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0��1 23�4- 5&� ��  � 6+7 89: !� $�%����  �3�3�,7��7;�<  �3��=  �3 

F. arundinacea �F. pratensis �Festuca ovina �Bromus tomentellus� 

 Melica persica � Lolium prenne�&�+=  !����� . ?�+@
�� !� A- DNA 5&� �<B�C 

D&��� D�B= �BEF ��&�G �BH	< D7 �3  +=!�:I $�� D� !� $�%����  �3ITS1/ITS4 �IS1/IS3 � 

111/112�&�+= ����
�� . !� J��F K&�
� PCR!�:I $�� D� 5&� �7 = +L"� D" ��� ���� +

D&��� 0��1 ��+= !� 23�4- 5&� �� ����
�� ��B<  �3  A	� !� � $�%����  �3Neotyphodium   
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 �D&���  D7 ZB7+<  �3arundinacea Festuca D�B= D7 [��
<  N. coenophialum .���B7.   �+7

 �F�B� +�L#GITS1 � ITS2�C �  5.8 S  �3+=!�:I !� ITS1 � ITS4 �P ����
�� *+7 AW� � 

�N&;�I7  D\&;�I D����  +=���]<  �3Sau3AI � CfoI$%+= R�^��  . K&�
�PCR-RFLP  ��� ����

;� D" _���B`a ���+7 !� J��F K&�
� �7 �N&;�I \E3 !� J��F K&�
� ���B< �	b �� 

<B#&CBTB%� 2	"�� R�^�� � �PCR$P�� ���B@N3 �B",< +=!�:I $�� D� �7 . 
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0��1  $�%����  �3   0��1 !� �3�+= �     �3+�G  �Clavicipitaceae   D" �	
V3 dT�: _�B� D7

     �+M�G ��3��= �� ���<�M	=       �M���� �BM�� �    DM�B= J<�MP        A	M� �� c�M3Balansia   � Epichloë 

�<  �	P�7. D�B=        A	� �� D" �&�3Balansia DXSe    �<  �	7       A	� �<B&��	" D�F+< c���� ��BP

Ephelis �	
MMV3 � DMM�B=   �MM3 A	MM�Epichloë  ����  �<B&�MM�	" DMM�F+< Neotyphodium 

�< �	P�7) White 1994 Bacon et al. 1997, Brem & Leuchtmann 2003,(.  

0��1          M7 ��M3��= �M7 $MV&;N3 $�%��M��  �M3 D  5�M7 _�BM�    6+M7 �� �TB�M�    �D1�M� ��M3

\
V&+<      � D��B�  �3�3�,7    �P� ��7;�< �<      9f DM�B= g�3 � �		" M&  \    ��MN�7    ��M^&� ��M7;�< ��

��N �		") Leuchtman & Schardl 1998( . DV&� 7 �3 D  $M%�& 2#7I � �7Bb  �3���I �� _���

�<  ��BP.     $�%���� ���< ��  ��&! hB	G         BT�#TI ��TBG +H� !� ���f ��3��=  �3&      DM" ���� �BM�� ��

 DMM&,iG _�MM��B�F �
<9MM� �� O9
MMa� ��MM^&� jMMf�7 �MM< ��MM		"   jMMf�7 $MM�� 5MM#N< � �BMMP 

      �BP $%I _�+�F D7 ��3��= 5&� $<��X<. BG   $M�TB7�
< �M�T      BT�#TI +M�H� �&�M3&   5�<I+M-  �3�M� 

 _�MMMMM%I DMMMMM��f ��MMMMM7;�< $MMMMMk��F jMMMMMf�7 5�TBMMMMMT �� BT�#TI &+MMMMM�H� �&�3�MMMMM� 

 R+
�TBMMMTB�        �MMM< ��MMM		" DMMM&,iG _�MMM��B�F $�<BNMMMV< jMMMf�7 5�T��BMMM=�� ��BMMMP 

) Cunningham 1949 Bacon & White 1994, Leuchtman, & Schardl 1998,(.  $�%��M��   �M3

B
% 2&�;%� jf�7      �M< ��M7;�< ��M�= DM�&� �MP� � ;
	M�  ��BMP )Belesky & Fedders 1995( � 

l< 2&�;%� �� ��7;�< ��3��= �+m�Nf �	3� )Marshall et al. 1999( .   �$�%��M�� DM7 ��BTI ��3��=

�+MM#�Nf n&�+MMP �� �7BMMa �BMMSNo  �MM���� ��BMMTI+�: ��MM3��= DMM7 $SMMV� �C�+MM
�� _�MMS�"+G  

)Hiatt et al. 1997(. 

 *�� !�     �3      0��M1 p�@M�G  �+7 �;&q� �#&CBT�+�       � �M	�7  B�#MV% �� $�%��M��  �M3

 ��  r�+MM=)Saha et al. 1988(�  �MM
�I !�  ��MM7     DMM�B= 5�MM��G  �+MM7 O�MM�B�"B	<  �MM3 

Glenn, Bacon & Hanlin) Morgan-Jones & Gams( N. coenophialum����
��  $M�� ��P . 
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  ��� ���� _�X�X]G $�� �   D" �
�I   ��7   "B	<  �3     ��M7 �M
�I !� +
M��7 O�M�B�   �M�-  �M3   O�M�B�"

$�%���� t�#�G $��7�1   
MP�� �� �M3�	 )Hiatt et al. 1997(.    �MN&�!�;&� JM��]G � DM&;^G�  hBM	G 

 $�%��MMM�� 5�MMM7 �� ��  ��MMM&! �MMM#�
�C   �� � �MMM	�7  B�#MMMV%  �MMM3   ��MMM�� r�+MMM=��� 

)Leuchtmann & Schardl 1994( .r���   �M
T� )Doss & Welty 1995 (  lMe   2	Mo�� R�M^��

�+MM�^�!  c� �MM�- !�+MM<) PCR(    �MM3+=!�:I !� ����
MM�� �MM711II / 11I�   DMM7 ��BMMTI ��MM3��= 

Morgan-Jones & Gams Acremonium coenophialum     0��M1 5M&� DM7 ��BMTI+�: ��3��= !� �� 

 ����� p�@�G. �I   	uN3 �3�     +=!�:I $�� �7 5ISIII / ISI  LmG � �    DM�v1 +)))    !�M7 $M�� �  0��M1  

Neotyphodium= !� �� � � DMM7 ��BMMTI ��MM3�MM&�� 0��MM1 5MM&�MM��+o l7�) Doss et al. 1998(.  

  �3+=!�:I !� ITS4 / ITS1 �   �3B�T� DV&�X< PCR-RFLP  [e�	< 5&�  DM�B= DMV&�X<  �+7   �M3 

Gams A. obclavatum �A. kiliense Grutz�  A. strictum Gams  $MM�� ��MMP ����
MM��  

)Borazjani et al. 1998(.�����  +�H� �&�3+SSR � AFLP   �� �M#�
�C hBM	G wv� 5���G  �+7 

 0��1 ���<     ��M7;�< �f��! _���B`a _�+��iG � $�%���� hB	G 5�7 Z�SG�� �7�&!�� � $�%����  �3

 ;�� ����
��&�+=$�� �� )Van Zijll de Jong et al. 2003( .23�4-  +M7 t�
�CB��% c�3   r�M��

  �T�BGC�        [e�M	< � 5�TB7BG�
7  �3ITS   ��rDNA    �M< ��M��        DM�B= DM" �M3�      �MV	�+�:  �M3

Neotyphodium D�B= !�   �V	�  �3Epichloë ��P [
�< ��� .D
%�& 5&�  Mf9e� �7 �3  �TBM#TB< _�

MM7 D  !� ��MM<I $MM��+���MM�� �  �MM3�;&! ;MM&� � �MMN&� ���B3�MM< �MM3  $MM�� ��MMP �MM�&�G ;MM��  

)Brem & Leuchtmann 2003(.  �M��^	=  ����M#N3 � )Ganjali et al. 2004 (   �M#�
�C hBM	G

0��1         ��7;�< �	b �7 $V&;N3 $�%����  �3  ���<�M	= �+�G  xMN�          QM�
@< [e�M	< !� ��MP  ��I

 ��+MM&� ��  !� ����
MM�� �MM7RAPD-PCR  ��+MM1 DMM�T�v< ��BMM< �MM���� . �BW��MMX3� ����MMmN3 � 

)Dehghanpour et al. 2005 (  �BMa _�X�X]G ��   < _��M�B`a r�M�� +M7B   A	M� �#&CBMTB%�

Neotyphodium  �� ��MM7;�<  �+MM7  �MM3 F. arundinacea Schreb�Hudson  F. pratensis� 

L.  F. ovina �Boiss  B. tomentellus�  Hunth  M. persica  � L.  L. prenne� 

 DMM�B= Glenn, Bacon & Hanlin Latch, Christensen & Samuels) (N. lolii �+MMM7  

L. L. prenne �  DMMM�B=  N. coenophialum     �+MMM7  ��MMM�= F. arundinacea DMMMM�B=  

Leuchtmann, Schardl & Siegel   N. festucae !�   F. ovina  DMMMMMM�B= � 

Leuchtmann & Schardl N. cf. bromicola  �+7 B. tomentellus����� p�@�G  .  23�4M- ��

    *�� !� ����
�� �7 +y�FPCR-RFLP       � �&�M��	P DM7   DM�B= DMV&�X<      �M3 0��M1      $�%��M��  �M3

Neotyphodium    ��7;�< !� ��P ���      xN� Q�
@< ���f  �3       ��+&� +��+� !� ��P  ��I  DM
a��+-

$�� ��P. 
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)�	
 2��3 

�{ 0��1  !����� $�%����  �3= !� ���BTI ��3� 

 0��MM1 DMM7 ��BMMTI ��MM3��=  DMM�B= J<�MMP $�%��MM�� c�MM3  c�MM3Festuca arundinacea�  

F. pratensis �F. ovina �Bromus tomentellus �Melica persica � Lolium prenne  +M��+� !� 

xN� ��+&� �&�+= c��I . O��� ���D&���  7 c�3 D$�� ��P ����I [�X]G 5&� �� D
%� ��o. 

 

O��� �{D&��� $�+�%   5&� �� ����
�� ��B<  �3D�T�v< 
Table 1. List of isolates used in this study  

 

 

*��� 
No. 

���!4 !� 
Isolate code 

5�� "����
 

Host species 
674 89� 
��. 

Location 
� FaAh Festuca arundinacea ������{D���7�  

/ FaEn F. arundinacea ������{���+���  

� FaHn F. arundinacea ������{��^�B3  

) FaKh F. arundinacea ������{D�"  �
���  

� FaKn1 F. arundinacea �����<�" ��
��+"{ � 

| FaKn2 F. arundinacea �����<�" ��
��+"{ / 


 FaFn1 F. arundinacea ����+a{��N&+% { � 

� FaFn2 F. arundinacea ����+a{��N&+% { / 

. FaFn3 F. arundinacea ����+a{��N&+% { � 

�} FaYj F. arundinacea �"�D&B�� �  +&B7 �NF�{?B��&  

�� FoGn F. ovina ��
V�={��=+=  

�/ FoFn F. ovina ����+a{��N&+%  

�� FoTn F. ovina ��+�G{�������  

�) FpBn F. pratensis  ���
@7 � O�]<���b{5��+7  

�� FpEn F. pratensis ������{��;% ���P �G�X�X]G ���
V&�  

�| FpKn F. pratensis �����<�" ��
��+" 

�
 BtBi Bromus tomentellus ������{�7+: D��7  

�� BtBn B. tomentellus   ���
@7 � O�]<���b{5��+7  

�. BtChn B. tomentellus  ������{��=��b  

/} BtFd B. tomentellus  ������{��7I+@%  
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 c�+7�y  ��B�f,7�3� ��BTI ��3��= 89: � 7 *�� !� D n�BG D
%� ��"���^	= � 

 ����#N3)/}}) (�P ����
��. ��� !� A- 0��1  !��  !� �3�3�,76+7 89: � �*�� �� !�  

 tG �BW�� �pT�a  �+7 DV&� �B�    !���I  ����
�� �3�&�+= .TBG c�+7�S�� �< �B�V��� $�� RB

 ?�+@
��DNA D7 0��1 D	=+- !� lmbBo D�v1 �}< �l� T� +
]<�$�o n c�3) PSB (Potato 

Sucrose Broth  �)MYP (Malt Yeast Peptone  c�<� ��/�l
��� D���   � ��+=�}} �� ��� 

1��DX�&�+= D%�y� . 

/{ 0��1 �&���	P 7 $�%����  �3 D D����PCR 

 5&� ��D�T�v< �+@
�� ?DNA �7 �<B�C*��  T�B ����mN3 � )Liu et al. 1995( 

 R�^���P.  �&���	P0��1 �$�%����  �3 �7+=!�:I $��  �3l<BNf  

)5'-TCCTCCgCTTATTgATATgC-3' (ITS4�  )5'-TCCgTAggTgAACCTgCgg- 3'( 

ITS1) White 1993 ($%+= _�B� .���`
a�  �3+=!�:I IS1 

)5'- ggTgTTgAgCCCCCCTgATTT- 3'( � IS3 )5'- gTCTCATCTCCggggCggTAT- 3'( 

)Doss et al. 1998(�  111 )5'-TCATACCggCTAACCggCAAT-3' (� 

112 )5'- TgTTACAggATTggTAgAggC- 3'( )Doss & Welty 1995( 7 ;�� D��" �	
%�. 

 J<�P D&�- OB�]< D��G  �+7 �I ���X< � R!q ��B<�//+%�7 +
�T�+#�<  

 

 O����) D<���(                                                                         Table 1. (contd.) 

/� BtFn B. tomentellus  ������{��&+%  

// BtGh B  tomentellus. ������{DGB< �+1  

/� BtHi B. tomentellus   ���
@7 � O�]<���b{��f;NF  

/) BtKn B.  tomentellus ������{��
�+S1 ��	"  

/� BtSm B. tomentellus ������{R+�N�  

/| BtShd B. tomentellus   ���
@7 � O�]<���b{+�P  �+" 

/
 MpEn Melica persica ������{���+���  

/� MpFn M. persica  ���
@7 � O�]<���b{�����%  

/. MpHi M. persica  ���
@7 � O�]<���b{ ��f;NF 

�} MpKhr1 M. persica ������{�	�Na  +�P 

�� MpKhr2 M. persica ������{�	�Na  +�P 

�/ LpNh Lolium prenne �7+: ��^&�7��I{��X�  

�� LpYd L. prenne ������{��]&  ��7I 
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 �

PCR )X �}(  �7�� �<��  �\&;�	< �&+�" �qB<�/} ZB�@< +
�T�+#�< �}���<  �qB< 

)Roche Co., Cat No. 1581295( dNTPs ��/}  $H�: �7 �3+=!�:I $�� !� t& +3 !� +
�T�+#�<

/} ��qB<�+#�< ��/} \&;�I +
�T�+#�< ), Cat No. 92767332.Roche Co (Taq DNA��-   !�+<

l�/U � � �/} +
�T�+#�< ;�	< �&+�" \&/����<  �qB< ), Cat No. 9217982.Roche Co ( �B7

 D7 �&��� \^F D"/��P ������ +
�T�+#�<  D�BN� +3 D7 � ���b +
�T�+#�< DNAD&���  ��B< 

�&�+= D%�y� +H� .Q�
@< D�F+< D�  �+7 R!q  �<� � ��<! PCR �7  $�� Q�
@< c�3+=!�:I

 O��� ��/ I�� �� ��P$��. 
 

� O��/{ <� n&�+Pl&� PCR  c�3+=!�:I c�+7ITS1/ITS4 �111/112 � IS1/IS3 

Table 2. PCR conditions for ITS1/ITS4, 111/112 and IS1/IS3 primer pairs 
 

 

�{  OB`]< !�B%�+
#T�PCR 

�+7  +3 !�B%�+
mT� c    DM�BN� !� �&            OBM`]< !� +M
�T�+m�< K	M- ��M3PCR       !� AM-  DM�T�� 

        c��,M=��7 +%�7 +
�T�+m�< �� �7 Z9
a�))} % ��"�M��  �!/�/} %+7� BM<    JM	%    BM�7, /�/} %  5M�&�!

 � OB���MM�|
�MM��<   �qBMM<(EDTA��MM=I OC n�MM]< c�� � !//�) %Roche Co., Cat No. 

1388983 ( +%�7 ��1X TBE7 $7�� C�
T� �|} �MP !�B%�+
mT� $T�  .  +���M��λEcoRI{Hind III 

)(Roche, M III  � ���M�� +Ladder bp �}}(Roche Co., Cat No. 1721933) �   ��BM	f DM7 

�:	0 ��!(� 
No. of 

Cycles 

%!& "�;�� 8,�	� 

Step 
���< 

Time 
=��	, �4�� 

)�?��) ��	@( 

Temp. (º C) 
�Da+b  

 

$P+��� 

)denaturation( 

/DX�1�  )IS1/IS3, ITS1/ITS4( 

� DX�1� )  111/112( 
 

 

.) 
 

�}Da+b  $P+��� 

 
 

O�`G� )annealing( 
 

 

*+
V= 

)extension( 

�DX�1�  
 

�DX�1� ) ITS1/ITS4( 

� DX�1� )111/112( 

� DX�1� )IS1/IS3( 
 

/DX�1�  

.) 
 

�� 

|� 

|/ 
 


/ 

 

�Da+b  �&��� *+
V= �}DX�1�  
/ 
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 �

 �!���� r��X<     �&�+= ����
�� _��v1 c+�= . ���F !� A-�//   OC � ��MP xv1 �+7 ��&+� $f��

 ���  �+7    ;�<I��       �&�<�+7 RB&��G� OB�]< �� DX�1��/} ���<     ���< �� R+=       $M%+= ��+M1 +M
�T .

  AMmf �lTBMN�< �I �7 OC cB�
VP !� A-     ���
M�� �M7 OC !� c���+M7Gel document vilber 

lourmat TCP-20-M �P R�^��. 

){  D
%�& +�L#G OB`]< �N&;�I *+7PCR 

$3�SP 5���G c�+7 � �3 _���G �&  lT�N
F� c�3DNA� �� �D&� 0��1 Q�
@< c�3   �3

 ����G �$�%����// D&��� )FaEn� FaAh� FaKh� FaFn3� FaFn1� BtBn� BtShd� BtHi� 

FaKn1� FaKn2� FoGN� MpKhr1� FpKn� FpEn� LpNh� MpKhr2� FaHn� FaYj� FoTn� 

FpBn� BtBi� BtGh (l��+7 ��B<�	
%+= ��+1  . R�^�� !� A- �BH	< 5&� D7PCRD�T��  

I �7  �3+=!�:ITS1/ITS4� K	-\&;�I �7 ��<I $�� D7 OB`]< !� +
�T�+m�<  lP+7 c�3 

Sau3AI (Roche Co., Cat No.709751) l�/U �}�CfoI (Roche Co., Cat No. 688541)  l�/U �} 

� ZB�@<  lN&;�I *+7�P R�^�� .�N&;�I \E3  �+7 K	- +
�T�+#�< DNA �7 D
%�& +�L#G PCR �

�/��7 +
�T�+#�<  +%)X �}(� t& � �P+7 \&;�I +
�T�+#�< �/
 +�vXG ��7 �� �I +
�T�+#�< 

�B7 ��+
���P ����
�� . 

 \&;�I �� +3  �+7 �2	"�� ZB�@< c�+7 lN&;�I *+7 n&�+PSau3AI � CfoI  $f�� D�

 c�<� ��s�l
��� D���  �P D
%+= +H� �� ��+= . ��N&;�I \E3 !� J��F _��v1 �7�&�� �7

 ����
�� !�C��- O J&+"I �T�BG ��<I ��& R�^���P . 

�����+%  !� J��F  �3PCR-RFLP  ��V< �N^F �7 )��+
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�}{��}D&��� ��  !�7 $��  J��F D" ��P ���+7  �3 �F�B� +�L#G 

ITS  �3+=!�:I �7 ITS1 � ITS4�	
V3 . 
Fig. 1. A 550-750 bp fragment produced using ITS1 / ITS4 primers. Lanes: 

[1- FaAh, 2- FaEn, 3- FaHn, 4- FaKh, 5- FaKn1, 6- FaKn2, 7- FaFn1, 8- FaFn2,  

9- FaFn3, 10- FaYj, 11- FoGN, 12- FoFn, 13- FoTn, 14- FpEn, 15- FpBn, 16- FpKn, 

17- BtBi, 18- BtBn, 19- BtChn, 20- BtFd, 21- BtFn, 22- BtGh, 23- BtHi2, 24- BtKn, 

25- BtSm, 26- BtShd, 27- MpEn, 28- MpFn, 29- MpHi, 30- MpKhr1, 31- MpKhr2, 

32- LpNh, 33- LpYd, 34- E. typhina (positive control), 35- N. coenophialum 

(positive control), 36- N. lolii (positive control), 37- negative control, 38- negative 

control 2, 39- H2O, M- marker ΙΙΙ]. 
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%B&��	" ��f�1B���B7 _���
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@<  �3
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Fig. 2. A 444 bp fragment produced using IS1 / IS3 primers. Lanes: 
[1- FaAh, 2- FaEn, 3- FaHn, 4- FaKh, 5- FaKn1, 6- FaKn2, 7- FaFn2, 8- FaFn3,  

9- FaYj, 10- FoFn,11- FoGn, 12- FoTn, 13- FpEn, 14- FpKn, 15- BtBi, 16- BtBn,  

17- BtChn, 18- BtFd, 19- BtFn, 20- BtGh, 21- BtHi2, 22- BtKn, 23- BtSm,  

24- BtShd, 25- MpEn, 26- MpFn, 27- MpHi, 28- MpKhr1, 29- MpKhr2, 30- LpNh, 

31- LpYd, 32- E. typhina (positive control), 33- N. coenophialum (positive control), 

34- N. lolii (positive control), 35- FaFn1, 36- FpBn, 37- negative control, M- 100 bp 

ladder]. 
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Fig. 3. A 1000 bp fragment produced using 11I /11II primers. Lanes: 

[M: 100 bp ladder, 1- FaAh, 2- FaEn, 3- FaHn, 4- FaKh, 5- FaFn2, 6- FaFn3, 7- FaYj, 

8- N. coenophialum (positive control), 9- N. lolii, 10- E. typhina, 11- FaFn1, 

12- FoGn, 13- FpBn, 14- BtFn, 15- MpEn, 16- H2O]. 
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Fig. 4. Restriction patterns obtained using CfoI on sequencing gel. Lanes: 

[Nos 6, 15, 24, 11, 29, 37, 18 and E due to unclear bands were deleted] 

[1- FaEn, 10- FaAh, 14- FaKh, 22- FaKn1, 33- FaKn2, 34- FaFn1, 40- FaHn, 47- FaYj, 

51- FaFn3, 13- BtBi, 24- BtGh, 28- BtBn, 31- BtShd, 36- BtHi, 17- MpKhr1,  

46- MpKhr2, 4- FoGn, 27- FoTn, 16- FpEn, 35- FpKn, 19- FpBn, 21- LpNh,  

M- 50 bp ladder 
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Fig. 5. PCR- RFLP dendrogram obtained from restriction analysis. 
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�+". D&��� �� 5
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� �7 K&�
� 5&�PCR c�3+=!�:I $�� �7 
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N. coenophialum ���P �&���	P. D&��� FoTNDa�P ��   D&��� �� 5&� ��	o �� D��=��� c�
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%+= ��+1A 

D&���  D7 ZB7+<  �3B. tomentellus �� N. cf. bromicola ��� p�@�G. $�� �7 D&��� �� 5&� 
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Endophytic fungi have mutualistic relationship with the plant family 

Poaceae. These fungi confer characteristics such as yield increase and biotic and 

abiotic stress resistance to host plants. Endophytes are classified in the family 

Clavicipitaceae. The endophytes spend all their life cycle in the aerial parts of plant 

hosts and live intercellularly. In the present investigation, endophytic fungi were 

isolated from seed and leaf sheath of Festuca arundinaceae, F. ovina, F. pratensis, 

Bromus tomentellus, Melica persica and Lolium prenne. Genomic DNA was 

extracted and three sets of primers: ITS1/ITS4, IS1/IS3 and 111/112 were used to 

detect and identify endophytes. The results of PCR with three paires of primers 

indicated that most of isolates used in research were endophytic fungi belonging to 

Neotyphodium and isolates of F. arundinacea were N. coenophialum. 

For amplification of ITS1/ ITS2 and 5.8 S gene, primers ITS1/ITS4 were used.  
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PCR products were digested by Sau3AI and CfoI. The results of PCR-RFLP showed 

that, restriction analysis is concordant with the morphological studies and PCR 

specific primers. 
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