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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 

Xgwm174 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 

Growth Type Genotype No. Growth Type Genotype No. Growth type Genotype No. 

Spring Shirodi 49 Spring Chamran 2 25 Spring Atrak 1 

Spring Talaeae 50 Spring/Winter Heydari 26 Spring Ehsan 2 

Winter Karaj 1 51 Spring Khalil 27 Winter Azar 2 3 

Semi-winter Ghods 52 Spring Darya 28 Spring Artta 4 

Spring Cascogene 53 Spring Dez 29 Spring Arg 5 

Winter Karaj 3 54 Spring Rakhshan 30 Spring Azadi 6 

Winter Karaj 2 55 Spring Rasoul 31 Spring Ofogh 7 

Spring Kalate 56 Winter Rasad 32 Spring Aflak 8 

Spring/Winter Kavir 57 Spring Roshan BC 33 Winter Almot 9 

Winter Gaspard 58 Winter Zare 34 Winter Omid 10 

Spring Golestan 59 Winter Zarin 35 Winter Ohadi 11 

Spring Gonbad 60 Winter Zarineh 36 Semi-winter Alvand 12 

Spring Morvarid 61 Spring Sarang 37 Spring Barat 13 

Semi-winter Marvdasht 62 Winter Saison 38 Spring Barzegar 14 

Spring Meraj 63 Winter Sabalan 39 Winter Bezostaia 15 

Spring Moghan 2 64 Semi-winter Sepahan 40 Spring/Winter Bam 16 

Spring/Winter Mahdavi 65 Spring Setareh 41 Spring Bahar 17 

Spring Mehrgan 66 Spring Sirvan 42 Spring Baharan 18 

Winter Mihan 67 Spring Gonbad 2 43 Spring Bayat 19 

Spring/Winter Narian 68 Spring Sivand 44 Spring Parsi 20 

Spring Neishabour 69 Winter Shahpasand 45 Spring Pishtaz 21 

Spring/Winter Niknezhad 70 Spring Shavoor 46 Spring/Winter Torabi 22 

   Winter Shahryar 47 Spring Tirgan 23 

   Spring Shoosh 48 Spring Chamran 24 
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Table 2. SSR primers used in the study of genetic diversity of 70 bread wheat cultivars  

Row Microsatellite 

markers 

Primer sequence Chromosomal 

location 

Annealing 

temperature (°C) 

1 Xgwm264 F: GAG AAA CAT GCC GAA CAA CA 

R: GCA TGC ATG AGA ATA GGA 

1B 60 

2 Xgwm445 F: TTT GTT GGG GGT TAG GAT TAG 

R: CCT TAA CAC TTG CTG GTA GTG A 

2A 55 

3 Xgwm613 F: CCG ACC CGA CCT ACT TCT CT 

R: TTG CCG TCG TAG ACT GG 

6B 60 

4 Xgwm44 F: CGC ACC ATC TGT ATC ATT CTG 

R: TGG TCG TAC CAA AGT ATA CGG 

2 A 50 

5 Xgwm55 F: TGC CCA CAA CGG AAC TTG 

R: GCA ACC ACC AAG CAC AAA GT 

1-2B 55 

6 Xgwm129 F: TCA GTG GGC AAG CTA CAC AG 

R: AAA ACT TAG TAG CCG CGT 

5A 50 

7 Xgwm133 F: ATC TAA ACA AGA CGG CGG TG 

R: ATC TGT GAC AAC CGG TGA GA 

6B 60 

8 Xgwm140 F: ATG GAG ATA TTT GGC CTA CAA C 

R: CTT GAC TTC AAG GCG TGA CA 

1B 55 

9 Xgwm162 F: AGT GGA TCG ACA AGG CTC TG 

R: AGA AGA AGC AAA GCC TTC CC 

3A 60 

10 Xgwm174 F: GGG TTC CTA TCT GGT AAA TCC C  

R: GAC ACA CAT GTT CCT GCC AC 

5D 55 

11 Xgwm190 F: GTG CTT GCT GAG CTA TGA GTC  

R: GTG CCA CGT GGT ACC TTT G 

2D 60 

12 Xgwm192 F: GGT TTT CTT TCA GAT TGC GC 

R: CGT TGT CTA ATC TTG CCT TGC 

5D 60 

13 Xgwm261 F: CTC CCT GTA CGC CTA AGG C 

R: CTC GCG CTA CTA GCC ATT G 

2D 55 

14 Xgwm291 F: CAT CCC TAC GCC ACT CTG C 

R: AAT GGT ATC TAT TCC GAC CCG 

5A 60 

15 Xgwm294 F: GGA TTG GAG TTA AGA GAG AAC CG  

R: GCA GAG TGA TCA ATG CCA GA 

2A 55 

16 Xgwm302 F: GCA AGA AGC AAC AGC AGT AAC  

R: CAG ATG CTC TTC TCT GCT GG 

7B 60 

17 Xgwm339 F: AAT TTT CTT CCT CAC TTA TT 

R: AAA CGA ACA ACC ACT CAA TC 

2A 50 

18 Xgwm372 F: AAT AGA GCC CTG GGA CTG GG 

R: GAA GGA CGA CAT TCC ACC TG 

2A 60 

19 Xgwm382 F: GTC AGA TAA CGC CGT CCA AT 

R: CTA CGT GCA CCA CCA TTT TG 

2A 60 

20 Xgwm410 F: GCT TGA GAC CGG CAC AGT 

R: CGA GAC CTT GAG GGT CTA GA 

2B 55 

21 Xgwm443 F: GGG TCT TCA TCC GGA ACT CT 

R: CCA TGA TTT ATA AAT TCC ACC 

5B 60 

22 Xgwm469 F: CAA CTC AGT GCT CAC ACA ACG 

R: CGA TAA CCA CTC ATC CAC ACC 

6D 60 
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Row Microsatellite 

markers 

Primer sequence Chromosomal 

location 

Annealing 

temperature (°C) 

23 Xgwm518 F: AAT CAC AAC AAG GCG TGA CA 

R: CAG GGT GGT GCA TGC AT 

6B 55 

24 Xgwm540 F: TCT CGC TGT GAA ATC CTA TTT C 

R: AGG CAT GGA TAG AGG GGC 

5B 55 

25 Xgwm583 F: TTC ACA CCC AAC CAA TAG CA 

R: TCT AGG CAG ACA CAT GCC TG 

5D 60 

26 Xgwm608 F: ACA TTG TGT GTG CGG CC 

R: GAT CCC TCT CCG CTA GAA GC 

2D 60 

27 Xgwm610 F: CTG CCT TCT CCA TGG TTT GT 

R: AAT GGC CAA AGG TTA TGA AGG 

4A 60 

28 Xgwm611 F: CAT GGA AAC ACC TAC CGA AA 

R: CGT GCA AAT CAT GTG GTA GG 

7B 55 

29 Xgwm642 F: ACG GCG AGA AGG TGC TC 

R: CAT GAA AGG CAA GTT CGT CA 

1D 60 

30 Xgwm10 F: CGC ACC ATC TGT ATC ATT CTG 

R: TGG TCG TAC CAA AGT ATA CGG 

2A 50 

 

  

  
 T/�1-  4�fR�PCR �������E#� �*��+� Xgwm610 N�'��� �� ��  ,���� 4�  
� %�� 9���5/2 �@�� 

Figure 1. PCR product of the microsatellite marker Xgwm610 in bread wheat genotypes on 2.5% agarose gel 
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Table 3. Chromosomal location, number of alleles, common allele frequency and polymorphism information 

content of SSR markers in bread wheat genotypes 

Gene diversity 

(Di) 

Polymorphic 

information 

content (PIC) 

Common allele 

frequency (CA) 

No. of observed 

alleles (Na) 

Chromosomal 

location 

Microsatellite 

marker 
No. 

0.73 0.68 0.36 6 7D Xgwm44 1 

0.48 0.43 0.93 2 1-2B Xgwm55 2 

0.15 0.14 0.89 2 5A Xgwm129 3 

0.16 0.16 0.91 6 6B Xgwm133 4 

0.79 0.77 0.37 2 1B Xgwm140 5 

0.97 0.92 0.29 2 3A Xgwm162 6 

0.96 0.92 0.16 2 5D Xgwm174 7 

0.78 0.74 0.27 2 2D Xgwm190 8 

0.63 0.57 0.78 2 5D Xgwm192 9 

0.84 0.86 0.19 3 2D Xgwm261 10 

0.57 0.62 0.91 2 3B Xgwm264 11 

0.81 0.69 0.41 2 5A Xgwm291 12 

0.71 0.44 0.42 4 2A Xgwm294 13 

0.16 0.15 0.91 2 7B Xgwm302 14 

0.79 0.66 0.29 3 2A Xgwm339 15 

0.72 0.67 0.37 4 2A Xgwm372 16 

0.78 0.54 0.38 4 3B Xgwm382 17 

0.69 0.63 0.43 5 2B Xgwm410 18 

0.65 0.59 0.42 7 5B Xgwm443 19 

0.69 0.46 0.42 3 2A Xgwm445 20 

0.28 0.25 0.83 3 6D Xgwm469 21 

0.18 0.17 0.90 3 1B Xgwm550 22 

0.73 0.68 0.33 4 4A Xgwm610 23 

0.79 0.75 0.36 4 1D Xgwm642 24 

0.62 0.56 0.52 3.29 - Average  
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 T/�2- E_' 9���
����#� �����  '����N��   %�� 9����	 9�� ��EF�TASSEL 	� k
�Neighbor-Joining �*��+� (��� �	��  SSR  
Figure 2. Dendrogram resulting from cluster analysis of bread wheat genotypes using TASSEL software by 

Neighbor-Joining method based on SSR markers 

   

 4
�=4 - �
����  E_' ,� T@�K#� �����  ���*��+� ,� ���[�� �	  SSR  
Table 4. Groups resulting from cluster analysis using SSR markers 

Bread wheat genotypes belonging to each cluster  Group  
54-21-62-16-8-46-53-23-68  1  

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 2  
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 3  
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