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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 (Cl), 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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dyd Yo py8 0 dady Y Gleds dlol el gel
Verr G b ladiged ca dls jo )3 08 ()05 ogannles
AzBdY e Gdedy wgmadw d)d Hlen (gled (0 4dBd 5 90
cquitunsd g wdilay (B gl &5 > MU W0 guty il
Gdody Juoyd AF bl yids S Av v jauis 13 DNA &5503
Yorre Caopu b e .85 4148 lae (glod jd 4a B> V-
Blo w9 b ol Bl a@Bd Vo Cdeds 4l (3 90
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6155 488> Ve =)0 e B3l (glga ;> DNA i plosil
Dgd poud MolS DNA GMS™ 3 sl b JSUI b
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Table 2. The amount of materials required for each PCR reaction

(54d5,5s) 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 L e

Llods D.))?T Y Jsb »

Izzatullayeva, ef al.,) ISSR Skl v+ s
Giliseo bLS (g5 smmsg £55 i llllas 15 45 (2014
13,5 oolitwl (5L Can Be o) ol ey idgy o3l L

odlizl 3y90 ISSR ,S521 ¥+ Jlasl (glod 5 JIg5 ol =¥ Jgao

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

(ogemdas) Jlasl (slod Skl Jlg 5-3' Siel s 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 UBCB835 19
48 ACACACACACACACACYG UBC857 20

o ol odal ¥ Jgan 53 odlitul 3590 oled (663 505
ch.) Jel ))J)B P9 C)l> oKwd )‘ LQMJ?AJ £u~as|9 PLQJ‘ )l
LS ()RS5 gl 42> ¥+

)&L\»y::); PCR oXuwss L;Lm;imb 5 Uol)i L Lmuy;
o> )l,§ (PCR-MJ Mini-BIO RAD, Germany J.»)
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Table 4. PCR temperature patterns at different stages of amplification

&> dlaes
Number of cycles

(456) oo

(o gmenl) o> oSty Jole

Duration (seconds)
180

34 30
45

60

1 300

Temperature (°C) Reaction steps
94 2yl (gjlocad uly
Initial denaturation

94 gl (gl uly
Secondary denaturation

41.2-48 ,$51eT Jlwsl
Annealing of primers

72 adgl by
Initial elongation

& sl b

Final elongation

JUBC851 UBC853 .UBC823 .UBC814 (¢ln)5;lel
UBC848 .UBC856 UBC842 .UBC834 .UBC824
; UBC840 .UBC827 .UBC859 .UBC864 .UBC835
sylg dopd g olaad o jieS 0 JSSuis> UBC855
» g UBC830 Sl & L (10+) JSsus
g9 (Fikiru et al., 2011) )SKan 5 588 ¢ slaslllas
& jloolal b 1) (Slagsl o 4)ly Vo (098 5 (5955
)8 4l 3,50 ISSR STl 5 (Sl p9ns,5] i
ol oe5 JSsuis ISSR sl )Silel casdllan o) jo 000
El-Nahas, et 2011) ),Ken 5 ooledl ialojl ;5 a5l
byl sl jwae DISSR (ol )Silis (65,8 & L al.,
Olalesl 4 ded & 31 piite g 03 U Jlgi s | sz
Sy pio Mo pd Fo B Y+l IShuis dop bl cuwl il
LB 9 GBgdeo g Lo yiolojl 51 a8 Cilye 4y &S
¥5 adlas L 35 (Mammadova & Aghayeva, 2023)
Juo )0 V& gaamme ) ISSR [SLi & KaS &y yods il
5wyl S adlas 0,8 sdalie 1) JSSas
Iy oo cuig) YV (Al-Mousa , et al., 2023) l,Sen
addlae JSled 45 Mdges (o) p ISSR ST Ve SaSa
AVIYY b g VAY (e )3 g 150 iS5 5511 VA Lols
e ode 0 Ba)lgs (B 45 03905 A5 (JSD L oy
Pl Jls 5 SLts 55 9 g & ol 4 g b oy,
Iy s o waley s cliiud ppo jlons Slalllas 4365 oyl
P Sl Syl eolitwl ob Cows Jolos cpl a4 lgi oo
Al ISSR L b duslie 3 (gyi0S JSiais uds
El-) asyp YIS SCoT Sl (Jie  lasa
Joy ¥V/F0 SSR Silis 4 (Danasoury, et al., 2017
P eae j JSsus (Tomar, er al., 2023)
o, S5l plo Vb 2L 51 giagsy (S o Jbome
Om g SEOF g8 pp (Jie lgied Nl oS
SSR ,S;lel ¥+ il oolaiwl b wie cuig} v Cumes Hlid b
S5 895 2biyl slp SOU YL Ul I L
LS SSE )l e ) oyl Slgie 9 ob
aallas £95 & dtuy ooyl pli (Sarvmeili et al., 2020)
awlio cly (S omends fwl Sglite W S5l LI
ohalesl 3 1) LS oy b cilies o S5l 38>

P PLL

&bl (sl o

I dels s)ly gl doosls Lo g 4325 sl
G e pie b g ypis el Sl S
i sy Shy Nad gabiliel o 3 S Ojgon
S ouds Ag5 (sl ylgs JS oliad fod 5l ey S0l &y bgsye
LA dawloee ST glaylgs dlaad g (S slales
D dploes 5 b 4 il gl el s

SleMbl glgime asls (PPB) JSbxs as)
Cassty SWPIC | 1Sl &ypony (PICT) bt
Roldan-) cuzes JS 0,555, clale oled I osal
blg, 5l eolasul b (H) gl yaslis o (ruiz et al., 2000
1005 dgwle yj

np
PPB = —x 100
n

PIC=2fi(1-fi)

s
H = —ZPL' X InPi
i=1

JS ol i (S s slaylei slawi mp Lalyy ol 5o
3925) I (s S8 Pi g (lgi 3925) T Slgl 2 i oI5
it (g

5l 5 Stz slols o s IS ohas o
oleMbl ggixe  Popgene 1.32 ,l58le 5 SaS'ay 5l
Wl w ple dubre Excel Kby SoSa ISoxs
Soadlge 45 s UPGMA (bg)e slades 425 )8l
28,5 &0 NTSYS PC 2,02 58le 5 oS & Lo
OO T2 oylel ayb 5l (gladigd azos > lmeg,S dluss
SAS 9.1 l8ley S 4 4 (Johnson, 1998) Sk
23,5 (e
oy g W

la ] 51 sae YA codliul 5y90 ISSR S5leT s V-
oS Toog b sb)ly ;L 93 g Sz g mily bl
& bae ol g5\ S5 (0 Jpie) wob S
Sl ylg sl (g gazme jd 2 o i |y UBC851 Sjlel
e WA bl e 5l oS wingy dae VAL ond LSS
o Sl sla P slaws i gy JSBCST lg o> 9 SIS
bosyo slaylg plas 39 glitie KL yo (5l W I S )

! Polymorphic information content
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Slogs Liolojl )3 Mie .cawl Y lade pl 5 bt (sl SSLES )
» SSR Silis 3| o5 (Tomar, et al., 2023) S o
g gy pxio +/VV I +/YY I PIC aiols 1658 ooliial (pwis
(Kumar Mishra et al., 2019) | i ;logS islojl ;5
05l g 4, 84 SSR s, Silis gl lade oyl
) 0,8 %)l

Dy IO Llejl pl  gels esls Sle
W3 o0 LS 1) Gmen 190 45 &S (il adld oy it
0als lise (o yeS 9 (VY) UBC853 Sslel & by ye
(0 Jsds) 50 (+/Y) UBC814 S5kl & bgsype gl
0SS | Cumex (99)3 ) i} o g9 nn lp
o2l e &S 55 Gl Ke ad o oalitwl els
Ol imd e (U ) el o g9t )l (VL (ol
ol o ) bySilel ggeome (ASbrin Glie jadld
aalllae > il (S8 goii sl alel B30 olis
» (Mammadova & Aghayeva, 2023 ) 15L5] 5 C3gie0
03,8 o) /A B /05 IISSR [Solis SeSay s
locisi 935 & w3 oo oLt ol 51 Lo Galej] 5l S oS
ol yilar bo ialojl )5 48, )54 Coner 5

Veomde 5l IS ao s (i byl o Sl ol
WNY 5 pls jasls g +/0+ B «/¥0 51 PIC dleld choyd
) 5l Sk oS (Sakhravi et al., 2023) sy +/5+ b
ol ode b duslds )0 jiig

Glae PIC ISsxis cleMbl (glgizes (5o oyt

Skl slee o] cpyieS o (+/F1) UBC830 S5lel o
sl S5l 3 (0 Jod) L3gr /N l5ea UBC814
9 LS Xy /0 b «/¥0 o PIC &S S5kl ‘:.,JL&:
Byl (658 Lbo Sledbl W)y (6,08 PIC & Llal
PIC 351V Liolojl opl o cop! plo (Qi, ez al., 2006)
JUBC847 .UBC830 .UBC826 (sla,3;lel .zily og5
5 UBC855 .UBC856 UBC834 .UBC851 .UBC853
S8 (¢l &S Wdgy /¥ }) ity PIC )l UBC857
a8 cplogmg b ad 03 e cunlio ey usw)
Jdsay Lol 3 s PIC Jlude o 5YL UBC830 5jlel
e o2l 2 29d e dnog Kbl g S e uib
Camd W1 45 L UBC853 5 WY L UBC8S55 ola,5 5]
aledbl glgie UBC845 4 UBC824 UBC859
oS b )SHEl 6ol L5 A & G (g8 S
4 Cows B)b g5V (PIC) IShas cleMbl gl
Das ) uiS oo pasuie yigo |y (S5 alols da 55121 Koo
b g solye (s bawgs &S ladllas 45 (et al., 2013
i YV 59y p —(Seyedimoradi & Talebi, 2014)
H03)S (Byre S e )3 (S5 g9 oy p sl ) SSLE
aS' Jls 55 Cawl <O PIC jlade oy it e 5o, SOLES )

oode slacuigs 2 ISSR ,f)'lij Vo 355l Jeobs gols aods— 0 Jou
Table 5. Summarized results of the molecular data analysis of the 20 ISSR primers used in the lentil genotypes

SleMb| Sy

ot ls . Sy oSS Jlgolas JSBan gl L 1 i sl ]
o$ls LFK“"“\Q Polymorphism Number of Number of T(ft?a)l ;)jmber Skl el o)led
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 UBC826 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 UBC835 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
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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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