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Table 2. Code and collection place of brown rust isolates used in field and greenhouse experiments

s Aozl a5l gar e =i
Isolate Name Isolate Lucation Method Incubation
SLEE AN S o il
LR-97-11 S oz
Golestan,Gorgan Rubbing, talcum powder
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LR-98-19 S oz
Golestan, Gorgan Rubbing, talcum powder
BCEE AN b il
LR-G32 o Js o S 225 J“J
Golestan, Gorgan Rubbing, talcum powder
Sl 5o 2! 2l
LR-98-15 et o
Ilam, Musian Rubbing
58 8yl =l
LR-99-4=H.M WBro = _
Golestan, Gorgan Rubbing
2 a8 L
LR-99-15 T oA

Golestan, Gonbad

Rubbing
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Figure 1 - infected Genotypes to brown rust in the
field.
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Table 2 - Characteristics of SSR and EST-SSR markers used in this research

Al Skl o - Jy POTTE NN Jlat s
Marker Initiator 5' — 3 [lsequence Chromosomal Locus Connection temperature (C)
Xgwm?2 F:CTGCAAGCC TGT GATCAACT R: CTATCT CAA ATG ATC GAACA 3D 50
Xgwm16 FGCTTGGACTAGCTAGAGTATCATAC RCAATCTTCAATTCTGTCGCACGG 5D 50
Xgwm30 F: ATCTTAGCATAGAAGGGAGTGGG R: TTCTGCACCCTGGGTGAT 2D 60
SSR Xgwm33 F: GGAGTCACACTTGTTTGTGCA RCACTGCACACCTAACTACCTGC 1D 60
Xgwm44 F: GTTGAGCTTTTCAGTTCGGC R: ACTGGCATCCACTGAGCTG 7D 60
Xgwmb5 F: GCATCTGGTACACTAGCTGCC R: TCATGGATGCATCACATCCT 6D 60
Xgwm608 F: ACATTGTGTGTGCGGCC R: GATCCCTCTCCGCTAGAAGC 4D 60
SWES98 F: CTATCCCGATTCCAACTCCC R: CTGTTAGCCAATACGCATTCC 1D 59
SWES186 F: GGCTCAATCATTCAATCACA R: CTAGAACTAGGGCGACAACC 2D 57
EST-SSR SWES221 F: ATTTATTGCCGAGACAGAGC R: CGCCCAAGTCACTCCTCTA 3D 57
SWES76 F: CTATCCCGATTCCAACTCCC R: CTGTTAGCCAATACGCATTCC 4D 58
SWES197 F:CTTCCTTACTCCCTTTCTTTG R: AAGCAGCATCGTCACATTC 5D 55
SWES195 F: CAGGACACTGGAAAGAACA R: GAATTTGACATGGGAGGA 6D 53
SWES92 F: CAGGACACTGGAAAGAACA R CTGCTCCACTACCAGTACAACG 7D 59
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Figure 2- Grouping of genotypes based on their response to leaf rust in seedling stage (specific resistance) and in
whole plant stage (nonspecific resistance), the number of genotypes in each type of response for each isolate and
their composition in the field has been determined.
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Figure 3 - Barplot obtained from genetic analysis of 100 genotypes of Aegilops Tauschii using Structure software

to detect the number of subpopulations in the studied germplasm based on K and AK statistics

58 Kals 1S Wly e ol Js s o
g5 e wdl aal gble o) s Ae. tauschii
09 3\-@ o S s delse 5o 88 Gl Sess
(Singh et al., 2019) cul sdel (oamte sla 3,0
Comaz 25 A > CS o a5 oBanls alimen 25

R 43\‘)\ s J}v\.‘{- B

S o pasla o 55 OF b sl Comas

Sl o satmoplss gdly s o (For=-/+ V) il
Lopss Camem 25 03 oSl Comen 25 o0l 000 o 2l
sdalie (Fst=+/YYAY) o Lasls ol s FA
GV o 253 Comex 25 St panla (Y Jsan) s
WS Ll 5lams e las 1 05 5 ol beaipis o s
Slelius; 4 by Coman s ool Gy Gl



e i BT b Sl lulis VY

W C‘J.z‘;u‘ g;l.b%wx) é:‘bj Mb})b’éb&.\;ﬁa .Lyf&b%‘—\ﬂ J_}J’
Table 3. Information on the analysis of the structure and genetic distance of the extracted subpopulations

Camaz ) sl as s 2l jesls Blumaz 5 o S dold
Subpopulation Percentage Fst Genetic distance between subpopulations
1 II
1 52 0.003 - 0.435
11 48 0.439 0.435 -

Comaz ) B2 55 OS5 do s [T Lo 55 -Y Joue

Table 4 - Subpopulations, origin and communality in each subpopulation.

55 ol sl L Origin ) \Curaz 5,50 ES 58 Ao Ylamaz ) 03 &84 Ao
NO. Genotype Name Subpopulation Comunality Sub P1. Comunality Sub P2.
1 41 M=) Iran-Guilan 1 0.992 0.008
2 295 alal,sl Azerbaijan 2 0.016 0.984
3 105 5SS Uzbekistan 1 0.958 0.042
4 344 4S5 Turkey 2 0.006 0.994
5 410 HeSals Tajikistan 1 0.994 0.006
6 24 Sliada )l Armenia 1 0.957 0.043
7 c6 5SS Uzbekistan 2 0.019 0.981
8 367 Sliada )l Armenia 1 0.979 0.021
9 87 HeSals Tajikistan 1 0.948 0.052
10 154 ol gl ) Iran-Mazandaran 1 0.915 0.085
11 314 alal,sl Azerbaijan 1 0.96 0.04
12 50 alal,sl Azerbaijan 1 0.985 0.015
13 374 s china 1 0.896 0.104
14 46 4S5 Turkey 1 0.974 0.026
15 441 Sliaa )l Armenia 1 0.996 0.004
16 350 M=) 4 Iran-Guilan 2 0.016 0.984
17 322 oleusl 3 Kazakhstan 2 0.007 0.993
18 296 Juaslall Iran-Ardabil 2 0.025 0.975
19 7 iS5 Turkmenistan 2 0.012 0.988
20 13 olie S Georgia 2 0.079 0.921
21 171 ol gl ) In-Mazandaran 1 0.899 0.101
22 409 olie S Georgia 2 0.02 0.98
23 408 A9 Russia 2 0.015 0.985
24 158 ol S Georgia 2 0.01 0.99
25 125 8-l ) Iran- Golestan 2 0.021 0.979
26 c3,1 aS Turkey 1 0.956 0.044
27 444 Sl ) Armenia 1 0.995 0.005
28 72 SlewsS 5 Turkmenistan 1 0.948 0.052
29 292 Hleaslal Afghanistan 2 0.039 0.961
30 445 ol 3 Kazakhstan 2 0.528 0.472
31 304 Rt Tajikistan 2 0.03 0.97
32 131 Hleaslal Afghanistan 1 0.965 0.035
33 156 8-l ) Iran- Golestan 2 0.066 0.934
34 71-18 Jeasb ol ) Iran-Ardabil 1 0.893 0.107
35 233 Hleaslal Afghanistan 1 0.984 0.016
36 141 Sy Turkey 1 0.968 0.032
37 162 olies S Georgia 1 0.883 0.117
38 271 SlewsS 5 Turkmenistan 1 0.944 0.056
39 356 RGN Iran- Golestan 1 0.927 0.073
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5 ol sl Lo Origin ) Ve 2550 S8 8 4oy Ylamaz ) 53 &S Ao
NO. Genotype Name Subpopulation Comunality Sub P1. Comunality Sub P2.

40 130 S5 Turkey 1 0.973 0.027
41 379 oleusl 3 Kazakhstan 1 0.962 0.038
42 363 eS| Uzbekistan 1 0.977 0.023
43 433 iS5 Turkmenistan 2 0.017 0.983
44 187 s China 2 0.016 0.984
45 96 ol S Georgia 2 0.049 0.951
46 14 oleasl 3 Kazakhstan 2 0.086 0.914
47 339 MS=) 4 Iran-Guilan 2 0.032 0.968
48 291 Rt e Tajikistan 1 0.971 0.029
49 335 oleaslasl Afghanistan 2 0.026 0.974
50 444-2 olaiaS 5 Turkmenistan 2 0.329 0.671
51 28 M=) Iran-Guilan 2 0.02 0.98
52 136 Ay Russia 1 0.95 0.05
53 359 Rt Tajikistan 2 0.014 0.986
54 328 4S5 Turkey 2 0.038 0.962
55 221 s China 2 0.09 0.91
56 74 Sl ) Ir-Mazandaran 1 0.991 0.009
57 300 alal,sl Azerbaijan 2 0.007 0.993
58 19 oladS— ) ) Iran- Golestan 1 0.929 0.071
59 15 oleusl 3 Kazakhstan 1 0.955 0.045
60 334 Sliada )l Armenia 1 0.953 0.047
61 128 oleaslasl Afghanistan 1 0.994 0.006
62 70 oleusl 3 Kazakhstan 1 0.964 0.036
63 197 Juaslall Iran-Ardabil 1 0.974 0.026
64 294 M=) 4 Iran-Guilan 1 0.996 0.004
65 318 s China 1 0.96 0.04
66 9 alal,sl Azerbaijan 1 0.954 0.046
67 186 oleadS— ) ) Iran- Golestan 2 0.022 0.978
68 17 oleusl 3 Kazakhstan 2 0.027 0.973
69 333 Rt Tajikistan 2 0.009 0.991
70 429 oleusl 3 Kazakhstan 2 0.004 0.996
71 121 5SS Uzbekistan 2 0.1 0.9

72 360 Sliaa )l Armenia 1 0.97 0.03
73 281 Rt Tajikistan 2 0.026 0.974
74 117 Sl Tajikistan 2 0.006 0.994
75 361 ok gl ) Ir-Mazandaran 1 0.05 0.95
76 123 alal,sl Azerbaijan 2 0.015 0.985
77 206 M=) 4 Iran-Guilan 2 0.129 0.871
78 99 SlewsS 5 Turkmenistan 1 0.99 0.01
79 160 8-l ) Iran- Golestan 1 0.965 0.035
80 82 Rt Tajikistan 2 0.328 0.672
81 184 A9 Russia 2 0.088 0.912
82 325 ol 8 Georgia 2 0.028 0.972
83 132 SlewsS 5 Turkmanestan 1 0.975 0.025
84 330 Juaslall Iran-Ardabil 2 0.033 0.967
85 210 alal,sl Azerbaijan 1 0.986 0.014
86 299 SlewsS 5 Turkmenistan 1 0.958 0.042
87 305 aSy Turkey 1 0.944 0.056
88 414 S5 Turkey 1 0.977 0.023
89 153 RS Ir-Mazandaran 1 0.989 0.011
90 439 RGN Iran-Golestan 1 0.936 0.064
91 124 oS3l Uzbekistan 1 0.927 0.073
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5 ol sl L Origin Cwrer 25 \Curax 25,50 CS 58 Ao Ylamaz ) 53 &S Ao
NO. Genotype Name Subpopulation Comunality Sub P1. Comunality Sub P2.
92 323 iS5 Turkmenistan 1 0.955 0.045
93 164 SdS— ) ) Iran- Golestan 1 0.978 0.022
94 356 ol Azerbaijan 2 0.024 0.976
95 298 S5 Turkey 2 0.01 0.99
96 c6 Sluslisl Afghanistan 1 0.814 0.186
97 351 S5 Turkey 2 0.033 0.967
98 273 Sluslisl Afghanistan 2 0.013 0.987
99 214 MS=) 4 Iran-Guilan 1 0.993 0.007

ol pae G me ool e Lol ool Sl (ol s e
S D gon 0 2S5 Olabs b sl w56
N e PR U PR COMWN NP W
(Comz ) GLQ o) Coner (S5 Sl
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(Flint-Garcia et al., 2003) .\,
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Figure 4 — Linkage Disequilibrium of alleles (amprelated to different markers (above the diameter of the LD
plot, the values of the statistic D 'and below it, the significance level of P-value is specified. Different significant

levels have been shown with various colours).
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Table 5 - SSR markers related to resistance to leaf rust isolates studied in 100 genotypes of Aegilops tauschii

L. Sl

P

Isolation Related Chromosomal GLM Model ~ MLM Model Oy Oy

Resistance Markers Locus P- Value P-Value R? Sum of R?

LR-97-11 Xgwm30 2D 0.005 0.007 0.102 0.390
Xgwm2 3D 0.005 0.007 0.102
Xgwm44 7D 0.006 0.010 0.186

LR-98-15 Xgwm30 2D 0.000 0.001 0.187 0.271
Xgwmdé4 7D 0.030 0.045 0.084

LR-98-19 Xgwm30 2D 0.028 0.042 0.044 0.073
Xgwm2 3D 0.046 0.069 0.029

LR-99-15 Xgwm30 2D 0.018 0.027 0.119 0.290
Xgwm2 3D 0.023 0.035 0.051
Xgwm44 7D 0.017 0.026 0.120

LR-99-4 Xgwm30 2D 0.002 0.003 0.128 0.599
Xgwmb5 6D 0.012 0.018 0.072
Xgwm44 7D 0.003 0.005 0.238
Xgwm2 3D 0.001 0.001 0.161

LR-G32 Xgwm2 3D 0.006 0.008 0.097 0.197
Xgwm44 7D 0.023 0.035 0.10

Field IT Xgwm30 2D 0.034 0.103 0.082 0.195
Xgwm2 3D 0.017 0.025 0.059
Xgwm44 6D 0.048 0.066 0.054

Sesises S Sos ) /Y e cape b Faeme 2

a)|j.h\.a‘}u) ﬁu 4w Lr-99-15 4;‘.).?- A w)\.ﬂ.& L.S\J.'



BTN L P PN C EE R W ER

L 55 LR-G 32 wlus 4 caslio . plolis (8 5 Y V)
2 LV 5 ¥) laeosses S s ool Kl s
s w2 b EST-SSR Sl aw 5 +/VAV s

V&

e s plelis (V5 Y laesises S sy ) /NFO
Lol LR-99-4 alum 4 canslio b 5 o lpalesy, Sl
/088 i a2 fanzme 5o &S by plas (ool pae
Sl DI 3V 5 Y & X larsises S ssy » s Al
S\ars5509 S o) 2 J<.~\.«.u av 55 EST-SSR ¢ Silis

50 3T s Ve s addlae 5,00 S K5 sbalis 4 cuwslio b Lo e EST _SSR b Sl % Jsus
Table 6 — EST-SSR markers related to resistance to leaf rust isolates studied in 100 genotypes of Aegilops tauschii

ala 4 cwjlie Ly e Sl s S Kl ogime mhaw Jls e b 2 2 e
Isolation Resistance ~ Related Markers ~ Chromosomal Locus ~ GLM Model ~ MLM Model o O
P- Value P-Value R2 Sum of R2

LR-97-11 SWES92 7D 0.005 0.008 0.101 0.188
SWES186 2D 0.011 0.008 0.087

LR-98-15 SWES186 2D 0.018 0.027 0.059 0.099
SWES92 7D 0.003 0.039 0.040

LR-98-19 SWES186 2D 0.007 0.011 0.086 0.140
SWES195 6D 0.018 0.028 0.054

LR-99-15 SWES186 2D 0.009 0.013 0.080 0.145
SWES92 7D 0.015 0.022 0.065

LR-99-4 SWES92 7D 0/005 0.008 0.233 0.344
SWES186 2D 0.012 0.018 0.072
SWES195 6D 0.033 0.050 0.039

LR-G32 SWES195 6D 0.017 0.025 0.061 0.174
SWES92 7D 0.028 0.069 0.030
SWES186 2D 0.008 0.013 0.083

Field IT SWES186 2D 0.015 0.022 0.046 0.163
SWES92 7D 0.022 0.032 0.051
SWES197 5D 0.035 0.052 0.037
SWES221 3D 0.046 0.068 0.029
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.(Lagudah et al., 2009)
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Abstract

Aegilops tauschii Coss is an annual and diploid plant (2n = 2n = 14, DD) that grows as a wild
weed in the highlands or plains near the shores of the high seas, from Turkey to China. Since the
northern regions of Iran are considered as one of the most important centers of origin and
diversity of this species, it is very important to identify sources of resistance to brown rust
(wheat leaves) in these regions. In the present study, the resistance of rangeland species,
Aegilops tauchii Coss., to six isolates of brown rust was evaluated in seedling and adult plant
stages. SSR and EST-SSR markers with proper coverage on D genomes of wheat were applied
to identify marker-trait association (MTA). Analysis of population genetic structure showed that
the 100 investigated genotypes separated in two distinct sub-populations. Association analysis
among markers and phenotypic data was conducted out based on the Kinship coefficients using
generalized linear and mixed linear models. Significant associations among markers and traits
obtained for amplified fragments of Xgwm2, Xgwm44 and Xgwm30 primers correspondingly
located on 3D, 7D & 2D chromosomes, respectively. Furthermore, EST-SSR primers SWES186
and SWES92 correspondingly located on 2D & 7D chromosomes, respectively. These associated
markers have the highest R? coefficients for resistance level to leaf rust disease. Informative
markers with association to most isolates could be exploited for genomic selection and early
screening of genotypes for resistance to leaf rust.

Keywords: Aegilops tauschii Coss, Association analysis, Microsatellite marker, EST-SSR,
Population structure, Kinship.
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