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Abstract:Rice blast disease, caused by heterothallic ascomycete Magnaporthe grisea, is one of the most serious
fungal diseases of rice throughout the world. The disease attacks rice plants throughout the season and causes severe
yield losses. The pathogenesis of M. grisea is due to a complex process that spans the entire life cycle of the
pathogen. The process including germination of conidia, formation of appressoria, differentiation of penetration pegs
and proliferation of infectious hyphae is controlled by many genes. The interaction between M. grisea and rice is based
on the gene-for-gene hypothesis and the defense responses are often activated by the action of the pathogen avirulence
(Avr) gene and the host resistance (R) gene. The studies on molecular biology and genetic mechanism of
pathogenicity of M. grisea have occupied pathologists and mycologists for several decades. The present paper re-
viewed the research progress concerning molecular genetics of pathogenicity of the fungus and its genetic diversity and
variation, and summarized research methods for the functional genes.
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Table 1 Cloned and identified genes for pathogenicity in M. grisea
Genes Mutant phenotype(s) Possible gene function References
CON1  Reduced sporulation Spore patterning? Shi and Leung 1995
CON2
CON3
oNa Abolished/reduced appressorium formation Appressorium formation Shi and Leung 1995
CON
CON7
Hamer and Valent
SMO Abnormal spore, appressorium and ascus Regulation sporulation and spore patterning 1989
Chain sporulation
Maintenance of spore dormancy Arrest tip cell growth
ACR1  Reduced appressorium formation Lau and Hamer 1998
Spore patterning?
Elevated MPG1 expression
Host surface hydrophobin assembly
MPG1  Reduced appressorium formation Talbot et al. 1993
Surface thigmotropic signaling
NPR1  Reduced pathogenicity
Regulation of nitrogen metabolism
Nitrogen metabolism defective Lau and Hamer 1996
Regulation of MPGlexpression
NPR2  MPG1 depression defective
CPKA  Host surface sensing Signaling of appressorium initiation Mitchel and Dean
Appressorium formation defective PMK 1 signaling? 1995
MagB  Appressorium formation defective Signaling in appressorium formation Liu and Dean 1997
MAC1  Appressorium formation defective Activating the cAMP signaling pathway Choi and Dean 1997
Stimulating the appressorium and degradation of lipid
PTH11  Appressorium formation defective DeZwaan et al. 1999
downstream
Formation of aborted appressorium
Signaling in appressorium maturation
Lack of melanization in appressorium
PMK 1 Regulation of melanin biosynthesis Xu and Hamer 1996
Inability to cease nuclear division in appressorium
Cession of nuclear division inside appressorium
In planta defective
MPS1  Penetration function defective Maintaining turgor pressure Xu et al. 1998
PLS1 Penetration peg defective Regulation the differentiation of penetration peg Pierre et al. 2001
Proliferation of the infectious hyphae after coloniza- Talbot and Balhadere
PDE1 Inability to differentiate infectious hyphae
tion 2001
Working down steam from PMK1 to regulate infec-
Mst12  Inability to penetrate onion epidermis cell Park et al. 2002
tious growth
GAS1 Reduced penetration peg and infectious hyphae Regulating the infectious growth Chaoyang Xue et al.
GAS2  formation 2002
DIP1 Abolished pathogenicity In planta growth Lau et al. unpublished
GRR1 MPG 1 depression defective MPG 1 regulation Beckman et al.
Reduce pathogenicity In planta growth unpublished
Conversion of complex carbohydrate Sweigard unpublished
THR1 Reduced pathogenicity into metabolite involved in
maintaining turgor pressure
RSY1 Chumley and Valently
ALB1 Pigmentation mutations Melanin biosynthesis for turgor pressure maintenance

BUF1

1990
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Table 2 Cloned and identified avirulence genes and

molecular markers in M. grisea

Corresponding
Avr genes References

rice cultivars

AVR-Pita (AVR2-

Yashiro-mochi Orbach et al. 2000

YAMO) *

Farman and Leong
AVR1-C0O39" C039

1998
Avr1-YAMO Yashiro-mochi Vanlent et al. 1991
Avr1-MARA Maratelli Valent et al. 1994
Avr1-TSUY Tsuyuake Valent et al. 1994
AVR-Ku86 Ku86 Dioh et al. 2000
AVR 1-MedNoi MedNoi, Cica8 Dioh et al. 2000
AVR -Irat7 Carreon,DJ8-341,Irat7 Dioh et al. 2000

*

* : cloned Avr gene.

1.2.2
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. AVR-Pita 1
1/2¢c , 223
(Neutral zinc metalloprotease) ,
176 ,
) Yashiro-mochi
S0 AVRI1-
RFLP s
1 )
C039 L PWL2 2¢ ;
145 ,
( Eragrostis curvula)
M. grisea s PWL (path-

CO39

ogenicity on weeping lovegrass) ,

( Eragrostis curvula ) M. grisea

[32]

2.1

L8, MGR586

(36370 Levy  (1991) MGR586
MGR
7 1976
. 1980 . 13, 13,
363, 51, 18 7
. 43
. Shen Ying (1998) MGR586
EcoR I . 1980 ~ 1996
17 C ) 146 475
( RFLPs),
. . 48
475 56
el 1998 1978
~1995 70 DNA
. 28 o



496 HEREDITAS (Beijing)2005 27

2.2 o
. (Restriction Enzyme Mediated Integration, REMI)
3 o (Agrobacterium tumefaciens
2.2.1 Mediated Transformation, ATMT) o RE-
) Ml ATMT
, RE-
. , Ml 10 [48~50] 5
. : RFLP. RAPD SCAR
AVR-Pita , ,
[30.40]
2.2.2
DNA , [33.51] s
., PWL2 BUF 1 3.2
seavil o GUY11 AVR1-CO39
[43] ’
2.2.3
Laad | ) PCR
N N N MST12
o , , ERG2"%,
Pot2, Pot3  Alu-®~*1,
4
3 o b
(Phenotype to gene) (Gene to phe- o ,
notype) o ) N

3.1



497

[2]

[3]

(4]

[5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

(References) :

Ou S H. Rice Diseases. Kew, UK: Commonwealth Mycological
Institute, 1985.

Shi Z, Leung H. Genetic analysis and rapid mapping of a sporu-
lation mutation in Magnaporthe grisea. Mol Plant-Microbe
Interact, 1994, 7(1): 113~120.

Shi Z , Leung H. Genetic analysis of sporulation in Magnaporthe
grisea by chemical and insertional mutagenesis. Mol Plant-
Microbe Interact, 1995, 8 (6): 949~959.

Howard R J, Ferrari M A, Roach D H, Moner N P. Penetration
of hard substrates by a fungus employing enormous turgor
pressures. Proc Natl Acad Sci USA., 1991, 88(24). 11282~
11284.

Hamer J E, Howard R J, Chumley F G, Valent B. A mechanism
for surface attachment in spores of a plant pathogenic fungus.
Science , 1988, 239:288~290.

Dean R A. Signal pathways, appressorium morphogenesis. Ann
Rev Phytopathl , 1997, 35.:211~234.

Bourett T M, Howard R J. Actin in penetration pegs of the fungal
rice blast pathogen. Magnaporthe grisea. Protoplasma, 1992,
168(1/2): 20~26.

Lee Y H, Dean R A. cAMP regulates infection structure forma-
tion in the plant pathogenic fungus Magnaporthe grisea. Plant
Cell, 1993, 5(6): 693~700.

Mitchell T K, Dean R A. The cAMP-dependent protein kinase
catalytic subunit is required for appressorium formation and path-
ogenesis by the rice blast pathogen Magnaporthe grisea. Plant
Cell, 1995, 7(11).: 1868~1878.

Lee Y H. Regulation of cAMP dependent protein kinase during
appressorium formation in Magnaporthe grisea. FEMS Microbiol
Lett, 1999, 170 (2): 419~423.

Talbot N J, Ebbole D J, Hamer J E. Identification and character-
ization of MPG1. a gene involved in pathogenicity from the rice
blast fungus Magnaporthe grisea. Plant Cell, 1993, 5(11).
1575~1590.

Liu S H, Dean R A. G protein o subunit genes control growth,
development, and pathogenicity of Magnaporthe grisea. Mol
Plant-Microbe Interact, 1997, 10 (9): 1075~ 1086.

Choi W, Dean R A. The adenylate cyclase gene MAC1 of
Magnaporthe grisea controls appressorium formation and other
aspects of growth and development. Plant Cell, 1997, 9 (11).
1973~1983.

DeZwaan T M, Carroll A M, Valent B, Sweigard J A. Magna-

porthe grisea pth11p is a novel plasma membrane protein that

[15]

[16]

[17]

(18]

[19]

[20]

mediates appressorium differentiation in response to inductive
substrate cues. Plant Cell , 1999, 11(10): 2013~2030.
Howard R J, Ferrarud M A. Role of melanin in appressorium
function. Exp Mycol , 1989, 4. 403~418.

Chumley F G, Valent B. Genetic analysis of melanin-deficient
nonpathogenic mutants of Magnaporthe grisea. Mol Plant-
Microbe Interact , 1990, 3:135~143.

de Jong J C, McCormack B J, Smirnoff N, Talbot N J. Glycerol
generates turgor in the blast. Nature, 1997, 389.244~245.
Thines E, Weber R, Talbot N J. MAP kinase and protein kinase
A-dependent mobilization of triacylglycerol and glycogen during
appressorium turgor generation by Magnaporthe grisea. Plant
Cell, 2000, 12(9): 1703~1718.

Xu J R, Staiger C J, Hamer J E. Inactivation of the mitogen acti-
vated protein kinase Mps1 from the rice blast fungus prevents
penetration of host cells but allows activation of the plant defense
responses. Proc Natl Acad Sci USA, 1998, 95(10). 12713~
12718.

Dixon K P, Xu J R, Smirnoff N, Talbot N J. Independent signa-
ling pathways regulate cellular turgor during hyperosmotic stress
and apressorium mediated plant

grisea. Plant Cell . 1999, 11 (10) . 2045~2058.

infection by Magnaporthe

[21] Pierre-Henri Clergeot, Mathieu Gourgues. Joaquim Cots, F

[22]

[23]

[24]

[25]

[26]

[27]

Laurans, Marie-Pascale Latorse, Régis Pépin, Didier Tharreau,
Jean-Loup Notteghem, and Marc-Henri Lebrun. PLS1, A gene
encoding a tetraspanin-like protein, is required for penetration of
rice leaf by the fungal pathogen Magnaporthe grisea. Proc Natl
Acad Sci USA, 2001, 98(12): 6963 ~6968.

Park Gyungsoon, Xue C, Zheng L, Lam S, Xu J R. MST12
regulates infection growth but not appressorium formation in the
rice blast fungus Magnaporthe grisea. Mol Plant-Microbe Inter-
act, 2002, (15): 183~192.

Pascale V, Balhade R E, Talbot N J. PDE1 encodes a P-
ATPase involved in appressorium-mediated plant infection by the
rice blast fungus Magnaporthe grisea. Plant Cell, 2001,
13(12): 1987~2004.

Xue C, Park G, Choi W, Zheng L, Dean R A, Xu J R. Two
novel fungal virulence genes specifically expressed in appresso-
ria of the rice blast fungus. Plant Cell , 2002, 14(12). 2107 ~
2119.

Fujimoto D, Shi Y, Christian D, Mantanguihan J B, Leung H.
Tagging quantitative loci controlling pathogenicity in Magna-
porthe grisea by insertion mutagenesis. Physiol Mol Plant
Pathol , 2002, 61.:77~88.

Foster A J, Jenkinson J M, Talbot N J. Trehalose synthesis and
metabolism are required at different stages of plant infection by
Magnaporthe grisea. EMBO J, 2003, 22(1) . 225~235.
Martin T, John E H. An ATP-driven efflux pump is a novel patho-



498

HEREDITAS (Beijing)2005 27

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

genicity factor in rice blast disease. EMBO J, 1999, 18(2).
512~521.

Viaud M C. Balhadere P V., Talbot N J. A Magnaporthe grisea
cyclophilin acts as a virulence determinant during plant infection.
Plant Cell , 2002, 14(4): 917~930.
Ellingboe A H, Wu B C, Robertson W. Inheritance of aviru-
lence/virulence in a cross of two isolates of Maganaporthe
grisea pathogenic to rice. Phytopathology . 1990, 80. 108 ~
11,

Orbach M J, Farrall L, Sweigard J A, Chumley F G, Valent B.
A telomeric avirulence gene determines efficacy for the rice blast
resistance gene Pita. Plant Cell ,2000, 12 (11). 2019~2032.
Sweigard J A, Carroll A M, Kang S, Farrall L, Chumley F G,
Valent B. ldentification, cloning and characterization of PWL2,a
gene for host species specificity in the rice blast fungus. Plant
Cell, 1995, 7(8):1221~1233.

Kang S, Sweigard J A, Valent B. The PWL host specificity
gene family in the blast fungus Magnaporthe girsea. Mol Plant-
Microbe Interact, 1995, 8(6): 939~948.

Farman M L, Leong S A. Chromosome walking to the AVR1-
CO39 avirulence gene of Magnaporthe grisea: discrepancy

between the physical Genetics, 1998,

150 (30): 1049~1058.

and genetic maps.

Smith J R, Leong S A. Mapping of a Magnaporthe grisea locus
affecting rice ( Oryza sativa) cultivar specificity. Theor Appl
Genet, 1994, 88: 901~908.

Hamer J E, Givan S. Genetic mapping with dispersed repeated
sequences in the rice blast fungus: Mapping the SMO locus.
Mol Gen Genet, 1990, 233 (3): 487~495.

Chen D, Zeigler R S, Leung H. Population structure of Pyricu-
laria grisea at two screening sites in the Philippines. Phtopa-
thology » 1995, 85(9). 1011~1020.

Levy M, Romao J, Marchetti M A, Hamer J E. DNA fingerprint-
ing with a dispersed repeated sequence resolves pathotype
diversity in the rice blast fungus. Plant Cell, 1991, 3 (1): 95~
102.

SHEN Ying, ZHU Pei-Liang, YUAN Xiao-Ping, ZHAO Xin-Hua,
M Levy. Genetic diversity and geographic distribution of Magna-
porthe grisea in China. Journal
University , 1998, 24(5) . 493~501.
WANG Zong-Hua, LU Guo-Dong, ZHAO Zhi-Ying, WANG Bao-

of Zhejiang Agricultural

Hua., ZHANG Xue-Bo. XIE Lian-Hui. WANG Yan-Li. YUAN Xiao-
Ping, SHEN Ying. Population genetic structure and its variation
of the rice blast fungus in Fujian. Agriculture Sciences in China ,

1998, 31(5): 7~12.

’ ’ ’ ’ ’ ’

, 1998, 31(5): 7~12.

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Valent B, Chumley F. Avirulence genes and mechanisms of gene-
tis instability in the rice blast fungus. Rice Blast Disease, 1994,
111~134.

Romao J, Hamer J E. Genetic organization of a repeated DNA
sequence family in the rice blast fungus. Proc Natl Acad Sci
USA, 1992, 89. 5316 ~ 5320.

Farman M L. Meiotic deletion at the BUF 1 locus of the fungus
Magnaporthe grisea is controlled by interaction with the homolo-
gous chromosome. Genetics, 2002, 160(1) . 137~ 148.
Farman ML, Eto Y, Nakao T, Tosa Y, Nakayashiki H, Mayama
S, Leong S A. Analysis of the structure of the AVR1-CO39 avir-
ulence locus in virulent rice-infecting isolates of Magnaporthe
grisea. Mol Plant-Microbe Interact, 2002, 15(1): 6~16.
Finnegan D. Eukararyotic transposable elements, genome evolution.
Trends Genetics, 1992, 5.103~107.

Kachroo P, Leong S A, Chattoo B B. A short interspersed
nuclear element from the rice blast fungus Magnaporthe grisea .
Proc Natl Acad Sci USA, 1995, 92(24): 11125~11129.

Kang S, Lebrun M H, Farrall L, Valent B. Gain of virulence
caused by insertion of a Pot3 transposon in a Magnaporthe
grisea avirulence gene. Mol Plant-Microbe Interact, 2001,
14(5): 671~674.

Skinner D Z, Budde A D, Farman M L. Genome organization of
Magnaporthe grisea: genetic map, electrophoretic karyotype,
and occurrence of repeated DNAs.

87:545~557.

Theor Appl Genet, 1993,

Xu J R, Urban M, Sweigard J A, Hamer J E. The CPKA gene of
Magnaporthe grisea is essential for appressorial penetration.
Mol Plant-Microbe Interact, 1997, 10 (2). 187~194.
Balhadere P V, Foster A J, Talbot N J. Identification of patho-
genicity mutants of the rice blast fungus Magnaporthe grisea by
insertional mutagenesis. Mol Plant-Microbe Interact, 1999,
12 (2): 129~142.

Sweigard J A, Carroll A M, Farrall L, Chumley F G, Valent B.
Magnaporthe grisea pathogenicity genes obtained through inser-
tional mutagenesis. Mol Plant-Microbe Interact, 1998, 11 (5) .
404~412.

Heng Zhu, Whitehead D S, Yong Hwan Lee. Genetic analysis of
developmental mutants and rapid chrosome mapping of APP1, a
gene requried for appressorium formation

grisea. Mol Plant-Microbe Interact, 1996, 9:767~774.

in  Magnaporthe

Keon J, James C S, Court S, Badern D C, Bainley A M, Burden
R S. Bard M, Hargreavew J A. Isolation of the ERG2 gene,
encoding sterol delta-8 leads to delta-7 isomerase.from the rice
blast funguns Magnaporthe grisea and its expression in the maize
1994, 25 (6):

smut pathogen Ustilago maydis. Curr Genet,

531~537.



