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The research advances of mechanism of pathogenicity

of Alternaria phytopathogenic fungi
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Abstract: Until now, about 500 species of Alternaria fungi are discovered, in which more than 95% are facultative
parasitism in plants. Alternaria fungi can cause many kinds of plant diseases and make huge loss of agricultural
economy. Alternaria fungi carries out facultative parasitism life mainly depending on the following three aspects:
damaging the cell walls of their hosts by mechanical penetration and the degrading enzymes, producing mycotoxins
that targets at cytoplasmic membrane, mitochondria, chloroplast and influencing the activity of enzymes related
metabolisms, and mediating pathogenicity through signal transduction. In this paper, mechanisms of plant
pathogenesis caused by Alternaria fungi were reviewed.

Key words: Alternaria fungi; mechanical penetration; degrading enzymes; mycotoxins; signal transduction

pathways; pathogenicity

FER AL (Alternaria) FL & — R o0 A T A Bk
MEEMYHRIRE. ZEERAAMREL, &
FVEH T, N R AR . WEFUR I, 95% LA
R Re ek A R TR b, w2 AR Ot
HOERAIED R TAED K B LWL N 3
BRI, WAL, w6, REasgE, —
IR A PR B, IR A R RAT 4R At S
FEL DA P40 AR b A 7= RO A7 PR A 7 it il 2 R4 2k
Bilt, Alternaria LE 435 RS R AR . BRSEF 25
TS AAE Y RS RE B, REAl AL P AR BB,
A S AR RO MR A R T A R,
M T anEE R A (4. solani) A2 4%, 1988 4 K502
BOR AR E AL, RIbvE Ik X Bk, S8k

724 (2R 20% L1 5 2003 4F, 2 [EH EH [H
S AL oy 2 B —Fh Alternaria B, SEUL
JC BRI O RS AY, g5 d 28 B A ok BOR R
I U, Y A R 0K R L T TR A 5 A D R s 4t
iF, HETE 2001 F 2002 4F B TR A 0 S 301
FEAEIR KA T EEd,  FHorp 2002 4200 5L R AL
KA 230 427 S0, P ERUR 1968.77 JI AT,

ks BHA: 2013-04-09; f&[E HEA: 2013-06-21
E&WMEB: EEXARF#HEELIH(31260028); =/
A4 R FERIFFIE IR H (2010ZC056)

*BE{51E#&: E-mail: yyongluol68@yahoo.com; Tel:
0871-65920759



559301

R, A R U 10 SR (K BOR LI et 909

PR 17 718.93 ot s FTLA, Alternaria BL1H
TE R IR T s P R AR P A T, AR
WNESE S AP NIE 130

HAT, X Alternaria B0 1B 36+ i 3 2K
FIAE A 2 R B0 1, SR, B R B2
PEAAR 2 5% B A5 ) IR 0] @, Pt LX) Alternaria
TL R 19 B0 WL 28 AT F 50 2 B 28 A Uiz 2805 oL B
fo ESER A G . Rk, ASCLEd T E A A
Alternaria E1R BRI BT LR, B AR
E RS %,

1 I EFIESAlternaria EH BRIt

R4 D B A1 P 80 I AR A L A 0, T L M i3
BAFLLRJLANEER - (1) RSB ER B 5 (2) 40 B
FIEM B s (3) MR s kL AR B A B MY, o,
B 6 L D T T O B O 2 3 0 N 27 2 4 i ) i R
HORTE T OCERE T o BAE PR B SR R T AR
TR FIRFG, AERZAZ NN L0,
AR 2 B TR, B R AR A R R R T
Bt RGeS, WA e W R R AL
LR 7R A Hb RGP 7E 27 3R, SRS TR AN BTN
Hh e A BRI, 6% BRI K R 10 35 B B
NP5 AR B AN M BE, R 22 5 B RN B AL SR
I AR

SR, H TR AE A9 Dt BB B M S0 AL 1
WRKZHETEME RN A R EZHEREE T,
YRR IE B ARG IR T 25 1, e e R B B
W (an Alternaria 3TE 55 ) A5 1906 B B B B0UR
PEEEATIRIE . A U AR B R (4. porri) 1
BURPEM T MR, RIS TR ARE
B B TR T R e 5 v B R AH DG, U BA B A R AE
Alternaria FLIR R Je it Bl FEAE . X e A2
Alternaria T A5 M2 5 200 PR ME—HE .

2 [REREEE Alternaria B & BUR %

B A I 2 FL A HEAL B AR VR I — KB AR 1
A998 D BB S0 I R v, PR I i B AR A A 2 21
TN IRERE R, AR IR Yt e M TR A
(P EE R 1o KA I B o LT B AR I AT 4T 4
Bl CEATYE AR R 2 Wy LB AG oy
WEEE " b e Y B AR R AL Alternaria
TR A R 2 A

T4 U S AL S DA R s A5 T i &
AU 1R K Alternaria T SUR PEFATER ST, K

I Alternaria B 7= 45 16 3 T2 B A Tt 2 4T 4 22 I A0
R Iee b, 0 B2 A RS A (PR
SR R T RN ), Xl
FanffaRE, M B Alternaria FE )RR N7 3
I8 i . I — R SLK:, Cho KILHFFL A
AR B H W5 BEAS TR (A. brassicicola) 2255 R+
TH s 5 e A i ) A ) R T O A R R
Ty 20 SR HE IR AbStel2 15 41 Ju B [ it g
JSC UL R B A R AT OG,  FLRE DRI 2R R AN fi ™ A il
A, HEZLARFERE, DR TReEREN
WEAE ST e SR 7L K ADVFT9 A 3 41 i e % Aot
Mg R R s, R DRIl 2 SEAR R 11 41 He R o fit Tl
RIS R, AR TR EAKRE
[N, SEARRR G 35 T2 A ABE IR ey dz /N A Y
B, HE—BWFF0 R I ADVIT9 JE IR 123 W 5 7K e 1
SR TR ROl 2 0 B PR AR I 1) A R P e IR
FIEH Amrl [ YT 3 JE G & (Colletotrichum
lagenarium) JEAOZ8 5 s K1 Cmr ] AR5 P A
Mg R R s, L DRIl 2 SEAR AAON) 77 32 40 M 1) s
RE D Imn s i B e Ah, R S IR e R O 9k
Isshiki 25 2 x5 kS S8 855 B4 (A. citri) Acpg] FEIN (4
52 V- FUNE R N VDI, 2 — oo At 44 it B ) 2R
Rl ) B0 I AH DI D REHEAT T IR AWESE, KL
Acpgl BRI HRS I B00 Re ) 22 TR, i A
REfR N LR AL, UL RIS A. citri IE0R TR
AR

DL bS5 i B, (R OK 22 R A0 D 1R 350
T FEAHAL, Alternaria BLVE 53 W 1) 40 Hig B2 % i i m]
CABEAR 25 A (0 40 M e S 2 2R, A 08 R 1A
RN B S R, 1E Alternaria 35 SU% i 1%
HORAE T A

3 KRt 5SAlternaria AR EBR 1

3.1 HEEAlternariaBEFHBUREEDRIER

H T, A1E Alternaria 3UR B0 MENLEIBETT T,
R SBURMER SRS BTG . IR
FE Rk, Alternaria TR 5 2 0] Loy O 75 R 1
7 2 (host specific toxin, HST) FlE % F4E R 5
(non-host specific toxin, NHST) # 2, It HST &
TP R 2, NHST WAE A4 12 53
Jog ok 2 P, HRRIE, Alternaria H 3 HST ¥ B4
ACT. AK. AF. ACR. AT. AAL. AM fl AB*?*
(R D)o MR FZAEMA A, IXLEe3 28 X[ LA I
3R (D) AR TR AF ATAK 2K 5 (2)



910 1t

Bl $25%

PLEG R ARAE J #EFRF) ACR. AT FIl AAL 2% ; (3) ¢
Wi IH- AR FN 41 B T E T ACTAM FTAB 25 (6 1),
W DRI, BERGARTR (A. alternate) B 5%
Ae TR TT = (MRS ) i S Ak P g AR if 12 1 AR
A A I B, 0] 7 3R AT RS I AR B S A i
1G4 H 3 (reactive oxygen species, ROS) 5k
AT R, M2 ROS R, iRl
W55 LA S ) A, alternate FiTfh (R N 1%, 23R I0 H
PR B R, AT DAY 4 RS
PR, SRR RS, E R g R
AR DL g 3L E i AR . Ik, FERIEREIIH T
T RS, NP EEF A0 (£ 1).
3.2 EeRfGAlternaria EE BRI REPHER
BB ), A=A TR
KEMEEM, BOENE BTV 20 IR
ERKFRE AT, (A A] DAY 58 55 /10 5

MIAFIE RS 4 RE o, TRy B2 €0 25t R D 0 o 1 2
Ay o B

TE—SERE Y0 SR BB b, W R R RS 0 B
&, WEMSEERAER, B S5HEREDHN
5%, JEEEREURKE DY, Eutess Ptk
TG . BORSWERKREGR DAL, WEK
S [ R 15 3R PR R 40 R PR AL AR 98/ 21 1 nm DL
T ARV SN FIEE, AL B
O ERAR, AT 3 SO 5 M R 2 s T v, A s T
Bl T INF T 1t K B WL AR AE B 70 B8R 2 3= 4
MokE, R T HERANG EHN EiTOubridik,
Cho 25 " Bl A. brassicicola (1) 240 253 | 3L K 40
HiRRERBHYN KERIE, WIRAE SR
B EDRAC, H AN AU . Kimura £
Tsuge®™ 75 %} H A BL B B3 5 S (4. alternata) 1)
WU R, REFENR TR E KUk, 5Kk

R Alternaria EREZH L. ERAMSFBHIER

HENEE B #ERAVEHALA #ERBOREH 7% R
ACT  HIFSBERS (A, citri) A ey B B EEuNiialin 51k A Al R AR Ts e [25]
ARG B 1Y 5 BT A AR T AL R
I = S s A
H i R
AK BB FR(A. kikuchiana) H A B BB 2 Jfa s 5 Ay - 4 i R M [23, 25]
AR TIANS, il A
B, WINKBIE A
hicu®, Fe'&m, SHUR
JIEE [T
AF WA A(A. jasciculata) — HORE RBT il ap SR 7T F AN Lt 4 [25]
I T ISR, IR IS
ACR MRS HEEASAR(A. citri) FHRFT BB dehifk SR AT 40 M A B AR [23, 25-26]
RH R Fy A B0 7Y A2 4t Ry B AL )
AT KARBEAS (A, longipes) R R R Rtk R A LSV, RO [5]
SR ST 1Y I KR TR TR
I 8 Ry B I, R
T SR RS AT R E S
AAL  FEEAS (4. alternata) LEPIEN TS SRR VEHATCase, 41l L1 (23, 26]
JFITETR TR, 4
TIRERRIE SR RE G e 135
S AR A A P O 1
RN
AM RS (A, malt) AR 11 5 - 2 SR 4l A T e [23, 25-26]
IR LB
AB HERERA(A. brassicae) P12 B B EHO) Lo SEN FliECa™, Mg”, K\ JERE (23, 25]

AN LR PR T K
ELEHY k71 DA
s

7E: “ATCase, aspartate carbamoyltransferase, % FF kK4 R RS il



559301

R, A R U 10 SR (K BOR LI 7t 911

I TR ARSI B 5500 B R AN [T R 2, AL alternata 1)
frMpEeh AR, HEHERDHFEE
BERENEE, XU T ROAR SEURTER R
AN A0 B B P AR LA TR o SR, AN [FAE 09 st
FLR R 77 R0 21 AR DR D e R e L AT 3 e 1 H 17k
Kawamura 25 BY 0 4. alternata [ 7= 20 Z 5N 5
AR, KIGZEER e e ok Rk, IFH
BN T R M BUE PE. M4, BRM2 HERE A
alternata B8 2 A4 A %, Kawamura 25 B
BT RPN R AR B ) RE AT IR ST, RILE B A
RBUDI) Abrm2 TATKRAL T o4& D, ik, T H.
B AN 52 1 FRAG, AEEF AN LA RRAE TS, A4
oM LU AR o

SR, MR Alternaria EREURPERC R
WA FIN—AWA . R LR RS 1 AR H
A, Cho 2 PVEFSY T A. brassicicola B 25 55 J& #l
Wy TR S5 BRI, He 1 Amrl K5 DRI
RGAGKR damr ANGe =AM, mH, 2 A%
R A, damr FIBUR BE 9 T B A28 3 —
FERIN, HIRERITEALKE damr B ZE 1= =D,
{E BT BRI 61 (glycoside hydrolases 61) Z %)
SRRk, BN RIE R Z, ek
TAUHB R FH FE A 4 P SR A A B Ry, AT 53R
A EAM MRS 2B, XIS AR R R AR D
WL, (1 BRI .
3.3 AEz¥EIRBK EAlternaria B E BUR S 5E P AY1ER

AERZHEARIR ST A4 b R LB R, AT A% B
R E LA, R ZIER L Al 59 (K
WilR. WMERERRSE ) A — RAIZ k. — L5
KRB, Alternaria TUE I B0 P 5 AE B AR K5 R
(nonribosomal peptide synthase, NPS) £ ¢, AL
A2 ZE A« E I B I SR B 3 i Bk DL
W) 781~ W7 i DT TH) 422 5% W) Alternaria 3B (1) 309
P B8 02007 48, Kim 25 B %t A, brassicicola NPS
FL R ADNPS2 (1 2E W) D REBEATWE ST, 45 RO,
Aabnps2 FRAZRAN N EE 5, LTI R R FEAIC ; [R]
W, T AlfuRER T, 33 dabnps2 FEAEHERTREY)
(AL 52 0 B, SEARRRAR Je it = AR IR
BEA/NAEEF AR 40%. X SLEE AL, ABNPS2
WL W A. brassicicola 1 L BE 1) 5 Rl B S A8 1
Wik Z 530 dhah, BRI Z a5 uE
S5, AbNPS6 JER 55 U v L bt e b A — o ok
B B R S B AR P AE LA AT 4 b
fiff - AEGF T B AT RR, dabnps6 5325 Bk 22 30 H Xt

AN PTIE BRAR LA S A B B8 09859 55 HE P 2 R AE
B BWHIURBL, dabnps6 FEAZRRML MBS
Lo BF AT/, IF HAN R AME S 1 Re Al dabnps6 58
TR YR I B BT RAMK AR S Bk 2 T
15 i AH OC DL Sk B 1 Rl ok Sl e Y 22 i H,0, 55
ST (0 R BT AR AR G T R 8 T I 1) — P A
L ) o 4 s s 4 40 B, Ui ADNPS6 FEH
A. brassicicola 1] i S 8k 844 A W) & AH ¢, H
ADNPS6 DA v fig e ik i A2k 844 1) AR P i 3
A. brassicicola {1805 PE B,
34 HEBEAlternaria BB H I 2P HIER
HEEIE S R KA S YR g AE AR 1a A Ok,
AN — S8 BB T BRI LA T B ROS 454 A5
(R4 1 BT 3 % i AU (mannitol dehydrogenase,
MDH) A1 H g5 8% -1- 1 5- it Z(f (mannitol 1-phosphate
5-dehydrogenasem, MPDH) 1 5t 4. alternata & N 1
ERIEI DG s, N GC-MS Z5 53 i T, Véléz
25 BRI T HERREXT A. alternata SO (500
JRA4E MPDH 2K 5825 ¥ R MtDH-MPDH X3 [K] it
RGRAKRA REAR G 20 2R, (H& 345 B T
B, TR IS 7 T o T O M I %) e R DR AR 5 3R TR A
alternata Prik, MHHE T H RS A alternata 31
TRE A SCE . BEJS R0 AT B, H i e e ok 4
I B R PR A 30 35 F B0 1k, 1 H
MtDH #1 MPDH % & 1 i A 25 F s C A1
B BRI R B

4 Alternaria HB BRI EZEFRESESVLE

HT, [ N AN Alternaria B SURME S5 S
e FHLEIAHSCIR IR AL TP AN 5 55 S
Z4¢ (two-component signal transduction system, TCSTS)
22 4 )35 AL B 1 PO (mitogen-activated protein
kinase, MAPK) {5 5 Fig 1t b XE(E 5 H Fi&
PRI AL WY R R R 3 5, B 2 I IR
RO 27 A B0 o
4.1 TCSTSfEAlternaria BB H 7312 F 891ER

TCSTS 1E A HE G 57 F@ie) 24T
JRRZ N EAZ A b, FEdi TR BT AR AN TR I
35 N DA R D B 2 S 1R 380 P A AR B R R R
7 EEER MM, TCSTS A& — AN A
5 IR 2 5 R I (histidine kinase, HK) Hl— /M 4%
5 HK {55 1) e NI 15 82 [ (regulate response, RR),
AL, — AR o1 B S A A2 R W R
B # R A A HKL RR 4118 0 52 2% 1) TCSTS.



912 1

Bl $25%:

KBk 2 1) S5 2 s B, TCSTS TEAH Y0 J5 H b
Fow Rl R R e EE R U R R R R A
Cho 25 "V 55} A. brassicicola BUp T 104> WL T
WEEY, RIS =28 HK(Group III HK) 3 [X] AbNIK1
(R 2K 23 7 B A. brassicicola F A R 25 5 &
VI B RE 1, T HOA B OE B B RO, Ik Ab,
AADNIKI SEAL R B8 12 G 35 & B2 A5 1K 27
Wi B GUI-HK 5 A. brassicicola 11U fE 11 2 ) #1
S, M H W] BE A2 28 5 e 77 S 1R 7 1 AR 4R B
JAE R o AH AL IR &5 SR A AR R824 i 3 B i b 45
FUESE, B GII-HK #:[K AIHK1 5 A. longipes £
A ¥, b sz R I, ATHK 3 i 4 v 1
IS A longipes BRI L. H52& FrA,
LB AE 220K BLTE GII-HK 9 D) BEWF 5T 7P o s 1
w 421
4.2 MAPKES#ES R G EAlternaria B & 2/ 13
EHRBER

MAPK Z0BcA5 5 38 % e JA% B 5 A% 8 M 2%
M E LR —, R RE DA A0 M A 5 1) Rg
RIFRBEAE . Bk Z Mt R B, MAPK {55
IR RKS S Z MR R BRI EURE L 2. Cho
2 WLIERIESY A, brassicicola BUR 25 & BRI T R,
A. brassicicola MAPK 3 K| AmkI( ER % fi% £ MAPK
FEN Fus3/Kss1 1 RIS FE DR ) H AR 1 e 5
JSE TR 22 A AR A A R A S D e .
ST R I, Amkl 5 DRI R i R ok DR R A
AbStel2 55 7= 411 fE 77 LA K BOW PE A O M S 4k,
Lin #1 Chung™ 4 #¢ & Fus3 MAPK {55 5 # S %1%
Y5 Alternaria BRBURTEBVIA G « Fus3 a0
5 — AN 18] 5T BRI 1 B A sk B YAP I AR A
(AaAPI) — & AT BUW Dh g BE J5 1 BF 503K W,
AaAPI 817 BRAZ Gy i 7 vh A 27 2R () ROS 7E 4.
alternata BUF MG R IE/EH .

=B (high osmolarity glycerol, HOG) MAPK
55 5 SIBAN-FHE LN =818 I PR 03 B 1
DL T BC B 25 2 I EOm Ik B o T BRIHBIE
X} A. alternata B E B Z A 20, Graf 25 ¥
[T A. alternata ) MAPK &KX AaHOG, F1-H|HH Ak
DRI R B TVt o0 T A2 Thiie . &5 RN, Sk
58 A% W Kk daahog AN BE 77 BE M i 9y (alternariol,
AOH ; — P BATJHARYE, wIReAl N\ ) B
B 2% ) A AC BE A% AL BE 5 1T JF (alternariol monomethyl
ether, AOH HUILALATAM) ), A 1 HI{B 2R 1
Ae ) N R, i H LA REAE &l e A, X

] HOG-MAPK 15 5 % 5 i& 123 i 1 15 AOH (1 4=
W& A 025 B/ B .

H Hr X} Alternaria B3 15 5 ¥ FHUEI A 5 B0%
PEMFSEAZ, Ll & TCSTS Hil MAPK i 4% (1)
MU AT BEAEAE AN ] 1 ot BEE B IER N,
ARG R 2 5 BUR A G S iRl 2R
W AR BRI JVE o 3B 58 S MR ST,
Al LS AEAf 3Rt Alternaria LRI BOR LT, I
TER WA AW, il k> Alternaria ST Y
KI5

A. brassicicola A. longipes A. alternata
IEEEEIN BYEFE ABETIE ROS S HW
HK ADbNIK1 AIHK1 2 ?
1) ! | |
RR i i ; :
e 2 ?
MAPKK =L % F@AMPI ?
MAPK AbStel2 I \[/ A a%;o(;
AOH K HAT
R PRSI XhRERIEUR %K ROS s
TR 4 AR
AECE e ridalil

MELRH Sk AHNE RS BB, HK: 4150 M 3
RR: RMHWEE; MAPK: 2 25005 40 8 (1 M0 ;
MAPKK(MAPK kinase): MAPKJ4#EF; MAPKKK(MAPK
kinase kinase): MAPK{GIHy: AOH: #E&%{uly. KEHR
Pi[19, 42, 44-45, 47145 SRR IE 226

E1 Alternaria ERESH SN SHBHBHHIEXE

5 BESRE

Alternaria ¥ J& 4= BR P 10 5 2R 0 95 i 14
HAr R IZ) 500 Fl, REFEOHAS . SFHR. L. 0
RN ALSE LT FRAE DR E TR i, T
X LR EMIAE K B RS, ARRTTE
M s s BB kB e B, B A S
Alternaria ¥ 18 B AL HI R BF U D, 8K BEH /R
HAZ G 25 0 AR R, S 20 Alternaria ¥ E R34
REA TR T« —J7 1, Alternaria ¥ 1%
i T LA s, dkekar R E TR s v —Jr i,
i ks SR FH 4K 27 A% 25958 1) Alternaria BT 51 HE I
RIS, A HH T 25 1 R AR 1 LR B L R Ak 2 Ak 2
XPIREE VG B, 45 Alternaria LR 35 BT 16 717 K
TEERRE. PrLh, X HEE PR T IR A SR
filt ¥ Alternaria FLWR &3 (1) IERT 5 OCHE .

Har, B WM Alternaria B0 2099 HLH R F
I E LR P AR R RS ) b R TR TR



559301

R, A R U 10 SR (K BOR LI et 913

TEMNBER RN RN, A—Essd
PRI B R BE = fRBY B R 2R B B
W R Qe Berh, 00 2 M AL (1) 2
5, ARRFERAEA R B msE R S Ml
Wi, FEIFANTSE BRI R (nEBUR LR )
S BRAAEAR 0905 D B0 1R B0 1 2 AL DGR . SR
Gr s AR B 8 I HEA G I 2 5 I AR A AT 3L
(B va R, b B A P SO B B 22 G
B —3. LA, MBS M= AE R A RS A, #Ri
Alternaria .16 B35 7= A2 105 S HLHD, My BH 1L
1RYLIERE 5 MBI RS PR e, 6] B 2 A &
RV EIHLRIBEATRR T, PHOEION 25 BT, AR
fRYLA, HeAh, EFXTIARRY BOE BRI HLE], (EBIAS
W BB IR E ST R, T RE Alternaria SLVR - 27 325K
I o3 A AR ST, AN R T 08 B Ad A )95
R ECTR TR BURALE, RIS AH R T A A 240 B
NG KU 14 Alternaria BB A 77 B8R B A1) ((QnA:
WMBiEIAF ), CLAEE T Alternaria H M LUZ G (1)
YER A S R s SR i 5%

(& % 3 #f]

(1] 5KRF P EEEEMI. Jbat: B Rk, 2003

[2]  EHEEL, KIERE, ARG, A5, BRI BT EOUR R =R
P e K HAZ Y. B RUR 22 B4, 2006, 21(4):
33-6

(3] BRfrdh, B304, mocss, S5 B ETCR 5 5 A
T B R 2 25 5 % . IREES T, 2008, 8(6):
54-6

[4] i, F4RMe, BREE, 5. BERG )R SRR IEM M fE 5.
WA RS R A ARRH 274, 2005, 21(4): 87-91

[5]1 5KJTR, B, W4, 45 MR RN sidt . VL
VAR, 2011, 23(1): 118-20

[6] FheE. ek 08 SR IR S8 VA SE[D]. Prra: iR

K2, 2006
[71 B R AR e S AR TR R M. dbat: R
Mk H AL, 2006

[8] Baez-Floresa ME, Troncoso-Rojas R, Islas Osuna MAI, et
al. Differentially expressed cDNAs in Alternaria alternata
treated with 2-propenyl isothiocyanate. Microbiol Res,
2011, 166(7): 566-77

[91 Llorens E, Fernandez-Crespo E, Vicedo B, et al.
Enhancement of the citrus immune system provides
effective resistance against A/ternaria brown spot disease.
J Plant Physiol, 2013, 170(2): 146-54

[10] 2 SCHE. JHRE SR A 03 03 Do 0 1 0 — PP 1 IV Jle 248 5% 1 77
MLy Lo THLHEIFFED]. B ZF K7, 2009

[11] Meng SW, Torto-Alalibo T, Chibucos MC, et al. Common
processes in pathogenesis by fungal and oomycete plant
pathogens, described with gene ontology terms. BMC
Microbiol, 2009, 9(Suppl.1): S7

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

Howard RJ, Ferrari MA, Roach DH, et al. Penetration of
hard substrates by a fungus employing enormous turgor
pressures. Proc Natl Acad Sci USA, 1991, 88(24): 11281-4
Chumley FG, Valent B. Genetic analysis of melanin-
deficient, nonpathogenic mutants of Magnaporthe grisea.
Mol Plant Microbe In, 1990, 3(3): 135-43

Bechinger C, Giebel KF, Schnell M, et al. Optical
measurements of invasive forces exerted by appressoria of
a plant pathogenic fungus. Science, 1999, 285(5435):
1896-9

Tanabe K, Park P, Tsuge T, et al. Characterization of the
mutants of Alternaria alternata Japanese pear pathotype
deficient in melanin production and their pathogenicity.
Ann Phytopathol Soc Jpn, 1995, 61(1): 27-33

i . U PR ST I R SR A DR SR )
AAWEFED]. bk AR A KA, 2007

KA. SR BRI AR A P ST TR T M RO A
I AL SR BN T [D]. 2B R K2, 2006
TG, AR SR R A 0 1M 5 BUR LRI
[D]. ¥lk: b Aalk Kz, 2007

Cho Y, Kim KH, La Rota M, et al. Identification of novel
virulence factors associated with signal transduction
pathways in Alternaria brassicicola. Mol Microbiol, 2009,
72(6): 1316-33

Cho Y, Srivastava A, Ohm RA, et al. Transcription factor
Amrl induces melanin biosynthesis and suppresses
virulence in Alternaria brassicicola. PLoS Pathog, 2012,
8(10): 1-17

Srivastava A, Ohm RA, Oxiles L, et al. A Zinc-finger-
family transcription factor, 4bVf19, is required for the
induction of a gene subset important for virulence in
Alternaria brassicicola. Mol Plant Microbe In, 2012,
25(4): 443-52

Isshiki A, Akimitsu K, Yamamoto M, et al. Endopoly-
galacturonase is essential for citrus black rot caused by
Alternaria citri but not brown spot caused by Alternaria
alternata. Mol Plant Microbe In, 2001, 14(6): 749-57
Ykgite, sk s, RO, MR TR, E
FERLAIA R FH i ¢, WA K 244K, 2007, 19(5): 393-8
Otani H, Kohmoto K, Kodama M. Alternaria toxins and
their effects on host plants. Can J Bot, 1995, 73(S1): 453-
8

TIVEEs, wRIVE, UL HEAR T 75 LI PR R R AT
FUHPIR. WL R Be i ARSI, 2001, 19(4):
19-22

Tsuge T, Harimoto Y, Akimitsu K, et al. Host-selective
toxins produced by the plant pathogenic fungus Alternaria
alternata. FEMS Microbiol Rev, 2013, 37(1): 44-66

KIUGH. A Del A% f B ) 452 S BAR[D]. FEK: PUEI R
27,2001

SR, A3 AR R B ORI S Z MG R,
5 £ ] #, 2008, 27(Suppl.): 106-9

TP, MR, EBOR. R 5 LR B B
FE 7. B, 2004, 23(1): 151-7

Kimura N, Tsuge T. Gene cluster involved in melanin
biosynthesis of the filamentous fungus Alternaria
alternata. J Bacteriol, 1993, 175(14): 4427-35



914

25k

[31]

(32]

(33]

[34]

[36]

[38]

[39]

Kawamura C, Moriwaki J, Kimura N, et al. The melanin
biosynthesis genes of Alternaria alternata can restore
pathogenicity of the melanin-deficient mutants of
Magnaporthe grisea. Mol Plant Microbe In, 1997, 10(4):
446-53

Kawamura C, Tsujimoto T, Tsuge T. Targeted disruption
of a melanin biosynthesis gene affects conidial
development and UV tolerance in the Japanese pear
pathotype of Alternaria alternata. Mol Plant Microbe In,
1999, 12(1): 59-63

Lawrence CB, Mitchell TK, Craven KD, et al. At death’s
door: Alternaria pathogenicity mechanisms. Plant Pathol J,
2008, 24(2): 101-11

Kim KH, Cho Y, La Rota M, et al. Functional analysis of
the Alternaria brassicicola non-ribosomal peptide
synthetase gene AbNPS2 reveals a role in conidial cell
wall construction. Mol Plant Pathol, 2007, 8(1): 23-39
Oide S, Moeder W, Krasnoff S, et al. NPS6, encoding a
non-ribosomal peptide synthetase involved in siderophore-
mediated iron metabolism, is a conserved virulence
determinant of plant pathogenic ascomycetes. Plant Cell,
2006, 18(10): 2836-53

Franza T, Mahé B, Expert D. Erwinia chrysanthemi
requires a second iron transport route dependent of the
siderophore achromobactin for extracellular growth and
plant infection. Mol Microbiol, 2005, 55(1): 261-75
Voegele RT, Hahn M, Lohaus G, et al. Possible roles for
mannitol and mannitol dehydrogenase in the biotrophic
plant pathogen Uromyces fabae. Plant Physiol, 2005,
137(1): 190-8

Véléz H, Glassbrook NJ, Daub ME, et al. Mannitol
biosynthesis is required for plant pathogenicity by
Alternaria alternata. FEMS Microbiol Lett, 2008, 285(1):
122-9

Juchaux-Cachau M, Landouar-Arsivaud L, Pichaut J, et al.
Characterization of AgMaT2, a plasma membrane
mannitol transporter from celery, expressed in phloem

[42]

[44]

[46]

[47]

cells, including phloem parenchyma cells. Plant Physiol,
2007, 145(1): 62-74

Gao R, Stock AM. Biological insights from structures of
two-component proteins. Annu Rev Microbiol, 2009,
63(1): 133-54

Zhao Y, Wang S, Nakka G, et al. Systems level analysis of
two-component signal transduction systems in Erwinia
amylovora: Role in virulence, regulation of amylovoran
biosynthesis and swarming motility. BMC Genomics,
2009, 10(245): 1-16

Luo YY, Yang JK, Zhu ML, et al. The group III two-
component histidine kinase A/HK! is involved in
fungicides resistance, osmosensitivity, spore production
and impacts negatively pathogenicity in Alternaria
longipes. Curr Microbiol, 2012, 64(5): 449-56

Cho Y, Cramer RA, Jr Kim, et al. The Fus3/Kssl MAP
kinase homolog Amkl regulates the expression of genes
encoding hydrolytic enzymes in Alternaria brassicicola.
Fungal Genet Biol, 2007, 44(6): 543-53

Lin CH, Chung KR. Specialized and shared functions of
the histidine kinase- and HOG1 MAP kinase-mediated
signaling pathways in Alternaria alternata, a filamentous
fungal pathogen of citrus. Fungal Genet Biol, 2010,
47(10): 818-27

Lin CH, Yang SL, Chung KR. The YAP1 homolog-
mediated oxidative stress tolerance is crucial for
pathogenicity of the necrotrophic fungus Alternaria
alternata in citrus. Mol Plant Microbe In, 2009, 22(8):
942-52

Ma D, Li R. Current understanding of HOG-MAPK
pathway in Aspergillus fumigatus. Mycopathologia, 2013,
175(1-2): 13-23

Graf E, Schmidt-Heydt M, Geisen R. HOG MAP kinase
regulation of alternariol biosynthesis in Alternaria
alternata is important for substrate colonization. Int J
Food Microbiol, 2012, 157(3): 353-9



