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Phenotyping, association analysis and annotation of genes related to
leaf wilting of bread wheat (Triticum aestivum L.) at the seedling stage under drought

stress conditions
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Fig. 1. Degree of wheat leaf wilting (Ahmad et al., 2021)

SIGLM 5,55, )5 . i | > (Lipka et al., 2012)
3,555 5% 5 ol slaadl e 4 4 2 Ul 4l 3o an
5 el slaadl e 4 4 o Jgl ad fo 4w SIMLM
S Syl Olpme an (K) bsliy & Loty
O esliul G Sl Sl lubks
(\.ufﬁb,'(u)l,@ﬁ Sloos s gl bl
S o (Cmmar J5) 53 ol §sazms 6l
T Ols gl —logio (p) > 3 wlewT 31 .as ploxs!
(Sunetal, 2017; Yan A& oslizal Hls gme OWbLS
etal., 2019)

o2l L L e (SLaSNP alS” Ol b gla I 5
EnsemblPlants sl oL 55 0a8 o8 1y $s a5
Sheslewl L (http://plants.ensembl.org/index.html)
s (Basic local alignment search tools) BLAST | |
(https://wheat- IWGSC RefSeq v1.0 ¢ b s o
urgi.versailles.inra.fr/Seq-Repository/Annotations)
SNP la JI & 6“.2’3);""’ | R R V- Wt
ey ;YL L 0L g a Lol e o o555 b
& — (E-Val) jL_Lil 555 55,0 9 (ID) al_is
el g K OBl i g Sl
AT J 550 5 LS Juls 457 s glalj
ensemble- osls aL_<L s Jobw s 9 )
C‘ el (http://ensembl.gramene.org) gramene

A

OLSS sla il 5 o 5o #F P (gl 2 oL JIg
Lol . Lus (gduey S (Tags) LasSs |=1s
LaeSs s LaSNP o lulis sl - 0L JIg b
o3l al Ly LaSNP. 1y 515 5 ol Gy 3 yon
(Universal Network-Enabled Analysis Kit: |
) ——idw aSUNEAK GBS  pipeline)
el (oWl TASSEL (Sl il 50 4ty
o= 01 3l s (Bradbury et al., 2007) 4
BEAGLE v3.3.273 4l 5 3 od—iaS (slsosls
b Lol WT9B4 o o oy 35 el il Ly
ol Sl s> .(Alipour et al., 2019b)
e L 5 S 53 b SOLES oy (S sy Jols
! ,— (Hidden Markov model) (s S,  —isee
ol inS (slresls 03,5 1 s lacobgls jolass
St e s A b (G WSNP (ulg 3 b plnl
o550 51 2SS s JIT Jlslp 5 Ao yn Ve )l
5L (ol Ciie (gllas = Osls aals” 6l
Sb ) gl 03 (P 4 2 6l LSNP L
AL azsl I8
5 9 95— )
b gl L Jae g (General linear model: GLM)
33,57 Cewsas = (Mixed linear model: MLM)
ol oslinal L5 Sl 5151 asl b o e
R 5l j=8lp 5 53 GAPIT (55T oy 55 Ladis

‘545 Acu ]a;-d.l



https://wheat-urgi.versailles.inra.fr/Seq-Repository/Annotations
https://wheat-urgi.versailles.inra.fr/Seq-Repository/Annotations
https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.3.4.9
https://agrobreedjournal.ir/article-1-1259-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1401.24.3.4.9 ]

TYON-YED OF Y OLSn 5 sl e b5l a5 (o 55 oL 5,I"

jvb&féuuuj5|ﬁ\oﬁﬁsjb&:
3L 4 b elgT (55 0 planil (3150 gladn T 3
Jw) o b 4 (Alipour et al., 2019a) 5 5 Ul s
5 (St S e g3l ol e (b S
ks b 3 i sy b4 8 S
Wﬂu.w\aaﬁ(:.ufd\;;\;gqja)f
Sl om 3 iy Hﬁf by s slaes s
semeds ylS 55 AL Slivs ple g Shes
o s #10)5 plB,l Ol > (Alipour et al., 2021a)

Ayl sme DoglE (i Dosle js gl s

o g b

G U SV TP uvyps I 5 DU PRI J%

auul,tv)\dja_m;ﬁ.-fdug_;}sj&\ﬂ
Lgu;’,_g‘,sjda\: OLis il yls 4 52 @L“J !
L;,\gu_;nq,ngfjj;fgup}u)u,w(ﬁ
Ol mad (S)l3 =re Hsban o9 Slmes o5 5 ails
ol Fol o) plE)) A o (6 10 S35
@\)4;u4¢§_i¢fﬁ§>f;i.(VJ34_?)m|;
0350 Jammte ol (St 25 4 ales OIS s
e omn (slmes 5y o p S el L5

Table 1. Studied wheat cultivars and their leaf wilting index (LWI)

No.  Wheat cultivars  LWI No.  Wheat cultivars  LWI No. Wheat cultivars LWI
1 4820 5.0 31 FRONTANA 5.5 61 OHADI 8.0
2 ADL 45 32 GAHAR 4.0 62 PANJAMOG62 45
3 AFLAK 5.0 33 GHABOUS 5.0 63 PARSI 5.0
4  AKBARI 5.0 34 GHODS 25 64 PISHGAM 35
5 AKOVA 75 35 GOLESTAN 35 65 PISHTAZ 3.0
6 ALBORZ 35 36 HAMOON 45 66 RASHID 3.0
7 ALVAND 6.5 37 HOMA 45 67 REYHANI 6.5
8 ARTA 45 38 INIA 6.0 68 RIJAW 6.0
9 ARVAND 5.0 39 KARAJ1L 35 69 ROSHAN 35

10 ATRAK 5.0 40 KARAJ2 5.0 70 SABALAN 5.5

11  AZADI 4.0 41 KARAJ3 5.5 71 SHAHI 6.0

12 AZAR1 5.0 42 KARIM 25 72 SHAHPASSAND 75

13 AZAR2 6.0 43 KAVEH 6.0 73 SHARYAR 5.0

14 BAHAR 5.5 44 KAVIR 45 74 SHINGHAI 5.0

15 BAM 3.0 45 KHAZAR1 45 75 SHIRAZ 35

16 BAYAT 6.0 46 KOOHDASHT 35 76 SHIROODI 35

17 BEZOSTAYA 45 47 MAHDAVI 45 77 SIRVAN 45

18 BISTON 4.0 48 MAROON 5.0 78 SISON 35

19 CASGOGEN 35 49 MARVDASHT 4.0 79 SISTAN 35

20 CHAMRAN 45 50 MIHAN 35 80 SIVAND 5.5

21 CHAMRAN2 6.0 51 MOGHAN1 2.0 81 SPAHAN 45

22 DARAB1 5.0 52 MOGHAN2 7.0 82 TAJAN 5.0

23  DARAB2 4.0 53 MOGHAN3 6.0 83 TAKAB 7.0

24  DARYA 75 54 MORVARID 6.5 84 TOUBARI 4.0

25  DASTIJERDI 45 55 MV17 5.5 85 TOUS 35

26 DEYHEM 6.0 56 NAVID 35 86 URUOM 75

27 DEZ 3.0 57 NAZ 5.0 87 VEE/NAC 6.0

28 DNI11 5.5 58 NEISHABOUR 25 88 ZAGROS 6.0

29  FALAT 4.0 59 NICKNEJAD 45 89 ZARE 4.0

30 FONG 4.0 60 OFOG 7.0 90 ZARRIN 35
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Table 2. Studied wheat landraces, their origin and leaf wilting index (LWI)

No. Origin LWI No. Origin LWI No. Origin LWI No. Origin LWI No. Origin LWI
91 HA 45 131 BA 6.0 171 IL 5.0 211 SB 45 251 KH 6.0
92 HA 7.5 132 HA 80 172 IL 6.5 212 ES 5.5 252 KH 5.0
93 HA 5.5 133 YA 55 173 IL 6.0 213 ES 7.0 253 YA 55
94 KO 5.5 134 FA 5.0 174 IL 45 214 ES 5.0 254 HO 55
95 TE 4.0 135 BA 50 175 IL 6.5 215 ES 5.0 255 MR 70
96 TE 5.0 136 KO 40 176 KO 45 216 ES 6.5 256 KE 5.5
97 TE 6.5 137 KE 4.0 177 KO 45 217 IL 45 257 BA 35
98 GA 80 138 KE 55 178 KO 7.0 218 HA 7.5 258 ZA 45
99 GA 40 139 KE 4.0 179 HA 55 219 KH 5.5 259 AS 35
100 GA 5.0 140 SB 6.0 180 HA 35 220 YA 6.0 260 BA 55
101 GA 4.5 141 AS 45 181 HA 4.5 221 YA 55 261 BA 55
102 GA 5.5 142 AS 4.0 182 TE 55 222 KH 6.0 262 BA 4.0
103 GA 6.0 143 IL 4.0 183 TE 6.5 223 ES 5.5 263 HA 50
104 GA 4.0 144 1L 9.0 184 TE 7.5 224 YA 4.5 264 KH 4.5
105 MR 4.5 145 1L 4.0 185 TE 3.0 225 MR 3.0 265 YA 6.0
106 ZA 35 146 BA 45 186 TE 7.5 226 FA 7.0 266 AS 8.0
107 MA 75 147 BA 35 187 TE 4.5 227 AS 6.5 267 KO 35
108 Gl 7.5 148 BA 6.0 188 TE 6.5 228 FA 6.5 268 ES 6.5
109 Gl 7.0 149  AG 7.0 189 GA 45 229 AS 5.0 269 ES 9.0
110 Gl 55 150 BA 6.0 190 GA 35 230 AS 5.0 270 AS 6.0
111 MA 4.0 151 BA 7.0 191 GA 6.0 231 KE 6.0 271 AS 5.0
112 MA 5.5 152 BA 55 192 GA 55 232 Gl 4.0 272 KE 4.5
113 MA 4.0 153 BA 35 193 MR 4.5 233 Gl 55 273 SB 4.0
114 KH 5.5 154 HA 7.0 194 MR 6.0 234 HO 4.0 274 SB 6.5
115 KH 4.5 155 HA 8.0 195 MR 5.0 235 HO 3.0 275 SB 35
116 ES 45 156 1L 45 196 MR 55 236 KE 35 276 SB 5.0
117 ES 6.5 157 1L 45 197 MR 6.5 237 AG 4.5 277 MA 7.0
118 ES 35 158 KO 5.0 198 MR 50 238 ES 9.0 278 ZA 8.0
119 BA 5.5 159 BA 55 199 MA 6.5 239 KU 5.0 279 AS 35
120 KH 5.0 160 BA 75 200 Gl 9.0 240 KU 5.0 280 AS 6.5
121 YA 45 161 HA 45 201 MA 2.0 241 AG 4.5 281 MA 5.5
122 FA 6.0 162 HA 55 202 KH 35 242 Gl 45 282 MR 6.0
123 FA 5.5 163 HA 35 203 KH 55 243 ZA 5.0 283 MR 4.0
124 AG 4.0 164 HA 55 204 KH 55 244 Gl 4.0 284 HA 6.5
125 FA 45 165 HA 35 205 KE 35 245 MR 6.0 285 ZA 8.0
126 AG 6.5 166 BA 85 206 KE 5.0 246 KE 6.5 286 BA 6.0
127 AG 5.5 167 BA 6.0 207 SB 3.0 247 ZA 35 287 MA 5.5
128 Gl 6.0 168 IL 3.0 208 SB 55 248 KU 4.0 288 MR 6.0
129 KH 35 169 IL 5.0 209 SB 7.0 249 ZA 4.0 289 ES 6.0
130 AG 4.0 170 1L 3.5 210 SB 7.0 250 MA 8.0 290 IL 6.5

AG: Azarbayjan-Gharbi, AS: Azarbayjan-Shargi, BA: Bakhtaran, ES: Esfahan, FA: Fars, GA: Gazvin, Gl: Gilan, HA:
Hamadan, HO: Hormozgan, IL: llam, KE: Kerman, KH: Khorasan, KO: Kordestan, KU: Khouzestan, MA: Mazandaran,
MA: Mazandaran, MR: Markazi, SB: Sistan-Balouchestan, TE: Tehran, YA: Yazd, ZA: Zanjan.
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Table 3. Mean square, descriptive statistics and mean comparison of leaf wilting index of wheat genotypes

Sl et plie @35 o Sl o § gores Slo o ke Jloz| mlas
Sources of variation df SS MS F value Pr (>F)
Genotype 55 289 968.98 3.3529 3.0641 <2.2¢l6
Error Las 261 285.60 1.0943

1S Slac 55 NEK; sl S Sl Shre O3l il Jlaz pebann
Wheat genotypes No. Min Max Mean Sd tvalue P value
Landraces o35 200 2 5.35 1.37
: i 3.26 0.001
Cultivars  _¢l,;pb, 90 2 4.79 1.31
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Table 4. Mean square and means comparison of leaf wilting index of wheat genotypes based on growth habit

= = R
Y S el

Mean of LWI $
Sl i 3T amys Sl ke Iz la ol sl oles
Sources of variation df MS Fvalue P value Winter  Facultative  Spring
Growth habit s, osle 2 10.973 7.22 0.0013 5.87a 4.23b 4.65b
Error L= 82 1.519
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$Similar letters are not significantly different. Number of cultivars in each autumn, intermediate and spring groups:
15, 11 and 59 respectively, the growth habit of 5 cultivars was unknown
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Table 5. Classification and frequency of wheat genotypes based on leaf wilting index

c-\f sbhasss
Wheat genotypes
=) el s sbesy S i ST shilp
Cultivars Landraces Response to drought stress  Frequency
8 (8.9%) 6 (3%) Tolerant Jaseze 14
74 (82.2%) 164 (82%)  Intermediate Lo gia 238
8 (8.9%) 30 (15%)  Susceptible . 38

Tolerant: 1-3, Intermediate: 3.5-6.5, Susceptible: 7-9
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Table 6. Chromosome locus and number of associations (p <0.001) for leaf wilting index in wheat genotypes

s slaes s 23 Cod g =) el 23 Cond g 5 23 Cond g
No. Landraces Method Position (cM) Cultivars Method Position (cM) Total Method Position (cM)
1 rs55209 (3B) GLM & MLM  78.498 rs27872 (4A) GLM & MLM 99.798 rs3346 (3B) GLM & MLM 75.6555
2 rs42966 (3B) GLM & MLM  78.498 rs28707 (1A) GLM & MLM 44.512 rs3347 (3B) GLM & MLM 75.6555
3  rs46640 (3A) GLM & MLM  57.08 rs54615 (4A) GLM & MLM 99.798 rs3345 (3B) GLM & MLM 75.6555
4 rs16869 (3B) GLM & MLM 1.137 rs3988 (1A) GLM & MLM 44.512 rs36599 (2A) GLM & MLM 59.228
5 rs64586 (7TA) GLM & MLM  63.946 rs12674 (4B) GLM & MLM 50.376 rs53259 (7B) GLM & MLM 116.277
6 rs58739 (6B) GLM & MLM  48.967 s29674 (7TA) GLM & MLM 61.673 rs53260 (7B) GLM & MLM 116.277
7 rs58740 (6B) GLM & MLM  48.967 rs31256 (1A) GLM & MLM 44.512 rs3348 (3B) GLM & MLM 75.6555
8 rs5477 (3B) GLM & MLM  78.498 rs26812 (1A) GLM & MLM 44.512 rs42966 (3B) GLM & MLM 78.498
9 rs53259 (7B) GLM & MLM  116.277 rs28818 (1A) GLM & MLM 44512 rs20037 (2A) GLM & MLM 1.137
10 rs53260 (7B) GLM & MLM  116.277 rs15500 (6D) GLM & MLM 119.937 rs20038 (2A) GLM & MLM 1.137
11 rs3346 (3B) GLM & MLM  75.6555 rs3700 (6A) GLM & MLM 99.391 rs8795 (1A) GLM & MLM 37.687
12 rs3347 (3B) GLM & MLM  75.6555 rs25 (1A) GLM & MLM 44.512 rs8796 (1A) GLM & MLM 37.687
13 rs30085 (2B) GLM & MLM  72.825 rs2576 (1A) GLM & MLM 44.512 rs56408 (6B) GLM & MLM 47.831
14 rs57898 (7TA) GLM & MLM 0 rs25981 (1A) GLM & MLM 44.512 rs7926 (3B) GLM & MLM 75.6555
15 rs3348 (3B) GLM & MLM  75.6555 rs38257 (5B) GLM & MLM 82.6275
16 rsl3667 (3B) GLM & MLM 6.843 rs22486 (4B) GLM & MLM 60.612
17  rs13668 (3B) GLM & MLM 6.843 rs5516 (7B) GLM & MLM 116.277
18 rs5516 (7B) GLM & MLM  116.277 rs18593 (3A) GLM 143.601
19 rs45226 (7TA) GLM & MLM  112.84 rs46640 (3A) GLM 57.08
20 rs46933 (2B) GLM & MLM  72.825 rs23568 (6A) GLM 55.893
21 rs36754 (5D) GLM & MLM  168.429 rs16869 (3B) GLM 1.137
22 rs36755 (5D) GLM & MLM  168.429 rs5477 (3B) GLM 78.498
23 rs64327 (6B) GLM & MLM 92.187 rs6517 (7B) MLM 116.277
24 rs30619 (1A) MLM 67.252
25 1s7297 (2A) MLM 11.39
PV (%) 6-8 15-20 7-9
PV: the proportion of phenotypic variation explained by SNP markers (in %) sshon a5 SNP (gl Silis Lo 5 8 o o5 55 S okd 51 (o> PV
GLM: General liner model and MLM: General liner model bies s e MLM 5 s 50s Lo Jus :GLM
YoA
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Table 7. Annotation of markers related to wheat leaf wilting index

Marker

S5

Sequence

Chr

Pos
(cM)

E-Val

1D%

BENPET Sy

Molecular Function

SR
Biological process

Sk e
Cellular component

rsb517

rs30619

rs7297

rs46640

rs28818

TGCAGAGAGCGGTCAAG
GACAGCGGGTCCACGAG
CACACGCACGATGGGGA
GACTGGGTGCACG
TGCAGCGCGCAGGGCGG
CCGTGCACGAAGGCCGA
GATCGGAAGAGCGGGAT
CACCGACTGCCCA
TGCAGAGTGTAGTTTGG
CAGTAGTTGCCGATTGT
CCGCCTGTTTGAGTTTT
ATGTATGTGCAAA
TGCAGGCATTGGAGATG
GTGTTTCCTTCGTGTT
CACCTCTGAGGATGACA
ACGTTTCTCGAGAG
TGCAGCGAGCGCGATCT
GCGAGTAGACGGCGCCG
AGGTTGAAGAGCACGGC
GCCCTCTCGAGAT

B

1A

2A

3A

1A

116.3

67.25

11.39

57.08

4451

2.6¢18

9.2¢%

1.6 16

7.1e%

1.0el

100

100

98

98.4

100

methyltransferase activity, O-methyltransferase
activity, protein dimerization activity

ATP binding, ATPase-coupled transmembrane
transporter activity, ABC-type transporter activity

histone acetyltransferase activity, zinc ion binding

protein kinase activity, ATP binding, polysaccharide
binding

protein binding

transmembrane transport

regulation of transcription,
DNA-templated,
histone acetylation

protein phosphorylation

integral component of
membrane

Y7
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Phenotyping, association analysis and annotation of genes related to leaf wilting
of bread wheat (Triticum aestivum L.) at the seedling stage under drought stress
conditions

Abdi, H.! H. Alipour?, 1. Bernousi® and J. Jafarzadeh*

ABSTRACT

Abdi, H., H. Alipour, I. Bernousi and J. Jafarzadeh. 2022. Phenotyping, association analysis and annotation of genes related
to leaf wilting of bread wheat (Triticum aestivum L.) at the seedling stage under drought stress conditions. Iranian Journal of
Crop Sciences. 24(3): 251-265. (In Persian).

Rapid screening of plant germplasm in the early stages of growth and determining the genetic basis of wheat
leaf wilting index at the seedling stage is necessary for wheat breeding programs. In the present research, leaf
wilting index for 290 Iranian bread wheat genotypes, including; 90 cultivars and 200 landraces were studied
under drought stress conditions at the seedling stage in 2021 in research greenhouse of faculty agriculture of
Urmia University, Urmia, Iran. The results showed that there was variation between the studied genotypes for
leaf wilting index, and the landraces had significantly 12% more wilting scores than cultivars. This can be
attributed to direct or indirect selection by breeders. The leaf wilting index of about 9% of cultivars and 3% of
landraces were identified in drought stress tolerant group. GWAS had nearly the same results as general lineare
model and MLM methods. Chromosomes 3B, 2A, 7B, 1A, 3A, 4B, 5B, 6A and 6B, respectively, had the highest
number of marker-trait associations in the entire population which explained the phenotypic variation of the trait
from 6 to 20%. Annotation of significant markers confirmed the results of GWAS analysis and showed that five
markers on chromosomes 1A, 2A, 3A and 7B were aligned with different genes involved in drought stress
tolerance. An integral component of membrane, protein phosphorylation, methyltransferase activity and zinc ion
binding were part of the molecular functions and biological processes of the identified genes. The findings of
this research provide a deep insight into the variation of leaf wilting traits in Iranian bread wheat germplasm
under drought stress conditions, which can be used as selction criterium in the national bread wheat

improvement programs.

Key words: Bread wheat Chromosome, Genome wide association study, Leaf wilting index, and Molecular

markers
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