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Abstract
Objective

Drought is one of the major environmental stresses that adversely affect the growth and
development of wheat. This study aimed to determine the structure of the population and to
identify markers associated with physiological and agronomic traits in bread wheat under drought
stress conditions.

Materials and methods

A total of 238 bread wheat genotypes were evaluated using a randomized complete block design
with two replications under drought stress conditions. Various physiological traits, including
carbon dioxide exchange, photosynthesis rate, and chlorophyll content, as well as agronomic traits
such as days to heading, days to maturity, flag leaf length and width, plant height, seed weight per

plant, number of seeds per unit area, seed yield, and biological yield, were measured. Genotyping
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was performed using 9K SNP array. The population structure analysis was conducted using
17,093 SNP markers in R software. Marker-trait association (MATs) was carried out using GLM
model in TASSEL.

Results

The analysis of population structure divided the 238 wheat genotypes into five subgroups. A total
of 132 MTAs were identified for different traits. Notably, four SNPs, on chromosomes 6B, 4A
and 6A exhibited pleiotropic effects on traits such as seed number per unit area, seed weight, and
yield. Furthermore, eight MTAs for seed weight were identified on chromosomes 4B, 5B, 6B,
and 7A. Chromosome 6B contained the highest number of SNPs, covering a region between 481-
519 Mbp. For the number of seeds per unit area, 12 MTAs were located on chromosomes 3B, 4A,
5A, 6A, and 6B. The region with the highest number of SNPs was found between 561-492 Mbp
on chromosome 6B, which overlapped with the region associated with seed weight per plant.
These findings highlight the significance of this specific region in the wheat genome for
improving bread wheat yield.

Conclusions

The results of this research provide valuable insights for breeders seeking to enhance wheat yield
potential. Identified markers associated with key agronomic traits can be utilized in marker-
assisted selection programs, aiding in the selection of desired traits.
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Table 1. The codes and origins of studied genotypes
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Tablel. Continued
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358 2 &8 izl (e 5 S o paSdio ]y dumen 1 50 Bauig) (oo s Clid o lo cpl 09 (o0 JUo 3y (LS

vy

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

V€Y ‘O‘)lsohgébho o> )

SSsl b, Slisy Ola oy g g dasly sbul 5l ygo s g 1S Glo ) 555 03 Cu s dmols yj 42 & WilgS o

&S e

0.48

Cross-entropy

0.42
1

0.40
1

T T T T T
2 4 6 8 10

Number of ancestral populations
Cowl K=5 Coron 15 diuger dluad . K=1-10 Comon 13 dlani gl Jiliio (o950 v .Y JSWS
Figure 1. Cross-entropy curve for the number of sub-populations K = 1-10. The optimal

number of subpopulations is K=5
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MTA g5 jiwwss ey glp 835 ang |y Cao ol & bayye (wigd Glyuss jl ao)d Y ggamme j0 a8 il olwlid
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Figure 2. Biplot drawn by R software based on 17093 SNP markers. Each color represents
a subpopulation. The horizontal axis shows the number of studied genotypes and the vertical

axis shows the contribution of each individual to the subpopulations
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Table 3. SNP loci identified for agro-physiological traits in wheat by GLM model

Aol . .
e

Trait I\jljrker tho?; ﬁ?é?s &l ‘{3*“5
(Mbp) p-value R%(%)

seuS1 63 oS wsnp_Ex_c24474 33721784 4A 612 0.000126 6.12
Coy wsnp_Ku_c3237_6024936 4A 612 0.000126 6.12
Ex_c4208_839 5A 573 5.10E-05 6.78

Excalibur_c12395_467 5B 625 0.000195 5.76

Frogd b pus RAC875_c55351_223 7A 5.08 1.94E-05 7.14
phot%ig,en?ﬁesis GENE-4606_1208 7A 1482  1.38E-05 7.45
Jsbo, 15" (elgimo BS00060686_51 1B 675 4.20E-05 6.41
Chiorophyll BobWhite_c34125_183 1B 676 0000118 567
BS00063302_51 1B 677 0.000116 5.69

BS00093275_51 1D 486 0.00012 5.68

mdalis b5, Excalibur_c11437_75 2A 276 7.06E-05 3.50
Days to heading RAC875_c18698_550 2A 342 7.06E-05 3.50
TA003865-0902 2B 20.08  0.000193 3.11
Tdurum_contig82821_324 2B 106 8.85E-05 3.41

JD_c63957_1176 2D 20.77  6.91E-05 3.51

tplb0053n05_793 2D 22.45  4.93E-05 3.64

tplb0057n10_689 2D 2245  2.28E-05 3.98

BS00022276_51 2D 29.45  4.43E-05 3.74
BobWhite_rep_c53007_100 3B 720 0.000141 3.26
Tdurum_contig21756_137 3B 721 7.88E-05 3.45
BobWhite_c40244_73 3B 723 0.000126 3.26

GENE-1511_622 3B 725 0.000139 3.22

Ku_c1575_338 3B 726 0.000137 3.23

IAAV8659 3B 826 0.000193 3.10

Kukri_c17430 972 5A 468 0.000177 3.13

Excalibur_c46261_342 5A 698 0.00019 3.10
Tdurum_contig42069 846 5B 639 6.12E-06 4.49
wsnp_Ex_c8510_14306239 6A 596 1.75E-06 4.99

BS00010093_51 6B 205 0.000119 3.29
Kukri_rep_c105243_341 6B 455 0.000104 3.34

TA005016-0827 6B 460 0.000152 3.19

Ex_c7086_154 6D 461 4.03E-05 3.72

Kukri_c34147_152 7A 690 0.000114 3.30
Excalibur_c61603_1209 7A 701 2.31E-05 3.96
wsnp_RFL_Contig2805_2579582 7A 702 7.52E-05 3.47

S hy g Kukri_c55780_296 7B 706 8.36E-05 3.43
rﬁg‘g{]ﬁf& wsnp_JD_c17128_16056425 7B 707 7.60E-05 3.47
RAC875_c14316_584 2B 613 2.21E-05 4.82

Kukri_rep_c112754 101 2B 664 0.000132 3.94

BS00083329 51 2B 782 8.45E-05 4.17
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Table3. Continued
| . P e
o AU P399S5 Sy o s
Trait Marker Chr POS 6 R?(%)
(Mbp) p-value
Sy Gy RFL_Contig5277_1141 2D 646  0.000176  3.82
Days to BS00064077_51 3B 17.08  0.000154  3.82
maturity

BS00045330_51 3B 474 0.00014 3.91
Tdurum_contig21756_137 3B 721 0.000128 3.96

IAAV8659 3B 826 2.79E-05 4.74

BS00084070_51 4B 35.51 0.000178 3.79

BS00021971 51 5B 552 0.000161 3.84
wsnp_Ex_c44737_50715462 5B 553 0.000112 4.02

BobWhite_c3995 536 5B 554  0.000151  3.88

Excalibur_c3165_730 5B 585 4.32E-05 4.49

BS00041481 51 6A 177 0.000161 3.84

IAAV1346 6A 199 0.000161 3.84
Tdurum_contig11700_1247 6B 136 4.50E-05 4.47

BS00011624 51 6B 164 0.000162 3.84

Kukri_c34147_152 TA 690 3.42E-05 4.60
wsnp_RFL_Contig2805_ 2579582 TA 702 1.11E-06 6.27
Tdurum_contig46877_262 B 47.00 9.77E-05 4.10
D_GB5Y7FA02IRT85_195 7D 163 0.00015 3.88

Ku_c24562_206 7D 164 5.84E-05 4.34

o2 Sy dsb BobWhite_¢31163 694 2A 747 7.29E-05 6.44
Flag '(ef;;ength BS00000209 51 oA 747 956E-07 9.68
Kukri_c15615 254 2A 747 3.11E-06 8.78

Kukri_c53501 305 2A 777  0.000124 6.09
wsnp_Ex_c6400_11123059 2D 62.96 0.000192 5.73
tplb0060h04_139 2D 617 3.11E-06 8.78

Kukri_c7218 1145 3A 505 0.000169 5.81

Kukri_c35405 256 5B 671 6.66E-05 6.50

pn Seoee Wwsnp_RFL_Contig3522_3685860 2B 658 3.73E-05 6.39
Flag '(i?;)‘"’ idth RAC875_c58425 331 6B 878 242E-05  6.39
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Table3. Continued
| . B e
o AU P399 Sy g o e
Trait Marker Chr POs 6 R?(%)
(Mbp) p-value
RACB875_rep_c77197_202 6B 8.78 1.25E-05 6.85
wsnp_Ku_c24391 34351602 6B 9.00 4.59E-05 5.97
IAAV64 6D 467 0.000197 5.01
Gy gl BS00043099 51 2B 99.76  2.90E-05 5.72
Plant height (cm) Excalibur_c43482_141 2B 100 2.90E-05 5.72
Tdurum_contig81323 291 2B 104 8.23E-05 5.19
tplb0053n05_793 2D 2245  7.56E-05 5.14
tpIb0057n10_689 2D 2245  5.58E-05 5.36
Kukri_c11935_65 2D 78.38  1.06E-06 7.73
BS00044720 51 2D 78.79 2.54E-05 5.87
BS00067584 51 2D 79.42  1.10E-05 6.44
BS00046890_51 2D 79.94  3.35E-05 5.47
BS00062940_51 3B 64.70  2.40E-05 5.92
BS00102622_51 3B 68.46  0.000182 4.62
GENE-1587_448 3B 73.69 6.40E-05 5.24
wsnp_Ex_c40250_47352047 3B 7428  1.71E-06 7.50
CAP8_c8016_120 3B 140 0.000182 4.65
wsnp_Ex_c19994 29025586 3B 425 7.69E-05 5.13
Tdurum_contig13140_69 4A 59.32  3.61E-05 5.61
Kukri_c6199_1183 4A 60.35  2.13E-07 8.67
wsnp_Ku_rep_c76865_75281903 4A 60.66  9.37E-08 9.15
wsnp_Ex_c3620_6612231 5A 2.12 0.000195 4.60
Excalibur_rep_c69282_651 5A 98.45  0.000178 4.63
Kukri_c5757_530 7A 90.65  6.68E-05 5.22
Kukri_c18055_1740 7A 737 0.000133 4.81
BobWhite_c39364_231 7B 54.79  5.56E-06 6.70
BobWhite_c4481_96 7B 58.25  8.43E-06 6.53
Gy &b 39 BS00106142 51 4B 454 0.000142 5.07
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Table3. Continued

. S Aot o T b
o AU P399S5 Sy | .
Trait Marker Chr Pos $I° o
(Mbp) p-value R2(%)
Grainweightin - ooy contig2ss2. 2410 58 587 0.000195  4.73
plant ()
RFL_Contig6050_941 6B 481 0.000149  4.90
wsnp_Ex_rep_c69660_68614071 6B 482 0.000149  4.90
tplb0023n15_310 6B 485 0.000149  4.90
wsnp_Ku_c5744_10166561 6B 518 6.32E-05 5.43
Kukri_c5744_92 6B 518 6.32E-05 5.43
GENE-4081_72 6B 519 6.32E-05 5.43
BobWhite_rep_c49916_325 7A 2511  3.01E-05 5.93
dalg o &l dluss
Tdurum_contig43252_1407 3B 23.78 0.00012 5.50
o
Number of
grains per unit BobWhite_c19919 516 4A 601 9.86E-06 7.13
area (m?)
Excalibur_c46261 342 5A 698 4.29E-05 6.14
RAC875_c8642_231 5A 699 1.35E-05 6.92
Kukri_c5325_2120 6A 374 7.59E-05 5.76
Kukri_c57452_1040 6A 597 0.000101 557
wsnp_Ex_rep_cl01766_87073440  6A 597 0.000101 557
IAAV109 6B 492 0.00019 5.14
wsnp_Ex_c14101_22012676 6B 492 0.000149 5.35
Kukri_c5744_92 6B 518 3.17E-05 6.35
GENE-4081_72 6B 519 3.17E-05 6.35
Kukri_c10661_480 6B 561 0.000179 522
Seigdem 3, %es wsnp_CAP12_c1960_ 972031 1A 509 0.000189 5.74
B'O'c(’?'hc:fi)y'e'd Tdurum_contig21114_255 1A 540 0.000133 6.00
BobWhite_c22638_135 6B 497 8.57E-05 6.33
wsnp_Ex_c7216_12390889 7A 521 3.37E-05 7.03
el sSlee  Tdurum_contigl3946_241 1A 3337  0.00015 5.12
Gr(at'EaY;;'d RAC875_rep_c111911 116 1A 3593 0000193 496
BS00098033_51 2A 779 0.000135 5.9

Y4

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Obuno; € 0 lows (VO a”b) $329US (659955 g dloxo

EVIL N g PR
Table3. Continued

ol ) .

Cdo AW £939995 Sy 5 .
Trait Marker Chr Pos & o=
(Mbp) p-value R?(%)

Tdurum_contig59953 282 3B 772 7.44E-06 7.05
BobWhite_c19919 516 4A 601 3.02E-05 6.16
BobWhite_c8266 227 5A 699 0.000161 5.06
Tdurum_contig54787_384 5D 565 4.36E-05 5.92

Kukri_c5325 2120 6A 374 0.000174 5.02
wsnp_Ex_c14101_22012676 6B 492 0.000152 5.16
Kukri_c5744_92 6B 518 0.000189 4.97

Kukri_c5325 21204 4A pgjpe 59y 5 jb cuinlSa 541 alolé ,» BobWhite ¢19919 516 syiomen
ol ysb @ glis pl il Sg oy 3l o S5l ) 4l Sl o L OA pgiges,S 55y p b cudx K6 YVF a4l
slob GleMbl yisren WS o K paiS 3 Sas Judlis iolil jolaio dy ild slaad 5 &ld (59 dgudy ;0 HBLSZM] 4
o olyd piiS 3 JoSlge sl Slts a4 Mol gl b/ WQTL 38> hads Gun b oasy] cldlls el o8
L8

WAAY sliws 5 calisee  Lbl e Lide 5 0,5l b paiS gl YYA 5l oolatul b e Hlidlo 43505 105 g8 ddens
LL3,I WYY ggem0 10 (GWAS 4555 5l oolisiw] b 23,8 (6ol Coren 0 gy 50 |y addllas 3)90 slacuies SNP SiLis
ol sl 0a ool (sl Sl 50 lolid (b paS )3 (Shelanid 5 Loy e i (ol o Sl o ine
o )8 ealawl (Suid i bulyd o U paE 10 0)Ses gy jekaie 4 SOl SaST 4 bl p ol e |y Gils
Gl lozen Bl & Was lolis b 3,Shas 5 @iy 55 &l 350 s a5l 3 &l ass el Sapgisely S b Sl
S o iyl 1y Clas oyl

o el g Daslns g 5)lSan e 4y lo)S imly aged olStily (LS Sladg (5558 eaSimg 5l 16l 3wlpw
w2l |y liSlw 5 Sts Coleg 0590 (!
&l
S g3 b atwgn (JoSlge (sl ySilis (Lol (WAB )il (lisg) cdoee pide quusldlnl o (gdodte by (gdoe

Slagiog aslilad - oSS (o)l g 20 Laalyd 53 (U P05 )3 9> S g 02 S 255 5 Jsb il 5 Slos oailS

IVV-YAY & oM
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