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Abstract 

Genetic variation for of 14 accessions of three Trifolium species of evaluated using 10 ISSR primers. In total 75 

bands (loci) were polymorph in accessions studied. Primer IS12 with 11 bands had the highest and primer IS15 with 

4 bands had the lowest number of bands. The primers of IS12, IS13 and IS10 considering polymorphism information 

content (PIC) were useful for polymorphism study in Trifolium species genus in the future researches. AMOVA 

revealed that 29% of the total variance was due to differences between species and 71% was due to differences 

within species. T.prateuse specie with the Shannon's information index (I) and Nei's gene diversity (He) had the 

highest variety between reviewed species, and T.hybridum specie had the lowest variety. In addition the species 

T.prateuse had the highest similarity with T.fragiferum. These results were confirmed by cluster analysis and 

principal coordinate analysis of species. Cluster analysis for reviewing accession, classified them in three groups. 

Cluster analysis and Scatter plot based on first and second axis from principal coordinate analysis for accessions, 

showed that the primers ISSR could clearly separate species and accessions of each species were placed to each 

other. 
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Introduction 

The clover genus, Trifolium L., belongs to one of the 

largest groups in the family Fabaceae. It contains 

about 255 species (Zohary and Heller, 1984; Gillet 

and Taylor, 2001), and of those the highly cultured 

ones are especially agronomical important (Coombe, 

1972; Zohary and Heller, 1984). It is particularly 

common in the northern hemisphere. Major centers 

are found in North America (60–65 species), Africa 

(25–30 species), and Eurasia (150–160 species) 

(Zohary and Heller, 1984). The methods currently 

used for plant diversity studies include not only 

analyses of agro-biological traits but also 

biochemical-molecular techniques. Special emphasis 

is attached to the research into nucleic acids, which 

are direct agents of genetic information transfer 

(Ghariani et al., 2003). On the other hands, 

understanding genetic diversity of certain species is 

not only useful in addressing questions about 

evolutionary process and the development of 

conservation strategies, but also a prerequisite for 

efficient use of genetic resources in breeding 

programs (Che and Li, 2007). In recent years, many 

new alternative and promising marker techniques 

have been developed in line with the rapid growth of 

genomic research (Gupta and Rustgi, 2004). 

Molecular markers provide a robust estimate of 

genetic similarity that often was not obtained using 

morphological data alone (Surendhar et al., 2009). 

Often, the initial objective of DNA profiling of 

populations is to determine diversity among 

populations in order to develop genetically distinct 

subsets of populations in a breeding program or to 

check for duplicates in a gene bank. In these cases, it 

may be possible to determine diversity among 

populations by profiling bulked DNA of the 

individuals (Rouf et al., 2002). Inter Simple 

Sequence Repeat (ISSR) is a dominant molecular 

marker revealed in mass. ISSR has recently been 

developed as an anonymous, RAPD – like approach 

that accesses variation in the numerous 

microsatellite regions dispersed throughout the 

various genomes and circumvents the challenge of 

characterizing individual loci that other molecular 

approaches require. They are characterized by mono- 

di- or multi - nucleotide repeats that have 4-10 

repeat units’ side-by-side. Extremely high variability 

combined with greater robustness in repeatability 

experiments and less prone to changing band 

patterns with changes in constituent or DNA 

concentration template make them superior to other 

readily available marker systems in investigations of 

genetic variation (Fang and Roose, 1997). Genetic 

variations based on Molecular markers for between 

and within different species of Trifolium were 

reported by many researchers (Gustine et al., 2001; 

Kolliker et al., 2002; Dabkeviciene et al., 2011).  In 

this study we have used the ISSR marker to 

determine genetic variation between and within 

species of Trifolium. 

 

Materials and methods 

Plant materials 

In order to evaluate the genetic variation, 14 

accessions of three species Trifolium were prepared 

from gene bank of Research Institute of Forests and 

Rangelands, Tehran, Iran (Table 1). 

 

DNA extraction and ISSR method 

Total genomic DNA was extracted for young leaves of 

greenhouse-grown plants using a modified CTAB 

(Murry and Tompson, 1980) with modification 

described by De la Rosa et al., (2002). Quality and 

quantity of extracted DNA were examined using 

0.8% agarose gel. PCR amplification was performed 

in 20 μl reaction containing 1× PCR buffer, 30 ng 

sample DNA, 2.5 μM primers, 200 μM of each dNTP, 

1.5–2.5 mM MgCl2 and 1.5 unit of Taq DNA 

polymerase (Cinnagene, Iran).Template DNA was 

initially denatured at 92oC for 5 min, followed by 35 

cycles of PCR amplification under the following 

parameters: denaturation for 30 seconds at 95oC, 

primer annealing for 30 seconds at the temperature 

based on primer temperature (temperatures of 

annealing in this study was 50, 55 and 60 oC) and 

primer extension for 1 min at 72oC. A final 

incubation for 5 min at 72oC was performed to 

ensure that the primer extension reaction proceeded 
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to completion. The PCR amplified products were 

separated by electrophoresis on a 1.5% agarose gels 

using TBE buffer. The gels were put in the ethidium 

bromide for 30-45 min and visualized by gel 

document. 

 

Statistical analysis 

ISSR bands were treated as binary characters and 

coded accordingly (presence =1, absence = 0). The 

Number of scored bands (NSB), number of 

polymorphic bands (NPB), percentage of 

polymorphism bands (PPB) and polymorphism 

information content (PIC) calculated for each primer 

(Anderson et al, 1993). Data were analyzed using 

Gen ALEX 6.2 and Nei's gene diversity (He) (Nei and 

Li, 1973), Shannon's information index (I) (Shannon, 

1948) were calculated for each of species. Cluster 

analysis, similarity matrix and principal coordinate 

analysis axis were carried out for 14 accession using 

Darwin and Gen ALEX 6.2. 

 

Results 

ISSR Polymorphism 

Primers sequences, code, number of bands scored, 

percent of polymorphic bands (PPB) and 

polymorphism information content (PIC) were 

showed for ISSR primers in Table 2.  

 

Table 1. List of 14 accessions from 3 species Trifolium. 

Number species  Origin  
 
 
 

 Gen 
bank   
cod 
 

Number species   Origin  
 

Gen 
 bank cod 

         1  T. fragiferum  AUSTRALIA   2580 8 T. fragiferum  UNKNOW  20258 

         2   T.hybridum  FAO   2324 9 T.hybridum  ZANJAN  1250 

         3   T.pratense  UNKNOW   618 10 T. fragiferum  UNKNOW  134 

         4  T.hybridum  USA   2056 11 T. fragiferum  TABRIZ  720 

         5  T.pratense  URMIA   1753 12 T.pratense  TABRIZ  716 

         6  T.pratense  UNKNOW   2056 13 T.pratense  KARJ  324 

         7  T.pratense  HAMEDAN    1451 14 T. fragiferum  
 

AUST 
RALIA 

 2139 

For all primers, the number of 75 bands was scored 

that percent of polymorphism was 100% for all 

primers. IS12 primer with 11 bands had the highest 

and primer IS15 with 4 bands had the lowest number 

of bands. Band pattern of accessions for IS9 showed 

in Figure 1. 

 

Table 2. ISSR primers used in this study and some summary results. 

PIC Percentage of 
polymorphic 
bands(PPB) 

No. of bands 
scored 

Primer sequence ISSR 
code 

0.399 7 7 5' GAGAGAGAGAGAGAGAYC 3' IS3 
0.389 10 10 5' AG AG AG AG AG AG AG AGC 3' IS5 
0.392 10 10 5' CTCTCTCTCTCTCTCTG 3' IS9 
0.426 6 6 5' GAGAGAGAGAGAGAGARC 3' IS10 
0.381 5 5 5' ACACACACACACACACC 3' IS11 
0.435 11 11 5' TGTGTGTGTGTGTGTGG 3' IS12 
0.421 7 7 5' AGAGAGAGAGAGAGAGYT 3' IS13 
0.427 10 10 5' GACAGACAGACAGACA 3' IS14 
0.401 4 4 5' GGATGGATGGATGGAT 3' IS15 
0.420 5 5 5'DBDACACACACACACACA3' IS16 
0.409 7.5 7.5  Average 

Average of PIC in the used Primers was 0.409, that 

the highest number of PIC related to Primers IS12, 

IS13 and IS10 that amount of PIC were 0.43 and 0.42 

in these Primers. Primers IS11and IS5 with the lowest 

amount of PIC had not ability in the separation of 

accession. 
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Molecular variance analysis  

Analysis of molecular variance was performed for 

ISSR bands to determine of significant difference 

between populations of accessions based on three 

species. Indicated that as there is considerable 

genetic diversity between species, between 

accessions of each of species, there is genetic 

diversity that diversity between species was %29 and 

within species was 71% that indicating, there is 

difference between studying species accordance to 

germplasm (Table 3). 

 

Table 3. Molecular variance analysis. 

S.O.V Df SS MS Est. Var. Var% Stat Value P 

Between 
species 

2 77.11 36.56 5.24 29% PhiPT 0. 288* 0.010 

Within 
species 

11 142.53 12.96 12.96 71%    

Total 13 215.64  18.20 100%    

 

Table 4. Statistical analysis of genetic diversity of 3 species. 

Percentage   of 
polymorphic   
bands (PPB)                                

Nei’s gene 

diversity (He) 
Shannon's 
information 
index(I) 

Number of 
simple 

species 

60 0.22(0.024) 0.32(0.034) 5 T.fragiferum 

58.67 0.21(0.022) 0.32(0.32) 3 T.hybridum 

77.32 0.28(0.021) 0.41(0.30) 6 T.prateuse 

 

Genetic variation 

Shannon's information index (I), Nei's gene diversity 

(He) and percentage of polymorphic bands were 

calculated for each species (Table 4). The genetic 

diversity of T.prateuse was relatively high, and the 

PPB, He and I of T.prateuse were 77.32%, 0.28 and 

0.41, respectively. Species of T.hybridum had the 

lowest genetic diversity among the species, that is, 

PPB = 58.67%, He = 0.21 and I = 0.32. Considering 

to this parameter, there is the highest genetic 

diversity between accession of T.prateuse and the 

lowest related to T.hybridum. 

 

Table 5. Similarity matrix for studying 14 accessions based on Dice's coefficient. 

accession 

T
.fr 

2
5

8
0

 

T
.h

y
 

2
3

2
4

 

T
.p

r 6
18

 

T
.h

y
 

2
0

5
6

 

T
.p

r 
17

5
3

 

T
.p

r 
2

0
8

6
 

T
.p

r 
14

5
1 

T
.fr 

2
0

2
5

8
 

T
.h

y
 

12
5

0
 

T
.fr 13

4
 

T
.fr 7

2
0

 

T
.p

r 7
16

 

T
.p

r 3
2

4
 

T.hy 2324 0.286             

T.pr 618 0.433 0.486            

T.hy 2056 0.464 0.526 0.441           

T.pr 1753 0.500 0.426 0.679 0.441          

T.pr 2086 0.580 0.429 0.677 0.618 0.528         

T.pr 1451 0.521 0.426 0.536 0.541 0.639 0.634        

T.fr 20258 0.394 0.481 0.473 0.597 0.393 0.507 0.546       

T.hy 1250 0.769 0.320 0.415 0.469 0.464 0.525 0.590 0.567      

T.fr 134 0.646 0.340 0.351 0.455 0.455 0.579 0.642 0.389 0.735     

T.fr 720 0.712 0.328 0.452 0.514 0.551 0.608 0.621 0.487 0.800 0.775    

T.pr 716 0.657 0.400 0.508 0.500 0.688 0.595 0.684 0.371 0.647 0.583 0.667   

T.pr 324 0.585 0.491 0.561 0.455 0.563 0.649 0.734 0.457 0.620 0.611 0.641 0.714  

T.fr 2139 0.727 0.296 0.393 0.478 0.571 0.603 0.625 0.451 0.778 0.658 0.810 0.676 0.676 
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Similarity matrix 

Similarity matrix based on Dice's coefficient for all 

accessions (Table 5) showed that accession T.hy 1250 

with accession T.fr 720 had the highest value of 

similarity. On the other hand, accession T.fr 2580 

and accession T.hy 2324 had the lowest similarity. 

Genetic Similarity for three species based on Dice's 

coefficient showed that the highest of distance 

between T.hybridum and T.prateuse species (0.65) 

and the highest of Similarity relates to T.fragiferum 

and T.prateuse (0.75). 

Fig. 1. The band pattern for accessions using IS9 

primer. 

 

Cluster analysis 

UPGMA hierarchical clustering for grouping 

accessions based on Dice's coefficient (Fig. 2) were 

identified the three distinctive groups. The Results 

showed that the primers ISSR could clearly separate 

species and accessions of each species were placed to 

each other. 

 

Fig. 2. Dendrogram of cluster analysis for 

accessions based Dice's coefficient by UPGMA. 

 

Cluster Analysis was performed for studied species, 

were identified the two distinctive groups. That its 

results were corresponding to achieved results of 

similarity matrix of species indicating that species 

T.hybridum had the highest interval that the other 

species (Fig.3). 

 

Fig.  3. Dendrogram of cluster analysis for species 

by UPGMA method. 

 

Principal coordinate analysis  

Scatter plot for accessions based on first (31.36) and 

second (21.02) axis from principal coordinate 

analysis (Fig. 4) showed that accessions of each 

species were placed together. These results 

confirmed by Similarity matrix and cluster analysis.  

 

Discussion 

Polymorphism 

The current study confirmed the importance of 

molecular studies beside the morphological data in 

detecting genetic variation among genotypes in 

selecting diverse parents to carry out a new crossing 

program successfully.  We believe that there needs a 

molecular markers studies as a complementary 

studies for the morphological traits in the field. It 

will reduce the amount of materials for study as well 

as the costs of experiments. The results revealed that 

ISSR markers are suitable tools for detecting of 

genetic variation in Trifolium species. The average 

PPB in the present investigation indicated a high 

polymorphism among Trifolium accessions based on 

ISSR primers. In the current study, a total number of 

75 alleles were detected using 10 ISSR selective 

markers, with an average of 7.5 allele per locus, 

suggested the presence of a considerable 

polymorphism at studied ISSR loci and revealed a 

high level of genetic diversity in the existing 

Trifolium germplasm which is close to that obtained 

by Jahufer et al., (2003) and Gustine et al., (2002). 

PIC values estimate the discriminatory power of a 

marker. The mean PIC values for markers used in 

present study were 0.40. Markers with high PIC 
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values such as IS12, IS13 and IS10 could be effectively 

used in genetic diversity studies in Trifolium. 

Genetic diversity in species Trifolium was studied by 

Dabkeviciene et al., (2011) based on RAPD and ISSR 

marker and they reported a different PIC for used 

primers. 

 

Genetic variation 

Analysis of molecular variance was performed for 

ISSR bands to determine of significant difference 

between populations of accessions based on species, 

Indicating that only 29% of the multiplied sited had 

influenced in the examiner of the diversity between 

species. Results indicated that there was a well 

variation between studying species considering to 

Shannon's information index (I) and Nei's gene 

diversity (He) which, it was revealed that T.prateuse 

species had highest variation between its accession 

and the lowest one belongs to T.hybridum species. 

Genetic Similarity for three species based on Dice's 

coefficient showed that the highest of Similarity 

relates to T.fragiferum and T.prateuse, Indicates that 

gene flow between these species can be done. 

 

Fig.  4. Scatter plot for accessions based on two first 

axes from principal coordinate analysis. 

 

Grouping 

 Studied genotypes were clustered in three groups 

based on UPGMA clustering method. Cluster 

analysis and Scatter plot based on first and second 

axis from principal coordinate analysis for 

accessions, showed that the primers ISSR could 

clearly separate species and accessions of each 

species were placed to each other. Overall, the results 

of the cluster analysis and principal coordinate 

analysis showed that the rate of correlation of genetic 

variation among species in high performance 

primers ISSR have Trifolium. The existing genetic 

diversity observed in advanced breeding lines 

developed at gen bank indicated the efforts 

underway to widen the genetic base of Trifolium for 

various traits. Information about current genetic 

diversity permits the classification of our available 

germplasm into various/heterotic groups, which is 

particularly important to hybrid/cross-breeding 

programs in Trifolium. Even though the genetic 

mechanisms that explain heterosis are not fully 

understood, it is well documented that crosses 

between unrelated and genetically distant parents, 

show greater hybrid vigor than crosses between 

closely related parents. 
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