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Identification of the signal peptide and enzymatic activity analysis of the endo-f-1,4-
glucanase LtEg1 of fungal pathogen Lasiodiplodia theobromae
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(Beijing Key Laboratory of Environment-Friendly Management of Diseases and Pests of North China Fruits, Institute of

Plant and Environmental Protection, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China)

Abstract: To investigate the exocrine characteristics and enzymatic activity of the endo-f-1,4-gluca-
nase LtEgl of fungal pathogen Lasiodiplodia theobromae, the signal peptide of LtEgl was identified by
yeast complementary assay, and the enzymatic activity of LtEgl was examined by using the 3,5-dinitro-
salicylic acid method. Furthermore, the transcriptional profiles of LtEg/ gene at different infectious stag-
es were detected by real-time fluorescent quantitative PCR. Yeast complementary investigation showed
that fusion expression of the signal peptide of LtEgl with yeast invertase that lacked its own signal pep-
tide induced the secretion of invertase and afterwards, enabled yeast transformants to grow on media
with raffinose as the sole carbon resource. Moreover, enzymatic activity tests indicated that LtEg1 pro-
tein could degrade the sodium carboxymethyl cellulose. The results of real-time fluorescent quantitative
PCR showed that transcription levels of LztEg/ gene at infectious stages were significantly higher than
that in vegetative hyphae. Besides, the transcription level of LtEgl gene almost reached the peak at 48 h
post inoculation, which was nearly 12 times as high as that of vegetative hyphae, indicating that
LtEgl, as an important exocrine protease, played significantly roles during the infection process of L.
theobromae.
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] %5 8 % Bl Botryosphaeriaceae FL & — 28
163 T H L2 I LA, 1S R RE R TR AT
TR KT AR AR AT, Qi AR RS AR Ak, HoRE
8 Y PN A TR AR B T L 1R P S A SR A
B S i 55 Z2 PR A KA , IR 27 AR N B 37 Sk
Iz, A FEAE YL T (Chethana et al., 2016
Yan et al.,2018) o VT4, HIZ 20 J5 7 5 1S 1) 7
F R TR E 204 37 X) T R —RHAE
1738 FC AR A0 2 35 39%0~8% , ™ FE IV 1K 10%~20% , 2418
SIS R I R P R A o AU, 3 A e R
134 100% (Yan et al.,2012;2013) . HFEENE
HRIEAG 20 F i 2 JA2 I AR L DA B A8 1 | A A 4 1ot 9
Ji (Yan et al.,2013) , FE N E &R 7] 5 4 4 57
Joa 1) ELTR AT 6 Bl , 43 J& W] 1] B 8 48 Lasiodiplo-
dia theobromae(Yan et al.,2011a) . {0 )& H1F Di-
plodia seriata(Yan et al.,2011b) 5% i & & Botryo-
sphaeria dothidea (Yan et al., 2012) . /)N 87 76 #2 41
Neofusicoccum parvum(Yan et al.,2013) | Lasiodiplo-
dia pseudotheobromae (Dissanayake et al., 2015a) I
Neofusicoccum mangiferae(Dissanayake et al.,2015b),
Hrp Rl A] 8 AR B ) BRI LR, AR
Z R BEORTE . HET, TR Bz e il 3222
AR TP S TR Y A3 25 4 (K AE,2017a) R ZH
T B B 4125 (Yan et al., 2018) R B A4
YEF BT CRAERESE, 2015) M w28 b Fh 9 BT HEPE
(3K H4E,2017b) 55 )5 T, O T4 74 537005 T 1= e 2F
FAEWI 7 LRI

I PR TE AR YL Y A R v 30 253 Lk
T A MBAC 2 A 2 S A U BE () 20 43, DABRIR A B R
BTG, IS BT E IR A R 22 i %
(An et al.,2005;Kikot et al.,2010) . H 7y, JHIEE K i
P R 2 3R P U IR i SRl AT 4 =
ity A SRR 5 AR S T o et R B S
L EMEY) V2 HIE . Ben-Daniel et al. (2012) & &
T AAEIN B Colletotrichum coccodes 5Nl 47 ik
it LK Copeld TR I , 25 5 BUZM I N 3t R
SRR 1 R s Ma et al. (2015) 38 T K G5%E
% Phytophthora sojae it /K il 12 ZIR 0 1AMl
HH XEGI e YA Ll fe b, RERE A MEE IR
i SCRBAE Ay LA G B RS AE A %) B S
JK A% 96 Botrytis cinerea 9ihy 1) 221> 22 (- FLUbH I
P2 PN U7 il BOE L g A 05 e, o mT 5 DA i i 3R AE
(Kars et al., 2005; Zhang et al., 2014) . Zhu et al.
(2017) 48 T KA A FBEH /K A 12 0% 1A
FHERE BeXYG1 R P IR YL B s i IAFE S 25 &

(Y SRPE N oSSR )0 T 3 D 1) 25 T L &7 ik 2
BUEPBEAE /K AR AN R I , (0T AT Bt — AN
SN XA E ML EATE R

AR USEZH A AR 25 AT n] B B0 A G
B, 5ERE T 1> B-1, 4-78 B 0H N DIl 2 A 2 [
LtEg] , LAt 4) LtEgl J& Tt K i o5 5 0%
T HL VI LtEg 1 2 0] v] B — 48— EZ A ER
F, 1 FK LeEg 1 FE NI RE S IG5 i) n] B8 —fndEk
Ji JJ(Yan et al.,2018) ,fHAT SC N VTG LtEg1 i3 14 X
HRBRE W B SN RE . I TIRAEN
VIl LtEg1 (35 S DIRE , A58 R BB B AN AL
8 (Gu et al., 2011; FLHE A5, 2016) 43 H1 P U il
LtEg 1 ({55 IKTE ik 2 i fh R il v 0
USRS NI LtEg 1 X IR H B4 4k 2 N A s
P 5 38 3 SO B PCR AT LtEg ] FERAEA AR
Yepr B ik at , VBRI AS#ATT LiEg 1 & R A n] ]
B IR ER FE AVE R LR AR S SR
1 MR 57*
1.1 ##

P TR ZRAK S A Y) « KIGFF T Escherichia
coli i[5 TA ¥k Trans1-T1 8% 57 25 40 ifd A1 38 3k T8 #K
BL21(DE3) , dt 5t e e A W BOARAT FR A ] 5 vl wf
T A B AR A B R CSS-01s AR 250 5 1A 5 T
FEERE YTK12 . pSUC2 #idAk [ BHPEXT B pSUC2-Avr1b
A K M B pSUC2-Mg87 kA4 iy v = 4l A2
PN SCHR A2 10 s pET-32a F35 2K pSUC2-LtEgl
il 2 ARSI A HENORAT . AR 2 TR
0B ok A S A % A 2

BT MASGES AP RR G ME VI | Tag SR AT T4
DNA %422}, New England Biolabs /A F] ; Bradford %5
W AE I F1 2 H (bovine serum albumin, BSA)FRE S
MERERR, AR FEFERHABR AR Y RNA
PR &, AU S A YRR TR A R s K
IR E, A XS AV ARA PR A ; Yeastmak-
er™ yeast Transformation System 2 i & , 5 H EE/E
P AR (AL 50) A PR/ ) ; 2xRealStar Green Fast Mix-
ture with ROX 11, At 5t B0 A= R A PR R s 28
FH JLA8 9t 99 (phenylmethylsulfonyl fluoride, PMSF) M
RS (dithiothreitol, DTT) , Jb Bl AR A7
FRANH]; S 3E-B-D-if U T (isopropyl--D-thio-
galactopyranoside,IPTG) , 4= TA) TRE( i) el fy
RN ] 5 32 H L LF4E R BN (sodium carboxymethyl cellu-
lose, CMC) , 3¢ [# Sigma-Aldrich 2 F] ; Ni-NTA His-
Bind” Resin, 32 [£ Novagen 2\ F] ; TR1zol, 3¢ [H Invitro-



14 WA A Al B T A1, 4RI DI LtEg | 155 IR0 4 S FLRGE 4 Bt 121

gen A s HAdGi By 344l Poly-Prep” 24T
#, £ [ Bio-Rad A s SAM T WL T, 5216 GE
Amersham Biosciences; Applied Biosystems 7500 %%
e PCRAY, K[ ABIAH]

Fh R B W BRE IR A 4G 4 (yeast extract peptone
dextrose, YPD) Sp AR 3% 7 4k - R HEHUY) 10 g AR
JH: 20 g HI%IBE 20 g BRIRARIERS 0.03 g BhilE 20 g,
W pH Z 6.5, 28K EZR 2 1 Ly (V& R—B1 (complete
minimal plates lacking tryptophan, CMD-W) #5157
B N E AR ER 6.7 g AR H T
JR0.75 g A 20 g R 1 g MizsliE 4 g, Z%IRIKE
%1 Ly EREF AR T4 (yeast extract peptone raffi-
nose antimycin A, YPR) By i 55 57 2k . 2 £ $2 L)
10 g FHE R 20 g M FHE 20 g Biili5 20 g, Z&1R/KE
RELMHRIA2 pg/mL PR R A; 5E iRt
(complete medium, CM) : FEEEE 6 g K FFIE R 3 .
MK G2 3 g JHEHE 10 g, 5 % 1 L; LB(Luria-Ber-
tani) R IRIEFREL AR PR 10 g BRI 5 g 54k
B10 g, 115 NS AT pH 2R 7.0, ERE 1 Lo
1.2 ik
121 BB IR T AT

R YR AR S 55 3 58 LAY AT AT B 08 i A B PR 4H K
B sy P 045 B 3R LiEg ] KR 1Y) cDNA J5
H1), i Ff] Lasergene x4 HH (1) EditSeq T = Fi ) H: 2
i i & KR 7 51 . H) F SignalP-5.0 Server (http://
www. cbs. dtu. dk/services/SignalP/index. php ) 7E £k Tii
I Py VI LtEg1 #9455 IR VTR 55 M AL TR PP 41
LI T LtEgl 1Y 2 5L 12 7 51 oh A5 f) 17 4, 38 i
NCBI BLASTP [t , FRHUI A8 T % Fusarium oxy-
sporum FEIE E Magnaporthe oryzae K515 Asper-
gillus nidulans KRR Tk fla 25 Neurospora crassa ey
P LtEgl [A]i 8 Y 2 582 741 . FIH] ClustalX2
AT 29N O i IR LU 2R
1.2.2  pSUC2-LtEg] k& H ARG M IR BEFFHEAL

PERRTRIPR Y TK 12 S RERETES MR R AR,

LR 1 RN A 1 BT (55 ki M (Jacobs et al.,
1997;Gu et al.,2011; FLAF A S5, 2016) . #4) P DI il
LtEgl {55 Ik Sl i n B i+ S A5 IR R i
B R IR AR pSUC2-LtEg]; K F Yeastmaker™ Yeast
Transformation System 2 i 7 & , % pSUC2-LtEg1 fil
A A B X BB pSUC2-Mg87 3344 | BH I X B8
PSUC2-Avr 1b AR5 % AR YTK12 H, 75 CWD-
W BIEREFRAE 8595 3 d S ks b1 B E CWD-W
BilREE I LA R AT I 2 YPRIGFREE |
ST RS B AL F1E YPR IGFRAL [ 1L KB ok
BF VIR LtEg 1 {5 5 KA /I DIRE ; IR KAk
RIZE 2 YPD il CMD-W Biiflg 5375 FAE AR
1.2.3  LtEgl & B R R34 M- Food ik Z4m)

1 A A 4 25T, SR FH LA 4 mm I FT LR
RN /IN—2 00 11, 58 5 T LA 3 T E AR AR ]
fR) AT AT 6 £ R A2 B CSS-01s A T BF, IF 3 b =
R0 B A5 2 2 P40 1 b, 25 °C B G AR 1 55 . 7E 3%
P 12,24 .48 .72 h e B 4 A s B 07 () 25T, SR
HE ) RNA P $12 B ) 6 48 BOpl 42 e 41 20 1Y
RNA. [R]85 )] B 00 3P 22 CM A 350
H1,25°C 160 r/min 514 F355% 36 h, SRS W R 221
R , K FH TRIzol 17 2 R U A 15 4 B 24
9 RNA. R S sl R &0 RNA S 5 ko —
i cCDNA , FH TSGR R Y T S ik A

WA T 0] B0 F0H LeEg ] FEP 1) , i
PG|yt LtEg]-F Fll LtEg1-R K N Z: LR Actin 57 5
PEG | WI*T Actin-F Ml Actin-R(F 1), WL 98 GE
T PCR KM JE K %35 B, 16 L PCR [ WA 5 : cD-
NA 1 pL.10 pmol/L | FE51 4145 0.32 uL.2xReal-
Star Green Fast Mixture (with ROX I1) 8 pL, £k K B
ddH,0 2 SMARFR K 16 pul. A2 i PCR W 2
PR FH P A 1% : 95 C AR 14 2 min; 95CAE P 15 s,
58°CiR K HEH 30 5,40 MMEIR . 15E] 1) CHHCEYY
(B, AR 272 2k TR 5 A 22 SO IR B R S 12
24 .48 .72 h B LtEg] KL AN Rk

x1 ARARERBNSIMEBREERFT]

Table 1 The names and sequences of primers used in this study

5% 1P 51(5-3") 1Y I B KR/ C PN
Primer Sequence (5-3") Use of primers Annealing temperature ~ Size/bp
Ex-F CAGGATCCATGCGTGTTTCGACTC MU LtEgl Fik#h iR A 58 1005
Ex-R TAACCCGGGTTAAATGTAGCTGACG Construction of LtEg1 expression vector
Actin-F CCAAGTCCAACCGTGAGAAG Actin FERFE T AT A5 58 100
Actin-R  GAAGCGTACAGCGACAGAAC Detection of Actin transcript level
LtEgl-F  CACCTACCTTGCCGACCTTA LtEg 1 FERFE SE KB Rl 58 108
LtEgl-R  GCTGATGATGTTGCCGTTGA Detection of LtEg! transcript level

T RIZAR R AR I R SR il P B DI 5. . Nucleotides underlined indicate restriction enzyme sites.
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124 FTAFRGEEENT
DI LtEg 2R I8 A A 8 . R pET-32a

YE R BAn R RN 40K M4l LeEgl HE P cDNA
750 K g 5, B 1 514 Ex-F A1 Ex-R, 7£5 |
W31 5% A 3 43 0 i Bam HIF Sma 1YL
R(FR 1), DL cDNA AR AT PCR Y73, 50 uL )X
WA Z :cDNA 1 pL .10 umol/L | #5144 1 uL .
{5 P B PCR Mix 25 pL, £ 78 K B ddH,0 2 S A
50 pL. PCR SR : 98 °C TS 2 min; 98 °C A8 14
10's,58CiE & 20 s, 72°C ZEAH1 15 s, 35 MG s T
72°CHEAH 10 min, K U] PCR ;=4 fil pET-32a
KBRS, . RV AR R R 10 uL: PCR ™)
6.5 uL .pET-32a {44 2 uL . 10xT4 Ligase Buffer 1 pL .
T4 Ligase 0.5 uL, 16°CiESEII K . B = Wi%4L
BRI Escherichia coli Trans1-T1 B2 2540,
BT R NEEEMLB YR |, 37°C s ik,
R e R IS, PRI e R T I AT B L SRS
H 223k PCR 55 3iF ULl U] 96 UF 1E 8 19 Bk, 3% 28
b T 1 7 3 PR AR A R BT

TS RIIR Rl I F IERA ) N U
LtEgl FR g Ak 2 2L #k BL21(DE3) H; RE4H
BT K S, PR LB M A E 75 2 2 mL LB
WARREFRHE (B A28 . 37°C 1220 /min 55
RIS AR 2 mL K 2 300 mL LB {4
Ri g, 37°C (160 r/min 5514 T #2455 2 0D,y o N
0.4~0.6, I A 24 & 4 0.1 mmol/L 1) IPTG % & ,
16°C 160 t/min 25F F 155 7 he 50 UG IR H
A, FH Tris-HCI 2 #h3 (pH 8.0 20 mmol/L f Tris-
HCI. 500 mmol/L NaCl.40 mmol/L KMk ) 8 £ 5 {4
A, i AL BE 24 1 mmol/L () PMSF F1 1 mmol/L
(19 DTT, >R JH M P AR 2R AL, 1 R 7S 2.5 min
(I 300 W.2 s on.4soff), EE 3., #H5E
J& BT 4°C .12 000 r/min 5.0 30 min, Y4E -
JH W o HU 1 mL Ni-NTA His-Bind” Resin F Poly-
Prep” JZHTHEH LA S A AR A 2 11 92 PP
T SRR LT I R AT e R AN
TP 5 ) WK s 2 e ik 5 SR BT A, 2 1 B R M v — S
UL ENTRE , B ARG, S 2 AR TR S
M5

o 7 1 £ B 1 B B 4H B vk B A T A2 - B
0.0.0.1,0.2.0.4.0.6.0.8.,1.0 mg/mL %5 ¥ J¥ 1Y) BSA
FRUE SV W 30 uL B & 1 mL Bradford TAEWR H , 5%
RAENR AT, # k5 min; 6 S AN T WA BT
DUTE Asos > BEIE 3 UK 5 LABRUE SR BE R AR A , WO

FEME R ALRR , YRR IE TR 5 2R P[RR ) 5 200
gl A8 IO BEAE, AR ST bR et £ T gl Ak
AR,

2% Salinas et al. (2011) F1 Li & Walton(2017)
7D E B-1, 4 55 B N VD BEE kR 2Ok B
10 mg/mL [ F& B JE 47 4k 22 44 F1 pH 4.8 .50 mmol/L
O T R 0 5 o AL P R 2J L 37 °CFE R 30 min.
Tt e S5 IO 7 A 3 SO, I LT 52 1 A4 6t o 2 il 1)
T, DT IR AT S 3 A I 52 07 7 4 v ) s oA R )
ARG OYTEE . SN P B 4 JEORE AT 3 i DNS
(3, 5- KR 6.3 g A AL 21.0 g I
ARG 182.0 g FEH 5.0 ¢ MW W HEIRAN 5.0 g, &
ZZ 1 LK (Miller, 1959) , ¥4 W B €20 4% T b 1] 26
P TR A A
1.3 HuRS

I BE K ] Excel 2013 8043047 G853 M
N B/ i 3 22 B0 (LSD) ik it 47 22 5% o 3 ke
5, >k H Excel 2013 & Adobe Photoshop CS5 %14
il & o

2 HER55H

2.1 LtEgl RHREBFEERRERFIIRTHEDH

LtEgl # K cDNA FFil B S24HE 42 4 1 005 bp, Gt
b0 H 5 A 3342 0R , il it SignalP-5.0 Server
T, 12 N s A —MECE 55 T4 . 8
1L P8 HE XS S D Re e, 123k A g s 7= ok B-1,
4-F REN VI, J& T KRB EE 5 Ktk JF51
Lo Xt 7R, YT LtEgl 5 22 fa 4 7] B (NCBI Ac-
cession number: TVY70683.1) .4 & jifj £ (NCBI Ac-
cession number: Q1HFSS.1) LA ik 1% (NCBI Ac-
cession number: XP_964159.1) Fll #% i & (NCBI Ac-
cession number: XP_003717422.1) g tith () %) 58 4% N
DIl LR ¥ 51— B 23 3 619% .60% . 57% I
58% (&l 1) , HENZ & (1 B 2540 L DI ReFE A [l ]
HA—Em st
22 WYl LEgl 5 SMMEE

Bl & 2Kk pSUC2-LtEgl 8¢ pSUC2-Avr1b ¥ A\
B RETE PR YTKI2 J5 , S B0 BE 7 A BR 5 7 LU A
FHE R ME—BR YR Y YPR 5 72 38 AR, I LtEgl
F1 Avrlb UAF 5 IR I RE A 5 | A T B Feob T 1 S0 %
AT 35 75 35 v A A 0 0 i R IR AL FT DA
) FH Y Bk s pSUC2-Mg87 1Y) 36 1K P2 W AS BE AN L
IRt 5 B3R 38 pSUC2-Mg87 (1 1 BE i Ak F AN e %
FE YPREUIEHE SR AR (E2).
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LtEgl
FoEgB

NcEg3
MoEg3

LtEpgl: A A E 40 " ff -1, 4- 8 RN VI ; FoEgB: 274t ) i iy LR Ab Y p-1, 4- 30 W IN VG ; AnEgB . FSL1HH
B f-1,4-HRWEN VI B; NcEg3: MRS K165 4 ) 4 WE R 35 MoEg3 . RRIF W N U SBT3 - Hon s
B, *FORIZINVAEER G —3,  M FORZIN G A AR R RSF RS, P Er R R TEH . AR
LR R 4 P G FRic . LtEpgl: endo-B-1,4-glucanase in L. theobromae; FoEgB: putative endo-f-1,4-glucanase in

E oxysporum f. sp. cubense; AnEgB: endo-f-1, 4-glucanase in A. nidulans B; NcEg3: endoglucanase 3 in N. crassa;

MoEg3: endoglucanase 3 in M. oryzae; — denotes a gap; * indicates that amino acids in the column are completely consis-
tent; : and . indicate that the amino acids in the column are conserved with varying degrees. The amino acids are marked

with various colors.

1 MYIEE LtEgl REBF FIRF S

Fig. 1 Conservation analysis of amino acid sequences among LtEg1 homologs

CMD-W YPR

2 AEEBEFEWFEYPD.CMD-W il YPRIREEEE 57 5 F A £ K BRI
Fig. 2 The growth of different yeast transformants on YPD, CMD-W, and YPR media, respectively

2.3 LtEgl ERREER ST s D PR A 4 o B e 3R i S T L O AR R
IH L SO 7 PCR AN LiEg] FERFER I R YY)S 48 h, R IA ik B R WL B By 12 4%

WERMZIAZ YT FI512.24 .48 72 W3Rk E  (K3). HEW LiEgl B P 7E s I v 2 Yo ok 72 rh 2 4%

LR, SEFRELM B L, LiEgl IR THZEEN, EIFRAZ BRI JHE
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B3 LiEgl EREREREFRALRELNROREESN
Fig. 3 The transcript levels of LtEgl in vegetative hyphae and infectious stages

BB i A R e D . * PR AR B LtEg1 L [R4L Sk -8 LSD IR IRAE P<0.05 /K- 2557 235 . Data are means+
SE. * indicates significant difference in the transcript levels of LEg/ gene among different stages at P<0.05 level by LSD test.

2.4 HYIEE LtEg] & MEHITIE Tiff A = 490 55 DNS 350 527 5, 90010 T o 3 {2
W5 25 5 o, ali Ak i DD BF LtEg vk B2 o8 BRI # (19 5-A) , I ELIA T B (0t 72 ST I I

0.1 mg/mL(&4), HAREBAMEASIEY (K 5-B), ik U LtBgl REAS IR I JL4F 4 5%

R LT R GNIR A, 37°CFE 30 min J7 ,DNSIX  SMEFHEY) , K45 HIEEShfiE .

RSN 25 2 s B N UG LBl B S

M LtEgl

El4 N8 LtEgl £ XA E BL21 RRIRIEAL

Fig. 4 Expression and purification of LtEg] recombinant protein in Escherichia coli BL21

A
0.50 -
. W <
0.40 |- : ' 1
£ 030 '
[a)
S o20f
0.10 -
0.00mL  0.04mL 0.08mL 0.12mL 0.16 mL
0.00

0.00 0. 04 0. 08 0. 12
4&F Volumn (mL)

A: DNS iz 5 Bk 7 ) SN S VM WO A 5 P v i 28 - 8 hm v id . B DNS 20 5 Bl it 7= ) S L J
HI B2 1k . A: The absorbance value of DNS solution; data are mean=SE. B: The change of DNS solution color.
B 5 WiIEs LtEgl & ERINE
Fig. 5 Enzymatic activity of purified LtEg1 protein
3 4 Lol 2 R SR R K B | SR
B2 A2 .ﬁgﬁ%;@ﬁ gnm }ﬁ):' ﬁjﬁ%)z etal.,2018) ., ST 5 b S MUAZK ik it 1) ) g S A
FIREEAN A . R T o ROk $E e K B BRI, e R s ML B R AR W s D I e M BRI P B BT 2 BT
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(Sprockett et al.,2011 ; Zhang et al.,2014; Yang et al.,
2019)  [EAEARPIHL 2P I LB ] 7] 6 (8 i bl
AR AWFFE FbE T nl al B —J 14> p-1,4-
R N V)G LtEg, 3l ok 2 )5 81 L X 43 B & 2R
LtEg1 [R5 75 T ] (0 46 Fepim i v S Ff 6k
T S A B i A5 A ) I 1 ) A O < R R v L H
LtEg1 [A] P53 BEORAFA37 s B PR 51 BE PP 2 75 23 52 ]
HORE I 3 T i — 2L TR

AR 12X 50 ] B R TR R T D e e Y 1 B
YTKI12, 5% H B I B0 45 55 95 1 (Gu et al.,
2011) % %) 75 %% 1 Plasmopara viticola (FLFE A 55,
2016 ) F1#& Hh9% &# Ustilaginoidea virens (Fang et al.,
2016) %4 Wb 3 {5 5 K4 5E I vk, UE BT N U il
LtEgl i {5 5 IKRE % 5 | B2 I B EME Bl Y S 8, 5 AR
AT TR 235 5 AH — 30, 3X Ui B N DI LtEg1 7] 5E
S VASHMBEE 1, [8) I o 2 B B R 48 v] T4
Yo [ LT SN EE AR5 KA S8 o T PN 5 1k
B3R, WUIE LtEgl X% LA i RN H A —
(1) Tl 3 L 3 5 B BE AR 45 R A BL, 40 Salinas et
al.(2011) &I LtEgl 7 25 2 Trametes versicolor 111
[F] Y5 1 TVEG RS K il AR T £F 4E K 5 Li & Walton
(2017) I\ K Hg A U F Sporotrichum thermophile H
(4 B-1 , 4~ SR PN VT R 805 T A 1K 280 B2 2 PP 2 4
R HERE CEFLH BRI B DL PR
FWRTR T A W) 011 A 78 SROBE P9 DDl mT RE ELAT AR
PRI . Z75 75 1 LtEg 1 (7K i il 1% 1k S S
WVREHE I AE AT 0] B e AR YT A R R
H, LtEgl 0 2 AN, BELL & FAEM Ui o)
NS, KA BHE DR . T Yan et al. (2018) F
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