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One of the most commonly used methods to produce 

doubled haploid plants is microspore culture. In this research 

work, the isolated microspore culture system in two rose 
cultivars i.e. Apollo and Amarosa was investigated. Important 

factors including isolation media (AB, B), AT3 induction 

medium with different carbohydrate sources (sucrose, maltose 
or glucose) and amino acid source (lactalbumin hydrolysate) 

were studied. Carbon starvation and temperature (heat and 

cold) treatments as two important stresses alone or in 
combination with each other for various periods were 

evaluated on the induction of symmetrical (sporophytic) 

divisions. A mixture of different developmental stages of 
microspores was used to initiate the cultures but the majority 

of them were at late uni-cellular stage. For eliminating 

bacterial or fungal contaminants, buds were surface-sterilized 
by immersion in 70% ethanol for 15, 30, 60 Sec. or 3.5% 

(w/v) sodium hypochlorite solution for 5, 10, 15 min prior to 

microspore isolation. The best sterilization procedure was 
observed when microspores were sterilized with sodium 

hypochlorite (%3.5) for 10 minutes. Two isolation media did 

not show a significant difference on the viability of 
microspores. Among induction media tested, in cv. Amarosa, 

the highest viability was observed in AT3 medium 

supplemented by glucose. Induction media in Apollo cultivar 
did not show a significant difference on viability of 

microspores. Combination of starvation (B medium) and cold 

(4°C) treatments for 3 days induced formation of pro-embryos 
in cv. Amarosa. Present investigation reports a protocol for 

induction of embryogenic developement in rose (Rosa 

hybrida) microspores. 
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1. 4', 6-diamidino-2- phenylindole 

2. Fluorecein diacetate 
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��

 j�Q�B  � c*� �%�6(P 	� 6 j�Q� O� -P

&�* 	X�(
�" � &0P  4�%��� ��4 �25  �30  ->��

$
"�� �*(3�  $R���D j�*(� ��-]" 4�*�  " � . 
* A�

c � ���D* 	��
 -6 �%��\��(R�� �H!D ���)*  j�Q�

 &0PAT3   " � ;W
!�.  ;E*(� $���D �� &6�:�

-]" ;Q� 4(
� 4�*� H��  �% � -
�*� -]" &6�p.  
+-�  ���+��&.����&# 	 �  

�%��\��(R�� B?� 4‘Apollo’  4
��* > 
* A�

-6 &0P �  H!D ���)* ��{!�$D�*(E  c � -61 �3 �

5  �7  4��� �� 
��°C30  c � -6 $���(� H!D �7 

 �14  �� 
��°C4  !
5(3 �*(?. °C25 -6   %�� 	*�!)

 � -
5(3 ({" ��. 4(
� A\�  4��E 4�%

 ��D�6�R"* -6 � �* > 4�%��\��(R��°C25  ��W
"*

 " � ��*�.  
����/ 0&1  

 �� �*� �*(RD 4���Y c����W� 
* ���=
�* �6 �%����D

 MK��P -��� �6 ;���
P�5 �� � $5��[D MK��P J(: aS�?

 �*(RD -� ;?* E �6 $5��[D)�*(RD O� 4(
� (% (

 " � -���W� .��*� ;�.QD � -��/D 6 �% 
* ���=
�* �

�("  4���Y �*�5*MSTATC  � ��/"*.  

  

�)*�A B.� �  

�2�3 �4"5��6 	 ���"%#	&��� �"
4 ��.&� ��  

 C��'D4��" -.E(� a��!�  4*(6�%��\��(R�� 

&+> &0P � 4
��* > 	Y e5�� �%  ����6E� � $D�

&�* B+�  ��6 a��!
� %��3 -"�3$  &�* CR��

 c��=
� ��6 .-l!T -.7!� �� �%  �% -P $"��
 b��'�

OD 4�+
"* -.E(� �� �%��\��(R�� -
�%4*  4* 
6* ��

�� -
�%4*   !
�%&+>  &�*�(6 ��\��(R�� &0P

$�   "��(Ferrie and Caswell. 2010) . $7�P(D

 ���� &0P u�(� 4*(6 �%��\��(R�� 4��" ;E*(� 
*


�*=	Y &�(mP* ��* &5(3 �*(? ���  4�+
"* -.E(� �� �%

OD -
�%4* -P  "��6  ��.� -
�% -.E(� C�* ��

}��6 ;�S� -6 � � � }��6  ���!P �� ;V�P*� 	 �

��*��� $� �*(? ��.��(�3 ) ;R�a1 .( -.E(� o��*(6

�%��\��(R�� 4��"� }(7��P -P $"��
  
�6 $�P �%

 �� �* 'D �4 }(7.3 
* �%4 -l!T 	��� ;3  ;6�?

 a��!� 	��
  "��6 � %�0� 4*(6-l!T &�*�(6 % �

 � ��*� d�`0D . 4��" -.E(� -P &�* � � ��.'�

��\��(R�� � �l�� ;��) &�W5�� (6 -P &�* 4*
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 &0P	Y &�* �*I3(p* ����6. -6  &����E $.P��:

 -6 �%��\��(R��H!D �%4  _.
`� ;E*(� �� $��WS*

 4��")OD 4�+
"* ;E*(� -
�%4*  $"��� � * 
6* �D

��-
�%4* ( &�* c��=
� ����6(Touraev et al. 

2001)�  ��Nicotiana tabacum 
* -P $"��
 �

-6 $]!�(3 H�� 	*�!)  � � ���=
�* ����D

�%��\��(R�� �� -.E(� �� -
�%4*  *� n��� C�(
+6

��* ~ " ��*$��]!% -6 $���(3 H!D 	Y 4�> -6 -P  ��P

OD 4�%��\��(R�� � � -
5(3 -
�%4* 	*�> (D

a��!�  "��6 (Touraev et al. 1996).  d`0�

(p* �� -P &�* � � �(�<� �*�� 9�/D� �%��\��(R�� 

C�!> &�5(� � 
* *� ��< $�*
� (��� � ��*� &

$� -�*�* *� O�
�5�
��3   !%�(Heberle-Bors. 

1989). -6 s��
" &��  � �Y�6 Tabaeezadeh and 

Khosh-Khui (1981)  4�+
"* -.E(� -P

OD -
�%4* -6 *� C�(
+6 	*�!)  f��6 &0P -.E(�

&�*� &W6�^� � "�(P w�`
"* 
�.  

 -6 $3��SY iIE ��{!�  �$���(
P�6 � $k��? 4�%

-l!T  $"�=) h �%��\��(R�� 4
��* > 
* ;7? �%

 " � $Q^� .-�   ����D $"�=) h  �6  ;RS*  c��=D  

  

$!'� � "
 �� 4�*� �* " 	�0" �%��\��(R�� $"�� 

) �� >1(  �%����D C�* �� $3��SY 	*��� $5(: 
* �

��6 b�6 )-6 $3��SY 	*��� H���
Y C�* ��  c��L

 � � �/!� 4(%��( .-l!T $"�=) h (p* ��  �6 �%

 B� � &�(.P�\�%5/3  L�� c � -6 10 � �� 15 

  L�� C�(
0�6 � $3��SY 	*��� C�(
�P -W�?�

� "
  � � %�0� $"�� ) ;R�2( .-6  w�!
>* ��{!� 
*

a�(`D c*(p*  ��6 �%����D �$Q^� $"�=) h � !!P

 $3��SY 
* 4��) $%��3 �*�� -P $"��
 ;?* E ��

$�  "�� 4�* +]" � "��(Ferrie and Caswell. 

2010).  C�6 -R!�* -6 ->�D �610  �15  c��=D -W�?�

$!'�  4�*�� "
 	*��� �� �%��\��(R�� $"�� � %�0�

* �� � 0"*�-l!T -�  -6 �% c �10  -W�?� j��D

 B� � &�(.P�\�% $"�=) h $Q^� " � . o��*(6

 �� � ��/"* c�'S�^���* 
� 
* $R� N�� C�(D  4�%

 4(6�(5 �$Q^� $"�=) h &+> ���=
�* ����

��D�P  c �)2 -1 -W�?� ( ��"�D* �� $%��3 ����)70 

 L�� (-:�T A\� � &�(.P�\�% �� 4��  B� �)6 

 L�� (
�P �� (-6 C�V�D �(^? O� �6  -W�?�  !k c �

) �D15 -W�?� (C��% �  �6 �0
�� -7D(� C� !k ��:

$� ;�(
�* (^W� wY   ��6(Ferrie and Caswell. 

2010). Ahmadi et al. (2009)  ����D C�(
+6 ��"

-l!T $"�=) h&�(.P�\�% *� 
� 4�%  B� �5/3 % -6

 c �15  "�(P $5('� -W�?�.    

  

      
  

 ;R�1- z"� �6 �%��\��(R�� 4���YDAPI ��: a OD 4�+
"* -.E(� $S�.�b  !k ��
<�� $S�.�c -6 C�!>&�� 
* � �Y

* > 4�%��\��(R�� &0P� �  
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 � ����� ���� ����� ���� ���1391 

  

� 
"


 $
3�

�SY
 	

*��
� �

 �%
��

\�
�(

R�
� $

"��
(%

)
  

 $Q^� $"�=) h 	��
 c �)-W�?�(    

 ;R�2- &�(.P�\�% �6 $"�=) h 	��
 c � (p* � "
 (6 B� ��%��\��(R�� $3��SY � $"��  

  
 �� >1- ��*� A"���*� -��/D -l!T $"�=) h 
* ;L�E 4�%  ;RS* �6 �%70 ��*� �  L�� � "
 $��(6 
* ;L�E 4�%  $"��

j�Q� �%��\��(R�� 4
��* > 4�%  

c*(��gD 96�!�  
4
��* > j�Q�    

c*(��gD 96�!�  
 ;RS*70%  

4�*
Y ->��  c�'6(� C�]"���    4�*
Y ->��  c�'6(� C�]"���  

4
��* > j�Q�  1 0.008
ns

   $"��
 ����D  2 0.008
ns  

�^<  4 0.045   �^<  6 0.005 
     ns $!'� � )�*�  

  

��' 	 ���#��$ ��� (�)�  

;��� �%��\��(R�� 4
��* > j�Q� �� $6��
�* 

AB  �B $!'� c��=D  �� 4�*� 	*���� "
 $"�� 

 �%��\��(R�� 	�0"  "* ") �� >1(. �&W�WE �� 

 c�7�P(D j�Q�AB  -�7�B -P c��=D C�* �6 &�* 

 �* W�M3/0  � ��
�6���M3/0 	Y -6 ��
�"�� 

&�* � � ����5* (Shariatpanahi et al. 

2006b).  4
��* > j�Q� �� B+� ;��)B ��>� �

W" -P &�* j�Q� 4���*��05 B�{!D �� ��
�"�� H

� "
 �� $�+�$� �=�* �%��\��(R�� $"�� �� �  !P

 �� ��
�6��� � ��
�"�� a�P(D � !3 ;m� 4��*��

 j�Q�AB (
+6 -/�
"4 $� %��  
� �� -R"Y ��E

 0" � %�0� $D��=D .$.)  �4
��* > j�Q� BT�

j�Q� &�W5�� �� B+� ;��) O� $��WS* &0P 

C�!>  $�*
$� �%��\��(R��  ��6.  $6��
�*j�Q�4�% 

&0P  c��=
� B?� ��‘Apollo’ $!'� c��=D  4�*�

� "
 ��   "�* " 	�0" �%��\��(R�� $"��) ;R�3.( 

 �%��\��(R�� i*(Q"* 4*(6C�!> &�� -6   ��6 $�*


 j�*(� � $�*IT�*�� 
* ���(� �a��!� &0P j�Q�

��(3 B%*(5 &0P a��!� .j�Q� 4�%  &0P

j�Q�  !"��% ��\��(R�� &0P 4�% 
5�6  !�
��" $

 (L�!)C���
�� ��(R�� � �(P��  97!� O� � �%

$� c*� �%�6(P    !��6(Ferrie and Caswell. 

2010) .B?� �� ‘Amarosa’  	*��� C�(Db�6

� "
 $"�� �%��\��(R��  j�Q� ��AT3  �P�.3  !? �6

)AT3-G ( � � %�0� ) ;R�3 .( c*� �%�6(P 97!�

-6 -�IgD � 4���* c*(p* &.)(6 �4* �� C�!>  �S�D 4*

&�* 4��(h ��\��(R�� &0P.  &{.T (p*

 B�{!D -6 ��6(� &�* CR�� c*� �%�6(P

  ��6 $��WS* 
�5 $: �� 4���*��05(Sunderland 
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and Dunwell, 1997) .	��%-6 -P ��:  ({"

$� M* '6  �� &{.T �&0P ���� $: ��  4b�6 4�%

a�(`D $!6(P 97!�$� � !!P  ��6 . � � d`0�

-6 	�D�D � �> �� 
��P�� -P &�*  ��S�6�
� &)(�

 C�!> C��RD 
* -
��0" 4���
 �* W� 9�/D �6 � � �

$� 4(�3�.>  !P(Shariatpanahi et al. 

2006a) .�� $S�E-6 
�
S�� -P  � � � -��/D 4 !P

C�!> -6 (/!� $� ��\��(R�� $�*
 ��(3

(Shariatpanahi et al. 2006a) . &�* � � &6�p

-P O�(QD 
��P�� 
* H�6 �P�.3 �*���k ��  � !!P

 &�*(Germana. 2011)-6 s��
" �6 -P � &��  � �Y

&�*� &W6�^� . C�(
0�6 a�� ��\��(R�� &0P ��

C�!>  L�� C�(
�P � 
�
S�� 4��E j�Q� �� $�*


  � � %�0� 
���P�� 4��E j�Q� �� 	*���

(Germana. 2011) -6 s��
" �6 -P &�� �� � �Y 

��� "
 	*�4�%��\��(R�� $"��  
�j�Q� ��  4�%

4��E  ���� �� ��* �&�*� &W6�^� 
��P��
�
S�� 

&�* " &W6�^�.  

  

  

� 
"


 �%
��

\�
�(

R�
� $

"��
(%

)
  

&0P j�Q�    

 ;R�3- j�Q� (p* $��WS* &0P 4�%)AT3-M, AT3-LM, AT3-G, AT3-LG, AT3-S, AT3-LS (� "
 (6 $"��

 4�%��\��(R�� Rosa hybrida cv. (Amarosa & Apollo)  

  
-�+ ��� 7��$ �8$ �!�59#� !�"�  ����

���"%#	&���  

�,�#&� -�+.  

H!D C�(D(p�� 
* $R�  4*(6 ���=
�* ���� 4�%

C�!> 4�WS*  �$�*
$� 4 !? $]!�(3   ��6

(Shariatpanahi et al. 2006a) . $]!�(3 H!D

-6 C�!> (3�WS* 	*�!)  4�%��\��(R�� �� $�*
� �* > 

-"�3 $<(6  �P�7!D  !"�� �%(Kyo and Harada, 

1986) � !3 �(Touraev et al. 1996) s"(6 �

(Ogawa et al. 1994) �> �(Hoekstra et al. 

1992)  s"(6 f��6 &0P ��(Raina and Irfan, 

1998)  �*���k �(Ma et al. 2004)  ���=
�* ����

&�* -
5(3 �*(? .��  e�WQD C�*H!D 
* $7�P(D  4�%

 " � $6��
�* $]!�(3 � $���� . ���� 4��� -�

$]!�(3 H!D ���)* 	��
 �� ���=
�*  c��=D

$!'�  4�*�6� "
 (  $%�
�6 � �%��\��(R�� $"��

 �� $S�.� !k 4�%��
<�� ;�R0D �� B?� ����

 $��(6 "�* " 	�0" ) �� >2( . B?� ��‘Amarosa’ �

-6 $]!�(3 ����D  4��� �� 
�� -� c �°C4  �)�6

  � C�!> 4�WS*) ;R�c1( ��* �C�!> �* 'D  4�%

-6 ��6 f "* � �Y &��. ��� 4�%����D4  � b�6

$"b�: $]!�(3  c �)°C30  c � -65  �7 
��( 

-6 *� C�!> 4�WS* �*� H%�P 4(�]�0k 	*��� . $"��


H!D &QD �%��\��(R�� -P  �*(? $"b�: 4�%
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$�  L�� � "(�3 � "
 	Y $"��  � -
5�� H%�P �%

C�!> &�� -6 (��� -�*�* 
* C�*(6�!6  
�6 $�*


$�  !"�� .-6 s��
" &��  �6 � �YTouraev et al. 

(1996)  ��  "�(P N�*�3 -P&0P  f��69  t�D�"X

H!D &QD -"�
��
 � !3  $���(3 � $]!�(3 4�%

C�!>  b�6 $%�
�6 �6 �%��\��(R�� $�*
 -
5(3 c��L

�&�* &�* " &W6�^� (Touraev et al. 1996). 

 �
!� H%�PRNA  -.�> 
* 
�!�P C��D�(� &�S�'5 �

$� �P�7!D -!�(3 4�%��\��(R�� c��L�[<  ��6

(Touraev et al. 1996) . Ok�P 	X O�HSP 

-"*� �� �P�7!D �� -!�(3 -�S�* $S�.� �� ��(3 4�%

$� 	��6 4(�3�.> A���
���Y 
* &�* CR�� -P ���

 !P . $=�P � $�P c*(��gD �$]!�(3 ����D 	��
 ��

&�S�'5 �� &�* � � ��*� 	�0" ��" 
�!�P C��D�(� 4�% 

(Shariatpanahi et al. 2006a).  �� -
7S*

 C�* -P ��7" b�6 C�!>  �S�D $%�
�6 (h�E c�0���
Y

$� ��< -!��
  "*�D  $S� � ��6 � !�Y c�W�WQD 4*(6 4*

*(6 -R!�* -6 ->�D �6C�!> ��6 C�S�* 4  $�*


$� N�*�3 
� �� �%��\��(R��  $�b�6 &��%* 
* ��(3

&�* �*���<(6 . &�W5�� H%�1� C�* �� -"�=��
�

C�!> $�*

�6 �� ;��P  0" ;L�E �% .  

  
 �� >2-  	*��� (6 B?� � ��� (p* A"���*� -��/D

� "
 $]!�(3 H!D (p* �� �%��\��(R�� $"��  
c*(��gD 96�!�   ->��4�*
Y  c�'6(� C�]"���  

B?�  1 0.014
ns 

���  2 0.335
ns 

 B?� ×���  2 0.987
ns 

�^<  12 0.177 

  ns $!'� � )�*�  
  

-�+ �+��&. ���  

 O�
�5�
��3 (��� $'�7: &S�E �� �%��\��(R��
-"*� -6 � ��(P $: *� $� ;� 7D ��(3  H!D � "��

$� �D (��gD O�
�5�(\�* -6 *� O�
�5�
��3 (���  "*
C�!> -6 (/!� � ��*� ��(3 �%��\��(R�� $�*
.  4*(6

���{!� C�* H!D -6 $���(� � $���(3 4�%  ��:
$� �*(? ���=
�*���� ��(
�3   "(�3(Shariatpanahi 

et al. 2006a) .� "
 (6 _.
`� 4�%��� (�p�D  $"��
 
� 4�%��\��(R��)cv. Apollo ( c����WD 4�WS* �

;R� �� 	��W
� 4�% 4  �5 0"&�* � � ��*� 	� .
� "
  L�� C�(
0�6  �� �%��\��(R�� $"��°C30 

-6  c �7  �
��°C4 -6  c �14  � 
��°C25 �0�% � 
  �) ;R�4.(  4�%��
<�� ;�R0D 	*��� C�(Db�6

 4��� �� $S�.� !k°C30  c � -67 -6 
��  &��
 �Y ) ;R�5(.  4�%��
<�� 4�WS* 4*(6 j�*(� C�(
+6
 !k $S�.� ) ;R�b1( 	Y 4 '6 ��" �  &�� -6 �%

C�!>$�*
  -P  � ��/�* $
?�-l!T 4�% -6 ;3  c �
14  4��� �� 
�� °C4 -]"  
* A� �  " � 4�*�

 $���(3 H!D &QD *� /� �%��\��(R�� 4
��* >
)°C30 ( c � -67  !
5(3 �*(? 
�� . (p* ��

H!D H!D C�!D�(� C� !k $���(3  $���(3)HSPs(1 
  !"��HSP70 � �
!�$ A���
���Y 
* -P  "��2 

$� 4(�3�.> !P!  (Shariatpanahi et al. 

2006a) . ���E(% -6C�!>  
* $��WS* 4�%
H!D 4�%����D �� �%��\��(R��  $���(3)°C30 (

-6  c �7 H!D � 
��  $���(�)°C4 (-6  c �14  
��
-6  " �Y &�� .H!D -P &�* � � N�*�3  $���(�

C�!> 4�WS* a>��  �� $�*
-"�3  �P�7!D  !"�� $��%
(Duncan & Heberle. 1976) &�* � � . ��(p* 

 H�*�5* �*
Y 4�% ��*�!��Y ;P 	*��� �$���(� H!D
$�  6�� &�* % &�* CR�� -P  �%��\��(R�� (3&+> 

C�!> 4�WS* � O�S�6�
� c*(��gD �6 4��3
��   ��6 $�*

(Shariatpanahi et al. 2006a).  

 ���94 ��' �&��  

%�1� C�S�* (h�E HN�*�3  
* C�!> 4�WS* e5��

 
� � �* > 4�%��\��(R��(Rosa hybrid L.)  ��

	��� j�*(�  -0��$�  ��6 .
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