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ABSTRACT 
Maize (Zea mays everta) is preferred as a good dietary in Turkey and it is 

important to know its genetic diversity to improve the yield. Genetic 

markers are very important in determining genetic diversity in popcorn 

populations. The aim of this study was to evaluate the genetic diversity of 

landraces popcorn populations by simple sequence repeats (SSR) 

markers. A hundred seventy five accessions of popcorn from thirty five 

populations grown in Turkey were analyzed using twenty SSR markers.  

 

As a result of molecular analysis, 65 of 66 alleles obtained were 

showed polymorphisms and the polymorphism rate was 98.5%. The 

average number of alleles for each SSR loci was 3.3, and this the number 

of alleles varied from 1 to 5. The average the polymorphism information 

content (PIC) value was calculated to be 0.57 for SSR locus ranging from 

0.00 to 0.89. The number and percentage of polymorphic loci of the 

genotypes were determined to vary between 29/47% and 43.94/71.21 % 

and the mean values were calculated as 39.114 and 59.265 % respectively. 

The value of genetic change in the phylogenetic tree obtained from 

landraces popcorn populations was determined as 0.05, and the genetic 

difference among genotypes varied from 14.7 to 97.1%. Among the 

markers used in the study, it was observed that code ‘phi064’ was the 

most effective marker for determining genetic diversity in popcorn and 

the highest allele frequency also on this marker was obtained. 
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1. Introduction 
 

Maize is the major cereal growing all over the world and it is a considerable cereal ranked as the third in world cereal production 

after wheat and rice (Adjanohoun et al. 2011). One of the commercially produced plants in the corn variety is popcorn. Popcorn 

(Zea mays everta) can be easily distinguished by plant and seed characteristics among other maize varieties. 

 

Popcorn is preferred in terms of its rich nutritional content, vitamins and minerals. Also, corn is a good dietary product with 

stomach acidic absorption properties, low calorie and whole grain. The multi-purpose use of the corn has led to intensive research 

on the plant. Through the breeding studies in popcorn, different breeding methods are applied to ensure suitability for the purpose 

of efficiency such as adaptation, aquaculture and quality criteria. In order to obtain the necessary variation in breeding activities, 

registered varieties, local varieties and wild relatives should be screened and the appropriate genes should be transferred to the 

cultivars by improved techniques. The success in plant breeding is first and foremost provided by an efficient, accurate and rapid 

selection (Frankel 1972). 

 

Maize spread from Central America to the other regions of the world. In course of time, it adapted to the extreme climatic 

conditions and thus, now it is characterized by a high degree of genetic variability. Morphological characterization is highly 

affected by the environment conditions therefore it indicates variability (Aci et al. 2013). On the other hand, molecular 

characterization is not affected by the environmental conditions and it provides valuable genetic information (Gauthier et al. 

2002). In order to reveal the crucial genetic information, molecular markers such as microsatellites (SSR) are used (Yao et al. 

2008; Liu et al. 2009; Eschholz et al. 2010) and have been very helpful for determining the diversity. 

 

The aim of this study was to analyze the genetic diversity among different popcorn populations via SSRs markers on the 

samples collected from the different regions in Turkey. 
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2. Material and Methods 
 

2.1. Plant material 

 

 In this study, one hundred and seventy five accessions of popcorn were used from total 35 population that grown in various 

cities of Turkey including 34 landraces populations and one standard variety (Table 1). This collection was provided by 

Department of Plant Gene Resources in Ege Agricultural Research and Antalya West Mediterranean Agricultural Research 

Institute (Nermin Cin 98 as Standard variety). 
 

Table 1- Genotype No, Registration No, Province, Region, Altitude and Material Color Information of the material used in 

the research 
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1 TR79913* Canakkale Biga 40 Yellow 19 TR78053* Kutahya Simav 950 Yellow 

2 TR79947* Balikesir Gonen 120 Red 20 TR78181* Usak Sivas 970 Yellow 

3 TR79947* Balikesir Gonen 120 Yellow 21 TR76375* Diyarbakir Cungus 939 Yellow 

4 TR79947* Balikesir Gonen 120 Pied 22 TR73761* Eskisehir Gunyuzu 916 Yellow 

5 TR79987* Balikesir Bigadic 437 Dark Red 23 TR73698* Eskisehir Beylikova 789 Yellow 

6 TR79987* Balikesir Bigadic 437 Orange 24 TR74311* Kayseri Hacilar 1479 Yellow 

7 TR73836* Eskisehir Gunyuzu 991 Yellow 25 TR85132* Tokat Erbaa --- Yellow 

8 TR73836* Eskisehir Gunyuzu 991 Orange 26 TR37977* Tokat Merkez 560 
Light 

Yellow 

9 TR79988* Balikesir Bigadic 437 White 27 
Ordu - 

Dogulu 
Ordu Dogulu --- Red 

10 TR79988* Balikesir Bigadic 437 Yellow 28 Konya Pop Konya --- --- Red 

11 TR73746* Eskisehir Gunyuzu 916 Orange 29 
Nermin 

Cin** 
--- --- --- Yellow 

12 TR73746* Eskisehir Gunyuzu 916 
Light 

Orange 
30 Tokat Erbaa Tokat Erbaa --- Yellow 

13 TR39601* Artvin Ardanuc 1300 Red 31 
Samsun 

Bafra 
Samsun Bafra --- Orange 

14 TR79932* Canakkale Can 103 White 32 
Ordu- 

Akpinar 
Ordu Akpinar --- 

Light 

Yellow 

15 TR78115* Afyon İncehisar 1140 Yellow 33 
Ordu- 

Kovanli 
Ordu Kovanli --- Yellow 

16 TR76741* Tekirdag Sarkoy 120 Dark Red 34 TR54215* Mugla Fethiye 1130 Yellow 

17 TR38027* Amasya Sukuova 400 
White/ 

Yellow 
35 TR54215* Mugla Fethiye 1130 White 

18 TR74236* Kastamonu Taskopru 896 Orange       

 
*, Genotype codes obtained from the Plant Gene Resources Department of Ege Agricultural Research Institute; **, Standard variety. Others 

populations was collected from various parts of Turkey 

 

2.2. DNA extraction 

 

DNA isolation and SSR analysis were carried out in Kahramanmaras Sutcu Imam University, Faculty of Agriculture, Department 

of Field Crops Laboratory and University - Industry - Public Cooperation Development, Application and Research Center 

(USKIM). 

 



Zulkadir & Idıkut - Journal of Agricultural Sciences (Tarım Bilimleri Dergisi), 2021, 27(2): 170-178 

172 

 

Maize seeds were grown in the greenhouse. Five plants (at 4-5 leave stage) were taken randomly from each population and 

stored at -80 ˚C. Single-plant samples were ground to powder in liquid nitrogen using a mortar and pestle. A total genomic DNA 

was extracted following a modified procedure by Doyle & Doyle (1987). 

 

2.3. SSR analysis 

 

Twenty SSR primer pairs of maize were selected from two of each chromosome, however it was used in previous studies and 

reported to be effective (Table 2).  

 
Table 2- Name of the SSR markers, Chromosome locations, DNA Sequences and Base Numbers used in the study 
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DNA Sequence  (5′→3′) 

U
m

c1
1
8
6
 

6.02 

F TCAAGAACATAATAGGAGGCCCAC 

P
h
i0

1
5
 

8.00 

F GCAACGTACCGTACCTTTCCGA 

R AGCCAGCTTGATCTTTAGCATTTG R ACGCTGCATTCAATTACCGGGAAG 

U
m

c1
6
2
2
 

2.00 

F CGCTACAAATCCTACTGGTGCTTT 
P

h
i0

2
1
 

4.00 

F TTCCATTCTCGTGTTCTTGGAGTGGTCCA 

R CCTCGGATTTTCCAAAACATTTCT R CTTGATCACCTTTCCTGCTGTCGCCA 

U
m

c1
5
5
0
 

4.03 

F CGGGGTAATTGGGTACATAACCTC 

P
h
i0

2
2
 

9.00 

F TGCGCACCAGCGACTGACC 

R GTGCCTCCAACGCCTAGTTTTT R GCGGGCGACGCTTCCAAAC 

P
h
i0

9
5
 

1.03 

F CCGATCGGCTTTATCACTGTTTAGC 

P
h
i0

2
7
 

9.03 

F CACAGCACGTTGCGGATTTCTCT 

R ATGCACCATTCTAGCACTATAGCAACACT R GCGTACGTACGACGAAGACAC 

U
m

c2
1
0
1
 

3.00 

F CCCGGCTAGAGCTATAAAGCAAGT 

P
h
i0

3
4
 

7.00 

F TAGCGACAGGATGGCCTCTTCT 

R CTAGCTAGTTTGGTGCGTGGTGAT R GGGGAGCACGCCTTCGTTCT 

U
m

c1
2
5
5
 

4.11 

F GGACTACATCACGCCGGAGAT 

P
h
i0

6
4
 

1.00 

F CCGAATTGAAATAGCTGCGAGAACCT 

R TTTGGGAGAACAATCGGTTCTGTA R ACAATGAACGGTGGTTATCAACACGC 

P
h
i0

1
7
 

9.02 

F CGTTGGCGACCAGGGTGCGTTGGAT 

P
h
i0

8
4
 

10.0 

F AGAAGGAATCCGATCCATCCAAGC 

R TGCAACAGCCATTCGATCATCAAAC R CACCCGTACTTGAGGAAAACCC 

P
h
i0

5
7
 

7.01 

F CTCATCAGTGCCGTCGTCCAT 

P
h
i1

2
7
 

2.00 

F ATATGCATTGCCTGGAACTGGAAGGA 

R CAGTCGCAAGAAACCGTTGCC R AATTCAAACACGCCTCCCGAGTGT 

U
m

c1
1
6
4
 

4.01 

F AAATAAACGCTCCAAAGAAAGCAA 

U
m

c2
0
5
0
 

3.00 

F CTCCTGCTGTGATTCTAGGACGA 

R GCACGTGTGTGTGTGTTGTTTTTA R CTGGATCTCGGCATGGTCTT 

U
m

c1
1
7
3
 

4.09 

F ATCCGCCAAAAAGGGGAAAA 

U
m

c2
2
9
2
 

5.00 

F AGCAGAAGAGGACAAACCAGATTC 

R TAGAAGTAGCACACGCGCCG R ACTTCCGGCATGTCTTGTGTTT 

 
The total volume of PCR mixture was 20 µL containing 2 µL ddH2O, 3.5 µL 10X PCR buffer (Mg+² added), 1.2 µL dNTP 

(5 mM), 4 µL F primer (20 µM), 4 µL R primer (20 µM), 5 µL Genomic DNA (100 ng), 0.3 µL DNA Taq polymerase (5 U µL-¹, 

Fermantes). 
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The PCR reaction was performed in a thermal cycler (Eppendorf Mastercycler Gradient) using an initial 94 ˚C denaturing 

step for 5 min followed by 34 cycles of [denaturation at 94 ˚C for 1 min, annealing for 1 min at the primer’s annealing 

temperature, extension at 72 ˚C for 1 min] and a final extension at 72 ˚C for 5 min. 

 

2.4. Data analysis 

 

The presence (1) or absence (0) of PCR amplicons were coded. Then the data base was registered in an MS Excel spreadsheet 

in order to generate the analysis matrix. Genetic diversity parameters such as Polymorphism Information Content (PIC) as 

previously described by Laborda et al. (2005); polymorphism rate (P), number of alleles (Na), expected heterozygosity (He) and 

Shannon’s phenetic index (H) were estimated according to the method used by Nei 1972. Cluster analysis by Un-weighted Pair 

Group Method using Arithmetic Averages (UPGMA) were estimated according to the method used by Rohlf (1992) and genetic 

variation patterns among the maize genotypes were identified using PopGen32 (Population Genetic Analysis System, Version 

32V) and MEGA (Molecular Evolutionary Genetics Analysis) 6 databases software, respectively. 

 

3. Results and Discussion 
 

3.1. SSR polymorphism 

 

The SSR markers selected to analyze the genetic diversity of the maize accessions displayed different characteristic profiles. 

Thus, different numbers of polymorphic bands, percentage of polymorphism, Polymorphism Information Content (PIC), and 

expected heterozygosis have been generated using the SSR markers.  

 

SSR markers used to molecular characterization, allele size, allele number and PIC values included 175 popcorn accessions 

occurring from 35 landraces popcorn population are reported in Table 3.  

 
Table 3- Allele size, number and PIC value information of SSR markers used in molecular characterization of landraces 

popcorn populations 

 

Primer Allel Size 
Number of 

Alleles 
PIC Primer Allel Size 

Number of 

Alleles 
PIC 

phi015 80-120 4 0.88 phi127 110-129 3 0.40 

phi017 100-110 4 0.76 phi064 73-110 5 0.89 

phi021 90-120 4 0.87 phi057 160-170 3 0.57 

phi034 110-150 4 0.70 umc1550 140-280 3 0.43 

umc2292 130-170 5 0.89 phi095 140-180 3 0.56 

umc2101 150-180 3 0.50 phi022 150-180 4 0.62 

umc2050 120-160 4 0.82 phi027 150-180 4 0.87 

umc1622 40-90 2 0.10 umc1164 140-160 2 0.09 

umc1186 220-240 2 0.12 umc1173 150-170 3 0.64 

    umc1255 130-280 3 0.65 

 

Nineteen of 20 SSR markers were noted to be polymorphic while one marker (phi084) was found to be monomorphic. Total 

numbers of alleles were detected as 66 and 65 of them were polymorphic. The polymorphism rate was calculated to be as high 

as 98.5%. 

  

Vivodík et al. (2017) characterizing 40 maize populations with 10 SSR markers determined that they had 65 alleles in total, 

and that the number of these alleles changed between 4-8 (mean 6.5 alleles) and the PIC value varied from 0.734 to 0.848 (mean 

PIC 0.810). Riberio et al. (2017) analyzed 48 single hybrid maize varieties commercially used in Brazil with 20 SSR markers 

and determined the average allele number as 9.8 and the average PIC value as 0.84. Atanda & Olaove (2017) analyzed 24 inbred 

maize lines with 20 SSR markers and identified total of 101 alleles and found that the average allele number was 5.5 and the 

average PIC was 0.46. 
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Allele numbers observed for each locus ranged from 1 (phi084) to 5 (phi064 and umc2292) with an average of 3.3 alleles per 

locus. The PIC value ranged from 0.00 (phi084) to 0.89 (umc2292 and phi064) with average value of 0.57. Number and 

percentage of polymorphic loci of populations were observed to range from 29 and 43.94% (population 21) to 47 and 71.21% 

(population 13) with an average of 39.11 and 59.27%, respectively (Table 4). 
 

Table 4 - Number and percentage of polymorphic loci of maize populations by Nei 1973 method 

 

Molin et al. (2013) analyzed 48 local popcorn populations in Rio Grande do Sul and Parana in Brazil with 47 SSR markers 

and identified the polymorphic index as 78.3%. Sharma et al. (2010) analyzed 48 local maize varieties in India with 42 SSR 

primers and as a result recorded 60% polymorphism rate. 

 

3.2. Genetic Differentiation 

 

The parameters na, ne, h, I and gen frequency revealed the genetic structure of the accessions (Table 5). Among polymorphic 

loci, the mean observed number of alleles (na) varied from 1 (phi084) to 2 (all other alleles) and mean na was 1.99; the mean 

effective number of alleles (ne) varied between 1.00 (phi084) and 1.99 (phi015-3) with an average of 1.65 for all accessions.  

The total gen diversity (h) made according to Nei (1973) method was ranging from 0.0 to 0.5 with the average value of 0.36. 

The Shannon’s information index (I) varied between 0.00 and 0.69 with an average of 0.53 for all accessions. Finally, the gene 

frequency (f) values; f 0 value ranged 0.00 to 0.98 with an average of 0.58 and the f 1 value ranged 0.0171 to 1.0000 with an 

average of 0.42. 

 

Polymorphism limit of alleles is accepted as 95%, thus alleles are considered to be monomorphic if the frequency is 95% or 

more, however it is polymorphic when the allele frequency is below 95%.  

 

Accordingly, the allele frequencies in phi017-4 (f0=0.9714), phi034-1 (f0=0.9829), umc2292-1 (f0=0.9714), umc2292-2 

(f0=0.9714) and umc2050-4 (f0=0.9829) were 95%, therefore, they were regarded as monomorphic. Polymorphic alleles are 

evaluated in their own, the allele frequency for 0 allele ranged from f0=0.0000 (phi084) to f0=0.9314 (phi064-5) and the allele 

frequency for 1 allele ranged from f1=0.0686 (phi064-5) to f1=1.0000 (phi084).  

 

The investigated parameters, total genetic diversity (Ht), genetic diversity within the population (Hs), inter-population genetic 

differentiation (Gst) and gene flow (Nm) revealed the genetic structure of the accessions (Table 6). 
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1 40 60.61 13 47 71.21 25 39 59.09 

2 39 59.09 14 41 62.12 26 35 53.03 

3 38 57.58 15 38 57.58 27 41 62.12 

4 38 57.58 16 43 65.15 28 41 62.12 

5 39 59.09 17 38 57.58 29 41 62.12 

6 39 59.09 18 42 63.64 30 40 60.61 

7 38 57.58 19 44 66.67 31 36 54.55 

8 41 62.12 20 33 50.00 32 39 59.09 

9 37 56.06 21 29 43.94 33 39 59.09 

10 41 62.12 22 40 60.61 34 43 65.15 

11 37 56.06 23 36 54.55 35 44 66.67 

12 40 60.61 24 33 50.00 Average 39.114 59.265 
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Table 5- The mean observed number of alleles, mean effective number of alleles, genetic diversity according to Nei (1973) and 

Shannon’s information index values of genetic variation of all loci 

While Ht varied between 0.0000 (phi084) and 0.5000 (phi015-3) with an average of 0.3606; Hs ranged from 0.0000 (phi084) 

to 0.4206 (umc1255) and the average was 0.2391. Gst values were identified to vary between 0.1290 (phi095-1) and 0.6706 

(phi017-4) with an average of 0.3369. Nm values of genotypes ranged from 0.2456 to 3.3772 with a whole average value of 

0.9840; the highest values on phi095-1 allele and the lowest on phi017-4 allele were observed. In general, it was observed that 

the phi095 coded marker was the most polymorphic marker in determining the diversity of genotypes for gene flow than other 

markers. On the other hand, phi084 coded marker revealed that it was not an effective marker for the determination of gene flow 

under this study. 

 

In our study the genetic variation determined was lower than other that Vivodik et al. (2017) found for the 40 maize genotypes. 

Similarly, Zhang et al. (2016) examined 290 inbred maize lines by 201 SSR markers, and the diversity they determined was 0.70. 

The study accomplished by Tahir & Maeruf (2016) on 9 corn genotypes with 18 SSR markers were reported that genetic diversity 

was between 0.20 and 0.82.  

  Loci 
N
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n

 
na* ne* h* I* 

Gene 

Frequency 
  Loci 

N
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b

er
 o
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A
cc

es
si

o
n

 

na* ne* h* I* 

Gene 

Frequency 

Allel 

0 

Allel 

1 

Allel 

0 

Allel 

1 

phi015-1 175 20.00 12.127 0.175 0.319 0.903 0.097 phi127-3 175 20.00 19.144 0.478 0.671 0.394 0.606 

phi015-2 175 20.00 19.994 0.499 0.693 0.509 0.491 phi064-1 175 20.00 13.243 0.245 0.410 0.857 0.143 

phi015-3 175 20.00 19.999 0.500 0.693 0.497 0.503 phi064-2 175 20.00 19.767 0.494 0.687 0.446 0.554 

phi015-4 175 20.00 13.968 0.284 0.458 0.829 0.171 phi064-3 175 20.00 18.760 0.467 0.660 0.629 0.371 

phi017-1 175 20.00 14.115 0.291 0.467 0.823 0.177 phi064-4 175 20.00 19.716 0.493 0.686 0.440 0.560 

phi017-2 175 20.00 19.660 0.491 0.685 0.434 0.566 phi064-5 175 20.00 11.464 0.128 0.250 0.931 0.069 

phi017-3 175 20.00 19.054 0.475 0.668 0.389 0.611 phi057-1 175 20.00 18.654 0.464 0.657 0.366 0.634 

phi017-4 175 20.00 10.588 0.055 0.130 0.971 0.029 phi057-2 175 20.00 19.890 0.497 0.690 0.463 0.537 

phi021-1 175 20.00 19.600 0.489 0.683 0.571 0.429 phi057-3 175 20.00 16.897 0.408 0.598 0.714 0.286 

phi021-2 175 20.00 19.890 0.497 0.690 0.463 0.537 umc1550-1 175 20.00 18.861 0.470 0.663 0.623 0.377 

phi021-3 175 20.00 18.434 0.457 0.650 0.646 0.354 umc1550-2 175 20.00 15.151 0.340 0.523 0.217 0.783 

phi021-4 175 20.00 14.410 0.306 0.484 0.811 0.189 umc1550-3 175 20.00 17.959 0.443 0.635 0.669 0.331 

phi034-1 175 20.00 10.349 0.033 0.087 0.983 0.017 phi095-1 175 20.00 15.299 0.346 0.531 0.777 0.223 

phi034-2 175 20.00 19.054 0.475 0.668 0.611 0.389 phi095-2 175 20.00 16.037 0.376 0.564 0.251 0.749 

phi034-3 175 20.00 16.614 0.398 0.588 0.274 0.726 phi095-3 175 20.00 15.743 0.365 0.551 0.760 0.240 

phi034-4 175 20.00 11.595 0.137 0.265 0.926 0.074 phi022-1 175 20.00 15.743 0.365 0.551 0.240 0.760 

umc2292-1 175 20.00 10.588 0.055 0.130 0.971 0.029 phi022-2 175 20.00 12.818 0.220 0.378 0.874 0.126 

umc2292-2 175 20.00 10.588 0.055 0.130 0.971 0.029 phi022-3 175 20.00 13.100 0.237 0.400 0.863 0.137 

umc2292-3 175 20.00 19.890 0.497 0.690 0.463 0.537 phi022-4 175 20.00 19.854 0.496 0.690 0.543 0.457 

umc2292-4 175 20.00 13.100 0.236 0.400 0.863 0.137 phi027-1 175 20.00 18.202 0.451 0.643 0.657 0.343 

umc2292-5 175 20.00 19.465 0.486 0.679 0.417 0.583 phi027-2 175 20.00 19.854 0.496 0.690 0.457 0.543 

umc2101-1 175 20.00 19.231 0.480 0.673 0.400 0.600 phi027-3 175 20.00 19.231 0.480 0.673 0.600 0.400 

umc2101-2 175 20.00 18.202 0.450 0.643 0.343 0.657 phi027-4 175 20.00 15.596 0.359 0.544 0.766 0.234 

umc2101-3 175 20.00 11.595 0.137 0.265 0.926 0.074 umc1164-1 175 20.00 13.100 0.237 0.400 0.137 0.863 

umc2050-1 175 20.00 19.968 0.499 0.692 0.520 0.480 umc1164-2 175 20.00 19.392 0.484 0.677 0.589 0.411 

umc2050-2 175 20.00 19.716 0.492 0.686 0.440 0.560 umc1173-1 175 20.00 19.767 0.494 0.687 0.446 0.554 

umc2050-3 175 20.00 19.392 0.484 0.677 0.589 0.411 umc1173-2 175 20.00 19.535 0.488 0.681 0.577 0.423 

umc2050-4 175 20.00 10.349 0.033 0.087 0.983 0.017 umc1173-3 175 20.00 19.968 0.499 0.692 0.520 0.480 

umc1622-1 175 20.00 13.968 0.284 0.458 0.829 0.171 umc1255-1 175 20.00 18.202 0.451 0.643 0.657 0.343 

umc1622-2 175 20.00 11.464 0.127 0.250 0.069 0.931 umc1255-2 175 20.00 19.231 0.480 0.673 0.400 0.600 

umc1186-1 175 20.00 11.595 0.137 0.265 0.074 0.926 umc1255-3 175 20.00 19.767 0.494 0.687 0.554 0.446 

umc1186-2 175 20.00 13.676 0.268 0.440 0.840 0.160 Average 175 19.848 16.435 0.361 0.530 0.589 0.420 

phi127-1 175 20.00 17.833 0.439 0.631 0.326 0.674 
Standard 

Error 
175 0.340 0.1543 0.193    

phi127-2 175 20.00 14.706 0.320 0.500 0.200 0.800         

* na = The mean observed number of alleles; * ne = The mean effective number of alleles (Kimura & Crow 1964); * h = Genetic 

diversity according to Nei (1973); * I = Shannon’s information index (Lewontin 1972). 

 



Zulkadir & Idıkut - Journal of Agricultural Sciences (Tarım Bilimleri Dergisi), 2021, 27(2): 170-178 

176 

 

Table 6- Total genetic diversity, intra-population genetic diversity, inter-population genetic differentiation and gene flow data 

in determined SSR loci by Nei 1978 method 

 

Loci Ht Hs Gst Nm* Loci Ht Hs Gst Nm* Loci Ht Hs Gst Nm* 

phi015-1 0.175 0.109 0.374 0.835 umc2101-2 0.450 0.338 0.249 1.505 umc1550-2 0.3400 0.2057 0.3949 0.7661 

phi015-2 0.499 0.260 0.478 0.544 umc2101-3 0.137 0.077 0.434 0.649 umc1550-3 0.4432 0.2971 0.3295 10.174 

phi015-3 0.500 0.306 0.387 0.790 umc2050-1 0.499 0.306 0.386 0.793 phi095-1 0.3464 0.3017 0.1290 33.772 

phi015-4 0.284 0.128 0.549 0.410 umc2050-2 0.492 0.315 0.359 0.889 phi095-2 0.3764 0.3246 0.1378 31.297 

phi017-1 0.291 0.187 0.357 0.900 umc2050-3 0.484 0.347 0.282 1.269 phi095-3 0.3648 0.3154 0.1353 31.944 

phi017-2 0.491 0.324 0.339 0.973 umc2050-4 0.033 0.022 0.321 1.054 phi022-1 0.3648 0.1463 0.5990 0.3347 

phi017-3 0.475 0.224 0.528 0.445 umc1622-1 0.284 0.096 0.662 0.255 phi022-2 0.2198 0.1143 0.4801 0.5415 

phi017-4 0.055 0.018 0.670 0.245 umc1622-2 0.127 0.054 0.570 0.376 phi022-3 0.2367 0.1646 0.3046 11.413 

phi021-1 0.489 0.352 0.281 1.277 umc1186-1 0.137 0.054 0.601 0.331 phi022-4 0.4963 0.3337 0.3276 10.261 

phi021-2 0.497 0.342 0.310 1.110 umc1186-2 0.268 0.123 0.540 0.424 phi027-1 0.4506 0.2331 0.4826 0.5360 

phi021-3 0.457 0.374 0.180 2.267 phi127-1 0.439 0.274 0.375 0.831 phi027-2 0.4963 0.2834 0.4289 0.6656 

phi021-4 0.306 0.246 0.193 2.086 phi127-2 0.320 0.214 0.328 1.021 phi027-3 0.4800 0.3474 0.2762 13.103 

phi034-1 0.033 0.013 0.593 0.343 phi127-3 0.477 0.269 0.435 0.648 phi027-4 0.3588 0.2469 0.3120 11.027 

phi034-2 0.475 0.306 0.355 0.906 phi064-1 0.244 0.137 0.440 0.636 umc1164-1 0.2367 0.1829 0.2274 16.990 

phi034-3 0.398 0.242 0.391 0.777 phi064-2 0.494 0.310 0.370 0.848 umc1164-2 0.4843 0.3474 0.2826 12.691 

phi034-4 0.137 0.096 0.302 1.155 phi064-3 0.466 0.297 0.363 0.875 umc1173-1 0.4941 0.3977 0.1951 20.630 

umc2292-1 0.055 0.036 0.341 0.965 phi064-4 0.492 0.283 0.424 0.676 umc1173-2 0.4881 0.3200 0.3444 0.9518 

umc2292-2 0.055 0.027 0.505 0.488 phi064-5 0.127 0.086 0.320 1.062 umc1173-3 0.4992 0.3200 0.3590 0.8929 

umc2292-3 0.497 0.306 0.384 0.802 phi057-1 0.463 0.352 0.241 1.572 umc1255-1 0.4506 0.3520 0.2188 17.848 

umc2292-4 0.236 0.146 0.381 0.809 phi057-2 0.497 0.402 0.191 2.118 umc1255-2 0.4800 0.3886 0.1905 21.250 

umc2292-5 0.486 0.292 0.398 0.755 phi057-3 0.408 0.338 0.171 2.420 umc1255-3 0.4941 0.4206 0.1488 28.597 

umc2101-1 0.480 0.338 0.295 1.193 umc1550-1 0.469 0.352 0.250 1.493 Average 0.3606 0.2391 0.3369 0.9840 

          Std. Error 0.0238 0.0137   

 
Ht, Total genetic diversity; Hs, Genetic diversity within the population; Gst, Inter-population genetic differentiation; * Nm = Gene flow. E.g.; Nm = 

0.5 (1 - Gst) / Gst; (McDermott & McDonald 1993) 

 

3.3. Genetic relationship and cluster analyses 

 

The amount of genetic change was determined as 0.05 and genetic differences among genotypes ranged between 14.7 and 97.1%. 

According to our findings, while the lowest genetic distance was observed between 8.3 and 9.3 (Eskisehir-Balıkesir); 18.5 and 

22.5 (Kastamonu-Eskisehir); 33.3 and 34.4 (Kovanli/Ordu-Mugla) coded genotypes with the average of 14.7%, the highest 

genetic distance was determined between 15.3 and 26.4 (Afyon-Tokat) genotypes with 97.1%. 

 

Generally, when the genetic distance values are examined, variations among genotypes were observed to be very high and 

even among individuals of the same population, genetic differences were large. 

 

A hundred seventy five genotypes were classified in two large clusters (Figure 1). While the first group had genotypes of 

population 15 (Incehisar/Afyon), the second group had all other genotypes. Then, second group divided into two sub-groups. 

The first branch of the second group had genotypes 35.2 and 1.2; the second branch of the second group had other genotypes 

with two sub-groups and then each group was divided into other sub-groups. 

 

When the local populations were compared with the standard variety, it was relationship with all genotypes except for 15 

number genotype. Because parental of standard varieties were obtained from populations collected from Turkey. This state is 

evidence that the local variety is selected from the country's populations and also the accuracy of the research conducted by us. 

It can be explained by cause moving to different region of the country with open pollination of popcorn genotypes as reason for 

being sub-groups under 2 groups and interconnected groups. Generally with telling, the distribution of local populations into 

groups was predominantly by provinces close to each other. In also, some populations obtained from different regions of Turkey 

were seen to be within the same group. Comertpay (2008), in analysis of the local corn according to the UPGMA method 

determined that the distribution of genotypes in groups does not show specific distribution; Warburton et al. (2005) reported that 

the elite corn lines were not divided into groups according to environmental factors and morphological characteristics. Our study 
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was supported by these two studies, while populations except for 15 number population were being in the groups and subgroup, 

population of 15 number placed in a separate group. 

 

The reasons of the high genetic diversity of genotypes are; the genotypes used are open fertilizer material, be grown in 

different places, be high adaptability and it can be concluded that hundreds of seeds can be taken from one plant. 

 

 
Figure 1- Cluster analysis of 175 accessions of popcorn based on UPGMA difference index through SSR markers 

polymorphism 

 

4. Conclusions 
 

Local popcorn populations are known to be richer in their genetic diversity than their hybrid counterparts. The use of genotypes 

in different groups in the breeding studies and having high evolution is beneficial in obtaining healthier and more effective 

results. At each stage of the study, examining genetic differences or richness within and between populations were observed high 

differences in each parameter. It was concluded that these differences would be an important resource of providing with a wide 

crop variety in terms of breeding and researchers.  

 

This study was be first time for reveal of genome map of the genetic diversity on popcorn populations in Turkey. In addition, 

this study will give direction local hybrid seed production. 
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