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Abstract: [Background] Colletotrichum gloeosporioides, featuring a wide range of hosts and diverse

infection methods, causes serious agricultural disasters. The biological functions of CgGcepl in
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C. gloeosporioides, a C2H2 transcription factor, have not been reported. [Objective] This study aims to
clarify the biological functions of CgGcepl, which is expected to lay a theoretical basis for clarifying the
pathogenic mechanism of the fungus. [Methods] The CgGCPI-knockout vector was constructed and the
knockout mutant was yielded by homologous recombination. The biological functions of CgGCPI were
identified by pathogenicity analysis and phenotypic analysis, such as the vegetative growth, stress
response, conidium production, and appressorium formation. [Results] The growth rate of the
CgGCPI-knockout mutant was lower than that of the wild type, and the mutant was more sensitive to
SDS, Congo red, NaCl, and glycerol. The conidium yield, appressorium formation rate, and invasion
ability were obviously decreased, and its virulence to rubber leaves was also lowered significantly.
[Conclusion] CgGcepl regulates the vegetative growth, cell wall integrity, conidium production,

appressorium formation and invasion, and pathogenicity of C. gloeosporioides.

Keywords: Colletotrichum gloeosporioides; C2H2 transcription factor; vegetative growth; conidium;

pathogenicity
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2 CgGCPl EEEMHME FFILLR  A: CgGepl HEHLMB AN B: CgGepl M H[FVHE
FHN T, Cgl: Colletotrichum gloeosporioides (CgGepl); Ndi: Neonectria ditissim (KPM46283.1); Por:
Pyricularia oryzae (XP_003718706.1); Fgr: Fusarium graminearum (XP_011323930.1)

Figure 2 CgGecepl protein domain and molecular evolutionary tree. A: Protein domain analysis of CgGcepl;
B: Protein sequence alignment of CgGcepl and its homologous protein. Cgl: Colletotrichum gloeosporioides

(CgGepl); Ndi:

Neonectria ditissim (KPM46283.1); Por: Pyricularia oryzae (XP_003718706.1); Fgr:

Fusarium graminearum (XP_011323930.1).
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Figure 3 Gene knockout and complementation verification of CgGCPI. A: PCR results using primer
CgGCP1F/CgGCP1R; B: PCR results using primer CgGCP1UU/PI; C: PCR results using primer
CgGCP1DD/PI1; M: DL2000 DNA Marker; 1: Wild type; 2: ACgGCPI-7; 3: ACgGCPI-8; 4: C-CgGCP1.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRR I BIHE E C2H2 BUHE KT CgGepl HIAEYI2AINRE 2593

MM CZAPEK

A PDA CM

ACgGCPI1-8

B4 FHREIFEFE FEKILE
B: HWxAKERS., *: P<0.05

B
BEAWT B3 ACGCPI-7 E=1ACEGCPI-8

[ C-CgGCPI

T i

Colony diameter (cm)

PDA  CM MM CZAPEK

Medium

A: HHTIEPDA. CM. MM, CZAPEK #5353 FE KGN

Figure 4 Growth comparison of strains on four media. A: Growth of strains on PDA, CM, MM and
CZAPEK media; B: Statistics of colony growth diameter. *: P<0.05.
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Figure 5 Effect of stress factors on the growth of strains. A: The influence of SDS and Congo red on the
growth of four strains; B: Statistical analysis of inhibition rates of SDS and Congo against four strains; C:

The influence of NaCl and glycerol on the growth of four strains; D: Statistical analysis of inhibition rates of
NacCl and glycerol against four strains; *: P<0.05 significant difference.
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Figure 6 Conidia production, germination and appressorium formation. A: Conidia yield; B: Appressorium
formation rate; C: Conidia germination and appressorium formation at 4, 8§ and 12 h post-inoculation.
Conidium, germ tube and appressorium are expressed as co, gt and ap, respectively; *: P<0.05.
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Figure 7 Infection experiment on onion epidermis and cellophane. A: Cellophane penetration assay; B:
Colony diameter statistics in the cellophane penetration assay; C: Onion epidermis infection assay. *: P<0.05.
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Figure 8 Virulence assay on rubber leaves. A: Diseases on rubber leaves at 5 d post-inoculation, 1: Control;
2: WT; 3: ACgGCPI-7; 4: ACgGCPI-8; 5: C-CgGCPI. B: Statistical analysis of spot diameter, *: P<0.05.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRR I BIHE E C2H2 BUHE KT CgGepl HIAEYI2AINRE 2597

AR, RocA B Aty B2 iy C2H2 Y
By G SR, PR e 25 52 e o3 A= A 1
A, IR BEA ML BB Bk )
(F. verticillioides) C2H2 TI¥% 5 [H+ Adal S5#4
Bl b FIbC BA m R RIIEE, R Adal K&
RS o € Ao (1 e 0 (AN E 3 R | 7
5w U RN (M. oryzae)™ ZNF1 HHAl 5
4 /> C2H2 BIBEHE 4SS M, HZ 3] Pmk1-MAPK &
B, S 5REERERGER", Mk
W (F. oxysporum)" FolCzf1 g i H AR K iR
B, d o B0 IR S BAE , Bom 58 4k
R X SEF AR I, C2H2 B {55 SR I 18
Z2R ELTE I 53 A 0 A Rl R i R i R
B PEREERN,

CgGepl 555 V¥ 41 BE i) 58 28 R X w8y
BN . AR ACgGCPI TE5A SDS. WIZR
£1, NaCl A mrssE g5 L, AR R A28 B .
R RM], CeCrzA W2 HiREAMIRE R SE R,
ACgerzA STRIERLL . SDS. CaCl, & CFW Wik%
R ERBHRALR (F. graminearum)
AFgCrzlA WAKHER R E TR, IF HIES AN
JRELH CFW W if 55 57 3 1 52 Pk I 2 38 o, i
PRIASMANT Na®, Li'. Mn*" X 3 FhBHE 4B
AU, HApxd Mo® O RUEREY; eAh, Cc2H2
RUEE SN F FgNsfl MRS FBEE . 2
I R AT 7 A S iR A8 R P T 2 2 I 5 1
hn, FFEHX T2 R e g R A
S5 AT ) S A [) R SRR A T 2 s d 2 i s B
SsZfhl J& 4% #:1# (Sclerotinia sclerotiorum) " 1)
—A> C2H2 BUAY L e N -, RABIK ASsZFHI X}
EB AR UK, HBoRME R R, A,
C2H2 AU sk FTE R AW P 2 5 4R
el RS e SEL A

25 iR, C2H2 Y ()i 5i [N 75 42 B TR
12 o iy 2= BN s A B o S RS SO ) STER S VR S

DL SO RS R E R mEEN . R
Lo AR, F A H RNA-Seq HoARTES 5%
ZHIKErHT CeGepl TR ISED, #5617 CgGepl
TERRER N BB G 0n et HENIHE S 5 00 42 )
4%, E—20 R R AL

4 i

CgGep & W 6 1 JE 1A P i) — A~ C2H2 4%
ST, ZHRBARAEERNAEKET . iR
M SEREE . AR A L B M AT B
ot

REFERENCES

(1] F R, I K IRAGE 7 i J 4 TR 555 B FEXT 5 73
Mrn. mrRll, 2020, 14(6): 105-106
Wei ZX. Difficulties and countermeasures of the
development of China’s natural rubber industry[J]. South
China Agriculture, 2020, 14(6): 105-106 (in Chinese)

(2] AR, IR B IR T A B SE E RE[T]. AR b 74l
2012, 27(S1): 386-389
Han CZ. Study on progress in Colletotrichum
gloeosporioides[J]. Acta Agriculturae Boreali-Sinica,
2012, 27(S1): 386-389 (in Chinese)

[3] Kusuya Y, Hagiwara D, Sakai K, Yaguchi T, Gonoi T,
Takahashi H. Transcription factor Afmacl controls
copper import machinery in Aspergillus fumigatus[J].
Current Genetics, 2017, 63(4): 777-789

[4] Yun YZ, Zhou X, Yang S, Wen Y, You HX, Zheng YR,
Norvienyeku J, Shim WB, Wang ZH. Fusarium
oxysporum f. sp. lycopersici C2H2 transcription factor
FolCzfl is required for conidiation, fusaric acid
production, and early host infection[J]. Current
Genetics, 2019, 65(3): 773-783

[5] Razin SV, Borunova VV, Maksimenko OG, Kantidze
OL. Cys2His2 zinc finger protein family: classification,
functions, and major members[J].
Biokhimiia, 2012, 77(3): 217-226

[6] Gupta S, Malviya N, Kushwaha H, Nasim J, Bisht NC,
Singh VK, Yadav D. Insights into structural and
functional diversity of Dof (DNA binding with one
finger) transcription factor[J]. Planta, 2015, 241(3):
549-562

[71 Liu QG, Wang ZC, Xu XM, Zhang HZ, Li CH.

Biochemistry

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2598 WA

FiE Rk

Microbiol. China

Genome-wide analysis of C2H2 zinc-finger family
transcription factors and their responses to abiotic
stresses in poplar (Populus trichocarpa)[J]. PLoS One,
2015, 10(8): e0134753

[8] Sharma R, Mahanty B, Mishra R, Joshi RK. Genome
wide identification and expression analysis of pepper
C2H2 zinc finger transcription factors in response to
anthracnose pathogen Colletotrichum truncatum[J].
3 Biotech, 2021, 11(3): 118

[9] Cao HJ, Huang PY, Zhang LL, Shi YK, Sun DD, Yan
YX, Liu XH, Dong B, Chen GQ, Snyder JH, et al.
Characterization of 47 Cys2-His2 zinc finger proteins
required for the development and pathogenicity of the
rice blast fungus Magnaporthe oryzae[lJ]. The New
Phytologist, 2016, 211(3): 1035-1051

[10] Son H, Seo YS, Min K, Park AR, Lee J, Jin JM, Lin Y,
Cao PJ, Hong SY, Kim EK, et al. A phenome-based
functional analysis of transcription factors in the cereal
head blight fungus, Fusarium graminearum[J]. PLoS
Pathogens, 2011, 7(10): €1002310

[11] = & F, $1W, kA, BT, Mo, 2T
CgRGS7 4% B AL H B B o A= A 57 i | B3 IR A
FEURMET]. PURgARAL R, 2017, 30(8): 1802-1807
Wu ML, Hu J, Zhang N, Ke ZJ, Liu ZQ, Li XY.
CgRGS7

appressorium

regulation of conidium production,

formation and pathogenicity in

Colletotrichum gloeosporioides[J]. Southwest China

Journal of Agricultural Sciences, 2017, 30(8):
1802-1807 (in Chinese)

[12] Schumacher J, De Larrinoa IF, Tudzynski B.
Calcineurin-responsive zinc finger transcription factor
CRZ1 of Botrytis cinerea is required for growth,
development, and full virulence on bean plants[J].
Eukaryotic Cell, 2008, 7(4): 584-601

[13] Wang P, Li B, Pan YT, Zhang YZ, Li DW, Huang L.
Calcineurin-responsive transcription factor CgCrzA is
required for cell wall integrity and infection-related
morphogenesis in Colletotrichum gloeosporioides[J].
The Plant Pathology Journal, 2020, 36(5): 385-397

[14]Li XY, Ke ZJ, Yu XJ, Liu ZQ, Zhang CH.

CgAzfl

production, conidial development and infection in

Transcription factor regulates melanin

Colletotrichum  gloeosporioides[J]. Antonie Van
Leeuwenhoek, 2019, 112(7): 1095-1104

[15] Zetina-Serrano C, Rocher O, Naylies C, Lippi Y,
Oswald IP, Lorber S, Puel O. The bri4 gene deletion
reveals that patulin biosynthesis is not related to
conidiation in Penicillium expansum|[J]. International
Journal of Molecular Sciences, 2020, 21(18): 6660

[16] Won DC, Kim YJ, Kim DH, Park HM, Maeng PJ. The
putative C2H2 transcription factor RocA is a novel
regulator of development and secondary metabolism in
Aspergillus nidulans[J]. Journal of Microbiology: Seoul,
Korea, 2020, 58(7): 574-587

[17] Malapi-Wight M, Kim JE, Shim WB. The N-terminus
region of the putative C2H2 transcription factor Adal
harbors a species-specific activation motif that
regulates  asexual  reproduction in  Fusarium
verticillioides[J]. Fungal Genetics and Biology, 2014,
62:25-33

[18] Yue XF, Que YW, Xu L, Deng SZ, Peng YL, Talbot NJ,
Wang ZY. ZNF, encodes a putative C2H2 zinc-finger
protein essential for appressorium differentiation by the
rice blast fungus Magnaporthe oryzae[J]. Molecular
Plant-Microbe Interactions: MPMI, 2016, 29(1): 22-35

[19] Kwon NJ, Garzia A, Espeso EA, Ugalde U, Yu JH.
FIbC is a putative nuclear C2H2 transcription factor
regulating development in Aspergillus nidulans[J].
Molecular Microbiology, 2010, 77(5): 1203-1219

[20] Chen L, Tong Q, Zhang CQ, Ding KJ. The transcription
factor FgCrzlA is essential for fungal development,
virulence, deoxynivalenol biosynthesis and stress
responses in  Fusarium graminearum[J]. Current
Genetics, 2019, 65(1): 153-166

[21] Shi DY, Ren WC, Wang J, Zhang J, Mbadianya JI, Mao
XW, Chen CJ. The transcription factor FgNsfl
regulates fungal development, virulence and stress
responses in Fusarium graminearum([J]. Journal of
Integrative Agriculture, 2021, 20(8): 2156-2169

[22] B 4B, BT C2H2 RIBHIE &1 SsZFH1 YT REDT
F[D]. KA FMOR2AB L2083, 2019
Lt XM. Functional analysis of C2H2 zinc finger protein
SsZFH1 in Sclerotinia sclerotiorum[D]. Changchun:

Master’s Thesis of Jilin University, 2019 (in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



