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Advances in study of the interaction between apple and Colletotrichum

gloeosporioides

JI Zhirui"*, WANG Meiyu’, ZHANG Shuwu', DU Yinan’, CONG lJialin’, XU Bingliang", ZHOU Zong-
shan®

('College of Plant Protection, Gansu Agricultural University, Lanzhou 730070, Gansu, China; *Research Institute of Pomology, Chinese
Academy of Agricultural Science, Xingcheng 125100, Liaoning, China)

Abstract: Colletotrichum gloeosporioides can cause apple bitter rot, and anthracnose leaf blight, result-
ing in affecting fruit yield and quality, and causing serious economic losses to the apple industry. Ac-
cording to the latest fungal classification system, the C. gloeosporioides species complex consists of
13 different species, including C. gloeosporioides, C. aenigma and C. fructicola et al. Among them,
C. fructicola and C. gloeosporioides are important pathogenic fungi on various fruit trees. Meanwhile,
C. gloeosporioides can also cause diseases on other fruit trees such as cherry, passion fruit, and kiwi-
fruit. In order to better prevent and control diseases, we need to have a comprehensive understanding of
the classification, pathogenic mechanisms, and host interaction mechanisms of the pathogens on apples.
In the process of colonizing host tissue, a number of C. gloeosporioides genes participate in different
phases of infection procedures, which include conidiation, appressorium morphogenesis, melanization
and penetration, biotrophy, necrotrophy, and various transport activities. In recent years, research on the
pathogenic molecular mechanism of C. gloeosporioides on apples has mainly focused on the cloning
and analysis of pathogenic related genes, screening and identification of effector proteins, pathogenic
enzymes, and colletotoxins of C. gloeosporioides. Fungi secrete enzymes such as pectin, keratin and cel-
lulase could help them successfully infect their hosts. New studies have shown that the adapter protein
gene GcAPI can regulate the expression of endopolygalacturonase genes (CgPG/ and CgPG2), pectin
lyase genes (pnl-1, pnl-2), and pectate lyase genes (peld, pelB), and GcAP1 is an important virulence
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factor of C. gloeosporioides. Currently, the successful application of PEG mediated genetic transforma-
tion and Agrobacterium mediated transformation in the study of C. gloeosporioides provides a basis for
the development of pathogenic molecular mechanisms. It has been confirmed that the genes with differ-
ent functions such as CgdBCF2, CgCMKI1, CgSETS5, CgOptl, CgNVF1, CgABCF2, CgChip6 are pres-
ent in C. gloeosporioides, playing an important role in infecting apples. In addition, C2H2 transcription
factors, cation stress response transcription factors CgSItA, CgCrzA, and CsHtfl also play important
roles in pathogen pathogenesis. During the infection process, C. gloeosporioides can also secrete a se-
ries of effectors to inhibit the host immune response, thereby promoting pathogen infection and coloni-
zation. Currently, scientists have analyzed the roles of effectors such as CfE12, CfEC92, and Sntf2 in
C. gloeosporioides, laying the foundation for subsequent research on interactions of pathogen and host.
In addition, C. gloeosporioides secrete toxins during the necrotrophic stage, causing necrosis of the host
tissue. The research on apple disease resistance started relatively late, mainly focusing on germplasm re-
source identification, physiological and biochemical testing, disease resistance gene mining, plant hor-
mone mediated disease resistance response, disease related transcription factors, and other mechanisms
of action. Research has shown that after inoculation with anthrax fungus, the activities of superoxide
dismutase (SOD), polyphenol oxidase (PPO), peroxidase (POD), catalase (CAT), and serotonin N-acet-
yltransferase (SNAT) in apple leaves increased, indicating that these enzymes are involved in the infec-
tion process of C. gloeosporioides. Plant hormones play an important role in plant defense and growth
and development, and hormones related to plant immune responses include salicylic acid (SA), jasmon-
ic acid (JA), ethylene (ET), abscisic acid (ABA), and so on. Research has shown that there are signifi-
cant differences in the expression levels of SA synthesis related genes MdEDS1, MdPAD4, MdPAL and
SA signal transduction related genes MdNPRI, MdPRI and MdPR5 between resistant and susceptible va-
rieties. There are differences in the resistance and susceptibility of different apple varieties to C. gloeo-
sporioides. The Hanfu variety has been used to screen for resistance genes due to its high resistance to
C. gloeosporioides. WRKY and NAC transcription factors play a crucial role in plant resistance to
pathogen infection. In apples, transcription factors MAWRKY 15, MdAWRKY 17, and MdWRKY 100 en-
hance apple resistance to anthracnose by regulating SA accumulation. Here, we plotted the downstream
regulatory patterns of AtwrKY33 and MdWRKYs involved in the MAPK cascade reaction, and present-
ed some research results on MdWRKYs. At the end of the article, we summarized the research results
on the regulatory mechanism of miRNA involvement in plant immunity. Clarifying the pathogenic pro-
cess and molecular mechanism of the pathogen is of great significance for the comprehensive preven-
tion and control of C. gloeosporioides. With the deepening of various studies, researchers will inevita-
bly change their thinking on the prevention and control of C. gloeosporioides. Traditional chemical pre-
vention and control methods, such as the extensive use of fungicides and insecticides, can achieve the
effect of combating pathogens, but they also can cause serious harm to the environment and people.
Breeding of resistant varieties is a fundamental means to solve the problems in preventing and control-
ling C. gloeosporioides. This article aimed to analyze the pathogenic mechanism of pathogens and their
interaction with hosts, laying a theoretical foundation for screening potential candidate genes and breed-
ing new varieties resistant to diseases.

Key words: Apples; Colletotrichum gloeosporioides; Infection mechanism; Disease resistance mecha-

nisms
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Fig.1 Schematic diagram of the disease cycle and infection process of C. gloeosporioides
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Table 1 Report on the infection of fruit trees by
C. gloeosporioides in the past 5 years
i it FE 275 3R
Name of fungi Host References
AR SREA R HORBREE AR [16-19]

AR

Pouteria campechiana (Kunth) Baeh-
ni, Prunus avium, Actinidia arguta,
Punica granatum L., Passiflora edulis

C. fructicola

bl 5 1 PR [20]
C. aenigma Malus domestica

P UER Rl ARIRER [21]
C. siamense Carica papaya L., M. domestica

(o llE o) k] [22]
C. gloeosporioides Vitis vinifera L.

7 [ A £ FER [23]
C. alienum Mangifera indica L.

RIRAPESR ! 3R [24]
C. asianum M. domestica
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WA T E o i A AR B LA B R4
S ANHUR S 77 5 B A7 1 5 I 2 1 4 B 2 T e
P AL VU™ AR B T, T T T A B A R AR 4R

GcAPI, CfStel2, C 1
Cell wall degrading enzyme ¢ Site SMem

LSS

Mycelial growth CfEC92
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Auxin transport
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Fig. 2

Pathogenic genes related to C. gloeosporioides in apple trees
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Mo R, i EEH GeAP1 B &0 T4
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20 Jo S I 2 Vi 2k Bl 25 (K] (pel A s pel BY 1 ER 3% 5 AT
R R JE W 1 AR KOR B R Y. WA R, R
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C. gloeosporioides Y= 44 e JA AL 45 73 A 46 1
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H AT AR FE LA — B R D 3=

Zhao %5 PIIE 5237 FERJH R B G 0 5T 7
FE[H CgSETS 1R 22 HE K oy A 7 T8 A B o5 R T
FC 240 B S R | B PR R R EEAE A, R RIS
Z 51 SR £V R N, 72 C. gloeosporioi-
des TIRZ O 25005 A K 1o 1% 1 BATE J5 SR 0IF 50 R IE
SEHURIR 12 5 111 CgMCT1 25 T C. gloeosporioi-
des BFAEK BAREH.HEM TR, HS 5%
FERA ROS FEAE" . Zhou Z5Y & I 24 ik JH B4 CgAB-
CF2 BB 5, B 22 4 Kol Z A 5 P 3 B 3
TR, FEBUR LR . K AR KRS PO ST IE SE
CgCMK 1 CgNVF1 15 5 JH 1 47 A 61 F0 B 2 i
[Pk, 043 AR A1 7= B B TR 1 28 A i aE
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R RG99 B 5L R GTPBP 1 AE R 15 B 35 i 1 T i
RAFAER o VRIS B F0UE S22 B 0 1R & 1 g
(carbamyl phosphate synthase, CPS) /N W J& &
Cpal 183 183245 SRR -6 RS T 52 el 5 B 8000
J1o WK, SN IS 5 A FE N CgOprl fE T 2.

Kk, 2 5B TAA SO TR, 8 3 520 = f Fl
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EROKREM G BIREHRERNRIE, 2 50
- R R AR Gead FEE4%), CfStel2 REE 1% 5
B 25 i 2y fi AH 5 1 DO 2k % B 2R 1 PLS1 (tetraspanin
PLS1) . Gasl #f £ 11 (Gasl-like proteins) « ff Jiii [ £l
AR A UL R AR B bl e S S TR
T CgSItA.CgCrzA F CsHtf1 1£ 5 IH @ & 77 42 K .o
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BRI, Bl 5 2 L $7 5% (basic leucine zipper,
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PEZ UM 9% . Shang S5 ORI F0IIE 5L, H £ 1l )8 B
CFEM %4 2 b [K -+ CfEC12 fE % 5 3¢ Bt MdNI-
MIN2 A, 57K 8 52 /A NPR1 55 4+ MANIMIN2 &
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SR TLT o I B A FH R B R JBU 5 SE B, AT
BRI RGN, HEB LT R4 ETE
PE, AT RLEE & LT J5a AT 470 1) 485 420 1¥) PTI (pattern-
triggered immunity) , & 3 55 JiR B A0 A2 47
ST FCAUESE C. fructicola H1 3N 8 [ CFEC92 7 -
B & B A BORT B B A S RS BB B R,
) 3 SR PTLAIRE 5K 97 108 26 DR 2R 05 , i 12 9 i
24, FREDIFRAN & H Sntf2 Ty HEAF 7T , 1k 5K
HAe 5 M SR H A R Mdyef39 AT P24k
Difie , AT 411 25 EAE I ST SN, 12 72 C. gloeo-
sporioides H112 G F € 5H .
2.5 RRERESE

IRIE R AEFEARE TR Bl i 73 WA 55 3t i AF
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BRAEDENE S ai L B . C. gloeospo-
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3 SERPULM I AR S 701 HL

SEBAE B SRR B 2 52 3 5 0 IR A= G
T AR TR B AR G AR A B R ) AT A
JEUGRE B PTLATETL M = S R 48 3 — R % R
Gt A& PR A B PR R ) S A BN A )
HH R4 F 45 30 (microbe-associated molecular pattern,
MAMPs) 5§ 451 145 #H 5% 73 F 152 30 (damage-associated
molecular pattern, DAMPs) 1 fil & — & 51) 1] 90 9% %
I Bk A A Sk ok B e ” (PTD) , 1% B 8 S B AL 46 v
444 (reactive oxygen species, ROS) [ M $1 75 5
Rl ek RS, SRR E Y 7 N Y0 PTI
9% s AL B 0 B GOSN RLF) , RIAE A PTI
N, AN DA N 5 3 — A I R R PR oA 80 R 1
i 2 140 5y ) A7, B EST Ceffector-triggered suscepti-
bility) o ¢S5, A A0 HE AL HH AR ) L HE AR X 8 25 8 1
1) L 9 NLR R 155 5 B A s KBt SR, BREE — =
o 5 “ RN DR - i % (1) 9 9%, ETI Ceffector-triggered
immunnity) s ETI #5587 3 B HERE 7 1 4
it F6 T 7 i 5 E  BE Chypersensitive responses ,
HR) .Ca™ AL B IR FIUTAR S . HI7E PTIAIETI
STR], 7= A 1) e 3 e SR FEE AN TR) A BIT A=) L 5 i

Shang

RN G2 A 5 P 28 R Ui SN AT BT B,

SR PR TE I B FUE A AR R, 32 B R
TP B YR A AR B AR A A I B 2 R A A
TR AN T P00 IR B 303 A G i 55 BR 17O
FAMLI S5 7T o
3.1 HEENT

WEFCR M RIE W , R AE
AW B AL i (superoxide dismutase , SOD) « £ 19y 4,
1 I (polyphenoloxidas , PPO) « it % 4L ¥ liff (peroxi-
dase, POD) . i S fL & (catalase , CAT) . 5-F2 th iz -
N- £t 53 7 i (SNAT) (1) 14 3 56 , FLAH DG HE R 3R
KB RAETHERF B, RALL EESS T IRE
Ak B AR e a R 77 s 392 AN () 4H 234 o T B
#2445 , PPO.POD . 7K A 2 % fif % I (phenylalanine
ammonia-lyase , PAL) %5 7 F i v P4 350 47 A [A) F2 B2 (1)
P JE A3 AT AN R o R e JEL TR S 4
it B B4 At T v 1 10 A Ak, UE ST R 3 s L R R I
(PMG) FH3R H B 2 4 R il (CxO 72 T A= G A2 R
RAEAER S ELPU it b e 8 i R 5 A il i 12 ey U 1)
HELRL B A R RELLEL T C. fructicola
=G Ja B i A A I S A S (HLOD) FIFL R 77 AR 1) 22
F o RIBIE W R G 1755 1 5F R 48 H.0. AR
FRIFLR A, I B A6 1= Gy I TR] E AN B AR 2R
A A2 B TR AT DA IE i B v O i Ry i ek
POD . CAT.SOD Z5 B I BEHE 1 gD i PR AR 2R
AN 53 3 FET IR H R B
32 EYHE

TR AP A A AR E R 5 A
R, 5 1Y) % [ B A R R A5 K IR (SAD |
KFITR JA) L) (ET) i % B2 (ABAY 5 . SA il
JA-ET RN A E BN RE 1, 723 R AR
A aE N R R E BB SA SRl R
SCHR 5 B (ICS) AN Y R R il 2 8 (PAL) i& 12
e FERLESEAT T, I 90% 1 52 il SA 2 i i
ICS & ™ 223 A 38 21 Ji A Bl B3I, A4 20
JO AR BAH X AR R B 1 SA, AR it SA ] B 538 4T
T AH SC I R)TE 1 5 15 5 1 B SR S A0S C. gloeospo-
rioides P* FEHTIES . FEIER A, B 15 . 40-9 [
16-16 %5 H 1% il Al (50O o SA & BUAH 5% 55 ] Md-
EDSIMdPAD4 1 MdPAL % C. gloeosporioides 175 5
ik, SAME 5 4 L HE Kl MANPRI . MdPR1 . Md-
PR5 13155 W 3 5 T W7 5 1800 i F (O™, 7K
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H2(MhYTP2) , H: 5 MdRGA2L mRNA 45 & I F&A%
FLARE M, LE VR R T P Al PR v O A
YERT, BT T 91 & B GLS Fi itk i3 B b fib o 15
B AR A B AR 2 443 BT (BSAD J5 vk, i 3145
T =PRI 73 FARid S0506206-24, 1E
UL A, SR FH 4 2 DR 40 25 0 R BSA R 45 & 1
15 TR SRR B AL T 1A S0 A A 97
IR 4 Rgls , FEK HORS 40 5 7 T B ic InDel4199 A1
SNP4299 2 [A]™", % N P3G IE 5 Rals 7 i 58 5% i
B 4 N 5 7 bR id S0405127 (SSR) + S0304673
(SSR) . SNP4236 Al InDel4254, #E #ff X ¥ & T
90%",
34 MREXEREFES5MRHR K

TR TR DI J5 5 240 [ A4 A DG (1) 43 45
3 (PAMP) B 35087 2 45 48 470 1 1 i) 40 . P9 1045
AT AR O , 5 80 1 R (ROSO I = A L 22 T I8
T 1 2R 1O (MAPKO 30 A 7 481 356 [ 1) 3R 081
MAPKs B % HIE ] 528 B A0 8 17 1 i 228 [ SR (1) %
SR F- e 28 B R TR AR N o ARIE 1 5 R JH
12 YL B FH O (1) 7% 5% K -5 AP2/ERF. TGACG
P44 ¥ (BZIP) \MYC2(BHLH) \ARF.MYB.
WRKY I NAC % 7 M, J5 W3 & i S YR A 1
KR PR, WRKY's ¥ 5% R 7 1E i MAPK 2% Bk
SN ) B BRI, 7E A A %o 0 iR B ) 1 R T G
EF . 24955 IR 1 12 N > SA MR 1) WRKY 2 [K 2>
W R FFA R, HHom R & 3+ L5 W & [W-
box, TTGAC (C/T 4 5514 45 & 5 Ja BB 1 s 87, A
MG R 28 1 WRKY % M 2% . 7250 F i, MKK4-
MPK3 7 % 5% [ ¥ MAWRKY 15 .MdWRKY 17 %
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Colletotrichum gloeosporioides

3 AtwrKY33 # MAWRKYs 25 MAPK B K RIS BB Eres
Fig.3 Schematic model of AtwrKY33 and MdWRKYs involved in downstream pathogenic pathogens of the MAPK cascade
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