[ Downloaded from jcb.sanru.ac.ir on 2026-08-02 ]

[ DOI: 10.61882/jch.2026.1634 ]

Journal of Crop Breeding Vol. 18, Issue 2, 2026 p: 79-91

Research Paper

Assessment of the Genetic Diversity of Lentil (Lens culinaris Medic)
Genotypes using ISSR Markers

Arman Rahmani', Massoud Dehdari?®, Reza Amiri Fahliani® and
Rahmatollah Karimizadeh*

1- MSc. Student, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Yasouj University, Yasouj,
Iran
2- Department of Agronomy and Plant Breeding, Faculty of Agriculture, Yasouj University, Yasouj, Iran,
(Corresponding author: adehdari@yu.ac.ir)
3- Department of Agronomy and Plant Breeding, Faculty of Agriculture, Yasouj University, Yasouj, Iran
4- Dryland Agricultural Research Institute, Agricultural Research, Education and Extension Organization (AREEO),
Gachsaran, Iran

Received: 25 September, 2025 Revised: 30 December, 2025 Accepted: 31 January, 2026

Extended Abstract

Background: Lentil (Lens culinaris Medic) is one of the most important plants of the legume
family, playing an important role in providing human food, known as an important source of
protein. There is a rich germplasm of this plant in Iran and the world. Given that a large number
of varieties and breeding lines are produced and introduced by internal and exotic breeders every
year, it is essential to study their genetic diversity for use in breeding programs. It is possible to
study genetic diversity through morphological, biochemical, and DNA markers. The use of
molecular markers to study genetic diversity is more reliable than other markers due to the lack
of influence of environmental factors and extensive polymorphism. ISSR markers have shown
high efficiency as a dominant marker in studying genetic diversity and genetic relationships
between different genotypes of plants, especially lentil. Therefore, this study was designed and
implemented to study the genetic diversity of different lines and several common varieties of
lentil using the ISSR marker.

Methods: In this experiment, fresh leaf samples of 36 lentil genotypes (including 33 new breeding
lines and three common cultivars), which were obtained from the Gachsaran Rainfed Research
Station, were collected and frozen at -40 °C. Leaf DNA was extracted using the CTAB method,
and its quality and quantity were examined on agarose gel and using a spectrophotometer,
respectively, in the central laboratory of the Faculty of Agriculture, Yasouj University. DNA
samples with suitable quality were selected for the further step, and then PCR amplification was
performed using 20 ISSR primers that had shown high polymorphism in other plants in previous
studies. In the desired samples, the presence and absence of bands were scored as one and zero,
respectively. The percentage of polymorphic bands, polymorphic information content, and the
Shannon index were calculated with statistical analyses, followed by examining the efficiency of
the ISSR markers. Then, the genotypes were grouped by cluster analysis (Jaccard’s similarity
coefficient and the UPGMA method) and principal component analysis. The genotypes with the
greatest genetic distance were introduced for further breeding programs. Excel, NTSYS PC 2.02,
and Popgene 1.32 software were used for the analyses.

Results: In total, 186 out of 190 produced bands were polymorphic. UBC840 marker produced
the highest number of bands (17 bands), all of which showed polymorphism. Among the markers,
the highest and the lowest polymorphic information content (PIC) belonged to UBC830 (0.49)
and UBC814 (0.13) markers, respectively. Nine markers had PICs greater than 0.4, which were
considered suitable for the genetic differentiation of genotypes. The average Shannon index was
0.845. The highest and the lowest Shannon index, which indicates intra-population variation, were
recorded for UBC853 (1.4) and UBC814 (0.3) primers, respectively. In general, considering the
measured characteristics, UBC855 and UBC853 primers are recommended for genetic studies in
lentil. Cluster analysis classified 36 lentil genotypes into five groups. There were two genotypes
in the first group (C1), most of the genotypes (55.6%) were in the second group (C2), two
genotypes were in the third group (C3), 11 genotypes were in the fourth group (C4), and only one
genotype was in the fifth group (C5). The greatest genetic distance was observed between the
fifth and second groups (for example, the Jaccard similarity coefficient was 0.08 between
genotype 33 and genotype 19). Therefore, it is expected that the crossing between genotype 33
(group 5) and the genotypes of the second group would witness more transgressive segregation.
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The Sepehr and Kimiya cultivars were placed in one group, which probably indicates their
common origin, while the Gachsaran cultivar was placed in a different group. Most genotypes
with the same origin were placed in the same group, although some differences were also
observed. Principal component analysis showed that many components played a role in
explaining the total variance; for example, the first five components explained 51.82% of the total
variance. This result indicates a suitable distribution of the markers in the lentil genome. The
grouping of genotypes based on the first two components partially confirmed the grouping
obtained from cluster analysis, although it also had some differences. In cluster analysis, all the
variance contributed to the grouping, while only 42.09% of the total variance contributed to the
grouping obtained from the first two components. Therefore, the existence of differences in the
grouping results is not far from expected.

Conclusion: Similar to some studies, the ISSR markers used in this study showed high efficiency
for examining genetic diversity and distinguishing lentil genotypes. Among them, two primers,
including UBCS855 and UBC853, were superior to the other markers. Given the extensive
polymorphism shown by these markers, it is suggested that they can be used to study the
association analysis with important lentil traits, including drought tolerance, grain yield, and
protein percentage, to take a fundamental step toward improving these traits. On the other hand,
a wide diversity was observed among the studied genotypes in terms of ISSR markers. The
grouping of genotypes showed that genotypes with high genetic distance can be selected and
introduced for continuing lentil breeding programs. Among them, the highest genetic distance
was observed between only the fifth group genotype and the second group genotypes, which is
suggested to be used in future studies.
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Table 1. The names of the studied lentil genotypes, pedigrees and origins.
Lice

[ y ) FL’ L> o )zw u.m.) )
Name or pedigree Origin No.
FLIP2013-048L(ILL11301)-ILL7616 X ICARDA 1
ILL7723
FLIP2014-069L(ILL11479)-ILL7723 x ICARDA 2
ILL5883
FLIP2014-074L(ILL11484)-ILL6994 x ICARDA 3
ILL9932
FLIP2014-078L(ILL11488)-ILL6994 x ICARDA 4
ILL5725
FLIP2014-118L(ILL11528)-ILL6212 x ICARDA 5
ILL1005
FLIP2012-31L(ILL11006)- ICARDA 6
ILL7502XILL590
FLIP2012-51L(ILL11026)- ICARDA 7
ILL7981XILL7706
FLIP2012-62L(ILL11037)-L- ICARDA 8
5125XILL8006
FLIP2012-68L(ILL11043)- ICARDA 9
ILL7980XILL7666
FLIP2012- 109L(ILL11084) ICARDA 10
ILL7617XILL5883
FLIP2012- 120L(ILL1 1095)- ICARDA 11
ILL4605XILL6024
FLIP2012-123L(ILL11098)- ICARDA 12
ILL4605XILL7537
FLIP2012-124L(ILL11099)- ICARDA 13
ILL8008XILL7201
FLIP2013-60L(ILL11313)- ICARDA 14
TLL9835XILL7010
FLIP2013-74L(ILL11327)-ILL 10870 ICARDA 15
XILL8176
PRECOZ-4605- Argentina 16
FLIP2010-40L-10770-ILL 8119 /ILL ICARDA 17
7686
FLIP 2009-52L ILL 5883/91517 ICARDA 18
FLIP2011-13L-10893-ILL 358 /ILL ICARDA 19
590
FLIP2010-50L-10780-ILL 5883 / ILL ICARDA 20
8188
ILL 7547 x ILL 9892 2006-06-0G-0GA- ICARDA 21
0GA-1
FLIP2010-90L- 10820 ILL 7115/ AKM ICARDA 22
27
ILL 6434 x ILL 8008 2006-02-0G-0GA- ICARDA 23
0GA-
FLIP2007-16L ILL 2126 X ILL 4659 ICARDA 24
ILL 7547 x ILL 6002 2006-03-0G-0GA- ICARDA 25
0GA-11
GACH LOC 2010-01 IRAN 26
ILL 6211 x ILL 6002 2006-07-0G-0GA- ICARDA 27
0GA-11
FLIP 2005-32L ICARDA 28
FLIP1996-15L(Ibla 1) ILL ICARDA 29
6209xILL5671
FLIP2011-1L ILL 6443 X ILL 1005 ICARDA 30
FLIP2011-6L ILL 6434 X ILL 6972 ICARDA 31
FLIP2010-8L ILL 2126 X ILL 6199 IRAN 32
FLIP2013-136L(ILL11389)- IRAN 33
ILL7617XILL5883
Sepehr IRAN 34
Gachsaran IRAN 35
Kimiya IRAN 36
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Table 2. The amount of materials required for each PCR reaction

(54d5,Ss) slade oo g
Amount Components
7.0 PCR Master Mix 2X
5.0 DNA (50 ng)
0.8 Primer (10 uM)
72 b )b 9> ol
20.0 sl o>

Llods D.))?T Y Jsb »

Izzatullayeva, ef al.,) ISSR Skl v+ sl
Gilisen BLS (g5 smmg £55 i llllas 15 oS (2014
13,5 oolitwl (5L Can B+ o) ol ey idgy o3l L

odlizl 3y90 ISSR ,S5ET ¥+ Jlasl (glod 5 JIg5 ol =Y Jgao

Table 3. Name, sequences, and annealing temperatures of the studied ISSR primers

(ogemdas) Jlasl (slod Skl Jlg 5-3' Siel g 2,
Annealing temperature ("C) Sequence ( 5°-3°) Name No.
47.1 ACACACACACACACACC UBCR826 1
47.1 TGTGTGTGTGTGTGTGG UBC830 2
44.6 CTCTCTCTCTCTCTCTA UBC814 3
47.1 TCTCTCTCTCTCTCTCTC UBC823 4
48 CACACACACACACACACRC UBC847 5
48 TCTCTCTCTCTCTCTCRT UBC853 6
48 GTGTGTGTGTGTGTGTYG UBC851 7
48 CTCTCTCTCTCTCTCTCG UBC824 8
48 AGAGAGAGAGAGAGAGAYT UBC844 9
48 GAGAGAGAGAGAGAGAGAT UBC842 10
48 ACACACACACACACACYA UBC836 11
48 CACACACACACACACACRG UBC848 12
48 AGAGAGAGAGAGAGAGYC UBC838 13
48 ATCATGATGATGATGATG UBC864 14
48 ACACACACACACACACYG UBC859 15
48 ACACACACACACACACG UBC827 16
48 GAGAGAGAGAGAGAGYT UBC840 17
48 CTCTCTCTCTCTCTCTRE UBC845 18
48 ACACACACACACACACYT UBC835 19
48 ACACACACACACACACYG UBC857 20

o ol odal ¥ Jgan 53 odlatul 3590 oled (663 505
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Table 4. PCR temperature patterns at different stages of amplification

. 3 (e55) ol (o) o> STy ol
Number of cycles Duration (seconds) Temperature (°C) Reaction steps
180 94 ads) sl puly
Initial denaturation
34 30 94 sl (g jloars july
Secondary denaturation
45 41.2-48 bS5kl Jlas!
Annealing of primers
60 72 4ol baus
Initial elongation
1 300 72 s s

Final elongation

JUBC851 UBC853 .UBC823 .UBC814 ¢ln)5;lel
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Jdoay Lol 39 s PIC Jlude o 5YL UBC830 5jlel
e o2l 2 29d e dnog Sl g S e uib
Camd W1 45 L UBC853 5 WY L UBC855 ola,5 5]
aleMbl glgime UBC845 4 UBC824 UBC859
oS b )SHEl 6ol L5 A & G (g eSS
4 Cows B)b g5V (PIC) IShas cleMbl gl
Das ) uiS o pasuie yigo |y (S5 alols da 5511 Koo
b g solye (s bawgs &S gladllas 45 (et al., 2013
i YV 59y p —(Seyedimoradi & Talebi, 2014)
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Table 5. Summarized results of the molecular data analysis of the 20 ISSR primers used in the lentil genotypes

m SleMb) g gz
oasls TELETT Kaapasp  JSaS Jeohs Jbap lyobs 5 s o 4
oyls LFK“"“\Q Polymorphism Number of Number of T(ft?a)l mumber Skl el o)let
Shannon Polymorphism bands monomorphic polymorphism of bands Primer name No.
index Band (P}flré;mage percentage bands bands
0.5 0.47 83.3 1 5 6 UBCR26 1
0.7 0.49 50 1 1 2 UBC830 2
0.3 0.13 100 - 9 9 UBCg14 3
0.6 0.37 100 - 10 10 UBC823 4
1.2 0.48 90 1 9 10 UBC847 5
1.4 0.45 100 - 9 9 UBC853 6
0.6 0.48 100 7 7 UBC851 7
0.5 0.21 100 13 13 UBCg824 8
1.3 0.42 100 6 6 UBCg844 9
0.6 0.36 100 7 7 UBC842 10
0.6 0.44 100 7 7 UBC836 11
0.6 0.35 100 9 9 UBC848 12
1.2 0.35 100 15 15 UBC&838 13
0.6 0.29 100 10 10 UBC864 14
0.7 0.23 100 1 1 UBC859 15
1.3 0.37 100 13 13 UBC827 16
1.0 0.35 100 17 17 UBC840 17
1.0 0.14 100 12 12 UBC845 18
1.1 0.40 100 13 13 UBC&835 19
1.1 0.41 92.8 1 13 14 UBC857 20
- - - 4 186 190 - o
0.845 - - oSk
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Figure 1. The band patterns of PCR products with the primer UBC851 in 36 lentil genotypes. The ladder column
belongs to the ladder marker, and the other columns correspond to genotypes as in Table 1.
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Figure 2. The bi-plot of the pseudo Hotelling T? statistic and the number of clusters.
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Figure 3. Classification of lentil genotypes based on ISSR markers data using the UPGMA method. Numbers
correspond to genotypes as in Table 1.
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Table 6. Variances explained by the first five principal components based on ISSR observations

8 oty s by Oh2g lde adlgo oyles
Cumulative variance% Proportion variance% Eigenvalues Components
31 11.99 1
42.09 8.78 3.16 2
45.67 3.57 1.28 3
49.01 3.34 1.2 4
51.82 2.80 1.0 5
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Figure 4. Classification of lentil genotypes using the first two principal components. The numbers correspond to
genotypes as in Table 1.
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