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ABSTRACT 

Cherry (Prunus avium L.) is one of the best fresh fruits, which has a special place and importance in the Iranian fruit 
industry. Considering the rich germplasm of the Cerasus subgenus in Iran, knowledge of the genetic potential of this 
subgenus is important for identifying gene reservoirs and developing effective strategies for germplasm conservation. In this 
study, the seedling of some genotypes in the Cerasus subgenus P. avium, P. microcarpa, and P. incana species was assayed 
in full and without irrigation conditions performing physiological analysis in response to stress. From a genomic point of 
view, the genetic diversity of these genotypes seedlings was assessed using simple-sequence repeat markers (SSR). 
Morphologically, P. microcarpa species showed lower leaf area, height, and diameter compared to P. incana and mainly P. 
avium. Photosynthesis in seedlings decreased during drought stress, but this decrease was more in Avi-Ala 11 (5,500 µmol 
CO2 m

-2 s-1) compared to Inc-Kho (10,760 µmol CO2 m
-2 s-1) and Mic-Kor 3 (10,340 µmol CO2 m

-2 s-1). Our results show 
that both P. microcarpa and P. incana species can be considered drought-resistant rootstock in cherries and a possible 
genetic source for drought breeders. The results of this research can also help to determine the relationship between 
phenotypic and genotypic data for the identification of molecular markers associated with drought tolerance. 
 
Keywords: Cerasus subgenus, photosynthesis, Prunus, simple sequence repeats (SSR). 
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 2�8#1. D$%3,  �� >"& 20 ;4(= �� b"F(4/  s9# %.� +��Cerasus a	# QL� � 8B ?�%	� ;& ;^'�[� <.� �� ?��U�$� ��(� +��C.  
Table 1. Species, origin, accession code, and collection site of more than 20 accessions from Cerasus subgenus 

species used in this study. 
Accessions 

code Scientific name Origin  Region of collection  Accessions 
code Scientific name Origin  Region of 

collection  
Mah-Urm* Prunus mahaleb Iran Urmia – West 

Azarbayjan Avi-Ala 11 Prunus avium Iran Alamout - 
Qazvin 

Avi-Ala 1 Prunus avium Iran Alamout - Qazvin Mic-Kor 11 Prunus microcarpa Iran Kurdestan 
Avi-Ala 2 Prunus avium Iran Alamout - Qazvin Avi-Ala 12 Prunus avium Iran Alamout – 

Qazvin 
Mic-kor 3 Prunus microcarpa Iran Kurdestan Avi-Ala 12 Prunus avium Iran Alamout – 

Qazvin 
Avi-Ala 3 Prunus avium Iran Alamout - Qazvin Avi-Ala 13 Prunus avium Iran Alamout – 

Qazvin 
Avi-Ala 5 Prunus avium Iran Alamout - Qazvin Avi-Ala 14 Prunus avium Iran Alamout – 

Qazvin 
Avi-Ala 7 Prunus avium Iran Alamout - Qazvin Avi-Ala 16 Prunus avium Iran Alamout – 

Qazvin 
Inc-Kho 8 Prunus incana Iran Khoy – West 

Azarbayjan Avi-Ala 18 Prunus avium Iran Alamout – 
Qazvin 

Avi-Ala 8 Prunus avium Iran Alamout - Qazvin Avi-Ala 22 Prunus avium Iran Alamout – 
Qazvin 

Mic-Kor 10 Prunus microcarpa Iran Kurdestan Avi-Ala 23 Prunus avium Iran Alamout – 
Qazvin 

Avi-Ala 11 Prunus avium Iran Alamout - Qazvin Avi-Ala 24 Prunus avium Iran Alamout - 
Qazvin 

Mic-Kor 11 Prunus microcarpa Iran Kurdestan     
 ;& ;4(= <.� *;4�(# I8S D!S 2�34�� <".�* ��8^F �  4�  &�.��� �� ?8�C D$8& +��   �"�4/ g(9F  $�%& �� �39F � D$� ?854 ����  �51 >9F ;& )$�* +��

.D$� ?8
 ��L' 
*This accession was not tested for drought, so just evaluated for genetic diversity, because of low seed germination and insufficient number of emerged seedlings.  
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 Q]�9�DNA �%& �34C+ $�%&   g(9F

�4/ �" &<" ;4(= �%& .8
 x�%A�$� ��+ $�%&   g(9F

�4/ �" F(4/b"  ���DNA ;4(	4  �� ?8
 ;"3F  =%& +��

2�34��  f�� �� ?��U�$� �& ��CTAB  �(�$� kJW �

 ?8
 yRd� Q	^'�Doyle & Doyle )1989(  x�%A�$�

 ?8
 �^F �� 8^&<"" BDU" 	B �D" � ?��U�$� �& �34C� 

 �����(4�4+�%& $�%&  1%&  ��%B���+ SSR  ��(�

D,%= ��%H ?��U�$�  2�8#)2( .+�%& D1�$ I�%=�84�  

UPGMA �� I%4 ��-,� MEGA ?��U�$� 8
 

)Kloosterman et al., 1993; Nei & Li, 1979(.  
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qR��B ?��� .8
 I�`4� ��%�F ;$ ��  ,��NF  �� s* ��

a	# I%4 �� ?��U�$� �& � ?8
 YF%� �+��C  +����-,�

MEGA� InfoStat  � StepOne ��%H Q"!LF � ;.-`F ��(�

I%4 �� ?��U�$� �& �����(	4 G$� � ;�,%=  ��-,�Excel  I�`4�

 .8
  

  

B��C� � D$�    
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&� ;#(F ;& �.��4  &�.��� K�Ud  	B �  U"B � 5.�� 

b"F(4/ �� �� %_4 K�Ud  �./('(,�(� g(9F  .M�& �� 
�54 

84��� .Y'�# ;#(F D$� ;B Mic-Kor 2  +���� <.%�	B 

Z[$ �o%& ;H�$ %[H � <.%�	B g�UF�� �& ?%= +�� ?�F(B 

�� <"& b"F(4/ �� �(& ;B  � 84�(F +�%& yRd� 
�=899B 

Y'�# 8
�& .<.%�5"& Z[$ o%& � <.%FM�& g�UF�� k!^�� 

;& b"F(4/ Avi-Ala 11 � <.%�5"& %[H ;H�$ �� b"F(4/ 

Avi-Ala 24  �(&. �� %_4 b"F(4/ � �./('(,�(� ;4(= +�� 

P. microcarpa Z[$ �o%& g�UF�� � %[H +%�	B �� �� 

;�.�]� �& P. incana � b"F(4/ �F8	S +�� P. avium 


�54  ���)2�8# 3 .(?�RS %& �<.� b"F(4/ +��   

P. microcarpa DJ�4 ;& %.�$ b"F(4/ �� Q.�	F K��S ;& 

?8"&�(1 +8
� �& ;4�84� +�� o%& +%�5"& 89�
�� .�� P. 

incana � P. microcarpa� o%& �� �� Z[$ +���� <.%.� 

z%B ?�(& ;B ;&  �6�� �& G5: %"P Z!�� Q&�H ?8��5� 

89��� .�� �D.�34 P. incana s�S%& P. microcarpa� 

+���� o%& ��+ � ?8"5B ?%"F  D$�. �([4�	� ;B ��_�4� 

 � �D,� K��UF Q&�H  3#(F �� K�Ud  �./('(,�(� 

?��84� +%"= ?8
 � )$�* ;& >9F <"& b"F(4/ �� ?8��5� 

?8��5� kJW .8
  �  �(& +���� 
��1�� ��  4�8"� +��

?��� +��86 �F +��  �./('(,�(� �� <.� �k"]LF ;4(= �� 

P. incana � P. microcarpa qM�	�6�  � 894�(F �� 

;��4%& +��  6Rd� ;& 
�(9S ;.�* +�� ?�F(B�* � I��]� ;& 

 �51 �� ('�J'C � hR"= ?��U�$�  ;& ��"4 ;B 84(


;^'�[� ���� +%�5"&.  K�^'�[� kJWI�`4� � !JH ?8
 <.� 
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;4(= ��  � 894�(F �� z�1 +��  1Ri9$ � 051 8
� 

899B .<�
�� o%& ��+ 0:(B �& z%B ��.� 
�54 ?89�� 

D���]� �34C �� %&�%& j.�%
 Y$�9��4 z�1 �  �51 

 D$�)Mozaffarian, 2002; Zamani et al., 2012(.  

.�"�#����$ '�() �����%
  

;�.�]� <"i4�"� �� 
�54 ��� ;B  +��%�����*

0./('(.-", ;& ?@.� �� j.�%
 �(J	B XC  4M(W K8� 

;& �(W  F��U�� DLF %"T�F  '���51 ��%H  � 84%"=.  

  

2�8# 2 .I�4  ��%i4�54� ��8^F Q'C +��  .�$�9
 ?8
 Fj$( +��%	.�%* SSR �� +�� b"F(4/ ��(�  s9# %.� ;^'�[�Ceracus 
Table 2. Marker names and the number of alleles detected by SSR primers used in studied genotypes. 

Markers Reference Repeat motif Ta (°C) Alleles (no.) Heterozygosity PD 
PceGA34 Downey et al. (2000) - 60 7 0.364 0.744 
UDAp471 Messina et al. (2004) - 56 7 0.727 0.826 
UDP98-025 Testolin et al. (2000) (CA)19 57-63 4 0.500 0.694 
UDP98-410 Testolin et al. (2000) (AG)23 57-63 7 0.308 0.805 
UDP98-416 Testolin et al. (2000) (AG)18 57-63 3 0.111 0.370 
UDAP-412 Messina et al. (2004) (AG)9(N)7(AG)18 56 6 0.273 0.810 
UDP-008 Cipriani et al. (1999) (CA)23 55-63 2 0.000 0.180 
UDAp456 Messina et al. (2004) - 56 7 0.727 0.826 
BPPCT-034 Dirlewanger et al. (2002) (GA)19 57-60 5 0.200 0.680 
BPPCT-012 Dirlewanger et al. (2002) (CT)13 CC(CT)7 57-60 5 0.222 0.765 
BPPCT-007 Dirlewanger et al. (2002) (AG)22 (CG)2 (AG)4 57-60 3 0.308 0.473 
BPPCT030 Dirlewanger et al. (2002) (AG)25 57-60 4 0.091 0.446 
PACITA10 Lopes et al.(2001) (CT)26 46 3 0.100 0.340 
PACITA23 Lopes et al.(2001) (AC)2(AG)18 50 5 0.417 0.681 
PACITA6 Lopes et al.(2001) (GA)23 50 5 0.727 0.645 
CPSCT005 Mnejja et al. (2004) (CT)16 62 4 0.615 0.627 
CPSCT044 Mnejja et al. (2004) (GT)8(AT)4 …(GA)7CA(GA)4 62 1 0.000 0.000 
CPPCT006 Aranzana et al. (2002) (CT)16 57-60 3 0.167 0.569 
CPPCT023 Aranzana et al. (2002) (CT)9 55 1 0.000 0.000 
CPPCT-008 Aranzana et al. (2002) (CT)6 …(CT)7 59 4 0.083 0.514 
Total    86 - - 

  

2�8# 3 .;�.�]� <"i4�"� K�Ud  	B  b"F(4/  �./('(,�(�  +����(� ;^'�[� �� ;4(=  +��s9#%.� Cerasus  ),P. avium 

P.microcaropa � P. incana .(�9* ��%�F  �./('("& +�%&  &�.��� %� %�����*  �./('(,�(� ��(� >`9$ ��%H D,%= . 
Table 3 Means comparison of quantitative morphological traits of studied genotypes from some species of subgenus 

Cerasus (P. avium, Pmicrocaropa, and P. incana), Five biological replicates were assayed to evaluate each 
physiological parameter.. 

Genotype Leaf Area (mm2) Height (cm) Diameter (mm) 
Avi-Ala 1 867.26 dce 56.66 jhik 3.56 j 
Avi-Ala 2 824.39 ij 53.33 jlk 3.89 ijhg 
Avi-Ala 3 835.823 higj 53.66 jlk 4.57 ef 
Avi-Ala 5 833.51 higj 52.66 lk 3.73 ij 
Avi-Ala 7 834.79 higj 45.00 mn 4.13 ijhgf 
Avi-Ala 8 851.73 hdgfe 42.33 n 4.57 ef 
Avi-Ala 11 920.73 a 168.00 a 5.49 ab 
Avi-Ala 12 868.82 dce 75.00 d 5.73 ab 
Avi-Ala 13 816.71 j 66.00 e 4.56 ef 
Avi-Ala 14 839.85 higfj 61.00 fheg 3.70 ij 
Avi-Ala 16 827.80 hij 53.33 jlk 3.71 ij 
Avi-Ala 18 859.07 dgfe 46.66 mn 3.77 ijh 
Avi-Ala 20 890.40 bc 64.33 feg 4.41 egf 
Avi-Ala 22 874.46 dc 44.33 mn 4.33 ehgf 
Avi-Ala 23 826.194 hij 45.33 mn 4.27 ehgf 
Avi-Ala 24 819.71 j 133.66 b 5.87 a 
Mean values 856.86 mm2 70.51 cm 4.44 cm 

Mic-kor 1 15.80 l 29.33 o 5.17 bdc 
Mic-Kor 2 14.94 l 12.66 p 2.73 k 
Mic-Kor 3 17.07 l 76.66 d 4.40 egf 
Mean values 15.93 mm2 39.55 cm 4.12 

Inc-Kho 8 226.08 k 53.00 jlk 4.73 edc 
<"i4�"� 
(�$ %� �� 0. 2�	�6� Z[$ �� �z%�5� e%6 0. QH�86 �&  .��84��84 +���  9^� K��UF 8d��.  

In each column means followed by at least a common letter, are not significantly difference at 1% probability level. 
  

  

  

  

  

  

  

  

  

  



972   :
����	� �  !"!#$�%&  '(�'(�  � )$�* ��+ (,�(�- ,"-./('(.0 1%&  2�34�� ��+ 56�  ... 

 
  

  

;& +�(W ��	"F <"& ;B  9^� eR�1� �� +��� 

)01/0P≤( <.%FM�& � ���� �(#� 8��
 ;& DJ�4 
�-"� 

+��= KM��JF �� b"F(4/ �� ;& �(W K��U�� �� ��	"F 

8��
 � <.%�	B 
�-"� �� 
��� >9F ?8��5�  8


 Q�
)1( .>9F DLF 
���"= �+��_�4� Q&�H �(W ;& 

 �51 s* �� 15 ��� >9F -�9$(�, 
�-"� +%�	B �� 


�54 84��� ��� <.� >��B �� b"F(4/Avi-Ala 11 

(5.500 µmol CO2 m-2 s-1) �& ;�.�]� �� 

b"F(4/ +��Inc-Kho  (10.760 µmol CO2 m
-2 s-1)  �
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-2 s-1) .�(& %�5"& 

+��89.C%, �+-�9$(�, �� �'�1 -�9$(�, ;!	# )Pn �(
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)Wang et al., 2015; Monakhova & Chernyadev, 
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D
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Q�
 1 .~%4 -�9$(�, )Pn(� D.�8� ;4��� )gs(� %VB�86 ?���&  .�"	"
(�, )Fv/Fm(�  8d��+�(�L�  J�4 XC o%& )(%RWC � 
�-"� 

Q",�%!B )SPAD ( �� DLF � 8��
 +�� 2�3415   �51 >9F ��	"F ���b"F(4/ ;^'�[� ��(� +�� %.� s9# h($�%$ P. avium� P. 

incana � P. microcarpa   
Figure 1. Photosynthesis rate (Pn), stomatal conductance (gs), maximum photochemical efficiency (Fv/Fm), percentage of 

leaf relative water content (%RWC), and chlorophyll content (SPAD) in the control and 15 days under drought-stressed 
treatments of genotypes in Cerasus subgenus P. avium, P. incana, and P. microcarpa.
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 Q�2 . I�%=��84�UPGM  +��%B��� -"'�4C �� Qd�6SSR   ��13 b"F(4/ �� ��3: ;4(= I�/  G$R* Cerasus  

Figure 2. UPGM dendrogram from SSR marker analysis in 13 genotypes of 4 species from Cerasus germplasm. 
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