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ABSTRACT

Introduction: Durum wheat is one of the most important crops in the world. Various environmental stresses such as drought stress can affect grain yield. Drought
stress is one of the most important and common causes of wheat yield decline in most parts of the world. A large part of Iran's wheat cultivated lands is located in a
Mediterranean climate. In these areas, the main part of rainfall is in winter and early spring, and from mid-spring, along with reduced rainfall and ambient humidity,
the air temperature also rises sharply. Drought tolerance is a slightly complex trait controlled by many genes, and it is one of the most challenging traits to study and
describe. Nevertheless, existing studies on drought have shown that the drought resistance mechanism of plants is morphological, physiological, and molecular, and
strategies have been developed to deal with drought stress such as mass screening, modification, marker selection, and the use of exogenous hormones. Therefore, it is
necessary to find a way to grow plants with limited water in areas deprived of water.

Materials and methods: The study was conducted to identify molecular markers associated with the studied traits using SSR markers in rain-fed and supplementary
irrigation conditions. The seeds of 150 genotypes of durum wheat, including two germplasm of durum wheat of ICARDA and germplasm of durum wheat of Iran,
originated from the Seed and Plant Research Improvement Institute of Karaj, were planted in two cropping years 2018-2019 and 2019-2020. The experiment was
performed in an augmented design with four controls in 6 blocks in the Farm of the Agricultural and Natural Resources Campus of Razi University of Kermanshah in
supplementary irrigation and rainfed sites. The traits of plant height, peduncle length, weight of main stem, spike length, number node, weight spike, number grain per
spike, weight grain per spike, thousand kernel weight were selected randomly and measured in 10 plants.

Results: Based on the results, the GWM513 marker in the supplementary irrigation environment and the marker of GWM448-1 in the rain-fed environment showed
the highest correlation with the number of seeds per spike (35% and 30%, respectively). GWM153 and GWM408 markers are suggested due to the high explanation
coefficient (18-35%) and the most significant relationship with yield traits as the most suitable markers to improve most of the traits related to yield in rain-fed
conditions.

Conclusion: In the supplementary irrigation environment, a total of 24 significant markers were identified with the studied traits; among them, the number of seeds
per spike had the highest amount of changes explained (30%) by the associated marker. In the rain-fed environment, a total of 21 significant associations of markers
with the studied traits were identified among them; the number of seeds per spike had the highest coefficient explained (35%) by the associated marker. In the
supplementary irrigation environment, 17 SSR markers significantly related to the studied traits, five markers, and in the rain-fed environment, out of 13 markers
related to traits in this environment four markers participated in more than one feature.
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Table 1- SSR markers with significant relationship with agronomic traits in durum
wheat

(5' —3") S (5" —>3") S ey BURR
AGGCGCAGTGCTCGAAGAATATTAT  GTCCCACCAAATTAACAGCTCCTA  barc 49
GGTCTCAGGAGCAAGAACAC ATTAATACCTGAGGGAGGTGC gwm 107
CGAGACCTTGAGGGTCTAGA GCTTGAGACCGGCACAGT gwm 410
GCCACGCTTGGACAAGATAT GCATAGCATCGCATATGCAT gwm 595
GTGAATTGTGTCTTGTATGCTTCC GGATAGTCAGACAATTCTTGTG gwm1l
CTAGCATCGAACCTGAACAAG CATTGTTTTCTGCCTCTAGCC gwm149
TGGTAGAGAAGGACGGAGAG GATCTCGTCACCCGGAATTC gwm153
CGGGTGCTGTGTGTAATGAC GGTTGCTGTACAAGTGTTCACG gwm319
GAAGGACGACATTCCACCTG AATAGAGCCCTGGGACTGGG gwma372
CACCGCGTCAACTACTTAAGC CTACAATTCGAAGGAGAGGGG gwm388-2B-1

GTATAATTCGTTCACAGCACGC TCGATTTATTTGGGCCACTG gwm408
AGTGTGTTCATTTGACAGTT AAACTTAGAACTGTAATTTCAGA gwm427
CACATGGCATCACATTTGTG AAACCATATTGGGAGGAAAGG gwm448
TGACCCAATAGTGGTGGTCA GCACGTGAATGGATTGGAC gwm46
GGTCTGTTCATGCCACATTG ATCCGTAGCACCTACTGGTCA gwms13
TTCTGCTGCTGTTTTCATTTAC GTTGTCCCTATGAGAAGGAACG gwm547
CTCCGATGGATTACTCGCAC GATCTTGGCGCTGAGAGAGA gwme617-5A
CTCCGATGGATTACTCGCAC GATCTTGGCGCTGAGAGAGA gwme617-6A
CTCCCTAGATGGGAGAAGGG AGGCCAGAATCTGGGAATG gwm68
CCTTCCGGTCGACGCAAC CATGAATGGAGGCACTGAAACA wmc382-2A
CCTTCCGGTCGACGCAAC CATGAATGGAGGCACTGAAACA wmc382-2B
GGTTAATCCTAAGGCATCTCTCC AAAACAACAGGTTTCTCATCGC Wmc74-1A

STRUCTURE )|}5||a)5 )| oolasw!l b Ao K ol 39 93‘3‘ ov9) C.’L«.v -y Jj..\.'?
Table 2- Results of the Evano method in optimal K selection using STRUCTURE software

Delta K |Ln"(K)| Ln'(K) Stdev LnP(K) Mean LnP(K) Reps K
— — — 170.392 -16986 5 2
4.493 174.6 900.78 38.858 16085.22- 5 3
1.931 342.68 726.18 177.40 -15359.04 5 4
0.035 19.86 383.5 557.053 -14975.54 5 5
0.477 375.24 363.64 785.576 -14611.9 5 6
1.521 249.3 738.88 163.856 -13873.02 5 7
1571 257.76 489.58 164.039 -13383.44 5 8
8.351 3414.14 231.82 408.834 -13151.62 5 9
1.161 6986.5 -3182.32 6013.519 -16333.94 5 10
— — 3804.18 186.055 -12529.76 5 11
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Table 3- Maximum, minimum and average agronomic traits of population and
control genotypes in supplementary irrigation conditions in durum wheat

Lasls -
C4 C3 C2 Cl . ) lae
e e Coro  Comes
(55 pa5) (W) (S9))) ts)

59.67 46.44 57.10 47.64 55.73 38.88  76.40 (cm) aig glai
37.94 30.14 37.70 29.45 3719 2077 4850 (€M) JSSlay gl
ol a8l Cwlies

5.04 4.68 5.19 4.45 7.08 2.41 33.65
(mm)
461 3.89 4.05 4.28 5.05 3.49 7.98 (cm) alcew Job
4Bl o,5 olawi

2.44 2.41 2.10 2.50 1.85 1.04 3.28
kol
1.06 1.14 1.26 1.53 1.60 0.73 2.65 (9) s 439
18.55 22.53 23.78 31.99 29.89 15.37 4132 adcww 4o Al dlaay

aloaw yo &ild 1y

7.62 8.47 9.51 1156 1167 535 1945 ) @9
(9)
39.91 38.51 41.23 36.69 37.99 17.12 4858 (9) 415,15 439
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Table 4- Maximum, minimum and average agronomic traits of population and
control genotypes in rainfed conditions in durum wheat

Ols
c4 c3 c2 cl Coto Cated Come

52.07 50.79 50.26 51.51 50.57 32.39 75.19 (cm) aigs gl
20.59 22.87 24.85 23.54 26.69 9.20 4253 (cm) JsSlay glas
ol a3lw cwlrs

4.14 4.95 4.03 4.75 6.50 3.38 10.79
(mm)
5.15 5.14 475 5.09 5.31 3.33 10.39 (cm) alcew Job
4Bl 0,5 olaxy

3.30 3.51 3.48 3.59 2.70 1.14 4.75
kol
0.74 1.14 0.67 0.94 1.13 0.19 2.11 (9) s 39
14.42 23.09 29.52 21.74 22.59 8.92 7649  alcaw 4o 4l slusy

aloow o &1d )

5.19 5.69 4.44 6.64 7.66 306 19.88 = ©J9

(9)

31.10 24.74 25.97 29.33 31.80 15.76 43.24 (9) ailo,l3 39
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Tablel 5- Markers associated with agronomic traits in supplementary irrigation

conditions in durum wheat

293909y  (R2) (i < pd  p_value KoL S
A 0.143 0.011 barc 49
7A 0.105 0.038 gwm 595
7A 0.099 0.003 gwm372 (cm) aigs gl

s g,

7A 0.155 0.034 gWmM617-5A
4B 0.280 0.035 wmc382-2A-1
2B 0.118 0.020 Wmc382-2A-2
5A 0.172 0.002 barc 49
5A 0.089 0.033 gwm149 (cm) Jsitas gl
1B 0.101 0.003 gwm372
1B 0.114 0.027 Wmc382-2A-2
1B 0.302 0.005 gwm448-1 aliow 5o &ld slusi
4B 0.114 0.049 gwm6s ol d8lw 0 )5 slasi
1B 0.220 0.005 gwm427-1
1B 0.291 0.797 gwm513 ol 48lw cwls
1B 0.096 0.035 gWmS547 (mm)
1B 0.166 0.018 Wmc382-28B
2B 0.080 0.020 gwm 107 (cm) Lo J,.Io
2A 0.142 0.021 wmc74-1A '
2A 0.096 0.001 gwm372 (9) s 5o &ils (339
2A 0.078 0.009 gwm372 (9) abow 539
2A 0.188 0.028 gwm319
2B 0.141 0.018 gwm427-2

(9) «5lo,15 (39
5B 0.171 0.045 gwme617-5A

5B 0.126 0.005 wmc74-1A
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Table 6- Markers related to agronomic traits in rainfed conditions in durum wheat

£93909)5  (R2) (i <0 8 p_value s o

5B 0.110 0.034 barc 49

58 0.213 0.025 gwm153 (cm) &g gl yf

6A 0.192 0.037 gwm408

6A 0.106 0.034 barc 49 (cm) Jsits £

2A 0.080 0.039 gwm547

2A 0.350 0.000 gwm153 alcww jo &ils slaay

2A 0.071 0.025 gwm388-2B-1 bl aBlw 0,5 sloay

4B 0.294 0.001 gWm448-2 o Bl ol

4B 0.105 0.018 gWmM617-6A

3B 0.135 0.013 gwmes (mm)

3B 0.143 0.000 gwm46

3B 0.092 0.023 gwm513 (cm) aliww Job

5A 0.121 0.000 Wmc382-2A-2

5B 0.088 0.042 gwm 410-1

2A 0.202 0.014 wm153 , .
J (9) alisww o &ils (439

2A 0.323 0.000 gwm408

2A 0.138 0.004 gwm46

2A 0.147 0.009 gwmil

2B 0.185 0.031 gwm153 (9) Al 339

1A 0.224 0.001 gwm408

1A 0.208 0.035 gwm153 (9) alayl3® 39
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Figure 1- Temperature and rainfall diagram in the crop season 2017-2018

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

Delta K g LNP(K) cpuKibwo polio b (K) Caxos 39330 G Y 03U gl 0 Comos Slass 0,91 p —¥ S

Figure 2- Estimation of population number for the range of 2 to 10 sub-population (K) with mean
values of LNP (K) and Delta K
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Figure 3 - Membership of individuals at 9 = K by Structure software. Each color shows a sub-

population and shows the vertical axis of each person's belonging to each sub-population
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