
 

 ___________________________  

Corresponding authors: Ibrahem A. Almohisen, Department of Biology, College of Science and 

Humanities, Shaqra University, Qwaieah, Saudi Arabia, E-mail: ibraheem@su.edu.sa, Tel: +996 

(0)506488462 

 

 

 

 

 

 

 

 

 

UDC 575.633.11                                                                                                                                                      

https://doi.org/10.2298/GENSR2003943A 

                            Original scientific article 

 

 

 

GENETIC VARIABILITY AND POPULATION STRUCTURE OF SAUDI ARABIA 

BREAD WHEAT (Triticum aestivum L.) BY MICROSATELLITE MARKERS 

 

Ibrahem A. ALMOHISEN 

 

Department of Biology, College of Science and Humanities, Shaqra University, Qwaieah,  

Saudi Arabia 

 

 

Almohisen A. Ibrahem (2020). Genetic variability and population structure of Saudi 

Arabia bread wheat (Triticum aestivum L.) by microsatellite markers- Genetika, Vol 

52, No.3, 943-956. 

Wheat (Triticum aestivum L.) is an important cereal crop. Analysis of genetic diversity 

and population structure in local landraces would improve the wheat breeding program 

by more efficient use of genetic materials and management of genetic variation. To 

address this challenge, a set of thirteen Saudi Arabia wheat landraces was used to assess 

population structure and genetic diversity. Thirteen landraces were genotyped using 

eighteen microsatellite markers which revealed a clear polymorphism among these 

genotypes. In total, 136 alleles from a set of eighteen simple sequence repeats (SSRs) 

loci on a panel of thirteen wheat landraces were detected. All SSRs loci showed a wide 

range of allele numbers extended from 3 to 11 alleles with an average of 7.5. Genetic 

diversity, polymorphism information content and minor allele frequency ranged from 

0.26 to 0.50, 0.23 to 0.37 and 0.15 to 0.46 with an average 0.43, 0.33 and 0.34, 

respectively. The results of principal coordinate analysis (PCoA) agreed with the 

structure analysis. Structure grouped the thirteen landraces into three clear 

subpopulations. The fixation index (Fst), a measure of population substructure, was 

0.217, 0.432 and 0.541 for G2, G1, and G3, respectively. Furthermore, analysis of 

molecular variance recognized 35% variance among and 65% within populations. The 

present study showed a high genetic diversity between landraces which can be exploited 

to produce new bread wheat cultivars.  

Keywords: Wheat (Triticum aestivum L), Genetic diversity, Landraces, SSRs, 

Population structure. 
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INTRODUCTION 

Wheat (Triticum aestivum L.) is a self-pollinated crop, which belongs to the family 

Poaceae. It is one of the most important staple cereal crop in the world and the third-ranking crop 

after maize and rice in total global production (FAO, 2018). Saudi Arabia terminated its national 

wheat production and purchase programs in 2015/16. Nowadays, there is some small growers 

continue to produce little quantities of wheat for consuming in producing traditional bakery 

products. The production of wheat gets more attention in Saudi Arabia. The average yield in 

Saudi Arabia is higher than might be expected at 6.5 t/ha (FAO, 2018). However, due to limited 

water resources, the wheat cultivation has been limited in Saudi Arabia. Because of topography, 

lack of rain and high salinity, a significant portion of the Kingdom of Saudi Arabia lands is not 

suitable for cultivation. Given the topography, inadequate rainfall and high salinity, most of the 

land in the Kingdom of Saudi Arabia is not accessible for agriculture. However, farmers 

cultivated locally selected native plants from bread wheat in appropriate areas, especially in Al-

Samma, Al-Qassim, Samir and Madinah (SAYED, 1979). These landraces have been inherited by 

several generations of farmers in the Kingdom and their seeds represent genetic assets that need 

to be preserved before a decline in farming as a result of humans and other activities leads to 

them becoming extinct. The importance of these landraces of wheat lies in their adaptability to 

intense climatic heat and drought conditions in the Kingdom. 

All these contributions to the importance of conserving and sustaining future 

generations of agricultural genetic resources as pure genetic resources in genebanks. Thus, the 

wheat genetic resources of the Kingdom must be preserved in national gene banks by ex-situ 

conservation (AL-TURKI, 2002; AL-TURKI et al., 2010; AL-TURKI et al., 2019). In Saudi Arabia, 

wheat germplasm accessions are respectively conserved in the Ministry of Environment, Water, 

and Agriculture. Despite these collections of germplasms, though, the conservation and 

preservation of Saudi Arabia's wheat germplasm are far from complete. 

A dramatic loss of diversity in wheat is observed during the last centuries (HUANG et al., 

2002). For that, a global trend to reuse forgotten traditional landraces in wheat breeding 

programs, because of their importance and benefit from their adaptation to biotic and abiotic 

stress, the original landraces can already contribute to the development of new varieties while 

improving productivity, acclimatization and tolerant to abiotic stress (LOPES et al., 2015). In 

general, previous studies indicate that native landraces represent higher genetic variation than 

modern genotypes (SORIANO et al., 2016), although other studies show the contrary 

(MACCAFERRI et al., 2003; MARTOS et al., 2005). However, all studies converge with the 

conclusion that native landraces have a genetic composition different from modern genotypes 

(MACCAFERRI et al., 2005, RIAZ et al., 2017). Hence, native landraces from a gene-pool of 

unknown alleles (LAIDÒ et al., 2013), and their introduction into breeding programs can impact 

to widening the genetic base and improving the next generation of wheat genotypes (VIKRAM et 

al., 2016).  

The estimate of genetic diversity and population structure is a prerequisite for the 

successful implementation of marker-trait association approaches in population. The dissection 

of quantitative traits, with the ultimate breeding goal of crop improvement, requires highly 

genetic diversity within the genetic resource to be targeted (FLINT-GARCIA et al., 2005). The 
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suitability of microsatellite markers for detecting the genetic diversity in wheat even closely 

related genotypes is well documented (PRASAD et al., 2000; SALEM et al., 2015). Population 

structure is the presence of sub-populations in a sample in which individuals are more closely 

related to each other than average pairs of individuals taken at random from within the 

population. 

Characterization and evaluation of the genetic diversity with DNA markers become 

important to develop strategies for conservation, collection and increase the sustainable 

utilization of genetic resources for future generations (ELTAHER et al., 2018). Three ways can be 

used to address the genetic diversity in wheat based on its i) morphological or agronomic traits 

(SALEM et al., 2008), ii) biochemical markers (AHMED et al., 2010) and iii) DNA markers. 

Microsatellites are DNA based markers that combine many desirable marker properties 

such as abundancy, high polymorphism information content (PIC), high reproducibility, co-

dominance, rapid, simple genotyping assays, uniform genome coverage, and specific PCR based 

assays markers (RÖDER et al., 1998). In bread wheat, microsatellites have been effectively used 

in genotype identification (PRASAD et al., 2000), diversity studies (SALEM et al., 2015) and 

quantitative trait locus analysis (BÖRNER et al., 2002; SALEM et al., 2007; SALEM and MATTER, 

2014). The aims of this study were to i) characterize the allelic diversity and population structure 

of Saudi Arabi bread wheat landraces using microsatellite markers, ii) assess the potential 

application of current results for future evaluation and genetic resource conservation. 

 

MATERIAL AND METHODS 

Plant Material 

In total thirteen diverse landraces bread wheat (Triticum aestivum L.) genotypes 

originated from Saudi Arabi were selected (Table 1). All genotypes originated from the 

germplasm collection of the National GenBank, Agricultural Research Center (ARC), Minister 

of Environment, Agriculture and Water, Riyad, Saudi Arabia.  

 

 

Table 1. List of thirteen bread wheat landraces used in this study  

Serial Accession 

ID number 

Species Pedigree Source of 

seeds 

Local name Collected location 

status 

1 19 

 

T. aestivum  Landrace National 

GenBank 

White Loqymy 

Burr 

Tamir, Almajmah 

)Riyadh Province) 

2 573 

 

T. aestivum  Landrace National 

GenBank 

Burr Al-Quwarah 

(Al-Qassim Province) 

3 17 T. aestivum  Landrace National 

GenBank 

Loqymy Burr Almajmah 

)Riyadh Province) 

4 109 T. aestivum  Landrace National 

GenBank 

Loqymy Burr Al Hareeq 

)Riyadh Province) 

5 113 T. aestivum  Landrace National 

GenBank 

Hab Burr Al Hareeq 

)Riyadh Province) 

6 7 T. aestivum  Landrace National 

GenBank 

Maya Burr Buraydah  

(Al-Qassim Province) 
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7 181 T. aestivum  Landrace National 

GenBank 

Baldy Burr Gazan 

(Jizan Province) 

8 317 T. aestivum  Landrace National 

GenBank 

Burr Al-Khabraa  

(Al-Qassim Province) 

9 8 T. aestivum  Landrace National 

GenBank 

Loqymy Burr Buraydah  

(Al-Qassim Province) 

10 6 T. aestivum  Landrace National 

GenBank 

Al-Halbaa Burr Buraydah  

(Al-Qassim Province) 

11 357 T. aestivum  Landrace National 

GenBank 

Alssamaa Burr North Ad-Dahnaa 

(North of the medial 

of Saudi Arabia) 

12 193 T. aestivum  Landrace National 

GenBank 

Asmer Burr Najran 

(Najran Province) 

13 21 T. aestivum  Landrace National 

GenBank 

Bahaal Burr Tamir, Almajmah 

 ) Riyadh Province) 

 

DNA isolation  

Genomic DNA was isolated from wheat leaves per each landrace. Young leaves from 

two weeks old seedlings were cut as tissue samples for DNA isolation. Genomic DNA was 

isolated from these landraces as described by PLASCHKE et al., (1995).  

 

SSRs genotyping 

Eighteen wheat SSRs from seventeen loci, representing at least one microsatellite 

marker from chromosomes 1A, 1B, 1D, 2A, 2D, 3A, 3B, 3D, 4A, 4B, 4D, 5A, 5B, 5D, 7A, 7B 

and 7D, (Table 2) were selected for genotyping RÖDER et al., (1998). The primer sequence of 

Xtaglut and Xtaglgap was described by DEVOS et al., (1995). Microsatellite amplifications were 

carried out according to RÖDER et al., (1998) and DEVOS et al., (1995) (Table 2).  

 

Table 2. Description of SSR markers, chromosomal location, motif, distance from the centromere, 

expected fragment size (bp) and annealing temperature (ºC) 

Locus Chromosomal 

location 

Motif Distance % from 

Centromere  

Expected fragment 

size (bp) 

Annealing 

Tm (ºC) 

Xtaglut 1A (CAG)5(CAA) 8 - 100 50 

Xgwm018 1BS (CA)17GA(TA)4 5.2 183 55 

Xtaglgap 1BS (CAA)15 76.92 282 60 

Xgwm458 1D(c) (CA)13 0 112 60 

Xgwm095 2AS (AC)16 2.09 122 60 

Xgwm261 2DS (CT)21 51.39 189 55 

Xgwm155 3AL (CT)19 57.31 144 60 

Xgwm389 3BS (CT)14 (GT)16 98.91 129 60 

Xgwm003 3DL (CA)18 42.89 79 55 

Xgwm160 4AL (GA)21 100 182 60 

Xgwm513 4BL (CA)12 12.26 140 60 
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Xgwm165 4DL (GA)20 -  187 60 

Xgwm186 5AL (GA)26 22.66 135 60 

Xgwm408 5BL (CA)>22(TA)(CA)7(TA)9 63.13 173 55 

Xgwm190 5DS (CT)22 100 209 60 

Xgwm631 7AS (GT)23 4.02 196 60 

Xgwm046 7B(c) (GA)3GC(GA)33 0 179 60 

Xgwm437 7DL (CT)24 13.94 107 50 

 

 

Statistical analysis 

Genetic properties of markers analysis 

The summary statistics of all 18 SSR markers such as gene diversity, PIC, minor allele 

frequency (MAF) and genetic diversity (GD) were calculated using PowerMarker software V 

3.25 (LIU and MUSE, 2005). The informativeness of the microsatellite markers, PIC for each 

marker was calculated according to NEI (1973). Gene diversity (GD), the probability that two 

randomly selected alleles from the population are different, was estimated according to 

DEGIORGIO and ROSENBERG (2008).  

 

Population structure 

A model-based (Bayesian) method was utilized to evaluate the number of subpopulations among 

all landraces with the software STRUCTURE 3.4.0 (PRITCHARD et al., 2000). The structure was 

analyzed by means of k-values (an assumed fixed number of subpopulations) from 1 to 10 in the 

entire population. Three independent analyses were conducted for each k-value and the program 

was set on 100,000 as burn-in iteration, followed by 100,000 Markov chain Monte Carlo 

(MCMC) replications after burn-in. To determine the relationship between the landraces under 

study, the main principle coordinate analysis (PCoA) was performed based on the genetic 

distance among the landraces using NTSYS-pc version 2.1 software (ROHLF, 2000). 

 

Analysis of molecular variance (AMOVA) 

Analysis of molecular variance (AMOVA) with 1000 permutations and the number of 

different alleles, were performed using GeneAlEx 6.41 (PEAKALL et al., 2006). 

 

 

RESULTS 

 

Genetic diversity, PIC and MAF 

The genetic diversity, PIC and MAF ranged from 0.26 to 0.50, 0.23 to 0.37 and 0.15 to 

0.46 with an average of 0.38, 0.30 and 0.31, respectively (Fig. 1). The Xgwm095 locus showed 

the lowest values of GD, PIC and MAF 0.26, 0.23 and 0.15, respectively, while four loci 

Xgwm018, Xgwm165, Xgwm437 and Xgwm458 showed the highest values of GD, PIC and MAF 

0.50, 0.37 and 0.46, respectively. In total, 136 alleles were found from a set of 18 SSR loci on a 

panel of thirteen wheat landraces. The number of alleles ranged from 3 alleles for marker 

Xgwm513 to 11 alleles for marker Xgwm096, with an average of 7.5 for all 18 SSR loci (Fig. 2). 
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Fig. 1. Distribution of minor allele frequency (MAF), genetic diversity (GD) and the polymorphic 

information content (PIC) for eighteen SSR markers in the 13 Saudi Arabian wheat landraces 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Distribution of 136 alleles across the wheat genome 

 

Population structure and relationships 

Structure analysis software was used to study the population structure and relationships 

between those landraces. The best number of subpopulations was decided by plotting the number 

k against the estimated likelihood value [lnP(D)] gotten from structure runs. LnP(D) illustrated 

to be an increasing function of k for all the values observed (Fig. 3a and b). Using STRUCTURE 

analysis software, the rate of change of the Likelihood distribution is presented in Figure 3a and 

the absolute values of the 2nd order rate of change of the Likelihood distribution presented in 

Fig. 3b. Structure simulation defined that the estimated average of lnP(D) versus k = 3 was 
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addressed to be the best k, demonstrating that three subpopulations could comprise all the 

thirteen wheat landraces with the highest probability. This can be also verified by plotting the 

number k against Dk. A sharp peak was obtained for k = 3 (Fig. 3c). Consequently, a k value of 

three was selected to present the genetic structure of the thirteen wheat landraces (Fig. 4). The 

estimated population structure suggested that landraces with partial membership exhibited 

distinctive identities (L2, L6, L5 and L11). The PCoA results agreed with STRUCTURE 

analyses by clustering the thirteen landraces into three clear groups (Fig. 5a and b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. (A) The rate of change of the likelihood distribution, (b) the absolute values of the 2nd order rate of 

change of the likelihood distribution (c) delta (Δ) K for differing numbers of subgroups  
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Fig. 4. Estimated population structure of the wheat landraces as revealed by 18 SSRs markers for (k = 3), 

red indicates group 1, green indicates group 2 and blue indicates group 3 

 

 

 

 

Fig. 5. Principle coordinate analysis (PCoA) based on 136 SSRs alleles. (a) displays of 13 bread wheat; (b) 

association among 13 bread wheat landraces revealed by PCoA 

 

Six landraces (Burr-Alquwarah, Loqymy Burr-Almajmah, Maya Burr-Buraydah, Baldy 

Burr-Gazan, Loqymy Burr-Buraydah and Al-Halbaa Burr-Buraydah) were in sub-group one 

(G1), while four landraces (Loqymy Burr-Al-Hareeq, Hab Burr-Al-Hareeq, Burr-Al-Khabraa, 

and Alssamaa Burr-North Ad-Dahnaa) were in sub-group two (G2) and three landraces (White 

Loqymy Burr-Almajmah, Asmer Burr-Najran, and Bahaal Burr-Almajmah) were in sub-group 

three (G3).  

 L9       L3        L7       L10        L6        L2        L4        L8        L11       L5       L12       L1       L13 
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The significant divergence was found among subgroups and expected heterozygosity 

among genotypes in the same subpopulations (Table 3). The highest value of expected 

heterozygosity was found in G2 with a value of 0.418 and the lowest value was found in G3 with 

a value of 0.243 while the G1 had moderate expected heterozygosity with an average of 0.278. 

The Fixation index (Fst) is a measure of population substructure and is most useful for 

examining the overall genetic divergence among subgroups. So, the Fst value was 0.217, 0.432 

and 0.541 for G2, G1, and G3 respectively. 

 

Table 3. The STRUCTURE analysis of 13 landraces for fixation index (Fst) (significant divergences), 

expected heterozygosity and the number of landraces in each subpopulation 

Subpopulation groups Fst 

  

Expected 

heterozygosity Number of landraces  

G1 0.432 0.278 6 

G2 0.217 0.418 4 

G3 0.541 0.243 3 

 

The AMOVA, Fst, and Nm or the haploid number of migrants (Table 4) revealed that 

landraces within subgroups are highly genetically differentiated in relation to landraces among 

groups, which is reflected by a higher proportion of variance within groups than among groups. 

Sixty-five percent of the genetic variation resided among wheat landraces within subgroups, 

while (35%) of the genetic variation was among subgroups. The haploid (Nm) was 0.46, 

indicating low gene flow (exchange) between the subgroups and high differentiation within 

subgroups.  

 

Table 4. Analysis of molecular variance of genetic differentiation among and within three subpopulation 

groups of wheat landraces 

Source of variation df SS MS Est. Var. % P value 

Among subpopulations 2 39.641 19.821 1.656 35% 0.001 

Within subpopulation 10 60.667 6.067 3.033 65% 0.001 

Total 12 100.308  4.689 100% 0.001 

Fixation Index 0.35 

Nm (Haploid) 0.46 

 

DISCUSSION 

Genetic Diversity, PIC and MAF 

For example, the wheat microsatellite marker Xgwm261-2DS, which mapped 0.6 cM 

closed to the wheat dwarfing gene Rht8, produced three main alleles (165, 174 and 192 bp) that 

are widespread in Saudi Arabia wheat landraces. This could be supported by the selection of 

these alleles in several geographical regions (KORZUN et al., 1998; SALEM, 2015). Also, the 

Xtaglgap-1BS microsatellite marker exists in a storage protein gene group that could influence 

bread production quality, given four main alleles (212, 230, 238 and 266 bp) that are widespread 

in Saudi Arabia wheat landraces. 
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In the current study, 18 microsatellites markers revealing 136 alleles from the thirteen 

local wheat landraces were enough to discriminate Saudi Arabia wheat landraces. The number of 

alleles per markers differed from 3 to 11 with an average of 7.5. Several average numbers of 

alleles have been detected in wheat using microsatellite markers. PRASAD et al., (2000) detected 

7.4 means allele numbers in 55 wheat genotypes. RÖDER et al., (2002) found an average allele 

number of 10.5 alleles per marker from 19 wheat microsatellites in 502 European varieties. 

Whereas, Huang et al., (2002) examined with 26 microsatellites 998 accessions deriving from 68 

countries and thus identified an average of 18.1. KHLESTKINA et al. (2004) found an average of 

6.6 in 54 varieties. AKFIRAT and UNCUOGLU (2013) detected an average allele number of 3.9 in 

seven Turkish wheat genotypes. SALEM et al., (2015) detected 95 alleles with an average of 5.59 

alleles per locus in 33 Egyptian wheat genotypes. KYRATZIS et al., (2019) detected 224 alleles 

with an average of 11.79 alleles per locus in 55 landraces populations. A comparison of the 

results detected in the current investigation with those published previous shows that the average 

number of alleles per locus recorded during the current investigation was lower than some 

previous studies, but it was comparable with SALEM et al., (2015); KHLESTKINA et al., (2004) and 

PRASAD et al., (2000) results, which detected 5.59, 6.6 and 7.4 alleles per locus in wheat 

varieties, respectively. 

GD, PIC and MAF values are extremely helpful for studying the level of 

polymorphisms among landraces and especially very useful in wheat breeding programs (HUANG 

et al., 2002; SALEM et al., 2015; ELTAHER et al., 2018). In this study, the average of GD, PIC, 

and MAF, 0.38, 0.30 and 0.31, respectively, were lower than what was recorded by SSRs 

markers-based studies  (HUANG et al., 2002; SALEM et al., 2015) and moderate according to 

WÜRSCHUM et al. (2013). BOTSTEIN et al. (1980) reported that PIC value > 0.5 is considered as 

being highly informative marker, while, 0.5 > PIC > 0.25 is a reasonably informative marker, 

and PIC value < 0.25 a slightly informative marker. The key explanation for this type of SSR 

marker being informative markers and having moderate PIC values than other SSR markers 

because of the number of alleles/markers (SSR motif). There is an inverse association between 

the number of alleles and the informativeness of the SSR marker. Whereas, the PIC values were 

increases as the number of alleles increased (HUANG et al., 2002; SALEM et al., 2015). 

 

Population Structure and relationships 

According to STRUCTURE software, thirteen accessions were grouped in three 

subpopulations with a moderate to high genetic divergence among these landraces. The PCoA 

gave a similar classification of the landraces. The division into three major groups corresponds to 

the different collections district from Saudi Arabia. The most of the landraces in G1 (Loqymy, 

Loqumy Burr, Maya Burr, Baldy Burr, Loqymy Burr and Al-Halbaa Burr) were collected from 

one district (Al-Qassim Province) and the most landraces in G2 (Loqymy Burr, Hab Burr, Burr, 

and Alssamaa Burr) were collected from (Al-Riyadh Province) and the landraces in G3 (White 

Loqymy Burr, Asmer Burr, and Bahaal Burr) were collected from (Al-Najran and Riyadh 

Province).  This preliminary study also shows that in the Al-Qassim Province, Al-Riyadh 

Province, Najran Province and Al-Najran Province, which have relatively low temperatures and 

high rainfall, the geographical distribution of bread wheat is clearly concentrated. Also, previous 

studies found different subpopulations according to collections districts such as durum wheat 
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landraces have been suggested to constitute nine subpopulations (RUIZ et al., 2012); a durum 

wheat elite collection had six subpopulations (MACCAFERRI et al., 2005).  

The AMOVA revealed a moderate level of diversity within subgroups. Although the 

variation among populations was lower in comparison to within-population variation, it was 

significant. This moderate variation within groups can be attributed to selection for 

morphological traits. The 35% level of variability among the population can be explained by the 

low value of gene flow (0.46) or exchange among lines within subpopulations. As a general 

indicator of the magnitude of genetic exchange (ARORA et al., 2014), the level of differentiation 

among the population is inversely proportional to the value of gene flow. The Nm (Haploid) 

value less than 1 indicates limited gene exchange among populations which leads to low 

variability among groups (ELTAHER et al., 2018). In the current study, the gene flow is 

considered low gene flow which led us to moderate genetic differentiation among populations 

(WANG et al., 2012). Hybridization between landraces in subpopulations 1, 2 and 3 could adduce 

the needed variation to enhance genetic gain through active selection. 

 

CONCLUSION 

The present investigates, polymorphism was clarified by wheat microsatellite markers and 

considered as adequately informative in Saudi Arabian bread wheat. The genetic diversity levels 

detected in Saudi Arabia bread wheat landraces can be valuable for the wheat breeder to improve 

the wheat breeding program. The estimated genetic diversity parameters imply that the local 

wheat landraces could be a potentially valuable source for selecting diverse parents for heterotic 

combinations in the wheat breeding programs. 
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Izvod 

Pšenica (Triticum aestivum L.) je veoma značajna žitarica. Analiza genetičkog diverziteta i 

strukture lokalnih populacija poboljšala bi program oplemenjivanja pšenice efikasnijom 

upotrebom genetičkih materijala i boljim upravljanjem genetičkim varijacijama. Da bi se rešio 

ovaj izazov, za procenu strukture populacije i genetičke raznolikosti korišćen je set od trinaest 

vrsta pšenice u Saudijskoj Arabiji. Trinaest populacija je genotipizirano pomoću osamnaest 

mikrosatelitskih markera koji su otkrili jasan polimorfizam među ispitivanim genotipovima. 

Ukupno je otkriveno 136 alela iz skupa od osamnaest SSR lokusa u panelu od trinaest populacija 

pšenice. Svi SSR lokusi pokazali su širok raspon brojeva alela od 3 do 11, sa prosekom od 7,5. 

Genetička raznolikost, sadržaj informacija o polimorfizmu i učestalost manjih alela kretali su se 

od 0,26 do 0,50, 0,23 do 0,37 i 0,15 do 0,46 sa prosekom 0,43, 0,33 i 0,34, respektivno. Rezultati 

glavne koordinatne analize (PCoA) saglasni su sa strukturnom analizom. Analiza strukture 

populacija je trinaest lokalnih populacija grupisala u tri jasne subpopulacije. Indeks fiksacije 

(Fst), mera substrukture populacije, bio je 0,217, 0,432 i 0,541 za G2, G1 i G3, respektivno. 

Dalje, analiza molekularne varijanse prepoznala je 35% varijanse između populacija i 65% 

unutar populacija. Ovaj rad je pokazao visoku genetičku varijabilnost između populacija koje se 

mogu iskoristiti za proizvodnju novih sorti hlebne pšenice. 
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