
143/143 

 

�����   ��	
�� 

�
�����	 ���� �� ���� �
���  

 ���  10 	   
��
�  2 	   �����  143   ���  157   )1402 (  

 ��������  
������ � !��"#                

Research Article 

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

Print ISSN: 2423-6330/Online ISSN: 2476-7115 

https://nbr.khu.ac.ir; Kharazmi University Press; DOI: 10.29252/nbr.10.2.143 

 

������� ���  !� �"�� �� #$ ��%��	 &$��'(� ��(�  �� )��*
+� ��   ,�*- .�%����/$� 
 

��	01����  ���2���  

 �0$���  �	�231 5   &$��  6�$��*+15  ��� �07-�15  &$8+  ����91 5  �
0:�  �$���+� ���2    
&��< ���=>��1
 

1 
$%&  �'�()  �*�"+ $   ,*��- 	�.�*&  
�/����  0!�$��1 $ 23�(  �4*56
������ 	  78�  	��*3��� �� �	9*3  :�%;� <2  
$%&  ="�> $ �'�()   	���5?�3 
�/����  

0!�$��1  $  23�(  	�4*56 
������  78�   	��*3��� 	9*3���   :�%;�  

@"AB  :��5+�/  �* �   	:�*���' Sofalian@gmail.com  

  

 )&$2? .  �"D�   �/;   !�  E) F;%+  :�.�*&  
%*+  83 �G"   
�"3  $   ��  
%*�   �;�H?  !�  I*
.�  0��;!   ����"#%3  .I'�  K3 �"L(   �'�%3  M"(+  	�/*��-   ��;� !N  �3  18   P*+"�-  

�"D�  ��  Q��R  S%6  T"�30�.  UV �1  �W��X+  �%��  .��  YZ  !�  0%*&"#  :�.�*&  K3  	� %'  ��
*+   [;�&�!  ��  0�.� �  6 -	  8 -  $  10 -  @�
>�  ��  $  0� �  50  ���� 

�&�(�1  )50LT (  :N �.   �3   9;�5+  I*3$%Z   F**4+   .��  95R   $   �43   !�  K�^%   0%*&"#   K�"
�   �&%3   I���%3   $   :�_*   0�"��    �5B�  `N   	a%3  
_*���0�.  	0_�('"�W 

	F*�$%Z  �(R  	@"��   ����  	F*A+$%Z  	!G�+�1  	!��*B1�%Z  ��ZW(@"*B1� !��  $  b#��  ��(;_5'  
!����0%*&  .��  ��� ;c   _d+;K  ��$ ;Y��  ����  �/;-"�";_*W  :���  ��� 

K1   �
+ �  ����  ��"   '�%3�  K3  ?*%  !�   *:�_  W$%�1*9a	  W$%�1*9b	  $  �Z�   @"(W  B1�%Z* 	!��  !�   %L�  �%�; e  &"#*% 0  ��  fg'  1   ����  �3  ;�/ ;%�  �$��+  (4 � ���  

.�(����  ��  ����  W$%�1*9a	  W$%�1*9b	  $  �Z�   @"(W  B1�%Z*!��  !�   %L�  �%� ;e  &"#*%0  ��   fg'  5   ����   �3  ; �/; %�  �$��+  (4 � ���  .�(����  =�R��  ��"   '�%3 �  !� 

%L�   ����  W$%�1*9a	  W$%�1*9   91  $  b#��  _5';�( �  ���� 0   �$��+  (4 � ���   "3.���   ��  %h�   93�8�   �%�; e   ×   ER�   �* _   !�    *:�  �1*K  ����  ��"   '�%3�  !G�+�1   $  

�� b#  _5';�( �  �3   E.   �$��+  (4 � ���  .�(����  P*+"�-  5   �3   F;%�
1  ���8   50LT   )86/8 - (  $  F;%+G�3   ����  
��! ���   %)80(  =$�8  F;%+  $   P*+"�-  10   �3 

F;%��*3  ���8   50LT  )57/3 -(  $  E1F;%+  ����  
��!���   K3  
�%
.  P*+"�-  15  l�B^F;%+  P*+"�-�.  K3  [;�&�!  K�#�(�   ����.  K3  �"L(   �3�;!��  M"(+  /*��-	� 

DNA  m�%D�'�  $   �3  
����'�  !�  21  %&!�?N  n��D   ISSR  ��"   �'�%3  ��%R  .IW%&   c;���  9��^   %���*3  �"�$  ��ZEB*W�"    �(o)   (��/�  ��  :�*   F;�  =�R��   .�"3  

��  M"
d   101  ��"�   fp�$  �*�"+  	��  K1   !�  F;�  :�*   94  ��"�  9/��(o  .���"3  0�"��   ��>V6�  �(o   ��/�  )PIC(   ��  
�$��   332/0  %&!�?N)  7(  �+  049/0  

%&!�?N)16(  .�"3  :�_*    M"(+   ��-  F*3  126/0   �+  977/0  %*r�   .�"3   K;_d+  $  9*��+   %�'V1  P*+"�-�.  �3  
����'�  !�  Q;%p   K3��+  ���1��  $   K3   s$�  UPGMA 

 =�d��  �� $ 18  P*+"�- 
�*&  �"D� �� 3 
$%& K�'�0�(3  .����  

 
%�
)	�� &$�A�. 
��)3	0!�'  M"(+ 	�/*��- ��*�"X# 	�/;-"�";_*W ISSR	.  50LT  

 

Evaluation of freezing tolerance in chickpea promising genotypes 
(Cicer arietinum) using physiological traits and molecular markers  

 

Elmira Shokoohi1, Omid Sofalian1, Ali Asghari1, Saeid Khomari1, Behrooz Esmaielpour2 & 
Hamed Aflatooni1 

1Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources, University of 
Mohaghegh Ardabili, Ardabil, Iran; 2Department of Horticulture, Faculty of Agriculture and Natural 

Resources, University of Mohaghegh Ardabili, Ardabil, Iran 

Corresponding author: Omid Sofalioan, Sofalian@gmail.com 

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 (LT50) 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 LT50 (-8.86) and the highest survival percentage (80%) was the most resistant 
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genotype and genotype 10 with the highest LT50 (-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, LT50, physiological characteristics, vernalization 
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����'�.  

Table 1. Sequence and annealing temperature of used ISSR primers. 
Temperature  Sequence mersiPr   Number  Temperature  Sequence Primers  Number 

43  AGA GAG AGA GAG AGA GT *31  42  GAG AGA GAG AGA GAG *1  

42  CTC TCT CTC TCT CTC TA 14  45  ACA CAC ACA CAC ACA CCA *2  

43  CAC ACA CAC ACA CAC AT 15 *  45  AGA GAG AGA GAG AGA GAA *3  

42  TCT CTC TCT CTC TCT CC *16  45  AGA GAG AGA GAG AGA GCC *4  

43  ACA CAC ACA CAC ACA CT *17  42  AGA GAG AGA GAG AGA GC *5  

43  AGA GAG AGA GAG AGA GCT *18  42  AGA GAG AGA GAG AGA GG *6  

43  AGA GAG AGA GAG AGA GCC *19  42  GAG AGA GAG AGA GAG AA *7  

43  GAG AGA GAG AGA GAG ACC *20  42  AGA GAG AGA GAG AGA CT *8  

44  CAC ACA CAC ACA CAC AAC *21  43  AGA GAG AGA GAG AGA CTA *9  

46  CTC CTC CTC CTC CTC CTC 22  43  GAG AGA GAG AGA GAG ATT 10 *  

42  GGA GAG GAG AGG AGA *23  46  TGT GTG TGT GTG TGT GGG *11  

     42  TCC TCC TCC TCC TCC 12 *  
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��.  

Table 2. Viability percentage and average lethality (LT50) of Chickpea Genotypes at different temperatures and 
under controlled conditions. 

Genotype number  Viability Rate %  LT50 

 
 -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 

 

E
&F 3-  KB;�8  F*���*   50LT  0�%3 P*+"�-0�. �"D� ��"  K4��g . 

.enotypesG hickpeaC studied the for 50LT average the of Comparison 3. Table  

Genotype LT50 

1 -5.756ab 

2 -5.498ab 

3 -6.504ab 

4 -7.090a 

5 -2.808b 

6 -4.628a 

7 -6.528ab 

8 -6.130ab 

9 -4.253a 

10 -3.570a 

11 -5.526ab 

12 -5.044ab 

13 -5.150ab 

14 -3.690a 

15 -4.649a 

16 -5.802ab 

17 -6.315ab 

18 -6.416ab 

F*���*  0�.  0����  }$%^ T%��  ��  %. :"�'  �R�W �#�V} 0�� N  �� fg' c(Z   ���� �(�B..  

Averages with common letters in each column have no statistical difference at the five percent protection level . 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
5.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

br
.k

hu
.a

c.
ir

 o
n 

20
26

-0
6-

13
 ]

 

                             8 / 15

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


K�W�; ��� 	��B;! ="�> �� F;"� 0�.10 
��
� 	2 :157 -143 )1402 (Nova Biologica Reperta 10(2): 143-157 (2023)                                                     

 

  151/151 

 

  

  

�23  1-  
$%& 0�(3  P*+"�- 0�.   �"D�   %3   l�'�   ����  �3�;!��   
��  �3   s$�  WARD  ��   e;�%�     t*Z   !�   �;� %'"#  $  YZ  !�  �;� %'"#  )1	  2 	  3 	  4 	  5	  6 	  7 	  

8	 9	 10	 11 	 12	 13 	 14	 15 	 16	 17 $ 18 .(  
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) . 

E
&F 4 - 0�.%� ���Z M"(+  �/*��- l�'�%3   0�.%����� ISSR . 

Table 4. Genetic variation parameters based on ISSR markers. 

Primer 
number 

Primer sequence Total number of 
alleles observed 

The number of 
effective alleles 

Nei's genetic 
diversity  (He) 

Shannon 
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 AGA CT 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 CAC AT 2 1.56 0.33 0.5 
16 TCT CTC TCT CTC TCT CC 1 1 0 0 
17 ACA CAC ACA CAC ACA CT 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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E
&F5-  0�.%����� ISSR  ��"  K4��g  $  b#��0�.  K3I'� � N .
  

Table 5. The studied ISSR markers and the obtained indicators. 

Primer 
number 

Primer sequence 
5’ ͢  3’ 

Total number 
of band 

 Polymorphism 
percentage 

PIC MI RP MRP EMR 

1 GAG AGA GAG 
AGA GAG 

3 1 33.3 0.0953 0.095 0.444 0.444 0.333 

2 ACA CAC ACA 
CAC ACA CCA 

7 7 100 0.1871 1.309 2.333 0.333 7 

3 AGA GAG AGA 
GAG AGA GAA 

3 3 100 0.2975 0.892 1.444 0.481 3 

4 AGA GAG AGA 
GAG AGA GCC 

5 5 100 0.3176 1.588 3.777 0.755 5 

5 AGA GAG AGA 
GAG AGA GC 

4 4 100 0.1683 0.673 1.333 0.333 4 

6 AGA GAG AGA 
GAG AGA GG 

4 4 100 0.2782 1.112 2.111 0.527 4 

7 GAG AGA GAG 
AGA GAG AA 

4 4 100 0.3329 1.331 2.888 0.722 4 

8 AGA GAG AGA 
GAG AGA CT 

4 4 100 0.2076 0.830 1.333 0.333 4 

9 AGA GAG AGA 
GAG AGA CTA 

5 5 100 0.2419 1.209 2.222 0.444 5 

10 GAG AGA GAG 
AGA GAG ATT 

4 4 100 0.2703 1.081 1.222 0.305 4 

11 TGT GTG TGT GTG 
TGT GGG 

5 5 100 0.2892 1.446 2.555 0.511 5 

12 TCC TCC TCC TCC 
TCC 

4 4 100 0.2273 0.909 1.444 0.361 4 

13 AGA GAG AGA 
GAG AGA GT 

4 4 100 0.2014 0.805 1.222 0.305 4 

15 CAC ACA CAC 
ACA CAC AT 

4 4 100 0.2695 1.078 2 0.5 4 

16 TCT CTC TCT CTC 
TCT CC 

2 0 0 0.0497 0 0 0 0 

17 ACA CAC ACA 
CAC ACA CT 

4 3 75 0.1361 0.408 0.888 0.296 2.25 

18 AGA GAG AGA 
GAG AGA GCT 

6 5 83.3 0.2168 1.084 2.111 0.422 4.166 

19 AGA GAG AGA 
GAG AGA GCC 

8 7 87.5 0.2319 1.623 3.222 0.460 6.125 

20 GAG AGA GAG 
AGA GAG ACC 

6 6 100 0.1489 0.893 1.111 0.185 6 

21 CAC ACA CAC 
ACA CAC AAC 

9 9 100 0.2333 2.099 3.666 0.407 9 

23 GGA GAG GAG 
AGG AGA 

6 6 100 0.2672 1.603 2.777 0.462 6 

 Total 101 94       

  

  

�23 2-  0"��� 0�(3��"� %&!�?N   
��
�18  �� P*+"�-0�. ��"  K4��g   .�"D�  

Figure 2. Banding pattern of primer number 18 in studding Chickpea Genotypes. 
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���0�.   %����� ISSR   �3 
����'� !�  Q;%p K3��+ ���1�- $ $� s  UPGMA.  

Figure 3. Grouping of Chickpea Genotypes based on ISSR Marker data using Jaccard similarity coefficient and 
.UPGMA method.  
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marker. ISSR to related analysis Component Principal  6. Table  

 1 2 3 

Relative Variation 29.02 12.68 9.82 

Cumulative Variation 29.02 41.70 51.53 
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� $� 0�43 t(1�%Z  �-P*+"0�.  �"D� %3  l�'� $� K���  0�. ���� @$� $ =$�  0�%3 
���0�. ��"/�"  ISSR . 

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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