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APPENDIX I: PRIMERS 

List of primers designed for use with the vectors in Chapter 4.   

Name bp Oligo Sequence Intended Purpose 

35A LB seq 20 GTTTTAGGTCATGATTTTAG Sequence vectors 

from CaMV35S 

polyA 

35S AleI R 38 CATGCACACGCGGGTGCGACACTCTCGTCTACTCCAAG Amplify 35S 

promoter and add 

AleI site 

35S BlpI R 35 AGTACTGCTAAGCCGACACTCTCGTCTACTCCAAG Amplify 35S 

promoter and add 

BlpI site 

35S BlpI R2 35 AGTACTGCTAAGCAGCTTGCCAACATGGTGGAGCA Amplify 35S 

promoter and add 

BlpI site 

35S SacI R 33 ATGCAGAGCTCAGCTTGCCAACATGGTGGAGCA Amplify 35S - 

polyA with AleI 

site 

35SPmeI F 28 ATGTTTAAACAGTCAAAGATTCAAATAG Amplify 35S 

promoter and add 

PmeI site 

35SPmeI R 26 GGGTTTAAACCCTCTCCAAATGAAAT Amplify 35S 

promoter and add 

PmeI site 

35Sx2PmeI 

F 

28 CCGTTTAAACGGGATCCTCTAGAGTCGA Amplify 35S 

promoter and add 

PmeI site 

35Sx2PmeI 

R 

26 CGGTTTAAACGGTCAACATGGTGGAG Amplify 35S 

promoter and add 

PmeI site 

AlcAPmeI F 31 CCGTTTAAACGGATAGTTCCGACCTAGGATT Amplify alcA 

promoter with 

PmeI site 

AlcR1Fseq 20 ACAGAGCACAATTGTCCATA Sequence vectors 

from Alc R 

promoter 

AlcR2Rseq 20 ACTTATTCTTGCTGCCAGGT Sequence vectors 

from Alc R 

promoter 

AlcR3seq 20 ACACAAATCTCTCAGCCAGC Sequence vectors 

from Alc R 

promoter 

AtHKT R 

NoSt 

25 GGAAGACGAGGGGTAAAGTATCCAT Amplify 

AtHKT1;1 with no 

stop codon 

AVP1 F 26 CACCATGGTGGCGCCTGCTTTGTTAC Amplify AtAVP1 

AVP1 R 27 TTAGAAGTACTTGAAAAGGATACCACC Amplify AtAVP1 

AVPFwd 20 ATGGTGGCGCCTGCTTTGTT Amplify AtAVP1 

basta F 20 GACTTCAGCAGGTGGGTGTA Amplify bar-nos 

fragment in 

pMDC123 

ccdB F seq 20 AACAGGGACTGGTGAAATGC Sequence vectors 

from ccdB gene 
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Name bp Oligo Sequence Intended Purpose 

chlor R seq 20 TGCTCATGGAAAACGGTGTA Sequence vectors 

from chlor R gene 

DT-

A_XhoI_F 

28 CGCTCGAGTACTTCTGCAGATGGATCCT Amplify DT-A 

gene with XhoI 

site 

DT-

A_XhoI_R 

28 CGCTCGAGTAGAGAGAGACTGGTGATTT Amplify DT-A 

gene with XhoI 

site 

EthAscI R 27 CCGGCGCGCCGTCCTCTCCAAATGAAA Amplify AlcR-

nos-alcA fragment 

with AscI site 

EthPmeI F 28 TGGTTTAAACATGGCAGATACGCGCCGA Amplify AlcR-

nos-alcA fragment 

with PmeI site 

GAL4Q F 20 CTTGTTGCTGCTCTCCTCCG Genotype or Q-

PCR on GAL4 

GAL4Q R 20 GGACATCAAAGCCCTGCTCA Genotype or Q-

PCR on GAL4 

GUS F 28 CACCATGGTACGTCCTGTAGAAACCCCA Amplify GUS 

GUS R 24 TCATTGTTTGCCTCCCTGCTGCGG Amplify GUS 

half kan F 30 TAAGTAATCCAATTCGGCTAAGCGGCTGTC Amplify 35S-

kanamycin 

fragments in 

pMDC vectors 

HKT1 F 29 CACCATGGACAGAGTGGTGGCAAAAATAG Amplify 

AtHKT1;1 

HKT1 R 25 TTAGGAAGACGAGGGGTAAAGTATC Amplify 

AtHKT1;1 

HKT1Fwd 20 ATGGACAGAGTGGTGGCAAA Amplify 

AtHKT1;1 

HKTI 40 gatgtacaagcacttagatcccgtctctcttttgtattcc amiRNA (HKT) 

construction 

HKTII 40 gacgggatctaagtgcttgtacatcaaagagaatcaatga amiRNA (HKT) 

construction 

HKTIII 40 gacgagatctaagtggttgtacttcacaggtcgtgatatg amiRNA (HKT) 

construction 

HKTIV 40 gaagtacaaccacttagatctcgtctacatatatattcct amiRNA (HKT) 

construction 

HKTA 25 ctgcaaggcgattaagttgggtaac amiRNA 

construction 

HKTB 28 gcggataacaatttcacacaggaaacag amiRNA 

construction 

hygromycinF 20 GTTTCCACTATCGGCGAGTA Amplify hyg-nos 

fragment in 

pMDC99 

INT-OCS F 

Al 

24 CACCCGCGTGCAGCTTGGTAAGGA Amplify intron to 

OCS term from 

pHELLSGATE8 

INT-OCS R 

Al 

24 CACGCGGGTGGCAGATTTAGGTGA Amplify intron to 

OCS term from 

pHELLSGATE8 

NHX1 F 25 CACCATGTTGGATTCTCTAGTGTCG Amplify AtNHX1 

NHX1 R 24 TTACTAAGATCAGGAGGGTTTCTC Amplify AtNHX1 

NHXFwd 20 ATGTTGGATTCTCTAGTGTC Amplify AtNHX1 
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Name bp Oligo Sequence Intended Purpose 

nos F SacI 28 GAGCTCGAATTTCCCCGATCGTTCAAAC Amplify nos term 

with SacI site 

nos R EcoRI 28 GAATTCCCGATCTAGTAACATAGATGAC Amplify nos term 

with EcoRI site 

nosR 20 CCGGTCTTGCGATGATTATC Amplify nos term 

nosR123 20 CCGGTCTTGCGATGATTATC Amplify bar-nos 

fragment in 

pMDC123 

nosR99 20 CGGTCTTGCGATGATTATCA Amplify hyg-nos 

fragment in 

pMDC99 

nosT F AleI 33 CCATGACACCGCGGTGAGTAACATAGATGACAC Amplify nos term 

with AleI site 

nosT R PacI 31 CGCGGTTAATTAAGAATTTCCCCGATCGTTC Amplify nos term 

with PacI site 

miRNAI 40 gatggtaactaagaacgaccgggtctctcttttgtattcc amiRNA 

(miRNA) 

construction 

miRNAII 40 gacccggtcgttcttagttaccatcaaagagaatcaatga amiRNA 

(miRNA) 

construction 

miRNAIII 40 gaccaggtcgttctttgttaccttcacaggtcgtgatatg amiRNA 

(miRNA) 

construction 

miRNAIV 40 gaaggtaacaaagaacgacctggtctacatatatattcct amiRNA 

(miRNA) 

construction 

OCS Fseqin 20 TAGGCGTCTCGCATATCTCA Sequence vectors 

from OCS term 

OCS 

Rseqout 

20 ATGCATATTCTATAGTGTCA Sequence vectors 

from OCS term 

PDK 

Fseqout 

20 TAATTAACATCACTTAACTA Sequence vectors 

from PDK intron 

PDK Rseqin 20 GTGTTATCATTGATCTTACA Sequence vectors 

from PDK intron 

PDK-OCS F 

Al 

32 GTCAGTCACCCGCGTGCAGCTTGGTAAGGAAA Amplify PDK 

intron - OCS term 

PDK-OCS R 

Al 

32 TGACCACACGCGGGTGGCAGATTTAGGTGACA Amplify PDK 

intron - OCS term 

polyA LBseq 20 CCAGATAAGGGAATTAGGGT Sequence vectors 

from CaMV35S 

polyA 

polyA SacI F 34 TAGTCGAGCTCCTGAATTAACGCCGAATTAATTC Amplify 35S - 

polyA with SacI 

site  

PpENA1 F 25 CACCATGGAGGGCTCTGGGGACAAG Amplify PpENA1 

PpENA1-tr F 25 CACCATGCTCCTCGCATTTGCGCTG Amplify truncated 

PpENA1 

ScENA1 F 25 CACCATGGGCGAAGGAACTACTAAG Amplify ScENA1 

ScENA1 R 25 TCATTGTTTAATACCAATATTAACT Amplify ScENA1 

ScENAFwd 20 ATGGGCGAAGGAACTACTAA Amplify ScENA1 

ScNHA1 F 27 CACCATGGCTATCTGGGAGGCAACTAG Amplify ScNHA1 

ScNHA1 R 26 TTACTTATTGAGACCAAGCGTTTTTG Amplify ScNHA1 

ScNHAFwd 20 ATGGCTATCTGGGAGCAACT Amplify ScNHA1 
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Name bp Oligo Sequence Intended Purpose 

SKOR1 F 24 CACCATGGGAGGTAGTAGCGGCGG Amplify AtSKOR 

SKOR1 R 24 TTATGTTTCAACAGCCAAATACAG Amplify AtSKOR 

SKOR1Fwd 20 ATGGGAGGTAGTAGCGGCGG Amplify AtSKOR 

SOS1 F 27 CACCATGACGACTGTAATCGACGCGAC Amplify AtSOS1 

SOS1 R 24 TCATAGATCGTTCCTGAAAACGAT Amplify AtSOS1 

SOS1-trFwd 20 ATGACGACTGTAATCGACGC Amplify AtSOS1 

truncated 

SOS1-trunc 

R 

23 CTGATCAGAGCTTGAGCTACGTG Amplify AtSOS1 

truncated 

SOSFwd 20 ATGACGACTGTAATCGACGC Amplify AtSOS1 

UAS AscI R 26 GCGGCGCGCCGTCGACCTGCAGGTCG Amplify UAS with 

AscI site 

UASF EcoRI 28 GAATTCGCATGCCTGCAGGTCGGAGTAC Amplify UAS with 

EcoRI site 

UASF 

HindIII 

22 AAGCTTGCATGCCTGCAGGTCG Amplify UAS with 

HindIII site 

UASKpnI F 28 ACGGTACCGCATGCCTGCAGGTCGGAGT Amplify UAS with 

KpnI site 

UASPmeI F 28 TTGTTTAAACGCATGCCTGCAGGTCGGA Amplify UAS with 

PmeI site 

UASPmeI R 28 GCGTTTAAACGTCGACCTGCAGGTCGTC Amplify UAS with 

PmeI site 

UASR 

EcoRI 

27 GAATTCGTCGACCTGCAGGTCGTCCTC Amplify UAS with 

EcoRI site 

UASR 

HindIII 

23 CCGAGCTCAAGCTTGTCGACCTG Amplify UAS with 

HindIII site 
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APPENDIX II: EXTRA VECTORS 

Other vectors used in construction or built, but not mentioned in chapter 4.   

Vector Source Species Plant Bact. Intended Purpose Gateway 

pGreen229-UAS-

NHX1-nos 

Inge 

Moller - 

University 

of 

Cambridge 

Plants basta kan Empty vector for cell-specific 

expression in Arabidopsis 

No 

pGreen229-UAS-

SOS1-nos 

Inge 

Moller - 

University 

of 

Cambridge 

Plants basta kan Cell-specific expression of 

AtSOS1 in Arabidopsis 

No 

pGreen229-UAS-

SOS1tr-nos 

Inge 

Moller - 

University 

of 

Cambridge 

Plants basta kan Cell-specific expression of 

AtSOS1tr in Arabidopsis 

No 

pGreen229-UAS-

AVP1-nos 

Inge 

Moller - 

University 

of 

Cambridge 

Plants basta kan Cell-specific expression of 

AtAVP1 in Arabidopsis 

No 

pGreen229-UAS-

ScNHA1-nos 

Inge 

Moller - 

University 

of 

Cambridge 

Plants basta kan Cell-specific expression of 

ScNHA1 in Arabidopsis 

No 

pGreen229-UAS-

SKOR1-nos 

Inge 

Moller - 

University 

of 

Cambridge 

Plants basta kan Cell-specific expression of 

AtSKOR1 in Arabidopsis 

No 

ScENA1 plasmid  Alonso 

Rodriguez-

Navarro - 

Spain 

     

DT-A plasmid Olivier 

Cotsaftis - 

ACPFG 

     

pYES-DEST52 Invitrogen Yeast URA3 amp OEX in Yeast Yes 

pCR8/GW/TOPO 

TA + 

TaHKT1;5A 

Caitlin 

Byrt - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

TaHKT1;5A 

Yes 

pCR8/GW/TOPO 

TA + 

TaHKT1;5D 

Caitlin 

Byrt - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

TaHKT1;5D 

Yes 

pCR8/GW/TOPO 

TA + 

OsHKT1;5N 

Olivier 

Cotsaftis - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

OsHKT1;5N 

Yes 

pCR8/GW/TOPO 

TA + 

OsHKT1;5P 

Olivier 

Cotsaftis - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

OsHKT1;5P 

Yes 
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Vector Source Species Plant Bact. Intended Purpose Gateway 

pCR8/GW/TOPO 

TA + HKT1 (no 

stop) 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

AtHKT1;1 (for pYES-DEST52) 

Yes 

pCR8/GW/TOPO 

TA + ScENA1 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

ScENA1 

Yes 

pCR8/GW/TOPO 

TA + AVP1 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

AtAVP1 

Yes 

pCR8/GW/TOPO 

TA + SOS1 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

AtSOS1 

Yes 

pCR8/GW/TOPO 

TA + SOS1tr 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

AtSOS1tr 

Yes 

pCR8/GW/TOPO 

TA + NHX1 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

AtNHX1 

Yes 

pCR8/GW/TOPO 

TA + SKOR1 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

AtSKOR1 

Yes 

pCR8/GW/TOPO 

TA + ScNHA1 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

ScNHA1 

Yes 

pCR8/GW/TOPO 

TA + DT-A 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for DT-A Yes 

pCR8/GW/TOPO 

TA + UAS 

AscI/KpnI 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Cloning UAS fragment w/ AscI 

and KpnI restriction sites 

Yes 

pCR8/GW/TOPO 

TA + UAS PmeI 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Cloning UAS fragment w/ PmeI 

restriction sites 

Yes 

pCR8/GW/TOPO 

TA + INT-OCS 

fragment 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Cloning INT-OCS fragment 

from pHELLSGATE8 

Yes 

pCR8/GW/TOPO 

TA + 

PpENA1trR10 

Darren 

Plett - 

ACPFG 

E. coli n/a spec Gateway entry vector for 

PpENA1trR10 

Yes 

pMDC32 + 

HKT1 

Darren 

Plett - 

ACPFG 

Plants hyg kan OEX of AtHKT1;1 Yes 

pMDC32 + 

AVP1 

Darren 

Plett - 

ACPFG 

Plants hyg kan OEX of AtAVP1 Yes 

pMDC32 + 

SKOR1 

Darren 

Plett - 

ACPFG 

Plants hyg kan OEX of AtSKOR1 Yes 

pMDC32 + SOS1 Darren 

Plett - 

ACPFG 

Plants hyg kan OEX of AtSOS1 Yes 

pMDC32 + 

SOS1tr 

Darren 

Plett - 

ACPFG 

Plants hyg kan OEX of AtSOS1tr Yes 

       



 245 

 

Vector Source Species Plant Bact. Intended Purpose Gateway 

pMDC32 + 

ScENA1 

Darren 

Plett - 

ACPFG 

Plants hyg kan OEX of ScENA1 Yes 

pMDC32 + 

ScNHA1 

Darren 

Plett - 

ACPFG 

Plants hyg kan OEX of ScNHA1 Yes 

pMDC32 + 

NHX1 

Darren 

Plett - 

ACPFG 

Plants hyg kan OEX of AtNHX1 Yes 

pTOOL2 + 

HKT1 

Darren 

Plett - 

ACPFG 

Plants basta amp OEX of AtHKT1;1 Yes 

pTOOL2 + 

NHX1 

Darren 

Plett - 

ACPFG 

Plants basta amp OEX of AtNHX1 Yes 

pTOOL2 + 

AVP1 

Darren 

Plett - 

ACPFG 

Plants basta amp OEX of AtAVP1 Yes 

pTOOL2 + 

SKOR1 

Darren 

Plett - 

ACPFG 

Plants basta amp OEX of AtSKOR1 Yes 

pYES-DEST52 + 

AtHKT1;1 (no 

stop codon) 

Darren 

Plett - 

ACPFG 

Yeast URA3 amp OEX of AtHKT1;1 in Yeast Yes 

pYES-DEST52 + 

TaHKT1;5A 

Darren 

Plett - 

ACPFG 

Yeast URA4 amp OEX of TaHKT1;5A in Yeast Yes 

pYES-DEST52 + 

TaHKT1;5D 

Darren 

Plett - 

ACPFG 

Yeast URA5 amp OEX of TaHKT1;5D in Yeast Yes 

pYES-DEST52 + 

OsHKT1;5N 

Darren 

Plett - 

ACPFG 

Yeast URA6 amp OEX of OsHKT1;5N in Yeast Yes 

pYES-DEST52 + 

OsHKT1;5P 

Darren 

Plett - 

ACPFG 

Yeast URA7 amp OEX of OsHKT1;5P in Yeast Yes 
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APPENDIX III: MEDIA 

 

Media 

 

NB Medium 

NB medium 1 l 

N6 Macroelements 50 ml 

FeEDTA (Base NB) 10 ml 

B5 Microelements 10 ml 

B5 Vitamins 10 ml 

Myo-inositol 100 mg 

Proline 500 mg 

Glutamine 500 mg 

Casein hydrosylate 300 mg 

Sucrose (Double-crystallized) 30 g 

2,4-D 2.5 mg 

Phytagel (Sigma P-8169) 2.6 g 

pH 5.8 

Autoclave half volume (500 ml) with just the phytagel.  Prepare the rest in half volume, pH, and then 

filter-sterilise into the bottle of phytagel solution.  Ensure the phtygel stays hot, and heat the other half 

before adding, because phytagel solidifies rapidly. 

25 ml into sterile, deep petri dishes.  10 seeds per dish, or 50-100 embryonic units per dish. 

 

NBS Medium 

NBS medium 1 l 

N6 Macroelements 50 ml 

FeEDTA (Base NB) 10 ml 

B5 Microelements 10 ml 

B5 Vitamins 10 ml 

Myo-inositol 100 mg 

Proline 500 mg 

Glutamine 500 mg 

Casein hydrosylate 300 mg 

Sucrose 30 g 

2,4-D 2.5 mg 

Cefotaxime 400 mg 

Vancomycine 100 mg 

Geneticin (G418) 200 mg 

Agarose type I: low EEO 7 g 

pH 6 

Autoclave half volume (500 ml) with just the agarose.  Prepare the rest in half volume, pH, and then 

filter-sterilise into the bottle of agarose solution when it has reached a temperature that it can be touched. 

25 ml into sterile, deep petri dishes.  7 calli per dish. 
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PR-AG Medium 

PR-AG medium 1 l 

N6 Macroelements 50 ml 

FeEDTA (Base NB) 10 ml 

B5 Microelements 10 ml 

B5 Vitamins 10 ml 

Myo-inositol 100 mg 

Proline 500 mg 

Glutamine 500 mg 

Casein hydrosylate 300 mg 

Sucrose 30 g 

ABA 5 mg 

BAP 2 mg 

NAA 1 mg 

Cefotaxime 100 mg 

Vancomycine 100 mg 

Geneticin (G418) 200 mg 

Agarose type I: low EEO 7 g 

pH 5.8 

Autoclave half volume (500 ml) with just the agarose.  Prepare the rest in half volume, pH, and then 

filter-sterilise into the bottle of agarose solution when it has reached a temperature that it can be touched. 

25 ml into sterile, deep petri dishes.  Put  between 7-21 calli per line, around 10 lines, per dish.  Draw 

separation between lines on bottom of dish with marker. 

 

RN Medium 

RN medium 1 l 

N6 Macroelements 50 ml 

FeEDTA (Base NB) 10 ml 

B5 Microelements 10 ml 

B5 Vitamins 10 ml 

Myo-inositol 100 mg 

Proline 500 mg 

Glutamine 500 mg 

Casein hydrosylate 300 mg 

Sucrose 30 g 

BAP 3 mg 

NAA 0.5 mg 

Phytagel 3.5 g 

pH 5.8 

The entire medium can be sterilised by autoclaving. 

30 ml into sterile, deep petri dishes.  7 calli per dish. 
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R2-CL Medium 

R2-CL liquid medium 1 l 

Macroelements R2-I 100 ml 

Macroelements R2-II 100 ml 

FeEDTA (Base R2) 10 ml 

Microelements R2 1 ml 

Vitamins R2 25 ml 

Glucose 10 g 

2,4-D 2.5 mg 

Acetosyringone 100 ul of stock 

pH 5.2 

Sterilise by filtration.  Suspend Agrobacterium on day of transformation in 30 ml of R2-CL (in a sterile 

50 ml tube).  Measure the O.D. (optical density) at 600 nm, and adjust to 1. 

 

R2-CS Medium 
R2-CS medium 1 l 

Macroelements R2-I 100 ml 

Macroelements R2-II 100 ml 

FeEDTA (Base R2) 10 ml 

Microelements R2 1 ml 

Vitamins R2 25 ml 

Glucose 10 g 

2,4-D 2.5 mg 

Acetosyringone 100 ul of stock 

Agarose type I: low EEO 7 g 

(Sigma A-6013)  

pH 5.2 

Autoclave half volume (500 ml) with just the agarose.  Prepare the rest in half volume, pH, and then 

filter-sterilise into the bottle of agarose solution when it has reached a temperature that it can be touched. 

20 ml into sterile, deep petri dishes.  10 calli per dish. 

 

R2-S Medium 

R2-S medium 1 l 

Macroelements R2-I 100 ml 

Macroelements R2-II 100 ml 

FeEDTA (Base R2) 10 ml 

Microelements R2 1 ml 

Vitamins R2 25 ml 

Sucrose 30 g 

2,4-D 2.5 mg 

Cefotaxime 400 mg 

Vancomycin 100 mg 

Geneticin (G418) 200 mg 

Agarose type I: low EEO 7 g 

pH 6 

Autoclave half volume (500 ml) with just the agarose.  Prepare the rest in half volume, pH, and then 

filter-sterilise into the bottle of agarose solution when it has reached a temperature that it can be touched. 

25 ml into sterile, deep petri dishes.  10 calli per dish. 
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P Medium 

P medium 1 l 

Murashige & Skoog Medium Basal Salt Mixture 4.3 g 

Murashige & Skoog Vitamin Mixture 103 mg 

Sucrose 50 g 

Phytagel (Sigma) 2.6 g 

pH 5.8 

The entire medium can be sterilised by autoclaving.   

40 ml per jar (1 L = 25 jars)  

 

AB Medium 
AB medium 1 l 

AB MEDIUM STOCK (1L)  

K2HPO4 60 g 

NaH2PO4 20 g 

AB SALTS STOCK (1L)  

NH4Cl 20 g 

MgSO4 x 7H2O 6 g 

KCl 3 g 

CaCl2 200 mg 

FeSO4 x 7H2O 50 mg 

Autoclave both of the above stocks for sterilisation.  For 1 L of AB medium:  add 5 g glucose and 15 g 

Difco bacto agar to 900 ml dH2O, and autoclave.  After, add 50 ml of AB medium stock and 50 ml of 

AB salts stock, as well as appropriate antibiotics (Rif 50 + Kan 50). 

20 ml into sterile, thin petri dishes. 

 

 

Stock Solutions 

 

N6 Macroelements 

N6 Macroelements 1 l 

KNO3 56.6 g 

(NH4)2SO4 9.26 g 

KH2PO4 8.0 g 

CaCl2 x 2H2O 3.3 g 

MgSO4 x 7H2O 3.7 g 

 

FeEDTA (Base NB) 
FeEDTA (Base NB) 1 l 

FeSO4 x 7H2O 2.78 g 

Na2 EDTA 3.72 g 

First heat up water (half-volume) by microwave, then put stir bar and place on stir plate.  Add the EDTA 

and let dissolve.  Add the FeSO4 and let dissolve.  Fill up to 1 L with warm water.   

Let solution cool to room temperature before placing into fridge. 
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B5 Microelements 

B5 Microelements 1 l 

H3BO3 300 mg 

MnSO4 x H2O 758 mg 

ZnSO4 x 7H2O 200 mg 

KI 75 mg 

Na2MoO4 x 2H2O 25 mg 

CuSO4 x 5H2O 2.5 mg 

CoCl2 x 6H2O 2.5 mg 

 

B5 Vitamins 
B5 Vitamins 1 l 

Nicotinic acid 100 mg 

Pyroxidine HCl 100 mg 

Thiamine HCl 1 g 

 

Macroelements R2-II 

Macroelements R2-II 1 l 

CaCl2 1.46 g 

 

Macroelements R2-I 

Macroelements R2-I 1 l 

KNO3 40 g 

(NH4)2SO4 3.3 g 

NaH2PO4 x H2O 3.12 g 

MgSO4 x 7H2O 2.46 g 

Note:  Calcium is not added here to avoid precipitation of the macroelements. 

 

FeEDTA (Base R2) 

FeEDTA (Base R2) 1 l 

FeSO4 x 7H2O 1.25 g 

Na2 EDTA 177 mg 

First heat up water (half-volume) by microwave, then put stir bar and place on stir plate.  Add the EDTA 

and let dissolve.  Add the FeSO4 and let dissolve.  Fill up to 1 L with warm water.   

Let solution cool to room temperature before placing into fridge. 

 

Microelements R2 

Microelements R2 1 l 

MnS04 x H2O 1.6 g 

ZnSO4 x 7H2O 2.2 g 

H3BO3 (Boric Acid) 2.83 g 

CuSO4 x 5H2O 195 mg 

Na2MoO4 x 2H2O 125 mg 

 

Vitamins R2 

Vitamins R2 1 l 

Thiamine HCl 40 mg 
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Vancomycin 

Vancomycin  

For 100 mg/ml stock:  add 1 g vancomycin to 10 ml dH2O.  Protect from light. 

Aliquot 1 ml portions into 1.5 ml eppendorf tubes and freeze 

 

Cefotaxime 

Cefotaxime  

Cefotaxime sodium Distributed by Duchefa 

For 400 mg/ml stock:  add 1 g of cefotaxime to 2.5 ml dH2O.  Protect from light. 

Aliquot 1 ml portions into 1.5 ml eppendorf tubes and freeze.   

 

Acetosyringone 
Acetosyringone  

For 100 mM stock:  add 19.62 mg of acetosyringone to 1 ml of DMSO (dimethyl sulphoxide).  Protect 

from light. 

 

Hygromycin 

Hygromycin  

Hygromycin B Sigma catalog number H-7772 

For 50 mg/ml stock:  dissolve 1g in 20 ml dH2O, protect from light. 

Aliquot 1 ml portions into 1.5 ml eppendorf tubes and freeze.   

 

Geneticin 
Geneticin  

For 200 mg/ml stock:  dissolve 1g in 5 ml dH2O, protect from light. 

Aliquot 1 ml portions into 1.5 ml eppendorf tubes and freeze.   

 

NAA 
Napthaleneacetic acid  

alpha-Napthaleneacetic acid Sigma catalog number N1641 

For 1mg/ml stock of NAA:  dissolve 100 mg in 1N NaOH (may need several ml), add dH2O to final 

volume of 100 ml. 

 

ABA 

Abscisic acid  

Abscisic acid Sigma catalog number A-1049 

For 5 mg/ml stock of ABA:  dissolve 100 mg in 1N NaOH, add dH2O to final volume of 20 ml.  Sterilise 

by filtration, and protect from light   

 

BAP 

6-Benzylaminopurine  

6-Benzylaminopurine Sigma catalog number B-3408 

For 1mg/ml stock of BAP:  dissolve 100 mg of powder in drops of 1N NaOH, add dH2O to final volume 

of 100 ml. 
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2,4-D 

2,4-D   

2,4-Dichlorophenoxyacetic acid Sigma catalog number D7299 

For 2 mg/ml stock:  dissolve 100 mg in 50 ml absolute ethanol, then dH2O to 100 ml. 
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APPENDIX IV: Cl
-
, Mg

2+
 AND Ca

2+
 XRMA RESULTS 

 

Chloride 
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Figure 1: Cl
-
 content (P/B) measured by x-ray microanalysis in 9 root cell-types of 

Outer Background, Outer AtHKT1;1, Inner Background and Inner AtHKT1;1 lines 

treated for 5 d with 50 mM Na
+
 in ACPFG solution (see Chapter 6: Methods and 

Materials for details).  Cell-types analysed were epidermis (EP), exodermis (EX), 

cortical fibers (CF), outer cortex (OC), inner cortex (IC), endodermis (EN), pericycle 

(PR), xylem parenchyma (XP) and metaxylem (MX).  Each bar represents an average 

of 9 individual cell measurements (3 cells from each of 3 plants) with standard errors.  

 

The Cl
-
 content of the inner background line appears to be slightly higher than 

the outer background line, especially in the cortical fibres (CF), inner cortex (IC) and 

metaxylem (MX) cells (Figure 1).  However, the metaxylem (MX) difference may be 

due to contamination. 

The outer AtHKT1;1 line appears to have slightly lower Cl- content than the 

outer background line in the epidermis (EP), endodermis (EN), pericycle (PR) and 

metaxylem (MX) cells (Figure 1).  Interestingly, there is no difference in the cortical 

fibres (CF), outer cortex (OC) and inner cortex (IC) cells which contain more Na
+
 in 

the outer AtHKT1;1 line.  The outer AtHKT1;1 line contains more Na
+
 in the root in 

general and it would be expected that Cl- content would be similarly high to balance 

the electrical charge, but perhaps the decreased K
+
 content sufficiently balances this 

difference.  It may be the NO3
-
 content is higher in the outer AtHKT1;1 line.  Also, the 

outer AtHKT1;1 line appears to be lower in Cl
-
 in the inner cells of the stele in general, 
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which is odd considering the Na
+
 profile has been altered in the outer cells of the root.  

Chloride has not been measured on the whole plant level and would be interesting to 

examine further to see if the AtHKT1;1 expression has altered Cl- accumulation in the 

shoot as well.   

The inner AtHKT1;1 line also has lower Cl
-
 content than the inner background 

line with  the largest differences observed in the cortical fibres (CF), inner cortex (IC) 

and metaxylem (MX) cells (Figure 1).  If the metaxylem (MX) difference is due to 

contamination, it means the cell-types showing different Cl- accumulation are in outer 

cells of the root, despite the Na
+
 accumulation increase in the xylem parenchyma cells 

in the inner part of the root (where the transgene was expressed). 
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Figure 2: Mg2+ content (P/B) measured by x-ray microanalysis in 9 root cell-types of 

Outer Background, Outer AtHKT1;1, Inner Background and Inner AtHKT1;1 lines 

treated for 5 d with 50 mM Na+ in ACPFG solution (see Chapter 6: Methods and 

Materials for details).  Cell-types analysed were epidermis (EP), exodermis (EX), 

cortical fibers (CF), outer cortex (OC), inner cortex (IC), endodermis (EN), pericycle 

(PR), xylem parenchyma (XP) and metaxylem (MX).  Each bar represents an average 

of 9 individual cell measurements (3 cells from each of 3 plants) with standard errors.  

 

Minor differences in Mg2+ accumulation were observed between the inner and 

outer background lines (Figure 2).  A general trend appears to be lower Mg
2+
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accumulation in the outer cells of the inner background and lower accumulation in the 

inner cells of the outer background. 

The outer AtHKT1;1 line had higher Mg2+ in the endodermis (EN) cells and 

lower Mg
2+
 accumulation in the pericycle (PR) cells than the outer background line 

(Figure 2). 

The inner AtHKT1;1 line had higher Mg
2+
 in the cortical fibres (CF) and 

pericycle (PR) cells than the inner background line (Figure 2).  There was slightly 

higher Mg2+ accumulation in general in the inner AtHKT1;1 line than in inner 

background. 
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Figure 3: Ca
2+
 content (P/B) measured by x-ray microanalysis in 9 root cell-types of 

Outer Background, Outer AtHKT1;1, Inner Background and Inner AtHKT1;1 lines 

treated for 5 d with 50 mM Na
+
 in ACPFG solution (see Chapter 6: Methods and 

Materials for details).  Cell-types analysed were epidermis (EP), exodermis (EX), 

cortical fibers (CF), outer cortex (OC), inner cortex (IC), endodermis (EN), pericycle 

(PR), xylem parenchyma (XP) and metaxylem (MX).  Each bar represents an average 

of 9 individual cell measurements (3 cells from each of 3 plants) with standard errors.  

 

The endodermis (EN) and pericycle (PR) cells of the inner background 

accumulated more Ca
2+
 than the outer background line, while the outer background 

accumulated more Ca
2+
 in the cortical fibres (CF) and xylem parenchyma (XP) cells 

(Figure 3).   
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The differences between the outer AtHKT1;1 line and the outer background line 

in Ca
2+
 accumulation were complex (Figure 3).  The outer AtHKT1;1 line accumulated 

more Ca2+ in the exodermis (EX), endodermis (EN) and pericycle (PR), but 

accumulated less Ca
2+
 in the cortical fibres (CF) and xylem parenchyma (XP) cells.   

The differences between the inner AtHKT1;1 line and the inner background line 

in Ca
2+
 accumulation were equally complex (Figure 3).  The inner AtHKT1;1 line 

accumulated more Ca
2+
 in the exodermis (EX) and xylem parenchyma (XP, but 

accumulated less Ca2+ in the inner cortex (IC), pericycle (PR) and metaxylem (MX) 

cells.   

 



 

 259 
 

REFERENCES 
 
Abraham E, Rigo G, Szekely G, Nagy R, Koncz C, Szabados L. 2003. Light-

dependent induction of praline biosynthesis by abscisic acid and salt stress is 
inhibited by brassinosteroid in Arabidopsis. Plant Molecular Biology 51: 363-
372. 

Agarie S, Shimoda T, Shimizu Y, Baumann K, Sunagawa H, Kondo A, Ueno O, 
Nakahara T, Nose A, Cushman JC.  2007.  Salt tolerance, salt accumulation, 
and ionic homeostasis in an epidermal bladder-cell-less mutant of the common ice 
plant Mesembryanthemum crystallinum.  J Ex Bot  58: 1957-1967. 

Aharon GS, Apse MP, Duan S, Hua X, Blumwald E. 2003. Characterization of a 
family of vacuolar Na+/H+ antiporters in Arabidopsis thaliana. Plant and Soil 00: 
245-256. 

Aichinger C, Hansson K, Eichhorn H, Lessing F, Mannhaupt G, Mewes W, 
Kahmann R. 2003. Identification of plant-regulated genes in Ustilago maydis by 
enhancer-trapping mutagenesis. Molecular Genetics and Genomics 270: 303-314.  

Al-Attar M. 2002. Role of biosaline agriculture in managing freshwater shortages and 
improving water security World Food Prize, October 24-25, 2002. 

Allen GJ, Sanders D. 1994. Osmotic stress enhances the competence of Beta vulgaris 
vacuoles to respond to inositol 1,4,5-trisphosphate. Plant Journal 6: 687-695. 

Alvarado MC, Zsigmond LM, Kovacs I, Cseplo, A, Koncz C, Szabados LM. 2004. 
Gene trapping with firefly luciferase in Arabidopsis. Tagging of stress-responsive 
genes. Plant Physiology 134: 18-27. 

Alzwiy IA, Morris PC.  2007.  A mutation in the Arabidopsis MAP kinase kinase 9 gene 
results in enhanced seedling stress tolerance.  Plant Sci  173: 302-308. 

Amarasinghe V, Watson L. 1989. Variation in salt secretory activity of microhairs in 
grasses. Australian Journal of Plant Physiology 16: 219-229. 

Amirsadeghi S, McDonald AE, Vanlerberghe GC.  2007.  A glucocorticoid-inducible 
gene expression system can cause growth defects in tobacco.  Planta  226: 453-
463. 

Amtmann A, Fischer M, Marsh EL, Stefanovic A, Sanders D, Schachtman DP. 
2001. The wheat cDNA LCT1 generates hypersensitivity to sodium in a salt-
sensitive yeast strain. Plant Physiology 126:1061-1071. 

Amtmann A, Sanders D. 1999. Mechanisms of Na+ uptake by plant cells. Advances in 
Botanical Research 29: 75-112 

An R, Chen Q-J, Chai MF, Lu P-L, Su Z, Qin Z-X, Chen J, Wang XC.  2007.  
AtNXH8, a member of the monovalent cation:proton antiporter-1 family in 
Arabidopsis thaliana, encodes a putative Li+/H+ antiporter.  Plant J  49: 718-728. 

Aoyama T, Chua NH. 1997. A glucocorticoid-mediated transcriptional induction system 
in transgenic plants. Plant Journal 11: 605-612. 

Apse MP, Aharon GS, Sneddon WA, Blumwald E. 1999. Salt tolerance conferred by 
overexpression of a vacuolar Na+/H+ antiport in Arabidopsis. Science 285: 1256-
1258. 

Apse MP, Sottosanto JB, Blumwald E. 2003. Vacuolar cation/H+ exchange, ion 
homeostasis, and leaf development are altered in a T-DNA insertional mutant of 
AtNHX1, the Arabidopsis vacuolar Na+/H+ antiporter. Plant Journal 36: 229-239. 



 

 260 
 

Babiychuk E, Fuangthonng M, Van Montagu M, Inze D, Kushnir S. 1997. Efficient 
gene tagging in Arabidopsis thaliana using a gene trap approach. Proceedings of 
the National Academy of Science of the USA 94: 12722-12727.  

Ball MC. 1988. Salinity tolerance in the mangroves, Aegiceras corniculatum and 
Avicennia marina. 1. Water use in relation to growth, carbon partitioning and salt 
balance. Australian Journal of Plant Physiology 15: 447-464. 

Ballesteros, E, Blumwald E, Donaire JP, Belver A. 1997. Na+/H+ antiporter activity in 
tonoplast vesicles isolated from sunflower roots induced by NaCl stress. 
Physiologia Plantarum 99: 328-334. 

Bañuelos MA, Quintero FJ, Rodriguez-Navarro A. 1995. Functional expression of the 
ENA1 (PMR2)-ATPase of Saccharomyces cerevisiae in Schizosaccharomyces 

pombe. Biochim Biophys Acta 1229: 233-238.  
Banuelos MA, Rodriguez-Navarro A.  1998.  P-type ATPases mediate sodium and 

potassium effluxes in Schwanniomyces occidentalis.  J Bio Chem  273: 1640-
1646. 

Baroux C, Blanvillain R, Betts H, Batoko H, Craft J, Martinez A, Gallois P, Moore 
I.  2005.  Predictable activation of tissue-specific expression from a single gene 
locus using the pOp/LhG4 transactivation system in Arabidopsis.  Plant Biotech J  
3: 91-101. 

Battraw MJ, Hall TC.  1990.  Histochemical analysis of CaMV 35S promoter-β-
glucuronidase gene expression in transgenic rice plants.  Plant Mol Bio  15: 527-
538. 

Baxter-Burrell A, Chang R, Springer P, Bailey-Serres J.  2003.  Gene and enhancer 
trap transposable elements reveal oxygen deprivation-regulated genes and their 
complex patterns of expression in Arabidopsis.  Ann Bot  91: 129-141. 

Benito B, Garciadeblás B, Rodriguez-Navarro A. 2002. Potassium- or sodium-efflux 
ATPase, a key enzyme in the evolution of fungi. Microbiology 148: 933-941. 

Benito B, Garciadeblas B, Rodriguez-Navarro A.  2000.  Molecular cloning of the 
calcium and sodium ATPases in Neuospora crassa.  Molecular Microbiology  35: 
1079-1088. 

Benito B, Rodriguez-Navarro A. 2003. Molecular cloning and characterization of a 
sodium-pump ATPase of the moss Physcomitrella patens. Plant Journal 36: 382-
389. 

Benito B, Quintero FJ, Rodriguez-Navarro A.  1997.  Overexpression of the sodium 
ATPase of Saccharomyces cerevisiae: conditions for phosphorylation from ATP 
and Pi.  Biochimica et Biophysica Acta  1328: 314-225. 

Berthomieu P, Conejero G, Nublat A, Brackenbury WJ, Lambert C, Savio C, 

Uozumi N, Oiki S, Yamada K, Cellier  F, Gosti F, Simonneau T, Essah PA, 
Tester M, Very A-A, Sentenac H, Casse F. 2003. Functional analysis of 
AtHKT1 in Arabidopsis shows that Na+ recirculation by the phloem is crucial for 
salt tolerance. The EMBO Journal 22: 2004-2014. 

Bhandal IS, Malik CP. 1988. Potassium estimation, uptake, and its role in the 
physiology and metabolism of flowering plants. International Review of Cytology 
110: 205-254. 



 

 261 
 

Blom-Zandstra M, Vogelzang SA, Veen BW. 1998. Sodium fluxes in sweet pepper 
exposed to varying sodium concentrations. Journal of Experimental Botany 49: 
1863-1868. 

Blumwald E, Aharon GS, Apse MP. 2000. Sodium transport in plant cells. Biochimica 

et Biophysica Acta 1465: 140-151. 
Bohner S, Gatz C. 2001. Characterization of novel target promoters for the 

dexamethasone-inducible/tetracycline-repressible regulator TGV using luciferase 
and isopentenyl transferase as sensitive reporter genes. Molecular Genomics and 

Genetics 264: 860-870. 
Bohner S, Lenk I, Pieping M, Herold M, Gatz C. 1999. Transcriptional activator TGV 

mediates dexamethasone-inducible and tetracycline inactivatable gene expression.  
Plant Journal 19: 87-95. 

Bohnert HJ, Ayoubi P, Borchert C, Bressan RA, Burnap RL, Cushman JC, 

Cushman MA, Deyholos M, Fischer R, Galbraith DW, Hasegawa PM, Jenks 

M, Kawasaki S, Koiwa H, Kore-eda S, Lee BH, Michalowski CB, Misawa E, 

Nomura M, Ozturk N, Postier B, Prade R, Song CP, Tanaka Y, Wang H, 
Zhu JK. 2001. A genomics approach towards salt stress tolerance. Plant 
Physiology and Biochemistry 39: 295-311. 

Bohnert HJ. 2001. Evolutionary conservation and uniqueness of salinity stress 
responses. In: Blumwald E, Rodríguez-Navarro A, eds. Workshop on molecular 

basis of ionic homeostasis and salt tolerance in plants, p. 49. Madrid: Instituto 
Juan March. 

Bohra JS, Doerffling K.  1993.  Potassium nutrition of rice (Oryza sativa L.) varieties 
under NaCl salinity.  Plant Soil  152: 299-303. 

Borsani O, Zhu J, Verslues PE, Sunkar R, Zhu J-K.  2005.  Endogenous siRNAs 
derived from a pair of natural cis-antisense transcripts regulate salt tolerance in 
Arabidopsis.  Cell  123: 1279-1291. 

Brand AH, Perrimon N. 1993. Targeted gene expression as a means of altering cell 
fates and generating dominant phenotypes. Development 118: 401-415.  

Brini F, Hanin M, Mezghani I, Berkowitz GA, Masmoudi K.  2007.  Overexpression 
of wheat Na+/H+ antiporter TNHX1 and H+-pyrophosphatase TVP1 improve salt-
and drought-stress tolerance in Arabidopsis thaliana plants.  J Ex Bot  58: 301-
308. 

Briskin DP, Basu S, Assmann SM. 1995. Characterization of the red beet plasma 
membrane H+-ATPase reconstituted in a planar bilayer system. Plant Physiology 
108: 393–398. 

Briskin DP, Reynolds-Niesman I. 1991. Determination of H+/ATP stoichiometry for the 
plasma membrane H+-ATPase from red beet (Beta vulgaris L.) storage tissue. 
Plant Physiology 95: 242–250. 

Burton RA, Shirley NJ, King BJ, Harvey AJ, Fincher GB.  2004.  The CesA gene 
family of barley.  Quantitative analysis of transcripts reveals two groups of co-
expressed genes.  Plant Phys  134: 224-236. 

Buzas DM, Lohar D, Sato S, Nakamura Y, Tabata S, Vickers CE, Stiller J, 
Gresshoff PM.  2005.  Promoter trapping in Lotus japonicus reveals novel root 
and nodule GUS expression domains.  Plant Cell Physiol  46: 1202-1212. 



 

 262 
 

Byrt CS, Platten JD, Spielmeyer W, James RA, Lagudah ES, Dennis ES, Tester M, 
Munns, R.  2007.  HKT1;5-like cation transporters linked to Na+ exclusion loci in 
wheat, Nax2 and Kna1.  Plant Phys  143: 1918-1928. 

Caddick MX, Greenland AJ, Jepson I, Krause KP, Qu N, Riddell K.V, et al. 1998. 
An ethanol inducible gene switch for plants used to manipulate carbon 
metabolism.  Nature Biotechnology 16: 177-180. 

Campbell SA, Close TJ. 1997. Dehydrins: genes, proteins, and association with 
phenotypic traits. New Phytologist 137: 61-74. 

Capell T, Bassie L, Christou P. 2004. Modulation of the polyamine biosynthetic 
pathway in transgenic rice confers tolerance to drought stress. The Proceedings of 
the National Academy of Science of the USA 101: 9909-9914. 

Carden DE. 1999. The cell physiology of barley salt tolerance. PhD thesis, University of 
Sussex, UK. 

Casadaban MJ, Cohen SN. 1979. Lactose genes fused to exogenous promoters in one 
step using a Mu-lac bacteriophage: in vivo probe for transcriptional control 
sequences. Proceedings of the National Academy of Sciences of the USA 76: 
4530-4533. 

Cheeseman JM, Bloebaum PD, Wickens LK. 1985. Short term 22Na+ and 42K+ uptake 
in intact, mid-vegetative Spergularia marina plants. Physiologia Plantarum 65: 
460-466. 

Cheeseman JM. 1982. Pump-leak sodium fluxes in low salt corn roots. Journal of 
Membrane Biology 70: 157-164. 

Cheeseman JM. 1988. Mechanisms of salinity tolerance in plants. Plant Physiology 87: 
547-550. 

Cheffings CM. 2001. Calcium channel activity of a plant glutamate receptor homologue. 
12

th
 International Workshop on Plant Membrane Biology, Madison, WI. 

Chen S, Hofius D, Sonnewald U, Bornke F. 2003. Temporal and spatial control of gene 
silencing in transgenic plants by inducible expression of double-stranded RNA. 
Plant Journal 36: 731-740.  

Chen THH, Murata N. 2002. Enhancement of tolerance of abiotic stress by metabolic 
engineering of betaines and other compatible solutes Current Opinion in Plant 

Biology 5: 250-257. 
Chen W, Provart NJ, Glazebrook J, Katagiri F, Chang H-S, Eulgem T, Mauch F, 

Luan S, Zou G, Whitham SA, Budworth PR, Tao Y, Xie Z, Xi Chen, Steve 

Lam, Kreps JA, Harper JF, Si-Ammour A, Mauch-Mani B, Heinlein M, 
Kobayashi K, Hohn T, Dangl JL, Wang X, Zhu T. 2002. Expression profile 
matrix of Arabidopsis transcription factor genes suggests their putative functions 
in response to environmental stresses. Plant Cell 14: 559-574. 

Chen Z, Newman I, Zhou M, Mendham N, Zhang G, Shabala S.  2005.  Screening 
plants for salt tolerance by measuring K+ flux: a case study for barley.  Plant Cell 
Env  28: 1230-1246. 

Chen Z, Zhou M, Newman IA, Mendham NJ, Zhang G, Shabala S.  2007.  Potassium 
and sodium relations in salinised barley tissues as a basis of differential salt 
tolerance.  Funct Plant Bio  34: 150-162. 

 
 



 

 263 
 

Chin HG, Choe MS, Lee S-H, Park SH, Park SH, Koo JC, Kim NY, Lee JJ, Oh BG, 
Yi GH, Kim SC, Choi HC, Cho MJ, Han C-D. 1999. Molecular analysis of rice 
plants harbouring an Ac/Ds transposable element-mediated gene trapping system. 
Plant Journal 19: 615-623.  

Clarkson DT, Hanson JB. 1986. Proton fluxes and the activity of a stelar proton pump 
in onion roots. Journal of Experimental Botany 37: 1136-1150. 

Clemens S, Antonosiewicz DM, Ward JM, Schachtman DP, Schroeder JI. 1998. The 
plant cDNA LCT1 mediates the uptake of calcium and cadmium in yeast. 
Proceedings of the National Academy of Sciences USA 95: 12043-12048. 

Clough SJ, Bent AF.  1998.  Floral dip: a simplified method for Agrobacterium-
mediated transformation of Arabidopsis thaliana.  Plant J  16: 735-743. 

Colmer TD, Gibberd MR, Wiengweera A, Tinh TK.  1998.  The barrier to radial 
oxygen loss from roots of rice (Oryza sativa L.) is induced by growth in stagnant 
solution.  Journal of Experimental Botany  49: 1431-1436. 

Corlett JE, Myatt SC, Thompson AJ. 1996. Toxicity symptoms caused by high 
expression of Tet repressor in tomato (Lycopersicon esculentum Mill. L.) are 
alleviated by tetracycline. Plant Cell & Environment 19: 447-454. 

Craft J, Samalova M, Baroux C, Townley H, Martinez A, Jespon I, Tsiantis M, 
Moore I.  2005.  New pOp/LhG4 vectors for stringent glucocorticoid-dependent 
transgene expression in Arabidopsis.  Plant J  41: 899-918. 

Cramer GR, Alberico GJ, Schmidt C. 1994. Salt tolerance is not associated with the 
sodium accumulation of two maize hybrids. Australian Journal of Plant 

Physiology 21: 675-692. 
Cramer GR, Läuchli A, Polito Vs. 1985. Displacement of Ca2+ by Na+ from the 

plasmalemma of root cells – a primary response to salt stress. Plant Physiology 
79: 207-211. 

Cramer GR. 2002. Sodium-calcium interactions under salinity stress. In: Läuchli, A, 
Lüttge U, eds. Salinity. Environment-plants-molecules, pp. 205-227. Dordrecht: 
Kluwer. 

Cramer GR. 2003. Differential effects of salinity on leaf elongation kinetics of three 
grass species. Plant and Soil 253: 233-244. 

Cuin TA, Miller AJ, Laurie SA, Leigh RA. 2003. Potassium activities in cell 
compartments of salt-grown barley leaves. Journal of Experimental Botany, in 
press. 

Cuin TA, Shabala S.  2007.  Compatible solutes reduce ROS-induced potassium efflux 
in Arabidopsis roots.  Plant Cell Environ  30: 875-885. 

Cuming AC, Cho SH, Kamisugi Y, Graham H, Quatrano RS.  2007.  Microarray 
analysis of transcriptional responses to abscisic acid and osmotic, salt, and 
drought stress in the moss, Physcomitrella patens.  New Phytologist 176: 275-
287. 

Davenport R, James RA, Zakrisson-Plogander A, Tester M, Munns R.  2005.  
Control of sodium transport in durum wheat.  Plant Phys  137: 807-818. 

Davenport RJ, Munoz-Mayor A, Jha D, Essah PA, Rus A, Tester M.  2007.  The Na+ 
transporter AtHKT1;1 controls retrieval of Na+ from the xylem in Arabidopsis.  
Plant Cell Environ  30: 497-507. 



 

 264 
 

Davenport RJ, Reid RJ, Smith FA. 1997. Sodium-calcium interactions in two wheat 
species differing in salinity tolerance. Physiologia Plantarum. 99: 323-327. 

Davenport RJ, Tester M. 2000. A weakly voltage-dependent, nonselective cation 
channel mediates toxic sodium influx in wheat. Plant Physiology 122: 823-834. 

Davenport RJ. 1998. Mechanisms of toxic sodium influx in wheat. Ph.D. thesis, 
University of Cambridge.  

De Veylder L, Van Montagu M, Inze D. 1997. Herbicide safener-inducible gene 
expression in Arabidopsis thaliana. Plant & Cell Physiology 38: 568-577. 

DeBoer AH. 1999. Potassium translocation into the root xylem. Plant Biology 1: 36-45. 
Demidchik V, Davenport RJ, Tester M. 2002. Nonselective cation channels. Annual 

Reviews of Plant Physiology and Plant Molecular Biology 53: 67-107. 
Demidchik V, Essah PA, Tester M.  2004.  Glutamate activates cation currents in the 

plasma membrane of Arabidopsis root cells.  Planta  219: 167-175. 
Demidchik V, Essah PA, Tester M. 2004. Glutamate activates cation currents in the 

plasma membrane of Arabidopsis root cells. Planta 219: 167-175. 
Demidchik V, Maathuis FJM.  2007.  Physiological roles of nonselective cation 

channels in plants: from salt stress to signalling and development.  New Phyt  
175: 387-404. 

Demidchik V, Tester M. 2002. Sodium fluxes through nonselective cation channels in 
the plasma membrane of protoplasts from Arabidopsis roots. Plant Physiology 
128: 379-387. 

Deveaux Y, Peaucelle A, Roberts GR, Coen E, Simon R, Mizukami Y, Traas J, 
Murray JAH, Doonan JH, Laufs P. 2003. The ethanol switch: a tool for tissue-
specific gene induction during plant development. Plant Journal 36: 918-930. 

Dittmar KD, Demandy DR, Stancato LF, Krishna P, Pratt WB 1997. Folding of the 
glucocorticoid receptor by the heat shock protein (hsp) 90-based chaperone 
machinery.  The role of p23 is to stabilize receptor hsp90 heterocomplexes 
formed by hsp90.p60.hsp70. Journal of Biological Chemistry 273: 21213-21220. 

Drew MC, Dikumwin E. 1985. Sodium exclusion from the shoots by roots of Zea mays 
(cv. LG11) and its breakdown with oxygen deficiency. Journal of Experimental 

Botany 36: 55-62. 
Drew MC, Läuchli A. 1987. The role of the mesocotyl in sodium exclusion from the 

shoot of Zea mays L. (cv. Pioneer 3906). Journal of Experimental Botany 38: 
409-418. 

Dubcovsky J, Santa Maria G, Epstein E, Luo M-C, Dvořák J. 1996. Mapping of the 
K+/Na+ discrimination locus Kna1 in wheat. Theoretical and Applied Genetics 
92: 448-454. 

Dubouzet JG, Sakuma Y, Ito Y, Kasuga M, Dubouzet EG, Miura S, Seki M, 
Shinozaki K, Yamaguchi-Shinozaki K. 2003. OsDREB genes in rice, Oryza 

sativa L., encode transcription activators that function in drought-, high-salt- and 
cold-responsive gene expression. Plant Journal 33: 751-763. 

Duffy JB. 2002. GAL4 system in Drosophila: A fly geneticist’s swiss army knife. 
Genesis 34: 1-15. 

Dym O, Mevarech M, Sussman JL. 1995. Structural features that stabilize halophilic 
malate dehydrogenase from an Archaebacterium. Science 267: 1344-1346. 



 

 265 
 

Eastmond PJ, Hooks MA, Williams D, Lange P, Bechtold N, Sarrobert C, 
Nussaume L, Graham IA. 2000. Promoter trapping of a novel medium-chain 
acyl-CoA oxidase which is induced transcriptionally during Arabidopsis seed 
germination. Journal of Biological Chemistry 275: 34375-34381.  

El-Hamdaoui A, Redondo-Nieto M, Torralba B, Rivilla R, Bonilla I, Bolanos L. 
2003. Influence of boron and calcium on the tolerance to salinity of nitrogen-
fixing pea plants. Plant and Soil 251: 93-103. 

Elphick CH, Sanders D, Maathuis FJM. 2001. Critical role of divalent cations and Na+ 
efflux in Arabidopsis thaliana salt tolerance. Plant, Cell and Environment 24: 
733-40. 

Engineer CB, Fitzsimmons KC, Schmuke JJ, Dotson SB, Kranz RG.  2005.  
Development and evaluation of a Gal4-mediated LUC/GFP/GUS enhancer trap 
system in Arabidopsis.  BMC Plant Biology  5: 9. 

Essah PA, Davenport R, Tester M. 2003. Sodium influx and accumulation in 
Arabidopsis. Plant Physiology 133: 307-318. 

Evans DE.  2003.  Aerenchyma formation.  New Phyt  161: 35-49. 
Faiss M, Zalubilova J, Strand M, Shmulling T. 1997. Conditional transgenic 

expression of the ipt gene indicates a function for cytokinins in paracrine 
signalling in whole tobacco plants. Plant Journal 12: 401-415. 

Farrar K, Evans IM, Topping JF, Souter MA, Nielsen JE, Lindsey K. 2003. 
EXORDIUM-a gene expressed in proliferating cells and with a role in meristem 
function, identified by promoter trapping in Arabidopsis. Plant Journal 33: 61-73.  

Filichkin SA, Meilan R, Busov VB, Ma C, Brunner AM, Strauss SH.  2006.  Alcohol-
inducible gene expression in transgenic Populus.  Plant Cell Rep 25: 660-667. 

Flowers TJ, Dalmond, D. 1992. Protein synthesis in halophytes: the influence of 
potassium, sodium and magnesium in vitro. Plant and Soil 146: 153-161. 

Flowers TJ, Flowers SA, Hajibagheri MA, Yeo AR. 1990. Salt tolerance in the 
halophytic wild rice, Porteresia coarctata Tateoka. New Phytologist 114: 675-
684. 

Flowers TJ, Hajibagheri MA, Yeo AR. 1991. Ion accumulation in the cell walls of rice 
plants growing under saline conditions – evidence for the Öertli hypothesis. Plant 
Cell & Environment 14: 319-325. 

Frank W, Ratnadewi D, Reski R. 2005. Physcomitrella patens is highly tolerant against 
drought, salt and osmotic stress. Planta 220: 384-394. 

Frey DA, Rimann M, Bailey JE, Kallio PT, Thompson CJ, Fussenegger M. 2001. 
Novel pristinamycin-responsive expression system for plant. Biotechnology and  
Bioengineering 74: 154-163. 

Fukada-Tanaka S, Inagaki Y, Yamaguchi T, Saito N, Iida S. 2000. Colour-enhancing 
protein in blue petals. Nature 407: 581. 

Fukuda A, Chiba K, Maeda M, Nakamura A, Maeshima M, Tanaka Y. 2004a. 
Effect of salt and osmotic stresses on the expression of genes for the vacuolar H+-
pyrophosphatase, H+-ATPase subunit A, and Na+/H+ antiporter from barley. 
Journal of Experimental Botany 55: 585-594. 

Fukuda A, Nakamura A, Tagiri A, Tanada H, Miyao A, Hirochika H, Tanaka Y. 
2004b. Function, intracellular localization and the importance in salt tolerance of 
a vacuolar Na+/H+ antiporter from rice. Plant and Cell Physiology 45: 146-159. 



 

 266 
 

Fukuda A, Tanaka Y.  2006.  Effects of ABA, auxin, and gibberellin on the expression 
of genes for vacuolar H+-inorganic pyrophosphatase, H+-ATPase subunit A, and 
Na+/H+ antiporter in barley.  Plant Phys Biochem  44: 351-358. 

Fukuda A, Yazaki Y, Ishikawa T, Koike S, Tanaka Y. 1998. Na+/H+ antiporter in 
tonoplast vesicles from rice roots. Plant & Cell Physiology 39: 196-201. 

Gabarino J, DuPont FM. 1989. Rapid induction of Na+/H+ exchange activity in barley 
root tonoplast. Plant Physiology 89: 1-4. 

Galston AW, Sawhnet RK. 1990. Polyamines in plant physiology. Plant Physiology 94: 
406-410. 

Galweiller L, Conlan RS, Mader P, Palme K, Moore I. 2000. The DNA-binding 
activity of Gal4 is inhibited by methylation of the Gal4 binding site in plant 
chromatin. Plant Journal 23: 143-157. 

Garcia A, Rizzo CA, Ud-Din J, Bartos SL, Senadhira D, Flowers TJ, Yeo AR. 1997. 
Sodium and potassium transport to the xylem are inherited independently in rice, 
and the mechanisms of sodium:potassium selectivity differs between rice and 
wheat. Plant, Cell & Environment 20: 1167-1174. 

Garciadeblas B, Rubio F, Quintero FJ, Banuelos MA, Haro R, Rodriguez-Navarro 
A.  1993.  Differential expression of two genes encoding isoforms of the ATPase 
involved in sodium efflux in Saccharomyces cerevisiae.  Mol Gen Genet  236: 
363-368. 

Garg AK, Kim J-K, Owens TG, Ranwala AP, Choi YD, Kochian LV, Wu RJ.  2002.  
Trehalose accumulation in rice plants confers high tolerance levels to different 
abiotic stresses.  PNAS  99: 15898-15903. 

Garoosi GA, Salter MG, Caddick MX, Tomsett AB.  2005.  Characterization of the 
ethanol-inducible alc gene expression system in tomato.  J Ex Bot  56: 1635-
1642. 

Gatz C, Frohberg C, Wendenburg W. 1992. Stringent repression and homogeneous de-
repression by tetracycline of a modified CaMV 35S promoter in intact transgenic 
tobacco plants. Plant Journal 2: 397-404. 

Gaxiola R, Li J, Undurraga S, Dang LM, Allen GJ, Alper SL, Fink GR. 2001. 
Drought- and salt-tolerant plants result from overexpression of the AVP1 H+ 
pump. Proceedings of the National Academy of Sciences USA 98: 11444-11449. 

Gilliham M. 2002. Regulation of ion loading to maize root xylem. PhD thesis, 
University of Cambridge. 

Gimmler H. 2000. Primary sodium plasma membrane ATPases in salt-tolerant algae: 
facts and fictions. Journal of Experimental Botany 51: 1171-1178. 

Gobert A, Park G, Amtmann A, Sanders D, Maathuis FJM.  2006.  Arabidopsis 
thaliana Cyclic Nucleotide Gated Channel 3 forms a non-selective ion transporter 
involved in germination and cation transport.  J Ex Bot  57: 791-800. 

Goff SA, Ricke D, Lan T-H, Presting G, Wang R, Dunn M, Glazebrook J, Sessions 
A, Oeller P, Varma H, et al. 2002. A draft sequence of the rice genome (Oryza 

sativa L. ssp. japonica). Science 296: 92-100. 
Gong D, Guo Y, Schumaker KS, Zhu JK. 2004. The SOS3 family of calcium sensors 

and SOS2 family of protein kinases in Arabidopsis. Plant Physiology 134: 919-
926. 



 

 267 
 

Gong HJ, Randall DP, Flowers TJ.  2006.  Silicon deposition in the root reduces 
sodium uptake in rice (Oryza sativa

 L.) seedlings by reducing bypass flow.  Plant 
Cell Environ  29: 1970-1979. 

Gong Q, Li P, Ma S, Rupassara SI, Bohnert HJ.  2005.  Salinity stress adaptation 
competence in the extremophile Thellungiella halophila in comparison with its 
relative Arabidopsis thaliana.  Plant J 44: 826-839. 

Gorham J, Wyn Jones RG, Bristol A. 1990. Partial characterization of the trait for 
enhanced K+-Na+ discrimination in the D genome of wheat. Planta 180: 590-597. 

Gorlach J, Volrath S, Knauf-Beiter G, Hengy G, Beckhove U. 1996. 
Benzothiadiazole, a novel class of inducers of systemic acquired resistance, 
activates gene expression and disease resistance in wheat. Plant Cell 8: 629-643. 

Gossen M, Bjard H. 1992. Tight control of gene expression in mammalian cells by 
tetracycline-repressive promoters. Proceedings of the Academy of  Science of the 

USA 89: 5547-5551. 
Grabov A.  2007.  Plant KT/KUP/HAK potassium transporters: single family – multiple 

functions.  Ann Bot  99: 1035-1041. 
Greco R, Ouwerkerk PBF, de Kam RJ, Sallaud C, Favalli C, Colombo L, 

Guiderdoni E, Meijer AH, Hoge JHC, Pereira A. 2003. Transpositional 
behaviour of an Ac/Ds system for reverse genetics in rice. Theoretical and 
Applied Genetics 108: 10-24. 

Groover AT, Fontana JR, Arroyo JM, Yordan C, McCombie WR, Martienssen RA.  
2003.  Secretion trap tagging of secreted and membrane-spanning proteins using 
Arabidopsis gene traps.  Plant Phys 132: 698-708.   

Halfter U, Ishitani M, Zhu JK. 2000. The Arabidopsis SOS2 protein kinase physically 
interacts with and is activated by the calcium-binding protein SOS3. Proceedings 
of the National Academy of Sciences USA 97: 3735-3740. 

Haro R, Banuelos MA, Senn ME, Barrero-Gil J, Rodriguez-Navarro A.  2005.  
HKT1 mediates sodium uniport in roots.  Pitfalls in the expression of HKT1 in 
yeast.  Plant Phys 139: 1495-1506. 

Harvey DMR. 1985. The effects of salinity on ion concentrations within the root cells of 
Zea mays L. Planta 165: 242-248. 

Hasegawa PM, Bressan RA, Zhu JK, Bohnert HJ. 2000. Plant cellular and molecular 
responses to high salinity. Annual Review of Plant Physiology and Plant 

Molecular Biology 51: 463-499. 
Haseloff J, Hodge S. 1997. Improvements on or relating to gene expression. Patent no. 

WO97/30164 A1.  
Haseloff J, Siemering KR, Prasher DC, Hodge S. 1997. Removal of a cryptic intron 

and subcellular localization of green fluorescent protein are required to mark 
transgenic Arabidopsis plants brightly. Proceedings of the National Academy of 

Sciences of the USA 94: 2122-2127.  
Haseloff J. 1999. GFP variants for multipectral imaging of living cells. Methods of Cell 

Biology 58: 139-151.  
He C, Yan J, Shen G, Fu L, Holaday AS, Auld D, Blumwald E, Zhang H.  2005.  

Expression of an Arabidopsis vacuolar sodium/proton antiporter gene in cotton 
improves photosynthetic performance under salt conditions and increases fibre 
yield in the field.  Plant Cell Phys  46: 1848-1854. 



 

 268 
 

Hien DT, Jacobs M, Angenon G, Hermans C, Thu TT, Son LV, Roosens NH. 2003. 
Proline accumulation and ∆1-pyrroline-5-carboxylate synthetase gene properties 
in three rice cultivars differing in salinity and drought tolerance. Plant Science 
165: 1059-1068. 

Hillel D. 2000. Salinity management for sustainable irrigation: Integrating science, 
environment and economics. Washington D.C.: The World Bank. 

Hirayama T, Ohto C, Mizoguchi T, Shinozaki K. 1995. A gene encoding a 
phosphatidylinositol-specific phospholipase C is induced by dehydration and salt 
stress in Arabidopsis thaliana. Proceedings of the National Academy of Sciences 

USA 92: 3903-3907. 
Holtorf S, Apel K, Bohlmann H.  1995.  Comparison of different constitutive and 

inducible promoters for the overexpression of transgenes in Arabidopsis thaliana.  
Plant Mol Bio  29: 637-646. 

Horie T, Costa A, Kim TH, Han MJ, Horie R, Leung H-Y, Miyao A, Hirochika H, 
An G, Schroeder JI.  2007.  Rice OsHKT2;1 transporter mediates large Na+ 
influx component into K+-starved roots for growth.  EMBO J  26: 3003-3014. 

Horie T, Horie R, Chan W-Y, Leung H-Y, Schroeder JI.  2006.  Calcium regulation 
of sodium hypersensitivities of sos3 and athkt1 mutants.  Plant Cell Phyiol  47: 
622-633. 

Horie T, Yoshida K, Nakayama H, Yamada K, Oiki S, Shimyo A.  2001.  Two types 
of HKT transporters with different properties of Na+ and K+ transport in Oryza 

sativa.  Plant J  27: 129-138. 
Hoshikawa K. 1989. The growing rice plant: an anatomical monograph.  Tokyo: 

Nobunkyo. 
Hu Y, Schmidhalter U.  2005.  Drought and salinity: A comparison of their effects on 

mineral nutrition of plants.  J Plant Nutr Soil Sci  168: 541-549. 
Hu YC, Schnyder H, Schmidhalter U. 2000. Carbohydrate deposition and partitioning 

in elongating leaves of wheat under saline soil conditions. Australian Journal of 
Plant Physiology 27: 363-370. 

Hua Z-M, Yang X, Fromm ME.  2006.  Activation of the NaCl- and drought-induced 
RD29A and RD29B promoters by constitutively active Arabidopsis MAPKK or 
MAPK proteins.  Plant Cell Environ  29: 1761-1770. 

Huang S, Spielmeyer W, Lagudah ES, James RA, Platten JD, Dennis ES, Munns R.  
2006.  A sodium transporter (HKT7) is a candidate for Nax1, a gene for salt 
tolerance in durum wheat.  Plant Phys  142: 1718-1727. 

Ingram J, Bartels D. 1996. The molecular basis of dehydration tolerance in plants. 
Annual Review of Plant Physiology and Plant Molecular Biology 47: 377-403. 

International Rice Genome Sequencing Project.  2005.  The map-based sequence of 
the rice genome.  Nature  436: 793-800. 

Ishitani M, Liu JP, Halfter U, Kim CS, Shi WM, Zhu JK. 2000. SOS3 function in 
plant salt tolerance requires N-myristoylation and calcium binding. Plant Cell 12: 
1667-1677. 

Ito Y, Eiguchi M, Kurata N. 2004. Establishment of an enhancer trap system with Ds 
and GUS for functional genomics in rice. Molecular Genetics and Genomics 271: 
639-650.  



 

 269 
 

Jacoby B, Hanson JB. 1985. Controls on Na+-22 influx in corn roots. Plant Physiology 
77: 930-934. 

James RA, Davenport RJ, Munns R.  2006.  Physiological characterization of two 
genes for Na+ exclusion in durum wheat, Nax1 and Nax2.  Plant Phys  142: 1537-
1547. 

James RA, Rivelli AR, Munns R, von Caemmerer S. 2002. Factors affecting CO2 
assimilation, leaf injury and growth in salt-stressed durum wheat. Functional 
Plant Biology 29: 1393-1403. 

Jang I-C, Oh S-J, Seo J-S, Choi W-B, Song S-I, Kim CH, Kim YS, Seo H-S, Choi 
YD, Nahm BH, Kim J-K. 2003. Expression of a bifunctional fusion of the 
Escherichia coli genes for trehalose-6-phosphate synthase and trehalose-6-
phosphate phosphatase in transgenic rice plants increases trehalose accumulation 
and abiotic stress tolerance without stunting growth. Plant Physiology 131: 516-
524. 

Jefferies RL. 1973. The ionic relations of seedlings of the halophyte Triglochin maritima 
L. In: Anderson WP, ed. Ion transport in Plants, pp. 297-321. London: Academic. 

Jeon J-S, Lee S, Jung K-H, Jun S-H, Jeong D-H, Lee J, Kim C, Jang S, Lee S, Yang 

K, Nam J, An K, Han, M-J, Sung R-J, Choi H-S, Yu J-H, Choi J-H, Cho S-Y, 
Cha S-S, Kim Si-I, An G.  2000.  T-DNA insertional mutagenesis for functional 
genomics in rice.  Plant J  22: 561-570. 

Jeong D-H, An S, Kang H-G, Moon S, Han JJ, Park S, Lee HS, An K, An, G. 2002. 
T-DNA intertional mutagenesis for activation tagging in rice. Plant Physiology 
130: 1636-1644.  

Jeschke WD. 1984. K+/Na+ exchange at cellular membranes, intracellular 
compartmentation of cations, and salt tolerance. In: Staples RC, Toenissen RH, 
eds. Salinity tolerance in plants, pp. 37-66. New York: Wiley. 

Jia H, van Loock B, Liao M, Verbelen J-P, Vissenberg K.  2007.  Combination of the 
ALCR/alcA ethanol switch and GAL4/VP16-UAS enhancer trap system enables 
spatial and temporal control of transgene expression in Arabidopsis.  Plant 
Biotech J  5: 477-482. 

Johnson AAT, Hibberd JM, Gay C, Essah PA, Haseloff J, Tester M, Guiderdoni E. 
2005. Enhancer trap lines of rice (Oryza sativa L.) producing cell-type specific 
patterns of gal4 and gfp enable targeted gene expression. Plant J  41: 779-789. 

Junker BH, Chu C, Sonnewald U, Willmitzer L, Fernie AR. 2003. In plants the alc 
gene expression system responds more rapidly following induction with 
acetaldehyde than with ethanol. FEBS Letters 535: 136-140. 

Kader MA, Lindberg S, Seidel T, Golldack D, Yemelyanov V.  2007.  Sodium sensing 
induces different changes in free cytosolic calcium concentration and pH in salt-
tolerant and –sensitive rice (Oryza sativa) cultivars.  Physio Plant  130: 99-111. 

Kang HG, Fang YW, Singh KB 1999. A glucocorticoid-inducible transcription system 
causes severe growth defects in Arabidopsis and induces defence-related genes. 
Plant Journal 20: 127-133. 

Kant S, Kant P, Raveh E, Barak S.  2006.  Evidence that differential gene expression 
between the halophyte, Thellungiella halophila, and Arabidopsis thaliana is 
responsible for higher levels of the compatible osmolyte proline and tight control 
of Na+ uptake in T. halophila.  Plant Cell Environ  29: 1220-1234. 



 

 270 
 

Karley AJ, Leigh RA, Sanders D. 2000. Where do all the ions go? The cellular basis of 
differential ion accumulation in leaf cells. Trends in Plant Sciences 5: 465-470. 

Kasuga M, Liu G, Miura S, Yamaguchi-Shinozaki K, Shinozaki K. 1999. Improving 
plant drought, salt, and freezing tolerance by gene transfer of a single stress-
inducible transcription factor. Nature Biotechnology 17: 287-291. 

Katerji N, van Hoorn JW, Hamdy A, Mastrorilli M. 2003. Salinity effect on crop 
development and yield, analysis of salt tolerance according to several 
classification methods. Agricultural Water Management 62: 37-66. 

Katiyar-Agarwal S, Zhu J, Kim K, Agarwal M, Fu X, Huang A, Zhu J-K.  2006.  
The plasma membrane Na+/H+ antiporter SOS1 interacts with RCD1 and 
functions in oxidative stress tolerance in Arabidopsis.  PNAS  103: 18816-18821. 

Kawai-Yamada M, Jin L, Yoshinaga K, Hirata A, Uchimiya H. 2001. Mammalian 
Bax-induced plant cell death can be down-regulated by overexpression of 
Arabidopsis Bax inhibitor-1 (AtBI-1). Proceedings of the Academy of Science of 

the USA 98: 12295-12300. 
Kawasaki S, Borchert C, Deyholos M, Wang H, Brazille S, Kawai K, Galbraith D, 

Bohnert HJ. 2001. Gene expression profiles during the ini1tial phase of salt 
stress in rice. Plant Cell 13: 889-905. 

Kiegle E, Gilliham M, Haseloff J, Tester M. 2000a. Hyperpolarisation-activated 
calcium currents found only in cells from the elongation zone of Arabidopsis 
thaliana roots. Plant Journal 21: 225-229.  

Kiegle E, Moore C, Haseloff J, Tester M, Knight M. 2000. Cell-type specific calcium 
responses to drought, NaCl, and cold in Arabidopsis root: a role for endodermis 
and pericycle in stress signal transduction. Plant Journal 23: 267-278. 

Kiegle E, Moore CA, Haseloff J, Tester MA, Knight MR. 2000b. Cell-type-specific 
calcium responses to drought, salt and cold in the Arabidopsis root. Plant Journal 
23: 267-278.  

Kilian J, Whitehead D, Horak J, Wanke D, Weinl S, Batistic O, D’Angelo C, 
Bornberg-Bauer E, Kudla J, Harter K.  2007.  The AtGenExpress global stress 
expression data set: protocols, evaluation and model data analysis of UV-B light, 
drought and cold stress responses.  Plant J  50: 347-363. 

Kim B-R, Nam H-Y, Kim S-U, Kim S-I, Chang Y-J.  2003.  Normalization of reverse 
transcription quantitative-PCR with housekeeping genes in rice.  Biotech Letters  
25: 1869-1872. 

Kim J, Kim H-Y.  2006.  Functional analysis of a calcium-binding transcription factor 
involved in plant stress signalling.  FEBS Letters  580: 5251-5256. 

Knight H, Knight MR. 2001. Abiotic stress signalling pathways: specificity and cross-
talk. Trends in Plant Sciences 6: 262-267. 

Knight H, Trewavas AJ, Knight MR. 1997. Calcium signalling in Arabidopsis thaliana 
responding to drought and salinity. Plant Journal 12: 1067-1078. 

Kolukisaoglu U, Weinl S, Blazevic D, Batistic O, Kudla J.  2004.  Calcium sensors and 
their interacting protein kinases: genomics of the Arabidopsis and rice CBL-CIPK 
signaling networks.  Plant Phys  134: 43-58. 

Koyro H-W, Stelzer R. 1988. Ion concentrations in the cytoplasm and vacuoles of 
rhizodermis cells from NaCl treated Sorghum, Spartina and Puccinellia plants. 
Journal of Plant Physiology 133: 441-446. 



 

 271 
 

Kramer D, Läuchli A, Yeo AR, Gullasch J. 1977. Transfer cells in roots of Phaseolus 
coccineus: ultrastructure and possible function in exclusion of sodium from the 
shoot. Annals of Botany 41: 1031-1040. 

Kramer D. 1983. The possible role of transfer cells in the adaptation of plants to salinity. 
Physiologia Plantarum 58: 549-555. 

Kronzucker HJ, Szczerba MW, Moazami-Goudarzi M, Britto DT.  2006.  The 
cytosolic Na+ : K+ ratio does not explain salinity-induced growth impairment in 
barley: a dual tracer study using 42K+ and 24Na+.  Plant Cell Env  29: 2228-2237. 

Lacan D, Durand M. 1996. Na+-K+ exchange at the xylem/symplast boundary. Its 
significance in the salt sensitivity of soybean. Plant Physioogy 110: 705-711. 

Lacombe B, Meyerhoff O, Steinmeyer R, Becker D, Hedrich R. 2001. Role of 
Arabidopsis ionotropic glutamate receptors. 12th

 Association de Canaux Ioniques, 
La Londe les Maures, France. 

Laplaze L, Parizot B, Baker A, Ricaud L, Martiniere A, Auguy F, Franche C, 
Nussaume L, Bogusz D, Haseloff J.  2005.  GAL4-GFP enhancer trap lines for 
genetic manipulation of lateral root development in Arabidopsis thaliana.  J Ex 
Bot  56: 2433-2442. 

Lee S-C, Kim J-Y, Kim S-H, Kim S-J, Lee K, Han S-K, Choi H-S, Jeong D-H, An G, 
Kim S-R. 2004. Trapping and characterization of cold-responsive genes from T-
DNA tagging lines in rice. Plant Science 166: 69-79. 

Lefevre I, Gratia E, Lutts S. 2001. Discrimination between the ionic and osmotic 
components of salt stress in relation to free polyamine level in rice (Oryza sativa). 
Plant Science 161: 943-952. 

Leng Q, Mercier RW, Hua BG, Fromm H, Berkowitz GA. 2002. Electrophysiological 
analysis of cloned cyclic nucleotide-gated ion channels. Plant Physiology 128: 
400-410. 

Leung J, Giraudat J. 1998. Abscisic acid signal transduction. Annual Reviews of Plant 

Physiology and Plant Molecular Biology 49: 199-222. 
Lin HX, Zhu MZ, Yano M, Gao JP, Liang ZW, Su WA, Hu XH, Ren ZH, Chao DY.  

2004.  QTLs for Na+ and K+ uptake of the shoots.  TAG  108: 253-260. 
Liu J, Zhu J-K. 1998. A calcium sensor homolog required for plant salt tolerance. 

Science 280: 1943-1945. 
Liu J, Zhu, J-K. 1997. An Arabidopsis mutant with increased calcium requirement for 

potassium nutrition and salt tolerance. Proceedings of the National Academy of 

Sciences USA 94: 14960-14964. 
Lohaus G, Hussmann M, Pennewiss K, Schneider H, Zhu J-J, Sattelmacher B. 2000. 

Solute balance of a maize (Zea mays L.) source leaf as affected by salt treatment 
with special emphasis on phloem retranslocation and ion leaching. Journal of 
Experimental Botany 51: 1721-1732. 

Love J, Scott AC, Thompson WF 2000. Stringent control of transgene expression in 
Arabidopsis thaliana using the Top10 promoter system. Plant Journal 21: 579-
588. 

Lunde C, Drew DP, Jacobs AK, Tester M.  2007.  Exclusion of Na+ via a sodium 
ATPase (PpENA1) ensures normal growth of Physcomitrella under moderate salt 
stress.  Plant Phys  144: 1786-1796. 



 

 272 
 

Maathuis FJM, Amtmann A. 1999. K+ nutrition and Na+ toxicity: the basis of cellular 
K+/Na+ ratios. Annals of Botany 84: 123-133. 

Maathuis FJM, Filatov V, Herzyk P, Krijger GC, Axelson KB, Chen S, Green BJ, 

Li Y Madagan KL, Sanchez-Fernandez RS, Forde BG, Palmgren MG, Rea 
PA, Williams LE, Sanders D, Amtmann A. 2003. Transcriptome analysis of 
root transporters reveals participation of multiple gene families in the response to 
cation stress. Plant Journal 35: 675-692. 

Maathuis FJM, Prins HBA. 1990. Patch clamp studies on root cell vacuoles of a salt-
tolerant and a salt-sensitive Plantago species. Plant Physiology 92: 23-28. 

Maathuis FJM, Sanders D. 2001. Sodium uptake in Arabidopsis thaliana is regulated 
by cyclic nucleotides. Plant Physiology 127: 1617-1625. 

Maizel A, Weigel D. 2004. Temporally and spatially controlled induction of gene 
expression in Arabidopsis thaliana. Plant Journal 38: 164-171. 

Malcolm CV, Lindley VA, O’Leary JW, Runciman HV, Barrett-Lennard EG. 2003. 
Halophyte and glycophyte salt tolerance at germination and the establishment of 
halophyte shrubs in saline environments. Plant and Soil 253: 171-185. 

Mansour MMF. 2000. Nitrogen containing compounds and adaptation of plants to 
salinity stress. Biologia Plantarum 43: 491-500. 

Marcum KB. 1999. Salinity tolerance mechanisms of grasses in the subfamily 
Chlorodoideae. Crop Science 39: 1153-1160. 

Marschner H. 1995. Mineral nutrition of higher plants. 2nd edn. London: Academic 
Press. 

Martinez A, Sparks C, Hart CA, Thompson J, Jepson L. 1999. Ecdysone agonist 
inducible transcription in transgenic tobacco plants. Plant Journal 19: 97-106. 

Martinez-Atienza J, Jiang X, Garciadeblas B, Mendoza I, Zhu J-K, Pardo JM, 
Quintero FJ.  2007.  Conservation of the salt overly sensitive pathway in rice.  
Plant Phys  143: 1001-1012. 

Matsushita N, Matoh T. 1991. Characterization of Na+ exclusion mechanisms of salt-
tolerant reed plants in comparison with salt-sensitive rice plants. Physiologia 
Plantarum 83: 170-176.  

Matsushita N, Matoh T. 1992. Function of the shoot base of salt-tolerant reed 
(Phragmites communis Trinius) plants for Na+ exclusion from the shoots. Soil 
Science and Plant Nutrition 38: 565-571. 

McWhorter CG, Paul RN, Ouzts JC. 1995. Bicellular trichomes of johnsongrass 
(Sorghum halepense) leaves – morphology, histochemistry, and function. Weed 

Science 43: 201-208. 
Meissner R, Chague V, Zhu Q, Emmanuel E, Elkind Y, Levy AA. 2000. A high 

throughput system for transposon tagging and promoter trapping in tomato. Plant 
Journal 22: 265-274.  

Mennen H, Jacoby B, Marschner H. 1990. Is sodium/proton antiport ubiquitous in 
plant cells? Journal of Plant Physiology 137: 180-183. 

Mett VL, Lochhead LP, Reynolds PH. 1993. Copper-controllable gene expression 
system for whole plants. Proceedings of the  National Academy of  Science of the 

USA 90: 4567-4571. 
 



 

 273 
 

Mett VL, Podivinsky AM, Tennant AM, Lochhead LP, Jones WT, Reynolds PHS. 
1996. A system for tissue-specific copper-controllable gene expression in plants: 
nodule-specific antisense of aspartate aminatransferase-P2. Transgenic Research 
5: 105-113. 

Michael TP, McClung CR. 2003. Enhancer trapping reveals widespread circadian clock 
transcriptional control in Arabidopsis. Plant Physiology 132: 629-639.  

Miki D, Shimamoto K. 2004. Simple RNAi vectors for stable and transient suppression 
of gene function in rice. Plant and Cell Physiology 45: 490-495. 

Mori M, Fujihara N, Mise K, Furusawa I. 2001. Inducible high-level mRNA 
amplification system by viral replicase in transgenic plants. Plant Journal 27: 79-
86. 

Mukhopadhyay A, Vij S, Tyagi AK. 2004. Overexpression of a zinc-finger protein gene 
from rice confers tolerance to cold, dehydration, and salt stress in transgenic 
tobacco. The Proceedings of the National Academy of Science of the USA 101: 
6309-6314. 

Munns R, Guo J, Passioura JB, Cramer GR. 2000. Leaf water status controls day-time 
but not daily rates of leaf expansion in salt-treated barley. Australian Journal of 
Plant Physiology 27: 949-957. 

Munns R.  2005.  Genes and salt tolerance: bringing them together.  New Phyt  167: 645-
663. 

Munns R. 1985. Na+, K+ and Cl- in xylem sap flowing to shoots of NaCl-treated barley. 
Journal of Experimental Botany 36: 1032-1042. 

Munns R. 1993. Physiological processes limiting plant growth in saline soils: some 
dogmas and hypotheses. Plant, Cell & Environment 16, 15-24. 

Munns R. 2002. Comparative physiology of salt and water stress. Plant, Cell & 

Environment 25: 239-250. 
Munns R. Tonnet L, Shennan C, Gardner PA. 1988. Effect of high external NaCl 

concentration on ion transport within the shoot of Lupinus albus. II. Ions in 
phloem sap. Plant, Cell & Environment 11: 291-300. 

Murthy M, Tester M. 1996. Compatible solutes and salt tolerance: misuse of transgenic 
tobacco. Trends in Plant Sciences 1: 294-295. 

Nagaoka S, Takano T. 2003. Salt tolerance-related protein STO binds to a Myb 
transcription factor homologue and confers salt tolerance in Arabidopsis. Journal 
of Experimental Botany. 54: 2231-2237. 

Nakagawa Y, Hanaoka H, Kobayashi M, Miyoshi K, Miwa K, Fujiwara T.  2007.  
Cell-type specificity of the expression of OsBOR1, a rice efflux boron transporter 
gene, is regulated in response to boron availability for efficient boron uptake and 
xylem loading.  Plant Cell 19: 2624-2635. 

Nakashima K, Tran L-SP, Nguyen DV, Fujita M, Maruyama K, Todaka D, Ito Y, 
Hayashi N, Shinozaki K, Yamaguchi-Shinozaki K.  2007.  Functional analysis 
of a NAC-type transcription factor OsNAC6 involved in abiotic and biotic stress-
responsive gene expression in rice.  Plant J  51: 617-630. 

Nakayama H, Yoshida K, Shinmyo A.  2004.  Yeast plasma membrane Ena1p ATPase 
alters alkali-cation homeostasis and confers increased salt tolerance in tobacco 
cultured cells.  Biotech and Bioeng  85: 776-789. 



 

 274 
 

Nelson DE, Koukoumanos M, Bohnert HJ. 1999. Myo-inositol-dependent sodium 
uptake in ice plant. Plant Physiology 119: 165-172. 

Nishiyama T, Fujita T, Shin-I, T, Seki M, Nishide H, Uchiyama I, Kamiya A, 

Carninci P, Hayashizaki Y, Shinozaki K, Kohara Y, Hasebe M.  2003.  
Comparative genomics of Physcomitrella patens gametophytic transcriptome and 
Arabidopsis thaliana: Implication for land plant evolution.  PNAS  100: 8007-
8012. 

Niu X, Damsz B, Kononowicz AK, Bressan RA, Hasegawa PM. 1996. NaCl-induced 
alterations in both cell structure and tissue-specific plasma membrane H+-ATPase 
gene expression. Plant Physiology 111: 679-686. 

Novillo F, Alonso JM, Ecker JR, Salinas J. 2004. CBF2/DREB1C is a negative 
regulator of CBF1/DREB1B and CBF/DREB1A expression and plays a central 
role in stress tolerance in Arabidopsis. The Proceedings of the National Academy 

of Science of the USA 101: 3985-3990. 
Nublat A, Desplans J, Casse F, Berthomieu P. 2001. sas1, an Arabidopsis mutant 

overaccumulating sodium in the shoot, shows deficiency in the control of the root 
radial transport of sodium. Plant Cell 13, 125-137. 

Ohta D, Matsui J, Matoh T, Takahashi E.  1988.  Sodium requirement of 
monocotyledonous C4 plants for growth and nitrate reductase activity.  Plant Cell 

Physiol  29: 1429-1432. 
Ouwerkerk PBF, de Kam RJ, Hoge JHC, Meijer AH. 2001. Glucocorticoid-inducible 

gene expression in rice. Planta 213: 370-378. 
Ozturk ZN, Talamé V, Deyholos M, Michalowski CB, Galbraith DW, Gozukirmizi 

N, Tuberosa R, Bohnert HJ. 2002. Monitoring large-scale changes in transript 
abundance in drought- and salt-stressed barley. Plant Molecular Biology 48: 551-
573. 

Padidam M, Cao Y. 2001. Elimination of transcriptional interference between tandem 
genes in plant cells. Biotechniques 31: 328-334. 

Padidam M. 2003. Chemically regulated gene expression in plants. Current Opinions in 

Plant Biology 6: 169-177. 
Pardo JM, Cubero B, Leidi EO, Quintero FJ.  2006.  Alkali cation exchangers: roles 

in cellular homeostasis and stress tolerance.  J Ex Bot  57: 1181-1199. 
Pate JS Layzell DB, McNeil DL. 1979. Modelling the transport and utilization of carbon 

and nitrogen in a nodulated legume. Plant Physiology 63: 730-737. 
Peng Y-H, Zhu Y-F, Mao Y-Q, Wang S-M, Su W-A, Tang Z-C. 2004. Alkali grass 

resists salt stress through high [K+] and an endodermis barrier to Na+. Journal of 
Experimental Botany 55: 939-949. 

Perez-Alfocea F, Balibrea ME, Alarcon JJ, Bolarin MC. 2000. Composition of xylem 
and phloem exudates in relation to the salt-tolerance of domestic and wild tomato 
species. Journal of Plant Physiology 156: 367-374. 

Phelps CB, Brand AH. 1998. Ectopic gene expression in Drosophila using GAL4 
system. Methods: A Companion to Methods in Enzymology 14: 367-379.  

Phillips JR, Dalmay T, Bartels D.  2007.  The role of small RNAs in abiotic stress.  
FEBS Letters  581: 3592-3597. 



 

 275 
 

Piao HL, Lim JH, Kim SJ, Cheong G-W, Hwang I. 2001. Constitutive over-expression 
of AtGSK1 induces NaCl stress responses in the absence of NaCl stress and 
results in enhanced NaCl tolerance in Arabidopsis. Plant Journal 27: 305-314. 

Platten JD, Cotsaftis O, Berthomieu P, Bohnert H, Davenport RJ, Fairbairn DJ, 

Horie T, Leigh RA, Lin H-X, Luan S, Maser P, Pantoja O, Rodriguez-

Navarro A, Schachtman DP, Schroeder JI, Sentenac H, Uozumi N, Very A-
A, Zhu J-K, Dennis ES, Tester M.  2006.  Nomenclature for HKT transporters, 
key determinants of plant salinity tolerance.  Trends Plant Sci  11: 372-374. 

Plett D, Jacobs A, Johnson A, Tester M, inventors.  13 June 2006.  Cell-specific, 
inducible or repressible, expression system.  International Application Number 
PCT/AU2006/000816. 

Poljakoff-Mayber A. 1975. Morphological and anatomical changes in plants as a 
response to salinity. In: Poljakoff-Mayber A, Gale J, eds. Plants in saline 
environments, pp. 97-117. Berlin: Springer-Verlag. 

Prior C, Potier S, Souciet J-L, Sychrova H.  1996.  Characterization of the NHA1 gene 
encoding a Na+/H+-antiporter of the yeast Saccharomyces cerevisiae.  FEBS Lett  
387: 89-93. 

Potter FJ, Wiskich JT, Dry IB. 2001. The production of an inducible antisense 
alternative oxidase (Aox1a) plant. Planta 212: 215-221. 

Qadir M, Oster JD. 2004. Crop and irrigation management strategies for saline-sodic 
soils and waters aimed at environmentally sustainable agriculture. Science of the 
Total Environment 323: 1-19. 

Qi Z, Stephens NR, Spalding EP.  2006.  Calcium entry mediated by GLR3.3, an 
Arabidopsis glutamate receptor with a broad agonist profile.  Plant Phys  142: 
963-971. 

Qiu Q-S, Barkla BJ, Vera-Estrella R, Zhu J-K, Schumaker KS. 2003. Na+/H+ 
exchange activity in the plasma membrane of Arabidopsis. Plant Physiology 132: 
1041-1052. 

Qiu Q-S, Guo Y, Dietrich MA, Schumaker KS, Zhu J-K. 2002. Regulation of SOS1, a 
plasma membrane Na+/H+ exchanger in Arabidopsis thaliana, by SOS2 and 
SOS3. Proceedings of the National Academy of Sciences USA 99: 8436-8441. 

Qiu Q-S, Guo Y, Quintero FJ, Pardo JM, Schumaker KS, Zhu, J-K. 2004. 
Regulation of vacuolar Na+/H+ exchange in Arabidopsis thaliana by the salt-
overly-sensitive (SOS) pathway. Journal of Biological Chemistry 279: 207-215. 

Quan R, Lin H, Mendoza I, Zhang Y, Cao W, Yang Y, Shang M, Chen S, Pardo JM, 
Guo Y.  2007.  SCABP9/CBL10, a putative calcium sensor, interacts with the 
protein kinase SOS2 to protect Arabidopsis shoots from salt stress.  Plant Cell  
19: 1415-1431. 

Quarrie SA, Mahmood A. 1993. Improving salt tolerance in hexaploid wheat.  Institute 
of Plant Research and John Innes Centre Annual Report 1992, 4. 

Quintero FJ, Ohta M, Shi H, Zhu J-K, Pardo JM. 2002. Reconstitution in yeast of the 
Arabidopsis SOS signaling pathway for Na+ homeostasis. Proceedings of the 
National Academy of Sciences USA 99: 9061-9066. 

 
 



 

 276 
 

Rabbani MA, Maruyama K, Abe H, Khan MA, Katsura K, Ito Y, Yoshiwara K, 
Seki M, Shinozaki K, Yamaguchi-Shinozaki K. 2003. Monitoring expression 
profiles of rice genes under cold, drought, and high-salinity stresses and abscisic 
acid application using cDNA microarray and RNA gel-blot analyses. Plant 
Physiology 133: 1755-1767. 

Ranathunge K, Steudle E, Lafitte R.  2005.  A new precipitation technique provides 
evidence for the permeability of Casparian bands to ions in young roots of corn 
(Zea mays L.) and rice (Oryza sativa L.).  Plant Cell Env  28: 1450-1462. 

Ranathunge K, Steudle E, Lafitte R.  2003.  Control of water uptake by rice (Oryza 

sativa L.): role of the outer part of the root.  217: 193-205. 
Rausell A, Kanhonou R, Yenush L, Serrano R, Ros R. 2003. The translation initiation 

factor elF1A is an important determinant in the tolerance to NaCl stress in yeast 
and plants. Plant Journal 34: 257-267. 

Reid RJ, Smith FA. 2000. The limits of sodium/calcium interactions in plant growth. 
Australian Journal of Plant Physiology 27: 709-715. 

Reinhardt DH, Rost TL. 1995. Salinity accelerates endodermal development and 
induces an exodermis in cotton seedlings in cotton seedling roots. Environmental 

and Experimental Botany 35: 563-574. 
Ren DT, Yang HP, Zhang SQ. 2002. Cell death mediated by mitogen-activated protein 

kinase is associated with hydrogen peroxide production in Arabidopsis. Journal of 
Biological Chemistry 277: 559-565. 

Ren Z-H, Gao J-P, Li L-G, Cai X-L, Huang W, Chao D-Y, Zhu M-Z, Wang Z-Y, 
Luan S, Lind H-X.  2005.  A rice quantitative trait locus for salt tolerance 
encodes a sodium transporter.  Nature Genetics  37: 1141-1146. 

Rengasamy P. 2002. Transient salinity and subsoil constraints to dryland farming in 
Australian sodic soils: an overview. Australian Journal of Experimental 

Agriculture 42: 351-361. 
Rengasamy P.  2006.  World salinization with emphasis on Australia.  Journal of 

Experimental Botany  57: 1017-1023. 
Roberts GR, Garoosi GA, Koroleva O, Ito M, Laufs P, Leader DJ, Caddick MX, 

Doonan JH, Tomsett AB.  2005.  The alc-GR system.  A modified alc gene 
switch designed for use in plant tissue culture.  Plant Phys  138: 1259-1267. 

Roberts SK. 1998. Regulation of K+ channels in maize roots by water stress and ABA. 
Plant Physiology 116: 145-153. 

Robinson MF, Véry A-A, Sanders D, Mansfield TA. 1997. How can stomata 
contribute to salt tolerance? Annals of Botany 80: 387-393. 

Roslan HA, Salter MG, Wood CD, White MRH, Croft KP, Robson F, et al. 2001. 
Characterization of the ethanol-inducible alc gene-expression system in 
Arabidopsis thaliana.  Plant Journal 28: 225-235. 

Rubio F, Gassmann W, Schroeder JI. 1995. Sodium-driven potassum uptake by the 
plant potassium transporter HKT1 and mutations conferring salt tolerance. 
Science 270: 1660-1663. 

Rus A, Baxter I, Muthukumar B, Gustin J, Lahner B, Yakubova E, Salt DE.  2006.  
Natural variants of AtHKT1 enhance Na+ accumulation in two wild populations of 
Arabidopsis.  PLoS Gen  2: 1964-1973. 



 

 277 
 

Rus A, Lee B-H, Munoz-Mayor A, Sharkhun A, Miura K, Zhu J-K, Bressan RA, 
Hasegawa PM.  2004.  AtHKT1 facilitates Na+ homeostasis and K+ nutrition in 
planta.  Plant Phys  136: 2500-2511. 

Rus A, Yokoi S, Sharkhuu A, Reddy M, Lee BH, Matsumoto TK, Koiwa H, Zhu JK, 
Bressan RA, Hasegawa PM 2001b. AtHKT1 is a salt tolerance determinant that 
controls Na+ entry into plant roots. Proceedings of the National Academy of 

Sciences USA 98: 14150-14155. 
Rutherford S, Bradizzi F, Townley H, Craft J, Wang Y, Jespon I, Martinez A, 

Moore I.  2005.  Improved transcriptional activators and their use in mis-
expression traps in Arabidopsis.  Plant J  43: 769-788. 

Saavedra L, Svensson J, Carballo V, Izmendi D, Welin B, Vidal S. 2006. A dehydrin 
gene in Physcomitrella patens is required for salt and osmotic stress tolerance. 
Plant J 45: 237-249. 

Safwat G.  2006.  Control of shoot elemental accumulation by cell type-specific 
alteration of gene function in roots.  Ph.D thesis.  University of Cambridge. 

Sakvarelidze L, Tao Z, Bush M, Roberts GR, Leader DJ, Doonan JH, Rawsthorne 
S.  2007.  Coupling the GAL4 UAS system with alcR for versatile cell type-
specific chemically inducible gene expression in Arabidopsis.  Plant Biotech J  5: 
465-476. 

Sallaud C, Meynard D, van Boxtel J, Gay C, Bes M, Brizard JP, Larmande P, 

Ortega D, Raynal M, Portefaix M, Ouwerkerk PBF, Rueb S, Delseny M, 
Guiderdoni E.  2003.  Highly efficient production and characterization of T-
DNA plant for rice (Oryza sativa L.) functional genomics.  TAG  106: 1396-1408. 

Salter MG, Paine JA, Riddell KV, Jepson I, Greenland AJ, Caddick MX, Tomsett 
AB. 1998. Characterisation of the ethanol-inducible alc gene expression system 
for transgenic plants. Plant Journal 16: 127-132. 

Samalova M, Brzobohaty B, Moore I.  2005.  pOp6/LhGR: a stringently regulated and 
highly responsive dexamethasone-inducible gene expression system for tobacco.  
Plant J.  41: 919-935. 

Saneoka H, Nagasaka C, Hahn DT, Yang W-J, Premachandra GS, Joly RJ, Rhodes 
D. 1995. Salt tolerance of glycinebetaine-deficient and –containing maize lines. 
Plant Physiology 107: 631-638. 

Santa-María GE, Epstein E. 2001. Potassium/sodium selectivity in wheat and the 
amphiploid cross wheat X Lophopyrum elongatum. Plant Science 160: 523-534. 

Schaarschmidt S, Qu N, Strack D, Sonnewald U, Hause B.  2004.  Local induction of 
the alc gene switch in transgenic tobacco plants using acetaldehyde.  Plant Cell 

Physiol  45: 1566-1577. 
Schachtman DP, Kumar R, Schroeder JI, Marsh EL. 1997. Molecular and functional 

characterisation of a novel low-affinity cation transporter (LCT1) in higher plants. 
Proceedings of the National Academy of Sciences USA 94: 11079-11084. 

Schachtman DP, Schoeder JI.  1994.  Structure and transport mechanism of a high-
affinity potassium uptake transporter from higher plants.  Nature  370: 655-658. 

Schena M, Lloyd AM, Davis RW. 1991. A steroid-inducible gene expression system for 
plant cells. Proceedings of the National Academy of Science of the USA 88: 
10421-10425. 



 

 278 
 

Schroeder JI, Allen GJ, Hugouvieux V, Kwak JM, Waner D. 2001. Guard cell signal 
transduction. Annual Reviews of Plant Physiology and Plant Molecular Biology 
52: 627-658. 

Schubert S, Läuchli A. 1990. Sodium exclusion mechanisms at the root surface of two 
maize cultivars. Plant and Soil 123: 205-209. 

Schwab R, Ossowski S, Riester M, Warthmann N, Weigel D.  2006.  Highly specific 
gene silencing by artificial microRNAs in Arabidopsis.  Plant Cell  18: 1121-
1133. 

Seki M, Narusaka M, Abe H, Kasuga M, Yamaguchi-Shinozaki K, Carninci P, 
Hayashizaki Y, Shinozaki K. 2001. Monitoring the expression pattern of 1300 
Arabidopsis genes under drought and cold stresses by using a full-length cDNA 
microarray. Plant Cell 13: 61-72. 

Shabala S, Cuin TA, Pottosin I.  2007.  Polyamines prevent NaCl-induced K+ efflux 
from pea mesophyll by blocking non-selective cation channels.  FEBS Letters  
581: 1993-1999. 

Shabala S, Demidchik V, Shabala L, Cuin TA, Smith SJ, Miller AJ, Davies JM, 
Newman IA.  2006.  Extracellular Ca2+ ameliorates NaCl-induced K+ loss from 
Arabidopsis root and leaf cells by controlling plasma membrane K+-permeable 
channels.  Plant Phys  141: 1653-1665. 

Shepherd UH, Bowling DJF. 1979. Sodium fluxes in roots of Eleocharis uniglumis, a 
brackish water species. Plant, Cell and Environment 2: 123-130. 

Shi H, Ishitani M, Kim C, Zhu J-K. 2000. The Arabidopsis thaliana salt tolerance gene 
SOS1 encodes a putative Na+/H+ antiporter. The Proceedings of the National 

Academy of Sciences of the USA 97: 6896-6901. 
Shi H, Kim Y-S, Guo Y, Stevenson B, Zhu J-K. 2003. The Arabidopsis SOS5 locus 

encodes a putative cell surface adhesion protein and is required for normal cell 
expansion. The Plant Cell 15: 19-32. 

Shi H, Quintero FJ, Pardo JM, Zhu J-K. 2002. The putative plasma membrane 
Na+/H+ antiporter SOS1 controls long-distance Na+ transport in plants. Plant Cell 
14: 465-477. 

Shomer-Ilan A, Jones GP, Paleg LG. 1991. In vitro thermal and salt stability of 
pyruvate kinase are increased by proline analogues and trigonelline. Australian 
Journal of Plant Physiology 18: 279-286. 

Shone MGT, Clarkson DT, Sanderson J. 1969. The absorption and translocation of 
sodium by maize seedlings. Planta 86: 301-314. 

 
Sibole JV, Cabot C, Poschenrieder C, Barcelo J. 2003. Efficient leaf ion partitioning, 

an overriding condition for abscisic acid-controlled stomatal and leaf growth 
responses to NaCl salinization in two legumes. Journal of Experimental Botany 
54: 2111-2119. 

Silberbush M, Ben-Asher J. 2001. Simulation study of nutrient uptake by plants from 
soilless cultures as affected by salinity buildup and transpiration. Plant and Soil 
233: 59-69. 

 
 



 

 279 
 

Skopelitis DS, Paranychianakis NV, Paschalidis KA, Pliakonis ED, Delis ID, 

Yakoumakis DI, Kouvarakis A, Papadakis AK, Stephanou EG, Roubelakis-
Angelakis KA.  2006.  Abiotic stress generates ROS that signal expression of 
anionic glutamate dehydrogenases to form glutamate for proline synthesis in 
tobacco and grapevine.  Plant Cell 18: 2767-2781. 

Sottosanto JB, Gelli A, Blumwald E.  2004.  DNA array analyses of Arabidopsis 
thaliana lacking a vacuolar Na+/H+ antiporter: impact of AtNHX1 on gene 
expression.  Plant J  40: 752-771. 

Sottosanto JB, Saranga Y, Blumwald E.  2007.  Impact of AtNHX1, a vacuolar Na+/H+ 
antiporter, upon gene expression during short- and long-term salt stress in 
Arabidopsis thaliana.  BMC Plant Biology  7:18. 

Springer PS. 2000. Gene traps: Tools for plant development and genomics. Plant Cell 

12: 1007-1020.  
Storey R, Schachtman DP, Thomas MR.  2003.  Root structure and cellular chloride, 

sodium and potassium distribution in salinized grapevines.  Plant Cell Env  26: 
789-800. 

Su J, Wu R. 2004. Stress-inducible synthesis of proline in transgenic rice confers faster 
growth under stress conditions than that with constitutive synthesis. Plant Science 
166: 941-948. 

Sugino M, Hibino T, Tanaka Y, Nii N, Takabe T, Takabe T. 1999. Overexpression of 
DnaK from a halotolerant cyanobacterium Aphanothece halophytica acquires 
resistance to salt stress in transgenic tobacco plants. Plant Science 146: 81-88. 

Sulpice R, Tsukaya H, Nonanka H, Mustardy L, Chen THH, Murata N. 2003. 
Enhanced formation of flowers in salt-stressed Arabidopsis after genetic 
engineering of the synthesis of glycine betaine. Plant Journal 36: 165-176. 

Sunarpi, Horie T, Motoda J, Kubo M, Yang H, Yoda K, Horie R, Chan W-Y, Leung 

H-Y, Hattori K, Konomi M, Osumi M, Yamagami M, Schroeder JI, Uozumi 
N.  2005.  Enhanced salt tolerance mediated by AtHKT1 transporter-induced Na+ 
unloading from xylem vessels to xylem parenchyma cells.  Plant J  44: 928-938. 

Sundaresan V, Springer P, Volpe T, Haward S, Jones JDG, Dean C, Ma H, 
Martienssen R.  1995.  Patterns of gene action in plant development revealed by 
enhancer trap and gene trap transposable elements.  Genes and Development  9: 
1797-1810. 

Sunkar R, Chinnusamy V, Zhu J, Zhu J-K.  2007.  Small RNAs as big players in plant 
abiotic stress responses and nutrient deprivation.  Trends Plant Sci  12: 301-309. 

Sweetman JP, Chu C, Qu N, Greenland AJ, Sonnewald U, Jepson I. 2002. Ethanol 
vapour is an efficient inducer of the alc gene expression system in model and crop 
plant species. Plant Physiology 129: 943-948. 

Szczerba MW, Britto DT, Kronzucker HJ.  2006.  The face value of ion fluxes: the 
challenge of determining influx in the low-affinity transport range.  Journal of 
Experimental Botany  57: 3293-3300. 

Taji T, Seki M, Satou M, Sakurai T, Kobayashi M, Ishiyama K, Narusaka Y, 
Narusaka M, Zhu J-K, Shinozaki K. 2003. Comparitive genomics in salt 
tolerance between Arabidopsis and Arabidopsis-related halophyte salt cress using 
Arabidopsis microarray. Plant Physiology 135: 1697-1709. 



 

 280 
 

Takano J, Miwa K, Yuan L, von Wiren N, Fujiwara T.  2003.  Endocytosis and 
degradation of BOR1, a boron transporter of Arabidopsis thaliana, regulated by 
boron availability.  PNAS 102: 12276-12281. 

Tester M, Davenport R. 2003. Na+ tolerance and Na+ transport in higher plants. Annals 
of Botany 91: 503-527. 

Tester M, Leigh RA. 2001. Partitioning of transport processes in roots. Journal of 
Experimental Botany, 52 (Roots Special Issue): 445-457. 

Tomsett B, Tregova A, Garoosi A, Caddick M. 2004. Ethanol-inducible gene 
expression: first step towards a new green revolution? Trends in Plant Science 9: 
159-161. 

Topping JF, Agyeman F, Henricot B, Lindsey K. 1994. Identification of molecular 
markers of embryogenesis in Arabidopsis thaliana by promoter trapping. Plant 
Journal 5: 895-903.  

Topping JF, Lindsey K. 1997. Promoter trap markers differentiate structural and 
positional components of polar development in Arabidopsis. Plant Cell 9: 1713-
1725.  

Trewavas AJ, Malho R. 1997. Signal perception and transduction: the origin of the 
phenotype. Plant Cell 9: 1181-1195. 

Tyerman SD, Skerrett M. 1999. Root ion channels and salinity. Scientiae Horticulturae 
78: 175-235. 

Urano K, Yoshiba Y, Nanjo T, Ito T, Yamaguchi-Shinozaki K, Shinozaki K. 2004. 
Arabidopsis stress-inducible gene for arginine decarboxylase AtADC2 is required 
for accumulation of putrescine in salt tolerance. Biochemical and Biophysical 

Research Communications 313: 369-375. 
Viehveger K, Dordschbal B, Roos W. 2002. Elicitor-activated phospholipase A2 

generates lysophosphatidylcholines that mobilize the vacuolar H+ pool for pH 
signaling via the activation of Na+-dependent proton fluxes. Plant Cell 14: 1509-
1525. 

Vitart V, Baxter I, Doerner P, Harper JF. 2001. Evidence for a role in growth and salt 
resistance of a plasma membrane H+-ATPase in the root endodermis. Plant 
Journal 27: 191-201. 

Volkov V, Amtmann A.  2006.  Thellungiella halophila, a salt-tolerant relative of 
Arabidopsis thaliana, has specific root ion-channel features supporting K+/Na+ 
homeostasis under salinity stress.  Plant J  48: 342-353. 

Volkov V, Wang B, Dominy PJ, Fricke W, Amtmann A. 2003. Thellungiella 
halophila, a salt-tolerant relative of Arabidopsis thaliana, possesses effective 
mechanisms to discriminate between potassium and sodium. Plant, Cell and 
Environment 27: 1-14. 

Vreugdenhil D, Claassens MMJ, Verhees J, van der Krol AR, van der Plas LHW.  
2006.  Ethanol-inducible gene expression: non-transformed plants also respond to 
ethanol.  Trends Plant Sci  11: 9-11. 

 Walia H, Wilson C, Wahid A, Condamine P, Cui X, Close TJ.  2006.  Expression 
analysis of barley (Hordeum vulgare L.) during salinity stress.  Funt Integr 
Genomics  6: 143-156. 

 



 

 281 
 

Walia H, Wilson C, Condamine P, Liu X, Ismail AM, Zeng L, Wannamaker SI, 
Mandal J, Xu J, Cui X, Close TJ.  2005.  Comparative transcriptional profiling 
of two contrasting rice genotypes under salinity stress during the vegetative 
growth stage.  Plant Phys  139: 822-835. 

Wang B, Davenport RJ, Volkov V, Amtmann A.  2006.  Low unidirectional sodium 
influx into root cells restricts net sodium accumulation in Thellungiella halophila, 
a salt-tolerant relative of Arabidopsis thaliana.  J Ex Bot  57: 1161-1170. 

Wang H, Miyazaki S, Kawai K, Deyholos M, Galbraith DW, Bohnert HJ. 2003. 
Temporal progression of gene expression responses to salt shock in maize roots. 
Plant Molecular Biology 52: 873-891. 

Wang H, Qi M, Cutler AJ.  1993.  A simple method of preparing plant samples for 
PCR.  Nucleic Acids Research 21: 4153-4154. 

Wang R, Zhou X, Wang X. 2003. Chemically regulated expression systems and their 
applications in transgenic plants.  Transgenic Research 12: 529-540. 

Wang Z-L, Li P-H, Fredricksen M, Gong Z-Z, Kim CS, Zhang C, Bohnert HJ, Zhu, 
J-K Bressan RA, Hasegawa PM, Zhao Y-X, Zhang H. 2004. Expressed 
sequence tags from Thellungiella halophila, a new model to study plant salt-
tolerance. Plant Science 166: 609-616. 

Watson R, Pritchard J, Malone M. 2001. Direct measurement of sodium and potassium 
in the transpiration stream of salt-excluding and non-excluding varieties of wheat. 
Journal of Experimental Botany 52: 1873-1881. 

Wegner LH, Raschke K. 1994. Ion channels in the xylem parenchyma of barley roots. 
Plant Physiology 105: 799-813. 

Wegner LH, Sattelmacher B, Läuchli A, Zimmermann U. 1999. Trans-root potential, 
xylem pressure, and cortical membrane potential of ‘low-salt’ maize as influenced 
by nitrate and ammonium. Plant, Cell and Environment 22: 1549-1558. 

Wei J-Z, Tirajoh A, Effendy J, Plant AJ. 2000. Characterization of salt-induced 
changes in gene expression in tomato (Lycopersicon esculentum) roots and the 
role played by abscisic acid. Plant Science 159: 135-148. 

Wei W, Bilsborrow PE, Hooley P, Fincham DA, Lombi E, Forster BP. 2003. Salinity 
induced differences in growth, ion distribution and partitioning in barley between 
the cultivar Maythorpe and its derived mutant Golden Promise. Plant and Soil 
250: 183-191. 

Wei W, Twell D, Lindsey K. 1997. A novel nucleic acid helicase gene identified by 
promoter trapping in Arabidopsis. Plant Journal 11: 1307-1314. 

Weigel D, Glazebrook J.  2006.  Transformation of Agrobacterium using the freeze-
thaw method.  CSH Protocols doi: 10.1101/pdb.prot4666.  

Weinmann P, Gossen M, Hillen W, Bujard H, Gatz C. 1994. A chimeric transactivator 
allows tetracycline-responsive gene expression in whole plants. Plant Journal 5: 
559-569. 

White PJ, Broadley MR. 2001. Chloride in soils and its uptake and movement within 
the plant: a review. Annals of Botany 88: 967-988. 

White PJ, Davenport RJ. 2002. The voltage-independent cation channel in the plasma 
membrane of wheat roots is permeable to divalent cations and may be involved 
in cytosolic Ca2+ homeostasis. Plant Physiology 130: 1386-1395. 



 

 282 
 

White PJ. 1996. The permeation of NH4
+ through a voltage-independent K+ channel in 

the plasma membrane of rye roots. Journal of Membrane Biology 152: 89-99. 
White PJ. 1999. The molecular mechanism of sodium influx to root cells. Trends in 

Plant Sciences 4: 245-246. 
Wieland J, Nitsche AM, Strayle J, Steiner H, Rudolph HK.  1995.  The PMR2 gene 

cluster encodes functionally distinct isoforms of a putative Na+ pump in the yeast 
plasma membrane.  EMBO J  14: 3870-3882. 

Wilson C, Shannon MC. 1995. Salt-induced Na+/H+ antiport in root plasma membrane 
of a glycophytic and halophytic species of tomato. Plant Science 107: 147-157. 

Wimmers LE, Ewing NN, Bennett AB. 1992. Higher plant Ca2+-ATPase: primary 
structure and regulation of mRNA abundance by salt. Proceedings of the National 

Academy of Sciences USA 89: 9205-9209. 
Winter E. 1982. Salt tolerance of Trifolium alexandrinum L. III. Effects of salt on 

ultrastructure of phloem and xylem transfer cells in petioles and leaves. 
Australian Journal of Plant Physiology 9: 227-237. 

Wolf O, Munns R, Tonnet ML, Jeschke WD. 1991. The role of the stem in the 
partitioning of Na+ and K+ in salt-treated barley. Journal of Experimental Botany 
42: 697-704. 

Wu C, Li X, Yuan W, Chen G, Kilian A, Li J, Xu C, Li X, Zhou D-X, Wang S, 
Zhang Q. 2003. Development of enhancer trap lines for functional analysis of the 
rice genome. Plant Journal 35: 418-427. 

Wu C-A, Yang G-D, Meng Q-W, Zheng C-C.  2004.  The cotton GhNHX1 gene 
encoding a novel putative tonoplast Na+/H+ antiporter plays an important role in 
salt stress.  Plant Cell Physiol  45: 600-607. 

Wu S-J, Ding L, Zhu J-K.  1996.  SOS1, a genetic locus essential for salt tolerance and 
potassium acquisition.  Plant Cell  8: 617-627. 

Xiong L, Schumaker KS, Zhu J-K. 2002. Cell signaling during cold, drought, and salt 
stress. Plant Cell Supplement 2002: S165-S183. 

Xu D, Duan X, Wang B, Hong B, Ho T-HD, Wu R. 1996. Expression of a late 
embryogenesis abundant protein gene, HVA1, from barley conferred tolerance to 
water deficit and salt stress in transgenic rice. Plant Physiology 110: 249-257. 

Xu J, Li H-D, Chen L-Q, Wang Y, Liu L-L, He L, Wu W-H.  2006.  A protein kinase, 
interacting with two calciueurin B-like proteins, regulates K+ transporter AKT1 in 
Arabidopsis.  Cell  125: 1347-1360. 

Xue Z-Y, Zhi D-Y, Xue G-P, Zhang H, Zhao Y-X, Xia G-M. 2004. Enhanced salt 
tolerance of transgenic wheat (Triticum aestivum L.) expressing a vacuolar 
Na+/H+ antiporter gene with improved grain yields in saline soils in the field and a 
reduced level of leaf Na+. Plant Science 167: 849-859. 

Yadav R, Flowers TJ, Yeo AR. 1996. The involvement of the transpirational bypass 
flow in sodium uptake by high- and low-sodium-transporting lines of rice 
developed through intravarietal selection. Plant, Cell and Environment 19: 329-
336. 

Yamaguchi T, Apse MP, Shi H, Blumwald E. 2003. Topological analysis of a plant 
vacuolar Na+/H+ antiporter reveals a luminal C terminus that regulates antiporter 
cation selectivity. The Proceedings of the National Academy of Science of the 

USA 100: 12510-12515. 



 

 283 
 

Yamamoto YY, Tsuhara Y, Gohda, K, Suzuki K, Matsui M. 2003. Gene trapping of 
the Arabidopsis genome with a fly luciferase reporter. Plant Journal 35: 273-283. 

Yeo AR, Flowers SA, Rao G, Welfare K, Senanayake N, Flowers TJ. 1999. Silicon 
reduces sodium uptake in rice (Oryza sativa L.) in saline conditions and this is 
accounted for by a reduction in the transpirational bypass flow. Plant, Cell and 

Environment 22: 559-565. 
Yeo AR, Flowers TJ. 1985. The absence of an effect of the Na/Ca ratio on sodium 

chloride uptake by rice. New Phytologist 99: 81-90. 
Yeo AR, Flowers TJ.  1982.  Accumulation and localisation of sodium ions with the 

shoots of rice (Oryza sativa) varieties differing in salinity resistance.  Physiologia 
Plantaum  56: 343-348. 

Yeo AR, Kramer D, Läuchli A, Gullasch J. 1977. Ion distribution in salt-stressed 
mature Zea mays roots in relation to ultrastructure and retention of sodium. 
Journal of Experimental Botany 28: 17-29. 

Yeo AR, Yeo ME, Flowers TJ. 1987. The contribution of an apoplastic pathway to 
sodium uptake by rice roots in saline conditions. Journal of Experimental Botany 
38: 1141-1153. 

Yokoi S, Quintero FJ, Cubero B, Ruiz MT, Bressan RA, Hasegawa PM, Pardo JM.  
2002.  Differential expression and function of Arabidopsis thaliana NHX Na+/H+ 
antiporters in the salt stress response.  Plant J  30: 529-539. 

Yu J, Hu S, Wang J, Wong G K-S, Li S, Liu B, Deng Y, Dai L, Zhou Y, Zhang X, et 
al. 2002. A draft sequence of the rice genome (Oryza sativa L. ssp. indica). 
Science 296: 79-92. 

Zahran HH, Marin-Manzano MC, Sanchez-Raya AJ, Bedmar EJ, Venema K, 
Rodriguez-Rosales MP.  2007.  Effect of salt stress on the expression of NHX-
type ion transporters in Medicago intertexta and Melilotus indicus plants.  Phys 
Plant  131: 122-130. 

Zeng L, Kwon T-R, Liu X, Wilson C, Grieve CM, Gregorio GB.  2004.  Genetic 
diversity analyzed by microsatellite markers among rice (Oryza sativa L.) 
genotypes with different adaptations to saline soils.  Plant Science  166: 1275-
1285. 

Zhang H-X, Bumwald E. 2001. Transgenic salt-tolerant tomato plants accumulate salt in 
foliage but not in fruit. Nature Biotechnology 19: 765-768. 

Zhang H-X, Hodson JN, Williams JP, Blumwald E. 2001. Engineering salt-tolerant 
Brassica plants: Characterization of yield and seed oil quality in transgenic plants 
with increased vacuolar sodium accumulation. Proceedings of the National 
Academy of Sciences USA 98: 12832-12836. 

Zhang J-S, Xie C, Li Z-Y, Chen S-Y. 1999. Expression of the plasma membrane H+-
ATPase gene in response to salt stress in a rice salt-tolerant mutant and its original 
variety. Theoretical and Applied Genetics 99: 1006-1011. 

Zhao F-Y, Zhang X-J, Li P-H, Zhao Y-X, Zhang H.  2006.  Co-expression of the 
Suaeda salsa SsNHX1 and Arabidopsis AVP1 confer greater salt tolerance to 
transgenic rice than the single SsNHX1.  Mol Breeding  17: 341-353. 

Zhu J-K, Liu J, Xiong L. 1998. Genetic analysis of salt tolerance in Arabidopsis: 
evidence for a critical role of potassium nutrition. Plant Cell 10: 1181-1191. 

Zhu J-K. 2001. Plant salt tolerance. Trends in Plant Sciences 6: 66-71. 



 

 284 
 

Zhu J-K. 2002. Salt and drought stress signal transduction in plants. Annual Reviews of 

Plant Biology 53: 247-273. 
Zidan I, Jacoby B, Ravina I, Neumann PM. 1991. Sodium does not compete with 

calcium in saturating plasma membrane sites regulating 22Na influx into salinized 
maize roots. Plant Physiology 96: 331-334. 

Zorb C, Noll A, Karl S, Leib K, Yan F, Schubert S.  2005.  Molecular characterization 
of Na+/H+ antiporters (ZmNHX) of maize (Zea mays L.) and their expression 
under salt stress.  J Plant Phys  162: 55-66. 

Zuo J, Niu QW, Chua NH. 2000. An estrogen receptor-based transactivator XVE 
mediates highly inducible gene expression in transgenic plants. Plant Journal 24: 
265-273. 

Zuo JR, Niu QR, Moller SJ, Chua NH. 2001. Chemical-regulated, site-specific DNA 
excision in transgenic plants. Nature Biotechnology 19: 157-161. 


	APPENDIX I: PRIMERS
	APPENDIX II: EXTRA VECTORS
	APPENDIX III: MEDIA
	APPENDIX IV: Cl-, Mg2+ AND Ca2+ XRMA RESULTS
	REFERENCES

