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Comprehensive abstract

Introduction

Knowledge of the level of genetic diversity and its estimation in plant germplasms is the basis of
many breeding programs. Due to high levels of polymorphism, high reproducibility, polyallelic nature,
codominant scoring, and high genomic frequency, microsatellite (SSR) markers are used widely in
investigating genetic diversity and determining the relationships between genotypes. This research
aimed to study the genetic diversity of 40 barley genotypes in terms of SSR markers and to determine
the markers with the highest discriminating ability.

Materials and methods

In this research, the genetic diversity of 39 barley cultivars and one wild barley genotype was
investigated in terms of 57 SSR markers, of which 51 polymorphic markers with clear and acceptable
amplification were selected for molecular evaluation of the genotypes. The banding pattern of markers
was scored as one (presence of the band) and zero (absence of the band) and also, as the codominance
state. Then, the efficiency of the markers was evaluated by the polymorphism information content,
frequency of common alleles, number of alleles, observed heterozygosity, and gene diversity. In
addition, barley genotypes were grouped by cluster analysis with the Minimum Evolution algorithm
and the P-Distance coefficient.

Research findings

Totally, 200 alleles (with an average of 3.92 alleles per locus) were amplified. The average
polymorphism information content and gene diversity for these markers were 0.48 and 0.54,
respectively. The frequency of common alleles ranged from 0.25 to 0.92 with an average of 0.56,
which belonged to the GBMS021 and GBM1275 markers, respectively. Also, the GBMS027 marker
had the highest polymorphism information content, expected heterozygosity, and allele number.
Cluster analysis assigned the genotypes into three groups. The first group had the highest number of
genotypes from the temperate regions (either warm or cold) with spring growth habit. The second
group consisted mainly of genotypes from the temperate and cold regions with spring and intermediate
growth habits. The third group was mostly a mixture of genotypes from temperate and tropical regions
with the intermediate and spring growth habit, and most foreign genotypes were also assigned to this
group. However, cluster analysis based on SSR markers couldn’t fully separate the genotypes of
different geographical regions, and with different growth habits.
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Conclusion

In general, there was significant genetic diversity among the barley genotypes studied in terms of
SSR markers, and the markers GBMS027, GBMS021, GBMS006, GBMS180, GBMS0160,
GBM1272, and GBMS002 were identified as markers with the highest discriminating ability due to
having the higher amount of polymorphic information content, expected heterozygosity, and allele
number. This diversity can be utilized in the barley breeding programs.
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Table 1. Characteristics of the studied barley genotypes in this experiment

Genotype Area Growth habit Genotype Area Growth habit
Gohar Warm temperate Spring Dasht Warm temperate Intermediate
Zarjo Cold temperate Intermediate Nimroz Warm temperate Intermediate
Eram Warm temperate Spring Nosrat Warm temperate Intermediate

Valfajr Cold temperate Intermediate Abidar Cold temperate Intermediate
Aras Cold temperate Intermediate Torsh Tropical Intermediate
Reyhan Warm temperate Spring Sina Warm temperate Spring
Sahra Warm temperate Intermediate Shirin Tropical Intermediate
Afzal Cold temperate Intermediate Lot Temperate Spring
Gorgan Tropical Spring Yousef Temperate Spring
Karon Tropical Intermediate Zehak Tropical Spring
Jonoob Tropical Intermediate BehRozh Temperate Spring
Makoei Mountainous & cold Intermediate Productive Cold temperate Spring

Bahman Mountainous & cold Intermediate Ashar - Winter

Bolbol Temperate Winter Clipper Cold Spring
Fajr Cold temperate Intermediate Igri Cold Spring
Rehan-a3 Warm temperate Spring Yea-88 Cold Spring
Kavir Temperate & warm Intermediate Sahara - Winter
Seyed Tajaddin Cold Spring Morex Temperate Spring
Nik Temperate Spring Steptoe Temperate Spring
GareArpa Mountainous & cold Spring TN-a2-2t6
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Table 2. SSR markers studied in barley genotypes along with chromosomal locations, polymorphism
information content (PIC), observed heterozygosity (H,), gene diversity (Hc), number of alleles (N,), and

frequency of common allele (FCA)

Marker Chromosome PIC H, H. N. FCA
GBM1420 3H 0.54 0.08 0.60 5 0.52
GBM1419 TH 0.55 0.26 0.61 5 0.55
GBM1413 3H 0.59 0.14 0.65 4 0.47
GBM1388 4H 0.42 0.13 0.50 3 0.63
GBM1506 SH 0.32 0.12 0.34 5 0.80
GBMS183 TH 0.61 0.39 0.65 6 0.51
GBM1509 4H 0.37 0.00 0.49 2 0.53
GBM1359 TH 0.35 0.00 0.45 2 0.64
GBM1253 3H 0.48 0.00 0.55 3 0.58
GBM1323 4H 0.57 0.23 0.63 4 0.50
GBM1336 1H 0.29 0.00 0.35 2 0.77
GBMS046 3H 0.57 0.02 0.62 6 0.52
GBMS027 SH 0.83 0.08 0.84 10 0.27
GBMSO021 SH 0.77 0.16 0.80 6 0.25
GBMS006 SH 0.75 0.07 0.78 8 0.35

GBMS0160 2H 0.74 0.02 0.77 6 0.35
GBM1501 4H 0.37 0.02 0.49 2 0.51
GBMS001 S5H 0.64 0.25 0.68 6 0.46
GBMS002 2H 0.71 0.15 0.75 6 0.38
GBMS003 TH 0.71 0.21 0.74 5 0.39
GBM 1482 4H 0.68 0.00 0.72 6 0.43
GBM 1446 2H 0.50 0.02 0.55 4 0.61
GBM1272 1H 0.73 0.00 0.76 8 0.39
GBM1299 4H 0.34 0.02 0.42 3 0.70
GBM1475 2H 0.28 0.02 0.33 3 0.79
GBM1227 1H 0.36 0.05 0.48 2 0.60
GBM1214 2H 0.67 0.02 0.71 4 0.39
GBM1121 2H 0.41 0.10 0.46 3 0.70
GBM1270 6H 0.23 0.07 0.27 2 0.83
GBM1234 1H 0.34 0.00 0.44 2 0.66
GBM1231 SH 0.36 0.02 0.44 3 0.68
GBM1220 4H 0.30 0.00 0.37 2 0.75
GBM1350 4H 0.45 0.10 0.55 3 0.48
GBM1275 6H 0.12 0.00 0.13 2 0.92
GBM 1465 4H 0.37 0.15 0.49 2 0.55
GBM 1468 2H 0.42 0.07 0.52 3 0.59
GBM1356 6H 0.39 0.00 0.49 3 0.60
GBMS180 6H 0.74 0.24 0.77 7 0.37
GBM5210 4H 0.67 0.17 0.71 6 0.42
GBMS 141 SH 0.51 0.10 0.59 3 0.53
GBM1451 1H 0.54 0.02 0.62 3 0.43
GBM1428 TH 0.36 0.00 0.48 2 0.57
GBM1334 1H, 7TH 0.37 0.00 0.49 2 0.53
GBM1276 6H 0.41 0.00 0.52 3 0.52
GBM5018 2H 0.53 0.00 0.58 4 0.57
GBM 1490 SH 0.59 0.07 0.64 4 0.51
GBM1469 2H 0.31 0.00 0.39 2 0.72
GBM1324 4H 0.56 0.02 0.62 4 0.51
GBM1233 3H 0.43 0.02 0.50 3 0.63
GBM1297 TH 0.17 0.07 0.19 2 0.88
GBM1226 3H 0.38 0.02 0.47 4 0.64

Mean - 0.48 0.07 0.54 3.92 0.56
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Table 3. The genomic information of barley markers according to the chromosomes

Chromosome 1H 3H 4H 5H 6H 7H
Number of locations 6 6 11 8 5 7
Average number of alleles 3.17 3.89 4.17 3.36 5.63 3.40 3.43
Average gene diversity 0.52 0.56 0.57 0.54 0.64 0.44 0.52
Average PICT 0.44 0.51 0.50 0.46 0.60 0.38 0.45

 Polymorphism information content
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Figure 2. Grouping of the barley genotypes based on SSR markers data using Minimum Evolution algorithm and
P-Distance coefficient. The numbers above each cluster indicate the percentage reliability of that cluster
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