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Neotyphodium��
�������"#��$�
��%&��'��*AFLP

Cross inoculation of two tall fescue genotypes with Neotyphodium endophytic 

fungus and its detection using AFLP marker
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@1AB%�CD.������E��F����%���� �%/�0��������G�!���H#1��B����
H@1AB%�?1)H
��������H%

��G�/��IJ���K�.L�E��F���% ���M	��Neotyphodium���+NO-��)�Clavicipitaceae��������H.�CH"��	
H@%�

=�)>���)1!� �%-��)�Pooideae���G�/@1AB%���	K�.L�������1�P%�&'�?���Q�-+�*�������%��>������R�HS
��

E��F���� �%/�0�����/@1AB%��!����T���%���1�)>�(�)S
���L��E��F��+����� �%�/�0��H����G�����H.A�������H%� 

U�-����K�V��9����.����������,+H#,+G�)���H�����'+#��)#�G� �%AFLP������� �)H��������H��).�WH"�X+H��

���KL�����Y�UZ-�?1����9������K�9��A>��[,�����)"?@	
@1����������+.���)B%�/�U0+G��.����YH1)J�!����	-

����9���?1�E��F��� �%/�0���������*�\1�!����K�C
0)>��-+���Q���/�U0+G��.���������HB%+�*��QH�-��)H�1����

+�*�-Q��%����KL��1?������).���+B��]S�G��]�S�-� �).���E��HF��+�����G������H.A������H% �>��H�%����

�
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�G1C��!����K�d�9�����% ��'+#��)#�G��e��	G��G���K�.�L��)�����AFLP���!���HN�.����E��HF��+���

����%��>C1�G����!�������O+	fG��+J�C.���K����-��1��)"����L��,�a���������+G����Cg��.�N���)�1��������H%��>�!�

C1�G����!�����K��+���E��F�����)������?1���.�-�1��������L��������E��HF�CH"���������W"�X+���!������
����� �H%

.A�G����/�0��������%�B��)��h-�)%�i��� *+,+0�+G�j�Z,�!���1��� ��		"L�
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@1AB%��d�Clavicipitaceae��AFLP�Festuca��U�-�c.�U
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� ����,��E��F� �
@1AB%� CD.��� )�_��  ��% �/�0����=�)>� �.���C�+-�  )���)��  �%

/�����)"�e����+_�C.� ������	B����L�E��F�?1��^������ ��B�.�kO�.� �%��G��1�%��!��C"���+K

=�)>�C.� ��+,T�  �%�T��%�lO� �� ��+B�� C1:h-1���%+G� ��K� ).!� ���+�a� �!��P%�"� �	��G� �B

)�K�P%�"��m����K��!�)#����a�������+X�I���C.�������(Bacon et al. 1997, Schardl 2001)L�

O� ?
0�1� �'� ���n���+�a� ���  ��B�.� /�� �� ]S�G� ���>� ��� E��F� �+���� ��.� n�U�UZ-�

E��F�?1�� C"� ���������!�� �%�M	��Neotyphodium� ��)�-� �Clavicipitaceae��G��	K�.���.� C"

=�)>�)1!�  �%��-�)� �Pooideae/@1AB%� \�B
@��� �+J� C.���	
@%LE��F� �+Na���% ��

/�0�������� ��1!� �1�AG� ���>������ ��)B%� C.� ��.A�G� ���>� �).Cg���/G��UG�kO�.� C�B�� !��

P	-� C.��% n�)��h-� ��G)�� ��#�_�cG�K��D�ZG�� pH�+1� ���G�o�_� ����B�� �%���+K�
Dehghanpour et al. 2006, Malinowski & Belesky 2000, Mirlohi et al. 2004)�

�Parsaeian et al. 2007 �L�+,�#,T� ��,+-� Y1)J� !�� ?�	pB%1�/G��UG� ��`1�� kO�.� ���

P	-� C.� ���>��%  ��B�.� cG�K� �
@1!��n�)�a� �� �1�1)
"�.� ����)1��  �%��G����)>�

(Sabzalian et al. 2004)L�0)J� !���+,�#,T� ��,+-�1���%�kO�.� E��F� ?1�� q�+-��

/�G+B@G� �_).� ��`1��^��� ��� �%��%C1:h-�  � ��a� ��%��>� !�� ��		g�G� E��F���+K�L�

�:,�/��+f_� r�a� �+s	G� C.� �-�U�UZ-��� ��K� )"t� R+�DG�  �%�X�a� ?�O� ��� ��

E��F� ?1�� !�� �K��� /�G+B@G� P%�"�^��� ����%C1:h-�  ����		g^�`�����K�/����
�Parsaeian et al. 2007�Dehghanpour et al. 2006,�(Bouton et al. 2002, Ganjali et al. 2004,��

�!�� �`�T�U
���Cg��X1�!��E��F�?1c@��u�G�.���.�c@��C.���.A�C�+BO�n�+� n�+���

G��>��)� ���� E��F
��� ���>� �1�+%� ^�����U� ��)C
0�1�������� ���BS-� ���P1��� Y1)J� !����:.�

��K,T� C1v� ����)�G� �F�.� ��� ���G���`G�C��+�� �.���!�>� ����� �:.��G� �����+K�
Bacon et al. 1997, Burns et al. 2006, Christensen et al. 1997, Ganjali et al. 2004,) 

Mirlohi et al. 2004���(Schardl 2001��n�+��?1�� ��� C"���$G�� X�U
��FE��� �%�/�0������

G�C.������.A1���C.�����T�������+��L��:,��C1�G���!���O+	fG�). ��1�E��F�?���)"�������	�G�C.



C1�G�E��F��.��	�.� +�#@0�Q�-+�*����c.�U
G���!��M	��/�0�����Neotyphodium�.�1�����LLL8w

��T�%���1�G!T����O+	fG��+J�C.�=�)>�c_���C.��G��%��K�.L-�+�������C�+B��Cg�� E��F�!�����.

B����mg�/�1B�����.� ���).�/ �^����%C1:h-� ���K�.�/��������		gL��G�9���?1�� �.�����+-

�� E��F� !���I��	G�e�g)-�.� ���>� C?1�� ).� ��lO� Cg� ���T�/����^��� �).� Cg���K�I�� �B�� �%

�K�.����������
@1AB%�?1��R+_�n���+f_L�

��[,�1)g�?@	
@�(Latch & Christensen 1985)K����� �).����C1�G���!�����O+	fG�1�C

���)g��!����1)J�?1Y�!��C�+>�x	'�/�0������%=�)>�!�������!������
����.�����)g�����y�
SG� �%

��������)F�u�	$-/�0����q�ZG����c�
'+b�g�/0�.����/�g�RT�z��E��F�?1�����>T��^�F���C.�����%

� +�$@0�	�.^+�,+,�����C1�G���!����+B�L�

���)�"�����#B%��(Kearney et al. 1991)��!�9��� �).�/0�.�/�"�C1�G���!��O+	fG�

���)"�����
����	�.� +�#@0� L���a�9���?1�����/�U0+G������/�%�������/I@��Cg��+.�

�9���C.�[,�?@	
@1)g����
�{�����a�Cg���������G��/���)
Bg���K�.L�

@����+z�,�#���M����$B%� ��(Johnson-Cicalese et al. 2000)�9��� !�� ����
��� �.�

��	
@��+-� )�1�C1�G���!E��F�c.�U
G��� �%/�0�����|,�.���%��>�C.����Festuca rubra subsp. 

rubra��F. rubra subsp. fallax��	%��^�`���L�T��%u-�n�+��C.������%��>��������)g�����C`	'

}).�u	�'��X+J�C.�����%
����C�����a��K�~�)��!������
����.�M�������)g���-+g�)
G��� �

G� ������)
G �� CF+J� ���1� �� ��`1G� !��u�+g�C�DF�u��@�E��F� ^+�/�0����AB%�1��K��/@

1���C
0� ZG�����/�g�q����K�c_��������������)F� L^��F��?1�������������E��F�C.���%��>�

���K���+,TL�

 �%�).��"� !��C1�G���!�
G�G� c.�U�� Y�UZ-� C.� ��+-� �+-+.����#B%� ��

 (Bouton et al. 2002)��K����)"�� L� ��&�� ��� �+_� C�,�DG� ��� ���1�/�0����^��� /Z-��� �%

AR542��AR502 +,�$,T�Cg����1���,+-�mg���A�G�C.����n+>��� �%������)gd�mF�������� +�$@0

��	�.{zGeorgia��+B���� LmF��?1�� ���
@1AB%����?1�� �.�����&/�0�����+,�$,T�1���,+-��Bg���

�G�P	-�C.�/I@�� )
��.�/G��UG���)
�.��O��!�n���+f_�!�����	g��%����n�0T� ��B�.���%���

�UG1�.� C@�+�g��/��� ����+_).� E��F� !��  ��O�  �%� L� ?�	pB%UUZG�� �� !�� ����
��� �.C1�G���!�

�9���C.��O+	fG�[,�	�
@1)g�?@ �����	�.� +�$@0�����=�)>��% �(Lolium spp.)�C,���	��

�q�+-C1����� ��!�N. coenophialum (Morgan-Jones & Gams) Glenn, Bacon & Hanlin��

CF��� ^)g� n�0T� C.� ^��UG� ��%��>�=�)>+�.� ��+_�(Poa spp.)����T� /��� C.� ����

(Bouton et al. 2002)L��)%�i����Cg�?1���.C1�G���!�O+	fG��/�0������%��$G�����,��/���)1:'

������+���)G��?1�����A��������)0�nl$�GL��E��F�Cg��	�G�?1��C.����>��.�E��F� ��>!�����C,�@G

!��M'�C1�G���!�� )s�� ��+G� ���>� C.���_� Q�-+�*� �� n��a� CG���� C.� ���FB����K�.� d�!�� �$1

���ZG1/��% ��?1��m�G�)01��	�G��K�.�L�G�)s��C.�C
0)>�^�`������ZG�n��,�DG�=����).�����



����#B%��� ��+@�K�c�O�B�� <�

�� ?1� CD.��� �$�
�*� /��v�B
a�� ��� �	��*�/����� �.���  )1:'!� �
I@�1���  ��>!��� kO�.���1

 ��>!����>��U�-���%���.���K�V�E��F�� �%/�0������K�.�(Easton et al. 2002)L�

?1�� C.� C�+-� �.�E��F� C"��% �/�0���������� �+_���.A�G� ���>� �.�c.�U
G� )����e�g)-� ��

%����>���E��F�!���I��	G��+.���UUZG�)s��G����+B/��������n�OlJ����+.�m"�C.�C�+-� �.�

E��F�X�U
���/��.�F��+f_��% �/�0����.A�G�?�.�����%�y�
SG� ������)1���	�.� +�#@0����>

	pB%�?�� )��B����+	-���)1�� ��� ���>�?1��.�C	��!�� 9�����% �C1�G���!�?���-� ���O+	fG�

�>!�� � ��>!������1��a�1A��/�B%�/���LE��F�X�U
������e��	G�9����1���	K�?�	pB%��% �

/�0����UUZG�C.���>!�����%��>�C.������)1���G��!�����E��F��-��%���% �C.����)-).�n���+f_��.�

.A�G����%��	%��X�U
��� )-).�Q�-+�*� �.��1� �?1v�R+�DG� �%��O��!�)s�� !�� )-�q1�)K� �.� ��>!���

���)1��	1�B����,+-L�

��'�?1����%�����P%�&���).����� !���C	��.�9������ �%C1�G����!��?�H��-����O+	fG��?1)H
�.�

���E��F��1)��X�U
���9���AB%�1�����%��>�Q�-+�*�\1�!��/@����QH�-+�*�CH.����H%�����H��).���)H�1�� ����)H���

>��.�E��F�c.�U
G�G�����+.���.AL�

�

:���*�%
��

z�>���+G�%���

���!��CHHH�,�DG�?HHH1����*��QHHH�-+�� +�#HHH@0���HHH	�.�LSchreb�Festuca arundinacea�

����x��n����.���BK� �%�<������76���)>�����
��1��L�1��?���*�Q�-+��.���C����>�uH-�n�+H��H�������!����

�>���+-�����G��� ���C".��C-)-�e��������������
��)"���
�����������G�"� �
����!!�����������HB1)0� �
����

�B������)_���
����+.���K� ��T.���R�S
������C���n�+�1���$-�C��S�>������)>�)1���L�

�  ��a� ��%��>� ��,+-�  �)./�0����� ���.� ��/�0��������@#1� �%��>� Q�-+�*�\1� !��

C`	'��$-� �%��1�)>� m�@U-�/B@F� ��� C.�Q�-+�*� )%� ��K� )���)%� !��/B@F�\1�M��� ��

E��F� ��� �+�SG� q�+-� Q�-+�*�� X�!��+#�'�)'�P"���)
�,� ��� �)�+G� ���G� ^)>�� ���+#�,+0� ��

����G�\1�)
�,� ��� )
�,� �-�B� �����K�(Siegel et al. 1984)� LC`	'� ��B�-���� �%���� C
�%� ��� ��.�

}).���)"�M�_��a����C
�%����n�G�C.�}).��l�����%�E��F�����+�SG�q�+-��%��+.�P"�L�

�?1)_T� !��M'� C
�%� ���K��B���� �+Na�?���-� �).� ��B�-� ��+G���%��>/�0������9���C.�

��'+#��)#�GG����	
0)>���)F����).���+G�)>�]S�1�C"��/�0�������%��>�!��cG�"��+J�C.�

��K���B�-$@0��+ �	�.�����)>��:a1/������L�). �$-��.�)���O���%��>�)
� ��a��� �/�0�����

C`	'�Q�-+�*� )%� ������ �%1���).� �1�����uPK�n)"� C.� C%�G����C.�m%� ��	"� �A`G� �%

���1�)>� cU
	G� CO�AG� L�� !��M'1� �����?����-0�g��%��>���O� �� ��a� �� �/�0�����)%� !��

�).�Q�-+�* �T�G!1P� �%��.� �m%�)0��GT� L�). .��C/��T�� ��a��:.�����/�0��������.���
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/�0�����X�����
@G!� ���Q�-+�*� )%� !������� ��a���%��>� �/�0��������.� ��/�0�����)%�

)#-�C������0��f-�o+�.��)J�\1�e,�F����c1�+
"�0�P1�G!T�n�+��C.�Q�-+�*�CO�AG������

���1�)>�/�"� Lnl'�� ���.�� �.� �%{4����{4�� �nl'� )%� ��� C"�  �+J� C.� �+.� )
G�PK�C-+.��

�� ��a�C-+.�)%x	'C`	'����1�)>�/�"�L���1�!�c#�����)K�����%��>���)U
���!��M'�C�+-��.�

��>!������+_�C. ��1>�?���dC1�'��Q�-+�*� ���G� �%�� �%������{�C�����C.�e�-)-�C.��*�Q�-+

�{�����X�pS1������/K��).�C�����>�����C�a)G������:.������K�����0����)>�������C����


�������)>� ^�`��� /���P1�G!T�%� ���. ���K�  �������L��������� Cg� /��� )gt� c.�F1�E��F� ?�

.�C�+BO�n�+� �'�!��1���G�C g�������	��C@�	����0����)>�!��M'�����K��$�-���������:.�c

v1C����),TG�)U
@G��:.�����)>�.���:.��:,��C�/��T�������G1�?�P1�G!T��CB�)%�+_ �R�@a�C.�

G��T1�	L�

z�E��F� !�������%

��+s	G�C.��E��F� !��������� �%/�0�����!���>��G��������.AC�+B���1�%���!��l��}).�������H�.��CH.�

����
�������)
G��!��+�"� �%����%��>�������������K���1).,�c#<����H�������n�HG�CH.6��CH���������M�H��

X+�ZG���/1)�"+��%�m1�����4������n�G�C.������5������C��������K���+�O��L�C�+B���������%�CH�������H.���H.�

����K�C
@K���)
��RT���������������0����RT��-�C
0)>���)F���)
���0���:��"� ������T���%�������+HK�(��_��

M��� ��/�"�q�ZG�  PDA ���K��������)F�(Ganjali et al. 2004)L�

��E��F���%��G� �).��%�� ��/�0��H�����������H1�����H.A�G���������)H.��H	
IG��'+#H��)#�G�9���!�

~����X��	.!����������G��.� A�GT�)>�����
��1���1996�BelangerL��

z�9��� �%�C1�G���!E��F��

�� �).C1�G����!�E��F����% �/�0�������+�#@0���%��>�C.��� ��!���H	�.�CH����CH"�yH�
SG�9������

9����T���%���������)
H��q1�)K�/Z-���\H1�����HZ-�)H�1��9�����������^�H`�����)
H�)���q1�)HK�/��/H0)>�

�K�����
��2�

��9��X���2�1��	
IG�9���?��9��A>�).��[,�?@	
@1)"����
�{������Cg��+.T����
.�����:H.���HO� �

��!���E��F��q�+-�m1���/1)�"+��%�������������n�G�C.��z6��F�����CU�������+�O�� ������RTz����>T

�45����������K��������)F���L��� �G�������:.����z����
����C��������)>������ ���H����Y�DG��#1��-����

���K������!����.�C��+�����!���#����.�,���"� ���cb�+��c�
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CROSS INOCULATION OF TWO TALL FESCUE 

GENOTYPES WITH NEOTYPHODIUM 

ENDOPHYTIC FUNGI AND ITS DETECTION USING 

AFLP MARKER 
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Mutual relationship between pasture grasses and Neotyphodium fungal 

endophytes is of great importance in grass improvement. Two endophyte containing 

tall fescue genotypes (75 and 83) and their endophyte free ramets were used in this 

study. Endophytes were isolated from tall fescue genotypes 75 and 83 and used in 

three methods of inoculation including Latch and Christensen approach, insertion of 

mycelium into the seeds, and Johonson�Cicales approach. Endophytes were detected 

in new host using microscopic examination of stained tissues, AFLP marker and 

Koch’s postulates. Results showed that Latch and Christensen approach was the 

only successful technique by which cross inoculation in the two tall fescue 

genotypes was feasible. Success in inoculation seems to be highly dependent on 

splitting procedure and seedlings age. Detection methods used to confirm the 

presence of inoculated endophyte in plants indicated that microscopic examination  

is highly accurate in detecting endophytes in new host. However AFLP  marker was
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required to confirm isolate identity although it lacked detection in all infected plants 

examined microscopically. Koch’s postulates showed that endophytic fungi had no 

morphological alterations after being inoculated into new host. 

Key words: Symbiosis, Clavicipitaceae, AFLP, Festuca, Cross Inoculation 

To observe the figures and table, refer to the Persian text. 

References 

ACON, C.W., RICHARDSON, M.O. and WHITE, J.F. 1997. Modification and uses 

of endophyte-enhanced turf grass: A role for molecular technology. Crop Sci. 

37: 1415-1425. 

BELANGER, F.C. 1996. A rapid seedling screening method for determination of 

fungal endophyte viability. Crop Sci. 36: 460-462. 

BOUTON, J.H., LATCH, G.C.M., HILL, N.S., HOVELAND, C.S., MCCANN, 

M.A., WATSON, R.H., PARISH, J.A.,  HAWKINS, L.L. and THOMPSON, 

F.N. 2002. Reinfection of tall fescue cultivars with non-ergot alkaloid-

producing endophytes. Agron. J. 94: 567-574. 

BURNS, J.C., FISHER, D.S. and ROTTINGHAUS, G.E. 2006. Grazing influences 

on mass, nutritive value and persistence of stockpiled Jessup tall fescue 

without and with novel and wild-type fungal endophytes. Crop Sci. 46:  

1898-1912.  

CHEN, X., ROMAIN, C.P., TAN, Q., SCHLANGNHAUFER, B., OSPINA-

GIRALDO, M.D., ROYES, D.J. and HUFF, D.R. 1999. PCR-based 

genotyping of epidemic and pre-epidemic Trichoderma isolates associated 

whit green mold of Agaricus bisporus. Appl. Environ. Microbiol. 65:  

2674-2678 

CHRISTENSEN, M. J., LEUCHTMANN, A., ROWAN, D.D. and TAPPER, B.A. 

1997. Taxonomy of Acremonium endophytes of tall fescue (Festuca 

arrundinacea), meadow fescue (F. pratensis) and perennial ryegrass (Lolium

perenne). Mycol. Res. 97: 1083-1092. 



CROSS INOCULATION OF TWO TALL FESCUE GENOTYPES WITH … 45

DEHGHANPOUR FARSHAH, S., SHARIFNABI, B. and MIRLOHI, A.F. 2006. 

Application of 5.8 S gene and ITS, PCR-RFLP pattern in taxonomy of 

Neotyphodium endophytic fungi. Rostaniha 7(1): 1-15 (in Persian with 

English summary). 

EASTON, H.S., LATCH, G.C.M., TAPPER, B.A. and BALL, O.J.P. 2002. 

Ryegrass host genetic control of concentrations of endophyte-derived 

alkaloids. Crop Sci. 42: 51-57. 

GANJALI, R., SHARIFNABI, B. and MIRLOHI, A.F. 2004. Classical methods and 

specific primers in detection of endophyte fungi in some gramineous plants. 

Rostaniha 5(1): 37-51 (in Persian with English summary). 

JOHNSON-CICALSE, J., SECKS, M.E., LAM, C.K., MEYER, W.A. MURPHY, 

J.A. and BELANGER, F.C. 2000. Cross species inoculation of chewings and 

strong creeping red fescues with fungal endophytes. Crop Sci. 40:1485-1489. 

KEARNEY, J.F., PAROTT, W.A. and HILL, N.S. 1991. Infection of somatic 

embryos on tall fescue with Acremonium coenophialum. Crop� Sci. 31:  

979-984. 

LATCH, G.C. and CHRISTENSEN, M.J. 1985. Artificial infection of grasses with 

endophytes. Ann. Appl. Biol. 107: 17-24.  

MALINOWSKI, D.P. and BELESKY, D.P. 2000. Adaptation of endophyte infected 

cool- season grasses to environmental stresses. Crop Sci. 40: 923-940. 

MIRLOHI, A.F., SABZALIAN, M.R. and KHAYAM NEKOIE, M. 2004. 

Endophytic fungi, characteristics and their potential for genetic manipulation. 

Iran. J. Biotechnol. 2: 75-83. 

PARSAEIAN, M., MIRLOHI, A.F., REZAIE, A.M. and KHAYAM NEKOIE, M. 

2007. The effect of endophytic fungi on physiological characteristics and 

cold tolerance of two species of meadow fescue and tall fescue. J. Sci. Agric. 

Nat. Res. 10: 197-212 (in Persian with English summary). 

SABZALIAN, M.R, HATAMI, B. and MIRLOHI, A.F. 2004. Mealybug, 

Phenocccous  solani, and barley aphid, Sipha maydis, response to endophyte- 

infected tall and, meadow fescues. Entomol. Exp. Appl. 113: 205-209. 

SCHARDL, C.L. 2001. Epichloe festucae and related mutualistic symbionts of 

grasses. Fungal Genet. Biol. 33: 69-82. 



E. SHAHSAVARI ET AL.46 

SIEGEL, M.R., VARNEY, D.R., JOHNSON, M., NESMITH, W.C., BUCKNER, 

R.C., BUSH, L.P., BURRUS, P.B. and HARDISON, J.R. 1984. A fungal 

endophyte of tall fescue: evaluation of control methods. Phytopathology 74: 

937-941. 

VOS, P.,�HOGERS, R.,�BLEEKER, M., REIJANS, M.,�THEOVAN, D.L.�

HORNES, M.,�FRIJERS, M., KUIPER, A. and ZABEAU, M. 1995. AFLP: 

A new technique for DNA fingerprinting. Nucleic Acid Res. 23: 4407-4414. 

Addresses of the authors: E. SHAHSAVARI, Former graduate student of  

Plant Breeding, Dr. A.F. MIRLOHI and DR. B. SHARIFNABI, College of 

Agriculture, Isfahan University of Technology, Isfahan 8415683111, Iran, and  

DR. M. KHAYAM NEKOIE, Agricultural Biotechnology Research Institute of Iran, 

Karaj, Iran. 


