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Extended Abstract
Introduction and Objective: Water deficit stress is a serious threat to food security worldwide.
Association marpging is a suitable method to identify the location of quantitative traits based on
linkage disequilibrium, which is highly effective in describing complex genetic traits. This study
aimed to evaluate the population structure and the SNP markers association morphological traits of
spring wheat genotypes under water deficit stress conditions.
Material and Methods: In this research, genome-wide association mapping was done for 111
spring wheat genotypes. Phenotyping evaluation was done in the form of a simple lattice design
with two replications in the agricultural year 2020-2021 under non stress and water deficit stress
conditions in the experimental field of Gachsaran Rain-fed Agricultural Research Station in Iran.
Genotyping of the samples was done using SNP markers (15 K SNP array?( in Trait-Genetic
company in Germany. Each genotype was evaluated usingi 15 thousand SNP markers. The obtained
SNP data were filtered in terms of MAF indices (minor allele frequency) and missing data (Missing
data >10%). From each of the 21 pairs of bread wheat homologous chromosomes, seven SNP
markers with no missing data and with suitable distribution were selected (147 markers in total) to
determine the structure of the studied population (Q matrix) using STRUCTURE 2.3 software and
the number of ?roups (K) was identified. The studied traits were flag leaf area, number of nodes,
first internode length, number of tiller per plant, number of fertile tillers per plant, number of
infertile tiller per plant, and spike Weigiht. Genome-wide association mapping using TASSEL 5.0
software and the general linear model (GLM) method with Q matrix and decomposition into
E{rincipal components with more than 80% justification (PCA) with 52 components was used.
esults: The results of the analysis of variance showed that there was an acceptable genetic
variation in terms of all studied traits and also the reaction of genotypes was different in facing
water deficit stress.
In the water deficit stress condition, chromosome 2A had the maximum significant correlation with
39 and chromosome 5A had the minimum association marker with the trait with four. In the of
water stress conditions, three bread wheat genomes (A, B, and D) accounted for 53, 36, and 11% of
the frequency of marker-trait association, respectively. A and D genomes of bread wheat under
water deficit stress conditions ratio to non-stress conditions assigned a more prominent role for the
examined traits. In total in the non-stress and water deficit stress condition 180 and 111 marker trait
association (MTA) were identified respectively. In the water deficit stress conditions, the number of
correlations with markers for flag leaf area, first internode length, tiller of number per plant, and
spike weight were 17, 24, 10 and 19, respectively. In the water deficit stress condition, the

frequency of significant marker association more significant than in non-stress condition for traits
of first internode and fertile tiller of number per plant. Three bread wheat genomes showed an
unequal contribution for the studied traits in terms of the number of identified marker-trait
associations (MTA). Also, genome A had a significant contribution toc?raln yield under water stress
conditions with 74% of significant correlations between the marker and the spike weight trait.
Conclusion: Finally, the MTAs identified in the present study can be used in the development of
wheat dbretledin_g programs under water deficit conditions especially gene pyramiding or marker-
assisted selection.
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1- General Linear Model
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Table 2. Analysis of variance for the morphological and spike weight in spring bread wheat genotypes under non stress
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Figure 3. Determining subgroups using Structure Harvester. The vertical axis shows the value of AK and the horizontal
axis shows the number of subpopulations

L(K) (mean +- SD)

—5500

—6000

—B500

Mean of est. Ln prob of data

—7000

—7500

K

283 o s SNP la S5Lis VFY olwl o 4355 (gl ol Cawyd iSTas (435)) oo, I8 Structure harvester )jsle s zobs - s
Figure 4 . The results of the Structure harvester software show the logarithm of the maximum likelihood value for analysis
based on 147 SNP markers


http://dx.doi.org/10.61186/jcb.15.48.164
http://jcb.sanru.ac.ir/article-1-1457-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 ]

[ DOI: 10.61186/jch.15.48.164 ]

o9 ool g 03l e S dlluas ) o5 L) el (Slsley Ol dase (yracsizme dos]

wy S Ll o o = 5 Ll 0325 5 0 p5 (slanigs Camar Lo s

1.00
0.80
0.60
0.40
0.20
0.00

024358 n Bl ohes ($D508 H5ome g lacuiei) 4 bgyye (38l jeme (K=2) SNP S5l VFY 1 ooliiw] b cumen jlidlus jloges -0 S5
Wb ge 09,5 5 S 0MBI LI S5y p g am3 e (LS ) 095
Figure 5. Population structure diagram using 147 SNP markers (K:Z?], the horizontal axis corresponds to genotypes and

the vertical axis shows the contribution of each individual to eac

Syt Jlaigne L)l Sls8 poi cnl slapgigag)S ks 4
) Sy oladl s |,

i S GRS g GBS pas lulyd 93 )0 (I ek
S9) p2n Spogas b S bgee bl WV ¥Y
2 A o) 28 eaalis (b paS e (glapgjgag S
9> w2 Sy ghe b KU b)WY (i pae bl
S b se bl S5 9 B pgif g9y b)Y 9 A poij
o3> L5 Wodls) 43 95 D pgif 59y w2n S v b
s b Sl b5y W e85 bl 5 (Gl 005
blijl 93 5 B pgij ) bL3) S 9 A psif 5) pn S
A5 @iy D opgl 9y mrn Sp e b SLE bise
ol blyd > adllas cpl o (Cowl oais ooy lis laedls)
SoLTA 5 1A (lapgigeg)S 9 V) L 2A pojgeg)S oleS
LA ess 1) prn Spgdaw b SU b ise Loyl dae
4 Wb esude dallle (pl ) isced L0 olais] sg5 4
SSan A pg Sbpgises)S A gleS L5 ks
o2 Sy e sl SNP (o) SLis Ly (g5l sixe b3
S0l byl SIS a5 9 i pas Lalyd 5o aisly olis
reJJf Lg‘.lbf”’ys)s &9y W g YA (i ey o)f i Cbuo Ly
9y 0,5 daw canw b ,Slis bl a5 Nad mie8 b
QA g 5 pas lalpd 93 a3 (b paS alfan lapg
pae byl s ) (Wlosuts ool L oals) Wogy cglate ]S
0,5 3 o b ;S5 gl sine bloy) YA L B pgij i
SR ()l (gme Byl yieS 300 4w LD pgif 5 oy
Lol olaid] vgs 4 1y cuio b

A pg5 9 (bLs)) &) cn i D pgij (oS L5 ulyd
0,8 3 o b Sl o tne bl (bLy) <K3) oy yiaS
o g0 omimed (Sloais el lis Wesld) waly slis |,
Chio b L bl o ynde dae & L TA pgjees)S blys
2 0,5 5ke el Job ol lis adlles opl 0 05 Sl
LUl VE 5 VF oy lpS Ui g i ple balys

group, and each color represents a subgroup.

&l Viagh] 90K )] 5l 15K SNP adllae oyl 5

i slit] Sy3ghrge Glio b lagye (bSNP ol
G5 g i pae Ll 1o adlls 300 Sl b ,SiLis bls)
390 Slao L jSolts bLo)l Slgld @i s byl oS
Lulyd 3 (Y Jgia) w59 Oglite (a5 pas Lulyd )3 adllae
byt (D g B A) (b paS abaw lapgss (i pas
w93,5 odalie lo > ¥ g FA KR b sixe bl Slolyd m508
L SA pojge)S 9 Jloisine bl (i YA L 2A pojgeg,S
G5 e Lol 3 o b LSl byl ppieS Sde les
oyl odly) sl olaid] 38 a4 A pgii cp 0
Pl 2 554 4B 5 7B (slapgiges)S B pgif 5> (wlosis
S 5 ouyede (MTA) Cdo b S5 bL)IY 5 VY L
oals) wals Hlis i pae byl (5 cads b Sl bl
e L 7D poja0,S i pae baylpd o (Wlosss oaly ol
U bl gime b Sy b oyt Cdo b )S0LE bl
@ adlae 3)90 Slio glp D pgif sbopgises)S o > |y
Slol w5 (Sloads ooy lis aesly) sl olaid] s
lopsis > lnS i bald sy cdo b Sl bl
ABaw lapss (Y Jodo) Mo Cslite 35 oL puS GlBdw
L5yl 1oyo)) 5 Y5 OF (Ll sy (D o B A) b piS
255 4 oS G5 kb 3 |y cao b Slas o e
pae bl s b awolio o oIS i balys jo sl olazsl
SlolP  dops il Gy (BT L paS D gy i
alllas oyl gl ol i |y o b Sl o _sine bl
D g A (lopgis gleS (i lpd o o cal ol 1 (S
9 by b AT pas blpd 4 cnd |y 6550 A8
GleS G s o cho b Sl byl Slglhs e
1A 5 TA Sbapgiges)S 9y i b puS A pgi il
5B 5 1B (slapgiges)s Laulyd cnl > owizmen a3 bl
L SLE byl Sl @ig clr sime o e
Caus 1D pgjse9,S D poij 50 ol Hlis addllas 590 iliw

1- lllumina

2- Marker Trait Association


http://dx.doi.org/10.61186/jcb.15.48.164
http://jcb.sanru.ac.ir/article-1-1457-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 ]

[ DOI: 10.61186/jcb.15.48.164 |

Wy

S ooyl g o3l e S allany ol Ly s« Slsleg (o3l desme a5 iome tos]

oebail s 4 ]y Slold @i o di (g b SOLES
pae bylyd > aliw (y5e (Caol odis 0oy Hlis aoaly) sl
ol bl jo ol Gl 1) Slas b pse bl ¥Y i
D 5 5 U Gl @i curndin AVE LA 535 oleS
Bl polasl ags a1y Sl Jlghd wjes ppieS 40V L
bLsyl oae YV L 7A pg5509,8 (Cawl 0iiis 00ly Lis b o0ly)
Iy, Slis 2bu.;,‘.a byl Slalyd m5e5 oy it Cato by S5l
pa wleS Ll o ab jelanl b 4
S 3 D poi sapgiges)S 4 2D 5 1D (slapgjgeg S
ol 1y Sl b pxe bl diaw (i s slp b
5 Ly > a5 b S bl Il s il
2 Pl 4 ) ol @ls (F Jgiz) 35 208 YA oS
oxd o)l (MLM) bglseo  Jas Jao 5o, 5l eoliwl b g
Slao b gyboxe blsyl (55 oK) Sl ¥5 a8 cowl
O 3 (50y93 sl B gy maxiy U jg)) Sujglid
S5 o5 b (Sfdesd e U gy 5 b
sQTL 5 a5 (Zare-Kohan et al., 2018) . sunli
buog L3 0d mjg poigesS VN 3 paS JolS pgij
(Qaseem et al., 2018) wloas zu iy paiS Solpdy cplis
55 ow bl (MTA) chw L Sls bl adles
S WS o bl pgis So 0 ) 0kg (ST 9 (Solshs0e
SU) 29850 Sy 1y (o955 B b basiye slaeS g coled 52
Jetal., 2019

(Ahmed et al., 2021) )Ken § dosl (gladllas
SNP S5l sae 0+ oo i Lame p3 a5 10,8 3,155
g b 598 bl
Dies cpl gl b a8 cusly 5e29 TA 5 6D SA 4B 4AA
Ob P pyi  Clis uiS JyuS s MTA/QTL
Sukumaran et al., 2018; Shokat et ) ol ods ool

al.. 2020: Li et al.. 2019b: Abou-Elwafa and
Shehzad. 2021; Anjumet al., 2017; Ahmed et al..

Mohammadi et ) Ko § (gaze slasdlllas ;5 (2022
9y » QTL 4w R Lfﬁ Cjaw Clo dl)f (al., 2005
650 adllas ;> 5635 Ly 2D 4 5B B clapgjses,S
Moz b Slis (Zhao et al., 2018) )Ken o gl
ez €05 2A pojsesyS 59y ) i Sy gdaw b by
20y plelid paS pYo bl Cures ) Jaoce byl
LLs,) ¥Y sl (Bilgrami, 2018) Bilgrami sl
9y wle sl bl s cov dliw yjs Cano gl b gxe
b 4 7A 5 6B 5D 5B 3B 2B AD AB (clapsjses,S
cos 4B 5 1D AB (slapgigeg)S 59) » sPme bLS)
13 adlles ol gl b &S w8 lolis Sts i Lyl

VY e IFA o)l [omasly Jlo /el olalS oMol acliings,

25 (F Jssa) Wb olail spa |y chn L SLi
S slacgs )3 0,ke (sl Jobo L ,SSLis bls )l Sl 6
L SLs bl ol @iy ontde 209 Oglite o)l
9 A pgi & Blile S35 pas lalpd 3 0, Sle (gl Jsbo
g puS wBaw ey o > A pij 9 AA pojgeg)S
bulyd 53 (cdo b Sl b gne bL)IV) TA pgjse9)S
b il G oS ol oyl Jgb o sl oS S5
Ozzen Al o)l pAS slapgiges)S 5 poiS Ak 4 Cud
P55 cold > 9 YT LB pgij 00 LA pgij Lalpd ol
oS oke odsl Jsb b ,S3Lis bls)l Jlgl b 595 23V L D
b Sl gyl pixe bLsyI VY i pae baylyd 5o oly L
20,5 odnlie dalllae cpl > We D oy ol Cawe
B pgij a4 boiye ;L b ne B3 Sls b @i oyt
)5 8 pgd adye ) doy I L D pgiy g UEe
Sy doxy 2w b Sl bls) aw b TA pgjeagsS
4 A pgi | SlE bl Sl @ie onpide
S olaidl
S b ,S5LE gyl sme L) Ve SIS i Lulys o
blo)l Sl @ig onide 35 odalis Ly >
LA pgj g 78 LB pgj & by cao b Sl b ine
Gy oy S b S bl loyd wje nyes VoA
2 adlas pl o (Wl edly L edly) ol lis 1y
Slopgiges)S 4k BA poiges)S il b S L1 Ll
2 4oy S Cho (i |y ol ire b 45 n A pgi
LLs) 93 b pliS 10 5B 4 3B (slapyjpeg,s ok i
EIF O By doxiy M Cdeo b S s
o pas bals o ioh Gl B pgis po 1) (Sl ol
i Slas (sl 6Pk I8 S50 A 5 B pgil o
Joi) iy &g 53 ;L oy 2 g g 53 ye)b oty
Dgze blo)l ghhls B pgij laad i pae bylys o (¥
5B pojgessS O S 53 sk axy Sl Cdo b 0L
Dy ) 9ok doxiy S o b L Slold @i on piiten
ol pde balyd 50 (Cawl 0l odld LS Waesly) aly ol |,
o2 ) yo)bb oty Sl g w3 y9)k oy Sl Sl
Joiz) 5ol ol 1y @l b S50 b5l Y8 5 A e
(¥
aoy Sl Clas b S5l bl Slolyd mjer o iy
OB Lalpd 3 1) g )3 o)Ll aomy Sl g &g 5> el
Ok oS A5 llid )3 05 B pgij 4 bgiye (oS
S9) g2 ) ek doxiy S b Sl bl Slglé e
oS b a8 bl (0L Gid) 1B pgjgeg S
i lio b S s tae LUV 530 sl oleS
A5 odalie &gy 53 )9)bl domy S g Ly > Ho)k oy
ol puymia ZAY LA g (25 pas bulyd 3 (F S5
by polaidl 0 & 1y diw iy i b Sl bl
Mgme BLIVA L 2A pojses)S Lulyd ool > (Y Joi2)


http://dx.doi.org/10.61186/jcb.15.48.164
http://jcb.sanru.ac.ir/article-1-1457-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 ]

[ DOI: 10.61186/jcb.15.48.164 |

Pz oSl g 03l gon S dllasy Sl s« Slole 531 dezma e szme Son]

e A0S Bl o o = S L5 4525 5 o)l 5 (slocai] Cane 5o 2l

B i) Y o1 b (S5 sl S 5 s e
lao g 4l 5,Sles o5 slalSo plolid gl golae]
S5 Sslene 390 )3 |y (gt S 5 A Ol b by
Quarrie etal., ) -, Kea 5 (5,15 tind o &3]y &by 5 Slos
QLSS zugy95 bame Yo > K55, 2badd (ol (2005_
oo > Ll LogSTlo 5 sy ol (pliadlzs ST
PSS IS 4 Cuwglis lp 1) QTL ab  Saw,
2B 2A 1B 1A (slapgisessS 53 2 | shlabls pis
S 55 Wbole 7B 5 TA 5B 5A 3D «2D
Lids b L 5B o 5A 2D 2B 2A AB (clapgjses,S

b calhe pols

Cilao 4B 5 1D (lopgises)S g5y lnS i Ll
S Bilgrami, 2018) (oSl bwg wyp > .l
3 oslizal b ) sl 1550 a8 (g AY ol Conen
oS 88 8 Lbjyl 5550 Illumina iSelect 15K SNP
Syl ol Lol )3 s gme bL3)I VY 9 VY 343 5 Sls
Vo0 ol domy dlawi 5 JS dony dlawd Glas (gl cud g
9 W bl puS (glapgisessS Sl pgjgesyS
5 laylSe oS ol 3,5 (Li et al, 2019b) ,San
o Syt Wl e 01 oLl I3 sne SNP (sla Sils
g o3l Jya}bo » Fb)‘ drwgi 1D gllao s ub;
P Pl Gbadd (hg) 93 yp & il LBl pines

_ O pAS 33 WY )3 poisess)S 5 peil (S9y s s sne o S0l bl ol (i =Y g
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