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 .". 2548-2550  	�������)	�*+�+��	�� "��,������- ��. � "�� ���*�������  �.)��	/���0ก1�����
ก���������� ��2�-������2��
�����  Prof. Bruce Reisch ����������� Cornell �����"����B�����ก� ���
�����	
�����	����������	��	� �����	������	����ก	�������	�� �� !�������	"�#ก$	 
"��,������- ��. ����ก� ��C�ก��  �.)��	/���0ก1����� ��2�- ก����DกE���DE���ก1����*�  ��. ��"����- 
��+2/��� �.)��	/���0ก1������������Dก���*� E��+��	�� F".��. B�,� � ��G��ก�� �.)��+���D������H�
�����G�-)�ก�����	����-+���D� ��ก��ก�
	�������+�+��	�����������.����/�I��-������������
��	�����������E��"D��-�	�J.���J������"��,�-E����	������.)��	���G*�����J���H���*���,���
��������ก������� �����
���ก"0ก1����K�,E��FD�G*������������*���.G*������,���������ก�������
L����
���/���M����*��������� 
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ก�������� J.��	�����.��/�������	������-	������,������ (resistance gene analogs; 
RGAs) ��ก���*� (Vitis spp.) "0ก1�ก��W*�������ก1��	���,��������	���
/�	��� (Plasmopara 
viticola) E���������� ��2�-���*����������F���� J.�)��,������,*���	���
/�	��������2��
����� X0.�
�/�����ก��)�G*���� 2548-2550 ����,*����
 (1) ก	���� RGAs �	ก�����  ��ก	�!�"�	

#�$%��&�	���#�ก���	ก RGAs ���
/�	�����H���	�/�	�C��	��0.�+�����*� ��2�-�.��Dก��*��E �*����
)������"��� �ก��E�������,��������	� J.��/���)G�)�ก�� �Y�� ��2�-)��*�.������ก��
,��������	�D�+0
� ��J.����กก��)G� ��2�-,��������	�+����������ก�*�ก�����ก����	��������	� 
���������
�	�� RGAs G��� nucleotide-binding site (NBS)-leucine rich repeat (LRR) ��กก��� �.�
���������M�������� �����-�/�� ��,*� P-loop !�� GLPL X0.���H������������ก1-+�� NBS  %��
&��� RGAs '�	��� 139 &���'	ก�� ������"(	 V. cinerea B9 (48 &���) �� ��*ก+�
�����	��	�� �
��,�&���	�,�	��	�!���!�� NY88.0507.01 (42 &���) !���� ������� ��!� Black Queen  (49 &���) 
'��!� �ก� 
&������ 	��,%�� 22 ก� 
 �	
��	
��
-��.����	���������&�%�����,�!�  90% .#,�%"  ก	�
�����	��� BLASTx .��&������!�� 22 &��� ��� 	
���	���ก����
�&���
-��ก��&"���� NBS-
LRR �����	�!� /�� ��-�&"��������	�� 	�"0�&"������	��	� ก	�'�����1� (multiple alignment) RGA 
���!���"��1����1�ก��&"������	��	������	�!� /�� 5 &"���� �� conserved P-loop, kinase-2, 
RNBS and GLPL motifs 2#���"0���ก��ก$3�.��&"���� NBS-LRR   RGAs 4 &���
���	���ก����
�&�
��
-��ก��&"������	��	������	�!� /���1 	����1 40%   ก	������	��� phylogenetic !��� RGAs 
���!��'	ก��,��	
'�&�%�"4ก��'	1�������!+�5	� phylogram ��!.�����ก���!.�� !1ก�"0�
&"���� NBS-LRR /��� TIR (Drosophila Toll and mammalian Interleukin-1 Receptor) ��-� non-TIR  
���-����
	1&
��ก������6�	'	ก Vitis RGAs 1 ���-����
	1�-� rgVamu085 !�����	
��	ก��	1.��
����7������� 	������� �!
 �����	��	�!��� ��!�� �&�� !��
�����
������1 	�
���1��	��8ก����	

��	��	�&���	�,�	��	� !
�� 	'��� recombination ���� 	����-����
	1��,!��1����	��	�&���	�,�	��	�
����	''�	ก��ก	��/�"��&1/����ก	������-�ก����� !� ���-����
	1��,�	'�"0�"��&1/��� �ก	�ก�	���
��	!�� �1����	��	�&����!+��������9	�����
-��
�ก	���6�	���-����
	1��
 ����
���
����	��  (2) 
ก	�(�	������ก)*�+	��,	��	����	�-.	,	�  ����������!��/�0������������	�1�2�#!$%�3&,

�,	��	�������	�-.	,	����+�/4��-�#���  ��	ก	�+�
�� �'�	��� 9 �* +�
 &�1+�
���� 	��	1�����
� ������	��	�&���	�,�	��	� 3 �	1����� (NY88.0517.01, NY65.0550.04 and NY65.0551.05) !��



 	

������ ��!�� �&������"0� V. vinifera 3 ����� (Black Queen, Carolina Black Rose and Italia) 
�����	�����	
��	��	�&���	�,�	��	�&�1�/��*ก+�
 85 ���  ��� 	�	���1�2�.���
�����ก	���
���
����%" (general combining ability; gca) .�������� �!�ก� 	��1 	�
���1��	��8 ��.3�����	���1�2�.��
�
�����ก	���
�������%".�������!
 !���
�����ก	���
���'�	��	� (specific combining ability; 
sca)%
 !�ก� 	��	������ /�,�����7�� 	ก	��������� �ก	��.�	��	�	1.��&���	�,�	��	�� ����8 �"0�
ก	�!�����ก.��1����!����ก (additive gene action) 
	กก� 	!�����%
 �/ !����ก (non-additive 
gene action)  � 	"��
	3����	����ก��
!��!�� (narrow sense heritability) .����	
��	��	�&��
�	�,�	��	���"��/	ก���,
�� 	�� 	ก�� 55.6 ����-�XM�,- �* +�
 Carolina Black Rose x NY65.0550.04 
���+�.���
�����ก	���
���'�	��	����
���1��	��81����	������ !������*ก+�
���
����� �����
��	��	��*��� (75.0%) '#�'���"0��* +�
�����
	��
!���
����/���ก	�"���"��������� ���-��
��	��	�&������	��  '	ก�*ก+�
'�	�����,��
� 101 ���.�� 13 �* +�
���� 	��	1�������	��	�
&���	�,�	��	�!�������� ��!� �� 13 �*ก+�
���
���	
��	��	�
	ก� �&���	�,�	��	�'	กก	������
�����������":�����ก	� ����,���DกF�����*��
 ���� ��2�- *�E�*��ก��Dก)��q� ��*� J.��������ก��
����C�,���,����/�,�� 	��q� F� F�F��, E��	���,��������	���
/�	���)��	��ก���������� ��2�-
�����.���,*��� 
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ABSTRACT 
 

 The followings were the research conducted during 2004 to 2007 to clone resistance gene 
analogs (RGAs) from grape (Vitis spp.), study inheritance of downy mildew (Plasmopara viticola) 
resistance and improve table grape for downy mildew resistance by conventional breeding. (i) 
Isolation of resistance gene analogs from grape and development of molecular markers from 

RGAs.  Downy mildew is one of the major diseases of grape cultivars grown in Thailand. Due to 
the advantages over disease management by fungicidal application, disease resistance genes have 
been sought after with the ultimate goal of developing new cultivars with improved disease 
resistance levels. In this study, nucleotide-binding site (NBS)-leucine rich repeat (LRR) class of 
resistance gene analogs (RGAs) were cloned by PCR amplification using degenerate primers 
specific to P-loop and GLPL, conserved regions of NBS. One hundred and thirty nine clones 
containing putative RGA sequences were obtained from a wild species V. cinerea vB9w (48 clones), a 
hybrid resistant to both downy mildew and scab vNY88.0507.01w (42 clones) and a susceptible 
cultivar vBlack Queenw(49 clones). These cloned sequences were subdivided into 22 groups based on 
their nucleotide sequence similarity of 90% or greater. BLASTx of twenty two selected clones 
showed the highest amino acid sequence similarity with known NBS-LRR proteins or putative 
resistance (R) protein candidates. Multiple alignment of these representative RGAs with 5 known R 
proteins revealed conserved P-loop, kinase-2, RNBS and GLPL motifs which are typical components 
of the NBS-LRR proteins. Four RGAs had at least 40% identity with known R proteins. Phylogenetic 
analysis demonstrated that the representative RGAs from all three genotypes dispersed along the 
phylogram on the two major branches of either TIR (Drosophila Toll and mammalian Interleukin-1 
Receptor) or non-TIR type of the NBS-LRR proteins.   One of the molecular markers developed from 
Vitis RGAs, rgVamu085, exhibited DNA polymorphism between resistance and susceptible parents 
and had significant correlation with downy mildew resistance.  Although recombination was found 
between this marker and downy mildew resistance gene that might limit its use in marker-assisted 
selection (MAS), it may be useful in the future mapping attempt when more new markers are 
developed.  (ii) Inheritance of downy mildew resistance and improvement of grape for downy 

mildew resistance by conventional breeding.  Nine factorial crosses were made between three 



 �

downy mildew resistant grape genotypes (NY88.0517.01, NY65.0550.04 and NY65.0551.05; male 
parents) and three susceptible cultivars of Vitis vinifera L. (Black Queen, Carolina Black Rose and 
Italia; female parents).  Eighty-five seedlings were evaluated for downy mildew resistance.  The 
General Combining Ability (gca) variance among male parents was significant while the variance 
of gca in females and Specific Combining Ability (sca) variance were not significant, indicating the 
prevalence of additive over non-additive gene actions.  The estimated narrow sense heritability of 
downy mildew resistance was 55.6%.  The vCarolina Black Rose x NY65.0550.04w cross with a 
significant sca effect and the highest proportion of resistant seedlings (75.0%) is recommended for 
future use.  From a total of 101 progenies of 13 crosses between downy mildew resistance and 
susceptible parents, thirteen were found to be highly resistance to downy mildew based on detached 
leaf laboratory test.  These hybrids were transferred to field along with their respective parents for 
future evaluation of the vegetative growth, fruit quality, yield and downy mildew resistance in the 
second phase of breeding program.    
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1 %���
�������/���ก	�&��� RGAs '	ก genomic DNA 9 
2  %���
������'�	��	� �3�5*
� annealing !��.�	�.�� PCR products .��

���-����
	1&
��ก������6�	'	ก RGAs 11 
3  +�ก	����'�	��	
���	1.��������&�%���!��ก����
�&�.�� Vitis RGAs 

�"��1����1�ก����	���.��1����-�&"��������1* ��;	�.��
*�.�� GenBank &�1�/�
&"�!ก�
ก	������	��� BLASTn  !�� BLASTx 28 

4 '�	���/ ����+�
���'	ก�� � 9 �* +�
 41 
5 � 	 mean square '	กก	������	����	���1�2�.��ก	��ก��&���	�,�	��	� 42 
6  ก	�"���
��&���	�,�	��	�.�������� �!
 &�1���������
	�����	��� 44 
7  �������!����	
��	��	�&���	�,�	��	�.���*ก+�
 F1 '	ก 9 �* +�
 44 
8  � 	 mean square '	กก	������	����	���1�2���	����":�ก���1	ก	��ก��&���	-

�,�	��	����� � 45 
9  � 	�<���1.��":�ก���1	ก	��ก��&�� 47 
10  +�.��ก	�"���
���
�����ก	���
�������%"!��ก	���
���'�	��	� 47 
11 �����	���,������,*���	���
/�	���)����*��DกF�����ก��)��	�E���/����

����-,*� J
��.)� 25 ,�. X�. 48 
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1  RGAs (A) ������	�������+����,������G��� NBS-LRR; (B) +���+��EW��-

��M����.�����กก��� �.����������M���+�����*� V. cinerea B9 ����� �����- P-
loop/GLPLAL-1  20 

2   ก	���-�ก&�&������
�.�	�!������7���'	กก	�������1���%2
� EcoRI ���
��
	��
 21 

3 Multiple alignments ��กก�����	����-ก�������� (translated) +���	��
,��E��  RGA  22 �	��  X0.�E�ก��ก V.  vinifera    5  �	�� V. cinerea 8 �	�� 
E�� V. hybrid 9 �	�� ���������ก�����,�,�������.����E�*G��  5 ���,� 
���)G����Eก�� MEGA4    34 

4 Phylogram 2#�����	�&�1�	9�1.��
*����%��'	ก  sequence alignment .��ก����
�-
&����1&"�!ก�
 Clustal W 35 

5 �*"!��!������7���.���� ��*ก+�
  Horizon × Illinois 547-1  '	กก	������	���
���1���-����
	1 rgVcin125 36 

6 �*"!��!������7���.���� ��*ก+�
  Horizon × Illinois 547-1  '	กก	������	���
���1���-����
	1 stkVa011 37 

7  ���*� V. vinifera �.)G���H� ��2�-E�*)�ก�����	����- gca E�� sca 40 
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�����	�����������������ก��
��� 

�������	�
�����������ก�� Vitis ���� Vitaceae ���������������� 11 �ก��  �� 600 ��!" �ก�� 
Vitis ��	��ก���"���  ����	�#�$�%�&'�����$"% �������	�$�%���(������)���*%� �����+&'�
����ก����" 
(�&�ก� '�,�ก!", 2543) ��ก�����ก����������ก�%��-����� .'��/�� ����!ก��0��� ����!ก��*%  ��
����*����� �����0�&ก��ก��#�!*�����-��/�ก $"% ก� �!*��� 1�&����� ���� *��ก� �0�&2����!ก� 
 ��+�� +�ก3���*%��ก�����������*��0ก���ก��#�!*$��� �0�%�'�&��"� �(4�#�$�% ��ก�ก"  ��
�&'������" ���.���(4��&������5"������������� 6-20% ���������.�4�����%��ก���&'����� #�!*
�'��  ����% ����5" linseed $"% 4��0%#�#�!*��������&��/�ก���6 
.�. 2552 ���.�� 67,221,000 *&� 
/"����������#�#�!*�������ก����" 3�� �!*��� �������3�� +�� ����!ก�  ��1�&�����  (Wikipedia, 
2009)  
 �������	�$�%����.!��ก4���!"�� .'��ก���'����   *������.�+�!,$"%"����-*��ก��ก����%��.��
��ก���%�� �����������$� +�ก�.!*!ก�����ก�����-��ก�� #����  ก��������!�ก���ก7*����6 

.�. 2542 
'���ก�����ก������
�����	�ก��3%��������$� �&ก+����ก�� .'����'����)�3ก���
��	������0,� ��
�(������ก��กก��� 21,900 $��  ��
�(����-*)�3*��&���ก�8����0���ก��� 2,680 $��
(ก�� #���� ก��������!�ก���ก7*�, 2542)  ����+&�0�&"����ก�����ก��ก $"% ก� ���'��� ������3� 
ก�,+�'��� �3��2� �3��������  �����'��� ��	�*%� (ก!**!
��� *��*�������, 2544)   ก�����ก�����
�
���ก��3%���	����!�� �� 
��0����������"��5��������$� ������+�ก�������	�$�%#����72ก!+��
����3�*��0������� ����������'���'ก&'#�$�%��!"����  :  ��ก�����������	�#�$�%����0��ก0���
���
&�;�� +�������.3&"����ก���ก���
&�;�����0����� �
���ก�� �������	�#�!*)&�<�$"%0�����!" 
��ก+�ก��(ก���������$����)�
)��!��ก�� ''�%����(� 4��0%�ก7*�ก������.�ก5'�ก����#�#�!*
$"% 2-3 3�&(�*���6 ��-������������-*��ก���'����+��ก5'#�#�!*$"%�
����6�� 1 3�&(�����&(�  

 *������$�ก5*�� ����!;!)�
��ก��#�!*�����-�������$��&�$��"������3�� 3�� 3��)�

-��#�$��"�  ��#�#�!**��$��*�4� ������ 300 - 1,000 กก./$�� ��-����#�#�!*�8����-��/�ก���.�� 
7,759 กก./$��  4��0%�����$�*%���4��-%������#��"���6 
 .�. 2552 ��!��� 42,607 *&� 3!"��	�
���3�� 1,944.4 �%��'�  �����6 
 .�  .2553 �4��-%������#��"+�ก�"����ก��3�.���!.����� ��!��� 
8,985 *&� 3!"��	����3�� 488.1 �%��'� (�4��&ก������72ก!+ก���ก7*�, 2553) �>,0����&ก
'��ก��
#�!*������������$� $"% ก� �)�
 �"�%����$���0����� ������)�3�0��������0)��!*�4�4��0%
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�������ก��
&ก*&������$"%�&'��ก����5� "!����ก$���0�����  ก"#$% &'()*&+ ,-+.+/01+2345'.67(839$'8
):;+ก5,<#, =50%):;+ก5,5>+?5( (pH :5A8'B 4.3) 2C'D=E"E+%(>&+83ก'5)<5-F)"-.G"H8&,3 ?IA6J'/
J78-%'ก'K2345E%+ ?IA83L+"ก*>ก6&()65-8D=E83ก'5?/5&5A.',M%(G59% &'(5>+?5( G59%(>&+2346C'9#FD+
:5A)2KH2  H,E?ก& G595'+1C'9E'(<'ก)*01% Plasmopara viticola G59?%+?259G+6 =50% 6?9.<'ก
)*01% Sphaceloma ampelinum G59?%+?259G+6<'ก)*01% Colletotrichum gloeosporioides ?IAG59ก-4(
?=E( =50%)+&'M8<'ก)*01% Greeneria uvicola (Melanconium fuligeneum) (+-/+NO $-6'52'++2O, 2542; 
Visarathanonth, 1990) 

G595'+1C'9E'( (downy mildew) 23483)*01%6')=">90% Plasmopara viticola ):;+:WF='2346C'9#F"&%
ก'5XI-"%(>&+2#4$GIก ก'5)ME'2C'I' M%(G59+31 ก&%D=E)ก-,9$'8)63 =' D+5A,#.)K5YZก-<2#1(D+,E'+
9>BJ'/?IA:5-8'B G, G59,#(กI&'$<A)ME'2C'I' D. *&%,%ก ก-4(%&%+ ?IA80%<#. 234/.8'ก2346>,90% 
.+D. ?IA*&%,%ก %'ก'5.+D.<A)=[+):;+<>,63)=I0%()I[ก \ ?IA<AM ' G"M]1+ 234D"ED.<A/.5'63
M'$)=I0%():;+ก5A<>ก D.234^7ก2C'I' 8'ก <A8363+1C'"'I ?IA?=E("' H:D+2346>, %'ก'5.+*&%,%ก/.
D+5A A,%กDกIE.'+ /.?XI63)M3 $:+)=I0%( ?IA<A)=[+)*01%5'_7M'$.+,%ก  )804%%'ก'55>+?5(<A
):;+63+1C'"'I?ก& ?IA?=E("' "-,ก#.)^' H8&5&$( <A)=[+)*01%5'63M'$.+ก-4(%&%+"'8?+$ '$M%(ก-4(  %,
*A(#กก'5)<5-F)"-.G" (+#+2ก5 .>F)ก-,, 2543) D+6J'/234)=8'A68"&%ก'55A.',M%(G59 ?IAH8&83
ก'5D*E6'5)983:`%(ก#+ /.$&' G595'+1C'9E'(<A2C'D=EXIXI-"I,I(^]( 50-75% (Agrios, 1997) ?IAก'5
)ME'2C'I' M%(G595'+1C'9E'(D+XI%(>&+ 6&(XID=E5A,#.+1C'"'ID+XII,I( 50-75% )*&+),3 $ก#+ (Ash, 
2000) 

กIHกD+ก'5"E'+2'+"&%G595'+1C'9E'(D+%(>&+ M]1+% 7&ก#. 3+D+ 2 5A.. H,E?ก&  3+),34 $ 
(single gene) ?IA กI>&8 3+ (multiple genes)   3+),34 $9$.9>8 hypersensitive reaction D+)eIIO:'กD.
MBA234)*01%G59)ME'2C'I'  e]4(G, 2#4$H:D+ V. vinifera <A):;+  3+,E%  (homozygous recessive) ?IA
%(>&+6' /#+N>O234"E'+2'+<A):;+ 3+),&+ (homologous dominant)  6&$+กI>&8 3+ (multiple genes) 2C'
=+E'234D+ก'5 #. #1(ก'5)<5-FM%(H8e3)I3 8 (mycelium) D+/0*%'K#  (Reisch and Pratt, 1996) ก'5
:5#.:5>(/#+N>O%(>&+D=E"E'+2'+"&%G595'+1C'9E'(G, $-N3,#1(),-8H,E)5-488'ก$&'95]4(K"$55Y?IE$ G, 2#4$ 
H:<A2C'ก'5X68/#+N>O5A=$&'( European grape (V. vinifera) 234839>BJ'/,3 )*&+ XIG" 56*'"-=%8
=$'+ ?"&%&%+?%"&%G595'+1C'9E'( ก#. American grape )*&+ V. amurensis, V. vulpina, V. acerifolia 
?IA V. riparia e]4():;+%(>&+/#+N>O:j'234"E'+2'+"&%G59?"&839>BJ'/"4C' )*&+ XI)I[ก 83ก5,67( ?IA
56*'"-H8&):;+234"E%(ก'5 ):;+"E+ 835' ('+$&'I7กX68ME'86:k*36O97&?5ก234"E'+2'+"&%G595'+1C'9E'( )ก-,
<'กก'5X685A=$&'( French grape ก#. American grape =50%)53 ก$&' Franco-American hybrid e]4(
I7กX68234H,E839$'8"E'+2'+"&%G595'+1C'9E'(67( ?"&9>BJ'/D+ก'5XI-"H$+O"4C' (Boubals, 1998) ?IA 
Lu and Schell (2000) 5' ('+$&'I7กX68D+*#4$234 1 5A=$&'( V. rotundifolia × V. vinifera 839$'8
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"E'+2'+"&% Piercers disease  G59?%+?259G+6  ?IAG595'+1C'9E'( ,#(+#1+):`'=8' =I#ก:5Aก'5
=+]4(M%(+#ก:5#.:5>(/#+N>O%(>&+ 90%ก'5/#s+'6' /#+N>O%(>&+D=E839$'8"E'+2'+"&%G59 ?IA2346C'9#F
<A"E%(839>BJ'/67( ):;+234"E%(ก'5M%("I', e]4(%'<<A"E%(D*E)$I'+'+D+ก'5234<A/#s+':5#.:5>(
6' /#+N>OI7กX68234839>BJ'/,3% &'(?2E<5-( 

ก'5:`%(ก#+5#กY'G595'+1C'9E'(2C'H,EG, ก'5t3,/&+6'5)983กC'<#,)*01%5'"I%,2#1(u,7:I7ก 2C'D=E
)กY"5ก5"E%()63 9&'D*E<&' <C'+$+8'กD+ก'5e01%6'5)983กC'<#,)*01%5' ?IA?5(('+D+ก'5t3,/&+6'5)983 
Emmet 5' ('+$&'D+ก'5XI-"%(>&+2#4$GIก"E%()63 9&'D*E<&' D+ก'5:`%(ก#+กC'<#,G595'+1C'9E'(67(^](
:5A8'B 320,000,000 .'2"&%:k (Bordelon, 2009) ?IA^](?8E$&'ก'5D*E$-N3ก'5:`%(ก#+?..X68X6'+ 
(integrated controls) <A*&$ I,:WF='ก'5D*E6'5)983 ?"&ก[835' ('+$&' 83)/3 (H8&ก34:5A)2K)2&'+#1+234
6'8'5^:I7ก%(>&+G, H8&D*E6'5)983H,E 90% Sinkians D+2'("A$#+"ก)t3 ()=+0%M%(:5A)2K<3+ *-I3 
%'5O)<+"-+' ?IA %-=5&'+ )2&'+#1+ (Babadoost, 2001) ,#(+#1+<](839$'8<C'):;+D+ก'5:5#.:5>(/#+N>O%(>&+
D=E"E'+2'+"&%G595'+1C'9E'( G, D*E$-N3ก'5:5#.:5>(/#+N>O/0*G, D*E$-N3,#1(),-8 (conventional breeding) 
?IA=50%$-N32'(*3$$-2 '5A,#.G8)Iก>I (molecular breeding)  

:W<<>.#++319$'857E ?IA)29+-9$-N3ก'52'(,E'+*3$$-2 '5A,#.G8)Iก>IH,E83ก'5/#s+'% &'(
5$,)5[$ <](H,E83ก'5+C')29+-9)=I&'+318'D*E5&$8D+G95(ก'5:5#.:5>(/#+N>O)/04%D=E83:5A6-2N-J'/67( 
?IA5$,)5[$M]1+ 2#1($-N3ก'52'(,E'+/#+N>$-K$ก558 ?IAก'5D*E)9504%(=8' G8)Iก>I*&$ D+ก'59#,)I0%ก 
(marker assisted selection; MAS) G, )t/'AD+,E'+ก'5:5#.:5>(/#+N>O/0*D=E"E'+2'+"&%G59 ก'5
9E+/. 3+"E'+2'+G59 (disease resistance genes; R genes) 2C'D=E)ก-,ก'5/#s+'ก'5:5#.:5>(/#+N>O/0*
D=E"E'+2'+"&%G59% &'(5$,)5[$   83ก'5G9I+ 3+"E'+2'+G59<'ก/0*D.)I31 (97&=I' 6:k*36O )*&+  3+ N 
<'ก '67.   3+ L6 <'ก:j'+ ?IA  3+ RPS2 ?IARPM1 <'ก Arabidopsis G, /.$&' 3+"E'+2'+G5983
9$'86'8'5^D+ก'5"E'+2'+"&%G59H,E% &'(ก$E'(M$'(95%.9I>8G592#1(234836')=">8'<'ก )*01%H$5#6 
?.923)53  )*01%5' ?IAH6E),0%+L%  G:5"3+234)ก-,<'กก5A.$+ก'5I%ก5=#6 (transcription) ?IA?:I
5=#6 (translation) M%( 3+"E'+2'+G59  6&$+D=F&:5Aก%.,E$  2 6&$+=I#ก90% nucleotide binding 
site (NBS) D+"C'?=+&( N-terminal ?IA lucine-rich repeats (LRRs) D+"C'?=+&( C-terminal G,  
LRRs 83.2.'2D+ก'5กC'=+,9$'8"E'+2'+"&%G59% &'(<C')/'A)<'A<( (Ellis et al., 2000) ?IA 
NBS ?.&(%%ก):;+ 2 กI>&8D=F& 90% 1) leucine-zipper coiled-coil motif (CC) 2) Drosophila Toll and 
mammalian Interleukin-1 receptors (TIR) e]4(IC',#.ก5,%A8-G+M%( NBS +31 /.$&'836&$+234%+>5#กYO
)=80%+ก#+ (conserve) % 7&^]( 7 domains H,E?ก& P-loop, GLPL motifs ):;+"E+ (Donald et al., 2002)  

^](?8E$&'IC',#.M%(ก5,%A8-G+234%+>5#กYO)=80%+ก#+D+?"&IA 3+"E'+2'+ 839$'89IE' 9I](ก#+
H8&8'ก ?"&ก[/.$&')/3 (/%234<AD*ED+ก'5G9I+ 3+23483IC',#.+-$9I3G%H2,O9IE'  3+"E'+2'+ 
(resistance gene analogs; RGAs) <'ก/0*=I'ก=I' 6:k*36OH,E G, ก'5D*EH/5O)8%5O23465E'(8'<'ก
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IC',#.ก5,%A8-G+234%+>5#กYO (degenerate primers) )/04%)/-48:5-8'B,3)%[+)%G, $-N3 polymerase chain 
reaction (PCR) e]4($-N3,#(กI&'$%'<2C'D=EH,E RGAs 234"5(=50%DกIE)93 (ก#."C'?=+&(M%( 3+"E'+2'+ 
"#$% &'()*&+ Yu et al. (1996) D*E degenerate primers 23465E'(<'กIC',#.ก5,%A8-G+234%+>5#กYOD+ 3+ N 
?IA RPS2  )/04%G9I+กI>&8 3+"E'+2'+G59<'ก^#4$)=I0%( ,#(+31 Rps1, Rps2, Rps3, rmd, Rsv1 ?IA Rpv  
+%ก<'ก+31/.$&' RFLP probes 234/#s+'<'ก RGAs D+%(>&+83ก'5<#.97& (hybridization) )t/'AD+%(>&+
6' /#+N>O234"E'+2'+"&%G595'?:`()2&'+#1+ ?6,(D=E)=[+$&' RGAs 234G9I+8'<'ก%(>&+%'<D*E):;+
)9504%(=8' G8)Iก>I234839$'86#8/#+NOก#. 3+"E'+2'+G59D+%(>&+H,E (Gaspero and Cipriani, 2002) 
?IA)*&+),3 $ก#+ Donald et al. (2002)  /.)9504%(=8'  RFLP 234/#s+'<'ก RGAs <C'+$+ 3 
)9504%(=8' 234% 7&DกIE*-, (link) ก#. 3+"E'+2'+G595'?:`(e]4(+C'8'D*ED+ก'59#,)I0%ก/#+N>O"E'+2'+
G59+31H,E   

+%ก<'ก+31D+6E8/.)9504%(=8'  RFLP 234/#s+'<'ก RGAs <C'+$+ 3 )9504%(=8' 234 link ก#.
 3+"E'+2'+ citrus tristeza virus ?IA citrus nematode (Deng et al., 2000) ?IAD+8A)M0%)2K/. NBS 
sequence 23483"C'?=+&(.+?X+234/#+N>K'6"5ODกIE)93 ( (co-mapping) ก#.=I' "C'?=+&(D+<3G+823483
 3+"E'+2'+"&%G59=I' *+-, H,E?ก& Verticillium wilt ?IA Fusarium (Pan et al., 2000) ('+$-<# 
)=I&'+31*31D=E)=[+$&'IC',#.).6M%( NBS-LRR 234  link =50%):;+6&$+=+]4(M%( 3+"E'+2'+ 83
:5A6-2N-J'/)/3 (/%234<A+C'8'D*E65E'(?X+234/#+N>K'6"5O (genetic map) )/04%G9I+ 3+"E'+2'+G59
D+/0* =50%D*E6C'=5#.9#,)I0%ก/#+N>OH,E  ,#(+#1+ G9I+ RGAs 234H,E%'<6'8'5^D*E):;+)9504%(=8' 
G8)Iก>I)/04%)/-48:5A6-2N-J'/D+ก'59#,)I0%ก/#+N>O%(>&+<'กก'5:5#.:5>(/#+N>OG, $-N3,#1(),-8D=E
"E'+2'+"&%G595'+1C'9E'( ?IA+C'H:67&ก'5G9I+ 3+"E'+2'+G595'+1C'9E'()/04%+C'H:D*E:5#.:5>(/#+N>O
G, $-N3/#+N>$-K$ก558 e]4(%'<*&$ ?กEHM:WF='D+,E'+9>BJ'/M%(/#+N>O234H,E G, )t/'A/#+N>O234D*ED+
ก'5XI-"H$+O234"E%(839>BJ'/?IA9>B68.#"-<C')/'A <](D=EH$+O9>BJ'/,3 ?IA684C')68% e]4(<A
ก&%D=E)ก-,:5AG *+O% &'(67(D+%>"6'=ก558ก'5XI-"%(>&+D+:5A)2KH2  2#1(+31)/5'Aก'5D*E6' /#+N>O
234"E'+2'+"&%G59 <A2C'D=E%(>&+839>BJ'/67( XIXI-"67( I,9&'D*E<&' D+ก'5:`%(ก#+?IAกC'<#,G59 I,
XIก5A2.M%(6'5)98323483"&%6-4(?$,IE%8 ?IA6>MJ'/M%(X7E.5-GJ9 G, )t/'A<A"%.6+%(+G .' 
M%(5#Z.'ID+,E'+9$'8:I%,J# 2'(%'='5)/04%+C':5A)2KH2 67&ก'5):;+95#$M%(GIก ?IA #(%'<
6&(XID=E5' H,EM%()กY"5ก5)/-4867(M]1+^]( 10% "&%:k  +%ก<'ก+31 #(6'8'5^+C')29+-9)=I&'+31H:D*ED+
ก'5:5#.:5>(/#+N>O%(>&+)/04%D=E"E'+2'+"&%G59%04+ =50%:5#.:5>(/0*%04+\ D=E"E'+2'+G59"&%H:D+
%+'9" 

ก'5:5#.:5>(/#+N>O%(>&+6&$+D=F&83$#"^>:5A6(9O)/04%/#s+'/#+N>OD=E"E'+2'+G59 e]4()ก34 $ME%(
ก#.ก'5?6,(%%กM%( 3+"E'+2'+ ,#(+#1+ก'5K]กY'ก'5?6,(%%กM%( 3+<](839$'86C'9#F  Spraque 
and Tatum (1942) H,E/#s+'$-N3ก'5X68/#+N>O/0*?../.ก#+=8, (diallel cross) )/04%:5A)8-+
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6855^+Aก'55$8"#$2#4$H: (gca) ?IA6855^+Aก'55$8"#$<C')/'A (sca) D+ME'$G/, e]4(5A.> gca 
):;+9&')tI34 M%(6' /#+N>OD+I7กX68 ?IA sca ):;+9&'9$'8).34 ().+M%(I7กX68234H,E<'ก6855^J'/
M%(6' /#+N>O  "&%8' Hayman (1958) H,E/#s+'G8),I)/04%? กXIM%( 3+?...$ก ?..M&8 ?IAM&8
ME'897&%%ก<'กก#+ G, G8),I+31XIM%( 3+=I'  3+<A^7ก)tI34 D=E)2&'ก#+G, ก'59C'+$B<'กก'5
?6,(%%กD+I7กX68 F1, F2, backcross ?IA%04+ \ M%(/0*X68"#$)%(  <'ก+#1+ Gamble (1962) D*E$-N3
),3 $ก#+ก#. Hayman (1958) )/04%/#s+'G8),I6C'=5#.ME'$G/,e]4():;+/0*X68ME'8  +%ก<'ก+31 
Hayman (1954) ?IA Griffing (1956) H,E/#s+'$-N3ก'5$-)95'A=Oก'5?6,(%%กM%( 3+$-N3"&'( \ D+
ก'5$-)95'A=Oก'5?6,(%%กM%( 3+ $')53 +eO  gca %'<):;+XI)+04%(<'ก 3+?...$ก =50%:�-ก-5- '
?...$ก MBA234$')53 +eO sca %'<):;+XI)+04%(<'ก 3+?..M&8=50%M&8ME'897& +%ก<'ก+31M+',M%($'-
)53 +eO gca ?IA sca %'<)ก-,<'ก%-2N-/IM%(=I' :W<<#  )*&+ ก'5ก5A<' "#$M%( 3+ XIM%(
6-4(?$,IE%8 XI2'(/#+N>ก558234H,E<'ก?8& (Pswarayi, 1993; Dieters et al., 1995; King and Johnson, 
1998) <'กก'56#()ก"D+ME'$G/,G,  Hallauer and Miranda (1988) /.$&':5A*'ก5%'<83ก'5ก5A<' 
"#$M%( 3+?"ก"&'(ก#+ ?IA5A,#.M%(ก'5M&8?IAก'5M&8ME'897& ):;+XI)+04%(8'<'ก%-2N-/IM%( sca  
,#(+#1+XIM%( gca ?IA sca <]():;+ME%87I2346C'9#FD+ก'5)I0%ก/#+N>O/&%?8&234,32346>,D+ก'5:5#.:5>(/#+N>O
/0*  (Dabholkar, 1992) 
 Comstock and Robinson (1948, 1952) /#s+'?X+ก'5X68/#+N>O?.. North Carolina 
Design I, II ?IA III M]1+)/04%D*ED+ก'5:5A)8-+*+-,?IA9$'86#8/#+NOก#+2'(/#+N>ก558D+:5A*'ก5
234)t/'A)<'A<( )/04%:5AG *+OD+ก'5:5#.:5>(/#+N>O  +%ก<'ก+31 %#"5'/#+N>ก558<#,):;+ME%87I234.&(*31
9$'8?:5:5$+M%(I#กYBA=50%ก'5?6,(%%กM%(I#กYBA234)ก-,<'ก%-2N-/IM%( 3+)804%):53 .)23 .
ก#.%-2N-/IM%( 3+?IA6-4(?$,IE%8 G, $#,<'ก9&'9$'8?:5:5$+=50%$')53 +eO  %#"5'/#+N>ก558
% &'(?9.<A6'8'5^.&(*319$'8?:5:5$+%#+)+04%(8'<'ก%-2N-/IM%( 3+?...$ก)23 .ก#.9$'8
?:5:5$+M%( 3+D+57:?..%04+ \ 234%'<)ก-,M]1+ H,E?ก& 9$'8?:5:5$+M%( 3+?..M&8 ?..83
:�-ก-5- '5&$85A=$&'( 3+?...$ก?IA?..M&8 =50%?..M&8ME'897& 3+ ?IA9$'8:5$+?:5)+04%(<'ก
6-4(?$,IE%8 G, %#"5'/#+N>ก558% &'(?9.234839&'67(<A.&(*31G%ก'6=50%9$'86C')5[<D+ก'5:5#.:5>(
/#+N>O G, )t/'AD+/0*X68"#$)%(  ,#(+#1+ก'5K]กY'ก'5?6,(%%กM%( 3+<A*&$ ):;+?+$2'(D+ก'5
:5#.:5>(/#+N>O/0*% &'(83:5A6-2N-J'/ 2C'D=E25'.57:?..ก'5:5#.:5>(/#+N>O/0*)/04%D=E)ก-,ก'5
?6,(%%ก"'8234"E%(ก'5D+?"&IAI#กYBA 
 6C'=5#.('+:5#.:5>(/#+N>O%(>&+D+:5A)2KH2 e]4( #(H8&83X7ED,K]กY'% &'(<5-(<#(8'ก&%+ 
ก'5K]กY'ก'5?6,(%%กM%( 3+"E'+2'+9$.97&H:ก#.ก'5G9I+ 3+9IE'  3+"E'+2'+?IA/#s+'
)9504%(=8' G8)Iก>I6C'=5#.9#,)I0%ก 3+"E'+2'+<](839$'86C'9#F ?IA<A*&$ D=Eก'5:5#.:5>(/#+N>O
%(>&+83:5A6-2N-J'/67( ?IA &+5A A)$I'D+ก'5:5#.:5>(/#+N>OI( 
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�����!��ก��
��� 
ก'5:5#.:5>(/#+N>O%(>&+6'8'5^2C'H,EG, =I' $-N3 H,E?ก& 1) $-N3,#1(),-8 (conventional breeding)  

2) $-N3/#+N>$-K$ก558 (genetic engineering) 3) $-N35$8G:5G"/I'6"O (protoplast fusion) 4) $-N3D*E
:5AG *+O<'ก somaclonal variation ?IAก'5กI' /#+N>O  ก'5:5#.:5>(/#+N>OG, $-N3,#1(),-8D*Eก'5X68
/#+N>O/&%?8&23483I#กYBA6&()65-8ก#+ )*&+ +C'/#+N>O234839>BJ'/,3 D=EXIXI-"67( ?"&%&%+?%"&%G598'X68
ก#./#+N>O"E'+2'+G59 ?"&%'<839>BJ'/H8&,3 =50%D=EXIXI-""4C' =I#(<'ก+#1+2C'ก'59#,)I0%กI7กX6823483
I#กYBA"'8234"E%(ก'5 90% 839>BJ'/,3 D=EXIXI-"67( ?IA"E'+2'+G59 $-N3+31"E%(D*E)$I'+'+ ?IA
<C'):;+"E%(9#,)I0%กI7กX68):;+<C'+$+8'ก )/04%D=EH,EI7กX6823483I#กYBA"'8"E%(ก'5 ?"&% &'(H5ก["'8 
$-N3+3183ME%,390% 83G%ก'6H,E/#+N>OI7กX68234,3ก$&'/&%?8&/#+N>O?IA83I#กYBA=I'ก=I' <'ก  genetic 
recombination e]4(6'8'5^D*E):;+/01+Z'+D+ก'5:5#.:5>(/#+N>O"&%)+04%(D+%+'9" D+:W<<>.#+83ก'5 &+
5A A)$I'ก'5:5#.:5>(/#+N>OG, $-N3+31,E$ ก'5D*E)9504%(=8' G8)Iก>I*+-,"&'( \ G, )t/'A%(>&+):;+/0*234
83%' > '$ "E%(D*E)$I'+'+<](6'8'5^9#,)I0%ก9>BJ'/XIXI-"H,E  ?IA"E%(D*E/01+234"I%,<+"E+2>+D+
ก'5:I7ก?IA,7?I5#กY'%(>&+/#+N>OI7กX68"&'( \ 67( "#$% &'()*&+  Lodhi et al. (1995) H,E65E'(?X+234
/#+N>K'6"5O<'ก)9504%(=8'  RAPD ?IA RFLP M%(%(>&+ e]4(6'8'5^+C'8'D*E:5AG *+OD+ก'5
9#,)I0%ก/#+N>O?IAG9I+ 3+H,E ?IA Donald et al. (2002)  /.)9504%(=8'  RFLP 234/#s+'<'ก RGAs 
<C'+$+ 3 )9504%(=8'  234 link ก#. 3+"E'+2'+G595'?:`( e]4(+C'8'D*ED+ก'59#,)I0%ก/#+N>O"E'+2'+G59
+31H,E  

6C'=5#.:5A)2KH2  8='$-2 'I# )29G+GI 36>5+'53839$'8/5E%8D+('+$-<# ,E'+%(>&+67( 83
?:I(5$.5$8/#+N>O%(>&+<'ก+'+':5A)2K5$88'กก$&' 50 /#+N>O e]4():;+?=I&(/#+N>ก558234D*ED+ก'5
:5#.:5>(/#+N>OH,E):;+% &'(,3 ?"&/#+N>O6&$+D=F&23483% 7&H8&"E'+2'+"&%G595'+1C'9E'( =50%"E'+2'+D+
5A,#."4C' ?IA #(H8&83X7ED,2C'ก'5:5#.:5>(/#+N>O%(>&+G, $-N3,#1(),-8% &'(<5-(<#(8'ก&%+ G95(ก'5$-<# +31<A
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+C'/#+N>O"E'+2'+"&%G595'+1C'9E'(D+5A,#.67(<'ก:5A)2K6=5#Z%)85-ก'8'2,6%.9$'8"E'+2'+D+
:5A)2KH2  ?IAD*E):;+/&%/#+N>OD+ก'5X68ก#.?8&/#+N>O234839>BJ'/,3 ?IAD=EXIXI-"67(23483% 7&?IE$ 
)/04%D=EH,EI7กX68234"E'+2'+G59 ?IA839>BJ'/,3 D=EXIXI-"67( +%ก<'ก+31<A/#s+')9504%(=8' 
G8)Iก>I)/04%+C'8'D*ED+ก'59#,)I0%ก/#+N>OD=EH,E5$,)5[$?IA:5A= #,"E+2>+8'กM]1+D+%+'9"  

 $-N3/#+N>$-K$ก558D*Eก'5^&'  3+"&'( \ 234):;+:5AG *+O )*&+  3+"E'+2'+G5967&/#+N>O23483
I#กYBA%04+\ ,3),&+% 7&?IE$ )*&+ 83ก'5^&'  3+ grapevine fanleaf virus coat protein, chitinase, glucanase 
�I� )ME'67&%(>&+)/04%D=EH,E/#+N>O234"E'+2'+"&%G59234)ก-,<'ก)*01%H$5#6 ?IA)*01%5' (Kikkert et al., 2001) $-N3
+31<AH,E/#+N>O23483I#กYBA"&'( \ )=80%+),-8  ก)$E+I#กYBA234^&'  3+)ME'H: <]()=8'A686C'=5#.
:5#.:5>(/#+N>O%(>&+6C'=5#.XI-"H$+O )/04%D=EH,E9>BJ'/9(234 % &'(H5ก[,3$-N3+3183ME%<C'ก#,234 3+e]4(6&$+D=F&
<AH,E5#.ก'5<,I-M6-2N-�H$E?IE$ G95(ก'5$-<# +31%'<H,E8'e]4()9504%(=8' G8)Iก>I234 link =50%):;+6&$+=+]4(
M%( 3+"E'+2'+G595'+1C'9E'( e] 4(6'8'5^+C'8'D*EG9I+ 3+"E'+2'+G59+31H,ED+%+'9")/0 4%
+C'8'D*E:5AG *+O"&%H:      
 

���������ก
����� 

1.  %(>&+ (Vitis vinifera) /#+N>O Carolina Black Rose, Black Queen, Italia ?IA/#+N>O"E'+2'+
<C'+$+ 3 6' /#+N>O <'ก Cornell University :5A)2K6=5#Z%)85-ก' 

2.   2C'ก'5:I7ก ?IAX68/#+N>O%(>&+J' D+_'5O88='$-2 'I#  8='$-2 'I# )29G+GI 36>5+'53 
3. 2C'ก'52,I%(D+=E%(:�-.#"-ก'5:5#.:5>(/#+N>O/0* 8='$-2 'I# )29G+GI 36>5+'53 )/04%

G9I+ RGAs ?IA:5A)8-+9$'8"E'+2'+G595'+1C'9E'( 
  
������������������
กก
����� 

1. ):;+%(9O9$'857ED+ก'5$-<# "&%H: G, H,EG9I+ RGAs 234%'< link =50%):;+6&$+=+]4(M%( 3+
"E'+2'+G595'+1C'9E'(D+%(>&+ e]4(6'8'5^+C'H:D*E/#s+')9504%(=8' G8)Iก>I234)=8'A68 
)/04%D*ED+ก'5:5#.:5>(/#+N>O%(>&+D=E"E'+2'+"&%G595'+1C'9E'( G, $-N3 MAS =50%D*ED+ก'5
G9I+ 3+"E'+2'+G595'+1C'9E'(G, %'K# ?X+234):;+=I#ก (map-based cloning) e]4(6'8'5^
+C'H:D*ED+ก'5:5#.:5>(/#+N>O/0*G, $-N3/#+N>$-K$ก558D+('+$-<# 5A A"&%H: 

2. +C'H:67&ก'5XI-")*-(/'B-* O   H,E%(>&+6' /#+N>OD=8&234"E'+2'+"&%G595'+1C'9E'( ?IA%'<83
9>BJ'/,3)=8'A68"&%ก'5.5-GJ9XI6, e]4(6'8'5^+C'8'M ' /#+N>OG, $-N3)/'A)I31 (
)+01%) 04%D=EH,E:5-8'B8'ก 6C'=5#.)X ?/5&?ก&)กY"5ก5D+%+'9" =50%%'<H,E6' /#+N>O
"E'+2'+G595'+1C'9E'(234 #(839>BJ'/=50%XIXI-"H8&67(/% 6C'=5#.D*E):;+/&%?8&/#+N>OD+
ก'5:5#.:5>(/#+N>OD+%+'9" 
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3. )/-48:5A6-2N-J'/M%(ก'5XI-"%(>&+D+:5A)2KH2  I,ก'5D*E6'5:5'.K#"57/0*234):;+
 %#+"5' "&%6>MJ'/X7E.5-GJ9 ?IA6-4(?$,IE%8 ?IAI,"E+2>+ก'5XI-" 

4.  ):;+:5AG *+O"&%:5A*'ก5กI>&8):`'=8'    )กY"5ก5X7E:I7ก%(>&+H,E5' H,E)/-48M]1+<'กก'5 
:I7ก%(>&+ ):;+ก'5?กE:WF='9$'8 'ก<+  ?IA836>MJ'/,3M]1+<'กก'5I,ก'5D*E6'5)983
:`%(ก#+?IAกC'<#,G59/0*  +%ก<'ก+31X7E.5-GJ9 #(836>MJ'/,3M]1+<'กก'5.5-GJ9%(>&+23483
6'5)983"ก9E'(+E% I( ?IA%'<H,E.5-GJ9%(>&+9>BJ'/,3234835'9'"4C'I(,E$  

5. H,E+#กK]กY'5A,#..#B�-"K]กY'e]4(839$'857E?IA:5A6.ก'5BO2'(,E'+ก'5:5#.:5>(/#+N>O 
/0*G, $-N3,#1(),-8?IAก'5:5A >ก"OD*E)29+-9,E'+*3$$-2 '5A,#.G8)Iก>I e]4(ก'5:5#.:5>(
/#+N>O/0*G, $-N3,#1(),-8D+:W<<>.#+<#,):;+6'M'M',?9I+  

6. H,EXI('+"3/-8/OD+$'56'5$-*'ก'5% &'(+E%  2 )504%( 
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����� 2  

�"�#��$���ก��
��� 

 
 ����!+&���/3��ก���!+&���( '����ก��	� 2 ���� 3�� 1) ก��/3����������4�"&'�!�3��/�$"�
3�%�����*%���� (resistance gene analogs; RGAs) �������  ��ก��
&?���3�����0���/���ก��+�ก 
RGAs 2) ก����ก7�ก��.����"�&ก7�� (inheritance)  ��ก����&'����
&�;�������/"��!;�"&(��"!� 
 
1.   ก��%	�� RGAs &����'� ���ก��()��$	�*�������%�$�ก����ก RGAs 

1.1 ก��/3�� ��0��4�"&'�'�-�� RGAs 
 1.1.1 �ก&""���5���+�ก��������
&�;��*%����*��/�3���(4�3%�� 2 ���
&�;�� 3�� NY 88.0507.01 

 �� V. cinerea  B9  �������
&�;������ �*��/�3���(4�3%�� 1 
&�;�� 3�� Black Queen 
/"��!;�ก��-�� Lodhi et al. (1994) 

 1.1.2  �
!����!���"���5���"%���!;� PCR /"���%$
���������!" degenerate ��+4��
���+��+�
ก&'�4�"&'�'�'���� NBS-LRR (*������ 1) 

�������� 1 $
����������%��ก��/3�� RGAs +�ก genomic DNA 
�#�� �$�
� ����
ก��� %&
�����' (5*         3*) ��
��� 

1. P-loop Sense N, RPS2, L6 GGIGGIGTIGGIAAIACIAC ,#,?:I(<'ก Hunger et al. (2003) 
    GLPLAL-1 Antisense N, RPS2, RPM1, L6 IAGIGCIAGIGGIAGICC ,#,?:I(<'ก Hunger et al. (2003) 
2. P-loop Sense N, RPS2, L6 GGIGGIGTIGGIAAIACIAC ,#,?:I(<'ก Hunger et al. (2003) 
    Rev-loop Antisense N, RPS2, L6 GTIGTITTICCIACICCICC ,#,?:I(<'ก Hunger et al. (2003) 
  

 1.1.3 �4����"���5�����$"%+�ก�@!ก!�!�� PCR (PCR products) �� �ก-��""%��ก�� �$AAB� 
(�!��5ก/*�/A���!�) '� 0.8 % agarose gel  

 1.1.4  4�ก���ก&"�!(�"���5���-��"��*%��ก����ก+�ก�+� /"���% QIAquick Gel Extraction 
Kit (Qiagen, Valencia, CA, USA) 

 1.1.5  �4��!(�"���5��� (+�ก 1.1.4) *���-%�ก&'��3�*��� (vector) pGEM-T Easy (Promega, 
Madison, WI, USA)  ��4�ก��.���1�ก���������#�%�&' Escherichia coli 

 1.1.6  3&"����ก�������$"%�&'
����!"��ก#�� /"�ก��*��+��'ก�� �"���ก-����� β-
galactosidase '���0��3&"����ก���"%�� 2% (w/v) X-gal  �� 100 mM isopropyl β-
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D-1-thiogalactopyranoside (IPTG) .%���	�
����!"��ก#��/3/���+���	���-�� 
��-����/3/�������
����!"�"!�+�����AB� 

 1.1.7  ����ก
����!"��ก#�� �
����4���*��+0��!(�"���5����� �ก������
����!""%���!;� 
PCR 

 1.1.8  �ก&""���5���-��
����!"�������"���5��� �ก����+�ก����� '3����� 
 1.1.9  �4�"���5�����$"%+�ก-%� 1.1.8 ��*&""%�����$���*&"+4��
�� EcoRI �
���3&"����ก/3�� 

RGAs ����"���5���-��"�0����� 
 1.1.10 0��4�"&'�'�-�� RGAs /"� Macrogen Inc. (Seoul, Korea) 
 1.1.11 �4��4�"&'�'� ���4�"&'ก�"���!/��� ���0&�+�ก�4�"&'�'���-%� 1.1.10 �������' 

���'3����0���� (similarity) ��0���� *��� RGA  �������'���'ก&'���*%����
/�3*��� : -��
����!"*��� : ��$"%��������$�%�� GenBank  /"���% nucleotide-
nucleotide basic local alignment search tool (BLASTn)  �� protein data base 
(BLASTx) 0��� protein blast (BLASTp) algorithms (www. cbi.nlm.nih.gov/BLAST) 

1.2 ก��
&?���3�����0���/���ก��+�ก RGAs (RGA-STS markers) 
+�ก RGAs ��$"% �4��4�"&'�'�-�� RGA ���ก����-%������%��ก ''$
�������4�0�&'�
!��

��!���"���5���/"��!;� PCR �
����0%$"% .'"���5������ ''��*���ก&���0����
&�;��*%���� 
 ������ � ���� ก����/$���� ���"���5��� 0���$"%���"���5���-��"*���ก&�������4���4� 
agarose gel electrophoresis  .%��&�$�������. �ก3��� *ก*���-�� PCR products $"% �4� 
PCR products ��*&""%�����$���*&"+4��
����!"*��� : �
���0����$���*&"+4��
����*&" �%�
�0%��� ''���"���5����� *ก*�����0����
&�;��*%����  ��
&�;������ � �
���
&?����	�
�3�����0��� cleaved amplified polymorphism sequences (CAPS) 0��� single strand 
conformation polymorphism (SSCP)  /"���-&(�*��"&���( 

 1.2.1 �ก&""���5���+�ก�'����-���������ก#�� Horizon × Ill. 547-1 /"��!;�ก��-�� Owens 
(2003) 
1.2.1.1  '"���(������ 1.5 g ��$�/*��+��0�� �����0��"-��" 1.5 mL  �%��*!� 

cetyltrimethylammonium bromide (CTAB) extraction buffer (3% (w/v) 
CTAB, 1.4 M NaCl, 20 mM EDTA, 0.1 M Tris HCl, pH 8.0, 2% (w/v) 
polyvinylpolypyrrolidone  �� 0.2% (v/v) ß-mercaptoethanol) +�ก�&(��4�$�
'�������0)��! 60°� ��� 30 ���  

1.2.1.2 �*!� 24:1 chloroform:isoamyl alcohol ��!��*� 1 ��� ก�&'0��"$���  �%�
�4�$��>F��0�������3�����5� 5635 ×g ��� 15 ��� 
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1.2.1.3 ��%�G��*"�"�(4������0��"�0��  �%��*!� 5 M NaCl ��!��*� 0.5 ��� +�ก�&(�
*ก*�ก��"���5���"%�� isopropanol ��!��*� 1 ��� �4�$�'�������0)��! -20°� 
��� 20 ���  

1.2.1.4 �4�$��>F��0�������3�����5� 5635 ×g ��� 15 ��� ��(4���!(�  �%��%��*�ก��
"���5���"%�� 70 % �� 95 %ethanol 

1.2.1.5 #���*�ก��"���5����0% 0%������0)��! 37°�  �%������*�ก��"���5���"%�� 
ddH20 ��!��*�  200 µL 0�&�+�ก�&(��*!� RNase A 3����-%�-%� 1 mg/mL 
��!��*� 20 µL  �%��4�$�'�������0)��! 37°� ��� 30 ��� �&"3����-%�-%�
-��"���5����� 260 nm "%���3����� spectrophotometer 

 1.2.2 D*EG:5?ก58 Primer 3 (http://frodo.wi.mit.edu/primer3/primer3_www.cgi) %%ก?..
H/5)8%5O234<C')/'A)<'A<(ก#.G9I+ Vitis RGAs ("'5'(234 2) ?IA6#4(6#()95'A=OH/5-
)8%5O234/#s+'G,  Di Gaspero and Cipriani (2003) ("'5'(234 2) 

�������� 2  $
��������+4��
�� ���0)��! annealing  ��-��"-�� PCR products -���3�����0���
/���ก����
&?��+�ก RGAs 

+*�� a Forward primer (5*73*) 

Reverse primer (5*73*) 

��,�-.�� 

annealing 

���# $��/0�  �'��#�$�1�$�

��กก���# b 

rgVcin109 GGAAGACGACAATTGCCAAA 56 358 Alu I 84,274 
 GCATCGACTCCAAGCACAT     
rgVcin111 ATGGTGTCATGAAGGGAAAAA 57 164 Xba I 31,133 
 AGACCAAACCAACCATGCTC     
rgVcin123 GATGGGATGGAGTCAAAGGA 58 217 aTaq I 43,174 
 CACTCACTCCATGGCACATT     
rgVcin125 GTCCAGGAAACCGTTCTCAA 54 304 Hinf I 144,160 
 CCTTGGTCCGAAACAAAGAA     
rgVcin127 GATGGGATGGAGTCAAAGGA 54 352 Mnl I 134,218 
 GGGGAGGCCTTTAGCATAAT     
rgVcin139 TGACGTGGATGATTTGATGC 58 259 Alu I 62,197 
 GGGGAGGCCTTTAGCATAAT     

a  "#1(*04%H/5)8%5O<'ก*04%M%( RGAs 
b  M+',2&%+,3)%[+)% (bp) 2349',$&'H,E<'กก'5"#,,E$ )%+He8O"#,<C')/'A 
c )9504%(=8' 234/#s+'G,  Di Gaspero and Cipriani (2003) 
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�������� 2  $
��������+4��
�� ���0)��! annealing  ��-��"-�� PCR products -���3�����0���
/���ก����
&?��+�ก RGAs (*��) 

+*�� a Forward primer (5*73*) 

Reverse primer (5*73*) 

��,�-.�� 

annealing 

���# $��/0�  �'��#�$�1�$�

��กก���# b 

rgVcin165 CATGGTATCCTGAGGGGAAA 58 361 Mae II 163,198 
 GGAGGCCATCAGCATAATCT     
rgVrip064 c   GACTACTATTGCCAAGGCTGTTT 

AATCTACTGCTTGGTAGGAGAG 
58 467 EcoRI  

 
rgVrip145 c GCCAGACTTGCTTATAACGATGA 

CGCACTTTTCCACAATCTTCTT 
58 475 Alu I  

rgVrip158 c CCAGTTGATATATACAGGGACGATG 
GATCCTTGTATCAAGCAATCTCA 

58 463 Mnl I  

rgVamu085 c GACGACCCTCTTGACCAGGAT 
TGAGAATTTATAGTGTCTTCTCCTACA 

58 435 Sau 3AI  

rgVamu092 c AACTCACATCAATTTGAGAGTAGAATC 
TGATTTGAGAGGTCAACATAGTCA 

58 431 Alu I  

rgVamu100 c CATCAATATGATGGTAGTAGCTTTCTT 
GAGCTTAGACACCTCTTTATCACACT 

58 164   

rgVamu111 c ACCAGAGAGTGGTGGGACAC 
CCTTTTATCTTGTAAATACTGCCTGA 

58 194 
 

  

stkVa011 c GAAGGCACTTTGAGCAATGG 
AACCATTCGGGAGCCAAG 

57 479 EcoRV  

GLPL6-1 c GCATATGCTACAAACTCCATTCA 
CAATTTCTTCTAGTTCTGGGATG 

58 206 Hinf I  

a  *&(�����$
������+�ก����-�� RGAs 
b  -��"���"���5��� (bp) ��3�"���$"%+�กก��*&""%�����$���*&"+4��
�� 
c �3�����0�����
&?��/"� Di Gaspero and Cipriani (2003) 

 1.2.3 �
!����!���"���5������������� ��!��*���� 20 µL �������ก�'"%�� 1× PCR buffer, 
0.1 mM dNTPs, 2.5 mM MgCl2, 2 µM -�� *���$
������, 30 ng DNA  �� 1 unit Taq 
DNA polymerase (Promega, Madison, WI, USA) /"���%/�� ก�� (1) 94°� ��� 1 
��� (2) 92°� ��� 50 �!���, 46 - 58°� ��� 50 �!���, 72°� ��� 1 ��� +4���� 25 
��'  �� (3) 72°� ��� 10 ��� 
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 1.2.4  ����ก���$���*&"+4��
����*&"���"���5���+�ก-%� 1.2.3 $"%-��"$���ก!� 200 bp /"���%
/�� ก�� Sequencher 4.2 (Genecodes Corp., Ann Arbor, MI, USA; *������ 2)  *&""�-
��5�����!��� 0.2 µg "%�����$���*&"+4��
�� 1 unit  �%�'�������0)��!���0�����-��
���$����&(� ��� 3 �&��/�� 

 1.2.5  �!�3���0� CAPS "%�� 2% (w/v) agarose gel  ���%��"%�� SYBR Green  
 1.2.6  �!�3���0� SSCP /"�ก����% polyacrylamide gels (8% (v/v) Acrylamide/Bis, 2% (v/v) 

glycerol, 1× TBE, 0.10% (v/v) TEMED and 0.01% (w/v) ammonium persulfate)  
1.2.6.1   Pre-run polyacrylamide gel �� 200 V, 10 W ���0)��! 4°� ��� 15 ���  

1.2.6.2  �*����*&������/"��*!� 3X SSCP loading dye (95% (v/v) formamide, 0.05% 
(w/v) xylene cyanol, 0.05% (w/v) bromophenol blue  �� 20 mM EDTA, 
pH 8.0) ����*&������"���5��� ��!��*� 5 µL 4��0%*&�����������)�
��
���0)��! 95°� ��� 5 ���  �%���' �����(4� -5�&��  

1.2.6.3   �!��5ก/*�/A���!�*&������"���5����� 200-230 V, 0.06 A, 12-13 W ���0)��! 4°�  
1.2.6.4  �%���+�"%���!������$��*�*  *����+�"%��  10% (v/v) acetic acid ��� 30 ��� 

 �%��%��"%�� ddH2O  2 3�&(� ��� 5 ��� +�ก�&(��%��"%��  0.2% (w/v) silver 
nitrate (AgNO3) ��� 30 ���  �%��%��"%�� ddH2O  2 3�&(� ��� 5 ��� �%���+�
"%�� developer solution (1.5% (w/v) sodium hydroxide (NaOH)  �� 1% (v/v) 
formaldehyde (��� 30 ���  �%�*����+�"%�� 10% (v/v) acetic acid 

 1.2.7 �!�3���0��.!*!"��'ก��ก��+��*&�-���3�����0���  ��0�3����&�
&�;���0����
�3�����0��� �����*%����/�3���(4�3%��/"���%/�� ก�����.!*! SAS 9.1.2 (SAS 
Institute Inc., Cary, NC, USA)  
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2.  ก��23ก4�ก���'����#�ก4,� (inheritance) ���ก���������(�"� ���'�%#�
�"�#5�$#�� 

2.1   ก����ก7�ก��.����"�&ก7��*%����/�3���(4�3%�� 
 2.1.1 ก��#�!*��ก#�� 
   2.1.1.1 ��% #�ก��#��
&�;�� '' North Carolina Design II ������	� #�ก��#��

     
&�;�� ��#����0����
&�;��
�� ��
&�;�� ��3�'�ก��" ������+����ก��� ก��#��
      '' Aก*������ (factorial) ��ก��#��+� �ก
����ก��	� 2 ก����   ก����0����
     3�� 
&�;�� �� (V. vinifera) �0%#�#�!*��� *����� �*��/�3���(4�3%�� +4���� 3 
     
&�;�� $"% ก� Black Queen, Carolina Black Rose  �� Italia  ก������� 3�� 
     
&�;��
�� ��	�
&�;��*%�������(4�3%�� +4���� 3 
&�;�� $"% ก�   NY 88.0517.01, NY
     65.0550.04  �� NY 65.0551.05 ����$"%+�กก��
&?�����
&�;��/"�ก�������!� 

      /�3���)�
$�� *&(� *��6 
 .�.  2535-2543 �� New York State Agricultural
     Experiment Station (NYSAES) �0��!���&� Cornell ������0�&2����!ก�
     /"��4�
&�;��
�� *���
&�;��#��ก&'
&�;�� ���ก
&�;��   "&��&(�+����+4������ก#��
     F1 ����%"��� 9 3��#�� 

2.1.1.2 ���6 
 .� . 2546 �ก5'������ก��*&�#�%+�ก NYSAES ���0��!���&� Cornell /"�
�ก5'���"�ก��'��������%�� 60  %�����.��ก��"�7 ��%*� ก��/�0�ก����ก��
*&�#�%  ��4��0% 0%�"%���3�����"�"3�����(������0)��!0%��-%��3�� �ก5'�����
�ก��*&�#�%��0��"��������"�"3�����(�$�%�����0)��! -20°� +�ก���+��4�����% 

2.1.1.3 "��'ก�������!*-��������ก��*&�#�%ก����4�$�#��ก&'"�ก*&��������6 
 .�.
2547 "%���!;������ก*�+�ก Mulugeta et al. (1994) /"�ก���4��ก��*&�#�% ��
negative control �����'� #���$�"�  �%�0�"���%��1, 2, 3-triphenyl tetrazolium  

  chloride (TTC; 1.0% (w/v) �� 50% (w/v) sucrose) +4���� 3 0�" !(�$�%��� 
3 �&��/�� +�ก�&(��&��ก*3��������!*-��������ก��*&�#�% /"�ก���&'+4����
������ก������
�0�����"4� "�)���*%ก�%��+���������ก4��&�-��� 40 ��� /"�  
40-50  %-��������ก��*&�#�%+�ก
&�;��
�� *���
&�;�����%��*!"����
� 0���"4�
 "�"%�� TTC '����(3��������!* 40-50 %  ก���*���� negative control ��%�����
�ก��*&�#�%��4��0%*��"%��3����%�������0)��! 70°� ��� 48 �&��/�� �����
�ก����*��+�$��*!"��  

2.1.1.4 #�!*�������ก#��+4���� 9 3��#�� ���6 
 .�.  2547 ��A�����0��!���&�
�3/�/���������� *���!;�ก��-�� Reisch and Pratt (1996) /"�ก��*��"�ก*&�
#�% ��3������"�ก"%��ก��"�7!(�$�%-%��3�� �B��������ก��*&�#�%'����"�ก
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�ก��*&�������*��$�%"%��
��ก&�������'����  ��3���"%��ก��"�7+�ก��&��*!"
#� 0�&�+�กก��#���ก�� 4 �&�"�0� +��"��.����ก  ���-�������*!"$�%  

2.1.1.5 8�"
������3�� Bordeaux mixture (cupric sulphate  �� bisdithio carbamate) 
�&*�� 3 ก�&�*���!*� �ก : �&�"�0��
����B��ก&�/�3  

2.1.1.6 �ก5'#����������ก ก��*5���  �ก���5"��ก+�ก#� �%�4�3�������" +�ก�&(�#���
�0% 0%������0)��!0%�� 24 �&��/�� ก����ก5'�����0)��! 4°� 

2.1.1.7  �����5" F1 "%�� gibberellic acid (GA)  �%������ก����
���*!ก����3�����(�
�&�
&;� 90  %-%��3��ก��� ���� 1.5  %(w/v) hydrogen peroxide (H2O2) ��
���0)��!0%�� ��� 24 �&��/��  

2.1.1.8 �%�����5""%���(4�ก�&�� 3 3�&(�  �� 70 %(v/v) ethanol 1 3�&(� +�ก�&(� �����5"�� 
     �������� GA 3����-%�-%� 1,000 ppm ��� 24 �&��/�� 

2.1.1.9 �%�����5""%���(4�ก�&�� 3 3�&(�  ��4��0% 0%������0)��!0%��  �%��ก5'������5� 
(pre-chilled) �����0)��! 5°� ��� 21 �&� 

2.1.1.10 4�ก���
�����5"��ก��'���� ���5"+���ก)���� 6 �&�"�0� 0�&�+�ก�&(��%�� 
*%�ก�%������ก��ก��.�� 6 �!(� �����
���� "!� -�(�.%� ก�' �
���$�� ����!-
3�$��  ����� �&*������ 1: 1: 1/2: 1: 3/4  �������P��3�� ��*� 46-0-0 �&*�� 1 
ก�&�/ก��.��   

2.1.1.11 ���ก�������ก#�� F1 +4���� 120 *%� ��/��������
���4�  ��'4����"%����P�3�ก
 ����P����' ��*� 11-8-6 �&*�� 10 �!��!ก�&�/�!*� �ก :  2 �&�"�0� 8�"
��
����3�� mancozeb (manganese ethylenebis [dithiocarbamate]) �&*�� 2 ก�&�/�!*� 
�ก : �"��� �
����B��ก&�/�3���(4�3%��  �� triadimefon (1-(4-chlorophenoxy)-
3,3-dimethyl-1-(1H-1,2,4-triazol-1-yl) butanone) �&*�� 0.6 ก�&�/�!*� �ก : 2 
�&�"�0��
����B��ก&�/�3����!� 

 2.1.2 ก�������!�3���*%����*��/�3���(4�3%�� 
   2.1.2.1 ก���*�������(��
�����%��ก��"��' 

2.1.2.1.1 �ก5'�'�����
&�;������ �����	�/�3���(4�3%��+�กA�����0��!���&�
�3/�/���������� 

2.1.2.1.2 
���(4�ก�&����'�#!��'�������*!"���(�+�ก��&����(� ��'�������0)��!
22°� -%��3�� 

2.1.2.1.3 �%����������(4�3%��+�ก�' �%��ก5'��-�"������ 
2.1.2.1.4 �&'+4����-�������"%�� haemacytometer �+��+���0%$"%3����-%�-%�  
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105 �����/�!��!�!*� 
   2.1.2.2  ก�������!�3���*%����*��/�3���(4�3%�����������ก#�� F1  ��
&�;��
�� ��

/"��!;� detached leaf  ���6 
.�. 2549 /"�����*&������+�ก 5 0��� 6 *%� 
2.1.2.2.1 �ก5'�'-%��� 4, 5, 6  �� 7 +�ก�������ก#�� F1  
2.1.2.2.2 
����������(4�3%��'�!����*%�'�����  �����'�ก��"�7ก�������(�

�� Petri dish  ��
���(4�ก�&��'��'����%��	� negative control 
2.1.2.2.3 '�������0)��! 22°� �0% ������� 18 �&��/��/�&� ��� 7 �&� +�ก�&(�+��

�����!���"&'3���*%���� 
2.1.2.2.4 �%�������+�ก�'�����ก���(� /"�����'��0��""���-��" 50 

�!��!�!*�  ���*!��(4�ก�&�� 5 �!��!�!*� �-��� 3 ��� 
2.1.2.2.5  ��%�G��*"�"����� ��!��*� 5 $�/3��!*� �
���34����0�+4����

�����&(�0�"*��
�(����' �&"3������ ��3���ก�%��-���'��.�ก
���ก���(�  ��34����
�(����' (ก�%�� × ���) 

2.1.2.2.6  0�
�(����'+�!� /"�4�ก�������'�������ก#��+4���� 10 �'  �%�
�&"/"���%�3������&"
�(����' (leaf area meter) 34������ก����%�*�� 
regression ��0����
�(����'���&" ��
�(����'+�!� 

2.1.2.2.7  ��&'+4���������&(�0�"*���'��	�+4���������*��
�(����' 25 
*�. �� .+�ก��*�  

      +4���������*��
�(����' 25 *� .��.  = (+4��������� × 
�(����' 25 *� .��.) 
                                             
�(����'+�!� 

2.1.2.2.8 �����!���"&'3���*%����/"�ก���0%3� ��"&���( 
 0 = 0 � 5     6:%5O"&%/01+234D. 25 "5. e8. =8' ^]("E'+2'+8'ก 
 1 = > 5 � 10   6:%5O"&%/01+234D. 25 "5. e8. =8' ^]("E'+2'+ 
 2 = >10 � 15 6:%5O"&%/01+234D. 25 "5. e8. =8' ^]("E'+2'+:'+กI'( 
 3 = >15 � 25  6:%5O"&%/01+234D. 25 "5. e8. =8' ^](%&%+?%:'+กI'( 
  4 = >25 � 40  6:%5O"&%/01+234D. 25 "5. e8. =8' ^](%&%+?% 
 5 = >40  6:%5O"&%/01+234D. 25 "5. e8. =8' ^](%&%+?%8'ก 
 2.1.3 ก���!�3���0�����.��ก�����*&�&��$� (gca)  ������.��ก�����*&�+4��
�� (sca) 
   2.1.3.1 ��&'-%����ก�������!���"&'3���*%����/�3+�ก-%� 2.1.2 /"���%��ก��      

X' = (X+1)1/2  
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   2.1.3.2   �!�3���0�����.��ก�����*&�&��$� (gca)  ������.��ก�����*&�+4��
�� 
(sca) /"���% #�ก��"��� ''������'���� (completely randomized design, 
CRD): 

  Xij     = m + Ai(j) + eij 
  ����� Xij    = 3���&��ก*+�ก��*��*��� i, �(4��� j ����� j = 1,�,r  
  m  =  grand mean 
  Ai(j)   = �!;!
�������+�ก��*���*��� i  ����� i = 1,�,t 
  eij      =  error  
 �!;!
�-�� *����>++&� �����.�-�����	�/��"�: 
  Aij  =  Ai + Bj + A vs B 
  ����� A   =  �!;!
�������+�ก
&�;��
�� �� 
   B   = �!;!
�������+�ก���
&�;����ก#��  
                                   A vs B  =   �!;!
�������+�ก�Q*��/����-�����
&�;����ก#�� 
 �!�3���0�����.��ก�����*&�&��$�-���������ก#��: 
  Bij  = Gi + Gj + Sij 
  ����� Bij  = #�-��ก��#��-%����0����
&�;�� ���� j  ��
&�;��
���� i 
  Gi   = 3���8����-����ก#����0����
&�;��
���� i ����� i = 1, 2,�, m; m = 3   

 Gj   = 3���8����-����ก#����0����
&�;�� ���� j ����� j = 1, 2,�, f; f = 3   
  Sij  = sca -��
&�;��
���� i ก&'
&�;�� ���� j 
 �����.�4�3���8������34����3�� gca $"%#�"&���( 

Gi   =    Xi. �   X.. 
    Gj   =   X.j �   X..  
  �������.34����0�3�� sca "&���( 
   Sij   =   X ij � Xi. � X .j+ X..  
  ก�������!���"&'3����4�3&,-�� gca  �� sca �0%�����'���'ก&'3���3��"�3����� 
  -��3���8����  "&���( 
    Sx   =   [MSE*(1/2(1/n))]1/2 
 ����� MSE $"%+�กก���!�3���0����������  �� n ��	�+4�����(4� 
  +�ก#�ก���!�3���0� Expected mean squares �����. �"����������ก�����*&�"&���( 
  σ2

m  = σ2
gca (male) = 1/4 σ2

A 

  σ2
f  = σ2

gca (female) = 1/4 σ2
A 
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  σ2
mf = σ2

sca = 1/4 σ2
D 

 �����  σ2
A  = 2 (σ

2
m+ σ

2
f) 

  ���!�3���0�0��&*��
&�;�ก�������� 3' *����ก��"&���( 
  Heritability (%) = [σ2

A /( σ
2
A + σ

2
D + σ

2
E)] x 100 

2.2   ก����&'����
&�;�������/"��!;�"&(��"!� 
 2.2.1 �4��-%���������
&�;��*%����/�3���(4�3%��  ���� �B�+�ก Grapevine germplasm

�0��!���&� Cornell ������0�&2����!ก� /"�3�������3���0�+�ก Prof. Dr. Bruce 
Reisch  

 2.2.2 4�ก��3&"��� (screen) ���
&�;����$"%��-%� 2.2.1 ����ก&'
&�;������3��)�
"�����
��'������� � �0��!���&��3/�/���������� �
��������!���"&'3���*%����/�3 
 ��3���+4��
��*�����
&�;�����(�/�3���������������$� 

 2.2.3 9#,)I0%ก/#+N>O"E'+2'+G59234)=8'A68 ?IA2C'ก'5X68ก#./#+N>O9>BJ'/,3 ?"&%&%+?%
"&%G59 H,E?ก& /#+N>O Carolina Black Rose, Black Queen, Italia ?IA Early Muscat   

 2.2.4 �4����5"��ก#����$"%�����ก  ��"��'3���*%����/�3��0%���@!'&*!ก��
3&"����ก�8
��*%�����3���*%��������"&'��� 

2.2.5  �4�*�/��"+�ก*%���ก#����3&"����ก$�%$�*!"/����''�*%�*� �����+�!,�*!'/*$"%"�  ��
  *%����/�3 0���*��ก!��*%���ก#�� 
 

��������: /3��ก���!+&���(��	�/3��ก��*����������*%����%�������0����6 ��������!+&�������(��	�
+�"��!��*%�-��ก����&'����
&�;������� � �0��!���&��3/�/���������� ������%�3�!3"%������!��
��"&'/���ก��  �� ก����&'����
&�;��/"��!;�"&(��"!� 0�&�����!+&�������(+'�!(� �3�����0�����$"%+�
��	����/�����������ก*��ก����&'����
&�;��������*��$� /"�+������"��!�����ก#����*%��
3&"����ก�� *�����'�� 4��0%���0�&"3����%+������������ /"��8
���������	�
�����������*%����%

�(���  ��3����%+�����ก�����ก"� ��&ก7���� ��ก+�ก��( RGAs ��/3��$"%��+�ก����-%��ก&'ก��
*%����/�3���� : ���� � 3' S�S "%�� ���������.��ก7�3����&�
&�;�  ��
&?���3�����0���
/���ก��$"%/"��!;��"���ก&� 0���
&?��$�
�%�� : ก&� 
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����� 3  
6�ก��
�$	���� �7��.�����-�����6� �'
���� 1 

 

ก��%	�����	�7������7����� (resistance gene analogs; RGAs) &����'� ���ก��()��

$	�*�������%�$�ก����ก RGAs 
 

ก��%	�� RGAs  

 ��%$
������ P-loop/GLPLAL-1  �� P-loop/Rev-loop �
!����!���"���5���+�ก�����
&�;���T� 
V. cinerea B9 ������	�+�/�$�U��*%����/�3���(4�3%�� $"%���"���5���+�ก�@!ก!�!�� PCR  (PCR 
products) -��" 500 bp  �� 850 bp *���4�"&' ()�
�� 1) �4� PCR products ��*��ก&'��3�*��� pGEM-
T Easy  3&"����ก/3���������"���5���-��"�0����� ()�
�� 2) $"% 100 /3�� (48 /3��+�ก$
�-
����� P-loop/GLPLAL-1  �� 52 /3��+�ก P-loop/Rev-loop) �4���0��4�"&'�!�3��/�$"�  
'���$"%
�4�"&'�!�3��/�$"�����'���� ���&"�+�+�ก 78 /3�� (&(� 48 /3�� +�ก$
������ P-loop/GLPAL-
1  �� 30 /3��+�ก$
������ P-loop/Rev-loop) �4�/3��&(�0�"��+&"ก���� /"���%��"&'3���
�0����(similarity) ��กก���0������ก&' 90% ��	��ก�<� 
'���/3��+�ก$
������ P-loop/GLPAL-1 
 '����	�ก����$"% 8 ก���� ��-����/3��+�ก$
������ P-loop/Rev-loop   '����	�ก����$"% 4 ก����  
 �4�"&'�!�3��/�$"�-�� RGAs ��/3��$"%+�ก$
������ P-loop/GLPLAL-1 ��ก������&ก7�
�0����ก&�  (conserved) ����� NBS domain $
������3����(+��������!;!)�
���ก���$
������ P-
loop/Rev-loop "&��&(�+����%�8
��$
������ P-loop/GLPLAL-1 ����&(���ก��/3�� RGAs +�ก�����
��ก#�� V. hybrid NY 88.0507.01 ��*%����*��/�3���(4�3%�� ��� 3'  ������� V. vinifera 
&�;�� 
Black Queen ������ �*��/�3   
 �������%$
������ P-loop/GLPLAL-1 �
!����!���"���5���-���������ก#��*%����/�3��-
�(4�3%�� ��� 3'  V. hybrid NY88.0507.01 ������	���ก#�� NY 66.0795.01 X MI#2 ���������
&�;���T� V. 
rupestris, V. cinerea, V. labrusca, V. riparia  ��/0��� V. lincecumii ���������*%����/�3������&*!

&�;�� (pedigree)   ��
&�;������ � V. vinifera Black Queen 
'���$"%���"���5���-��"������ 500 
bp �����"���ก&� ($�� �"�-%����) $"%+4����/3�� RGAs �����4�"&'�!�3��/�$"���'���� ���&"�+�
&(��!(� 91 /3�� (+�ก NY 88.0507.01 +4���� 42 /3��  ��+�ก Black Queen +4���� 49 /3��) 
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A 

B 
1 2 3 4 

1650 bp 

500 bp 

100 bp 

500 bp 
850 bp 

500-540 bp 
850 bp 

P-loop GLPL Kinase-2 Rev-loop 

N-terminus C-terminus 

GLPLAL 
 

RKNN LLVLDDGVGKTT 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

B
C��� 1  RGAs (A) G8),IG95(65E'(M%( 3+"E'+2'+*+-, NBS-LRR; (B) M+',M%(?^.,3)%[+)%234H,E
<'กก'5)/-48:5-8'B,3)%[+)%M%(%(>&+ V. cinerea B9 ,E$ H/5)8%5O P-loop/GLPLAL-1 
("#$% &'(234 1 ?IA 3) 83M+', 500 bp ?IA234H,E<'กก'5)/-48:5-8'B,3)%[+)%,E$ H/5)8%5O   
P-loop/Rev-loop ("#$% &'(234 2 ?IA 4) 83M+', 850 bp *&%(eE'  ,3)%[+)%8'"5Z'+ (1 kb 
ladder) 

   
  
 
 
 
 
 
 
 

850 bp 

LRR NBS 
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-�(��� 2  ก������ก/3/�������-��" .'"���5���+�กก��*&""%�����$��� EcoRI ���0����� �����%�� 
"���5�����*�2�� (1 kb ladder); (A) $
������ P-loop/GLPLAL-1 $"% .'"���5���-��" 
500 bp; (B) $
������  P-loop/Rev-loop $"% .'"���5���-��" 850 bp �ก��%����� 5  �� 6 

 

ก��
�$	���� ���#�$�����%	�� RGAs 

ก���!�3���0� BLASTn 
'����4�"&'�!�3��/�$"�-�� 8 +�ก 12 ก����-������� V. cinerea B9 
(*&(�������	� rgVcin) ��3���3�%��3���ก&' RGAs �� GenBank (*������ 3) �4�"&'�!�3��/�$"���
3�%��3���ก&' RGAs &(� 8 ก������($"%+�กก���
!����!���"���5���"%��$
������ P-loop/GLPLAL-1 
����/3�� RGAs 4 ก����+�ก$
������ P-loop/Rev-loop $���0����ก&'/3���"�� GenBank /"�

'���&(� 8 /3��3�%��ก&'�4�"&'�!�3��/�$"���/3�/�/��  (genomic sequence) -��  V. vinifera 
0��� RGAs +�ก����� V. amurensis, V. aestivalis (Di Gaspero and Cipriani, 2003; Jaillon et al., 
2007) /"���3�� E-value �ก�%�3��� 0 

��4�����"���ก&� ก���!�3���0� BLASTx 
'����4�"&'ก�"���!/�-�� 10 +�ก 12  ก����-��
����� V. cinerea B9 ��3���3�%��3���ก&'/��*�� NBS-LRR 0���/��*����3�"���+���	�/��*��
*%���� (resistant protein candidates)�� GenBank (*������ 3)  �����4�"&'ก�"���!/�-��/3�� 
RGAs �����0,�3�%��ก&'/��*��*%����+�ก����� V. spp. $"% ก� V. amurensis, V. aestivalis  �� V. 
vinifera  (*������ 1)  

����������'���'�4�"&'�!�3��/�$"�+�ก����� V. cinerea B9 ��$"%+�ก$
������ P-loop/ 
GLPLAL-1  ����$"%+�ก$
������ P-loop/Rev-loop 
'����4�"&'�!�3��/�$"���$"%+�ก$
������     

       1      2      3      4      5      6      7      8      9    10    11    12               

A 

B 

3000 bp 

500 bp 

3000 bp 

1000 bp 



 22

P-loop/Rev-loop �0%�������5�*�3����0����ก&' RGAs ����'�4�"&'�'��� GenBank *�4� -%����
�0�����( �"��0%�05����$
������ P-loop/GLPLAL-1 ������!;!)�
��ก��/3�� RGAs +�ก��������ก���
$
������ P-loop/Rev-loop  

ก��*��+0�3���3�%��3���-���4�"&'�!�3��/�$"�-�� RGAs +�ก NY88.0507.01  (*&(�����
��	� rgVhybNY507) 42 /3��  �� RGAs +�ก Black Queen  (*&(�������	� rgVvinBQ) 49 /3��ก&'     
�!�3��/�$"���+&"�ก5'������2��-%���� GenBank "%��/�� ก�� BLASTn  
'��� 84 /3�����4�"&'    
�!�3��/�$"�3�%��3������ก&'�4�"&'�!�3��/�$"���/3�/�/��-�������*��ก�� Vitis 0��� RGAs/  ��� 
P-loop NTPase +�ก����� V. amurensis, V. aestivalis, V.  rupestris  �� V. riparia  (�������5�*�3���
�0���� 81-99%) (Di Gaspero and Cipriani, 2002, 2003; Jaillon et al., 2007; Mahanil et al., 2007) 
/"�ก��"�����(��(�0%�05���� #�%"��������./3�������3�"���+�ก4�0�"ก����%��/��*�� RGAs 
$"%+�ก&(������
&�;���T���*%����/�3 �����
&�;����ก#����*%����/�3  �������
&�;�������� �*��/�3 
/"��������ก#�� NY88.0507.01 �&(� ��	�
&�;����3�"��������*%������0��ก0��� ������+�ก��	�
��ก#�����������
&�;���T�0�����6���� ���� V. rupestris, V. cinerea, V. labrusca, V. riparia  ��0��� V. 
lincecumii ��	�
�� ��
&�;��������&*!
&�;�� (+�กก�����ก7���	�ก������*&�ก&' B.I. Reisch)  ����
/3��  RGAs ��ก  7 /3��$����3���3�%��3���-���!�3��/�$"�ก&'����" : ��ก+�ก��(�����4�ก����'
3%�0�3���3�%��3���-���4�"&'ก�"���!/�����.�"�0&�+�ก�����/3��$"%���'ก&'/��*����.�ก
'&��ก$�%��2��-%����-�� GenBank /"���%/�� ก�� BLASTx  ��  BLASTp *���4�"&' 
'��� ��
/3��+4���� 84 /3�� ����3���3�%��3������ก���.����ก (�������5�*�3����0���� 46-100%) ก&'
/��*�� NBS-LRR /��*����3�"���+���	�/��*��*%���� 0������$���  P-loop NTPase ��ก+�ก��( 
�&�
'���/3���0�����(��3���3�%��3���ก&'/��*��*%������
��0��ก0�����!" ��!����  ����GV� 
(Malus) ก�0��' (Rosa) ��*��&� (Hellianthus) $�%�ก��0��� (Populus) .&��  chickpea  (Cicer) ��0��� 
(Ricinus)  �� /ก/ก% (Theobroma) (�������5�*�3����0���� 45-57%)  

��ก+�ก��(�����4�ก���!�3���0��4�"&'ก�"���!/�����.�"�0&�+�ก/3��+4����  7 /3������
�4�"&'�!�3��/�$"�����$����3���3�%��3���ก&'����" : ��������2��-%���� 
'��� 33-64 �������5�*�-��
�4�"&'ก�"���!/�-��/3���0�����( ��3����0����ก&'/��*����3�"���+���	� NBS-LRR ����+�ก����� 
V. vinifera  ��/��*��*%����+�ก ����GV� ก�0��' $�%�ก��0��� /ก/ก%  ��
��*��ก��.&���!�� 
(Arachis) ����+�ก-%����-%��*%� ��(�0%�05���� &(� 91 �����/3��$"%+�ก NY88.0507.01  �� Black Queen 
���+���	� RGAs  
 �����4�ก��+&"ก����-���4�"&'�!�3��/�$"���/3��$"% /"�+&"/3�������4�"&'�!�3��/�$"�
�0����ก&���กก���0������ก&' 90 �������5�*�������ก�����"���ก&� 
'��� '���4�"&'�!�3��/�$"�+4����
&(� 91 �4�"&'�!�3��/�$"� $"%��	� 14 ก����  /"� *���ก�������ก�'"%������!ก*&(� *� 1 .�� 38 �4�"&'



 23

�!�3��/�$"� (*������  3)    ��
'��� ����!ก������)����ก�����"���ก&���3���3�%��3���-���4�"&'
ก�"���!/�*&(� *� 61-100 �������5�*� /"������ก�����0,����ก�'"%������!ก+4���� 13, 27  �� 38 
/3��+�ก&(� NY88.0507.01   �� Black Queen   ����ก 11 ก�������ก�'"%������!ก+4���� 1-2 
/3�� (7 ก����$"%��+�ก NY88.0507.01  �� 4 ก����$"%��+�ก  Black Queen) +�ก�&(�+��3&"����ก/3��
0����/3����	�*&� �-�� *���ก�����
�����%��ก��*��+��'3%�0�3���3�%��3���ก&������'���'ก&'
���0���/��*����+&"�ก5'������2��-%����-��  GenBank  ��
'���/3��������ก���&(� ���4�"&'�!�3��-
/�$"�*&(� *� $����3���3�%��3���ก&'����" : $�+�ก��&�� ���4�"&'�!�3��/�$"�������3���3�%��3���
��0���� 81-99 % ก&'���'�/3�/�/��-���������*��ก�� Vitis  0��������ก4�0�"ก����%��/��*����
3�"���+���	�/��*��*%���� 0��� ���$���  P-loop NTPase  (*������ 3) #�ก���!�3���0��4�"&'
ก�"���!/�-��/3��*&� �
'��� /3�� rgVhybNY507_29, 80, 101  �� rgVvinBQ_46 ��
3����&�
&�;��ก�%�!" (���������5�*�3���3�%��3���-��ก�"���!/���กก��� 90 %) ก&'/��*����3�"���
+���	� NBS-LRR /��*��*%���� 0������$���  P-loop NTPase ����$"%+�ก����� V. vinfera, V. 
riparia, V. aestavalis  �� V. amurensis  �����4�"&'ก�"���!/������� 49-57% ��3�%��3���ก&'
/��*����3�"���+���	�/��*��*%����+�ก Malus pruniforalia, Populus trichocarpa   �� 
Helianthus annuus ����*��ก&�-%�� 
'��� �4�"&'ก�"���!/�-��/3�� rgVhybNY507_13, 15, 27 
 �� rgVvinBQ_53, 102  �� 106 �&(���3���3�%��3������%����ก����������'���'ก&'�4�"&'ก�"���!-
/�-��/��*�� NBS-LRR /��*����3�"���+���	�/��*��*%���� 0��� ���$���  P-loop NTPase 
+�ก�������*��ก�� Vitis ��6����*��� :  �������ก@ก����"&�ก���� ��++��ก!"+�กก��ก���
&�;����0���
*4� 0���-���4�"&'�!�3��/�$"���/3��$"%  *������$�ก5*�� 
'����� RGA '��/3�������4�"&'-��
ก�"���!/�����3���3�%��3������ก���ก&'/��*��*%��������+�ก
����!"���� : *&���������� 
/3�� rgVhybNY507_27 �������4�"&'ก�"���!/���3�%��3���ก&'  Arachis hypogaea  �� M. 

prunifolia ������ 48-50 �������5�*�  
��ก+�ก��( ��ก����ก7�3�&(���( $"%3%�
'/3���0��+4���� 3 /3�� "&���( ���ก�� �ก /3�� 

rgVhybNY507_22  �� rgVhybNY507_23 �������4�"&'�!�3��/�$"�$���0����ก&'����"��2��-%����
-�� GenBank  *����4�"&'-��ก�"���!/�����3���3�%��3���ก&'/��*����3�"���+���	� NBS-LRR 
-������� V. vinifera  �� V. amurensis ������ 47-61 �������5�*� ��ก+�ก��( �&�
'����4�"&'ก�"��-
�!/�-��/3�� rgVhybNY507_22 �&���3���3�%��3���ก&'/��*��*%������!" NBS-LRR ������+�ก
��ก#��-��ก�0��' 46 % ��ก"%�� ���ก������� /3�� rgVhybNY507_90 �������4�"&'�!�3��/�$"�
�ก��'�0����ก&'�����/3�/�/��-������� V. vinifera  *�ก�&'���4�"&'ก�"���!/���.�"�0&�$"%+�ก
/3��"&�ก����3�%��3���ก&'/��*����3�"���+���	�/��*�� NBS-LRR +�ก�����  V. vinifera ������ 
51-55 �������5�*�����&(�   ��ก+�ก��(�4�"&'ก�"���!/���.�"�0&�$"%-��/3�� rgVhybNY507_90 ��( 
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�&���3���3�%��3���ก&'/��*��*%������!" NBS-LRR ����+�ก Cicer arietinum  �� Ricinus 
communis 45-47 �������5�*���ก"%�� 
 

ก��
�$	����  NBS-LRR domain ��� ก��
�$	����  phylogenetic ��� RGAs ���%������7�����

03��������'+# 

 
��*�'����*�����(�/�3/"�*��0���/"��%��#����@!�&�
&�;���0�������*%����-��
��
ก&'��� avr -�����(�/�3 (Van der Biezen and Jones, 1998; Dangl and Jones, 2001; Luderer and 
Joosten, 2001)   /"�
'��� LRR  �� TIR/non-TIR domains ��''���ก��+"+4����(�/�3 �����
�&,,�� "&��&(�3���+4��
����0���� LRR domain  �� avr product -�����(�/�3��!"�0�� : +����
3����4�3&,*��ก��*%����-��
�� (Zhou et al., 2004) ก�$ก����$"% ก� ก�� *ก0&ก-��/3�/�/�� 
ก�������*&��0��-��/3�/�/�� ก���
!��+4������� �����4�"&'�!�3��/�$"��������$� unequal 
crossing over, gene conversion  �� diversifying selection 4��0%�ก!"3���0��ก0����� LRR  �� 
TIR/non-TIR domains ����ก���0%�ก!"3���+4��
��*�����(���!"�0��$"% (Michelmore and Meyers, 
1998; Ellis et al., 2000; Richter and Ronald, 2000; Young, 2000)  /��*�� NBS-LRR ��	�ก����-��
/��*��*%�������0,�����" 
'���/��*��*%����������	�����%+&ก������%�� 40 /��*��+�ก
��
0��ก0�����!"+&"��	�/��*��  NBS-LRR (Qu et al., 2006)  LRR domain  ���ก�'"%�� leucine 
 ��ก�"���!/���$����'�(4������*&��(4�ก&������� 25-38 ก�"���!/� (Dixon et al., 1998)  ��
��
LRR domain 4�0�%��� ����''��4�3&,��ก������&,,��ก��*%���� (Parker et al., 1997; 
Aarts et al., 1998; Falk et al., 1999)  /"� LRR domain ��3���0��ก0��� ����3���+4��
��*�� avr 
product -�� *������(�  ����	�����ก�����0���� N-terminal signaling domain (TIR  ��/0��� non-
TIR) ก&' avr product 4��0%�ก!"ก������&,,��$�ก��*�%�ก�� �"���ก-�����*%�������� :  (Yu et 
al., 1996; Koop and Modzihitov, 1999; Feys and Parker, 2000)    
 N-terminal domain   '����	� 2 ก�����0,� 3��/��*�� TIR  �� non-TIR  /"�/��*�� TIR 

'��ก��
���'���(��3�� ���ก����������ก&'/��*�����!.�ก������&,,�� (signal transduction 
pathways) (Meyers et al., 1999; Goff et al., 2002)  �� Arabidopsis  
'��� 63  % -��/��*��  NBS-
LRR ��	�/��*��ก���� TIR    ����/��*��  non-TIR-NBS-LRR ���ก�'"%�� CC motif  ������
��
'
+4�����%��ก���ก���� TIR  ��$��
'��
���'���(���"���� (Meyers et al., 2003)   /"�  CC motif   ��
0�%�����ก������&,,��������  (downstream signaling; Lupas, 1996; Century et al., 1997; 
Parker et al., 1997) /��*�� non-TIR-NBS-LRR  �� TIR-NBS-LRR  *ก*���ก&���ก��*�'����
*�����(����0*�/�3 /"� TIR *�'����#��� eds-1 dependent pathway  ��-����/��*�� non-TIR 
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'����!"*�'����#��� ard-1 pathway (Aarts et al., 1998) -%�����0�����( �"��0%�05���� amino-
terminal TIR 0��� CC motifs ��''����!.�ก������&,,�� *ก*���ก&� 2 �!.�  

 ก��+&"�����  (alignment)  �4�"&'ก�"���!/�-��/3�� RGA *&� �  22 /3�� �����'���'
ก&'�4�"&'ก�"���!/��8
����������	�  NBS domain -��/��*��*%������$"%�&'ก��*��+
!��+��
��	������"� �%� 
'���/��*��-��/3�� RGA *&� � ���ก�'"%���4�"&'ก�"���!/������&ก7��
����&ก7���'�!�������	� P-loop, RNBS-A, Kinase-2, RNBS-B, RNBS-C  �� GLPL  motifs ������	�
�&ก7��'��'�ก-��/��*�� RGAs  �4�"&'ก�"���!/��� ���0&�
&�;�ก���+�ก/3�� RGAs &(� 8 
ก��������$"%+�กก���
!����!���"���5���-�� V. cinerea "%��$
������ P-loop/GLPLAL-1 �� P-loop and 
GLPL motifs �ก/3�� ��ก+�ก��(�&�
' RNBS-A, kinase-2, RNBS-B and RNBS-C motifs ���ก@
��/3�� RGAs &(�0�""%�� ()�
�� 3)   �������4�ก����ก7��4�"&'ก�"���!/�����������	� motifs 
-�� RGAs �� NY88.0507.01   �� Black Queen  
'��� ��/3��+4���� 59 /3�������4�"&'ก�"���!-
/���'�!�������	� P-loop  �� GLPL motifs ������&ก7��0����ก&���ก  (33 /3����+�ก�������ก#��
*%����/�3 NY88.0507.01  �� 26 /3����+�ก�����
&�;������ � Black Queen) ����/3�����0���
+4���� 32 /3�� ���4�"&'ก�"���!/���'�!��� P-loop  ��/0��� GLPL motifs ����&'�������$� 
(/"� 9 /3����+�ก�������ก#��*%����/�3  NY88.0507.01  �� 23 /3����+�ก�����
&�;������ � 
Black Queen)  ��+4���� 32 /3����(�� 23 /3�������4�"&'ก�"���!/� ��'�!��� P-loop  motif ��	� 
GGGEDD (�����4�"&'ก�"���!/�/"�&��$�-�� P-loop 3�� GXXXXGKS/T /"��� X 3��ก�"���!/�
�" :) +�กก����'3%�  
' GGGEDD  motif  ��(��/��*��-������� V. vinifera  ��/��*����3�%��ก&' 
cadherin ���$�����*��ก���!�3�����/A��A��� (nuclease/phosphatase) 0���/��*��$3��� 
(protein kinase) ��$"%��+�ก�!�������!*���� :  
  ก�"���!/���  conserved motif -�� NBS domain �����.4����/3����%����  N-terminal 
domain $"%  Meyers et al. (2003) ���������ก�"���!/� trytophan (W) 0��� aspartic acid (D) �� 
kinase-2 motif     ��3����&�
&�;��������กก&'��!"-��/��*���� N-terminal domain (Meyers et al., 
1999)  /"������.+4� �ก�4�"&'ก�"���!/��� kinase-2 motif ��	� TIR 0��� non-TIR $"%.�ก*%�� 
90%  ก����ก�"���!/� tryptophan �� kinase-2 motif '����(ก����	�/��*�� non-TIR  *&����������  
RPS2, RPS5, I2  ��  Xa1  ����*��ก&�-%�� L6  �� M +�ก�T��  �� N +�ก����' ������ก�" 
aspartic �� kinase-2 motifs ��	�/��*����!" TIR ()�
�� 3) �4�"&'ก�"���!/�-�� kinase-2 motifs 
+4� �ก Vitis RGAs ��ก��"�����(��	� TIR  ��  non-TIR "&���( rgVcin125, rgVcin152, 
rgVhybNY507_29,  rgVhybNY507_90, rgVhybNY507_101, rgVhybNY507_13, rgVvinBQ_47 
 �� rgVvinBQ_53 +&"������ก���� non-TIR �����"���ก&' RPS2  �� RPS5 ��-���� rgVcin109, 
rgVcin139, rgVcin165, rgVhybNY507_23, rgVhybNY507_15, rgVhybNY507_80, rgVvinBQ_102 
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 �� rgVvinBQ_46 +&"������ก���� TIR �����"���ก&' RPS4, L6  �� N  ()�
�� 3) �����$�ก5*�� $��
�����.+&" rgVcin111, rgVcin123,  rgVcin127, rgVhybNY507_22, rgVhybNY507_27  �� 
rgVhybBQ_106 ��	�ก���� TIR 0��� non-TIR $"% +����%ก���!�3���0�  phylogenetic /"����&��4�"&'
ก�"���!/���ก��+&"ก���� #�ก����ก7� �"�$�%��)�
��  4 /"�
'��� /��*������%��ก����ก7� '��
��ก��	� 2 ก�����0,� 3�� ก������0���� ���ก�'"%�� /��*��*&� ���/3��+�ก�������*��ก�� Vitis 
+4���� 13 /3�� +&"ก��������ก&'/��*�� NBS-LRR ������' ���&"�����	���!" TIR $"% ก� /��*�� 
RPS4 +�ก Arabidopsis /��*�� L6 +�ก�T��  ��/��*�� N +�ก����' ก��������� ���ก�'"%��
/��*��*&� ���/3��+�ก��������0�����ก 9 /3�� +&"ก��������ก&'/��*�� RPS2  �� RPS5  +�ก 
Arabidopsis ����' ���&"�����	�/��*��*%���� NBS-LRR ��!" non-TIR   rgVhybNY507_27, 
rgVvinBQ_106, rgVcin111, rgVcin123  �� rgVcin127 ����$�������.+&"ก����$"%ก���0�%���($"%�&'
ก��+&"�0%������ -��-�� #�)�
����ก&'/��*������	���!" TIR ���� rgVhybNY507_22 $"%�&'ก��
+&"�0%������ก����-��/��*������	���!" non-TIR "&��&(� ก���!�3���0�"&�ก������(�0%�05���� /3�� RGA 
*&� �"&�ก���� ���+���	�/��*��*%������!" TIR  �� non-TIR *���4�"&'  

�����4�ก�������'���'�4�"&'-��ก�"���!/���0����/��*��*&� �����ก7� 
'���/��*��
-��/3��*&� � rgVcin165 ���4�"&'ก�"���!/�3�%��3���ก&'/3��*&� � rgVvinBQ_46 ��ก
����" /"����������5�*�3���3�%��3��� 89%  ��3��-��/��*������3���3�%��3���ก&�-���4�"&'ก�"��-
�!/�*�4�����" $"% ก�3��-��  rgVhybNY507_22  �� rgVvinBQ_53   ��3��-��  rgVhybNY507_22  �� 
rgVvinBQ_106 /"���3���������5�*�3���3�%��3���ก&��
���  5% �����4�ก�������'���'�4�"&'-��
ก�"���!/���0����/��*��-��/3�� RGA *&� �ก&'/��*��*%��������' ���&" 
'���'��
/3����3���3�%��3���-��ก�"���!/�ก&'/��*��*%��������' ���&"����"&'���ก��� /"�

'����4�"&'ก�"���!/�-��/��*��+�ก/3�� RGA 0���/3����3���3�%��3���ก&'�4�"&'ก�"���!-
/�-�� L6  �� N ���� �4�"&'ก�"���!/�-�� rgVvinBQ_46, rgVhybNY507_80, rgVcin109, 
rgVcin139  �� rgVcin165 ��3���3�%��3���ก&'-�� L6  �� N ������ 41-43%, 37-48%, 37-47%, 
39-46%  �� 40-45 % *���4�"&' ��-���"���ก&� 
'��� rgVcin127 ���4�"&'ก�"���!/����0����ก&' 
N ������ 43% ��ก+�ก��(
'����4�"&'ก�"���!/�-��/3�� rgVhybNY507_29, rgVvinBQ_47  �� 
rgVcin125 ��3���3�%��3���ก&'�4�"&'ก�"���!/�-��  RPS5 ������ 47-48%   �� rgVcin125 �&���
3���3�%��3���ก&' RPS2 ������ 41% "%�� ($�� �"�-%����) 

ก��
'ก��ก��+��*&�-��/��*�� RGA *&� ���/3��$"%+�ก�����
&�;���T� �������ก#�����

&�;��*%����/�3   ��
&�;�������� �*��/�3&��&(� #�)�
  phylogram ��(�0%�05���� /��*���0�����(
��++���	�/��*����3�%��ก&� (paralogues) 0�����++���	�3��-���&������ก4�0�"ก����%��/��*����
4����$"%/4����$��$"%�����ก!"+�ก3���#&� ��-����� ����*��ก&�-%�� /��*���0�����(��+$��
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�ก����-%��0���$��$"%��	�/��*��*%����/�3���(4�3%�� ��� 3' *�������"  0�����+��	�$�$"%��� 
'��/��*����ก������($���ก����-%��ก&'ก��*%����/�3   *���++��ก����-%��ก&'ก��4�0�%������� ��!
���� �ก����-%��ก&'ก�$กก������&,,��)��������� (signal transduction) "&���ก����$�%/"�  Meyers et 
al. (2003)   "&��&(� ก����ก7���(�&'�����	�0�&ก2���� �"��0%�05���� ก��/3�������ก4�0�"ก����%��
RGAs �&(������.4�$"%&(����������*%����0������� �*��/�3  *������$�ก5"� +4���	�*%��4�ก����ก7�
*��$������3* /"�������B�$���ก���4���3�3�����%��$"%��($���%���/������ก����+�/3�����*%�� 
����!"�0�� : ก��ก4�0�"*4� 0������*%����'� #��� ���$�.��ก��
&?���3�����0���/���ก��
�
����4�$����ก��3&"����ก
&�;��"%���3�����0���/���ก�� �
����0%$"%���������3���*%����/�3����"&'��

��
��+     
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�������� 3   #�ก��*��+0�3���3�%��-���!�3��/�$"� ��ก�"���!/�-�� Vitis RGAs �����'���'ก&'�4�"&'-�����0���/��*����������2��-%����-�� GenBank /"���% 
 /�� ก��ก���!�3���0� BLASTn   �� BLASTx 

�I%����J�� 

GenBank accessions LM��N�I�
NI%�
�I%M�'O�'P� 

�&
���/ 

ก%PRN 
��I%������� (BLASTn) 

Score 

(bit) 
E -value* 

Identity/ coverage 

(%) 
������ (BLASTx) 

Score 

(bit) 
E -value* 

Identity/ coverage 

(%) 

V. cinerea B9          

rgVcin109 
(DQ885292) 

3 V. vinifera contig VV78X069020.20, 
whole genome shotgun sequence 
AM478696.2 

752 0.0 94/92 Resistance protein candidate  
[V. amurensis] AAR08831.1 

266 4e-70 84/97 

rgVcin111 
(DQ885293) 

5 V.  amurensis isolate rgVamu092 
resistance protein candidate gene, 
partial cds AY427123.1 

754 0.0 93/95 Resistance protein candidate  
[V. amurensis] AAR08817.1 

214 1e-69 85/94 
 

rgVcin123 
(DQ885294) 

6 V.  aestivalis clone pSCA-C2 resistance 
protein analog gene, partial cds 
FJ795341.1 

874 0.0 97/95 Resistance protein analog  
[V. aestivalis] ACN91228.1 

214 3e-54 76/95 

rgVcin125 
(DQ885295) 

4 V. amurensis isolate rgVamu151 
resistance protein candidate gene, 
partial cds AY427133.1 

889 0.0 98/97 Resistance protein candidate 
 [V. amurensis] AAR08840.1 

306 6e-82 95/97 

rgVcin127 
(DQ885296) 

13 V. aestivalis clone pSCA-C2 resistance 
protein analog gene, partial cds 
FJ795341.1 

867 0.0 96/94 Resistance protein analog  
[V. aestivalis] ACN91228.1 

236 7e-61 92/87 

* Expected value (E-value) =8' ^](<C'+$+97&)=80%+ (matches) 2349',$&'H,E<'ก9$'8.#()%-F)2&'+#1+    -4( E-value 839&'+E%   -4(6+#.6+>+ก'5<#.97&)=80%+ 
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�
�
���� 3   XIก'5"5$<='9$'89IE' M%(+-$9I3G%H2,O?IAก5,%A8-G+M%( Vitis RGAs ):53 .)23 .ก#.IC',#.M%( 3+=50%G:5"3+234% 7&D+Z'+ME%87IM%( GenBank G, D*E 
 G:5?ก58ก'5$-)95'A=O BLASTn ?IA BLASTx ("&%) 

�I%����J�� 

GenBank accessions LM��N�I�
NI%�
�I%M�'O�'P� 

�&
���/ 

ก%PRN 
��I%������� (BLASTn) 

Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 

������ (BLASTx) 
Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 

rgVcin139 
(DQ885297) 

6 V. amurensis isolate rgVamu053 
resistance protein candidate gene, 
partial cds AY427102.1 

859 0.0 97/94 Resistance protein candidate 
 [V. amurensis] AAR08814.1 

273 5e-72 95/94 

rgVcin152 
(DQ885298) 

 

8 V. vinifera, whole genome shotgun 
sequence, contig VV78X005680.17, 
clone ENTAV 115 
 

774 0.0 94/92 Unnamed NBS-LRR protein candidate [V.  
vinifera] CBI15532.3  
Leucine-rich repeat containing protein, putative 
[Ricinus communis] XP_002529624.1 

141 
 

131 

3e-32 
 

3e-29 

55/82 
 

47/82 

rgVcin165 
(DQ885299) 

 

3 V. vinifera contig VV78X110871.5, 
whole genome shotgun sequence 
AM457506.2 

780 0.0 94/95 Unnamed NBS-LRR protein candidate [V.  
vinifera] CBI33320.3 
Resistance protein candidate  
[V. amurensis] AAR08818.1 

318 
 

295 

2e-85 
 

2e-78 

94/98 
 

88/96 

rgVcin209 4 No significant similarity found        
rgVcin210 6 No significant similarity found        
rgVcin254 13 No significant similarity found        
rgVcin269 7 No significant similarity found        
* Expected value (E-value) =8' ^](<C'+$+97&)=80%+ (matches) 2349',$&'H,E<'ก9$'8.#()%-F)2&'+#1+    -4( E-value 839&'+E%   -4(6+#.6+>+ก'5<#.97&)=80%+ 
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�
�
���� 3   XIก'5"5$<='9$'89IE' M%(+-$9I3G%H2,O?IAก5,%A8-G+M%( Vitis RGAs ):53 .)23 .ก#.IC',#.M%( 3+=50%G:5"3+234% 7&D+Z'+ME%87IM%( GenBank G, D*E 
 G:5?ก58ก'5$-)95'A=O BLASTn  ?IA BLASTx ("&%) 

�I%����J�� 

GenBank accessions LM��N�I�
NI%�
�I%M�'O�'P� 

�&
���/ 

ก%PRN 
��I%������� (BLASTn) 

Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 

������ (BLASTx) 
Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 
V. hybrid 
NY88.0507.01 

         

rgVhybNY507_13           
(HM773001) 

1 No significant similarity found    Unnamed NBS-LRR protein candidate [V.  
vinifera] CBI17900.1 

54 3e-13 50/62 

rgVhybNY507_15           
(HM773002) 

1 No significant similarity found    Resistance protein candidate [V.  amurensis]  
AAR08818.1 

81 7e-14 53/38 

rgVhybNY507_22           
(HM773004) 

2 No significant similarity found    Unnamed NBS-LRR protein candidate [V. 
vinifera] CBI17900.1 
Putative LZ-NBS-LRR resistance protein [Rosa 
hybrid cultivar] CAJ27150.1 

56 
 
30 

2e-10 
 

0.0 

61/78 
 

46/67 

rgVhybNY507_23           
(HM773005) 

1 No significant similarity found    Resistance protein candidate [V. amurensis] 
AAR08818.1 

126 9e-30 53/86 

rgVhybNY507_27           
(HM773007) 

1 No significant similarity found    P-loop NTPase [V. aestivalis] CN91228.1 
Resistance protein PLTR  [A. hypogaea] 
AAX81243.1 
Putative disease resistance gene analog NBS-LRR [M. 

prunifolia]  AAM77260.1 

48 
39.7 
 

39.3 

4e-04 
0.13 
 

0.17 

58/24 
48/21 
 

50/20 

* Expected value (E-value) =8' ^](<C'+$+97&)=80%+ (matches) 2349',$&'H,E<'ก9$'8.#()%-F)2&'+#1+    -4( E-value 839&'+E%   -4(6+#.6+>+ก'5<#.97&)=80%+ 
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 31

�
�
���� 3   XIก'5"5$<='9$'89IE' M%(+-$9I3G%H2,O?IAก5,%A8-G+M%( Vitis RGAs ):53 .)23 .ก#.IC',#.M%( 3+=50%G:5"3+234% 7&D+Z'+ME%87IM%( GenBank G, D*E 
 G:5?ก58ก'5$-)95'A=O BLASTn  ?IA BLASTx ("&%) 

�I%����J�� 

GenBank accessions LM��N�I�
NI%�
�I%M�'O�'P� 

�&
���/ 

ก%PRN 
��I%������� (BLASTn) 

Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 

������ (BLASTx) 
Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 

rgVhybNY507_29          
(EU822228.1) 
 

27 V.  vinifera contig V78X162558.4, 
whole genome shotgun sequence 
AM475374.1 

904 0.0 99/97 P-loop NTPase [V. aestivalis] ACN91226.1 318 1e-85 92/98 

rgVhybNY507_80           
(EU822262.1) 

2 V. aestivalis clone pSCA-C2 P-loop 
NTPase gene, partial cds 
FJ795341.1 

909 0.0 99/98 P-loop NTPase [V. aestivalis] CN91228.1 
TIR-NBS-LRR resistance protein [P. trichocapa] 
XP_0022300210.1 

308 
177 

1e-82 
3e-43 

99/98 
57/98 

rgVhybNY507_90           
(EU822270.1) 

1 V. vinifera contig VV78X247338.6, whole 
genome shotgun sequence 
AM483751.1 

883 0.0 98/96 Unnamed NBS-LRR protein candidate [V. 
vinifera] CBI40355.1 
NBS-LRR disease resistance protein [C. 
arietinum] ABB85178.1 
Putative disease resistance protein RPH8A [R. 
communis] XP_002535012.1 

154 
 

142 
 

139 

5e-36 
 

1e-32 
 

1e-31 

55/97 
 

45/98 
 

47/97 

* Expected value (E-value) =8' ^](<C'+$+97&)=80%+ (matches) 2349',$&'H,E<'ก9$'8.#()%-F)2&'+#1+    -4( E-value 839&'+E%   -4(6+#.6+>+ก'5<#.97&)=80%+ 
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�
�
���� 3   XIก'5"5$<='9$'89IE' M%(+-$9I3G%H2,O?IAก5,%A8-G+M%( Vitis RGAs ):53 .)23 .ก#.IC',#.M%( 3+=50%G:5"3+234% 7&D+Z'+ME%87IM%( GenBank G, D*E 
 G:5?ก58ก'5$-)95'A=O BLASTn  ?IA BLASTx ("&%) 

�I%����J�� 

GenBank accessions LM��N�I�
NI%�
�I%M�'O�'P� 

�&
���/ 

ก%PRN 
��I%������� (BLASTn) 

Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 

������ (BLASTx) 
Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 

rgVhybNY507_101        
(EU822276.1) 

13 V. rupestris clone rgVrup119 putative 
RGA gene, partial sequence 
ABB85178.1 

900 0.0 99/98 Unnamed NBS-LRR protein candidate [V. 
vinifera]CBI17900.1 
Putative disease resistance gene analog NBS-
LRR [M. prunifolia]  AAM77267.1 
NBS-LRR resistance like protein RGC402  [H. 
annuus]  ABQ57715.1 

298 
 

139 
 

136 

1e-79 
 

1e-31 
 

1e-30 

98/98 
 

49/98 
 

51/98 

Cultivar `Black 

Queen* 
         

rgVvinBQ_46                 
(EU822245.1) 

38 V. vinifera contig VV78X110871.5, 
whole genome shotgun sequence 
AM436038.2 

870 0.0 98/97 Unnamed NBS-LRR protein candidate [V. 
vinifera] CBI33323.1 
Resistance protein candidate [V. amurensis] 
AAR08818.1 

318 
 

289 

1e-85 
 

9e-77 

94/99 
 

88/98 

rgVvinBQ_47                 
(EU822246.1) 

1 V. amurensis isolate rgVamu084 
resistance protein candidate 
pseudogene, partial sequence  
AY427079.1 

870 0.0 97/98 Resistance protein candidate [V. amurensis] 
AAR08840.1   
 

226 1e-57 64/98 

* Expected value (E-value) =8' ^](<C'+$+97&)=80%+ (matches) 2349',$&'H,E<'ก9$'8.#()%-F)2&'+#1+    -4( E-value 839&'+E%   -4(6+#.6+>+ก'5<#.97&)=80%+ 
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�
�
���� 3   XIก'5"5$<='9$'89IE' M%(+-$9I3G%H2,O?IAก5,%A8-G+M%( Vitis RGAs ):53 .)23 .ก#.IC',#.M%( 3+=50%G:5"3+234% 7&D+Z'+ME%87IM%( GenBank G, D*E 
 G:5?ก58ก'5$-)95'A=O BLASTn  ?IA BLASTx ("&%) 

�I%����J�� 

GenBank accessions LM��N�I�
NI%�
�I%M�'O�'P� 

�&
���/ 

ก%PRN 
��I%������� (BLASTn) 

Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 

������ (BLASTx) 
Score 

(bit) 
E -value* 

Identity/ 

coverage 

(%) 

rgVvinBQ_53                  
(HM773013) 

1 V. vinifera contig VV78X195949.3, 
whole genome shotgun sequence 
AM489403.2 

296 1e-76 87/35 Resistance protein candidate [V. riparia] 
AAR08879.1 
 

86 3e-15 46/41 

rgVvinBQ_102                
(HM773017) 

1 V. vinifera contig VV78X148054.15, 
whole genome shotgun sequence 
AM463019.2 

119 2e-23 81/27 Unnamed NBS-LRR protein candidate [V. 
vinifera] CBI33323.1 
Resistance protein candidate [V. amurensis] 
AAR08818.1 

70 
 
59 

7e-11 
 

2e-07 

61/33 
 

52/33 

rgVvinBQ_106                
(HM773018) 

1 V. vinifera contig VV78X148054.15, 
whole genome shotgun sequence 
AM463019.2 

66 2e-07 86/11  No significant similarity found    

* Expected value (E-value) =8' ^](<C'+$+97&)=80%+ (matches) 2349',$&'H,E<'ก9$'8.#()%-F)2&'+#1+    -4( E-value 839&'+E%   -4(6+#.6+>+ก'5<#.97&)=80%+ 
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-�(��� 3   Multiple alignments +�กก���!�3���0�ก�"���!/� (translated) -��/3��*&� �  RGA  22 /3��  ���� �ก+�ก V.  vinifera    5  /3�� V. cinerea 8 /3��  �� V. hybrid 9 /3�� �����'���'ก&'/��*��

*%��������' ���&"  5 /��*�� /"���%/�� ก�� MEGA4       �"�ก�"���!/��������&ก7������&ก7�"%��ก������"4� ���� *&��&ก7���-�"��%��*%3�� D  (aspartic acid)  �� W (tryptophan) �� kinase-2 
motif ������	�ก�"���!/�����	��&ก7��+4��
��-��/��*����ก���� TIR  �� non-TIR *���4�"&' /"���'�����-�� NBS domain motifs $�%"%��'�-���4�"&'ก�"���!/� 

                  
                  
rgVhybNY507_29  : 
rgVhybNY507_27  : 
rgVcin125       : 
rgVcin152       : 
RPS4            : 
rgVvinBQ_46     : 
rgVhybNY507_15  : 
rgVvinBQ_53     : 
rgVhybNY507_22  : 
rgVhybNY507_13  : 
N               : 
rgVvinBQ_102    : 
rgVhybNY507_23  : 
L6              : 
rgVhybNY507_101 : 
rgVhybNY507_90  : 
rgVcin109       : 
rgVvinBQ_106    : 
rgVcin127       : 
rgVhybNY507_80  : 
RPS2            : 
rgVvinBQ_47     : 
RPS5            : 
rgVcin165       : 
rgVcin139       : 
rgVcin123       : 
rgVcin111       : 
                  

                                                                                  
120         *       140         *       160         *       180         *         
----KSKVVFTTRFSTVCRDMG--AKG-IEVKCLAWEEAFALFQAYVGEDT--IYSHPHIPKLAETAAKECDGLPLTV----
----KSCQWRSSQDIDGVSLEAR------------KRSILRLFRQEAFKRAS---PANDYKNLSDNVLQKDKGLPLV-----
----KSKVIFTTRFSTVCHDMG--AKS-IEVECLAWEEAFSLFRTKVGEDT--LDSHPDIQKLAEIFVKECKGLPLAL----
--GAKGSKIIVTRDKLVASMGTC---PMYELKGLSDEECLSLFITCAFDDR-----DKYPRLVGKDIVCRPPPRP-------
EGKEGSRVVIATSDMSLTNGLVD---DTYMVQNLNHRDSLQLFHYHAFIDDQANPQKKDFMKLSEGFVHYARGHPLAL----
--RAKSTIIITSRDKHVLAQYGA--DILYEVSKLNQEEAIELFSLWAFKQN---CPQEVYKNLSYNIIDYANGLPLTV----
--AGPSLHLVTNTCVVVIMSIGHQNIRGTRSTQRTVLVLCLLVEQKCDRAGNIFYIHSTPLPHMYITILLRDGSGAT-----
T--TVFCALMSRSALLALSFLDYHSTRLFLMTLLAQLGSILIPVSFHHTRLN---SGSFAGQEADPVSYDVQRVPLVS----
-LMRSNPIILSNHKADKCGCMSS--KCKQKYFLIFSRNRINGLCLTRQGES---FILLILISEIRTFSRNMLGLPLRG----
FMLCKSEILLSTILQNVVQVIQT--QGKLPMKWGDKAPNDCVVVGHLIRKKYRNGASFFIEGVPKHFPKNVERL--------
--GNGSRIIITTRDKHLIEKNDI----IYEVTALPDHESIQLFKQHAFGKE---VPNENFEKLSLEVVNYAKGLPLAL----
R--QEIAFFIFCITKVVIPPWGA---DIRQEFRLSREVAIDLFCLWAIKQN---CPQEVYTPKGYNIIDYN--LPLR-----
----AKRAIIITEDMRLFTRFGVEISKVSKLDKEQCDDIWVVVPLTKSSQGK--FYDPAHHKMFRVLCYWSPAGRY------
--ISQSRFIITSRSMRVLGTLNENQCKLYEVGSMSKPRSLELFSKHAFKKN---TPPSYYETLANDVVDTTAGLPLTL----
D-ACKSKILLTTRLENVCHVMES--QAKVPLNILSEQDSWTLFGRKAGRIVD----SPDFHNIAQKIVKECGGLPLNG----
---YGSRVLITSRNKEVALHANS---HLHELHPLNEMESEELFLRKMGSST--LAWPQGLEKLGTEIVAKCKGLPLNA----
--GPRSRIIITSRDQHCLNVLGVDASYEV--KALNYEESIQLFCQHAFQQN---IPKSDYVDLSNHEVNYVNGLPLAL----
IPAVTLSLFGSYFCTHVYPQLSS------LFSPLSSCTPGEILYCRCPTSYLNFSYSPSDARLLYILLFYPA----------
--GIG--IVITTRDK-LLNVHG---SEIYEAKE-EPE-ALQLFSQYAFKRK---S--KDYMNLSD-VVHYAKGLPLP-----
--GIGSRIVITTRDKHLLNVHGV--SEIYEAKELEPEEALQLFSQYAFKRK---SPEKDYMNLSDNVLHYAKGLPLKC----
----KCKVMFTTRSIALCNNMG--AEYKLRVEFLEKKHAWELFCSKVWRKD--LLESSSIRRLAEIIVSKCGGLPLAL----
----MSKVIFTTRFLNVCEAMG--AES-IKVECLKFKDAFALFQSNVGEAT--FNSHPRIPKLAKIVVEECKGLPLYLNH--
----GCKVAFTTRSRDVCGRMG--VDDPMEVSCLQPEESWDLFQMKVGKNT--LGSHPDIPGLARKVARKCRGLPLAL----
--HAKSTIIITTRDKHVLAQYGA--DIPYEVSKLNKEEATELFSLWALKQN---HPQEVYKNLSYNIIDYADGLPLAL----
--GPRSRIITTTRHKHFLTQYGV--IESYEVPKLHDAEAIELFSWWAFKQN---LPNEIYKNLSYQVVNYAKGLPLLNHVNS
--GIGSRIVITTRDK--PSAKCA--MEVKYMRLRNNQRKLFNFSVNMLSKV---KSPEDYMNLSDNVLHYAEGLPLTL----
--GLKSRIIITSRDRHCLNVHGVGASYKVGTKILGVYPTFLSTCLTQHSKLC--KPLRSCIKLCERPPPRPSNHY-------
                                                                          p       

      
      
 : 170
 : 158
 : 172
 : 167
 : 170
 : 169
 : 175
 : 173
 : 157
 : 167
 : 172
 : 160
 : 168
 : 174
 : 169
 : 170
 : 174
 : 167
 : 165
 : 170
 : 169
 : 171
 : 171
 : 171
 : 177
 : 172
 : 173
      

RNBS-C GLPL RNBS-B 

                  
                  
rgVhybNY507_29  : 
rgVhybNY507_27  : 
rgVcin125       : 
rgVcin152       : 
RPS4            : 
rgVvinBQ_46     : 
rgVhybNY507_15  : 
rgVvinBQ_53     : 
rgVhybNY507_22  : 
rgVhybNY507_13  : 
N               : 
rgVvinBQ_102    : 
rgVhybNY507_23  : 
L6              : 
rgVhybNY507_101 : 
rgVhybNY507_90  : 
rgVcin109       : 
rgVvinBQ_106    : 
rgVcin127       : 
rgVhybNY507_80  : 
RPS2            : 
rgVvinBQ_47     : 
RPS5            : 
rgVcin165       : 
rgVcin139       : 
rgVcin123       : 
rgVcin111       : 
                  

                                                                                                                     
         *        20         *        40         *        60         *        80         *       100         *       
-------GGVGKTTLLNRINN---EFLKSRVGFDAVIWVTVSRPANVE-----KVQQVLFNKLEIPSNNWEGRSEDE-RKEAIFNVLKMKKIVALLDDIWEPLDLFAVGIPPVNDGN
--------VVTKRVNAKCSG------CEDMIITDWSTYIVACSADRKD---TIYIYLSVSYRDEADSELYSEMSPRWQLYYCSGSGIYSSRFCIRIGRESDEISLLLWLGGIEQSCL
-----NSGGVGKTTLLKRIDN---DFLQTGYEVDVVIWVVVSQQGNVE-----KVQETVLNKLEIAEYKWKDRSVHE-RAEEIFSVLQTKKFVLLLDDIWKQLDLLEVGIPPLNDQK
PREIPLLGGWGRRLLGQTYIMMG-----EFAHFEKRMWVCVSEFDVKR------LIKEIITSATHGKC---DDLPMDELARLLINVLDDKKFLLILDDVWSK-NRDKWLELKALLDG
--------GIGKTTLLKELYK------TWQGKFSRHALIDQIRVKSKH------LELDRLPQMLLGELSKLNHPHVDN-LKDPYSQLHERKVLVVLDDVSKR-EQIDALREILDWIK
-------GGVGKTTIAKAIYN------EISHQYDGSSFLINIRERSKG--DILQLQQELLHGILRGKN--FKINNVDEGISMIKRCLNFNRVLVIFDDVDEL-KQLEYLAEEKDWL-
-------GGGEKITIVNASYN------QISLQYYGSSLVRDMTERSNR--EIFHLHREHLHGIADRNF--FYINNINIAKSMINRGLSFNQVLIIFIDMDKQICILSKIYALVSSLC
------CPWEGKTTLLNSINN-----AFLGSRVGLTHFGLCPDQQMWR------RLSKFFSSISEIPSNNWEGRSENERKEGIFNVLNIKKIDRFIDHVWTTVDLLSLCIPDDEGSI
------------QILTKMIC------------FSIVAMVVISHNPDLM-----KNQVQLAVMLNLKLG---EASETGMFIKVRETDYERHDCCNNHREHTEKNGIMKDRNSQFRLNR
-------GCRKRPSCSRWVQR-----LTTDATVSACDKSGDIPESEFD-------ENSIAIVHICRAS---KKRICKLRRQQDENNEEGKKSLIFLDDRWGTIELSELGITRAIQSL
-------GGVGKTTIARAIFDTLLGRMDSSYQFDGACFLKDIKENKRG---MHSLQNALLSELLREK---ANYNNEEDGKHQMASRLRSKKVLIVLDDIDNKDHYLEYLAGDLDWF-
------LSKEGLSIVYQQFGN------------DCGSWGVCKLAGGVY------YHNKLVYNSPDRALFGKKKQHSHFYTTWRCENLKLTRNCRSIMSWYRVDRILYILGTSSSAGH
-------GGGVKDLSPRLVLI------EISCQYDDSSLLGKVRERFNG--DMGLLQCETIYGFLRGRF--FYINNVIEGMRMLNRCLFSKSVRIIEDEVDEL--QLEYGAEDKDRGQ
-------GGIGKTTTAKAVYN------KISSCFDCCCFIDNIRETQEK-DGVVVLQKKLVSEILRIDSGSVGFNNDSGGRKTIKERVSRFKILVVLDDVDEK-FKFEDMLGSPKDF-
-------GGVGKTTMVKQVGAN----AHRDGLFQHVAMAVISQNPDLR-----KIQAQIADMLNLKLE---EESEAGRAARLRERIMRGKSVLIILDDIWRRIDLSEIGIPSTGSDL
-----WGGGEDDSTLAKKVYN------DVKQHFDCDAWVYVSQEYRTR-----DLLFEILNCVTNEKRIMRELDSEAAVGIELRNFLSTKKYLIVMDDIWCT-QVWKGLNAYLPIEG
----GPFGGVGKTTIAKVVYN------NISHQFESRIFLENVRERSKDQSSLLQLQKELLNGVVKGKN--LEISNVHEGIDVIRNRFNSKKVLLILDDVDNL-KQLKFLAGGHGWF-
--------LVCKTSWGRFCLK------DLRQRLSPLSLLLNMYPPPDLFP--PRGGPTALAFLFSRCLFFYTFFFSLPCSFTLQAPCRFSTVNLTGPLVCSLVPSLIHLFLSMPCLF
RPRELRPWGGGEDDYSQLFYN------PISSQFEGISFLANIREVSKN-CGLLPLQKQLLGDILMGWS--QRIS-VDEGINVLMDRLHSKKVLIILDDVDDL-NQLS-LAGNVDWF-
-------GGVGKTTIAKVVYN------LISSQFEGISFLANIREVSKN-CGLLPLQKQLLGDILMGWS--QRISNVDEGINVLMDRLHSKKVLIILDDVDDL-NQLESLAGNVDWF-
-------GGVGKTTLMQSINN---ELITKGHQYDVLIWVQMSREFGEC-----TIQQAVGARLGLS---WDEKETGENRALKIYRALRQKRFLLLLDDVWEEIDLEKTGVPRPDREN
-------GGVGKTTLLKRINN---EFLETSFEFDKVIWVVVSKPASVE-----KIQEMVLRQCDAPDNRWKGRSEDE-KAKEIYNILKTRKFILLLDDIWEQLNLLKIGFP-LNDQN
-------GGVGKTTLLTKINN---KFSKIDDRFDVVIWVVVSRSSTVR-----KIQRDIAEKVGLGGMEWSEKNDNQ-IAVDIHNVLRRRKFVLLLDDIWEKVNLKAVGVPYPSKDN
----NSIGGVGKTTIAKAIYN------EISNQYDGRSFLRNIRERSKG--DILQLQQELLHGILRGK---FFINNVDEGISMIKRCLTSNRVLVIFYDVDEL-KQLEYLVEEKDWF-
---GNSIGGVGKTTITKAVYN------DISCQFDGSSFLNNVRERSKD--NALQLQQELLHGSLKGKS--LKVSNMDEGIQMIKRSLSSKRVLVVFDDVDDL-MQIENLAEEHIWF-
--GKFPLGGWGRRLIAKVVYN------LISSQFEGISFLANIREVSKN-CGLLPLQKQLLGDILMGWS--QRISNVDE-INVLMDRLHSKKVLIILDDVDDL-NQLQSLAGNVDWF-
----IPLGGWGRRQLAKVVYN------NISHQFESRIFLENVRERSKDYSSLLQLQKELLNGVMKGKN--KKISNVHE-INVIRNRFHSKKVLLILDDVDNL-KLLQFLAGEHGWF-
                                                                                                                     

      
      
 : 101
 : 100
 : 103
 : 102
 :  95
 :  98
 : 100
 : 100
 :  85
 :  95
 : 103
 :  93
 :  98
 : 101
 :  98
 : 100
 : 103
 : 101
 : 104
 :  99
 :  99
 : 100
 : 101
 : 100
 : 102
 : 103
 : 102
      

Kinase-2 P-loop RNBS-A 
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-�(��� 4  Phylogram ������%��/"����&�-%������$"%+�ก sequence alignment -��ก�"���!/�"%��/�� ก�� Clustal W  �"�3����&�
&�;���0���� RGA ����/3��
��+�ก V. vinifera  (rgVvin), V. cinerea (rgVcin)  �� V. hybrid (rgVhyb) �����'���'ก&'/��*��*%��������' ���&"�����	� NBS-LRR ��!" TIR 
(RPS4, L6  �� N) 0�����	���!" non-TIR (RPS2  �� RPS5) /"���'�3�� Bootstrap $�%�� -��-�� #�)�
   

 

TIR 

Non-TIR 

 rgVhybNY507 23
 rgVhybNY507 15

 rgVvinBQ 106
 rgVvinBQ 102

 rgVhybNY507 27
 RPS4

 L6
 N

 rgVcin165
 rgVvinBQ 46

 rgVcin139
 rgVcin111

 rgVcin109
 rgVcin123

 rgVcin127
 rgVhybNY507 80

 rgVcin125
 rgVhybNY507 29

 rgVvinBQ 47
 RPS5

 RPS2
 rgVcin152

 rgVhybNY507 90
 rgVhybNY507 101

 rgVhybNY507 22
 rgVhybNY507 13

 rgVvinBQ 53

99
100

100

79
99

76
99

70

67

63

61

75

51

67

86

99
100

0.05
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ก��()��$	�*�������%�$�ก����ก RGAs 

 4�ก��
&?���3�����0��� STS +�ก RGAs ��/3��"%��$
������ P-loop/ GLPLAL-1 +�ก
�����
&�;���T� V. cinerea B9 +4���� 8 �3�����0���  3�� rgVcin109, rgVcin111, rgVcin123, 
rgVcin125, rgVcin127, rgVcin139, rgVcin152, rgVcin165  ������4��3�����0���"&�ก������"��'
ก&'�����
&�;��*%����*��/�3���(4�3%�� Illinois 547-1 
&�;������ � Horizon  ����ก#����0����
&�;��
*%���� ��
&�;������ � 
'����3�����0��� rgVcin 152 $�������.�
!����!���"���5����������
"&�ก����$"%  +��$"%�3�����0������0%3��� *ก*�����0����+�/�$�U-�������+4���� 7 �3�����0��� 
()�
��  5-6)  ��ก+�ก��(�&���%�3�����0��� STS ����
&?��/"� Di Gaspero and Cipriani (2003) +�ก
�4�"&'�!�3��/�$"�-�� RGAs ��/3��+�ก V. amurensis  �� V. riparia +4���� 9 �3�����0��� 3�� 
rgVrip064, rgVrip145, rgVrip158, rgVamu085, rgVamu092, rgVamu100, rgVamu111, stkVa011 
 �� GLPL6-1 ��ก��"��'"%�� 
  
 
 
 
 
 
 
 
 
 
 
 
 
-�(��� 5 ��� '' .'"���5���-���������ก#��  Horizon × Illinois 547-1  +�กก���!�3���0�"%��

�3�����0��� rgVcin125 
 
 
 
 
 

polymorphic 

�Horizon × Illinois 547-1r progenies 
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-�(��� 6 ��� '' .'"���5���-���������ก#��  Horizon × Illinois 547-1  +�กก���!�3���0�"%��

�3�����0��� stkVa011 

 +�กก���!�3���0�ก��ก��+��*&�-���3�����0��� 
'��� 5 �3�����0��� $"% ก� rgVcin125, 
rgVcin127, rgVcin139, rgVamu085  �� GLPL6-1 ���ก@ .'"���5�����
&�;��*%����  *�$��
'
 .'"���5�����
&�;������ � �����3�����0������0�����+���กW .'"���5�����&(�
&�;��*%���� ��

&�;������ � 0���$�����ก@ .'��&(����
&�;��   
 ก����% chi-square goodness-of-fit �
���"��'�3�����0������0%3��� *ก*�������ก#��
��0����
&�;��*%���� ��
&�;������ � 
'��� rgVcin125, rgVcin127, rgVcin139  �� GLPL6-1 ��
ก��ก��+��*&� 1:1  �"�����3�����0����0�����($"%+�ก*4� 0�����
&�;��
�� �����������)�

&�;���� 
(heterozygous) 0����
&�;��  �����)�

&�;�� %��$�����กW .'"���5��� (homozygous null) ����ก

&�;��  ���� rgVcin109, rgVcin111, rgVcin123, rgVrip064, rgVrip145, rgVamu092  �� stkVa011 ��
ก��ก��+��*&� 3:1  �"�����3�����0����0�����(��%��.��ก����	�
&�;������*4� 0����&(���
&�;��
��
 ��&(����
&�;��  ���� rgVcin165, rgVrip158, rgVamu085, rgVamu100, rgVamu111 ก��+��*&� ''
'!"�'��� (distort) $����	�$�*��กW-������"�  
 
'�0�&�
&�;������&��4�3&,��0�����3�����0��� rgVcin165, rgVamu085  �� stkVa011 ก&'
+4��������� ("&���-��3���*%����*��/�3���(4�3%��) /"���3���&�����!;!X�0�&�
&�;� r = 0.151,  
-0.173  �� 0.152 (p < 0.05) *���4�"&'  �����$�ก5*�� rgVcin165  �� rgVamu085 ��ก��ก��+��*&�
'!"�'��� ��-���� rgVcin165  �� stkVa011 ���ก@ .'"���5�����&(�
&�;��*%���� ������ � 
4��0%ก��0�3����&�
&�;���0���� .'"���5���  ���&����*%����0����&�������� �4�$"%��ก  

polymorphic 

250 bp 

500 bp 

‘Horizon x Illinois 547-1’ progenies 
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�4�0�&' rgVamu085 �������ก@ .'"���5����8
����
&�;��*%���� 
'�����ก������ก#��*%����*��
/�3��-�(4�3%�� 58 *%� ����3�"���3���� .'"���5��� ���
��� 15.5% ����&(���$�����ก@ .'"���5��� 
��(�0%�05�����3�����0�����(��+������ linkage group �"���ก&'�&����*%����  *���+$��$"%�����ก�%�!"��ก 
(tightly linked)   �%����3�����0���"&�ก����+�����0���+�ก���*%�����ก!� 5 cM ����+4�ก&"ก����%
���/������ก��3&"����ก
&�;��  *���+��	����/������ก��ก4�0�"*4� 0������*%������ #������
�������%�3�����0���/���ก���
!��-�(������3*   ��ก+�ก��(�����3*+���ก��
&?���3�����0��� RGA-
STS  ���3�����0�����!"�����
!���*!��
���0��3�����0����� link ก&'���*%����/�3���(4�3%�������
�ก�%�!"  �������.�4��������ก*���%��ก��3&"����ก
&�;��$"% 
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����� 4  
6�ก��
�$	���� �7��.�����-�����6� �'
���� 2 

 

ก��23ก4�ก���'����#�ก4,� ���ก���������(�"� ���'�%#�
�"�#5�$#�� 
 

ก��6����.ก6�� 
 #�!*��ก#�� F1 /"���% #�ก��#��
&�;�� '' North Carolina Design II ��%
&�;�� ��������	�
������&'�����#��" V. vinifera ����3��)�
#�"� *����� �*��/�3���(4�3%�� +4���� 3 
&�;�� $"% ก� 
Black Queen, Carolina Black Rose  �� Italia ()�
�� 7) 
&�;��
��������	�
&�;��*%���� +4���� 3 ���

&�;�� $"% ก� NY 88.0517.01(Joannes Seyve 23.416 × (V. rupestris × V. cinerea)), NY 65.0550.04 
((Jaeger 70 (V. rupestris × V. lincecumii) × Victoriars Choice) × (Seyve Villard 23-18 selfed))  �� 
NY 65.0551.05 ((Jaeger 70 (V. rupestris × V. lincecumii) × Victoriars Choice) × Lady Patricia 
(S.14664 × S.V. 20-365)) ����*%����*��/�3���(4�3%�� ���� �B� +�กก�������!����.���"���
��ก���ก7*� New York State Agricultural Experiment Station (NYSAES) �0��!���&� Cornell 
������0�&2����!ก���	�����0����6     +�/�$�U�0�����(��3���0��ก0�����
&�;�ก���-�������
����!ก&�0�����6����  ���� V. cinerea, V. rupestris  �� V. lincecumii ������&*!
&�;��  ()�
�� 8)      �����
#��
&�;����0����
&�;��
�� ��
&�;�� �� ''3�'�ก��" -��" 3 × 3 ��" /"�#��ก&'
&�;�� �� 
&�;���� 
15 ��� ��� 45 ��� ��A�����0��!���&��3/�/�������������6 
 .�.  2547 *���!;�-�� Reisch and 
Pratt (1996) 
'���*!"#�&(�0�" 36 ��� 3!"��	��������5�*�ก��*!"#� 50-70     % �ก��%���ก#��-�� 
Italia *!"#��
���  5-10% (*������ 4; )�
�� 9)   �4�*%��������ก#�� F1 &(�0�" 85 *%� (��	���ก#��-�� 
Black Queen, Carolina Black Rose  �� Italia +4���� 39, 31  �� 15 *%� *���4�"&'  (����"���!* ��
��'���� -5� �� ���� 6 �"���)  ��*%�
&�;��
�� �� ������%��ก�������!�3���*%����/�3���(4�3%�� 

'�����ก#�����������
&�;�� Black Queen ��	�
&�;�� ����ก���+�!,�*!'/*���4�*%�"� ����'���� -5� �� 
�����"���ก&'
&�;��   Black Queen      ������ก#��-��
&�;�� Carolina Black Rose ���������5�*�ก����ก��� 
-��"���5"���ก&'��ก#��-��
&�;�� Black Queen �����$�ก5*�� ก���+�!,�*!'/*���4�*%�"%��ก���
��ก#��-��
&�;��  Black Queen   ������ก#��+�ก Italia #��ก&'
&�;��
��&(� 3 ���
&�;�� $"% ก� NY 
88.0517.01, NY 65.0550.04  �� NY 65.0551.05 ���������5�*�ก��*!"#�*�4� �������5�*�ก����ก-��
���5"*�4�  ���������5�*�ก����"���!*-��*%�ก�%�*�4� (40.6%, 25.0   %  �� 10.0   % *���4�"&')  
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 B
C��� 7   %(>&+ V. vinifera 234D*E):;+/#+N>O?8&D+ก'5$-)95'A=O gca ?IA sca 
A) Black Queen: XI638&$()ME8 *&%XIM+',D=F& XI '$53M+',D=F& ):I0%ก.'( 

)<5-F)"-.G"5$,)5[$ ?M[(?5( ?IAD=EXIXI-"67( %&%+?%"&%G595'+1C'9E'(8'ก  
B) Carolina Black Rose: XI638&$( *&%XIM+',:'+กI'( XIM+',D=F& ):I0%ก.'( )+01%

?+&+?IA)+3 + )<5-F)"-.G"5$,)5[$ ?M[(?5(8'ก %&%+?%"&%G595'+1C'9E'( 
C) Italia: XI63)=I0%(,E'+ *&%XIM+',:'+กI'( XIM+',D=F& ):I0%ก=+' )+01%?+&+ 

)<5-F)"-.G"5$,)5[$ ?M[(?5( ?IAD=EXIXI-"67( %&%+?%"&%G595'+1C'9E'( 
 
 

   

 

     

 

 B
C��� 8   %(>&+I7กX68234D*E):;+/#+N>O/&%D+ก'5$-)95'A=O gca ?IA sca 
A)  NY 88.0517.07: XI638&$( *&%XIM+',D=F&9&%+ME'(=I$8 XIM+',)I[ก 6>ก?ก&*E' 83

ก5,67( )<5-F)"-.G"5$,)5[$ ?M[(?5( ?IAD=EXIXI-"67( "E'+2'+"&%G595'+1C'9E'(?IA
5'?:`(,38'ก  

B) NY 65.0550.04: XI638&$( *&%XIM+',D=F& XIM+',:'+กI'( 56*'"-:'+กI'( 
)<5-F)"-.G"5$,)5[$ ?M[(?5(:'+กI'( ?IAD=EXIXI-"9&%+ME'(67( "E'+2'+"&%G595'-
+1C'9E'(?IA5'?:`(,3) 34 8 

C) NY 65.0551.05: XI63M'$ *&%XIM+',D=F& XIM+',D=F&:'+กI'( 56*'"-:'+กI'( 
8#กH8&9&% 6A68+1C'"'I )<5-F)"-.G"?IA ?M[(?5(:'+กI'( ?IAD=EXIXI-":'+กI'( 
"E'+2'+"&%G595'?:`(.+XI ?"&%'<%&%+?%"&%G595'?:`(.+D. 

A B C 

A B C 
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�������� 4  +4���������#��*!"+�ก����� 9 3��#�� 
                   (�"� ('� 

(�"� ��' 

NY 88.0517.01 NY 65.0550.04 NY 65.0551.05 

Black Queen 5 5 5 

Carolina Black Rose 5 5 4 

Italia 2 3 2 

 

 
 

 -�(��� 9  ��������&(� 9 3��#�� ���ก�'"%�� 
   A)  Black Queen × NY 88.0517.01; B) Black Queen × NY 65.0550.04  

  C)  Black Queen × NY 65.0551.05; D) Carolina Black Rose × NY 88.0517.01 
  E)  Carolina Black Rose × NY 65.0550.04; F) Carolina Black Rose × NY 65.0551.05 
  G)  Italia × NY 88.0517.01; H) Italia × NY 65.0550.04; I) Italia × NY 65.0551.05 

 

A B C 

D E F 

G H I 
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ก�����$���	
���7�����%�	���5��	7�� 

 �!�3���0���������� ��  mean square +�ก-%����
&�;��
�� �� ����ก#�� F1 (*������ 5) 
'���
3���8����ก���ก!"/�3��0����+�/�$�U�����&(�0�" *ก*���ก&���������&��4�3&,�!�����.!*!     (p < 0.01) 
�����
!+������0�����������ก#��  F1 ก&'
&�;��
�� �� 
'��� *ก*���ก&���������&��4�3&,�!�����.!*!     
(p < 0.01)  �"������ก#��'��*%���3���*%����*��/�3���(4�3%�����ก���
&�;��
�� ��  �������

!+������0����+�/�$�U��ก����
&�;��
�� �� ����0����+�/�$�U��ก������ก#��  F1  
'��� *ก*���
ก&���������&��4�3&,�!�����.!*! (p < 0.01) ����'����(����� *���ก���������ก���3���#&� ����

&�;�ก������ 
 
�������� 5  3�� mean square +�กก���!�3���0����������-��ก���ก!"/�3���(4�3%�� 
Sources   df SS MS F (test) 
Treatments 14 13.90 0.99 6.21 ** 
    Parents vs hybrids 1 1.21 1.21 7.56 ** 
    Parents 5 7.24 1.45 9.05 ** 
    Hybrids 8 5.45 0.68 4.26 ** 
Error 102 16.28 0.16  
Total 116 30.18   
CV (%)          21.06%   
** p < 0.01 

5A=$&'(/#+N>O?8& /.$&' Black Queen ):;+/#+N>O234%&%+?%8'ก2346>, <C'+$+M%(6:%5O5'+1C'9E'(
D+%(>&+/#+N>O Black Queen 67(^]( 178.5 6:%5O//01+234D. 25 "5 .e8 . (5A,#.9A?++ 4.15) MBA234
<C'+$+6:%5O67(6>,234/.D+%(>&+/#+N>O Carolina Black Rose (5A,#.9A?++ 3.64) ?IA Italia (5A,#.
9A?++ 3.87) 9-,):;+ 86.3 ?IA 90.0 6:%5O//01+234D.  25 "5 .e8 . "'8IC',#. ("'5'(234 6) e]4(ก'5
:5A)8-+G595'+1C'9E'(,E$ $-N3"#,D.8'$-)95'A=O  (detached leaf)  D=EXI6#8/#+NOก#.D+6J'/H5& G, 
/.$&'%(>&+/#+N>O Black Queen %&%+?%8'ก2346>,  (H8&?6,(XIก'52,I%()  D+2C'+%(),3 $ก#+  Brown 
et al. (1999a)   :5A)8-+G595'+1C'9E'(,E$ $-N3"#,D.8'$-)95'A=O :5A)8-+D+6J'/G5()50%+ ?IAD+
6J'/H5&/.$&'839$'86#8/#+NOก#+67(  +%ก<'ก+31  Eibach et al. (1989) 5' ('+$&'ก'5:5A)8-+G59G, 
$-N3"#,D.8'$-)95'A=O   ?IA$-N3:5A)8-+D+6J'/H5&839$'86#8/#+NOก#+% &'(83+# 6C'9#F2'(6^-"-     (r = 
0.98) e]4(ก'5:5A)8-+G59G, D*E$-N3"#,D.8'$-)95'A=O+31)=8'A68ก#.ก'5:5A)8-+G595'+1C'9E'(D+
I7กX68<C'+$+8'ก (Brown et al., 1999b)  
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��0����
&�;��
�� 
'�����������
&�;�� NY 88.0517.01  (��"&'3� �� 0.48)  �� NY 
65.0551.05  (��"&'3� �� 0.46)  �"�3���*%����/�3���(4�3%�����ก�����������
&�;�� NY 
65.0550.04  (��"&'3� �� 0.96) (*������ 6) ����3��#���"������0���� NY 65.0550.04  ��  Carolina 
Black Rose   �"�3� ��3���*%����/�3���(4�3%���������"  �%���  NY 65.0550.04 $�� �"�3���
*%������� ������+��	�#���+�ก����.��-��ก�����*&�+4��
��  

�������ก#��  F1 -��3��#����0����
&�;��*%����ก&'
&�;������ �  �"���"&'3���*%����
+�ก*%������ก (��"&'3� �� = 0) +�.������ ���ก (��"&'3� �� = 5) ������"&'3���*%����
/�3���(4�3%��-����ก#�� F1 �����. '��$"% 3 ก���� 3�� *%���� (��"&'3� �� = 0  �� 1); ���
ก��� (��"&'3� �� = 2  �� 3)  ������ � (��"&'3� �� = 4  �� 5) 
'����������ก#��  F1  ����
�0,����� � (52.9%) 
'��ก#����*%���� 28.2%  �����ก��� 18.8% (*������ 7) 

3��#�� Black Queen × NY 65.0550.04, Black Queen × NY 65.0551.05, Carolina Black 
Rose × NY 65.0551.05, Italia × NY 88.0517.01, Italia × NY 65.0550.04  �� Italia × NY 
65.0551.05 �0%+4����*%���*%����*�4�  5.3-33.3     %  ��
'+4����*%�������%��3����0����+�ก3��#��
&(�0�"  �"�3������� �*��/�3���(4�3%��  �"�������3�'3��3���*%����/�3���(4�3%���������

&�;��
�� ���������)�

&�;����  ��ก+�ก��( ��� ''ก��ก��+��*&�-�����'����(��������������%�� 2 
���3�'3���&ก7��*%����/�3���(4�3%���������ก���( ����ก����ก7������3*+4���	�*%����ก7���
�����ก����0,� �
��������!�+4���������3�'3���&ก7��*%����/�3���(4�3%��$"%�����.�ก*%�� 

3��#����0������������
&�;�� NY 65.0551.05 ก&' Black Queen 0��� Carolina Black Rose �0%
+4����*%���*%����*�4�  5.3%  �� 7.7 % *���4�"&'  ���0%+4����*%������� ��������" 79.0 %    �� 
84.6 % *���4�"&'  ����*��ก&�-%�� 3��#�� Carolina Black Rose × NY 65.0550.04 �0%+4����*%���
*%������ก����" (75.0 %)    ��+4����*%������� ��%������" (12.5 %)   �"��0%�05����3��#�� 
Carolina Black Rose × NY 65.0550.04 ��	�3��#����"�����"�4�0�&'��%#�!*��ก#������3���*%����
*��/�3���(4�3%����/3��ก����&'����
&�;������� 
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�������� 6  ก�������!�/�3���(4�3%��-��
&�;��
�� ��/"��!;�*&"�'���!�3���0� 
   ��%�/��8 %�	���5��	7�� (��#�	����)a 9:%�/��8 

Black Queen  
Carolina Black Rose  
Italia  
NY 88.0517.01  
NY 65.0550.04  
NY 65.0551.05  

4.15 
3.64 
3.87 
0.48 
0.96 
0.46 

���� ���ก 
���� � 
���� � 
*%������ก 
*%���� 
*%������ก 

a  ��"&'3� ��: 0 = 0-5 �����/
�(����' 25 *� .�� .; 1 = > 5-10 �����/
�(��� 25 *� .�� .; 2 = >10-15 
�����/
�(����' 25 *�  .�� .; 3 = >15-25 �����/
�(����' 25 *� .�� .; 4 = >25-40 �����/
�(����' 25 
*�.��.; 5 = >40 �����/
�(����' 25 *�.��. 

 

�������� 7  ��"&'3� ��3���*%����/�3���(4�3%��-����ก#�� F1 +�ก 9 3��#�� 
 

                  	.'6�� 

ก�����$���%�	 (����
��7� ($��� $01�� ))a 

�7����� 

(	���� = 0,1) 

���ก��� 

(	���� = 2,3) 

�'���� 

(	���� = 4,5) 

Black Queen × NY 88.0517.01 
Black Queen × NY 65.0550.04 
Black Queen × NY 65.0551.05 

4 (28.6%) 
1 (16.7%) 
1   (5.3%) 

5 (35.7%) 
2 (33.3%) 
3 (15.8%) 

5 (35.7%) 
3 (50.0%) 
15 (78.9%) 

Carolina Black Rose × NY 88.0517.01 
Carolina Black Rose × NY 65.0550.04 
Carolina Black Rose × NY 65.0551.05 

4 (40.0%) 
6 (75.0%) 
1   (7.7%) 

- 
1 (12.5%) 
1   (7.7%) 

6 (60.0%) 
1 (12.5%) 
11 (84.6%) 

Italia × NY 88.0517.01 
Italia × NY 65.0550.04 
Italia × NY 65.0551.05 

1 (25.0%) 
2 (28.6%) 
1 (25.0%) 

3 (75.0%) 
1 (14.3%) 
1 (25.0%) 

- 
4 (57.1%) 
2 (50.0%) 

��� 21 (28.2%) 17 (18.8%) 47 (52.9%) 
a  ��"&'3� ��: 0 = 0-5 �����/
�(����' 25 *� .�� .; 1 = > 5-10 �����/
�(��� 25 *� .�� .; 2 = >10-15 
�����/
�(����' 25 *�  .�� .; 3 = >15-25 �����/
�(����' 25 *� .�� .; 4 = >25-40 �����/
�(����' 25 
*�.��.; 5 = >40 �����/
�(����' 25 *�.��. 
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ก��
�$	���� �������ก���
��
 

ก���!�3���0�����.��ก�����*&�/"�
!+����+�ก3��  mean square �
��������!�����.��
ก�����*&�&��$� (gca)  ������.��ก�����*&�+4��
�� (sca) 
'���  �������ก#�� *���3����3���
 *ก*���ก&���������&��4�3&,�!�����.!*! (p < 0.01; *������ 8) /"�3�� mean square -��  gca 
&�;��
��
ก�%��ก���
&�;�� �� '����(�����3���0��ก0�����
&�;�ก�����0����
&�;��
����� "&��&(�+��3�"���
&�;��

����	�+�/�$�U�������*%����/�3���(4�3%������ ��-����
&�;�� ����	�
&�;������������� �*��/�3��-
�(4�3%��  ��
'���  ���������-�� gca -��
&�;��
�� *ก*���ก&���������&��4�3&,�!�����.!*! (p < 0.01) 
�������������-��  gca -��
&�;�� ��$�� *ก*���ก&�  ���@!ก!�!����0����
&�;��
�� �� �����������!�
/"����������-��  sca 
'��� $�� *ก*���ก&����.!*! (p > 0.05) '����(���#�-����� '''�ก�4�3&,*��
ก����&'����
&�;��������0%*%����/�3���(4�3%���������ก���(  

3����&�
&�;���0����3�� mean square -�� gca  �� sca 3�� 13.6:1, 4.3:1  �� 0.3:1 �4�0�&' 
gca (male): gca(female), gca (male): sca  �� gca (female): sca *���4�"&' ��(�0%�05����
&�;��
������%
��ก��"����0%#�-����� '''�ก���ก���
&�;�� �� �&*��
&�;�ก�������� 3'�4�0�&'3���*%����
/�3���(4�3%���������ก���( ��3�� 55.6% ������	�#���+�ก��� '''�ก��กก��������$����	� '''�ก 
�����$�ก5*��
'���#�-�������$����	� '''�ก ���!;!
�+�ก�!�� �"�%����3��3���-%�������ก��
"�����(  ���� *ก*���+�ก3���&*��
&�;�ก�������� 3'�4�0�&'3���*%����/�3���(4�3%����������
/"� Brown et al. (1999b) (88.0%) &(���(��+������+�ก
&�;��*%����/�3����%��ก7�*���ก&� +����+�����
*%������*���ก&� 0����)�
 �"�%����ก��"���*���ก&�  
 

�������� 8  3�� mean square +�กก���!�3���0�����������4�0�&'�@!ก!�!��ก���ก!"/�3���(4�3%��������� 

Sources df SS MS F (test) 

Hybrids 8  5.45 0.68 3.37 ** 
  gca (female) 2  0.26 0.13               0.64 ns  
  gca (male) 2  3.53 1.77 8.74 ** 
  sca 4  1.66 0.42               2.05 ns 
Error 76  15.36 0.20  
Total 84  20.81   
CV (%) 18.09   

ns = p > 0.05; ** p < 0.01 
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 3�� mean square -�� gca ���� *ก*�����������&��4�3&,���.!*! �ก!"+�ก#�-�� gca  �� sca 
��34����+�ก3���8����-���@!ก!�!��ก���ก!"/�3��
&�;��
�� �� *���
&�;��  �"���*������ 9  �� 10 
��"&'3� ��ก���ก!"/�3���(4�3%�� ���ก&' 0  �"����*%������ก  �� 5  �"�������� ���ก "&��&(�
3��*!"�'-�� gca  �� sca 3�� 3���*%���� ����3��'�ก 3�� ���� � 
'�����������
&�;�� NY 
65.0551.05  �"�3�� gca ��	�'�ก+��$��3������ก��% ������������
&�;�� NY 88.0517.01  �� NY 
65.0550.04 ��3�� gca *!"�' (-0.46  �� -0.37 *���4�"&')  �"����+�/�$�U�0�����(��+��	�
&�;��
�� ��
��������!;!)�
��ก����&'����
&�;��������0%*%����*��/�3���(4�3%�� ����*��ก&�-%�� #�-�� 
gca �������
&�;�� ��$�� *ก*���ก&����.!*!  ��
'��������
&�;�� Black Queen ��3������� �*��/�3
���(4�3%����ก����"/"� �"�3�� gca ��	�'�ก -���������
&�;�� Carolina Black Rose  �� Italia  �"�
3�� gca ��	��' "&��&(������
&�;�� Black Queen $��3����%��ก��#��-%�� (*������ 10) 

#�ก���!�3���0� sca 
'��� 2 3��#��+�ก&(�0�" 9 3��#��  �"�3�� sca ��	��' $"% ก� 

Carolina Black Rose × NY 65.0550.04 (-1.14; p < 0.01)  �� Italia × NY 65.0551.05 (-0.73; p < 

0.01) (*������ 10) &(����3��#����(�0%��ก#�� F1 ������"&'3���*%����/�3���(4�3%����� 3������ก

��	�3��#������%��ก����&'����
&�;��������0%*%����*��/�3���(4�3%�������3* �����$�ก5*�� 3��#��

-�� Italia �0%�������5�*�ก��#��*!"  ���������5�*�3�����ก-�����5"*�4� ก����"���!*-��*%�ก�%�

*�4�  ���+�!,�*!'/*���4�*%��%�  "&��&(�+��$�� ���4�3��#�� Italia × NY 65.0551.05 �4�0�&'/3��ก��

��&'����
&�;��������0%*%����*��/�3���(4�3%�������3* ����*��ก&�-%�� �����
&�;�� Carolina 

Black Rose ��	�
&�;�� ����������!;!)�
��ก����" ������+�ก��ก#��-��
&�;����(���������5�*�ก��#��

*!" ก����ก-�����5" ก����"���!*-��*%�ก�%�3���-%�����  ���+�!,�*!'/*���4�*%�$"%"� "&��&(�+��

 ���4����3��#�� Carolina Black Rose × NY 65.0550.04 �0���������"��ก��
&?��
&�;��/���
&�;��

��*%����*��/�3���(4�3%��  ����3��)�
-��#���� 
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�������� 9   3���8����-���@!ก!�!��ก���ก!"/�3 

(�"� ('� 
(�"� ��' 

	'�$;���� 
    Black Queen      Carolina Black Rose        Italia 

NY88.0517.01 2.51 2.96 2.05 2.51 
NY65.0550.04 2.95 1.35 3.51 2.60 
NY65.0551.05 4.23 4.26 2.95 3.81 

3���8���� 3.23 2.86 2.84 2.97 
a  ��"&'3� ��: 0 = 0-5 �����/
�(����' 25 *�.��.; 1 = > 5-10 �����/
�(��� 25 *�.��.; 2 = >10-15  

 �����/
�(����' 25 *�. ��.; 3 = >15-25 �����/
�(����' 25 *�.��.; 4 = >25-40 �����/
�(����' 25  

 *�.��.; 5 = >40 �����/
�(����' 25 *�.��. 

�������� 10  #�-��ก�������!�����.��ก�����*&�&��$� ��ก�����*&�+4��
�� 
 sca gca (male) 

   Black Queen      Carolina Black Rose        Italia 
NY88.0517.01          -0.26 0.56 -0.33 -0.46 * 
NY65.0550.04 0.09     -1.14 **  1.04 -0.37 * 
NY65.0551.05 0.16 0.56      -0.73 **         0.84 
gca (female) 0.26 -0.11 -0.13  

* p < 0.05; ** p < 0.01 
 
ก���������(�"� ���'�%#�
�"�#5�$#��   
  ��ก+�ก��ก#��+�ก3��#������%��ก����ก7�ก��.����"�&ก7��  9 3��#����ก������ �%� �&�
4�ก��#���
!����ก 4 3��#�� $"% ก� Carolina Black Rose x Wilcox 321, Black Queen x Wilcox, Early 
Muscat x NY65.0551.05 ?IA Early Muscat x NY88.0517.01 H,EI7กX685$8 101 "E+ <'ก 12 97&X68  
D+<C'+$++31):;+I7กX68234839$'8"E'+2'+"&%G595'+1C'9E'(D+5A,#."E'+2'+8'ก<C'+$+ 13 "E+ ("'5'(
234 11) % &'(H5ก["'8 ก'5:5A)8-+G595'+1C'9E'(,E$ $-N3"#,D.8'$-)95'A=O%'<D=EXI"&'(<'กD+6J'/H5&  
<](2C'ก'5"-,"' =50%"%+ก-4(I7กX68)=I&'+31 ?IE$+C'%%ก:I7กD+6J'/H5& )/04%:5A)8-+G595'+1C'9E'(?IA
G59%04+ \ D+6J'/H5&):;+)$I'=I' :k ?IA:5A)8-+ก'5)<5-F)"-.G" 9>BJ'/XI ?IAXIXI-"D+
G95(ก'5:5#.:5>(/#+N>O5A A2346%("&%H: 
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�
�
���� 11  5A,#.9$'8"E'+2'+"&%G595'+1C'9E'(D+%(>&+I7กX68G, ก'5D=E9A?++<C'+$+6:%5O"&%
/01+234D. 25 "5. e8.   

  IORh'N %Oกh'N I�J���&
���'���� �����I�
N��
��
���I 

 Black Queen x  

 NY88.0517.01 

SUT0401.06 4.671/ %&%+?%8'ก 
SUT0401.07 5.00 %&%+?%8'ก 
SUT0401.08 3.67 %&%+?% 
SUT0401.09 4.75 %&%+?%8'ก 
SUT0401.13 1.50 "E'+2'+ 
SUT0401.15 2.00 "E'+2'+:'+กI'( 
SUT0401.19 2.75 "E'+2'+:'+กI'( 
SUT0401.20 0.67 "E'+2'+ 
SUT0401.24 0.00 "E'+2'+8'ก 
SUT0401.27 1.75 "E'+2'+:'+กI'( 
SUT0401.29 2.33 "E'+2'+:'+กI'( 
SUT0401.30 4.67 %&%+?%8'ก 
SUT0401.32 1.00 "E'+2'+ 
SUT0401.33 0.00 "E'+2'+8'ก 

 Black Queen x  

 NY65.0550.04 

SUT0402.01 4.67 %&%+?%8'ก 
SUT0402.06 3.67 %&%+?% 
SUT0402.08 1.50 "E'+2'+:'+กI'( 
SUT0402.14 3.00 %&%+?%:'+กI'( 
SUT0402.30 4.00 %&%+?% 
SUT0402.54 0.75 "E'+2'+ 

 Carolina Black Rose x  

 Wilcox 321 

SUT0403.03 3.75 %&%+?%:'+กI'( 

SUT0403.09 0.00 "E'+2'+8'ก 
1/9A?++<C'+$+6:%5O"&%/01+234D. 25 "5. e8. 
0  =   0 � 5  6:%5O"&%/01+234D. 25 "5. e8. "E'+2'+8'ก 
1  =   >5 � 10   6:%5O"&%/01+234D. 25 "5. e8.  "E'+2'+ 
2  =   >10 � 15  6:%5O"&%/01+234D. 25 "5. e8. "E'+2'+:'+กI'( 
3  =   >15 � 25  6:%5O"&%/01+234D. 25 "5. e8. %&%+?%:'+กI'(     
4  =   >25 � 40  6:%5O"&%/01+234D. 25 "5. e8. %&%+?% 
5  =   >40  6:%5O"&%/01+234D. 25 "5. e8. %&%+?%8'ก 
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�
�
���� 11  5A,#.9$'8"E'+2'+"&%G595'+1C'9E'(D+%(>&+I7กX68G, ก'5D=E9A?++<C'+$+6:%5O"&%
/01+234D. 25 "5. e8. ("&%) 

  IORh'N %Oกh'N I�J���&
���'���� �����I�
N��
��
���I 

 Calorina Black Rose x  

 NY88.0517.01 

SUT0404.02 5.00 %&%+?%8'ก 
SUT0404.03 4.50 %&%+?%8'ก 
SUT0404.08 0.25 "E'+2'+8'ก 
SUT0404.11 0.00 "E'+2'+8'ก 
SUT0404.12 0.50 "E'+2'+ 
SUT0404.14 5.00 %&%+?%8'ก 
SUT0404.15 5.00 %&%+?%8'ก 
SUT0404.20 4.33 %&%+?% 
SUT0404.36 0.00 "E'+2'+8'ก 
SUT0404.40 5.00 %&%+?%8'ก 

 Calorina Black Rose x   

 NY65.0550.04 

SUT0405.02 1.00 "E'+2'+ 
SUT0405.03 0.67 "E'+2'+ 
SUT0405.05 4.67 %&%+?%8'ก 
SUT0405.13 0.50 "E'+2'+ 
SUT0405.14 1.25 "E'+2'+ 
SUT0405.15 2.00 "E'+2'+:'+กI'( 
SUT0405.17 0.33 "E'+2'+8'ก 
SUT0405.19 0.33 "E'+2'+8'ก 

 Calorina Black Rose x  

 NY65.0551.05 

SUT0406.01 4.75 %&%+?%8'ก 
SUT0406.02 5.00 %&%+?%8'ก 
SUT0406.04 4.33 %&%+?% 
SUT0406.05 5.00 %&%+?%8'ก 
SUT0406.07 3.00 %&%+?%:'+กI'( 
SUT0406.08 5.00 %&%+?%8'ก 
SUT0406.09 4.67 %&%+?%8'ก 
SUT0406.18 4.50 %&%+?%8'ก 
SUT0406.20 4.25 %&%+?% 
SUT0406.21 4.75 %&%+?%8'ก 
SUT0406.22 0.25 "E'+2'+8'ก 
SUT0406.27 4.67 %&%+?% 
SUT0406.29 5.00 %&%+?%8'ก 

1/9A?++<C'+$+6:%5O"&%/01+234D. 25 "5. e8. 
0  =   0 � 5  6:%5O"&%/01+234D. 25 "5. e8. "E'+2'+8'ก 
1  =   >5 � 10   6:%5O"&%/01+234D. 25 "5. e8.  "E'+2'+ 
2  =   >10 � 15  6:%5O"&%/01+234D. 25 "5. e8. "E'+2'+:'+กI'( 
3  =   >15 � 25  6:%5O"&%/01+234D. 25 "5. e8. %&%+?%:'+กI'(     
4  =   >25 � 40  6:%5O"&%/01+234D. 25 "5. e8. %&%+?% 
5  =   >40  6:%5O"&%/01+234D. 25 "5. e8. %&%+?%8'ก 
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�
�
���� 11  5A,#.9$'8"E'+2'+"&%G595'+1C'9E'(D+%(>&+I7กX68G, ก'5D=E9A?++<C'+$+6:%5O"&%
/01+234D. 25 "5. e8. ("&%) 

  IORh'N %Oกh'N I�J���&
���'���� �����I�
N��
��
���I 

 Italia x  

 NY88.0517.01 

SUT0407.03 0.67 "E'+2'+ 
SUT0407.06 2.33 "E'+2'+:'+กI'( 
SUT0407.14 2.67 "E'+2'+:'+กI'( 
SUT0407.17 2.50 "E'+2'+:'+กI'( 

 Italia x  

 NY65.0550.04 

SUT0408.01 5.00 %&%+?%8'ก 
SUT0408.02 5.00 %&%+?%8'ก 
SUT0408.06 4.75 %&%+?%8'ก 
SUT0408.10 5.00 %&%+?%8'ก 
SUT0408.12 0.75 "E'+2'+ 
SUT0408.15 1.25 "E'+2'+ 
SUT0408.18 2.67 "E'+2'+:'+กI'( 

 Italia x  

 NY65.0551.05 

SUT0409.03 0.67 "E'+2'+ 
SUT0409.04 4.50 %&%+?%8'ก 
SUT0409.06 4.25 %&%+?% 
SUT0409.21 2.25 "E'+2'+:'+กI'( 

 Black Queen x  

 NY65.0550.04 

SUT0410.01 4.67 %&%+?%8'ก 
SUT0410.06 3.67 %&%+?% 
SUT0410.08 1.50 "E'+2'+:'+กI'( 
SUT0410.14 3.00 %&%+?%:'+กI'( 
SUT0410.30 4.00 %&%+?% 
SUT0410.54 0.75 "E'+2'+ 

 Black Queen x 
 Wilcox 

SUT0411.01 5.00 %&%+?%8'ก 
SUT0411.04 4.50 %&%+?%8'ก 
SUT0411.06 4.67 %&%+?%8'ก 
SUT0411.07 4.75 %&%+?%8'ก 
SUT0411.12 4.50 %&%+?%8'ก 
SUT0411.20 4.67 %&%+?%8'ก 
SUT0411.22 4.67 %&%+?%8'ก 
SUT0411.27 0.00 "E'+2'+8'ก 
SUT0411.31 5.00 %&%+?%8'ก 
SUT0411.35 1.50 "E'+2'+ 

1/9A?++<C'+$+6:%5O"&%/01+234D. 25 "5. e8. 
0  =   0 � 5  6:%5O"&%/01+234D. 25 "5. e8. "E'+2'+8'ก 
1  =   >5 � 10   6:%5O"&%/01+234D. 25 "5. e8.  "E'+2'+ 
2  =   >10 � 15  6:%5O"&%/01+234D. 25 "5. e8. "E'+2'+:'+กI'( 
3  =   >15 � 25  6:%5O"&%/01+234D. 25 "5. e8. %&%+?%:'+กI'(     
4  =   >25 � 40  6:%5O"&%/01+234D. 25 "5. e8. %&%+?% 
5  =   >40  6:%5O"&%/01+234D. 25 "5. e8. %&%+?%8'ก 
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�
�
���� 11  5A,#.9$'8"E'+2'+"&%G595'+1C'9E'(D+%(>&+I7กX68G, ก'5D=E9A?++<C'+$+6:%5O"&%
/01+234D. 25 "5. e8. ("&%) 

  IORh'N %Oกh'N I�J���&
���'���� �����I�
N��
��
���I 

 Black Queen x 

 Wilcox 

SUT0411.37 3.75 %&%+?%:'+กI'( 
SUT0411.39 5.00 %&%+?%8'ก 
SUT0411.43 4.50 %&%+?% 
SUT0411.45 3.00 %&%+?%:'+กI'( 
SUT0411.46 5.00 %&%+?%8'ก 
SUT0411.50 5.00 %&%+?%8'ก 
SUT0411.52 5.00 %&%+?%8'ก 
SUT0411.56 2.67 "E'+2'+:'+กI'( 
SUT0411.57 3.33 %&%+?%:'+กI'( 

 Early Muscat x  

 NY65.0551.05 

SUT0412.01 2.67 "E'+2'+:'+กI'( 
SUT0412.05 0.00 "E'+2'+8'ก 
SUT0412.09 4.25 %&%+?% 
SUT0412.15 4.33 %&%+?% 
SUT0412.16 0.25 "E'+2'+8'ก 
SUT0412.17 0.75 "E'+2'+8'ก 
SUT0412.18 5.00 %&%+?%8'ก 

 Early Muscat x  

 NY88.0517.01  
SUT0413.18 5.00 %&%+?%8'ก 

1/9A?++<C'+$+6:%5O"&%/01+234D. 25 "5. e8. 
0  =   0 � 5  6:%5O"&%/01+234D. 25 "5. e8. "E'+2'+8'ก 
1  =   >5 � 10   6:%5O"&%/01+234D. 25 "5. e8.  "E'+2'+ 
2  =   >10 � 15  6:%5O"&%/01+234D. 25 "5. e8. "E'+2'+:'+กI'( 
3  =   >15 � 25  6:%5O"&%/01+234D. 25 "5. e8. %&%+?%:'+กI'(     
4  =   >25 � 40  6:%5O"&%/01+234D. 25 "5. e8. %&%+?% 
5  =   >40  6:%5O"&%/01+234D. 25 "5. e8. %&%+?%8'ก 
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����� 5  
������ 

����6�ก��
�������7�$������ 

 5'+1C'9E'(%'<2C'D=E:5-8'B?IA9>BJ'/M%(XIXI-"%(>&+)63 =' G, )t/'AD+%(>&+/#+N>O
%&%+?% (V. vinifera) e]4(:I7ก% &'(?/5&=I' D+:5A)2KH2 )+04%(<'ก9>BJ'/?IAXIXI-"67( ก'5
:5#.:5>(/#+N>O%(>&+D=E"E'+2'+"&%G595'+1C'9E'(%'<2C'H,EG, ก'5^&' 2%, 3+"E'+2'+G59<'ก%(>&+
/#+N>O:j'6:k*36O"&'( \ 23483?=I&(กC')+-,D+%)85-ก'=50%)%)*3 G, ก'5X68/#+N>O e]4(%'<"E%(D*E)$I' 
+'+ ,#(+#1+ก'5D*E)9504%(=8' G8)Iก>I*&$ 9#,)I0%ก/#+N>O"E'+2'+G59<A*&$ )/-48:5A6-2N-J'/D+
ก'5:5#.:5>(/#+N>OH,E )9504%(=8' G8)Iก>I234/#s+'8'<'ก 3+"E'+2'+G59 =50% 3+23483IC',#.+-$9I3-
G%H2,O9IE'  3+"E'+2'+ (resistance gene analogs; RGAs) 83G%ก'667(234<A% 7&DกIE*-,ก#. 3+
"E'+2'+G59*+-,"&'( \ ?IA83K#ก J'/67(D+ก'5+C'8'D*E9#,)I0%ก/#+N>O  ('+$-<# +31D*EH/5)8%5O234
<C')/'Aก#..5-)$B%+>5#กYOM%( 3+"E'+2'+G59)/-48:5-8'B,3)%[+)%<'ก 1) /#+N>O:j'234"E'+2'+G59 
5'+1C'9E'( V. cinerea 2) I7กX68234"E'+2'+"&%G595'+1C'9E'(?IA6?9. 234/#s+'M]1+ B 8='$-2 'I#  
Cornell, USA <'กก'5X685A=$&'( V. vinifera ?IA%(>&+/#+N>O:j'=I' 6:k*36O V. hybrid 
NY88.0507.01 3) /#+N>O%&%+?%"&%G592>ก*+-, V. vinifera Black Queen /.$&'H,EG9I+ RGAs 234
83 conserved  P-loop, RNBS-A, Kinase-2, RNBS-B, RNBS-C ?IA/=50%  GLPL  motifs e]4():;+
I#กYBA.&(.%กM%(G:5"3+ RGAs <'ก%(>&+2#1(6'8<3G+H2:�5$8 139 G9I+ (48 G9I+<'ก V. 
cinerea B9, 42 G9I+<'ก V. hybrid NY88.0507.01 ?IA 49 G9I+<'ก V. vinifera Black Queen)  
+C'8'<#,กI>&8G, %'K# 9$'8)=80%+M%(IC',#.+-$9I3G%H2,OH,E 22 กI>&8  "#$?2+<'ก?"&IAกI>&883
9$'89IE' 9I]("4C'^](67( )804%):53 .)23 .ก#.IC',#.ก5,%A8-G+M%(G:5"3+ NBS-LRR G:5"3+234
9',$&'<A):;+G:5"3+"E'+2'+ =50% )%+He8O  P-loop NTPase <'ก%(>&+D+"5Aก7I Vitis 6:k*36O"&'( 
\   +%ก<'ก+31  #(/.$&'G9I+)=I&'+31839$'89IE' 9I](ก#.G:5"3+"E'+2'+D+/0*=I'ก=I' *+-, 
%'2-)*&+ ?%:-):��I (Malus) ก>=I'. (Rosa) 2'+"A$#+ (Hellianthus)  H8E6ก>I = '( (Populus) ^#4$ 
chickpea  (Cicer) IA=>&( (Ricinus) ?IA GกGกE (Theobroma) D+ก'5K]กY'95#1(+31 H,E9E+/.G9I+
D=8&<C'+$+ 3 G9I+ 90%  rgVhybNY507_22, rgVhybNY507_23 ?IA rgVhybNY 507_90   e]4(83
IC',#.+-$9I3-G%H2,O?IAก5,%A8-G+?"ก"&'(<'ก RGAs 234835' ('+D+ GenBank   

G:5"3+"#$?2+234G9I+<'ก%(>&+  22 G9I+?.&(%%ก):;+ 2 กI>&8D=F& 90% กI>&8234=+]4( 
:5Aก%.,E$  G:5"3+"#$?2+<C'+$+ 13 G9I+ <#,กI>&85&$8ก#.G:5"3+ NBS-LRR e]4(25'.?+&*#,
$&'):;+*+-, TIR  กI>&82346%( :5Aก%.,E$ G:5"3+"#$?2+234G9I+<'ก%(>&+234)=I0%%3ก 9 G9I+ <#,
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กI>&85&$8ก#.G:5"3+23425'.?+&*#,$&'):;+G:5"3+"E'+2'+ NBS-LRR *+-, non-TIR  ก'5ก5A<' 
"#$M%(G:5"3+ RGA "#$?2+234G9I+H,E<'ก%(>&+/#+N>O:j' %(>&+I7กX686' /#+N>O"E'+2'+G59  ?IA
/#+N>O234%&%+?%"&%G592#4$2#1(?X+J'/  phylogram *31D=E)=[+$&' G:5"3+)=I&'+31%'<<A):;+G:5"3+234
9IE' ก#+ (paralogues) =50%%'<<A):;+97&M%(%#II3I234กC'=+,ก'565E'(G:5"3+2342C'('+H,E/2C'('+
H8&H,Ee]4()ก-,<'ก9$'8X#+?:5M%( 3+ D+2'("5(ก#+ME'8 G:5"3+)=I&'+31%'<H8&)ก34 $ME%(=50%H8&H,E
):;+G:5"3+"E'+2'+G595'+1C'9E'(?IA6?9.?"&% &'(D, =50%%'<):;+H:H,E$&' .'(G:5"3+D+กI>&8
+31H8&)ก34 $ME%(ก#.ก'5"E'+2'+G59 ?"&%'<<A)ก34 $ME%(ก#.ก'52C'=+E'234%04+  
 ก'5/#s+')9504%(=8' G8)Iก>I6C'=5#.9#,)I0%ก 3+"E'+2'+G595'+1C'9E'( /.)9504%(=8'  
rgVamu085 e] 4(D=E9$'8=I'ก=I' 5A=$&'(/#+N> O"E'+2'+?IA%&%+?% 836=6#8/#+NO% &'(83
+# 6C'9#Fก#.9$'8"E'+2'+G595'+1C'9E'( %'<% 7&D+ linkage group ),3 $ก#.%#II3I"E'+2'+ ?"&
H8&H,E% 7&DกIE*-,8'ก )9504%(=8' ,#(กI&'$%'<):;+:5AG *+OD+ก'5กC'=+,"C'?=+&( 3+"E'+2'+D+
?X+234 3+)804%D*E)9504%(=8' G8)Iก>I)/-48M]1+D+%+'9"  9$583ก'5/#s+')9504%(=8'  RGA-STS 
?IA)9504%(=8' *+-,%04+)/-48)"-8)/04%=')9504%(=8' 234 link ก#. 3+"E'+2'+G595'+1C'9E'(% &'(
DกIE*-, ?IA6'8'5^+C'8':5A >ก"OD*ED+ก'59#,)I0%ก/#+N>OH,E 

ก'5$-)95'A=O6855^+Aก'55$8"#$2#4$H: (gca) ?IA6855^+Aก'55$8"#$<C')/'A (sca) 
.&(*31$&'XIM%( 3+?...$ก6C'9#F"&%ก'5:5#.:5>(/#+N>O%(>&+D=E"E'+2'+G595'+1C'9E'(D+:5A*'ก5
+31 /#+N>O/&%234D*ED+ก'52,I%(D=EXIM%( 3+?...$ก67(ก$&'/#+N>O?8&  %#"5'/#+N>ก558% &'(?9.
6C'=5#.9$'8"E'+2'+G595'+1C'9E'(839&' 55.6% e]4():;+XI8'<'ก 3+?...$ก8'กก$&' 3+234H8&):;+?..
.$ก �����$�ก5*��
'���#�-�������$����	� '''�ก ���!;!
�+�ก�!�� �"�%����3��3���-%����� 

%(>&+/#+N>O Carolina Black Rose ):;+/#+N>O?8&23483:5A6-2N-J'/67(2346>, )+04%(<'กI7กX68
M%(/#+N> O+3 18 3):%5O)e[+"Oก'5X68"-, ก'5(%กM%()8I[, ก'55%,*3$-"M%("E+กIE'9&%+ME'(67( 
)<5-F)"-.G"2'(IC'"E+H,E,3 ?IAD=E6#,6&$+I7กX68234"E'+2'+G595'+1C'9E'(67(ก$&'/#+N>O?8&%04+ ?IA
97&X685A=$&'( Carolina Black Rose × NY 65.0550.04 )=8'A682346>,D+ก'5/#s+'/#+N>O/6' -
/#+N>O234"E'+2'+"&%G595'+1C'9E'( ?IA839>BJ'/M%(XI67(   

<'ก%(>&+I7กX685A=$&'(6' /#+N>O"E'+2'+?IA/#+N>O%&%+?%<C'+$+ 13 97&X68 /.$&'H,E
I7กX68234835A,#.9$'8"E'+2'+"&%G595'+1C'9E'(8'ก<'กก'5$-)95'A=O,E$ $-N3"#,D.<C'+$+ 13 
I7กX68 +C'I7กX68234839$'8"E'+2'+G595'+1C'9E'(D+5A,#."&'( \ 5$82#1(/#+N>O/&%?IA/#+N>O?8&8'
"-,"'.+"E+"% =50%"%+ก-4( ?IE$+C'%%ก:I7ก2,6%.D+6J'/H5& )/04%:5A)8-+9$'8"E'+2'+D+
6J'/H5& ก'5)<5-F)"-.G"2'(IC'"E+ 9>BJ'/XI ?IAXIXI-"D+G95(ก'5:5#.:5>(/#+N>O5A A2346%(
"&%H:   
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_________________________________________________________________ 

ABSTRACT 
_________________________________________________________________ 
Downy mildew and anthracnose are major diseases of the grapevine (Vitis spp.) cultivars grown in 

Thailand. Due to the advantages over disease management by fungicidal application, disease 

resistance genes have been sought after with the ultimate goal of developing new cultivars with 

improved disease resistance levels. In this study, nucleotide-binding site (NBS)-leucine rich repeat 

(LRR) class of resistance gene analogs (RGAs) were cloned by PCR amplification using 

degenerate primers specific to P-loop and GLPL, conserved regions of NBS. Ninety-one clones 

containing putative RGA sequences were obtained from a downy mildew and anthracnose resistance 

hybrid ‘NY88.0507.01’ and a susceptible cultivar ‘Black Queen’. These cloned sequences were 

subdivided into 14 groups based on their nucleotide sequence similarity of 90% or greater. BLASTx 

of fourteen selected clones showed the highest amino acid sequence similarity with known NBS-LRR 

proteins or putative resistance (R) protein candidates. Multiple alignment of these representative 

RGAs with 5 known R proteins revealed conserved P-loop, kinase-2, RNBS and GLPL motifs which 

are typical components of the NBS-LRR proteins. Four RGAs had at least 40% identity with known R 

proteins. Phylogenetic analysis demonstrated that the representative RGAs from both resistance and 

susceptible grapevines dispersed along the phylogram on the two major branches of either TIR 

(Drosophila Toll and mammalian Interleukin-1 Receptor) or non-TIR type of the NBS-LRR proteins.  

_________________________________________________________________ 
Keywords:  anthracnose, downy mildew, resistance gene analogs, NBS-LRR, Vitis spp.  

Abbreviations: CC, coiled-coil; LRR, leucine-rich repeat; NBS, nucleotide-binding site; PCR, 
polymerase chain reaction; R, resistance; RGA, resistance gene analog; RNBS, resistance 
nucleotide binding site; TIR, Drosophila Toll and mammalian Interleukin-1 Receptor 
_________________________________________________________________ 
 

1. Introduction   

Grapevine (Vitis spp.) is one of the most economically important fruit crops worldwide. However, 

cultivation of grapevine in tropical regions is still limited due to its high susceptibility to several 

diseases. In Thailand, downy mildew (caused by Plasmopara viticola) and anthracnose (caused by 

Sphaceloma ampelinum) are 2 major diseases. Management of these diseases is mostly based on 

application of commercial fungicides that is costly and causes an inverse impact on environment. 

Scientia Horticulturae, in press 
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To achieve sustainable grapevine production, cultivars resistant to multiple diseases are highly 

desirable, which may be obtained by manipulating disease resistance (R) gene(s) or activating 

plants own defense systems.  Interaction between an R gene product and a pathogen avirulence 

factor triggers signaling pathways downstream and subsequently activates plant defense 

(Hammond-Kosack and Jones, 1996). Sequence analysis suggests that the majority of R proteins 

contain nucleotide-binding site (NBS) and leucine-rich repeat (LRR) domains (Flor, 1971; McHale 

et al., 2006). At the N-terminus, NBS domain carries conserved and short motifs annotated as P-

loop, kinase-2, resistance nucleotide binding site (RNBS) and hydrophobic GLPL (Meyers et al., 

1999). Based on the RNBS motif, the NBS-LRR proteins together with human apoptotic protease-

activating factor-1/ Caenorhabditis elegans homolog CED-4 (NB-ARC) are classified as members 

of the P-loop NTPase superfamily (Leipe et al., 2004). The LRR domain of NBS-LRR proteins 

carries either a motif which is homologous to Drosophila Toll and mammalian Interleukin-1 

Receptor (TIR), or a coiled-coil (CC) or a leucine zipper motif (non-TIR; Pan et al., 2000). As 

implicated by its family, the N-terminal NBS domain is involved in nucleotide binding and signal 

transduction (Takken et al., 2006), whereas the LRR domain seems to be responsible for 

pathogen-recognition specificity (Martin et al., 2003). With an ultimate goal to develop new 

cultivar(s) with strong resistance to disease(s), novel resistance gene analogs (RGAs) have been 

identified from a broad range of plant species using degenerate primers designed from the 

conserved motifs within the NBS domain (McDowell and Woffenden, 2003; Soriano et al., 2005; 

Mahanil et al., 2007).  In grape genome, 341 NBS genes (84 CC-NBS-LRR and 37 TIR-NBS-LRR 

genes) were found (Velasco et al., 2007). RGAs corresponding to functional R genes have been 

confirmed, and several RGAs were mapped to clusters of or closely linked to functionally known R 

genes (Donald et al., 2002; Shen et al., 2002; Van der Linden et al., 2004; Welter et al., 2007; 

Hvarleva et al., 2009). 

In this study, we have cloned grapevine RGAs from genomic DNA of a downy mildew and 

anthracnose resistance hybrid ‘NY88.0507.01’ and a susceptible cultivar ‘Black Queen’. Our results 

showed that highly homologous and novel RGAs were identified from both resistance and susceptible 

genotypes. The RGAs could be a source for resistance gene analysis and perhaps for further 

development of molecular markers for mapping, cloning and selecting of resistance genes to downy 

mildew and anthracnose.   

2. Materials and methods 

2.1 Plant materials and genomic DNA extraction 

Genomic DNA of a downy mildew and anthracnose resistance Vitis hybrid ‘NY88.0507.01’ (a 

’66.0795.01’ x ‘MI#2’ cross) and a V. vinifera susceptible cultivar ‘Black Queen’ was used as a 

template for polymerase chain reaction (PCR) amplification of RGAs. The DNA was extracted from 
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1 g of young leaves using a modified cetyltrimethylammonium bromide (CTAB) method (3% (w/v) 

CTAB, 1.4 M NaCl, 20 mM EDTA, 0.1 M Tris HCl, pH 8.0, 2% (w/v) polyvinylpolypyrrolidone and 

0.2% (v/v) β-mercaptoethanol). The resultant DNA pellet was dissolved in sterile water and DNA 

concentrations were determined using spectrophotometry. 

2.2 PCR amplification of NBS-LRR genes  

Two degenerate oligonucleotide primers, P-loop (5′-GGIGGIGTIGGIAAIACIAC-3′) and 

GLPLAL-1 (5′-IAGIGCIAGIGGIAGICC-3′), which were modified from Hunger et al. (2003) and 

designed from the most conserved P-loop and GLPL motifs in the NBS domain of N, RPS2, L6 and 

N, RPS2, RPM1 and L6 resistance genes, were used. A PCR reaction was performed in a total 

volume of 20 µl (1x buffer, 0.1 mM dNTPs, 2.5 mM MgCl2, 16 pmol of each primer and 1 unit of 

Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA)), following cycling condition of an initial 

denaturation at 95 °C for 4 min, followed by 35 cycles of 95 °C for 45 sec, 50 °C for 1 min, 72 °C 

for 1 min, and a final extension at 72 °C for 10 min. PCR products were electrophoresed on 0.8 % 

agarose gel. The fragments of expected size were excised and gel-purified using QIAquick Gel 

Extraction Kit (Qiagen, Valencia, CA, USA).   

2.3 Cloning and sequence analysis 

The PCR products were cloned into the pGEM-T Easy vector (Promega, Madison, WI, USA) and 

transformed into competent Escherichia coli, following the manufacturer’s instructions. Upon selection 

with the medium spread with 2% (w/v) X-gal and 100 mM isopropyl β-D-1-thiogalactopyranoside, 

plasmids with inserted DNA from single white colonies were analyzed by EcoRI digestion to 

determine the size of inserted DNA fragments. DNA sequencing was performed by Macrogen Inc. 

(Seoul, Korea). Clones were classified using the Sequencher 4.6 software. Sequence identification 

of clones was performed against known RGAs and R proteins deposited in GenBank using 

Nucleotide-Nucleotide Basic local alignment search tool (BLASTn) and translated query vs. protein 

data base (BLASTx) or protein blast (BLASTp) algorithms (www.ncbi.nlm.nih.gov/BLAST), 

respectively. Nucleotide sequences of cloned RGAs were translated into amino acid sequences by 

translation software (http://www.expasy.ch/doc.html). Cluster analysis (based on ClustalW) and 

construction of phylogenetic tree (Neighbor-joining method) of representative RGAs were carried 

out against known sequences of TIR-NBS-LRR proteins (RPS4; NP_199338.1, L6; AAD25968.1 

and N; BAD12594.1) and non-TIR-NBS-LRR proteins (RPS2; ABN54584.1 and RPS5; 

NP_199338.1) using MEGA version 4 (Tamura et al., 2007), respectively. The reliability of the 

cluster was checked by bootstrap analysis of 1000 replicates. 
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3. Results and discussion 

3.1 Isolation of resistance gene analogs from resistance and susceptible grapevines 

Targeted PCR amplification of Vitis genomic DNA with P-loop/ GLPLAL-1 primer pair gave a single 

expected fragment of ca. 540 bp (data not shown). Ninety-one complete nucleotide sequences were 

obtained from 42 clones of the resistance hybrid ‘NY88.0507.01’ (designated rgVhybNY507) and 49 

clones of the susceptible cultivar ‘Black Queen’ (designated rgVvinBQ). BLASTn showed that 84 of 

these nucleotide sequences shared a high homology (identity 81-99%) to Vitis genomic sequences 

(supported by E-value closed to 0) or putative RGA/ P-loop NTPase genes previously identified from V. 

aestivalis (rgVhybNY507_11 and 80), V. amurensis (rgVhybNY507_28, 32 and rgVvinBQ_47), V. 

rupestris (rgVhybNY507_5, 17, 25, 33, 75, 76, 101 and rgVvinBQ_40, 73, 103, 104) and V. riparia 

(rgVvinBQ_35 and 37) (Di Gaspero and Cipriani, 2002; Di Gaspero and Cipriani, 2003; Jaillon et al., 

2007; Mahanil et al., 2007). In addition to the resistance hybrid ‘NY88.0507.01’ which is expected to 

have a variety of R genes from its progenitors (V. rupestris, V. cinerea, V. labrusca, V. riparia and/or V. 

lincecumii; Reisch, B.I., personal communication), our results showed that putative RGAs were also 

obtained from the susceptible cultivar. The seven remaining clones had no significant similarity to a 

GeneBank accession. BLASTx together with BLASTp showed that translated amino acids of 84 

sequences belonged to P-loop NTPase superfamily that had moderate to high homology (46-

100%) to NBS-LRR proteins, R protein candidates or P-loop NTPases of V. spp. and had 45-57% 

identity to putative R proteins derived from various plant species including Malus, Rosa, 

Helianthus, Populus, Cicer, Ricinus and Theobroma spp.  In addition, amino acid sequences 

translated from the 7-unknown nucleotide sequences shared between 33% and 64% identity (E-

value closed to 0) to putative NBS-LRR proteins of V. vinifera and putative R proteins from Malus, 

Rosa, Populus, Theobroma and Arachis spp. Fifty-nine sequences (33 from ‘NY88.0507.01’ and 26 

from ‘Black Queen’) exhibited highly conserved p-loop and GLPL motifs.  Interestingly, the GLPL 

and/or p-loop motifs of 32 clones (9 from ‘NY88.0507.01’ and 23 from ‘Black Queen’) were modified.  

Among these, 23 clones (3 from ‘NY88.0507.01’ and 20 from ‘Black Queen’) possessed GGGEDD 

motif similar to protein of V. vinifera, and cadherin-like, nuclease/ phosphatase family protein or protein 

kinase of other organisms. Altogether, the above results suggested that all 91 sequences would 

perhaps be RGA candidates.  

Cluster analysis via MEGA4 software classified 91-RGA sequences into 14 groups using a 90% 

nucleotide identity threshold value.  The number of sequences in each RGA group ranged from 1 to 38, 

and the amino acid identities for members of a given group ranged between 61% and 100%. Three 

major groups consisting of 13, 27 and 38 clones from both ‘NY88.0507.01’ and ‘Black Queen’, 7 groups 

consisting of 1-2 ‘NY88.0507.01’ clones, and 4 groups consisting of 1 ‘Black Queen’ clone were found 

(Table 1). One representative member of each group was selected to perform a homology search 

against GenBank accessions. These representative clones displayed high diversity in both nucleotide 
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and amino acid sequences. Their nucleotide sequence similarity ranged from ‘no significant similarity 

was found’ to 81- 99% identity to Vitis genomic sequences or putative RGA/ P-loop NTPase genes 

(Table 1).  The translated amino acid sequences of the representative clones rgVhybNY507_29, 80, 

101, and rgVvinBQ_46 exhibited a close relationship (> 90%) to the putative NBS-LRR proteins, R 

protein candidates or P-loop NTPases from V. vinifera, V. riparia, V. aestavalis, V. amurensis, and 

shared about 49-57% sequence similarity with the putative R proteins from Malus prunifolia, Populus 

trichocarpa and Helianthus annuus. In contrast, the clones rgVhybNY507_13, 15, 27, and 

rgVvinBQ_53, 102 and 106 displayed no or low to moderate degree in their amino acid homology 

together with sequence coverage with NBS-LRR proteins, R protein candidates or P-loop NTPases 

from V. spp. This phenomenon is possibly due to multiple mutations introduced into their nucleotide 

sequences. However, some of these RGAs showed moderate sequence similarity with R proteins from 

other plant species. For example, rgVhybNY507_27 had 48-50% identity with Arachis hypogaea and M. 

prunifolia.  In addition, three novel Vitis clones have been revealed by this study. Firstly, clones 

rgVNY507_22 and rgVhybNY507_23, which exhibited no nucleotide sequence similarity, shared only 

47-61% amino acid similarity with putative NBS-LRR proteins of V. vinifera and V. amurensis.  

Moreover, rgVhybNY507_22 also showed 46% identity with NBS-LRR R protein from Rosa hybrid. 

Secondly, although nucleotide sequence of rgVhybNY507_90 was mostly similar to V. vinifera genomic 

sequence, translated amino acid sequence showed only 51-55% identity with putative NBS-LRR 

proteins of V. vinifera, and shared 45-47% identity with NBS-LRR R proteins of Cicer arietinum and 

Ricinus communis.  

3.2 Comparative and phylogenetic analysis of resistance gene analogs and known resistance proteins 

Amino acid alignment of the fourteen Vitis representative RGAs together with NBS domain of 5 well-

characterized R proteins revealed the presence of conserved P-loop, RNBS-A, kinase-2, RNBS-B, 

RNBS-C and GLPL motifs which are features of RGAs as well as NB-ARC members (Fig. 1). The 

alignment showed also an aspartic acid (D) or a tryptophan (W) residue at the end of kinase-2 

motif which is a typical characteristic of TIR and non-TIR of the NBS-LRR R proteins, respectively. 

Based on this criterion, most of the representative Vitis RGAs and known R proteins were 

classified into TIR and non-TIR subclasses. However, rgVhybNY507_22, 27 and rgVvinBQ_106 

could be grouped as neither TIR nor non-TIR. A phylogenetic analysis was therefore conducted 

based upon the amino acid sequences. The resulting tree in Fig. 2 consisted of two major 

branches: one consisting of 7 Vitis RGAs clustered with 3 known TIR-NBS-LRRs (Arabidopsis 

RPS4, flax L6 and tobacco N) and the other consisting of the remaining 7 Vitis RGAs clustered with 

2 non-TIR-NBS-LRRs (Arabidopsis RPS2 and RPS5). The highest similarity was detected between 

rgVhybNY507_29 and rgVvinBQ_47 (58%) and the lowest between rgVhybNY507_13 and 

rgVhybNY507_15 (4%), and between rgVhybNY507_27 and rgVvinBQ_106 (4%).  Moderate 

homology was found between four RGAs and known R proteins.  The levels of identity of 
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rgVvinBQ_46 to L6 and N ranged from 41-43%.  Similarly, rgVhybNY507_80 had 37-48% identity 

with L6 and N. In addition, rgVhybNY507_29 and rgVvinBQ_47 showed 47-48% similarity with 

RBS5. Notably, the unclassified rgVhybNY507_27 and rgVvinBQ_106 were found in the major 

branch of TIR, whereas the rgVhybNY507_22 was clustered along with non-TIR members, 

suggesting that these RGAs were likely to be members of TIR and non-TIR, respectively. It should 

be noted that RGAs from both resistance hybrid and susceptible cultivar were randomly distributed 

along the phylogram, suggesting that they may be putative paralogues or pairs of functional/non-

functional allelic variants. A high level of allelic variation at NBS-LRR genes has previously been 

observed between susceptible and resistance grapevines (Di Gaspero et al., 2007). Otherwise, 

these putative RGAs might not be linked to or be candidates of downy mildew and anthracnose 

resistance genes. It is possible that some of these NBS-related genes evolved to confer other 

functions than disease resistance i.e. other signal transduction pathways as mentioned by Meyers 

et al. (2003).  This study therefore showed evidence that RGAs can be obtained from both 

resistance and susceptible grapevines.  However, their usefulness in the cloning of unknown R 

genes, mapping and developing markers for marker-assisted selection programs to achieve 

grapevine genotypes with desirable resistance levels remains to be determined. 
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Figure captions 

Fig. 1.  Multiple alignments (performed by ClustalW) of translated amino acids of 14 representative 
Vitis RGAs and 5 known R proteins. Conserved amino acids are highlighted with boxes. The 
underlined aspartic acid (D) and tryptophan (W) are typical characteristics of TIR and non-TIR 
proteins, respectively. Motifs of the NBS domain are indicated at the top of the sequences. 
 
Fig. 2.  The neighbor-joining tree constructed based upon Clustal W amino acid sequence alignments 
represents the relationship of 14 representative Vitis RGAs, 3-known TIR and 2 known non-TIR 
subclasses of NBS-LRR R proteins. Bootstrap values are given at the branch points.   
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Table 1. Results of similarity search between Vitis RGA nucleotide/amino acid sequences and GenBank accessions using BLASTn and BLASTx, respectively. 
 

Representative              Clone 
clones                              numbers /   
                                           group 

GenBank accessions with the highest sequence simila rity 

Nucleotides Score 
(bit) E –value 1/  Identity/ 

 coverage (%) Proteins Score 
(bit) E –value 1/  Identity/ 

coverage (%) 
Hybrid ‘NY88.0507.01’                     

rgVhybNY507_13           1 
(HM773001) 

No significant similarity found    Unnamed NBS-LRR protein candidate [V.  vinifera] CBI17900.1 
 

54 3e-13 50/62 

rgVhybNY507_15           1 
(HM773002) 

No significant similarity found    Resistance protein candidate [V.  amurensis]  AAR08818.1 
 

81 7e-14 53/38 

rgVhybNY507_22           2 
(HM773004) 

No significant similarity found    Unnamed NBS-LRR protein candidate [V. vinifera] CBI17900.1 
Putative LZ-NBS-LRR resistance protein [Rosa hybrid cultivar] 
CAJ27150.1 

56 
30 

2e-10 
0.0 

61/78 
46/67 

rgVhybNY507_23           1 
(HM773005) 

No significant similarity found    Resistance protein candidate [V. amurensis] AAR08818.1 
 

126 9e-30 53/86 

rgVhybNY507_27           1 
(HM773007) 

No significant similarity found    P-loop NTPase [V. aestivalis] ACN91228.1 
Resistance protein PLTR  [A. hypogaea] AAX81243.1 
Putative disease resistance gene analog NBS-LRR [M. prunifolia]  
AAM77260.1  

48 
39.7 
39.3 

4e-04 
0.13 
0.17 

58/24 
48/21 
50/20 

rgVhybNY507_29          27 
(EU822228.1) 

V.  vinifera contig VV78X162558.4, whole genome shotgun sequence  
AM475374.1 

904 0.0 99/97 P-loop NTPase [V. aestivalis] ACN91226.1 
 

318 1e-85 92/98 

rgVhybNY507_80           2 
(EU822262.1) 

V. aestivalis clone pSCA-C2 P-loop NTPase gene, partial cds  
 FJ795341.1 

909 0.0 99/98 P-loop NTPase [V. aestivalis] ACN91228.1 
TIR-NBS-LRR resistance protein [P. trichocapa] XP_0022300210.1 

308 
177 

1e-82 
3e-43 
 

99/98 
57/98 

rgVhybNY507_90           1 
(EU822270.1) 

V. vinifera contig VV78X247338.6, whole genome shotgun sequence 
AM483751.1 

883 0.0 98/96 Unnamed NBS-LRR protein candidate [V. vinifera] CBI40355.1 
NBS-LRR disease resistance protein [C. arietinum] ABB85178.1 

Putative disease resistance protein RPH8A [R. communis] 
XP_002535012.1 

154 
142 
139 

5e-36 
1e-32 
1e-31 

55/97 
45/98 
47/97 

rgVhybNY507_101        13 
(EU822276.1) 

V. rupestris clone rgVrup119 putative RGA gene, partial sequence 
ABB85178.1 

900 0.0 99/98 Unnamed NBS-LRR protein candidate [V. vinifera] 
CBI17900.1 
Putative disease resistance gene analog NBS-LRR  
[M. prunifolia]  AAM77267.1 
NBS-LRR resistance like protein RGC402  [H. annuus]  
ABQ57715.1 

298 
 
139 
 
136 

1e-79 
 
1e-31 
 
1e-30 

98/98 
 
49/98 
 
51/98 

Cultivar ‘Black Queen’          

rgVvinBQ_46                 38 
(EU822245.1) 

V. vinifera contig VV78X110871.5, whole genome shotgun sequence 
AM436038.2 

870 0.0 98/97 Unnamed NBS-LRR protein candidate [V. vinifera] CBI33323.1 
Resistance protein candidate [V. amurensis] AAR08818.1 
 

318 
289 

1e-85 
9e-77 

94/99 
88/98 

rgVvinBQ_47                  1  
(EU822246.1) 

V. amurensis isolate rgVamu084 resistance protein candidate pseudogene, 
partial sequence  AY427079.1 

870 0.0 97/98 Resistance protein candidate [V. amurensis] AAR08840.1   
 

226 1e-57 64/98 

rgVvinBQ_53                  1 
(HM773013) 

V. vinifera contig VV78X195949.3, whole genome shotgun sequence 
AM489403.2 

296 1e-76 87/35 Resistance protein candidate [V. riparia] AAR08879.1 
 

86 3e-15 46/41 

rgVvinBQ_102                1 
(HM773017) 

V. vinifera contig VV78X148054.15, whole genome shotgun sequence 
AM463019.2 

119 2e-23 81/27 Unnamed NBS-LRR protein candidate [V. vinifera] CBI33323.1 
Resistance protein candidate [V. amurensis] AAR08818.1 

70 
59 

7e-11 
2e-07 

61/33 
52/33 

rgVvinBQ_106                1 
(HM773018) 

V. vinifera contig VV78X148054.15, whole genome shotgun sequence  
AM463019.2 

66 2e-07 86/11  No significant similarity found    

1/Expected value (E-value) refers to the number of matches expected by chance alone.  The lower the E-value, the more strongly supported the match.  
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Grapevines (Vitis spp.) are one of the most widely 
grown fruit crops in the world. The most widely culti-
vated grape species (V. vinifera) is highly susceptible to 
many diseases caused by fungi, bacteria, and viruses. 
However, many North American grape species such as 
V. riparia, V. rupestris, and V. rotundifolia are reported 
as highly resistant to several important diseases of V. 
vinifera (Eibach et al. 1989, Alleweldt et al. 1990).

Grape downy mildew, caused by the oomycete Plasmo-
para viticola, is one of the most economically important 
grape diseases worldwide. The disease can rapidly affect 
entire vineyards, destroying 50 to 75% of a crop in one 

season (Muller et al. 1934). Most European grapes (V. 
vinifera) are highly susceptible to downy mildew, and 
young leaves and fruits are particularly susceptible (Ken-
nelly et al. 2005). Application of fungicides is the most 
common tactic for control of grape downy mildew (Lafon 
and Clerjeau 1988). Although effective, chemical control 
is expensive and may have environmental consequences. 
Downy mildew resistant grape cultivars are a desirable 
alternative.

The development of molecular markers linked to dis-
ease-resistance genes could provide a valuable tool for 
breeding programs using marker-assisted selection (MAS) 
or for map-based cloning efforts. Cloned R genes from 
a number of plant species have been shown to confer 
resistance to individual diseases caused by viruses, bac-
teria, fungi, oomycetes, or nematodes (Hammond-Kosack 
and Jones 2000, Taler et al. 2004). Indeed, some R genes 
encode proteins that act in the signaling process by in-
teracting with pathogen avirulence (Avr) gene products, 
or, in other cases, R genes encode proteins involved in 
race-specific recognition or act as general elicitors (Dan-
gl and Jones 2001). R genes have been previously cloned 
from plants such as tobacco (N), f lax (L6), rice (Xa21), 
tomato (Cf), and Arabidopsis (RPS2 and RPM1) (Bent et 
al. 1994, Whitham et al. 1994, Song et al. 1995, Dixon et 
al. 1998). The major class of R genes in plants is charac-
terized by the presence of NBS-LRR domains. LRRs and 
NBS domains have a role in both cell surface recognition 
and intracellular signaling (Parker et al. 1997). The se-
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quences of NBS domains in general are highly divergent 
among members; however, short motifs such as the P-
loop, kinase-2, and RNBS (resistance nucleotide binding 
site) are conserved in both dicots and monocots (Meyers 
et al. 1999, Ellis et al. 2000).

The sequence conservation of specific domains (e.g., 
the P-loop and GLPL domains) has facilitated the use of 
degenerate oligonucleotide primers to amplify and clone 
RGA sequences from genomic DNA of diverse species, 
including Brassica, Hordeum, Arabidopsis, Beta, and He-
lianthus (Aarts et al. 1998, Joyeux et al. 1999, Gedil et 
al. 2001, Hunger et al. 2003). RGA sequences have been 
developed as molecular markers using the resistance gene 
analog polymorphism (RGAP) technique, which has al-
lowed identification of markers linked to disease resis-
tance genes in plants such as barley, rice, sunf lower, and 
wheat (Toojinda et al. 2000, Gedil et al. 2001, Yan et al. 
2003). Because of the high probability of finding clustered 
RGAs in the plant genome, molecular markers developed 
from RGAs have great potential for co-localization with 
alleles for disease resistance on linkage maps. Six and 11 
markers from RGA primers were co-segregating and tight-
ly linked, respectively, to the YR5 locus conferring stripe 
rust resistance in wheat (Yan et al. 2003). RGAs cloned 
from V. amurensis and V. riparia by degenerate primers 
of the P-loop and GLPL domains revealed 12 RGA groups 
with at least 40% identity to known R genes such as Ara-
bidopsis RPS5 and tobacco N (Di Gaspero and Cipriani 
2002); the major groups of RGAs cloned were used to 
distinguish three disease-resistant varieties and six sus-
ceptible grape varieties. Also, 45 STS markers were de-
veloped from RGA sequences that showed polymorphism 
among 20 Vitis (Di Gaspero and Cipriani 2003). RGAs 
have also been isolated from V. rotundifolia and converted 
to 20 RGAP markers co-segregating with the resistance 
to Uncinula necator 1 (Run1) locus that controls powdery 
mildew resistance (Baker et al. 2005).

Previous work in our laboratory used the interspecific 
hybrid population, Horizon (Seyval x Schuyler) x Illinois 
547-1 [Ill. 547-1] (V. rupestris x V. cinerea), to identify 
quantitative trait loci (QTL) and to study the inheritance 
of powdery mildew resistance. Ill. 547-1 has been shown 
previously to be highly resistant to several fungal diseas-
es, including downy mildew and powdery mildew (Dal-
bo et al. 2000). One hundred f ifty-three markers were 
mapped onto Horizon covering 1199 cM, whereas the Ill. 
547-1 map had 179 markers covering 1470 cM (Dalbo et 
al. 2000). A single marker (CS25b) was associate with a 
major QTL (LOD score 6.56) from Ill. 547-1, which ac-
counted for 41% of the phenotypic variation for powdery 
mildew resistance. Interestingly, the allele of this marker 
associated with resistance was also present in V. cinerea 
B9, a parent of Ill. 547-1 (Dalbo et al. 2001).

In this study we report the cloning of RGA sequences 
from the disease-resistant genotypes V. cinerea B9, V. 
rupestris B38, and Horizon. These sequences were clas-
sified based on variation in the NBS domain. These RGA 

sequences were then used to develop molecular markers 
for placement on the Horizon x Ill. 547-1 genetic map, 
thus facilitating future identification and cloning of dis-
ease resistance genes.

Materials and Methods
Plant materials and DNA extract ion. Grapevine 

genotypes V. cinerea B9, V. rupestris B38, and Horizon 
(Seyval x Schuyler) were used as template for PCR-based 
cloning of NBS sequences. DNA was extracted from 2 
g of young leaves using an existing method (Lodhi et 
al. 1994) with the following modification to the CTAB 
(cetyltrimethylammonium bromide) extraction buffer: 3% 
(w/v) CTAB, 1.4 M NaCl, 20 mM EDTA, pH 8.0, 0.1 
M Tris HCl, pH 8.0, 2% (w/v) polyvinylpolypyrrolidone, 
and 0.2% (v/v) ß-mercaptoethanol. DNA pellets were dis-
solved in sterile water, and, after RNase A treatment, 
DNA concentrations were calculated from absorbance 
values at 260 nm using a spectrophotometer.

Amplif ication and cloning of NBS-LRR genes by 
degenerate primers. Two oligonucleotide primers, P-loop 
(5’GGIGGIGTIGGIAAIACIAC3’) and GLPLAL-1 (5’ IA-
GIGCIAGIGGIAGICC 3’) were modified (Hunger et al. 
2003), having been designed from the most conserved 
domains within the NBS P-loop and GLPL motifs from 
the N, RPS2, and L6 and the N, RPS2, RPM1, L6 genes, 
respectively. The other degenerate pr imer, Rev loop 
(5’GTIGTITTICCIACICCICC3’) (Hunger et al. 2003), was 
derived from the N, RPS2, and L6 genes. The P-loop/
GLPLAL-1 and P-loop/Rev loop primer pairs were used 
to amplify RGA fragments from V. cinerea B9 (Figure 
1). NBS regions of V. rupestris B38 and Horizon were 
amplified using only the P-loop/GLPLAL-1 primer pair. 
PCR amplifications were performed in a reaction volume 
of 20 µL containing 1x PCR buffer, 0.1 mM dNTPs, 2.5 
mM MgCl2, 2 µM of each primer and 1 unit of Taq DNA 
polymerase (Promega, Madison, WI). The initial step of 
the amplification reaction was denaturation at 95°C for 4 
min; followed by 35 cycles of 95°C for 45 sec, 50°C for 1 
min, and 72°C for 1 min; and a final extension at 72°C 
for 10 min.

Cloning and sequencing of RGAs. PCR products 
for cloning were fractionated on 0.8% agarose gel and 
stained with 3x SYBR Green (Applied Biosystems, Foster 
City, CA). Fragments of the expected size were excised 
from the agarose gel and purif ied using the QIAquick 
Gel Extraction Kit (Promega). The PCR products were 
then cloned into the pGEM-T Easy plasmid vector (Pro-
mega) and transformed into competent Escherichia coli 
Top-10 cells (Invitrogen, Carlsbad, CA) following the 
manufacturer’s instructions. The transformation reaction 
was plated on selective media containing 20% (w/v) X-
gal/2% (w/v) IPTG for blue/white screening of plasmids 
with inserts. Plasmid DNA from single white colonies 
was examined by EcoRI restriction analysis to determine 
the size of the inserted fragments.
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Plasmid DNA harboring inserts were sequenced using 
the Applied Biosystems Automated 3730 DNA Analyzer 
at the Biotechnology Resource Center (Cornell Univer-
sity). Sequencher 4.2 software (Genecodes Corp., Ann 
Arbor, MI) was used to select representative clones based 
on 90% minimum overlap and 90% minimum identity of 
nucleotide sequence.

Sequence analysis. Identif ication of clones showing 
significant homology to known RGA sequences and resis-
tance proteins in GenBank was performed by Nucleotide-
Nucleotide Basic local alignment search tool (BLASTN) 
and translated query vs. Protein database (BLASTX) 
software (www.ncbi.nlm.nih.gov/Blast). Nucleotide se-
quences of RGAs cloned from the P-loop/GLPLAL-1 
primer pair were translated into amino acid sequences by 
Translate software (http://bio.lundberg.gu.se/edu/translat.
html). Amino acid sequences from R genes already clas-
sif ied as TIR or non-TIR proteins were searched using 
GenBank Entrez (www.ncbi.nlm.nih.gov). In addition, 
selected TIR-NBS-LRR genes (L6 and M from f lax, N 
from tobacco and RPS4 from Arabidopsis) and non-TIR-
NBS-LRR genes (RPS2 and RPS5 from Arabidopsis, Xa1 
from Oryza sativa, and I2 from tomato) were added to 
the alignment. The alignment of Vitis RGA clones, along 
with known TIR and non-TIR amino acid sequences, was 
performed by ClustalW-XXL software (http://clustalW.ge-
nome.jp). Motif structures in RGA clones were analyzed 
by MEME software (http://meme.nbcr.net). A phyloge-

netic tree of Vitis RGA clones, known TIR, and non-TIR 
amino acid sequences was constructed with Phylip soft-
ware, version 3.6 (http://evolution.genetics.washington.
edu/phylip.html).

RGA-STS marker. PCR primers specif ic to the 19 
cloned Vitis RGAs were designed using Primer 3 (http://
frodo.wi.mit.edu/primer3/primer3_www.cgi). Nine addition-
al RGA-STS primers (Di Gaspero and Cipriani 2003) were 
also used (Table 1). PCR amplifications were performed in 
a reaction volume of 20 µL containing 1x PCR buffer, 0.1 
mM dNTPs, 2.5 mM MgCl2, 2 µM of each primer and 1 
unit of Taq DNA polymerase (Promega). The initial step of 
the amplification reaction was denaturation at 94°C for 1 
min, followed by 25 cycles of 92°C for 50 sec, 46 to 58°C 
(variable by primer) for 50 sec and 72°C for 1 min, and a 
final extension at 72°C for 10 min. Amplified DNA frag-
ments were cut by 1 U restriction enzyme and incubated 
for 3 hr at the appropriate temperature. The corresponding 
restriction enzymes were selected using Sequencher 4.2 
software. CAPS analyses were performed on 2% agarose 
gels and stained with SYBR Green. Single-strand con-
formation polymorphism (SSCP) analyses were performed 
using 2% glycerol and 8% polyacrylamide gels at 4°C and 
12-13 W. Gels were stained with silver nitrate.

Plasmopara viticola inoculation. Sporangia of P. vi-
ticola were harvested from sporulating leaves of Vitis 
hybrid cv. Delaware into double distilled water using a 
spray bottle. The collected sporangial suspensions were 
counted in a hemacytometer and adjusted to 105 sporan-
gia per mL. Leaves from nodes 5, 6, and 7 (node 1 being 
the first expanded leaf) of 179 Horizon x Ill. 547-1 seed-
lings were used for inoculation. The inoculated leaves 
were placed abaxial surface up on moist f ilter paper in 
Petri plates. The sporangial suspensions were sprayed 
onto the abaxial leaf surface. Petri dishes were held at 
22°C, 18-hr photoperiod for 8 days. A second set of Petri 
dishes were incubated for 10 days. Infected leaves were 
placed in 5 mL double distilled water per 50-mL tube and 
then shaken for 3 min. The total number of spores pro-
duced per leaf was determined by counting the number of 
spores in 5 µL under a microscope. Length and width of 
infected leaves were measured. The area of 10 different 
leaves was measured using a leaf area meter. Regression 
analysis was then used to convert leaf length and width 
to leaf area, and the number of spores per leaf was con-
verted to number of spores/25 cm2 leaf area. Resistance 
levels were based on spore production. The six-point dis-
ease resistance classification was defined as: 0 = 0 to 5 
spores/25 cm2, highly resistant; 1 = >5 to 10 spores/25 
cm2, resistant; 2 = >10 to 15 spores/25 cm2, moderate or 
intermediate; 3 = >15 to 25 spores/25 cm2, moderately 
susceptible; 4 = >25 to 40 spores/25 cm2, susceptible; and 
5 = >40 spores/25 cm2, highly susceptible.

Results
Cloning RGA sequences. Genomic DNA of V. cine-

rea B9, a genotype resistant to multiple diseases includ-

Figure 1  Model of the structure of NBS-LRR type resistance genes 
(A). PCR products amplified with two degenerate primer pairs from V. 
cinerea B9 (B). The expected sizes of amplified DNA bands are 500 bp 
for the P-loop/GLPLAL-1 primer pair (samples 1, 3) and 850 bp for the 
P-loop/Rev loop primer pair (samples 2, 4). Marker DNA (1 kb) is shown 
in the lane on the left.
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ing downy mildew, was amplified using two degenerate 
primer pairs, P-loop/GLPLAL-1 and P-loop/Rev loop, pro-
ducing ~500-bp and 850-bp PCR products, respectively  
(Figure 1). Complete nucleotide sequences were obtained 
from 78 of 100 clones. Based on 90% minimum over-
lap and 90% minimum identity, 48 clones from P-loop/
GLPLAL-1 primers were subdivided into eight unique 
groups. In contrast, 52 clones f rom P-loop/Rev loop 
primers were sequenced but unambiguous nucleotide se-
quences were obtained for only 30 clones, which were 
subdivided into four representative groups.

With the f inding that clones generated from V. ci-
nerea B9 using the P-loop/GLPLAL-1 oligonucleotide 
primer pair were highly conserved at the NBS domain, 
this primer set was considered to have more potential for 
marker development than the P-loop/Rev loop primers. 
Therefore, only P-loop/GLPLAL-1 primers were used to 
clone RGA sequences from V. rupestris B38 and Horizon. 
Twenty-seven and 47 sequences were cloned from V. rup-
estris B38 and Horizon, respectively. RGAs cloned from 
V. rupestris B38 were separated into four unique groups, 

while 47 clones from Horizon were subdivided into seven 
unique groups based on 90% identity or greater.

Sequence analysis of RGA clones. Nucleotide se-
quences from 8 of the 12 unique groups from V. cinerea 
B9 had significant BLASTN hits to RGAs in GenBank 
(Table 2). All of these were generated with the P-loop/
GLPLAL-1 primer pair, whereas the four RGA clones 
from P-loop/Rev loop primers were not similar to any 
RGA clones in GenBank. Seven showed similarity to 
RGA clones that were isolated from V. amurensis (Di 
Gaspero and Cipriani 2003). Moreover, nucleotide se-
quences of rgVcin109, rgVcin125, rgVcin139, and rgV-
cin165 were nearly or completely similar to RGA clones 
from V. amurensis (E-value = 0 and (bit) value = 724, 
894, 876, and 718, respectively). Only one clone (rgV-
cin152) showed sequence similarity to a NBS-LRR like 
gene from a non-Vitis species (Oryza sativa).

Similarly, BLASTX analysis showed that 10 of 12 rep-
resentative clones from V. cinerea B9 had amino acid 
sequence similarity to resistance protein candidates in 
GenBank (Table 2). As with the nucleotide sequences, 

Table 1  Specific primers, annealing temperatures, and sizes of PCR product for RGA-STS markers.

Namea Forward primer (5’—3’) Reverse primer (5’—3’) Temp. Size Enzyme

rgVrip064b GACTACTATTGCCAAGGCTGTTT AATCTACTGCTTGGTAGGAGAG 58 467 EcoRI

rgVamu085b GACGACCCTCTTGACCAGGAT TGAGAATTTATAGTGTCTTCTCCTACA 58 435 Sau 3AI

stkVa011b GAAGGCACTTTGAGCAATGG AACCATTCGGGAGCCAAG 57 479 EcoRV

rgVrip145b GCCAGACTTGCTTATAACGATGA CGCACTTTTCCACAATCTTCTT 58 475 Alu I

GLPL6-1b GCATATGCTACAAACTCCATTCA CAATTTCTTCTAGTTCTGGGATG 58 206 Hinf I

rgVrip158b CCAGTTGATATACAGGGACGATG GATCCTTGTATCAAGCAATCTCA 58 463 Mnl I

rgVamu100b CATCAATATGATGGTAGTAGCTTTCTT GAGCTTAGACACCTCTTTATCACACT 58 164

rgVamu092b AACTCACATCAATTTGAGAGTAGAATC TGATTTGAGAGGTCAACATAGTCA 58 431 Alu I

rgVamu111b ACCAGAGAGTGGTGGGACAC CCTTTTATCTTGTAAATACTGCCTGA 58 194

rgVcin109 GGAAGACGACAATTGCCAAA GCATCGACTCCAAGCACAT 56 358 Alu I

rgVcin111 ATGGTGTCATGAAGGGAAAAA AGACCAAACCAACCATGCTC 57 164 Xba I

rgVcin123 GATGGGATGGAGTCAAAGGA CACTCACTCCATGGCACATT 58 217 aTaq I

rgVcin125 GTCCAGGAAACCGTTCTCAA CCTTGGTCCGAAACAAAGAA 54 304 Hinf I

rgVcin127 GATGGGATGGAGTCAAAGGA GGGGAGGCCTTTAGCATAAT 54 352 Mnl I

rgVcin139 TGACGTGGATGATTTGATGC GGGGAGGCCTTTAGCATAAT 58 259 Alu I

rgVcin165 CATGGTATCCTGAGGGGAAA GGAGGCCATCAGCATAATCT 58 361 Mae II

rgVrup103 CATGGTATCCTGAGGGGAAA GGCCATCAGCGTAATCTATGA 56 358 Rsa I

rgVrup119 GGTGCAAATGCTCACAGAGA CTCCCAAACAAGGTCCAAGA 58 383 EcoR I

rgVrup124 AATGGAGGCTCGTTTTGAGA GCCGATGTGTTCTCTCTTCC 58 323 Mnl I

rgVrup126 GGTCCAGGAAACCATTCTCA CCTTGGTCCGAAACAAAGAA 54 304 Hinf I

rgVhyb101 GGGGTGGGGAAGACAACTAT CCTACTTCTTGGACCAAACCA 50 306 Aci I

rgVhyb102 CACAAATGCAATTTGCCCTA GCTGGAGGAGGTTGGTGTTA 58 329 EcoR I

rgVhyb110 ATCCAGGGTTGAGTTTGACG CAATGCCCTTAGCTCCCATA 58 317 Dpn II

rgVhyb121 AATTCGATTGAGGGCAAGTG GTGAGGATGAAAGGGCAGAA 58 347 Nco I

rgVhyb127 TGATCGTGGTGTGCTTCAAT TTCCGTAGCTTGCTTGTGTG 54 310 Nco I

rgVhyb149 GATTGGTTTGGTCGAGGAAG CGGCAGACCTTGAGGATAAA 46 212 EcoR I
aPrimers named according to the RGA cloned.
bMarkers developed by Di Gaspero and Cipriani (2003).
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Table 2  Results of the search for similarity between Vitis RGA sequences with nucleotide and amino acid GenBank accessions  
carried out using the programs BLASTN and BLASTX.

Genotype/ 
primer pairs

RGAs (n) 
/unique 
clones

Representative 
clone/ number 

cloned in group

GenBank nucleotide accession showing highest similarity

Nucleotide
(bit) 

Value
E 

valuea Amino acid 
(bit) 

Value
E 

valuea

V. cinerea B9 48/8

P-loop/GLPLAL-1
rgVcin109/3
(DQ885292)

Vitis amurensis isolate rgVamu090
gi/38045679/gb/AY427105.1/ 724 0.0

Resistance-protein candidate 
(V. amurensis) 267 1e-70

rgVcin111/5
(DQ885293) Vitis amurensis isolate rgVamu092 502 1e-139

Resistance-protein candidate 
(V. amurensis) 254 6e-67

rgVcin123/6
(DQ885294) Vitis amurensis isolate rgVamu090 86 1e-13

NBS-type resistance protein 
(Gossypium barbadense) 115 8e-25

rgVcin125/4
(DQ885295)

Vitis amurensis isolate rgVamu151
gi/38045730/gb/AY427133.1/ 894 0.0

Resistance protein candidate 
(V. amurensis) 306 2e-82

rgVcin127/13
(DQ885296) Vitis amurensis isolate rgVamu092 80 7e-12

Resistance-protein candidate 
(V. amurensis) 127 2e-82

rgVcin139/6
(DQ885297)

Vitis amurensis isolate rgVamu053
gi/38045673/gb/AY427102.1/ 876 0.0

Resistance-protein candidate 
(V. amurensis) 272 3e-72

rgVcin152/8
(DQ885298)

Oryza sativa clone sk98  
NBS-LRR-like gene 74 4e-10

Disease resistance-like protein 
585-8 (Mentha longifolia) 118 8e-26

rgVcin165/3
(DQ885299)

Vitis amurensis isolate rgVamu094
gi/38045681/gb/AY427106.1/ 718 0.0

Resistance-protein candidate 
(V. amurensis) 295 5e-79

P-loop/Rev loop  30/4 rgVcin209/4 No significant similarity found No significant similarity found

rgVcin210/6 No significant similarity found No significant similarity found

rgVcin254/13 No significant similarity found
RCa10.6 NBS type resistance 
protein (Manihot esculenta) 140 5e-32

rgVcin269/7 No significant similarity found
Resistance-protein candidate 
(V. amurensis) 52 3e-05

V. rupestris B38   27/4

P-loop/GLPLAL-1
rgVrup103/4
(DQ885300) Vitis amurensis isolate rgVamu094 712 0.0

Resistance-protein candidate 
(V. amurensis) 292 3e-78

rgVrup119/6
(DQ885301)

Oryza sativa clone sk98
NBS-LRR-like gene 87.7 3e-14

Putative disease-resistance gene 
analog (Malus prunifolia) 143 3e-33

rgVrup124/10
(DQ885302) Vitis riparia isolate rgVrip148 446 3e-122

Putative disease-resistance gene 
analog (Arabidopsis thaliana) 228 1e-58

rgVrup126/7
(DQ885303) Vitis amurensis isolate rgVamu151 900 0.0

Resistance protein candidate 
(V. amurensis) 195 6e-49

Horizon 47/7

P-loop/GLPLAL-1
rgVhyb101/11
(DQ885304)

Vitis amurensis isolate rgVamu050
gi/38045671/gb/AY427101.1/ 860 0.0

Resistance protein candidate 
(V. amurensis) 248 4e-63

rgVhyb102/9
(DQ885305)

Oryza sativa clone sk98
NBS-LRR-like gene 65.9 1e-07

probable methyeletrahydrofolate 
red 65 2e-04

rgVhyb110/4
(DQ885306) Vitis riparia isolate rgVrip068 628 4e-177

Resistance protein candidate 
(V. riparia) 248 6e-65

rgVhyb121/3
(DQ885307) Vitis amurensis isolate rgVamu035 261 9e-69

Resistance protein candidate 
(V. amurensis) 261 9e-69

rgVhyb127/7
(DQ885308) Vitis riparia isolate rgVrip004 173 3e-42

Resistance protein candidate 
(V. amurensis) 173 2e-42

rgVhyb139/5
(DQ885309)

Oryza sativa clone sk50
NBS-LRR-like gene 78.9 8e-12

NBS/LRR resistance protein-like 
(Theobroma cacao) 43.1 0.004

rgVhyb149/8
(DQ885310) Malus prunifolia putative disease 67.9 3e-08

Resistance protein candidate 
(V. amurensis) 53.5 3e-06

aExpected (E) value refers to the number of matches expected by chance alone. The lower the E value, the more strongly supported the match.

amino acid sequences of most RGA clones were similar 
to resistance protein candidates from V. amurensis. Two 
exceptions among those derived from the P-loop/GL-
PLAL-1 primers were rgVcin123 and rgVcin152, which 

showed high similarity with resistance protein candidates 
and NBS-type resistance proteins from Gossypium bar-
badense and Mentha longifolia, respectively. In addition, 
rgVcin254 and rgVcin269 from P-loop/Rev loop primers 

76



Resistance Gene Analogs – 489

Am. J. Enol. Vitic. 58:4 (2007)

were similar to resistance protein candidates from Mani-
hot esculenta and V. amurensis, respectively; however, 
these were not as strongly matched as the RGA clones 
from P-loop/GLPLAL-1 primers (Table 2).

Three of four RGA sequences from V. rupestris B38 
and one of seven sequences from Horizon showed high 
similarity to the same RGA GenBank accessions as those 
from V. cinerea B9 (Table 2). Some RGA sequences, 
including rgVrup103, rgVrup126, and rgVhyb101, with 
E-values = 0, had near or complete similarity to RGA 
clones isolated from V. amurensis (Di Gaspero and Cipri-
ani 2003). RGA amino acid sequences from V. rupestris 
B38 and Horizon were similar to resistance protein can-
didates from V. amurensis and V. riparia, as well as pu-
tative disease resistance proteins from Malus prunifolia, 
Theobroma cacao, and Arabidopsis thaliana (Table 2).

NBS-LRR domain. Nineteen RGAs amplified by P-
loop/GLPLAL-1 primers were analyzed for the presence 
of conserved amino acid motifs. As expected, P-loop 
and GLPL motifs were present in the first seven and last 
six amino acids of all RGAs cloned, except rgVhyb121. 
Those amino acids correspond to oligonucleotide primers 
derived from P-loop and GLPL motifs (modif ied from 
Hunger et al. 2003). RNBS-A, kinase-2, RNBS-B, and 
RNBS-C motifs also appeared in all RGAs cloned (Fig-
ure 2). The RNBS-A motifs could not be identif ied by 
MEME analysis because they were diffuse and poorly 
conserved. However, these motifs were found and veri-
f ied by visual inspection of alignments. As previously 
suggested, kinase-2 is useful to distinguish between TIR 
or non-TIR proteins (Meyer et al. 1999). The presence of 
tryptophan in the kinase-2 motif is predictive of non-TIR 
proteins (e.g., RPS2, RPS5, I2, and Xa1). On the other 
hand, L6 and N from f lax and M from tobacco have as-
partic acid in the kinase-2 motif, which is typical of TIR 
proteins (Figure 2). The amino acid sequence of the ki-
nase-2 motif classified rgVcin125, rgVcin152, rgVrup119, 
rgVrup126, and rgVhyb110 as well as RPS2, RPS5, I2, and 
Xa1 as non-TIR proteins. On the other hand, L6, N, rgV-
cin109, rgVcin139, rgVcin165, rgVrup103, and rgVhyb101 
were classified as TIR proteins (Figure 3).

Using the amino acid change in the kinase-2 motif 
to classify proteins, 9 out of 19 RGAs (rgVcin111, rgV-
cin123, rgVcin127, rgVrup124, rgVhyb102, rgVhyb121, 
rgVhyb127, rgVhyb139, and rgVhyb149) could not be clas-
sified as either TIR or non-TIR types, possibly because of 
incomplete amino acid sequences, especially tryptophan 
and aspartic acid, in conserved domains of these clones. 
Therefore, phylogenetic analysis was used to verify the 
overall sequence similarity to other R genes represen-
tat ive of the two subclasses. The unclassif ied RGA, 
rgVhyb124, can be found in the major branch along with 
Xa1, and I2, as well as Vitis non-TIR proteins, suggest-
ing that this clone is more closely related to non-TIR 
than to TIR proteins (Figure 3). In addition, rgVcin111, 
rgVcin123, rgVcin127, rgVhyb102, rgVhyb121, rgVhyb127, 
rgVhyb139, and rgVhyb149 clustered in the same branch 

with RPS4, M, L6, and N, the known TIR proteins (Fig-
ure 3). Therefore, these clones are likely more closely 
related to TIR than to non-TIR proteins. Even though the 
rgVcin152 appeared in the same branch with other TIR 
proteins, it was still classified as a non-TIR protein since 
tryptophan appeared in the kinase-2 motif. In total, 19 
RGA clones were classified into 13 TIR-NBS-LRRs-like 
genes and 6 non-TIR-NBS-LRR-like genes.

P. viticola resistance analysis. A segregating seedling 
population developed by the grape breeding program at 
Cornell University, Geneva, New York, was tested for 
downy mildew resistance. The parents, Horizon and Ill. 
547-1, were reported to be moderately and highly resis-
tant to downy mildew, respectively (Dalbo et al. 2000). A 
detached leaf assay confirmed this observation. Horizon 
and Ill. 547-1 had 15.1 and 2.2 spores/25 cm2, respec-
tively. The seedling population segregated for resistance, 
with the number of downy mildew spores/25 cm2 ranging 
from 2.2 to 122.1 (data not shown). Eighty-seven seed-
lings, or 48.6%, grouped into the intermediate classifica-
tion (2 and 3). Resistant (classes 0 and 1) and susceptible 
individuals (classes 4 and 5), comprised 32.4 and 19.0% 
of the population, respectively.

RGA-STS marker. Twenty-three STS and three CAPS 
primer pairs were used to amplify the parents and 179 
progeny of the Horizon x Ill. 547-1 population. The 17 
STS markers developed from the RGA nucleotide se-
quences f rom the present study (f rom V. cinerea , V. 
rupestris, and Horizon) produced polymorphic markers 
among 179 progenies. Surprisingly, at least 4 to 5 primer 
pairs from two clones, rgVcin152 and rgVhyb139, were 
tested but PCR products could not be amplified. Nine (six 
STS and three CAPS) of these 26 markers were developed 
by Di Gaspero and Cipriani (2003) based on RGA se-
quences from V. amurensis and V. riparia. From segrega-
tion analyses, eight STS markers (rgVamu085, GLPL6-1, 
rgVcin125, rgVcin127, rgVcin139, rgVrup126, rgVhyb102, 
and rgVhyb110) were present in the male (Ill. 547-1) but 
absent in the female parent (Horizon). Five STS mark-
ers (rgVamu100, rgVrup119, rgVhyb101, rgVhyb121, and 
rgVhyb127) were present in the female and absent in the 
male parent. The rest of the STS markers were either 
present or absent in both parents. The chi-square good-
ness-of-fit statistic was use to check conformity of mark-
er segregation with the expected ratio. A 1:1 segregation 
ratio could not be rejected for all markers present only in 
the male or female parent except rgVamu085, rgVamu100, 
rgVrup126, and rgVhyb102. Also, markers showing a 3:1 
segregation ratio, such as rgVrip064, rgVrip145, stkVa011, 
rgVamu092, rgVcin109, rgVcin111, rgVcin123, rgVrup103, 
and rgVrup124, will be useful for mapping to both Hori-
zon and Ill. 547-1 linkage maps.

Based on correlation analysis among CAPS and STS 
markers, three groups of markers emerged (Table 3). 
Some of the markers in each group were designed from 
closely related nucleotide sequences (Di Gaspero et al. 
2007). As described above, some of markers were de-
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Figure 2  Multiple alignments of representative amino 
acid sequences of 19 RGA clones and eight known 
R-genes based on ClustalW analysis. The P-loop and 
GLPL motifs corresponding to primer sequences are 
shown in the first seven and the last six amino acids. 
Aspartic acid (D) and tryptophan (W; underline) in the 
kinase-2 motif are characteristic of TIR and non-TIR 
proteins, respectively.
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veloped by Di Gaspero and Cipriani (2003), and these 
have already been located on the Vitis map. For example, 
rgVamu092 is located on linkage group 13, rgVrip064 on 
linkage group 18, and rgVamu085 on linkage group 19 
(Di Gaspero et al. 2007); linkage groups are numbered 
according to set standards (Riaz et al. 2004, Doligez et 
al. 2006). We therefore suggest that markers with a sig-
nificant correlation of their segregation in the same popu-
lations are located on the same linkage group (Table 3). 
Interestingly, we found a significant correlation between 
segregation for downy mildew resistance and segregation 
of three markers, rgVamu085, stkVa011, and rgVcin165 (r 
= -0.173, 0.152, and 0.151, respectively), suggesting that 
each of these markers may co-segregate with a gene con-
trolling downy mildew resistance in grape. Further work 
is needed to confirm this possibility.

Discussion
Nineteen unique groups of RGA sequences from V. 

cinerea B9, V. rupestris B38, and Horizon have been 
cloned from P-loop/GLPLAL-1 PCR, and four unique 
groups were derived from V. cinerea B9 by P-loop/Rev 
loop PCR. The P-loop/Rev loop primers produced se-
quence data with a low percent match with known RGAs 
in GenBank. These data suggest that the P-loop/GLPAL-
1 primer pairs used are highly conserved at the NBS 

domain and have greater potential for cloning 
RGAs from grape, compared with P-loop/Rev 
loop primers.

Most of the RGA clones from the three grape 
genotypes used here displayed high similarity 
with RGA clones from V. amurensis, especially 
seven RGA clones that showed complete simi-
larity to RGAs cloned from V. amurensis. We 
also found similarity with RGAs cloned from 
V. riparia. Interestingly, V. amurensis, V. ci-
nerea, V. riparia, and V. rupestris are reported 
as being highly resistant to downy mildew and 
powdery mildew (Eibach et al. 1989, Alleweldt 
et al. 1990). Moreover, none of the RGA clones 
identified showed similarity to sequences from 
susceptible species such as V. vinifera. There is 
evidence that RGA sequences from V. amurensis 
and V. riparia had a high probability of link-
age with disease resistance genes in Vitis germ-
plasm (Di Gaspero and Cipriani 2002). Since 
these RGAs were found in several grape species 
that are resistant to diseases such as downy mil-
dew and powdery mildew, they could possibly 
be linked to or be candidate genes for disease 
resistance (Di Gaspero and Cipriani 2002). The 
RGA sequences we identified in resistant geno-
types may also be linked to disease-resistance 
loci in Vitis, but further segregation studies will 
be needed for verification.

R gene evolution. Plants respond to pathogens by di-
rect and/or indirect interaction between plant R genes 
and Avr genes in the pathogen (Dangl and Jones 2001). 

Figure 3  Phylogenetic tree of 19 Vitis RGA sequences and eight known  
TIR or non-TIR proteins.

Table 3  STS markers on three expected linkage groups and  
correlation analysis for marker segregation within each group.

STS marker
Expected 

LGs

Correlation within group

Marker rb

rgVamu092a

rgVcin109a

rgVcin123
rgVcin165
rgVhyb121
rgVhyb149

13 rgVamu092 -rgVcin109
rgVamu092 -rgVcin165
rgVcin109 -rgVcin165
rgVcin109 -rgVhyb149
rgVcin109 -rgVhyb121
rgVhyb121 -rgVamu092
rgVhyb121 -rgVcin165
rgVhyb121 -rgVcin123
rgVcin123 -rgVamu092

 0.248** 

 0.163* 

 0.240**
 0.258**
 0.288**
 0.174*
 0.261**
 0.266**
 0.188*

rgVrip064a

rgVcin139a

rgVhyb101a

18 rgVrip064 -rgVhyb101
rgVcin139 -rgVhyb101

-0.128**
 0.315**

rgVamu085a

rgVcin111
rgVcin125a

rgVrup126
rgVhyb110a

19 rgVamu085 -rgVcin125
rgVamu085 -rgVhyb110
rgVcin125 -rgVhyb110
rgVcin125 -rgVcin111
rgVhyb110 -rgVrup126

-0.254**
-0.301**
 0.604**
-0.201*
 0.282**

aClosely related original nucleotide sequence in the group.
b* and ** indicate significance at p < 0.05 and 0.01, respectively.
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Gene-for-gene interactions may increase resistance to 
pathogens if R genes increase the ability to recognize 
the pathogen. The LRR and TIR/non-TIR have a role in 
pathogen recognition; therefore unbalanced selection was 
needed to recognize rare Avr gene products in pathogen 
populations (Zhou et al. 2004). Mechanisms such as chro-
mosome breaking, rearrangement, preexisting divergent 
duplication, unequal crossing over, gene conversion, and 
diversifying selection have been proposed to generate di-
versity in LRRs and TIR/non-TIR domains (Ellis et al. 
2000, Richter and Ronald 2000).

Diversifying selection relies upon genomic instability 
mediated by unequal crossing over in meiosis (Richter 
and Ronald 2000). Interestingly, diversifying selection has 
been found in non-TIR-NBS-LRR rather than TIR-NBS-
LRR genes. As shown in rice, there is no significant in-
crease in the number of similar or almost identical genes 
within non-TIR-NBS-LRRs, whereas copies of similar 
TIR-NBS-LRR genes were duplicated (Zhou et al. 2004). 
Their data support the hypothesis that non-TIR-NBS-LRR 
genes are more highly variable than TIR-NBS-LRRs. 
The difference in diversity between TIR and non-TIR 
domains was also present in the NBS-LRR domains of 
the three grape genotypes in the present study. The DNA 
sequences among the TIR-NBS-LRR group displayed high 
similarity, ranging from 73.5 to 97.4% (for example, rgV-
cin111/rgVcin123, L6/M, and rgVcin165/rgVrup103 have 
73.5, 78.2, and 97.4% identity, respectively). On the other 
hand, the amino acid sequence in the non-TIR-NBS-LRR 
group showed more variation within groups, with simi-
larities ranging from 43 to 97.4% (for example, RPS2/
RPS5, rgVhyb110/rgVrup119, and rgVhyb110/rgVcin125 
have 43, 57.5, 77.1% identity, respectively). The shorter 
branch lengths among TIR-NBS-LRR groups as compared 
with non-TIR-NBS-LRR groups support the hypothesis 
that these proteins are more highly conserved (Figure 3). 
Therefore, in terms of gene diversification, non-TIR-NBS-
LRRs might be more adaptively responsive and selection 
acting on this f luidity could lead to the more rapid devel-
opment of pathogen recognition.

Potential of Vitis RGAs as molecular markers. Mo-
lecular markers based on RGAs have been developed from 
conserved domains of diverse plant species. The RGA se-
quences cloned in the present study from highly conserved 
domains of three disease-resistant grape genotypes will 
hopefully be useful for the development of markers linked 
to disease resistance. Because of their complete associa-
tion with resistance-like genes, RGA markers may have 
the potential to improve the efficacy of MAS for disease-
resistance traits. At least, three markers developed from 
RGA sequences (rgVamu085, stkVa011, and rgVcin165) 
are candidates for co-segregation with downy mildew re-
sistance loci because of their significant correlations of 
marker segregation with disease resistance in a segregat-
ing population. However, rgVamu085 and rgVcin165 have 
a nonnormal segregation ratio. Therefore, stkVa011 seems 
to be the best candidate to co-segregate with a downy 

mildew resistance locus. Many of our RGA-STS mark-
ers are expected to map to linkage groups 13, 18, and 
19. Interestingly, RGA-STS markers from Di Gaspero and 
Cipriani (2003) also show high numbers on these three 
linkage groups from Cabernet Sauvignon, Bianca, and 
Chardonnay maps (Di Gaspero et al. 2007), suggesting 
that RGAs cluster on linkage groups 13, 18, and 19 of the 
Vitis genome. However, further proof is required through 
final map placement of the RGA-STS markers identified 
here. Future work will also be able to determine whether 
RGAs in grapevine are responsible for disease resistance 
and to relate each RGA to the disease it affects.

Conclusions
Downy mildew may cause severe losses in yield and 

reductions in fruit quality of susceptible grape varieties. 
Vitis vinifera is the primary scion variety grown around 
the world and is highly susceptible to downy mildew. R 
genes are accessible in American and Asiatic species of 
Vitis, which hybridize readily with V. vinifera, and have 
been used extensively in breeding programs to create 
resistant cultivars. To improve the efficiency of grape-
vine breeding, an important goal is to locate molecular 
markers linked to alleles responsible for disease resis-
tance. Genetic maps have been created using numerous 
crosses involving Vitis species, and quantitative trait loci 
analyses have been used to locate markers with strong 
associations to disease resistance. Breeders are actively 
trying to incorporate various molecular markers into their 
programs.

RGAs should have very good potential for use as 
molecular markers for disease resistance traits because 
of their known associations with disease resistance in 
plants. We have shown that RGA sequences derived from 
three downy mildew resistant genotypes have a high de-
gree of similarity with RGAs cloned from V. amurensis 
and V. riparia, two species that harbor downy mildew 
resistance. There is a possibility that the RGA sequences 
characterized in the present work may confer functional 
resistance to downy mildew, but that will require further 
work to confirm. The precise linkage map locations of 
the most promising markers identified from V. cinerea, 
V. rupestris, and Horizon will need to be identif ied in 
future work. Indications at this time are that some of the 
RGAs we have identified are located on linkage groups 
already known to be associated with resistance loci.
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