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of Magnaporthe oryzae; �ßMoDppV-12 and �ßMoDppV-com: DppVgene deletion mutant and complemented strains.
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Fig. 7 Effects of DppVgene deletion on conidial production (A), conidia germination rate (B) and relative expression

of the conidiation-related genes (C) of Magnaporthe oryzae
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SE. Different lowercase letters indicate significant difference at P<0.05 level by Duncan��s new multiple range test.
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Fig. 8 Colony morphology by stresses for wild type, DppVgene deletion mutant and complemented strains of Magnaporthe oryzae
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Fig. 9 Inhibition rates by stresses for wild type, DppVgene deletion mutant and complemented strains of Magnaporthe oryzae
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SE. Different lowercase letters indicate significant difference at P<0.05 level by Duncan��s new multiple range test.
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Fig. 10 Effect of DppVgene deletion of Magnaporthe oryzae

on pathogenicity
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Fig. 11 Effects of DppVgene deletion of Magnaporthe oryzaeon fungal biomass (A) and disease index (B) in rice plants
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SE. Different letters indicate significant difference at P<0.05 level by Duncan��s new multiple range test.

720 �9 ’� �	 �— �� �Ñ 48 �£



�T�æ1§*æ�¸,K8ł�Y U�DppV ;÷+'�g>›�î�:;÷+'
BTKy?��Ó’�+°"·?� U�TomkinsonU�2019U�U��fi�T&���L5
�YU�DppV 	���Ky?����Æ3ð3ó�BA/�Ó�y*×�ø�À U�Ku�(
mar et al.U�2011U�U��œ�Ù�ý!�+�8ł�Y8ª�ˆ+° DppV 	8#…
;÷ +' 	� �� A� �( �æ +° �y *× �ø �À U�Woodfolk et al.U�
1998U�U��r�T�9’�*æ�¸,K8ł�Y���” DppV �¸6)-@/¢+°
�ÑE��EDfl�= � �X-@/¢Fó*T qRT-PCR �‹�[@í�˚�T/g
+K8ł�2*K���|�9	898�ý�"K DppV
&���s�5=�DŒ U�
�@��98�ý�"K �f 24 h �",$�%=�DŒFß�j9�P��”�¢��98
�ý�"K +°,$�%=�DŒFß � Foster et al.U�2017U�-@/¢3ÿ�¨
��=��:�2*K���|98�ý 24 h 	:�f/g+K8łKp,l�����<	‚
�<�¸�Æ�ÿ!‘/g+°��JZ�"�K U��� ��Ô"w�¢P�!‘��=�DŒ
	�6)�:�2*K���|+°�ý5Þ	‚�˘ ´�5�� � �X-@/¢3ÿ�¨E�
�j.f U�/g+K8ł��K� DppV
&��	:	��(7 /g+K8ł+°�Ó
��Fß	‚�2*K���|98�ý(‡Ky�z U��Ó��,$��
&��+°=�DŒ
�:�j�7A/ U�A �:A�
&���:/g+K8ł�Ó�����ö�ý5Þ�ò�3
,$�� � �X-@/¢3ÿ�¨E�=��: DppV
&����K��AB£/g+K
8ł�%!‘/g7 *æ�˙�:�j�7Ky U��Ñ.ø DppV
&����K�/›
	���8ł�V	:!‘/g�9�V�–,K8ł*K’�Fß�ß�= U�E��:�¢8ł
9i*KJ«�ß�� ���Ó��Fß	‚�2*K���|98�ý(‡�ß�=,$	g	4 U�
���fE��˙��2L�(7 ,K8ł*K’�Fß�ß�= U�58��K�/›	���
8ł�V*K’�Fß+°�ß�=�ô�(7 �¢7 *æ�˙+°Ky�z U�&b58
DppV
&���TA/�Ó/g+K8ł7 *æ�˙	‚*KJ«�ý5ÞDó/7�Y
�[	R�:�¢��
&�����T�¾����2’E��5�–E��, �-@/¢ � 

�‚5Ø
&5ØF¢���”�I!TF⁄;÷+'F¢ S9 5ØF¢�â�ß U��[
�,1§���I!TF⁄�f"g�S�Y�ï+°Fø>›;÷+'!‘?�F¢ U�*K)2
��*T�«"� U��¢�Y�‚5Ø
&5ØF¢ IVU�dipeptidyl-peptidase

IVU�DppIVU�	‚ DppV 0u�T,K8ł�Y�«"����T U�Tomkin�(
sonU�2019U�U��fi�T�æ���K�ÿ+°A�TL�Y	‚�T7�&b�K�ÿ+°
(W�YU�’Ø�;���|8ł Microsporum canis�Y+° DppIV	‚
DppV�s	�=�DŒ U��T	W�56
�B
&BT;÷+'+°���"�7 U�’Ø
�;���|8ł�Y+° DppIV	‚ DppV
&�����f%ô=�DŒ U��� �
�Ô"wE� 2 �V�‚5Ø
&5ØF¢	�6)F)�:*æ�¸8ł þ�˙,$�� U�
�¢�@	�6)���T�{	8��*T U�Vermout et al.U�2008U�� EF
Dó Uniprot �����¿��A��ý(Ü/g+K8ł�Y�����TE� 2 �V
�‚5Ø
&5ØF¢� �X-@/¢3ÿ�¨�j.f U�DppV
&��+°��K��j
9�Ky�z�†/g+K8ł+°7 *æ�S U��Ô"w DppV
&���:/g+K
8ł+° þ�˙, �Ñ,$�� U��r DppIV�[	R���:/g+K8ł+° þ
�˙�5�� U��ö�¢�:/g+K8ł DppV�wK �[	R�����T�{	8
��*T0uE��5�–E��, �-@/¢ � 

�X-@/¢@í�˚ DppV
&���T/g+K8ł�2*K���|�9	8
98�ý�"K �s�5=�DŒ U��¢�TKp,l�����<	‚�<�¸�Æ�ÿ!‘
/g+°��JZ�"�K=�DŒFß�,P� U�DppV
&����K��(7 �†/g
+K8ł*KJ«�ß4?U��Ó��FßKy�z U��2*K���|98�ý(‡Ky�z U�

!‘/g�9�V�–+°,K8ł*K’�Fß �ß�= U��%!‘/g+°7 *æ�˙�j
9�Ky�z U�=��: DppV
&��	�6)�T/g+K8ł�2*K���|�ý
5Þ�ö�¢�T!‘/g�˘ ´�Y�ý�QFø>›��*T � �X-@/¢���[N´
 M�%�9’�*æ�¸,K8ł�Y DppV
&���¸6)E�=x�2�… U�-@
/¢3ÿ�¨�2�f�¢��*æ�¸,K8ł�Y�‚5Ø
&5ØF¢�¸6)-@/¢�ü
�˙�†�î5/ � �ö	:E�L,�%/g+K8ł DppV ;÷+'+°,K�d=�
DŒ	‚5’@ý	:��N�0uE�=x-@/¢ U����:-��¢;÷+'’¥�›	‚
F¢��’¥�S U��,��/g+K8ł DppIV
&��+°�¸6)-@/¢ U��:-�
�¢�:/g+K8ł DppV
&���[	R���T�{	8��*T0u��2’ U�
��� ��L��†?� DppV
&���T/g+K8ł�Y+°*K’����¸6) � 

�î 5/ �‡ (Z U�ReferencesU�

Abad A, Victoria Fernández-Molina J, Bikandi J, Ramírez A, Margare�(

to J, Sendino J, Luis Hernando F, Pontón J, Garaizar J, Remente�(

ria A. 2010. What makes Aspergillus fumigatusa successful

pathogen: genes and molecules involved in invasive aspergillo�(

sis. Revista Iberoamericana De Micología, 27(4): 155
182

Bai PF, Park CH, Shirsekar G, Songkumarn P, Bellizzi M, Wang GL.

2019. Role of lysine residues of the Magnaporthe oryzaeeffec�(

tor AvrPiz-t in effector- and PAMP-triggered immunity. Molecu�(

lar Plant Pathology, 20(4): 599
608

Cui SJ, Wang JY, Jiang H, Liang JS. 2018. Secretory proteomics of

Magnaporthe oryzae. Acta Agriculturae Zhejiangensis, 30(11):

1899
1906 (in Chinese) [�@���& , (•��)� , ���z , �›�&*K . 2018.

/g+K*æ8ł�2!ł;÷+'3ð��-@/¢ . "�!��¨�F���Ñ , 30(11): 1899


1906]

de Guillen K, Ortiz-Vallejo D, Gracy J, Fournier E, Kroj T, Padilla A.

2015. Structure analysis uncovers a highly diverse but structural�(

ly conserved effector family in phytopathogenic fungi. PLoS

Pathogens, 11(10): e1005228

Du YX, Ruan HC, Shi NN, Gan L, Yang XJ, Chen FR. 2016. Pathoge�(

nicity analysis of Magnaporthe griseaagainst major Pi-genes

and main rice varieties in Fujian Province. Journal of Plant Pro�(

tection, 43(3): 442
451 (in Chinese) [���¨�Ü , KZ�»�k , -��˚�˚ ,

*D�ˆ , ��.ì�K , Kt.»�fi . 2016. .»�&,-/g+K*æ8ł�%�g>›�ˆ+K
&��

�ö�g�i	í.ø+°7 *æ�S�2�… . �9’��	�—���Ñ , 43(3): 442
451]

Fan JB, Bai PF, Ning YS, Wang JY, Shi XT, Xiong YH, Zhang K, He F,

Zhang CY, Wang RY, et al. 2018. The monocot-specific receptor-

like kinase SDS2 controls cell death and immunity in rice. Cell

Host & Microbe, 23(4): 498
510

Foster AJ, Ryder LS, Kershaw MJ, Talbot NJ. 2017. The role of glycer�(

ol in the pathogenic lifestyle of the rice blast fungus Magna��

porthe oryzae. Environmental Microbiology, 19(3): 1008
1016

He YQ, Yan R, Meng G, Yang WJ, Wang ZZ, Li YF, Nie YF. 2020. Ge�(

nome-scale prediction and analysis of secreted proteins and ef�(

fectors in Fusarium oxysporumf. sp. cubenserace 1. Acta Phyto�(

pathologica Sinica, 50(2): 129
140 (in Chinese) [��7�.÷ , M¨)� ,

9¯�ý , ���‡L� , (•�[�Y , �z�‰J7, 5n’�7ß . 2020. N¯:u�Û9:*æ8ł 1

	#�;.ø�2!ł;÷+'�:�t�À�|+°M°"w�:�2 �…. �9’�*æ)2���Ñ , 50

4 �K 5n’�7ß0u U�/g+K8ł�‚5Ø
&5ØF¢V 
&�� DppV+°�¸6)�2�… 721



(2): 129
140]

Jung YH, Jeong SH, Kim SH, Singh R, Lee JE, Cho YS, Agrawal GK,

Rakwal R, Jwa NS. 2012. Secretome analysis of Magnaporthe

oryzaeusing in vitro systems. Proteomics, 12(6): 878
900

Kumar A, Ahmed R, Singh PK, Shukla PK. 2011. Identification of viru�(

lence factors and diagnostic markers using immunosecretome of

Aspergillus fumigatus. Journal of Proteomics, 74(7): 1104
1112

Li YF, Zhang ZH, Nie YF, Zhang LH, Wang ZZ. 2012. Proteomic anal�(

ysis of salicylic acid-induced resistance to Magnaporthe oryzae

in susceptible and resistant rice. Proteomics, 12(14): 2340
2354

Liao JJ, Xie H, Wang DD, He XH. 2019. Polymorphism analysis of

Avr-Pia, Avr-Pita1 and Avr-Pii in indica/japonica-borne Magna��

porthe oryzaeisolates in Yuanyang County, Yunnan. Journal of

Plant Protection, 46(5): 1057
1064 (in Chinese) [��L�L� , AN�z,

(• º�H , ��LJ3˛ . 2019. �‰��,-�oK_�º1¤ /1ß�•/g+K*æ8ł�� þ
&

�� Avr-Pia��Avr-Pita1 	‚ Avr-Pii �F�c�S�2�… . �9’��	�—���Ñ , 46

(5): 1057
1064]

Livak KJ, Schmittgen TD. 2001. Analysis of relative gene expression

data using real-time quantitative PCR and the 2ϖ�ß�ßCT method.

Methods, 25(4): 402
408

Lu JP, Feng XX, Liu XH, Lu Q, Wang HK, Lin FC. 2007. Mnh6, a non�(

histone protein, is required for fungal development and pathoge�(

nicity of Magnaporthe grisea. Fungal Genetics and Biology, 44

(9): 819
829

Meng QF, Gupta R, Min CW, Kwon SW, Wang YM, Je BI, Kim YJ,

Jeon JS, Agrawal GK, Rakwal R, et al. 2019. Proteomics of rice

Magnaporthe oryzaeinteraction: what have we learned so far?

Frontiers in Plant Science, 10: 1383

Park CH, Chen SB, Shirsekar G, Zhou B, Khang CH, Songkumarn P,

Afzal AJ, Ning YS, Wang RY, Bellizzi M, et al. 2012. The Mag��

naporthe oryzaeeffector AvrPiz-t targets the RING E3 ubiquitin

ligase APIP6 to suppress pathogen-associated molecular pattern-

triggered immunity in rice. The Plant Cell, 24(11): 4748
4762

Que YW, Xu Z, Wang CY, Lv W, Yue XF, Xu L, Tang S, Dai H, Wang

ZY. 2020. The putative deubiquitinating enzyme MoUbp4 is re�(

quired for infection-related morphogenesis and pathogenicity in

the rice blast fungus Magnaporthe oryzae. Current Genetics, 66

(3): 561
576

Ramirez-Garcia A, Pellon A, Buldain I, Antoran A, Arbizu-Delgado A,

Guruceaga X, Rementeria A, Hernando FL. 2018. Proteomics as

a tool to identify new targets against Aspergillusand Scedospori��

um in the context of cystic fibrosis. Mycopathologia, 183(1):

273
289

Ryabovol VV, Minibayeva FV. 2014. Autophagic proteins ATG4 and

ATG8 in wheat: structural characteristics and their role under

stress conditions. Doklady Biochemistry and Biophysics, 458

(1): 179
181

Tomkinson B. 2019. Tripeptidyl-peptidase II: update on an oldie that

still counts. Biochimie, 166: 27
37

Vermout S, Baldo A, Tabart J, Losson B, Mignon B. 2008. Secreted di�(

peptidyl peptidases as potential virulence factors for Microspo��

rum canis. FEMS Immunology & Medical Microbiology, 54(3):

299
308

Wang CM, Li CQ, Duan GH, Wang YF, Zhang YL, Yang J. 2019. Over�(

expression of Magnaporthe oryzaesystemic defense trigger 1

(MoSDT1) confers improved rice blast resistance in rice. Interna�(

tional Journal of Molecular Sciences, 20(19): 4762

Wilson RA, Talbot NJ. 2009. Under pressure: investigating the biology

of plant infection by Magnaporthe oryzae. Nature Reviews Mi�(

crobiology, 7(3): 185
195

Woodfolk JA, Wheatley LM, Piyasena RV, Benjamin DC, Platts-Mills

TAE. 1998. Trichophytonantigens associated with IgE antibod�(

ies and delayed type hypersensitivity: sequence homology to two

families of serine proteinases. Journal of Biological Chemistry,

273(45): 29489
29496

Yang C, Yu YQ, Huang JK, Meng FW, Pang JH, Zhao QQ, Islam MA,

Xu N, Tian Y, Liu J. 2019. Binding of the Magnaporthe oryzae

chitinase MoChia1 by a rice tetratricopeptide repeat protein al�(

lows free chitin to trigger immune responses. The Plant Cell, 31

(1): 172
188

Zhang XY, Zhang YL, Jin XH, Zhou YL, Meng F, Wu JJ. 2020. Analy�(

sis of the fertility and mating type of rice blast fungus Magna��

porthe oryzaein Heilongjiang Province. Journal of Plant Protec�(

tion, 47(1): 93
100 (in Chinese) [�L��(µ , �L�˘(Þ , L����� , 	��7

�˙ , ���� ,  �8í8í . 2020. SýT¯!�,-/g+K*æ8ł5Þ�S�ö�¢�—Fy�•�2

�…. �9’��	�—���Ñ , 47(1): 93
100]

U‹BO�'4BD½U•�L�ö7ßUŒ

722 �9 ’� �	 �— �� �Ñ 48 �£


