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Barley spot blotch caused by Cochliobolus sativus (Bipolaris sorokiniana) is one of the

major constrains to barley production worldwide in warmer regions. This study was

undertaken to identify and estimate effects of loci underlying quantitative resistance to

spot blotch at seedling and adult plant stages. A panel of 261 barley genotypes (HI-AM)

consisting of released cultivars from North and South America, Europe, Australia, advanced

breeding lines, and landraces from ICARDA, was screened for resistance to spot blotch.

Seedling resistance screening was conducted using two most virulent isolates from Morocco

(ICSB and SB54), while adult plant resistance was assessed at two hot spot locations

(Faizabad and Varanasi) in India under artificial inoculation using a mixture of prevalent

isolates. Both GLM and MLM model were employed in Tassel using principal component

analysis and Kinship Matrix as covariates. Genome wide association mapping indicated a

total of 23 QTL at seedling stage (14 for isolate ICSB and 9 for isolate SB54), while 15 QTL

were detected for adult plant resistance (6 at Faizabad and 9 at Varanasi). Common QTL at

seedling and adult plant stages were found across all barley chromosomes. QTL detected

explained together the 73.24% of the variance for seedling resistance to isolate ICSB and

49.26% for isolate SB54. QTL for adult plant resistance explained together 38.32% and

44.09% at Faizabad and Varanasi, respectively. Several QTL identified in this study were

also reported before in bi-parental and association mapping populations studies supporting

our results. The promising QTL detected at both stages, once validated, can be used for

MAS in spot blotch resistance breeding program globally.
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GWAM for APS showed a total of 15 QTL using phenotypic data from two locations (Faizabad

and Varanasi). Six QTL located on chromosomes 1H, 2H, 4H and 6H were detected

analyzing data collected in Faizabad. Markers R2 ranged from 4.64% and 9.85% explaining

38.32% of the total phenotypic variance. Results from Varanasi show 9 QTLs located on

chromosomes 2H, 3H, 4H, 5H and 7H with R2 between 4.44% and 5.84% and explaining

44.09% of the total phenotypic variance. Overlapping QTL at SRT were found between

isolates ICSB and SB54, the QTL were located on chromosomes 3H (2 cM and 133 cM,

respectively), 6H (17 cM) and 7H (116 cM). Furthermore we also found the QTL

SRT_ICSB_11 for SRT located on chromosome 7H (10cM; ) overlaps with a QTL for APS

located on the same chromosome at 12.75 cM (APS_War_9).

Performing GWAS for spot blotch at SRT, the best model fitting was GLM procedure using

PCA for accounting population structure and relatedness, when analyzing data for isolate

SB54 using both PAVs and SNPs markers sets. On the other hand analyzing data for isolate

ICSB GLM + PCA was again the best model fitting using the SNPs marker set, while the MLM

procedure using Q+PCA model was the best one fitting using the PAVs marker set.

Spot blotch is major concern for barley in South Asia including China, Nepal, Pakistan, and

the humid north eastern regions of India (Kumar et al. 2007; Chand et al. 2008; Singh et al.

2009; Vaish et al. 2011; Prasad et al. 2013). Spot blotch is also considered a serious threat

to barley in the upper Midwest of the USA and prairie provinces of Canada (Clark 1979;

Ghazvini and Tekauz 2007) and recently in warmer regions of north Africa, especially in

Morocco. The main aim of this study was to identify and estimate effects of loci underlying

quantitative resistance to spot blotch at seedling and adult plant stages. We used an

association mapping panel (Hi-AM) of 261 (172 two-row and 89 six-row types) barley

genotypes consisting of germplasm from North and South America, Europe, Australia and

from ICARDA barley breeding program. Adult-plant stage (APS) screening was done at two

locations (Faizabad and Varanasi) in India using mixture of the prevalent isolates in the

region while seedling resistance test done at ICARDA (Rabat, Morocco) using isolates ICSB

and SB54).The panel was genotyped with DaRTSeq platform (Diversity Array Technology Pty

Ltd, DaRT P/L) and population structure and LD were assessed as already reported by

Visioni et al. (2018; see poster PE1056). GWAM was performed using both General Linear

Model(GLM) and Mixed Linear Model (MLM) methods.
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Figure 1. Population structure and Linkage disequilibrium decay 
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Figure 2. QQ plots of marker-trait association at 

SRT stage for:  (a) Isolate SB54 using PAVs 

markers set (GLM+PCA); (b) isolate SB54 using 

SNPs markers set (GLM+PCA); (c) isolate ICSB 

using PAVs markers set (MLM PCA+K); (d) isolate 

ICSB using SNPs markers set (GLM+PCA). The 

black line is the expected line under the null 

distribution.

Figure 3. QQ plots of marker-trait association at APS 
using (a) PAVs markers set and the GLM+PCA 
procedure (b) SNPs markers set and GLM+ PCA 
procedure.  The black line is the expected line under 
the null distribution.

Results of genome scans for isolate SB54 showed 9 QTL again located on chromosomes

1H, 3H, 4H, 6H and 7H (Table 1). Markers R2 for isolate SB54 ranged from 4.53% to 6.82

% and the total phenotypic variance explained by QTL was 49.26%.The GWAM analyses

at SRT for ICSB identified 14 QTL located on chromosomes 1H, 3H, 4H, 6H and 7H

(Table 1) with markers R2 ranging from 4.32% to 7.79 % (Table 1). The QTL detected for

isolate ICSB at SRT explained together the 72% of phenotypic variance. Performing

GWAS for APS resistance to spot blotch using both PAVs and SNPs markers sets the best

model fitting was GLM procedure using PCA for accounting population structure and

relatedness.

Table 1. Results of GWAM for spot blotch resistance at SRT

Table 2. Results of GWAM for spot blotch resistance at APR

QTL identified in this study may represent an interesting 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 spot blotch 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 spot blotch 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 spot blotch isolates existing in other regions of the

world to ensure their use for introgression in barley germplasm or for MAS globally.
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