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Abstract 

Drought stress can occur at any growth stage and can affect crop productivity, which can 

result in large yield losses all over the world. In this respect, understanding the genetic 

architecture of agronomic traits under drought stress is essential for increasing crop yield 

potential and harvest. In the present study, worldwide spring barley accessions were 

exposed to drought stress beginning from the early reproductive stage with 35% field 

capacity under field conditions. Drought stress had significantly reduced the agronomic 

and yield-related traits such as spike length, awn length, spikelet per spike, grains per 

spike and thousand kernel weight. To unravel the genetic factors underlying drought 

tolerance at the early reproductive stage, genome-wide association scan (GWAS) was 

performed using 121 spring barley accessions and a 9K single nucleotide polymorphisms 

(SNPs) chip. A total number of 101 significant SNPs, distributed over all seven barley 

chromosomes, were found to be highly associated with the studied traits, of which five 

genomic regions were associated with candidate genes at chromosomes 2H and 3H. On 

chromosome 2H, the region between 6469300693-647258342 bp includes two candidate 

drought-specific genes (HORVU2Hr1G091030 and HORVU2Hr1G091170), which are 

highly associated with spikelet and final grain number per spike under drought stress 

conditions. Interestingly, the gene expression profile shows that the candidate genes were 

highly expressed in spikelet, grain, spike and leaf organs, demonstrating their pivotal role 

in drought tolerance. To the best of our knowledge, we reported the first detailed study 

that used GWAS with bioinformatic analyses to define the causative alleles and putative 

candidate genes underlying grain yield-related traits under field drought conditions in 

diverse barley germplasm. The identified alleles and candidate genes represent valuable 

resources for future functional characterization towards the enhancement of barley 

cultivars for drought tolerance.  
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