
 

�������	 
 

ก�������	
��
�������������������������
������������������� (resistance gene analogs; 
RGAs) ��ก
./0� (Vitis spp.) 34ก5�ก��60���
���ก578�����������������9�����. (Plasmopara 
viticola) :�8;���;�/.
��</�
./0����;�8���=�>�	
��
?@���������0
������9�����.�����<���9.	��� A4�.
���	���ก��?�B0�.;C 2548-2550 ����.�0
�;��9 (1) ก������ RGAs ��ก	���� ���ก�������

���� 	�!"���"��ก����ก RGAs ���9�����.	;J����>����K���@�4�.L
.
./0�
��</����;�Mก
�0�.:
�0@���
?�;�8	�3��� ��ก��:>�.@��������������	
��
�����?B�?�ก��
�N��
��</�?@�0������8���ก��
����������>M.L49� 	���
.��กก��?B�
��</�������������L�
���	;����ก�0�ก�����ก���������>��	��� 
.���������9���� RGAs B��� nucleotide-binding site (NBS)-leucine rich repeat (LRR) ��กก��	
���
;����7��	
W�	
�����
�	�
�����	
�8�0
 P-loop ��� GLPL A4�.	;J����	�7
�/��ก5�L
. 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 � !�$
%�
�,�� '$(���$" 
� !	
���
&�-
��$" 
"�

�

 ก
$���&$ .� (multiple alignment) RGA 
"����
&�$ .%&� .%ก�%��$" 
"�

�

� !�$
%�
�,�� 5 ��$" 
 �% conserved P-loop, kinase-2, 
RNBS and GLPL motifs /+!�&�-
&�ก��ก01�)����$" 
 NBS-LRR   RGAs 4 �	�
� ��
��%ก$����*�

&'�(�
ก�%��$" 
"�

�

� !�$
%�
�,���.�
�
��. 40%   ก
$�*&	$
�'� phylogenetic ���� RGAs 
"����
�
ก��#��
�� �
���2ก$��
."����!���
3
� phylogram %
�)
�'��ก����)
� �.ก&�-

��$" 
 NBS-LRR ,
*� TIR (Drosophila Toll and mammalian Interleukin-1 Receptor) '$(� non-TIR  
&	$(!��'�
.��&�ก��� !��4

�
ก Vitis RGAs 1 &	$(!��'�
.	(� rgVamu085 ����	�
�'�
ก'�
.)��
� &�5
&�$�'��
���
���������� !"�

�

������
��"���$	 ���� �'�����
���.�
�� 
�.��
	�6ก�%	�
�
"�

�

�$	$

#�
	�
� �����
���% recombination $�'��
�&	$(!��'�
.
 #���. 
"�

�

�$	$

#�
	�
�
� !�
���
ก��ก
$7,��$��.,
�7
ก
$	��&�(�ก��
��� �"�&	$(!��'�
.
 #�
�&�-
�$��.,
�"��ก
$ก�
'
�
"�
�'
��. 
"�

�

�$	%
��
� !��
��8
�"$�&�(!�� ก
$��4

&	$(!��'�
.7'��&�*!�&"*�7
�

	"  (2) 
ก��$����	���ก%&��'�"()�����������*+��)�� ���,���,������-�.	�������,�����/�0���� 	1!)

()�����(�	������*+��)�����'2-3��*���2"  ��
ก
$�������
��

�
 9 	����� ��.���$�'��
��
.��
���
���� !"�

�

�$	$

#�
	�
� 3 �
.��
��� (NY88.0517.01, NY65.0550.04 and NY65.0551.05) ���



 �

��
������
��"���$	� !&�-
 V. vinifera 3 ��
��� (Black Queen, Carolina Black Rose and Italia) 
�*&	$
�'�	�
�"�

�

�$	$

#�
	�
���.7,���ก��� 85 "�
  �%��
�
&$ .
/�)����$$9
�ก
$$��"��
��!��� (general combining ability; gca) )����
�������"ก"�
��.�
�� 
�.��
	�6 7
)1�� !�
&$ .
/�)��
��$$9
�ก
$$��"����!���)����
�����������$$9
�ก
$$��"����
&�
� (specific combining ability; 
sca)����"ก"�
��
��9*"* , #7'�&'5
��
ก
$"�%�
��"��ก
$&)�
��
�
.)���$	$

#�
	�
����
7'6�&�-

ก
$������ก)��. 
7
�%%%�ก (additive gene action) �
กก��
�%%� !���7,��%%%�ก (non-additive 
gene action)  	�
�$��
1��"$
��
��ก$$��%%�	% (narrow sense heritability) )��	�
�"�

�

�$	
$

#�
	�
�7
�$�,
ก$
 #� 	�
&��
ก�% 55.6 	;
��	AW��� 	����� Carolina Black Rose x NY65.0550.04 
7'���)����$$9
�ก
$$��"����
&�
�� !� 
�.��
	�6.*!��
��9*"* ���7'���ก���� !� ������
"�

"�

�

������ (75.0%) �+����&�-
	������ !&'�
��������	�$7,�7
ก
$�$�%�$����
�������
&�(!�
"�

�

�$	7
�

	"  �
ก��ก�����

�
��#�'�� 101 "�
)�� 13 	�����$�'��
��
.��
���"�

�


�$	$

#�
	�
������
������
�� �% 13 ��ก���� !� 	�
�"�

�

�
ก"���$	$

#�
	�
��
กก
$����%
7
$���%'����:*%�"*ก
$ ��������Mก=>�	@�0���9
��
�
��</�
0
:�0

ก;�Mก?�>m�
��0	
��
;�8	���ก��
	���K	�������.������ �/7m�
=� =�=��� :�8�����������������9�����.?����.ก��;���;�/.
��</�
�8�8���>
.�0
�; 

 
 
 

 
 

 

 

 

 

 

 

 



 .

 

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 rB9s (48 clones), a 
hybrid resistant to both downy mildew and scab rNY88.0507.01s (42 clones) and a susceptible 
cultivar rBlack Queens(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 
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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 rCarolina Black Rose x NY65.0550.04s 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.    
 

 
 

 

 

 

 

 

 

 

 

 

 
 


