
 
 
 
 
 

Molecular Biology Research Communications 2018;7(3):143-152  DOI: 10.22099/mbrc.2018.30434.1340  MBRC  

*Corresponding Author: Crop and Horticultural Science Research Department, Ardabil Agricultural and Natural 
Resources Research and Education Center, AREEO, Ardabil (Moghan), Iran 
Tel: +98-4532751013 
Fax: +98-4532751013 
E. mail: h.zeinalzadeh@areeo.ac.ir 
                                                                                                                                       pISSN 2322-181X                  eISSN 2345-2005 
 
 
 

Original Article  Open Access 
 

Assessment of genetic diversity among sunflower genotypes using 
microsatellite markers 

 
Hossein Zeinalzadeh-Tabrizi1,*, Kamil Haliloglu2, Mehdi Ghaffari3, Arash Hosseinpour2 

 
 

1) Crop and Horticultural Science Research Department, Ardabil Agricultural and Natural 
Resources Research and Education Center, AREEO, Ardabil (Moghan), Iran 

2) Department of Crop Production and Breeding, Faculty of Agriculture, Ataturk University, 
Erzurum, Turkey 

3) Seed and Plant Improvement Research Institute, Agricultural Research, Education and 
Extension Organization (AREEO), Karaj, Iran 

 
 

ABSTRACT 
 
Genetic diversity estimation of plant materials is one of the important pre-breeding 

activities in breeding field crops. Twenty-one microsatellite markers used to assess genetic 
diversity and relationship of 68 sunflower genotypes (Helianthus annuus L.). All of 21 pairs of 
SSR (Simple Sequence Repeats) markers produced a total number of 49 polymorphic bands. 
DNA fragments ranged from 92 to 850 bp. The highest and lowest polymorphic information 
content (PIC) values were determined as 0.58 and 0.10 for marker Ha806-ar and Ha494-ar. The 
number of alleles per locus was calculated as 2-6 with the average of 2.86. In this study, CMS 
(Cytoplasmic Male Sterility) lines showed the highest and Iranian hybrids showed the least 
polymorphism, respectively. Principal coordinates analysis revealed that Iranian hybrids were 
well-separated compare to the other groups. The analysis of molecular variance (AMOVA) 
indicated higher genetic variation within groups (90%) rather than among groups (10%). This 
study revealed that the SSR markers such as Ha806-ar could be a useful tool for distinguishing 
sunflowers genotypes. According to the study, there is a significant genetic distance among 
individuals. Parental lines (R26 and CMS502 lines with lowest similarity coefficient) may be 
useful for future sunflower crossing and hybrid breeding programs. Generally, high similarity 
coefficient estimation among investigated sunflower groups revealed that there was a narrow 
genetic base in investigated materials suggesting broadening its genetic base by introduction of 
new genes into existing breeding materials. 
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INTRODUCTION 
 
Sunflower is one of the most important crops in the world grown for edible oil, after 

soybean (Glycine max L.), rapeseed (Brassica rapa L.) and peanut (Arachis hypogaea L.) [1]. 
Since 1969, production of commercial sunflower hybrids has been utilized based on a single 
cytoplasmic male sterility source, PET1, discovered by leclerq. Nowadays, development of new 
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CMS sources of male sterility as well as corresponding fertility restorers, is a special interest of 
sunflower breeders for increasing genetic diversity. The main goals of Iranian sunflower 
breeders are developing single and three-way cross hybrids with high oil and seed yield as well 
as resistance to biotic and abiotic stresses [2]. Sunflower hybrid production is based on heterosis 
phenomenon and there are many commercial hybrid varieties available. For commercial use of 
heterosis phenomenon, parental inbred lines need to be selected 6-7 generations by self-
pollination. These days, there is a need for inbred parental lines with distinct genetic resources 
for high yield in the sunflower [3]. Evaluation of genetic diversity of such parental lines via 
various molecular markers is very important in sunflower hybrid breeding programs. Most of 
the time, identification of sunflower parental lines is based on morphologic characters but they 
are limited in number and unstable. DNA markers, which are available throughout the genome, 
are unlimited in number and environments or epistasis does not affect their presence or absence 
[4]. Some researchers have reported high genetic variation for sunflower [5-7]. However, some 
studies have also showed a narrow genetic diversity. Compared to wild sunflower, cultured 
sunflower has 50-60% lower genetic diversity [8].  

Molecular markers, which are becoming increasingly widespread in sunflower breeding, 
provides great convenience in terms of cost and time [9]. Up to now, only conventional 
breeding methods have been used in sunflower breeding programs in Iran. However, in recent 
years, some studies have been reported the use of various molecular markers on Iranian 
sunflower germplasms such as TRAP [10], SSR [4, 11], ISSR [12], IRAP and REMAP [13]. 
SSR marker is more preferred than other molecular markers in genome studies because it is 
highly polymorphic, co-dominant inherited, highly abundant, analytically simple and readily 
transferable [14]. However, there are limited data available in the literature on the analysis of 
genomic relationships among and within cultured sunflower in Iran by using SSR markers. The 
aim of this study was to i) determine the genetic diversity of sunflower genotypes ii) determine 
high value PIC of SSR markers iii) estimation of the genetic distance between restorer and CMS 
inbred lines in order to be able to use them in the hybrid production program.  

 
 

MATERIALS AND METHODS 
 
Plant material: In this study, 68 sunflower genotypes (Helianthus annuus L.) in five 

different groups including 23 restorer lines, 30 CMS lines, 8 foreign hybrids, 3 Iranian hybrids 
and 4 foreign open pollinated cultivars were used as plant materials (Table 1). These restorers 
and CMS inbred lines were recently used in sunflower breeding program in Iran. 15-20 days old 
fresh leaves as bulk was provided for DNA isolation using fast and efficient protocol described 
by Zeinalzadeh Tabrizi et al. [15]. 

 
PCR components, conditions and visualization of products: Twenty one SSR primers 

developed by Tang et al., [16] and Paniego et al., [17] were used for SSR analysis (Table 2). 
PCR reaction was carried out using Multigene Gradient Thermal Cycler (TC9600-G-230V, 
Labnet International, Inc.). For PCR, each 20 μL reaction includes 2 μL of 10X PCR buffer, 1 
μL of 25 mM MgCl2, 0.5 μL of each of the 10 μM dNTPs, 0.5 μL of each of the 100 pmol 
primers, 1 unit of the Taq polymerase and 1 μL of template DNA. 

Thermal Cycler program was one cycle for initial denaturation for 2 min at 96°C. Then 30 
cycles of 30 sec at 96°C for denaturation, 45 sec at 50-60°C for annealing (according to the 
appropriate temperature of each pair of primers), 1 min at 72°C for primer extension and 15 min 
at 72°C for final extension. The electrophoresis of PCR products was run on 2% agarose gel in 
1X SB buffer at 200 V for 120 min, stained with ethidium bromide (0.2 ug ml-1) and visualized 
under a UV-trans illuminator. The molecular weight of bands was determined based on a DNA 
ladder between 50 and 1000 bp (Vivantis Product No: NM2421). 
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Table 1: Characteristics of sunflower genotypes used in assessment of genetic diversity by SSR marker   
Genotype name Type Genotype name Type 
R2 Restorer Line (R) Zaria Foreign Open-pollinated (FO) 
R3 Restorer Line (R) Record Foreign Open-pollinated (FO) 
R5 Restorer Line (R) CMS 16 CMS Line (CMS) 
R15 Restorer Line (R) CMS 26 CMS Line (CMS) 
R19 Restorer Line (R) CMS 28 CMS Line (CMS) 
R21 Restorer Line (R) CMS 30 CMS Line (CMS) 
R22 Restorer Line (R) CMS 32 CMS Line (CMS) 
R23 Restorer Line (R) CMS 36 CMS Line (CMS) 
R24 Restorer Line (R) CMS 38 CMS Line (CMS) 
R27 Restorer Line (R) CMS 40 CMS Line (CMS) 
R29 Restorer Line (R) CMS 42 CMS Line (CMS) 
R33 Restorer Line (R) CMS 44 CMS Line (CMS) 
R34 Restorer Line (R) CMS 46 CMS Line (CMS) 
R38 Restorer Line (R) CMS 54 CMS Line (CMS) 
R41 Restorer Line (R) CMS 58 CMS Line (CMS) 
R42 Restorer Line (R) CMS 78 CMS Line (CMS) 
R43 Restorer Line (R) CMS 82 CMS Line (CMS) 
R46 Restorer Line (R) CMS 96 CMS Line (CMS) 
R50 Restorer Line (R) CMS 110 CMS Line (CMS) 
R53 Restorer Line (R) CMS 154 CMS Line (CMS) 
R55 Restorer Line (R) CMS 212 CMS Line (CMS) 
R56 Restorer Line (R) CMS 222 CMS Line (CMS) 
Armada-GL Foreign Hybrid (FH) CMS 234 CMS Line (CMS) 
ES-Biba Foreign Hybrid (FH) CMS 262 CMS Line (CMS) 
ES-Karamba Foreign Hybrid (FH) CMS 298 CMS Line (CMS) 
Brocar-RM Foreign Hybrid (FH) CMS 310 CMS Line (CMS) 
Euroflor Foreign Hybrid (FH) CMS 328 CMS Line (CMS) 
Tekny Foreign Hybrid (FH) CMS 330 CMS Line (CMS) 
Allstar Foreign Hybrid (FH) CMS 354 CMS Line (CMS) 
Sor Foreign Hybrid (FH) CMS 358 CMS Line (CMS) 
R453 Iranian Hybrid (IH) CMS 376 CMS Line (CMS) 
43/128 Iranian Hybrid CMS 502 CMS Line (CMS) 
Azargol Iranian Hybrid   
Berezanski Foreign Open-pollinated (FO)   
Master Foreign Open-pollinated (FO)   

 
Table 2: Locus, motif, sequences and expected size range of 21 simple sequence repeat (SSR) primer pairs  

 
No. 

 
Locus 

 
Motif 

 
Foreword primer  
 sequence 5′–3′ 

 
Reverse 
primer sequence 5′–3′ 

Size 
range 
(bp) 

1 Ha 432 GT CTT TAT CCC CCA CCC CCT CC GGG TTT AGT GGC CAG TAG TTG TC 168-720 
2 Ha 514 GA GGT CAA CGG ATT TAG AGT C GTA TTG ATT CCA ACA TCC AG 164-200 
3 Ha 1327 ATT CCG TTA GGT AGT TTA CTT GCG AC GGT GGG GGG AAT ATT CTG AGG TG 175-550 
4 Ha 1442 ATT GCT TAT GTG CTT ACG TGT TCC TG CTA AAC AGT TCG GCG AGT GTA GG 202-244 
5 Ha 1608 ATT GAT CTT AGG TCC GCC AC GAT GGC ATT TGG CTA GAC 169-331 
6 ORS-6 AGG GTG GAG AGA GGT GTA GAG AGC CAC CCC TCA CCC TGA CAC 250-260 
7 ORS-5 AAC ATC TGG AGC AGC AAA TTC AG CTG CTG CCC ACC ATA CTG 275-350 
8 HNCA-2 GT TGA GAC AAG CAT AAG CAC TAG ACA AGA CAA GGG ACT 208-320 
9 Ha 357-ar (GA)15 GTGGGTGTGGAAGGAAGAATC CAGACACATGCTAGTCGTCGTG 92-132 
10 Ha 360-ar (GA)15 CAACAAGGAACCGATAACTGCT CACCCTTCATCTCCTTC 191-199 
11 Ha 494-ar (GA)17 A (GA)2 

N12 T15 
GCGTTGGTTAAGGCCTGAGGTC GAGCAGCAAACAGAGGGTACACC 193-209 

12 Ha 806-ar (GT)8 N27 (GA)6 GATGTTCCTTCCTGCAC GGTTGGATAATGGGGCAGC 189-199 

13 Ha 991-ar (GA)4 T (GA)12 GCCCCCTTGATGCCCTTTTC GAATCGCCATTTGAATCGCCAG 137-145 

14 Ha 1167-ar (GT)9 N2 (GT)4 CGATGTCGGCGATTCGGACTGGAG CCCCATCTACACTTCAATACTG 155-165 

15 Ha 1287-ar (GA)26 GATATGAGCCCATCACTCATC GAAGATATGTCAGGTCACACCC 151-171 
16 ORS-31 (AAG)10 AAT TCA TGC CCC AAG AGA TG CAC AAT TCA TGC ATT TCT CTG G 250-300 
17 ORS-53 (T)30 GCT GGC AAT TTC TGA TAC ACG AT CAT CTA GAC AAC GAC AGA AGA TG 450-510 
18 ORS-78 (AAG)10 GTT CGT CGA GTA CAT GTT CTG C TTT CCC TCT GGA AAG TTG TCA 160-172 
19 ORS-176 (TG)16 CCCTAACTGGTTTTCTGACCC AACTTTTGTTTGTTTGTCCAGG 430-480 
20 ORS-204 (GT)17 CGTCTGGCATTATGAAATCGTC CCGCATAACAGCAATGGTCAAC 280-300 
21 ORS-54 (TACA)25 AAATCCCACTTCATACAAACGT CCTTCAGTGCTCATGCAGTG 370-580 
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Statistical analysis: The clearly selectable and easily countable bands on the gel were 
scored as 0 (absent), 1 (present) and 9 (missing band or not amplified). The binary data matrix 
was analyzed using three different software packages, including NTSYS-pc version 2.11f [18], 
Popgen [19] and GenAlex [20]. The Polymorphic information content (PIC) values for each 
marker was estimated using Power Marker [21] software as described by Anderson et al. [22].  

 
where Pi is the proportion of the population carrying the ith allele, calculated for each 

microsatellite locus. 
The genetic diversity within the groups was calculated using Nei's Gene Diversity Index 

[23] and Shannon’s Information Index [24] using Popgen software [19]. The genetic distance 
between groups was measured using Nei's coefficient [23]. GenAlex program [20] was used to 
determine the band patterns among groups. Molecular variance analysis (AMOVA) within and 
among groups and principal coordinates analysis (PCoA) was examined using GenAlex [20]. 
Due to unbalanced genotype numbers per group and to confirm the results of the cluster 
analysis, principal coordinates analysis was carried out using Nei’s unbiased genetic distance.  

In this study, three different genetic distance (Jaccard, Dice and Simple Matching) and three 
different cluster method (UPGMA, Single Linkage and Complete Linkage) was tested so that 
the highest cophenetic coefficient was selected for genetic distance and clustering method (Dice 
and UPGMA, r=0.745). NTSYS-pc version 2.11f [18] was used for cluster analysis of all 
genotypes. The similarity matrix was calculated using SIMQUAL subprogram and Dice 
[2a/(2a+b+c)] similarity coefficient. Grouping was done using the SAHN subprogram and 
UPGMA method. The cophenetic correlation for each dendrogram was computed as a measure 
of goodness of fit (Mantel t-test) for the method of clustering used. 
 

 
RESULTS AND DISCUSSION 

 
 In this study, all the 21 pairs of SSR markers produced a total number of 49 repeatable and 

scoreable polymorphic bands. DNA fragments ranged from 92 to 850 bp. The highest and 
lowest PIC values were determined as 0.58 and 0.10 for Ha806-ar and Ha494-ar, respectively 
(Table 3). Markers with high PIC value such as Ha806-ar and ORS-31 are considered suitable 
markers for genetic diversity differentiation among individuals. In a similar research, 
Sahranavard Azartamar et al., [4] found that SSR markers HA3040 and ORS-733 with higher 
PIC values are considered appropriate markers for studying genetic diversity in oily sunflower. 
In present study, the PIC values of SSR markers were closed to Lochner [25] (0.06-0.75 and 
average of 0.51), Erasmus [26] (0.17-0.80 and average of 0.56) and Darvishzadeh et al., [27] 
(0.09-0.62 and average of 0.41). The number of alleles per locus was calculated as 2 to 6 with 
an average of 2.86 (Table 3) suggesting the presence of high molecular genetic variability 
among the studied sunflower genotypes which are in agreement with the finding of Gholizadeh 
et al., [28]. Antonova et al., [29] used 10 SSR markers in genetic diversity of 17 sunflower 
inbred lines and hybrids. The average number of loci in their study was measured 2.2, which 
was in a range of current findings. Average number of alleles per locus was reported 3.5 in 
Paniego et al., [17], 3 in Solodenko and Sivolap [30] and 2.32 in Darvishzadeh et al., [27] 
studies. 

Genetic diversity of the groups was shown according to the Nei’s Gene Diversity Index [31] 
and the Shannon’s Information Index [32]. According to these indices, CMS group had the 
highest (0.307 and 0.443, respectively) and the Iranian hybrid group had the lowest genetic 
diversity (0.166 and 0.197, respectively).  

The mean genetic variation within groups was calculated as 0.245 and 0.332, respectively 
(Table 4). In this study, CMS group showed the highest percentage of polymorphic loci 
(81.63%) with 26.714 polymorphic bands and the Iranian hybrid group consisted of 2.408 

http://mbrc.shirazu.ac.ir/


 
 
 
 

Zeinalzadeh-Tabrizi et al., / Mol Biol Res Commun 2018;7(3):143-152 DOI: 10.22099/mbrc.2018.30434.1340  MBRC 

http://mbrc.shirazu.ac.ir 
                                                      147 

polymorphic bands with the least percentage of polymorphic loci (32.65%) (Table 4). The mean 
number of polymorphic bands and percentage of polymorphic loci in the five groups varied by 
11.98% and 59.18%.  In recent years, use of SSR markers considered as the easiest method to 
predict the level of polymorphism.  

 
Table 3: Characteristics of investigated SSR loci 

 
 
Table 4: Band number, number of different alleles, number of effective alleles, Shannon’s information 
index, expected heterozygosity, unbiased expected heterozygosity and percentage of polymorphic loci  

Groups  N Na Ne I He UHe PO 
R Mean 20.592 1.592 1.492 0.412 0.280 0.287 73.47% 

FH Mean 6.776 1.449 1.374 0.318 0.214 0.230  59.18% 
IH Mean 2.408 1.061 1.243 0.197 0.136 0.166  32.65% 
FO Mean 3.449 1.286 1.362 0.291 0.200 0.236  48.98% 

CMS Mean 26.714 1.694 1.527 0.443 0.301 0.307  81.63% 
Total Mean 11.988 1.416 1.400 0.332 0.226 0.245 59.18% 

R: Restorer Line; FH: Foreign Hybrid; IH: Iranian Hybrid; FO: Foreign Open-pollinated; CMS: Cytoplasmic Male Sterility 
 
According to SSR markers, the total band patterns across groups are given in Table 5. CMS 

group with 43 bands had the heights different bands compared to the Iranian hybrids with 36 
bands. Two private bands (referring to unique bands found only within one population) of CMS 
group and one private band of Iranian hybrid group could be effective in identification of such 
heterotic groups. 

 
 

Table 5: Total band patterns for binary data across groups by SSR markers 
 Groups 
 R FH IH FO CMS 
No. Bands 42 42 36 39 43 
No. Bands Freq. >= 5% 40 42 36 39 42 
No. Private Bands 0 0 1 0 2 
No. LComm Bands (<=25%) 0 0 0 0 0 
No. LComm Bands (<=50%) 0 4 1 1 2 

No. Bands: No. of Different Bands; No. Bands Freq.>=5%: No. of Different Bands with a Frequency>=5%; No. Private Bands: No. of Bands Unique 
to a Single Population; No. LComm Bands (<=25%): No. of Locally Common Bands (Freq.>=5%) Found in 25% or Fewer Populations; No. LComm 
Bands (<=50%): No. of Locally Common Bands (Freq.>= 5%) Found in 50% or Fewer Populations 

No. Locus Allele 
No. 

Polymorphic 
Allel No. 

Allele 
Frequency 

Gene 
Diversity 

Heterozygosity PIC Polymorphism 
Percentage 

1 Ha 432 6 4 0.58 0.49 0.64 0.37 66.7% 
2 Ha 514 2 2 0.72 0.40 0.14 0.32 100% 
3 Ha 1327 5 5 0.59 0.48 0.11 0.37 100% 
4 Ha 1442 2 1 0.73 0.40 0.55 0.32 50% 
5 Ha 1608 4 4 0.56 0.49 0.11 0.37 100% 
6 ORS-6 2 2 0.65 0.45 0.70 0.35 100% 
7 ORS-5 3 3 0.66 0.45 0.12 0.35 100% 
8 HNCA-2 3 2 0.66 0.45 0.68 0.35  66.7% 
9 Ha 357-ar 2 2 0.60 0.48 0.15 0.37 100% 

10 Ha 360-ar 2 2 0.56 0.49 0.09 0.37 100% 
11 Ha 494-ar 3 3 0.95 0.10 0.04 0.10 100% 
12 Ha 806-ar 3 3 0.39 0.66 0.79 0.58 100% 
13 Ha 991-ar 2 2 0.74 0.38 0.00 0.31 100% 
14 Ha 1167-ar 2 2 0.62 0.47 0.00 0.36 100% 
15 Ha 1287-ar 5 5 0.79 0.35 0.05 0.34 100% 
16 ORS-31 3 3 0.47 0.59 0.03 0.51 100% 
17 ORS-53 3 3 0.63 0.48 0.10 0.38 100% 
18 ORS-78 2 2 0.63 0.47 0.01 0.36 100% 
19 ORS-176 2 2 0.70 0.42 0.18 0.33 100% 
20 ORS-204 2 2 0.51 0.50 0.66 0.37 100% 
21 ORS-54 3 2 0.55 0.50 0.02 0.37  66.7% 
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Table 6 provides the genetic diversity among the groups according to Nei's gene diversity 
index [23]. The highest genetic variation was found between the Iranian hybrids and Restorer 
lines (0.282) while the lowest genetic distance was determined between Restorer and CMS lines 
(0.070). Cluster analysis among the five groups using Nei's genetic distance and UPGMA 
method could help better understanding the relationship of the groups. Two heterotic groups 
(Iranian hybrids and the others) were determined by cutting the dendrogram (Fig. 1).  

 
Table 6: Pairwise groups matrix of Nei’s unbiased genetic distance using SSR markers 

Groups R FH IH FO CMS 
R 0     

FH 0.110 0    
IH 0.282 0.258 0   
FO 0.140 0.176 0.206 0  

CMS 0.070 0.171 0.265 0.183 0 
 
 

 
Figure 1: Dendrogram obtained by cluster analysis of sunflower groups using UPGMA method 

 
Principal coordinates analysis (PCoA) revealed that the first two components determined 

71% of total variance. Biplot of first and second components showed that Iranian hybrids were 
well-separated compare to the other groups (Fig. 2). In Dong et al., [33] study, principal 
component analysis showed that the 43.05% of total variance was contributed by the first two 
principal components. Hongtrakul et al., [34] used the principal coordinate analysis to genetic 
diversity of 23 sunflower restorer and CMS lines using AFLP markers. Results of their analysis 
revealed that the genotypes are divided into two main groups on a 2D biplot: a maintainer (B 
line) group and a restorer (R line) group. The first three components explained 34% of total 
variance. Darvishzadeh et al., [27] used principal coordinate analysis to determine the genetic 
diversity of 28 sunflower genotypes using SSR marker and to confirm the results of their cluster 
analysis. The first three components determined 34.05% of their total variance. 

 

 
Figure 2: 2D biplot of sunflower groups obtained from principal coordinates analysis 

 
Figure 3 provides cluster analysis among all genotypes to find farthest inbred lines from the 

aspect of genetic distance to may use in future sunflower hybrid production program. Minimum 
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similarity coefficient (maximum genetic distance) was calculated between R26 and CMS502 
lines (0.364) and the average of 0.673 over 49 SSR polymorphic bands using Dice genetic 
similarity coefficient. Dice coefficient is one of the most commonly used similarity to estimate 
genetic distances. In addition, the calculated cophenetic correlation coefficient (r=0.745) in this 
study indicated that how similar the final hierarchical pattern and initial similarity (or distance) 
matrix are. Higher cophenetic correlation coefficient indicates a better goodness of fit of 
clustering method. Gholizadeh et al. [28] reported that among the different methods, the highest 
cophenetic value (r=0.764) was observed for the UPGMA created based on Jaccard’s similarity 
coefficients. Darvishzadeh et al., [27] also used UPGMA method and Jaccard’s similarity 
coefficients for genetic diversity of sunflower inbred lines. Yue et al., [7] reported that the 
boundaries between the groups based on the Simple Matching coefficient matrix were sharper 
than those based on the Dice coefficient matrix. Thus, the Simple Matching coefficient matrix 
was chosen for dendrogram construction in their study. Lower similarity coefficient was 
measured for CMS group (0.661) rather the other groups (Table 7). This result reflects that the 
genetic diversity of CMS lines is higher than the other groups and largely corresponded to those 
obtained through other analysis. The analysis of molecular variance (AMOVA) indicated higher 
genetic variation within groups (90%), than among groups (10%). The average number of 
migrants (Nm) among groups based on AMOVA was measured 4.57 (Table 8). 

 

 
Figure 3: Dendrogram of 68 sunflower genotypes using Dice coefficient and UPGMA method 
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Higher genetic variability within population is a result of the mixed mating system [35] or 
may be due to high allogamy nature of the sunflower plant [36] or variations in selection, 
adaptation, migration, environment and human activities [37] or small size of the groups studied 
and insufficient number of markers studied for complete genome coverage [4]. In our previous 
research, higher genetic variation estimated within groups (87%), than among groups (13%) by 
using TRAP marker [10]. Same results displayed high variation within populations than among 
populations in Jannatdoust et al., [36], Sahranavard Azartamar et al., [4], Kholghi et al., [38] 
and Basirnia et al. [13] studies. 

 
 

Table 7: Dice coefficient between groups of sunflower using SSR markers 
Groups Dice coefficient 

R 0.721 
FH 0.757 
IH 0.750 
FO 0.753 

CMS 0.661 
Mean 0.728 

 
 

Table 8: AMOVA for 68 sunflower genotypes based on 21 SSR polymorphic loci 

 
Genetic diversity of cultivated sunflower has narrowed due to cultural activities and 

breeding programs [3, 39]. Gentzbittel et al., [8] in a study of 17 sunflower lines using RFLP 
markers found lower genetic variability than the other field crops. They expressed the transfer 
of new genes from the wild sunflower species to cultivated sunflower. In Ronicke [40] study, 
genetic similarity among 25 inbred lines ranged from 0.58 to 0.98 with an average of 0.70. In 
Hongtrakul et al. [34] study using AFLP marker in 24 sunflower inbred lines, genetic similarity 
varied between 0.70 and 0.91. Yue et al., [7] showed that genetic similarity in 177 sunflower 
inbred lines ranged from 0.30 to 0.97 and an average of 0.58. The genetic similarity using SSR 
markers was determined an average of 0.728 (Table 7). The results showed that investigated 
sunflower genotypes had a narrow genetic base in general. 
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