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Table 1. Name and origin of rice genotypes studied in this experiment 
No. Genotype Pedigree- Origin 

1  Hassani Local variety, Guilan, Iran 

2 Shahpasand Local variety, Guilan, Iran 

3 Mousa Tarom Local variety-Mazandran, Iran 

4 Hassansaraiee Local variety, Guilan, Iran 

5 Dom Sefid Local variety, Guilan, Iran 

6 Dom Siah Local variety, Guilan, Iran 

7 Dom Zard Local variety, Guilan, Iran 

8 Hashemi Local variety, Guilan, Iran 

9 IR50 IRRI- Philippines 

10 IR60 IRRI- Philippines 

11 Usen Egypt 

12 Dollar India 

13 IR30 IRRI- Philippines 

14 IR58 IRRI- Philippines 

15 TE-TEP IRRI- Philippines 

16 KMP-41 IRRI- Philippines 

17 IR28 IRRI- Philippines 

18 IR36 IRRI- Philippines 

19 Shiroodi Improved cultivar, Mazandran, Iran 

20 Lin203 Improved line (Nemat/ Domsiah), Guilan, Iran 

21 Lin416 Improved line (Nemat/ Domsiah), Guilan, Iran 

  

1�%?V 'L�
*��  

�,�#4 UG���,�#4 ��5��� ��U7
 m�=i
 *� ",* &�*

�,�#4 ���7%)��� ",*B �:�� b6�; �Z ?V�U> &*�U,� ��6� 

"-�%�A% �#� �� (.U+ �[��@% �5��� ?N ��U7
  

	 1O7EQO$?@?T,� ��8L &���>   

�e4 "���� #46"�7% yPA;� �8''�
#,9 0�� ����''5  6

��.�5�� &*�U'',� Y�2''G �''� ".:; ��
 6 8�
#,9 ��''�/

&��� c,����6 ���s
 B&U+ �''� "���S
 OP%�N Q�R a3�V �� �5

 ���.
 �� �� ?��#AN�� ����M W�s,�.U+ �''e4 &6�/ �U''��

�5����
 ��, �23#% �� ���s
 *�6 &��2A�� "-G� ��5  m''�� �''�

�''� �,�/6� ���#�, �''23#% <�''����''5 8�
#,9 BW6� 6 (6��''5 

&6�''/ 6 �U''��8�
#,9 ��''5 �''�7V#% ��''�[% �''� a''���%

XM ���/���V ���#�, �� �5d�^A,�  �''N a''�
�
 0�� �� BU,U+

 ��U'') ����''i% �U''A�� 6� *� \''� �''5 �� W6� 6 (6� �''23#%

8�
#,9�5 ��6M�� BU''+  6 c~''���N��''� ���#''�, m''�� �''� 

8�
#,9<��� �� �5 �23#% 6� 0�� �� 8''�
#,9 �''5 �''�7V#% B

�#@%��5 � Y�SA^%�.U%M ��� &��� c,����6 ���s
 �''� �''5

W�, *� &��2A�� �����SAS  �^=,9 6  ���s
 �''�%#�''23 ��''5

 *� &��2A�� �� "-G�W�, �����SPSS  �^''=,22  W�''s,�U''+  6

�� ��, �5���#�,W�, \�N �����Excel U,U+ m��.  

�$ ���) *+�,)  

� C��A, <��� ��� Y�2G  *� &U%M ����,�#4 ",* ��#''%

 m''V� B"����IR28  0''�_ 6416 �''�a''�
�
 �''� m''V� X�#�)

 6 <�=> ��
 �� W6�i% ".'':; d�''^A,� "''���� 0''�� ��

 6� ��5��� .U,U+��''A� �''� W6�''i% 6 <�=> 8�
#,9 ��''5

 ���''� 6 ?''iA�% ?��A''�� "��''G �''l�N �6�> "A,�� �:5

�'',�#4 ��''%� �''� 6 �'':N \''V�
� �� XU''+ ���25  �''4��

<#�''=-� &��� ���''V  B*6� �''+ �''+�/ *� U''7� 6 U,U''+

�,�#4 �''� �:N \V�
� 6 X�U-/ �� �5��#'', &�6� 16  �)�''�

 6 "���+6�8 U,U''+ ?''iA�% ".���''
 �)��. X�U''-/ �''� �''5

r�; *� �6�=% �[=,�''fl�� r�''; 6 �''�� B���% ��5  �''�

&U+  ���''��M ��''� \� *6� �� 6� �5 6U,U''+�'',#�, . ��''�/

X9 X��� "���� �e4X�%* �� �5 B�2''G ��''52 B4  B6  B8  B

10  624  �->�% �� ".:; ��
 (��)� *� U7� �)��4  �''


5 �f5��/ *� "/�� *� ��''
 (�''�)� .���/ Y�#G �5 h''��R

 <�''�� �� "��G �l�N��� (U''%''� 6 #''��~%�� n''�#
 &U''+ �

302 



 X��� "���� *� ���U7
X9�� ".:; �� ?�@
 �� n[
�% ��5 C,��                     /YPl Y�i�i@
me, &�6�/  &���+/W��eZ  X�A=%*1398  

 X���''.�5)Rampino et al., 2006(  6�''�,  6 "3�''�,��

 X���.�5)Danyali et al., 2019(  .���/ Y�#G  

1�?�� W%,X�+% ;&�%
,)RNA  7�Y+ �cDNA 

�,#�, *� U7������� ��''� *�B�''5 �'',#�,?''�#� ?'';�� �''5 

 "%#���%#3Mu��% X96�A�, �� 6 &U�f�� �R#l�''� c~� 6 �6 

����� 70-  b��^A''�� .U,U+ ?iA�% <#�=-� �4��RNA 

 ��N *� &��2A�� ��RNAX-Plus  h��E% 6 �� ?�73��#A''��

�R#��%  �''�2�N �s�� B�->�% 0�� W��
� *� U7� .U+ W�s,�

RNA  6 *��''/M (9 "''i�� *�#''�6�A.3� n�#
 &U+ b��^A��

 �''� x#��% ���s% ��5U,�� &U5�:%28S 6 18S "%6*#''[�� 

 �#, �@
UV r�� (9 &�KA�� �� )BIORAD ( �''��N 6

RNA b��^A��  6 U''+ W�''s,� ����#,�'', *� &��2A''�� �� &U+

 *��, ��#% ��Ui%RNA  �� &U+ ����
DNase �'',#�, �''5 *� B

 a=>��ng/ml  �[��@%+ �;�''+ B�''$-l �''� &6P'') .U

 b#% (#R �� �#, d�4260  �� �[=, �A%#,�,280  �A%#,�'',

 *� .U''+ �[  6 �w��V ��,�''s,M�"X�''�� �;�''+ 0''�� �''N �/

�'',#�, "��k
6�� "/�#3M X���% ��5RNA  (#''R �� B�''��

�'',#�, ���''%*M *� ��''� �''$-l �''� ��5ng/ml 50  �''� 6

 0�� d�4 �;�+8/1  �
2  ���''V &��2A''�� ��#% �A�� ����

�'',#�, ���� ���� .U�A��/ b��^A''�� �''5O��U''s%  .U''+ W�''s,�

 �A�''� �''e4cDNA  *��''�NThermo Scientific 

RevertAid First cDNA Synthesis Kit #K1621 
 X9���� �N�+ *� &��2A�� ��''� �''�N ?�73��#A�� h��E% 6

 U'',6� �� .U''+ ?''�) &U''+�A�''�cDNA  m��'',M *���''5 

Ribolok RNase Inhibitor # EO0381 , DNase I 

 RNase-free # EN0521 .U+ &��2A�� ��, X�''��� *� c�

 B�A��6�  �A�36�.�%EDTA ���{� �#�
 �� U+ �''� 6 YU''%

10  ��''%� �� �i�V�65  �''4��<#�''=-� �''��/ ���''V  �''


 �''� "3�''�A>� Y�%U''G *� 6 y�''> m��'',M &U,���V��cDNA 

 .�#+ ���/#-4  



��>,ZZT *+�,) &�ZZ5PCR   S0�ZZ+ M,ZZ�YIcDNA  �


 ���:> M$ ��?T�,�.@% 'YO>,TQO 'L�
 

�� �;�''� �@G �#$�%cDNA �'',#�, �''�5 ���''� �''5

XM �'''�2�N �� �'''5PCR 6  ��'''5�/*�lM *� &��2A'''�� �'''�

 X9 ���''� "''G�SA;�Actin )Yang et al., 2007; 

Marmagne et al., 2010; Wang et al., 2011; 

Aliakbari and Razi, 2013; Pasandideh Arjmand 

et al., 2017; Mohsenzadeh Golfazani et al., 

2018; Vahedi et al., 2019(  *� c''� 6 U''+ (�''A�N

c''.)(9 &�KA''�� �� (9 *� �����''� �;�''� �@''G r��

cDNA  �6� a''���% X�''.% �� �''$, ��#''% U,�� &U5�:% ��

 (#R �� "��5U,�� 6 ���/ ���V "���� ��#% (9150bp  �''N

�#� ��$A,� ��#%B .U,U+ &U5�:%   

*L�[�0% ,:���> *C%,N  

 K�� �) �$ ���) *+�,)Real time PCR  

 U���
 *� c�cDNA X9 X��� X���% &U+ �A;�� ��5

NDH BAPX BFNR  6SOD  U����� ��Real time 

PCR ) <�=> 8�
#,9 ��(IR28  0�_) ?�@A% 6416 (

���V �=��i% ��#%  X9 *� ���%*M 0�� �� .���/Actin   

��(�%�, �e4 ��[% X9 X�#�)&��� �*�� U+ &��2A�� �5

)Yang et al., 2007; Marmagne et al., 2010; 

Wang et al., 2011; Aliakbari and Razi, 2013; 

Pasandideh Arjmand et al., 2017; 

Mohsenzadeh Golfazani et al., 2018; Vahedi et 

al., 2019( &U+ ��}.
 �7EV "3�#
 6 X9 (#R �� �4#
 �� .

PCR�;�Z B ��5X9 ��}.
�5  ���6� Real time PCR 

  �A=% *� ���%*M 0�� �� .U+ ">��RReal time 

(Syber Green Master Mix)  �;�Z .U+ &��2A��

 ?%�+ &��2A�� ��#% "
���>�� �A+���6 �i�V� �*��

 �� ��36�°C95 c~� B40 �;�Z �� Y�#G10  ��,� 

�A+���6 �� �*��°C95 B20  �/*�lM (�S
� �->�% ��,� 

��%� �� �/*�lM �5 "G�SA;� (�S
�  (6U4)2 B(15  ��,� 

 ��%� �� n=� �->�%°C72  �#�)Mohsenzadeh 

Golfazani et al., 2018(�� . "[=, X��� �=��i% �#$�%

X9��#% ��5 �� �$,  U�����Real time-PCR  n��6� *�2 

 �
4  U+ &��2A��)Livak and Schmittgen, 2001(. 

 d6� "�@�% C��A,X9 ���� �5 �24 6� �5 �N ��� X�:,

 &��2A�� ��#% ��5�/*�lM�� ?�) "G�SA;� Y�#G

"%�N� U) ?.+1.(  

)2(              
GeneReferenceGeneTarget CTCTΔCT −=  

)3(                
UntreatedTreated ΔCTΔCTΔΔCT −=  

)4(                                         ΔΔCT2RGEC −=  

 BXM �� �NRGEC  .�''�� X9 X��� "[=, ���o
 X���%

 *� &��2A''�� �''� �''5���#�,W�'', ���''��Excel U''+ m''��U, .

"�7% DE� 0��f�5 ".�9#3#�� ����6�  "[''=, X�''�� �''����

 U+ �A��/ �$, ��)Vahedi et al., 2019(.  

  

303 



0=@%",��2-/ &��*             X���.�5 6                                                   Pl Y�i�i@
 /Yme, &�6�/  &���+ X�A=%* /W��eZ1398 

 (6U42 - "3�#
 X9 "[=, X��� "���� ���� &��2A�� ��#% ��5�/*�lM�5 C,�� ��  
Table 2. Primer pairs used for relative expression analyses of genes in response to in rice 

Gene
† Primer squence 

Annealing 

temperature (
◦
C) 

Size (bp) NCBI accession 

number 

Actin 
Forward: GCAACTGGGATGACATGGAG 

59 150 XM_015761709.2 
Reverse: GCGACATACATAGCTGGCAC 

APX 
Forward: GTGAAGAATGCCCACCTGAG 

57 174 XM_015762991.2 
Reverse: TTACCCCATCCACTACGCTC 

FNR 
Forward: CCGTTCCGCTCATTCTTGTG 

57 170 XM_015785494.1 
Reverse: ATCGACCCGGAAGTTCTCTG 

NDH 
Forward: GTACATCAACCCGGAGACCA 

57 153 XM_015781804.2 
Reverse: GAAGCGTGTACTCTGACAGC 

SOD 
Forward: CTGGGAATCAATGCAGCCAG 

59 171 XM_015787009.1 
Reverse: CAAGACAAGCCAAACCCAGC 

†: APX, Ascorbate peroxidase; FNR, Ferredoxin; NADP+, Oxidoreductase; NDH, NAD(P)H dehydrogenase; 

SOD, Superoxide dismutase. 

 
  

    
A  B  

  
  

C  D  

  
E  

+ ?.1- X9 d6� "�@�% ��N�6 �� �5real time-PCR : A( Actin BB( SOD BC( APX BD( FNRB E( NDH  
Figure 1. Melting curve in real time PCR: A) Actin, B) SOD, C) APX, D) FNR, E) NDH 
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Figure 2. Principal component analysis of rice genotypes under non-stress conditions  
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Figure 3. Principal component analysis of rice genotypes under -7.5 MPa osmotic stress cinditions  
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Figure 4. Principal component analysis of rice genotypes under -15 MPa osmotic stress cinditions 
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Figure 5. Expression pattern of SOD gene using real-time PCR under drought stress in two susceptible and 

tolerant rice genotypes  
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Figure 6. Expression pattern of APX gene using real-time PCR under drought stress in two susceptible and 

tolerant rice genotypes 
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Figure 7. Expression pattern of FNR gene using real-time PCR under drought stress in two susceptible and 

tolerant rice genotypes 
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Figure 8. Expression pattern of NDH gene using real-time PCR under drought stress in two susceptible and 

tolerant rice genotypes 
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Abstract 
To investigate the effect of osmotic stress induced by polyethylene glycol 6000 on seed 

germination components and identifying drought tolerant and susceptible genotypes, 21 rice genotypes 

were studied at three levels of osmotic stress (0, -7.5 and -15 MPa) with factorial arrangement in a 

completely randomized design with three replications. The results indicate that there were significant 

differences among genotypes in different levels of osmotic stress for all studied traits including radicle 

length, shoot length, radicle to shoot length ratio, radicle fresh weight, radicle dry weight, shoot fresh 

weight and shoot dry weight. The effect of genotype and genotype osmotic stress interaction were 

significant in all studied components. Based on measured traits, the genotypes IR28 and Line 416 

were selected as susceptible and tolerant genotypes to osmotic stress, respectively. After RNA 

extraction and cDNA synthesis, the expression pattern of four drought responsive genes (SOD, FNR, 

APX and NDH) in two genotypes, IR28 and 416, at seedling stage under treatments of 0, 4, 8, 10 and 

24 hours of the dehydration stress were studied using real time PCR technique. The results of this 

study showed that drought responsive genes had higher expression in the tolerant Line 416 than the 

sensitive genotype IR28 and the expression of all genes except FNR increased with increasing osmotic 

stress. Also, APX gene didn’t show the significant expression in either genotype, but showed the 

highest expression at 24 hours after stress in the sensitive genotype IR28. 
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