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Comprehensive abstract 

Introduction 

Plants are often exposed to a various biotic and abiotic stresses. Salinity, drought, and temperature 
stresses are abiotic factors that negatively affect on physiological and biochemical characteristics of 
plants and reduce crop growth and productivity. Identifying key characteristics related to biotic and 
abiotic stresses is important in understanding plant responses at the molecular and cellular levels. 
Studying miRNA components in crop plants is an effective tool for early detection of stresses, 
physiological changes, and regulation of gene expression. The objective of this study was to identify 
key genes and miRNAs involved in drought stress tolerance and introduce them to improve rice plants 
for drought stress tolerance. 

Materials and methods 
In this study, microarray data of two drought-tolerant (Dagad Deshi) and drought-sensitive (IR20) 

rice varieties under drought stress were collected in three replications from the NCBI database and 
differentially expressed genes in these genotypes were identified using the GEO2R tool. Genes with 
LogFC ≥ 3 and LogFC ≤ -3 were considered as genes with increased and decreased expression, 
respectively. To determine the common genes between the sensitive (IR20) and tolerant (Dagad 
Deshi) genotypes, the VENNY tool was used, and to select key genes responsive to drought stress, 
genes that were expressed only in the drought-tolerant genotype were identified using the Cytoscape 
software, with the CytoHubba plugin and the MCC (Maximal Clique Centrality) method. The 
biological processes of key genes and differentially expressed gene pathways were assessed by the 
DAVID tool and the most important pathways were identified using the path analysis by the KEGG 
database. The psRNATarget tool version 2017 was also used to identify miRNAs regulating key 
genes.  

Research findings 

Microarray data analysis revealed that under drought stress conditions, significant up-expressed 
and down-expressed genes were observed in 33% and 26% of genes in the tolerant cultivar (Dagad 
Deshi) and 7% and 6% of genes in the sensitive cultivar (IR20), respectively. Also, in both tolerant 
and sensitive cultivars, 766 and 340 genes exhibited significant increase and decrease in gene 
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expression, respectively. The most significant biological processes, cellular components and molecular 
functions among the up-expressed genes in the tolerant cultivar (Dagad Deshi), included response to 
salicylic acid, cytoplasm and carboxylase activity, respectively, and among the down-expressed genes 
included monomethylation of peptidyl lysine, large mitochondrial ribosomal subunit and long-chain 
acyl-CoA reductase activity forming alcohol, respectively. KEGG pathway enrichment analysis 
revealed that the up-expressed and down-expressed genes in the tolerant cultivar were enriched in 18 
and 10 pathways, respectively. Among the altered expression genes, 15 genes including several genes 
from the MCM (Minichromosome Maintenance Complex) gene family, were selected as key genes 
involved in the drought stress tolerance pathway in rice. These genes included MCM5, Os05g0358200, 
MCM4, MCM7, NAC037, CDC6, OS11G0128400, RPA2A, OS12G0124700, MCM3, POLA, 

Os07g0406800, MCM6, Os05g0160800 and PCNA genes. Finally, 247 miRNAs including osa-
miR172c, osa-miR1849, osa-miR2925, osa-miR397a and osa-miR414 were identified and introduced 
for genes involved in the drought stress tolerance pathway in rice. 

Conclusion 
Based on the results of this study, 15 genes including several genes from the MCMs gene family as 

well as 247 miRNAs were identified as key genes and miRNAs involved in the drought stress 
tolerance pathway in rice. The genes and miRNAs identified in this study can be used to improve and 
produce drought-tolerant plants in rice. 
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Figure 1. Volcano plot of genes expression (|Log Fold Change≤3|) under drought stress conditions: A) Tolerant 
variety (Dagad Deshi), B) Sensitive variety (IR20). The horizontal and vertical axes represent gene expression 

based on Log 2 and the significant level based on inverse Log 10, respectively. 
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Figure 2. Up- and down-expressed genes in the tolerant (Dagad Deshi) and sensitive (IR20) varieties after six 
hours drought stress 
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Figure 3. Most important biological pathways, cellular components and molecular functions of the up-expressed 

(A) and down-expressed (B) genes in the tolerant variety (Dagad Deshi) under drought stress conditions  
 

 

   
L�
 4- Q-_B��" ,-�7�� I$,��� �@:��  ��0I �7����;� ��  �� �-I ���7� �@>��2 )A ( �) 27��B( #���3$>� �� _J� 6�,? 

)IR20 	S" (��
�V 2!" ��4I   
Figure 4. Most important biological pathways, cellular components and molecular functions of the up-expressed 

(A) and down-expressed (B) genes in the sensitive variety (IR20) under drought stress conditions  

  

��4 2!"I� ����;� � �
� 27�� �# ���� ��� �

5�>��7�!� >@��� ��A ���  L$[- ��I-�!�  ~��# �

�@>��2  �"� 3����7� ,�� *�F>�8 -I��
� .�B  �-�

,�� 2!" G:�-"��� O!- T��M� �I 0 �#_$,�7� 

$�5I,�����I� *�� �-����- � @$!0�$>�7� ��$,I 

-I��
 )El-Esawi & Alayafi, 2019( .���7�  ��

�t�p �7������0� 3���� B$,# �!��- w�$[-[u ��7_ 

s ��
�3 "���*�� - �O?��@ �@>� � @$!0�$>�2  � ���

� *�t��3�  �#��# �� 2!"��4I O!- T��M� �I  �5

- 	-��<-I�!!� )Zhang et al., 2017( . ���� T�F �=-

����^!" 3� ���_ ��!!��7� � �
�7�I�  	0� B�;-

� 2!����� 2!" L-��� 3#��  ���t ���p  *�F>�� H*�F>� 

���� L-��� �����,I �Q� 3�?�- ��I� 0 *�<$��*�!� 

 ��0I ^!"_ �!!� )Kohli et al., 2018( .,-� 

0�!�*I7� ����� 	O:+"��9 �# ��
B G +"��9 3�B 

���! C - *�F> ��I��!� ��I ,- ���7��  �� _Q-

5�>��7�!� I$,�� +"��9 .	0�B ��7��!  ��

^!"_��!!��7� ���� 5�> ����7�!�  ��0I 3# ��;


-I5��! � L;S" �� ���7� 2!" 3#�7� ��$,I  �

H���$,I 0�0� 2<�I ����� )Kamrava et al., 

2024( .���7� � 3# z�#�-�B ,-�  _J� �� L;S$-

)Dagad Deshi (�@>��2 #�� !F-I����  .����� ���� ��

��7��! �� @�5 �7���O,���"�O,>�_�7I�  ���� 3� �!$,7

�����9 T�O,>� *�� �- �� ���7I� ^�� ����5�B �"� 

T�O,> )ATP (�7��$,#�0 3#� - L<$!- ��4I�!!� .

�7��$,#�0� ��7��! -I�!���" +"��9 L-�
B��7 

7�#��T����7 �� #�oI�7 �!
�# )Yousfi et al., 2016 .(

��B @�5�_�7 5�> ����7�!�  ��0 z�P"��I �< � �� 9���7� 

(A) (B) 

(A) (B) 

543  



�� � �7miRNA a��# �� I��4 3# L;S" �� L4� ��7                      " /T�H T�<<S_7���Qo ����/  ���;
o���Q/ ��$,-� 1403 

y�" � �
�� 0�0� 2<�I ���O -I�!!�+"��9 .B ��7��! 

3#^!" ���!�_ ���!!�7� ���� 5�> ����7�!�  ��0I 

- 3$4�!
I���
  �;Q- 2<�I � L;S" ����7�  3#

2!"�7� ��$,I H ����$,I ����� )Kamrava et al., 

2024( . �0,�A 0�� ^!" �#_  �F>	 @�5�_�7� 

$�5I,�����I �- ����	 3����7� ,�� *�F>�8�  2<�

���� 2!" �# 3�#�<- ���7� ��$,I H ����$,I  .����

��B ��"G !k;7B �t ���p  ��
 3$,# � ��# *�$!�

3�����@>� � �7�2  	-��<-���7� 2!" 3# � 	0� �MZ- �7

3# ���!��A ^!"_ ��!!� ��# �
�� �<"�	 L;S" ���7� 

 ���- 3:�"3$>�� ���J  	0�) Khorrami Moghadam 

et al., 2023(.  �,- �
 ���� @� 27�89 B�� ��

 �M�- ���<- d"��� �� L;S" ��%�� �� �0� A, �0

 	0�,? L�� �� I�� .	0� ��
 ���� �6�,? _J�

 3# W0�9 �,-ABA .��# ABA G�H�  �
� 27�� ~��#

��3� ��7 ����� �I� -I��
 0�,? 	0� B�;- 3�	  3#

��4I �@>� ���2 �7� )Ma et al., 2024 �� .(

I0��# L�� �� I�� @� 27�89 B�� �� ��
 ��%�� ��7

 3# W0�9 �,- ��
 ���� �6�,? _J� 	0�,?ABA 

 .��#,��#��I  �7�� )Carboxy-lyases( @�5�_�7I�  ��

  6���7�� ,��#�� ���� 3� �!$,7L )CO₂-(  ���# ��

���  e5 3#�� ATP ��" ��T�P `r? w�$[- -I�!!� .

��B @�5�_�7 ^!" �#_ ,-�7��  �#�$-�I ;Q- 2<�I  ��

��
�V ��4 2!"I ���O -I�!!�. �O,> 9 *���T��� 

,��#��I  �� )PEPC(  �#�$- ��_,  vO!" � B#��

����� �- 3#���	 ����� 4� �����0� 7�#��T����7  ��

���7� - A;�I�!���%
 .I ) �����;7 �Shojaee et 

al., 2022( ����� ����  3� ��# ��PEPC  ��J�� ��

 6�,? ��!� �$-L;S ��# T��O$-  ���B  f�� �# ��$>�

qPCR  @�N"�� �
.  �O 5 _�@�5 �� IO�$[- D����

 � ��7�� �� �������������0  3� ����� ��:� T���:�-

�5 IU�R$4� ���$,#�0 D�!$- ��,# �7 �� ���,# .	0�

�5 � �7�������� �O 5 @ ���7 I�����" �# ���� �7

 ������ �O 5 � ������ @ ���7 I�����" ��7������0�� �

) ����� @� ��Poursharifi & Zarei, 2016 �� .(3F �=- 

�u�?  @� 	 �F>V���
 �� L;S$- _J� �� _�@�5 B�� 

 2!" I��4 2��@>�	>��  _J� B�� L;S" L�s� �� ���# .

 _J� ��) L;S$-Dagad Deshi(� 73 L-�� I,�����  ��

 27�89 B��I!F- ��# �]" 3� �
 I��0�!
 �� ����

 .����� ����55 L-��  3�;: �� I,�����WRKY� NAC� 

ethylene-responsive transcription factor �MYB 

 �MADS-box  � ��# 2��@>�18 L-�� 3�;: �� I,����� 

E2FA� bHLH68� PCL1� LHW � PCF  ��# 27��

I!F-���� �� ����  .��������� L-����,I +"��9B�7I� 

^!" �U�!� 3# *�R"� �# 3� �!$,7;I ?�� ��3  	0�s�#

���7� ;Q- 2<� �`�7I ^!" ��_ #�� ��B ��� �7��O 

-I�!!�- �� .�� L-��� �����,I �5 2<� 3� _Q- �� �7

� L;S"��7� 2!" 3#�7� H���$,I  T�F �=- ��w�$[- 

�0�!
I�  ������4 30 �	0� ��
NAC �CBF  �MYB 

�!$,7 3$,:�# )Huang et al., 2015( . ��NAC  ��

��B �@>� 3F �=-�2 #�� !F-I���� ��� ���� ��4 �� ��  �

�� B# �� @� 27�89 B�� �� ��
 I>�F- ���� ��7

��# . 2<�NAC  W0�9 �� �73# 2!"�7� ��$,I  �

H���$,I � �# ���� � 	0� ��
 T�PM���B ����w ;Q-I 

� 3F0�" ���� ���O -I�!!� .3F �=- �� ��� 3� ��

 ��
 ��%�� I��4 2!" 	S" v,9��#��5�
 \[�- 

 3�#�� #2 �� �?  ��RcNAC72  ����� B���  L;S"

��4 3#I �@>� ���2 -I�7� � ��B ,- �� ���7�� 

0�!�*I7� ABA  �DREB/CBF-COR ���� 2<� 

)Jia et al., 2022(. ��I ����  ��L-����7 �����,I  3�

 3F �=- B�� ���@>��2 #��  ��$��> �	
��MYB ��# .

+"��9B�7� MYB ;Q- 2<�I 2!" 3# W0�9 ���7� 

S-=I ���O -I�!!�� �� .�� #��5,9���v 15  ��

MYB ��
 f��@� �	0 2!" 3# W0�9 �# 3� z�P"�� �� �7

�!$,7 )Mahmoudi et al., 2018( . �����;7 � I;^�

)Azimi et al., 2024( # ������ I"��O$-  �� ���# ��$��>

I,����� MYB80  ��_J���7  � 6�,?L;S$-  3#

��4I  ��!�� ��7��-  ����;� �� B�� �� L;S" ��%�� ��

 ���" I��4 2!" 3#����� .# ��B L-����7 �����,I 

�0�!
I� ���
 ���7� WRKY �@>��2 #�� !F-I����  ��

 .����� ����WRKY ��I l�@# ���"�B ������4�7� 

^!"_ ��!!� �����,I � ����7� 3# � 	0����!� *�F> 

��Q- � ��!!� 5�> �� ��!!���7�!� � _Q-7�I  	��


-I�!� .L-����7 �����,I WRKY 3#^!" ���!�_ 

��!!��7� ��I  �F> �#	�7� y-	P O!- �I  3$4�!


-I���
 )Shojaee et al., 2020.( 

%0� .��� 2��-KEGG  

 3�@%" �I!H L�S" �,- ���0KEGG  ��� ����

�� 3� L;S$- _J� �� 3$>�� ��# 27�� � 2��@>� ��7

553  



                                                �����;7 � I��%
                      " /T�H T�<<S�_7���Qo ���/  ���;
���Qo/ ��$,-� 1403 

3#�� G"�" 18 � 10  L�
) ���
 I!H �,-5(.  a��$�

�� 3� ��� ���� 3F �=- B�� �� ���� ��7�,- @ ��5 ��7

 �� 3$>�� ��# 2��@>� �#�$-_, �����0 � 3$0��� �

 �#�$-_, >��9��B �#@$!0� {�!"���� ��0_$, 

0!�*� I7�"�O,>��L ����!�*�$ � �#�$-_,  �B�s5

T�-�"��� � T�"��C05 ���!7� *�<$���7� ABC � �#�$-_, 

"�"����� ��� ��@/@���+������ � �#�$-_, �s5 �$#B �

� L-�F"��  � ����"�9 �#�$-_, ��$�s�� �@%"�3  ���B 

0� B � ��0� �@B � �#�$-_,   �O 5! �!A 0�� �

,-�7��  �#�$-A �0 *�<$��*�!� � ��-��77� �I

#@$!0�  �#�$-	�7� ���M�3 �,-� 0�!�* I7�MAPK �

#@$!0� ��{�!9�"� �� .����� 2<���# 27�� ��7 3$>�� 

@�  ��Py"	 @$!0�$> T���:�- �� B#�� ��,-�  ��$!9

T�O,> �#@$!0� �7��$��>�� �#@$!0� 0��7�� e�o �

#@$!0�  �#�$-	�7� ���M�3 �#@$!0� !>L {���9��9� �

#@$!0� "���B �#�0�B ��- � �@$!0�$> �,-�7�� 

 �#�$-A  ���0�!��;7� DNA .����� 2<�  

   

  
L�
 5- ,-� KEGG ���7� �@>��2 # 27�� ��� �3$>� _J� �� ) I��4 2!" 3# L;S$-Dagad Deshi(  

Figure 5. KEGG pathway of up- and down-expressed genes in drought-tolerant variety (Dagad Deshi) 
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Figure 6. Key genes identified in tolerant variety (Dagad Deshi) under drought stress conditions  
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Figure 7. MiRNAs regulating key genes identified in rice under drought stress conditions 
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