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ABSTRACT

ABSTRACT
Salinity is a major abiotic stress reducing crop productivity around the world.
Mechanisms of salt tolerance are still largely unknown, and more work is needed to
unravel the systems plants use to tolerate toxic levels of salt in their growing
environment. The diploid species barley is relatively salt tolerant and therefore represents
a useful model for studying salinity tolerance in the cereals. The ability to exclude Na"
from the shoot is one component of salinity tolerance, and can be studied by measuring
Na" accumulation in the shoot using ICPOES (inductively coupled plasma optical

emission spectrometer) or flame photometry.

A population of 150 barley doubled-haploid (DH) lines generated from a cross between
Australian cultivar Clipper and the Algerian landrace Sahara 3771 was developed at the
Waite Campus of the University of Adelaide. Four separate soil-based experiments by
three researchers found that this population segregated for Na" accumulation in the shoot,
and that this trait was controlled by a major QTL (quantitative trait locus) on the long arm
of chromosome 1H, which was named HvNax3 (Chapter 3). The locus accounted for 80,
84, 77 and 40% of the total variation in shoot Na" concentration in these experiments.
Interestingly, another experiment revealed no Na™ accumulation effect of this QTL at all
(Quinn, 2003), indicating that expression of the QTL was strongly dependent on the
environmental conditions. Considering the phenotype distribution of non-recombinants
for the HvNax3 interval and the phenotype distribution of recombinants, it was possible

to map HvNax3 as a Mendelian locus.

Sequences of markers in the HvNax3 region were used to identify a 6.6 Mb
corresponding interval on rice chromosome 5 (Chapter 4). Co-linearity between the rice
and barely genomes was used to identify barley ESTs and rice genes to generate new
CAPS markers in the HvNax3 region. Mapping and polymorphisms surveys with the
marker fragments suggested that the HvNax3 region is a region of high recombination
frequency but low polymorphism. Mapping newly generated markers reduced the interval
on rice chromosome 5 to about 2 Mb. Comparative mapping revealed that co-linearity

was interrupted by duplication, inversions and transpositions. The existence of these
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ABSTRACT

inversions and the low polymorphism frequency in this region hampered the generation

of markers.

Experiments in hydroponics, sand and soils were carried out to characterize the effect of
the HvNax3 locus on Na', K accumulation in organs or whole shoot (Chapter 5). The
experiments were conducted in growth chambers, glasshouse and in the field. Individual
organs or the whole shoot were analysed using flame photometry or ICPOES. Conditions
under which the HvNax3 was expressed were identified, and one such setup was used in a

subsequent exercise to fine-map the locus.

HvNax3 was fine-mapped using an F, population of 125 plants developed by crossing
two Clipper x Sahara (CS) doubled haploid lines (Chapter 6). The HvNax3 genotypes of
the eleven F, recombinants were determined by scoring F; progeny families for shoot
Na" accumulation and markers. The combined information was used to further delimit
HvNax3 to a 2.8 ¢cM marker interval in barley and a corresponding interval in rice of 222
kb on rice chromosome 5. Marker HvCLP, a close homologue of AtSOS3 which
contributes to salinity tolerance in Arabidopsis, co-segregated perfectly with the HvNax3

locus, and was therefore considered as a plausible candidate for the HvNax3 gene.

HvCLP RNA expression was studied using Clipper (Na" excluder) and Sahara (Na" non-
excluder) parents; CS DH line 134, Golden promise and BC,F, derived sib lines carrying
contrasting HvNax3 alleles (Chapter 7). These studies revealed that HvCLP expression
was higher in Clipper than Sahara and higher in root than shoot. However, further
experiments on BC F;-derived lines suggested that the HvCLP alleles do not differ

inherently in their expression levels.

BAC (bacterial artificial chromosomes) clones containing candidate genes were
identified and full length ¢cDNA and genomic sequences of the HvSOS3 homologue
(HvCLP) from Clipper and Sahara were obtained using 5 RACE PCR and
polymorphisms were identified (Chapter 7). One amino acid difference (Alanine to

Threonine) was identified between the Clipper and Sahara sequences, which could
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potentially account for phenotypic differences (Na' exclusion) between the Sahara (non-
excluding) and Clipper (excluding) HvNax3 alleles, consistent with HvCLP being the
HvNax3 gene. 3D modelling of the Clipper and Sahara HvSOS3 proteins using the
known Arabidopsis SOS3 structure as a template indicated that the overall shape and the
distribution of the secondary structure elements were highly conserved in these proteins

(Appendix C).

Twenty-four BC,F, -derived lines containing mostly a Clipper genetic background, but
homozygous for either the Clipper or Sahara allele of HvNax3 (12 of each type), were
generated. In two field trial sites in South Australia, the lines carrying the HvNax3 Clipper
allele averaged 48.5 and 38% less leaf Na" accumulation and 30 and 18.5% more grain yield,
than the lines carrying the Sahara allele, respectively. Therefore, the Na™ exclusion HvNax3
allele appears to have considerable value for improving the salinity tolerance of barley in
commercial South Austrian field conditions. This gene could be better utilized in breeding
programs by using the linked PCR markers to select for the gene, or could be used to

engineer tolerant varieties by transformation.
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