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Abstract: Pepper anthracnose caused by the pathogens of pepper anthracnose seriously endangers the healthy devel-

opment of pepper industry in China. As an important

175 B H7 . 2024-06-03 pathogenic factor in anthracnose pathogens, the secretory
ESTE . R R R b 5 AR AR Q5o 552 5% 5 5 protein can help pathogens invade host tissues, decompose
(2022011) ; A QLA FHATRI” 4 AA LI YNWR- host cell walls, and provide survival and reproduction con-
QNBJ-2020-188) ; FoEtmiR LRI H (232YCGSN00220) ditions for pathogens. However, there is still a lack of in-
TEEB N W (1992-) , &, = B A, B H#Fse 4, T ENE depth analysis and research on the secreted proteins in the
RV FEEA SR E5E . (E-mail ) 1614950297 @ pathogens of pepper anthracnose. In this study, based on
qq.com the whole genome sequence of the strong pathogenic strain

BIMEE % K, (E-mail) hjf2203 @ 163. com; i K &, ( E-mail ) TINH1 of pepper anthracnose pathogens obtained in the

swiuhcz@ 163.com previous study, 13 419 protein amino acid sequences in
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the pathogen were predicted by using bioinformatics secreted protein prediction software such as SignalP and ProtComp.
Meanwhile, based on transcriptome sequencing data, the functions and characteristics of the above-mentioned secreted pro-
teins were studied. The results showed that TINH1 contained 388 secretory proteins, accounting for 2.89% of the total pro-
teins. The length of amino acid sequences of secreted proteins ranged from 55 aa to 730 aa. The non-polar amino acid ala-
nine (Ala) was the most frequently used in secreted proteins. The length of the secreted protein signal peptide was concen-
trated from 17 aa to 21 aa, and the signal peptide cleavage site was A-X-A type. The secreted proteins were all hydrophilic
proteins. Asparagine ( Asn) and alanine (Ala) had the largest number of highly hydrophilic amino acids and highly hydro-
phobic amino acids, respectively. Most of the secreted proteins were stable and acidic proteins. At the same time, SMART,
eggNOG, STRING V11.5 and other software were used to analyze the conserved domains, COG functional classification and
protein interaction of the above secreted proteins. There were 152 secreted proteins with obvious conserved domains, 163 se-
creted proteins were functionally annotated, and 32 secreted proteins had interactions. The results of this study provide a
theoretical support for clarifying the functions of secreted proteins and the pathogenic mechanisms of pepper anthracnose

pathogens, and also provide a theoretical basis for screening new pesticides targeting secreted proteins and green prevention

and control of pepper anthracnose.
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A 7 WE A A PhHL AR5FE5F 5K, PhH1
(CFAT B2 B ) 51)) AT AE TV 2 oKL &)
LA T P ST | 9] 40 R At Tl A B LB
MR, O RE S S H R EAEAR G A 7 b

FA NPP1 ORSFEEIGI NPP1 B ASURE TR M R
S PEORIEAH I K 15 5% | L7 P IR BT
I HR FEAHMBET 55 A 7 DM 3 A Pectate_
lyase PRSFE5EF IR, Pectate _lyase S 8 54 i il J& — Fh



2 W] B - BUBUR Lo o A 1 2 PR T R AR A 47

HLAME , e R R, 7 ST A 20 2L IR RN AR
YR EAR(ES) .,

A 6 AN IE A CVNH {RSF45k 38, CVNH
S UL R ZE G S R B G SRS T4
5,252 SR E 5SS R

®2 SRESHMARTERE

Table 2 Other conserved domains of secreted proteins

RERIVLSF 47 6 Do W 1% A1 Cutinase {R5F£5 14
3, Cutinase JI§ WS T /KMl , 7oA E AP &
RN, R L E B B Y A BUZ (18 5B)
BRATRIELI o S5 T 2 WA B 1130 75 £ 4 3R g I TR
it SRR A2 A, TR 2,

PRAF S5 A U ZE R A PR EE 5K HABREZERFIE || T A5 HH R E R I
4LE41D 5 Abhydrolase_3 1 fn3_3 1
Cellulase 4 SUN 1 FTP 1
Scp 4 Alpha_L_fucos 1 Glyco_10 1
transmembrane_domain 4 Asp 1 Glyco_32 1
Tyrosinase 4 Aspzincin_M35 1 GMC_oxred_C 1
ChtBD1 3 Bysl 1 GMC_oxred_N 1
DUF1996 3 Carb_anhydrase 1 His_Phos_2 1
fCBD 3 CarboxypepD_reg 1 HRXXH 1
Lactonase 3 CBM-like 1 HsbA 1
Peptidase_M28 3 COesterase 1 Lipase_GDSL 1
AltA1 2 Cu-oxidase 1 Lipocalin_2 1
Amb_all 2 Cu-oxidase_2 1 Lipocalin_9 1
CFEM 2 Cu-oxidase_3 1 LPMO_10 1
Cupin_1 2 dlerua_ 1 MRJP 1
DUF3129 2 dleo9b_ 1 p450 1
DUF4360 2 dljer_ 1 PBPb 1
Exo_endo_phos 2 dlglka_ 1 Peptidase_M35 1
Hce2 2 dlscjb_ 1 Peptidase_M36 1
Hydrophobin_2 2 d2dnja_ 1 Peptidase_M43 1
PDB.4LE5ID 2 d2ple_ 1 Peptidase_S10 1
Cellulase 2 Dioxygenase_C 1 Peptidase_S41 1
Peptidase_M20 2 DPBB_1 1 Phosphoesterase 1
Polysacc_deac_1 2 DUF3328 1 Pollen_allerg_1 1
SGL 2 EFh 1 Polysacc_lyase 1
Snoal._2 2 EGF 1 Ribonuclease 1
WSC 2 Enterotoxin_a 1 Str_synth 1
Zn_pept 2 EthD 1 Trm112p 1
ZnMec 2 ETS 1

2.5 HEHWRERFREESWERRN COG IhEEER
FIIFH egeNOG-mapper v2 7E 254 122 %] BRAU%
JELI P03 i PR Y 388 2% 7 AR 1 B SR T 91 EA T D g

KRR RE R 360 %4, @it COG HIREXS
360 ZLJFAN3E, 25 197 SR BE BN FEY], F T
1) 163 48 H R E LR T 59l 8 258 25 (ThkE



48 H K&k 2% W

2025 4F 55 41 & 51 W)

KHIH) 72 %%, G 2 (kKL A Wit is i 25) 53
4,0 R(HEABMFREBmAEHEEAZ)25 &

K (FRRF B 4 5%, Q FE(RAAHY) B@tt
W Fes FAREIEZE) 3 4%, 2 R (A ) M 26
(AR RE/ B/ A YA ) (P 2 (TEHLE F iz
R A 1 & (E6) . BRILZ AN, B B H A5
5 1751 Al LA & F P 2R T RE, )T 51 KAF4775845.1
AR T E 280 0 28, KAF4775908.1 Al H & T 12
1 Q 26, KAF4779278.1 A FJE T 0 25 P 2%,

ls....

70
{{ 40
FFFFH
57\7%

30
20
10

0

SIWEH %Eﬁﬁﬁﬂﬁi

S INRER IS G oKL & W L5 R 35 0. 8 A T BHIR 5 18
MR 2 E L IR IR s RIS Q. kAR 1 E
B B AR M AN B BE /0 IR A M S 7 A S
WA P ICHLE TR AR,
Ee6 #iER COG EEHNZE

Fig.6 Functional classification of secreted proteins by COG
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Fig.7 Interaction of secreted proteins of pepper anthracnose pathogens

W A A AR R R E A L CFI001_05008
F1 CFI001_06209 73 B {5 B A EAE LS F AL,
AHFFEAH FH NCBI & S5 % Blastp L FRUK 35

UEA I, X PIAS 25 1 B8 o N 22 32 SRR I R g
P 22 5 2 LW I T2 At 2 A 0 Do L TR 0 DA ) — e
fig , J T 58 2 FL B BE R I ( Polygalacturonase , PG ) X



2 W] B - BUBUR Lo o A 1 2 PR T R AR A 49

J5 , 32 BT RE GG R A AR 240 O BE rb A SRRE , iR 4
JBE SEREPE LIGE HE R IR AR e, I nT BES 5 R Y
BRWAGL R

3 1F i

)93 D B o 43 D 2 LIRS A A e B
ISR 22 R 5 L T 3 2 1 R AT & 4
ity |2 1 T S5 S 1, T LA i R ) 2 L 114
g3 MR HEZR AT | DT AR YRATL ) 240 B B ) 52 vk,
FIFRRIR B AR A S BRSE 5 W 2 A BT 0 ik
L SR P 8 S B B0 5 DX, 4 75 L T Y S0
P, X Pl B R HEAE M, BidA R
R %ok A% Bk A I8 9 0 TR ( C. gloeosporioides ) F1 1
18 4128 1 ot AR W 47 J8. 5 07 s gk A Uil 45 2]
293 AN, R FH RECE Y 1.59% , Bk ik
JELI I S TR 30 B 11 oty ARG T B SR s L R )
SRR & SRR A Al BE R AR T AR R
AAEY) MBS AR, — 8 1R KBTI K
PRIFEAN TR 3 s S I B AR AT 22 5 SR 2k
ARSETT 22 LTI

AR 5% 275 T DR ZE X AR A R AL o D D 5
BEIH TR B B R Y ProtComp 7R FIM 45 1F | o35
WORIER IR I 1 717 D5 A 15 5 Rk & H i A7
VA L A T 43T, B T L B LA 415 SR
F 5 R A 20 B 25 1Y) 626 AN 2R A, 676 1R
1 J5 SV 200 0 R Ao T 235 2R Ay i 4 5 A b A2 AR 2
Flo MRE5G AN Ah 32 1A 2R 1 32 SEAE i i R bR A
ML 2 S5 AEE S 25% AN F T HANE A TR
eI WA I A AN BAT 73 WA B 1 o s 2 M A1 B
FRIE, HFEE Y15 D220 & R, IR AN T 1 AR )
TR BIR AR OR 5] dan N £ 1 B A SV 4
(A %<l ProtComp , WoLLF PSORT . Cell-PLoc S A0
3BT AR BIFSE I R R P JHCA SV 200 i 7 A3 A4 %
BRABAE I S5 T 4 2 1 Bt A T S

D380 AR AT S B AS A SORT 3 1 BCELAR AR B
R, ok B A A I 22 1 A 11 o R A 1 o B
KRARMGE BIAWIR AR RN K25 T
Yo I TR TE 7 AR B IR ORI ZH 245 Yl A
AWy A AR RR A e A 15 5 gl — B IR

4 45

ASBIR G Tk X BRI SEL s St T i PR 21y 57

T Ko oA, B T o AR LR 388 A, b A
B TR 1Y 2. 89% , 43 W AR 1 1) A L TR B 2 2L
I3 A 155~ 350 aa, KZ R/Nor+ 8 H 5, 2H 5
HANAEER ELENAR T &R 258, 57
FEIESIKK EEPRT 17 aa £ 21 aa, BT i 06k
60. 82% , 155 IKUIRIOL 5°h A-X-A AU 20 1 f5 5 Bk
()R SE TR IR I i 22 1) R TN R A2 &R, i L
43900 21, 92% A1 16. 85% , i K M & FE AR | L = RE
i 5 B (55 KR 25 11 B it 2 v 5 4 B AL 1
{55 U, A T LR o R 3 i 2 A S X 2
FAEYIZ S . BRBURAER R I T o WA R 2
FRE B, 38 A R A5 F S A H AT R AR T o R
B Y 70. 10% , JH ProtScale 1 {F TN 388 4>
OTILER IR R SR K R, 2 K M R R LK
I 1o R A B N .

XF o W EE I AT RSP S5 A 38 o T, S5 SR R A
152 DR T E A B W i DR ST 25 A B, B0 2] GH
PbH1 NPP1 CVNH . Cutinase 2545 ¥y 3. 1 AWF5E
SE LR NG BT | 2T 4k R BRI AR o A )
FMMFAITER LRI, TTHS Bl i R A=A
AF FLH LA, 3 2L PR~ 5548 32 BRABUR JELR 3
SRR R, FIH eggNOG-mapper X 43
HHPAT COG TIREsT 2, Al 708 8 25, bR LTk
A S 28 R i 2 1Y 53 2 2 i K AL & W e as A
K(GCE), X—EKIIRKZ BRI GG FHER
MR , PR A EAE R R4 R s f 32
MR AAETE BAE G R A AN R 28 51 2 1 5 (Al 1Y)
AN 22 5 U TS R T A0 20 0 S84 i T A,
(R 1 0[] ) EAE OB 7 7K il 7 S s D 5 0
KB 6 2800 B 03 FIOBE 177K ff g 5 2805 il Bt B
1Eo VA LS53R, O IE o3 55 D 74T 43 b 2 11
A R i L A AT R A3 P B I, R e
BRBUARAE I3 97 JL T 500 HL B A AF 5 B AL T R 32

o
SEH

(1] Ak T5 2Ersk, LA, 45, FRIEHNU= Ik & e SR K B Al
IHRERE[T]. P RO R 225 4], 2023,28(5) :82-95.

(2] ki FREBEHI= & R FEEHk R SR 2 5[ 1], b
JIrbd s ,2023(14) :153-158.

[3] whiak, FHEBE, BLA. Rk STEIRB I [ T]. S MARF
3"{,2023,41(4) 21-11.

(4] JAZS, PN U, B AR, S BRI 20 1 M i B A%



50

FARD NI S| A=

2025 4F 55 41 & 51 W)

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

TR BRI 5 [ 0] B R0l R 2% 5 4, 2023, 44 (3) £ 430-
437.

DIAO Y Z, ZHANG C, LIU F, et al. Colletotrichum species cau-
sing anthracnose disease of chili in China[J]. Persoonia, 2017,
38.20-37.

Foofe, FRE, S, A BRI R A M R TR
HAMEL]]. MRS, 2019,45(4) :216-223.

TR B, PN A, A H A BRI A s i T 4
[J]. dbIrbd 2,2024(15) :1-7.

BRI B AR BT AR B IR A R R
Rior FHITHIEL )], 43 FAIE R, 2018,16(18) :5927-5933.
JOSHI R. A review on Colletotrichum spp. virulence mechanism a-
gainst host plant defensive factors[ J]. Journal of Medicinal Plants
Studies, 2018 ,6(6) :64-67.

PRASANTH C N, VISWANATHAN R, MALATHI P, et al. Com-
parative transcriptome analysis of candidate secretory effector pro-
teins from Colletotrichum falcatum infecting sugarcane [ J]. Agri
Gene,2019,13:100089.

INOUE Y, VY T T P, SINGKARAVANIT-OGAWA S, et al. Se-
lective deployment of virulence effectors correlates with host speci-
ficity in a fungal plant pathogen[ J]. New Phytologist, 2023, 238
(4) :1578-1592.

BB, RIEE, TR, A5, 4 4 8 5 T ( Botryosphaeria do-
thidea ) 456 K 2 43 WA 25 1L A T000N e D REAM AT [ 0] . AR A0 325
#%,2021,51(4) :559-571.

TRIREL, ERRT 2750, 45, Al a] B A 2 5 K 2 4k 4
SRR 1 B TS0 K B AR ST T] . A A4, 2024,
54(1):102-115.

MR WREI7, B B, 5. ORI A Y IR 4 rh 43 W 2R 1
K CAZymes X HHFSE[T]. = REAO K EE M ( HAFE),
2022,37(6) :949-956.

BB RS ARE IR S T 1 e K )R
XHEBFFELT]. A 0°A4R ,2021,61(12) :4106-4117.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

HUO J F, WANG Y F, HAO Y J, et al. Genome sequence re-
source for Colletotrichum scovillei ,the cause of anthracnose disease
of chili[ J]. Molecular Plant-Microbe Interactions,2021,34(1) .
122-126.

TEUFEL F, ARMENTEROS J J A, JOHANSEN A R, et al. Sig-
nalP 6.0 predicts all five types of signal peptides using protein lan-
guage models[ J]. Nature Biotechnology,2022,40(7) :1023-1025.
CHEN C J, WU Y, LIJ W, et al. TBtools-Il ;:a  one for all, all
for one’ bioinformatics platform for biological big-data mining[J].
Molecular Plant,2023,16(11) ;1733-1742.

TR WLLA B B, AF . SRER A L A A Y
T B AT [ D] AR 24 ( HAARLAERR) L2023,
52(6) .747-754.

K. AL B AR s AR W E N (], YR,
2014,24(2) :36-41.

AR, TR TN A 4 30T R B I R N A1 T]. AR
YA ,2015,25(6) :546-551.

B g WhAKER. A 2 IR BT R T K iR G 1 T 3
[J]. AR, 2024,52(8) 1 1-7.

CHEN Y Z, YU J, LIN HT, et al. Phomopsis longanae Chi-in-
duced Longan pulp breakdown and softening in relation to cell wall
polysaccharides disassembly[ J]. Postharvest Biology and Technol-
ogy,2022,186.:111837.

KRERNG AT, U, S ATH B I AM2As R4
SR BN I REST AT (1] BEJTARIL 4, 2023,54(11) ¢
3136-3155.

B, SRS, T E e AE. R TR 2 TI0I AN 43 AT H ) R
Fe T ( Diaporthe batatas ) 7385 F AN R F-[ 1], VTR L %
#12,2023,39(3) :665-673.

R, B YRR 2R IR W 1 S CAZymes FYBF
FEHERELT]. BEECARAL K224 (A SRR 24 ) , 2017,41(5)
152-160.

(FTiE%H .k 25





