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52.7 70.8 39.0 67.2 100.0 27.5 28.8 40.7 16.5 17.2 43.0 -8.6 
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�9��
� ���� 	��R
A ���>� l��i75�N�R
A B4.�U� :��5 � PI =���� @4V%��- ��R4� ��4G ���POD 1SOD  �PPO �� 1

Y� 8� ���� n�I N45�7-50 	�4� �� �Z��	- ~�7  g�� �� PI =���� @4V%��- .�� ���
�Bradford )8( �9��
� ��5 9� � ��4G

) ���G @4���.ABSA ���� ( N5� .��2�G �2� 75� 2���
�75� 	���� 1B��0
 �2�7���PI =���� @4V%��- �  �� �
��
 ��K \8

	�4� .�� ��4� �% �9� ��G �2 ��G  

�9��
� N�R
A B4.�U� ��4GPOD  g�� ��Chance and Maehly )9( ��
� �7��7���76{5� ��S752 n�I �� � .��2�G �

 P��� :�I�� F��i�2750 Y� 8� ���� �74.��64�) N45�7-pH=7.0 1(100  1=�I���G �74.��64�100 .��64��74 �
,48I� 3A 

 �50 .2�� 	��R
A ���>� �74.��64� ����44D%  	Q 3h�120  l�� =�Q �2 � �4
�y470 �9��
� �7��
�
 �� N�R
A B4.�U� � ��4G

	�4� �2 �/4O2 �2 =���64� Y��!.�� ��4� @4V%��- ��G  

 N�R
A B4.�U�SOD  g�� ��Giannopolitis and Ries )16( �� ����44D%  	�I ��S752 n�I �� ����76{5� �2 �7��7

 l�� =�Q560 �9��
� �7��
�
 P��� :�I�� F��i� .�� ��4G2650  N45�7- Y� 8� ���� �74.��64�50 �4�	) �Z��pH=7.8 1(

200  �74.��64�EDTA 1/0  1�Z��100  �74.��64�NBT 150  @��X����� J�U� �74.��64��� ����� 50 �64� ���>� �74.�

 .2�� 	��R
A��47
��� 	�4� �2 �K�� \8K �� N�R
A @�� B4.�U�.�� ��4� @4V%��- ��G  

 B4.�U�PPO  g�� ��Fujita   ����6�� �)15( �9��
� �7��7���76{5� ��S752 n�I �� ���i� .�� ��4G P��� :�I�� F

750  N45�7- Y� 8� ���� �74.��64�50 	�4� ���� �Z��EDTA )pH=7.0 1(750 - ���78��5 �74.��64��I��4 � =�6%100 

 �� 3h� ��R4� .2�� 	��R
A ���>� �74.��64�10 n� �4
�y Y�� �� � ���120  l�� =�Q � ^�%� 	���2 p���� �2 �4
�y420 

�7��
�
 .�� ��
��< 	�4� �2 �/4O2 �2 =���64� \8K �� N�R
A B4.�U�.�� ��4� @4V%��- ��G  

 N�R
A B4.�U� 	5��� ����PAL �� 150 	�4���G �2 ��� �2�- H�� B����� 	�4� n� j��� �T��74
 ���� �74.

Y� 8� N��550 	�4�) �Z��pH=7.0 ���K (5% 	�-P4���	�- � ��%�I _6%�� n� 9� _- � ���E� ���4.��4-�@S� �9�5

 Y�� �� 1\4I�%15  B��5 �� � �/4O213000  ���2 �2 � �/4O2 �2 ��24  ���2z�48�5 �2�G T�4 ��7
�5 ������� =���� .�

��4%��64� �� 	���A �� �R��� �2 ��U� �2� 75� �% � P/7�� ���� ���℃80- 
 .�� ����0S N�R
A B4.�U�PAL  g�� ��

Saunders and Mcclure )25(  l�� =�Q �2 � �7��7���76{5� ��S752 n�I ��290 �9��
� �7��
�
 .�� ��4G :�I�� F��i�

 P���750 Y���� ���� �74.��64�N��5 10 	�4�) �Z��pH=8.8( 1750 =� ��4�A�45� ���78��5 �74.��64�-P4��@4
ZA 50 

	�4��Z��  �100 	��R
A ���>� �74.��64�  9� .2��n4���45  �45� ���� N5�2���
�75� 	���� �2� 75�  ���47
��  \8K ��

=����64� _
��% n4���45 �45�   �4.�%�2 ���  ��	�4� ��G@4V%��- B��5 n� Y�� �2  ��4���2�G.  

 8��4
��) :) :��� �;<&� �����RNA  =��4��
+ 7>�� 
.+cDNA ! ���5��?- ����@ 
,$+�! A�B�� RT-qPCR(  

 l��i75�RNA �
��
 9� PI n�I �� H�� ���RiboExTM Total RNA isolation solution (GeneAll)  z�5� �� �

 	G2�.A �
�G�� JhK B0� .�� ���
� ��
9�5 BI�� �2�0�+4- g��DNA�
��
 1 �� 	���i75� ���DNaseΙ  .�
�� ���4%

 B4 4I � B4�I 	5��� 9� _-RNA  ���2�
�
 ��S752 n�I �� 	���i75� =��)NANODROP 2000  BI�� B<�5

Thermo SCIENTIFIC(  n�I �� 19��GA =T �RT master mix (GeneAll) TMHyperscrjpt  BI�� P�U.���752 z�5� �� �

 �
�i��7I B<�5 1��
9�5cDNA �
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 9� n� �� ����:4- ����G9�
A B � 	K��Q .�� ���
� ��_- � ��
�� �� ���� ��
��

�T 9� n�N�R
A ����I�I ��� ���POD 1SOD 1PAL  �PPO  @�X
A B��5 n�I ��).ut.ee/3http://primer( 3Primer  �

 	.��% z�5���CDS �T �2�2 ��S��- �2 �U.�q� 2��� ���NCBI  �T 9� .�� ���
�actin  ���� 	�<�2 =�7�I �T ����� ��

:�I�� ���RT-qPCR  =���) �� �2� 75�2.(  :�I��PCR  N�K �� :�I�� �� � 	64�6% ���6% �2 �� �
��
 �� ����20 

:4- �G9�
A �� 9� �74.��64� N4
 P��� �74.��64�_- � ��
�� �74.��64� �2 1��
��cDNA�74.��64� ��0` 1 ®HOT FIREPol 

qPCR Mix Plus (Solis BioDyne) ®EvaGreen � 113 �I �� :�I�� .�� ���
� �R4
��2 3A �74.��64� ��S752 n-Rotor

Gene 3000 (Qiagen)  N�R
A �2�I =�U� v�� �� 	���2 �<�` ���
�� �� ���q� �Taq  ���2 � �/4O2 k�- Y�� ��95  ���2

 _{5 1z�48�535 �9�5 �7��5�� ��K�� �5 P��� P6451  ���2 �295  ���2 z�48�5 Y�� ��20 =�>%� 1�4
�y2  �2
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 ���257 -55  ���2 z�48�5 Y�� ��20 
�yg�78G � �42  ���2 �2℃72  Y�� ��12 3�� ��K�� .B��G Y��! �4
�y2 

 9� ��2 �44D% ����2 P���50  �%99 .�� �2�2 :��R�� ��2 ���2 n� �4
�y k�- �� �2 �I 2�� z�48�5 ���2 

  

=��� 2- 	G,�� ��� :�I�� �2 �2� 75� 2��� ����G9�
ART-qPCR �T �� F����) 9��48I��- ���POD 1(

�-�5�48I�) 9�%��8�2SODP4�� 1(@4
ZA) 9�4.�4
��APAL 1(	�-=���) 9��48I�PPO @47I� 	S
�< �T � ( �2���7�9 H�� B�� 

�4.���8�I NO�.  

Table 2. Characterization of primers used in the RT-qPCR reaction related to peroxidase (POD), superoxide 
dismutase (SOD), phenylalanine ammonia-lyase (PAL), polyphenoloxidase (PPO) and actin-housekeeping 
genes in olive (cv. Conservalia) leaf tissue. 

  

 �!�+�!��� -  

 v�Q \.�O �2 :���9A P��I ��Q ���2�2 ����A ��R�% � �� ���� 	�2�>%���R� �����
 n�I �� �� ����A ��R��SAS  

 �i8
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 .2�� (	.��7� =�5 �2) =�5 �y� � (���6% k�-�2�2 @4S
�4� �8��/� �������R� ��� ���9A g�� 9� ��I ��4�<�	�U� JX7��23 

)LSD�2�2 2��� �2 .�� �2� 75� (� ���� 1	.�6.�T 	�8
 ��4� sq5 g�� �� ��CT△△− 2 )21(  � ��
 n�I ��� ��R� GenEx 

 �i8
5  � ��5������I�� �����R�� ��
 n�I �� :i� @�� ����ASPSS   �i8
20  ���9A \.�O �2 �t-Test  .�� ���
�

��
 n�I �� �Q���� �����2��
 ��R��GraphPad Prims 8  �i8
6 .��2�G N45�%  

/����  
_
����� ��R�% �2�2 �� �I 2�2 ��+
 B4UE�B.�K 1B<�2 	�2��� � ��A �����Ĥ4
	�U� �4y�% 1��2� � .�� �� ���

B8�9	��4�4� 	
��48I� 	7
A B4��C2���
 =���� @4V%��- ��R4� � PI �4W�
�X� ��R4� 1 1���  ��R4� ���=���  B��� PI

 =��7K� sq5 �2 H��1% 	�U� �4y�% ���2�5 P��/7� �y� � =�5 �y� �I B5� 	.�K �2 @�� .B��2�� 	�2��� p���� � =  @��

� .�� 9� ���I �4� ���� ��	G,����� 	�U� 	���9�� 2���.2��
 ��2 ��47
���  ��R�% R4.�
A��U� ���� _
����N�R
A B4. 	7
A ���

	�U� Y�� % 2��� �S
�4� ���48I� � ��A =�5 @4� �!�2 n� =��7K� sq5 �2 ��2��Ĥ4
 N�R
A ���� ���SOD 1POD  �PAL  �

 Y�� % 2��� ���	�U� N�R
A B4.�U� �w
 9� ��2PPO 5 P��/7� �y� � =�5 �y� .B5� ��7�9 ��7<�2 @4� 	�2��� p���� � =�

N�R
A ����	�U� n� �4� �2 R4
 ���48I� 	7
A ���.2��
 ��2  

��47
��� �7�� ���� @4S
�4� �8��/�� �=��� 	�U� Y�� % 2��� �S
�4� PIn� =��7K� sq5 �2 ��2 @4� �!�2  ��A =�5

 ���Ĥ4
  ��R4� 1z�5� @�� �� .B5�=���  ��7�9 ��7<�2 H�� �2 PI��Ĥ4
  2��K�2 9� �7+4� ����� �25� ��A ��7< B

)07/0±69/1 �05/0±81/0 	�4�n4.�G ��G  �45�  �2100  =�5 �2 \4%�% �� �% �9� ��G��Ĥ4
 A ��� P6�) (1.(  

 
2- Extension                                             2 - Melting                                                   3 - Least Significant Difference 

�T ��
 

Gene name 

�2�2 ��S��- ����� 

GenBank 
Accession No. 

:4- �G9�
A��
��  

Forward primer (5`-3`) 

_- �G9�
A��
��  

Reverse primer (5`-3`) 

=�>�� �UqO =�Q 

Amplicon size 
(bp) 

=�>�� 3�� ���2 

Amplicon Tm 
(℃) 

POD JX266209.1 
CTCTTCTCACAATTC
CAA 

TTACCACTCTACAA
TCCT 

147 84.5 

Mn-SOD AF427107.1 
GGTCATGTCAATCAC
TCAA 

CACCTTCTGCATTC
ATTTTC 

148 88 

PAL KJ511867.1 
TGATTGGGTTATGGA
GAGT 

TGCTCTTGTTGCTG
AATG 

193 87.5 

PPO KP968843 
CAACTCCCACACAA
AACTAA 

ACAGTGTCATCATC
AGCAA 

101 83 

actin AF545569.1 
GAATTGCCAGATGG
ACAGGT 

GAACCACCACTGAG
GACGAT 

188 - 
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Fig. 1. Two-year average of total phenol content in olive (cv. Conservalia) leaves under alternate bearing status 
based on LSD (P ≤0.01). 
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 (@4V%��- ��G��Ĥ4
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 �2	�4� ��G@4V%��- B��5 �2  � ��A =�5 �2 \4%�% ����Ĥ4
 P6�) (3	�U� ��Q �� B4.�U� ��R4� ( =�5 �2 ���2��Ĥ4
  �7+4�

.2��  

  

  

  

  

  

  

  

  

  

  

  

 

 

Fig. 2. Two-year average of A; peroxidase (POD) and B; superoxide dismutase (SOD), enzymes activity 
changes in olive (cv. Conservalia) leaves under alternate bearing status based on LSD (P ≤0.01). 

 P6�2 -  �.�5 �2 @4S
�4�N�R
A B4.�U� ���A) 9��48I��- :POD � (B�-�5 :�48I�) 9�%��8�2SOD�2 1(  NO� ��7�9 ��7<�2 H�� B���

 �4.���8�I �2 @4S
�4� �8��/� z�5� �� 	�2��� 3���% p���� ��4�I	�U� JX7<���2 )LSD) (P ≤0.01.(  
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Fig. 3. Two-year average of phenylalanine ammonia-lyase (PAL) enzyme activity changes in olive (cv. 
Conservalia) leaves under alternate bearing status based on LSD (P ≤0.01). 

 P6�3 -  �.�5 �2 @4S
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 @4S
�4� �8��/� z�5� �� 	�2��� ��4�I	�U� JX7<���2 )LSD) (P ≤0.01.(  
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≤0.01�T ���� ( ���POD 1PAL  �PPO ) �!�2 k�- =��7K� sq5 �2 R4
 �p ≤0.05 �T ���� (SOD  @��� .2�2 ��+
 ��

�8��/� B.�K �2 �I \4%�% �� B�8
 ��A 	�2��� p���� ����Ĥ4
 �T �2 	�8
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2�2 ��+
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Fig. 4. Relative expression of genes encoding peroxidase (POD), superoxide dismutase (SOD), phenylalanine 
ammonia-lyase (PAL) and polyphenol oxidase (PPO) enzymes in olive (cv. Conservalia) leaves under 
alternate bearing status (ON vs. OFF). * & **, statistical significance at P ≤0.05 and P ≤0.01, 
respectively. 

 P6�4- �T 	�8
 ��4�N�R
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��� 	� 3���% �<�` o��� �2 ���8��
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 �I B5� 	.�K �2 @�� .���� 	�2��� �2	5������ 

 @4+4- B5� ��� B��y)20(.  

� .��	7
A B4��C 1PI �4W�
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Research article 

 
Changes in Gene Expression and Activity Pattern of Some Antioxidant 

Enzymes in Olive Trees (Olea europaea L. cv. Conservalia) in Relation to 

Alternate Bearing 

 

E. Dastkar, A. Soleimani*, H. Jafary, A. Bahari and M. Zeinolabedini11 

 

The alternate bearing, severe fluctuation in annual fruit yield, causes a type of abiotic 
stress in olive trees during ON-year, i.e. the year with high fruit load. Hence, one could 
assume a hypothesis in variation of leaves antioxidant capacity in this regard. The current 
study was conducted aimed at assaying this hypothesis through analyzing some antioxidant 
enzymes activities and their gene expression patterns. For this, leaves samples were collected 
from 12-year-old olive (cv. Conservalia) trees, both ON- and OFF-type, at flower bud 
induction phase during two successive years. Among studied criteria such as antioxidant 
capacity, phenol, flavonoid and total protein contents, the amount of phenol in OFF-trees was 
substantially higher than ON-trees. The activity of peroxidase (POD), superoxide dismutase 
(SOD) and phenylalanine ammonia-lyase (PAL) was considerably influenced by bearing 
status. In comparison to OFF-trees, the activity of the POD enzyme was higher in ON-trees, 
and the opposite trend was revealed in terms of SOD and PAL activities. The relative gene(s) 
expression of POD and polyphenol oxidase (PPO) in ON-trees, and SOD and PAL in OFF-
trees was significantly high. While the SOD showed downward trends, the POD witnessed an 
upward pattern in terms of its activity and gene(s) expression profile in ON-trees. In general, 
the phenolic compounds synthesis and their consumption are the dominant metabolic process 
in OFF- and ON-trees, respectively.  
Keywords: Abiotic stress, Antioxidant capacity, Biannual bearing, Olea europaea L. 
Phenolic compounds. 
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