256671_at At3g52290 30.3 
IQD3 (IQ-domain 3); calmodulin 
binding 

1.48 0.02 

248953_at At5g45430 29.4 protein kinase, putative 1.47 0.02 

254926_at At4g11280 17.5.1.1 

ACS6 (1-AMINOCYCLOPROPANE-
1-CARBOXYLIC ACID (ACC) 
SYNTHASE 6); 1-
aminocyclopropane-1-carboxylate 
synthase 

1.47 0.01 

248620_at At5g49320 35.2 unknown protein 1.47 0.03 

249626_at At5g37540 27.3.99 aspartyl protease family protein 1.46 0.02 

257334_at orf111d 35.2   1.46 0.01 

250231_at At5g13910 27.3.3 
LEP (LEAFY PETIOLE); DNA binding 
/ transcription factor 

1.46 0.01 

250517_at At5g08260 29.5.5 
scpl35 (serine carboxypeptidase-
like 35); serine-type 
carboxypeptidase 

1.46 0.05 

263920_at At2g36410 35.2 unknown protein 1.46 0.02 

245387_at At4g17520 27.4 
nuclear RNA-binding protein, 
putative 

1.45 0.01 

263136_at At1g78580 3.2.1 

ATTPS1 (TREHALOSE-6-
PHOSPHATE SYNTHASE); 
alpha,alpha-trehalose-phosphate 
synthase (UDP-forming)/ 
transferase, transferring glycosyl 
groups 

1.45 0.01 

244922_s_
at 

orf118 35.2   1.45 0.01 
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248309_at At5g52540 35.2 unknown protein 1.45 0.02 

253293_at At4g33905 35.1 
peroxisomal membrane protein 
22 kDa, putative 

1.45 0.02 

260333_at At1g70500 10.6.3 
polygalacturonase, putative / 
pectinase, putative 

1.44 0.04 

246909_at At5g25770 35.2 unknown protein 1.44 0.01 

250600_at At5g07800 26.7 
flavin-containing monooxygenase 
family protein / FMO family 
protein 

1.44 0.04 

249763_at At5g24010 30.2.16 protein kinase family protein 1.44 0.04 

248201_at At5g54180 27.3.99 
PTAC15 (PLASTID 
TRANSCRIPTIONALLY ACTIVE15) 

1.44 0.04 

253996_at At4g26110 28.1 
NAP1;1 (NUCLEOSOME ASSEMBLY 
PROTEIN1;1); DNA binding 

1.43 0.01 

264696_at At1g70230 35.2 unknown protein 1.43 0.02 

258676_at At3g08600 35.2 unknown protein 1.43 0.03 

245026_at atpH 1.1.4.5   1.43 0.02 

266959_at At2g07690 28.1 
minichromosome maintenance 
family protein / MCM family 
protein 

1.43 0.04 

248577_at At5g49870 26.16 jacalin lectin family protein 1.43 0.03 

261607_at At1g49660 24 
AtCXE5 (Arabidopsis thaliana 
carboxyesterase 5); 
carboxylesterase 

1.42 0.01 

266041_s_
at 

At2g07736 35.3 transposable element gene 1.42 0.02 

249208_at At5g42650 17.7.1.3 
AOS (ALLENE OXIDE SYNTHASE); 
allene oxide synthase/ hydro-
lyase/ oxygen binding 

1.42 0.04 

264568_at At1g05150 30.3 
calcium-binding EF hand family 
protein 

1.42 0.03 

258179_at At3g21690 34.99 MATE efflux family protein 1.41 0.04 

245169_at At2g33220 35.2   1.41 0.02 

247566_at At5g61170 29.2.1.2.1.19 
40S ribosomal protein S19 
(RPS19C) 

1.41 0.04 

259308_at At3g05180 26.28 
GDSL-motif lipase/hydrolase 
family protein 

1.41 0.01 

261926_at At1g22530 34.99 PATL2 (PATELLIN 2); transporter 1.40 0.05 

251068_at At5g01920 29.4 STN8; kinase/ protein kinase 1.40 0.05 

252939_at At4g39230 16.8.5 isoflavone reductase, putative 1.40 0.01 

246529_at At5g15730 30.2.1 
serine/threonine protein kinase, 
putative 

1.40 0.05 

262996_at At1g54440 28.1 
3'-5' exonuclease/ nucleic acid 
binding 

1.39 0.01 

261448_at At1g21140 33.99 nodulin, putative 1.39 0.02 

265989_at At2g24260 27.3.6 
basic helix-loop-helix (bHLH) 
family protein 

1.39 0.01 

264688_at At1g09890 10.6.3 lyase 1.39 0.03 

245523_at At4g15910 20.2.3 
ATDI21 (ARABIDOPSIS THALIANA 
DROUGHT-INDUCED 21) 

1.39 0.01 
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257771_at At3g23000 29.4 

CIPK7 (CBL-INTERACTING PROTEIN 
KINASE 7); ATP binding / kinase/ 
protein kinase/ protein 
serine/threonine kinase 

1.39 0.01 

245881_at At5g09460 27.3.6 
transcription factor/ transcription 
regulator 

1.39 0.02 

250358_at At5g11740 17.6.3 
AGP15 (ARABINOGALACTAN 
PROTEIN 15) 

1.39 0.01 

250685_at At5g06670 31.1 ATP binding / microtubule motor 1.38 0.02 

255510_at At4g02020 27.3.65 
SWN (SWINGER); transcription 
factor 

1.38 0.01 

264398_at At1g61730 27.3.49 
DNA-binding storekeeper protein-
related 

1.38 0.03 

263145_at At1g54090 31.4 
ATEXO70D2 (exocyst subunit 
EXO70 family protein D2); protein 
binding 

1.38 0.01 

250002_at At5g18690 10.5.1 
AGP25 (ARABINOGALACTAN 
PROTEINS 25) 

1.38 0.03 

261546_at At1g63520 35.2 unknown protein 1.38 0.03 

258218_at At3g18000 11.3 
XPL1 (XIPOTL 1); 
methyltransferase/ 
phosphoethanolamine 

1.38 0.01 

248128_at At5g54770 18.2 THI1; protein homodimerization 1.37 0.02 

258731_at At3g11880 35.2 unknown protein 1.37 0.01 

248781_at At5g47870 35.2 unknown protein 1.37 0.01 

257705_at At3g12760 35.1   1.36 0.01 

262971_at At1g75640 30.2.7 
leucine-rich repeat family protein 
/ protein kinase family protein 

1.36 0.05 

247367_at At5g63290 19.8 
coproporphyrinogen oxidase-
related 

1.36 0.01 

260172_s_
at 

At1g71920 13.1.7.6 
histidinol-phosphate 
aminotransferase, putative 

1.35 0.03 

258828_at At3g07130 26.13 

PAP15 (PURPLE ACID 
PHOSPHATASE 15); acid 
phosphatase/ protein 
serine/threonine phosphatase 

1.35 0.04 

245019_at ycf10_cemA 35.2   1.35 0.03 

244947_at orf121a 35.2   1.35 0.03 

250973_at At5g02870 29.2.1.2.2.141 
60S ribosomal protein L4/L1 
(RPL4D) 

1.34 0.02 

246133_at At5g20960 26.1 
AAO1 (ARABIDOPSIS ALDEHYDE 
OXIDASE 1); aldehyde oxidase/ 
indole-3-acetaldehyde oxidase 

1.34 0.01 

250080_at At5g16620 29.3.3 TIC40 1.34 0.02 

252210_at At3g50410 27.3.8 
OBP1 (OBF BINDING PROTEIN 1); 
DNA binding / protein binding / 
transcription factor 

1.33 0.02 

244940_at rps12.2 
29.2.1.1.1.1.1

2 
  1.33 0.03 

246289_at At3g56880 35.1 VQ motif-containing protein 1.33 0.01 

249795_at At5g23740 29.2.1.2.1.11 
RPS11-BETA (RIBOSOMAL 
PROTEIN S11-BETA); structural 
constituent of ribosome 

1.33 0.02 

265671_at At2g32060 29.2.1.2.1.12 40S ribosomal protein S12 1.33 0.01 
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(RPS12C) 

267360_at At2g40060 35.2 
protein binding / structural 
molecule 

1.32 0.01 

251185_at At3g62870 29.2.1.2.2.57 
60S ribosomal protein L7A 
(RPL7aB) 

1.32 0.04 

250458_s_
at 

At5g09810 31.1 
ACT7 (ACTIN 7); structural 
constituent of cytoskeleton 

1.32 0.01 

251122_at At5g01020 29.4.1.57 protein kinase family protein 1.32 0.01 

264276_at At1g60380 17.7.1 
apical meristem formation 
protein-related 

1.32 0.04 

246331_at At3g44820 30.11 protein binding / signal transducer 1.32 0.01 

264475_s_
at 

At1g77170 35.1.5 
pentatricopeptide (PPR) repeat-
containing protein 

1.31 0.01 

265577_at At2g20100 17.5.3 
ethylene-responsive family 
protein 

1.31 0.04 

261552_at At1g63430 30.2.6 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

1.31 0.02 

264184_at At1g54790 26.28 
GDSL-motif lipase/hydrolase 
family protein 

1.31 0.05 

245116_at At2g41620 29.3.1 
nucleoporin interacting 
component family protein 

1.31 0.03 

247649_at At5g60030 35.2 unknown protein 1.31 0.03 

266806_at At2g30000 35.2   1.30 0.04 

258333_at At3g16000 27.3.34 
MFP1 (MAR BINDING FILAMENT-
LIKE PROTEIN 1); DNA binding 

1.30 0.03 

254194_at At4g23980 27.3.4 
ARF9 (AUXIN RESPONSE FACTOR 
9); transcription factor 

1.30 0.02 

259343_s_
at 

At3g03780 13.1.3.4 

AtMS2; 5-
methyltetrahydropteroyltriglutam
ate-homocysteine S-
methyltransferase/ methionine 
synthase 

1.30 0.01 

254981_at At4g10480 29.2.4 
nascent polypeptide associated 
complex alpha chain protein, 
putative / alpha-NAC, putative 

1.29 0.03 

263542_at At2g21630 29.3.4.2 transport protein, putative 1.29 0.02 

254695_at At4g17910 29.5.11.4.2 
transferase, transferring acyl 
groups 

1.29 0.04 

253339_at At4g33525 34.12   1.29 0.02 

262489_at At1g21830 35.2 unknown protein 1.29 0.05 

252915_at At4g38810 30.3 
calcium-binding EF hand family 
protein 

1.29 0.01 

261561_at At1g01730 35.2 unknown protein 1.29 0.01 

248199_at At5g54170 35.1   1.29 0.05 

263060_s_
at 

orf215a 35.2   1.29 0.04 

247071_at At5g66640 35.1 DAR3 (DA1-RELATED PROTEIN 3) 1.28 0.02 

267358_at At2g39890 34.3 

PROT1 (PROLINE TRANSPORTER 
1); L-proline transmembrane 
transporter/ amino acid 
transmembrane transporter 

1.28 0.04 

244939_at rps12.1 
29.2.1.1.1.1.1

2 
  1.28 0.05 
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263628_at At2g04780 10.5.1 
FLA7 (FASCICLIN-LIKE 
ARABINOOGALACTAN 7) 

1.28 0.05 

245350_at At4g16830 27.4 
nuclear RNA-binding protein 
(RGGA) 

1.28 0.01 

261727_at At1g76090 17.3.1.2.2 

SMT3 (STEROL 
METHYLTRANSFERASE 3); S-
adenosylmethionine-dependent 
methyltransferase/ sterol 24-C-
methyltransferase 

1.27 0.03 

252376_at At3g47930 21.2.1.5 

ATGLDH (L-GALACTONO-1,4-
LACTONE DEHYDOROGENASE); L-
gulono-1,4-lactone 
dehydrogenase/ galactonolactone 
dehydrogenase 

1.27 0.04 

246480_at At5g16070 29.6 chaperonin, putative 1.27 0.04 

252903_at At4g39570 29.5.11.4.3.2 
kelch repeat-containing F-box 
family protein 

1.26 0.03 

257805_at At3g18830 34.2 

ATPLT5 (POLYOL TRANSPORTER 
5); D-ribose transmembrane 
transporter/ D-xylose 
transmembrane transporter/ 
carbohydrate transmembrane 
transporter 

1.26 0.04 

267140_at At2g38250 27.3.30 DNA-binding protein-related 1.26 0.04 

245563_at At4g14580 29.4 

CIPK4 (CBL-interacting protein 
kinase 4); ATP binding / kinase/ 
protein kinase/ protein 
serine/threonine kinase 

1.26 0.01 

  
AFFX-Athal-

Actin_3 
    1.26 0.01 

260058_at At1g78100 29.5.11.4.3.2 F-box family protein 1.25 0.01 

255894_at At1g17980 27.1 
nucleotidyltransferase family 
protein 

1.25 0.03 

251183_at At3g62630 35.2   1.25 0.02 

261330_at At1g44900 28.1 
ATP binding / DNA binding / DNA-
dependent ATPase 

1.25 0.03 

267461_at At2g33830 17.2.3 
dormancy/auxin associated family 
protein 

1.25 0.03 

246503_at At5g16130 29.2.1.2.1.7 40S ribosomal protein S7 (RPS7C) 1.24 0.04 

262689_at At1g62700 33.99 ANAC026; transcription factor 1.24 0.02 

247754_at At5g59080 35.2 unknown protein 1.24 0.01 

266882_at At2g44670 33.99 
senescence-associated protein-
related 

1.24 0.04 

252164_at At3g50620 35.1 nodulation protein-related 1.23 0.05 

251903_at At3g54120 35.1 
reticulon family protein 
(RTNLB12) 

1.23 0.04 

247555_at At5g61020 35.1 ECT3 1.23 0.01 

265965_at At2g37500 13.1.2.3.2 
arginine biosynthesis protein ArgJ 
family 

1.23 0.03 

261224_at At1g20160 29.5.1 
ATSBT5.2; identical protein 
binding / serine-type 
endopeptidase 

1.23 0.01 

254763_at At4g13170 29.2.1.2.2.513 
60S ribosomal protein L13A 
(RPL13aC) 

1.23 0.05 
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263990_at At2g42810 29.4 

PP5.2 (PROTEIN PHOSPHATASE 
5.2); phosphoprotein 
phosphatase/ protein binding / 
protein serine/threonine 
phosphatase 

1.23 0.01 

261014_at At1g26460 35.1.5 
pentatricopeptide (PPR) repeat-
containing protein 

1.22 0.05 

254228_at At4g23620 
29.2.1.1.3.2.3

5 
50S ribosomal protein-related 1.22 0.03 

266715_at At2g46780 27.4 
RNA binding / nucleic acid binding 
/ nucleotide binding 

1.22 0.02 

261993_at At1g33860 35.2 unknown protein 1.22 0.02 

260364_at At1g70560 16.5.99.1 

TAA1 (TRYPTOPHAN 
AMINOTRANSFERASE OF 
ARABIDOPSIS 1); L-alanine:2-
oxoglutarate aminotransferase/ L-
glutamine:2-oxoglutarate 
aminotransferase/ L-leucine:2-
oxoglutarate aminotransferase/ L-
methionine:2-oxoglutarate 
aminotransferase 

1.21 0.05 

258410_at At3g16780 29.2.1.2.2.19 
60S ribosomal protein L19 
(RPL19B) 

1.21 0.02 

266395_at At2g43100 16.5.1.1.1.4 
aconitase C-terminal domain-
containing protein 

1.21 0.04 

261055_at At1g01300 29.5.4 aspartyl protease family protein 1.21 0.05 

248768_at At5g47700 29.2.1.2.2.81 
60S acidic ribosomal protein P1 
(RPP1C) 

1.21 0.03 

265464_at At2g37080 31.1 myosin heavy chain-related 1.20 0.02 

260385_at At1g74090 16.5.1.1.1.9 

SOT18 (DESULFO-
GLUCOSINOLATE 
SULFOTRANSFERASE 18); 3-
methylthiopropyl-
desulfoglucosinolate 
sulfotransferase/ 4-
methylthiobutyl-
desulfoglucosinolate 
sulfotransferase/ 5-
methylthiopentyl-
desulfoglucosinolate 
sulfotransferase/ 7-
methylthioheptyl-desulfogluco 

1.20 0.04 

247829_at At5g58520 29.4 protein kinase family protein 1.20 0.05 

255785_at At1g19920 14.1 
APS2; sulfate adenylyltransferase 
(ATP) 

1.20 0.02 

252421_at At3g47540 20.1 chitinase, putative 1.20 0.02 

258086_at At3g25860 11.1.31 
LTA2; dihydrolipoyllysine-residue 
acetyltransferase 

1.19 0.04 

261584_at At1g01040 27.1.20 

DCL1 (DICER-LIKE 1); ATP-
dependent helicase/ double-
stranded RNA binding / protein 
binding / ribonuclease III 

1.19 0.02 

258283_at At3g26750 35.2 unknown protein 1.19 0.01 

254684_at At4g13850 27.4 

GR-RBP2 (GLYCINE-RICH RNA-
BINDING PROTEIN 2); ATP binding 
/ RNA binding / double-stranded 
DNA binding / single-stranded 

1.19 0.01 
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DNA binding 

256322_at At1g54990 35.2 AXR4 (AUXIN RESISTANT 4) 1.19 0.03 

251597_at At3g57750 29.4 protein kinase, putative 1.18 0.03 

259118_at At3g01310 35.2 
acid phosphatase/ 
oxidoreductase/ transition metal 
ion binding 

1.18 0.03 

250331_at At5g11820 35.1   1.18 0.02 

258601_at At3g02760 29.1.21 
ATP binding / aminoacyl-tRNA 
ligase/ histidine-tRNA ligase/ 
nucleotide binding 

1.17 0.02 

251494_at At3g59350 29.4.1.58 
serine/threonine protein kinase, 
putative 

1.17 0.02 

247448_at At5g62770 35.2 unknown protein 1.17 0.03 

261215_at At1g32970 29.5.1 subtilase family protein 1.17 0.01 

249945_at At5g22440 
29.2.1.1.3.2.5

10 
60S ribosomal protein L10A 
(RPL10aC) 

1.17 0.02 

267187_s_
at 

At2g44160 25.6 

MTHFR2 
(METHYLENETETRAHYDROFOLATE 
REDUCTASE 2); 
methylenetetrahydrofolate 
reductase (NADPH) 

1.16 0.02 

244903_at orf149 35.2   1.16 0.02 

250339_at At5g11670 8.2.10 

ATNADP-ME2 (NADP-malic 
enzyme 2); malate dehydrogenase 
(oxaloacetate-decarboxylating) 
(NADP+)/ malic enzyme/ 
oxidoreductase 

1.16 0.01 

254098_at At4g25100 21.6 
FSD1 (FE SUPEROXIDE DISMUTASE 
1); copper ion binding / 
superoxide dismutase 

1.16 0.02 

246789_at At5g27600 11.1.9 
LACS7 (LONG-CHAIN ACYL-COA 
SYNTHETASE 7); long-chain-fatty-
acid-CoA ligase/ protein binding 

1.15 0.01 

253989_at At4g26130 35.2 unknown protein 1.15 0.03 

254860_at At4g12110 11.8.2 

SMO1-1 (STEROL-4ALPHA-
METHYL OXIDASE 1-1); 4,4-
dimethyl-9beta,19-
cyclopropylsterol-4alpha-methyl 
oxidase/ C-4 methylsterol 
oxidase/ catalytic 

1.15 0.02 

264340_at At1g70280 35.1 NHL repeat-containing protein 1.15 0.01 

247590_at At5g60720 35.2 unknown protein 1.14 0.02 

263701_at At1g31160 29.4 
zinc-binding protein, putative / 
protein kinase C inhibitor, 
putative 

1.14 0.03 

250103_at At5g16600 27.3.25 
MYB43 (myb domain protein 43); 
DNA binding / transcription factor 

1.14 0.02 

254655_s_
at 

At4g18100 29.2.1.2.2.32 
60S ribosomal protein L32 
(RPL32A) 

1.14 0.02 

248398_at At5g51970 3.3 
sorbitol dehydrogenase, putative 
/ L-iditol 2-dehydrogenase, 
putative 

1.14 0.05 
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262329_at At1g64090 35.1 reticulon family protein (RTNLB3) 1.14 0.04 

252643_at At3g44590 29.2.1.2.2.82 
60S acidic ribosomal protein P2 
(RPP2D) 

1.14 0.01 

263525_at At2g24840 27.3.24 
AGL61 (AGAMOUS-LIKE 61); DNA 
binding / transcription factor 

1.13 0.01 

266980_at At2g39390 29.2.1.2.2.35 
60S ribosomal protein L35 
(RPL35B) 

1.12 0.02 

258821_at At3g07230 20.2.4 wound-responsive protein-related 1.12 0.05 

256408_at At1g66610 33.99 
seven in absentia (SINA) protein, 
putative 

1.12 0.02 

250178_at At5g14430 20.2.3 
dehydration-responsive protein-
related 

1.12 0.04 

249466_at At5g39740 29.2.1.2.2.5 60S ribosomal protein L5 (RPL5B) 1.12 0.04 

246376_at At1g51950 27.3.40 
IAA18 (INDOLE-3-ACETIC ACID 
INDUCIBLE 18); transcription 
factor 

1.12 0.04 

260497_at At2g41840 29.2.1.2.1.2 40S ribosomal protein S2 (RPS2C) 1.11 0.04 

265803_at At2g18115 35.1.40   1.11 0.02 

248838_at At5g46800 34.9 
BOU (A BOUT DE SOUFFLE); 
binding / transporter 

1.11 0.01 

252166_at At3g50500 29.4 
SNRK2.2 (SNF1-RELATED PROTEIN 
KINASE 2.2); kinase/ protein 
kinase 

1.11 0.02 

267069_at At2g41010 20.2.3 

ATCAMBP25 (ARABIDOPSIS 
THALIANA CALMODULIN (CAM)-
BINDING PROTEIN OF 25 KDA); 
calmodulin binding 

1.10 0.02 

249212_at At5g42690 35.2 unknown protein 1.10 0.04 

254029_at At4g25870 35.2 unknown protein 1.10 0.04 

265024_at At1g24600 35.2 unknown protein 1.10 0.05 

249864_at At5g22830 34.14 
ATMGT10 (MAGNESIUM (MG) 
TRANSPORTER 10); magnesium 
ion transmembrane transporter 

1.09 0.01 

266467_at At2g47760 29.7 
ALG3; alpha-1,3-
mannosyltransferase 

1.09 0.01 

251184_at At3g62840 27.1   1.09 0.02 

261614_at At1g49760 27.1 
PAB8 (POLY(A) BINDING PROTEIN 
8); RNA binding / translation 
initiation factor 

1.08 0.02 

249007_at At5g44650 35.2 unknown protein 1.08 0.03 

258023_at At3g19450 16.2.1.10 
ATCAD4; cinnamyl-alcohol 
dehydrogenase 

1.08 0.03 

251552_at At3g58700 29.2.1.2.2.11 
60S ribosomal protein L11 
(RPL11B) 

1.08 0.02 

258937_at At3g10090 29.2.1.2.1.28 
40S ribosomal protein S28 
(RPS28A) 

1.07 0.04 

262935_at At1g79410 34.2 

AtOCT5 (Arabidopsis thaliana 
ORGANIC CATION/CARNITINE 
TRANSPORTER5); carbohydrate 
transmembrane transporter 

1.07 0.04 

252479_at At3g46560 29.3.2 
TIM9; P-P-bond-hydrolysis-driven 
protein transmembrane 
transporter 

1.07 0.03 

259612_at At1g52300 29.2.1.2.2.37 60S ribosomal protein L37 1.07 0.03 
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(RPL37B) 

245262_at At4g16563 29.5.4 aspartyl protease family protein 1.06 0.05 

255000_at At4g09800 29.2.1.2.1.18 

RPS18C (S18 RIBOSOMAL 
PROTEIN); RNA binding / nucleic 
acid binding / structural 
constituent of ribosome 

1.05 0.05 

261787_at At1g16020 35.2 unknown protein 1.04 0.03 

259361_at At1g13440 4.1.9 

GAPC2 (GLYCERALDEHYDE-3-
PHOSPHATE DEHYDROGENASE 
C2); NAD or NADH binding / 
binding / catalytic/ 
glyceraldehyde-3-phosphate 
dehydrogenase 
(phosphorylating)/ 
glyceraldehyde-3-phosphate 
dehydrogenase 

1.04 0.03 

258455_at At3g22440 10.5.4 
hydroxyproline-rich glycoprotein 
family protein 

1.04 0.03 

265010_at At1g24510 29.4  1.03 0.02 

267213_at At2g44120 29.2.1.2.2.7 60S ribosomal protein L7 (RPL7C) 1.03 0.05 

258534_at At3g06730 21.1 thioredoxin family protein 1.03 0.03 

251666_at At3g57050 13.1.3.4.2 
CBL (cystathionine beta-lyase); 
cystathionine beta-lyase 

1.03 0.04 

254012_at At4g26230 29.2.1.2.2.31 
60S ribosomal protein L31 
(RPL31B) 

1.03 0.01 

263012_at At1g23370 35.2   1.03 0.02 

248231_at At5g53770 27.1 
nucleotidyltransferase family 
protein 

1.03 0.03 

245832_at At1g48850 13.1.6.1.7 
EMB1144 (embryo defective 
1144); chorismate synthase 

1.03 0.01 

264025_at At2g21050 34.3 amino acid permease, putative 1.02 0.01 

253190_at At4g35340 34.2   1.02 0.04 

255670_at At4g00335 29.5.11.4.2 
RHB1A; protein binding / zinc ion 
binding 

1.02 0.04 

259611_at At1g52280 30.5 
AtRABG3d (Arabidopsis Rab 
GTPase homolog G3d); GTP 
binding 

1.02 0.02 

262620_at At1g06540 35.2 unknown protein 1.02 0.03 

247049_at At5g66440 35.2 unknown protein 1.02 0.02 

261973_at At1g64610 35.1 WD-40 repeat family protein 1.02 0.02 

247116_at At5g65970 20.1.3.1 
MLO10 (MILDEW RESISTANCE 
LOCUS O 10); calmodulin binding 

1.01 0.01 

256560_s_
at 

At3g31415 16.1.5 
terpene synthase/cyclase family 
protein 

1.01 0.02 

250667_at At5g07090 29.2.1.2.1.4 40S ribosomal protein S4 (RPS4B) 1.01 0.02 

261952_at At1g64430 35.2   1.00 0.02 

260448_at At1g72400 33.99   1.00 0.03 

247850_at At5g58150 30.2.7 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

1.00 0.04 

259279_at At3g01120 13.1.3.4.1 MTO1 (METHIONINE 1.00 0.01 
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OVERACCUMULATION 1); 
cystathionine gamma-synthase 

263318_at At2g24762 35.2 
AtGDU4 (Arabidopsis thaliana 
GLUTAMINE DUMPER 4) 

1.00 0.02 

251406_at At3g60260 35.1 
phagocytosis and cell motility 
protein ELMO1-related 

1.00 0.04 

254842_at At4g11950 35.2 unknown protein 0.99 0.01 

251864_at At3g54920 10.6.3 
PMR6 (powdery mildew resistant 
6); lyase/ pectate lyase 

0.99 0.02 

258284_at At3g16080 29.2.1.2.2.37 
60S ribosomal protein L37 
(RPL37C) 

0.99 0.04 

248138_at At5g54960 5.2 

PDC2 (pyruvate decarboxylase-2); 
carboxy-lyase/ catalytic/ 
magnesium ion binding / pyruvate 
decarboxylase/ thiamin 
pyrophosphate binding 

0.99 0.02 

266613_at At2g14900 17.6.3 
gibberellin-regulated family 
protein 

0.99 0.02 

256649_at At3g13570 27.1.1 
SCL30a; RNA binding / nucleic acid 
binding / nucleotide binding 

0.98 0.02 

258486_at At3g02560 29.2.1.2.1.7 40S ribosomal protein S7 (RPS7B) 0.98 0.03 

253603_at At4g30935 27.3.32 WRKY32; transcription factor 0.98 0.01 

267063_at At2g41120 35.2 unknown protein 0.98 0.05 

258917_at At3g10630 35.1 
glycosyl transferase family 1 
protein 

0.98 0.05 

255776_at At1g18540 29.2.1.2.2.6 60S ribosomal protein L6 (RPL6A) 0.97 0.03 

247029_at At5g67190 27.3.3 
AP2 domain-containing 
transcription factor, putative 

0.97 0.01 

251926_at At3g53740 29.2.1.2.2.36 
60S ribosomal protein L36 
(RPL36B) 

0.97 0.01 

261585_at At1g01010 33.99 
ANAC001 (Arabidopsis NAC 
domain containing protein 1); 
transcription factor 

0.97 0.05 

247978_at At5g56710 29.2.1.2.2.31 60S ribosomal protein 0.97 0.02 

251076_at At5g01970 35.2 unknown protein 0.97 0.02 

259710_at At1g77670 16.2 
aminotransferase class I and II 
family protein 

0.95 0.03 

260271_at At1g63690 29.5 
protease-associated (PA) domain-
containing protein 

0.95 0.04 

255706_at At4g00100 29.2.1.2.1.13 

ATRPS13A (ARABIDOPSIS 
THALIANA RIBOSOMAL PROTEIN 
S13A); structural constituent of 
ribosome 

0.95 0.04 

250661_at At5g07030 27.3.67 aspartic-type endopeptidase 0.95 0.02 

260928_at At1g02720 26.2 

GATL5 
(GALACTURONOSYLTRANSFERASE 
5); polygalacturonate 4-alpha-
galacturonosyltransferase/ 
transferase, transferring glycosyl 
groups / transferase, transferring 
hexosyl groups 

0.94 0.02 

257318_at orf262 35.2   0.94 0.04 

256438_s_
at 

At3g11120 29.2.1.2.2.41 
60S ribosomal protein L41 
(RPL41E) 

0.94 0.02 

263075_at At2g17570 35.1 undecaprenyl pyrophosphate 0.94 0.02 
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synthetase family protein / UPP 
synthetase family protein 

258840_at At3g04620 35.2 nucleic acid binding 0.94 0.02 

253531_at At4g31540 27.3.99 
ATEXO70G1 (exocyst subunit 
EXO70 family protein G1); protein 
binding 

0.93 0.04 

254448_at At4g20870 11.8.1 
FAH2 (FATTY ACID HYDROXYLASE 
2); catalytic/ fatty acid alpha-
hydroxylase 

0.93 0.05 

251287_at At3g61820 27.3.99 aspartyl protease family protein 0.93 0.04 

258108_at At3g23570 26.1 
dienelactone hydrolase family 
protein 

0.92 0.02 

246845_at At5g26707 29.1.17   0.92 0.03 

245342_at At4g16720 29.2.1.2.2.15 
60S ribosomal protein L15 
(RPL15A) 

0.92 0.03 

250895_at At5g03850 29.2.1.2.1.28 
40S ribosomal protein S28 
(RPS28B) 

0.92 0.03 

249583_at At5g37770 30.3 
TCH2 (TOUCH 2); calcium ion 
binding 

0.91 0.02 

266768_s_
at 

At2g47110 35.3 UBQ6; protein binding 0.91 0.04 

254049_at At4g25740 29.2.1.2.1.10 
40S ribosomal protein S10 
(RPS10A) 

0.91 0.03 

259627_at At1g42960 35.2   0.91 0.04 

265559_at At2g05530 35.1.40 glycine-rich protein 0.91 0.04 

261496_at At1g28360 17.5.2 
ERF12 (ERF DOMAIN PROTEIN 12); 
DNA binding / transcription 
factor/ transcription repressor 

0.91 0.04 

257137_at At3g28860 34.16 

ABCB19; ATPase, coupled to 
transmembrane movement of 
substances / auxin efflux 
transmembrane transporter 

0.91 0.02 

251962_at At3g53420 34.19.1 
PIP2A (PLASMA MEMBRANE 
INTRINSIC PROTEIN 2A); water 
channel 

0.90 0.04 

258804_at At3g04760 35.1.5 
pentatricopeptide (PPR) repeat-
containing protein 

0.90 0.01 

248495_at At5g50780 35.1 ATP binding 0.90 0.04 

262909_at At1g59830 29.4 
PP2A-1; protein serine/threonine 
phosphatase 

0.90 0.02 

248936_at At5g45710 27.3.23 
RHA1 (ROOT HANDEDNESS 1); 
DNA binding / transcription factor 

0.90 0.03 

256291_at At3g12200 29.4 

AtNek7 (NIMA-related kinase7); 
ATP binding / kinase/ protein 
kinase/ protein serine/threonine 
kinase/ protein tyrosine kinase 

0.89 0.03 

258667_at At3g08750 29.5.11.4.3.2 F-box family protein 0.89 0.02 

248522_at At5g50565 35.2 unknown protein 0.89 0.03 

264724_at At1g22920 30.11.1 CSN5A (COP9 SIGNALOSOME 5A) 0.89 0.03 

258403_at At3g15380 34.99 choline transporter-related 0.89 0.03 

263585_at At2g25210 29.2.1.2.2.39 
60S ribosomal protein L39 
(RPL39A) 

0.88 0.04 

265218_at At1g05050 27.3.99   0.88 0.03 
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265083_at At1g03820 35.1 unknown protein 0.88 0.01 

256713_at At2g34060 26.12 peroxidase, putative 0.88 0.03 

253001_at At4g38490 35.2 unknown protein 0.87 0.01 

262371_at At1g73160 26.2 
glycosyl transferase family 1 
protein 

0.87 0.05 

250398_at At5g11000 35.2 unknown protein 0.87 0.02 

264470_at At1g67110 26.10 
CYP735A2; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

0.87 0.02 

259112_at At3g05560 29.2.1.2.2.22 
60S ribosomal protein L22-2 
(RPL22B) 

0.87 0.04 

262364_at At1g72860 20.1.7 
disease resistance protein (TIR-
NBS-LRR class), putative 

0.87 0.01 

262985_s_
at 

At1g23290 29.2.1.2.2.527 
RPL27AB; structural constituent of 
ribosome 

0.86 0.03 

246730_at At5g28060 29.2.1.2.1.24 
40S ribosomal protein S24 
(RPS24B) 

0.86 0.03 

266042_s_
at 

At2g07734 29.2.1.1.2.1.4 ribosomal protein S4 (RPS4) 0.86 0.04 

259881_at At1g76820 29.2.99 GTP binding / GTPase 0.86 0.04 

259715_at At1g60990 35.1 aminomethyltransferase 0.86 0.03 

256097_at At1g13670 35.2 unknown protein 0.85 0.02 

247838_at At5g57990 29.5.11.5 

UBP23 (UBIQUITIN-SPECIFIC 
PROTEASE 23); ubiquitin 
thiolesterase/ ubiquitin-specific 
protease 

0.85 0.02 

256241_at At3g12390 29.2.4 
nascent polypeptide associated 
complex alpha chain protein, 
putative / alpha-NAC, putative 

0.85 0.02 

264924_at At1g60620 27.2 
ATRPAC43; DNA binding / DNA-
directed RNA polymerase/ protein 
dimerization 

0.85 0.02 

252430_at At3g47470 1.1.2.1 

LHCA4 (LIGHT-HARVESTING 
CHLOROPHYLL-PROTEIN COMPLEX 
I SUBUNIT A4); chlorophyll 
binding 

0.85 0.03 

259431_at At1g01620 34.19.1 
PIP1C (PLASMA MEMBRANE 
INTRINSIC PROTEIN 1C); water 
channel 

0.85 0.03 

256485_at At1g31440 31.4 
SH3 domain-containing protein 1 
(SH3P1) 

0.85 0.02 

247920_at At5g57670 29.4.1.56 protein kinase family protein 0.85 0.05 

244926_s_
at 

matR 28.1   0.84 0.02 

246936_at At5g25360 35.2 unknown protein 0.84 0.03 

256875_at At3g26330 26.10 
CYP71B37; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

0.84 0.04 

254920_at At4g11220 35.1 
BTI2 (VIRB2-INTERACTING 
PROTEIN 2) 

0.84 0.02 

260406_at At1g69920 26.9 
ATGSTU12 (GLUTATHIONE S-
TRANSFERASE TAU 12); 
glutathione transferase 

0.84 0.02 

258858_at At3g02080 29.2.1.2.1.19 
40S ribosomal protein S19 
(RPS19A) 

0.84 0.04 
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257091_at At3g20540 35.2 

POLGAMMA1 (polymerase 
gamma 1); 3'-5' exonuclease/ DNA 
binding / DNA-directed DNA 
polymerase/ nucleic acid binding 

0.83 0.05 

262571_at At1g15430 35.2   0.83 0.05 

265963_s_
at 

At2g37270 29.2.1.2.1.5 
ATRPS5B (RIBOSOMAL PROTEIN 
5B); structural constituent of 
ribosome 

0.83 0.05 

254024_at At4g25780 20.1 
pathogenesis-related protein, 
putative 

0.83 0.03 

265414_at At2g16660 33.99 nodulin family protein 0.82 0.03 

262908_at At1g59900 8.1.1.1 

AT-E1 ALPHA; oxidoreductase, 
acting on the aldehyde or oxo 
group of donors, disulfide as 
acceptor / pyruvate 
dehydrogenase (acetyl-
transferring) 

0.82 0.03 

257237_at At3g14890 28.2 phosphoesterase 0.82 0.02 

248506_at At5g50370 23.4.1 adenylate kinase, putative 0.81 0.02 

266906_at At2g34585 35.2 unknown protein 0.81 0.04 

262570_at At1g15200 35.1 
protein-protein interaction 
regulator family protein 

0.81 0.02 

252997_at At4g38400 10.7 
ATEXLA2 (ARABIDOPSIS THALIANA 
EXPANSIN-LIKE A2) 

0.81 0.04 

254455_at At4g21140 35.2 unknown protein 0.80 0.04 

256143_at At1g48830 29.2.1.2.1.7 40S ribosomal protein S7 (RPS7A) 0.80 0.04 

257125_at At3g20050 29.6 
ATTCP-1; ATP binding / protein 
binding / unfolded protein binding 

0.80 0.04 

250206_at At5g14040 34.9 
mitochondrial phosphate 
transporter 

0.80 0.02 

259131_at At3g02180 33.99 SP1L3 (SPIRAL 1-LIKE3) 0.80 0.03 

262841_at At1g14810 13.1.3.6.1.2 
semialdehyde dehydrogenase 
family protein 

0.80 0.03 

264760_at At1g61290 31.4 
SYP124 (SYNTAXIN OF PLANTS 
124); SNAP receptor 

0.79 0.03 

260369_at At1g69620 29.2.1.2.2.34 
RPL34 (RIBOSOMAL PROTEIN 
L34); structural constituent of 
ribosome 

0.79 0.04 

253877_at At4g27435 35.2 unknown protein 0.79 0.04 

262117_at At1g02780 29.2.1.2.2.19 
emb2386 (embryo defective 
2386); structural constituent of 
ribosome 

0.79 0.04 

264735_s_
at 

At1g62060 35.2 unknown protein 0.79 0.04 

257817_at At3g25150 29.3.1 
nuclear transport factor 2 (NTF2) 
family protein / RNA recognition 
motif (RRM)-containing protein 

0.79 0.04 

257599_at At3g24830 29.2.1.2.2.513 
60S ribosomal protein L13A 
(RPL13aB) 

0.78 0.03 

245949_at At5g19510 29.2.4 
elongation factor 1B alpha-
subunit 2 (eEF1Balpha2) 

0.78 0.05 

256229_at At1g58200 31.2.5 MSL3 (MscS-LIKE 3); ion channel 0.78 0.02 
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265120_at At1g62640 11.1.3 

KAS III (3-KETOACYL-ACYL 
CARRIER PROTEIN SYNTHASE III); 
3-oxoacyl-[acyl-carrier-protein] 
synthase/ catalytic/ transferase, 
transferring acyl groups other 
than amino-acyl groups 

0.78 0.02 

246750_at At5g27860 35.2 unknown protein 0.78 0.04 

249752_at At5g24660 35.2 
LSU2 (RESPONSE TO LOW SULFUR 
2) 

0.77 0.04 

264018_at At2g21170 1.3.5 
TIM (TRIOSEPHOSPHATE 
ISOMERASE); catalytic/ triose-
phosphate isomerase 

0.77 0.02 

252941_at At4g39280 29.1.20 
phenylalanyl-tRNA synthetase, 
putative / phenylalanine--tRNA 
ligase, putative 

0.77 0.02 

249533_at At5g38790 35.2 unknown protein 0.77 0.05 

265302_at At2g13970 28.99 transposable element gene 0.76 0.04 

257809_at At3g27060 23.5.4 

TSO2 (TSO meaning 'ugly' in 
Chinese); oxidoreductase/ 
ribonucleoside-diphosphate 
reductase/ transition metal ion 
binding 

0.76 0.05 

251788_at At3g55420 35.2 unknown protein 0.76 0.03 

249398_at At5g40250 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

0.76 0.03 

260511_at At1g51570 35.1.19 C2 domain-containing protein 0.75 0.02 

257323_at orf294 35.2   0.75 0.03 

259584_at At1g28080 35.2 unknown protein 0.75 0.04 

259597_at At1g27900 27.1.2 RNA helicase, putative 0.75 0.03 

254275_at At4g22670 35.1.5 
AtHip1 (Arabidopsis thaliana 
Hsp70-interacting protein 1); 
binding 

0.75 0.02 

257225_s_
at 

At3g27850 
29.2.1.1.1.2.1

2 
RPL12-C (ribosomal protein l12-c); 
structural constituent of ribosome 

0.75 0.03 

259755_at At1g71070 26.2 
glycosyltransferase family 14 
protein / core-2/I-branching 
enzyme family protein 

0.75 0.03 

261767_s_
at 

At1g15500 34.99 ATNTT2; ATP:ADP antiporter 0.74 0.02 

258399_at At3g15540 27.3.40 
IAA19 (INDOLE-3-ACETIC ACID 
INDUCIBLE 19); transcription 
factor 

0.74 0.02 

258183_at At3g21550 35.2 unknown protein 0.73 0.03 

265445_at At2g37190 29.2.1.2.2.12 
60S ribosomal protein L12 
(RPL12A) 

0.73 0.03 

263224_at At1g30580 35.2 GTP binding 0.73 0.02 

260012_at At1g67865 35.2 unknown protein 0.73 0.03 

255473_at At4g02450 35.1.40 glycine-rich protein 0.73 0.05 

261001_at At1g26530 35.2 unknown protein 0.73 0.02 

266136_at At2g45060 35.2   0.73 0.02 

247390_at At5g63520 29.5.11.4.3.2   0.72 0.04 
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245331_at At4g14410 27.3.6 
basic helix-loop-helix (bHLH) 
family protein 

0.72 0.02 

252235_at At3g49910 29.2.1.2.2.26 
60S ribosomal protein L26 
(RPL26A) 

0.72 0.03 

261591_at At1g01740 29.4 protein kinase family protein 0.72 0.05 

261416_at At1g07770 29.2.1.2.1.515 
RPS15A (ribosomal protein s15a); 
structural constituent of ribosome 

0.72 0.01 

265247_at At2g43030 29.2.1.1.1.2.3 
ribosomal protein L3 family 
protein 

0.72 0.04 

255104_at At4g08685 20.2.99 SAH7 0.72 0.03 

247742_at At5g58980 11.8.1.1 ceramidase family protein 0.72 0.01 

255047_at At4g09670 35.1 oxidoreductase family protein 0.71 0.02 

253012_at At4g37900 35.1.40 glycine-rich protein 0.71 0.02 

264704_at At1g70090 26.2 

LGT8 (GLUCOSYL TRANSFERASE 
FAMILY 8); polygalacturonate 4-
alpha-galacturonosyltransferase/ 
transferase, transferring glycosyl 
groups / transferase, transferring 
hexosyl groups 

0.71 0.05 

253919_at At4g27350 35.2 unknown protein 0.71 0.05 

265936_at At2g19600 34.15 
ATKEA4; potassium ion 
transmembrane transporter 

0.71 0.03 

252139_at At3g51050 35.1 FG-GAP repeat-containing protein 0.71 0.05 

244920_s_
at 

nad3 9.1.2   0.70 0.03 

246512_at At5g15630 10.2.2 IRX6 0.70 0.03 

257210_at At3g14950 35.1.5 
TTL2 (Tetratricopetide-repeat 
Thioredoxin-Like 2); binding 

0.70 0.04 

259096_at At3g04840 29.2.1.2.1.53 
40S ribosomal protein S3A 
(RPS3aA) 

0.69 0.04 

255764_at At1g16720 35.2 
HCF173 (high chlorophyll nce 
phenotype 173); binding / 
catalytic/ transcription repressor 

0.69 0.05 

267309_at At2g19385 27.3.11 zinc ion binding 0.69 0.05 

261800_at At1g30490 27.3.22 
PHV (PHAVOLUTA); DNA binding / 
protein binding / transcription 
factor 

0.69 0.03 

255567_at At4g01150 35.2 unknown protein 0.69 0.04 

257357_at At2g41050 35.1 
PQ-loop repeat family protein / 
transmembrane family protein 

0.68 0.04 

257218_at At3g15000 35.1   0.68 0.04 

261373_at At1g53000 10.1.12.4 cytidylyltransferase family 0.68 0.03 

255261_s_
at 

At4g05110 34.14 
equilibrative nucleoside 
transporter, putative (ENT6) 

0.67 0.03 

264839_at At1g03630 19.14 

POR C (PROTOCHLOROPHYLLIDE 
OXIDOREDUCTASE); NADPH 
dehydrogenase/ oxidoreductase/ 
protochlorophyllide reductase 

0.67 0.04 

260587_at At1g53210 30.3 
sodium/calcium exchanger family 
protein / calcium-binding EF hand 
family protein 

0.67 0.04 

247178_at At5g65205 26.22 
short-chain 
dehydrogenase/reductase (SDR) 

0.67 0.03 
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family protein 

264904_s_
at 

At2g17420 21.1 
NTRA (NADPH-DEPENDENT 
THIOREDOXIN REDUCTASE A); 
thioredoxin-disulfide reductase 

0.67 0.02 

257141_at At3g28900 29.2.1.2.2.34 
60S ribosomal protein L34 
(RPL34C) 

0.66 0.05 

257381_at At2g37950 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

0.66 0.02 

256156_at At3g08510 30.4.4 
ATPLC2 (PHOSPHOLIPASE C 2); 
phospholipase C 

0.66 0.04 

254502_at At4g20130 1.3.13 
PTAC14 (PLASTID 
TRANSCRIPTIONALLY ACTIVE14) 

0.66 0.02 

253276_at At4g34050 16.2.1.6 
caffeoyl-CoA 3-O-
methyltransferase, putative 

0.65 0.02 

253008_at At4g38210 10.7 
ATEXPA20 (ARABIDOPSIS 
THALIANA EXPANSIN A20) 

0.65 0.05 

259381_s_
at 

At3g16390 16.5.1.3.2 
NSP3 (NITRILE SPECIFIER PROTEIN 
3) 

0.65 0.03 

261694_at At1g08360 
29.2.1.1.3.2.5

10 
60S ribosomal protein L10A 
(RPL10aA) 

0.65 0.04 

249747_at At5g24600 35.2 unknown protein 0.64 0.04 

266417_at At2g38550 35.2 unknown protein 0.64 0.03 

255749_at At1g31970 28.1 

STRS1 (STRESS RESPONSE 
SUPPRESSOR 1); ATP binding / 
ATP-dependent helicase/ 
helicase/ nucleic acid binding 

0.64 0.05 

267629_at At2g42120 28.1 
POLD2 (DNA POLYMERASE DELTA 
SMALL SUBUNIT); DNA binding / 
DNA-directed DNA polymerase 

0.64 0.02 

253498_at At4g31890 35.1.3 
armadillo/beta-catenin repeat 
family protein 

0.64 0.03 

247509_at At5g62020 27.3.23 
AT-HSFB2A; DNA binding / 
transcription factor 

0.64 0.05 

264993_at At1g67290 24 glyoxal oxidase-related 0.64 0.04 

246597_at At5g14760 13.2.1.2 
AO (L-ASPARTATE OXIDASE); L-
aspartate oxidase/ electron 
carrier/ oxidoreductase 

0.64 0.03 

262277_at At1g68650 35.2 unknown protein 0.63 0.04 

259484_at At1g12580 30.3 

PEPKR1 (Phosphoenolpyruvate 
carboxylase-related kinase 1); ATP 
binding / kinase/ protein kinase/ 
protein serine/threonine kinase 

0.63 0.04 

260913_at At1g02500 13.1.3.4.11 
SAM1 (S-ADENOSYLMETHIONINE 
SYNTHETASE 1); methionine 
adenosyltransferase 

0.63 0.02 

251905_at At3g53710 27.3.99 
AGD6; ARF GTPase activator/ DNA 
binding / zinc ion binding 

0.63 0.03 

263729_at At1g60080 27.1.19 
3' exoribonuclease family domain 
1-containing protein 

0.63 0.03 

254512_at At4g20230 16.1.5 
terpene synthase/cyclase family 
protein 

0.63 0.03 

263078_at At2g05350 35.2 unknown protein 0.62 0.03 

265144_at At1g51170 29.4 protein kinase family protein 0.61 0.05 

251628_at At3g57290 29.2.3 
EIF3E (EUKARYOTIC TRANSLATION 
INITIATION FACTOR 3E); 
translation initiation factor 

0.61 0.04 
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246329_at At3g43610 31.1 tubulin binding 0.60 0.05 

250547_at At5g08100 13.2.3.1.1 
L-asparaginase / L-asparagine 
amidohydrolase 

0.59 0.05 

250858_at At5g04760 27.3.26 myb family transcription factor 0.59 0.05 

246209_at At4g36870 27.3.22 
BLH2 (BEL1-LIKE HOMEODOMAIN 
2); DNA binding / transcription 
factor 

0.59 0.04 

259444_at At1g02370 27.3.67 
pentatricopeptide (PPR) repeat-
containing protein 

0.59 0.04 

249310_at At5g41520 29.2.1.2.1.10 
40S ribosomal protein S10 
(RPS10B) 

0.58 0.05 

264804_at At1g08590 30.2.11 CLAVATA1 receptor kinase (CLV1) 0.58 0.03 

261920_at At1g65930 8.1.4 
isocitrate dehydrogenase, 
putative / NADP+ isocitrate 
dehydrogenase, putative 

0.57 0.03 

262166_at At1g74840 27.3.26 myb family transcription factor 0.57 0.04 

255127_at At4g08300 33.99 nodulin MtN21 family protein 0.57 0.03 

264780_at At1g08720 30.6 

EDR1 (ENHANCED DISEASE 
RESISTANCE 1); MAP kinase kinase 
kinase/ kinase/ protein 
serine/threonine/tyrosine kinase 

0.57 0.04 

258954_at At3g01400 35.1.3 
armadillo/beta-catenin repeat 
family protein 

0.56 0.05 

264497_at At1g30840 34.10 
ATPUP4; purine transmembrane 
transporter 

0.56 0.03 

262064_at At1g56075 29.2.4   0.55 0.03 

255536_at At4g01575 29.5.5 
serine protease inhibitor, Kazal-
type family protein 

0.55 0.04 

254879_at At4g11670 35.2   0.54 0.03 

264074_at At2g10780 28.1 transposable element gene 0.54 0.04 

253777_at At4g28450 27.1 
nucleotide binding / protein 
binding 

0.54 0.05 

257362_at At2g45840 35.2   0.54 0.04 

258103_at At3g23630 17.4.1 

ATIPT7; ATP binding / tRNA 
isopentenyltransferase/ 
transferase, transferring alkyl or 
aryl (other than methyl) groups 

0.54 0.04 

249914_at At5g22850 29.5 aspartyl protease family protein 0.54 0.05 

254011_at At4g26370 33.99 
antitermination NusB domain-
containing protein 

0.52 0.03 

262611_at At1g14050 35.1   0.52 0.03 

256058_at At1g07240 26.2 

UGT71C5 (UDP-GLUCOSYL 
TRANSFERASE 71C5); UDP-
glycosyltransferase/ quercetin 3-
O-glucosyltransferase/ 
transferase, transferring glycosyl 
groups 

0.52 0.03 

250881_at At5g04080 35.2 unknown protein 0.52 0.05 

258801_at At3g04560 35.2 unknown protein 0.51 0.03 

251581_at At3g58560 28.1 
endonuclease/exonuclease/phosp
hatase family protein 

0.51 0.04 

255537_at At4g01690 19.9 
PPOX; protoporphyrinogen 
oxidase 

0.50 0.03 
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255603_at At4g01040 35.1 
glycosyl hydrolase family 18 
protein 

0.50 0.05 

251568_at At3g58280 35.2   0.50 0.03 

251262_at At3g62080 27.3.71 SNF7 family protein 0.49 0.05 

263352_at At2g22080 35.2 unknown protein 0.49 0.04 

250781_at At5g05410 27.3.3 
DREB2A; DNA binding / 
transcription activator/ 
transcription factor 

0.49 0.03 

259160_at At3g05410 35.2 unknown protein 0.49 0.04 

253928_at At4g26720 29.4 
PPX1 (PROTEIN PHOSPHATASE X 
1); protein serine/threonine 
phosphatase 

0.48 0.04 

246757_at At5g27940 33.99 WPP3 (WPP domain protein 3) 0.47 0.05 

250147_at At5g14600 35.2 
tRNA (adenine-N1-)-
methyltransferase 

0.47 0.05 

260773_at At1g78440 17.6.1.13 
ATGA2OX1 (gibberellin 2-oxidase 
1); gibberellin 2-beta-dioxygenase 

0.47 0.04 

257338_s_
at 

nad5.1 9.1.2   0.47 0.04 

248886_at At5g46110 2.2.2.6 

APE2 (ACCLIMATION OF 
PHOTOSYNTHESIS TO 
ENVIRONMENT 2); antiporter/ 
triose-phosphate transmembrane 
transporter 

0.44 0.05 

267533_at At2g42070 23.3.3 

ATNUDX23 (ARABIDOPSIS 
THALIANA NUDIX HYDROLASE 
HOMOLOG 23); FAD 
diphosphatase/ hydrolase 

0.43 0.04 

248146_at At5g54940 29.2.3 
eukaryotic translation initiation 
factor SUI1, putative 

0.40 0.05 

250738_at At5g05730 13.1.6.5.1 
ASA1 (ANTHRANILATE SYNTHASE 
ALPHA SUBUNIT 1); anthranilate 
synthase 

-0.39 0.04 

248492_at At5g51040 35.2 unknown protein -0.40 0.05 

262135_at At1g78080 27.3.3 
RAP2.4 (related to AP2 4); DNA 
binding / transcription factor 

-0.42 0.05 

248863_at At5g46750 33.99 
AGD9 (ARF-GAP DOMAIN 9); ARF 
GTPase activator/ DNA binding / 
zinc ion binding 

-0.43 0.04 

261286_at At1g35780 35.2 unknown protein -0.44 0.04 

260732_at At1g17520 27.3.26 DNA-binding protein, putative -0.44 0.04 

249778_at At5g24165 35.2 unknown protein -0.45 0.05 

266420_at At2g38610 35.1 KH domain-containing protein -0.45 0.04 

253071_at At4g37880 29.5.11.4.2 protein binding / zinc ion binding -0.45 0.05 

245299_at At4g17530 30.5 ATRAB1C; GTP binding -0.47 0.05 

245798_at At1g45545 35.2 unknown protein -0.48 0.05 

257518_at At3g03880 35.2 unknown protein -0.48 0.04 

260701_at At1g32330 27.3.23 
ATHSFA1D; DNA binding / 
transcription factor 

-0.48 0.05 

254726_at At4g13660 16.8.5 
PRR2 (PINORESINOL REDUCTASE 
2); pinoresinol reductase 

-0.49 0.05 
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259184_at At3g01520 20.2.99 
universal stress protein (USP) 
family protein 

-0.49 0.03 

259408_at At3g25800 29.4 
PP2AA2 (PROTEIN PHOSPHATASE 
2A SUBUNIT A2); protein 
phosphatase type 2A regulator 

-0.50 0.04 

250188_at At5g14250 30.11.1 
COP13 (CONSTITUTIVE 
PHOTOMORPHOGENIC 13); 
protein binding 

-0.51 0.05 

265402_at At2g10950 35.1.8 BSD domain-containing protein -0.52 0.04 

250793_at At5g05600 16.8.1 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

-0.53 0.04 

252424_at At3g47610 35.2 
transcription regulator/ zinc ion 
binding 

-0.54 0.03 

266958_at At2g34630 16.1.2.8 

geranyl diphosphate synthase, 
putative / GPPS, putative / 
dimethylallyltransferase, putative 
/ prenyl transferase, putative 

-0.54 0.04 

254616_at At4g18710 17.3.2.1 
BIN2 (BRASSINOSTEROID-
INSENSITIVE 2); glycogen synthase 
kinase 3/ kinase/ protein kinase 

-0.54 0.03 

251163_at At3g63310 35.1 glutamate binding -0.54 0.03 

258345_at At3g22845 31.4 emp24/gp25L/p24 protein-related -0.54 0.03 

252059_at At3g52560 29.5.11.3 
UEV1D-4 (UBIQUITIN E2 VARIANT 
1D-4); protein binding / ubiquitin-
protein ligase 

-0.54 0.04 

262385_at At1g72960 33.99 
root hair defective 3 GTP-binding 
(RHD3) family protein 

-0.55 0.03 

254216_at At4g23710 34.1 

VAG2; hydrolase, acting on acid 
anhydrides, catalyzing 
transmembrane movement of 
substances 

-0.55 0.04 

257169_at At3g24315 29.3.4.2 AtSec20 -0.56 0.05 

248267_at At5g53460 12.2.1.2 GLT1; glutamate synthase (NADH) -0.56 0.03 

260545_at At2g43350 21.2 
ATGPX3 (GLUTATHIONE 
PEROXIDASE 3); glutathione 
peroxidase 

-0.56 0.05 

251234_s_
at 

At2g47650 10.1.5 
UXS4 (UDP-XYLOSE SYNTHASE 4); 
UDP-glucuronate decarboxylase/ 
catalytic 

-0.56 0.05 

252743_at At3g43300 30.5 

ATMIN7 (ARABIDOPSIS THALIANA 
HOPM INTERACTOR 7); guanyl-
nucleotide exchange factor/ 
protein binding 

-0.56 0.03 

258734_at At3g05860 27.3.24 MADS-box protein (AGL45) -0.57 0.03 

250833_at At5g04540 29.4 
phosphatase/ protein tyrosine 
phosphatase 

-0.58 0.03 

264628_at At1g65530 35.2   -0.58 0.04 

253137_at At4g35500 29.4 protein kinase family protein -0.58 0.05 

250525_at At5g08550 35.2 
ILP1 (increased level of 
polyploidy1-1D); translation 
repressor 

-0.58 0.04 

249385_at At5g39950 21.1 

ATTRX2 (THIOREDOXIN 2); 
oxidoreductase, acting on sulfur 
group of donors, disulfide as 
acceptor 

-0.59 0.03 
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261534_at At1g01820 31.1 PEX11C (PEROXIN 11C) -0.59 0.03 

266926_at At2g46000 35.2 unknown protein -0.59 0.04 

259875_s_
at 

At1g76690 17.7.1.5 OPR2 -0.59 0.04 

265385_at At2g20900 11.3.5 diacylglycerol kinase, putative -0.59 0.03 

248376_at At5g51880 21.99 

iron ion binding / oxidoreductase, 
acting on paired donors, with 
incorporation or reduction of 
molecular oxygen, 2-oxoglutarate 
as one donor, and incorporation 
of one atom each of oxygen into 
both donors 

-0.60 0.04 

246528_at At5g15640 34.9 
mitochondrial substrate carrier 
family protein 

-0.60 0.04 

248381_at At5g51830 2.2.1.1 
pfkB-type carbohydrate kinase 
family protein 

-0.60 0.03 

259033_at At3g09410 10.8.2 
pectinacetylesterase family 
protein 

-0.60 0.02 

265416_at At2g37120 27.3.81 DNA-binding S1FA family protein -0.61 0.05 

246893_at At5g25520 27.3.67 
transcription elongation factor-
related 

-0.61 0.04 

264415_at At1g43160 27.3.3 
RAP2.6 (related to AP2 6); DNA 
binding / transcription factor 

-0.61 0.03 

252331_s_
at 

At3g48790 11.8.1.2 
serine C-palmitoyltransferase, 
putative 

-0.61 0.05 

250457_at At5g09880 27.4 
RNA recognition motif (RRM)-
containing protein 

-0.61 0.04 

264846_at At2g17850 29.4   -0.61 0.03 

250327_at At5g12050 35.2 unknown protein -0.61 0.03 

254491_at At4g20300 35.2 unknown protein -0.61 0.02 

245245_at At1g44318 19.4 
hemb2; catalytic/ metal ion 
binding / porphobilinogen 
synthase 

-0.61 0.04 

260991_at At1g12160 26.7 
flavin-containing monooxygenase 
family protein / FMO family 
protein 

-0.62 0.02 

255040_at At4g09580 35.2   -0.62 0.04 

246453_at At5g16830 31.4 
SYP21 (SYNTAXIN OF PLANTS 21); 
SNAP receptor 

-0.62 0.04 

262485_at At1g21730 31.1 kinesin-related protein (MKRP1) -0.63 0.03 

252824_at At4g40030 28.1.3 histone H3.2 -0.64 0.05 

252610_x_
at 

At3g45120 35.2 transposable element gene -0.64 0.03 

253927_at At4g26710 34.1 
ATP synthase subunit H family 
protein 

-0.64 0.03 

256055_at At1g07030 34.9 
mitochondrial substrate carrier 
family protein 

-0.64 0.04 

258786_at At3g11820 31.4 
SYP121 (SYNTAXIN OF PLANTS 
121); SNAP receptor/ protein 
anchor 

-0.65 0.02 

263167_at At1g03030 23.3.2.2 
phosphoribulokinase/uridine 
kinase family protein 

-0.65 0.03 

255309_at At4g04920 35.2 SFR6 (SENSITIVE TO FREEZING 6) -0.65 0.04 
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260176_at At1g71950 35.1 
identical protein binding / serine-
type endopeptidase 

-0.65 0.02 

252009_at At3g52800 27.3.11 
zinc finger (AN1-like) family 
protein 

-0.65 0.02 

258119_at At3g14720 30.6 ATMPK19; MAP kinase -0.66 0.03 

248697_at At5g48370 35.1 thioesterase family protein -0.66 0.03 

250505_at At5g09870 10.2.1 
CESA5 (CELLULOSE SYNTHASE 5); 
cellulose synthase/ transferase, 
transferring glycosyl groups 

-0.66 0.03 

267388_at At2g44450 26.3 

BGLU15 (BETA GLUCOSIDASE 15); 
catalytic/ cation binding / 
hydrolase, hydrolyzing O-glycosyl 
compounds 

-0.66 0.02 

266838_at At2g25980 17.7.3 jacalin lectin family protein -0.66 0.04 

264344_at At1g11910 29.5.4 aspartyl protease family protein -0.66 0.05 

258803_at At3g04670 27.3.32 
WRKY39; calmodulin binding / 
transcription factor 

-0.66 0.02 

261796_at At1g30440 30.11 
phototropic-responsive NPH3 
family protein 

-0.66 0.02 

265886_at At2g25620 29.4 
protein phosphatase 2C, putative 
/ PP2C, putative 

-0.67 0.03 

246219_at At4g36760 29.5 
ATAPP1; N-1-naphthylphthalamic 
acid binding / aminopeptidase 

-0.67 0.02 

256861_at At3g23920 2.2.2.1 
BAM1 (BETA-AMYLASE 1); beta-
amylase 

-0.67 0.04 

249736_at At5g24460 35.2 unknown protein -0.67 0.03 

249814_at At5g23840 35.1 
MD-2-related lipid recognition 
domain-containing protein / ML 
domain-containing protein 

-0.67 0.01 

253334_at At4g33360 16.8.4 terpene cyclase/mutase-related -0.68 0.02 

252894_at At4g39440 35.2 unknown protein -0.68 0.03 

267405_at At2g33740 15.2 CUTA; copper ion binding -0.68 0.03 

263101_s_
at 

At2g05230 20.2.1 
DNAJ heat shock N-terminal 
domain-containing protein 

-0.68 0.02 

251038_at At5g02240 29.5 
binding / catalytic/ coenzyme 
binding 

-0.68 0.03 

248821_at At5g47070 29.4.1.57 protein kinase, putative -0.68 0.03 

256435_at At3g11180 16.8.1 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

-0.68 0.04 

267340_at At2g34690 33.99 
ACD11 (ACCELERATED CELL 
DEATH 11); sphingosine 
transmembrane transporter 

-0.68 0.03 

265019_at At1g24560 35.2 unknown protein -0.68 0.02 

261113_at At1g75400 29.5.11.4.2 protein binding / zinc ion binding -0.68 0.03 

257019_at At3g19640 34.14 
magnesium transporter CorA-like 
family protein (MRS2-3) 

-0.68 0.03 

266215_at At2g06850 10.7 

EXGT-A1 (ENDOXYLOGLUCAN 
TRANSFERASE); hydrolase, acting 
on glycosyl bonds / 
xyloglucan:xyloglucosyl 
transferase 

-0.69 0.02 

264984_at At1g27000 27.3.35 bZIP family transcription factor -0.69 0.03 
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253381_at At4g33350 29.3.3 
chloroplast inner membrane 
import protein Tic22, putative 

-0.69 0.03 

266962_at At2g39440 35.2   -0.69 0.04 

254108_at At4g25230 29.5.11.4.2 

RIN2 (RPM1 INTERACTING 
PROTEIN 2); protein binding / 
ubiquitin-protein ligase/ zinc ion 
binding 

-0.69 0.03 

248713_at At5g48180 17.7.3 
NSP5 (NITRILE SPECIFIER PROTEIN 
5) 

-0.69 0.03 

266649_at At2g25810 34.19.2 
TIP4;1 (tonoplast intrinsic protein 
4;1); water channel 

-0.69 0.05 

250287_at At5g13330 27.3.3 
Rap2.6L (related to AP2 6L); DNA 
binding / transcription factor 

-0.69 0.03 

248464_at At5g51160 31.1 ankyrin repeat family protein -0.70 0.04 

259219_at At3g03560 35.2 unknown protein -0.70 0.04 

263614_at At2g25240 20.1.7.6 
serine-type endopeptidase 
inhibitor 

-0.70 0.03 

253872_at At4g27410 33.99 
RD26 (RESPONSIVE TO 
DESICCATION 26); transcription 
activator/ transcription factor 

-0.70 0.02 

258730_at At3g11730 30.5 
ATFP8; GTP binding / GTP-
dependent protein binding / 
myosin XI tail binding 

-0.71 0.03 

264170_at At1g02260 35.1 transmembrane protein, putative -0.71 0.03 

251042_at At5g02310 29.5.11 
PRT6 (PROTEOLYSIS 6); ubiquitin-
protein ligase 

-0.71 0.04 

264103_at At2g13660 35.2 unknown protein -0.71 0.04 

250723_at At5g06300 13.2.3.5 carboxy-lyase -0.72 0.05 

256787_at At3g13790 2.2.1.3.2 
ATBFRUCT1; beta-
fructofuranosidase/ hydrolase, 
hydrolyzing O-glycosyl compounds 

-0.72 0.02 

252927_at At4g39090 29.5.3 

RD19 (RESPONSIVE TO 
DEHYDRATION 19); cysteine-type 
endopeptidase/ cysteine-type 
peptidase 

-0.72 0.04 

250540_at At5g08580 30.3 
calcium-binding EF hand family 
protein 

-0.72 0.04 

262258_at At1g53850 29.5.11.20 
PAE1; endopeptidase/ peptidase/ 
threonine-type endopeptidase 

-0.72 0.03 

248889_at At5g46230 35.2 unknown protein -0.72 0.04 

261709_at At1g32790 27.4 RNA-binding protein, putative -0.73 0.04 

249375_at At5g40730 10.5.1 AGP24 -0.73 0.01 

254084_at At4g24940 29.5.11.2 
SAE1A (SUMO-ACTIVATING 
ENZYME 1A); SUMO activating 
enzyme 

-0.73 0.01 

256611_at At3g29270 29.5.11.4.2 ubiquitin-protein ligase -0.73 0.04 

260539_at At2g43480 26.12 peroxidase, putative -0.73 0.03 

264581_at At1g05210 35.2   -0.73 0.02 

265953_at At2g37490 35.2   -0.73 0.04 

264802_at At1g08560 31.4 
SYP111 (SYNTAXIN OF PLANTS 
111); SNAP receptor 

-0.73 0.05 

257840_at At3g25250 29.4 
AGC2-1 (OXIDATIVE SIGNAL-
INDUCIBLE1); kinase 

-0.73 0.04 
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263747_at At2g21470 29.5.11.2 
SAE2 (SUMO-ACTIVATING 
ENZYME 2); SUMO activating 
enzyme 

-0.73 0.02 

260923_at At1g21570 27.3.99 
zinc finger (CCCH-type) family 
protein 

-0.73 0.02 

262524_at At1g17070 35.1 
D111/G-patch domain-containing 
protein 

-0.73 0.03 

252142_at At3g51120 27.3.63 
DNA binding / nucleic acid binding 
/ protein binding / zinc ion binding 

-0.74 0.02 

263785_at At2g46390 35.2 unknown protein -0.74 0.04 

253617_at At4g30410 27.3.99 transcription factor -0.74 0.04 

259165_at At3g01470 27.3.22 

ATHB-1 (ARABIDOPSIS THALIANA 
HOMEOBOX 1); DNA binding / 
protein homodimerization/ 
sequence-specific DNA binding / 
transcription activator/ 
transcription factor 

-0.75 0.03 

258517_at At3g06580 3.8.1 GALK; ATP binding / galactokinase -0.75 0.04 

264369_at At1g70430 29.4 protein kinase family protein -0.75 0.03 

267454_at At2g33730 27.1.2 DEAD box RNA helicase, putative -0.75 0.04 

248264_at At5g53310 31.1 myosin heavy chain-related -0.75 0.02 

257177_at At3g23490 16.4.3.1 
CYN (CYANASE); DNA binding / 
cyanate hydratase/ hydro-lyase 

-0.75 0.04 

246533_at At5g15880 35.2 unknown protein -0.75 0.02 

264809_at At1g08830 21.6 
CSD1 (COPPER/ZINC SUPEROXIDE 
DISMUTASE 1); superoxide 
dismutase 

-0.75 0.03 

255596_at At4g01720 27.3.32 WRKY47; transcription factor -0.75 0.04 

253664_at At4g30210 26.10 
ATR2 (ARABIDOPSIS P450 
REDUCTASE 2); NADPH-
hemoprotein reductase 

-0.75 0.02 

252150_at At3g51310 29.3.4.3 VPS35C (VPS35 HOMOLOG C) -0.76 0.04 

253062_at At4g37590 30.11 
NPY5 (NAKED PINS IN YUC 
MUTANTS 5); protein binding / 
signal transducer 

-0.76 0.05 

250809_at At5g05140 27.3.67 
transcription elongation factor-
related 

-0.76 0.04 

254464_at At4g20400 27.3.57 
transcription factor jumonji (jmj) 
family protein / zinc finger (C5HC2 
type) family protein 

-0.76 0.02 

265193_at At1g05070 35.2 unknown protein -0.76 0.04 

250988_at At5g02880 29.5.11.4.1 UPL4; ubiquitin-protein ligase -0.77 0.02 

245567_at At4g14630 20.2.99 
GLP9 (GERMIN-LIKE PROTEIN 9); 
manganese ion binding / nutrient 
reservoir 

-0.77 0.04 

260871_at At1g29040 35.2 unknown protein -0.77 0.04 

267496_at At2g30550 11.9.2.1 lipase class 3 family protein -0.77 0.04 

256621_at At3g24450 15.2 copper-binding family protein -0.77 0.04 

267400_at At2g26240 35.2 unknown protein -0.77 0.02 

257315_at At3g30775 13.2.2.2 
ERD5 (EARLY RESPONSIVE TO 
DEHYDRATION 5); proline 

-0.77 0.02 
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dehydrogenase 

250633_at At5g07460 28.1 

PMSR2 (PEPTIDEMETHIONINE 
SULFOXIDE REDUCTASE 2); 
oxidoreductase, acting on sulfur 
group of donors, disulfide as 
acceptor / peptide-methionine-
(S)-S-oxide reductase 

-0.77 0.03 

257933_at At3g25585 26.1 

AAPT2 
(AMINOALCOHOLPHOSPHOTRANS
FERASE); 
phosphatidyltransferase/ 
phosphotransferase, for other 
substituted phosphate groups 

-0.78 0.03 

255716_at At4g00330 29.4.1.54 
CRCK2; ATP binding / kinase/ 
protein kinase/ protein 
serine/threonine kinase 

-0.78 0.04 

254847_at At4g11850 11.9.3.1 PLDGAMMA1; phospholipase D -0.78 0.02 

262969_at At1g75710 27.3.11 
zinc finger (C2H2 type) family 
protein 

-0.78 0.05 

266389_s_
at 

At2g32330 35.2   -0.78 0.02 

252935_at At4g39150 20.2.1 
DNAJ heat shock N-terminal 
domain-containing protein 

-0.78 0.04 

265450_at At2g46620 29.5.9 AAA-type ATPase family protein -0.79 0.03 

265637_at At2g27490 18.4.9 
ATCOAE; ATP binding / 
dephospho-CoA kinase 

-0.79 0.05 

256627_at At3g19970 35.2 unknown protein -0.79 0.02 

250817_at At5g04940 27.3.69 
SUVH1 (SU(VAR)3-9 HOMOLOG 
1); histone methyltransferase 

-0.79 0.04 

249032_at At5g44910 35.1.6 
Toll-Interleukin-Resistance (TIR) 
domain-containing protein 

-0.79 0.04 

247823_at At5g58450 35.2 binding -0.79 0.05 

258978_at At3g09320 27.3.99 
zinc finger (DHHC type) family 
protein 

-0.79 0.02 

246584_at At5g14730 35.2 unknown protein -0.79 0.03 

249337_at At5g41080 11.9.3.3 
glycerophosphoryl diester 
phosphodiesterase family protein 

-0.79 0.03 

260544_at At2g43540 35.2 unknown protein -0.80 0.01 

254063_at At4g25390 29.4.1.61 protein kinase family protein -0.80 0.02 

255751_at At1g31950 16.1.5 
terpene synthase/cyclase family 
protein 

-0.80 0.04 

264952_at At1g76900 31.1 
AtTLP1 (TUBBY LIKE PROTEIN 1); 
phosphoric diester hydrolase/ 
transcription factor 

-0.80 0.04 

255555_at At4g01810 29.3.4.2 protein transport protein-related -0.80 0.01 

258615_at At3g02740 29.5.4 aspartyl protease family protein -0.80 0.02 

260094_at At1g73250 10.1.8 

GER1 (GDP-4-KETO-6-
DEOXYMANNOSE-3,5-EPIMERASE-
4-REDUCTASE 1); GDP-L-fucose 
synthase 

-0.80 0.02 

259440_at At1g01550 33.99 BPS1 (BYPASS 1) -0.80 0.02 

267591_at At2g39705 33.99 RTFL8 (ROTUNDIFOLIA LIKE 8) -0.80 0.02 

259950_at At1g71410 29.4 protein kinase family protein -0.81 0.03 
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251877_at At3g54300 31.4 
ATVAMP727 (VESICLE-
ASSOCIATED MEMBRANE 
PROTEIN 727) 

-0.81 0.01 

252973_s_
at 

At4g38740 31.3.1 
ROC1 (ROTAMASE CYP 1); 
peptidyl-prolyl cis-trans isomerase 

-0.81 0.02 

258690_at At3g07960 30.4.1 
phosphatidylinositol-4-phosphate 
5-kinase family protein 

-0.81 0.05 

245060_at At2g39770 10.1.1.1 

CYT1 (CYTOKINESIS DEFECTIVE 1); 
mannose-1-phosphate 
guanylyltransferase/ 
nucleotidyltransferase 

-0.81 0.03 

246204_at At4g37020 35.2 unknown protein -0.81 0.02 

265446_at At2g37110 35.2 unknown protein -0.81 0.02 

257016_at At3g28690 29.4.1.57 protein kinase, putative -0.82 0.04 

258483_at At3g02570 10.1.20 
MEE31 (MATERNAL EFFECT 
EMBRYO ARREST 31); mannose-6-
phosphate isomerase 

-0.82 0.01 

264951_at At1g76970 31.4 
VHS domain-containing protein / 
GAT domain-containing protein 

-0.82 0.03 

257052_at At3g15290 24.3 
3-hydroxybutyryl-CoA 
dehydrogenase, putative 

-0.82 0.01 

255660_at At4g00755 29.5.11.4.3.2 F-box family protein -0.82 0.03 

256458_at At1g75220 34.2 
integral membrane protein, 
putative 

-0.82 0.03 

256258_at At3g12480 27.3.16 
NF-YC11 (NUCLEAR FACTOR Y, 
SUBUNIT C11); DNA binding / 
transcription factor 

-0.82 0.03 

266698_at At2g19830 27.3.71 SNF7.2 -0.83 0.02 

267114_at At2g14835 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-0.83 0.02 

251187_at At3g62770 34.99 AtATG18a -0.83 0.02 

265011_at At1g24490 31.2.5 ALB4 (ALBINA 4) -0.83 0.02 

250442_at At5g10490 31.2.5 MSL2 (MscS-LIKE 2); ion channel -0.83 0.02 

251554_at At3g58670 35.2 unknown protein -0.83 0.05 

252389_at At3g47833 35.2 unknown protein -0.83 0.02 

248818_at At5g47040 29.5.5 

LON2 (LON PROTEASE 2); ATP 
binding / ATP-dependent 
peptidase/ nucleoside-
triphosphatase/ nucleotide 
binding / serine-type 
endopeptidase/ serine-type 
peptidase 

-0.83 0.04 

262197_at At1g53910 27.3.3 
RAP2.12; DNA binding / 
transcription factor 

-0.83 0.04 

247611_at At5g60710 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-0.83 0.04 

256191_at At1g30130 35.2 unknown protein -0.83 0.04 

251358_at At3g61160 29.4 
shaggy-related protein kinase 
beta / ASK-beta (ASK2) 

-0.83 0.01 

249845_at At5g23610 35.2   -0.83 0.03 

257654_at At3g13310 20.2.1 
DNAJ heat shock N-terminal 
domain-containing protein 

-0.84 0.04 

256801_at At3g20940 35.2 CYP705A30; electron carrier/ -0.84 0.03 
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heme binding / iron ion binding / 
monooxygenase/ oxygen binding 

256161_at At1g30090 29.5.11.4.3.2 
kelch repeat-containing F-box 
family protein 

-0.84 0.05 

264699_at At1g69980 35.2 unknown protein -0.84 0.03 

260453_s_
at 

At1g72510 35.2 unknown protein -0.84 0.01 

259521_at At1g12410 29.5.5 
CLP2 (CLP PROTEASE 
PROTEOLYTIC SUBUNIT 2); serine-
type endopeptidase 

-0.84 0.03 

258276_at At3g15710 29.3.4.99 signal peptidase, putative -0.84 0.02 

248820_at At5g47060 33.99 
senescence-associated protein-
related 

-0.84 0.04 

259255_at At3g07690 11.5.2 

NAD or NADH binding / binding / 
catalytic/ coenzyme binding / 
glycerol-3-phosphate 
dehydrogenase (NAD+)/ 
oxidoreductase/ oxidoreductase, 
acting on CH-OH group of donors 

-0.84 0.02 

262597_at At1g15470 30.2.99 
transducin family protein / WD-40 
repeat family protein 

-0.84 0.05 

259533_at At1g12530 35.2 unknown protein -0.85 0.04 

256851_at At3g27930 35.2 unknown protein -0.85 0.04 

253636_at At4g30500 35.2 unknown protein -0.85 0.04 

252991_at At4g38470 29.4 protein kinase family protein -0.85 0.02 

246152_at At5g20040 27.1 
ATIPT9; ATP binding / tRNA 
isopentenyltransferase 

-0.85 0.02 

254875_at At4g11590 29.5.11.4.3.2 F-box family protein -0.85 0.02 

264944_at At1g76940 27.4 
RNA recognition motif (RRM)-
containing protein 

-0.85 0.05 

253789_at At4g28570 35.1 alcohol oxidase-related -0.85 0.03 

249130_at At5g43100 27.3.99 aspartyl protease family protein -0.85 0.03 

258501_at At3g06780 35.1.40 glycine-rich protein -0.85 0.04 

267202_s_
at 

At2g31030 31.4 
ORP1B (OSBP(OXYSTEROL 
BINDING PROTEIN)-RELATED 
PROTEIN 1B); oxysterol binding 

-0.85 0.03 

266949_s_
at 

At2g18840 35.1 
integral membrane Yip1 family 
protein 

-0.85 0.03 

245323_at At4g16500 29.5.3 
cysteine protease inhibitor family 
protein / cystatin family protein 

-0.85 0.01 

257880_at At3g16910 6 
AAE7 (ACYL-ACTIVATING ENZYME 
7); AMP binding / acetate-CoA 
ligase 

-0.86 0.05 

255614_at At4g01280 27.3.26 myb family transcription factor -0.86 0.03 

255421_at At4g03260 29.4 leucine-rich repeat family protein -0.86 0.02 

262284_at At1g68670 27.3.20 myb family transcription factor -0.86 0.03 

256232_at At3g12570 35.2 FYD -0.86 0.02 

251906_at At3g53720 34.12 

ATCHX20 (CATION/H+ 
EXCHANGER 20); monovalent 
cation:proton antiporter/ 
sodium:hydrogen antiporter 

-0.86 0.04 
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246397_at At1g58190 20.1 
AtRLP9 (Receptor Like Protein 9); 
protein binding 

-0.86 0.04 

263096_at At2g16060 21.3 
AHB1 (ARABIDOPSIS 
HEMOGLOBIN 1); oxygen binding 
/ oxygen transporter 

-0.86 0.02 

252677_at At3g44320 16.5.1.3.3 

NIT3 (NITRILASE 3); indole-3-
acetonitrile nitrilase/ indole-3-
acetonitrile nitrile hydratase/ 
nitrilase 

-0.87 0.03 

248124_at At5g54730 29.5.2 AtATG18f -0.87 0.04 

255345_at At4g04460 29.5.4 aspartyl protease family protein -0.87 0.02 

262709_at At1g16240 31.4 
SYP51 (SYNTAXIN OF PLANTS 51); 
SNAP receptor 

-0.87 0.05 

262444_at At1g47480 11.9.3.2 hydrolase -0.87 0.03 

255543_at At4g01870 35.1 tolB protein-related -0.87 0.02 

266461_at At2g47730 26.9 

ATGSTF8 (ARABIDOPSIS THALIANA 
GLUTATHIONE S-TRANSFERASE 
PHI 8); glutathione binding / 
glutathione transferase 

-0.88 0.02 

260168_at At1g71980 29.5.11.4.2 
protease-associated zinc finger 
(C3HC4-type RING finger) family 
protein 

-0.88 0.02 

258350_at At3g17510 29.4 
CIPK1 (CBL-INTERACTING PROTEIN 
KINASE 1); kinase/ protein binding 

-0.88 0.05 

254144_at At4g24690 29.5.11 

ubiquitin-associated (UBA)/TS-N 
domain-containing protein / 
octicosapeptide/Phox/Bemp1 
(PB1) domain-containing protein 

-0.88 0.02 

261843_at At1g16180 35.1 
TMS membrane family protein / 
tumour differentially expressed 
(TDE) family protein 

-0.88 0.03 

260651_at At1g32460 35.2 unknown protein -0.88 0.03 

266985_at At2g39550 16.1.1 
PGGT-I; CAAX-protein 
geranylgeranyltransferase/ 
protein heterodimerization 

-0.88 0.03 

245993_at At5g20700 33.99 
senescence-associated protein-
related 

-0.88 0.04 

250429_at At5g10470 31.1 kinesin motor protein-related -0.88 0.01 

252591_at At3g45600 33.99 TET3 (TETRASPANIN3) -0.88 0.03 

266391_at At2g41290 16.4.1 
strictosidine synthase family 
protein 

-0.88 0.01 

264707_at At1g09730 29.5.3 Ulp1 protease family protein -0.88 0.03 

267411_at At2g34930 20.1.7 disease resistance family protein -0.89 0.01 

262615_at At1g13950 29.2.3 
ELF5A-1 (EUKARYOTIC 
ELONGATION FACTOR 5A-1); 
translation initiation factor 

-0.89 0.04 

258681_at At3g08610 35.2 unknown protein -0.89 0.03 

265324_at At2g18250 18.4.8 

ATCOAD (4-phosphopantetheine 
adenylyltransferase); 
nucleotidyltransferase/ 
pantetheine-phosphate 
adenylyltransferase 

-0.89 0.04 

253693_at At4g29670 21.1 thioredoxin family protein -0.89 0.02 
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245870_at At1g26300 35.1.8 BSD domain-containing protein -0.89 0.04 

258926_s_
at 

At3g10490 33.99 
anac052 (Arabidopsis NAC domain 
containing protein 52); 
transcription factor 

-0.90 0.02 

254636_at At4g18700 29.4 

CIPK12 (CBL-INTERACTING 
PROTEIN KINASE 12); ATP binding 
/ kinase/ protein kinase/ protein 
serine/threonine kinase 

-0.90 0.01 

253865_at At4g27470 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-0.90 0.03 

250617_at At5g07290 31.2 
AML4 (ARABIDOPSIS MEI2-LIKE 4); 
RNA binding / nucleic acid binding 
/ nucleotide binding 

-0.90 0.03 

246161_at At5g20900 35.2 
JAZ12 (JASMONATE-ZIM-DOMAIN 
PROTEIN 12) 

-0.90 0.03 

253466_at At4g32040 33.99 

KNAT5 (KNOTTED1-LIKE 
HOMEOBOX GENE 5); 
transcription activator/ 
transcription factor 

-0.90 0.03 

266871_at At2g44720 27.4   -0.91 0.04 

263015_at At1g23430 29.5   -0.91 0.01 

255253_at At4g05000 29.3.4.99 VPS28-2; transporter -0.91 0.04 

251924_at At3g53730 31.1 histone H4 -0.91 0.02 

246989_at At5g67350 35.2 unknown protein -0.91 0.04 

251056_at At5g01770 31.99 
RAPTOR2 (RAPTOR2); binding / 
nucleotide binding 

-0.91 0.02 

259334_at At3g03790 31.2 

ankyrin repeat family protein / 
regulator of chromosome 
condensation (RCC1) family 
protein 

-0.91 0.04 

260743_at At1g15040 35.2 
glutamine amidotransferase-
related 

-0.92 0.02 

259659_at At1g55170 35.2 unknown protein -0.92 0.02 

264207_at At1g22750 35.2 unknown protein -0.92 0.02 

248410_at At5g51570 35.1 band 7 family protein -0.92 0.04 

248950_at At5g45390 29.5.5 
CLPP4 (CLP PROTEASE P4); serine-
type endopeptidase 

-0.92 0.04 

248207_at At5g53970 13.2.6.2 aminotransferase, putative -0.92 0.02 

260603_at At1g55960 30.9   -0.92 0.05 

249358_at At5g40510 35.2   -0.92 0.03 

259389_at At1g06320 35.2 unknown protein -0.93 0.04 

253600_at At4g30810 29.5.5 
scpl29 (serine carboxypeptidase-
like 29); serine-type 
carboxypeptidase 

-0.93 0.04 

254204_at At4g24160 35.1 
hydrolase, alpha/beta fold family 
protein 

-0.93 0.03 

246014_at At5g10680 30.3 
calmodulin-binding protein-
related 

-0.93 0.04 

250076_at At5g16660 35.2 unknown protein -0.93 0.02 

263664_at At1g04250 27.3.40 
AXR3 (AUXIN RESISTANT 3); 
transcription factor 

-0.93 0.02 
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258717_at At3g09740 31.4 
SYP71 (SYNTAXIN OF PLANTS 71); 
protein transporter 

-0.93 0.04 

260181_at At1g70710 26.3.4 

ATGH9B1 (ARABIDOPSIS 
THALIANA GLYCOSYL HYDROLASE 
9B1); cellulase/ hydrolase, 
hydrolyzing O-glycosyl compounds 

-0.93 0.02 

259708_at At1g77420 11.9.3 
hydrolase, alpha/beta fold family 
protein 

-0.93 0.01 

248394_at At5g52070 35.1.2 agenet domain-containing protein -0.93 0.02 

245067_at At2g39780 27.1.19 
RNS2 (RIBONUCLEASE 2); RNA 
binding / endoribonuclease/ 
ribonuclease T2 

-0.94 0.01 

258324_at At3g22780 27.3.17 
TSO1 (CHINESE FOR 'UGLY'); 
transcription factor 

-0.94 0.02 

260294_at At1g63660 23.1.2.31 
GMP synthase (glutamine-
hydrolyzing), putative / glutamine 
amidotransferase, putative 

-0.94 0.03 

253759_at At4g29010 11.9.4.9 
AIM1 (ABNORMAL 
INFLORESCENCE MERISTEM); 
enoyl-CoA hydratase 

-0.94 0.01 

250122_at At5g16520 35.2 unknown protein -0.94 0.04 

255910_at At1g18030 29.4 
protein phosphatase 2C, putative 
/ PP2C, putative 

-0.94 0.02 

245152_at At2g47490 34.9 
mitochondrial substrate carrier 
family protein 

-0.95 0.02 

253252_at At4g34740 23.1.2.1 

ATASE2 (GLN PHOSPHORIBOSYL 
PYROPHOSPHATE 
AMIDOTRANSFERASE 2); 
amidophosphoribosyltransferase 

-0.95 0.02 

253578_at At4g30340 11.3.5 
ATDGK7 (Diacylglycerol kinase 7); 
diacylglycerol kinase 

-0.95 0.03 

249368_at At5g40640 35.2 unknown protein -0.95 0.02 

245484_at At4g16210 11.9.4.4 
ECHIA (ENOYL-COA 
HYDRATASE/ISOMERASE A); 
catalytic 

-0.95 0.02 

261057_at At1g01230 29.6 ORMDL family protein -0.95 0.02 

258251_at At3g15810 35.2 unknown protein -0.95 0.04 

250510_at At5g09920 27.2 
NRPB4; DNA-directed RNA 
polymerase 

-0.95 0.04 

259993_at At1g67960 35.2   -0.95 0.05 

263029_at At1g24050 35.2 unknown protein -0.95 0.01 

249979_s_
at 

At5g18860 23.2 
inosine-uridine preferring 
nucleoside hydrolase family 
protein 

-0.95 0.03 

250397_at At5g10980 28.1.3 histone H3 -0.96 0.03 

263165_at At1g03060 35.1 
WD-40 repeat family protein / 
beige-related 

-0.96 0.02 

261298_at At1g48510 9.7 
cytochrome c oxidase assembly 
protein surfeit-related 

-0.96 0.05 

266106_at At2g45170 29.5.2 AtATG8e; microtubule binding -0.96 0.03 

264655_at At1g09070 29.3.4.3 
SRC2 (SOYBEAN GENE REGULATED 
BY COLD-2); protein binding 

-0.96 0.02 

249167_at At5g42860 35.2 unknown protein -0.96 0.05 

253104_at At4g36010 20.1 
pathogenesis-related thaumatin 
family protein 

-0.96 0.02 
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246862_at At5g25760 29.5.11.3 
PEX4 (PEROXIN4); protein binding 
/ ubiquitin-protein ligase 

-0.96 0.02 

254106_at At4g24990 29.5.11.1 ATGP4 -0.97 0.04 

253522_at At4g31290 34.14 ChaC-like family protein -0.97 0.02 

266296_at At2g29420 26.9 

ATGSTU7 (ARABIDOPSIS 
THALIANA GLUTATHIONE S-
TRANSFERASE TAU 7); glutathione 
transferase 

-0.97 0.02 

262923_at At1g75660 27.1.19 XRN3; 5'-3' exoribonuclease -0.97 0.03 

261081_at At1g07350 35.1 
transformer serine/arginine-rich 
ribonucleoprotein, putative 

-0.97 0.05 

262661_s_
at 

At1g14250 23.2 
nucleoside phosphatase family 
protein / GDA1/CD39 family 
protein 

-0.97 0.04 

250130_at At5g16510 10.5.5 
reversibly glycosylated 
polypeptide, putative 

-0.97 0.03 

265680_at At2g32150 35.1 
haloacid dehalogenase-like 
hydrolase family protein 

-0.97 0.02 

258406_at At3g17615 27.3.99   -0.98 0.04 

257024_at At3g19100 29.4 
calcium-dependent protein 
kinase, putative / CDPK, putative 

-0.98 0.04 

246742_at At5g27840 29.4 
TOPP8; protein serine/threonine 
phosphatase 

-0.98 0.01 

246217_at At4g36920 33.99 
AP2 (APETALA 2); transcription 
factor 

-0.98 0.03 

254858_at At4g12070 35.2 unknown protein -0.98 0.05 

258189_at At3g17860 35.2 
JAZ3 (JASMONATE-ZIM-DOMAIN 
PROTEIN 3) 

-0.98 0.02 

263898_at At2g21950 31.1 
SKIP6 (SKP1 interacting partner 6); 
ubiquitin-protein ligase 

-0.98 0.03 

248108_at At5g55130 18.1 

CNX5 (CO-FACTOR FOR NITRATE, 
REDUCTASE AND XANTHINE 
DEHYDROGENASE 5); Mo-
molybdopterin cofactor sulfurase 

-0.98 0.02 

254157_at At4g24220 33.99 
VEP1 (VEIN PATTERNING 1); 
binding / catalytic 

-0.98 0.02 

245456_at At4g16950 20.1 
RPP5 (RECOGNITION OF 
PERONOSPORA PARASITICA 5); 
nucleotide binding 

-0.98 0.04 

258245_at At3g29075 35.1.40 glycine-rich protein -0.98 0.01 

255042_at At4g09630 35.2   -0.98 0.04 

260211_at At1g74440 35.1 unknown protein -0.98 0.03 

257798_at At3g15950 28.99 NAI2 -0.99 0.03 

258705_at At3g09470 35.2   -0.99 0.04 

253418_at At4g32760 31.4 protein transporter -0.99 0.05 

246911_at At5g25810 27.3.3 
tny (TINY); DNA binding / 
transcription factor 

-0.99 0.01 

245303_at At4g17010 35.2 unknown protein -1.00 0.03 

264779_at At1g08570 21.1 

ACHT4 (ATYPICAL CYS HIS RICH 
THIOREDOXIN 4); oxidoreductase, 
acting on sulfur group of donors, 
disulfide as acceptor 

-1.00 0.01 

257984_at At3g20800 27.3.99 rcd1-like cell differentiation -1.00 0.03 
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protein, putative 

248690_at At5g48230 16.1.2.1 
ACAT2 (ACETOACETYL-COA 
THIOLASE 2); acetyl-CoA C-
acetyltransferase/ catalytic 

-1.00 0.03 

245207_at At5g12310 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.00 0.01 

262476_at At1g50370 29.4 
serine/threonine protein 
phosphatase, putative 

-1.00 0.02 

247930_at At5g57060 35.2 unknown protein -1.00 0.02 

255587_at At4g01480 23.4.99 
AtPPa5 (Arabidopsis thaliana 
pyrophosphorylase 5); inorganic 
diphosphatase/ pyrophosphatase 

-1.00 0.02 

254861_at At4g12040 27.3.99 
zinc finger (AN1-like) family 
protein 

-1.00 0.01 

257535_at At3g09490 35.1 
chloroplast lumen common family 
protein 

-1.01 0.01 

248951_at At5g45550 35.1 mob1/phocein family protein -1.01 0.02 

261720_at At1g08460 27.3.55 HDA08; histone deacetylase -1.01 0.04 

258916_at At3g10670 29.8 

ATNAP7; ATPase, coupled to 
transmembrane movement of 
substances / protein binding / 
transporter 

-1.01 0.01 

250319_at At5g12120 29.5.11 
ubiquitin-associated (UBA)/TS-N 
domain-containing protein 

-1.01 0.03 

267003_at At2g34340 35.2 unknown protein -1.01 0.03 

258241_at At3g27650 27.3.37 
LBD25 (LOB DOMAIN-
CONTAINING PROTEIN 25) 

-1.01 0.05 

250693_at At5g06600 29.5.11.5 

UBP12 (UBIQUITIN-SPECIFIC 
PROTEASE 12); ubiquitin 
thiolesterase/ ubiquitin-specific 
protease 

-1.01 0.03 

256829_at At3g22850 17.2.3 unknown protein -1.01 0.01 

255740_at At1g25390 30.2.20 protein kinase family protein -1.01 0.03 

261193_at At1g32920 35.2 unknown protein -1.01 0.03 

267191_at At2g44110 20.1.3.1 
MLO15 (MILDEW RESISTANCE 
LOCUS O 15); calmodulin binding 

-1.02 0.02 

249619_at At5g37500 34.15 

GORK (GATED OUTWARDLY-
RECTIFYING K+ CHANNEL); cyclic 
nucleotide binding / inward 
rectifier potassium channel/ 
outward rectifier potassium 
channel 

-1.02 0.04 

261506_at At1g71697 11.3.2 
ATCK1 (CHOLINE KINASE 1); 
choline kinase 

-1.02 0.04 

256117_at At1g16840 35.2 unknown protein -1.02 0.03 

267588_at At2g42060 27.3.99 
CHP-rich zinc finger protein, 
putative 

-1.02 0.03 

266101_at At2g37940 35.2   -1.02 0.01 

266604_at At2g46030 29.5.11.3 
UBC6 (ubiquitin-conjugating 
enzyme 6); ubiquitin-protein 
ligase 

-1.02 0.03 

263866_at At2g36950 34.99 
heavy-metal-associated domain-
containing protein 

-1.02 0.02 
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262593_at At1g15120 9.5 

ubiquinol-cytochrome C reductase 
complex 7.8 kDa protein, putative 
/ mitochondrial hinge protein, 
putative 

-1.02 0.02 

250609_at At5g07470 28.1 

PMSR3 (PEPTIDEMETHIONINE 
SULFOXIDE REDUCTASE 3); 
oxidoreductase, acting on sulfur 
group of donors, disulfide as 
acceptor / peptide-methionine-
(S)-S-oxide reductase 

-1.03 0.04 

262456_at At1g11260 34.2 

STP1 (SUGAR TRANSPORTER 1); 
carbohydrate transmembrane 
transporter/ sugar:hydrogen 
symporter 

-1.03 0.03 

252475_s_
at 

At3g46640 27.3.20 
PCL1 (PHYTOCLOCK 1); DNA 
binding / transcription factor 

-1.03 0.01 

257541_at At3g25950 35.2   -1.03 0.04 

254781_at At4g12840 35.2 unknown protein -1.03 0.04 

267602_at At2g32970 35.2 unknown protein -1.03 0.03 

258102_at At3g23600 26.1 dienelactone hydrolase family pro -1.03 0.03 

263159_at At1g54130 20.1.5 
RSH3 (RELA/SPOT HOMOLOG 3); 
GTP diphosphokinase 

-1.03 0.04 

245252_at At4g17500 17.5.2 

ATERF-1 (ETHYLENE RESPONSIVE 
ELEMENT BINDING FACTOR 1); 
DNA binding / transcription 
activator/ transcription factor 

-1.03 0.01 

262367_at At1g73030 27.3.71 VPS46.2 -1.03 0.02 

245131_s_
at 

At2g45330 33.99 

emb1067 (embryo defective 
1067); tRNA 2'-
phosphotransferase/ transferase, 
transferring phosphorus-
containing groups 

-1.03 0.05 

266290_at At2g29490 26.9 
ATGSTU1 (GLUTATHIONE S-
TRANSFERASE TAU 1); glutathione 
transferase 

-1.03 0.02 

262959_at At1g54290 29.2.3 
eukaryotic translation initiation 
factor SUI1, putative 

-1.04 0.03 

254702_at At4g17940 35.2 binding -1.04 0.02 

265256_at At2g28390 35.1 SAND family protein -1.04 0.01 

265049_at At1g52060 17.7.3   -1.04 0.01 

267118_at At2g32590 35.1   -1.04 0.02 

247768_at At5g58900 27.3.26 myb family transcription factor -1.04 0.01 

247395_at At5g62910 29.5.11.4.2 protein binding / zinc ion binding -1.04 0.01 

252890_at At4g39400 17.3.2.1 

BRI1 (BRASSINOSTEROID 
INSENSITIVE 1); kinase/ protein 
binding / protein 
heterodimerization/ protein 
homodimerization/ protein 
kinase/ protein serine/threonine 
kinase 

-1.05 0.05 

246982_s_
at 

At5g04860 35.2 unknown protein -1.05 0.03 

255923_at At1g22180 34.99 
SEC14 cytosolic factor family 
protein / phosphoglyceride 

-1.05 0.01 
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transfer family protein 

247630_at At5g60420 27.3.67   -1.05 0.03 

265994_at At2g24170 28.99 
endomembrane protein 70, 
putative 

-1.05 0.03 

245786_at At1g32150 27.3.35 
bZIP transcription factor family 
protein 

-1.06 0.02 

247283_at At5g64250 26.1 
2-nitropropane dioxygenase 
family / NPD family 

-1.06 0.02 

259642_at At1g69030 35.1.8   -1.06 0.01 

254890_at At4g11600 21.2.2 
ATGPX6 (GLUTATHIONE 
PEROXIDASE 6); glutathione 
peroxidase 

-1.06 0.01 

250204_at At5g13990 31.4 
ATEXO70C2 (exocyst subunit 
EXO70 family protein C2); protein 
binding 

-1.06 0.04 

264998_at At1g67330 35.2 unknown protein -1.06 0.05 

262505_at At1g21680 35.1   -1.06 0.01 

261398_at At1g79610 34.14 
sodium proton exchanger, 
putative (NHX6) 

-1.06 0.03 

246404_at At1g57600 9.7 
membrane bound O-acyl 
transferase (MBOAT) family 
protein 

-1.07 0.05 

262540_at At1g34260 30.4.1 
phosphatidylinositol-4-phosphate 
5-kinase family protein 

-1.07 0.03 

260771_at At1g49160 29.4 WNK7; kinase/ protein kinase -1.07 0.03 

259854_at At1g72200 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.07 0.05 

260555_at At2g41780 35.2 unknown protein -1.07 0.03 

250746_at At5g05880 26.2 
UDP-glucoronosyl/UDP-glucosyl 
transferase family protein 

-1.07 0.01 

248379_at At5g51700 20.1.3 
PBS2 (PPHB SUSCEPTIBLE 2); 
protein binding / zinc ion binding 

-1.07 0.02 

256235_at At3g12490 29.5.3 
cysteine protease inhibitor, 
putative / cystatin, putative 

-1.07 0.03 

255477_at At4g02370 35.2 unknown protein -1.07 0.01 

256785_at At3g13720 30.5 PRA8 -1.07 0.02 

253662_at At4g30080 27.3.4 
ARF16 (AUXIN RESPONSE FACTOR 
16); miRNA binding / transcription 
factor 

-1.07 0.01 

256158_at At1g13590 33.99 
ATPSK1 (PHYTOSULFOKINE 1 
PRECURSOR); growth factor 

-1.07 0.02 

264848_at At2g17350 35.2 unknown protein -1.08 0.04 

248440_at At5g51260 26.13 acid phosphatase, putative -1.08 0.01 

265276_at At2g28400 35.2 unknown protein -1.08 0.03 

248826_at At5g47080 29.4 CKB1; protein kinase regulator -1.08 0.04 

259125_at At3g02300 31.2 
regulator of chromosome 
condensation (RCC1) family 
protein 

-1.08 0.02 

260993_at At1g12140 16.5.1.1.1.10 

FMO GS-OX5 (FLAVIN-
MONOOXYGENASE 
GLUCOSINOLATE S-OXYGENASE 
5); 8-methylthiopropyl 
glucosinolate S-oxygenase/ flavin-

-1.08 0.05 
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containing monooxygenase/ 
monooxygenase 

265630_at At2g27350 29.5.3 
OTU-like cysteine protease family 
protein 

-1.08 0.03 

251286_at At3g61710 31.1 autophagy protein Apg6 family -1.08 0.03 

251879_at At3g54200 35.1   -1.08 0.01 

266181_at At2g02390 26.9 

ATGSTZ1 (ARABIDOPSIS THALIANA 
GLUTATHIONE S-TRANSFERASE 
ZETA 1); catalytic/ glutathione 
transferase 

-1.08 0.02 

259053_at At3g03320 35.2   -1.09 0.01 

245734_at At1g73480 35.1 
hydrolase, alpha/beta fold family 
protein 

-1.09 0.04 

251751_at At3g55720 35.2 unknown protein -1.09 0.01 

257463_at At1g14820 34.99 
SEC14 cytosolic factor family 
protein / phosphoglyceride 
transfer family protein 

-1.09 0.03 

259757_at At1g77510 21.1 
ATPDIL1-2 (PDI-LIKE 1-2); protein 
disulfide isomerase 

-1.09 0.02 

264313_at At1g70410 8.3 
carbonic anhydrase, putative / 
carbonate dehydratase, putative 

-1.09 0.01 

247983_at At5g56630 4.3.5 
PFK7 (PHOSPHOFRUCTOKINASE 
7); 6-phosphofructokinase 

-1.09 0.01 

265013_at At1g24460 31.1 unknown protein -1.10 0.02 

261846_at At1g11540 35.2 unknown protein -1.10 0.01 

250302_at At5g11920 3.5 

AtcwINV6 (6-&1-fructan 
exohydrolase); hydrolase, 
hydrolyzing O-glycosyl compounds 
/ inulinase/ levanase 

-1.10 0.03 

251973_at At3g53180 12.2.2 
catalytic/ glutamate-ammonia 
ligase 

-1.10 0.02 

253535_at At4g31550 27.3.32 
WRKY11; calmodulin binding / 
transcription factor 

-1.10 0.01 

267475_at At2g02730 35.2   -1.10 0.01 

251505_at At3g59050 26.7 
ATPAO3 (Polyamine oxidase 3); 
polyamine oxidase 

-1.10 0.03 

253343_at At4g33540 35.1 
metallo-beta-lactamase family 
protein 

-1.11 0.02 

260477_at At1g11050 30.2.23 protein kinase family protein -1.11 0.02 

263570_at At2g27150 17.1.1.1.12 

AAO3 (Abscisic ALDEHYDE 
OXIDASE 3); abscisic aldehyde 
oxidase/ aldehyde oxidase/ 
indole-3-acetaldehyde oxidase 

-1.11 0.02 

261356_at At1g79660 35.2 unknown protein -1.11 0.03 

259501_at At1g15750 33.99 
TPL (TOPLESS); protein binding / 
protein homodimerization/ 
transcription repressor 

-1.11 0.01 

259010_at At3g07340 27.3.6 
basic helix-loop-helix (bHLH) 
family protein 

-1.12 0.02 

254248_at At4g23270 30.2.17 protein kinase family protein -1.12 0.02 

261924_at At1g22550 34.13 
proton-dependent oligopeptide 
transport (POT) family protein 

-1.12 0.03 
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260986_at At1g53580 24.1 
GLY3 (GLYOXALASE II 3); 
hydrolase/ 
hydroxyacylglutathione hydrolase 

-1.12 0.03 

254673_at At4g18430 30.5 
AtRABA1e (Arabidopsis Rab 
GTPase homolog A1e); GTP 
binding 

-1.12 0.03 

260782_at At1g14570 29.5 UBX domain-containing protein -1.12 0.01 

254329_at At4g22540 31.4 

ORP2A (OSBP(OXYSTEROL 
BINDING PROTEIN)-RELATED 
PROTEIN 2A); oxysterol binding / 
phosphoinositide binding 

-1.12 0.02 

265427_at At2g20730 35.2   -1.12 0.03 

253861_at At4g27680 27.3.99 
MSP1 protein, putative / 
intramitochondrial sorting 
protein, putative 

-1.12 0.04 

253599_at At4g30860 27.3.69 
SDG4 (SET DOMAIN GROUP 4); 
histone methyltransferase 

-1.12 0.04 

258224_at At3g15670 33.2 
late embryogenesis abundant 
protein, putative / LEA protein, 
putative 

-1.13 0.02 

267246_at At2g30250 27.3.32 WRKY25; transcription factor -1.13 0.02 

249078_at At5g44070 15.2 

CAD1 (CADMIUM SENSITIVE 1); 
cadmium ion binding / copper ion 
binding / glutathione gamma-
glutamylcysteinyltransferase 

-1.13 0.02 

250094_at At5g17380 5.2 
pyruvate decarboxylase family 
protein 

-1.14 0.02 

252372_at At3g48000 5.10 

ALDH2B4 (ALDEHYDE 
DEHYDROGENASE 2B4); 3-
chloroallyl aldehyde 
dehydrogenase/ ATP binding / 
aldehyde dehydrogenase (NAD) 

-1.14 0.01 

266311_at At2g27130 26.21 
protease inhibitor/seed 
storage/lipid transfer protein 
(LTP) family protein 

-1.14 0.02 

249168_at At5g42870 35.1 lipin family protein -1.14 0.02 

253613_at At4g30320 20.2.99 
allergen V5/Tpx-1-related family 
protein 

-1.14 0.02 

254605_at At4g18950 31.1 ankyrin protein kinase, putative -1.14 0.03 

250114_s_
at 

At5g16340 11.1.8 AMP-binding protein, putative -1.14 0.02 

247326_at At5g64110 26.12 peroxidase, putative -1.14 0.04 

257266_at At3g15010 27.4 
RNA recognition motif (RRM)-
containing protein 

-1.14 0.03 

250097_at At5g17280 35.2 unknown protein -1.14 0.01 

246954_at At5g04830 35.2 unknown protein -1.14 0.04 

264257_at At1g09230 27.4 
RNA recognition motif (RRM)-
containing protein 

-1.14 0.03 

260415_at At1g69790 29.4.1.57 protein kinase, putative -1.14 0.05 

263277_at At2g14110 35.2   -1.14 0.04 

248681_at At5g48900 10.6.3 pectate lyase family protein -1.15 0.02 

267221_at At2g02480 28.1 
STI (STICHEL); ATP binding / DNA 
binding / DNA-directed DNA 
polymerase 

-1.15 0.03 
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255983_at At1g33990 26.8 
MES14 (METHYL ESTERASE 14); 
hydrolase 

-1.15 0.01 

256067_at At1g07170 35.2   -1.15 0.04 

246542_at At5g15020 27.3.67 SNL2 (SIN3-LIKE 2) -1.15 0.02 

250835_at At5g04570 27.3.34   -1.15 0.02 

253983_at At4g26640 27.3.32 WRKY20; transcription factor -1.15 0.04 

266609_at At2g35510 29.4 
SRO1 (SIMILAR TO RCD ONE 1); 
NAD+ ADP-ribosyltransferase 

-1.16 0.04 

254269_at At4g23050 30.6 protein kinase, putative -1.16 0.01 

257893_at At3g17000 29.5.11.3 
UBC32 (ubiquitin-conjugating 
enzyme 32); ubiquitin-protein 
ligase 

-1.16 0.04 

261676_at At1g18480 26.27 
calcineurin-like phosphoesterase 
family protein 

-1.16 0.03 

257313_at At3g26520 34.19.2 
TIP2 (TONOPLAST INTRINSIC 
PROTEIN 2); water channel 

-1.16 0.02 

264458_at At1g10410 35.2   -1.16 0.02 

253007_at At4g38090 35.2 unknown protein -1.16 0.02 

245156_at At5g12480 30.3 

CPK7 (calmodulin-domain protein 
kinase 7); ATP binding / calcium 
ion binding / calmodulin-
dependent protein kinase/ kinase/ 
protein kinase/ protein 
serine/threonine kinase/ protein 
tyrosine kinase 

-1.16 0.04 

250545_at At5g08160 29.4 
ATPK3; ATP binding / kinase/ 
protein kinase/ protein 
serine/threonine kinase 

-1.16 0.01 

251121_at At3g63420 30.5 
AGG1 (Arabidopsis Ggamma-
subunit 1) 

-1.16 0.02 

247151_at At5g65640 27.3.6 
bHLH093 (beta HLH protein 93); 
DNA binding / transcription factor 

-1.16 0.01 

254629_at At4g18425 35.2 unknown protein -1.16 0.01 

265141_at At1g51350 35.1.3 
armadillo/beta-catenin repeat 
family protein 

-1.16 0.01 

256078_at At1g20670 27.3.42 
DNA-binding bromodomain-
containing protein 

-1.17 0.02 

258571_at At3g04420 33.99 
anac048 (Arabidopsis NAC domain 
containing protein 48); 
transcription factor 

-1.17 0.04 

264716_at At1g70170 29.5.7 

MMP (MATRIX 
METALLOPROTEINASE); 
metalloendopeptidase/ 
metallopeptidase 

-1.17 0.02 

255732_at At1g25450 16.7 
KCS5 (3-KETOACYL-COA 
SYNTHASE 5); fatty acid elongase 

-1.17 0.02 

251772_at At3g55920 31.3.1 
peptidyl-prolyl cis-trans 
isomerase, putative / cyclophilin, 
putative / rotamase, putative 

-1.17 0.01 

263986_at At2g42790 6.1 
CSY3 (citrate synthase 3); citrate 
(SI)-synthase 

-1.17 0.01 

262793_at At1g13110 26.10 
CYP71B7; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.17 0.03 
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262324_at At1g64170 34.12 

ATCHX16 (CATION/H+ 
EXCHANGER 16); monovalent 
cation:proton antiporter/ 
sodium:hydrogen antiporter 

-1.17 0.02 

252133_at At3g50900 28.99 unknown protein -1.17 0.03 

256142_at At1g48790 35.1 mov34 family protein -1.17 0.02 

262003_at At1g64460 30.4 
phosphatidylinositol 3- and 4-
kinase family protein 

-1.17 0.02 

267278_at At2g19350 35.2 unknown protein -1.17 0.04 

249020_at At5g44800 28.1 

CHR4 (CHROMATIN REMODELING 
4); ATP binding / DNA binding / 
chromatin binding / helicase/ 
nucleic acid binding / protein 
binding / zinc ion binding 

-1.17 0.01 

266548_at At2g35210 33.99 
RPA (ROOT AND POLLEN 
ARFGAP); ARF GTPase activator/ 
DNA binding / zinc ion binding 

-1.17 0.03 

248562_at At5g49680 33.99 cell expansion protein, putative -1.17 0.03 

255873_at At2g30340 27.3.37 
LBD13 (LOB DOMAIN-
CONTAINING PROTEIN 13) 

-1.18 0.03 

266581_at At2g46140 33.2 late embryogenesis abundant pro -1.18 0.01 

249887_at At5g22310 35.2 unknown protein -1.18 0.04 

248438_at At5g51240 27.3.65   -1.18 0.02 

247833_at At5g58575 35.2   -1.18 0.01 

263983_at At2g42780 35.2   -1.18 0.02 

261930_at At1g22440 26.11.1 alcohol dehydrogenase, putative -1.18 0.03 

263413_at At2g21240 27.3 
BPC4 (BASIC PENTACYSTEINE 4); 
DNA binding / transcription factor 

-1.18 0.04 

253478_at At4g32350 35.2 unknown protein -1.18 0.03 

264365_s_
at 

At1g03220 29.5.4 
extracellular dermal glycoprotein, 
putative / EDGP, putative 

-1.18 0.02 

262422_at At1g23440 35.2 
pyrrolidone-carboxylate peptidase 
family protein 

-1.18 0.01 

266050_at At2g40770 27.3.44 
ATP binding / DNA binding / 
helicase/ nucleic acid binding / 
protein binding / zinc ion binding 

-1.19 0.02 

256793_at At3g22160 35.1 VQ motif-containing protein -1.19 0.05 

263569_at At2g27170 31.2 
TTN7 (TITAN7); ATP binding / 
protein binding 

-1.19 0.02 

265734_at At2g01260 35.2 unknown protein -1.19 0.03 

249702_at At5g35570 17.2.2 unknown protein -1.19 0.04 

246500_at At5g16270 28.1 
SYN4 (SISTER CHROMATID 
COHESION 1 PROTEIN 4) 

-1.19 0.03 

252000_at At3g52710 35.2 unknown protein -1.19 0.03 

253764_s_
at 

At4g28860 29.4 
ckl4 (Casein Kinase I-like 4); ATP 
binding / kinase/ protein kinase/ 
protein serine/threonine kinase 

-1.19 0.03 

249581_at At5g37600 12.2.2 
ATGSR1; copper ion binding / 
glutamate-ammonia ligase 

-1.20 0.03 

256100_at At1g13750 26.13 
calcineurin-like phosphoesterase 
family protein 

-1.20 0.01 
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267373_at At2g26280 28.1 
CID7; ATP binding / damaged DNA 
binding / protein binding 

-1.20 0.04 

265790_at At2g01170 34.3 
BAT1 (BIDIRECTIONAL AMINO 
ACID TRANSPORTER 1); amino 
acid transmembrane transporter 

-1.20 0.04 

261530_at At1g63460 21.2.2 glutathione peroxidase, putative -1.20 0.01 

251782_at At3g55260 29.7.5 

HEXO1 (BETA-HEXOSAMINIDASE 
1); beta-N-acetylhexosaminidase/ 
hexosaminidase/ hydrolase, 
hydrolyzing O-glycosyl compounds 

-1.20 0.03 

266920_at At2g45750 20.2.3 
dehydration-responsive family 
protein 

-1.20 0.01 

264975_at At1g27070 29.4 
5'-AMP-activated protein kinase-
related 

-1.20 0.02 

254876_at At4g11610 13.1.6.5 C2 domain-containing protein -1.20 0.03 

252152_at At3g51350 35.2 aspartyl protease family protein -1.20 0.02 

262978_at At1g75780 31.1 
TUB1; GTP binding / GTPase/ 
structural molecule 

-1.20 0.04 

245490_at At4g16310 26.7 
LDL3 (LSD1-LIKE3); amine oxidase/ 
electron carrier/ oxidoreductase 

-1.21 0.01 

251927_at At3g53990 20.2.2 
universal stress protein (USP) 
family protein 

-1.21 0.02 

245552_at At4g15360 26.10 
CYP705A3; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.21 0.01 

260897_at At1g29330 29.3.4.1 
ERD2 (ENDOPLASMIC RETICULUM 
RETENTION DEFECTIVE 2); KDEL 
sequence binding / receptor 

-1.21 0.03 

259447_s_
at 

At1g02430 29.4 
ATARFD1B (ADP-ribosylation 
factor D1B); GTP binding 

-1.21 0.03 

250323_at At5g12880 10.5.4 proline-rich family protein -1.22 0.05 

245286_at At4g14880 13.1.5.3.1 
OASA1 (O-ACETYLSERINE (THIOL) 
LYASE (OAS-TL) ISOFORM A1); 
cysteine synthase 

-1.22 0.02 

247436_at At5g62530 13.2.2.2 
ALDH12A1; 1-pyrroline-5-
carboxylate  

-1.22 0.01 

258188_at At3g17800 35.2   -1.22 0.02 

257590_s_
at 

At3g24870 35.2 DNA binding -1.22 0.02 

250775_at At5g05460 35.1 

hydrolase, acting on glycosyl 
bonds / mannosyl-glycoprotein 
endo-beta-N-
acetylglucosaminidase 

-1.22 0.01 

266514_at At2g47890 27.3.7 
zinc finger (B-box type) family 
protein 

-1.23 0.02 

245763_at At1g27850 28.1 unknown protein -1.23 0.04 

253341_at At4g33410 29.5 
signal peptide peptidase family 
protein 

-1.23 0.04 

251541_at At3g58750 6.1 
CSY2 (citrate synthase 2); citrate 
(SI)-synthase 

-1.23 0.02 

266021_at At2g05910 35.2 unknown protein -1.23 0.02 

265119_at At1g62570 16.5.1.1.1.10 

FMO GS-OX4 (FLAVIN-
MONOOXYGENASE 
GLUCOSINOLATE S-OXYGENASE 
4); 4-methylthiopropyl 
glucosinolate S-oxygenase/ 8-

-1.23 0.03 
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methylthiopropyl glucosinolate S-
oxygenase/ flavin-containing 
monooxygenase/ monooxygenase 

246146_at At5g20050 30.2.99 protein kinase family protein -1.24 0.01 

253590_at At4g30850 35.2 
HHP2 (HEPTAHELICAL 
TRANSMEMBRANE PROTEIN2); 
receptor 

-1.24 0.02 

260274_at At1g80460 11.5.1 
NHO1 (nonhost resistance to P. s. 
phaseolicola 1); carbohydrate 
kinase/ glycerol kinase 

-1.24 0.03 

251189_at At3g62650 34.9 unknown protein -1.24 0.01 

252832_at At4g39910 29.5.11.5 
ATUBP3 (ARABIDOPSIS THALIANA 
UBIQUITIN-SPECIFIC PROTEASE 3); 
ubiquitin-specific protease 

-1.24 0.01 

265118_at At1g62660 2.2.1.3.3 
beta-fructosidase (BFRUCT3) / 
beta-fructofuranosidase / 
invertase, vacuolar 

-1.24 0.02 

259442_at At1g02310 26.3 

glycosyl hydrolase family protein 5 
/ cellulase family protein / (1-4)-
beta-mannan endohydrolase, 
putative 

-1.25 0.03 

255714_at At4g00300 35.1 fringe-related protein -1.25 0.03 

254747_at At4g13020 29.4.1 
MHK; ATP binding / kinase/ 
protein kinase/ protein 
serine/threonine kinase 

-1.25 0.01 

266000_at At2g24180 26.10 

CYP71B6 (CYTOCHROME P450 
71B6); electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.25 0.01 

257215_at At3g15070 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.25 0.01 

256765_at At3g22200 13.1.1.1.2 

POP2 (POLLEN-PISTIL 
INCOMPATIBILITY 2); 4-
aminobutyrate transaminase/ 4-
aminobutyrate:pyruvate 
transaminase 

-1.25 0.02 

256601_s_
at 

At3g28290 35.1 AT14A -1.25 0.01 

257951_at At3g21700 35.2 SGP2; GTP binding -1.26 0.02 

246653_at At5g35200 35.1.21 
epsin N-terminal homology 
(ENTH) domain-containing protein 

-1.26 0.02 

259792_at At1g29690 33.99 CAD1  -1.26 0.02 

253993_at At4g26070 30.6 
MEK1 (MAP KINASE/ ERK KINASE 
1); MAP kinase kinase/ kinase/ 
protein binding 

-1.26 0.03 

262262_at At1g70780 35.2 unknown protein -1.26 0.01 

253163_at At4g35750 30.5 
Rho-GTPase-activating protein-
related 

-1.26 0.03 

247275_at At5g64370 23.2 
BETA-UP (beta-ureidopropionase); 
beta-ureidopropionase 

-1.26 0.05 

258533_at At3g06670 35.2 binding -1.26 0.01 

257858_at At3g12920 29.5.11.4.2 protein binding / zinc ion binding -1.26 0.02 

254015_at At4g26140 26.3.2 
BGAL12 (beta-galactosidase 12); 
beta-galactosidase/ catalytic/ 

-1.27 0.04 
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cation binding 

264908_at At2g17440 35.1 leucine-rich repeat family protein -1.27 0.01 

264059_at At2g31305 35.2 INH3 (INHIBITOR-3) -1.27 0.04 

245764_s_
at 

At1g27840 35.1 
transducin family protein / WD-40 
repeat family protein 

-1.27 0.04 

246863_at At5g25940 33.99 early nodulin-related -1.27 0.01 

261370_at At1g53050 29.4 protein kinase family protein -1.28 0.03 

248476_at At5g50890 35.2   -1.28 0.05 

254603_at At4g19050 27.3.99 ATP binding / protein binding -1.28 0.04 

267611_at At2g26660 20.2 SPX2 (SPX DOMAIN GENE 2) -1.28 0.04 

251124_s_
at 

At5g01040 16.2 LAC8 (laccase 8); laccase -1.29 0.04 

265075_at At1g55450 33.99 embryo-abundant protein-related -1.29 0.05 

250141_at At5g14640 29.4 
SK13 (SHAGGY-LIKE KINASE 13); 
ATP binding / protein kinase/ 
protein serine/threonine kinase 

-1.29 0.02 

248891_at At5g46280 28.1 
DNA replication licensing factor, 
putative 

-1.29 0.02 

      

262526_at At1g17050 16.1.2.8 
SPS2 (Solanesyl diphosphate 
synthase 2); trans-
octaprenyltranstransferase 

-1.29 0.02 

262932_at At1g65820 26.9 
microsomal glutathione s-
transferase, putative 

-1.29 0.03 

249638_at At5g36880 11.1.8 
acetyl-CoA synthetase, putative / 
acetate-CoA ligase, putative 

-1.29 0.03 

253227_at At4g35030 29.4.1.56 protein kinase family protein -1.29 0.01 

245643_at At1g25275 27.3.25 unknown protein -1.29 0.01 

267072_at At2g41170 35.2 F-box family protein -1.29 0.05 

251434_at At3g59850 10.6.3 
polygalacturonase, putative / 
pectinase, putative 

-1.29 0.03 

266992_at At2g39200 20.1.3.1 
MLO12 (MILDEW RESISTANCE 
LOCUS O 12); calmodulin binding 

-1.29 0.02 

265480_at At2g15970 20.2.2 COR413-PM1 -1.29 0.02 

248270_at At5g53450 29.4 
ORG1 (OBP3-responsive gene 1); 
ATP binding / kinase/ protein 
kinase 

-1.30 0.04 

265245_at At2g43060 27.3.99 transcription factor -1.30 0.04 

259370_at At1g69050 35.2 unknown protein -1.30 0.04 

258651_at At3g09920 30.4.1 
PIP5K9 (PHOSPHATIDYL INOSITOL 
MONOPHOSPHATE 5 KINASE); 1-
phosphatidylinositol-4-phosphate 

-1.30 0.04 

265387_at At2g20670 35.2 unknown protein -1.30 0.02 

254742_at At4g13430 16.5.1.1.1.3 

IIL1 (ISOPROPYL MALATE 
ISOMERASE LARGE SUBUNIT 1); 4 
iron, 4 sulfur cluster binding / 
hydro-lyase/ lyase 

-1.30 0.03 

265265_at At2g42900 35.2   -1.30 0.02 

260370_at At1g69740 19.4 HEMB1; catalytic/ metal ion -1.30 0.04 
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binding / porphobilinogen 
synthase 

254425_at At4g21450 31.4 
vesicle-associated membrane 
family protein / VAMP family 
protein 

-1.30 0.03 

245711_at At5g04340 27.3.11 

ZAT6 (ZINC FINGER OF 
ARABIDOPSIS THALIANA 6); 
nucleic acid binding / 
transcription factor/ zinc ion 
binding 

-1.30 0.02 

260731_at At1g17500 34.99 
ATPase, coupled to 
transmembrane movement of 
ions, phosphorylative mechanism 

-1.30 0.01 

246824_at At5g26990 20.2.3 drought-responsive family protein -1.30 0.02 

257122_at At3g20250 35.1.12 
APUM5 (Arabidopsis Pumilio 5); 
RNA binding / binding 

-1.31 0.01 

255926_at At1g22190 27.3.3 
AP2 domain-containing 
transcription factor, putative 

-1.31 0.04 

266603_at At2g46040 27.3.67 
ARID/BRIGHT DNA-binding 
domain-containing protein / ELM2 
domain-containing protein 

-1.31 0.02 

258173_at At3g21630 30.2.21 

CERK1 (CHITIN ELICITOR 
RECEPTOR KINASE 1); kinase/ 
receptor signaling protein/ 
transmembrane receptor protein 
kinase 

-1.31 0.02 

264264_at At1g09250 27.3.6 transcription factor -1.31 0.01 

247586_at At5g60660 34.19.1 
PIP2;4 (PLASMA MEMBRANE 
INTRINSIC PROTEIN 2;4); water 
channel 

-1.31 0.05 

253125_at At4g36040 20.2.1 
DNAJ heat shock N-terminal 
domain-containing protein (J11) 

-1.31 0.04 

245141_at At2g45400 16.8.4.1 

BEN1; binding / catalytic/ 
coenzyme binding / 
oxidoreductase, acting on CH-OH 
group of donors 

-1.31 0.03 

262250_at At1g48280 35.1.41 
hydroxyproline-rich glycoprotein 
family protein 

-1.31 0.01 

251336_at At3g61190 33.99 
BAP1 (BON ASSOCIATION 
PROTEIN 1); phospholipid binding 
/ protein binding 

-1.32 0.02 

252464_at At3g47160 29.5.11.4.2 protein binding / zinc ion binding -1.32 0.05 

256386_at At1g66540 26.10 cytochrome P450, putative -1.32 0.04 

248497_at At5g50380 31.4 
ATEXO70F1 (exocyst subunit 
EXO70 family protein F1); protein 
binding 

-1.32 0.01 

266419_at At2g38760 31.1 
ANNAT3 (ANNEXIN ARABIDOPSIS 
3); calcium ion binding / calcium-
dependent phospholipid binding 

-1.32 0.02 

261154_at At1g04970 35.1 
lipid-binding serum glycoprotein 
family protein 

-1.32 0.02 

254356_at At4g22190 35.2 unknown protein -1.32 0.01 

264314_at At1g70420 35.2 unknown protein -1.32 0.02 

254812_at At4g12250 10.1.6 
GAE5 (UDP-D-GLUCURONATE 4-
EPIMERASE 5); UDP-glucuronate 
4-epimerase/ catalytic 

-1.32 0.03 
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250289_at At5g13190 35.2   -1.33 0.02 

264821_at At1g03470 29.4 kinase interacting family protein -1.33 0.02 

266638_at At2g35490 31.1 
plastid-lipid associated protein 
PAP, putative 

-1.33 0.03 

252834_at At4g40070 29.5.11.4.2 protein binding / zinc ion binding -1.33 0.03 

249846_at At5g23630 34.14 
ATPase E1-E2 type family protein 
/ haloacid dehalogenase-like 
hydrolase familiy protein 

-1.33 0.01 

267008_at At2g39350 34.16 ABC transporter family protein -1.33 0.02 

266909_at At2g46010 27.3.44   -1.34 0.04 

263153_s_
at 

At1g54010 16.5.1.3.1 
myrosinase-associated protein, 
putative 

-1.34 0.01 

266584_s_
at 

At2g14920 11.8 
ST4A (SULFOTRANSFERASE 4A); 
brassinosteroid sulfotransferase/ 
sulfotransferase 

-1.34 0.05 

261677_at At1g18470 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.34 0.02 

259677_at At1g77740 30.4.1 

1-phosphatidylinositol-4-
phosphate 5-kinase, putative / PIP 
kinase, putative / PtdIns(4)P-5-
kinase, putative / 
diphosphoinositide kinase, 
putative 

-1.34 0.04 

250765_at At5g05930 30.99 guanylyl cyclase-related (GC1) -1.34 0.01 

252383_at At3g47780 34.16 
ATATH6; ATPase, coupled to 
transmembrane movement of 
substances / transporter 

-1.35 0.01 

257208_at At3g14910 35.2 unknown protein -1.35 0.01 

246724_at At5g29000 27.3.20 myb family transcription factor -1.35 0.04 

246220_at At4g37210 35.1.5 
tetratricopeptide repeat (TPR)-
containing protein 

-1.35 0.01 

245397_at At4g14560 27.3.40 
IAA1 (INDOLE-3-ACETIC ACID 
INDUCIBLE); protein binding / 
transcription factor 

-1.35 0.02 

245489_at At4g16280 33.99 FCA; RNA binding -1.35 0.04 

250607_at At5g07370 3.4.2 

IPK2a (INOSITOL POLYPHOSPHATE 
KINASE 2 ALPHA); inositol or 
phosphatidylinositol kinase/ 
inositol trisphosphate 6-kinase 

-1.35 0.01 

253235_at At4g34350 16.1.1.7 

HDR (4-HYDROXY-3-METHYLBUT-
2-ENYL DIPHOSPHATE 
REDUCTASE); 4-hydroxy-3-
methylbut-2-en-1-yl diphosphate 
reductase/ 4-hydroxy-3-
methylbut-2-en-1-yl diphosphate 
synthase 

-1.36 0.02 

246452_at At5g16840 27.4 

BPA1 (BINDINGPARTNEROFACD11 
1); nucleic acid binding / 
nucleotide binding / 
oxidoreductase 

-1.36 0.01 

258463_at At3g17410 29.4.1.58 
serine/threonine protein kinase, 
putative 

-1.36 0.02 

265306_at At2g20320 35.1   -1.36 0.03 

248561_at At5g49670 33.99   -1.36 0.01 
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250992_at At5g02260 10.7 
ATEXPA9 (ARABIDOPSIS THALIANA 
EXPANSIN A9) 

-1.36 0.05 

258192_at At3g29110 16.1.5 
terpene synthase/cyclase family 
protein 

-1.36 0.03 

262500_at At1g21760 29.5.11.4.3.2 FBP7 (F-BOX PROTEIN 7) -1.36 0.01 

246045_at At5g19430 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.37 0.01 

253646_at At4g29810 29.4.1 
ATMKK2 (ARABIDOPSIS THALIANA 
MAP KINASE KINASE 2); MAP 
kinase kinase/ kinase 

-1.37 0.02 

265102_at At1g30870 26.12 cationic peroxidase, putative -1.37 0.05 

245250_at At4g17490 17.5.2 
ATERF6 (ETHYLENE RESPONSIVE 
ELEMENT BINDING FACTOR 6); 
DNA binding / transcription factor 

-1.37 0.01 

250318_at At5g12200 23.2 

dihydropyrimidinase / DHPase / 
dihydropyrimidine 
amidohydrolase / hydantoinase 
(PYD2) 

-1.37 0.02 

255544_at At4g01880 35.2 methyltransferase -1.37 0.01 

248011_at At5g56300 17.8.1 

GAMT2 (GIBBERELLIC ACID 
METHYLTRANSFERASE 2); S-
adenosylmethionine-dependent 
methyltransferase/ gibberellin 
carboxyl-O-methyltransferase 

-1.37 0.04 

263263_at At2g38840 30.5 guanylate-binding family protein -1.38 0.02 

248407_at At5g51500 10.8.99 pectinesterase family protein -1.38 0.05 

256900_at At3g24670 10.6.3 pectate lyase family protein -1.38 0.03 

257791_at At3g27110 29.5 peptidase M48 family protein -1.38 0.03 

251217_at At3g62560 30.5 GTP-binding protein, putative -1.38 0.02 

246737_at At5g27710 35.2 unknown protein -1.38 0.02 

245794_at At1g32170 10.7 

XTR4 (XYLOGLUCAN 
ENDOTRANSGLYCOSYLASE 4); 
hydrolase, acting on glycosyl 
bonds / hydrolase, hydrolyzing O-
glycosyl compounds / 
xyloglucan:xyloglucosyl 
transferase 

-1.39 0.01 

253386_at At4g33030 11.10.3 
SQD1; UDPsulfoquinovose 
synthase/ sulfotransferase 

-1.39 0.02 

258665_at At3g08710 21.1 ATH9 (thioredoxin H-type 9) -1.39 0.05 

248486_at At5g51060 20.1.1 
RHD2 (ROOT HAIR DEFECTIVE 2); 
NAD(P)H oxidase 

-1.39 0.01 

256366_at At1g66880 30.2.20 
serine/threonine protein kinase 
family protein 

-1.39 0.03 

263194_at At1g36060 27.3.3 
AP2 domain-containing 
transcription factor, putative 

-1.39 0.02 

252560_at At3g46030 28.1.3 HTB11; DNA binding -1.39 0.02 

257865_at At3g17750 29.4 protein kinase family protein -1.39 0.02 

253022_at At4g38060 35.2 unknown protein -1.39 0.02 

251011_at At5g02560 28.1.3 HTA12; DNA binding -1.40 0.01 

257845_at At3g28430 35.2 unknown protein -1.40 0.03 
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246239_at At4g36790 34.99 transporter-related -1.40 0.03 

256192_at At1g30110 30.4.3 

ATNUDX25 (ARABIDOPSIS 
THALIANA NUDIX HYDROLASE 
HOMOLOG 25); bis(5'-nucleosyl)-
tetraphosphatase (asymmetrical) 

-1.40 0.02 

259846_at At1g72140 34.13 
proton-dependent oligopeptide 
transport (POT) family protein 

-1.40 0.02 

266737_at At2g47140 26.22 
short-chain 
dehydrogenase/reductase (SDR) 
family protein 

-1.40 0.01 

265737_at At2g01180 26.13 
ATPAP1 (PHOSPHATIDIC ACID 
PHOSPHATASE 1); phosphatidate 
phosphatase 

-1.40 0.01 

261225_at At1g20100 35.2 unknown protein -1.41 0.02 

259841_at At1g52200 35.1 unknown protein -1.41 0.02 

258005_at At3g19390 29.5.3 
cysteine proteinase, putative / 
thiol protease, putative 

-1.41 0.01 

245487_at At4g16250 30.11 

PHYD (PHYTOCHROME DEFECTIVE 
D); G-protein coupled 
photoreceptor/ red or far-red 
light photoreceptor/ signal 
transducer 

-1.41 0.04 

264447_at At1g27300 35.2 unknown protein -1.42 0.03 

258158_at At3g17790 26.13 
PAP17; acid phosphatase/ 
phosphatase/ protein 
serine/threonine phosphatase 

-1.42 0.02 

260003_at At1g68100 34.12 
IAR1 (IAA-ALANINE RESISTANT 1); 
metal ion transmembrane 
transporter 

-1.42 0.01 

260852_at At1g21900 34.99 emp24/gp25L/p24 family protein -1.42 0.01 

266775_at At2g29060 33.99 
scarecrow transcription factor 
family protein 

-1.42 0.01 

259540_at At1g20640 33.99 
RWP-RK domain-containing 
protein 

-1.42 0.02 

246066_at At5g19400 35.2 SMG7 -1.42 0.02 

260697_at At1g32530 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.43 0.03 

263478_at At2g31880 30.2.11 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

-1.43 0.01 

266928_at At2g45790 10.1.21 
PMM 
(PHOSPHOMANNOMUTASE); 
phosphomannomutase 

-1.43 0.03 

254822_at At4g12570 29.5.11.4.1 
UPL5 (UBIQUITIN PROTEIN LIGASE 
5); acid-amino acid ligase/ binding 
/ ubiquitin-protein ligase 

-1.43 0.01 

265023_at At1g24440 29.5.11.4.2 protein binding / zinc ion binding -1.43 0.03 

259276_at At3g01190 26.12 
peroxidase 27 (PER27) (P27) 
(PRXR7) 

-1.44 0.04 

267196_at At2g30950 29.5.7 

VAR2 (VARIEGATED 2); ATP-
dependent peptidase/ ATPase/ 
metallopeptidase/ zinc ion 
binding 

-1.44 0.02 

245904_at At5g11110 2.1.1.1 
ATSPS2F (SUCROSE PHOSPHATE 
SYNTHASE 2F); sucrose-phosphate 
synthase 

-1.44 0.04 
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264907_at At2g17280 4.1.13 
phosphoglycerate/bisphosphoglyc
erate mutase family protein 

-1.44 0.03 

252872_at At4g40010 29.4 
SNRK2.7 (SNF1-RELATED PROTEIN 
KINASE 2.7); kinase 

-1.44 0.02 

260639_at At1g53180 35.2 unknown protein -1.44 0.02 

245330_at At4g14930 26.13 
acid phosphatase survival protein 
SurE, putative 

-1.44 0.04 

246763_at At5g27150 34.14 

NHX1 (NA+/H+ EXCHANGER); 
protein binding / sodium ion 
transmembrane transporter/ 
sodium:hydrogen antiporter 

-1.44 0.02 

259911_at At1g72680 16.2.1.10 
cinnamyl-alcohol dehydrogenase, 
putative 

-1.44 0.01 

267164_at At2g37700 16.7 
catalytic/ iron ion binding / 
oxidoreductase 

-1.44 0.01 

260536_at At2g43400 9.3 

ETFQO (electron-transfer 
flavoprotein:ubiquinone 
oxidoreductase); catalytic/ 
electron carrier/ electron-
transferring-flavoprotein 
dehydrogenase 

-1.44 0.04 

248615_at At5g49570 29.5 

AtPNG1 (Arabidopsis thaliana 
peptide-N-glycanase 1); catalytic/ 
peptide-N4-(N-acetyl-beta-
glucosaminyl)asparagine amidase 

-1.44 0.02 

266561_at At2g23960 35.1 defense-related protein, putative -1.44 0.03 

266413_at At2g38740 35.1 
haloacid dehalogenase-like 
hydrolase family protein 

-1.44 0.04 

248238_at At5g53900 35.2 unknown protein -1.45 0.04 

246561_at At5g15570 35.2   -1.45 0.02 

261945_at At1g64530 27.3.60 
RWP-RK domain-containing 
protein 

-1.45 0.03 

250947_at At5g03450 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.45 0.01 

247445_at At5g62640 35.1.42 proline-rich family protein -1.45 0.05 

262982_at At1g54390 27.3.67 PHD finger protein-related -1.45 0.02 

259178_at At3g01650 29.5.11.4.2 
RGLG1 (RING domain Ligase1); 
protein binding / zinc ion binding 

-1.45 0.04 

246345_at At3g56760 30.3 
calcium-dependent protein 
kinase, putative / CDPK, putative 

-1.45 0.03 

259244_at At3g07650 27.3.7 
COL9 (CONSTANS-LIKE 9); 
transcription factor/ zinc ion 
binding 

-1.45 0.01 

248748_at At5g47840 23.4.1 

AMK2 (Adenosine 
monophosphate kinase); ATP 
binding / adenylate kinase/ 
nucleobase, nucleoside, 
nucleotide kinase/ nucleotide 
kinase/ phosphotransferase, 
phosphate group as acceptor 

-1.46 0.01 

261410_at At1g07610 15.2 MT1C; copper ion binding -1.46 0.04 

266702_at At2g19860 2.2.1.4 
HXK2 (HEXOKINASE 2); ATP 
binding / fructokinase/ 
glucokinase/ hexokinase 

-1.46 0.03 

253998_at At4g26010 26.12 peroxidase, putative -1.46 0.02 
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262399_at At1g49500 35.2 unknown protein -1.47 0.01 

258121_s_
at 

At3g14530 16.1.1.10 

geranylgeranyl pyrophosphate 
synthase, putative / GGPP 
synthetase, putative / 
farnesyltranstransferase, putative 

-1.47 0.01 

245046_at At2g26510 34.99 
PDE135 (pigment defective 
embryo 135); transmembrane 
transporter 

-1.47 0.02 

254188_at At4g23920 10.1.2 

UGE2 (UDP-D-glucose/UDP-D-
galactose 4-epimerase 2); UDP-
glucose 4-epimerase/ protein 
dimerization 

-1.47 0.03 

250000_at At5g18650 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.48 0.01 

252062_at At3g52640 34.99 nicastrin-related -1.48 0.03 

259910_at At1g72700 34.1 
haloacid dehalogenase-like 
hydrolase family protein 

-1.48 0.04 

260466_at At1g10900 30.4.1 
phosphatidylinositol-4-phosphate 
5-kinase family protein 

-1.48 0.03 

256453_at At1g75270 21.2.1 

DHAR2 (DEHYDROASCORBATE 
REDUCTASE 2); glutathione 
binding / glutathione 
dehydrogenase (ascorbate) 

-1.49 0.02 

257310_at At3g26560 27.1 
ATP-dependent RNA helicase, 
putative 

-1.49 0.01 

247338_at At5g63680 4.1.15 pyruvate kinase, putative -1.49 0.02 

260320_at At1g63930 35.2 unknown protein -1.49 0.02 

248809_at At5g47520 30.5 
AtRABA5a (Arabidopsis Rab 
GTPase homolog A5a); GTP 
binding 

-1.49 0.01 

257113_at At3g20130 26.10 
CYP705A22; electron carrier/ 
heme binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.50 0.02 

252266_at At3g49630 17.5.1 
2-oxoacid-dependent oxidase, 
putative 

-1.50 0.01 

258880_at At3g06420 29.5.2 
ATG8H (autophagy 8h); 
microtubule binding 

-1.50 0.02 

245977_at At5g13110 7.1.1 
G6PD2 (GLUCOSE-6-PHOSPHATE 
DEHYDROGENASE 2); glucose-6-
phosphate dehydrogenase 

-1.50 0.01 

259423_at At1g13880 27.3.25 ELM2 domain-containing protein -1.50 0.02 

246950_at At5g25150 35.2 
TAF5 (TBP-ASSOCIATED FACTOR 
5); nucleotide binding / 
transcription regulator 

-1.50 0.04 

267085_at At2g32620 10.2.1 
ATCSLB02; cellulose synthase/ 
transferase/ transferase, 
transferring glycosyl groups 

-1.50 0.01 

265841_at At2g35710 35.1 
glycogenin glucosyltransferase 
(glycogenin)-related 

-1.50 0.03 

264006_at At2g22430 27.3.22 

ATHB6; DNA binding / protein 
binding / sequence-specific DNA 
binding / transcription activator/ 
transcription factor 

-1.50 0.02 

256762_at At3g25655 33.99 
IDL1 (INFLORESCENCE DEFICIENT 
IN ABSCISSION (IDA)-LIKE 1) 

-1.51 0.02 

262762_at At1g10700 23.1.3 
ribose-phosphate 
pyrophosphokinase 3 / 

-1.51 0.02 
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phosphoribosyl diphosphate 
synthetase 3 (PRS3) 

267134_at At2g23450 30.2.25 protein kinase family protein -1.51 0.03 

266363_at At2g41250 35.1 
haloacid dehalogenase-like 
hydrolase family protein 

-1.51 0.01 

253562_at At4g31130 35.2 unknown protein -1.51 0.02 

251144_at At5g01210 16.2 transferase family protein -1.51 0.03 

264680_at At1g65510 35.2 unknown protein -1.52 0.03 

252086_at At3g52030 29.5.11.4.3.2 
F-box family protein / WD-40 
repeat family protein 

-1.52 0.04 

262892_at At1g79440 8.2.99 

ALDH5F1; 3-chloroallyl aldehyde 
dehydrogenase/ NAD or NADH 
binding / succinate-semialdehyde 
dehydrogenase 

-1.52 0.02 

246532_at At5g15870 20.1 
glycosyl hydrolase family 81 
protein 

-1.52 0.04 

256664_at At3g12040 28.2 
DNA-3-methyladenine glycosylase 
(MAG) 

-1.52 0.01 

262215_at At1g74790 31.1 catalytic -1.52 0.01 

251535_at At3g58540 35.2 unknown protein -1.52 0.01 

265633_at At2g25490 29.5.11.4.3.2 
EBF1 (EIN3-BINDING F BOX 
PROTEIN 1); protein binding / 
ubiquitin-protein ligase 

-1.52 0.02 

259963_at At1g53660 34.8 
organic anion transmembrane 
transporter 

-1.52 0.03 

260747_at At1g78420 35.2 protein binding / zinc ion binding -1.52 0.01 

263151_at At1g54120 35.2 unknown protein -1.52 0.03 

251739_at At3g56170 28.99 
CAN (CA-2+ DEPENDENT 
NUCLEASE); nuclease 

-1.53 0.01 

259173_at At3g03640 26.3 

BGLU25 (BETA GLUCOSIDASE 25); 
catalytic/ cation binding / 
hydrolase, hydrolyzing O-glycosyl 
compounds 

-1.53 0.01 

251942_at At3g53480 34.16 

PDR9 (PLEIOTROPIC DRUG 
RESISTANCE 9); ATPase, coupled 
to transmembrane movement of 
substances 

-1.53 0.01 

262934_s_
at 

At1g79570 29.4 protein kinase family protein -1.54 0.04 

261744_at At1g08490 30.1.1 

CPNIFS (CHLOROPLASTIC NIFS-
LIKE CYSTEINE DESULFURASE); 
cysteine desulfurase/ 
selenocysteine lyase/ 
transaminase 

-1.54 0.04 

264113_at At2g31260 29.5.2 APG9 (autophagy 9) -1.54 0.03 

259333_at At3g03810 17.2.3 
EDA30 (embryo sac development 
arrest 30) 

-1.54 0.01 

258329_at At3g16110 21.1 
ATPDIL1-6 (PDI-LIKE 1-6); protein 
disulfide isomerase 

-1.54 0.02 

261979_at At1g37130 12.1.1 
NIA2 (NITRATE REDUCTASE 2); 
nitrate reductase (NADH)/ nitrate 
reductase 

-1.54 0.01 

265643_at At2g27390 35.1.42 proline-rich family protein -1.54 0.03 

249064_at At5g44250 35.2 unknown protein -1.54 0.05 
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253041_at At4g37870 6.4 

PCK1 (PHOSPHOENOLPYRUVATE 
CARBOXYKINASE 1); ATP binding / 
phosphoenolpyruvate 
carboxykinase (ATP)/ 
phosphoenolpyruvate 
carboxykinase/ purine nucleotide  

-1.54 0.02 

245665_at At1g28250 35.2 unknown protein -1.55 0.04 

247778_at At5g58750 20.2.4 wound-responsive protein-related -1.55 0.02 

251897_at At3g54360 29.5.11.4.2 protein binding / zinc ion binding -1.55 0.04 

254040_at At4g25900 3.5 aldose 1-epimerase family protein -1.55 0.03 

266669_at At2g29750 16.8.3 

UGT71C1 (UDP-GLUCOSYL 
TRANSFERASE 71C1); UDP-
glycosyltransferase/ quercetin 3'-
O-glucosyltransferase/ quercetin 
7-O-glucosyltransferase/ 
transferase, transferring glycosyl 
groups 

-1.55 0.01 

249259_at At5g41660 35.2 unknown protein -1.55 0.04 

248487_at At5g51070 29.5.5 

ERD1 (EARLY RESPONSIVE TO 
DEHYDRATION 1); ATP binding / 
ATPase/ nucleoside-
triphosphatase/ nucleotide 
binding / protein binding 

-1.55 0.01 

263897_at At2g21940 13.1.6.1.5 shikimate kinase, putative -1.55 0.01 

245206_at At5g12290 35.1 DGS1 (DGD1 SUPPRESSOR 1) -1.55 0.05 

247627_at At5g60360 29.5.3 
AALP (Arabidopsis aleurain-like 
protease); cysteine-type 
peptidase 

-1.55 0.03 

263823_s_
at 

At2g40350 27.3.3 DNA binding / transcription factor -1.56 0.02 

253564_at At4g31170 29.4 protein kinase family protein -1.56 0.01 

247308_at At5g63930 30.2.11 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

-1.56 0.01 

266818_at At2g44950 29.5.11.4.2 

HUB1 (HISTONE MONO-
UBIQUITINATION 1); protein 
binding / protein 
homodimerization/ ubiquitin-
protein ligase/ zinc ion binding 

-1.56 0.03 

250277_at At5g12940 30.2.11 leucine-rich repeat family protein -1.57 0.02 

252563_at At3g45970 10.7 
ATEXLA1 (ARABIDOPSIS THALIANA 
EXPANSIN-LIKE A1) 

-1.57 0.01 

249467_at At5g39610 33.99 

ATNAC6 (ARABIDOPSIS NAC 
DOMAIN CONTAINING PROTEIN 
6); protein heterodimerization/ 
protein homodimerization/ 
transcription factor 

-1.57 0.03 

259134_at At3g05390 35.2 unknown protein -1.58 0.01 

250156_at At5g15170 28.99 
tyrosyl-DNA phosphodiesterase-
related 

-1.58 0.01 

247570_at At5g61250 35.1 
AtGUS1 (Arabidopsis thaliana 
glucuronidase 1); beta-
glucuronidase 

-1.58 0.05 
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259736_at At1g64390 26.3.4 

AtGH9C2 (Arabidopsis thaliana 
glycosyl hydrolase 9C2); 
carbohydrate binding / catalytic/ 
hydrolase, hydrolyzing O-glycosyl 
compounds 

-1.58 0.02 

251412_at At3g60220 29.5.11.4.2 
ATL4; protein binding / zinc ion 
binding 

-1.58 0.04 

246620_at At5g36220 26.10 

CYP81D1 (CYTOCHROME P450 
81D1); electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.58 0.04 

253588_at At4g30790 35.2 unknown protein -1.58 0.04 

248941_s_
at 

At5g45460 35.2 unknown protein -1.58 0.05 

262076_at At1g59580 30.6 

ATMPK2 (ARABIDOPSIS THALIANA 
MITOGEN-ACTIVATED PROTEIN 
KINASE HOMOLOG 2); MAP 
kinase/ kinase/ protein kinase 

-1.59 0.04 

255462_at At4g02940 35.1 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

-1.59 0.01 

259645_at At1g69010 27.3.6 
BIM2 (BES1-interacting Myc-like 
protein 2); DNA binding / 
transcription factor 

-1.59 0.01 

254389_s_
at 

At4g21910 34.99 MATE efflux family protein -1.59 0.01 

252415_at At3g47340 13.1.3.1.1 

ASN1 (GLUTAMINE-DEPENDENT 
ASPARAGINE SYNTHASE 1); 
asparagine synthase (glutamine-
hydrolyzing) 

-1.59 0.03 

262607_at At1g13990 35.2 unknown protein -1.59 0.01 

249780_at At5g24240 29.5.11 
phosphatidylinositol 3- and 4-
kinase family protein / ubiquitin 
family protein 

-1.59 0.01 

254487_at At4g20780 30.3 calcium-binding protein, putative -1.59 0.01 

262357_at At1g73040 26.16 jacalin lectin family protein -1.59 0.04 

262537_s_
at 

At1g17280 29.5.11 
UBC34 (ubiquitin-conjugating 
enzyme 34); ubiquitin-protein 
ligase 

-1.60 0.02 

260413_at At1g69800 35.1 CBS domain-containing protein -1.60 0.02 

261108_at At1g62960 17.5.1.1 

ACS10 (ACC SYNTHASE 10); 1-
aminocyclopropane-1-carboxylate 
synthase/ L-aspartate:2-
oxoglutarate aminotransferase/ 
aromatic-amino-acid:2-
oxoglutarate aminotransferase 

-1.60 0.02 

259885_at At1g76380 27.3.42 
DNA-binding bromodomain-
containing protein 

-1.60 0.01 

246868_at At5g26010 29.4 
catalytic/ protein 
serine/threonine phosphatase 

-1.60 0.03 

252900_at At4g39540 13.1.6.1.5 shikimate kinase family protein -1.60 0.01 

246325_at At1g16540 17.1.1 
ABA3 (ABA DEFICIENT 3); Mo-
molybdopterin cofactor sulfurase/ 
selenocysteine lyase 

-1.60 0.01 

259769_at At1g29400 27.4 
AML5 (ARABIDOPSIS MEI2-LIKE 
PROTEIN 5); RNA binding / nucleic 
acid binding / nucleotide binding 

-1.61 0.02 
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262025_at At1g35510 35.1 unknown protein -1.61 0.02 

248366_at At5g52510 33.99 
scarecrow-like transcription factor 
8 (SCL8) 

-1.61 0.02 

254690_at At4g17830 29.5 
peptidase M20/M25/M40 family 
protein 

-1.62 0.05 

262929_at At1g65720 35.2 unknown protein -1.62 0.02 

255677_at At4g00500 30.3 
lipase class 3 family protein / 
calmodulin-binding heat-shock 
protein-related 

-1.62 0.03 

267226_at At2g44010 35.2 unknown protein -1.62 0.02 

255994_at At1g29760 35.2   -1.62 0.03 

255733_at At1g25400 35.2 unknown protein -1.62 0.03 

250977_at At5g03070 29.3.1 
IMPA-9 (IMPORTIN ALPHA 
ISOFORM 9); binding 

-1.63 0.01 

247331_at At5g63530 15.2 
ATFP3; metal ion binding / 
transition metal ion binding 

-1.63 0.05 

245777_at At1g73540 23.3.3 
atnudt21 (Arabidopsis thaliana 
Nudix hydrolase homolog 21); 
hydrolase 

-1.63 0.02 

262473_at At1g50250 29.5.7 
FTSH1 (FtsH protease 1); ATP-
dependent peptidase/ ATPase/ 
metallopeptidase 

-1.63 0.02 

255901_at At1g17890 10.1.8 
GER2; binding / catalytic/ 
coenzyme binding 

-1.64 0.01 

266802_at At2g22900 26.2 
galactosyl transferase 
GMA12/MNN10 family protein 

-1.64 0.01 

246063_at At5g19340 35.2 unknown protein -1.64 0.01 

254772_at At4g13390 35.1.42 
proline-rich extensin-like family 
protein 

-1.65 0.02 

253579_at At4g30610 17.3.2.99 
BRS1 (BRI1 SUPPRESSOR 1); 
serine-type carboxypeptidase 

-1.65 0.04 

266785_at At2g28970 30.2.99 
leucine-rich repeat protein kinase, 
putative 

-1.65 0.05 

251375_at At3g60410 35.2 unknown protein -1.65 0.04 

267222_at At2g43880 10.6.3 
polygalacturonase, putative / 
pectinase, putative 

-1.65 0.01 

262770_at At1g13190 27.4 RNA recognition motif (RRM) -1.65 0.01 

253608_at At4g30290 10.7 

XTH19 (XYLOGLUCAN 
ENDOTRANSGLUCOSYLASE/HYDR
OLASE 19); hydrolase, acting on 
glycosyl bonds / hydrolase, 
hydrolyzing O-glycosyl compounds 
/ xyloglucan:xyloglucosyl 
transferase 

-1.65 0.03 

263049_at At2g05260 11.9.2.1 lipase class 3 family protein -1.66 0.02 

261719_at At1g18380 30.2.20   -1.66 0.02 

253515_at At4g31320 17.2.3 
auxin-responsive protein, putative 
/ small auxin up RNA (SAUR_C) 

-1.66 0.02 

262236_at At1g48330 35.2 unknown protein -1.66 0.05 

262666_at At1g14080 10.3 
FUT6 (FUCOSYLTRANSFERASE 6); 
fucosyltransferase/ transferase, 
transferring glycosyl groups 

-1.66 0.04 

251937_at At3g53400 35.2   -1.66 0.01 
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265582_at At2g20030 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.67 0.02 

247532_at At5g61560 20.1 protein kinase family protein -1.67 0.03 

260083_at At1g63220 35.1.19 C2 domain-containing protein -1.67 0.01 

259014_at At3g07320 26.4.1 
glycosyl hydrolase family 17 
protein 

-1.67 0.01 

256141_at At1g48640 34.3 
lysine and histidine specific 
transporter, putative 

-1.67 0.03 

247488_at At5g61820 35.2   -1.67 0.01 

254520_at At4g19960 34.15 
potassium ion transmembrane 
transporter 

-1.68 0.03 

247176_at At5g65110 11.9.4.2 
ACX2 (ACYL-COA OXIDASE 2); acyl-
CoA oxidase 

-1.68 0.03 

258641_at At3g08030 35.2 unknown protein -1.69 0.01 

256790_at At3g16857 27.3.5 

ARR1 (ARABIDOPSIS RESPONSE 
REGULATOR 1); transcription 
factor/ two-component response 
regulator 

-1.69 0.01 

250214_at At5g13870 10.7 

EXGT-A4 (ENDOXYLOGLUCAN 
TRANSFERASE A4); hydrolase, 
acting on glycosyl bonds / 
hydrolase, hydrolyzing O-glycosyl 
compounds / 
xyloglucan:xyloglucosyl 
transferase 

-1.69 0.04 

246496_at At5g16210 35.2 HEAT repeat-containing protein -1.69 0.01 

267015_at At2g39340 35.1 SAC3/GANP family protein -1.70 0.02 

251848_at At3g54620 27.3.35 
BZIP25 (BASIC LEUCINE ZIPPER 
25); protein heterodimerization/ 
transcription factor 

-1.70 0.01 

247634_at At5g60520 33.2 
late embryogenesis abundant 
protein-related / LEA protein-
related 

-1.70 0.01 

247438_at At5g62460 29.5.11.4.2 
zinc finger (C3HC4-type RING 
finger) family protein 

-1.70 0.02 

267468_at At2g30530 35.2 unknown protein -1.70 0.01 

258225_at At3g15630 35.2 unknown protein -1.70 0.02 

266368_at At2g41380 33.99 embryo-abundant protein-related -1.70 0.04 

264299_s_
at 

At1g78860 26.16 
curculin-like (mannose-binding) 
lectin family protein 

-1.71 0.01 

265868_at At2g01650 27.3.99 
PUX2 (PLANT UBX DOMAIN-
CONTAINING PROTEIN 2); nucleic 
acid binding / zinc ion binding 

-1.71 0.04 

251277_at At3g61760 26.17 
ADL1B (ARABIDOPSIS DYNAMIN-
LIKE 1B); GTP binding / GTPase 

-1.71 0.01 

255428_at At4g03390 30.2.5 
SRF3 (STRUBBELIG-RECEPTOR 
FAMILY 3); ATP binding / kinase/ 
protein serine/threonine kinase 

-1.71 0.03 

249675_at At5g35940 26.16 jacalin lectin family protein -1.71 0.01 

256563_at At3g29780 30.8 
RALFL27 (ralf-like 27); signal 
transducer 

-1.71 0.03 

247352_at At5g63650 29.4 
SNRK2.5 (SNF1-RELATED PROTEIN 
KINASE 2.5); kinase 

-1.71 0.03 
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248927_at At5g45900 29.5.2 
APG7 (AUTOPHAGY 7); APG8 
activating enzyme 

-1.72 0.02 

247287_at At5g64230 35.2 unknown protein -1.72 0.01 

256922_at At3g19010 21.2 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

-1.72 0.03 

254759_at At4g13180 26.22 
short-chain 
dehydrogenase/reductase (SDR) 
family protein 

-1.72 0.01 

249045_at At5g44380 26.8 
FAD-binding domain-containing 
protein 

-1.73 0.01 

260418_s_
at 

At1g69750 9.7 cox19 family protein -1.73 0.01 

247933_at At5g56980 35.2 unknown protein -1.73 0.02 

248150_at At5g54670 31.99 
ATK3 (ARABIDOPSIS THALIANA 
KINESIN 3); ATPase/ microtubule 
binding / microtubule motor 

-1.73 0.03 

254592_at At4g18880 20.2.1 
AT-HSFA4A; DNA binding / 
transcription factor 

-1.73 0.02 

248553_at At5g50170 35.1.19 
C2 domain-containing protein / 
GRAM domain-containing protein 

-1.74 0.01 

248193_at At5g54080 13.2.6.2 
HGO (HOMOGENTISATE 1,2-
DIOXYGENASE); homogentisate 
1,2-dioxygenase 

-1.74 0.03 

261039_at At1g17455 35.2 ELF4-L4 (ELF4-Like 4) -1.74 0.01 

261116_at At1g75370 34.99 
SEC14 cytosolic factor, putative / 
phosphatidylinositol transfer-like 
protein, putative 

-1.74 0.02 

258140_at At3g24503 5.10 

ALDH2C4; 3-chloroallyl aldehyde 
dehydrogenase/ aldehyde 
dehydrogenase (NAD)/ coniferyl-
aldehyde dehydrogenase 

-1.74 0.01 

262542_at At1g34180 33.99 
anac016 (Arabidopsis NAC domain 
containing protein 16); 
transcription factor 

-1.75 0.05 

249373_at At5g40670 35.1 
PQ-loop repeat family protein / 
transmembrane family protein 

-1.75 0.02 

252068_at At3g51440 16.4.1 
strictosidine synthase family 
protein 

-1.75 0.02 

261643_at At1g27720 27.2 
TAF4B (TBP-ASSOCIATED FACTOR 
4B); transcription initiation factor 

-1.75 0.04 

256094_at At1g20780 20.1 
SAUL1 (SENESCENCE-ASSOCIATED 
E3 UBIQUITIN LIGASE 1); 
ubiquitin-protein ligase 

-1.75 0.01 

259560_at At1g21270 30.2.25 
WAK2; ATP binding / calcium ion 
binding / protein kinase/ protein 
serine/threonine kinase 

-1.75 0.01 

262986_at At1g23390 29.5.11.4.3.2 
kelch repeat-containing F-box 
family protein 

-1.76 0.02 

260557_at At2g43610 20.1 
glycoside hydrolase family 19 
protein 

-1.77 0.01 

250177_at At5g14420 29.5.11.4.2 
RGLG2 (RING domain Ligase2); 
ubiquitin-protein ligase 

-1.77 0.01 

262133_at At1g78000 34.6 
SULTR1;2 (SULFATE 
TRANSPORTER 1;2); sulfate 
transmembrane transporter 

-1.77 0.02 

252387_at At3g47800 3.5 aldose 1-epimerase family protein -1.78 0.03 

264574_at At1g05300 34.12 
ZIP5; cation transmembrane 
transporter/ metal ion 

-1.78 0.01 
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transmembrane transporter 

251039_at At5g02020 35.2 unknown protein -1.78 0.01 

264535_at At1g55690 34.99 
SEC14 cytosolic factor family 
protein / phosphoglyceride 
transfer family protein 

-1.78 0.03 

256595_x_
at 

At3g28530 35.3 UDP-glucose 4-epimerase -1.79 0.04 

258622_at At3g02720 35.1 
DJ-1 family protein / protease-
related 

-1.79 0.01 

252379_at At3g47730 34.16 
ATATH1; ATPase, coupled to 
transmembrane movement of 
substances / transporter 

-1.79 0.01 

251468_at At3g59290 35.1.21 
epsin N-terminal homology 
(ENTH) domain-containing protein 

-1.79 0.01 

253637_at At4g30390 35.2 unknown protein -1.80 0.03 

249260_at At5g41680 30.2.3 protein kinase family protein -1.80 0.05 

252367_at At3g48360 29.5.11.4.5.2 

BT2 (BTB AND TAZ DOMAIN 
PROTEIN 2); protein binding / 
transcription factor/ transcription 
regulator 

-1.80 0.01 

257769_at At3g23050 27.3.40 
IAA7 (INDOLE-3-ACETIC ACID 7); 
transcription factor 

-1.80 0.01 

264130_at At1g79160 35.2 unknown protein -1.81 0.04 

261107_at At1g63010 35.1 
SPX (SYG1/Pho81/XPR1) domain-
containing protein 

-1.82 0.01 

248968_at At5g45280 10.8.2 pectinacetylesterase, putative -1.82 0.01 

258092_at At3g14595 35.2 unknown protein -1.82 0.03 

245547_at At4g15300 26.10 
CYP702A2; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.82 0.01 

252484_at At3g46690 26.2 
UDP-glucoronosyl/UDP-glucosyl 
transferase family protein 

-1.82 0.02 

260558_at At2g43600 20.1 
glycoside hydrolase family 19 
protein 

-1.83 0.01 

266888_s_
at 

At2g44750 18.2.1 
TPK2 (Thiamin pyrophosphokinase 
2); thiamin diphosphokinase 

-1.83 0.01 

262496_at At1g21790 35.2   -1.83 0.01 

263225_at At1g30650 27.3.32 WRKY14; transcription factor -1.83 0.01 

263208_at At1g10480 27.3.11 

ZFP5 (ZINC FINGER PROTEIN 5); 
nucleic acid binding / 
transcription factor/ zinc ion 
binding 

-1.83 0.01 

264362_at At1g03290 35.2 unknown protein -1.83 0.01 

249202_at At5g42580 26.10 
CYP705A12; electron carrier/ 
heme binding / iron ion binding 

-1.83 0.01 

248687_at At5g48300 2.1.2.1 

ADG1 (ADP GLUCOSE 
PYROPHOSPHORYLASE 1); 
glucose-1-phosphate 
adenylyltransferase 

-1.83 0.03 

247487_at At5g62150 10.6 
peptidoglycan-binding LysM 
domain-containing protein 

-1.83 0.03 

255627_at At4g00955 35.2   -1.84 0.01 

262832_s_
at 

At1g14870 35.1   -1.84 0.03 
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260042_at At1g68820 29.5.11.4.2 membrane protein, putative -1.84 0.01 

265718_at At2g03340 27.3.32 WRKY3; transcription factor -1.84 0.01 

249817_at At5g23820 35.1 
MD-2-related lipid recognition 
domain-containing protein / ML 
domain-containing protein 

-1.85 0.04 

252075_at At3g51730 35.1 
saposin B domain-containing 
protein 

-1.85 0.03 

258856_at At3g02040 11.9.3.3 

SRG3 (senescence-related gene 
3); glycerophosphodiester 
phosphodiesterase/ phosphoric 
diester hydrolase 

-1.85 0.01 

246396_at At1g58180 8.3 
carbonic anhydrase family protein 
/ carbonate dehydratase family 
protein 

-1.85 0.02 

255942_at At1g22360 26.2 

AtUGT85A2 (UDP-glucosyl 
transferase 85A2); UDP-
glycosyltransferase/ 
glucuronosyltransferase/ 
transferase, transferring glycosyl 
groups 

-1.85 0.01 

250469_at At5g10130 20.2.99 
pollen Ole e 1 allergen and 
extensin family protein 

-1.86 0.02 

265351_at At2g22630 27.3.24 
AGL17 (agamous-like 17); 
transcription factor 

-1.86 0.04 

258921_at At3g10500 33.99 
anac053 (Arabidopsis NAC domain 
containing protein 53); 
transcription factor 

-1.86 0.02 

255904_at At1g17860 20.1.7.6.1 
trypsin and protease inhibitor 
family protein / Kunitz family 
protein 

-1.86 0.02 

262664_at At1g13970 35.2 unknown protein -1.86 0.02 

264682_at At1g65570 10.6.3 
polygalacturonase, putative / 
pectinase, putative 

-1.87 0.02 

258973_at At3g01900 26.10 
CYP94B2; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.87 0.03 

261842_at At1g16160 30.2.25 
WAKL5 (wall associated kinase-
like 5); kinase 

-1.87 0.03 

265003_at At1g26970 29.4.1.57 protein kinase, putative -1.87 0.03 

247645_at At5g60530 33.2 
late embryogenesis abundant 
protein-related / LEA protein-
related 

-1.87 0.00 

245868_at At1g58032 34.3   -1.88 0.01 

257611_at At3g26580 35.2   -1.89 0.01 

266617_at At2g29670 35.2 binding -1.89 0.01 

246917_at At5g25280 35.1 serine-rich protein-related -1.89 0.03 

248178_at At5g54370 33.2 
late embryogenesis abundant 
protein-related / LEA protein-
related 

-1.89 0.02 

263164_at At1g03070 35.1 glutamate binding -1.89 0.02 

258683_at At3g08760 29.4 
ATSIK; ATP binding / kinase/ 
protein kinase/ protein tyrosine 
kinase 

-1.89 0.03 

265000_at At1g67410 26.2 exostosin family protein -1.90 0.03 
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266155_at At1g64950 35.2 
CYP89A5; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.90 0.02 

245365_at At4g17720 27.4 
RNA recognition motif (RRM)-
containing protein 

-1.90 0.04 

265646_at At2g27360 26.28 lipase, putative -1.90 0.01 

263904_at At2g36380 34.16 
PDR6; ATPase, coupled to 
transmembrane movement of 
substances 

-1.90 0.01 

260473_at At1g10880 35.2 unknown protein -1.90 0.01 

261718_at At1g18390 30.2.20 
ATP binding / kinase/ protein 
kinase/ protein serine/threonine 
kinase/ protein tyrosine kinase 

-1.91 0.01 

255595_at At4g01700 20.1 chitinase, putative -1.91 0.01 

266336_at At2g32270 34.12 
ZIP3; zinc ion transmembrane 
transporter 

-1.91 0.01 

264746_at At1g62300 27.3.32 WRKY6; transcription factor -1.92 0.01 

249515_at At5g38530 13.1.6.5.5 tryptophan synthase-related -1.92 0.02 

256387_at At3g06170 35.1 
TMS membrane family protein / 
tumour differentially expressed 
(TDE) family protein 

-1.92 0.02 

255704_at At4g00170 35.1 
vesicle-associated membrane 
family protein / VAMP family 
protein 

-1.92 0.02 

254966_at At4g11110 30.11 
SPA2 (SPA1-RELATED 2); protein 
binding / signal transducer 

-1.92 0.02 

262789_at At1g10810 17.2.3 
aldo/keto reductase family 
protein 

-1.93 0.01 

262775_at At1g13000 35.2 unknown protein -1.93 0.01 

250400_at At5g10740 29.4 
protein phosphatase 2C-related / 
PP2C-related 

-1.93 0.02 

252511_at At3g46280 30.2.99 protein kinase-related -1.93 0.05 

266454_at At2g22750 27.3.6 
basic helix-loop-helix (bHLH) 
family protein 

-1.94 0.01 

254764_at At4g13250 26.22 
short-chain 
dehydrogenase/reductase (SDR) 
family protein 

-1.94 0.02 

264609_at At1g04530 35.2 binding -1.95 0.03 

254195_at At4g24020 27.3.60 
NLP7 (NIN LIKE PROTEIN 7); 
transcription factor 

-1.95 0.01 

263426_at At2g31570 21.2.2 
ATGPX2 (GLUTATHIONE 
PEROXIDASE 2); glutathione 
peroxidase 

-1.95 0.00 

266168_at At2g38870 20.1 protease inhibitor, putative -1.95 0.02 

250802_at At5g04970 10.8.99 pectinesterase, putative -1.95 0.01 

248751_at At5g47540 35.1.3 binding -1.95 0.03 

256676_at At3g52180 2.2.2 

SEX4 (STARCH-EXCESS 4); 
polysaccharide binding / protein 
tyrosine/serine/threonine 
phosphatase 

-1.95 0.04 

261247_at At1g20070 35.2 unknown protein -1.95 0.01 

247199_at At5g65210 27.3.35 
TGA1; DNA binding / calmodulin 
binding / transcription factor 

-1.95 0.03 
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263073_at At2g17500 34.99 auxin efflux carrier family protein -1.95 0.01 

262658_at At1g14220 27.1.19 ribonuclease T2 family protein -1.96 0.02 

256647_at At3g13610 28.99 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

-1.96 0.02 

264841_at At1g03740 29.4 
ATP binding / kinase/ protein 
kinase/ protein serine/threonine 
kinase 

-1.96 0.01 

266100_at At2g37980 17.2.3 unknown protein -1.96 0.01 

251658_at At3g57020 16.4.1 
strictosidine synthase family 
protein 

-1.96 0.01 

266342_at At2g01540 35.1.19 C2 domain-containing protein -1.97 0.01 

254346_at At4g21980 29.5.2 
APG8A (AUTOPHAGY 8A); APG8 
activating enzyme/ APG8-specific 
protease/ Atg8 ligase 

-1.97 0.01 

253638_at At4g30470 16.2.1.7 cinnamoyl-CoA reductase-related -1.97 0.01 

256589_at At3g28740 26.10 
CYP81D1; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.98 0.02 

255263_at At4g05160 16.2 
4-coumarate--CoA ligase, putative 
/ 4-coumaroyl-CoA synthase, 
putative 

-1.98 0.01 

260531_at At2g47240 11.1.9 
long-chain-fatty-acid--CoA ligase 
family protein / long-chain acyl-
CoA synthetase family protein 

-1.98 0.03 

248115_at At5g54870 35.2 unknown protein -1.98 0.02 

256349_at At1g54890 33.2 
late embryogenesis abundant 
protein-related / LEA protein-
related 

-1.98 0.03 

252264_at At3g49590 35.2   -1.98 0.03 

247753_at At5g59070 26.2 
glycosyl transferase family 1 
protein 

-1.98 0.01 

253431_at At4g32440 35.1.2 agenet domain-containing protein -1.98 0.01 

248715_at At5g48290 35.1 
heavy-metal-associated domain-
containing protein 

-1.99 0.02 

256883_at At3g26440 35.2 unknown protein -1.99 0.01 

249053_at At5g44440 26.8 
FAD-binding domain-containing 
protein 

-1.99 0.01 

250949_at At5g03510 27.3.11 
zinc finger (C2H2 type) family 
protein 

-2.00 0.02 

260803_at At1g78340 26.9 
ATGSTU22 (GLUTATHIONE S-
TRANSFERASE TAU 22); 
glutathione transferase 

-2.00 0.01 

259328_at At3g16440 17.7.3 
ATMLP-300B (MYROSINASE-
BINDING PROTEIN-LIKE PROTEIN-
300B) 

-2.00 0.01 

255757_at At4g00460 30.5 
Rho guanyl-nucleotide exchange 
factor 

-2.01 0.04 

256756_at At3g25610 34.1 
haloacid dehalogenase-like 
hydrolase family protein 

-2.02 0.01 

259472_at At1g18910 29.5.11.4.2 protein binding / zinc ion binding -2.02 0.02 

246922_at At5g25110 29.4 

CIPK25 (CBL-INTERACTING 
PROTEIN KINASE 25); ATP binding 
/ kinase/ protein kinase/ protein 
serine/threonine kinase 

-2.02 0.02 
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259163_at At3g01490 29.4 protein kinase, putative -2.02 0.01 

256513_at At1g31480 11.9.3 
SGR2 (SHOOT GRAVITROPISM 2); 
phospholipase A1 

-2.02 0.01 

255340_at At4g04490 30.2.17 protein kinase family protein -2.03 0.01 

263378_at At2g40180 29.4 
ATHPP2C5; catalytic/ protein 
serine/threonine phosphatase 

-2.03 0.02 

264738_at At1g62250 35.2 unknown protein -2.04 0.01 

250182_at At5g14470 29.4.1 GHMP kinase-related -2.04 0.04 

267276_at At2g30130 27.3.37 
ASL5; DNA binding / protein 
binding 

-2.04 0.01 

263156_at At1g54030 26.16 GDSL-motif lipase, putative -2.04 0.02 

261878_at At1g50560 26.10 
CYP705A25; electron carrier/ 
heme binding / iron ion binding / 
monooxygenase/ oxygen binding 

-2.04 0.05 

248626_at At5g48940 30.2.11 
leucine-rich repeat 
transmembrane protein kinase, 
putative 

-2.04 0.01 

246831_at At5g26340 34.2 

MSS1; carbohydrate 
transmembrane transporter/ 
hexose:hydrogen symporter/ 
high-affinity hydrogen:glucose 
symporter/ sugar:hydrogen 
symporter 

-2.05 0.04 

250877_at At5g04040 33.1 
SDP1 (SUGAR-DEPENDENT1); 
triacylglycerol lipase 

-2.05 0.04 

252183_at At3g50740 16.2.1 

UGT72E1 (UDP-glucosyl 
transferase 72E1); UDP-
glycosyltransferase/ coniferyl-
alcohol glucosyltransferase/ 
transferase, transferring glycosyl 
groups 

-2.05 0.02 

251436_at At3g59900 35.2 
ARGOS (AUXIN-REGULATED GENE 
INVOLVED IN ORGAN SIZE) 

-2.05 0.03 

263419_at At2g17220 29.4.1.57 protein kinase, putative -2.06 0.04 

252365_at At3g48350 29.5.3 cysteine proteinase, putative -2.07 0.03 

253268_s_
at 

At4g34135 26.2 

UGT73B2 (UDP-
GLUCOSYLTRANSFERASE 73B2); 
UDP-glucosyltransferase/ UDP-
glycosyltransferase/ flavonol 3-O-
glucosyltransferase/ quercetin 7-
O-glucosyltransferase 

-2.07 0.03 

248133_at At5g54850 35.2 unknown protein -2.07 0.01 

264957_at At1g77000 29.5.11.4.3.2 SKP2B; ubiquitin-protein ligase -2.08 0.01 

257466_at At1g62840 35.2 unknown protein -2.08 0.01 

266963_at At2g39450 34.12 

MTP11; cation transmembrane 
transporter/ manganese ion 
transmembrane transporter/ 
manganese:hydrogen antiporter 

-2.08 0.01 

256050_at At1g07000 27.3.99 
ATEXO70B2 (exocyst subunit 
EXO70 family protein B2); protein 
binding 

-2.08 0.03 

258338_at At3g16150 13.2.3.1.1 
L-asparaginase, putative / L-
asparagine amidohydrolase, 
putative 

-2.08 0.02 
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260483_at At1g11000 20.1.3.1 
MLO4 (MILDEW RESISTANCE 
LOCUS O 4); calmodulin binding 

-2.08 0.00 

251491_at At3g59480 2.2.1.1 
pfkB-type carbohydrate kinase 
family protein 

-2.09 0.03 

247956_at At5g57050 17.4.1 
ABI2 (ABA INSENSITIVE 2); protein 
serine/threonine phosphatase 

-2.09 0.03 

255630_at At4g00700 35.1.19 C2 domain-containing protein -2.10 0.00 

257861_at At3g13050 34.99 transporter-related -2.11 0.00 

264965_at At1g60560 27.3.99 SWIM zinc finger family protein -2.11 0.01 

253627_at At4g30650 20.2.3 
hydrophobic protein, putative / 
low temperature and salt 
responsive protein, putative 

-2.11 0.04 

259221_s_
at 

At3g03540 11.9.3.5 

NPC5 (NON-SPECIFIC 
PHOSPHOLIPASE C5); hydrolase, 
acting on ester bonds / 
phospholipase C 

-2.11 0.03 

266995_at At2g34500 26.10 

CYP710A1 (cytochrome P450, 
family 710, subfamily A, 
polypeptide 1); C-22 sterol 
desaturase/ oxygen binding 

-2.12 0.02 

246459_at At5g16900 30.2.99 
leucine-rich repeat protein kinase, 
putative 

-2.12 0.02 

247902_at At5g57350 34.1.2 
AHA3; ATPase/ hydrogen-
exporting ATPase, 
phosphorylative mechanism 

-2.12 0.02 

258184_at At3g21510 30.10 
AHP1 (HISTIDINE-CONTAINING 
PHOSPHOTRANSMITTER 1); 
histidine phosphotransfer kinase 

-2.12 0.01 

251254_at At3g62270 34.18 anion exchange family protein -2.13 0.01 

260772_at At1g49050 29.5.4 aspartyl protease family protein -2.14 0.00 

252117_at At3g51430 16.4.1 YLS2; strictosidine synthase -2.14 0.04 

255561_at At4g02050 34.2 sugar transporter, putative -2.14 0.01 

255900_at At1g17830 35.2 unknown protein -2.14 0.02 

249377_at At5g40690 35.2   -2.14 0.03 

266456_at At2g22770 27.3.6 
NAI1; DNA binding / transcription 
factor 

-2.15 0.05 

262004_at At1g64480 30.3 
CBL8 (CALCINEURIN B-LIKE 
PROTEIN 8); calcium ion binding 

-2.15 0.04 

251790_at At3g55470 35.1.19 C2 domain-containing protein -2.15 0.01 

251334_at At3g61390 29.5.11.4.2 U-box domain-containing protein -2.16 0.02 

259040_at At3g09270 26.9 
ATGSTU8 (GLUTATHIONE S-
TRANSFERASE TAU 8); glutathione 
transferase 

-2.16 0.01 

256617_at At3g22240 35.2 unknown protein -2.16 0.01 

253473_at At4g32250 29.4 protein kinase family protein -2.16 0.05 

259479_at At1g19020 35.2 unknown protein -2.16 0.01 

258395_at At3g15500 27.3.27 
ANAC055 (ARABIDOPSIS NAC 
DOMAIN CONTAINING PROTEIN 
55); transcription factor 

-2.16 0.01 

258342_at At3g22800 10.5.3 
leucine-rich repeat family protein 
/ extensin family protein 

-2.16 0.02 
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260932_s_
at 

At1g02530 34.16 

PGP12 (P-GLYCOPROTEIN 12); 
ATPase, coupled to 
transmembrane movement of 
substances 

-2.17 0.01 

267409_at At2g34910 35.2 unknown protein -2.18 0.01 

256305_at At1g30400 34.16 

MRP1 (ARABIDOPSIS THALIANA 
MULTIDRUG RESISTANCE-
ASSOCIATED PROTEIN 1); ATPase, 
coupled to transmembrane 
movement of substances / 
xenobiotic-transporting ATPase 

-2.18 0.01 

253046_at At4g37370 26.10 
CYP81D8; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-2.19 0.00 

247418_at At5g63030 21.4 glutaredoxin, putative -2.19 0.00 

267280_at At2g19450 11.4 
TAG1 (TRIACYLGLYCEROL 
BIOSYNTHESIS DEFECT 1); 
diacylglycerol O-acyltransferase 

-2.19 0.01 

258591_at At3g04360 20.2.2   -2.19 0.03 

255934_at At1g12740 26.10 
CYP87A2; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-2.20 0.01 

265501_at At2g15490 26.2 

UGT73B4 (UDP-
GLYCOSYLTRANSFERASE 73B4); 
UDP-glucosyltransferase/ UDP-
glycosyltransferase/ quercetin 3-
O-glucosyltransferase/ quercetin 
7-O-glucosyltransferase/ 
transferase, transferring glycosyl 
groups 

-2.20 0.01 

250132_at At5g16560 27.3.20 
KAN (KANADI); transcription 
factor 

-2.21 0.03 

245277_at At4g15550 26.2 

IAGLU (INDOLE-3-ACETATE BETA-
D-GLUCOSYLTRANSFERASE); UDP-
glycosyltransferase/ transferase, 
transferring glycosyl groups 

-2.21 0.01 

255695_at At4g00080 26.18 

UNE11 (unfertilized embryo sac 
11); enzyme inhibitor/ 
pectinesterase/ pectinesterase 
inhibitor 

-2.21 0.01 

260592_at At1g55850 10.2.1 
ATCSLE1; cellulose synthase/ 
transferase, transferring glycosyl 
groups 

-2.21 0.05 

264347_at At1g12040 10.5.3 

LRX1 (LEUCINE-RICH 
REPEAT/EXTENSIN 1); histidine 
phosphotransfer kinase/ protein 
binding / structural constituent of 
cell wall 

-2.22 0.04 

248723_at At5g47950 16.2 transferase family protein -2.22 0.01 

258013_at At3g19320 30.2.99 leucine-rich repeat family protein -2.22 0.05 

258648_at At3g07900 17.2.3 unknown protein -2.22 0.03 

253289_at At4g34320 35.1 unknown protein -2.23 0.01 

251065_at At5g01870 11.6 lipid transfer protein, putative -2.23 0.02 

254971_at At4g10380 34.19.3 
NIP5;1; arsenite transmembrane 
transporter/ boron transporter/ 
water channel 

-2.24 0.01 
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246001_at At5g20790 35.2 unknown protein -2.24 0.02 

261934_at At1g22400 17.4.1 

UGT85A1; UDP-
glycosyltransferase/ cis-zeatin O-
beta-D-glucosyltransferase/ 
glucuronosyltransferase/ trans-
zeatin O-beta-D-
glucosyltransferase/ transferase, 
transferring glycosyl groups / 
transferase, transferring hexosyl 
groups 

-2.24 0.03 

253173_at At4g35110 35.2   -2.24 0.02 

266125_at At2g45050 27.3.9 
zinc finger (GATA type) family 
protein 

-2.25 0.03 

265471_at At2g37130 26.12 
peroxidase 21 (PER21) (P21) 
(PRXR5) 

-2.25 0.01 

251832_at At3g55150 27.3.99 
ATEXO70H1 (exocyst subunit 
EXO70 family protein H1); protein 
binding 

-2.25 0.02 

258207_at At3g14050 20.1.5 
RSH2 (RELA-SPOT HOMOLOG 2); 
GTP diphosphokinase 

-2.25 0.01 

254608_at At4g18910 34.19.3 

NIP1;2 (NOD26-LIKE INTRINSIC 
PROTEIN 1;2); arsenite 
transmembrane transporter/ 
water channel 

-2.25 0.01 

255692_at At4g00400 11.3 

GPAT8 (glycerol-3-phosphate 
acyltransferase 8); 
acyltransferase/ glycerol-3-
phosphate O-acyltransferase 

-2.25 0.02 

247863_at At5g57900 29.5.11.4.3.1 
SKIP1 (SKP1 INTERACTING 
PARTNER 1); protein binding 

-2.26 0.01 

263689_at At1g26820 27.1.19 
RNS3 (RIBONUCLEASE 3); RNA 
binding / endoribonuclease/ 
ribonuclease T2 

-2.26 0.02 

267617_at At2g26670 19.21 
TED4 (REVERSAL OF THE DET 
PHENOTYPE 4); heme oxygenase 
(decyclizing) 

-2.26 0.03 

259272_at At3g01290 35.1 band 7 family protein -2.27 0.04 

247604_at At5g60950 15 
COBL5 (COBRA-LIKE PROTEIN 5 
PRECURSOR) 

-2.27 0.01 

258145_at At3g18200 33.99 nodulin MtN21 family protein -2.27 0.05 

249097_at At5g43520 35.1.26 DC1 domain-containing protein -2.27 0.02 

252698_at At3g43670 26.7 copper amine oxidase, putative -2.27 0.03 

248819_at At5g47050 29.5.11.4.2 protein binding / zinc ion binding -2.27 0.02 

246912_at At5g25820 26.2 exostosin family protein -2.28 0.01 

261526_at At1g14370 29.4.1.57 
APK2A (PROTEIN KINASE 2A); ATP 
binding / kinase/ protein kinase/ 
protein serine/threonine kinase 

-2.28 0.01 

260950_s_
at 

At1g06120 11.2.1 
fatty acid desaturase family 
protein 

-2.28 0.01 

255116_at At4g08850 30.2.12 kinase -2.29 0.04 

266967_at At2g39530 35.1 
integral membrane protein, 
putative 

-2.29 0.01 

247835_at At5g57910 35.2 unknown protein -2.29 0.02 

254674_at At4g18450 17.5.2 ethylene-responsive factor, -2.29 0.04 
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putative 

262276_at At1g68700 35.2 unknown protein -2.30 0.02 

263804_at At2g40270 29.4.1.51 protein kinase family protein -2.30 0.02 

267385_at At2g44380 35.1.26 DC1 domain-containing protein -2.31 0.02 

255564_s_
at 

At4g01750 10.4.3.6 
RGXT2 (rhamnogalacturonan 
xylosyltransferase 2); UDP-
xylosyltransferase 

-2.32 0.01 

250662_at At5g07010 11.8 
ST2A (SULFOTRANSFERASE 2A); 
hydroxyjasmonate 
sulfotransferase/ sulfotransferase 

-2.32 0.01 

251741_at At3g56040 35.2 
UGP3 (UDP-GLUCOSE 
PYROPHOSPHORYLASE 3) 

-2.32 0.01 

256600_at At3g14850 35.2 unknown protein -2.32 0.01 

266184_s_
at 

At2g38940 34.7 

ATPT2 (ARABIDOPSIS THALIANA 
PHOSPHATE TRANSPORTER 2); 
carbohydrate transmembrane 
transporter/ inorganic phosphate 
transmembrane transporter/ 
phosphate transmembrane 
transporter/ sugar:hydrogen 
symporter 

-2.32 0.03 

256376_s_
at 

At1g66690 17.8.1 
S-adenosyl-L-methionine:carboxyl 
methyltransferase family protein 

-2.33 0.02 

258942_at At3g09960 29.4 
calcineurin-like phosphoesterase 
family protein 

-2.33 0.05 

260335_at At1g74000 16.4.1 
SS3 (STRICTOSIDINE SYNTHASE 3); 
strictosidine synthase 

-2.33 0.02 

267287_at At2g23630 35.1 
sks16 (SKU5 Similar 16); copper 
ion binding / pectinesterase 

-2.34 0.01 

255823_at At2g40470 27.3.37 
LBD15 (LOB DOMAIN-
CONTAINING PROTEIN 15) 

-2.35 0.01 

263232_at At1g05700 30.2.99 
leucine-rich repeat protein kinase, 
putative 

-2.35 0.04 

252381_s_
at 

At3g47750 34.16 

ABCA4 (ATP BINDING CASSETTE 
SUBFAMILY A4); ATPase, coupled 
to transmembrane movement of 
substances / transporter 

-2.36 0.01 

259653_at At1g55240 35.2 unknown protein -2.36 0.04 

260946_at At1g06010 35.2 unknown protein -2.37 0.00 

262925_at At1g65730 34.13 
YSL7 (YELLOW STRIPE LIKE 7); 
oligopeptide transporter 

-2.37 0.01 

259443_at At1g02360 20.1 chitinase, putative -2.37 0.00 

254291_at At4g23010 34.11 UDP-galactose transporter-related -2.37 0.01 

263688_at At1g26920 35.2 unknown protein -2.37 0.01 

255782_at At1g19850 27.3.4 
MP (MONOPTEROS); transcription 
factor 

-2.37 0.03 

248251_at At5g53220 35.2 unknown protein -2.37 0.02 

253096_at At4g37330 26.10 
CYP81D4; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-2.38 0.02 

262260_at At1g70850 20.2.99 MLP34 (MLP-LIKE PROTEIN 34) -2.38 0.01 

248717_at At5g48175 35.1 unknown protein -2.38 0.01 
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246098_at At5g20400 17.5.1 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

-2.38 0.01 

256771_at At3g13710 35.3 
PRA1.F4 (PRENYLATED RAB 
ACCEPTOR 1.F4) 

-2.38 0.03 

266849_at At2g25940 29.3.4.3 
ALPHA-VPE (alpha-vacuolar 
processing enzyme); cysteine-type 
endopeptidase 

-2.38 0.03 

251110_at At5g01260 2.2.2.4 
glycoside hydrolase starch-binding 
domain-containing protein 

-2.38 0.01 

267135_at At2g23430 31.3 
ICK1; cyclin-dependent protein 
kinase inhibitor 

-2.39 0.02 

246071_at At5g20150 20.2 SPX1 (SPX DOMAIN GENE 1) -2.39 0.03 

261441_at At1g28470 33.99 

ANAC010 (ARABIDOPSIS NAC 
DOMAIN CONTAINING PROTEIN 
10); transcription activator/ 
transcription factor 

-2.39 0.04 

260567_at At2g43820 26.2 

UGT74F2 (UDP-
GLUCOSYLTRANSFERASE 74F2); 
UDP-glucose:4-aminobenzoate 
acylglucosyltransferase/ UDP-
glucosyltransferase/ UDP-
glycosyltransferase/ transferase, 
transferring glycosyl groups / 
transferase, transferring hexosyl 
groups 

-2.39 0.01 

254912_at At4g11230 20.1.1 
respiratory burst oxidase, putative 
/ NADPH oxidase, putative 

-2.40 0.01 

251752_at At3g55740 34.3 

PROT2 (PROLINE TRANSPORTER 
2); L-proline transmembrane 
transporter/ amino acid 
transmembrane transporter 

-2.40 0.01 

247554_at At5g61010 27.3.99 
ATEXO70E2 (EXOCYST SUBUNIT 
EXO70 FAMILY PROTEIN E2); 
protein binding 

-2.40 0.01 

252113_at At3g51620 35.2   -2.40 0.01 

263892_at At2g36890 27.3.25 
RAX2 (REGULATOR OF AXILLARY 
MERISTEMS 2); DNA binding / 
transcription factor 

-2.40 0.01 

250059_at At5g17820 26.12 
peroxidase 57 (PER57) (P57) 
(PRXR10) 

-2.41 0.05 

260925_at At1g21340 27.3.8 
Dof-type zinc finger domain-
containing protein 

-2.41 0.02 

256913_at At3g23870 34.10 permease-related -2.41 0.01 

257734_at At3g18370 35.1.19 ATSYTF -2.42 0.03 

263795_at At2g24610 34.22 
ATCNGC14; calmodulin binding / 
cyclic nucleotide binding / ion 
channel 

-2.42 0.01 

247781_at At5g58784 35.1 
dehydrodolichyl diphosphate 
synthase 

-2.43 0.01 

247905_at At5g57400 35.2 unknown protein -2.43 0.02 

263184_at At1g05560 17.2.1 

UGT75B1 (UDP-
GLUCOSYLTRANSFERASE 75B1); 
UDP-glucose:4-aminobenzoate 
acylglucosyltransferase/ UDP-
glucosyltransferase/ UDP-
glycosyltransferase/ abscisic acid 
glucosyltransferase/ transferase, 
transferring glycosyl groups 

-2.44 0.01 
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259018_at At3g07390 17.2.3 
AIR12; extracellular matrix 
structural constituent 

-2.45 0.02 

262865_at At1g64930 26.10 
CYP89A7; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-2.45 0.01 

261832_at At1g10650 29.5.11.4.2 protein binding / zinc ion binding -2.46 0.01 

257583_at At1g66480 35.2 
PMI2 (plastid movement impaired 
2) 

-2.46 0.02 

260845_at At1g17310 27.3.24 MADS-box protein (AGL100) -2.47 0.01 

265067_at At1g03850 21.4 glutaredoxin family protein -2.47 0.01 

265494_at At2g15680 30.3 
calmodulin-related protein, 
putative 

-2.47 0.02 

255612_at At4g01240 35.2 unknown protein -2.47 0.01 

264893_at At1g23140 35.1.19 C2 domain-containing protein -2.48 0.02 

255105_at At4g08620 34.6 
SULTR1;1 (SULPHATE 
TRANSPORTER 1;1); sulfate 
transmembrane transporter 

-2.48 0.02 

246252_s_
at 

At4g37070 33.1 patatin, putative -2.49 0.01 

247333_at At5g63600 16.8.4 
FLS5 (FLAVONOL SYNTHASE 5); 
flavonol synthase 

-2.49 0.01 

248570_at At5g49780 30.2.8.1 
ATP binding / kinase/ protein 
serine/threonine kinase 

-2.49 0.02 

249487_at At5g39040 34.16 
ATTAP2; ATPase, coupled to 
transmembrane movement of 
substances / transporter 

-2.50 0.01 

261075_at At1g07280 35.2 binding -2.50 0.01 

246607_at At5g35370 29.4 

ATP binding / carbohydrate 
binding / kinase/ protein kinase/ 
protein serine/threonine kinase/ 
protein tyrosine kinase/ sugar 
binding 

-2.51 0.02 

263940_at At2g35890 30.3 

CPK25; ATP binding / calmodulin-
dependent protein kinase/ kinase/ 
protein kinase/ protein 
serine/threonine kinase 

-2.51 0.01 

252488_at At3g46700 26.2 
UDP-glycosyltransferase/ 
transferase, transferring glycosyl 
groups 

-2.51 0.01 

253273_at At4g34180 28.99 cyclase family protein -2.52 0.01 

251746_at At3g56060 26.8 
glucose-methanol-choline (GMC) 
oxidoreductase family protein 

-2.52 0.02 

258813_at At3g04060 33.99 
anac046 (Arabidopsis NAC domain 
containing protein 46); 
transcription factor 

-2.52 0.01 

258388_at At3g15370 10.7 
ATEXPA12 (ARABIDOPSIS 
THALIANA EXPANSIN 12) 

-2.53 0.02 

264143_at At1g79330 29.5 
ATMC5 (ARABIDOPSIS THALIANA 
METACASPASE 5); cysteine-type 
endopeptidase 

-2.53 0.01 

254424_at At4g21510 29.5.11.4.3.2 F-box family protein -2.54 0.05 

261601_at At1g49670 26.7 
NQR; binding / catalytic/ 
oxidoreductase/ zinc ion binding 

-2.55 0.01 

260560_at At2g43590 20.1 chitinase, putative -2.56 0.01 
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253392_at At4g32650 34.15 

ATKC1 (ARABIDOPSIS THALIANA 
K+ RECTIFYING CHANNEL 1); cyclic 
nucleotide binding / inward 
rectifier potassium channel 

-2.56 0.01 

263216_s_
at 

At1g30720 26.8 
FAD-binding domain-containing 
protein 

-2.56 0.01 

253743_at At4g28940 35.1 catalytic -2.56 0.02 

262183_at At1g77900 35.2   -2.57 0.01 

258064_at At3g14680 26.10 
CYP72A14; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-2.57 0.02 

246793_at At5g27210 35.1   -2.57 0.03 

256321_at At1g55020 17.7.1.2 LOX1; lipoxygenase -2.58 0.01 

248431_at At5g51470 17.2.3 
auxin-responsive GH3 family 
protein 

-2.58 0.01 

245119_at At2g41640 35.2 
transferase, transferring glycosyl 
groups 

-2.58 0.05 

261763_at At1g15520 34.16 

PDR12 (PLEIOTROPIC DRUG 
RESISTANCE 12); ATPase, coupled 
to transmembrane movement of 
substances 

-2.60 0.01 

252222_at At3g49840 35.1.42 unknown protein -2.60 0.02 

249831_at At5g23340 35.2   -2.60 0.04 

262116_at At1g02816 35.2 unknown protein -2.60 0.02 

249754_at At5g24530 16.8.3 

DMR6 (DOWNY MILDEW 
RESISTANT 6); oxidoreductase/ 
oxidoreductase, acting on paired 
donors, with incorporation or 
reduction of molecular oxygen, 2-
oxoglutarate as one donor 

-2.61 0.00 

246537_at At5g15940 26.22 
binding / catalytic/ 
oxidoreductase 

-2.62 0.05 

250032_at At5g18170 12.3.1 

GDH1 (GLUTAMATE 
DEHYDROGENASE 1); ATP binding 
/ glutamate dehydrogenase 
[NAD(P)+]/ oxidoreductase 

-2.62 0.01 

265732_at At2g01300 35.2 unknown protein -2.62 0.01 

257580_at At3g06210 26.13 binding -2.62 0.01 

256044_at At1g07160 29.4 
protein phosphatase 2C, putative 
/ PP2C, putative 

-2.62 0.02 

267372_at At2g26290 29.4.1.57 
ARSK1 (root-specific kinase 1); 
kinase 

-2.63 0.02 

247318_at At5g63990 23.2 

3'(2'),5'-bisphosphate 
nucleotidase, putative / inositol 
polyphosphate 1-phosphatase, 
putative 

-2.64 0.01 

254314_at At4g22470 26.21 
protease inhibitor/seed 
storage/lipid transfer protein 
(LTP) family protein 

-2.64 0.02 

248443_at At5g51310 17.6.1.11 gibberellin 20-oxidase-related -2.64 0.01 

260101_at At1g73260 20.1.7.6.1 
trypsin and protease inhibitor 
family protein / Kunitz family 
protein 

-2.65 0.01 

249284_at At5g41810 35.2 unknown protein -2.65 0.01 



Appendix chapter 3 

 

276 

 

Affymetrix 
Identifier  

Gene Bincode TAIR annotation 

Fold 
Change 

(pericycle-
cortex) 

log2 

adj.p.value 

267438_at At2g19050 26.28 
GDSL-motif lipase/hydrolase 
family protein 

-2.65 0.01 

245546_at At4g15290 10.2.1 
ATCSLB05; cellulose synthase/ 
transferase/ transferase, 
transferring glycosyl groups 

-2.65 0.02 

262942_at At1g79450 34.1 ALIS5 (ALA-Interacting Subunit 5) -2.66 0.02 

250233_at At5g13460 30.3 
IQD11 (IQ-domain 11); calmodulin 
binding 

-2.66 0.05 

258912_at At3g06460 11.8.1 
GNS1/SUR4 membrane family 
protein 

-2.67 0.01 

249336_at At5g41070 27.4 
DRB5 (DSRNA-BINDING PROTEIN 
5); double-stranded RNA binding 

-2.67 0.03 

259070_at At3g11670 11.10.2 

DGD1 (DIGALACTOSYL 
DIACYLGLYCEROL DEFICIENT 1); 
UDP-galactosyltransferase/ 
galactolipid galactosyltransferase/ 
transferase, transferring glycosyl 
groups 

-2.67 0.02 

267427_at At2g34830 27.3.32 
WRKY35 (WRKY DNA-binding 
protein 35); transcription factor 

-2.68 0.01 

254053_s_
at 

At4g25300 16.8.4 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

-2.68 0.01 

261794_at At1g16060 27.3.3 
ovule development protein, 
putative 

-2.68 0.01 

249847_at At5g23210 29.5.5 
SCPL34; serine-type 
carboxypeptidase 

-2.69 0.01 

258299_at At3g23410 11.9 alcohol oxidase-related -2.69 0.01 

256061_at At1g07040 35.2 unknown protein -2.69 0.01 

263854_at At2g04430 23.3.3 
atnudt5 (Arabidopsis thaliana 
Nudix hydrolase homolog 5); 
hydrolase 

-2.69 0.01 

261074_at At1g07290 34.2 
nucleotide-sugar transmembrane 
transporter 

-2.69 0.02 

245197_at At1g67800 29.5.11.4.2 copine-related -2.70 0.04 

259681_at At1g77760 12.1.1 
NIA1 (NITRATE REDUCTASE 1); 
nitrate reductase 

-2.70 0.03 

257947_at At3g21720 6.9 
ICL (ISOCITRATE LYASE); catalytic/ 
isocitrate lyase 

-2.70 0.01 

249527_at At5g38710 13.2.2.2 
proline oxidase, putative / 
osmotic stress-responsive proline 
dehydrogenase, putative 

-2.72 0.04 

262838_at At1g14960 20.2.99 
major latex protein-related / MLP-
related 

-2.72 0.01 

257720_at At3g18450 35.1 unknown protein -2.72 0.01 

257946_at At3g21710 35.2 unknown protein -2.72 0.01 

265499_at At2g15480 26.2 

UGT73B5 (UDP-glucosyl 
transferase 73B5); UDP-
glucosyltransferase/ UDP-
glycosyltransferase/ quercetin 3-
O-glucosyltransferase/ 
transferase, transferring glycosyl 
groups 

-2.74 0.01 

245543_at At4g15260 26.2 
UDP-glucoronosyl/UDP-glucosyl 
transferase family protein 

-2.75 0.02 

266711_at At2g46740 35.1 
FAD-binding domain-containing 
protein 

-2.75 0.00 
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258008_at At3g19430 33.2 
late embryogenesis abundant 
protein-related / LEA protein-
related 

-2.75 0.03 

249970_at At5g19100 35.1 
extracellular dermal glycoprotein-
related / EDGP-related 

-2.75 0.01 

262251_at At1g53760 35.2 unknown protein -2.75 0.01 

245697_at At5g04200 29.5 
AtMC9 (metacaspase 9); cysteine-
type peptidase 

-2.76 0.02 

257226_at At3g27880 35.2 unknown protein -2.76 0.01 

246972_s_
at 

At5g24950 26.10 
CYP71A15; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-2.77 0.04 

255636_at At4g00730 27.3.22 
ANL2 (ANTHOCYANINLESS 2); 
transcription factor/ transcription 
regulator 

-2.77 0.04 

267289_at At2g23770 30.2.21 
protein kinase family protein / 
peptidoglycan-binding LysM 
domain-containing protein 

-2.77 0.01 

262408_at At1g34750 29.4 
protein phosphatase 2C, putative 
/ PP2C, putative 

-2.78 0.01 

258437_at At3g16560 29.4 
protein phosphatase 2C-related / 
PP2C-related 

-2.78 0.02 

249152_s_
at 

At5g43370 34.7 

APT1 (ARABIDOPSIS PHOSPHATE 
TRANSPORTER 1); carbohydrate 
transmembrane transporter/ 
inorganic phosphate 
transmembrane transporter/ 
phosphate transmembrane 
transporter/ sugar:hydrogen 
symporter 

-2.79 0.02 

252302_at At3g49190 35.1 
condensation domain-containing 
protein 

-2.81 0.00 

259384_at At3g16450 17.7.3 jacalin lectin family protein -2.81 0.02 

262525_at At1g17060 17.3.1.1.5 

CYP72C1 (CYTOCHROME P450 
72C1); electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-2.81 0.01 

252045_at At3g52450 27.3.64 
PUB22 (PLANT U-BOX 22); 
ubiquitin-protein ligase 

-2.81 0.01 

247297_at At5g64100 26.12 peroxidase, putative -2.81 0.02 

247884_at At5g57800 16.7 
CER3 (ECERIFERUM 3); binding / 
catalytic/ iron ion binding / 
oxidoreductase 

-2.82 0.01 

259399_at At1g17710 26.13 phosphatase -2.82 0.01 

258791_at At3g04720 20.1 
PR4 (PATHOGENESIS-RELATED 4); 
chitin binding 

-2.82 0.01 

262096_at At1g56010 27.3.27 NAC1; transcription factor -2.84 0.02 

260225_at At1g74590 26.9 
GSTU10 (GLUTATHIONE S-
TRANSFERASE TAU 10); 
glutathione transferase 

-2.84 0.03 

255881_at At1g67070 10.1.20 
DIN9 (DARK INDUCIBLE 9); 
mannose-6-phosphate isomerase 

-2.84 0.00 

264024_at At2g21180 35.2 unknown protein -2.85 0.04 

246498_at At5g16230 11.1.15 
acyl-(acyl-carrier-protein) 
desaturase, putative / stearoyl-
ACP desaturase, putative 

-2.85 0.01 
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262291_at At1g70790 27.3.11 C2 domain-containing protein -2.86 0.01 

247947_at At5g57090 17.2.2 

EIR1 (ETHYLENE INSENSITIVE 
ROOT 1); auxin efflux 
transmembrane transporter/ 
auxin:hydrogen symporter/ 
transporter 

-2.87 0.01 

266191_at At2g39040 26.12 peroxidase, putative -2.88 0.00 

249918_at At5g19240 35.2 unknown protein -2.88 0.01 

267178_at At2g37750 35.2 unknown protein -2.88 0.03 

248551_at At5g50200 34.4 
WR3 (WOUND-RESPONSIVE 3); 
nitrate transmembrane 
transporter 

-2.89 0.01 

257162_s_
at 

At3g24290 34.5 
AMT1;5 (AMMONIUM 
TRANSPORTER 1;5); ammonium 
transmembrane transporter 

-2.90 0.01 

261429_at At1g18860 27.3.32 WRKY61; transcription factor -2.91 0.02 

245200_at At1g67850 35.2 unknown protein -2.91 0.00 

258105_at At3g23605 29.5 UBX domain-containing protein -2.91 0.02 

263982_at At2g42860 35.2 unknown protein -2.92 0.01 

262454_at At1g11190 28.1 

BFN1 (BIFUNCTIONAL NUCLEASE 
I); T/G mismatch-specific 
endonuclease/ endoribonuclease, 
producing 5'-phosphomonoesters 
/ nucleic acid binding / single-
stranded DNA specific 
endodeoxyribonuclease 

-2.92 0.01 

256464_at At1g32560 33.2 

late embryogenesis abundant 
group 1 domain-containing 
protein / LEA group 1 domain-
containing protein 

-2.92 0.02 

263282_at At2g14095 35.2 unknown protein -2.93 0.01 

251143_at At5g01220 11.10.4 

SQD2 
(sulfoquinovosyldiacylglycerol 2); 
UDP-glycosyltransferase/ UDP-
sulfoquinovose:DAG 
sulfoquinovosyltransferase/ 
transferase, transferring glycosyl 
groups 

-2.94 0.01 

264902_at At1g23060 35.2 unknown protein -2.94 0.01 

253065_at At4g37740 27.3.50 
AtGRF2 (GROWTHREGULATING 
FACTOR 2); transcription activator 

-2.95 0.02 

248273_at At5g53500 35.1 WD-40 repeat family protein -2.95 0.01 

262826_at At1g13080 26.10 

CYP71B2 (CYTOCHROME P450 
71B2); electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-2.96 0.01 

257479_at At1g16150 30.2.25 
WAKL4 (WALL ASSOCIATED 
KINASE-LIKE 4); kinase 

-2.97 0.00 

253309_at At4g33790 11.9.4.13 

CER4 (ECERIFERUM 4); fatty acyl-
CoA reductase (alcohol-forming)/ 
oxidoreductase, acting on the CH-
CH group of donors 

-2.97 0.02 

249766_at At5g24070 26.12 peroxidase family protein -2.98 0.01 
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267119_at At2g32610 10.2.1 
ATCSLB01; cellulose synthase/ 
transferase/ transferase, 
transferring glycosyl groups 

-3.00 0.03 

252908_at At4g39670 35.2 
glycolipid binding / glycolipid 
transporter 

-3.01 0.01 

267337_at At2g39980 16.8.1 transferase family protein -3.02 0.01 

260386_at At1g74010 16.4.1 
strictosidine synthase family 
protein 

-3.02 0.01 

256524_at At1g66200 12.2.2 
ATGSR2; copper ion binding / 
glutamate-ammonia ligase 

-3.02 0.01 

258887_at At3g05630 11.9.3.1 PLDP2; phospholipase D -3.03 0.01 

258857_at At3g02110 29.5.5 
scpl25 (serine carboxypeptidase-
like 25); serine-type 
carboxypeptidase 

-3.03 0.01 

248263_at At5g53370 10.8.99 
PMEPCRF (PECTIN 
METHYLESTERASE PCR 
FRAGMENT F); pectinesterase 

-3.03 0.02 

264755_at At1g61390 30.2.24 S-locus protein kinase, putative -3.05 0.03 

260039_at At1g68795 33.99 
CLE12 (CLAVATA3/ESR-RELATED 
12); protein binding / receptor 
binding 

-3.06 0.01 

250024_at At5g18270 33.99 ANAC087; transcription factor -3.07 0.01 

252469_at At3g46920 29.4 protein kinase family protein -3.08 0.00 

256415_at At3g11210 26.28 
GDSL-motif lipase/hydrolase 
family protein 

-3.08 0.00 

249767_at At5g24090 20.1.7 acidic endochitinase (CHIB1) -3.08 0.01 

259743_at At1g71140 34.99 MATE efflux family protein -3.08 0.01 

266170_at At2g39050 35.1.41 
hydroxyproline-rich glycoprotein 
family protein 

-3.09 0.04 

256382_at At1g66860 35.2 hydrolase -3.09 0.04 

258744_at At3g05830 35.2   -3.11 0.05 

264348_at At1g12110 34.4 
NRT1.1; nitrate transmembrane 
transporter/ transporter 

-3.13 0.00 

263475_at At2g31945 35.2 unknown protein -3.13 0.02 

254724_at At4g13630 35.2 unknown protein -3.14 0.01 

262045_at At1g80240 35.2 unknown protein -3.14 0.01 

260884_at At1g29240 35.2 unknown protein -3.14 0.02 

267384_at At2g44370 35.1.26 DC1 domain-containing protein -3.14 0.01 

255022_at At4g10350 33.99 
ANAC070 (Arabidopsis NAC 
domain containing protein 70); 
transcription factor 

-3.15 0.04 

265052_at At1g51990 26.6 
O-methyltransferase family 2 
protein 

-3.16 0.01 

266097_at At2g37970 35.1 SOUL-1; binding -3.16 0.01 

252214_at At3g50260 17.5.2 

CEJ1 (COOPERATIVELY 
REGULATED BY ETHYLENE AND 
JASMONATE 1); DNA binding / 
transcription factor 

-3.17 0.01 

263397_s_
at 

At2g31550 26.28 
GDSL-motif lipase/hydrolase 
family protein 

-3.17 0.01 

246682_at At5g33290 10.4.4.1 XGD1 (XYLOGALACTURONAN -3.18 0.01 
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DEFICIENT 1); UDP-
xylosyltransferase/ catalytic 

246097_at At5g20270 35.2 
HHP1 (HEPTAHELICAL 
TRANSMEMBRANE PROTEIN1); 
receptor 

-3.19 0.01 

255591_at At4g01630 10.7 
ATEXPA17 (ARABIDOPSIS 
THALIANA EXPANSIN A17) 

-3.22 0.01 

252006_at At3g52820 26.13 

PAP22 (PURPLE ACID 
PHOSPHATASE 22); acid 
phosphatase/ protein 
serine/threonine phosphatase 

-3.22 0.01 

250157_at At5g15180 26.12 peroxidase, putative -3.23 0.01 

251970_at At3g53150 26.2 

UGT73D1 (UDP-glucosyl 
transferase 73D1); UDP-
glycosyltransferase/ transferase, 
transferring hexosyl groups 

-3.25 0.02 

256171_s_
at 

At1g51750 28.1.1.2 transposable element gene -3.25 0.01 

259120_at At3g02240 35.2 unknown protein -3.26 0.01 

245528_at At4g15530 6.5 
PPDK (pyruvate orthophosphate 
dikinase); kinase/ pyruvate, 
phosphate dikinase 

-3.26 0.01 

256057_at At1g07180 9.2.1 
NDA1 (ALTERNATIVE NAD(P)H 
DEHYDROGENASE 1); NADH 
dehydrogenase 

-3.27 0.01 

247483_at At5g62420 3.5 
aldo/keto reductase family 
protein 

-3.28 0.04 

259980_at At1g76520 34.99 auxin efflux carrier family protein -3.32 0.02 

261657_at At1g50050 20.1 
pathogenesis-related protein, 
putative 

-3.32 0.01 

252340_at At3g48920 27.3.25 
AtMYB45 (myb domain protein 
45); DNA binding / transcription 
factor 

-3.33 0.01 

251293_at At3g61930 35.2 unknown protein -3.35 0.00 

257899_at At3g28345 34.16 ABC transporter family protein -3.35 0.01 

245728_at At1g73340 26.10 
electron carrier/ heme binding / 
iron ion binding / 
monooxygenase/ oxygen binding 

-3.36 0.01 

254562_at At4g19230 17.1.1.2.1 
CYP707A1; (+)-abscisic acid 8'-
hydroxylase/ oxygen binding 

-3.36 0.04 

263553_at At2g16430 26.13 

PAP10 (PURPLE ACID 
PHOSPHATASE 10); acid 
phosphatase/ protein 
serine/threonine phosphatase 

-3.39 0.01 

254889_at At4g11650 20.2 ATOSM34 (osmotin 34) -3.39 0.01 

253936_at At4g26880 35.1 
stigma-specific Stig1 family 
protein 

-3.41 0.02 

256299_at At1g69530 10.7 
ATEXPA1 (ARABIDOPSIS THALIANA 
EXPANSIN A1) 

-3.41 0.01 

263228_at At1g30700 26.8 
FAD-binding domain-containing 
protein 

-3.42 0.04 

266270_at At2g29470 26.9 

ATGSTU3 (ARABIDOPSIS 
THALIANA GLUTATHIONE S-
TRANSFERASE TAU 3); glutathione 
transferase 

-3.43 0.01 

263543_at At2g21610 10.8.1 pectinesterase family protein -3.49 0.01 



Appendix chapter 3 

 

281 

 

Affymetrix 
Identifier  

Gene Bincode TAIR annotation 

Fold 
Change 

(pericycle-
cortex) 

log2 

adj.p.value 

257672_at At3g20300 27.3.3 unknown protein -3.51 0.02 

249773_at At5g24140 17.3.1.2.99 
SQP2; FAD binding / 
oxidoreductase/ squalene 
monooxygenase 

-3.58 0.01 

262244_at At1g48260 29.4 

CIPK17 (CBL-INTERACTING 
PROTEIN KINASE 17); ATP binding 
/ kinase/ protein kinase/ protein 
serine/threonine kinase 

-3.58 0.02 

254324_at At4g22640 35.2   -3.59 0.01 

260405_at At1g69930 26.9 
ATGSTU11 (GLUTATHIONE S-
TRANSFERASE TAU 11); 
glutathione transferase 

-3.60 0.01 

248118_at At5g55050 26.28 
GDSL-motif lipase/hydrolase 
family protein 

-3.61 0.01 

245038_at At2g26560 33.1 
PLA2A (PHOSPHOLIPASE A 2A); 
lipase/ nutrient reservoir 

-3.62 0.01 

245317_at At4g15610 35.1 integral membrane family protein -3.63 0.01 

260261_at At1g68450 35.1 VQ motif-containing protein -3.67 0.02 

248086_at At5g55490 35.2 
GEX1 (GAMETE EXPRESSED 
PROTEIN 1) 

-3.70 0.01 

257140_at At3g28910 27.3.25 
MYB30 (MYB DOMAIN PROTEIN 
30); DNA binding / transcription 
factor 

-3.74 0.02 

246374_at At1g51840 30.2.99 protein kinase-related -3.75 0.01 

260957_at At1g06080 11.2.1 
ADS1 (DELTA 9 DESATURASE 1); 
oxidoreductase 

-3.75 0.05 

253956_at At4g26700 31.1 ATFIM1; actin binding -3.76 0.01 

264720_at At1g70080 16.1.5 
terpene synthase/cyclase family 
protein 

-3.78 0.01 

257117_at At3g20160 16.1.1.10 

geranylgeranyl pyrophosphate 
synthase, putative / GGPP 
synthetase, putative / 
farnesyltranstransferase, putative 

-3.80 0.01 

263231_at At1g05680 17.8.1 
UDP-glucoronosyl/UDP-glucosyl 
transferase family protein 

-3.82 0.01 

265846_at At2g35770 29.5.5 
scpl28 (serine carboxypeptidase-
like 28); serine-type 
carboxypeptidase 

-3.84 0.01 

255814_at At1g19900 24 glyoxal oxidase-related -3.92 0.03 

256359_at At1g66460 29.4.1.56 protein kinase family protein -3.93 0.01 

262128_at At1g52690 33.2 
late embryogenesis abundant 
protein, putative / LEA protein, 
putative 

-4.01 0.01 

253696_at At4g29740 17.4.1 
CKX4 (CYTOKININ OXIDASE 4); 
amine oxidase/ cytokinin 
dehydrogenase 

-4.05 0.01 

263970_at At2g42850 26.10 
CYP718; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-4.06 0.01 

260540_at At2g43500 27.3.60 
RWP-RK domain-containing 
protein 

-4.09 0.02 

261691_at At1g50060 20.1 
pathogenesis-related protein, 
putative 

-4.09 0.01 

248770_at At5g47740 35.2   -4.11 0.05 
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265266_at At2g42890 27.4 
AML2 (ARABIDOPSIS-MEI2-LIKE 2); 
RNA binding / nucleic acid binding 
/ nucleotide binding 

-4.14 0.01 

256324_at At1g66760 34.99 MATE efflux family protein -4.14 0.01 

250670_at At5g06860 10.6.3 
PGIP1 (POLYGALACTURONASE 
INHIBITING PROTEIN 1); protein 
binding 

-4.19 0.01 

245148_at At2g45220 10.8.99 pectinesterase family protein -4.34 0.01 

256548_at At3g14770 33.99 nodulin MtN3 family protein -4.37 0.04 

266756_at At2g46950 26.10 
CYP709B2; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 

-4.50 0.00 
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Affymetrix identifier, Tair annotation, Fold change and adjusted p value. 
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ID Gene BinCode TAIR annotation  

log Fold 
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266415_at At2g38530 11.6 
LTP2 (LIPID TRANSFER PROTEIN 2); lipid 
binding 3.53 0.010 

260495_at At2g41810 35.2   3.52 0.010 

266270_at At2g29470 26.9 

ATGSTU3 (ARABIDOPSIS THALIANA 
GLUTATHIONE S-TRANSFERASE TAU 3); 
glutathione transferase 3.18 0.002 

260972_at At1g53530 29.3.4.99 signal peptidase I family protein 3.00 0.038 

258094_at At3g14690 26.10 

CYP72A15; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 2.86 0.014 

261016_at At1g26560 26.3 

BGLU40 (BETA GLUCOSIDASE 40); 
catalytic/ cation binding / hydrolase, 
hydrolyzing O-glycosyl compounds 2.63 0.010 

248301_at At5g53150 20.2.1 
heat shock protein binding / unfolded 
protein binding 2.62 0.010 

250410_at At5g11010 27.1 pre-mRNA cleavage complex-related 2.61 0.042 

248148_at At5g54930 27.3.67 AT hook motif-containing protein 2.60 0.030 

263419_at At2g17220 29.4.1.57 protein kinase, putative 2.57 0.014 

256230_at At3g12340 29.6 
FK506 binding / peptidyl-prolyl cis-trans 
isomerase 2.56 0.030 

260023_at At1g30040 17.6.1.13 
ATGA2OX2 (GIBBERELLIN 2-OXIDASE); 
gibberellin 2-beta-dioxygenase 2.54 0.008 

249586_at At5g37840 35.2   2.53 0.030 

257919_at At3g23250 27.3.25 
MYB15 (MYB DOMAIN PROTEIN 15); 
DNA binding / transcription factor 2.53 0.033 

261077_at At1g07430 29.4 
protein phosphatase 2C, putative / 
PP2C, putative 2.45 0.040 

262943_at At1g79470 23.1.2.30 
inosine-5'-monophosphate 
dehydrogenase 2.45 0.014 

264130_at At1g79160 35.2 unknown protein 2.45 0.011 

252310_at At3g49350 30.5 RAB GTPase activator 2.44 0.044 

259616_at At1g47960 26.18 

C/VIF1 (CELL WALL / VACUOLAR 
INHIBITOR OF FRUCTOSIDASE 1); 
enzyme inhibitor/ pectinesterase/ 
pectinesterase inhibitor 2.43 0.038 

254652_at At4g18170 27.3.32 WRKY28; transcription factor 2.38 0.008 

262128_at At1g52690 33.2 
late embryogenesis abundant protein, 
putative / LEA protein, putative 2.37 0.026 

260528_at At2g47260 27.3.32 WRKY23; transcription factor 2.36 0.031 

252363_at At3g48460 26.28 
GDSL-motif lipase/hydrolase family 
protein 2.35 0.010 

256780_at At3g13640 27.2 ATRLI1; transporter 2.34 0.002 

267015_at At2g39340 35.1 SAC3/GANP family protein 2.32 0.018 

257089_at At3g20520 11.9.3.3 

SVL3 (SHV3-LIKE 3); 
glycerophosphodiester 
phosphodiesterase/ phosphoric diester 
hydrolase 2.28 0.032 

248530_at At5g49945 35.2 unknown protein 2.27 0.020 

246463_at At5g16970 26.7 
AT-AER (alkenal reductase); 2-alkenal 
reductase 2.27 0.020 

259517_at At1g20630 21.6 CAT1 (CATALASE 1); catalase 2.24 0.039 
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254079_at At4g25730 27.3.67 
FtsJ-like methyltransferase family 
protein 2.20 0.023 

245317_at At4g15610 35.1 integral membrane family protein 2.20 0.027 

252469_at At3g46920 29.4 protein kinase family protein 2.17 0.010 

245532_at At4g15110 26.10 

CYP97B3; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 2.16 0.018 

253374_at At4g33140 35.2 unknown protein 2.16 0.018 

256299_at At1g69530 10.7 
ATEXPA1 (ARABIDOPSIS THALIANA 
EXPANSIN A1) 2.16 0.023 

250238_at At5g13570 27.1 

DCP2 (DECAPPING 2); hydrolase/ 
m7G(5')pppN diphosphatase/ mRNA 
binding / protein homodimerization 2.16 0.037 

260335_at At1g74000 16.4.1 
SS3 (STRICTOSIDINE SYNTHASE 3); 
strictosidine synthase 2.14 0.021 

250662_at At5g07010 11.8 

ST2A (SULFOTRANSFERASE 2A); 
hydroxyjasmonate sulfotransferase/ 
sulfotransferase 2.14 0.003 

254278_at At4g22740 35.1.40 glycine-rich protein 2.10 0.038 

261199_at At1g12950 34.99 MATE efflux family protein 2.10 0.039 

247095_at At5g66400 20.2.99 RAB18 (RESPONSIVE TO ABA 18) 2.10 0.013 

261500_at At1g28400 35.1 unknown protein 2.03 0.015 

258522_at At3g06660 27.3.99 
PAPA-1-like family protein / zinc finger 
(HIT type) family protein 1.99 0.023 

246071_at At5g20150 20.2 SPX1 (SPX DOMAIN GENE 1) 1.98 0.033 

255591_at At4g01630 10.7 
ATEXPA17 (ARABIDOPSIS THALIANA 
EXPANSIN A17) 1.96 0.014 

266170_at At2g39050 35.1.41 
hydroxyproline-rich glycoprotein family 
protein 1.96 0.042 

264473_at At1g67180 29.5.11.4.2 

zinc finger (C3HC4-type RING finger) 
family protein / BRCT domain-
containing protein 1.95 0.050 

251897_at At3g54360 29.5.11.4.2 protein binding / zinc ion binding 1.94 0.033 

260656_at At1g19380 35.2 unknown protein 1.93 0.018 

249900_at At5g22640 33.99 emb1211 (embryo defective 1211) 1.92 0.018 

258996_at At3g01800 31.2 

ribosome recycling factor family protein 
/ ribosome releasing factor family 
protein 1.87 0.011 

257672_at At3g20300 27.3.3 unknown protein 1.87 0.019 

265594_at At2g20060 
29.2.1.1.3.2.

4 ribosomal protein L4 family protein 1.86 0.018 

247228_at At5g65140 3.2.2 
trehalose-6-phosphate phosphatase, 
putative 1.83 0.025 

259736_at At1g64390 26.3.4 

AtGH9C2 (Arabidopsis thaliana glycosyl 
hydrolase 9C2); carbohydrate binding / 
catalytic/ hydrolase, hydrolyzing O-
glycosyl compounds 1.83 0.007 

262881_at At1g64890 34.99 
integral membrane transporter family 
protein 1.82 0.039 

248263_at At5g53370 10.8.99 
PMEPCRF (PECTIN METHYLESTERASE 
PCR FRAGMENT F); pectinesterase 1.80 0.033 

248358_at At5g52400 26.10 

CYP715A1; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 1.79 0.038 
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255874_at At2g40550 35.2 ETG1 (E2F TARGET GENE 1) 1.79 0.028 

262912_at At1g59740 34.13 
proton-dependent oligopeptide 
transport (POT) family protein 1.78 0.018 

255482_at At4g02510 29.3.3 

TOC159 (TRANSLOCON AT THE OUTER 
ENVELOPE MEMBRANE OF 
CHLOROPLASTS 159); transmembrane 
receptor 1.78 0.042 

262573_at At1g15390 26.1 
PDF1A (PEPTIDE DEFORMYLASE 1A); 
peptide deformylase 1.78 0.015 

261763_at At1g15520 34.16 

PDR12 (PLEIOTROPIC DRUG 
RESISTANCE 12); ATPase, coupled to 
transmembrane movement of 
substances 1.73 0.011 

251138_at At5g01160 29.5.11.4.2 e-cadherin binding protein-related 1.73 0.039 

254409_at At4g21400 30.2.17 protein kinase family protein 1.73 0.030 

250303_at At5g12100 35.1.5 
pentatricopeptide (PPR) repeat-
containing protein 1.73 0.015 

267118_at At2g32590 35.1   1.73 0.037 

262825_at At1g11790 13.1.6.3.1 

ADT1 (arogenate dehydratase 1); 
arogenate dehydratase/ prephenate 
dehydratase 1.72 0.029 

264680_at At1g65510 35.2 unknown protein 1.72 0.012 

264107_s_a
t At2g13790 30.2.2 

SERK4 (SOMATIC EMBRYOGENESIS 
RECEPTOR-LIKE KINASE 4); protein 
binding / protein kinase/ 
transmembrane receptor protein 
serine/threonine kinase 1.72 0.020 

258029_at At3g27580 29.4 
ATPK7; kinase/ protein 
serine/threonine kinase 1.71 0.035 

261691_at At1g50060 20.1 pathogenesis-related protein, putative 1.71 0.044 

248967_at At5g45350 35.1.42 proline-rich family protein 1.70 0.020 

263436_at At2g28690 35.2 unknown protein 1.70 0.038 

259443_at At1g02360 20.1 chitinase, putative 1.69 0.018 

258683_at At3g08760 29.4 
ATSIK; ATP binding / kinase/ protein 
kinase/ protein tyrosine kinase 1.69 0.013 

258975_at At3g01970 27.3.32 WRKY45; transcription factor 1.69 0.048 

261819_at At1g11410 30.2.24 S-locus protein kinase, putative 1.68 0.045 

254487_at At4g20780 30.3 calcium-binding protein, putative 1.68 0.026 

245363_at At4g15120 35.1 VQ motif-containing protein 1.67 0.012 

248223_at At5g53620 35.2 unknown protein 1.67 0.020 

252624_at At3g44735 33.99 PSK1; growth factor 1.67 0.019 

255039_at At4g09570 30.3 
CPK4; calmodulin-dependent protein 
kinase/ kinase/ protein kinase 1.67 0.036 

266089_at At2g38010 11.8.1.1 ceramidase family protein 1.67 0.015 

248580_at At5g49890 34.18 

CLC-C (CHLORIDE CHANNEL C); anion 
channel/ voltage-gated chloride 
channel 1.66 0.047 

264198_at At1g22800 18.6 methyltransferase 1.64 0.042 

262885_at At1g64740 31.1 
TUA1 (ALPHA-1 TUBULIN); structural 
constituent of cytoskeleton 1.63 0.018 

261023_at At1g12200 26.7 
flavin-containing monooxygenase 
family protein / FMO family protein 1.61 0.028 

252533_at At3g46110 35.2 unknown protein 1.61 0.013 
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259711_at At1g77570 27.3.23 DNA binding / transcription factor 1.60 0.010 

256333_at At1g76860 27.1 

small nuclear ribonucleoprotein, 
putative / snRNP, putative / Sm protein, 
putative 1.60 0.023 

245764_s_a
t At1g27840 35.1 

transducin family protein / WD-40 
repeat family protein 1.59 0.017 

251293_at At3g61930 35.2 unknown protein 1.58 0.029 

255777_at At1g18630 27.4 

GR-RBP6 (glycine-rich RNA-binding 
protein 6); RNA binding / nucleic acid 
binding / nucleotide binding 1.57 0.019 

266818_at At2g44950 29.5.11.4.2 

HUB1 (HISTONE MONO-
UBIQUITINATION 1); protein binding / 
protein homodimerization/ ubiquitin-
protein ligase/ zinc ion binding 1.57 0.038 

249528_at At5g38720 35.2 unknown protein 1.56 0.035 

249628_at At5g37580 31.1   1.56 0.026 

254223_at At4g23730 3.5 aldose 1-epimerase family protein 1.56 0.027 

253007_at At4g38090 35.2 unknown protein 1.56 0.020 

266093_at At2g37990 29.2.6 
ribosome biogenesis regulatory protein 
(RRS1) family protein 1.56 0.049 

252377_at At3g47960 34.13 
proton-dependent oligopeptide 
transport (POT) family protein 1.55 0.010 

266267_at At2g29460 26.9 

ATGSTU4 (ARABIDOPSIS THALIANA 
GLUTATHIONE S-TRANSFERASE TAU 4); 
glutathione transferase 1.53 0.033 

248550_at At5g50210 18.7 

QS (QUINOLINATE SYNTHASE); 4 iron, 4 
sulfur cluster binding / enzyme 
activator/ protein homodimerization/ 
quinolinate synthetase A 1.53 0.046 

259017_at At3g07310 35.2 unknown protein 1.52 0.030 

251371_at At3g60360 35.2 
EDA14 (EMBRYO SAC DEVELOPMENT 
ARREST 14) 1.52 0.034 

257291_at At3g15590 27.3.67 DNA-binding protein, putative 1.51 0.025 

246568_at At5g14960 27.3.18 
DEL2 (DP-E2F-LIKE 2); DNA binding / 
transcription factor 1.51 0.026 

258856_at At3g02040 11.9.3.3 

SRG3 (senescence-related gene 3); 
glycerophosphodiester 
phosphodiesterase/ phosphoric diester 
hydrolase 1.50 0.010 

258224_at At3g15670 33.2 
late embryogenesis abundant protein, 
putative / LEA protein, putative 1.50 0.024 

252516_at At3g46100 29.1.21 
ATHRS1 (HISTIDYL-TRNA SYNTHETASE 
1); histidine-tRNA ligase 1.50 0.039 

260598_at At1g55930 35.1 

CBS domain-containing protein / 
transporter associated domain-
containing protein 1.50 0.033 

250648_at At5g06760 33.2 

late embryogenesis abundant group 1 
domain-containing protein / LEA group 
1 domain-containing protein 1.50 0.043 

266515_at At2g47900 
29.5.11.4.3.

2 

AtTLP3 (TUBBY LIKE PROTEIN 3); 
phosphoric diester hydrolase/ 
transcription factor 1.50 0.019 

254624_at At4g18580 35.2 unknown protein 1.49 0.044 

257066_at At3g18280 26.21 
protease inhibitor/seed storage/lipid 
transfer protein (LTP) family protein 1.49 0.023 

251894_at At3g54380 35.1 SAC3/GANP family protein 1.48 0.038 
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259479_at At1g19020 35.2 unknown protein 1.48 0.012 

253972_at At4g26500 18.7 

CPSUFE (CHLOROPLAST SULFUR E); 
enzyme activator/ transcription 
regulator 1.48 0.037 

249315_at At5g41190 35.2   1.46 0.033 

257117_at At3g20160 16.1.1.10 

geranylgeranyl pyrophosphate 
synthase, putative / GGPP synthetase, 
putative / farnesyltranstransferase, 
putative 1.46 0.017 

267488_at At2g19110 34.12 

HMA4; cadmium ion transmembrane 
transporter/ cadmium-transporting 
ATPase/ zinc ion transmembrane 
transporter 1.45 0.045 

264528_at At1g30810 27.3.57 transcription factor 1.45 0.036 

251287_at At3g61820 27.3.99 aspartyl protease family protein 1.45 0.032 

245849_at At5g13520 29.5 peptidase M1 family protein 1.45 0.014 

265414_at At2g16660 33.99 nodulin family protein 1.45 0.032 

257235_at At3g15060 30.5 
AtRABA1g (Arabidopsis Rab GTPase 
homolog A1g); GTP binding 1.43 0.016 

254577_at At4g19450 33.99 nodulin-related 1.43 0.014 

257583_at At1g66480 35.2 PMI2 (plastid movement impaired 2) 1.43 0.038 

246724_at At5g29000 27.3.20 myb family transcription factor 1.41 0.045 

265732_at At2g01300 35.2 unknown protein 1.41 0.048 

253695_at At4g29510 26.6 

PRMT11 (ARGININE 
METHYLTRANSFERASE 11); protein-
arginine N-methyltransferase 1.41 0.032 

257641_s_a
t At3g25760 17.7.1.4 

AOC1 (ALLENE OXIDE CYCLASE 1); 
allene-oxide cyclase 1.41 0.026 

247855_at At5g58210 35.1.41 
hydroxyproline-rich glycoprotein family 
protein 1.40 0.032 

253564_at At4g31170 29.4 protein kinase family protein 1.39 0.020 

251513_at At3g59220 30.5 PRN (PIRIN); calmodulin binding 1.38 0.010 

264575_at At1g05190 
29.2.1.1.1.2.

6 
emb2394 (embryo defective 2394); 
structural constituent of ribosome 1.37 0.023 

246857_at At5g25920 27.3.67   1.37 0.023 

252513_at At3g46220 35.2 unknown protein 1.37 0.016 

263904_at At2g36380 34.16 

PDR6; ATPase, coupled to 
transmembrane movement of 
substances 1.37 0.017 

252433_at At3g47560 35.1 
esterase/lipase/thioesterase family 
protein 1.36 0.033 

254408_at At4g21390 30.2.24 

B120; ATP binding / protein kinase/ 
protein serine/threonine kinase/ sugar 
binding 1.36 0.040 

247163_at At5g65685 2.1.2.2 soluble glycogen synthase-related 1.36 0.027 

246790_at At5g27610 27.3.67 DNA binding / transcription factor 1.35 0.029 

250406_at At5g10810 35.1 ATER 1.34 0.037 

260157_at At1g52930 29.2.2.50 brix domain-containing protein 1.33 

 
 

0.017 
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256305_at At1g30400 34.16 

MRP1 (ARABIDOPSIS THALIANA 
MULTIDRUG RESISTANCE-ASSOCIATED 
PROTEIN 1); ATPase, coupled to 
transmembrane movement of 
substances / xenobiotic-transporting 
ATPase 1.32 0.033 

266603_at At2g46040 27.3.67 

ARID/BRIGHT DNA-binding domain-
containing protein / ELM2 domain-
containing protein 1.32 0.039 

245662_at At1g28190 35.2 unknown protein 1.31 0.010 

262254_at At1g53920 26.28 GLIP5; carboxylesterase/ lipase 1.31 0.042 

262946_at At1g79390 35.2 unknown protein 1.31 0.020 

267221_at At2g02480 28.1 

STI (STICHEL); ATP binding / DNA 
binding / DNA-directed DNA 
polymerase 1.31 0.020 

264257_at At1g09230 27.4 
RNA recognition motif (RRM)-
containing protein 1.31 0.023 

245489_at At4g16280 33.99 FCA; RNA binding 1.31 0.010 

254580_at At4g19390 35.2   1.30 0.038 

262923_at At1g75660 27.1.19 XRN3; 5'-3' exoribonuclease 1.30 0.034 

246099_at At5g20230 26.19 

ATBCB (ARABIDOPSIS BLUE-COPPER-
BINDING PROTEIN); copper ion binding 
/ electron carrier 1.29 0.032 

254389_s_a
t At4g21910 34.99 MATE efflux family protein 1.29 0.020 

251554_at At3g58670 35.2 unknown protein 1.29 0.023 

262746_at At1g28960 23.3.3 

ATNUDX15 (ARABIDOPSIS THALIANA 
NUDIX HYDROLASE HOMOLOG 15); 
hydrolase 1.28 0.022 

251468_at At3g59290 35.1.21 
epsin N-terminal homology (ENTH) 
domain-containing protein 1.27 0.029 

249483_at At5g38895 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 
family protein 1.26 0.033 

252265_at At3g49620 33.99 
DIN11 (DARK INDUCIBLE 11); iron ion 
binding / oxidoreductase 1.26 0.044 

261039_at At1g17455 35.2 ELF4-L4 (ELF4-Like 4) 1.25 0.033 

251357_at At3g61110 
29.2.1.2.1.2

7 

ARS27A (ARABIDOPSIS RIBOSOMAL 
PROTEIN S27); structural constituent of 
ribosome 1.25 0.047 

265453_at At2g46520 29.3.1 

cellular apoptosis susceptibility protein, 
putative / importin-alpha re-exporter, 
putative 1.25 0.043 

248395_at At5g52120 31.1 
AtPP2-A14 (Phloem protein 2-A14); 
carbohydrate binding 1.24 0.041 

261398_at At1g79610 34.14 
sodium proton exchanger, putative 
(NHX6) 1.23 0.016 

251028_at At5g02230 35.1 
haloacid dehalogenase-like hydrolase 
family protein 1.22 0.036 

245670_at At1g28210 20.2.1 
ATJ1; heat shock protein binding / 
unfolded protein binding 1.22 0.010 

266155_at At1g64950 35.2 

CYP89A5; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 1.21 0.038 

244918_at orf106d 35.2   1.21 0.026 

266122_at At2g02090 28.99 
ETL1; ATP binding / DNA binding / 
helicase/ nucleic acid binding 1.21 0.034 
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246089_at At5g20570 
29.5.11.4.3.

4 RBX1 (RING-BOX 1); protein binding 1.20 0.037 

264088_at At2g31340 35.2 emb1381 (embryo defective 1381) 1.20 0.023 

251114_at At5g01380 27.3.30 transcription factor 1.19 0.029 

246980_at At5g67530 31.3.1 
peptidyl-prolyl cis-trans isomerase 
cyclophilin-type family protein 1.19 0.032 

245782_at At1g35200 
29.2.1.2.2.1

41   1.18 0.014 

248108_at At5g55130 18.1 

CNX5 (CO-FACTOR FOR NITRATE, 
REDUCTASE AND XANTHINE 
DEHYDROGENASE 5); Mo-
molybdopterin cofactor sulfurase 1.18 0.016 

246743_at At5g27750 
29.5.11.4.3.

2 F-box family protein 1.18 0.047 

259244_at At3g07650 27.3.7 
COL9 (CONSTANS-LIKE 9); transcription 
factor/ zinc ion binding 1.18 0.014 

267140_at At2g38250 27.3.30 DNA-binding protein-related 1.17 0.012 

264615_at At1g04590 35.1.5   1.17 0.035 

247630_at At5g60420 27.3.67   1.17 0.048 

255881_at At1g67070 10.1.20 
DIN9 (DARK INDUCIBLE 9); mannose-6-
phosphate isomerase 1.17 0.034 

259018_at At3g07390 17.2.3 
AIR12; extracellular matrix structural 
constituent 1.17 0.042 

263569_at At2g27170 31.2 
TTN7 (TITAN7); ATP binding / protein 
binding 1.15 0.018 

251799_at At3g55520 29.6 

immunophilin, putative / FKBP-type 
peptidyl-prolyl cis-trans isomerase, 
putative 1.15 0.048 

252475_s_a
t At3g46640 27.3.20 

PCL1 (PHYTOCLOCK 1); DNA binding / 
transcription factor 1.15 0.044 

246045_at At5g19430 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 
family protein 1.15 0.039 

262892_at At1g79440 8.2.99 

ALDH5F1; 3-chloroallyl aldehyde 
dehydrogenase/ NAD or NADH binding 
/ succinate-semialdehyde 
dehydrogenase 1.14 0.033 

262884_at At1g64720 11.6 CP5 1.14 0.042 

252900_at At4g39540 13.1.6.1.5 shikimate kinase family protein 1.13 0.032 

260772_at At1g49050 29.5.4 aspartyl protease family protein 1.13 0.023 

260229_at At1g74370 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 
family protein 1.12 0.030 

249284_at At5g41810 35.2 unknown protein 1.12 0.040 

264456_at At1g10390 29.3.1 nucleoporin family protein 1.12 0.018 

264529_at At1g30820 23.1.1.10 
CTP synthase, putative / UTP--ammonia 
ligase, putative 1.12 0.039 

249389_at At5g40100 20.1.7 
disease resistance protein (TIR-NBS-LRR 
class), putative 1.10 0.044 

250289_at At5g13190 35.2   1.10 0.040 

252045_at At3g52450 27.3.64 
PUB22 (PLANT U-BOX 22); ubiquitin-
protein ligase 1.09 0.030 

260101_at At1g73260 20.1.7.6.1 
trypsin and protease inhibitor family 
protein / Kunitz family protein 1.07 0.032 

247488_at At5g61820 35.2   1.07 0.019 

260701_at At1g32330 27.3.23 
ATHSFA1D; DNA binding / transcription 
factor 1.07 0.036 

259767_s_a
t At1g29350 29.4   1.07 0.047 
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254764_at At4g13250 26.22 
short-chain dehydrogenase/reductase 
(SDR) family protein 1.06 0.038 

248328_at At5g52660 27.3.26 myb family transcription factor 1.06 0.037 

253046_at At4g37370 26.10 

CYP81D8; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding 1.05 0.024 

245127_at At2g47600 34.12 

ATMHX (ARABIDOPSIS THALIANA 
MAGNESIUM/PROTON EXCHANGER); 
calcium:sodium antiporter/ 
cation:cation antiporter 1.03 0.039 

246152_at At5g20040 27.1 
ATIPT9; ATP binding / tRNA 
isopentenyltransferase 1.03 0.028 

255942_at At1g22360 26.2 

AtUGT85A2 (UDP-glucosyl transferase 
85A2); UDP-glycosyltransferase/ 
glucuronosyltransferase/ transferase, 
transferring glycosyl groups 1.02 0.037 

258395_at At3g15500 27.3.27 

ANAC055 (ARABIDOPSIS NAC DOMAIN 
CONTAINING PROTEIN 55); 
transcription factor 1.01 0.044 

260782_at At1g14570 29.5 UBX domain-containing protein 1.01 0.025 

262292_at At1g27595 33.99   1.01 0.025 

262602_at At1g15270 33.3   1.01 0.029 

261513_at At1g71840 33.99 
transducin family protein / WD-40 
repeat family protein 1.00 0.033 

256227_at At1g56290 35.1 CwfJ-like family protein 1.00 0.033 

257861_at At3g13050 34.99 transporter-related 0.99 0.023 

267174_at At2g37600 
29.2.1.2.2.3

6 60S ribosomal protein L36 (RPL36A) 0.98 0.030 

258524_at At3g06810 11.9.4.2 
IBR3 (IBA-RESPONSE 3); acyl-CoA 
dehydrogenase/ oxidoreductase 0.98 0.039 

250291_at At5g13280 13.1.3.6.1.1 
AK-LYS1 (ASPARTATE KINASE 1); 
aspartate kinase 0.98 0.038 

246285_at At4g36980 35.2 unknown protein 0.97 0.044 

260625_at At1g08060 27.3.44 MOM (MORPHEUS MOLECULE) 0.95 0.032 

253750_at At4g29000 27.3.17 
tesmin/TSO1-like CXC domain-
containing protein 0.95 0.033 

264126_at At1g79280 33.99 NUA (NUCLEAR PORE ANCHOR) 0.93 0.048 

253418_at At4g32760 31.4 protein transporter 0.93 0.049 

246500_at At5g16270 28.1 
SYN4 (SISTER CHROMATID COHESION 1 
PROTEIN 4) 0.92 0.049 

254204_at At4g24160 35.1 
hydrolase, alpha/beta fold family 
protein 0.91 0.039 

254076_at At4g25340 29.6 

immunophilin-related / FKBP-type 
peptidyl-prolyl cis-trans isomerase-
related 0.90 0.039 

262914_at At1g59750 27.3.4 
ARF1 (AUXIN RESPONSE FACTOR 1); 
DNA binding / transcription factor 0.89 0.033 

264418_at At1g43190 27.1 

polypyrimidine tract-binding protein, 
putative / heterogeneous nuclear 
ribonucleoprotein, putative 0.87 0.032 

245334_at At4g15800 30.8 RALFL33 (ralf-like 33); signal transducer 0.87 0.048 
248334_s_a

t At5g52370 35.2 unknown protein 0.83 0.043 

262841_at At1g14810 13.1.3.6.1.2 
semialdehyde dehydrogenase family 

protein 
0.80 

 
0.048 
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247436_at At5g62530 13.2.2.2 

ALDH12A1; 1-pyrroline-5-carboxylate 
dehydrogenase/ 3-chloroallyl aldehyde 
dehydrogenase 0.79 0.045 

251121_at At3g63420 30.5 
AGG1 (Arabidopsis Ggamma-subunit 1); 
GTP binding 0.74 0.046 

247935_at At5g56940 
29.2.1.1.3.1.

16 ribosomal protein S16 family protein 0.72 0.044 

252150_at At3g51310 29.3.4.3 VPS35C (VPS35 HOMOLOG C) 0.68 0.048 

265772_at At2g48010 30.2.23 

RKF3 (RECEPTOR-LIKE KINASE IN IN 
FLOWERS 3); kinase/ receptor signaling 
protein serine/threonine kinase -0.79 0.033 

260168_at At1g71980 29.5.11.4.2 
protease-associated zinc finger (C3HC4-
type RING finger) family protein -0.82 0.047 

249647_at At5g37040 
29.5.11.4.3.

2 F-box family protein -0.86 0.039 

257799_at At3g15890 30.2.99 protein kinase family protein -0.89 0.049 

252213_at At3g50210 16.8.4 2-oxoacid-dependent oxidase, putative -0.92 0.037 

260549_at At2g43535 20.1.7.6.1 trypsin inhibitor, putative -0.92 0.018 

264285_at At1g62040 29.5.2 
ATG8C (autophagy 8c); microtubule 
binding -0.94 0.033 

245084_at At2g23290 27.3.25 
AtMYB70 (myb domain protein 70); 
DNA binding / transcription factor -0.94 0.046 

264057_at At2g28550 27.3.3 
RAP2.7 (RELATED TO AP2.7); DNA 
binding / transcription factor -0.95 0.025 

251672_at At3g57230 27.3.24 
AGL16 (AGAMOUS-LIKE 16); 
transcription factor -0.95 0.031 

257094_at At3g20480 35.1 
tetraacyldisaccharide 4'-kinase family 
protein -0.97 0.033 

255345_at At4g04460 29.5.4 aspartyl protease family protein -0.97 0.041 

245889_at At5g09480 35.1.41 
hydroxyproline-rich glycoprotein family 
protein -0.99 0.020 

256402_at At3g06130 35.1 
heavy-metal-associated domain-
containing protein -0.99 0.045 

258399_at At3g15540 27.3.40 
IAA19 (INDOLE-3-ACETIC ACID 
INDUCIBLE 19); transcription factor -1.00 0.048 

255064_at At4g08950 30.1.1 EXO (EXORDIUM) -1.01 0.042 

256456_at At1g75180 35.2 unknown protein -1.01 0.039 

257151_at At3g27200 26.19 
plastocyanin-like domain-containing 
protein -1.01 0.047 

245229_at At4g25620 35.1.41 
hydroxyproline-rich glycoprotein family 
protein -1.02 0.033 

247116_at At5g65970 20.1.3.1 
MLO10 (MILDEW RESISTANCE LOCUS O 
10); calmodulin binding -1.04 0.037 

264822_at At1g03457 27.4 RNA-binding protein, putative -1.04 0.028 

258325_at At3g22830 27.3.23 
AT-HSFA6B; DNA binding / transcription 
factor -1.05 0.016 

263200_at At1g05600 35.1.5 
pentatricopeptide (PPR) repeat-
containing protein -1.07 0.023 

253631_at At4g30440 10.1.6 

GAE1 (UDP-D-GLUCURONATE 4-
EPIMERASE 1); UDP-glucuronate 4-
epimerase/ catalytic -1.08 0.018 

248482_at At5g50970 35.2 WD-40 repeat family protein -1.08 0.040 

245881_at At5g09460 27.3.6 
transcription factor/ transcription 
regulator -1.09 0.033 

258985_at At3g08960 34 binding / protein transporter -1.09 

0.026 
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245563_at At4g14580 29.4 

CIPK4 (CBL-interacting protein kinase 
4); ATP binding / kinase/ protein kinase/ 
protein serine/threonine kinase -1.09 0.023 

258676_at At3g08600 35.2 unknown protein -1.11 0.020 

249626_at At5g37540 27.3.99 aspartyl protease family protein -1.13 0.042 

249298_at At5g41330 34.15 
potassium channel tetramerisation 
domain-containing protein -1.13 0.040 

266054_at At2g40640 35.2   -1.14 0.024 

247586_at At5g60660 34.19.1 
PIP2;4 (PLASMA MEMBRANE INTRINSIC 
PROTEIN 2;4); water channel -1.14 0.030 

260165_at At1g79850 
29.2.1.1.1.1.

17 
RPS17 (RIBOSOMAL PROTEIN S17); 
structural constituent of ribosome -1.15 0.033 

248423_at At5g51670 35.2 unknown protein -1.16 0.030 

249220_at At5g42420 35.1 transporter-related -1.16 0.030 

256183_at At1g51660 30.6 

ATMKK4 (ARABIDOPSIS THALIANA 
MITOGEN-ACTIVATED PROTEIN KINASE 
KINASE 4); MAP kinase kinase/ kinase -1.17 0.019 

254023_at At4g25770 35.2 unknown protein -1.17 0.041 

256482_at At1g31420 30.2.13 
FEI1 (FEI 1); ATP binding / kinase/ 
protein serine/threonine kinase -1.18 0.026 

265099_at At1g03990 35.1 alcohol oxidase-related -1.19 0.038 

262744_at At1g28680 16.2 transferase family protein -1.21 0.044 

264276_at At1g60380 17.7.1 
apical meristem formation protein-
related -1.21 0.016 

252439_at At3g47400 10.8.99 pectinesterase family protein -1.22 0.038 

253464_at At4g32030 35.2 unknown protein -1.22 0.028 

251080_at At5g02010 30.5 
ROPGEF7; Rho guanyl-nucleotide 
exchange factor -1.23 0.041 

252506_at At3g46180 34.11 

UTR5 (UDP-GALACTOSE TRANSPORTER 
5); galactose transmembrane 
transporter -1.23 0.020 

250517_at At5g08260 29.5.5 
scpl35 (serine carboxypeptidase-like 
35); serine-type carboxypeptidase -1.23 0.030 

263579_at At2g17030 
29.5.11.4.3.

2 F-box family protein -1.23 0.018 

249518_at At5g38610 26.18 
invertase/pectin methylesterase 
inhibitor family protein -1.24 0.025 

266136_at At2g45060 35.2   -1.24 0.033 

249583_at At5g37770 30.3 TCH2 (TOUCH 2); calcium ion binding -1.24 0.046 

258804_at At3g04760 35.1.5 
pentatricopeptide (PPR) repeat-
containing protein -1.24 0.023 

250437_at At5g10430 10.5.1 AGP4 (ARABINOGALACTAN PROTEIN 4) -1.25 0.049 

249242_at At5g42250 26.11.1 alcohol dehydrogenase, putative -1.26 0.039 

251086_at At5g01450 29.5.11.4.2 protein binding / zinc ion binding -1.27 0.037 

258023_at At3g19450 16.2.1.10 
ATCAD4; cinnamyl-alcohol 
dehydrogenase -1.27 0.014 

250157_at At5g15180 26.12 peroxidase, putative -1.28 0.046 

247407_at At5g62900 35.2 unknown protein -1.28 0.038 

259484_at At1g12580 30.3 

PEPKR1 (Phosphoenolpyruvate 
carboxylase-related kinase 1); ATP 
binding / kinase/ protein kinase/ 
protein serine/threonine kinase -1.28 0.044 
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246135_at At5g20885 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 
family protein -1.30 0.026 

260161_at At1g79860 30.5 

ROPGEF12 (RHO GUANYL-NUCLEOTIDE 
EXCHANGE FACTOR 12); Rho guanyl-
nucleotide exchange factor -1.30 0.039 

248842_at At5g46850 35.2   -1.32 0.033 

245997_at At5g20810 17.2.3 
auxin-responsive protein, putative / 
small auxin up RNA (SAUR_B) -1.32 0.020 

261646_at At1g27690 35.2 unknown protein -1.32 0.038 

251769_at At3g55950 30.2.26 
CCR3 (ARABIDOPSIS THALIANA 
CRINKLY4 RELATED 3); kinase -1.32 0.041 

250180_at At5g14450 26.28 
GDSL-motif lipase/hydrolase family 
protein -1.33 0.010 

246491_at At5g16100 35.2 unknown protein -1.33 0.010 

264135_at At1g79030 20.2.1 

DNAJ heat shock N-terminal domain-
containing protein / S-locus protein, 
putative -1.33 0.031 

259428_at At1g01560 30.6 ATMPK11; MAP kinase/ kinase -1.33 0.024 

253289_at At4g34320 35.1 unknown protein -1.34 0.017 

266713_at At2g46760 35.1 FAD-binding domain-containing protein -1.34 0.035 

259850_at At1g72240 35.2 unknown protein -1.34 0.020 

254109_at At4g25240 26.7 
SKS1 (SKU5 SIMILAR 1); copper ion 
binding / oxidoreductase -1.36 0.019 

253531_at At4g31540 27.3.99 
ATEXO70G1 (exocyst subunit EXO70 
family protein G1); protein binding -1.36 0.034 

260153_at At1g52760 11.9.2 
esterase/lipase/thioesterase family 
protein -1.37 0.023 

248119_at At5g54590 30.2.1 protein kinase family protein -1.37 0.019 

260427_at At1g72430 17.2.3 auxin-responsive protein-related -1.37 0.033 

263145_at At1g54090 31.4 
ATEXO70D2 (exocyst subunit EXO70 
family protein D2); protein binding -1.37 0.033 

266308_at At2g27010 26.10 

CYP705A9; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding -1.38 0.035 

245351_at At4g17640 29.4 CKB2; protein kinase CK2 regulator -1.38 0.019 
254820_s_a

t At4g12510 26.21 
protease inhibitor/seed storage/lipid 
transfer protein (LTP) family protein -1.39 0.040 

262263_at At1g70940 17.2.2 
PIN3 (PIN-FORMED 3); auxin:hydrogen 
symporter/ transporter -1.40 0.014 

249832_at At5g23400 20.1.7 
disease resistance family protein / LRR 
family protein -1.41 0.045 

252080_at At3g51670 34.99 

SEC14 cytosolic factor family protein / 
phosphoglyceride transfer family 
protein -1.41 0.023 

254806_at At4g12430 3.2.2 
trehalose-6-phosphate phosphatase, 
putative -1.41 0.040 

262842_at At1g14720 10.7 

XTR2 (XYLOGLUCAN 
ENDOTRANSGLYCOSYLASE RELATED 2); 
hydrolase, acting on glycosyl bonds / 
xyloglucan:xyloglucosyl transferase -1.42 0.030 

256738_at At3g29430 16.1.1.10 

geranylgeranyl pyrophosphate 
synthase, putative / GGPP synthetase, 
putative / farnesyltranstransferase, 
putative -1.42 0.015 

247893_at At5g57980 27.2 

RPB5C (RNA POLYMERASE II FIFTH 
LARGEST SUBUNIT, C); DNA binding / 
DNA-directed RNA polymerase -1.42 0.013 
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253741_at At4g28890 29.5.11.4.2 
protein binding / ubiquitin-protein 
ligase/ zinc ion binding -1.44 0.037 

255732_at At1g25450 16.7 
KCS5 (3-KETOACYL-COA SYNTHASE 5); 
fatty acid elongase -1.45 0.033 

262729_at At1g75840 30.5 
ARAC5 (RAC-LIKE GTP BINDING 
PROTEIN 5); GTP binding / GTPase -1.46 0.026 

260914_at At1g02640 10.6.2 
BXL2 (BETA-XYLOSIDASE 2); hydrolase, 
hydrolyzing O-glycosyl compounds -1.47 0.007 

248409_at At5g51540 1.1.1.2 metalloendopeptidase -1.47 0.010 

246231_at At4g37080 35.2 unknown protein -1.48 0.016 

265161_at At1g30900 29.3.4.3 vacuolar sorting receptor, putative -1.50 0.028 

257966_at At3g19800 35.2 unknown protein -1.51 0.020 

254629_at At4g18425 35.2 unknown protein -1.52 0.009 

258260_at At3g26850 35.2   -1.53 0.037 

252490_at At3g46720 26.2 
UDP-glucoronosyl/UDP-glucosyl 
transferase family protein -1.53 0.037 

256419_at At1g33470 35.2 
RNA recognition motif (RRM)-
containing protein -1.53 0.034 

246011_at At5g08330 17.2.3 TCP family transcription factor, putative -1.54 0.032 

251395_at At2g45470 10.5.1 
FLA8 (FASCICLIN-LIKE 
ARABINOGALACTAN PROTEIN 8) -1.54 0.044 

247286_at At5g64280 34.9 
DiT2.2 (dicarboxylate transporter 2.2); 
oxoglutarate:malate antiporter -1.55 0.016 

255140_x_a
t At4g08410 10.5.4 proline-rich extensin-like family protein -1.55 0.040 

264598_at At1g04610 26.7 
flavin-containing monooxygenase / 
FMO (YUCCA3) -1.56 0.010 

260268_at At1g68490 35.2 unknown protein -1.56 0.048 

260354_at At1g69330 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 
family protein -1.57 0.047 

263701_at At1g31160 29.4 
zinc-binding protein, putative / protein 
kinase C inhibitor, putative -1.57 0.010 

250331_at At5g11820 35.1   -1.57 0.003 

255690_at At4g00360 35.2 

CYP86A2 (CYTOCHROME P450 86 A2); 
fatty acid (omega-1)-hydroxylase/ 
oxygen binding -1.58 0.044 

245864_at At1g58070 35.2 unknown protein -1.58 0.016 

249864_at At5g22830 34.14 

ATMGT10 (MAGNESIUM (MG) 
TRANSPORTER 10); magnesium ion 
transmembrane transporter -1.58 0.027 

261607_at At1g49660 24 
AtCXE5 (Arabidopsis thaliana 
carboxyesterase 5); carboxylesterase -1.59 0.010 

262722_at At1g43620 11.8.3 
UDP-glucose:sterol glucosyltransferase, 
putative -1.59 0.020 

245716_at At5g08740 9.2.3 
NDC1 (NAD(P)H dehydrogenase C1); 
NADH dehydrogenase -1.62 0.018 

262170_at At1g74940 33.99 senescence-associated protein-related -1.63 0.045 

257573_at At2g33990 30.3 iqd9 (IQ-domain 9); calmodulin binding -1.64 0.014 

245262_at At4g16563 29.5.4 aspartyl protease family protein -1.64 0.013 

257825_at At3g26700 29.4.1.59 protein kinase family protein -1.64 0.011 

254612_at At4g19100 35.2 unknown protein -1.65 0.010 

261999_at At1g33800 35.2 unknown protein -1.67 0.032 
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266715_at At2g46780 27.4 
RNA binding / nucleic acid binding / 
nucleotide binding -1.67 0.048 

245725_at At1g73370 2.2.1.5 
SUS6 (SUCROSE SYNTHASE 6); UDP-
glycosyltransferase/ sucrose synthase -1.69 0.018 

259433_at At1g01570 35.1 fringe-related protein -1.70 0.025 

251150_at At3g63120 31.3 
CYCP1;1 (cyclin p1;1); cyclin-dependent 
protein kinase -1.70 0.037 

246036_at At5g08370 3.8.2 

AtAGAL2 (Arabidopsis thaliana ALPHA-
GALACTOSIDASE 2); alpha-
galactosidase/ catalytic/ hydrolase, 
hydrolyzing O-glycosyl compounds -1.71 0.048 

252033_at At3g51950 27.3.99 

zinc finger (CCCH-type) family protein / 
RNA recognition motif (RRM)-
containing protein -1.71 0.003 

264404_at At2g25160 26.10 

CYP82F1; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding -1.71 0.022 

245584_at At4g14940 26.7 

ATAO1 (ARABIDOPSIS THALIANA AMINE 
OXIDASE 1); amine oxidase/ copper ion 
binding -1.72 0.018 

247856_at At5g58300 30.2.3 
leucine-rich repeat transmembrane 
protein kinase, putative -1.74 0.018 

265060_at At1g52150 27.3.22 
ATHB-15; DNA binding / transcription 
factor -1.74 0.007 

257203_at At3g23730 10.7 

xyloglucan:xyloglucosyl transferase, 
putative / xyloglucan 
endotransglycosylase, putative / endo-
xyloglucan transferase, putative -1.75 0.035 

256803_at At3g20960 26.10 

CYP705A33; electron carrier/ heme 
binding / iron ion binding / 
monooxygenase/ oxygen binding -1.75 0.025 

261947_at At1g64470 29.5.11 ubiquitin family protein -1.75 0.038 

265726_at At2g32010 28.1 
endonuclease/exonuclease/phosphatas
e family protein -1.76 0.012 

250375_at At5g11540 35.1 FAD-binding domain-containing protein -1.77 0.021 

260345_at At1g69270 30.2.99 

RPK1 (RECEPTOR-LIKE PROTEIN KINASE 
1); kinase/ protein binding / receptor 
signaling protein serine/threonine 
kinase -1.77 0.019 

263128_at At1g78600 27.3.7 

LZF1 (LIGHT-REGULATED ZINC FINGER 
PROTEIN 1); transcription factor/ zinc 
ion binding -1.80 0.042 

254695_at At4g17910 29.5.11.4.2 transferase, transferring acyl groups -1.83 0.019 

251413_at At3g60320 35.2 DNA binding -1.83 0.047 

250600_at At5g07800 26.7 
flavin-containing monooxygenase 
family protein / FMO family protein -1.83 0.028 

248990_at At5g45210 20.1.7 
disease resistance protein (TIR-NBS-LRR 
class), putative -1.83 0.013 

267630_at At2g42130 35.2 unknown protein -1.84 0.015 

248765_at At5g47650 23.3.3 

ATNUDT2 (ARABIDOPSIS THALIANA 
NUDIX HYDROLASE HOMOLOG 2); ADP-
ribose diphosphatase/ NAD or NADH 
binding / hydrolase -1.84 0.026 

248773_at At5g47820 31.1 
FRA1 (FRAGILE FIBER 1); microtubule 
motor -1.85 0.023 

253582_at At4g30670 35.2 unknown protein -1.86 0.048 

267037_at At2g38320 35.2 unknown protein -1.87 0.006 
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250933_at At5g03170 10.5.1 FLA11 -1.88 0.035 

247871_at At5g57530 10.7 

xyloglucan:xyloglucosyl transferase, 
putative / xyloglucan 
endotransglycosylase, putative / endo-
xyloglucan transferase, putative -1.89 0.026 

261591_at At1g01740 29.4 protein kinase family protein -1.90 0.031 
262099_s_a

t At1g59500 17.2.3 GH3.4 -1.90 0.028 

253172_at At4g35060 15.2 

heavy-metal-associated domain-
containing protein / copper chaperone 
(CCH)-related -1.91 0.042 

245140_at At2g45420 27.3.37 
LBD18 (LOB DOMAIN-CONTAINING 
PROTEIN 18) -1.91 0.003 

267614_at At2g26710 17.3.1.1.5 

BAS1 (PHYB ACTIVATION TAGGED 
SUPPRESSOR 1); oxygen binding / 
steroid hydroxylase -1.92 0.012 

246563_at At5g15590 35.2   -1.93 0.040 

256368_at At1g66800 26.11.1 
cinnamyl-alcohol dehydrogenase family 
/ CAD family -1.95 0.047 

251889_at At3g54080 35.2 sugar binding -1.95 0.016 

264605_at At1g04550 27.3.40 

IAA12 (AUXIN-INDUCED PROTEIN 12); 
transcription factor/ transcription 
repressor -1.98 0.010 

248121_at At5g54690 10.3.2 

GAUT12 
(GALACTURONOSYLTRANSFERASE 12); 
polygalacturonate 4-alpha-
galacturonosyltransferase/ transferase, 
transferring glycosyl groups / 
transferase, transferring hexosyl groups -1.99 0.019 

264685_at At1g65610 26.3.4 
KOR2; catalytic/ hydrolase, hydrolyzing 
O-glycosyl compounds -1.99 0.008 

248670_at At5g48740 30.2.1 
leucine-rich repeat family protein / 
protein kinase family protein -2.00 0.049 

256811_at At3g21340 30.2.1 
leucine-rich repeat protein kinase, 
putative -2.01 0.042 

262796_at At1g20850 29.5.3 
XCP2 (xylem cysteine peptidase 2); 
cysteine-type peptidase/ peptidase -2.02 0.026 

251009_at At5g02640 35.2 unknown protein -2.03 0.034 

248252_at At5g53250 10.5.1 
AGP22 (ARABINOGALACTAN PROTEIN 
22) -2.04 0.025 

267126_s_a
t At2g23590 26.8 

MES8 (METHYL ESTERASE 8); hydrolase/ 
hydrolase, acting on ester bonds -2.06 0.021 

245276_at At4g16780 27.3.22 

ATHB-2 (ARABIDOPSIS THALIANA 
HOMEOBOX PROTEIN 2); DNA binding / 
protein homodimerization/ sequence-
specific DNA binding / transcription 
factor -2.06 0.026 

248727_at At5g47990 26.10 
CYP705A5; oxygen binding / thalian-diol 
desaturase -2.06 0.028 

245546_at At4g15290 10.2.1 

ATCSLB05; cellulose synthase/ 
transferase/ transferase, transferring 
glycosyl groups -2.07 0.003 

255433_at At4g03210 10.7 

XTH9 (XYLOGLUCAN 
ENDOTRANSGLUCOSYLASE/HYDROLASE 
9); hydrolase, acting on glycosyl bonds / 
xyloglucan:xyloglucosyl transferase -2.07 0.004 

249227_at At5g42180 26.12 peroxidase 64 (PER64) (P64) (PRXR4) -2.08 0.011 
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260481_at At1g10960 1.1.5.2 

ATFD1 (FERREDOXIN 1); 2 iron, 2 sulfur 
cluster binding / electron carrier/ iron-
sulfur cluster binding -2.10 0.010 

263987_at At2g42690 11.9.2 lipase, putative -2.10 0.045 

246439_at At5g17600 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 
family protein -2.11 0.019 

263546_at At2g21550 25 

bifunctional dihydrofolate reductase-
thymidylate synthase, putative / DHFR-
TS, putative -2.12 0.045 

257290_at At3g15560 35.2   -2.13 0.011 

245410_at At4g17220 31.1 
ATMAP70-5 (microtubule-associated 
proteins 70-5); microtubule binding -2.13 0.038 

249011_at At5g44670 35.2 unknown protein -2.16 0.018 

264892_at At1g23160 17.2.3 auxin-responsive GH3 family protein -2.16 0.010 

250794_at At5g05270 16.8.2 
chalcone-flavanone isomerase family 
protein -2.17 0.026 

248844_s_a
t At5g46900 26.21 

protease inhibitor/seed storage/lipid 
transfer protein (LTP) family protein -2.18 0.010 

260867_at At1g43790 35.2 
TED6 (TRACHEARY ELEMENT 
DIFFERENTIATION-RELATED 6) -2.20 0.010 

266300_at At2g01420 17.2.2 
PIN4 (PIN-FORMED 4); auxin:hydrogen 
symporter/ transporter -2.20 0.024 

266244_at At2g27740 35.2 unknown protein -2.22 0.017 

248347_at At5g52250 33.99 
transducin family protein / WD-40 
repeat family protein -2.25 0.040 

266474_at At2g31110 35.2 unknown protein -2.27 0.026 

245574_at At4g14750 30.3 
IQD19 (IQ-domain 19); calmodulin 
binding -2.29 0.042 

256647_at At3g13610 28.99 
oxidoreductase, 2OG-Fe(II) oxygenase 
family protein -2.29 0.010 

264770_at At1g23030 29.5.11.4.2 

armadillo/beta-catenin repeat family 
protein / U-box domain-containing 
protein -2.30 0.015 

251688_at At3g56480 31.1 myosin heavy chain-related -2.30 0.015 

248559_at At5g50010 27.3.6 
transcription factor/ transcription 
regulator -2.31 0.001 

245644_at At1g25320 31.1 
leucine-rich repeat transmembrane 
protein kinase, putative -2.32 0.035 

259140_at At3g10230 16.1.4.5 
LYC (LYCOPENE CYCLASE); lycopene 
beta cyclase -2.33 0.019 

250966_at At5g02910 
29.5.11.4.3.

2 F-box family protein -2.33 0.036 

259688_at At1g63120 29.5.5 

ATRBL2 (Arabidopsis thaliana 
Rhomboid-like 2); serine-type 
endopeptidase -2.34 0.006 

252296_at At3g48970 15.2 copper-binding family protein -2.39 0.028 

256929_at At3g22610 35.2   -2.39 0.044 

266356_at At2g32300 26.7 
UCC1 (UCLACYANIN 1); copper ion 
binding / electron carrier -2.43 0.042 

250165_at At5g15290 35.1 integral membrane family protein -2.50 0.012 

263252_at At2g31380 27.3.7 
STH; protein domain specific binding / 
transcription factor/ zinc ion binding -2.53 0.010 

250173_at At5g14340 27.3.25 
AtMYB40 (myb domain protein 40); 
DNA binding / transcription factor -2.53 0.026 

246458_at At5g16860 35.1.5 
pentatricopeptide (PPR) repeat-
containing protein -2.56 

0.010 
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255150_at At4g08160 35.1 

glycosyl hydrolase family 10 protein / 
carbohydrate-binding domain-
containing protein -2.60 0.020 

254909_at At4g11210 20.1.7 
disease resistance-responsive family 
protein / dirigent family protein -2.63 0.000 

262211_at At1g74930 27.3.3 
ORA47; DNA binding / transcription 
factor -2.64 0.032 

255702_at At4g00230 29.5.1 

XSP1 (xylem serine peptidase 1); 
identical protein binding / serine-type 
endopeptidase -2.74 0.009 

254618_at At4g18780 10.2.1 

IRX1 (IRREGULAR XYLEM 1); cellulose 
synthase/ transferase, transferring 
glycosyl groups -2.81 0.017 

259853_at At1g72300 30.2.10 
leucine-rich repeat transmembrane 
protein kinase, putative -2.81 0.007 

264549_at At1g09440 29.4.1.55 protein kinase family protein -2.84 0.031 

264226_at At1g67510 30.2.3 leucine-rich repeat family protein -3.02 0.001 

266693_at At2g19800 3.4.4 
MIOX2 (MYO-INOSITOL OXYGENASE 2); 
inositol oxygenase -3.15 0.003 

256352_at At1g54970 10.5.2 
ATPRP1 (PROLINE-RICH PROTEIN 1); 
structural constituent of cell wall -3.26 0.023 

252025_at At3g52900 28.1 unknown protein -3.30 0.010 

261345_at At1g79760 33.99 
DTA4 (DOWNSTREAM TARGET OF 
AGL15-4) -3.61 0.016 

253380_at At4g33340 26.2   -3.67 0.010 

253423_at At4g32280 27.3.40 
IAA29 (INDOLE-3-ACETIC ACID 
INDUCIBLE 29); transcription factor -4.09 0.006 
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Appendix 3.4: List of salt responsive genes in cortical cells with their locus, 

Affymetrix identifier, Tair annotation, Fold change and adjusted p value. 

Affymetrix 
ID Gene Bincode TAIR annotation 

log fold 
change adj.P.Value 

252115_at At3g51600 11.6 
LTP5 (Lipid transfer protein 5); lipid 

transporter 3.31 0.001 

252004_at At3g52780 26.13 
PAP20; acid phosphatase/ protein 

serine/threonine phosphatase 3.24 0.000 

249545_at At5g38030 34.99 MATE efflux family protein 3.21 0.000 

260492_at At2g41850 10.6.3 

PGAZAT (POLYGALACTURONASE 
ABSCISSION ZONE A. THALIANA); 

polygalacturonase 2.80 0.005 

258182_at At3g21500 16.1.1.1 
1-deoxy-D-xylulose-5-phosphate 

synthase 2.64 0.049 

250624_at At5g07330 35.2 unknown protein 2.64 0.008 

247052_at At5g66700 27.3.22 
HB53; DNA binding / transcription 

factor 2.59 0.003 

260203_at At1g52890 33.99 

ANAC019 (Arabidopsis NAC domain 
containing protein 19); transcription 

factor 2.58 0.009 

262580_at At1g15330 35.1 CBS domain-containing protein 2.37 0.003 

256712_at At2g34020 30.3 calcium ion binding 2.19 0.001 

252988_at At4g38410 20.2.99 dehydrin, putative 2.13 0.023 

251065_at At5g01870 11.6 lipid transfer protein, putative 2.13 0.009 

247754_at At5g59080 35.2 unknown protein 2.07 0.002 

264529_at At1g30820 23.1.1.10 
CTP synthase, putative / UTP--ammonia 

ligase, putative 2.05 0.001 

247904_at At5g57390 33.99 
AIL5 (AINTEGUMENTA-LIKE 5); DNA 

binding / transcription factor 2.05 0.012 

257722_at At3g18490 27.3.99 aspartyl protease family protein 2.05 0.005 

260637_at At1g62380 17.5.1.2 

ACO2 (ACC OXIDASE 2); 1-
aminocyclopropane-1-carboxylate 

oxidase 2.04 0.001 

261911_at At1g80750 29.2.1.2.2.7 60S ribosomal protein L7 (RPL7A) 2.01 0.004 

260706_at At1g32350 9.4 
AOX1D (alternative oxidase 1D); 

alternative oxidase 2.00 0.001 

265084_at At1g03790 27.3.12 
SOM (SOMNUS); nucleic acid binding / 

transcription factor 2.00 0.002 

256296_at At1g69480 34.7 
EXS family protein / ERD1/XPR1/SYG1 

family protein 1.96 0.001 

267147_at At2g38240 16.8.1 
oxidoreductase, 2OG-Fe(II) oxygenase 

family protein 1.95 0.006 

255586_at At4g01560 29.2.2.50 
MEE49 (maternal effect embryo arrest 

49) 1.94 0.006 

267238_at At2g44130 
29.5.11.4.3.

2 
kelch repeat-containing F-box family 

protein 1.94 0.002 

247331_at At5g63530 15.2 
ATFP3; metal ion binding / transition 

metal ion binding 1.93 0.040 

251770_at At3g55970 16.8.1 
oxidoreductase, 2OG-Fe(II) oxygenase 

family protein 1.91 0.014 

262784_at At1g10760 2.2.2.3 
SEX1 (STARCH EXCESS 1); alpha-glucan, 

water dikinase 1.90 0.011 

246279_at At4g36740 27.3.22 

ATHB40 (ARABIDOPSIS THALIANA 
HOMEOBOX PROTEIN 40); DNA binding 

/ transcription factor 1.87 0.001 

250662_at At5g07010 11.8 

ST2A (SULFOTRANSFERASE 2A); 
hydroxyjasmonate sulfotransferase/ 

sulfotransferase 1.86 0.000 
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260136_at At1g66360 35.1.19 C2 domain-containing protein 1.84 0.003 

246212_at At4g36930 27.3.6 
SPT (SPATULA); DNA binding / 

transcription factor 1.82 0.014 

258316_at At3g22660 29.2.6 rRNA processing protein-related 1.79 0.000 

252239_at At3g49990 35.2   1.79 0.013 

267305_at At2g30070 34.15 

ATKT1 (POTASSIUM TRANSPORTER 1); 
potassium ion transmembrane 

transporter 1.77 0.002 

247118_at At5g65890 13 
ACR1 (ACT Domain Repeat 1); amino 

acid binding 1.77 0.010 

250426_at At5g10510 27.3.3 
AIL6 (AINTEGUMENTA-LIKE 6); DNA 

binding / transcription factor 1.77 0.020 

247771_at At5g58590 30.5 
RANBP1 (RAN BINDING PROTEIN 1); 

protein binding 1.75 0.033 

247730_at At5g59580 26.2 

UGT76E1 (UDP-GLUCOSYL 
TRANSFERASE 76E1); UDP-

glycosyltransferase/ quercetin 3-O-
glucosyltransferase/ quercetin 7-O-

glucosyltransferase 1.75 0.001 

259725_at At1g61065 35.2 unknown protein 1.74 0.020 

261544_at At1g63540 35.1.41 
hydroxyproline-rich glycoprotein family 

protein 1.73 0.013 

254424_at At4g21510 
29.5.11.4.3.

2 F-box family protein 1.72 0.026 

262124_at At1g59660 29.3.1 nucleoporin family protein 1.72 0.015 

261350_at At1g79770 35.2 unknown protein 1.69 0.011 

266822_at At2g44860 
29.2.1.2.2.2

4 60S ribosomal protein L24, putative 1.69 0.008 

252363_at At3g48460 26.28 
GDSL-motif lipase/hydrolase family 

protein 1.68 0.007 

261668_at At1g18500 13.1.4.4.1 

MAML-4 (METHYLTHIOALKYLMALATE 
SYNTHASE-LIKE 4); 2-isopropylmalate 

synthase 1.68 0.020 

250199_at At5g14180 11.9.2.1 
MPL1 (MYZUS PERSICAE-INDUCED 

LIPASE 1); catalytic 1.67 0.006 

266173_at At2g02420 35.2   1.66 0.024 

258334_at At3g16010 35.1.5 
pentatricopeptide (PPR) repeat-

containing protein 1.64 0.007 

246463_at At5g16970 26.7 
AT-AER (alkenal reductase); 2-alkenal 

reductase 1.63 0.025 

256171_s_at At1g51750 28.1.1.2 transposable element gene 1.61 0.015 

266270_at At2g29470 26.9 

ATGSTU3 (ARABIDOPSIS THALIANA 
GLUTATHIONE S-TRANSFERASE TAU 3); 

glutathione transferase 1.61 0.005 

258652_at At3g09910 30.5 

ATRABC2B (ARABIDOPSIS RAB GTPASE 
HOMOLOG C2B); ATP binding / GTP 

binding / transcription factor binding 1.61 0.005 

256291_at At3g12200 29.4 

AtNek7 (NIMA-related kinase7); ATP 
binding / kinase/ protein kinase/ 
protein serine/threonine kinase/ 

protein tyrosine kinase 1.61 0.001 

252711_at At3g43720 26.21 
protease inhibitor/seed storage/lipid 
transfer protein (LTP) family protein 1.59 0.008 

246789_at At5g27600 11.1.9 

LACS7 (LONG-CHAIN ACYL-COA 
SYNTHETASE 7); long-chain-fatty-acid-

CoA ligase/ protein binding 1.59 0.003 

260524_at At2g47230 35.1.2 agenet domain-containing protein 1.58 0.003 
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247849_at At5g58130 27.4 
RNA recognition motif (RRM)-

containing protein 1.58 0.016 

261885_at At1g80930 29.2.99 
MIF4G domain-containing protein / 

MA3 domain-containing protein 1.58 0.042 

249747_at At5g24600 35.2 unknown protein 1.57 0.004 

257935_at At3g25440 27.1.1 RNA binding 1.57 0.043 

245954_at At5g28530 30.11 
FRS10 (FAR1-related sequence 10); zinc 

ion binding 1.57 0.001 

262860_at At1g64810 29.8 
APO1 (ACCUMULATION OF 

PHOTOSYSTEM ONE 1) 1.56 0.003 

266093_at At2g37990 29.2.6 
ribosome biogenesis regulatory protein 

(RRS1) family protein 1.56 0.019 

255749_at At1g31970 28.1 

STRS1 (STRESS RESPONSE SUPPRESSOR 
1); ATP binding / ATP-dependent 

helicase/ helicase/ nucleic acid binding 1.55 0.007 

261130_at At1g04870 26.6 PRMT10; methyltransferase 1.55 0.004 

250433_at At5g10400 28.1.3 histone H3 1.55 0.008 

258193_at At3g29090 10.8.1 pectinesterase family protein 1.55 0.014 

265006_at At1g61570 29.3.2 

TIM13 (TRANSLOCASE OF THE INNER 
MITOCHONDRIAL MEMBRANE 13); P-P-

bond-hydrolysis-driven protein 
transmembrane transporter 1.54 0.015 

260251_at At1g74250 20.2.1 
DNAJ heat shock N-terminal domain-

containing protein 1.53 0.004 

261513_at At1g71840 33.99 
transducin family protein / WD-40 

repeat family protein 1.53 0.001 

262841_at At1g14810 13.1.3.6.1.2 
semialdehyde dehydrogenase family 

protein 1.51 0.001 

266392_at At2g41280 33.2 M10 1.51 0.007 

260025_at At1g30070 35.1 SGS domain-containing protein 1.51 0.006 

259228_at At3g07720 35.1 kelch repeat-containing protein 1.50 0.024 

247465_at At5g62190 27.1.2 
PRH75; ATP-dependent helicase/ 
DEAD/H-box RNA helicase binding 1.50 0.009 

245729_at At1g73490 27.4 
RNA recognition motif (RRM)-

containing protein 1.50 0.018 

256978_at At3g21110 23.1.2.7 

PUR7 (PURIN 7); 
phosphoribosylaminoimidazolesuccinoc

arboxamide synthase 1.49 0.037 

252319_at At3g48710 35.2   1.49 0.002 

266509_at At2g47940 29.5.5 
DEGP2; serine-type endopeptidase/ 

serine-type peptidase 1.48 0.045 

265131_at At1g23760 10.6.3 JP630; polygalacturonase 1.47 0.014 

266246_at At2g27690 26.10 
CYP94C1; fatty acid (omega-1)-

hydroxylase/ oxygen binding 1.47 0.039 

259347_at At3g03920 27.4 Gar1 RNA-binding region family protein 1.45 0.031 

259759_at At1g77550 31.1 protein binding / tubulin-tyrosine ligase 1.44 0.005 

256983_at At3g13470 29.6 chaperonin, putative 1.43 0.041 

247671_at At5g60210 35.1   1.43 0.030 

246328_at At3g43590 27.3.73 zinc knuckle (CCHC-type) family protein 1.43 0.004 

259117_at At3g01320 35.1.25 SNL1 (SIN3-LIKE 1) 1.43 0.025 

249528_at At5g38720 35.2 unknown protein 1.43 0.018 
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258110_at At3g14610 26.10 

CYP72A7; electron carrier/ heme 
binding / iron ion binding / 

monooxygenase/ oxygen binding 1.41 0.016 

260323_at At1g63780 29.2.2.50 IMP4 1.41 0.025 

265942_at At2g19470 29.4 

ckl5 (Casein Kinase I-like 5); ATP binding 
/ kinase/ protein kinase/ protein 

serine/threonine kinase 1.40 0.034 

251892_at At3g54330 33.99   1.40 0.016 

248551_at At5g50200 34.4 
WR3 (WOUND-RESPONSIVE 3); nitrate 

transmembrane transporter 1.39 0.038 

267316_at At2g34710 27.3.22 
PHB (PHABULOSA); DNA binding / 

transcription factor 1.38 0.039 

254745_at At4g13460 27.3.69 
SUVH9; histone-lysine N-

methyltransferase/ zinc ion binding 1.38 0.044 

253396_at At4g32720 27.3.99 
AtLa1 ( 

 La protein 1); RNA binding 1.38 0.009 

259846_at At1g72140 34.13 
proton-dependent oligopeptide 
transport (POT) family protein 1.37 0.009 

258406_at At3g17615 27.3.99   1.36 0.049 

258313_at At3g15970 30.5 

Ran-binding protein 1 domain-
containing protein / RanBP1 domain-

containing protein 1.35 0.005 

261211_at At1g12780 10.1.2 

UGE1 (UDP-D-glucose/UDP-D-galactose 
4-epimerase 1); UDP-glucose 4-
epimerase/ protein dimerization 1.34 0.006 

248271_at At5g53420 35.2   1.34 0.043 

264975_at At1g27070 29.4 5'-AMP-activated protein kinase-related 1.34 0.002 

260425_at At1g72440 27.3.13 
EDA25 (embryo sac development arrest 

25) 1.33 0.015 

260230_at At1g74500 27.3.6 bHLH family protein 1.33 0.025 

247555_at At5g61020 35.1 ECT3 1.32 0.002 

263483_at At2g04030 20.2.1 CR88; ATP binding 1.32 0.036 

260044_at At1g73655 29.6 
FK506 binding / peptidyl-prolyl cis-trans 

isomerase 1.32 0.005 

262906_at At1g59760 27.1 ATP-dependent RNA helicase, putative 1.31 0.050 

265076_at At1g55490 1.3.13 
CPN60B (CHAPERONIN 60 BETA); ATP 

binding / protein binding 1.31 0.019 

258949_at At3g01370 35.2 
ATCFM2 (CRM FAMILY MEMBER 2); 

RNA binding 1.31 0.005 

253780_at At4g28400 29.4 
protein phosphatase 2C, putative / 

PP2C, putative 1.30 0.029 

266362_at At2g32430 29.7 galactosyltransferase family protein 1.30 0.041 

263465_at At2g31940 35.2 unknown protein 1.30 0.013 

251227_at At3g62700 34.16 

ATMRP10; ATPase, coupled to 
transmembrane movement of 

substances 1.29 0.032 

248273_at At5g53500 35.1 WD-40 repeat family protein 1.29 0.019 

245944_at At5g19520 27.3.67 

MSL9 (MECHANOSENSITIVE CHANNEL 
OF SMALL CONDUCTANCE-LIKE 9); 

mechanically-gated ion channel 1.28 0.017 

255235_at At4g05510 28.99 transposable element gene 1.28 0.009 

252147_at At3g51270 29.4 
ATP binding / catalytic/ protein 

serine/threonine kinase 1.28 0.016 

258868_at At3g03110 29.3.1 XPO1B; binding / protein transporter 1.28 0.021 
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259121_at At3g02220 35.2 unknown protein 1.28 0.002 

256440_at At3g10970 35.1 
haloacid dehalogenase-like hydrolase 

family protein 1.27 0.012 

260351_at At1g69380 35.2 unknown protein 1.27 0.014 

245849_at At5g13520 29.5 peptidase M1 family protein 1.27 0.005 
250272_at At5g13000 3.6 ATGSL12 (glucan synthase-like 12); 1,3-

beta-glucan synthase/ transferase, 
transferring glycosyl groups 

1.27 0.025 
 
 
 

256053_at At1g07260 26.2 

UGT71C3 (UDP-GLUCOSYL 
TRANSFERASE 71C3); UDP-

glycosyltransferase/ quercetin 3-O-
glucosyltransferase/ transferase, 

transferring glycosyl groups 1.27 0.035 

260010_at At1g68020 3.2.3 

ATTPS6; alpha,alpha-trehalose-
phosphate synthase (UDP-forming)/ 

transferase, transferring glycosyl groups 
/ trehalose-phosphatase 1.26 0.003 

256518_at At1g66080 35.2 unknown protein 1.26 0.011 

265667_at At2g27470 27.3.15 
NF-YB11 (NUCLEAR FACTOR Y, SUBUNIT 

B11); transcription factor 1.26 0.015 

248326_at At5g52820 33.99 
WD-40 repeat family protein / notchless 

protein, putative 1.25 0.045 

262014_at At1g35660 35.2 unknown protein 1.25 0.030 

265373_at At2g06510 29.5 
RPA1A (REPLICATION PROTEIN A 1A); 

DNA binding / nucleic acid binding 1.25 0.020 

245523_at At4g15910 20.2.3 
ATDI21 (ARABIDOPSIS THALIANA 

DROUGHT-INDUCED 21) 1.24 0.001 

254667_at At4g18280 35.1.40 glycine-rich cell wall protein-related 1.24 0.004 

263570_at At2g27150 17.1.1.1.12 

AAO3 (Abscisic ALDEHYDE OXIDASE 3); 
abscisic aldehyde oxidase/ aldehyde 

oxidase/ indole-3-acetaldehyde oxidase 1.24 0.010 

249901_at At5g22650 27.3.55 
HD2B (HISTONE DEACETYLASE 2B); 

histone deacetylase 1.24 0.019 

247412_at At5g63010 35.1 WD-40 repeat family protein 1.24 0.007 

251089_at At5g01390 20.2.1 DNAJ heat shock protein, putative 1.23 0.045 

256910_at At3g24080 35.1 KRR1 family protein 1.23 0.037 

260134_at At1g66370 27.3.25 
MYB113 (myb domain protein 113); 
DNA binding / transcription factor 1.23 0.008 

246014_at At5g10680 30.3 calmodulin-binding protein-related 1.23 0.040 

266466_at At2g47790 27.3.67 
transducin family protein / WD-40 

repeat family protein 1.23 0.003 

248869_at At5g46840 27.4 
RNA recognition motif (RRM)-

containing protein 1.22 0.025 

264921_at At1g60650 27.4 
glycine-rich RNA-binding protein, 

putative 1.21 0.010 

260531_at At2g47240 11.1.9 

long-chain-fatty-acid--CoA ligase family 
protein / long-chain acyl-CoA 

synthetase family protein 1.20 0.013 

248301_at At5g53150 20.2.1 
heat shock protein binding / unfolded 

protein binding 1.20 0.050 

245483_at At4g16190 29.5.3 cysteine proteinase, putative 1.19 0.037 
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259038_at At3g09210 27.3.99 

PTAC13 (PLASTID TRANSCRIPTIONALLY 
ACTIVE13); transcription elongation 

regulator 1.19 0.036 

250812_at At5g04900 26.22 
short-chain dehydrogenase/reductase 

(SDR) family protein 1.19 0.026 

263459_at At2g31820 31.1 ankyrin repeat family protein 1.18 0.029 

266633_at At2g35540 20.2.1 
DNAJ heat shock N-terminal domain-

containing protein 1.18 0.043 

267411_at At2g34930 20.1.7 disease resistance family protein 1.18 0.008 

258404_at At3g17465 
29.2.1.1.1.2

.3 

RPL3P (RIBOSOMAL PROTEIN L3 
PLASTID); structural constituent of 

ribosome 1.18 0.019 

252114_at At3g51450 16.4.1 strictosidine synthase family protein 1.18 0.020 

256210_at At1g50950 21.1 thioredoxin-related 1.18 0.014 

250291_at At5g13280 13.1.3.6.1.1 
AK-LYS1 (ASPARTATE KINASE 1); 

aspartate kinase 1.17 0.005 

255941_at At1g20350 29.3.2 

ATTIM17-1; P-P-bond-hydrolysis-driven 
protein transmembrane transporter/ 

protein transporter 1.17 0.006 

257612_at At3g26600 35.1.3 
ARO4 (ARMADILLO REPEAT ONLY 4); 

binding 1.17 0.032 

245662_at At1g28190 35.2 unknown protein 1.16 0.002 

263014_at At1g23400 35.2 
CAF2; RNA splicing factor, 

transesterification mechanism 1.16 0.019 

267213_at At2g44120 29.2.1.2.2.7 60S ribosomal protein L7 (RPL7C) 1.16 0.020 

254455_at At4g21140 35.2 unknown protein 1.15 0.004 

252570_at At3g45300 13.2.4.4 

IVD (ISOVALERYL-COA-
DEHYDROGENASE); ATP binding / 

isovaleryl-CoA dehydrogenase 1.15 0.022 

264060_at At2g27980 35.2 protein binding / zinc ion binding 1.15 0.030 

246133_at At5g20960 26.1 

AAO1 (ARABIDOPSIS ALDEHYDE 
OXIDASE 1); aldehyde oxidase/ indole-

3-acetaldehyde oxidase 1.15 0.015 

248155_at At5g54390 23.2 

AHL (ARABIDOPSIS HAL2-LIKE); 3'(2'),5'-
bisphosphate nucleotidase/ inositol or 

phosphatidylinositol phosphatase 1.14 0.034 

262766_at At1g13160 35.1 SDA1 family protein 1.14 0.010 

251371_at At3g60360 35.2 
EDA14 (EMBRYO SAC DEVELOPMENT 

ARREST 14) 1.13 0.043 

257714_at At3g27360 28.1.3 histone H3 1.13 0.028 

252325_at At3g48560 13.1.4.1.1 

CSR1 
(CHLORSULFURON/IMIDAZOLINONE 
RESISTANT 1); acetolactate synthase/ 

pyruvate decarboxylase 1.12 0.029 

246731_at At5g27630 11.1.13 
ACBP5 (ACYL-COA BINDING PROTEIN 5); 

acyl-CoA binding 1.12 0.042 

254981_at At4g10480 29.2.4 

nascent polypeptide associated 
complex alpha chain protein, putative / 

alpha-NAC, putative 1.12 0.014 

257927_at At3g23240 17.5.2 

ERF1 (ETHYLENE RESPONSE FACTOR 1); 
DNA binding / transcription activator/ 

transcription factor 1.11 0.010 

248549_at At5g50310 35.1 kelch repeat-containing protein 1.10 0.017 

245714_at At5g04280 27.4 glycine-rich RNA-binding protein 1.10 0.038 
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265078_at At1g55500 35.2 ECT4 1.10 0.005 

257463_at At1g14820 34.99 

SEC14 cytosolic factor family protein / 
phosphoglyceride transfer family 

protein 1.10 0.015 

266297_at At2g29570 27.3.67 

PCNA2 (PROLIFERATING CELL NUCLEAR 
ANTIGEN 2); DNA binding / DNA 
polymerase processivity factor 1.10 0.012 

248228_at At5g53800 35.2 unknown protein 1.09 0.036 

267319_at At2g34660 34.16 

ATMRP2 (ARABIDOPSIS THALIANA 
MULTIDRUG RESISTANCE-ASSOCIATED 

PROTEIN 2); ATPase, coupled to 
transmembrane movement of 

substances 1.09 0.036 

266204_at At2g02410 35.2 unknown protein 1.09 0.029 

256305_at At1g30400 34.16 

MRP1 (ARABIDOPSIS THALIANA 
MULTIDRUG RESISTANCE-ASSOCIATED 

PROTEIN 1); ATPase, coupled to 
transmembrane movement of 

substances / xenobiotic-transporting 
ATPase 1.08 0.028 

247829_at At5g58520 29.4 protein kinase family protein 1.08 0.023 

257216_at At3g14990 18.2 

4-methyl-5(b-hydroxyethyl)-thiazole 
monophosphate biosynthesis protein, 

putative 1.08 0.012 

245732_at At1g73440 30.3 calmodulin-related 1.08 0.045 

247942_at At5g57120 35.1   1.08 0.025 

251554_at At3g58670 35.2 unknown protein 1.08 0.015 

262636_at At1g06670 28.99 
NIH (NUCLEAR DEIH-BOXHELICASE); 

DNA binding / DNA helicase 1.07 0.021 

246205_at At4g36970 27.3.99 remorin family protein 1.07 0.024 

246910_at At5g25800 27.1.19 exonuclease family protein 1.07 0.032 

253126_at At4g36050 28.1 
endonuclease/exonuclease/phosphatas

e family protein 1.07 0.046 

253803_at At4g28200 35.2   1.06 0.036 

255864_at At2g30320 29.1 
tRNA pseudouridine synthase family 

protein 1.06 0.042 

248984_at At5g45140 27.2 

NRPC2; DNA binding / DNA-directed 
RNA polymerase/ ribonucleoside 

binding 1.06 0.035 

248295_at At5g53070 
29.2.1.1.3.2

.9 ribosomal protein L9 family protein 1.06 0.018 

251797_at At3g55560 17.6.3 
AGF2 (AT-hook protein of GA feedback 

2) 1.05 0.023 

264680_at At1g65510 35.2 unknown protein 1.05 0.026 

249815_at At5g23900 
29.2.1.2.2.1

3 60S ribosomal protein L13 (RPL13D) 1.05 0.017 

251757_at At3g55640 34.9 
mitochondrial substrate carrier family 

protein 1.05 0.021 

252366_at At3g48420 35.1 
haloacid dehalogenase-like hydrolase 

family protein 1.04 0.049 

251357_at At3g61110 
29.2.1.2.1.2

7 

ARS27A (ARABIDOPSIS RIBOSOMAL 
PROTEIN S27); structural constituent of 

ribosome 1.04 0.040 

246031_at At5g21160 35.2 
La domain-containing protein / proline-

rich family protein 1.04 0.021 
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248107_at At5g55190 30.5 
RAN3 (RAN GTPASE 3); GTP binding / 

GTPase/ protein binding 1.04 0.015 

250711_at At5g06110 31.2 

DNAJ heat shock N-terminal domain-
containing protein / cell division 

protein-related 1.03 0.012 

263962_at At2g36350 29.4 protein kinase, putative 1.03 0.049 

254628_at At4g18593 29.4 
dual specificity protein phosphatase-

related 1.03 0.043 

266000_at At2g24180 26.10 

CYP71B6 (CYTOCHROME P450 71B6); 
electron carrier/ heme binding / iron 

ion binding / monooxygenase 1.03 0.006 

250667_at At5g07090 29.2.1.2.1.4 40S ribosomal protein S4 (RPS4B) 1.02 0.050 

246088_at At5g20600 35.2   1.02 0.039 

253453_at At4g31860 29.4 
protein phosphatase 2C, putative / 

PP2C, putative 1.02 0.040 

251078_at At5g01990 34.99 auxin efflux carrier family protein 1.02 0.049 

250555_at At5g07950 1.1.5.2 unknown protein 1.01 0.042 

265907_at At2g25650 27.3.49 
DNA-binding storekeeper protein-

related 1.01 0.015 

254873_at At4g11420 29.2.3 

EIF3A (EUKARYOTIC TRANSLATION 
INITIATION FACTOR 3A); translation 

initiation factor 1.00 0.020 

259163_at At3g01490 29.4 protein kinase, putative 1.00 0.012 

247032_at At5g67240 28.99 

SDN3 (SMALL RNA DEGRADING 
NUCLEASE 3); exonuclease/ nucleic acid 

binding 1.00 0.015 

259164_at At3g01770 27.3.52 

ATBET10 (Arabidopsis thaliana 
BROMODOMAIN AND EXTRATERMINAL 

DOMAIN PROTEIN 10); DNA binding 1.00 0.047 

248465_at At5g51200 35.2 unknown protein 1.00 0.018 

261614_at At1g49760 27.1 

PAB8 (POLY(A) BINDING PROTEIN 8); 
RNA binding / translation initiation 

factor 0.99 0.007 

256421_at At1g33500 35.2   0.99 0.029 

257659_at At3g13226 28.2 regulatory protein RecX family protein 0.98 0.018 

253549_at At4g30930 
29.2.1.1.1.2

.21 

NFD1 (NUCLEAR FUSION DEFECTIVE 1); 
RNA binding / structural constituent of 

ribosome 0.98 0.042 

249310_at At5g41520 
29.2.1.2.1.1

0 40S ribosomal protein S10 (RPS10B) 0.97 0.028 

259259_at At3g11540 17.6.2 

SPY (SPINDLY); protein N-
acetylglucosaminyltransferase/ protein 

binding / transferase, transferring 
glycosyl groups 0.97 0.036 

263569_at At2g27170 31.2 
TTN7 (TITAN7); ATP binding / protein 

binding 0.97 0.010 

246436_at At5g17440 35.1 
LUC7 N_terminus domain-containing 

protein 0.96 0.028 

258524_at At3g06810 11.9.4.2 
IBR3 (IBA-RESPONSE 3); acyl-CoA 
dehydrogenase/ oxidoreductase 0.96 0.015 

254012_at At4g26230 
29.2.1.2.2.3

1 60S ribosomal protein L31 (RPL31B) 0.96 0.014 

256235_at At3g12490 29.5.3 
cysteine protease inhibitor, putative / 

cystatin, putative 0.96 0.042 

256480_at At1g33410 35.2 SAR1 (suppressor of auxin resistance1) 0.95 0.031 

253656_at At4g30090 35.2 emb1353 (embryo defective 1353) 0.95 0.017 
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245489_at At4g16280 33.99 FCA; RNA binding 0.95 0.008 

248471_at At5g50840 35.2   0.95 0.038 

260830_at At1g06760 28.1.3 histone H1, putative 0.95 0.020 

260813_at At1g43700 31.1 
VIP1 (VIRE2-INTERACTING PROTEIN 1); 
protein binding / transcription factor 0.95 0.025 

248101_at At5g55200 29.6 co-chaperone grpE protein, putative 0.94 0.015 

245387_at At4g17520 27.4 nuclear RNA-binding protein, putative 0.94 0.040 

253543_at At4g31270 27.3.30 transcription factor 0.94 0.030 

264852_at At2g17480 20.1.3.1 
MLO8 (MILDEW RESISTANCE LOCUS O 

8); calmodulin binding 0.94 0.007 

253446_at At4g32620 35.2 nucleic acid binding 0.94 0.035 
257705_at At3g12760 35.1  0.93 0.029 

 
 

248253_at At5g53290 27.3.3 
CRF3 (CYTOKININ RESPONSE FACTOR 3); 

DNA binding / transcription factor 0.93 0.043 

250179_at At5g14440 35.1   0.93 0.049 

259639_at At1g52380 30.5 

Ran-binding protein 1 domain-
containing protein / RanBP1 domain-

containing protein 0.92 0.032 

250175_at At5g14390 35.2   0.92 0.022 

265383_at At2g16780 33.99 
MSI2 (MULTICOPY SUPPRESSOR OF 

IRA1 2) 0.92 0.010 

267196_at At2g30950 29.5.7 

VAR2 (VARIEGATED 2); ATP-dependent 
peptidase/ ATPase/ metallopeptidase/ 

zinc ion binding 0.92 0.024 

245731_at At1g73500 30.6 

MKK9 (MAP KINASE KINASE 9); MAP 
kinase kinase/ kinase/ protein kinase 

activator 0.92 0.019 

256994_s_at At3g25830 16.1.5 

ATTPS-CIN (terpene synthase-like 
sequence-1,8-cineole); (E)-beta-

ocimene synthase/ myrcene synthase 0.91 0.042 

253381_at At4g33350 29.3.3 
chloroplast inner membrane import 

protein Tic22, putative 0.91 0.030 

262570_at At1g15200 35.1 
protein-protein interaction regulator 

family protein 0.91 0.020 

252290_at At3g49140 35.1.5   0.91 0.011 

253996_at At4g26110 28.1 
NAP1;1 (NUCLEOSOME ASSEMBLY 

PROTEIN1;1); DNA binding 0.90 0.010 

254390_at At4g21940 30.3 

CPK15; ATP binding / calcium ion 
binding / calmodulin-dependent protein 
kinase/ kinase/ protein kinase/ protein 

serine/threonine kinase 0.90 0.010 

260627_at At1g62310 29.5.11.4.2 
transcription factor jumonji (jmjC) 

domain-containing protein 0.90 0.033 

265445_at At2g37190 
29.2.1.2.2.1

2 60S ribosomal protein L12 (RPL12A) 0.89 0.030 

267454_at At2g33730 27.1.2 DEAD box RNA helicase, putative 0.89 0.037 

266934_at At2g18900 35.1 
transducin family protein / WD-40 

repeat family protein 0.88 0.042 
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267082_at At2g41140 29.4 

CRK1 (CDPK-RELATED KINASE 1); 
calcium ion binding / calcium-

dependent protein serine/threonine 
phosphatase/ calmodulin-dependent 

protein kinase/ kinase 0.88 0.027 

264193_at At1g54610 29.4.1 protein kinase family protein 0.88 0.022 

251184_at At3g62840 27.1   0.88 0.050 

248826_at At5g47080 29.4 CKB1; protein kinase regulator 0.87 0.026 

267500_s_at At2g45510 26.10 

CYP704A2; electron carrier/ heme 
binding / iron ion binding / 

monooxygenase/ oxygen binding 0.87 0.026 

262977_at At1g75490 27.3.3 DNA binding / transcription factor 0.87 0.021 

258410_at At3g16780 
29.2.1.2.2.1

9 60S ribosomal protein L19 (RPL19B) 0.87 0.032 

255721_at At1g31940 35.2 unknown protein 0.87 0.046 

246642_s_at At5g34920 28.1.1.5 transposable element gene 0.87 0.039 

266501_at At2g06990 27.1 
HEN2 (hua enhancer 2); ATP-dependent 

helicase/ RNA helicase 0.87 0.034 

267158_at At2g37640 10.7 EXP3 0.86 0.043 

253415_at At4g33060 35.2 
peptidyl-prolyl cis-trans isomerase 

cyclophilin-type family protein 0.86 0.015 

251121_at At3g63420 30.5 
AGG1 (Arabidopsis Ggamma-subunit 1); 

GTP binding 0.85 0.009 

254684_at At4g13850 27.4 

GR-RBP2 (GLYCINE-RICH RNA-BINDING 
PROTEIN 2); ATP binding / RNA binding 
/ double-stranded DNA binding / single-

stranded DNA binding 0.85 0.015 

252606_at At3g45010 29.5 
scpl48 (serine carboxypeptidase-like 
48); serine-type carboxypeptidase 0.85 0.009 

249038_at At5g44280 29.5.11.4.2 
RING1A (RING 1A); protein binding / 

zinc ion binding 0.85 0.030 

262068_at At1g80070 27.1.1 SUS2 (ABNORMAL SUSPENSOR 2) 0.84 0.018 

259756_at At1g71080 35.2 unknown protein 0.84 0.023 

256058_at At1g07240 26.2 

UGT71C5 (UDP-GLUCOSYL 
TRANSFERASE 71C5); UDP-

glycosyltransferase/ quercetin 3-O-
glucosyltransferase/ transferase, 

transferring glycosyl groups 0.83 0.029 

258910_at At3g06480 27.1.2 DEAD box RNA helicase, putative 0.83 0.032 

247935_at At5g56940 
29.2.1.1.3.1

.16 ribosomal protein S16 family protein 0.83 0.008 

251880_at At3g54290 35.2   0.83 0.043 

245851_at At5g13540 29.4   0.83 0.025 

254270_at At4g23100 21.2.2 
GSH1 (GLUTAMATE-CYSTEINE LIGASE); 

glutamate-cysteine ligase 0.83 0.026 

262746_at At1g28960 23.3.3 

ATNUDX15 (ARABIDOPSIS THALIANA 
NUDIX HYDROLASE HOMOLOG 15); 

hydrolase 0.82 0.044 

248054_at At5g55820 35.2 unknown protein 0.82 0.017 

262496_at At1g21790 35.2   0.82 0.020 

258518_at At3g06570 
29.5.11.4.3.

2 
kelch repeat-containing F-box family 

protein 0.82 0.031 
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245934_at At5g09330 33.99 

anac082 (Arabidopsis NAC domain 
containing protein 82); transcription 

factor 0.82 0.029 

263448_at At2g31660 29.3.1 

SAD2 (SUPER SENSITIVE TO ABA AND 
DROUGHT2); binding / protein 

transporter 0.82 0.043 

264938_at At1g60610 29.5.11.4.2 protein binding / zinc ion binding 0.82 0.037 

267314_at At2g34730 35.2 myosin heavy chain-related 0.82 0.031 

246775_at At5g27540 30.5 
MIRO1 (Miro-related GTP-ase 1); GTP 

binding 0.81 0.015 

260681_at At1g08020 35.2   0.81 0.024 

248070_at At5g55660 35.2   0.80 0.022 

251856_at At3g54720 29.5 
AMP1 (ALTERED MERISTEM PROGRAM 

1); carboxypeptidase/ dipeptidase 0.80 0.028 

245909_at At5g09380 27.3.50 
DNA-directed RNA polymerase III RPC4 

family protein 0.79 0.032 

252335_at At3g48860 35.2 unknown protein 0.79 0.029 

260069_at At1g73820 35.1 Ssu72-like family protein 0.79 0.043 

261075_at At1g07280 35.2 binding 0.79 0.045 

253343_at At4g33540 35.1 metallo-beta-lactamase family protein 0.79 0.026 

266806_at At2g30000 35.2   0.79 0.031 

259667_at At1g55270 
29.5.11.4.3.

2 
kelch repeat-containing F-box family 

protein 0.78 0.045 

250532_at At5g08540 35.2 unknown protein 0.78 0.049 

253689_at At4g29770 35.2   0.77 0.049 

246244_at At4g37250 30.2.3 
leucine-rich repeat family protein / 

protein kinase family protein 0.76 0.031 

262874_at At1g65020 35.2   0.76 0.021 

247937_at At5g57110 34.21 

ACA8 (AUTOINHIBITED CA2+ -ATPASE, 
ISOFORM 8); calcium-transporting 

ATPase/ calmodulin binding / protein 
self-association 0.76 0.048 

247607_at At5g60960 35.1.5 
pentatricopeptide (PPR) repeat-

containing protein 0.75 0.040 

247838_at At5g57990 29.5.11.5 

UBP23 (UBIQUITIN-SPECIFIC PROTEASE 
23); ubiquitin thiolesterase/ ubiquitin-

specific protease 0.75 0.045 

252182_at At3g50670 27.1.1 

U1-70K (U1 SMALL NUCLEAR 
RIBONUCLEOPROTEIN-70K); RNA 

binding / nucleic acid binding / 
nucleotide binding 0.75 0.032 

267140_at At2g38250 27.3.30 DNA-binding protein-related 0.74 0.022 

247488_at At5g61820 35.2   0.74 0.029 

264830_at At1g03710 35.2   0.74 0.038 

254076_at At4g25340 29.6 

immunophilin-related / FKBP-type 
peptidyl-prolyl cis-trans isomerase-

related 0.72 0.037 

267351_at At2g40040 27.2   0.72 0.049 

261775_at At1g76280 35.1.5 
pentatricopeptide (PPR) repeat-

containing protein 0.72 0.026 

255555_at At4g01810 29.3.4.2 protein transport protein-related 0.70 0.043 
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252683_at At3g44380 35.2   0.69 0.046 

253603_at At4g30935 27.3.32 WRKY32; transcription factor 0.69 0.036 

253750_at At4g29000 27.3.17 
tesmin/TSO1-like CXC domain-

containing protein 0.69 0.045 

245670_at At1g28210 20.2.1 
ATJ1; heat shock protein binding / 

unfolded protein binding 0.68 0.025 

258049_at At3g16220 35.1   0.68 0.039 

258160_at At3g17820 12.2.2 
ATGSKB6; copper ion binding / 

glutamate-ammonia ligase 0.63 0.039 

251038_at At5g02240 29.5 binding / catalytic/ coenzyme binding 0.63 0.035 

247436_at At5g62530 13.2.2.2 

ALDH12A1; 1-pyrroline-5-carboxylate 
dehydrogenase/ 3-chloroallyl aldehyde 

dehydrogenase 0.62 0.049 

260214_at At1g74510 
29.5.11.4.3.

2 
kelch repeat-containing F-box family 

protein 0.62 0.044 

266215_at At2g06850 10.7 

EXGT-A1 (ENDOXYLOGLUCAN 
TRANSFERASE); hydrolase, acting on 

glycosyl bonds / xyloglucan:xyloglucosyl 
transferase -0.56 0.043 

255723_at At3g29575 35.2 AFP3 (ABI FIVE BINDING PROTEIN 3) -0.65 0.044 

264057_at At2g28550 27.3.3 
RAP2.7 (RELATED TO AP2.7); DNA 

binding / transcription factor -0.66 0.040 

254358_at At4g22310 35.2 unknown protein -0.67 0.019 

247788_at At5g58730 3.5 
pfkB-type carbohydrate kinase family 

protein -0.68 0.039 

262324_at At1g64170 34.12 

ATCHX16 (CATION/H+ EXCHANGER 16); 
monovalent cation:proton antiporter/ 

sodium:hydrogen antiporter -0.69 0.045 

256878_at At3g26460 20.2.99 
major latex protein-related / MLP-

related -0.71 0.047 

261749_at At1g76180 20.2.99 
ERD14 (EARLY RESPONSE TO 

DEHYDRATION 14); calcium ion binding -0.71 0.026 

261131_at At1g19835 35.2 unknown protein -0.71 0.043 

263941_at At2g35870 35.2   -0.72 0.033 

263918_at At2g36590 34.3 

ProT3 (PROLINE TRANSPORTER 3); L-
proline transmembrane transporter/ 

amino acid transmembrane transporter -0.72 0.019 

254747_at At4g13020 29.4.1 
MHK; ATP binding / kinase/ protein 

kinase/ protein serine/threonine kinase -0.72 0.019 

254784_at At4g12720 23.3.3 

NUDT7; ADP-ribose diphosphatase/ 
NAD or NADH binding / hydrolase/ 
nucleoside-diphosphatase/ protein 

homodimerization -0.74 0.021 

255733_at At1g25400 35.2 unknown protein -0.74 0.043 

260880_at At1g21380 31.4 
VHS domain-containing protein / GAT 

domain-containing protein -0.75 0.036 

246397_at At1g58190 20.1 
AtRLP9 (Receptor Like Protein 9); 

protein binding -0.76 0.043 

259109_at At3g05580 29.4 
serine/threonine protein phosphatase, 

putative -0.77 0.032 

261356_at At1g79660 35.2 unknown protein -0.78 0.036 

263799_at At2g24550 20.2 unknown protein -0.78 0.015 

258493_at At3g02555 35.2 unknown protein -0.78 0.037 

264598_at At1g04610 26.7 
flavin-containing monooxygenase / 

FMO (YUCCA3) -0.78 0.049 
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260554_at At2g41790 29.5.7 
peptidase M16 family protein / 

insulinase family protein -0.78 0.025 

254103_at At4g25030 35.2 unknown protein -0.79 0.026 

259424_at At1g13830 26.4 beta-1,3-glucanase-related -0.80 0.023 

262166_at At1g74840 27.3.26 myb family transcription factor -0.80 0.012 

251827_at At3g55120 16.8.2.2 
TT5 (TRANSPARENT TESTA 5); chalcone 

isomerase -0.80 0.033 

262250_at At1g48280 35.1.41 
hydroxyproline-rich glycoprotein family 

protein -0.80 0.017 

264952_at At1g76900 31.1 

AtTLP1 (TUBBY LIKE PROTEIN 1); 
phosphoric diester hydrolase/ 

transcription factor -0.80 0.044 

265355_at At2g16760 35.2   -0.80 0.029 

260168_at At1g71980 29.5.11.4.2 
protease-associated zinc finger (C3HC4-

type RING finger) family protein -0.81 0.019 

263019_at At1g23870 3.2.3 
ATTPS9; transferase, transferring 

glycosyl groups / trehalose-phosphatase -0.81 0.043 

252202_at At3g50300 16.2 transferase family protein -0.81 0.031 

267037_at At2g38320 35.2 unknown protein -0.82 0.037 

260211_at At1g74440 35.1 unknown protein -0.82 0.035 

247655_at At5g59820 27.3.11 

RHL41 (RESPONSIVE TO HIGH LIGHT 
41); nucleic acid binding / transcription 

factor/ zinc ion binding -0.82 0.033 

264460_at At1g10170 27.3.67 

ATNFXL1 (ARABIDOPSIS THALIANA NF-
X-LIKE 1); protein binding / transcription 

factor/ zinc ion binding -0.83 0.042 

256285_at At3g12510 35.2 unknown protein -0.83 0.041 

247552_at At5g60920 10.2.2 COB (COBRA) -0.83 0.039 

248306_at At5g52830 27.3.32 WRKY27; transcription factor -0.83 0.021 

245966_at At5g19790 27.3.3 
RAP2.11 (related to AP2 11); DNA 

binding / transcription factor -0.84 0.040 

249032_at At5g44910 35.1.6 
Toll-Interleukin-Resistance (TIR) 

domain-containing protein -0.85 0.012 

258402_at At3g15450 17.2.3 unknown protein -0.86 0.041 

252214_at At3g50260 17.5.2 

CEJ1 (COOPERATIVELY REGULATED BY 
ETHYLENE AND JASMONATE 1); DNA 

binding / transcription factor -0.86 0.033 

257754_at At3g18820 30.5 
ATRAB7B (ARABIDOPSIS RAB GTPASE 

HOMOLOG G3F); GTP binding -0.86 0.034 

259010_at At3g07340 27.3.6 
basic helix-loop-helix (bHLH) family 

protein -0.86 0.017 

261594_at At1g33240 27.3.30 
AT-GTL1 (GT2-LIKE 1); DNA binding / 

transcription factor -0.87 0.043 

249778_at At5g24165 35.2 unknown protein -0.87 0.038 

257228_at At3g27890 35.1 
NQR (NADPH:QUINONE 

OXIDOREDUCTASE); FMN reductase -0.88 0.043 

246270_at At4g36500 35.2 unknown protein -0.88 0.043 

251663_at At3g57070 21.4 glutaredoxin family protein -0.88 0.010 

246987_at At5g67300 27.3.25 
MYBR1 (MYB DOMAIN PROTEIN R1); 

DNA binding / transcription factor -0.89 0.025 

259191_at At3g01720 35.2 unknown protein -0.89 0.042 
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246660_at At5g35180 35.2 phosphoinositide binding -0.89 0.031 

255935_at At1g12700 28.1 

helicase domain-containing protein / 
pentatricopeptide (PPR) repeat-

containing protein -0.90 0.029 

264854_at At2g17450 29.5.11.4.2 
RHA3A; protein binding / zinc ion 

binding -0.90 0.024 

252512_at At3g46290 30.2.16 protein kinase, putative -0.90 0.025 

245397_at At4g14560 27.3.40 

IAA1 (INDOLE-3-ACETIC ACID 
INDUCIBLE); protein binding / 

transcription factor -0.91 0.031 

267573_at At2g30670 26.8 
tropinone reductase, putative / tropine 

dehydrogenase, putative -0.91 0.022 

258325_at At3g22830 27.3.23 
AT-HSFA6B; DNA binding / transcription 

factor -0.91 0.007 

248393_at At5g52060 20.2 

ATBAG1 (ARABIDOPSIS THALIANA BCL-
2-ASSOCIATED ATHANOGENE 1); 

protein binding -0.91 0.018 

248404_at At5g51460 3.2.2 ATTPPA; trehalose-phosphatase -0.91 0.048 

264339_at At1g70290 3.2.3 

ATTPS8; alpha,alpha-trehalose-
phosphate synthase (UDP-forming)/ 

transferase, transferring glycosyl groups  -0.91 0.013 

253993_at At4g26070 30.6 

MEK1 (MAP KINASE/ ERK KINASE 1); 
MAP kinase kinase/ kinase/ protein 

binding -0.91 0.043 

252225_at At3g49870 35.2 
ATARLA1C (ADP-ribosylation factor-like 

A1C); GTP binding -0.91 0.024 

264879_at At1g61260 35.2 unknown protein -0.92 0.050 

256458_at At1g75220 34.2 integral membrane protein, putative -0.92 0.010 

254815_at At4g12420 33.99 
SKU5; copper ion binding / 

oxidoreductase -0.93 0.015 

262590_at At1g15100 29.5.11.4.2 
RHA2A; protein binding / ubiquitin-

protein ligase/ zinc ion binding -0.94 0.036 

258813_at At3g04060 33.99 

anac046 (Arabidopsis NAC domain 
containing protein 46); transcription 

factor -0.94 0.032 

246156_at At5g20090 35.2 unknown protein -0.94 0.033 

249481_at At5g38900 35.1 DSBA oxidoreductase family protein -0.94 0.014 

255175_at At4g07960 10.2 

ATCSLC12 (CELLULOSE-SYNTHASE LIKE 
C12); cellulose synthase/ transferase, 

transferring glycosyl groups -0.95 0.044 

252193_at At3g50060 27.3.25 
MYB77; DNA binding / transcription 

factor -0.95 0.030 

263379_at At2g40140 27.3.12 CZF1; transcription factor -0.96 0.038 

258369_at At3g14310 10.8.1 ATPME3; pectinesterase -0.96 0.050 

250633_at At5g07460 28.1 

PMSR2 (PEPTIDEMETHIONINE 
SULFOXIDE REDUCTASE 2); 

oxidoreductase, acting on sulfur group 
of donors, disulfide as acceptor / 
peptide-methionine-(S)-S-oxide 

reductase -0.97 0.016 

259736_at At1g64390 26.3.4 

AtGH9C2 (Arabidopsis thaliana glycosyl 
hydrolase 9C2); carbohydrate binding / 

catalytic/ hydrolase, hydrolyzing O-
glycosyl compounds -0.97 0.019 

261690_at At1g50090 26.26.1 aminotransferase class IV family protein -0.97 0.041 

253165_at At4g35320 35.2 unknown protein -0.98 0.025 
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247191_at At5g65310 27.3.22 

ATHB5 (ARABIDOPSIS THALIANA 
HOMEOBOX PROTEIN 5); protein 

homodimerization/ sequence-specific 
DNA binding / transcription activator/ 

transcription factor -0.98 0.029 

258963_at At3g10550 29.4 
phosphatase/ protein tyrosine 

phosphatase -0.98 0.038 

261792_at At1g15950 16.2.1.7 
CCR1 (CINNAMOYL COA REDUCTASE 1); 

cinnamoyl-CoA reductase -0.99 0.019 

265042_at At1g04040 26.13 acid phosphatase class B family protein -0.99 0.041 

254492_at At4g20260 30.4 
DREPP plasma membrane polypeptide 

family protein -0.99 0.034 

254608_at At4g18910 34.19.3 

NIP1;2 (NOD26-LIKE INTRINSIC PROTEIN 
1;2); arsenite transmembrane 

transporter/ water channel -0.99 0.017 

247126_at At5g66080 29.4 
protein phosphatase 2C family protein / 

PP2C family protein -1.00 0.023 

254850_at At4g12000 35.2   -1.00 0.033 

247030_at At5g67210 35.2 unknown protein -1.00 0.029 

247955_at At5g56950 26.3.2 
NAP1;3 (NUCLEOSOME ASSEMBLY 

PROTEIN 1;3); DNA binding -1.00 0.025 

262827_at At1g13100 26.10 

CYP71B29; electron carrier/ heme 
binding / iron ion binding / 

monooxygenase/ oxygen binding -1.01 0.039 

267384_at At2g44370 35.1.26 DC1 domain-containing protein -1.01 0.026 

247326_at At5g64110 26.12 peroxidase, putative -1.01 0.025 

267153_at At2g30860 26.9 

ATGSTF9 (GLUTATHIONE S-
TRANSFERASE PHI 9); copper ion 
binding / glutathione binding / 

glutathione peroxidase/ glutathione 
transferase -1.02 0.036 

246486_at At5g15910 35.1 dehydrogenase-related -1.02 0.048 

247817_at At5g58375 35.2 unknown protein -1.03 0.029 

259072_at At3g11700 10.5.1 

FLA18 (FASCICLIN-LIKE 
ARABINOGALACTAN PROTEIN 18 

PRECURSOR) -1.03 0.020 

245056_at At2g26480 26.2 

UGT76D1 (UDP-GLUCOSYL 
TRANSFERASE 76D1); UDP-

glycosyltransferase/ quercetin 7-O-
glucosyltransferase/ transferase, 

transferring glycosyl groups -1.03 0.028 

259445_at At1g02400 17.6.1.13 
GA2OX6 (GIBBERELLIN 2-OXIDASE 6); 

gibberellin 2-beta-dioxygenase -1.04 0.025 

253458_at At4g32070 35.1.5 

octicosapeptide/Phox/Bem1p (PB1) 
domain-containing protein / 

tetratricopeptide repeat (TPR)-
containing protein -1.04 0.024 

263788_at At2g24580 13.1.5.2.41 sarcosine oxidase family protein -1.04 0.037 

255872_at At2g30360 29.4 
SIP4 (SOS3-INTERACTING PROTEIN 4); 

kinase/ protein kinase -1.04 0.009 

251771_at At3g56000 10.2 
ATCSLA14; cellulose synthase/ 

transferase, transferring glycosyl groups -1.05 0.011 

256828_at At3g22970 35.2 unknown protein -1.05 0.003 

266561_at At2g23960 35.1 defense-related protein, putative -1.05 0.033 
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247474_at At5g62280 35.2 unknown protein -1.05 0.015 

252874_at At4g40095 35.2   -1.06 0.031 

258015_at At3g19340 35.2   -1.06 0.025 

265680_at At2g32150 35.1 
haloacid dehalogenase-like hydrolase 

family protein -1.06 0.005 

261727_at At1g76090 17.3.1.2.2 

SMT3 (STEROL METHYLTRANSFERASE 
3); S-adenosylmethionine-dependent 

methyltransferase/ sterol 24-C-
methyltransferase -1.07 0.042 

247029_at At5g67190 27.3.3 
AP2 domain-containing transcription 

factor, putative -1.07 0.015 

260344_at At1g69240 26.8 
MES15 (METHYL ESTERASE 15); 

hydrolase -1.07 0.029 

257951_at At3g21700 35.2 SGP2; GTP binding -1.07 0.006 

245987_at At5g13180 33.99 

ANAC083 (ARABIDOPSIS NAC DOMAIN 
CONTAINING PROTEIN 83); 

transcription factor -1.07 0.032 

265265_at At2g42900 35.2   -1.08 0.046 

253910_at At4g27290 30.2.24 

ATP binding / protein kinase/ protein 
serine/threonine kinase/ protein 

tyrosine kinase/ sugar binding -1.08 0.008 

254032_at At4g25940 35.1.21 
epsin N-terminal homology (ENTH) 

domain-containing protein -1.09 0.024 

257363_at At2g45760 35.2 BAP2 (BON ASSOCIATION PROTEIN 2) -1.09 0.033 

250337_at At5g11790 35.1 Ndr family protein -1.09 0.009 

245262_at At4g16563 29.5.4 aspartyl protease family protein -1.09 0.019 

250777_at At5g05440 35.1 unknown protein -1.10 0.004 

248758_at At5g47620 27.4 

heterogeneous nuclear 
ribonucleoprotein, putative / hnRNP, 

putative -1.11 0.009 

245945_at At5g19560 30.5 

ROPGEF10 (ROP UANINE NUCLEOTIDE 
EXCHANGE FACTOR 10); Rho guanyl-

nucleotide exchange factor -1.11 0.050 

266906_at At2g34585 35.2 unknown protein -1.11 0.037 

252054_at At3g52540 33.99 OFP18 (OVATE FAMILY PROTEIN 18) -1.11 0.005 

267614_at At2g26710 17.3.1.1.5 

BAS1 (PHYB ACTIVATION TAGGED 
SUPPRESSOR 1); oxygen binding / 

steroid hydroxylase -1.11 0.032 

266196_at At2g39110 29.4.1.57 protein kinase, putative -1.11 0.045 

264804_at At1g08590 30.2.11 CLAVATA1 receptor kinase (CLV1) -1.11 0.009 

248507_at At5g50420 35.2 unknown protein -1.11 0.024 

257176_s_at At3g23510 11.3.7 
cyclopropane fatty acid synthase, 

putative / CPA-FA synthase, putative -1.13 0.029 

260567_at At2g43820 26.2 

UGT74F2 (UDP-GLUCOSYLTRANSFERASE 
74F2); UDP-glucose:4-aminobenzoate 

acylglucosyltransferase/ UDP-
glucosyltransferase/ UDP-

glycosyltransferase/ transferase, 
transferring glycosyl groups / 

transferase, transferring hexosyl groups -1.13 0.015 

248708_at At5g48560 27.3.6 
basic helix-loop-helix (bHLH) family 

protein -1.13 0.008 

254060_at At4g25350 34.7 
SHB1 (SHORT HYPOCOTYL UNDER 

BLUE1) -1.13 0.032 
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266525_at At2g16970 35.2 
MEE15 (maternal effect embryo arrest 

15); tetracycline transporter -1.14 0.040 

247522_at At5g61340 35.2 unknown protein -1.14 0.041 

251501_at At3g59120 35.1.26 DC1 domain-containing protein -1.14 0.049 

262978_at At1g75780 31.1 
TUB1; GTP binding / GTPase/ structural 

molecule -1.14 0.043 

245626_at At1g56700 3.1.1.1 
pyrrolidone-carboxylate peptidase 

family protein -1.14 0.002 

261027_at At1g01340 34.22 

ATCNGC10 (CYCLIC NUCLEOTIDE GATED 
CHANNEL 10); calmodulin binding / 

cyclic nucleotide binding / ion channel -1.14 0.015 

250217_at At5g14120 33.99 nodulin family protein -1.15 0.002 

266918_at At2g45800 33.99 LIM domain-containing protein -1.15 0.042 

247594_at At5g60800 34.99 
heavy-metal-associated domain-

containing protein -1.15 0.006 

257269_at At3g17440 31.4 NPSN13 (NOVEL PLANT SNARE 13) -1.16 0.023 

256229_at At1g58200 31.2.5 MSL3 (MscS-LIKE 3); ion channel -1.16 0.002 

266765_at At2g46860 23.4.99 

AtPPa3 (Arabidopsis thaliana 
pyrophosphorylase 3); inorganic 

diphosphatase/ pyrophosphatase -1.16 0.033 

265732_at At2g01300 35.2 unknown protein -1.16 0.043 

259184_at At3g01520 20.2.99 
universal stress protein (USP) family 

protein -1.17 0.016 

260771_at At1g49160 29.4 WNK7; kinase/ protein kinase -1.17 0.013 

247914_at At5g57540 10.7 

xyloglucan:xyloglucosyl transferase, 
putative / xyloglucan 

endotransglycosylase, putative / endo-
xyloglucan transferase, putative -1.17 0.011 

245556_at At4g15400 35.1 transferase family protein -1.18 0.009 

251086_at At5g01450 29.5.11.4.2 protein binding / zinc ion binding -1.18 0.018 

254656_at At4g18070 35.2 unknown protein -1.18 0.018 

254223_at At4g23730 3.5 aldose 1-epimerase family protein -1.19 0.029 

246001_at At5g20790 35.2 unknown protein -1.19 0.043 
261120_at At1g75410 27.3.22 BLH3 (BEL1-LIKE HOMEODOMAIN 3); 

DNA binding / transcription factor 
-1.19 0.017 

 
 
 

260395_at At1g69780 27.3.22 

ATHB13; DNA binding / sequence-
specific DNA binding / transcription 

factor -1.19 0.043 

267588_at At2g42060 27.3.99 CHP-rich zinc finger protein, putative -1.20 0.009 

256891_at At3g19030 13.1.5.1.2 unknown protein -1.20 0.050 

252053_at At3g52400 31.4 
SYP122 (SYNTAXIN OF PLANTS 122); 

SNAP receptor -1.20 0.008 

252490_at At3g46720 26.2 
UDP-glucoronosyl/UDP-glucosyl 

transferase family protein -1.21 0.037 

246936_at At5g25360 35.2 unknown protein -1.21 0.031 

247202_at At5g65270 30.5 
AtRABA4a (Arabidopsis Rab GTPase 

homolog A4a); GTP binding -1.21 0.025 

265161_at At1g30900 29.3.4.3 vacuolar sorting receptor, putative -1.22 0.023 

257825_at At3g26700 29.4.1.59 protein kinase family protein -1.22 0.009 

255602_at At4g01026 35.2 unknown protein -1.22 0.023 



Appendix chapter 3 

 

316 

 

Affymetrix 
ID Gene Bincode TAIR annotation 

log fold 
change adj.P.Value 

251629_at At3g57410 31.1 VLN3 (VILLIN 3); actin binding -1.22 0.001 

254858_at At4g12070 35.2 unknown protein -1.23 0.024 

264207_at At1g22750 35.2 unknown protein -1.23 0.002 

256785_at At3g13720 30.5 PRA8 -1.23 0.002 

262619_at At1g06550 11.9.4.3 
enoyl-CoA hydratase/isomerase family 

protein -1.23 0.042 

251306_at At3g61260 27.3.67 
DNA-binding family protein / remorin 

family protein -1.24 0.006 

261822_at At1g11380 35.2 unknown protein -1.24 0.021 

257295_at At3g17420 29.4.1.55 
GPK1; ATP binding / kinase/ protein 

kinase/ protein serine/threonine kinase -1.24 0.009 

255381_at At4g03510 29.5.11.4.2 
RMA1; protein binding / ubiquitin-

protein ligase/ zinc ion binding -1.24 0.030 

245767_at At1g33610 35.1 protein binding -1.25 0.036 

248652_at At5g49270 15 SHV2 (SHAVEN 2) -1.25 0.030 

265480_at At2g15970 20.2.2 COR413-PM1 -1.25 0.023 

247685_at At5g59680 30.2.1 
leucine-rich repeat protein kinase, 

putative -1.25 0.024 

265687_s_at At2g24470 35.2 unknown protein -1.25 0.042 

258811_at At3g03990 35.1 
esterase/lipase/thioesterase family 

protein -1.26 0.015 

256321_at At1g55020 17.7.1.2 LOX1; lipoxygenase -1.26 0.016 

258179_at At3g21690 34.99 MATE efflux family protein -1.26 0.025 

250533_at At5g08640 16.8.4 
FLS (FLAVONOL SYNTHASE); flavonol 

synthase -1.27 0.040 

266162_at At2g28160 35.2 

FRU (FER-LIKE REGULATOR OF IRON 
UPTAKE); DNA binding / transcription 

factor -1.27 0.015 

261748_at At1g76070 35.2 unknown protein -1.27 0.011 

251174_at At3g63200 33.1 
PLP9 (PATATIN-LIKE PROTEIN 9); 

nutrient reservoir -1.28 0.007 

264182_at At1g65360 27.3.24 
AGL23 (AGAMOUS-LIKE 23); DNA 

binding / transcription factor -1.28 0.040 

263742_at At2g20625 35.2 unknown protein -1.28 0.007 

262049_at At1g80180 35.2 unknown protein -1.28 0.022 

257162_s_at At3g24290 34.5 

AMT1;5 (AMMONIUM TRANSPORTER 
1;5); ammonium transmembrane 

transporter -1.28 0.034 

259664_at At1g55330 10.5.1 AGP21 -1.29 0.032 

265796_at At2g35730 35.1 
heavy-metal-associated domain-

containing protein -1.29 0.025 

255591_at At4g01630 10.7 
ATEXPA17 (ARABIDOPSIS THALIANA 

EXPANSIN A17) -1.29 0.023 

261999_at At1g33800 35.2 unknown protein -1.29 0.033 

250944_at At5g03380 34.12 
heavy-metal-associated domain-

containing protein -1.29 0.022 

258386_at At3g15520 31.3.1 

peptidyl-prolyl cis-trans isomerase 
TLP38, chloroplast / thylakoid lumen 

PPIase of 38 kDa / cyclophilin / 
rotamase -1.30 0.018 

254410_at At4g21410 30.2.17 protein kinase family protein -1.30 0.032 
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263892_at At2g36890 27.3.25 

RAX2 (REGULATOR OF AXILLARY 
MERISTEMS 2); DNA binding / 

transcription factor -1.30 0.018 

264580_at At1g05340 35.2 unknown protein -1.30 0.045 

254321_at At4g22590 3.2.2 
trehalose-6-phosphate phosphatase, 

putative -1.31 0.007 

266941_at At2g18980 26.12 peroxidase, putative -1.31 0.049 

257264_at At3g22060 30.2.99 receptor protein kinase-related -1.31 0.034 

258143_at At3g18170 35.2 transferase, transferring glycosyl groups -1.31 0.037 

257393_at At2g20080 35.2 unknown protein -1.31 0.030 

260161_at At1g79860 30.5 

ROPGEF12 (RHO GUANYL-NUCLEOTIDE 
EXCHANGE FACTOR 12); Rho guanyl-

nucleotide exchange factor -1.31 0.013 

257924_at At3g23190 20.1 lesion inducing protein-related -1.32 0.007 

251575_at At3g58120 27.3.35 
BZIP61; DNA binding / transcription 

activator/ transcription factor -1.32 0.018 

261570_at At1g01120 11.1.10 
KCS1 (3-KETOACYL-COA SYNTHASE 1); 

acyltransferase/ fatty acid elongase -1.32 0.038 

247871_at At5g57530 10.7 

xyloglucan:xyloglucosyl transferase, 
putative / xyloglucan 

endotransglycosylase, putative / endo-
xyloglucan transferase, putative -1.32 0.039 

258616_at At3g02880 30.2.3 
leucine-rich repeat transmembrane 

protein kinase, putative -1.32 0.003 

264893_at At1g23140 35.1.19 C2 domain-containing protein -1.33 0.028 

265114_at At1g62440 10.5.3 

LRX2 (LEUCINE-RICH REPEAT/EXTENSIN 
2); protein binding / structural 

constituent of cell wall -1.33 0.039 

262592_at At1g15400 35.2 unknown protein -1.33 0.014 

251423_at At3g60550 29.4 
CYCP3;2 (cyclin p3;2); cyclin-dependent 

protein kinase -1.33 0.034 

259804_at At1g72160 34.99 

SEC14 cytosolic factor family protein / 
phosphoglyceride transfer family 

protein -1.33 0.014 

247856_at At5g58300 30.2.3 
leucine-rich repeat transmembrane 

protein kinase, putative -1.34 0.015 

266674_at At2g29620 35.2 unknown protein -1.34 0.035 

261585_at At1g01010 33.99 

ANAC001 (Arabidopsis NAC domain 
containing protein 1); transcription 

factor -1.34 0.010 

253015_at At4g37950 10.6.3 lyase -1.34 0.009 

256771_at At3g13710 35.3 
PRA1.F4 (PRENYLATED RAB ACCEPTOR 

1.F4) -1.34 0.043 

256884_at At3g15200 35.1.5 
pentatricopeptide (PPR) repeat-

containing protein -1.34 0.011 

254921_at At4g11300 35.2 unknown protein -1.36 0.030 

264323_at At1g04180 26.7 
flavin-containing monooxygenase 

family protein / FMO family protein -1.36 0.032 

257799_at At3g15890 30.2.99 protein kinase family protein -1.37 0.002 

254774_at At4g13440 30.3 calcium-binding EF hand family protein -1.38 0.004 

250618_at At5g07220 20.2 

ATBAG3 (ARABIDOPSIS THALIANA BCL-
2-ASSOCIATED ATHANOGENE 3); 

protein binding -1.39 0.007 
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264312_at At1g70450 30.2.22 protein kinase family protein -1.39 0.045 

264928_at At1g60710 17.2.3 ATB2; oxidoreductase -1.39 0.001 

249729_at At5g24410 7.1.2 
glucosamine/galactosamine-6-
phosphate isomerase-related -1.39 0.043 

247406_at At5g62920 27.3.5 

ARR6 (RESPONSE REGULATOR 6); 
transcription regulator/ two-

component response regulator -1.39 0.041 

247440_at At5g62680 34.13 
proton-dependent oligopeptide 
transport (POT) family protein -1.39 0.032 

254520_at At4g19960 34.15 
potassium ion transmembrane 

transporter -1.39 0.024 

266976_at At2g39410 35.1 
hydrolase, alpha/beta fold family 

protein -1.39 0.020 

251494_at At3g59350 29.4.1.58 
serine/threonine protein kinase, 

putative -1.39 0.011 

264956_at At1g76990 13.99 ACR3; amino acid binding -1.40 0.004 

257466_at At1g62840 35.2 unknown protein -1.40 0.023 

265710_at At2g03370 35.2 transferase, transferring glycosyl groups -1.41 0.026 

265611_at At2g25510 35.2 unknown protein -1.41 0.005 

258091_at At3g14560 35.2 unknown protein -1.41 0.012 

255266_at At4g05200 30.2.17 protein kinase family protein -1.41 0.038 

245209_at At5g12340 35.2 unknown protein -1.41 0.025 

263845_at At2g37040 16.2.1.1 
pal1 (Phe ammonia lyase 1); 

phenylalanine ammonia-lyase -1.42 0.012 

264989_at At1g27200 35.2 unknown protein -1.42 0.050 

251061_at At5g01830 29.5.11.4.2 

armadillo/beta-catenin repeat family 
protein / U-box domain-containing 

protein -1.42 0.005 

253741_at At4g28890 29.5.11.4.2 
protein binding / ubiquitin-protein 

ligase/ zinc ion binding -1.42 0.014 

250907_at At5g03670 35.2 unknown protein -1.42 0.041 

260955_at At1g06000 26.2 
UDP-glucoronosyl/UDP-glucosyl 

transferase family protein -1.42 0.010 

249260_at At5g41680 30.2.3 protein kinase family protein -1.42 0.015 

255601_at At4g01030 35.1.5 
pentatricopeptide (PPR) repeat-

containing protein -1.43 0.003 

262981_at At1g75590 17.2.3 auxin-responsive family protein -1.43 0.047 

264346_at At1g12010 17.5.1.2 

1-aminocyclopropane-1-carboxylate 
oxidase, putative / ACC oxidase, 

putative -1.43 0.045 

247868_at At5g57620 27.3.25 
MYB36 (myb domain protein 36); DNA 

binding / transcription factor -1.44 0.024 

260182_at At1g70750 35.2 unknown protein -1.44 0.006 

263226_at At1g30690 34.99 

SEC14 cytosolic factor family protein / 
phosphoglyceride transfer family 

protein -1.44 0.025 

259524_at At1g12550 1.2.6 oxidoreductase family protein -1.44 0.043 

262344_at At1g64060 20.1.1 

ATRBOH F (ARABIDOPSIS THALIANA 
RESPIRATORY BURST OXIDASE PROTEIN 

F); NAD(P)H oxidase -1.44 0.005 

253179_at At4g35200 35.2 unknown protein -1.44 0.029 

259106_at At3g05490 30.8 RALFL22 (ralf-like 22); signal transducer -1.45 0.011 
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258942_at At3g09960 29.4 
calcineurin-like phosphoesterase family 

protein -1.45 0.007 

249073_at At5g44020 33.1 acid phosphatase class B family protein -1.45 0.011 

260885_at At1g29230 29.4 

CIPK18 (CBL-INTERACTING PROTEIN 
KINASE 18); ATP binding / kinase/ 

protein kinase/ protein 
serine/threonine kinase -1.46 0.004 

258788_at At3g11780 35.1 

MD-2-related lipid recognition domain-
containing protein / ML domain-

containing protein -1.46 0.026 

264144_at At1g79320 29.5 
AtMC6 (metacaspase 6); cysteine-type 

endopeptidase -1.47 0.040 

246516_at At5g15740 35.1.999 unknown protein -1.47 0.027 

261562_at At1g01750 31.1 
ADF11 (ACTIN DEPOLYMERIZING 

FACTOR 11); actin binding -1.47 0.042 

258552_at At3g07010 10.6.3 pectate lyase family protein -1.47 0.041 

245803_at At1g47128 29.5.3 

RD21 (responsive to dehydration 21); 
cysteine-type endopeptidase/ cysteine-

type peptidase -1.48 0.002 

250596_at At5g07780 35.1.20 

formin homology 2 domain-containing 
protein / FH2 domain-containing 

protein -1.48 0.026 

252924_at At4g39070 27.3.7 zinc finger (B-box type) family protein -1.48 0.015 

249754_at At5g24530 16.8.3 

DMR6 (DOWNY MILDEW RESISTANT 6); 
oxidoreductase/ oxidoreductase, acting 
on paired donors, with incorporation or 

reduction of molecular oxygen, 2-
oxoglutarate as one donor, and 

incorporation of one atom each of 
oxygen into both donors -1.48 0.002 

255911_at At1g66930 30.2.20 
serine/threonine protein kinase family 

protein -1.49 0.020 

251035_at At5g02220 35.2 unknown protein -1.49 0.001 

257197_at At3g23800 15 
SBP3 (selenium-binding protein 3); 

selenium binding -1.49 0.022 

257504_at At1g52250 30.5   -1.49 0.042 

257650_at At3g16800 29.4 
protein phosphatase 2C, putative / 

PP2C, putative -1.50 0.025 

245746_at At1g51070 27.3.6 
basic helix-loop-helix (bHLH) family 

protein -1.50 0.003 

267293_at At2g23810 33.99 TET8 (TETRASPANIN8) -1.51 0.001 

247475_at At5g62310 33.99 

IRE (INCOMPLETE ROOT HAIR 
ELONGATION); kinase/ protein 

serine/threonine kinase -1.51 0.020 

256273_at At3g12090 33.99 TET6 (TETRASPANIN6) -1.51 0.043 

266257_at At2g27820 13.1.6.3.1 

PD1 (PREPHENATE DEHYDRATASE 1); 
arogenate dehydratase/ prephenate 

dehydratase -1.52 0.008 

265471_at At2g37130 26.12 peroxidase 21 (PER21) (P21) (PRXR5) -1.52 0.005 

267058_at At2g32510 29.4 

MAPKKK17; ATP binding / kinase/ 
protein kinase/ protein 
serine/threonine kinase -1.52 0.004 

259704_at At1g77680 27.1.19 ribonuclease II family protein -1.52 0.004 

254025_at At4g25790 20.2.99 
allergen V5/Tpx-1-related family 

protein -1.52 0.014 

250323_at At5g12880 10.5.4 proline-rich family protein -1.53 0.015 
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266533_s_at At2g16850 34.19.1 
PIP2;8 (PLASMA MEMBRANE INTRINSIC 

PROTEIN 2;8); water channel -1.53 0.008 

264998_at At1g67330 35.2 unknown protein -1.53 0.005 

263900_at At2g36290 35.1 
hydrolase, alpha/beta fold family 

protein -1.53 0.005 

245089_at At2g45290 1.3.8 transketolase, putative -1.53 0.006 

255732_at At1g25450 16.7 
KCS5 (3-KETOACYL-COA SYNTHASE 5); 

fatty acid elongase -1.54 0.008 

248164_at At5g54490 30.3 
PBP1 (PINOID-BINDING PROTEIN 1); 
calcium ion binding / protein binding -1.54 0.050 

255385_at At4g03610 35.1 unknown protein -1.54 0.007 

256751_at At3g27170 34.18 

CLC-B (CHLORIDE CHANNEL B); anion 
channel/ voltage-gated chloride 

channel -1.55 0.040 

253908_at At4g27260 17.2.3 
WES1; indole-3-acetic acid amido 

synthetase -1.55 0.016 

255716_at At4g00330 29.4.1.54 
CRCK2; ATP binding / kinase/ protein 

kinase/ protein serine/threonine kinase -1.55 0.003 

265481_at At2g15960 35.2 unknown protein -1.55 0.003 

258719_at At3g09540 10.6.3 pectate lyase family protein -1.56 0.047 

248835_at At5g47250 20.1.7 
disease resistance protein (CC-NBS-LRR 

class), putative -1.56 0.025 

256802_at At3g20950 26.10 
CYP705A32; electron carrier/ heme 

binding / iron ion binding / 
monooxygenase/ oxygen binding 

-1.56 

] 
 

0.007 
 
 

253628_at At4g30280 10.7 

XTH18 (XYLOGLUCAN 
ENDOTRANSGLUCOSYLASE/HYDROLASE 
18); hydrolase, acting on glycosyl bonds 

/ hydrolase, hydrolyzing O-glycosyl 
compounds / xyloglucan:xyloglucosyl 

transferase -1.56 0.028 

249411_at At5g40390 3.1.2.1 

SIP1 (seed imbibition 1-like); galactinol-
sucrose galactosyltransferase/ 

hydrolase, hydrolyzing O-glycosyl 
compounds -1.57 0.001 

261647_at At1g27740 27.3.6 
basic helix-loop-helix (bHLH) family 

protein -1.57 0.030 

256011_at At1g19230 20.1.1 
respiratory burst oxidase protein E 

(RbohE) / NADPH oxidase -1.58 0.015 

258742_at At3g05800 27.3.6 transcription factor -1.58 0.042 

266313_at At2g26980 29.4 

CIPK3 (CBL-INTERACTING PROTEIN 
KINASE 3); kinase/ protein kinase/ 

protein serine/threonine kinase -1.59 0.008 

260743_at At1g15040 35.2 glutamine amidotransferase-related -1.59 0.002 

259854_at At1g72200 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 

family protein -1.59 0.002 

255061_at At4g08930 21.1 ATAPRL6 (APR-like 6) -1.59 0.005 

262099_s_at At1g59500 17.2.3 
GH3.4; indole-3-acetic acid amido 

synthetase -1.59 0.020 

266342_at At2g01540 35.1.19 C2 domain-containing protein -1.59 0.003 

255432_at At4g03330 31.4 
SYP123 (SYNTAXIN OF PLANTS 123); 

SNAP receptor -1.60 0.043 
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263513_at At2g12400 35.2 unknown protein -1.60 0.002 

263920_at At2g36410 35.2 unknown protein -1.60 0.011 

253053_at At4g37470 35.1 
hydrolase, alpha/beta fold family 

protein -1.60 0.004 

257480_at At1g15640 35.2 unknown protein -1.60 0.038 

248443_at At5g51310 17.6.1.11 gibberellin 20-oxidase-related -1.61 0.010 

256620_at At3g24480 10.5.3 
leucine-rich repeat family protein / 

extensin family protein -1.61 0.001 

262170_at At1g74940 33.99 senescence-associated protein-related -1.61 0.017 

253527_at At4g31470 20.1 pathogenesis-related protein, putative -1.62 0.002 

264892_at At1g23160 17.2.3 auxin-responsive GH3 family protein -1.62 0.006 

247159_at At5g65800 17.5.1.1 

ACS5 (ACC SYNTHASE 5); 1-
aminocyclopropane-1-carboxylate 

synthase -1.62 0.026 

251832_at At3g55150 27.3.99 
ATEXO70H1 (exocyst subunit EXO70 
family protein H1); protein binding -1.62 0.035 

260560_at At2g43590 20.1 chitinase, putative -1.63 0.006 

249364_at At5g40590 35.1.26 DC1 domain-containing protein -1.63 0.024 

263709_at At1g09310 35.2 unknown protein -1.63 0.031 

267337_at At2g39980 16.8.1 transferase family protein -1.63 0.007 

247107_at At5g66040 33.99 
STR16 (SULFURTRANSFERASE PROTEIN 

16) -1.63 0.030 

252886_at At4g39350 10.2.1 

CESA2 (CELLULOSE SYNTHASE A2); 
cellulose synthase/ transferase, 

transferring glycosyl groups -1.63 0.012 

255627_at At4g00955 35.2   -1.63 0.001 

267388_at At2g44450 26.3 

BGLU15 (BETA GLUCOSIDASE 15); 
catalytic/ cation binding / hydrolase, 
hydrolyzing O-glycosyl compounds -1.64 0.002 

254772_at At4g13390 35.1.42 proline-rich extensin-like family protein -1.64 0.008 

263854_at At2g04430 23.3.3 
atnudt5 (Arabidopsis thaliana Nudix 

hydrolase homolog 5); hydrolase -1.64 0.035 

250327_at At5g12050 35.2 unknown protein -1.65 0.001 

265169_x_at At1g23720 35.1.42 proline-rich extensin-like family protein -1.65 0.010 

265102_at At1g30870 26.12 cationic peroxidase, putative -1.65 0.049 

256968_at At3g21070 18 
NADK1 (NAD KINASE 1); NAD+ kinase/ 

NADH kinase/ calmodulin binding -1.66 0.039 

266927_at At2g45960 34.19.1 
PIP1B (NAMED PLASMA MEMBRANE 

INTRINSIC PROTEIN 1B); water channel -1.66 0.002 

251665_at At3g57040 27.3.5 

ARR9 (RESPONSE REGULATOR 9); 
transcription regulator/ two-

component response regulator -1.66 0.016 

266336_at At2g32270 34.12 
ZIP3; zinc ion transmembrane 

transporter -1.68 0.016 

266785_at At2g28970 30.2.99 
leucine-rich repeat protein kinase, 

putative -1.69 0.014 

245410_at At4g17220 31.1 
ATMAP70-5 (microtubule-associated 
proteins 70-5); microtubule binding -1.69 0.037 

253277_at At4g34230 16.2.1.10 

ATCAD5 (CINNAMYL ALCOHOL 
DEHYDROGENASE 5); cinnamyl-alcohol 

dehydrogenase -1.69 0.010 
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257144_at At3g27300 7.1.1 

G6PD5 (glucose-6-phosphate 
dehydrogenase 5); glucose-6-phosphate 

dehydrogenase -1.69 0.005 

260983_at At1g53560 35.2 unknown protein -1.69 0.009 

248431_at At5g51470 17.2.3 auxin-responsive GH3 family protein -1.70 0.002 

262444_at At1g47480 11.9.3.2 hydrolase -1.72 0.004 

265439_at At2g21045 33.99   -1.72 0.010 

252872_at At4g40010 29.4 
SNRK2.7 (SNF1-RELATED PROTEIN 

KINASE 2.7); kinase -1.72 0.007 

258037_at At3g21230 16.2.1.3 
4CL5 (4-coumarate:CoA ligase 5); 4-

coumarate-CoA ligase -1.72 0.001 

263596_at At2g01900 28.1 
endonuclease/exonuclease/phosphatas

e family protein -1.72 0.007 

264238_at At1g54740 
29.2.1.99.9

9   -1.72 0.000 

245101_at At2g40890 26.10 

CYP98A3 (cytochrome P450, family 98, 
subfamily A, polypeptide 3); 

monooxygenase/ p-coumarate 3-
hydroxylase -1.73 0.001 

262164_at At1g78070 35.1   -1.74 0.001 

258167_at At3g21560 26.2 
UGT84A2; UDP-glycosyltransferase/ 

sinapate 1-glucosyltransferase -1.74 0.002 

256310_at At1g30360 20.2.3 
ERD4 (early-responsive to dehydration 

4) -1.74 0.001 

250307_at At5g12170 35.2 unknown protein -1.74 0.007 

264157_at At1g65310 10.7 

XTH17 (XYLOGLUCAN 
ENDOTRANSGLUCOSYLASE/HYDROLASE 
17); hydrolase, acting on glycosyl bonds 

/ hydrolase, hydrolyzing O-glycosyl 
compounds / xyloglucan:xyloglucosyl 

transferase -1.74 0.004 

267461_at At2g33830 17.2.3 
dormancy/auxin associated family 

protein -1.74 0.001 

266968_at At2g39360 30.2.16 protein kinase family protein -1.74 0.038 

261591_at At1g01740 29.4 protein kinase family protein -1.75 0.014 

267289_at At2g23770 30.2.21 

protein kinase family protein / 
peptidoglycan-binding LysM domain-

containing protein -1.75 0.033 

262904_at At1g59725 20.2.1 DNAJ heat shock protein, putative -1.75 0.048 

251843_x_at At3g54590 10.5.4 

ATHRGP1 (HYDROXYPROLINE-RICH 
GLYCOPROTEIN); structural constituent 

of cell wall -1.75 0.002 

259958_at At1g53730 30.2.5 

SRF6 (STRUBBELIG-RECEPTOR FAMILY 
6); ATP binding / protein binding / 

protein kinase/ protein 
serine/threonine kinase/ protein 

tyrosine kinase -1.75 0.008 

247768_at At5g58900 27.3.26 myb family transcription factor -1.76 0.044 

257313_at At3g26520 34.19.2 
TIP2 (TONOPLAST INTRINSIC PROTEIN 

2); water channel -1.76 0.002 

265582_at At2g20030 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 

family protein -1.76 0.004 

264685_at At1g65610 26.3.4 
KOR2; catalytic/ hydrolase, hydrolyzing 

O-glycosyl compounds -1.76 0.001 

250561_at At5g08030 11.9.3.3 
glycerophosphoryl diester 

phosphodiesterase family protein -1.77 0.005 



Appendix chapter 3 

 

323 

 

Affymetrix 
ID Gene Bincode TAIR annotation 

log fold 
change adj.P.Value 

252511_at At3g46280 30.2.99 protein kinase-related -1.77 0.016 

251342_at At3g60690 17.2.3 auxin-responsive family protein -1.77 0.037 

246652_at At5g35190 35.1.42 proline-rich extensin-like family protein -1.77 0.003 

246401_at At1g57560 27.3.25 
AtMYB50 (myb domain protein 50); 
DNA binding / transcription factor -1.79 0.025 

253697_at At4g29700 23.4.99 
type I phosphodiesterase/nucleotide 

pyrophosphatase family protein -1.80 0.040 

263942_at At2g35860 35.1 

FLA16 (FASCICLIN-LIKE 
ARABINOGALACTAN PROTEIN 16 

PRECURSOR) -1.80 0.006 

257892_at At3g17020 20.2.2 
universal stress protein (USP) family 

protein -1.81 0.001 

260427_at At1g72430 17.2.3 auxin-responsive protein-related -1.81 0.002 

266584_s_at At2g14920 11.8 

ST4A (SULFOTRANSFERASE 4A); 
brassinosteroid sulfotransferase/ 

sulfotransferase -1.83 0.003 

250575_at At5g08240 35.2 unknown protein -1.83 0.025 

267425_at At2g34810 26.8 FAD-binding domain-containing protein -1.83 0.028 

256736_at At3g29410 16.1.5 terpene synthase/cyclase family protein -1.83 0.029 

254215_at At4g23700 34.12 

ATCHX17 (CATION/H+ EXCHANGER 17); 
monovalent cation:proton antiporter/ 

sodium:hydrogen antiporter -1.83 0.010 

261415_at At1g07750 33.1 cupin family protein -1.84 0.005 

258745_at At3g05920 35.1 
heavy-metal-associated domain-

containing protein -1.85 0.001 

258473_s_at At3g02610 11.1.15 

acyl-[acyl-carrier-protein] desaturase/ 
oxidoreductase/ transition metal ion 

binding -1.86 0.011 

259431_at At1g01620 34.19.1 
PIP1C (PLASMA MEMBRANE INTRINSIC 

PROTEIN 1C); water channel -1.86 0.001 

249242_at At5g42250 26.11.1 alcohol dehydrogenase, putative -1.86 0.002 

261970_at At1g65960 13.1.1.1.1 

GAD2 (GLUTAMATE DECARBOXYLASE 
2); calmodulin binding / glutamate 

decarboxylase -1.87 0.001 

254673_at At4g18430 30.5 
AtRABA1e (Arabidopsis Rab GTPase 

homolog A1e); GTP binding -1.87 0.004 

266649_at At2g25810 34.19.2 
TIP4;1 (tonoplast intrinsic protein 4;1); 

water channel -1.87 0.009 

245245_at At1g44318 19.4 
hemb2; catalytic/ metal ion binding / 

porphobilinogen synthase -1.87 0.004 

248518_at At5g50560 35.2 unknown protein -1.88 0.040 

264960_at At1g76930 10.5.4 
ATEXT4 (EXTENSIN 4); structural 

constituent of cell wall -1.89 0.002 

260806_at At1g78260 27.4 
RNA recognition motif (RRM)-

containing protein -1.89 0.011 

251774_at At3g55840 35.2   -1.89 0.019 

264342_at At1g12080 35.2 unknown protein -1.90 0.029 

267439_at At2g19060 26.28 
GDSL-motif lipase/hydrolase family 

protein -1.90 0.011 

254313_at At4g22460 26.21 
protease inhibitor/seed storage/lipid 
transfer protein (LTP) family protein -1.91 0.025 

266254_at At2g27810 34.99 xanthine/uracil permease family protein -1.91 0.004 

258736_at At3g05900 35.1 neurofilament protein-related -1.92 0.001 
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251304_at At3g61990 16.2.1.6 O-methyltransferase family 3 protein -1.92 0.029 

266118_at At2g02130 20.1 
LCR68 (LOW-MOLECULAR-WEIGHT 

CYSTEINE-RICH 68); peptidase inhibitor -1.92 0.040 

263876_at At2g21880 30.5 ATRAB7A; GTP binding -1.92 0.022 

264716_at At1g70170 29.5.7 

MMP (MATRIX METALLOPROTEINASE); 
metalloendopeptidase/ 

metallopeptidase -1.92 0.001 

245078_at At2g23340 27.3.3 
AP2 domain-containing transcription 

factor, putative -1.93 0.003 

251232_at At3g62780 35.1.19 C2 domain-containing protein -1.93 0.023 

261991_at At1g33700 35.2 catalytic/ glucosylceramidase -1.93 0.009 

248942_at At5g45480 35.2 unknown protein -1.93 0.004 

251254_at At3g62270 34.18 anion exchange family protein -1.93 0.002 

260741_at At1g15045 35.1   -1.94 0.009 

255221_at At4g05150 35.1 
octicosapeptide/Phox/Bem1p (PB1) 

domain-containing protein -1.94 0.037 

261779_at At1g76230 35.2 unknown protein -1.94 0.033 

249768_at At5g24100 30.2.3 
leucine-rich repeat transmembrane 

protein kinase, putative -1.94 0.015 

251839_at At3g54950 33.1 PLA IIIA (PATATIN-LIKE PROTEIN 6) -1.95 0.008 

249375_at At5g40730 10.5.1 AGP24 -1.95 0.001 

252152_at At3g51350 35.2 aspartyl protease family protein -1.95 0.001 

246540_at At5g15600 35.2 SP1L4 (SPIRAL1-LIKE4) -1.95 0.043 

247297_at At5g64100 26.12 peroxidase, putative -1.95 0.009 

246930_at At5g25220 27.3.22 

KNAT3 (KNOTTED1-LIKE HOMEOBOX 
GENE 3); transcription activator/ 

transcription factor -1.95 0.002 

248961_at At5g45650 29.5.1 subtilase family protein -1.95 0.021 

250683_x_at At5g06640 35.1.42 proline-rich extensin-like family protein -1.96 0.008 

253613_at At4g30320 20.2.99 
allergen V5/Tpx-1-related family 

protein -1.96 0.002 

249152_s_at At5g43370 34.7 

APT1 (ARABIDOPSIS PHOSPHATE 
TRANSPORTER 1); carbohydrate 

transmembrane transporter/ inorganic 
phosphate transmembrane 

transporter/ phosphate 
transmembrane transporter/ 

sugar:hydrogen symporter -1.96 0.025 

255674_at At4g00430 34.19.1 
PIP1;4 (PLASMA MEMBRANE INTRINSIC 

PROTEIN 1;4); water channel -1.97 0.003 

258765_at At3g10710 10.8.1 pectinesterase family protein -1.97 0.029 

260058_at At1g78100 
29.5.11.4.3.

2 F-box family protein -1.98 0.012 

258796_at At3g04630 33.99 WDL1 -1.98 0.001 

248132_at At5g54840 30.5 SGP1; GTP binding -1.99 0.003 

259211_at At3g09020 26.2 

alpha 1,4-glycosyltransferase family 
protein / glycosyltransferase sugar-

binding DXD motif-containing protein -2.00 0.040 
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258054_at At3g16240 34.19.2 

DELTA-TIP; ammonia transporter/ 
methylammonium transmembrane 

transporter/ water channel -2.01 0.002 

261728_at At1g76160 35.1 
sks5 (SKU5 Similar 5); copper ion 

binding / oxidoreductase -2.01 0.001 

259853_at At1g72300 30.2.10 
leucine-rich repeat transmembrane 

protein kinase, putative -2.01 0.004 

260758_at At1g48930 26.3.4 

AtGH9C1 (Arabidopsis thaliana glycosyl 
hydrolase 9C1); catalytic/ hydrolase, 
hydrolyzing O-glycosyl compounds -2.02 0.021 

250437_at At5g10430 10.5.1 AGP4 (ARABINOGALACTAN PROTEIN 4) -2.03 0.001 

262218_at At1g74760 35.2   -2.03 0.030 

260926_at At1g21360 35.2 

GLTP2 (glycolipid transfer protein 2); 
glycolipid binding / glycolipid 

transporter -2.03 0.032 

262793_at At1g13110 26.10 

CYP71B7; electron carrier/ heme 
binding / iron ion binding / 

monooxygenase/ oxygen binding -2.03 0.001 

259793_at At1g64380 27.3.3 
AP2 domain-containing transcription 

factor, putative -2.03 0.029 

247586_at At5g60660 34.19.1 
PIP2;4 (PLASMA MEMBRANE INTRINSIC 

PROTEIN 2;4); water channel -2.03 0.000 

259964_at At1g53680 26.9 

ATGSTU28 (GLUTATHIONE S-
TRANSFERASE TAU 28); glutathione 

transferase -2.03 0.024 

261247_at At1g20070 35.2 unknown protein -2.05 0.000 

253511_at At4g31740 35.1   -2.05 0.001 

265443_at At2g20750 10.7 
ATEXPB1 (ARABIDOPSIS THALIANA 

EXPANSIN B1) -2.06 0.020 

256220_at At1g56230 35.2 unknown protein -2.06 0.010 

246911_at At5g25810 27.3.3 
tny (TINY); DNA binding / transcription 

factor -2.06 0.010 

251950_at At3g53600 27.3.11 zinc finger (C2H2 type) family protein -2.08 
 

0.018 
 

263970_at At2g42850 26.10 

CYP718; electron carrier/ heme binding 
/ iron ion binding / monooxygenase/ 

oxygen binding -2.08 0.032 

264071_at At2g27920 29.5 
SCPL51 (SERINE CARBOXYPEPTIDASE-

LIKE 51); serine-type carboxypeptidase -2.08 0.019 

252135_at At3g50830 35.1 
COR413-PM2 (COLD-REGULATED 413-

PLASMA MEMBRANE 2) -2.08 0.009 

266097_at At2g37970 35.1 SOUL-1; binding -2.08 0.000 

264148_at At1g02220 33.99 

ANAC003 (Arabidopsis NAC domain 
containing protein 3); transcription 

factor -2.09 0.014 

255140_x_at At4g08410 10.5.4 proline-rich extensin-like family protein -2.10 0.003 

258241_at At3g27650 27.3.37 
LBD25 (LOB DOMAIN-CONTAINING 

PROTEIN 25) -2.10 0.004 

266884_at At2g44790 26.19 
UCC2 (UCLACYANIN 2); copper ion 

binding / electron carrier -2.10 0.001 

263229_s_at At1g05650 10.6.3 
polygalacturonase, putative / pectinase, 

putative -2.10 0.004 

254091_at At4g25060 35.1   -2.11 0.044 
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266669_at At2g29750 16.8.3 

UGT71C1 (UDP-GLUCOSYL 
TRANSFERASE 71C1); UDP-

glycosyltransferase/ quercetin 3'-O-
glucosyltransferase/ quercetin 7-O-

glucosyltransferase/ transferase, 
transferring glycosyl groups -2.11 0.000 

263552_x_at At2g24980 35.1.42 proline-rich extensin-like family protein -2.11 0.004 

262198_at At1g53830 10.8.1 ATPME2; pectinesterase -2.12 0.035 

249918_at At5g19240 35.2 unknown protein -2.12 0.010 

251970_at At3g53150 26.2 

UGT73D1 (UDP-glucosyl transferase 
73D1); UDP-glycosyltransferase/ 

transferase, transferring hexosyl groups -2.13 0.021 

246373_at At1g51860 30.2.99 
leucine-rich repeat protein kinase, 

putative -2.13 0.034 

259478_at At1g18980 20.2.99 germin-like protein, putative -2.15 0.007 

249379_at At5g40460 35.2 unknown protein -2.15 0.009 

266967_at At2g39530 35.1 integral membrane protein, putative -2.15 0.000 

264209_at At1g22740 30.5 RABG3B; GTP binding -2.15 0.016 

262863_at At1g64910 26.2 glycosyltransferase family protein -2.15 0.033 

261927_at At1g22500 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 

family protein -2.15 0.002 

258437_at At3g16560 29.4 
protein phosphatase 2C-related / PP2C-

related -2.15 0.016 

266882_at At2g44670 33.99 senescence-associated protein-related -2.16 0.000 

252374_at At3g48100 27.3.5 

ARR5 (ARABIDOPSIS RESPONSE 
REGULATOR 5); transcription regulator/ 

two-component response regulator -2.16 0.000 

265698_at At2g32160 35.2   -2.17 0.001 

264556_at At1g09540 35.2 
MYB61 (MYB DOMAIN PROTEIN 61); 

DNA binding / transcription factor -2.17 0.001 

253539_at At4g31450 29.5.11.4.2 
zinc finger (C3HC4-type RING finger) 

family protein -2.17 0.006 

256848_at At3g27960 31.1 kinesin light chain-related -2.17 0.001 

267372_at At2g26290 29.4.1.57 ARSK1 (root-specific kinase 1); kinase -2.18 0.001 

249097_at At5g43520 35.1.26 DC1 domain-containing protein -2.18 0.025 

258362_at At3g14280 35.2 unknown protein -2.19 0.001 

254431_at At4g20840 26.8 FAD-binding domain-containing protein -2.20 0.011 

267191_at At2g44110 20.1.3.1 
MLO15 (MILDEW RESISTANCE LOCUS O 

15); calmodulin binding -2.20 0.010 

246984_at At5g67310 26.10 

CYP81G1; electron carrier/ heme 
binding / iron ion binding / 

monooxygenase/ oxygen binding -2.21 0.003 

246861_at At5g25890 27.3.40 
IAA28 (INDOLE-3-ACETIC ACID 

INDUCIBLE 28); transcription factor -2.21 0.001 

257500_s_at At1g73300 29.5.5 
scpl2 (serine carboxypeptidase-like 2); 

serine-type carboxypeptidase -2.22 0.003 

264102_at At1g79270 35.2 
ECT8 (evolutionarily conserved C-

terminal region 8) -2.22 0.001 

258805_at At3g04010 26.4.1 glycosyl hydrolase family 17 protein -2.23 0.000 

256647_at At3g13610 28.99 
oxidoreductase, 2OG-Fe(II) oxygenase 

family protein -2.27 0.002 
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255105_at At4g08620 34.6 

SULTR1;1 (SULPHATE TRANSPORTER 
1;1); sulfate transmembrane 

transporter -2.28 0.001 

249123_at At5g43760 11.1.10 
KCS20 (3-KETOACYL-COA SYNTHASE 

20); fatty acid elongase -2.28 0.001 

256926_at At3g22540 35.2 unknown protein -2.32 0.021 

249750_at At5g24570 35.2 unknown protein -2.33 0.010 

260752_at At1g49030 35.1 unknown protein -2.33 0.045 

254500_at At4g20110 29.3.4.3 vacuolar sorting receptor, putative -2.34 0.023 

263411_at At2g28710 27.3.11 zinc finger (C2H2 type) family protein -2.35 0.002 

263207_at At1g10550 10.7 

XTH33; hydrolase, acting on glycosyl 
bonds / hydrolase, hydrolyzing O-

glycosyl compounds / 
xyloglucan:xyloglucosyl transferase -2.35 0.012 

265066_at At1g03870 10.5.1 
FLA9 (FASCICLIN-LIKE 

ARABINOOGALACTAN 9) -2.35 0.005 

251710_at At3g56930 27.3.99 zinc finger (DHHC type) family protein -2.35 0.007 

266693_at At2g19800 3.4.4 
MIOX2 (MYO-INOSITOL OXYGENASE 2); 

inositol oxygenase -2.36 0.001 

246216_at At4g36380 17.3.1.1.99 

ROT3 (ROTUNDIFOLIA 3); 
oxidoreductase, acting on paired 

donors, with incorporation or reduction 
of molecular oxygen, NADH or NADPH 
as one donor, and incorporation of one 

atom of oxygen / oxygen binding / 
steroid hydroxylase -2.36 0.000 

264462_at At1g10200 27.3.67 
WLIM1; transcription factor/ zinc ion 

binding -2.36 0.001 

253220_s_at At4g34920 11.9.3 
1-phosphatidylinositol 

phosphodiesterase-related -2.37 0.001 

246108_at At5g28630 35.1.40 glycine-rich protein -2.38 0.001 

262744_at At1g28680 16.2 transferase family protein -2.39 0.000 

258342_at At3g22800 10.5.3 
leucine-rich repeat family protein / 

extensin family protein -2.39 0.000 

266995_at At2g34500 26.10 

CYP710A1 (cytochrome P450, family 
710, subfamily A, polypeptide 1); C-22 

sterol desaturase/ oxygen binding -2.39 0.001 

245742_at At1g44170 5.10 

ALDH3H1 (ALDEHYDE DEHYDROGENASE 
3H1); 3-chloroallyl aldehyde 

dehydrogenase -2.39 0.004 

265359_at At2g16720 27.3.25 
MYB7 (MYB DOMAIN PROTEIN 7); DNA 

binding / transcription factor -2.41 0.006 

260676_at At1g19450 34.2 
integral membrane protein, putative / 

sugar transporter family protein -2.41 0.001 

246459_at At5g16900 30.2.99 
leucine-rich repeat protein kinase, 

putative -2.42 0.003 

258047_at At3g21240 16.2.1.3 
4CL2 (4-COUMARATE:COA LIGASE 2); 4-

coumarate-CoA ligase -2.43 0.000 

253667_at At4g30170 26.12 peroxidase, putative -2.43 0.002 

247954_at At5g56870 26.10 
BGAL4 (beta-galactosidase 4); beta-

galactosidase -2.44 0.005 

253666_at At4g30270 10.6.2 

MERI5B (meristem-5); hydrolase, acting 
on glycosyl bonds / 

xyloglucan:xyloglucosyl transferase -2.44 0.026 

265067_at At1g03850 21.4 glutaredoxin family protein -2.45 0.025 
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260153_at At1g52760 11.9.2 
esterase/lipase/thioesterase family 

protein -2.45 0.000 

255931_at At1g12710 31.1 
AtPP2-A12 (Phloem protein 2-A12); 

carbohydrate binding -2.46 0.002 

263397_s_at At2g31550 26.28 
GDSL-motif lipase/hydrolase family 

protein -2.46 0.000 

248200_at At5g54160 16.2.1.9 

ATOMT1 (O-METHYLTRANSFERASE 1); 
caffeate O-methyltransferase/ 

myricetin 3'-O-methyltransferase/ 
quercetin 3-O-methyltransferase -2.46 

 
 

0.000 
 

245794_at At1g32170 10.7 

XTR4 (XYLOGLUCAN 
ENDOTRANSGLYCOSYLASE 4); 

hydrolase, acting on glycosyl bonds / 
hydrolase, hydrolyzing O-glycosyl 

compounds / xyloglucan:xyloglucosyl 
transferase -2.47 0.012 

263982_at At2g42860 35.2 unknown protein -2.48 0.000 

262947_at At1g75750 17.6.3 GASA1 (GAST1 PROTEIN HOMOLOG 1) -2.51 0.003 

249773_at At5g24140 17.3.1.2.99 
SQP2; FAD binding / oxidoreductase/ 

squalene monooxygenase -2.51 0.000 

256332_at At1g76890 27.3.30 GT2; transcription factor -2.52 0.001 

262646_at At1g62800 13.1.1.2.1 

ASP4 (ASPARTATE AMINOTRANSFERASE 
4); catalytic/ pyridoxal phosphate 

binding / transaminase/ transferase, 
transferring nitrogenous groups -2.53 0.005 

262637_at At1g06640 21.2 
2-oxoglutarate-dependent dioxygenase, 

putative -2.53 0.008 

253582_at At4g30670 35.2 unknown protein -2.53 0.004 

247354_at At5g63590 16.8.4 
FLS3 (FLAVONOL SYNTHASE 3); flavonol 

synthase -2.54 0.036 

261926_at At1g22530 34.99 PATL2 (PATELLIN 2); transporter -2.55 0.000 

267438_at At2g19050 26.28 
GDSL-motif lipase/hydrolase family 

protein -2.56 0.002 

252224_at At3g49860 29.3.4.99 
ATARLA1B (ADP-ribosylation factor-like 

A1B); GTP binding -2.56 0.003 

258013_at At3g19320 30.2.99 leucine-rich repeat family protein -2.56 0.001 

255630_at At4g00700 35.1.19 C2 domain-containing protein -2.56 0.020 

258017_at At3g19370 35.2   -2.57 0.025 

262131_at At1g02900 30.8 
RALF1 (RAPID ALKALINIZATION FACTOR 

1); signal transducer -2.58 0.012 

249767_at At5g24090 20.1.7 acidic endochitinase (CHIB1) -2.59 0.000 

254540_s_at At4g19770 20.1 glycosyl hydrolase family 18 protein -2.59 0.023 

264404_at At2g25160 26.10 

CYP82F1; electron carrier/ heme 
binding / iron ion binding / 

monooxygenase/ oxygen binding -2.61 0.001 

258145_at At3g18200 33.99 nodulin MtN21 family protein -2.62 0.006 

255622_at At4g01070 16.8.3 

GT72B1; UDP-glucosyltransferase/ UDP-
glycosyltransferase/ transferase, 

transferring glycosyl groups -2.62 0.000 

251733_at At3g56240 15.2 
CCH (COPPER CHAPERONE); copper 

chaperone -2.62 0.000 

258023_at At3g19450 16.2.1.10 
ATCAD4; cinnamyl-alcohol 

dehydrogenase -2.63 0.000 

248581_at At5g49900 35.2 catalytic/ glucosylceramidase -2.64 0.000 
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259803_at At1g72150 34.99 PATL1 (PATELLIN 1); transporter -2.64 0.000 

254820_s_at At4g12510 26.21 
protease inhibitor/seed storage/lipid 
transfer protein (LTP) family protein -2.67 0.000 

266784_at At2g28960 30.2.99 
leucine-rich repeat protein kinase, 

putative -2.70 0.001 

250697_at At5g06800 27.3.20 myb family transcription factor -2.71 0.000 

256169_at At1g51800 30.2.99 
leucine-rich repeat protein kinase, 

putative -2.73 0.016 

246375_at At1g51830 30.2.99 
ATP binding / kinase/ protein 

serine/threonine kinase -2.74 0.006 

254326_at At4g22610 26.21 
protease inhibitor/seed storage/lipid 
transfer protein (LTP) family protein -2.75 0.020 

250059_at At5g17820 26.12 peroxidase 57 (PER57) (P57) (PRXR10) -2.76 0.019 

253276_at At4g34050 16.2.1.6 
caffeoyl-CoA 3-O-methyltransferase, 

putative -2.76 0.000 

252234_at At3g49780 33.99 
ATPSK4 (PHYTOSULFOKINE 4 
PRECURSOR); growth factor -2.77 0.001 

251962_at At3g53420 34.19.1 
PIP2A (PLASMA MEMBRANE INTRINSIC 

PROTEIN 2A); water channel -2.79 0.000 

258080_at At3g25930 20.2.99 
universal stress protein (USP) family 

protein -2.80 0.005 

265418_at At2g20880 27.3.3 
AP2 domain-containing transcription 

factor, putative -2.81 0.000 

258648_at At3g07900 17.2.3 unknown protein -2.83 0.002 

256563_at At3g29780 30.8 RALFL27 (ralf-like 27); signal transducer -2.83 0.020 

256600_at At3g14850 35.2 unknown protein -2.83 0.001 

267385_at At2g44380 35.1.26 DC1 domain-containing protein -2.85 0.001 

253294_at At4g33750 35.2   -2.85 0.001 

267127_at At2g23610 26.8 

MES3 (METHYL ESTERASE 3); hydrolase, 
acting on ester bonds / methyl indole-3-

acetate esterase/ methyl jasmonate 
esterase -2.86 0.025 

260840_at At1g29050 35.2 unknown protein -2.87 0.001 

247333_at At5g63600 16.8.4 
FLS5 (FLAVONOL SYNTHASE 5); flavonol 

synthase -2.87 0.000 

254726_at At4g13660 16.8.5 
PRR2 (PINORESINOL REDUCTASE 2); 

pinoresinol reductase -2.88 0.000 

246252_s_at At4g37070 33.1 patatin, putative -2.90 0.001 

246374_at At1g51840 30.2.99 protein kinase-related -2.91 0.000 

249378_at At5g40450 35.2 unknown protein -2.91 0.000 

247483_at At5g62420 3.5 aldo/keto reductase family protein -2.91 0.001 

265052_at At1g51990 26.6 O-methyltransferase family 2 protein -2.91 0.001 

259813_at At1g49860 26.9 ATGSTF14; glutathione transferase -2.91 0.003 

248569_at At5g49770 30.2.8.1 
leucine-rich repeat transmembrane 

protein kinase, putative -2.92 0.002 

249477_s_at At5g38930 20.2.99 germin-like protein, putative -2.92 0.012 

261106_at At1g62990 27.3.22 

KNAT7 (KNOTTED-LIKE HOMEOBOX OF 
ARABIDOPSIS THALIANA 7); DNA 
binding / transcription activator/ 

transcription factor -2.92 0.000 

255788_at At2g33310 27.3.40 IAA13; transcription factor -2.94 0.000 

267178_at At2g37750 35.2 unknown protein -2.95 0.007 
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263232_at At1g05700 30.2.99 
leucine-rich repeat protein kinase, 

putative -2.95 0.002 

254092_at At4g25090 20.1.1 
respiratory burst oxidase, putative / 

NADPH oxidase, putative -2.97 0.002 

267209_at At2g30930 35.2 unknown protein -2.97 0.000 

259737_at At1g64400 11.1.9 

long-chain-fatty-acid--CoA ligase, 
putative / long-chain acyl-CoA 

synthetase, putative -3.01 0.002 

256359_at At1g66460 29.4.1.56 protein kinase family protein -3.03 0.000 

256799_at At3g18560 35.2 unknown protein -3.04 0.000 

254912_at At4g11230 20.1.1 
respiratory burst oxidase, putative / 

NADPH oxidase, putative -3.06 0.002 

249057_at At5g44480 10.1.9 

DUR (DEFECTIVE UGE IN ROOT); UDP-
glucose 4-epimerase/ binding / 

catalytic/ coenzyme binding -3.07 0.015 

252340_at At3g48920 27.3.25 
AtMYB45 (myb domain protein 45); 
DNA binding / transcription factor -3.07 0.000 

255814_at At1g19900 24 glyoxal oxidase-related -3.07 0.004 

259276_at At3g01190 26.12 peroxidase 27 (PER27) (P27) (PRXR7) -3.07 0.010 

248263_at At5g53370 10.8.99 
PMEPCRF (PECTIN METHYLESTERASE 

PCR FRAGMENT F); pectinesterase -3.09 0.001 

261815_at At1g08325 27.3.35   -3.09 0.001 

256617_at At3g22240 35.2 unknown protein -3.10 0.000 

262838_at At1g14960 20.2.99 
major latex protein-related / MLP-

related -3.10 0.026 

267128_at At2g23620 26.8 

MES1 (METHYL ESTERASE 1); hydrolase, 
acting on ester bonds / methyl indole-3-

acetate esterase/ methyl jasmonate 
esterase/ methyl salicylate esterase -3.12 0.010 

265444_s_at At2g37180 34.19.1 
RD28 (RESPONSIVE TO DESICCATION 

28); water channel -3.12 0.000 

262096_at At1g56010 27.3.27 NAC1; transcription factor -3.12 0.002 

257720_at At3g18450 35.1 unknown protein -3.14 0.000 

264643_at At1g08990 35.1 

PGSIP5 (PLANT GLYCOGENIN-LIKE 
STARCH INITIATION PROTEIN 5); 

transferase, transferring glycosyl groups -3.15 0.000 

258064_at At3g14680 26.10 

CYP72A14; electron carrier/ heme 
binding / iron ion binding / 

monooxygenase/ oxygen binding -3.15 0.000 

266526_at At2g16980 35.2 tetracycline transporter -3.21 0.001 

248118_at At5g55050 26.28 
GDSL-motif lipase/hydrolase family 

protein -3.31 0.001 

266444_at At2g43150 10.5.4 proline-rich extensin-like family protein -3.32 0.001 

252098_at At3g51330 29.5.4 aspartyl protease family protein -3.33 0.009 

251144_at At5g01210 16.2 transferase family protein -3.35 0.003 

256186_at At1g51680 16.2.1.3 
4CL1 (4-COUMARATE:COA LIGASE 1); 4-

coumarate-CoA ligase -3.40 0.000 

250968_at At5g02890 35.1 transferase family protein -3.43 0.003 

261139_at At1g19700 27.3.22 
BEL10 (BEL1-LIKE HOMEODOMAIN 10); 

DNA binding / transcription factor -3.46 0.001 

248715_at At5g48290 35.1 heavy-metal-associated domain- -3.50 0.000 
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containing protein 

263867_at At2g36830 34.19.2 
GAMMA-TIP (GAMMA TONOPLAST 
INTRINSIC PROTEIN); water channel -3.55 0.000 

261308_at At1g48480 30.2.3 
RKL1; ATP binding / kinase/ protein 

serine/threonine kinase -3.56 0.000 

257761_at At3g23090 35.2   -3.58 0.000 

256811_at At3g21340 30.2.1 
leucine-rich repeat protein kinase, 

putative -3.60 0.001 

257946_at At3g21710 35.2 unknown protein -3.67 0.000 

250701_at At5g06840 27.3.35   -3.68 0.005 

248844_s_at At5g46900 26.21 
protease inhibitor/seed storage/lipid 
transfer protein (LTP) family protein -3.73 0.000 

245546_at At4g15290 10.2.1 ATCSLB05; cellulose synthase/ 
transferase/ transferase, transferring 

glycosyl groups 

-3.77 0.000 
 
 
 
 

248790_at At5g47450 34.19.2 

AtTIP2;3; ammonia transporter/ 
methylammonium transmembrane 

transporter/ water channel -3.78 0.000 

253172_at At4g35060 15.2 

heavy-metal-associated domain-
containing protein / copper chaperone 

(CCH)-related -3.83 0.000 

251324_at At3g61430 34.19.1 
PIP1A (PLASMA MEMBRANE INTRINSIC 

PROTEIN 1A); water channel -3.87 0.000 

245148_at At2g45220 10.8.99 pectinesterase family protein -4.09 0.000 

254239_at At4g23400 34.19.1 
PIP1;5 (PLASMA MEMBRANE INTRINSIC 

PROTEIN 1;5); water channel -4.25 0.003 

245399_at At4g17340 34.19.2 
TIP2;2 (TONOPLAST INTRINSIC PROTEIN 

2;2); water channel -4.31 0.000 

253309_at At4g33790 11.9.4.13 

CER4 (ECERIFERUM 4); fatty acyl-CoA 
reductase (alcohol-forming)/ 

oxidoreductase, acting on the CH-CH 
group of donors -4.31 0.000 

259120_at At3g02240 35.2 unknown protein -4.45 0.000 

250157_at At5g15180 26.12 peroxidase, putative -4.62 0.000 

 



Appendix chapter 3 

 

332 

 

Appendix 3.5: Genes responsive to the protoplasting step in both cortex and 
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Cell type 
Affymetrix 
identifier 

Gene TAIR description. Annotation Affymetrix 

significant 
difference 

from 
dinneny 
analysis 

cortex  264238_at At1g54740   
hypothetical protein predicted by 

genscan+ -1 

cortex  264404_at At2g25160 

CYP82F1; electron 
carrier/ heme 

binding / iron ion 
binding / 

monooxygenase/ 
oxygen binding putative cytochrome P450 -1 

cortex  260637_at At1g62380 

ACO2 (ACC OXIDASE 
2); 1-

aminocyclopropane-
1-carboxylate 

oxidase 

 ACC oxidase, putative similar to ACC 
oxidase GI:587086 from [Brassica 

oleracea]; supported by cDNA: 
gi_15028038_gb_AY045876.1_   1 

cortex  256785_at At3g13720 PRA8 
unknown protein  ;supported by full-

length cDNA: Ceres:8544. -1 

cortex  267147_at At2g38240 

oxidoreductase, 
2OG-Fe(II) 

oxygenase family 
protein 

putative anthocyanidin synthase  
;supported by full-length cDNA: 

Ceres:256433. 1 

cortex  250199_at At5g14180 

MPL1 (MYZUS 
PERSICAE-INDUCED 
LIPASE 1); catalytic 

putative protein contains similarity to 
lipase; supported by cDNA: 

gi_15081687_gb_AY048236.1_ 1 

cortex  263942_at At2g35860 

FLA16 (FASCICLIN-
LIKE 

ARABINOGALACTAN 
PROTEIN 16 
PRECURSOR) unknown protein 1 

cortex  260182_at At1g70750 unknown protein 

unknown protein similar to IFA-binding 
protein GB:AAD01202 [Arabidopsis 

thaliana]; supported by cDNA: 
gi_4101563_gb_AF004556.1_AF004556 1 

cortex  253396_at At4g32720 

AtLa1 (Arabidopsis 
thaliana La protein 

1); RNA binding 

 putative protein RNA-binding protein 
LAH1, Saccharomyces 

cerevisiae,PIR2:B48600; supported by 
cDNA: gi_15810396_gb_AY056237.1_   -1 

cortex  247465_at At5g62190 

PRH75; ATP-
dependent helicase/ 

DEAD/H-box RNA 
helicase binding 

RNA helicase ; supported by cDNA: 
gi_14517481_gb_AY039576.1_ -1 
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cortex  252606_at At3g45010 

scpl48 (serine 
carboxypeptidase-

like 48); serine-type 
carboxypeptidase 

 carboxypeptidase precursor-like protein 
carboxypeptidase Y-like protein, 

Arabidopsis thaliana, EMBL:M81130; 
supported by cDNA: 

gi_15215795_gb_AY050427.1_   1 

cortex  267191_at At2g44110 

MLO15 (MILDEW 
RESISTANCE LOCUS 
O 15); calmodulin 

binding 

similar to Mlo proteins from H. vulgare  ; 
supported by cDNA: 

gi_14091599_gb_AF369576.1_AF369576 -1 

cortex  266297_at At2g29570 

PCNA2 
(PROLIFERATING 
CELL NUCLEAR 

ANTIGEN 2); DNA 
binding / DNA 

polymerase 
processivity factor 

 putative proliferating cell nuclear 
antigen, PCNA  ;supported by full-length 

cDNA: Ceres:342.  -1 

cortex  261027_at At1g01340 

ATCNGC10 (CYCLIC 
NUCLEOTIDE GATED 

CHANNEL 10); 
calmodulin binding 
/ cyclic nucleotide 

binding / ion 
channel 

 cyclic nucleotide and calmodulin-
regulated ion channel, putative similar 

to cyclic nucleotide and calmodulin-
regulated ion channel GB:CAB40128 

GI:4581201 from [Arabidopsis thaliana]; 
supported by cDNA: 

gi_8515882_gb_AF272002.1_AF272002   1 

cortex  251950_at At3g53600 
zinc finger (C2H2 

type) family protein 

 zinc finger - like protein Zat11 zinc 
finger protein, Arabidopsis thaliana, 

EMBL:ATRZAT11  1 

cortex  255630_at At4g00700 
C2 domain-

containing protein 
putative phosphoribosylanthranilate 

transferase -1 

cortex  254784_at At4g12720 

NUDT7; ADP-ribose 
diphosphatase/ 
NAD or NADH 

binding / hydrolase/ 
nucleoside-

diphosphatase/ 
protein 

homodimerization 

 growth factor like protein antisense 
basic fibroblast growth factor GFG - 

Rattus norvegicus, 
PID:g1518635;supported by full-length 

cDNA: Ceres:148575.  1 

cortex  260758_at At1g48930 

AtGH9C1 
(Arabidopsis 

thaliana glycosyl 
hydrolase 9C1); 

catalytic/ hydrolase, 
hydrolyzing O-

glycosyl compounds 

 endo-beta-1,4-glucanase, putative 
similar to endo-beta-1,4-glucanase 

GI:4972236 from [Fragaria ananassa]  -1 

cortex  250944_at At5g03380 

heavy-metal-
associated domain-
containing protein putative protein 1 
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Cell type 
Affymetrix 
identifier 

Gene TAIR description. Annotation Affymetrix 

significant 
difference 

from 
dinneny 
analysis 

cortex  257466_at At1g62840 unknown protein 
hypothetical protein predicted by 

genemark.hmm 1 

cortex  258788_at At3g11780 

MD-2-related lipid 
recognition domain-
containing protein / 

ML domain-
containing protein 

unknown protein  ;supported by full-
length cDNA: Ceres:250294. -1 

cortex  265355_at At2g16760   

hypothetical protein predicted by 
genefinder;supported by full-length 

cDNA: Ceres:118464. -1 

cortex  259793_at At1g64380 

AP2 domain-
containing 

transcription factor, 
putative 

AP2-containing DNA-binding protein 
contains Pfam profile: PF00847 AP2 

domain -1 

cortex  253780_at At4g28400 

protein 
phosphatase 2C, 
putative / PP2C, 

putative 

 protein phosphatase 2C-like protein 
protein phosphatase 2C-fission yeast, 

PIR2:S54297; supported by cDNA: 
gi_16604584_gb_AY059737.1_   1 

cortex  245397_at At4g14560 

IAA1 (INDOLE-3-
ACETIC ACID 

INDUCIBLE); protein 
binding / 

transcription factor 

auxin-responsive protein IAA1 
;supported by full-length cDNA: 

Ceres:33860. 1 

cortex  247655_at At5g59820 

RHL41 (RESPONSIVE 
TO HIGH LIGHT 41); 
nucleic acid binding 

/ transcription 
factor/ zinc ion 

binding 
zinc finger protein Zat12  ;supported by 

full-length cDNA: Ceres:40576. 1 

cortex  266968_at At2g39360 
protein kinase 
family protein 

putative protein kinase contains a 
protein kinase domain profile 

(PDOC00100) -1 

cortex  261570_at At1g01120 

KCS1 (3-KETOACYL-
COA SYNTHASE 1); 

acyltransferase/ 
fatty acid elongase 

fatty acid elongase 3-ketoacyl-CoA 
synthase 1 identical to GB:AAC99312 

GI:4091810 from [Arabidopsis thaliana] -1 

cortex  259191_at At3g01720 unknown protein unknown protein -1 

cortex  265732_at At2g01300 unknown protein 

predicted by genscan and genefinder  
;supported by full-length cDNA: 

Ceres:120459. 1 

cortex  255733_at At1g25400 unknown protein 

unknown protein similar to unknown 
protein GI:6714347 from [Arabidopsis 

thaliana];supported by full-length cDNA: 
Ceres:103226. 1 
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Cell type 
Affymetrix 
identifier 

Gene TAIR description. Annotation Affymetrix 

significant 
difference 

from 
dinneny 
analysis 

cortex  264346_at At1g12010 

1-
aminocyclopropane-

1-carboxylate 
oxidase, putative / 

ACC oxidase, 
putative 

putative amino-cyclopropane-carboxylic 
acid oxidase (ACC oxidase) Strong 
similarity to amino-cyclopropane-

carboxylic acid oxidase gb|L27664 from 
Brassica napus. ESTs gb|Z48548 and 

gb|Z48549 come from this gene; 
supported by cDNA: 

gi_15450652_gb_AY052694.1_ 1 

cortex  250667_at At5g07090 
40S ribosomal 

protein S4 (RPS4B) 
40S ribosomal protein S4  ;supported by 

full-length cDNA: Ceres:13813. -1 

pericycle 261763_at At1g15520 

PDR12 
(PLEIOTROPIC DRUG 

RESISTANCE 12); 
ATPase, coupled to 

transmembrane 
movement of 

substances 

 ABC transporter, putative similar to ABC 
transporter GI:9279716 from 

[Arabidopsis thaliana]  1 

pericycle 245864_at At1g58070 unknown protein 
hypothetical protein predicted by 

genemark.hmm 1 

pericycle 266244_at At2g27740 unknown protein unknown protein 1 

pericycle 260157_at At1g52930 
brix domain-

containing protein 
unknown protein  ; supported by cDNA: 

gi_13878054_gb_AF370290.1_AF370290 -1 

pericycle 255150_at At4g08160 

glycosyl hydrolase 
family 10 protein / 

carbohydrate-
binding domain-

containing protein putative xylan endohydrolase 1 

pericycle 264404_at At2g25160 

CYP82F1; electron 
carrier/ heme 

binding / iron ion 
binding / 

monooxygenase/ 
oxygen binding putative cytochrome P450 -1 

pericycle 262796_at At1g20850 

XCP2 (xylem 
cysteine peptidase 
2); cysteine-type 

peptidase/ 
peptidase 

cysteine proteinase XCP2 identical to 
papain-type cysteine endopeptidase 
XCP2 GI:6708183 from [Arabidopsis 

thaliana] 1 

pericycle 251114_at At5g01380 transcription factor transcription factor GT-3a 1 

pericycle 251293_at At3g61930 unknown protein hypothetical protein 1 

pericycle 260528_at At2g47260 
WRKY23; 

transcription factor 

putative WRKY-type DNA binding 
protein  ;supported by full-length cDNA: 

Ceres:114256. 1 
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Cell type 
Affymetrix 
identifier 

Gene TAIR description. Annotation Affymetrix 

significant 
difference 

from 
dinneny 
analysis 

pericycle 246099_at At5g20230 

ATBCB 
(ARABIDOPSIS 
BLUE-COPPER-

BINDING PROTEIN); 
copper ion binding / 

electron carrier 
blue copper binding protein  ;supported 

by full-length cDNA: Ceres:7767. 1 

pericycle 257919_at At3g23250 

MYB15 (MYB 
DOMAIN PROTEIN 
15); DNA binding / 
transcription factor 

 myb-related transcription factor, 
putative similar to myb-related 

transcription factor GB:CAA66952 from 
[Lycopersicon esculentum]  1 

pericycle 266267_at At2g29460 

ATGSTU4 
(ARABIDOPSIS 

THALIANA 
GLUTATHIONE S-

TRANSFERASE TAU 
4); glutathione 

transferase 

putative glutathione S-transferase  ; 
supported by cDNA: 

gi_14423533_gb_AF387004.1_AF387004 1 

pericycle 257583_at At1g66480 

PMI2 (plastid 
movement impaired 

2) hypothetical protein 1 

pericycle 248358_at At5g52400 

CYP715A1; electron 
carrier/ heme 

binding / iron ion 
binding / 

monooxygenase/ 
oxygen binding cytochrome P-450-like protein 1 

pericycle 254204_at At4g24160 

hydrolase, 
alpha/beta fold 
family protein 

 putative protein CGI-58 protein - Homo 
sapiens,PID:g4929585  1 

pericycle 262881_at At1g64890 

integral membrane 
transporter family 

protein 
unknown protein ; supported by cDNA: 

gi_15028136_gb_AY046018.1_ -1 

pericycle 255345_at At4g04460 
aspartyl protease 

family protein 

putative aspartic protease  ; supported 
by cDNA: 

gi_13937237_gb_AF372974.1_AF372974 1 

pericycle 259018_at At3g07390 

AIR12; extracellular 
matrix structural 

constituent 

unknown protein similar to unknown 
protein GB:AAC62613 [Arabidopsis 

thaliana]; supported by cDNA: 
gi_14532567_gb_AY039908.1_ 1 

pericycle 261691_at At1g50060 

pathogenesis-
related protein, 

putative 

 branched-chain amino acid 
aminotransferase, putative similar to 

branched-chain amino acid 
aminotransferase GB:AAF07191 

GI:6319165 from [Solanum tuberosum]  1 

pericycle 265732_at At2g01300 unknown protein 

predicted by genscan and genefinder  
;supported by full-length cDNA: 

Ceres:120459. 1 
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Appendix 3.6: Cortical salt responsive genes found in our transcriptomic studies 

and in Dinneny studies with their corresponding trends in response to salt 

Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalized 
significanc

e scores 
(Dinneny 

et al, 
2008) 

263232_at At1g05700 

 putative light repressible receptor 
protein kinase Very Similar to light 

repressible receptor protein kinase, 
gi|2129635  

-2.95 
leucine-rich repeat protein 

kinase, putative 
1 

267127_at At2g23610 putative acetone-cyanohydrin lyase -2.86 esterase, putative 1 

261926_at At1g22530 unknown protein -2.55 

SEC14 cytosolic factor 
family protein / 

phosphoglyceride transfer 
family protein 

-1 

260676_at At1g19450 

 integral membrane protein, 
putative similar to GB:U43629 

from [Beta vulgaris] (Plant Physiol. 
110 110 (2), 511-520 (1996)); 

supported by cDNA: 
gi_16648956_gb_AY059848.1_   

-2.41 
integral membrane protein, 
putative / sugar transporter 

family protein 
-1 

265066_at At1g03870 

 unknown protein location of ESTs 
est VBVBD05, gb|Z30807 and 

VBVBD05 , gb|Z30808;supported 
by full-length cDNA: Ceres:39763.  

-2.35 FLA9 (FLA9) -1 

249123_at At5g43760 
beta-ketoacyl-CoA synthase  ; 

supported by cDNA: 
gi_14334713_gb_AY035030.1_ 

-2.28 
beta-ketoacyl-CoA 
synthase, putative 

-1 

258362_at At3g14280 unknown protein -2.19 

similar to hypothetical 
protein 

MtrDRAFT_AC157534g12v1 
[Medicago truncatula] 

(GB:ABE86457.1) 

1 

249097_at At5g43520 
putative protein strong similarity to 

unknown protein (pir||T02393) 
-2.18 

DC1 domain-containing 
protein 

1 

262863_at At1g64910 
 rhamnosyltransferase, putative 
similar to rhamnosyltransferase 

GI:454252 from [Petunia hybrida]  
-2.15 

glycosyltransferase family 
protein 

-1 

264209_at At1g22740 

 RAS-related protein, RAB7 
identical GB:O04157 RAS-RELATED 
PROTEIN RAB7 from [Arabidopsis 

thaliana]; supported by cDNA: 
gi_15718415_dbj_AB071850.1_AB

071850   

-2.15 
RAB7 (Ras-related protein 

7); GTP binding 

 
 
 
 

-1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalized 
significanc

e scores 
(Dinneny 

et al, 
2008) 

249379_at At5g40460 
 putative protein predicted protein, 
Arabidopsis thaliana;supported by 

full-length cDNA: Ceres:26524.  
-2.15 

similar to unknown protein 
[Arabidopsis thaliana] 

(TAIR:AT3G27630.1); similar 
to hypothetical protein 

MtrDRAFT_AC146560g4v1 
[Medicago truncatula] 

(GB:ABE87926.1) 

1 

265443_at At2g20750 
beta-expansin  ;supported by full-

length cDNA: Ceres:109135. 
-2.06 

ATEXPB1 (ARABIDOPSIS 
THALIANA EXPANSIN B1) 

-1 

261247_at At1g20070 
hypothetical protein predicted by 

genemark.hmm 
-2.05 unknown protein 1 

259793_at At1g64380 
AP2-containing DNA-binding 

protein contains Pfam profile: 
PF00847 AP2 domain 

-2.03 
AP2 domain-containing 

transcription factor, 
putative 

1 

260926_at At1g21360 unknown protein -2.03 
GLTP2 (GLYCOLIPID 

TRANSFER PROTEIN 2) 
1 

250437_at At5g10430 
AtAGP4  ; supported by cDNA: 

gi_13926257_gb_AF372885.1_AF3
72885 

-2.03 
AGP4 (ARABINOGALACTAN-

PROTEIN 4) 
-1 

261728_at At1g76160 

 pectinesterase, putative similar to 
pectinesterase GI:1944574 from 

[Lycopersicon esculentum]; 
supported by cDNA: 

gi_15982770_gb_AY057492.1_   

-2.01 
SKS5 (SKU5 Similar 5); 
copper ion binding / 

oxidoreductase 
-1 

249768_at At5g24100 receptor-like protein kinase -1.94 
leucine-rich repeat 

transmembrane protein 
kinase, putative 

-1 

258736_at At3g05900 unknown protein -1.92 
neurofilament protein-

related 
-1 

266254_at At2g27810 putative membrane transporter -1.91 
xanthine/uracil permease 

family protein 
-1 

264342_at At1g12080 
unknown protein ; supported by 
full-length cDNA: Ceres: 270281. 

-1.90 

similar to unknown protein 
[Arabidopsis thaliana] 

(TAIR:AT3G59370.1); similar 
to vacuolar calcium binding 
protein [Raphanus sativus] 
(GB:BAA99394.1); contains 
domain UNCHARACTERIZED 
(PTHR22683:SF23); contains 

domain SPORULATION 
PROTEIN RELATED 

(PTHR22683) 

1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalized 
significanc

e scores 
(Dinneny 

et al, 
2008) 

260806_at At1g78260 

RNA recognition motif-containing 
protein SEB-4 similar to RNA 
recognition motif-containing 

protein SEB-4 GI:8895698 from 
[Xenopus laevis];supported by full-

length cDNA: Ceres:123429. 

-1.89 
RNA recognition motif 

(RRM)-containing protein 
-1 

267425_at At2g34810 putative berberine bridge enzyme -1.83 
FAD-binding domain-

containing protein 
1 

253697_at At4g29700 

 nucleotide pyrophosphatase -like 
protein nucleotide 

pyrophosphatase, Oryza sativa, 
gb:T03293; supported by cDNA: 

gi_13430713_gb_AF360269.1_AF3
60269   

-1.80 

type I 
phosphodiesterase/nucleot
ide pyrophosphatase family 

protein 

-1 

246401_at At1g57560 

 DNA-binding protein, putative 
similar to DNA-binding protein 

GI:19058 from [Hordeum vulgare]; 
supported by full-length cDNA: 

Ceres:250386.  

-1.79 
AtMYB50 (myb domain 

protein 50); DNA binding / 
transcription factor 

-1 

251342_at At3g60690 

 putative protein SAUR-AC1, 
Arabidopsis thaliana, PIR:T06084; 

supported by cDNA: 
gi_14190478_gb_AF380639.1_AF3

80639   

-1.77 
auxin-responsive family 

protein 
1 

259958_at At1g53730 

 leucine-rich repeat 
transmembrane protein kinase 1, 

putative similar to GI:3360289 
from [Zea mays] (Plant Mol. Biol. 

37 (5), 749-761 (1998))  

-1.75 
leucine-rich repeat 

transmembrane protein 
kinase, putative 

-1 

267461_at At2g33830 
putative auxin-regulated protein  
;supported by full-length cDNA: 

Ceres:1711. 
-1.74 

dormancy/auxin associated 
family protein 

1 

252872_at At4g40010 

 putative serine/threonine protein 
kinase serine-threonine protein 

kinase TaPK3, Triticum aestivum, 
U29095  

-1.72 

SNRK2-7/SNRK2.7/SRK2F 
(SNF1-RELATED PROTEIN 

KINASE 2-7, SNF1-RELATED 
PROTEIN KINASE 2.7); kinase 

1 

252886_at At4g39350 

cellulose synthase catalytic 
subunit (Ath-A)  ; supported by 

cDNA: 
gi_2827140_gb_AF027173.1_AF02

7173 

-1.63 

CESA2 (CELLULASE 
SYNTHASE 2); cellulose 
synthase/ transferase, 

transferring glycosyl groups 

-1 

257480_at At1g15640 

hypothetical protein similar to 
putative RING zinc finger protein 

GI:6751714 from [Arabidopsis 
thaliana] 

-1.60 
similar to unknown protein 

[Arabidopsis thaliana] 
(TAIR:AT1G15620.1) 

-1 

266313_at At2g26980 

putative protein kinase contains a 
protein kinase domain profile 

(PDOC00100); supported by cDNA: 
gi_14194166_gb_AF367290.1_AF3

67290 

-1.59 
CIPK3 (CBL-INTERACTING 

PROTEIN KINASE 3); kinase/ 
protein kinase 

-1 

265481_at At2g15960 
unknown protein  ; supported by 

cDNA: 
gi_15028290_gb_AY045948.1_ 

-1.55 unknown protein 1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalized 
significanc

e scores 
(Dinneny 

et al, 
2008) 

255385_at At4g03610 putative hydrolase -1.54 
phosphonate metabolism 

protein-related 
-1 

249754_at At5g24530 
flavanone 3-hydroxylase-like 

protein  ; supported by full-length 
cDNA: Ceres: 149654. 

-1.48 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

1 

258552_at At3g07010 

putative pectate lyase similar to 
pectate lyase 2 GB:AAF19196 

[Musa acuminata]; supported by 
full-length cDNA: Ceres: 124816. 

-1.47 pectate lyase family protein -1 

263226_at At1g30690 

 unknown protein Contains the 
PF|00650 CRAL/TRIO 

phosphatidyl-inositol-transfer 
protein domain. ESTs gb|T76582, 
gb|N06574 and gb|Z25700 come 

from this gene; supported by 
cDNA: 

gi_14334977_gb_AY035162.1_   

-1.44 

SEC14 cytosolic factor 
family protein / 

phosphoglyceride transfer 
family protein 

-1 

265710_at At2g03370 unknown protein -1.41 serine carboxypeptidase -1 

254520_at At4g19960 

 potassium transporter-like protein 
putative potassium transporter 
AtKT2p & AtKT1p, Arabidopsis 
thaliana, Patchx:G2384669 & 

Patchx:G2384671  

-1.39 potassium ion transporter 1 

251575_at At3g58120 

 putative protein basic leucine 
zipper transcription activator  

shoot-forming PKSF1 - Paulownia 
kawakamii, 

EMBL:AF046934;supported by full-
length cDNA: Ceres:34553.  

-1.32 
bZIP transcription factor 

family protein 
-1 

264580_at At1g05340 
unknown protein EST gb|ATTS0295 
comes from this gene;supported by 

full-length cDNA: Ceres:20380. 
-1.30 

similar to unknown protein 
[Arabidopsis thaliana] 

(TAIR:AT2G32210.1); similar 
to conserved hypothetical 

protein [Medicago 
truncatula] 

(GB:ABD32591.1) 

1 

259664_at At1g55330 
unknown protein ; supported by 
full-length cDNA: Ceres: 38378. 

-1.29 
AGP21 

(ARABINOGALACTAN 
PROTEIN 21) 

-1 

258811_at At3g03990 

unknown protein similar to 
putative protein GB:CAB38214 

[Arabidopsis thaliana];supported 
by full-length cDNA: Ceres:6052. 

-1.26 
esterase/lipase/thioesterase 

family protein 

 
 
 

1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalized 
significanc

e scores 
(Dinneny 

et al, 
2008) 

264207_at At1g22750 

 unknown protein strong similarity 
to hypothetical protein gb|Y09823 
from A. thaliana. ESTs gb|T76118, 

gb|T04263 and gb|ATYU9823 
come from this gene; supported 

by cDNA: 
gi_15292832_gb_AY050850.1_   

-1.23 

similar to Os06g0581300 
[Oryza sativa (japonica 

cultivar-group)] 
(GB:NP_001057938.1); 

similar to unknown protein 
[Oryza sativa (japonica 

cultivar-group)] 
(GB:BAD68608.1); contains 
InterPro domain Protein of 

unknown function 
DUF1475; 

(InterPro:IPR009943) 

-1 

247202_at At5g65270 
GTP-binding protein  ; supported 

by full-length cDNA: Ceres: 30437. 
-1.21 

AtRABA4a (Arabidopsis Rab 
GTPase homolog A4a); GTP 

binding 
-1 

265732_at At2g01300 
predicted by genscan and 

genefinder  ;supported by full-
length cDNA: Ceres:120459. 

-1.16 

similar to unknown protein 
[Arabidopsis thaliana] 

(TAIR:AT1G15010.1); similar 
to Os05g0516700 [Oryza 
sativa (japonica cultivar-

group)] 
(GB:NP_001056047.1); 

similar to Os01g0121500 
[Oryza sativa (japonica 

cultivar-group)] 
(GB:NP_001041876.1); 

similar to Os 

1 

257269_at At3g17440 

unknown protein contains Pfam 
profile: PF00190 11S plant seed 

storage protein;supported by full-
length cDNA: Ceres:114054. 

-1.16 
NPSN13 (novel plant SNARE 

13) 
-1 

248507_at At5g50420 

putative protein strong similarity 
to unknown protein 

(gb|AAD50008.1);supported by 
full-length cDNA: Ceres:7861. 

-1.11 

similar to unknown protein 
[Arabidopsis thaliana] 

(TAIR:AT1G53770.1); similar 
to unknown protein 

[Arabidopsis thaliana] 
(TAIR:AT1G17270.1); similar 

to hypothetical protein 
MtrDRAFT_AC135796g16v1 

[Medicago truncatula] 
(GB:ABE82081.1); contains 

domain FAMIL 

-1 

264804_at At1g08590 
 putative receptor kinase, CLV1 
similar to receptor-like protein 
kinase (Ipomoea nil) (U77888)  

-1.11 
CLAVATA1 receptor kinase 

(CLV1) 
-1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalized 
significanc

e scores 
(Dinneny 

et al, 
2008) 

261727_at At1g76090 

 S-adenosyl-methionine-sterol-C-
methyltransferase, putative 

almost identical to S-adenosyl-
methionine-sterol-C-

methyltransferase GI:2246456 
from [Arabidopsis thalina]; 

supported by cDNA: 
gi_2246455_gb_U71400.1_ATU714

00   

-1.07 

SMT3 (S-adenosyl-
methionine-sterol-C-

methyltransferase 3); S-
adenosylmethionine-

dependent 
methyltransferase 

-1 

247474_at At5g62280 
 putative protein predicted 

proteins, Arabidopsis thalina  
-1.05 

similar to unknown protein 
[Arabidopsis thalina] 

(TAIR:AT2G45360.1); similar 
to Os02g0455400 [Oryza 
sativa (japonica cultivar-

group)] 
(GB:NP_001046773.1); 

similar to unknown protein 
[Oryza sativa (japonica 

cultivar-group)] 
(GB:BAD19988.1); contains 

Inter 

-1 

259072_at At3g11700 

unknown protein similar to 
unknown protein GB:AAD21471 
[Arabidopsis thalina]; supported 

by cDNA: 
gi_15810316_gb_AY056197.1_ 

-1.03 

beta-Ig-H3 domain-
containing protein / 

fasciclin domain-containing 
protein 

-1 

247955_at At5g56950 nucleosome assembly protein -1.00 
NAP1;3 (NUCLEOSOME 

ASSEMBLY PROTEIN1;3); 
DNA binding 

-1 

254850_at At4g12000 
putative protein predicted proteins 

Arabidopsis thalina 
-1.00 

similar to unknown protein 
[Arabidopsis thalina] 

(TAIR:AT4G22850.1); similar 
to At1g12450-related 
[Medicago truncatula] 

(GB:ABE81486.1); contains 
domain UNCHARACTERIZED 

(PTHR12677) 

1 

247126_at At5g66080 
protein phosphatase 2C-like 

protein 
-1.00 

protein phosphatase 2C 
family protein / PP2C family 

protein 
-1 

254492_at At4g20260 
endomembrane-associated 

protein  ; supported by full-length 
cDNA: Ceres: 20592. 

-0.99 
DREPP plasma membrane 
polypeptide family protein 

-1 

259736_at At1g64390 

 endo-beta-1,4-glucanase, putative 
similar to GI:4972236 from 

[Fragaria x ananassa] (Plant Mol. 
Biol. 40, 323-332 (1999)); 

supported by cDNA: 
gi_13937172_gb_AF372940.1_AF3

72940   

-0.97 
endo-1,4-beta-glucanase, 

putative / cellulase, 
putative 

-1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalized 
significanc

e scores 
(Dinneny 

et al, 
2008) 

254815_at At4g12420 
 putative pollen-specific protein 

pollen-specific protein precursor - 
common tobacco, PIR2:S22495  

-0.93 
SKU5 (skewed 5); copper 

ion binding 
-1 

251663_at At3g57070 

 putative protein hypothetical 
protein At2g41330 - Arabidopsis 

thalina, EMBL:AC005662; 
supported by cDNA: 

gi_15451041_gb_AY054601.1_   

-0.88 glutaredoxin family protein -1 

261594_at At1g33240 

 DNA-binding factor, putative 
similar to GT-2 factor GB: 

CAA51289 GI:416490 from 
[Arabidopsis thalina]  

-0.87 
AT-GTL1 (Arabidopsis 

thalina GT2-like 1); 
transcription factor 

-1 

257754_at At3g18820 

 GTP binding protein, putative 
similar to RAS-RELATED PROTEIN 

RAB7 GB:P31022 from [Pisum 
sativum], Plant Mol. Biol. 21 (6), 
1195-1199 (1993);supported by 
full-length cDNA: Ceres:101693.  

-0.86 
AtRABG3f/AtRab7B 

(Arabidopsis Rab GTPase 
homolog G3f); GTP binding 

-1 

247552_at At5g60920 

 phytochelatin synthetase - like 
protein putative phytochelatin 

synthetase, Arabidopsis thalina, 
EMBL:ATH6787;supported by full-

length cDNA: Ceres:17250.  

-0.83 COB (COBRA) -1 

256285_at At3g12510 
hypothetical protein predicted by 

genscan+ 
-0.83 

similar to AGL56 (AGAMOUS 
LIKE-56), DNA binding / 

transcription factor 
[Arabidopsis thalina] 

(TAIR:AT1G60880.1); similar 
to At3g12510-like protein 

[Boechera stricta] 
(GB:ABB89768.1); contains 

domain MADS BOX PROTEIN 
(PTHR11945); contains 

domain MADS BOX 

1 

251827_at At3g55120 
chalcone isomerase  ;supported by 

full-length cDNA: Ceres:2122. 
-0.80 

TT5 (TRANSPARENT TESTA 
5); chalcone isomerase 

-1 

258160_at At3g17820 

 glutamine synthetase, putative 
similar to Gln synthetase 

GB:228456 from [Arabidopsis 
thalina];supported by full-length 

cDNA: Ceres:5507.  

0.63 

ATGSKB6 (Arabidopsis 
thalina glutamine synthase 

clone KB6); glutamate-
ammonia ligase 

-1 

246244_at At4g37250 receptor kinase-like protein 0.76 
leucine-rich repeat family 
protein / protein kinase 

family protein 
1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalized 
significanc

e scores 
(Dinneny 

et al, 
2008) 

252335_at At3g48860 
 putative protein putative protein 

- Arabidopsis thalina, 
EMBL:CAB36749.1  

0.79 

similar to unknown protein 
[Arabidopsis thalina] 

(TAIR:AT5G23700.1); similar 
to expressed protein [Oryza 

sativa (japonica cultivar-
group)] (GB:ABA93965.1); 
similar to Os01g0928100 
[Oryza sativa (japonica 

cultivar-group)] 
(GB:NP_001045273.1); 

contains Int 

-1 

262496_at At1g21790 
unknown protein ; supported by 
full-length cDNA: Ceres:37444. 

0.82 

similar to Os01g0869600 
[Oryza sativa (japonica 

cultivar-group)] 
(GB:NP_001044928.1); 

similar to unknown protein 
[Oryza sativa (japonica 

cultivar-group)] 
(GB:BAD81707.1); contains 

InterPro domain TRAM, 
LAG1 and CLN8 homology; 

(InterPro:IPR006634) 

1 

251121_at At3g63420 

putative protein  ; supported by 
cDNA: 

gi_12034687_gb_AF283673.1_AF2
83673 

0.85 
AGG1 (ARABIDOPSIS 

GGAMMA-SUBUNIT 1) 
-1 

248107_at At5g55190 

small Ras-like GTP-binding protein 
(gb|AAB58478.1)  ; supported by 

cDNA: 
gi_14596016_gb_AY042796.1_ 

1.04 RAN3; GTP binding -1 

267319_at At2g34660 

ABC transporter (AtMRP2) 
identical to GB:AF014960; 

transports glutathione conjugates; 
supported by cDNA: 

gi_2909780_gb_AF020288.1_AF02
0288 

1.09 

ATMRP2 (MULTIDRUG 
RESISTANCE-ASSOCIATED 

PROTEIN 2); ATPase, 
coupled to transmembrane 

movement of substances 

-1 

265078_at At1g55500 

hypothetical protein contains 
similarity to high-glucose-

regulated protein 8 GB:AAF08813 
GI:6449083 from [Homo sapiens]; 

supported by cDNA: 
gi_15215791_gb_AY050425.1_ 

1.10 

similar to ECT2 [Arabidopsis 
thalina] 

(TAIR:AT3G13460.4); similar 
to YT521-B-like protein 
[Medicago truncatula] 

(GB:ABE87461.1); contains 
InterPro domain YT521-B-

like protein; 
(InterPro:IPR007275) 

-1 

246133_at At5g20960 

aldehyde oxidase AAO1  ; 
supported by cDNA: 

gi_2792301_gb_AF039895.1_AF03
9895 

1.15 
AAO1 (ALDEHYDE OXIDASE 

1) 
-1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalized 
significanc

e scores 
(Dinneny 

et al, 
2008) 

254667_at At4g18280 

 glycine-rich cell wall protein-like 
glycine-rich protein 1.0 precursor, 
Phaseolus vulgaris, PIR1:S01821; 

supported by cDNA: 
gi_14030676_gb_AF375429.1_AF3

75429   

1.24 
glycine-rich cell wall protein-

related 
1 

245944_at At5g19520 
 putative protein various predicted 
proteins, Arabidopsis thalina and 

S. pombe  
1.28 

mechanosensitive ion 
channel domain-containing 

protein / MS ion channel 
domain-containing protein 

-1 

263465_at At2g31940 
hypothetical protein predicted by 

genscan 
1.30 

oxidoreductase/ transition 
metal ion binding 

1 

260230_at At1g74500 

putative DNA-binding protein 
contains Pfam profile: PF00010 
helix-loop-helix DNA-binding 

domain;supported by full-length 
cDNA: Ceres:519. 

1.33 bHLH family protein -1 

259228_at At3g07720 

unknown protein similar to 
hypothetical protein GB:S33464 
[Arabidopsis thalina]; supported 

by cDNA: 
gi_14517447_gb_AY039559.1_ 

1.50 
kelch repeat-containing 

protein 
-1 

246279_at At4g36740 homeodomain protein 1.87 

ATHB40 (ARABIDOPSIS 
THALINA HOMEOBOX 

PROTEIN 40); DNA binding / 
transcription factor 

1 

256296_at At1g69480 hypothetical protein 1.96 
EXS family protein / 

ERD1/XPR1/SYG1 family 
protein 

1 

265084_at At1g03790 
hypothetical protein contains 

Cys3His zinc finger domain 
2.00 

zinc finger (CCCH-type) 
family protein 

1 

256712_at At2g34020 
unknown protein similar to 

T14G11.15 
2.19 calcium ion binding -1 

260203_at At1g52890 
NAM-like protein similar to NAM 

(no apical meristem) GB:CAA63101 
from [Petunia x hybrida] 

2.58 
ANAC019 (Arabidopsis NAC 
domain containing protein 

19); transcription factor 
1 

249545_at At5g38030 

 putative transmembrane protein 
putative multidrug efflux protein 
NorM - Vibrio parahaemolyticus, 
EMBL:AB010463; supported by 

cDNA: 
gi_13937233_gb_AF372972.1_AF3

72972   

3.21 MATE efflux family protein -1 
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Appendix 3.7: Salt responsive genes found in our pericycle transcriptomic studies 

and in Phloem cells from Dinneny studies with their corresponding trends in 

response to salt treatment in each study. Genes following the same trend in 

response to salt in both studies are indicated in bold. 

Affymetr
ix ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalize
d 

significan
ce scores 
(Dinneny 

et al, 
2008) 

255433_
at 

At4g03210 putative xyloglucan 
endotransglycosylase  
;supported by full-length cDNA: 
Ceres:17748. 

-2.07 XTH9 (XYLOGLUCAN 
ENDOTRANSGLUCOSYLASE/HYDR

OLASE 9); hydrolase, acting on 
glycosyl bonds 

-1 

248252_
at 

At5g53250 putative protein similar to 
unknown protein 
(emb|CAB71094.1) 

-2.04 AGP22/ATAGP22 
(ARABINOGALACTAN PROTEINS 

22) 

-1 

262796_
at 

At1g20850 cysteine proteinase XCP2 
identical to papain-type cysteine 
endopeptidase XCP2 GI:6708183 
from [Arabidopsis thalina] 

-2.02 XCP2 (XYLEM CYSTEINE PEPTIDASE 
2); cysteine-type peptidase/ 

peptidase 

1 

254695_
at 

At4g17910  putative protein predicted 
protein, Saccharomyces 
cerevisiae, PIR2:S56868  

-1.83 zinc finger (C3HC4-type RING 
finger) family protein / 

pentatricopeptide (PPR) repeat-
containing protein 

-1 

254806_
at 

At4g12430  putative trehalose-6-phosphate 
phosphatase (AtTPPA) 
trehalose-6-phosphate 
phosphatase - Arabidopsis 
thalina, PID:g2944178; 
supported by cDNA: 
gi_16648940_gb_AY059840.1_   

-1.41 trehalose-6-phosphate 
phosphatase, putative 

1 

251769_
at 

At3g55950  receptor kinase - like protein 
receptor kinase homolog 
CRINKLY4, maize, PIR:T04108  

-1.32 protein kinase family protein 1 

258399_
at 

At3g15540  early auxin-induced protein, 
IAA19 identical to IAA19 
GB:AAB84356 from [Arabidopsis 
thalina]; supported by full-
length cDNA: Ceres: 94231.   

-1.00 IAA19 (indoleacetic acid-induced 
protein 19); transcription factor 

1 

247488_
at 

At5g61820  putative protein MtN19, 
Medicago truncatula, 
EMBL:MTY15367  

1.07 similar to hypothetical protein 
[Trifolium pratense] 

(GB:BAE71234.1); contains 
InterPro domain Stress up-

regulated Nod 19; 
(InterPro:IPR011692) 

1 

260772_
at 

At1g49050 unknown protein contains 
similarity to nucellin 
GI:2290203 from [Hordeum 
vulgare]; supported by cDNA: 
gi_13430539_gb_AF360182.1_A
F360182 

1.13 aspartyl protease family protein 1 

262884_
at 

At1g64720  membrane related protein CP5, 
putative similar to membrane 
related protein CP5 GI:4741929 
from [Arabidopsis thalina]; 
supported by cDNA: 
gi_4741928_gb_AF130253.1_AF
130253   

1.14 CP5 1 
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Affymetr
ix ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalize
d 

significan
ce scores 
(Dinneny 

et al, 
2008) 

251028_
at 

At5g02230  putative protein putative 
hydrolase At2g32150 - 
Arabidopsis thalina, 
EMBL:AC006223;supported by 
full-length cDNA: Ceres:36724.  

1.22 haloacid dehalogenase-like 
hydrolase family protein 

1 

252265_
at 

At3g49620  putative protein SRG1 protein - 
Arabidopsis thalina, PIR:S44261  

1.26 DIN11 (DARK INDUCIBLE 11); 
oxidoreductase 

1 

254408_
at 

At4g21390  serine/threonine kinase - like 
protein serine/threonine kinase 
BRLK, Brassica oleracea, 
gb:Y12531  

1.36 B120; protein kinase/ sugar 
binding 

1 

265414_
at 

At2g16660 nodulin-like protein 1.45 nodulin family protein 1 

250648_
at 

At5g06760 late embryogenesis abundant 
protein LEA like  ; supported by 
cDNA: 
gi_15293004_gb_AY050936.1_ 

1.50 late embryogenesis abundant 
group 1 domain-containing 

protein / LEA group 1 domain-
containing protein 

1 

258683_
at 

At3g08760 putative protein kinase 
contains Pfam profile: PF00069 
Eukaryotic protein kinase 
domain (2 copies); supported 
by cDNA: 
gi_14581444_gb_AY026759.1_ 

1.69 ATSIK; kinase 1 

261763_
at 

At1g15520  ABC transporter, putative 
similar to ABC transporter 
GI:9279716 from [Arabidopsis 
thalina]  

1.73 ATPDR12/PDR12 (PLEIOTROPIC 
DRUG RESISTANCE 12); ATPase, 

coupled to transmembrane 
movement of substances 

1 

260528_
at 

At2g47260 putative WRKY-type DNA 
binding protein  ;supported by 
full-length cDNA: Ceres:114256. 

2.36 WRKY23 (WRKY DNA-binding 
protein 23); transcription factor 

1 

262128_
at 

At1g52690  late embryogenesis-abundant 
protein, putative similar to late 
embryogenesis-abundant 
protein GI:17828 from [Brassica 
napus];supported by full-length 
cDNA: Ceres:35745.  

2.37 late embryogenesis abundant 
protein, putative / LEA protein, 

putative 

1 

260023_
at 

At1g30040 unknown protein 2.54 ATGA2OX2; gibberellin 2-beta-
dioxygenase 

1 
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Appendix 3.8: Salt responsive genes found in our pericycle transcriptomic studies 

and in stelar tissue from Dinneny studies with their corresponding trends in 

response to salt treatment in each study. Genes following the same trend in 

response to salt in both studies are indicated in bold. 

Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalize
d 

significan
ce scores 
(Dinneny 

et al, 
2008) 

253423_at At4g32280 

Expressed protein ; supported 
by cDNA: 
gi_14190492_gb_AF380646.1
_AF380646 

-4.09 
IAA29 (indoleacetic acid-induced 
protein 29); transcription factor 

1 

264549_at At1g09440 
putative ser/thr protein kinase 
similar to GB:AAD21713 

-2.84 protein kinase family protein 1 

255702_at At4g00230 

subtilisin-like serine protease 
XSP1 identical to subtilisin-
type serine endopeptidase 
XSP1 GI:6708179 from 
[Arabidopsis thalina] 

-2.74 
XSP1 (XYLEM SERINE PEPTIDASE 
1); subtilase 

1 

255150_at At4g08160 putative xylan endohydrolase -2.60 
glycosyl hydrolase family 10 
protein / carbohydrate-binding 
domain-containing protein 

1 

259688_at At1g63120 

 membrane protein, putative 
similar to GI:294845 from 
[Saccharum hybrid cultivar 
H65-7052] (Plant Physiol. 102, 
1367 (1993))  

-2.34 
ATRBL2 (ARABIDOPSIS THALINA 
RHOMBOID-LIKE 2); serine-type 
endopeptidase 

1 

251688_at At3g56480 

 putative protein hypothetical 
protein At2g26770 - 
Arabidopsis thalina, 
EMBL:AC003105  

-2.30 myosin heavy chain-related -1 

266300_at At2g01420 

putative auxin transport 
protein  ; supported by cDNA: 
gi_7109714_gb_AF087016.1_
AF087016 

-2.20 
PIN4 (PIN-FORMED 4); 
auxin:hydrogen symporter/ 
transporter 

1 

260867_at At1g43790 

hypothetical protein predicted 
by genemark.hmm;supported 
by full-length cDNA: 
Ceres:29740. 

-2.20 

similar to hydroxyproline-rich 
glycoprotein family protein 
[Arabidopsis thalina] 
(TAIR:AT5G48920.1) 

1 

246439_at At5g17600 

 RING-H2 zinc finger protein-
like RING-H2 zinc finger 
protein ATL4 - Arabidopsis 
thalina, EMBL:AF132014  

-2.11 
zinc finger (C3HC4-type RING 
finger) family protein 

1 

255433_at At4g03210 

putative xyloglucan 
endotransglycosylase  
;supported by full-length 
cDNA: Ceres:17748. 

-2.07 

XTH9 (XYLOGLUCAN 
ENDOTRANSGLUCOSYLASE/HYDR
OLASE 9); hydrolase, acting on 
glycosyl bonds 

-1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalize
d 

significan
ce scores 
(Dinneny 

et al, 
2008) 

248252_at At5g53250 
putative protein similar to 
unknown protein 
(emb|CAB71094.1) 

-2.04 
AGP22/ATAGP22 
(ARABINOGALACTAN PROTEINS 
22) 

-1 

248121_at At5g54690 
putative protein contains 
similarity to unknown protein 
(gb|AAF26170.1) 

-1.99 

GAUT12/IRX8/LGT6 
(GALACTURONOSYLTRANSFERASE 
12); polygalacturonate 4-alpha-
galacturonosyltransferase/ 
transferase, transferring glycosyl 
groups / transferase, transferring 
hexosyl groups 

1 

245140_at At2g45420 

unknown protein predicted by 
genefinder and genscan; 
similar to 
gi2347197|AC002338 

-1.91 
LOB domain protein 18 / lateral 
organ boundaries domain protein 
18 (LBD18) 

1 

257203_at At3g23730 

 xyloglucan 
endotransglycosylase, 
putative similar to xyloglucan 
endotransglycosylase 1 
GB:CAA10231 from [Fagus 
sylvatica] (Plant 
Physiol.(1999) 119, 1148-
1148);supported by full-
length cDNA: Ceres:10852.  

-1.75 

xyloglucan:xyloglucosyl 
transferase, putative / xyloglucan 
endotransglycosylase, putative / 
endo-xyloglucan transferase, 
putative 

-1 

245864_at At1g58070 
hypothetical protein predicted 
by genemark.hmm 

-1.58 

similar to Os11g0195800 [Oryza 
sativa (japonica cultivar-group)] 
(GB:NP_001067427.1); similar to 
hypothetical protein 
LOC_Os12g08160 [Oryza sativa 
(japonica cultivar-group)] 
(GB:ABA95958.1) 

1 

254629_at At4g18425 
Expressed protein ; supported 
by full-length cDNA: Ceres: 
907. 

-1.52 

similar to unknown protein 
[Arabidopsis thalina] 
(TAIR:AT5G46090.1); similar to 
unknown protein [Oryza sativa 
(japonica cultivar-group)] 
(GB:AAU10653.1); contains 
InterPro domain Protein of 
unknown function DUF679; 
(InterPro:IPR007770) 

1 

254806_at At4g12430 

 putative trehalose-6-
phosphate phosphatase 
(AtTPPA) trehalose-6-
phosphate phosphatase - 
Arabidopsis thalina, 
PID:g2944178; supported by 
cDNA: 
gi_16648940_gb_AY059840.1
_   

-1.41 
trehalose-6-phosphate 
phosphatase, putative 

1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalize
d 

significan
ce scores 
(Dinneny 

et al, 
2008) 

253289_at At4g34320 
 putative protein 
F10M10_100, Arabidopsis 
thalina  

-1.34 

similar to unknown protein 
[Arabidopsis thalina] 
(TAIR:AT4G34330.1); similar to 
Os03g0199100 [Oryza sativa 
(japonica cultivar-group)] 
(GB:NP_001049283.1); similar to 
hypothetical protein [Oryza sativa 
(japonica cultivar-group)] 
(GB:AAL58139.1); contains 

1 

250157_at At5g15180 

 prx10 peroxidase - like 
protein prx10 peroxidase, 
Spinacia oleracea, 
EMBL:SOY16776  

-1.28 peroxidase, putative 1 

251080_at At5g02010 
putative protein hypothetical 
proteins - Arabidopsis thalina 

-1.23 
ATROPGEF7/ROPGEF7 (KINASE 
PARTNER PROTEIN-LIKE); Rho 
guanyl-nucleotide exchange factor 

1 

249626_at At5g37540 

 putative protein nucleoid 
DNA-binding protein cnd41, 
chloroplast, common tobacco, 
PIR:T01996; supported by 
cDNA: 
gi_15809849_gb_AY054192.1
_   

-1.13 aspartyl protease family protein 1 

258325_at At3g22830 

putative heat shock protein 
similar to putative heat shock 
transcription factor 1 
GB:P41151 from [Arabidopsis 
thalina]; supported by cDNA: 
gi_15028342_gb_AY045974.1
_ 

-1.05 

AT-HSFA6B (Arabidopsis thalina 
heat shock transcription factor 
A6B); DNA binding / transcription 
factor 

1 

254204_at At4g24160 
 putative protein CGI-58 
protein - Homo 
sapiens,PID:g4929585  

0.91 
hydrolase, alpha/beta fold family 
protein 

1 

258395_at At3g15500 

putative jasmonic acid 
regulatory protein similar to 
jasmonic acid 2 GB:AAF04915 
from [Lycopersicon 
esculentum];supported by 
full-length cDNA: 
Ceres:109984. 

1.01 
ATNAC3 (ARABIDOPSIS NAC 
DOMAIN CONTAINING PROTEIN 
55); transcription factor 

1 

253046_at At4g37370 

 cytochrome P450 - like 
protein cytochrome P450, 
Glycyrrhiza echinata, 
AB001379;supported by full-
length cDNA: Ceres:253698.  

1.05 
CYP81D8 (cytochrome P450, 
family 81, subfamily D, 
polypeptide 8); oxygen binding 

1 

254764_at At4g13250 

putative protein  ; supported 
by cDNA: 
gi_16323185_gb_AY057697.1
_ 

1.06 
short-chain 
dehydrogenase/reductase (SDR) 
family protein 

1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalize
d 

significan
ce scores 
(Dinneny 

et al, 
2008) 

247488_at At5g61820 
 putative protein MtN19, 
Medicago truncatula, 
EMBL:MTY15367  

1.07 

similar to hypothetical protein 
[Trifolium pratense] 
(GB:BAE71234.1); contains 
InterPro domain Stress up-
regulated Nod 19; 
(InterPro:IPR011692) 

1 

251028_at At5g02230 

 putative protein putative 
hydrolase At2g32150 - 
Arabidopsis thalina, 
EMBL:AC006223;supported 
by full-length cDNA: 
Ceres:36724.  

1.22 
haloacid dehalogenase-like 
hydrolase family protein 

1 

246099_at At5g20230 
blue copper binding protein  
;supported by full-length 
cDNA: Ceres:7767. 

1.29 
ATBCB (ARABIDOPSIS BLUE-
COPPER-BINDING PROTEIN); 
copper ion binding 

1 

254408_at At4g21390 

 serine/threonine kinase - like 
protein serine/threonine 
kinase BRLK, Brassica 
oleracea, gb:Y12531  

1.36 
B120; protein kinase/ sugar 
binding 

1 

265732_at At2g01300 

predicted by genscan and 
genefinder  ;supported by 
full-length cDNA: 
Ceres:120459. 

1.41 

similar to unknown protein 
[Arabidopsis thalina] 
(TAIR:AT1G15010.1); similar to 
Os05g0516700 [Oryza sativa 
(japonica cultivar-group)] 
(GB:NP_001056047.1); similar to 
Os01g0121500 [Oryza sativa 
(japonica cultivar-group)] 
(GB:NP_001041876.1); similar to 
Os 

1 

254577_at At4g19450 
putative protein  ;supported 
by full-length cDNA: 
Ceres:100165. 

1.43 nodulin-related 1 

265414_at At2g16660 nodulin-like protein 1.45 nodulin family protein 1 

259479_at At1g19020 
Expressed protein ; 
supported by full-length 
cDNA: Ceres: 31015. 

1.48 

similar to unknown protein 
[Arabidopsis thalina] 
(TAIR:AT3G48180.1); similar to 
conserved hypothetical protein 
[Medicago truncatula] 
(GB:ABE82379.1) 

1 

250648_at At5g06760 

late embryogenesis abundant 
protein LEA like  ; supported 
by cDNA: 
gi_15293004_gb_AY050936.1
_ 

1.50 

late embryogenesis abundant 
group 1 domain-containing 
protein / LEA group 1 domain-
containing protein 

1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalize
d 

significan
ce scores 
(Dinneny 

et al, 
2008) 

258224_at At3g15670 

LEA76 homologue type2 
identical to LEA76 homologue 
type2 GB:X91912 
[Arabidopsis thalina]; similar 
to late embryogenesis 
abundant protein 76 (LEA76) 
GB:P13934 [Brassica napus]; 
supported by cDNA: 
gi_14532803_gb_AY040026.1
_ 

1.50 
late embryogenesis abundant 
protein, putative / LEA protein, 
putative 

1 

259017_at At3g07310 
unknown protein  ; supported 
by full-length cDNA: Ceres: 
37200. 

1.52 

similar to unknown protein 
[Arabidopsis thalina] 
(TAIR:AT5G48590.1); similar to 
expressed protein [Oryza sativa 
(japonica cultivar-group)] 
(GB:ABA93505.2); contains 
InterPro domain Protein of 
unknown function DUF760; 
(InterPro:IPR008479) 

1 

266267_at At2g29460 

putative glutathione S-
transferase  ; supported by 
cDNA: 
gi_14423533_gb_AF387004.1
_AF387004 

1.53 
ATGSTU4 (GLUTATHIONE S-
TRANSFERASE 22); glutathione 
transferase 

1 

261023_at At1g12200 

unknown protein similar to 
unknown protein 
GB:AAF34848 GI:6997186 
from [Arabidopsis thalina] 

1.61 
flavin-containing monooxygenase 
family protein / FMO family 
protein 

1 

266089_at At2g38010 
hypothetical protein 
predicted by genscan 

1.67 ceramidase family protein 1 

245363_at At4g15120 
hypothetical protein 
;supported by full-length 
cDNA: Ceres:36129. 

1.67 VQ motif-containing protein 1 

248967_at At5g45350 
unknown protein ;supported 
by full-length cDNA: 
Ceres:22538. 

1.70 proline-rich family protein 1 

261763_at At1g15520 

 ABC transporter, putative 
similar to ABC transporter 
GI:9279716 from [Arabidopsis 
thalina]  

1.73 

ATPDR12/PDR12 (PLEIOTROPIC 
DRUG RESISTANCE 12); ATPase, 
coupled to transmembrane 
movement of substances 

1 

262912_at At1g59740 

 oligopeptide transporter, 
putative similar to 
oligopeptide transporter 
GI:510238 from [Arabidopsis 
thalina]; supported by cDNA: 
gi_14334727_gb_AY035037.1
_   

1.78 
proton-dependent oligopeptide 
transport (POT) family protein 

1 

248358_at At5g52400 
cytochrome P-450-like 
protein 

1.79 
CYP715A1 (cytochrome P450, 
family 715, subfamily A, 
polypeptide 1); oxygen binding 

1 
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Affymetrix 
ID 

Locus Annotation Affymetrix 

Fold 
chang
e (our 
data) 

Description 

Digitalize
d 

significan
ce scores 
(Dinneny 

et al, 
2008) 

259736_at At1g64390 

 endo-beta-1,4-glucanase, 
putative similar to 
GI:4972236 from [Fragaria x 
ananassa] (Plant Mol. Biol. 
40, 323-332 (1999)); 
supported by cDNA: 
gi_13937172_gb_AF372940.1
_AF372940   

1.83 
endo-1,4-beta-glucanase, 
putative / cellulase, putative 

1 

245317_at At4g15610 
hypothetical protein ; 
supported by full-length 
cDNA: Ceres: 26019. 

2.20 integral membrane family protein 1 

259517_at At1g20630 

hypothetical protein ; 
supported by cDNA: 
gi_1518449_gb_U43340.1_AT
U43340 

2.24 CAT1 (CATALASE 1); catalase 1 

260528_at At2g47260 

putative WRKY-type DNA 
binding protein  ;supported 
by full-length cDNA: 
Ceres:114256. 

2.36 
WRKY23 (WRKY DNA-binding 
protein 23); transcription factor 

1 

262128_at At1g52690 

 late embryogenesis-
abundant protein, putative 
similar to late 
embryogenesis-abundant 
protein GI:17828 from 
[Brassica napus];supported 
by full-length cDNA: 
Ceres:35745.  

2.37 
late embryogenesis abundant 
protein, putative / LEA protein, 
putative 

1 

261077_at At1g07430 

 protein phosphatase 2C, 
putative similar to 
GB:CAB90633 from [Fagus 
sylvatica];supported by full-
length cDNA: Ceres:118185.  

2.45 
protein phosphatase 2C, putative 
/ PP2C, putative 

1 
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Appendix 3.9: Significant pathways regulated in cortical cells in response to mild 

salt with their adjusted p values obtained using Plant MetGenMAP. 

Pathway name p value (adjusted) 

UDP-sugars interconversion 1.79E-05 

cellulose biosynthesis 1.79E-05 

sucrose degradation to ethanol and lactate (anaerobic) 0.00283 

lysine biosynthesis VI 0.00283 

threonine biosynthesis 0.00283 

superpathway of plastoquinone biosynthesis 0.00283 

homogalacturonan degradation 0.00283 

superpathway of sucrose and starch metabolism I (non-photosynthetic tissue) 0.00283 

superpathway of flavones and derivatives biosynthesis 0.00283 

galactose degradation III 0.00283 

trehalose biosynthesis I 0.00283 

superpathway of geranylgeranyldiphosphate biosynthesis I (via mevalonate) 0.00283 

nonaprenyl diphosphate biosynthesis 0.00283 

geranylgeranyldiphosphate biosynthesis 0.00283 

homoserine biosynthesis 0.00283 

isoleucine biosynthesis I 0.00283 

superpathway of phenylalanine, tyrosine and tryptophan biosynthesis 0.00283 

superpathway of lysine, threonine and methionine biosynthesis II 0.00283 

superpathway of geranylgeranyldiphosphate biosynthesis II (via MEP) 0.00283 

flavonol biosynthesis 0.00283 

superpathway of phylloquinone biosynthesis 0.00283 

UDP-D-galacturonate biosynthesis I (from UDP-D-glucuronate) 0.02583 

putrescine degradation IV 0.02583 

glucosinolate biosynthesis from tetrahomomethionine 0.02583 

4-aminobutyrate degradation I 0.02583 

jasmonic acid biosynthesis 0.02583 

pyrimidine ribonucleotides interconversion 0.02583 

?-alanine biosynthesis II 0.02583 

homogalacturonan biosynthesis 0.02583 

UDP-glucose biosynthesis (from sucrose) 0.02583 

hydroxyjasmonate sulfate biosynthesis 0.02583 

superpathway of sucrose degradation to pyruvate 0.02583 

ureide biosynthesis 0.02583 

mannose degradation 0.02583 

phosphatidylglycerol biosynthesis II 0.02583 

IAA biosynthesis VII 0.02583 

phenylalanine biosynthesis II 0.02583 

superoxide radicals degradation 0.02583 

pyrimidine ribonucleotides de novo biosynthesis 0.02583 
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Pathway name p value (adjusted) 

salvage pathways of purine nucleosides II (plant) 0.02583 

IAA degradation IV 0.02583 

glucosinolate biosynthesis from pentahomomethionine 0.02583 

chorismate biosynthesis 0.02583 

purine nucleotides de novo biosynthesis II 0.02583 

urate biosynthesis 0.02583 

glutamate degradation IV 0.02583 

pyruvate fermentation to ethanol II 0.02583 

phospholipid biosynthesis II 0.02583 

scopoletin biosynthesis 0.02583 

sucrose degradation III 0.02583 

superpathway of phenylalanine and tyrosine biosynthesis 0.02583 

ethanol degradation 0.02583 

pyrimidine deoxyribonucleotides de novo biosynthesis 0.02583 

purine degradation I (aerobic) 0.02583 

cytokinins-O-glucoside biosynthesis 0.02583 

glucosinolate biosynthesis from hexahomomethionine 0.02583 

superpathway of carotenoid biosynthesis 0.02583 

ascorbate biosynthesis I (L-galactose pathway) 0.02583 

UDP-D-xylose biosynthesis 0.02583 

glucosinolate biosynthesis from homomethionine 0.02583 

glucosinolate biosynthesis from dihomomethionine 0.02583 

acetaldehyde biosynthesis I 0.02583 

GDP-mannose biosynthesis 0.02583 

formylTHF biosynthesis II 0.02583 

oxidative ethanol degradation III 0.02583 

indole-3-acetyl-amino acid biosynthesis 0.02583 

phenylpropanoid biosynthesis 0.02583 

triacylglycerol biosynthesis 0.02583 

methyl indole-3-acetate interconversion 0.02583 

?-carotene biosynthesis 0.02583 

chlorophyll cycle 0.02583 

NAD biosynthesis I (from aspartate) 0.02583 

melibiose degradation 0.02583 

IAA biosynthesis I 0.02583 

UDP-D-glucuronate biosynthesis (from myo-inositol) 0.02583 

superpathway of IAA conjugate biosynthesis 0.02583 

glucosinolate biosynthesis from trihomomethionine 0.02583 

CDP-diacylglycerol biosynthesis I 0.02583 

mannitol degradation II 0.02583 

gibberellin inactivation 0.02583 

oxidative ethanol degradation I 0.02583 
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Pathway name p value (adjusted) 

starch biosynthesis 0.02583 

tetrahydrofolate biosynthesis II 0.02583 

tRNA charging pathway 0.02583 

triacylglycerol degradation 0.02583 

phosphatidylglycerol biosynthesis I (plastid) 0.02583 

thalianol and derivatives biosynthesis 0.02583 

very long chain fatty acid biosynthesis 0.02583 

sucrose biosynthesis 0.02583 

purine nucleotide metabolism (phosphotransfer and nucleotide modification) 0.02583 

CDP-diacylglycerol biosynthesis II 0.02583 
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Appendix 3.10: Significant pathways regulated in pericycle cells in response to 

mild salt with their adjusted p values obtained using Plant MetGenMAP 

Pathway name p value (adjusted) 

UDP-sugars interconversion 1.79E-05 

cellulose biosynthesis 1.79E-05 

sucrose degradation to ethanol and lactate (anaerobic) 0.00283 

lysine biosynthesis VI 0.00283 

threonine biosynthesis 0.00283 

superpathway of plastoquinone biosynthesis 0.00283 

homogalacturonan degradation 0.00283 

superpathway of sucrose and starch metabolism I (non-photosynthetic tissue) 0.00283 

superpathway of flavones and derivatives biosynthesis 0.00283 

galactose degradation III 0.00283 

trehalose biosynthesis I 0.00283 

superpathway of geranylgeranyldiphosphate biosynthesis I (via mevalonate) 0.00283 

nonaprenyl diphosphate biosynthesis 0.00283 

geranylgeranyldiphosphate biosynthesis 0.00283 

homoserine biosynthesis 0.00283 

isoleucine biosynthesis I 0.00283 

superpathway of phenylalanine, tyrosine and tryptophan biosynthesis 0.00283 

superpathway of lysine, threonine and methionine biosynthesis II 0.00283 

superpathway of geranylgeranyldiphosphate biosynthesis II (via MEP) 0.00283 

flavonol biosynthesis 0.00283 

superpathway of phylloquinone biosynthesis 0.00283 

UDP-D-galacturonate biosynthesis I (from UDP-D-glucuronate) 0.02583 

putrescine degradation IV 0.02583 

glucosinolate biosynthesis from tetrahomomethionine 0.02583 

4-aminobutyrate degradation I 0.02583 

jasmonic acid biosynthesis 0.02583 

pyrimidine ribonucleotides interconversion 0.02583 

?-alanine biosynthesis II 0.02583 

homogalacturonan biosynthesis 0.02583 

UDP-glucose biosynthesis (from sucrose) 0.02583 

hydroxyjasmonate sulfate biosynthesis 0.02583 

superpathway of sucrose degradation to pyruvate 0.02583 

ureide biosynthesis 0.02583 

mannose degradation 0.02583 

phosphatidylglycerol biosynthesis II 0.02583 

IAA biosynthesis VII 0.02583 

phenylalanine biosynthesis II 0.02583 

superoxide radicals degradation 0.02583 

pyrimidine ribonucleotides de novo biosynthesis 0.02583 
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Pathway name p value (adjusted) 

salvage pathways of purine nucleosides II (plant) 0.02583 

IAA degradation IV 0.02583 

glucosinolate biosynthesis from pentahomomethionine 0.02583 

chorismate biosynthesis 0.02583 

purine nucleotides de novo biosynthesis II 0.02583 

urate biosynthesis 0.02583 

glutamate degradation IV 0.02583 

pyruvate fermentation to ethanol II 0.02583 

phospholipid biosynthesis II 0.02583 

scopoletin biosynthesis 0.02583 

sucrose degradation III 0.02583 

superpathway of phenylalanine and tyrosine biosynthesis 0.02583 

ethanol degradation 0.02583 

pyrimidine deoxyribonucleotides de novo biosynthesis 0.02583 

purine degradation I (aerobic) 0.02583 

cytokinins-O-glucoside biosynthesis 0.02583 

glucosinolate biosynthesis from hexahomomethionine 0.02583 

superpathway of carotenoid biosynthesis 0.02583 

ascorbate biosynthesis I (L-galactose pathway) 0.02583 

UDP-D-xylose biosynthesis 0.02583 

glucosinolate biosynthesis from homomethionine 0.02583 

glucosinolate biosynthesis from dihomomethionine 0.02583 

acetaldehyde biosynthesis I 0.02583 

GDP-mannose biosynthesis 0.02583 

formylTHF biosynthesis II 0.02583 

oxidative ethanol degradation III 0.02583 

indole-3-acetyl-amino acid biosynthesis 0.02583 

phenylpropanoid biosynthesis 0.02583 

triacylglycerol biosynthesis 0.02583 

methyl indole-3-acetate interconversion 0.02583 

?-carotene biosynthesis 0.02583 

chlorophyll cycle 0.02583 

NAD biosynthesis I (from aspartate) 0.02583 

melibiose degradation 0.02583 

IAA biosynthesis I 0.02583 

UDP-D-glucuronate biosynthesis (from myo-inositol) 0.02583 

superpathway of IAA conjugate biosynthesis 0.02583 

glucosinolate biosynthesis from trihomomethionine 0.02583 

CDP-diacylglycerol biosynthesis I 0.02583 

mannitol degradation II 0.02583 

gibberellin inactivation 0.02583 

oxidative ethanol degradation I 0.02583 
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Pathway name p value (adjusted) 

starch biosynthesis 0.02583 

tetrahydrofolate biosynthesis II 0.02583 

tRNA charging pathway 0.02583 

triacylglycerol degradation 0.02583 

phosphatidylglycerol biosynthesis I (plastid) 0.02583 

thalianol and derivatives biosynthesis 0.02583 

very long chain fatty acid biosynthesis 0.02583 

sucrose biosynthesis 0.02583 

purine nucleotide metabolism (phosphotransfer and nucleotide modification) 0.02583 

CDP-diacylglycerol biosynthesis II 0.02583 
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Appendix 4.1: List of primer pairs and corresponding annealing temperature used for screening of KO mutant lines. 

Cell type, Salk name of the insert, locus, Name in the thesis, directional insertion of the T-DNA for choice of primers pairs (see Figure 4.1) and the 

expected size of amplification are indicated below. 

Cell type  Salk name 
Gene of 
interest 

Name LP left primer (5'->3') 
RP right primer (5'-

>3') 

Annealing 
temperature LP-RP 

(°C) 

size 
LP-RP 

Left border T-DNA used in 
2nd PCR (5'->3') 

Annealing 
temperature 2nd PCR 

(°C) 

Directional 
insertion 

size 
2nd 
PCR 

pericycle SALK_095572  
At1g1295

0 
MATE 

1 
TTGAACAAAAGTTCCC
GTCAC 

GGCACTCGTATTATT
TGCTGG 

48 
1063 TAAAACGGCTAAAGCCTTG 47 direct 

459-
759 

pericycle SALK_095581 
At1g1295

0 
MATE 

2 
TTGAACAAAAGTTCCC
GTCAC 

GGCACTCGTATTATT
TGCTGG 

50 
1063 TAAAACGGCTAAAGCCTTG 47 direct 

459-
759 

pericycle SALK_136631 
At1g1295

0 
MATE 

3 
ACTTCTGACAAGCGAG
TAG 

AAGCATGAACATTT
TGGGATG 

47 
1198 TAAAACGGCTAAAGCCTTG 47 direct 

507-
807 

pericycle SALK_103884 
At1g1295

0 
MATE 

4 
TGGCGTGAGTTCTCTA
ACCAC 

AAAGCAAGATCATG
GTCATGG 

50 
1049 TAAAACGGCTAAAGCCTTG 47 direct 

483-
783 

pericycle GABI_395G09 
At1g1295

0 
MATE 

5 
TGACACTCTCACACTGC
CAAC 

TACAACGCTCGTGG
GTTATTC 

52 
1067 

TATAACTGGTAGTATGAGTAA
CG 

47 direct 
550-
850 

pericycle SAIL_535_F01 
At1g1295

0 
MATE 

6 
TCACATCTTTTTAGCCC
AACATC 

CGAGAGAGTATTGG
CTCATCG 

52 
1079 

GCCTTTTCAGAAATGGATAAA
TAGCCTTGCTTCC  52 indirect 

557-
857 

pericycle SALK_126728  
At1g1295

0 
MATE 

7 
AATAGACCAAATGGGA
CTCCG 

GATTTACGTGGGAG
GCTTTTC 

51 
1089 TAAAACGGCTAAAGCCTTG 47 direct 

468-
768 

pericycle  SALK_113804 
At2g1722

0 KIN 1 
TCCAACCGTATAGAGA
CTTGTTG 

TAAGCATCTTCACCA
CTTGCC 

50 
1102 ATTTTGCCGATTTCGGAAC 47 indirect 

564-
864 

pericycle SALK_009557 
At2g1722

0 KIN 2 
AGAAATTGCAACGTAT
CACGC 

AAAATGCCGTGAAA
AAGAATTC 

46 
1130 TAAAACGGCTAAAGCCTTG 47 direct 

596-
896 

pericycle 
SAIL_221_B0

9 
At2g1722

0 KIN 3 
GAAACGAAGAGAGTTG
TTGCG 

AAAGCTTCCAAGGA
TTCGAAG 

48 
1175 

CGGAAAAGTCTTTACCTATTTA
TCGGAACGAAGG 50 direct 

590-
890 

pericycle 
GABI_163H09 

At2g1722
0 KIN 4 

CCCATGATAACACCAA
ACCAC 

AATCACAGTTCCGTT
GCTTTG 

50 
1040 

ATATTGACCATCATACTCATTG
C 

47 indirect 
 467-
767 

pericycle & 
cortex 

SALK_038142 
At2g3825

0 
BIND 

1 
TAAGAAACGCCATACG
CATTC 

CCGAAAAAGAACAT
TGCAAAG 

48 
987 TAAAACGGCTAAAGCCTTG 47 direct 

460-
760 

pericycle & 
cortex 

SALK_133090 
At2g3825

0 
BIND 

2 
TGAATGAAAAAGCAGA
TTAAACAG 

GTGACGAGGTTCTT
CCACTTG 

47 
1158 ATTTTGCCGATTTCGGAAC 47 indirect 

493-
793 

pericycle & 
cortex SALK_055601 

At2g3825
0 

BIND 
3 

CCTAGCTGGCTAGTTCC
ACG 

TGTGAAAACGTTGG
AAGAAAG 

47 
1098 ATTTTGCCGATTTCGGAAC 47 indirect 

453-
753 

pericycle & 
cortex 

SALK_015693 
At2g3825

0 
BIND 

4 
ATCCACGCATGAGTTC
ATAGC 

AGGAAGATGGAGG
AGCTTGAG 

51 
1042 TAAAACGGCTAAAGCCTTG 47 direct 

432-
732 
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Cell type  Salk name 
Gene of 
interest 

Name LP left primer (5'->3') 
RP right primer (5'-

>3') 

Annealing 
temperature LP-RP 

(°C) 

size 
LP-RP 

Left border T-DNA used in 
2nd PCR (5'->3') 

Annealing 
temperature 2nd PCR 

(°C) 

Directional 
insertion 

size 
2nd 
PCR 

pericycle 
SALK_017487 

At3g2030
0 

LIGA
ND1 

TTCATCCGAGATACACT
AATTTACATG 

TTGGTGTAGCCTAG
ACGAACG 

52 
1035 ATTTTGCCGATTTCGGAAC 47 indirect 

447-
747 

pericycle 
SALK_068396 

At3g2030
0 

LIGA
ND 2 

ACAGCCTGTGTTCACTT
CACC 

GGACTCGACTGATC
TACGCAC 

54 
1019 ATTTTGCCGATTTCGGAAC 47 indirect 

467-
767 

pericycle 
SALK_143043 

At3g2030
0 

LIGA
ND 3 

GTGTCCGCTTGCTCTAT
CAAC 

CGTTAGCAAGTATG
GTCTCCG 

49 
1250 TAAAACGGCTAAAGCCTTG 47 direct 

570-
870 

pericycle GABI_591B09 
At5g0138

0 TF 1 
AAGGTTTATTTTTCTCC
ACCAGG 

TTTACGCGTTTATTG
GTGAGC 

50 
1253 

ATATTGACCATCATACTCATTG
C 

47 indirect 
570-
870 

pericycle 
SALK_040448 

At5g0138
0 TF 2 

TTCACCGTTTGCCTCAT
AAAC 

GAAGTCGTGGCTGC
TAAGATG 

50 
1172 TAAAACGGCTAAAGCCTTG 47 direct 

503-
803 

pericycle SALK_043542 
At5g0138

0 TF 3 
TGGGTCAATTGACCAT
AAAGG 

AGCCAAAAGCTCCT
TTGTCTC 

50 
1047 ATTTTGCCGATTTCGGAAC 47 indirect 

445-
745 

pericycle 
SALK_133296 

At5g0138
0 TF 4 

TGTATTACCCGCAGTTT
CAGC 

GAAGTCGTGGCTGC
TAAGATG 

50 
1131 TAAAACGGCTAAAGCCTTG 47 direct 

454-
754 

pericycle 
SALK_134703 

At5g0138
0 TF 5 

TTCACCGTTTGCCTCAT
AAAC 

GAAGTCGTGGCTGC
TAAGATG 

50 
1172 TAAAACGGCTAAAGCCTTG 47 direct 

580-
880 

cortex 
SALK_026565 

At1g7477
0 

 ZINC 
1 

AAGAGAGAAGACGGA
ACGAGG 

CTAACCTCATCTTCA
GCTGCG 

49 
1077 ATTTTGCCGATTTCGGAAC 47 indirect 

462-
762 

cortex 
SALK_117926 

At1g7477
0 

 
ZINC2 

GGCTGACTCAGCTAAT
CTCCC 

TGCAACACGAATTT
AGACAAGG 

51 
1151 ATTTTGCCGATTTCGGAAC 47 indirect 

571-
871 

cortex 
SALK_032464 

At1g7477
0 

 ZINC 
3 

GACTATCGTCAAGCAG
CCAAG 

GATGCTCCGGTTCTT
TTCTTC 

52 
1160 TAAAACGGCTAAAGCCTTG 47 direct 

578-
878 

cortex 
SALK_032348 

At1g7477
0 

 ZINC 
4 

GAGAAAGCCAGAGCTT
TTTCC 

ACTAAAGGAATCGG
CTTCAGC 

52 
1238 ATTTTGCCGATTTCGGAAC 47 indirect 

561-
861 

cortex GABI_529D11 
At1g3235

0 
AOX 

1 
GATATCCAATAGGAGC
CGGAG 

GCCAGAAAATCCTA
TCCGAAC 

52 
1164 

TATAACTGGTAGTATGAGTAA
CG 

47 direct 
587-
887 

cortex 
SALK_080269 

At1g3235
0 

AOX 
2 

AAATCTTCTAAATCCTT
GCTTTTAGAG 

ATGGAGGAAATGTT
TGACACG 

50 
1101 ATTTTGCCGATTTCGGAAC 47 indirect 

547-
847 

cortex SM_3_24421 
At1g3235

0 
AOX 

3 
GCCAGAAAATCCTATC
CGAAC 

GATATCCAATAGGA
GCCGGAG 

52 
1164 

TACGAATAAGAGCGTCCATTTT
AGAGTGA 52 indirect 

496-
796 

cortex 
SALK_055373 

At3g5006
0 

MYB7
7 1 

ATCCTCCAATATTTCCC
GACC 

ACAGATCTCCTCTTC
TTCGGC 

53 
1075 ATTTTGCCGATTTCGGAAC 47 indirect 

522-
822 

cortex 
WiscDsLox33

8D05 
At3g5006

0 
MYB7

7 2 
AAACCCCAAAAATGAA
TGCTC 

TCGTGTTAAAGGTC
CATGGAG 

46 
962 

TTGCAGGCGTTACACAATAATT
CAACAG 47 direct 

450-
750 
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Cell type  Salk name 
Gene of 
interest 

Name LP left primer (5'->3') 
RP right primer (5'-

>3') 

Annealing 
temperature LP-RP 

(°C) 

size 
LP-RP 

Left border T-DNA used in 
2nd PCR (5'->3') 

Annealing 
temperature 2nd PCR 

(°C) 

Directional 
insertion 

size 
2nd 
PCR 

cortex 
SALK_067795 

At3g5006
0 

MYB7
7 3 

GATGAGCAGCTACGAA
GGATG 

TGGTTATGAATCAC
CAAAACAAG 

49 
1036 ATTTTGCCGATTTCGGAAC 47 indirect 

463-
763 

cortex SAIL_16_F05 
At3g5006

0 
MYB7

7 4 
CGTTTCAAATTAAATGT
CGTTTTG 

CATCCTTCGTAGCTG
CTCATC 

48 
1115 

GCCTTTTCAGAAATGGATAAA
TAGCCTTGCTTCC 48 indirect 

524-
824 

cortex SAIL_411_F07 
At3g5006

0 
MYB7

7 5 
TTTATTGGTCAAAAGC
GTTACG 

CGTTAAGAAGACGA
GCAATCG 

49 
1233 

GCCTTTTCAGAAATGGATAAA
TAGCCTTGCTTCC 48 indirect 

548-
848 

cortex SAIL_288_F08 
At3g5006

0 
MYB7

7 6 
TTTACTTTCAAGAGTGC
CAGCTC 

GAGACGGTGGAGA
AAGTCATG 

52 
1116 

GCCTTTTCAGAAATGGATAAA
TAGCCTTGCTTCC 50 indirect 

448-
748 

pericycle & 
cortex 

SAIL_713_C0
1  

At3g2134
0 

LEUC 
1 

TTCGGCCCATTATGTAA
TTTG 

GTCTTGTGCTTCAAC
GAGGTG 

48 
1183 

GCCTTTTCAGAAATGGATAAA
TAGCCTTGCTTCC 48 indirect 

552-
852 

pericycle & 
cortex 

SALK_071544 
At3g2134

0 
LEUC 

2 
TTTCTGGTTCTGTTTGA
TCCG 

GTCAGATTCTGAAT
GCCTTGC 

50 
1121 ATTTTGCCGATTTCGGAAC 47 indirect 

463-
763 

pericycle & 
cortex GT_5_107256 

At3g2134
0 

LEUC 
3 

GTGGTGCCAAGAAAAT
GAATG 

TCCAGCAACAACTG
TTGACAC 

52 
1092 

TACGAATAAGAGCGTCCATTTT
AGAGTGA 52 indirect 

495-
795 

pericycle & 
cortex GABI_031E02 

At3g2134
0 

LEUC 
4 

TCATCAGTTTCAACAAA
CACACAC 

ACTGGCCAAAACCT
AAGGAAG 

52 
1266 

ATATTGACCATCATACTCATTG
C 

47 indirect 
588-
888 

pericycle & 
cortex 

SALK_055723 
At3g2134

0 
LEUC 

5 
AGGAGGAGCTTACGAG
AGGTG 

TCTTCCAATGCCGTT
TAGTTG 

50 
1203 ATTTTGCCGATTTCGGAAC 47 indirect 

582-
882 

pericycle 
SALK_107941 

At2g4547
0 

FLA8 
1 

TGATGCATTATTTGTCG
GTACC 

CAAAGGCACAACTC
TCTCCAC 

51 
1237 TAAAACGGCTAAAGCCTTG 47 direct 

585-
885 

pericycle 
SALK_141852 

At2g4547
0 

FLA8 
2 

ATGTAGAACATGAACG
TCGGC 

CTTTGCCTCCTTTAA
GATCGG 

52 
1096 ATTTTGCCGATTTCGGAAC 47 indirect 

501-
801 

pericycle 
SAIL_1293_D

05 
At2g4547

0 
FLA8 

3 
TGATGCCTTTTCATCTT
GGTC 

AGACATTGCGCCAT
TGTTAAG 

50 
1175 

GCCTTTTCAGAAATGGATAAA
TAGCCTTGCTTCC 50 indirect 

512-
812 

cortex 
SALK_008429 

At1g6531
0 

XTH1
7 1 

CGACATCGATTATTGCA
ATTG 

TTTGTCGAGCGAGA
GAGAAAG 

46 
1172 ATTTTGCCGATTTCGGAAC 47 indirect 

536-
836 

cortex SALK_015077 
At1g6531

0 
XTH1
7 2 

TGAAAGAATTTAGTGT
TCTTACTGGG 

AAAATCTCCGGGAA
CTACGTG 

52 
1029 TAAAACGGCTAAAGCCTTG 47 direct 

513-
813 

cortex 
SALK_111849 

At1g6531
0 

XTH1
7 3 

ACTTCTGTTTCTTCTTGC
GGC 

GAATTTAAGTGCAC
TCGGCAG 

49 
1027 ATTTTGCCGATTTCGGAAC 47 indirect 

500-
800 

cortex SAIL_595_F06 
At1g6531

0 
XTH1
7 4 

GAATTTAAGTGCACTC
GGCAG 

CCAACTAGAATACA
GCCCACG 

49 
1217 

CGGAAAAGTCTTTACCTATTTA
TCGGAACGAAGG 48 direct 

583-
883 

cortex 
SALK_006674 

At1g6531
0 

XTH1
7 5 

GGCACAAATTCAAGTA
GTCCG 

CTCAAAAACTCGATT
CGAACG 

50 
1047 TAAAACGGCTAAAGCCTTG 47 direct 

 527-
827 

            



 

 

Appendix-chapter4 

363 

Cell type  Salk name 
Gene of 
interest 

Name LP left primer (5'->3') 
RP right primer (5'-

>3') 

Annealing 
temperature LP-RP 

(°C) 

size 
LP-RP 

Left border T-DNA used in 
2nd PCR (5'->3') 

Annealing 
temperature 2nd PCR 

(°C) 

Directional 
insertion 

size 
2nd 
PCR 

cortex 
SALK_146373 

At1g6531
0 

XTH1
7 6 

TGTCATTCCCAAAACAG
AAGG 

GCCCCTCTTACAGTT
TTACGG 

50 
1176 TAAAACGGCTAAAGCCTTG 47 direct 

563-
863 

cortex 
WiscDsLox46

7B7  
At3g1431

0 
PECT 

1 
TTCATCAATAATTTCGG
TGCC 

GCTGCATGAGGATC
TTAGCAC 

48 
1192 

AACGTCCGCAATGTGTTATTAA
GTTGTC 48 indirect 

586-
886 

cortex GABI_329D07 
At3g1431

0 
PECT 

2 
AAGAGAGCCGTTCGTT
TTAGG 

GAGGACAACACGAT
TTGCTTC 

52 
1107 

ATATTGACCATCATACTCATTG
C 

47 indirect 
536-
836 

cortex GABI_329D07 
At3g1431

0 
PECT 

3 
AAGAGAGCCGTTCGTT
TTAGG 

GAGGACAACACGAT
TTGCTTC 

52 
1107 

ATATTGACCATCATACTCATTG
C 

47 indirect 
536-
836 

cortex GT_5_108371 
At3g1431

0 
PECT 

4 
GTGCTAAGATCCTCAT
GCAGC 

TTTCACACCTGAACC
CTGAAG 

52 
1099 

TACGAATAAGAGCGTCCATTTT
AGAGTGA 47 indirect 

 432-
732 

cortex 
WiscDsLoxHs

205_10C 
At3g1431

0 
PECT 

5 
AAAAACTTTCTTACATC
ACATCACATC 

AATCCACATAACGT
GACTCGG 

52 
1015 

TATTGAAGCATATTACATACGA
TATGCTTCAATA 47 indirect 

 449-
749 

cortex GT_5_105548 
At3g1431

0 
PECT 

6 
CAACATATATTCGCGCA
CATG 

CTTAAAGCCCCTCCA
CTTCAC 

48 
1113 

TACGAATAAGAGCGTCCATTTT
AGAGTGA 54 indirect 

575-
875 

cortex 
SALK_152070

C 
At3g2254

0 
unkc
A2 

TGTGGTCTTGTAGAAC
CTCCG 

ATCGAATCCGTGAG
ATGTGAG 52 1212 TAAAACGGCTAAAGCCTTG 49 direct 

609-
909 

cortex 
SAIL_712_G0

3 
At3g2254

0 
unkc
A3 

AATTCGGCAAGAAACA
TTCTC 

CACAACACTCACATC
TCACGG 48 1212 

GCCTTTTCAGAAATGGATAAA
TAGCCTTGCTTCC 47 indirect 

609-
909 

cortex SALK_117926 
At1g7476

0 
unkcE

1 
GGCTGACTCAGCTAAT
CTCCC 

TGCAACACGAATTT
AGACAAGG 51 1151 ATTTTGCCGATTTCGGAAC 47 indirect 

571-
871 

cortex 
SALK_015054

C 
At1g7476

0 
unkcE

2 
TGCTTGGCATAATCCTT
CTTG 

GAACTCTCTTGCTTC
CTGAAGC 52 1114 ATTTTGCCGATTTCGGAAC 47 indirect 

590-
890 

cortex 
SALK_026565

C 
At1g7476

0 
unkcE

5 
AAGAGAGAAGACGGA
ACGAGG 

AAGAGAGAAGACG
GAACGAGG 54 1077 ATTTTGCCGATTTCGGAAC 53 indirect 

462-
762 

cortex 
SALK_031878

C 
At4g2506

0 
unkcF

1 
GCTGTAATGCTTGCACT
TTCC 

ATTTGGGTTATTTGG
GTGAGG 50 1052 ATTTTGCCGATTTCGGAAC 47 indirect 

479-
779 

cortex 
SALK_098268

C 
At4g2506

0 
unkcF

2 
CTGATCCCTCCAGGAA
AGAAG 

CTGTCTGCCAGGAA
TCTTCAG 54 1073 ATTTTGCCGATTTCGGAAC 47 indirect 

470-
770 

cortex 
SALK_122522

C 
At4g2506

0 
unkcF

3 
GGAGATTTCTGGAAGG
AATGC 

CTCTTTAGCCCTTGC
TTCTGC 52 1108 ATTTTGCCGATTTCGGAAC 47 indirect 

467-
767 

pericycle SAIL_70_B08 
At2g2774

0 
unkp

A1 
ATTGTTGCGAAAAATC
ACTCG 

AGGAGCTTGAAGCT
CTTACCG 48 1008 

CGGAAAAGTCTTTACCTATTTA
TCGGAACGAAGG 48 direct 

487-
787 

pericycle 
SALK_013255 

(R) 
At2g2774

0 
unkp

A2 
GAAACGAAGATGCGTG
AGAAG 

AGCATGAATGGCAG
TCCTATG 52 1060 TAAAACGGCTAAAGCCTTG 47 direct 

518-
818 

pericycle SALK_081117 
At2g2774

0 
unkp

A3 
GAAACGAAGATGCGTG
AGAAG 

AGCATGAATGGCAG
TCCTATG 52 1218 TAAAACGGCTAAAGCCTTG 47 direct 

605-
905 



 

 

Appendix-chapter4 

364 

Cell type  Salk name 
Gene of 
interest 

Name LP left primer (5'->3') 
RP right primer (5'-

>3') 

Annealing 
temperature LP-RP 

(°C) 

size 
LP-RP 

Left border T-DNA used in 
2nd PCR (5'->3') 

Annealing 
temperature 2nd PCR 

(°C) 

Directional 
insertion 

size 
2nd 
PCR 

pericycle 
SALK_081116

C 
At2g2774

0 
unkp

A4 
GAAACGAAGATGCGTG
AGAAG 

AGCATGAATGGCAG
TCCTATG 52 1218 TAAAACGGCTAAAGCCTTG 47 direct 

605-
905 

pericycle 
SAIL_691_D0

2 
At5g4994

5 
unkp

B1 
CCCTTTGCAGACAGAA
GACAC 

CAGCAGAGGAAGCA
TACAAGG 54 1101 

CGGAAAAGTCTTTACCTATTTA
TCGGAACGAAGG 47 direct 

561-
861 

pericycle 
SALK_072795

C 
At5g4994

5 
unkp

B2 
TGGAGATTGAAGATCC
AATCG 

TGGCAATACCTACG
ACCACTC 50 1015 ATTTTGCCGATTTCGGAAC 47 indirect 

433-
733 

pericycle 
SALK_151684

C 
At5g4994

5 
unkp

B3 
TCGATTTGGCTATTGGC
ATAC 

ATCACGTCCAAATCT
CCAATG 50 1175 TAAAACGGCTAAAGCCTTG 47 direct 

519-
819 

pericycle 
GK-

306G01.01 
At1g7916

0 
unkp

C2 
CAGGTCGTTTGCATGA
AAATC 

ATTTCACCTTGTCCA
GTGTGC 52 1070 

ATATTGACCATCATACTCATTG
C 49 indirect 

475-
775 

pericycle 
SALK_018700

C 
At1g7916

0 
unkp

C3 
CGTGTAGAGCGTGAAA
TAGGG 

TTGTAGGCAAAGGA
ACAATGG 49 1144 ATTTTGCCGATTTCGGAAC 47 indirect 

464-
764 

pericycle 
SALK_149265

C 
At1g7916

0 
unkp

C4 
CCCTTAAATATTGGCTC
CGTC 

TTCCAACCAACCATG
GACTAC 52 1166 ATTTTGCCGATTTCGGAAC 47 indirect 

570-
870 

pericycle GK-722F09 
At4g3333

0 
unkp
D1 

TATGTCGTTTTGCTAAC
CACC 

TTTCTTTGGTTGTGT
TCGACC 50 1197 

ATATTGACCATCATACTCATTG
C 47 indirect 

607-
907 

pericycle 
WiscDsLoxHs

161_03D 
At4g3333

0 
unkp
D2 

GCTCTTTTCGTGATTGC
ACTC 

TACACCTTTTTACGT
TTGCGC 50 1034 

AACGTCCGCAATGTGTTATTAA
GTTGTC 50 indirect 

451-
751 

pericycle SAIL_514_E10 
At4g3333

0 
unkp
D3 

GGAGGACTCCTAAGTC
CGATG 

TCTCCACGATGACTC
CATCTC 54 1120 

CGGAAAAGTCTTTACCTATTTA
TCGGAACGAAGG 52 direct 

493-
793 

pericycle SALK_033858  
At2g4181

0 
unkp

E1 
TGGTCAGACCAATGAG
CTACC 

TCCACAGATTTAAAA
TCCCATTG 49 1256 ATTTTGCCGATTTCGGAAC 47 indirect 

603-
903 

pericycle 
SAIL_880_D0

4 
At2g4181

0 
unkp

E2 
ATTGGTCGTGTCTCATT
CCAC 

TGGTCTCCGCTCATA
ATCATC 52 1187 

GCCTTTTCAGAAATGGATAAA
TAGCCTTGCTTCC 51 indirect 

546-
846 

pericycle 
SALK_034338

C 
At2g4181

0 
unkp

E3 
TGATGAGCTGTTTTTGA
ACCC 

CGAAAGTGCATGAG
CATACTG 52 1104 ATTTTGCCGATTTCGGAAC 47 indirect 

546-
846 

pericycle GK_460A07 
At3g5290

0 
unkp

F1 
TTAATGTCTGCATAGTC
CGCC 

TGCCAAAAGAAAAT
CATCGTC 48 1162 

ATATTGACCATCATACTCATTG
C 48 indirect 

478-
778 

pericycle GK-860B04 
At5g0264

0 
unkp
G1 

ACATGTGATTTCACAAA
AACTACTG 

TAAATCCGTTGGTAT
CCGATG 50 1105 

ATATTGACCATCATACTCATTG
C 49 indirect 

526-
826 
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Appendix 4.2: Candidate genes selected per cell type with their annotation, locus and trends in response to different abiotic stresses using 

Genevestigator. The number of T-DNA insertion mutants for each gene is also indicated.  
 Red indicates candidate genes for which 

mutants were ordered. 

 

      

ID Transcript TAIR (Short_description) cell-type   
Fold change 

(log2) 

Trends in 
response to 

salt 
(genevestiga

tor) 

Responsive to 
(genevestigator) 

Arex expression database 
Expression in 
protoplasts 

(genevestigator) 

Number 
of lines 
ordered 

261199_a
t 

At1g12950 MATE efflux family protein pericycle  2.10 up salt pericycle and root hair not expressed   7 

263419_a
t 

At2g17220 protein kinase, putative pericycle  2.57 up salt strongly in pericycle 
faint expression 

in protoplats 
4 

257672_a
t 

At3g20300 
extracellular ligand-gated ion 
channel [Arabidopsis lyrata 

subsp. lyrata]  
pericycle  1.87 up salt+osmotic endoderm  and procambium cells not expressed   3 

252377_a
t 

At3g47960 
proton-dependent oligopeptide 
transport (POT) family protein 

pericycle  1.55 up drought+salt+wounding 
strong cortex, endo,peri, proto and meta 

phloem, LR primordia, proto and meta 
xylem 

expressed in 
protoplats 

1 

251114_a
t 

At5g01380 transcription factor pericycle  1.19 up salt+wounding+cold 
strong expression in pericycle ; root hair, 
cortex,endo and LR primordia and proto 

and  meta phloem 

expressed in 
protoplats 

5 

262211_a
t 

At1g74930 
ORA47; DNA binding / 

transcription factor 
pericycle  -2.64 up salt+drought 

expressed strong in pericycle and cortex;  
epidermal , proto and meta xylem cells 

not expressed    2 

258325_a
t 

At3g22830 
AT-HSFA6B; DNA binding / 

transcription factor 
pericycle  -1.05 up salt+osmotic+cold 

 LR primordia, cortex, pericycle and proto 
and meta xylem 

not expressed    1 

251395_a
t 

At2g45470 
FLA8 (FASCICLIN-LIKE 

ARABINOGALACTAN PROTEIN 8) 
pericycle -1.54 down salt+osmotic pericycle and proto and meta xylem not expressed   3 

265066_a
t 

At1g03870 
FLA9 (FASCICLIN-LIKE 

ARABINOOGALACTAN 9) 
cortex -2.35 down osmotic+salt 

root hair, LR primordia, cortex, 
procambium 

not expressed   3 
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ID Transcript TAIR (Short_description) cell-type   
Fold change 

(log2) 

Trends in 
response to 

salt 
(genevestiga

tor) 

Responsive to 
(genevestigator) 

Arex expression database 
Expression in 
protoplasts 

(genevestigator) 

Number 
of lines 
ordered 

262218_a
t 

At1g74770 protein binding / zinc ion binding cortex -2.03 down osmotic+salt  procambium, proto and meta xylem not expressed   4 

257197_a
t 

At3g23800 
 SBP3 (selenium-binding protein 

3); selenium binding  
cortex -1.49 down osmotic+salt cortex, LR , faint peri not expressed   2 

264346_a
t 

At1g12010 
 1-aminocyclopropane-1-

carboxylate oxidase, putative / 
ACC oxidase, putative  

cortex -1.43 down salt LR and proto and meta phloem not expressed   1 

260706_a
t 

At1g32350 
AOX1D (alternative oxidase 1D); 

alternative oxidase 
cortex 2.00 up salt+oxidative+osmotic procambium  expressed   3 

252193_a
t 

At3g50060 
MYB77; DNA binding / 

transcription factor  
cortex -0.95 up salt 

cortex, endoderm, pericycle and proto 
and meta xylem 

not expressed   6 

255591_a
t 

At4g01630 
ATEXPA17 (ARABIDOPSIS 
THALINA EXPANSIN A17) 

pericycle/co
rtex 

1.96/-1.2 up salt late root hair not expressed   1 

256811_a
t 

At3g21340 
leucine-rich repeat protein 

kinase, putative 
pericycle/co

rtex 
-2/-3.5 down salt+osmotic elongation zone not expressed   5 

267140_a
t 

At2g38250 DNA-binding protein-related 
pericycle/co

rtex 
1.17/0.74 up 

drought+salt+osmotic+ox
idative 

proto and meta xylem expressed   4 

253628_a
t 

At4g30280 
XTH18 (XYLOGLUCAN 

ENDOTRANSGLUCOSYLASE/HYDR
OLASE 18) 

cortex -1.56 up 
cold+oxidative+salt+wou

nding 
proto and meta xylem not expressed   2 

264157_a
t 

At1g65310 
XTH17 (XYLOGLUCAN 

ENDOTRANSGLUCOSYLASE/HYDR
OLASE 17) 

cortex -1.74 down salt+osmotic whole root not expressed   6 
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ID Transcript TAIR (Short_description) cell-type   
Fold change 

(log2) 

Trends in 
response to 

salt 
(genevestiga

tor) 

Responsive to 
(genevestigator) 

Arex expression database 
Expression in 
protoplasts 

(genevestigator) 

Number 
of lines 
ordered 

258369_a
t 

At3g14310 ATPME3; pectinesterase cortex -0.95 down salt+osmotic 
cortex, endoderm, pericycle, proto and 

meta phloem 
not expressed   6 

258765_a
t 

At3g10710 pectinesterase family protein cortex -1.97 down salt+osmotic procambium cells not expressed   3 

256926_a
t 

At3g22540 unknown protein cortex -2.31 down NA procambium cells not expressed 2 

262218_a
t 

At1g74760 unknown protein cortex -2.02 down NA 
strong expression in proto and meta 

xylem and procambium cells 
not expressed 3 

254091_a
t 

At4g25060 unknown protein cortex -2.10 down NA procambium cells not expressed 3 

266244_a
t 

At2g27740 unknown protein pericycle -2.22 down NA 
proto and meta xylem and proto and 

meta xylem 
not expressed 3 

248530_a
t 

At5g49945 unknown protein pericycle 2.26 up NA pericycle, cortexand hair roots not expressed 3 

264130_a
t 

At1g79160 unknown protein pericycle 2.44 up NA procambium cells not expressed 3 

253380_a
t 

At4g33330 unknown protein pericycle -3.66 down NA procambium cells not expressed 3 

260495_a
t 

At2g41810 unknown protein pericycle 3.51 up NA hair roots not expressed 3 

252025_a
t 

At3g52900 unknown protein pericycle -3.29 down NA 
strong expression in proto and meta 

xylem 
not expressed 1 

251009_a
t 

At5g02640 unknown protein pericycle -2.03 down NA proto and meta xylem  not expressed 1 
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Appendix 4.3: Number of KO mutant lines with homozygous insertion at the 

locus of interest after PCR screening. 

Cell type, locus, Salk line identification number and attributed name in the thesis 

are also indicated. 

Cell type Gene Salk name Name 

Number of 

homozygous lines 

pericycle At1g12950 SALK_095572 MATE 1 0/4 

pericycle At1g12950 SALK_095581 MATE 2 no seed 

pericycle At1g12950 SALK_136631 MATE 3 4/6 

pericycle At1g12950 SALK_103884 MATE 4 0/3 

pericycle At1g12950 GABI_395G09 MATE 5 no seed 

pericycle At1g12950 SAIL_535_F01 MATE 6 no germination 

pericycle At1g12950 SALK_126728 MATE 7 1/2 

pericycle At2g17220 SALK_113804 KIN 1 0/1 

pericycle At2g17220 SALK_009557 KIN 2 no DNA 

pericycle At2g17220 SAIL_221_B09 KIN 3 1/6 

pericycle At2g17220 GABI_163H09 KIN 4 0/2 

pericycle & cortex At2g38250 SALK_038142 BIND 1 no seed 

pericycle & cortex At2g38250 SALK_133090 BIND 2 0/5 

pericycle & cortex At2g38250 SALK_055601 BIND 3 0/3 

pericycle & cortex At2g38250 SALK_015693.53.50.x BIND 4 0/3 

pericycle At3g20300 SALK_017487 Ligand1 2/2 

pericycle At3g20300 SALK_068396 Ligand 2 0/1 

pericycle At3g20300 SALK_143043 Ligand 3 0/2 

pericycle At5g01380 GABI_591B09 TF 1 2/2 

pericycle At5g01380 SALK_040448 TF 2 0/2 

pericycle At5g01380 SALK_043542 TF 3 no DNA 

pericycle At5g01380 SALK_133296 TF 4 0/2 

pericycle At5g01380 SALK_134703 TF 5 no DNA 

cortex At1g74770 SALK_026565 Zinc 1 3/3 

cortex At1g74770 SALK_117926 Zinc 2 0/7 

cortex At1g74770 SALK_032464 Zinc 3 0/2 

cortex At1g74770 SALK_032348 Zinc 4 0/1 

cortex At1g32350 GABI_529D11 AOX 1 0/2 

cortex At1g32350 SALK_080269 AOX 2 0/1 

cortex At1g32350 SM_3_24421 AOX 3 0/2 

cortex At3g50060 SALK_055373 MYB77 1 no germination 

cortex At3g50060 WiscDsLox338D05 MYB77 2 0/6 

cortex At3g50060 SALK_067795 MYB77 3 no germination 

cortex At3g50060 SAIL_16_F05 MYB77 4 0/1 

cortex At3g50060 SAIL_411_F07 MYB77 5 1/1 

cortex At3g50060 SAIL_288_F08 MYB77 6 1/3 

pericycle & cortex At3g21340 SAIL_713_C01 LEUC 1 0/1 

pericycle & cortex At3g21340 SALK_07154 LEUC 2 0/4 

pericycle & cortex At3g21340 GT_5_107256 LEUC 3 no seed 

pericycle & cortex At3g21340 GT_5_39459 LEUC 5 0/2 
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Cell type Gene Salk name Name 

Number of 

homozygous lines 

pericycle & cortex At3g21340 SALK_055723 LEUC 6 no seed 

pericycle At2g45470 SALK_107941 FLA8 1 no DNA 

pericycle At2g45470 SALK_141852 FLA8 2 0/1 

pericycle At2g45470 SAIL_1293_D05 FLA8 3 no DNA 

cortex At1g65310 SALK_008429 XTH17 1 1/6 

cortex At1g65310 SALK_015077 XTH17 2 no seed 

cortex At1g65310 SALK_111849 XTH17 3 0/5 

cortex At1g65310 SAIL_595_F06 XTH17 4 0/3 

cortex At1g65310 SALK_006674 XTH17 5 0/5 

cortex At1g65310 SALK_146373 XTH17 6 no DNA 

cortex At3g14310 WiscDsLox467B7 PECT 1 no DNA 

cortex At3g14310 GABI_329D07 PECT 2 0/1 

cortex At3g14310 GABI_329D07 PECT 3 0/1 

cortex At3g14310 GT_5_108371 PECT 4 no germination 

cortex At3g14310 
WiscDsLoxHs205_10

C PECT 5 no DNA 

cortex At3g14310 GT_5_105548 PECT 6 0/3 

cortex At3g22540 SALK_152070C unkcA2 2/2 

cortex At3g22540 SAIL_712_G03 unkcA3 0/1 

cortex At1g74770 SALK_117926 unkcE1 no DNA 

cortex At1g74770 SALK_015054C unkcE2 no DNA 

cortex At1g74770 SALK_026565C unkcE5 0/2 

cortex At4g25070 SALK_031878C unkcF1 no DNA 

cortex At4g25070 SALK_098268C unkcF2 0/3 

cortex At4g25070 SALK_122522C unkcF3 0/1 

pericycle At2g27740 SAIL_70_B08 unkpA1 0/2 

pericycle At2g27740 SALK_013255 unkpA2 0/1 

pericycle At2g27740 SALK_081117 unkpA3 0/1 

pericycle At2g27740 SALK_081116C unkpA4 0/3 

pericycle At5g49945 SAIL_691_D02 unkpB1 0/1 

pericycle At5g49945 SALK_072795C unkpB2 no DNA 

pericycle At5g49945 SALK_151684C unkpB3 0/2 

pericycle At1g79160 GK-306G01.01 unkpC2 no DNA 

pericycle At1g79160 SALK_018700C unkpC3 1/2 

pericycle At1g79160 SALK_149265C unkpC4 1/3 

pericycle At4g33330 GK-722F09 unkpD1 2/2 

pericycle At4g33330 

WiscDsLoxHs161_03

D unkpD2 0/1 

pericycle At4g33330 SAIL_514_E10 unkpD3 0/2 

pericycle At2g41810 SALK_033858 unkpE1 0/1 

pericycle At2g41810 SAIL_880_D04 unkpE2 0/2 

pericycle At2g41810 SALK_034338C unkpE3 0/1 

pericycle At3g52900 460A07 unkpF1 0/1 

pericycle At5g02640 GK-860B04 unkpG1 0/1 
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Appendix 4.4: Second generation of individual plants PCR screened identified 

as homozygote from the first screening.1
st
 G: DNA from 1

st
 screening.  
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Appendix 4.5: Third generation of KO mutant lines screened by PCR. LP, Left 

Primer; RP, RightPrimer; LB, Left Border primer, cLB, complementary Left 

Border primer. 2D G, second Generation (positive control). 
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Appendix4.6: Relative growth rate calculated (min-1) per genotype in control and 

salt treated conditions. Values shown are means ± SEM. 

Condition Genotype RGR 192hrs RGR 234hrs 

control Col0 0.0058±0.0005 0.0051±0.0007 

control MATE3 0.008±0.0005 0.0066±0.0007 

control MATEox 0.007±0.0022 0.0067±0.0013 

control MATE7 0.0067±0.0008 0.0055±.0006 

control KIN3 0.0062±0.0011 0.0059±0.0013 

control unkpC3 0.0027±0.0024 0.0018±0.0028 

control unkpC4 0.0052±0.0005 0.0044±0.0016 

control unkpD1 0.0059±0.0005 0.0053±0.0006 

control MYB5 0.0058±0.0003 0.0066±0.0017 

control XTH171 0.0072±.0004 0.0072±0.0016 

control Ligand1 0.0052±0.0010 0.004±.0022 

Salt Col0 0.0053±0.0005 0.0048±0.0053 

Salt MATE3 0.0054±0.0002 0.0039±0.0020 

Salt MATEox 0.0074±0.0003 0.0039±0.0023 

Salt MATE7 0.0059±0.0006 0.0053±.0007 

Salt KIN3 0.0059±0.0005 0.0044±0.0007 

Salt unkpC3 0.0045±0.0012 0.0027±0.0024 

Salt unkpC4 0.0034±0.0023 0.0035±0.0020 

Salt unkpD1 0.0054±0.0005 0.0048±0.0003 

Salt MYB5 0.009±.0016 0.0057±0.0011 

Salt XTH171 0.0063±0.0012 0.0034±0.0036 

Salt Ligand1 0.0064±0.0025 0.0044±.0016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix-chapter4 

373 

Appendix 4.7: Current-voltage relations for oocytes injected with water (black), 

mate RNA (blue) and ligand RNA (red) in solution 2 to 8. 
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Appendix 5.1: Primer pair sequences used in qPCR with their Affymetrix 

identifier.  
Cell type / 

control 
Primer 
Name 

Affymetrix 
identifier 

Forward Sequence (5'->3') Reverse Sequence (5'->3') 

control GAPdH 
AFFX-Mgr-gapdh-

M_at 
GGGCTGCTAGCTTCAACATC TTGATTGCAGCCTTGATCTG 

control ELF1 Os.7945.1.S1_at 
CGGCATTGTGAAGAAGGAACA

CA 
ACGCAGGCATGTACACAACCA 

control BAX Os.6263.1.S1_at GCCGCACTTCAACTGGGTTT ACGTTTCGATCAACGCGACC 

cortex 
Mb 

inducible 
Os.51712.1.S1_at AGCGGAGATGCAGGTACTCG AGTGGACGCCTCTGCCATAC 

cortex/stele METAL Os.18758.1.S1_at ATGTGCGCGTTAGCAAAGGT GGGCATTTGCCCCTGGGTTT 

cortex/stele NaKTrans Os.6062.1.S1_at AATGGCAGCTGTGGTCCTCG ATGGCAGTAGAGCCGCCAGA 

cortex LeuZipper Os.14101.2.S1_at GCCATGCTCCTCTCAGTTGTG GGTAGCCCGTCGGTATTCCA 

cortex/stele DHH  Os.6287.1.S1_at CAGGCAGCCCTATTTCTTGA GTAGGCAGCAAGAATGCTCA 

cortex SPL9  Os.19407.1.S1_at CCTGTTGCTTTTCCCCTGTA CCTGGAAGTTCAGGTCTTCA 

cortex / stele CBTA Os.18959.1.S1_at TGGCAGTGGCAGTCATCACA GCTGCACAGTGAATCGCCAA 

cortex / stele SECR Os.23100.1.S1_at AGACGTGTGCCGTGTAATGT ATCTCATCTGCAAGGCTGCT 

stele ClChannel Os.24690.1.A1_s_at GTGCGGTTTGGCAAGTCAGC CTGTGCAGCTCCCAGCATCA 

stele NIP1-3 
OsAffx.26836.1.S1_

at 
TGATGTTGATGGAATGAATGGG

CAG 
ACAACAAGTAACCCAATCCTT

CACC 

cortex/stele POE124 Os.5297.1.S1_at TCAGATGTTGCGTGCTTGAT TGCATAACCACAATTGCACA 

cortex DNAK Os.57477.1.A1_at GTTTGGGCAGTCCTTTTGAA GTTGGCTGAGAAGCACAACA 

cortex ZFHD Os.16784.1.S1_at TCGTCGTGCGAGTAGATCAG CGCTTCTTATGCGTATGCTTT 

stele Mech Os.49105.1.S1_at CCACGAGGATGCCAACGACA TTGCAGCGCAGAACACTTGC 

stele GH Os.50393.1.S1_at ACGGTGTAGAGGCCGTAAGA CAGCTAGCGTGTAACCACCA 

stele UNKA Os.8175.1.S1_at TCCAGGGTTTGTCATTAGGC AAAACAGATGTTCCCGGCTA 
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Appendix 5.2: Amplicon sequences used in qPCR with Affymetrix identifier. 

 

Cell type / 
control 

Primer Name Affymetrix identifier Sequence 
Amplicon size 

(bp) 

control GAPdH 
AFFX-Mgr-gapdh-

M_at 
GGGCTGCTAGCTTCAACATCATTCCTAGCAGCACTGGAGCTGCCAAGGCTGTCGGCAAGGTGCTTCCTGCCCTCAATGGAAAGCTGACTGGAATGGCTTTCCG
TGTTCCCACAGTCGATGTTTCCGTTGTTGATCTGACTGTTAGGCTTGAGAAGCCCGCCAGCTATGACCAGATCAAGGCTGCAATCAA 

190 

control ELF1 Os.7945.1.S1_at 
CGGCATTGTGAAGAAGGAACACATCAAGATTCATGGTTTCTGAGCAACTGCCAAAACCATTGCAAAGACTATAGTTTGGGGTGGAGTATACTTGGTTGTGTAC
ATGCCTGCGT 

113 

control BAX Os.6263.1.S1_at 
GCCGCACTTCAACTGGGTTTTATGGTGAATACAAGTTCTTTTGCATTTTGTTGATACGGTGTGAATCTTCTCAGGTTTGTCGTCGTAGTAGCTTTGCAAATACTA
GCATGCTACATGACACGGATCTTTCTGTAATGGTGGTCGCGTTGATCGAAACGT 

159 

cortex Mb inducible Os.51712.1.S1_at 
AGCGGAGATGCAGGTACTCGGGCAGAATGTATATCTGAAGAAACTCCTTCTGAGGCCGAGGCTGCTATGCCAAAGACACTTGAGCTGGAAGATCCTTCTTCTG
ATGAAACAGAATGTATGGCAGAGGCGTCCACT 

135 

cortex/stele METAL Os.18758.1.S1_at 
ATGTGCGCGTTAGCAAAGGTAACCAACTGGTTAGAAATCCGAAGAATGTAATCCGCATGCTAGCAAGTGACAAAGTTCGATGGAGTTTGCACACTGTGAGATC
ACGCCTAGCAAAGAAACAACAGTACTGCCAATTCTTCACTCGGTTTGGCGAGTGCAAAAAACCCAGGGGCAAATGCCC 

181 

cortex/stele NaKTrans Os.6062.1.S1_at 
AATGGCAGCTGTGGTCCTCGTAAGCCTCCCTCCACCACCATTAAATCACCCTGCGTATTTCTACATGGAGTACATGGATCTGCTTGTAGAGAACGTCCCACGCAT
GTTGATAGTTAGGGGATACAGAAGAGATGTTGTCACATTCTTCACATGATTAGAGATGTATACCTTCTGGCGGCTCTACTGCCAT 

190 

cortex LeuZipper Os.14101.2.S1_at 
GCCATGCTCCTCTCAGTTGTGTCTTCCTGGTTAACAATGGGATCTATATAATCAAGAAAGTCAATGGTTGTGAACTCAAGGTCTTGCTGGGTGAGGATTGGATC
AAGGTAATACATTCAAAGGTTAACCAATGGATTTTGGAATACCGACGGGCTACC 

158 
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Cell type / 
control 

Primer Name Affymetrix identifier Sequence 
Amplicon size 

(bp) 

cortex/stele DHH  Os.6287.1.S1_at 
CAGGCAGCCCTATTTCTTGATCAGCCCATTCGTAAAATTTAGAGAAATTTATCGCCCTACTTATATGAAATTTTATAACTATATACTATTTAGCAAGAAAGATTGT
TAGGCTTAGTGACAAGCAAAACTATGAGCATTCTTGCTGCCTA 

150 

cortex SPL9  Os.19407.1.S1_at 
CCTGTTGCTTTTCCCCTGTATCATATGCATGTACCTTTCTAATTTGAGGCTTAGCTTGTGCATCCGATGTTCAAATATTTGTAAGAGGACCCACAGGCATAAATGC
AAATTTTTGCAGCTTTTTTTGGCAAAAAGTATGAGCATATAGTTGCCTGAAGACCTGAACTTCCAGG 

157 

cortex / stele CBTA Os.18959.1.S1_at 
TGGCAGTGGCAGTCATCACATGTGTTGGCTAAGCCACAACAACAAAGCAATGCACTAGCTGGCCAGTATTGCCATGTCCGACCTTGTTAAATGATCTGACGAG
CAGTTGGCCTTATGAAGAACAGTAAATCCTTGGCGATTCACTGTGCAGC 

152 

cortex / stele SECR Os.23100.1.S1_at 
AGACGTGTGCCGTGTAATGTACTACTAGTAAATATTCTTTGTAGAGTACACGTTTGATTATTGATCGACGCGTTTGTATTGTTGTTGATTTGTTGGGGGTACGAG
ACTAGACGAGAGTGGGGAGATGGGTAATTGGAGACATTATTAATTCAGACATTGCAGCAGCCTTGCAGATGAGAT 

180 

stele ClChannel Os.24690.1.A1_s_at 
GTGCGGTTTGGCAAGTCAGCATTCACCAACCTCGTCTTCTGACGCTCGCTAGTAACTGATGAGTTTGCTCAAGGATGCACTGCTGCTGTAAATTCCATCTTGATG
CTGGGAGCTGCACAG 

120 

stele NIP1-3 OsAffx.26836.1.S1_at 
TGATGTTGATGGAATGAATGGGCAGTAAAAGTAATTGACACTGTGATTGCATAGATTTTACATGCTTTGGTTGGCTTGTTGTAGCTTAAATGGTGAAGGATTG
GGTTACTTGTTGT 

116 

cortex/stele POE124 Os.5297.1.S1_at 
TCAGATGTTGCGTGCTTGATAAGTTGTGATATAGCTTAGCACTTGAGTATGTTATATGTATGTTCGTCTGCAGCTGAACTGCAAAACTCATCAGTTACTAAATCG
ACATGTTGTGCTTTCTATCAGGCAATTCTTCTGTTATCTAGTATGTGTGCAATTGTGGTTATGCA 

170 

cortex DNAK Os.57477.1.A1_at 
GTTTGGGCAGTCCTTTTGAATTGAAGAACTGCGTTGGGAGCTCTATGAGAACTATGAATTGCGTGAGAAATTTAATTATTGTGGTGCTTGCAGCGCCTATTATT
TGGTCTCTGTCCCACGTTTATTATTTGCATGTGCGCATTGTTTGCTAGCAATTGCTGTTGTGCTTCTCAGCCAAC 

179 
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Cell type / 
control 

Primer Name Affymetrix identifier Sequence 
Amplicon size 

(bp) 

cortex ZFHD Os.16784.1.S1_at 
TCGTCGTGCGAGTAGATCAGCATCATCAGCAGGTAAGGTGGTATTGGCGATTTGGCATTCAAAGGATTCGGTGGATGAATGAATCTGATTGTGTATGAACCGA
TTAAAAAGTTCTCTTCCTTTTTTTCTTTCATATTTTGATTTTTGGTGAATTGATGGTGTGTAATGTAACATAATATATGTTAAAAAGCATACGCATAAGAAGCG 

207 

stele Mech Os.49105.1.S1_at 
CCACGAGGATGCCAACGACATGGAACTATTCCTGATTACTGAATCGGTGAATGCACCAGATCATTCAGCTATGAGATTACAGAGAGGAGGAAATGCCTTTGAT
CGAGTTTGAGCTGCAAGATCCTGGTGGCAACTAGCAAGTGTTCTGCGCTGCAA 

156 

stele GH Os.50393.1.S1_at 
ACGGTGTAGAGGCCGTAAGAAACTGAAACTAAATGATTCGTCCGAGAGTGTAGGATGGTCAATCATGCGAACATGCGAACATACCCCACCAACACCACGTACT
ACCCCCATTTTTTTCCGATGATTTCTGTGGTTGGCCTCTGCGACGGACTCGTGGTGGTTACACGCTAGCTG 

153 

stele UNKA Os.8175.1.S1_at 
TCCAGGGTTTGTCATTAGGCATATCATCTTAATGTATTTCCTGCCGTACCATGTTCAATTCATTACACGTTGATCTGGATTATGTGCCATCCATTCTTTTTGTGTAA
TTTATGTATTACTCTTGAGAAGTTTCTTGTAACTTGTTACTGGCCCCTTCGCAAAATGTTGCCATCTTTATTCCCTTGGAGTTAGCCGGGAACATCTGTTTT 

209 
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Appendix 5.3: Rice genes significantly responsive to salt in cortical cells. 

Affymetrix identifier, locus, annotation, fold change in response to salt in log2 

(logFC) and their adjusted p value are indicated. 

Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.54261.1.S1_at LOC_Os07g17130 
FYVE zinc finger domain containing 

protein, expressed 
-4.074 0.034 

Os.5628.1.S1_at LOC_Os11g28365 
ubiquitin carboxyl-terminal hydrolase 
domain containing protein, expressed 

-4.044 0.004 

Os.18959.1.S1_at LOC_Os01g69910 
calmodulin-binding transcription 

activator, putative, expressed 
-4.001 0.031 

Os.52253.1.S1_at LOC_Os11g28420 expressed protein -3.949 0.000 

Os.32417.1.S1_at LOC_Os01g60670 
receptor-like protein kinase precursor, 

putative, expressed 
-3.773 0.019 

Os.26705.1.S1_at LOC_Os07g38590 
carboxyl-terminal peptidase, putative, 

expressed 
-3.765 0.006 

Os.50938.1.S1_at LOC_Os11g04190 
auxin efflux carrier component, 

putative, expressed 
-3.758 0.042 

Os.49361.1.S1_at LOC_Os06g11440 expressed protein -3.724 0.002 

Os.7584.1.S1_at LOC_Os04g02000 
zinc finger family protein, putative, 

expressed 
-3.715 0.028 

Os.5807.1.S1_at LOC_Os02g51000 
CS domain containing protein, putative, 

expressed 
-3.560 0.012 

Os.18447.1.S2_at LOC_Os11g04950 splicing factor, putative, expressed -3.495 0.010 

Os.16089.1.A1_at LOC_Os05g32320 
integral membrane transporter family 

protein, putative, expressed 
-3.485 0.009 

Os.49369.1.S1_at LOC_Os06g42800 
STRUBBELIG-RECEPTOR FAMILY 8 

precursor, putative, expressed 
-3.472 0.012 

Os.12921.1.S1_at LOC_Os04g57770 expressed protein -3.454 0.018 

Os.37638.1.S1_at LOC_Os03g12430 PPR repeat containing protein, putative,  -3.443 0.004 

Os.8799.1.S1_at LOC_Os02g05680 
apoptosis-inducing factor 2, putative, 

expressed 
-3.434 0.041 

Os.16743.1.S1_at LOC_Os12g01930 lipase-related, putative, expressed -3.411 0.020 

Os.47895.1.S1_at LOC_Os10g34810 expressed protein -3.362 0.004 

OsAffx.20077.1.S1_at LOC_Os12g41510 
cysteine-rich receptor-like protein 

kinase 31 precursor, putative 
-3.308 0.004 

Os.9174.2.S1_x_at LOC_Os06g51480 expressed protein -3.282 0.044 

Os.50224.1.S1_at LOC_Os01g69110 expressed protein -3.257 0.009 

Os.37577.1.S1_at LOC_Os08g25050 PIF-like orf1, putative, expressed -3.248 0.000 

OsAffx.4677.1.S1_s_at LOC_Os05g50500 secretory protein, putative, expressed -3.193 

 
 

0.012 
 
 

Os.8820.1.S2_a_at LOC_Os12g41900 
SET domain containing protein, 

expressed 
-3.173 0.000 

Os.46898.1.S1_at LOC_Os10g31830 ras-related protein, putative, expressed -3.155 0.016 
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Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.15711.1.S1_at LOC_Os09g28310 
bZIP transcription factor, putative, 

expressed 
-3.120 0.015 

Os.9720.1.S1_at LOC_Os08g14770 aminotransferase, putative, expressed -3.113 0.034 

Os.11506.1.S1_at LOC_Os11g47320 protein transporter, putative, expressed -3.110 0.002 

Os.55718.1.S1_at LOC_Os12g44320 
carbohydrate binding protein, putative, 

expressed 
-3.101 0.008 

Os.32650.1.S1_at LOC_Os05g46570 
WD domain, G-beta repeat domain 

containing protein, expressed 
-3.097 0.039 

Os.18330.1.S2_at LOC_Os10g41030 
agenet domain containing protein, 

putative, expressed 
-3.094 0.009 

Os.54299.1.S1_at LOC_Os06g10880 
bZIP transcription factor, putative, 

expressed 
-3.066 0.009 

Os.34504.1.S1_at LOC_Os12g26044 expressed protein -3.052 0.024 

Os.28554.1.S1_at LOC_Os05g27530 ras-related protein, putative, expressed -3.048 0.013 

Os.17196.1.A1_s_at LOC_Os11g02630 expressed protein -3.041 0.012 

Os.47742.1.S1_at LOC_Os05g32960 expressed protein -3.040 0.009 

Os.47508.1.A1_s_at LOC_Os01g16680 
heat shock protein DnaJ, putative, 

expressed 
-3.008 0.009 

Os.27361.1.S1_at LOC_Os08g32850 
methylcrotonoyl-CoA carboxylase beta 

chain, mitochondrial precursor, 
putative, expressed 

-2.987 0.005 

Os.34626.1.S1_a_at LOC_Os03g01490 expressed protein -2.975 0.018 

Os.7726.1.S1_at LOC_Os03g52310 
transposon protein, putative, 

unclassified, expressed 
-2.973 0.004 

Os.25526.1.S1_at LOC_Os09g01600 expressed protein -2.969 0.012 

OsAffx.17142.1.S1_x_at LOC_Os08g25050 PIF-like orf1, putative, expressed -2.960 0.009 

Os.17148.1.A1_at LOC_Os03g64320 expressed protein -2.957 0.009 

Os.18181.1.S1_x_at LOC_Os10g31770 
START domain containing protein, 

expressed 
-2.933 0.036 

Os.46109.1.S1_at LOC_Os04g58970 
uncharacterized ACR, YggU family 

COG1872 containing protein, expressed 
-2.930 0.047 

Os.10314.1.S1_a_at LOC_Os02g55200 expressed protein -2.928 0.029 

Os.17650.1.S1_at LOC_Os03g01710 expressed protein -2.925 0.016 

Os.19115.1.S1_at LOC_Os01g37760 
glutamate dehydrogenase protein, 

putative, expressed 
-2.911 0.000 

Os.11892.1.S1_at LOC_Os01g16680 
heat shock protein DnaJ, putative, 

expressed 
-2.904 0.004 

Os.17863.1.S1_at LOC_Os06g12260 N-rich protein, putative, expressed -2.902 0.008 

OsAffx.27244.1.S1_x_at LOC_Os05g39850 
MCM3 - Putative minichromosome 

maintenance MCM complex subunit 3, 
expressed 

-2.900 0.015 

Os.20506.1.S1_at --- 
retrotransposon protein, putative, Ty1-

copia subclass 
-2.879 

 
0.010 
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Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.49835.2.S1_at LOC_Os06g51100 
transmembrane protein, putative, 

expressed 
-2.879 0.022 

Os.5601.1.S1_at LOC_Os09g32290 
FAD dependent oxidoreductase domain 

containing protein, expressed 
-2.878 0.023 

Os.25112.1.S1_at LOC_Os02g56020 methyltransferase, putative, expressed -2.876 0.004 

Os.3435.1.S1_at LOC_Os05g48150 
transposon protein, putative, 

unclassified, expressed 
-2.849 0.008 

Os.8869.1.S1_at LOC_Os08g06520 expressed protein -2.843 0.024 

Os.4654.1.S1_at LOC_Os01g16510 expressed protein -2.826 0.005 

Os.16689.1.S1_at LOC_Os03g10590 splicing factor, putative, expressed -2.826 0.034 

OsAffx.23202.1.S1_x_at LOC_Os01g11580 
bromodomain containing protein, 

expressed 
-2.808 0.015 

Os.7574.1.S1_s_at LOC_Os06g48534 
GATA transcription factor 25, putative, 

expressed 
-2.798 0.010 

OsAffx.27448.1.S1_at --- 
uncharacterized membrane protein, 

putative, expressed 
-2.790 0.008 

Os.2998.1.S1_at LOC_Os10g42820 
early-responsive to dehydration 

protein-related, putative, expressed 
-2.758 0.047 

Os.6093.2.S1_at LOC_Os04g02110 
disease resistance protein RGA3, 

putative, expressed 
-2.754 0.039 

OsAffx.27633.1.S1_at LOC_Os06g14280 
cysteine-rich repeat secretory protein 

precursor, putative, expressed 
-2.747 0.028 

Os.5166.1.S1_at LOC_Os09g32050 
chaperone protein dnaJ 10, putative, 

expressed 
-2.738 0.031 

Os.9175.1.S1_at LOC_Os05g47640 
threonine synthase, chloroplast 
precursor, putative, expressed 

-2.733 0.002 

Os.54648.1.S1_at LOC_Os06g10100 expressed protein -2.732 0.009 

Os.11577.1.S1_a_at LOC_Os06g06280 
galactosyltransferase family protein, 

putative, expressed 
-2.718 0.032 

OsAffx.5099.1.S1_at LOC_Os06g43970 hypothetical protein -2.714 0.001 

Os.10677.2.S1_at LOC_Os03g31400 
U-box domain-containing protein, 

putative, expressed 
-2.700 0.008 

Os.11847.1.S1_at LOC_Os03g22690 
nucleoporin interacting component, 

putative, expressed 
-2.683 0.043 

Os.4783.1.S1_a_at LOC_Os02g31220 expressed protein -2.675 0.012 

Os.18198.1.S1_at LOC_Os03g18410 
DNA-directed RNA polymerase subunit, 

putative, expressed 
-2.674 0.038 

Os.14652.1.S1_at LOC_Os05g30750 
anthranilate phosphoribosyltransferase, 

putative, expressed 
-2.661 0.028 

Os.49586.1.S2_at --- 
galactosyltransferase, putative, 

expressed 
-2.651 0.036 

Os.14000.1.S1_at LOC_Os03g38960 
DNA-directed RNA polymerase subunit, 

putative, expressed 
-2.633 0.020 

Os.9942.1.S1_x_at LOC_Os03g15540 
HEAT repeat family protein, putative, 

expressed 
-2.629 0.008 
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Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.26561.1.S2_at LOC_Os05g12300 expressed protein -2.620 0.026 

Os.47036.1.S1_s_at LOC_Os10g41534 
ICE-like protease p20 domain 
containing protein, expressed 

-2.613 0.021 

Os.20606.1.S1_at LOC_Os03g63730 
RNA recognition motif containing 

protein, putative, expressed 
-2.594 0.004 

Os.37961.1.S1_s_at LOC_Os01g01484 
light-mediated development protein 

DET1, putative, expressed 
-2.590 0.031 

Os.46620.1.S1_at LOC_Os10g41370 
WD repeat-containing protein 8, 

putative, expressed 
-2.547 0.009 

Os.38131.1.S1_at LOC_Os10g37730 pollen ankyrin, putative, expressed -2.544 0.029 

Os.23064.1.S1_at LOC_Os11g43960 
mitochondrial carrier protein, putative, 

expressed 
-2.538 0.046 

Os.11725.1.S1_at LOC_Os09g13940 
AP2 domain containing protein, 

expressed 
-2.537 0.040 

Os.56044.1.S1_at LOC_Os03g48830 
ribosomal protein-related, putative, 

expressed 
-2.520 0.045 

Os.7468.1.S1_at LOC_Os06g48700 
DNA binding protein, putative, 

expressed 
-2.519 0.045 

Os.5100.1.S1_s_at LOC_Os01g47635 expressed protein -2.494 0.046 

Os.18330.1.S1_at LOC_Os10g41030 
agenet domain containing protein, 

putative, expressed 
-2.477 0.021 

OsAffx.10060.1.S1_at LOC_Os03g12660 cytochrome P450, putative, expressed -2.472 0.040 

Os.3702.1.S1_at LOC_Os06g02240 
RNA recognition motif containing 

protein, putative, expressed 
-2.439 0.028 

Os.17992.2.S1_at LOC_Os03g05830 
transposon protein, putative, CACTA, 

En/Spm sub-class, expressed 
-2.429 0.008 

Os.53264.1.S1_x_at LOC_Os02g10794 conserved hypothetical protein -2.428 0.016 

Os.49867.1.S1_at LOC_Os02g35150 
splicing factor U2AF, putative, 

expressed 
-2.373 0.030 

Os.12236.1.S1_at LOC_Os06g43560 
phox domain-containing protein, 

putative, expressed 
-2.356 0.012 

Os.50548.3.S1_at LOC_Os09g17620 
ubiquitin domain-containing protein 2, 

putative, expressed 
-2.323 0.036 

Os.50551.1.S1_at LOC_Os02g35560 
OsFBX53 - F-box domain containing 

protein, expressed 
-2.280 0.047 

Os.54941.1.S1_at LOC_Os04g22910 expressed protein -2.264 0.036 

Os.8504.1.S1_at LOC_Os04g42420 nodulin, putative, expressed -2.258 0.018 

Os.54311.1.S1_at LOC_Os05g01360 expressed protein -2.216 0.012 

Os.38153.1.S1_at LOC_Os04g46050 
Alg9-like mannosyltransferase protein, 

putative, expressed 
-2.208 0.044 

Os.16303.3.S1_x_at LOC_Os01g43580 
kinesin motor domain containing 

protein, putative, expressed 
-2.191 0.043 

Os.51048.1.S1_at LOC_Os11g02730 
harpin-induced protein 1 domain 

containing protein, expressed 
-2.179 0.009 
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Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.17163.1.S1_at LOC_Os07g46640 

UDP-N-acetylglucosamine--dolichyl-
phosphate N-

acetylglucosaminephosphotransferase, 
putative, expressed 

-2.161 0.029 

Os.52872.1.S1_x_at --- 
hydrolase, NUDIX family, domain 

containing protein, expressed 
-2.117 0.030 

Os.54098.1.S1_at LOC_Os07g01240 expressed protein -2.103 0.028 

Os.20616.1.S1_at LOC_Os01g34930 callose synthase, putative, expressed -2.099 0.005 

Os.49257.1.S1_x_at LOC_Os02g10440 
protein with a conserved N-terminal 

region, putative, expressed 
-2.037 0.029 

Os.26561.1.S2_x_at LOC_Os05g12300 expressed protein -2.028 0.035 

Os.2852.1.S1_at LOC_Os03g48090 
WD domain, G-beta repeat domain 

containing protein, expressed 
-2.011 0.020 

Os.17414.1.S1_at LOC_Os07g40930 
WD repeat-containing protein 12, 

putative, expressed 
-1.992 0.004 

Os.18044.1.S1_s_at LOC_Os09g38970 
zinc finger family protein, putative, 

expressed 
-1.933 0.022 

OsAffx.20077.1.S1_x_at LOC_Os12g41510 
cysteine-rich receptor-like protein 

kinase 31 precursor, putative 
-1.928 0.008 

Os.47568.1.A1_s_at LOC_Os04g07280 AGAP002737-PA, putative, expressed -1.874 0.030 

Os.10458.1.S1_at LOC_Os08g05850 
LSM domain containing protein, 

expressed 
-1.828 0.009 

Os.7093.1.S1_at LOC_Os03g63670 expressed protein -1.777 0.036 

Os.14860.1.S1_at LOC_Os08g23680 
FHA domain containing protein, 

putative, expressed 
-1.767 0.045 

Os.5425.1.S1_at LOC_Os03g03920 
Ubiquitin family domain containing 

protein, expressed 
-1.758 0.028 

Os.14985.1.S1_at LOC_Os02g34630 
MYB family transcription factor, 

putative, expressed 
-1.714 0.030 

Os.20857.1.S1_at LOC_Os02g15900 
50S ribosomal protein L21, chloroplast 

precursor, putative, expressed 
-1.714 0.017 

Os.48988.1.S1_at LOC_Os07g47710 
60S ribosomal protein L22-2, putative, 

expressed 
-1.713 0.013 

Os.18351.1.S1_at LOC_Os09g29170 
CAMK_CAMK_like.38 - CAMK includes 
calcium/calmodulin depedent protein 

kinases, expressed 
-1.654 0.028 

Os.20421.1.S1_at LOC_Os02g01280 expressed protein -1.632 0.025 

Os.46070.3.S1_at LOC_Os10g02930 helicase SEN1, putative, expressed -1.553 0.034 

Os.17037.3.S1_x_at LOC_Os03g15600 expressed protein -1.529 0.034 

OsAffx.31327.1.S1_at LOC_Os11g36610 
OsFBDUF51 - F-box and DUF domain 

containing protein, expressed 
-1.454 0.044 

Os.12716.1.S1_a_at LOC_Os02g46130 
tRNA synthetases class II domain 

containing protein, expressed 
-1.345 

 
 
 

0.036 
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Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.12693.5.S1_x_at LOC_Os07g49400 
OsAPx2 - Cytosolic Ascorbate 

Peroxidase encoding gene 4,5,6,8, 
expressed 

-1.214 0.003 

Os.45964.1.S1_at LOC_Os01g73990 
cytochrome b5-like Heme/Steroid 

binding domain containing protein, 
expressed 

-1.200 0.047 

Os.49923.1.S1_at --- 
retrotransposon protein, putative, 

unclassified 
-1.145 0.033 

Os.5919.1.S1_at LOC_Os03g25040 
GDSL-like lipase/acylhydrolase, 

putative, expressed 
-1.142 0.012 

Os.6018.1.S1_at LOC_Os01g71980 
pyrroline-5-carboxylate reductase, 

putative,  
-1.134 0.046 

Os.11057.1.S1_at LOC_Os06g37000 
RNA recognition motif containing 

protein, expressed 
-0.977 0.020 

Os.20086.1.S1_at LOC_Os06g02940 expressed protein 0.549 0.030 

OsAffx.29903.1.S1_at LOC_Os09g17910 expressed protein 0.553 0.049 

OsAffx.18215.1.S1_at LOC_Os10g11170 hypothetical protein 0.554 0.050 

Os.51110.2.A1_at --- hypothetical protein 0.577 0.033 

OsAffx.7595.1.S1_at LOC_Os12g14590 
retrotransposon protein, putative, 

unclassified 
0.616 0.041 

OsAffx.23840.1.S1_at LOC_Os01g58480 conserved hypothetical protein 0.631 0.045 

OsAffx.19760.1.S1_x_at LOC_Os02g23821 
retrotransposon protein, putative, 

unclassified 
0.643 0.028 

Os.50584.1.S1_at --- 
transposon protein, putative, 

unclassified 
0.669 0.047 

OsAffx.18963.1.S1_at --- 
exosome complex exonuclease, 

putative, expressed 
0.690 0.045 

OsAffx.31480.1.S1_at LOC_Os11g44850 hypothetical protein 0.712 0.039 

OsAffx.23585.1.S1_at LOC_Os01g39700 hypothetical protein 0.731 0.040 

OsAffx.14039.1.S1_s_at LOC_Os04g30040 
jacalin-like lectin domain containing 

protein, expressed 
0.753 0.028 

OsAffx.27479.1.S1_at LOC_Os06g06740 
MYB family transcription factor, 

putative, expressed 
0.758 0.009 

OsAffx.8602.1.S1_x_at --- 
DEFL46 - Defensin and Defensin-like 

DEFL family 
0.774 0.045 

Os.36236.1.S1_at LOC_Os01g26390 
TKL_IRAK_DUF26-lh.1 - DUF26 kinases 
have homology to DUF26 containing 

loci, expressed 
0.789 0.049 

OsAffx.17363.1.S1_at LOC_Os08g36750 NFKB, putative 0.799 0.041 



Appendix-chapter5 

386 

Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.31151.1.S1_at --- 
coronatine-insensitive protein, putative, 

expressed 
0.805 0.036 

OsAffx.5713.1.S1_at LOC_Os08g05140 hypothetical protein 0.819 0.042 

OsAffx.9127.1.S1_at LOC_Os01g43110 
retrotransposon protein, putative, 

unclassified 
0.821 0.048 

OsAffx.20837.1.S1_at --- 
oxysterol-binding protein, putative, 

expressed 
0.825 0.044 

OsAffx.16049.1.S1_x_at LOC_Os07g02540 HLS, putative, expressed 0.831 0.049 

OsAffx.15581.1.S1_at LOC_Os06g23570 hypothetical protein 0.841 0.028 

Os.52519.1.S1_at --- conserved hypothetical protein 0.856 0.028 

OsAffx.14609.1.S1_at LOC_Os05g09200 hypothetical protein 0.857 0.023 

OsAffx.3000.1.S1_at LOC_Os02g48690 hypothetical protein 0.859 0.032 

OsAffx.10905.2.S1_at LOC_Os01g04370 
retrotransposon protein, putative, 

unclassified 
0.909 0.036 

OsAffx.31096.1.S1_x_at LOC_Os11g23030 hypothetical protein 0.920 0.008 

Os.56973.1.S1_at --- 
S-domain receptor-like protein kinase, 

putative, expressed 
0.924 0.038 

OsAffx.5845.1.S1_at LOC_Os08g16700 hypothetical protein 0.930 0.030 

OsAffx.30411.1.A1_at --- hypothetical protein 0.933 0.041 

OsAffx.25165.1.S1_at LOC_Os03g20400 hypothetical protein 0.952 0.016 

Os.56064.1.S1_at --- conserved hypothetical protein 0.966 

 
 

0.045 
 

OsAffx.14613.1.S1_at LOC_Os05g09540 hypothetical protein 1.021 0.036 

Os.56068.1.S1_x_at --- expressed protein 1.046 0.028 

OsAffx.6710.1.S1_at LOC_Os10g20560 
DEFL81 - Defensin and Defensin-like 

DEFL family 
1.065 0.012 

OsAffx.26696.1.S1_at LOC_Os05g02620 expressed protein 1.082 0.029 

Os.9107.1.S1_a_at LOC_Os09g27260 
plant viral response family protein, 

putative, expressed 
1.352 0.030 

Os.5253.1.S1_at LOC_Os02g34950 
ATP binding protein, putative, 

expressed 
2.333 0.045 

Os.24163.1.A1_at LOC_Os07g10610 expressed protein 2.351 0.042 

Os.25019.1.S1_at LOC_Os09g32430 oxidoreductase, putative, expressed 2.707 0.042 

 

 

 



Appendix-chapter5 

387 

Appendix 5.4: Rice genes significantly responsive to salt in stelar tissue. 

Affymetrix identifier, locus, annotation, fold change in response to salt in log  

(logFC) and their adjusted p value are indicated. 

Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.30000.1.S1_at LOC_Os07g36560 
transferase family protein, 

putative, expressed 
5.328 0.009 

Os.7627.2.S1_s_at LOC_Os02g53780 expressed protein 4.906 0.009 

Os.27262.1.S1_a_at LOC_Os02g03950 
zinc finger, C3HC4 type family 

protein, expressed 
4.738 0.017 

Os.50720.1.S1_x_at --- 
OsIAA15 - Auxin-responsive 

Aux/IAA gene family member, 
expressed 

4.630 0.010 

Os.7059.1.S1_at LOC_Os09g04890 
histone-lysine N-

methyltransferase, H3 lysine-4 
specific ATX1, putative, expressed 

4.447 0.050 

Os.7567.1.S1_at LOC_Os10g40614 
LTPL147 - Protease inhibitor/seed 

storage/LTP family protein 
precursor, expressed 

4.362 0.031 

Os.8979.1.S1_at LOC_Os10g21930 
OsFBK21 - F-box domain and kelch 

repeat containing protein, 
expressed 

4.286 0.034 

Os.21423.1.S1_at LOC_Os06g30320 
NOC3 - Putative nucleolar 

complex subunit 3, expressed 
4.124 0.047 

Os.9597.1.S1_at LOC_Os04g55970 

AP2-like ethylene-responsive 
transcription factor 

AINTEGUMENTA, putative, 
expressed 

4.068 0.021 

Os.26993.1.S1_at LOC_Os05g34550 
MLO domain containing protein, 

putative, expressed 
4.068 0.031 

Os.18569.1.S1_at LOC_Os08g34650 
receptor-like protein kinase 

precursor, putative, expressed 
3.968 0.031 

Os.50720.1.A1_at --- 
OsIAA15 - Auxin-responsive 

Aux/IAA gene family member, 
expressed 

3.935 0.020 

Os.26950.1.A1_s_at LOC_Os03g19530 
DEAD-box ATP-dependent RNA 

helicase,  
3.897 0.050 

Os.50296.1.S1_at LOC_Os06g29430 
cytidine and deoxycytidylate 

deaminase zinc-binding region 
family protein, expressed 

3.846 0.031 

Os.14861.2.S1_x_at LOC_Os01g45880 
retrotransposon protein, putative, 

unclassified, expressed 
3.842 0.031 

Os.18758.1.S1_at --- 
heavy-metal-associated domain-

containing protein, putative, 
expressed 

3.829 0.019 

Os.9976.1.S1_at LOC_Os06g33180 expressed protein 3.752 0.050 

Os.48004.1.S1_at --- 
transporter family protein, 

putative, expressed 
3.713 0.014 

Os.49435.1.S1_at LOC_Os02g48830 
microtubule associated protein, 

putative, expressed 
3.679 0.009 

Os.19371.1.S1_at LOC_Os12g29580 
AGC_PVPK_like_kin82y.19 - ACG 
kinases include homologues to 
PKA, PKG and PKC, expressed 

3.546 0.034 

Os.39480.1.A1_at --- 
transmembrane amino acid 

transporter protein, putative, 
expressed 

3.489 0.009 

Os.18757.1.S1_at LOC_Os05g41810 
OsDegp8 - Putative Deg protease 

homologue, expressed 
3.458 0.047 

Os.20625.1.S1_at LOC_Os08g01360 
RING finger protein 13, putative, 

expressed 
3.410 0.026 

Os.12031.1.A1_at LOC_Os04g23180 
cation efflux family protein, 

putative, expressed 
3.312 0.017 
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Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.27622.1.S1_x_at LOC_Os09g13740 
SET domain containing protein, 

expressed 
3.297 0.018 

Os.7576.1.S1_at LOC_Os04g32980 
protein binding protein, putative, 

expressed 
3.278 0.017 

Os.27125.1.A1_at LOC_Os04g54820 
programmed cell death 2 C-
terminal domain-containing 
protein, putative, expressed 

3.226 0.031 

Os.7826.1.S1_a_at LOC_Os05g10740 
pollen-specific protein SF21, 

putative, expressed 
3.221 0.026 

OsAffx.1413.1.S1_at --- 
peptidyl-prolyl isomerase, 

putative, expressed 
3.202 0.050 

Os.4702.1.S1_at LOC_Os09g39400 
histidine-containing 

phosphotransfer protein, putative, 
expressed 

3.200 0.021 

Os.49397.1.S1_at LOC_Os04g14450 
pentatricopeptide, putative, 

expressed 
2.993 0.009 

Os.13690.1.S1_at LOC_Os02g42000 expressed protein 2.927 0.017 

Os.26706.1.S1_at LOC_Os07g48229 
vacuolar-sorting receptor 

precursor, putative, expressed 
2.916 0.020 

Os.4948.1.S1_x_at LOC_Os02g42290 
OsClp3 - Putative Clp protease 

homologue, expressed 
2.909 0.031 

Os.19501.1.S1_a_at LOC_Os12g22744 expressed protein 2.748 0.047 

Os.54232.1.S1_at LOC_Os05g37190 
ZOS5-08 - C2H2 zinc finger 

protein, expressed 
2.717 0.031 

Os.8018.1.S1_x_at --- 
retrotransposon protein, putative, 

unclassified, expressed 
2.657 0.050 

Os.32557.1.S1_s_at LOC_Os01g07080 
DEAD-box ATP-dependent RNA 

helicase, putative, expressed 
2.653 0.038 

Os.14640.1.S1_at LOC_Os11g37130 
mttA/Hcf106 family protein, 

putative, expressed 
2.606 0.050 

Os.38273.2.S1_x_at LOC_Os04g17680 expressed protein 2.602 0.046 

OsAffx.27684.1.S1_s_at LOC_Os06g17285 
protein kinase, putative, 

expressed 
2.555 0.046 

Os.28412.1.S1_a_at LOC_Os09g04504 expressed protein 2.404 0.050 

Os.11118.1.S1_at LOC_Os06g45710 
phosphoglycerate kinase protein, 

putative, expressed 
2.321 0.009 

Os.17391.1.S1_at LOC_Os05g10810 
O-acyltransferase, putative, 

expressed 
2.238 0.017 

Os.5836.1.A1_at LOC_Os10g27110 expressed protein 2.202 0.048 

Os.23140.1.S1_at LOC_Os02g34500 expressed protein 2.194 0.017 

Os.15638.1.S1_at LOC_Os01g37980 
vesicle transport v-SNARE protein, 

putative, expressed 
2.192 0.050 

Os.22334.1.S1_s_at LOC_Os03g19280 
argininosuccinate lyase, putative, 

expressed 
2.192 0.031 

Os.5129.2.S1_a_at LOC_Os02g07680 
cytochrome P450, putative, 

expressed 
2.135 0.041 

Os.6060.1.S1_at LOC_Os05g19280 expressed protein 2.102 0.014 

Os.11716.1.S1_at LOC_Os10g18364 
ZOS10-03 - C2H2 zinc finger 

protein, expressed 
2.086 0.050 

Os.7825.1.S1_at LOC_Os04g01490 
zinc finger, C3HC4 type, domain 
containing protein, expressed 

1.904 0.032 

Os.37477.1.S1_at LOC_Os04g14760 phosphoglycerate mutase,  1.830 0.031 

Os.9931.1.S1_a_at LOC_Os01g15460 
zinc finger C-x8-C-x5-C-x3-H type 

family protein, expressed 
1.661 0.047 

Os.9619.1.S1_at LOC_Os02g51150 
sphingolipid C4-hydroxylase SUR2, 

putative, expressed 
1.651 

 
0.033 

 
 



Appendix-chapter5 

389 

Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.23126.1.S1_at LOC_Os05g43380 
tesmin/TSO1-like CXC domain 
containing protein, expressed 

1.649 0.017 

Os.10759.1.S1_at LOC_Os03g53110 
CorA-like magnesium transporter 

protein, putative, expressed 
1.481 0.031 

OsAffx.6403.1.S1_at LOC_Os09g26110 expressed protein -1.159 0.050 

Os.46045.1.S1_a_at LOC_Os01g15029 expressed protein -1.274 0.031 

OsAffx.7470.1.S1_x_at LOC_Os11g03734 
alpha-N-arabinofuranosidase A 
precursor, putative, expressed 

-1.604 0.050 

Os.48037.1.A1_at LOC_Os05g03450 
lectin protein kinase family 

protein, putative, expressed 
-1.885 0.021 

Os.17293.2.S1_at LOC_Os01g54580 
transporter family protein, 

putative, expressed 
-2.025 0.033 

Os.27804.1.S1_at LOC_Os08g10310 
SHR5-receptor-like kinase, 

putative, expressed 
-2.047 0.032 

Os.14101.2.S1_at LOC_Os01g61190 
exo70 exocyst complex subunit, 

putative, expressed 
-2.345 0.026 

Os.48260.1.S1_at LOC_Os02g52490 expressed protein -2.364 0.050 

OsAffx.9395.1.S1_at LOC_Os01g57400 
lysM domain containing protein, 

putative, expressed 
-2.394 0.017 

OsAffx.12719.1.S1_at --- 
diacylglycerol kinase, putative, 

expressed 
-2.453 0.038 

Os.9290.1.A1_at LOC_Os12g06850 
transcription elongation factor 

protein, putative, expressed 
-2.489 0.031 

Os.53601.1.S1_at --- 

NAD dependent 
epimerase/dehydratase family 

domain containing protein, 
expressed 

-2.505 0.024 

Os.43344.1.S1_at LOC_Os01g13930 expressed protein -2.600 0.026 

Os.55637.1.S1_at LOC_Os05g45070 
harpin-induced protein 1 domain 

containing protein, expressed 
-2.770 0.034 

OsAffx.4371.1.S1_at LOC_Os05g18650 hypothetical protein -2.908 0.030 

Os.323.1.S1_at LOC_Os07g03710 
SCP-like extracellular protein, 

expressed 
-2.918 0.017 

Os.46383.2.A1_s_at LOC_Os02g47020 
phosphoribulokinase/Uridine 

kinase family protein, expressed 
-2.950 0.031 

Os.2202.3.S1_x_at LOC_Os01g10140 
RNA-dependent RNA polymerase, 

putative, expressed 
-3.007 0.017 

Os.17822.2.S1_s_at LOC_Os08g32630 
FAD dependent oxidoreductase, 

putative, expressed 
-3.011 0.017 

OsAffx.30177.3.S1_at LOC_Os09g37780 
serine/threonine-protein kinase 

receptor precursor, putative 
-3.013 0.017 

OsAffx.23435.1.S1_at LOC_Os01g28730 
protein kinase domain containing 

protein, expressed 
-3.119 0.032 

Os.47398.2.A1_at LOC_Os02g46140 
GAMM1 protein-like, putative, 

expressed 
-3.298 0.009 

Os.9679.1.S1_at LOC_Os11g07830 dirigent, putative, expressed -3.298 0.050 

Os.53158.1.S1_at LOC_Os11g42800 
kinesin motor domain containing 

protein, putative, expressed 
-3.395 0.018 

Os.10533.1.S1_at LOC_Os01g11710 
GDSL-like lipase/acylhydrolase, 

putative, expressed 
-3.431 0.031 

Os.12239.1.S1_at LOC_Os09g31031 
ubiquitin family protein, putative, 

expressed 
-3.473 

 
0.046 
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Affymetrix identifier Locus Blastn Annotation logFC adj.P.Val 

Os.3985.1.S1_at LOC_Os10g02480 
oxidoreductase, aldo/keto 

reductase family protein, putative, 
expressed 

-3.489 0.010 

Os.7392.2.S1_x_at LOC_Os01g62880 
oxidoreductase, aldo/keto 

reductase family protein, putative, 
expressed 

-3.720 0.050 

Os.33968.1.S1_at LOC_Os01g28840 
C4-dicarboxylate 

transporter/malic acid transport 
protein, expressed 

-3.963 0.035 

Os.33339.1.S1_x_at --- 
jacalin-like lectin domain 

containing protein, expressed 
-3.973 0.017 

Os.38228.1.A1_s_at LOC_Os08g32630 
FAD dependent oxidoreductase, 

putative, expressed 
-4.009 0.013 

Os.38240.1.S1_a_at LOC_Os12g08760 
carboxyvinyl-carboxyphosphonate 

phosphorylmutase, putative, 
expressed 

-4.049 0.017 

Os.54268.1.S1_at LOC_Os07g35740 
TKL_IRAK_DUF26-ld.2 - DUF26 

kinases have homology to DUF26 
containing loci, expressed 

-4.214 0.014 

OsAffx.4168.1.S1_s_at LOC_Os04g53560 expressed protein -4.250 0.046 

Os.7025.1.S1_s_at LOC_Os04g42580 expressed protein -4.267 0.009 

OsAffx.27959.1.S1_x_at LOC_Os06g36080 
kinesin motor domain containing 

protein, expressed 
-4.323 0.034 

Os.35797.1.S1_at LOC_Os07g13890 
OsFBX230 - F-box domain 

containing protein, expressed 
-4.357 0.017 

Os.35677.1.S1_at LOC_Os03g09060 
prenyltransferase, putative, 

expressed 
-4.617 0.017 

Os.55569.1.S1_at LOC_Os05g30420 expressed protein -4.929 0.025 
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Appendix 5.5: Rice genes differentially expressed in stelar tissue compare to 

cortical cells. Affymetrix identifier, locus, annotation, fold change in log 

(pericycle- cortex) and their adjusted p value are indicated. 

Affymetrix 
identifier 

Locus Blastn Annotation logFC adj.P.Val 

Os.10038.1.S1_s_
at 

LOC_Os05g36240 expressed protein -5.7517 0.00041 

Os.10660.1.S1_at LOC_Os07g06834 expressed protein -3.8904 0.00015 

Os.25171.1.A1_at LOC_Os11g47140 
OsWAK123 - OsWAK receptor-
like protein kinase, expressed 

-3.7032 0.0356 

Os.4607.1.S1_at LOC_Os10g39740 
glutathione S-transferase, 

putative, expressed 
-3.4819 0.00423 

OsAffx.28294.3.S
1_x_at 

LOC_Os05g36240 expressed protein -3.1039 0.01184 

Os.54941.1.S1_at LOC_Os04g22910 expressed protein -2.9833 0.00579 

Os.9384.1.S1_at --- TsetseEP precursor, putative -2.9753 0.0269 

OsAffx.28294.2.S
1_x_at 

LOC_Os07g05840 expressed protein -2.7212 0.04217 

Os.178.1.S1_a_at LOC_Os08g25734 

glucose-1-phosphate 
adenylyltransferase large 

subunit, chloroplast precursor, 
putative, expressed 

-2.3174 0.04269 

Os.51048.1.S1_at LOC_Os11g02730 
harpin-induced protein 1 domain 

containing protein, expressed 
-2.1732 0.01318 

Os.11800.1.S1_at LOC_Os01g50100 
ABC transporter, ATP-binding 
protein, putative, expressed 

-1.9712 0.00745 

Os.11800.1.S1_s_
at 

LOC_Os01g50100 
ABC transporter, ATP-binding 
protein, putative, expressed 

-1.8596 0.00569 

Os.54555.1.S1_at LOC_Os05g07060 
fasciclin domain containing 

protein, expressed 
-1.7403 0.00423 

Os.39411.1.A1_at LOC_Os01g50100 
ABC transporter, ATP-binding 

protein,  
-1.7349 0.00173 

Os.9066.1.S1_s_a
t 

LOC_Os01g50160 
MDR-like ABC transporter, 

putative, expressed 
-1.685 0.0269 

Os.5919.1.S1_at LOC_Os03g25040 
GDSL-like lipase/acylhydrolase, 

putative, expressed 
-1.6496 0.0006 

Os.10659.1.S1_s_
at 

LOC_Os07g26100 expressed protein -1.5865 0.03792 

Os.7259.1.S1_at LOC_Os02g25060 
NTMC2Type1.2 protein, putative, 

expressed 
-1.5062 0.01341 

Os.49923.1.S1_at --- 
retrotransposon protein, 

putative, unclassified 
-1.3784 0.01184 

Os.46904.1.S1_x_
at 

--- 
tubulin/FtsZ domain containing 

protein, putative, expressed 
-1.2612 0.02808 

OsAffx.21779.1.S
1_at 

LOC_Os01g60560 
retrotransposon protein, 

putative, unclassified 
-0.7944 0.01672 

OsAffx.22999.1.S
1_at 

LOC_Os07g32710 
retrotransposon protein, 

putative, unclassified, expressed 
1.23819 0.02029 

Os.10792.1.S1_at LOC_Os06g04580 
transcription factor TFIIF, 

putative, expressed 
1.31668 0.04217 

Os.15942.5.S1_x_
at 

LOC_Os04g34600 
abscisic stress-ripening, putative, 

expressed 
1.51008 0.01341 

Os.156.2.S1_x_at LOC_Os06g51150 catalase isozyme B, putative 1.52258 0.04344 

Os.27124.1.S1_at LOC_Os02g10290 
copper-transporting ATPase, 

putative, expressed 
1.55304 0.00404 

Os.56123.1.S1_at --- expressed protein 1.66885 0.00435 
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Affymetrix 
identifier 

Locus Blastn Annotation logFC adj.P.Val 

Os.49319.1.S1_at LOC_Os02g52990 
OsSAUR12 - Auxin-responsive 

SAUR gene family member, 
expressed 

1.77332 0.04018 

Os.27826.1.S1_at LOC_Os03g12020 
50S ribosomal protein L15, 

chloroplast precursor, putative, 
expressed 

1.77477 0.00766 

Os.12691.4.S1_at --- 
DNA topoisomerase I family 

protein, expressed 
1.87834 0.00223 

OsAffx.4905.1.S1
_at 

LOC_Os06g22850 
microfibrillar-associated protein 

1, putative, expressed 
1.88506 0.04681 

Os.46431.1.S1_at LOC_Os01g35330 
circumsporozoite protein 

precursor, putative, expressed 
1.99981 0.00435 

Os.23469.1.S1_at LOC_Os05g37170 
transcription factor, putative, 

expressed 
2.18616 0.04269 

OsAffx.29958.1.S
1_x_at 

LOC_Os09g21180 
homeobox associated leucine 

zipper, putative, expressed 
2.20332 0.01341 

Os.49126.1.S1_at LOC_Os11g05480 
transcription factor, putative, 

expressed 
2.40405 0.01392 

OsAffx.17231.1.S
1_at 

LOC_Os08g29770 expressed protein 2.44844 0.00256 

Os.12825.1.S1_at LOC_Os06g01760 ligA, putative, expressed 2.4875 0.0163 

Os.27271.1.S1_a_
at 

LOC_Os04g25060 
cysteine-rich receptor-like 
protein kinase, putative, 

expressed 
2.70638 0.01155 

Os.50393.1.S1_at LOC_Os02g51680 
uncharacterized glycosyl 

hydrolase Rv2006/MT2062, 
putative, expressed 

2.71158 0.02808 

Os.50018.1.S1_at LOC_Os07g47750 
POEI49 - Pollen Ole e I allergen 

and extensin family protein 
precursor, expressed 

2.76849 0.02683 

Os.11986.3.S1_at --- 
Protein kinase domain containing 

protein, expressed 
2.81483 0.0269 

Os.8922.1.S1_at LOC_Os04g05010 
CBS domain containing 

membrane protein, putative, 
expressed 

2.86168 0.02147 

Os.4633.1.S1_at LOC_Os01g59970 expressed protein 2.95426 0.00447 

RPTR-Os-U89963-
1_at 

--- conserved hypothetical protein 3.21258 0.00766 

Os.15942.1.S1_s_
at 

LOC_Os04g34600 
abscisic stress-ripening, putative, 

expressed 
3.29057 0.00423 

Os.20614.1.S1_at LOC_Os10g41838 
F-box protein interaction domain 

containing protein, expressed 
3.34446 0.02117 

Os.6664.1.S1_at LOC_Os05g47700 
LTPL152 - Protease inhibitor/seed 

storage/LTP family protein 
precursor, expressed 

3.44291 0.00194 

RPTR-Os-U89963-
1_x_at 

--- 
MATE efflux family protein, 

putative, expressed 
3.45016 0.00223 

Os.4716.1.S1_at LOC_Os02g24020 
dihydrodipicolinate reductase, 

putative, expressed 
3.45353 0.0039 

Os.18712.1.S1_at LOC_Os08g40940 expressed protein 3.52515 0.04492 

Os.15454.2.S1_at LOC_Os06g06760 
protein kinase, putative, 

expressed 
3.53968 0.04269 

Os.22278.1.S1_at LOC_Os09g38320 
phytoene synthase, chloroplast 
precursor, putative, expressed 

3.57008 0.00194 

OsAffx.25975.1.S
1_at 

LOC_Os04g11040 expressed protein 3.73808 0.0163 

Os.54105.1.S1_at LOC_Os02g12939 expressed protein 3.89128 0.00173 

OsAffx.15155.1.S
1_at 

LOC_Os05g48730 hypothetical protein 4.09262 0.0005 

Os.20078.1.S1_at LOC_Os07g40974 
NAD dependent 

epimerase/dehydratase family 
protein, putative, expressed 

4.17567 0.00423 
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Affymetrix 
identifier 

Locus Blastn Annotation logFC adj.P.Val 

Os.46507.1.S1_at LOC_Os10g39980 expressed protein 4.3204 0.0376 

OsAffx.6397.1.S1
_at 

LOC_Os09g25690 
retrotransposon protein, 

putative, unclassified 
4.32783 0.0269 

Os.52863.1.S1_at LOC_Os09g22000 
hydrolase, HAD superfamily, Cof 

family, putative, expressed 
4.92783 0.0296 

Os.158.1.S1_at LOC_Os10g02070 
peroxidase precursor, putative, 

expressed 
4.96512 0.01095 

Os.46672.1.S1_at LOC_Os10g31290 expressed protein 5.49829 4.83E-05 

Os.27755.1.S1_at LOC_Os07g35560 
glucan endo-1,3-beta-glucosidase 

precursor, putative, expressed 
5.78101 0.04269 
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Appendix 7.1: Primer pair sequences used in PCR1 and PCR2 with the expected size of amplification and corresponding annealing temperature. 

Cell 
type 

Gene 
locus 

Mutant name Left Primer (LP) Right Primer (RP) 
Annealing 
temperatu

re (°C) 

Expect
ed size 

of 
PCR1 

reactio
n 

(bases) 

Name 
insertion 
primer  

Insertion primer 
sequence  

Primer associated in 
PCR2 

Annealing 
temperatu

re (°C) 

Expecte
d size of 

PCR2 
reaction 
(bases) 

cortex 
Os02g42

210 MBNA 04Z11DQ08  
TCATGCACCATAGCCTTC

AC 
ACAACCTCCGAAACCAC

AAG 52 1162 RMD_LB 
TCGCTCATGTGTTGAGCA

TA 
TCATGCACCATAGCCTTC

AC 50 500-800 

  
 

MBNA 3A09003 
ATGGCATTTAGGAGTGTG

GC 
CTGCCGGAAGTTCAGCT

ATC 52 1116 
PFG_RB_com

pl 
TTGCGACTAGTTAAGGTG

TC 
ATGGCATTTAGGAGTGT

GGC 50 500-801 

    MBNA 1C06550 
TTCCAAGCTGTGTTTGCTT

G 
GTTCCTGGTTGATTCCAT

GC 50 1161 
PFG_LB_com

pl 
CACTTGCACTTACGGCTT

GT 
GTTCCTGGTTGATTCCAT

GC 51 500-802 

cortex 
Os01g71

310 CYTDH1 3D 01336 
AAACCCGACCCTGATTAT

CC 
CGTCGTCGAAGCTGAAA

TG 50 995 PFG_LB 
TAGCTAGAGTCGAGAATT

CAGT 
AAACCCGACCCTGATTA

TCC 51 400-800 

cortex 
Os06g43

120 METAL 4A01800 
TCCGATGTTTGGTTAATC

CC 
ACTGGTGGTGAGAGTG

GGAC 50 1011 PFG_RB 
AACGCTGATCAATTCCAC

AG 
ACTGGTGGTGAGAGTG

GGAC 50 600-800 

  
 

METAL 2D11035 
ACAGGGTGGAGTGACTG

TCC 
CTGGCATTCTTTCTGGA

AGG 52 1200 PFG_RB 
AACGCTGATCAATTCCAC

AG 
CTGGCATTCTTTCTGGA

AGG 50 600-801 

  
 

  
   

  PFG_LB 
TAGCTAGAGTCGAGAATT

CAGT 
ACAGGGTGGAGTGACT

GTCC 51 600-802 

  
 

METAL 04Z11OA09 
TCCTTTACCCCAGGGATA

CC 
TGAGTCAAATGCAAAGC

AGG 50 1062 
RMD_LB_co

mpl 
TATGCTCAACACATGAGC

GA 
TGAGTCAAATGCAAAGC

AGG 50 600-803 

    METAL 04Z11PN12 
CGTGATTCCTATGATGTG

CG 
AACTGGAGAGTGCCCAC

AAG 52 1036 
RMD_LB_co

mpl 
TATGCTCAACACATGAGC

GA 
AACTGGAGAGTGCCCAC

AAG 50 600-804 

cortex 
Os01g69

910 CALMO 3D03034 
TTATGAAGGGGGCATCT

GAG 
CGCGCCTATCATAAAAG

AGG 52 1032 PFG_RB 
AACGCTGATCAATTCCAC

AG 
CGCGCCTATCATAAAAG

AGG 50 400-600 

  
 

CALMO 3A51996 
GCGAAAACTTAAGGTGC

AGC 
AGTCCGCATTCAAGATT

TGG 50 1102 PFG_LB 
TAGCTAGAGTCGAGAATT

CAGT 
GCGAAAACTTAAGGTGC

AGC 51 400-601 

    CALMO 2C00161 
TCAATGACATGTGGGTCA

GG 
TCTCCCCTTGAATCAAAT

CG 50 1041 PFG_LB 
TAGCTAGAGTCGAGAATT

CAGT 
TCAATGACATGTGGGTC

AGG 51 400-602 

stele 
Os05g11

560 NIP 3A02027 
AAGTCTTCGTTGAACGGA

GG 
CCGTCCCAAAATACTTG

TCG 52 1195 PFG_RB 
AACGCTGATCAATTCCAC

AG 
CCGTCCCAAAATACTTG

TCG 50 
1000-
1200 

  
 

NIP 3D01777 
GGGTCATAGGGATTGGA

GAAC 
TTCAATTCCAACACCACA

CC 50 1119 PFG_RB 
AACGCTGATCAATTCCAC

AG 
TTCAATTCCAACACCACA

CC 50 600-800 

    NIP M0037508T2 
GCGATGGAGTTCATCATC

AC 
AACCGAGCAAGTCATGG

TTC 52 1096 
TRIM_RB_co

mpl 
TTGAGTACCGCTAGAGAA

TGG 
GCGATGGAGTTCATCAT

CAC 50 
1000-
1200 
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Cell 
type 

Gene 
locus 

Mutant name Left Primer (LP) Right Primer (RP) 
Annealing 
temperatu

re (°C) 

Expect
ed size 

of 
PCR1 

reactio
n 

(bases) 

Name 
insertion 
primer  

Insertion primer 
sequence  

Primer associated in 
PCR2 

Annealing 
temperatu

re (°C) 

Expecte
d size of 

PCR2 
reaction 
(bases) 

stele 
Os08g35

860 CYTDH8 3A17526 
GCTGCTAAATCCTAATGG

CG 
TCGACTACGTGGAGGG

ATTC 52 1117 
PFG_RB_com

pl 
TTGCGACTAGTTAAGGTG

TC 
GCTGCTAAATCCTAATG

GCG 50 600-800 

    
     

PFG_LB_com
pl 

CTCGACTCTAGAGGATCC
CCAA 

TCGACTACGTGGAGGG
ATTC 51 600-801 

    CYTDH8 2B400098  
GTACGTGGACTTCCTCTC

GC 
TTCGTTTTCCCTTTTGCA

AC 48 1146 PFG_LB 
TAGCTAGAGTCGAGAATT

CAGT 
GTACGTGGACTTCCTCT

CGC 51 600-802 

stele 
Os06g19

980 MYB 3A158886 
AAGTTGGTTTGTAGCGCA

CC 
AGATGCACCATGAATCC

ATG 50 1400 PFG_RB 
AACGCTGATCAATTCCAC

AG 
AGATGCACCATGAATCC

ATG 50 
1000-
1200 

stele 
Os03g01

210 
CYSRICH 2D31141-

2/4/6 
TTCAACAAAGACAGCATG

GC 
TTTCTTGACTTGTACCGG

GC 50 1148 
PFG_LB_com

pl 
ACTGAATTCTCGACTCTA

GCTA 
TTTCTTGACTTGTACCGG

GC 51 400-600 

    CYSRICH 05Z11FJ23 
TGGGTGTGCAGACATCA

AAT 
CTATGGAGATGCCGAAG

AGC 52 953 RMD_RB 
TGCAGGTTCTCTCCAAAT

GA 
CTATGGAGATGCCGAAG

AGC 50 
1000-
1200 

stele 
Os04g55

210 CHLCH 1A21807 
TGCTGCTGGAATCACTGA

AC 
GACAAGAACTTCCTCCA

GCG 52 1209 PFG_RB 
AACGCTGATCAATTCCAC

AG 
GACAAGAACTTCCTCCA

GCG 50 
1000-
1200 

  
 

CHLCH 1B18105 
CACCGTCAAAGGTCACAT

TG 
CCGGAAATTGACTTTGA

TGC 50 1176 
PFG_RB_com

pl 
TTGCGACTAGTTAAGGTG

TC 
CACCGTCAAAGGTCACA

TTG 50 
1000-
1200 

  
 

CHLCH 03Z11AY11 
TGACAGGTGCAACTTATG

GC 
ACTTGGAAGCAACATTT

GCC 50 978 RMD_LB 
TCGCTCATGTGTTGAGCA

TA 
TGACAGGTGCAACTTAT

GGC 50 
1000-
1200 

  
 

CHLCH 03Z11AY47 
TGACAGGTGCAACTTATG

GC 
ACTTGGAAGCAACATTT

GCC 50 978 RMD_LB 
TCGCTCATGTGTTGAGCA

TA 
TGACAGGTGCAACTTAT

GGC 50 
1000-
1200 

    CHLCH 03Z11AY42 
TGACAGGTGCAACTTATG

GC 
ACTTGGAAGCAACATTT

GCC 50 978 RMD_LB 
TCGCTCATGTGTTGAGCA

TA 
TGACAGGTGCAACTTAT

GGC 50 
1000-
1200 
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Appendix 7.2: List of rice candidate genes selected and their knock-out mutant 

lines. Information on the status of the line and seeds germinating after quarantine 

treatment. 

Cell 
type 

Gene locus Annotation Line name 
Status 

line 

Number 
seeds 

germinated 
after 

quarantine 
treatment 

cortex Os01g68040  
corA-like magnesium transporter 

protein 
RMD_02Z15AC93 ordered 0/5 

cortex Os01g69910 
calmodulin-binding transcription 

activator 
PFG_1A-14405 

not 
available 

- 

  
  

PFG_2B-80125 
not 

available 
- 

  
  

PFG_2C-00161 ordered 3/3 

  
  

PFG_3A-51996 ordered 1/3 

  
  

PFG_3D-03034 ordered 4/4 

cortex Os01g71310 cytokinin dehydrogenase PFG_3D-01336 ordered 3/3 

cortex Os02g42210 
membrane  associated salt 

inducible protein 
PFG_1C-06550 ordered 2/3 

  
  

PFG_3A09003 ordered 2/3 

  
  

RMD_04Z11DQ05 ordered 0/5 

      RMD_04Z11DQ08 ordered 2/8 

cortex Os02g44770  
mechanosensitive ion channel 
domain-containing protein-like 

PFG_1B-10526  
not 

available 
- 

  
  

PFG_2D-20022 
not 

available 
- 

      PFG_3A-15771 
not 

available 
- 

cortex Os04g44240 cytokinin-O-glucosyltransferase 3 PFG_2D-10360 
not 

available 
- 

cortex Os06g43120 
heavy-metal-associated domain-

containing protein 
PFG_2C-40059 

not 
available 

- 

  
  

PFG_2D-11035 ordered 2/3 

  
  

PFG_4A-01800 ordered 2/3 

  
  

RMD_03Z11HF19 
not 

available 
- 

  
  

RMD_04Z11OA09 ordered 2/3 

      RMD_04Z11PN12  ordered 1/3 

cortex Os08g05510 transcription factor MYB family TRIM_ M0027614 
not 

available 
- 

      TRIM_M0027613 
not 

available 
- 

stele Os03g01210 cysteine-rich receptor PFG_1C-03656 
not 

available 
- 

  
  

PFG_1D-2707444 
not 

available 
- 

  
  

PFG_2D-31141-2 ordered 2/2 

  
  

PFG_2D-31141-4 ordered 3/3 

  
  

PFG_2D-31141-6 ordered 3/3 

      RMD_05Z11FJ73 ordered 
6/6 
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Cell 
type 

Gene locus Annotation Line name 
Status 

line 

Number 
seeds 

germinated 
after 

quarantine 
treatment 

stele Os04g55210 chloride channel PFG_1A-21807 ordered 1/3 

  
  

PFG_1B-18105 ordered 2/2 

  
  

PFG_1D-2707432 
not 

available 
- 

  
  

PFG_2C-50166 
not 

available 
- 

  
  

PFG_3A-05282 
not 

available 
- 

  
  

RMD_03Z11AY11 ordered 5/5 

  
  

RMD_03Z11AY42 ordered 1/3 

      RMD_03Z11AY47 ordered 1/3 

stele Os05g11560 NIP1-3 aquaporin PFG_3A-02027 ordered 1/3 

  
  

PFG_3D-01777 ordered 3/3 

  
  

TRIM_M0032491 
not 

available 
- 

      TRIM_M0037508 ordered 4/4 

stele Os06g19980  transcription factor MYB family PFG_3A-15886 ordered 3/3 

      PFG_K-00225 
not 

available 
- 

stele Os08g35860 cytokinin dehydrogenase PFG_2B-40098 ordered 3/3 

      PFG_3A-17526 ordered 3/3 
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