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Comprehensive abstract

Introduction

Bread wheat (Triticum aestivum L.) is one of the most important crops in the world, providing
more than 40% of the world's food. Increasing wheat production to feed a growing population requires
the improvement of genotypes to reduce the harmful effects of environmental stresses and climate
changes. To achieve higher yield potential, lower genetic vulnerability, resistance to stresses, and
adaptation to climate changes, it is necessary to diversify wheat germplasm resources. For this
purpose, it is essential to evaluate the genetic diversity of wheat germplasm and identify superior
genotypes for use in breeding programs. Microsatellite (SSR) markers, as the most popular PCR-based
molecular markers, have been widely used to analyze genetic diversity in various plant species. The
objective of this study was to evaluate the genetic diversity and determine the population structure of a
number of bread wheat genotypes using microsatellite markers.

Materials and methods

The plant materials of this study were 70 bread wheat genotypes that were cultivated in a
completely randomized design with three replications in the greenhouse of Tarbiat Modares
University, Tehran, Iran. Genomic DNA was extracted using the Viragen company kit and the quality
and quantity of DNA samples were determined using the nanodrop and agarose gel electrophoresis,
respectively. To investigate the diversity among bread wheat genotypes, 30 pairs of wheat Xgwm
microsatellite primers were used, and polymorphic information content (PIC) and gene diversity
indices were calculated using PowerMarker software. Cluster analysis using the neighbor-joining
method was used to determine the population structure and bread wheat genotypes were grouped using
TASSEL software.

Research findings

The results of this experiment showed that out of 30 pairs of the studied microsatellite primers, 24
pairs had suitable polymorphism among different bread wheat genotypes. These primers successfully
identified a total of 79 alleles, with an average of 3.29 alleles per marker locus. The number of
observed alleles at each marker locus varied from two to seven alleles. Xgwm443 marker with seven
alleles had the highest number of observed alleles. Polymorphism information content (PIC) with an
average of 0.56 varied from 0.14 in Xgwm129 marker to 0.92 in Xgwm174 and Xgwm162 markers.
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Gene diversity with an average of 0.62 varied from 0.15 in Xgwm129 marker to 0.97 in Xgwm162
marker. Comparison the polymorphism information content and gene diversity showed that these two
parameters have a direct relationship with each other. Cluster analysis based on microsatellite markers
data using the neighbor-joining method also classified the studied bread wheat genotypes into three
different clusters.

Conclusion

Based on the results of this study, Xgwm443 marker with the highest number of alleles and
Xgwml174 and Xgwm162 markers with the highest polymorphism information content are introduced
as useful and informative markers for evaluating the diversity and differentiation of wheat genotypes
and possibly other cereals. In addition to their application in grouping the genotypes, these markers
can also be used effectively in identifying genes involved in the control of agromorphological traits.
Cluster analysis classified the 70 bread wheat genotypes into three separate groups that did not
correspond to the growth type of the genotypes, so that each cluster randomly included a number of
genotypes with different growth types.
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Table 1. Bread wheat genotypes studied in this experiment

No. Genotype  Growth type No. Genotype  Growth Type No. Genotype Growth Type
1 Atrak Spring 25 Chamran 2 Spring 49 Shirodi Spring
2 Ehsan Spring 26 Heydari Spring/Winter 50 Talaeae Spring
3 Azar 2 Winter 27 Khalil Spring 51 Karaj 1 Winter
4 Artta Spring 28 Darya Spring 52 Ghods Semi-winter
5 Arg Spring 29 Dez Spring 53 Cascogene Spring
6 Azadi Spring 30 Rakhshan Spring 54 Karaj 3 Winter
7 Ofogh Spring 31 Rasoul Spring 55 Karaj 2 Winter
8 Aflak Spring 32 Rasad Winter 56 Kalate Spring
9 Almot Winter 33 Roshan BC Spring 57 Kavir Spring/Winter
10 Omid Winter 34 Zare Winter 58 Gaspard Winter
11 Ohadi Winter 35 Zarin Winter 59 Golestan Spring
12 Alvand Semi-winter 36 Zarineh Winter 60 Gonbad Spring
13 Barat Spring 37 Sarang Spring 61 Morvarid Spring
14 Barzegar Spring 38 Saison Winter 62 Marvdasht ~ Semi-winter
15 Bezostaia Winter 39 Sabalan Winter 63 Meraj Spring
16 Bam Spring/Winter 40 Sepahan Semi-winter 64 Moghan 2 Spring
17 Bahar Spring 41 Setareh Spring 65 Mahdavi  Spring/Winter
18 Baharan Spring 42 Sirvan Spring 66 Mehrgan Spring
19 Bayat Spring 43 Gonbad 2 Spring 67 Mihan Winter
20 Parsi Spring 44 Sivand Spring 68 Narian  Spring/Winter
21 Pishtaz Spring 45 Shahpasand Winter 69 Neishabour Spring
22 Torabi Spring/Winter 46 Shavoor Spring 70 Niknezhad Spring/Winter
23 Tirgan Spring 47 Shahryar Winter
24 Chamran Spring 48 Shoosh Spring
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Table 2. SSR primers used in the study of genetic diversity of 70 bread wheat cultivars

Row Microsatellite Primer sequence Chromosomal Annealing
markers location temperature (°C)

1 Xgwm264 F: GAG AAA CAT GCC GAA CAA CA 1B 60
R: GCA TGC ATG AGA ATA GGA

2 Xgwm445 F: TTT GTT GGG GGT TAG GAT TAG 2A 55
R: CCT TAA CACTTG CTG GTA GTG A

3 Xgwmb613 F: CCG ACC CGA CCT ACT TCT CT 6B 60
R: TTG CCG TCG TAG ACT GG

4 Xgwm44  F: CGC ACC ATC TGT ATC ATT CTG 2A 50
R: TGG TCG TAC CAA AGT ATA CGG

5 Xgwm55  F: TGC CCA CAA CGG AACTTG 1-2B 55
R: GCA ACC ACC AAG CAC AAAGT

6 Xgwml29 F: TCA GTG GGC AAG CTA CAC AG 5A 50
R: AAA ACT TAG TAG CCG CGT

7 Xgwml133 F: ATC TAA ACA AGA CGG CGG TG 6B 60
R: ATC TGT GAC AAC CGG TGA GA

8 Xgwml140 F: ATG GAG ATATTT GGC CTA CAAC 1B 55
R: CTT GAC TTC AAG GCG TGA CA

9 Xgwml62 F: AGT GGA TCG ACA AGG CTC TG 3A 60
R: AGA AGA AGC AAA GCCTTC CC

10 Xgwml74 F: GGG TTC CTA TCT GGT AAA TCC C 5D 55
R: GAC ACA CAT GTT CCT GCC AC

11 Xegwml190 F: GTG CTT GCT GAG CTA TGA GTC 2D 60
R: GTG CCA CGT GGT ACCTTITG

12 Xgwml192 F: GGT TTT CTT TCA GAT TGC GC 5D 60
R: CGT TGT CTA ATC TTG CCT TGC

13 Xgwm261 F: CTC CCT GTA CGC CTA AGG C 2D 55
R: CTC GCG CTA CTA GCC ATT G

14 Xgwm291 F: CAT CCC TAC GCC ACT CTG C 5A 60
R: AAT GGT ATC TAT TCC GAC CCG

15 Xgwm294 F: GGA TTG GAG TTA AGA GAG AAC CG 2A 55
R: GCA GAG TGA TCA ATG CCA GA

16 Xgwm302 F: GCA AGA AGC AAC AGC AGT AAC 7B 60
R: CAG ATG CTC TTC TCT GCT GG

17 Xgwm339 F: AATTTT CTT CCT CACTTATT 2A 50
R: AAA CGA ACA ACC ACT CAATC

18 Xgwm372 F: AAT AGA GCC CTG GGA CTG GG 2A 60
R: GAA GGA CGA CAT TCC ACC TG

19 Xgwm382 F: GTC AGA TAA CGC CGT CCA AT 2A 60
R: CTA CGT GCA CCA CCATTT TG

20 Xgwm410 F: GCT TGA GAC CGG CAC AGT 2B 55
R: CGA GAC CTT GAG GGT CTA GA

21 Xgwm443 F: GGG TCT TCA TCC GGA ACT CT 5B 60
R: CCA TGA TTT ATA AAT TCC ACC

22 Xgwm469 F: CAA CTC AGT GCT CAC ACA ACG 6D 60

R: CGA TAA CCA CTC ATC CAC ACC
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Table 2. Continued
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Row Microsatellite Primer sequence Chromosomal Annealing
markers location temperature (°C)
23 Xgwm518 F: AAT CAC AAC AAG GCG TGA CA 6B 55
R: CAG GGT GGT GCA TGC AT
24 Xgwm540 F: TCT CGC TGT GAA ATC CTATTIT C SB 55
R: AGG CAT GGA TAG AGG GGC
25 Xgwm583 F: TTC ACA CCC AAC CAA TAG CA 5D 60
R: TCT AGG CAG ACA CAT GCC TG
26 Xgwm608 F: ACA TTG TGT GTG CGG CC 2D 60
R: GAT CCC TCT CCG CTA GAA GC
27 Xgwm610 F: CTG CCT TCT CCA TGG TTT GT 4A 60
R: AAT GGC CAA AGG TTA TGA AGG
28 Xgwm611 F: CAT GGA AAC ACC TAC CGA AA 7B 55
R: CGT GCA AAT CAT GTG GTA GG
29 Xgwm642 F: ACG GCG AGA AGG TGC TC 1D 60
R: CAT GAA AGG CAA GTT CGT CA
30 Xgwml0 F: CGC ACC ATC TGT ATC ATT CTG 2A 50

R: TGG TCG TAC CAA AGT ATA CGG

- - . s S e

CLT LR R R

2o, Y10 5,8T J5 65, b pasS slocusssy ;o Xgwmo610 o,lsales, Silis PCR Jgame -V S
Figure 1. PCR product of the microsatellite marker Xgwm610 in bread wheat genotypes on 2.5% agarose gel

2ol )l b ke S e Wi LI
Wei et ) o4 ai8 5 155 10 Coman 55 10 0,lsale
pasS ) plB,l (S5 e laddlas o (al., 2013
Voo bl S5 glen a4 Caglie gl Gl
sy olpaler, Solas
5 Pl olow STj 5 losed S5 05 55 slags e
; SCSTI9 120 sloSlis o ai s
L Xgwmd43 Slis g op S (T 4w L Xgdm116
Shahraki er ) wis,S 35 1, W1 op i (T can
5| 5 (Kafi et al., 2018) o Kan 4 315 (al., 2018
Slopd, (S £95 son Slp ojlsalen, Klas VY
VYV B g0 olass byl .aso,S colaiwl paiS 2,5 5 )
g osalin Slis ,a s YT FIAF oSile L T
oo)lS Xenl3-6B Siles gl 1, PT olaws o 5 i
g PSS g O (Shegh 0 S
Sl iz Y Sl eslinal b gl ooy plaiglasss

g ab S5 T VY ez jo 5 23yl ojlsabens,
Xgwmd43 5 Xgwml20 Xgwmél3 la 55l

vy

S g g (A (e
pa5 o8, Vo 50 SSR lap e (MSaaiz (e
Yool S5kl cax YE s wlel gl cwyp o
Ob paiS Byl 50wy 3)50 o)lsale oy Sl cax
axcnl 5y wels plas (b (ASSais cadlas 550
(o) wad bl (S5 g9 (o Sux
il b T VA aitily eolitul 5,50 (sla, 55T
ISRVERIRVIC ST CRUP < AR L S PP ] I A 2
T caa b g0 oo (55 OlKe ,2 50 oo sanlive sla YT
Hcan olows b Xgwmdd3 S5kl 5 0g e
Dzl JT Slls ols olas 1y JT olows oy 5 i
Sheo)ls oSyl o sl o |y Slsl3 (it &5
5 e Xgwmb518) -/AY L Xgwml74) -/\#
(¥ Jgaz) 02 <10V bl gly W1 Jlsl3 U5 (nSibie
sbolSilr o gl JI s 5 T shw anlis
JSsaiz P olaws b ola Silas a5 ols Lis o,lgaless
Sl 5o sl il gt @l H sl S



VE-Y Gl /o)l o)l /o200, lez 0,90 [ Dlddo

oS 5 sobiall

el (b paiS 68, VY j0 0lgaleny , Silel i YY
Sl 5 G55 VY 1, ISsais Sl gl
PIC e i oiils Jdoay |, Xgwm60
S (S e emyn Slp e Sl plgiea
Zallaghi et al., ) ;Koo 5 i) asdllae o 2505
shls cax YV SSR 55kl cax 0 e 5l 2020
elolis sla T slaws 5 wisgy +/FA b )4 o PIC
WYY Lwgio b cin b S5 5l olKile o 0 oud
Bavandpouri et al., ) 5o adlas ;o g e
(b paS o eolatwl 540 )f)'LéT cas Y. 5l 2022
5 g woly ol gl ISoas cas V8 olass
S1F 5Silee LPIC e g o 355 JTYO ggame
3 Xgwm642) -/6 b Xgwm334 4 Xgwm4) -/¥
ey dizny 5 ] i g ize (XgwmlSS
st g JB ot o5 ol s pasS 50 (ST g9
Syl dgzg calie boKe o P sl o
VY e JTA- olaws o)l (Batashova et al., 2024)
@ yamio JIYO wlaws ol 5l g wo,8 slolis Ko
Corex ;0 S S5 pled edumoylis a5 Wog 9,8
] s Bl aizen o] 0g adllhe 5,90
VY 5 Xgwm219 3 Xgwm135 Xgwmll sla\Se
2 1, PIC gl 5 olobs Xgwml74 Ko 0 YT
S5 £35Sy o WS IS IAY - FA o3l
Xgwml74 b Slas 0 Carez> o YU
PIC jlaée L cija 55 Xgwm372 4 Xgwm389
L (Laaiz Glime (e <IAY g AT CIAV L
a5 oblen .(Batashova et al., 2024) aisls las
MLl lyime gl shlize polin w0gd oo alimdlo
EUNTRCERPPCISPTREN[E A SRR
S Sl 52 3 0 iS5 T olass el Lolse
15 sb 5 00isd S5 (g o (wleg) chiise g5
olass .(Maccaferri et al., 2003) osb &,
Lo (Kmen 3 SLE sl 5 bagedss
Ayl ISaais oledlbl glyie
ST 95 b)) slaslens 5l Ko (Ko 55 g9
oyt Slalllas 3 6,5l Sledbl e 5 o Silis
315 855 Ol el umar (S JlSle g g5
LY Jooz) o9 paite +/FY S5lee L +/AY B /10
g5 b ool5a slaasly jo Coddge Sul 4 4y
S5 E95 D97y el QB g s pdgdly (S

YvYy

can) PTslass o 5t Xgwml32 55lel g oy 508
Fazeli-Nasab & Naghavi, ) wsls ol |, (]
Oladlas o oals lolis JJT olass jo &glas (2020
Oolite sla Sy 5 Lie Jdoar Wl o cilie
slo Sl cunle 5 5 addlae 9y90 lacads
3 SIS glaasly agstlSs s 1 o laless,
<5 (Hokanson et al., 1998) ol ol sla Y1
5 S5 e (2bl 5o Slis (nl Ceal  Laadly
W5l ST soli oMl sl ol ) mbans sl
V108 eSile b IS8 ol gy
s, Sl o +AY b Xgwml29 Sl o
(Y Jguz) oy e Xgwml62 o Xgwml74
5 e Slgieas PIC | IS5ais oledlbl glgime
ERKIRNIEETY ST S PERNSTI JEC
Glls Woylsaloss, 5l Sy 4z ST cond b WT i
Aol abaulgay (Jy s SLSy alie oIl sl
el el Sglate leen sl Tl Jlgls
ke ju3 e s e i ) (goline (Shaux
St i S pled a8 il St PIC a3lo
GloSHEl a8 285w g plple g el
55kl plo @ cows Xgwml62 4 Xgwml74
ol pople g Wog (ISbain e e Gl
Sladisel G 0 ASbaiz ey lST 0 VL s
en 5 Sl adlas 5 aEls 1) odd pwyy
ST V8 5l eolanwl L a5 Malik er al., 2012)
Gk g b caalie MTFA il sl o jlsaless,
PIC lais oyl 09 JT i coads somlie JT oloes
5l b HIAYE B VAR oogaze po 1) Sl
Nadi ) ;Ko 5 50U Limgs ,0 55,5 i 35 < /FYA
YV ons oanlie W1 slawi uSilee (et al., 2017
1A L 1] 5T PIC s o5 oo o o T
i s /00 Sl b RO Y 5l ml, T gl
PCTENRSVIRYT 2 SR SV HRYLE W TRYPL WS I et
Ob paS an g VY Sy go (Feltaous, 2019)
Glyime 5 oy SSRSLEs YY1 aslisasl b |, puao
5 Xgwml90) < /VF oogamme jo 1, IShais aledlbl
L Xgwm389 § Xgwm513) +/aA b Xgwmlll
SfSan 5 el WS BIF I il
I, PIC Jlais 595 axlllae ,o (Ghasemi et al., 2019)

oon b gl oS 3 )F Lol gy 5l wglite



VE-Y Gy /o)l o)lous [o20,lez 0,90 /e Dldass

O pasS lacaiss) Comes JLisle 5 (S5 £555 (o) 2

G SSbaiz 5l @08 S gl WT Jlsl8 L
ol sty bl &y az g3 b Sgamme jo il winles |,
sl &5 908 pSami plges (7 Jsox)
s PIC 50 0 590 L Xgwm162 4 Xgwm174
g Wog dalllas ol o solatwl 5,50 slo Silis ple
on 2 ke g celie slo Sl lsiedy wiily o

D5 18 eolaial 3550 paST )3 (SS £95

GRS )0 Caddee 4 ey Sl wld 2 55,5 YL
£955 awlio (Mishra ef al., 2019) ssi o Cguxe
blyjl a5 ol olas JSosas oldbl glge 5 (I
Aw sy L) .o)lo ..)9?5 ua.>[~.v 50 U‘i‘ O M
Sl 9 (55 e85 (ISt Sledbl (dlyime jaSls
Sl nlpln astils 558 @, T Sl VL

OU oS slacaisiy o ojlgalessy b, Solas ISz Sledlbl slyime 5 guly T Slsl8 (T olass o so95909,5 ool =¥ Jgor
Table 3. Chromosomal location, number of alleles, common allele frequency and polymorphism information
content of SSR markers in bread wheat genotypes

Microsatellite ~ Chromosomal No. of observed Common allele Polymorphlc Gene diversity
No. marker location alleles (Na) frequency (CA) information (Di)
content (PIC)

1 Xgwm44 7D 6 0.36 0.68 0.73
2 Xgwm55 1-2B 2 0.93 0.43 0.48
3 Xgwm129 5A 2 0.89 0.14 0.15
4 Xgwm133 6B 6 0.91 0.16 0.16
5 Xgwm140 1B 2 0.37 0.77 0.79
6 Xgwm162 3A 2 0.29 0.92 0.97
7 Xgwml74 5D 2 0.16 0.92 0.96
8 Xgwm190 2D 2 0.27 0.74 0.78
9 Xgwm192 5D 2 0.78 0.57 0.63
10 Xgwm?261 2D 3 0.19 0.86 0.84
11 Xgwm?264 3B 2 0.91 0.62 0.57
12 Xgwm?291 5A 2 0.41 0.69 0.81
13 Xgwm?294 2A 4 0.42 0.44 0.71
14 Xgwm302 7B 2 0.91 0.15 0.16
15 Xgwm339 2A 3 0.29 0.66 0.79
16 Xgwm372 2A 4 0.37 0.67 0.72
17 Xgwm382 3B 4 0.38 0.54 0.78
18 Xgwm410 2B 5 0.43 0.63 0.69
19 Xgwm443 5B 7 0.42 0.59 0.65
20 Xgwm445 2A 3 0.42 0.46 0.69
21 Xgwm469 6D 3 0.83 0.25 0.28
22 Xgwm550 1B 3 0.90 0.17 0.18
23 Xgwm610 4A 4 0.33 0.68 0.73
24 Xgwm642 1D 4 0.36 0.75 0.79
Average - 3.29 0.52 0.56 0.62
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Figure 2. Dendrogram resulting from cluster analysis of bread wheat genotypes using TASSEL software by
Neighbor-Joining method based on SSR markers

SSR la Silis 51 ool b glaigs 4350 51 Jol> sloeg,S - Jgox
Table 4. Groups resulting from cluster analysis using SSR markers

Group Bread wheat genotypes belonging to each cluster
1 54-21-62-16-8-46-53-23-68
2 33-11-48-15-52-58-30-47-9-40-64-26-51-60-69-3-1-2-32-7-20-4-17-18-61-25-31

3 5-41-6-35-59-43-12-14-44-45-65-63-36-37-19-42-10-38-70-27-22-50-57-28-49-24-29-34-56-13-55-67-39-66
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