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/ Abstract \

Performing genome-wide association mapping (GWAM), we identified and estimated effects
of loci underlying quantitative resistance to barley stripe rust, caused by Puccinia
striiformis f.sp. hordei (Psh). Barley stripe rust occur worldwide and is a major disease in
South Asia. The 261 barley genotypes of the Hi-AM panel consisting of germplasm from
North and South America, Europe, Australia and from ICARDA barley breeding program were
screened for Psh resistance at seedling and adult plant stages. Seedling resistance was
evaluated with the five prevalent Psh races in India. Screening for the adult plant stage
resistance was also performed in two different locations by inoculating with a mixture of

ﬂe GWAM analyses at SRT identified 45 QTL located across the seven barley chromosomQ
(Table 2). The marker R? ranged from4.25%to 6.56% (Table 2). The race specific QTL
detected for SRT explained together the 41.77 % (Race Q),50.1% (Race 24), 36.42% (Race
57), 53.0% (Race G), and 49.84% (Race M) of phenotypic variance, respectively. GWAM for
APS showed 18 QTL using phenotypic data from two locations and during two seasons
(Table 3). The markers R? ranged from 4.54 to 8.11% for APS (Table 3). A QTL located on
chromosome 5H was found consistantly stable across seasons and environments.
Phenotypic variance explained by QTL detected in case of APS was 15.35% for Dg13,
36.79% for Dg14 and 45.82% for Kr14.
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Materials and Methods ThoIm D = OZ OB E T
The 261 spring barley genotypes of the Hi-AM panel (172 two-row and 89 six-row types), | |==;/ o= s = o e am wa
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(150), and G (450) were performed by the Indian Institute of Wheat and Barley Research | |- o o o2 S e o
(IIWBR), RS Shimla, India. The adult plant stage (APS) screening for Hi-AM were done at ' | | | |
lIWBR, Karnal and RARI Jaipur, in India. The panel was genotyped DaRT-Seq platform
(Diversity Array Technology Pty Ltd, DaRT P/L). Markers quality control of the initial
dataset was conducted by removing heterozygous and monomorphic markers and markers
with minor allele frequencies (MAF) < 5% and markers with missing data > 10%. Population
structure was firstly determined using STRUCTURE version 2.3.4 (Pritchard et al., 2000).
Additionally, the adegenet package for R statistical software (The R Development core
team) was used to confirm the number of sub-populations by the Bayesian Information
Criterion (BIC). Finally, on the base of PCA results, genotypes were assighed to subgroups
or considered admixed on the base of 80% membership criterion. Linkage disequilibrium
(LD) was estimated with Tassel software V 5.2.32 (Bradbury et al., 2007) using a subset of

Amongst the QTL detected, 8 QTL were significant for two races. The QTL on chromosome
5H (cM 137.08), overlaps with a QTL for resistance at SRT for the race M. Furthermore,
other 2 QTL detected for APS are located on chromosome 2H at the same position of QTL
detected for resistance at SRT for race G. Similarly another QTL for APS located on
chromosome 6H overlaps with OTL for SRT for race Q (Table 4). Out of the 45 QTL identified
for resistance at SRT, 15 were coincident with prior reports Those QTL were reported from
different barley germplasm and different Psh races. For Psh resistance at the APS stage
using different germplasm and races, only 3 out of the 18 QTL detected, are coincident with
previous reports (data not shown).
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The 6-row genotypes are spread across the three subgroups representing the 53% (Q1), 26%
(Q2), and 45% (Q3) of the total number of genotypes for each subpopulation, respectively.
The scatter plots of LD (R2) as a function of the inter-marker distance (cM) within the
same chromosome for all genotypes indicated a clear LD decay at 4 cM (R2 = 0.18) with
genetic distance.
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FIGURE 1 | Poputétion structure and linkage disequilibrium. {(A) Prncipal component analysis of the HI-AM panel. (B) The proportion of the genome of each individual
onginating from each infermred sub-population, a total of 3 and, each color represent a single sub-population.
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source of quantitative resistance and, if validated they can be introgressed in breeding
materials, through MAS, to combine both qualitative and quantitative resistance.
Qualitative resistance mechanisms have been extensively studied in terms of genomic
location and specificity while mechanisms underlying quantitative resistance still to be
clarified. Expanding the catalog of mapped QTL for stripe rust resistance and its validation
represent an important step toward the application of MAS for the introgression and
pyramiding of resistance genes in new barley cultivars. In this work, novel QTL for Psh
resistance at SRT and adult plant stages were identified which could be helpful in
dissection the resistance mechanism to this pathogen. New QTL need to be validated for
their diversity, effectiveness in different genetic background and with more races of Psh
existing in other regions of the world to ensure their use for introgression in barley
germplasm or for MAS globally.
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