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Table 1. Modern European two-row spring barleyieais studied in this research and their membership
percentages to sub-populations

) Q Value ) Q Value
No Cultivar No Cultivar
Q1 Q2 Q1 Q2

1 ABED4611 0.002 0.998 46 CULMA 0.356 0.644
2 ABED5193 0.037 0.963 a7 DECANTER 0.998 0.002
3 ABELONE 0.997 0.003 48 DELIBES 0.998 0.002
4 ADELE 0.997 0.003 49 DERKADO 0.842 0.158
5 AKITA 0.003 0.997 50 DIALOG 0.998 0.002
6 ALABAMA 0.537 0.463 51 DIGGER 0.006 0.994
7 ALANIS 0.998 0.002 52 ENIGMA 0.998 0.002
8 ALBRIGHT 0.032 0.968 53 ESCORT 0.997 0.003
9 ALEXIS 0.096 0.904 54 ETNA 0.044 0.956
10 ALLIOT 0.013 0.987 55 EVELYN 0.301 0.699
11 ANNABELL 0.503 0.497 56 EXTRACT 0.064 0.936
12 ANNASOFI 0.491 0.509 57 FERMENT 0.005 0.995
13 APEX 0.002 0.998 58 FUSION 0.998 0.002
14 ARAVIS 0.039 0.961 59 GANT 0.078 0.922
15 ARDILA 0.45 0.55 60 GESINE 0.002 0.998
16 ARIEL 0.002 0.998 61 GIVE 0.011 0.989
17 ASPEN 0.163 0.837 62 GOLDIE 0.002 0.998
18 ASTORIA 0.996 0.004 63 HANKA 0.002 0.998
19 BARKE 0.994 0.006 64 HENNI 0.999 0.001
20 BELLA 0.567 0.433 65 HERON 0.983 0.017
21 BERETA 0.01 0.99 66 HYDROGEN 0.998 0.002
22 BLENHEIM 0.432 0.568 67 JACINTA 0.998 0.002
23 BOND 0.079 0.921 68 JAREK 0.043 0.957
24 BRENDA 0.002 0.998 69 JERSEY 0.027 0.973
25 BREWSTER 0.998 0.002 70 JILL 0.004 0.996
26 BRISE 0.675 0.325 71 KORINNA 0.441 0.559
27 BRITTA 0.007 0.993 72 KRONA 0.002 0.998
28 CADEAU 0.008 0.992 73 LAMBA 0.35 0.65
29 CAMANT 0.992 0.008 74 LENKA 0.003 0.997
30 CAMINANT 0.999 0.001 75 LIBELLE 0.416 0.584
31 CANUT 0.082 0.918 76 LIMBO 0.428 0.572
32 CARUSO 0.997 0.003 77 LINUS 0.443 0.557
33 CASKANT 0.024 0.976 78 LISBET 0.725 0.275
34 CECILIA 0.995 0.005 79 LOMA 0.057 0.943
35 CENTURY 0.802 0.198 80 LUX 0.003 0.997
36 CHALICE 0.013 0.987 81 LYSIMAX 0.429 0.571
37 CHAMANT 0.002 0.998 82 MADONNA 0.002 0.998
38 CHARIOT 0.006 0.994 83 MADRAS 0.009 0.991
39 CHARLOTT 0.997 0.003 84 MANDOLIN 0.005 0.995
40 CHARON 0.01 0.99 85 MARESI 0.003 0.997
41 CHRISTIA 0.118 0.882 86 MARINA 0.011 0.989
42 CICERO 0.993 0.007 87 MAUD 0.004 0.996
43 COLLIE 0.748 0.252 88 MELTAN 0.997 0.003
44 COOPER 0.998 0.002 89 MENTOR 0.002 0.998
45 CORK 0.073 0.927 90 MERETE 0.994 0.006
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Table 1. Continued

aalol -V Jgo

) Q Value ) Q Value
No Cultivar No Cultivar
Q1 Q2 Q1 Q2
91 MIE 0.004 0.996 117 RICARDA 0.514 0.486
92 MIRALIX 0.996 0.004 118 RIGA 0.002 0.998
93 NERUDA 0.675 0.325 119 ROXANA 0.972 0.028
94 NEVADA 0.993 0.007 120 SABEL 0.008 0.992
95 NIZZA 0.996 0.004 121 SALOON 0.006 0.994
96 ODIN 0.692 0.308 122 SCARLETT 0.003 0.997
97 OPTIC 0.667 0.333 123 SENOR 0.51 0.49
98 OPTIMA 0.997 0.003 124 SHAMU 0.018 0.982
99 ORTHEGA 0.216 0.784 125 SJ5095 0.398 0.602
100 OTIRA 0.998 0.002 126 STATIC 0.01 0.99
101 PALOMA 0.983 0.017 127 STEFFI 0.059 0.941
102 PASADENA 0.006 0.994 128 SULTANE 0.997 0.003
103 PEEL 0.998 0.002 129 TEAL 0.004 0.996
104 PEGGY 0.976 0.024 130 TEXANE 0.996 0.004
105 PF11202. 0.999 0.001 131 THURINGI 0.011 0.989
106 POLYGENA 0.005 0.995 132 TIRUP 0.002 0.998
107 PONGO 0.002 0.998 133 TOFTA 0.006 0.994
108 POTTER 0.575 0.425 134 TREBON 0.002 0.998
109 PRESTIGE 0.032 0.968 135 TREMOIS 0.82 0.18
110 PRINCESS 0.998 0.002 136 TRIANON 0.223 0.777
111 PRISMA 0.882 0.118 137 UN.AE31 0.657 0.343
112 PROLOG 0.998 0.002 138 VADA 0.036 0.964
113 PROMINAN 0.559 0.441 139 VERONA 0.08 0.92
114 PUNTO 0.978 0.022 140 VINTAGE 0.003 0.997
115 RAGTIME 0.523 0.477 141 VISKOSA 0.033 0.967
116 REGGAE 0.007 0.993 142 WREN 0.331 0.669
Bet2d (ol 50 oolaiwl 050 sralas Glasin -V oo
Table 2. Characteristics of th isolates used is $hudy

Isolate Sample plant Collection year Location

Cst- 42 Wheat 2011 Kia-Kola, Mazandaran provinca, |

Cst- 151 Wheat 2010 Qezeljeh-ye Aqg Emam, Golestavince, Iran

Csh-1 Barley 2017 Toroq, Khorasan-e-Razavi prajih@n

Csh -16 Barley 2018 Eraghi Mahale, Gorgan, Golegtauince, Iran
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Table 3. Result of Kruskal-Wallis test

Isolate Number Rank mean Chi-square Significarallev
Cst-42 142 320.28
Cst-151 142 311.25
124.083 0.000
Csh-1 142 155.11
Csh-16 142 351.36
10 L1
3100 5100
240 Mol 3 g0+ Cst4)
° 60 - o 60 1
b °
; 0 BCsh-16 4 WlCst 151
20 E 20— EI:I:II
5 2
7z 07 Z (-
12 3 4 5 6 7 8§ 9 12 3 4 5 6 7 8 9
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Figure 1. Frequency distribution of average segdigsistance of 142 commercial barley cultivartheostudied
isolates of the common spot blotch disease. Aptsslfrom barley leaves, B) isolates from wheatdsa

DeltaK = mean(|L"(K)]) / sd(L(K))

150 |-
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STRUCTURE HARVESTER)] solizesl § AFLP 5 SSR sle Silis bl 5 aslllae 3,50 pl5,1 50 Cormoz 5 ol =Y S

Figure 2. Estimation of sub-populations in the sddarley cultivars according to SSR and AFLP ressk
using STRUCTURE HARVESTER.
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Figure 3. Bar-plot of structure analysis of thedgtd barley cultivars according to 218 loci of S&Rl AFLP
markers using Bayesian method. Each color showswaingopulation or cluster. The numbers on horidloard

vertical axes shows numbers and membership pegest# each barley cultivar to each sub-population,
respectively.
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Table 4. Markers linked to spot blotch diseasestasce genes to (isolated from barley leaves) using

Isolate Marker Marker type Chromosomé P-value R Effect™
Csh-1 Bmag0223-173 SSR 2H 0.031 0.042 1.305
Csh-1 E38M54-294 AFLP 2H 0.009 0.059 -0.255
Csh-1 E39M61-181 AFLP 2H 0.039 0.037 0.36
Csh-1 Bmag0225-161 SSR 3H 0.045 0.044 0.71
Csh-1 Bmag0225-168 SSR 3H 0.043 0.045 -0.445
Csh-1 Bmac0316-175 SSR 6H 0.024 0.044 -0.99
Csh-1 E35M54-099 AFLP unmapped 0.036 0.037 1.835
Csh-1 E35M61-068 AFLP unmapped 0.008 0.06 -0.47
Csh-1 E37M33-260 AFLP unmapped 0.033 0.04 -0.25
Csh-1 E38M55-110 AFLP unmapped 0.024 0.049 0.38
Csh-1 E396M11-80 AFLP unmapped 0.039 0.037 -0.36
Csh-1 E45M55-139 AFLP unmapped 0.006 0.079 -0.305
Csh-16 Bmac0134-160 SSR 2H 0.04 0.04 1.405
Csh-16 Scssr10559-214 SSR 3H 0.01 0.073 0.41
Csh-16 Bmac0316-168 SSR 6H 0.04 0.04 0.215
Csh-16 Bmag0500-194 SSR 6H 0.01 0.07 0.875
Csh-16 EBmMac0603-180 SSR 7H 0.03 0.049 0.345
Csh-16 E35M48-251 AFLP unmapped 0.002 0.08 0.665
Csh-16 E38M50-334 AFLP unmapped 0.047 0.035 0.73
Csh-16 E45M55-080 AFLP unmapped 0.023 0.063 -0.295

“and™: Significant at 5% and 1% probability levels, resfively.

T Unmapped markers are the markers whose genonmiiiopdsas not been determined.

™ The effect of each gene allele on the rate ofadisethe positive numbers indicate that any atelses an increase in disease
(susceptibility) and negative numbers indicate gt allele causes an decrease in disease (r&sstan

GLM U“’5) udl.ud‘ > ([ndj sj); )‘ 0 ‘J}) ‘;w 6‘05.@.9 I 6)L¢.a.; L WSLM LgL‘bu) L Awga 6[-@;)[;.‘.\.) -0 J5A.>
Table 5. Markers linked to spot blotch diseasestasce genes to (isolated from wheat leaves) (Giig

Isolate Marker Marker type Chromosomé P-value R? Effect’t
Cst-42 Bmag0222153” SSR 5H 0.01 0.07 0.225
Cst-42 Bmag0222185™ SSR 5H 0.01 0.07 -0.225
Cst-42 Scssr07104.68" SSR 5H 0.01 0.071 0.22
Cst-42 Scssr07104.72" SSR 5H 0.01 0.071 -0.22
Cst-42 EBmac0603153" SSR H 0.01 0.08 0.405
Cst-42 E35M48256 AFLP unmapped 0.021 0.044 0.25
Cst-42 E38M50094™ AFLP unmapped 0 0.11 0.3
Cst-42 E38M55089™ AFLP unmapped 0.001 0.1 0.61
Cst-42 E38M55090™ AFLP unmapped 0.001 0.1 -0.61
Cst-42 E42M32378 AFLP unmapped 0.04 0.04 -0.21
Csh-151 Ebmac056@23 SSR 1H 0.04 0.05 -0.47
Csh-151 Bmac0134173 SSR 2H 0.043 0.035 0.5
Csh-151 Bmag0225161 SSR 3H 0.027 0.052 0.555
Csh-151 Scssr1055213 SSR 3H 0.02 0.057 0.45
Csh-151 E33M54100 AFLP 4H 0.037 0.037 -0.365
Csh-151 Bmag0223160 SSR 5H 0.027 0.044 -0.405
Csh-151 Bmag0223170" SSR 5H 0.004 0.075 0.48
Csh-151 E42M48203 AFLP 5H 0.041 0.037 0.41
Csh-151 EBmac0603143" SSR H 0.01 0.07 1.325
Csh-151 E35M48380 AFLP unmapped 0.021 0.045 -0.685
Csh-151 E35M61378 AFLP unmapped 0.05 0.04 0.33
Csh-151 E37M33160" AFLP unmapped 0.01 0.057 1.68
Csh-151 E38M55213 AFLP unmapped 0.013 0.059 0.185
Csh-151 E39M61222 AFLP unmapped 0.033 0.038 1.275
Csh-151 E39M61271" AFLP unmapped 0.01 0.052 1.04
Csh-151 E42M32184 AFLP unmapped 0.018 0.049 0.36

*and™: Significant at 5% and 1% probability levels, restively.

T Unmapped markers are the markers whose genonmiiiopdsas not been determined.

™ The effect of each gene allele on the rate ofadisethe positive numbers indicate that any attelses an increase in disease
(susceptibility) and negative numbers indicate #rgt allele causes an decrease in disease (resktan
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Table 6. Markers linked to spot blotch diseasestasce genes to (isolated from barley leaves) Udingl

Isolate Marker Marker type ~ Chromosomé  P-value R? Effect’t Isolate
Csh-1 E38M54294 AFLP 2H 6.298 0.057 0.014 -0.255
Csh-1 E38M54390° AFLP 2H 4.186 0.040 0.043 0.535
Csh-1 E39M61180° AFLP 2H 4.443 0.039 0.037 -0.36
Csh-1 E39M61181 AFLP 2H 4.443 0.039 0.037 0.36
Csh-1 Bmag0225161 SSR 3H 4.006 0.040 0.048 0.71
Csh-1 Bmag0225168 SSR 3H 4.212 0.042 0.043 -0.445
Csh-1 Bmag0223173 SSR 5H 4.33 0.042 0.04 1.305
Csh-1 Bmac0316175 SSR 6H 5.069 0.043 0.026 -0.99
Csh-1 E35M61-068" AFLP unmapped 6.947 0.064 0.01 -0.47
Csh-1 E37M33260 AFLP unmapped 4.638 0.040 0.033 -0.25
Csh-1 E38M55110 AFLP unmapped 4.425 0.045 0.038 0.38
Csh-1 E45M49255 AFLP unmapped 4.349 0.041 0.039 0.365
Csh-1 E45M55139™ AFLP unmapped 7.846 0.075 0.006 -0.305
Csh-16 Bmac0134160 SSR 2H 4.022 0.042 0.047 1.405
Csh-16 Scssr1055214 SSR 3H 6.313 0.094 0.014 0.41
Csh-16 Bmac0316168 SSR 6H 4.1 0.060 0.045 0.215
Csh-16 Bmag0500194 SSR 6H 4.508 0.064 0.037 0.875
Csh-16 E35M48251" AFLP unmapped 8.425 0.071 0.004 0.665
Csh-16 E35M55167 AFLP unmapped 4.633 0.044 0.034 -0.265
Csh-16 E38M50334 AFLP unmapped 4.034 0.037 0.047 0.73

* and™: Significant at 5% and 1% probability levels, restively.

T Unmapped markers are the markers whose genonmitiopdsas not been determined.

™ The effect of each gene allele on the rate ofdisethe positive numbers indicate that any atileses an increase in disease

(susceptibility) and negative numbers indicate #rat allele causes an decrease in disease (regijtan
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Table 7. Markers linked to spot blotch diseasestasce genes to (isolated from wheat leaves) ilig

Isolate Marker Marker type Chromosomé  P-value R2 Effect’t Isolate
Cst-42 E42M32378 AFLP 2H 3.949 0.038 0.049 -0.21
Cst-42 HVM54-167 SSR 2H 5.603 0.063 0.02 0.16
Cst-42 Bmag0222153 SSR 5H 4.237 0.153 0.043 0.225
Cst-42 Bmag0222185 SSR 5H 4.237 0.153 0.043 -0.225
Cst-42 Scssr07104.68 SSR 5H 6.64 0.074 0.012 0.22
Cst-42 Scssr07104.72 SSR 5H 6.64 0.074 0.012 -0.22
Cst-42 E35M48-256 AFLP unmapped 4.799 0.040 0.03 0.25
Cst-42 E35M61-137 AFLP unmapped 4.083 0.021 0.046 -0.095
Cst-42 E38M50-092 AFLP unmapped 10.856 0.070 0.001 0.3
Cst-42 E38M55-089 AFLP unmapped 6.065 0.052 0.01 0.61
Cst-42 E38M55-090 AFLP unmapped 6.065 0.052 0.01 -0.61
Csh-151 Bmag0225-161 SSR 3H 4.79 0.051 0.031 0.555
Csh-151 Scssr10559-213 SSR 3H 5.687 0.060 0.019 0.45
Csh-151 Bmag0223-170 SSR 5H 6.69 0.063 0.01 0.48
Csh-151 Bmac0316-170 SSR 6H 5.914 0.061 0.017 0.34
Csh-151 EBmac0603-143 SSR 7H 6.807 0.078 0.011 1.325
Csh-151 E37M33-160 AFLP unmapped 7.13 0.062 0.009 1.68
Csh-151 E38M50-464 AFLP unmapped 4,128 0.041 0.045 1.185
Csh-151 E38M55-213 AFLP unmapped 5.748 0.052 0.018 0.185
Csh-151 E42M32-228 AFLP unmapped 5.07 0.050 0.026 -0.585
Csh-151 HVMO040-152 SSR unmapped 4.162 0.149 0.044 -0.51

*and™: Significant at 5% and 1% probability levels, restively.

T Unmapped markers are the markers whose genonmitiopdsas not been determined.

™ The effect of each gene allele on the rate ofdisethe positive numbers indicate that any atileses an increase in disease

(susceptibility) and negative numbers indicate #rat allele causes an decrease in disease (regijtan
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Abstract

Spot blotch caused by the fungal patho@enhliobolus sativus and is an important leaf disease of
barley. To identify gene loci associated with segptesistance to spot blotch in a population csiimsg
of 142 modern European two-row spring barley calsy the genotypic data from 407 AFLP and SSR
markers and phenotypic data derived from respooiskarley cultivars to four isolates of spot blotch
(Csh-1 and Csh-16 isolates from barley and CstrPGst-151 isolates from wheat) were used. These
isolates were collected from Mazandaran, Golestah léhorasan-e-Razavi provinces. The results
showed that most of the studied cultivars at segditage were resistant to Csh-16 and Cst-42 églat
but the highest number of susceptibility reactid@@asCsh-1 and Cst-151 isolates were observed.
Population structure analysis subdivided the studealtivars into two subpopulations (K=2).
Association analysis using general linear modelNIgLsix and twelve markers and using mixed linear
model (MLM), three and four markers associated wdistance to isolates separated from barley and
wheat leaves was identified, respectively, thaevgggnificantly to P<0.01). These QTLs were mapped
on chromosomes 2H, 3H, 5H, 6H and 7H. All of theorted QTLs were specific for each isolate and
only Bmag0225-161 marker was common between twiatis® Csh-1 and Cst-151. The Identified
markers can be used in breeding programs to deddepse resistant cultivars after validation.
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1. Ph. D. Student, Dept. of Plant Breeding and éibhology, Faculty of Plant Production, Gorgan
University of Agricultural Sciences and Natural Bees, Gorgan, Iran

2. Assoc. Prof., Dept. of Plant Breeding and Bibtedogy, Faculty of Plant Production, Gorgan
University of Agricultural Sciences and Natural Baeses, Gorgan, Iran

3. Research Assist. Prof., Dept. of Seed and Rigsmovement Research, Khorasan Razavi Agricultural
and Natural Resources Research and Education Cagtesultural Research, Education and Extension
Organization (AREEQ), Mashhad, Iran

4. Assist. Prof., Dept. of Plant Breeding and Bibtelogy, Faculty of Plant Production, Gorgan
University of Agricultural Sciences and Natural Bees, Gorgan, Iran

5. Research Assist. Prof., Dept. of Seed and MRiamtovement Research, Golestan Agricultural and
Natural Resources Research and Education Centeicutgral Research, Education and Extension
Organization (AREEOQO), Gorgan, Iran

" Corresponding authonavabpour@gau.ac.ir

192



