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Abstract. Chickpea is one of the most important plants of the legume family and is very important in the diet. In order to
investigate the genetic diversity of chickpea, an experiment was conducted with 18 chickpea genotypes in the form of a
completely to investigate the genetic diversity of chickpea, an experiment was conducted with 18 chickpea genotypes in
the form of a completely randomized block design. After acclimatization of plants to cold, freezing treatment was applied
at temperatures of -6, -8 and -10 and their 50% lethality temperature (LTso) was determined by probit transformation.
Before and after the habituation stage, a leaf sample was taken and the relative content of leaf water, photosynthetic
pigments, proline, soluble sugar, protein percentage, catalase, peroxidase, polyphenol oxidase and greenness index were
measured. Genotype number 5 with the lowest LTso (-8.86) and the highest survival percentage (80%) was the most resistant

Received 06.02.2023/ Revised 01.05.2023/ Accepted 10.05.2023/ Published 20.09.2023 AR RZA RS REHIAR S8 (RL (A SENRIHAL S (R (AR O P TAR SRTARTAN XN

143/ ¥Y


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.2.5.0
https://ndea10.khu.ac.ir/nbr/article-1-3606-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-24 ]

[ DOR: 20.1001.1.24236330.1402.10.2.5.0]

Shokoohi et al. Evaluation of freezing tolerance in chickpea 0556 Liduiaal lacais 0 (Soseu Jed ol o) Sen 5 250

genotype and genotype 10 with the highest LTsy (-3.57) and the lowest survival percentage along with genotype 15
were recognized as the most sensitive genotypes. In order to evaluate genetic diversity, DNA extraction was utilized
and 21 different ISSR primers were used in the investigation. The results showed the presence of polymorphism among
the cultivars studied. A total of 101 clear bands were produced, of which 94 were polymorphic bands. Polymorphic
information content (PIC) was in the range of 0.332 (initiator 7) to 0.049 (initiator 16). The amount of gene diversity
was between 0.126 and 0.977 changes. Cluster analysis of genotypes was done using Jaccard similarity coefficient and

UPGMA method and 18 genotypes of chickpea plants were classified into 3 groups.

Key words. genetic variation, ISSR, LTso, physiological characteristics, vernalization
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Table 1. Sequence and annealing temperature of used ISSR primers.

Number Primers Sequence Temperature Number Primers Sequence Temperature
1" GAG AGA GAG AGA GAG 42 13" AGA GAG AGA GAG AGA GT 43
2" ACA CAC ACA CAC ACA CCA 45 14 CTCTCT CTC TCT CTC TA 42
3" AGA GAG AGA GAG AGA GAA 45 15 CAC ACA CAC ACA CAC AT 43
4 AGA GAG AGA GAG AGA GCC 45 16" TCT CTC TCT CTC TCT CC 42
5" AGA GAG AGA GAG AGA GC 42 17 ACA CACACA CACACACT 43
6" AGA GAG AGA GAG AGA GG 42 18" AGA GAG AGA GAG AGA GCT 43
7" GAG AGA GAG AGA GAG AA 42 19  AGA GAG AGA GAG AGA GCC 43
8" AGA GAG AGA GAG AGA CT 42 20"  GAG AGA GAG AGA GAG ACC 43
9" AGA GAG AGA GAG AGA CTA 43 21" CAC ACA CAC ACA CAC AAC 44

10 GAG AGA GAG AGA GAG ATT 43 22 CTC CTC CTC CTC CTC CTC 46
1 TGT GTG TGT GTG TGT GGG 46 23" GGA GAG GAG AGG AGA 42
12 TCC TCC TCC TCC TCC 42
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Table 2. Viability percentage and average lethality (LTso) of Chickpea Genotypes at different temperatures and
under controlled conditions.

Genotype number Viability Rate % LTso
-6°C -8°C -9°C
1 45 25 15 -5.20
2 50 0/22 14 -5.49
3 54 36 13 -6.52
4 67 54 18 -7.09
5 58 80 17 -8.86
6 42 78 12 -4.62
7 51 70 19 -6.52
8 51 19 14 -6.03
9 17 22 15 -4/25
10 16 53 10 -3.57
11 33 76 14 -5.52
12 16 16 14 -5.04
13 19 27 16 -5.15
14 25 39 19 -3.64
15 16 40 11 -4.64
16 49 0 11 -5.80
17 41 6 14 -6.31
18 37 45 13 -6.41

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-24 ]

[ DOR: 20.1001.1.24236330.1402.10.2.5.0]
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Table 3. Comparison of the average LTs for the studied Chickpea Genotypes.

Genotype LTso
1 -5.756%®
2 -5.498:®
3 -6.504%®
4 -7.090*
5 -2.808°
6 -4.628°
7 -6.528%
8 -6.130%
9 -4.253%
10 -3.570*
11 -5.526®
12 -5.044%®
13 -5.150®
14 -3.690°
15 -4.649°
16 -5.802#®
17 -6.315%®
18 -6.416%

e oy gty e 0 (gl NS W3l g sa 0 S i gy slls sl Sl
Averages with common letters in each column have no statistical difference at the five percent protection level.
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Figure 1. Grouping of Chickpea Genotypes based on evaluated traits using the WARD method in pre-acclimation and
post-acclimation conditions (1, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17 and 18).
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Table 4. Genetic variation parameters based on ISSR markers.

Primer Primer sequence Total number of The number of Nei's genetic Shannon
number alleles observed effective alleles diversity (He) index (I)
1 GAG AGA GAG AGA GAG 1.33 1.17 0.11 0.17
2 ACA CAC ACA CAC ACA CCA 2 1.36 0.22 0.36
3 AGA GAG AGA GAG AGA GAA 2 1.57 0.36 0.54
4 AGA GAG AGA GAG AGA GCC 2 1.79 0.41 0.58
5 AGA GAG AGA GAG AGA GC 2 1.33 0.2 0.33
6 AGA GAG AGA GAG AGA GG 2 1.60 0.34 0.51
7 GAG AGA GAG AGA GAG AA 2 1.78 0.42 0.61
8 AGA GAG AGA GAG AGACT 2 1.38 0.24 0.39
9 AGA GAG AGA GAG AGA CTA 2 1.50 0.29 0.45
10 GAG AGA GAG AGA GAG ATT 2 1.57 0.33 0.50
11 TGT GTG TGT GTG TGT GGG 2 1.59 0.35 0.52
12 TCC TCC TCC TCC TCC 2 1.41 0.26 0.42
13 AGA GAG AGA GAG AGA GT 2 1.35 0.23 0.38
15 CAC ACA CAC ACA CACAT 2 1.56 0.33 0.5
16 TCT CTC TCT CTC TCT CC 1 1 0 0
17 ACA CACACACACACACT 1.75 1.25 0.16 0.26
18 AGA GAG AGA GAG AGA GCT 1.83 1.41 0.26 0.40
19 AGA GAG AGA GAG AGA GCC 1.87 1.46 0.28 0.43
20 GAG AGA GAG AGA GAG ACC 2 1.19 0.15 0.29
21 CAC ACA CAC ACA CAC AAC 2 1.45 0.27 0.41
23 GGA GAG GAG AGG AGA 2 1.52 0.33 0.49
Average 1.93 1.46 0.27 0.42
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Table 5. The studied ISSR markers and the obtained indicators.

Primer Primer sequence Total number Polymorphism PIC MI RP MRP EMR
number * 3 of band percentage
1 GAG AGA GAG 3 1 333 0.0953 0.095 0.444 0.444 0.333
AGA GAG
2 ACA CAC ACA 7 7 100 0.1871 1309 2.333  0.333 7
CAC ACA CCA
3 AGA GAG AGA 3 3 100 0.2975 0.892 1.444 0.481 3
GAG AGA GAA
4 AGA GAG AGA 5 5 100 0.3176  1.588 3.777 0.755 5
GAG AGA GCC
5 AGA GAG AGA 4 4 100 0.1683 0.673 1.333  0.333 4
GAG AGA GC
6 AGA GAG AGA 4 4 100 0.2782 1.112  2.111 0.527 4
GAG AGA GG
7 GAG AGA GAG 4 4 100 0.3329  1.331 2.888 0.722 4
AGA GAG AA
8 AGA GAG AGA 4 4 100 0.2076  0.830  1.333  0.333 4
GAG AGACT
9 AGA GAG AGA 5 5 100 0.2419 1209 2222 0.444 5
GAG AGA CTA
10 GAG AGA GAG 4 4 100 0.2703  1.081 1.222  0.305 4
AGA GAG ATT
11 TGT GTG TGT GTG 5 5 100 0.2892 1.446 2.555 0.511 5
TGT GGG
12 TCC TCC TCC TCC 4 4 100 0.2273  0.909 1.444 0.361 4
TCC
13 AGA GAG AGA 4 4 100 0.2014 0.805 1.222  0.305 4
GAG AGA GT
15 CAC ACA CAC 4 4 100 0.2695 1.078 2 0.5 4
ACA CAC AT
16 TCT CTC TCT CTC 2 0 0 0.0497 0 0 0 0
TCT CC
17 ACA CAC ACA 4 3 75 0.1361  0.408 0.888 0.296  2.25
CACACACT
18 AGA GAG AGA 6 5 83.3 0.2168 1.084 2.111 0422 4.166
GAG AGA GCT
19 AGA GAG AGA 8 7 87.5 0.2319  1.623 3222 0460 6.125
GAG AGA GCC
20 GAG AGA GAG 6 6 100 0.1489 0.893 1.111 0.185 6
AGA GAG ACC
21 CAC ACA CAC 9 9 100 0.2333  2.099 3.666 0.407 9
ACA CAC AAC
23 GGA GAG GAG 6 6 100 0.2672  1.603 2.777 0.462 6
AGG AGA
Total 101 94

0950 anlllae 0550 lacuigsy o 180,las 55T (suilg ool =Y S

Figure 2. Banding pattern of primer number 18 in studding Chickpea Genotypes.

ol 09,5 ¥ &y aslllae 550 0930 Cdgi VA ()l
slecaigs oJsl 09,8 0 Yo ¥ ) o)leds lacaigs .asad
)Q \A 5\? ‘\V s\f ‘\\” ‘\Y s% sA s\’ ‘V sf ‘é s\\ sf O)Lo.:a
095 ;0 2l 410 o)lad gy g WS Gl pgd 098
ISSR (sla,Silis oSl &y args L (¥ JS2) 28,5 15 o
Log 5o eaiiShe, e bl g eop (Slai sla Silis

SiidsS  (SKod oy Jile gaesl 5l edel casoa
9 w9 Lhilp esmoplis 4 el cawsa (@ =+/AY)
sl ladss losel 5 alis glagm il o Vb (Ko
50 485 sdalive o piae oy S Jlaixl mdaw 5o g el

152/V0Y


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.2.5.0
https://ndea10.khu.ac.ir/nbr/article-1-3606-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-24 ]

[ DOR: 20.1001.1.24236330.1402.10.2.5.0]

Nova Biologica Reperta 10(2): 143-157 (2023)

Jo—e 3)ls Sl e lgie 4 (ST 5 a0 Oj500) (JsSUse
Dyge 30 5 ke xS Wb sasliv pae Djgo j0) Wad
bSOl 53 (0ghon 03ls H 3 Sy (63T Wil S92
Joime byl ISSR Silis golaws b Syselsdyee lio
o 4y by o 0dd guonal (e i pd 2 S ol (LA
L aigy glis,) Cabo gy +/YAS e b als o, U 3,
Cho ol cuie bls)l m5114 g ml1114 sle Silas
ml714 ¢ mlI3 ml1ll glo SLas b 55 a5gr 50 4l olows
Ghls m212 5 mI211 (glo Silis b 5 cate b3l (gl
Loyl mI211 Sl b aalS b g5, cao 09 it b))
b g, o cls iie bls,l mI917 il 5 cute
2 b 5e, cio g mlI2l4 s m17I4 slo Slis L poddle
G 39, Cdo g m1714 g m1214 cla Silis L BMe o
LLs ) s mI8IT 5 mI214 gla Slis b o als e,
m2117 ¢ m1714 m8l4 lo Kilis pimed oy Cuie
sl m2313 5 mISIL (slo Siles 5 e bLs,l (sl lo
O)ly Glao 4 axgi Ly wiog alls (59 Ciho b shie b3
Syge wibls SV o coye Jlade a5 olale s
odd gl (Sl b polie i8S 1S ) p g S
Olae gl cude Klis Vo) ggemme o S ol las
95 2 )0 oy 50 Sl pled il plulld Sy3els 5
3,50 ISSR (sls Silis 51 golaws L 1y (5,10 sino bl )} cxlans
i oSl wlis plas gl 5 wish olis dallle
b 50 odd oAl d colpe polie ol ololis
b o 4 haenST g sk 9 oug n Slao a5 ol las sals

OF V) VY1V Y o )leds o)+ ol o i) psle 1 cng sloazil

HUasl wls oplpls wigdso ;iS5 oolaul 5,50 sla 55l
2 Sl dstiee Dlae Sl alie pl)] aes a5 cuils
5 Lo 5 0l ama ol o3l ALl 5, 15 o LS
A0S Sl s bl oo, Slis jep 0 ) ey
5 el s 03,5 Sy o 5 s Lo gllo plB,) 28,55
Vo5l o) asl (a8 50 g pB)l o (95 Ol emay
Sl S gl (B 5 (IS jeb a4 (iS50 as o
1 5 st slite 5590 slaaliy ;5 oy on i
Dged oolaiwl pally

JoSo g, olge & PCOA) Lol slaadlse 4 a5
S5 bilyy owyn G 5 098 sl slades 4
Sy 1 OVOY gl Lol ailge ans ol alosl baoeissy s
(F Jgaz) ol plaisl v93 4 1) baeaisly o JsNse
Py 5 p9d Sadlye 5 ol | JS 555 5IIVAY ol adlge
90 IO 0 )5 s |y Sl s STZAAY g TAYIEA (S5
G 3 SN0gS Cuz o5 ol slaadlie 4 425 gun
kel 095 T ]y lows) wd o) laceis) o bl
M gay o Sl pwain alols (F S5) sy S
o b oo beadsh) m Suid alold sains lis (loges)
oais lis il axils 0azg (6 iun alold bewiel) s 4z
CJL..) L: 6&405; Lﬁ‘ o LﬁuT UL“A )"‘M S S99
asle callas (V) JSK5) ladies @30 5l ol

g odd gpSojlail Sl o bl e p jelaieas
Lli)l oin lr Gsee S, s (¥ sla,Slis
0 bl ol el a4y a8 By, 4 )l e
Lg[molo 9 é’b gee ol 0‘9"‘: L 0l oy I P u?““’)f)

T
0ls

Cosfficient

T
[

UPGMA g, 55,5515 alzs u o 5l eolaiwl LISSR Sles glaosls Lulul 1 0558 (slacuisl (goes,S —Y S

Figure 3. Grouping of Chickpea Genotypes based on ISSR Marker data using Jaccard similarity coefficient and

.UPGMA method.
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Table 6. Principal Component analysis related to ISSR marker.

1 2 3
Relative Variation 29.02 12.68 9.82
Cumulative Variation 29.02 41.70 51.53
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Figure 4. Two-dimensional diagram of the distribution of Chickpea Genotypes based on the first and second principal
components for ISSR molecular data.
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