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G protein a subunit CgrGa3 regulates vegetative growth, stress
responses, conidial production, and pathogenicity of Colletotrichum
graminicola

WEI Hanwen, ZHANG Ying, LIN Shaoyuan, ZHOU Shuangzhen, LI Xiaoyu, LIU Zhiqiang"

School of Life and Health Sciences, Hainan University, Haikou 570228, Hainan, China

Abstract: [Background] Colletotrichum graminicola is a pathogenic fungus that poses threats
to crops such as Zea mays. Heterotrimeric guanine nucleotide-binding proteins (G proteins) play
a crucial role in signal transduction of filamentous fungi, with the G protein a subunit being a
major component. [Objective] This study identified the G protein a subunit (group III) CgrGa3
in C. graminicola and investigate its role in the growth and development of this pathogen.
[Methods] CgrGa3-deleted mutants were constructed by gene knockout. The phenotypes of the
mutants were characterized, including the hyphal growth, stress responses, conidial production,
conidial germination, and pathogenicity. [Results] CgrGa3 encoded a protein composed of 355
residues and containing a G_alpha domain. The CgrGa3-deleted mutants exhibited inhibited
growth, increased sensitivity to NaCl, KCl and H202, and reduced production and germination
rates of oval and falcate conidia. Additionally, the pathogenicity of the mutants was markedly
weakened. The complementation of this gene restored these phenotypic defects. [Conclusion]
CgrGa3 plays a critical role in regulating the vegetative growth, stress responses, asexual
development, and pathogenicity of C. graminicola.

Keywords: Colletotrichum graminicola; G protein alpha subunit; conidia; pathogenicity

EOK R H W o2 B OR A/ R H MW
(Colletotrichum graminicola)3 | & () — fh 1 &k
FU, XA RE S T B A FI R X L
EAVAE 3 FE s AR 10 A2 3BT 2B
&K, REPI AR AL 2P RS
A 2 Fh oA A, BPORIEIE LT (oval conidia)

il X BT 5% BOAS: S 25 0 TR o 91 G D L T ek 2K
I = it e b A A R 7 B (R

fie gf AR YT, G & 1 & Mitogen-activated
protein kinase (MAPK)fS @42 7E &SN ARAH
SHmAEREREAK . KT &G RS
KEAEHS ., BEEEARM L, NIX R

A4k 14 T (falcate conidia)®, DF [ #1718
WEFFRNIERGFEME2Z, 2 5WHEAES
F A0 PN T H SR D TR A WU FE T AR
MET R b R ECAE AP, SR8
T WL i (appressorium) . ) 4= B 22 (primary
hyphae) FI¥K 4 1 22 (secondary hyphae) A 1% 7
gifE, SEEmpsET-e,

AR, A AR I L I BUR 4 AL

B ZOR AL A RS BOINE AL, XX T R PUe
st BRI 2 B 16 R HA H A

T TR A W A BRI e 0 B 5 AR A 1Y)
AR EEZOEEERY. EERAET, &
TR = S 5 TR I A2 1 18R 45 -5 25 ) (heterotrimeric
guanine nucleotide-binding protein, G EE)?S%
TZMAERAA AR G AW Ga. GB
Gy 3% 3 MWEH R, G HAW Go WESE 2
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GTP I GDP (ac#e S BUB0E . TS Gpy —
Rikoe, & BERTARROY S, 60T
2 ¥4 1k [ (adenyl cyclase, AC) Fl i g i C
(phospholipase C)!'!, X 0 #5% bl )5 filh & — %
GV WEAE S IR SN, T I8 45 40 B P 22 ol A
MR, G 8 EAUFE VA4 4 A S ke 21 ¢
FEVERT, IOTEA M5 PREEAR BRI v S B 4 il
RGSIE IR A I O N R 72 7/ N R €2
S BT AT [0 R

FEHET, G EAFSESBREEERE
o K U 1 A T L ) o AR A R v G B
VR ARG e S AR, Go WEEETT 434 T Y |
IR LAY, Hovp, 1 RSFN T &Y Goo W0 3643 )
SIHA ) Gai fl Gos 25 F1EA [FPEME, W
11 A Go MVIEAE A FL 3 v i R e B HO 1 2
(U4 Horp, TR Go W7 3% A LRI Y GTPase
SRR GTP 25600, H C o & A —4m i
PRSFHY GTP KR IFHIU, I R 5] TR
UF ) RAE . BN, F A TE (Ciboria shiraiana)
Fow it i, GPAL R EHEEMIEATT; GpaB
LT cAMP 5 5 7 B il 4 (Aspergillus
flavus) Jo 1 7= 7 AN 80 1 o & 35 FE AR U
TERSIEIR 1 (Magnaporthe oryzae) ' MagA (CgrGa3
4 T 058 10 ) A B e S 0 78 SR AR G L AR A
A A UG R A R [/ N
(Trichoderma harzianum) AThGa3 % 25 {4 [ 14 22
AR IREGE | A b R AL T BB PR R
KU 7E R He SE R (Valsa mali) i, Gvm3 2
FEAE R AR -, R IE S 5 IR %
FEANECH SR, SR, G FE A T A Ga W3
(Ga3)TEAR A B JH T H A AT AR B R Gt 52 .

AT A NCBI AR ¢ SH T 2 PR 2 25
e, BERFRIAWET G EMAM UL A Go W5
HISEIR, -5 6 ] 5 51 4 e AR AR W2 Dy Re ik
TR

1 #HRE5r=E

1.1 &

7 A= TR MR R R 4 7% JEL TR (Colletotrichum
graminicola) M1.001, H A &l 4R b B2 B X SC il
W58 5 W . pUCIS [ %5 & Wk IR 5% 7% il
(hygromycin phosphotransferase, HPT), it
BREGRRIO MR pUCTS (GBHEEE R G418, I T
HANR R A, ARSI E R AT, AR R
P Ko FLAH G 58 78 1A 4 5 P AE 1 4% 55 A 2 b
(potato dextrose agar, PDA)RHAIRE FRFEH, LR jEL
F 4 °C. SEIHE R E K (Zea mays) it Bl <t
i 128, WALt Al 2 w4
1.2 HEHRE

PDA #5950k . 4% 25 %5 W A ((potato
dextrose broth, PDB) X5 3¢ 4t | € 4 B 3%
(complete medium, CM), FEAHK: FF I (minimal
medium, MM) . 2 [} % & (Czapek medium,
CZ). #F Ky (oat meal agar, OMA)RGFH K . LB
KR FEEA R # 5 (regeneration medium,
RGM)FI RGM " JZ 85 F7 2 R SCRR[21-22] B il .
1.3 FERFIANE

DNA #E ¢ It & . Bk o0 &
PR P4 N DI Sz PCR )55, TaKaRa 23],
BEM R RS, LA —EWRHHEA R A A
TG R4, Bl — R AR A R A W
Miracloth J§4ji, bR RFEEFHEIARA A,
1.4 CgrGa3&ERAMRENFISE D

Z: M8 NCBI ARA S A ALE s 7, il
H Primer 5 #1154 CgrGa3F/CgrGa3R, H T4~
% CorGa3 £ K 1y ik el S2HE (% 1) 33k SMART
TEZE T H.(https://smart.embl.de/) Filill] CgrGa3 A
LI, M GenBank $¥ A rh e 2 HiAh A
W) Ga3 FEH A4, i HTEZ T A Clustal
Omega 172781 X, FHH GeneDoc AL
AR T s /R SSE DA=W BYIi  R
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Table 1 The primer sequences in this experiment

Primer Sequence (5'—3")
name
CgrGas3F
CgrGa3R
CgrGa3uF
CgrGa3uR
CgrGa3DF
CgrGa3DR
CgrGa3uu
PI
CgrGa3DD
PI1
CgrGa3hbF
CgrGa3hbR

GAGAAAGCGGGAAATCCACA
TTGAGTCAGGCTACCGTCCT
GCTCTAGACTCTTCTGTCTGTCCGCCTG
AACTGCAGATGAAGCCGTTGTCCGTAAG
GGGGTACCTCGCTTTGACACGGTATGGT
GCTCTAGAAGCCACTCCAAACAACCCAA
TACCCACTGCAACTGTGTACCTCTG
GTCCTCGTTCCTGTCTGCTAATAAG
AGACCGGAGATCTTTTCCCACGTTG
GGCACCCCAGGCTTTACACTTTATG
TCCCCCGGGCACATGCTATACTGGTACGC
GCTCTAGAACTCCGCCCATCCCGAACAT

1.5 CgrGa3 ZRE /IR R R E D
HIPREENZH DNA R CTAB L42HC, LU
7 A U TR Bk 1 JE R 41 DNA SRR, 20 5 514
CgrGa3UF/CgrGa3UR #ll CgrGa3DF/CgrGa3DR
P4 CogrGa3 W LWEMI N EF5I(1 011 bp Al
1078 bp), SRJ5 5 pUCI18-HPT #R {4 i #2544 1t ik
BREGAR . 2200 7 36 UE I K 344 e A A TR TR i
B A AR, FER N 50 ng/mL HPT #Y RGM

Bh Rk b ik AL+, i 1 CgrGa3F/CgrGa3R .
CgrGa3UU/PI. CgrGa3DD/PII 5|#ji47 PCR #
M 1), PCR i 55142 BOCHR[21],

R AR DL A RV R AR FE N 4 DNA
JtEAR , {# 1514 CgrGa3hbF/CgrGa3hbR 31
Hi R B, JERHAG A pUCI8-G418 #ifk, H
AR AL 2 ACgrGa3 2 AR A 45 1 J AR T A
i, 1E RGM B 5 5E(& G418) ERkBU: 1L 1,
I+ 5% CgrGa3F/CgrGa3R #4171 PCR 4l .
REY 3 CorGa3 H:MH A B wI A B Ab
AL MHRTIIER 1.

1.6 REKREFEKNMNE

AT A TR TR e S A O % A28 R 1 TR 7 0 %
FTHC S mm B PF, #EFT 9 cm HAZIAR B F7
JE(PDA, CM, MM, CZ) 1 %, T 28 °CHIEHE F
FPESE S d, iICREE EAZ,

1.7 BB REF8RM 2

B A T TR ke S HE A S 2 728 AR 1) T % 300 25
WEA 5 mm WEYE, M EER 9cm 1) CM
grapdhge, B EG I HISA 0.8 mol/L
NaCl.1.0 mol/L KCI #1 5§ mmol/L H.O,, F 28 °C

F R
> CgrGa3l 4
CegrGa3 up CgrGa3 down

WT
xbal * Pst
ACgrGa3
> <
uuU PI
1 CgrGa3 £RERRE A& T 510 [RE
Figure 1

CgrGa3 up | pUClS(HPT)I I CgrGa3 down |

!

Kpn 1 Xba 1

| Cnga3 up pUC] 8 (HPT) Cnga3 down |

>

PI1

<

DD

The design and validation principle of the CgrGa3 gene knockout vector.
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MR AR 5 d, MR EEER, JrE
eI

] 28 (%o )y=(hT HE 4 TR V% B4R Kb P20 1T %
HAR)/XT A TR 7% H 42> 100,
1.8 IR FEEREL

M TR VR LTI S S HAZ 5 mm
Pf, #Fh %= PDB H5373E, 28 °C. 150 r/min &
YR 3.5 il 7.d. SRS A Miracloth JE45 i U,
FfiJ5 L 12 000 r/min 5.0 2 min ZRA5 00 RTE A0
T KR ESE T KW LS K, IF
et T i 4 3 5 ) L

TSI W R, K RESE 3 d
(98 [A) #F 38 1F Miracloth JEAG g I &,
PR E Jy 1x108~/mL ., B 20 uL 5P R TE
61T AR T R B A b AR G P 3L
HIRIE, BT 28 °CHigf 12h, &6 hillE 11K
[ &
1.9 $FIIEBTF=ERMERRK

TEAS RAR VR AT 5 mm PE, 53901
PR 2 B AR 9 cm () OMA il PDA 533t o
16 28 CCHEFRAAIE SR 14 d. Rl G, MKH
F) 2% B8 F K PR R 38 L AT, IR TR,
JFi 3 Miracloth JE AT i U8 F PR 22 . i A 4
L0 I o S TR 6 1 o

R T UEEHR TIE T &, KSR
OMA #5775 14 d MR DB MF i8It EE T K
HEB TR, TR E R 5%10° ~/mL.
6 BB R 1) 25 ORI (FIPRR 128), B ORI
Ao HIOw 3, S 75%CBER AR AR
FRHTEAL B B 20 pL S J1TE M T2 i MO AE
R ik b, 28 cCRiB &5 5% 36 h, )5 i
T WL B 3 T RN A TR 22 10 7 A
1.10 EfRMTHh

W ik ] RS-k BE R R S 5%10° A~/mL, N

A 10 pL 0.005% K DA gt 7 A B ek . ik
B2 Rl B RS =, ZER Bk Je R 15 mm
FHRGEET RS 0, M DR 2 S R SRR Y
1/3. B 20 pL MR JIIE A2/, MU T3
5 T Ak, i PGB K A g o) R e ol 432
FlUE B AR &b, BT 28 °CHEFE 3 d
J&, WEE ORI BOw IE L,
1.11  HIEAIE

% JH IBM SPSS Statistics R23.0.0.0 & 1F
fTHZE ANOVA 43#r, B EMKF-&E N
P<0.05, EIJEHI{ER M GraphPad Prism 8.0,

2 ERE54M

2.1 CgrGal ERZWENTEERS
%1 EE %

TERZ RJH B H, CorGa3 iy FF i b B2 HE
(open reading frame, ORF){ &4 1 382 bp, %
f—~ 355 NEIERE R, A SMART
Xt CgrGa3 #4178 A5 M8 54T, CerGa3 5 —1>
G_alpha 253 (K] 2A) . il i Z ¢ 41 e X & 3R,
ZMEWEM Ga3 HAFHIHERS A G_alpha
RN, I HARRIMEES S (8] 2B). CgrGa3 TEMK
JE 1 J& (Colletotrichum) sh B A #% & 19 [R]
5 M0 & # s JH B (Colletotrichum navitas)
(XM_060554416.1) F1 1 M & » JH W
(Colletotrichum spaethianum) (XM _049274946.1)
IR L 43 31 M 96.25%F1 90.17% . 78 HiAth 22
REFT, CgrGa3 5 Valsamali (UXX33815.1)
FIk) & il 75 (Aspergillus nidulans) (AAF12813.1)
AL 435310 78.87% 11 76.97%

2.2 CgrGa3 £[FE Fibfr K E4MEkRREE

FIH =% PCR BiiF CgrGa3 H [H it 58 725
& 514 CgrGa3F/CgrGa3R #17 PCR KiiERT,
AR R I 1092 bp HIKH B, WikkbR%E
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G_alpha

0 100

200 300

esgPga 6lF €G A6g IW DFa eqlé RGtEFYLNDoEe"E: e RIVSpDYE“Ne“nDJIR’HRTKTT“IYETF QMGCLSIHEME

FOSVVNSRWEMRTSIILFLNKVDEF4CKL RSDLq'\IYFFEYS

*

N‘llyFaK“LLWRENC .VNR. NLYBHLTCQATDT3NIRLVEAR

B2 LS EMARMEERS Ca3 EEMNZFIILEXT
Ga3 HFRYFAI LR, TRILIXEFEIR G_alpha Z5#438. Cgr:

A R IR ) CgrGa3 2535 #71 ;B -
RAS WAL M1.001 (XP_008091667.1);

Cna: Colletotrichum navitas (XM_060554416.1); Csp: F1E5H 2RI (XM_049274946.1); Vma: £JE 7

FEH(UXX33815.1); Ani:

P B (AAF12813.1), #5575 K GenBank &3¢ 5,

Figure 2 Multiple sequence alignment of Ca3 protein in representative strains of several closely related
bacterial species. A: Domain analysis of CgrGa3 in Colletotrichum graminicola; B: Sequence alignment of
Ga3 proteins, the underlined areas indicate G_alpha domain. Cgr: Colletotrichum graminicola M1.001
(XP_008091667.1); Cna: Colletotrichum navitas (XM_060554416.1); Csp: Colletotrichum spaethianum

(XM_049274946.1); Vma: Valsa mali (UXX33815.1); Ani:
numbers in parentheses are GenBank accession number.

ARG iz B . FIAEIY CgrGa3uU/Pl
1 CgrGa3DD/PI1 #k4T PCR B UERT, ABRIESIA
REAS RN E H A R B, TSP A BUARY 1S AT A0 A
Bt 2t PCR WHIESRAS T 3 IMRbRIEABIA, 43
4k ACgrGa3-12 . ACgrGa3-21 . ACgrGa3-26,
HAMNFRE 1T CgrGa3F/CgrGasR 5| #156iiE
REY 1 CerMbpl FEH R B, #IAAE I H A4
AL+, Ifamh C-ACgrGas.

Aspergillus nidulans (AAF12813.1). The

23 CgrGal ERAREBEREFEKHH
AIE1ER

WK 3 i, ACgrGa3 88T B Fl =
) CZ F1 MM K556 v 19 25 Kl R B A% 1Y
A BRI R A AN R o T AE PDA AT CM K5 573
H, SEPAERIICE 25 R XSS R CerGa3
X ARAF B IH TR A2 8 SR Z R B AR K LA &
BAEA
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A WT ACgrGa3-12 ACgrGa3-21 ACgrGa3-26 C-ACgrGal B

PDA

3 RIFER ACgrGa3MEHEMHRENRIEFE LHERKRKE

N | 4 L, \ W, g \ &

mm WT C3ACgrGa3-12 &= ACgrGa3-21
ACgrGa3-26

100
wm C-ACgrGal

= =) (o]
(==} < (=]
T

Colony diameter (mm)

]
(=]

A S EARTE 4 Fh g5 33 | 28 °C

Bt 5 d BRSO, B AR AR VA 2R K EARGE T 04

Figure 3 The growth status of the wild-type, ACgrGa3, and complement strains on different media. A:
Growth performance of each strain after 5 d of incubation at 28 °C on four different media. B: Statistical
analysis of colony growth diameters of different strains. *: P<0.05. The same below.

24 CgrGa3 ERBRHEERLMZIE
Bivig e 52 Hh 184 E A

7E 0.8 mol/L NaCl 4B, A5 A8 A=
RN 5054 76%H1 57%; 1.0 mol/L KCl
SEFRET, RASKREE NG ZN 57%, B
h1 48%; 5 mmol/L HoOp AbHE T, S8 AR RN A=
T R4 15K 5 68%F1 46% (& 4). HI%E
THFAERL, ACgrGa3 ZRAFAX NaCl., KCI Fl
H,0, BN, CgrGa3 5P R4 7 9 I 4
A7 RIS 37 M g A
2.5 CgrGa3 EARARERINERAEF
SR A% Y EEER

ACgrGa3 1) 5R 5 JE i 7= 5t B A% F B A=
UGG R, AN 1B A U B A O R 78 7 B
50% (&l 5A).

ACgrGa3 (1) 5R R JE A6 1 W & &k A= an K A%
fk: ACgrGa3 11 b [RIE 76 T i & % B I 117

AT PR, 76 6 h B, B AE R AR 95%,
1M ACgrGa3 [ & RALLH 5%, #£ 12 h B,
FRAFRI T & RABAH 18% (& 5B). X sb2h L
R, CgrGa3 JAFEARAT B JH 1& P (BB 46+ 1) 7™
AT K .

2.6 CgrGa3 EARBRERRIIEAETF
MyEEZEREBIERLFRTER

CorGa3 Myl 2k i 25 /b 7 ik JI B A6 1
P, 1E OMA I, ACgrGa3 Wy /1477~
AU B A R ERR D 10% (8 6A). 1E PDA |,
ACgrGa3 #JJJEAMF =it (U 2.2x10° 4>, i
B4 Rk 7.4x1084~(1&] 6B).

TE BRI R By R Ge fR v, B A B TR R R
HANR RIS BETE B L, O HLR A MR Re i —
T I T 4T Kk, 2T,
ACgrGa3 HI#ik 1B AT SR BEAE IE T8 B 2
ML, (BRI E R 22, RBOCE
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o
A B
cM
\ m=WT CACgrGa3-12 = ACgrGa3-21
100 r s ACgrGa3-26  wem C-ACgrGa3
5 mmol/L [f @sr L **
22 g 60 . § : §\
(=] e \ \
= N N
0.8 mol/L | 2 § §
NaC1 {3 = 20 : § \\§
5 mmol/L 0.8 mol/L 1 mol/L
1 mol/L | H,0, NaCl KCl

4 BHBEFXEFEE ACrGa3 MEAEMKEKMFM A WS 5 mmol/L H,0,.0.8 mol/L
NaCl #1 1 mol/L KCI ff) CM K573k I+ 28 °CH5 3% 5 d /B KAEBL; B: 5 mmol/L H,0,. 0.8 mol/L NaCl
11 mol/L KCI X 45 T bR A K AM i R A FE 3120 Hr

Figure 4 Effects of stress factors on the growth of wild-type, 4CgrGa3, and complementary strains. A:
Growth of strains on MM media containing 5 mmol/L H2O,, 0.8 mol/L NaCl and 1 mol/L KCI after 5 days of

incubation at 28 °C; B: Statistical analysis of the growth inhibition rates of different strains under 5 mmol/L
H>03, 0.8 mol/L NaCl and 1 mol/L KCI treatment.

o w—WT 2 ACgrGa3-12 B ACgrGa3-21 H w=WT = ACgrGa3-12 == ACgrGa3-21
20 ACgrGa3-26 w C-ACgrGa3 - == ACgrGa3-26 w C-ACgrGa3
o
E5 S 80
= 8
X £ 60
S E
: E 40
g s s
S S 20
0 o
0 6 12
Time (d) Time (h)

5 B4R, ACQrGa3 MEANEMINER A FH2FMBELER  A: 7EPDB HiFEMHFE 3. 5. 7d
YRIEE A7 B #3Ur Bk 6. 12 h BBRIETE A T k2
Figure 5 Oval conidia production and germination of wild-type, ACgrGa3, and complementary strains. A:

Production of oval conidia in PDB medium after 3, 5 and 7 d of cultivation; B: Germination rates of oval
conidia at 0, 6 and 12 h.
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AHRAZTFE 6C). XELE K], CerGal
WG MT =4, I BXFF RS I

W) AR T 22 T R 75 14 o
2.7 CgrGa3 £5{FiERERERNH
w1

U A R TR D TR R 1 e ) T L B I R R
B i ORI )7 AR BU B )R BE, T ACgrGa3 %8
AR B Bo T S (B 7). I, CgrGa3 5
SR RAS DI TR K R B e

3 Wik

G EOEAERG SH REE RS, |
CSHEREER . KEXEURERE . CerGa3 1E
SRR BAE B — A Go WAL, 7ETCMEA:
B L T IR R P T SR B S A

A5 K BRRBR AR AT I IH I Ga 7K CgrGa3
AL T R SIH AL IR EIAEK
A, AR, EEFRTER PDA Fl CM Hi 5
B ES RN EFRER IR 257 (B 3A), X

A B
10~ OMA 1o PDA
)
s o
g - s ®
& &
= =
5 < o
g £
= 2
=
e 2 or
* =* *
# WT ¢ N o %)
q GO,B:LE) C%fGU?J 1.605‘\ \'GO-?’:L GOSIL " gGO-
& WT ACgrGa3-12 ACgrGa3-21 ACgrGa3-26 C-ACgrGa3
" = Y . e ey o == -

6 EFFHEA, ACgorGa3 MEFEHKIRIIFBF~EMNERLT A

A: 7E OMA 553

It 14 d 9RJVEA T & . B: 7E PDA B3Rk h B3R 14 d VB 77 & C: #i/IEALF1E 36 h YKt
HIMWIEELZIE RSO . fo: SRIVEM T ap: BEEM; ph: ¥IARE2Z. F3R08 20 pm.

Figure 6 Conidial production and primary hyphae formation in wild-type, ACgrGa3, and complementary
strains. A: Conidial production on OMA medium after 14 d of cultivation. B: Conidial production on PDA

medium after 14 d of cultivation. C: Formation of appressoria and primary hyphae from conidia at 36 h. fc:
Falcate conidia; ap: Appressoria; ph: Primary hyphae. Bar: 20 um.
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Figure 7 Pathogenicity analysis of the wild-type, ACgrGa3 and complementary strains. A: Disease spot size
on leaves 3 days after inoculation with falcate conidial suspensions of different strains; B: Statistical analysis

of disease spot diameter.

LU 25 SR AE R IR B TR (C. shiraiana)!'!,
2 (A flavus)!" | Fe i i BR VRN 2L €8 21 it
(Monascus ruben)*r g izl . HIORIE], £
1 il 2% (Aspergillus fumigatus)®! Fl 14 % A %
(T. harzianum)!"'i | Ga3 it Jc 5 80E 218
PDA }i 5 5k b Az 4 HUR BRI o 107 7E B 5T
(V. mali)*lrf, iR SR E R B AR
i, Ga3 AR B EMHIH 24K GER 2), X
SeZE R, G HEMA o WIADIRETEA R B
IR TE RS . RABIHE 11 B Go WAL
(CrgGad)fEE Rk Z R rp A K bR &
SRR, BIEERFE R TERAI R,
FE I O T, ACgrGa3 878 A B A
#I%+ NaCl,KC1 Fl H,O, ek, 2B CgrGa3
FE AR A 5 JE R H A0 20 o) o 8 4 rp HL A O
ER(E 4A). 75 T /R JEJE TS %5 1 (Penicillium
marneffei)?”', GasC (CgrGa3 i [l 8 1) it
DRI il 59 98 A8 K X6 NaCl, KCl B0k s in . 78
2 (A, flavus)! T 25 (A. fumigatus)™®),
GpaB (CgrGa3 1% [l i £ [1) A ik 2k 58 A8 (ARt

BT HoOn BU S . A MR R, Goi
1 Gao & 58 AR N Y G B2 AR 43, dndm
JtL A M 5 A DG ) BTG (extracellular signal-
related kinase, ESK)*®, djb I WL, Ga3 & TE
Z: 55 BLTR P8 ) 10 TR ELAT — 2 DR ST

I3 HE AR TR RS R AL R ARG AR ) 1Y
WL, BT A R R R G 2
P, ARWFSE LB, CorGas s B FRA% T
ARAF 5AH T IR R Fn i J1 T8 4605 10 7 1t (18] SA,
Kl 6A). 7F % il % (A. flavus)t, GpaB f il 4
SR A I BB AT RS KK R
(T. harzianum)'” | 4 i 25 (A. fumigatus)!>>F1 7K
#i%5 1t (Botrytis cinerea)**'f, Ga3 HE I Z 5
WM 5, Ga3 Al eE o A 5 IE R
FHIR IS 5 4 Sl R PR AR AR 7 7 . )
W2 R EULRERE I T RE, e R ARTE PR 4G rh
P AEAE FERE SZ B, DT 52 e AR S0 7

A1, CorGa3 i 2 T 3R A i JH. 1A 1Y
TR B EFEIRE 5B), X —45 R 51 5 ih &
(Aspergillus nidulans)®" . HHHEEE(A. fumigatus)i®”
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Table 2 The function of group III Ga subunit of G protein in fungi

Y2 9K FEN BHRAEK AR A R otk 27 SCHk
Species Gene Nutritional growth  Extracellular Spore production and Pathogenicity Reference
stress germination
Colletotrichum CgrGa3 ‘BRI EFRAR USSR ZEEK, HARTHR SRR ENE
graminicola Significant growth  Sensitivity ~ Production reduced, Pathogenicity This study
reduction increased germination rate declined reduced
Aspergillus ~ GpaB T RE UG RS 0 1 AR [17]
flavus No significant effect Sensitivity Production reduced Pathogenicity
increased reduced
Magnaporthe MagA  JClB 5 m HURPERISR  TC To i 252 [18]
oryzae No significant effect Sensitivity =~ No significant effect No significant
increased effect
Aspergillus  GpaB A RKER R FERRAL RRIE PR, BRR TR 20w T BEIR [25]
fumigatus Significant growth  Not reported Production and Pathogenicity
reduction germination rate declined reduced
Trichoderma Thga3  ARKEREFHFREME RifuE 7= ARG YIRS [19]
harzianum Significant growth  Not reported Production reduced Antagonistic
reduction ability reduced
Ustilago Uegpa3 TLW.% %5 AR AHE AAE How 1 A [26]
esculenta No significant effect Not reported Not reported Pathogenicity
reduced
Valsa mali Gvm3  AKHEHURE R BURMERY SR R B 1R [20]
Significant growth  Sensitivity Production reduced Pathogenicity
reduction increased reduced

K% (B, cinerea)PO' a5y — 3., 7EE
KRR ge R B MR TR R AR A Ik
T TR B ) B A 1 O B, TR AR TR 22 1Y R B 2
I AR R A AF AN ) S B P R
CorGa3 MR IF A & ATE R, Ha S
HORG BALETCIRIE I E B 22, DT LA Lk
— G (E 6C). R, TERFIENG T (M. oryzae)
i, MagA (CgrGa3 )[Rl & 1) B Bl A 25
M) R 35 B % JE ) ST 5 T AE B PR B TR (Usstilago
esculenta)d, Gpa3 MJEHE 1YL B 22 T8 20,
i bRTik, TEZM e REw Y, Ga3 EHAS
ARFIER . k. MIARZNE NSRS
FEYINIKR . AT M B, CrgGa3 78
R AR I ToPE & B AR e ol 78 ke 2 G
YERLS

T35, R AR TR X AR AR ) H
A A O R B R P D TR o AR Y 1 R
K, RATHIH R M1.001 ' CgrGa3 sk 2%
BT F ORI R A ECR T B2 (8] TA) . FEHE
HEE (A flavug)!'"! | FSARELEE (C. shiraiana)!'®! |
F oK BB (Ustilago maydis)®3! . 35 A= Ba sk
i (Cryptococcus neoformans)® | K #j %5 i1
(B. cinerea)®™ | 4374 /] I (Fusarium oxysporum)!
FIRIE R FET (V. mali)2h, TR Go 7366 f) e
R FECT HORI108 5, XL AR R
— 3. WIER 2R ARS SIH R R A ST F 40
SR EREE M, L ITCTRTE R B R 0k 55 TR i 1) 12
ZERETT o WFEIRIRAD 1R (U. esculenta) ', Uegpa3
R R EOLR Yt 22 TCIETE B, R I JC kA=
YezE R0 i, ACgrGa3 ZE 25 1A #1558
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Al 8 5 AR J1 8 48+ JC LB 00 AL T 2247 ¢
(Bl 6C, Kl 7A).

4 Zik

CgrGa3 BARAKIE G HAM 1T A Go
WA, SHWEEALK . hEank. o4EmT
WIEE TR 22 T B, 3E— 25 52 0 R 45 BRI TR 1) 3L
W1 A B Filt—2 T## G & A 1 & Ga
WIETE RS AL I TNRE, F A oE iR
T % KWW — P HR CgrGa3
WIS SIE IR AR AT R A 5 B 9 4
T2 L 29 LA
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