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Biological functions of the Zn,Cys¢ transcription factor
CsGececel in Colletotrichum siamense

WANG Diguang', ZHANG Xingyuan', LIU Shayu', TANG Wen"?, LIU Zhiqiang "

1 School of Life Sciences, Hainan University, Haikou 570228, Hainan, China
2 One Health Institute, Hainan University, Haikou 570228, Hainan, China

Abstract: [Background] Colletotrichum siamense (C. siamense) is a major fungal pathogen causing
rubber anthracnose, which has led to substantial economic loss to the world rubber industry. The
fungi-specific Zn,Cys, transcription factor regulates the growth and development of fungi. [Objective]
A Zn,Cys¢ transcription factor CsGeel was identified from C. siamense, which is homologous to Geel
in Magnaporthe oryzae, and its functions were studied. [Methods] The CsGCCI-knockout mutant was
developed by homologous recombination, and the functions of CsGcel were clarified based on the
vegetative growth, H,0, sensitivity, conidial production and germination, cellophane assay and
pathogenicity analysis. [Results] CsGccl encoded a protein of 646 amino acids and the protein had a
GAL4 domain. CsGCCI was highly expressed in the mycelia and conidia after 36 h culture. The
CsGCClI-knockout mutant had slow vegetative growth and low tolerance to H,O,. The conidium yield,
conidium germination rate, and appressorium formation rate of the mutant were lower than those of the
wild type. Cellophane assay showed that deletion of CsGccel could weaken the penetration ability of
conidia. The virulence of the mutant to rubber leaves was attenuated. [Conclusion] The Zn,Cyse
transcription factor CsGecel is involved in regulating vegetative growth, oxidative stress, conidium

development, and pathogenicity in C. siamense.
Keywords: Colletotrichum siamense; Zn,Cyse transcription factor; conidium; pathogenicity
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Table 1 Primers and sequences

Primer Primer sequence (5'—3")

CsGCCIF ATGACGAGCATGTCACCCTCAAG

CsGCCIR TTACCGTTTCCTCTTCTTGTTCT

CsGCClupF CGGAATTCTACTGCGTAGGTAAGGTAGGCTG
CsGCClupR GGGGTACCATGGAGGGTGGTCGTGAACTTGG
CsGCCldownF CGGGATCCACGGCTGCAGTATGAGGTGGAGG
CsGCCldownR CGGAATTCACTGTGCTGAGGAACCGCCGTCT
CsGCClUU GAATTACTGGCCAGGGCCCTGTATC

PI CAGGGTTTTCCCAGTCACGACGTTG

PI1 GTATGTTGTGTGGAATTGTGAGCGG
CsGCC1DD GAGTGCGGGGTTCTCTCGACAAATG
CsGCC1hbF CGGAATTCCTTACCTTACCTACCTACCTCC
CsGCCl1hbR CGGGATCCTAACAGTCTCTCGCCTGCAAGT
B-tublingF AAGAGCAGATTCGGGGTGTG

B-tublingR GACGCTAAACTGGTCCCCAA

CsGCClgF GAGGACAAGGATGTGGCTATC

CsGCCIqR GAAGGTATCGTCGAGGGTAGAA
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Figure 1
gene.

Homologous recombination principle of the gene CsGCCI. Sur is the chlorimuron-ethyl resistance
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L Trichoderma arundinaceum (RFU73055.1)
79 Colletotrichum graminicola (XP008092145.1)
496‘—: Fusarium graminearum (XP011326843.1)
100 Fusarium proliferatum (XP031080163.1)
— Pyricularia oryzae (XP003715244.1)

50 ———— Aspergillus nidulans (XP659740.1)
— Saccharomyces cerevisiae (ONH78928.1)

69— Verticillium dahliae (KAF3359511.1)
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2 CsGeel EERFFISMH A: CsGeel HERLME3HT; B: CsGeel REKBFWHr; C:
CsGeel HEAZFAILRA s RGEK T W23 3R ERIECF N bootstrap {H; 55 AP 5y GenBank %
5 MRAREFBRE R, Csi: Colletotrichum siamense (ON049646); P.or: Pyricularia oryzae
(XP003715244.1) ; Ami: Aspergillus nidulans (XP659740.1) ; C.gr : Colletotrichum graminicola
(XP008092145.1); F.gr: Fusarium graminearum (XP011326843.1)

Figure 2 Protein sequence analysis of CsGeel. A: Protein domain analysis of CsGecel; B: Phylogenetic tree
analysis of CsGccl; C: Protein multiple sequence alignment of CsGcecel. The numbers at the branch points
represent the bootstrap values in phylogenetic tree; The numbers in parentheses are GenBank accession
numbers; Scale bar represent the nucleotide substitution rate. C.si: Colletotrichum siamense (CsGecel); P.or:
Pyricularia oryzae (XP003715244.1); A.ni: Aspergillus nidulans (XP659740.1); C.gr: Colletotrichum
graminicola (XP008092145.1); F.gr: Fusarium graminearum (XP011326843.1).
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Figure 3 The expression levels of CsGCCI in

mycelia in different periods and conidia. co:
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A: B¥%} CsGCCIF/CsGCCIR P 3455, B. 5|9t

CsGCCIUU/PIY L5 . C. 5|¥*] PI1/CsGCCIDD P 455 M. DL2000 DNA Marker; 1: HfA= %Y,
2: ACsGCCI-61; 3: ACsGCC1-62; 4: ACsGCCI-63; 5: ACsGCC1/GCCI

Figure 4

Knockout and complementary vector verification of CsGCCI gene. A:

PCR results of

CsGCCI1F/CsGCCI1R; B: PCR results of CsGCC1UU/PI; C: PCR results of PI1/CsGCC1DD. M: DL2000
DNA Marker; 1: Wild type; 2: ACsGCCI1-61; 3: ACsGCCI-62; 4: ACsGCCI-63; 5: ACsGCCI1/GCCI.
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Figure 5 Growth of the wild type, mutants and the complementary strain. A: Growth comparison of strains
on four media; B: Statistical analysis of colony diameters. *: P<0.05.
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Figure 6 Sensitivity tests to HO,. A: Effects of H,O, on the growth of strains; B: Statistical analyses of
diameters of inhibition zones. *: P<0.05.

A mWwWT
ACsGCCI-61
WACsGCCI-62
CLIACSGCCI-63

EACsGCC1/GCCI
8-

Conidiation (x10%mL)
=~

B mWT
T ACsGCCI-61
NWACsGCCI-62

CIACSGCCI-63
EACsGCCI/GCCI
100 -
80 -
60
401

20 H

Conidial germination (%)

s

1(d)

7 DEBTFEE.

C: K&K R *

| 53

8
t (h)

100

80

60

40

20

Appressorium formation (%)

T ACsGCCI-61
N ACSGCCI-62
—1ACSGCCI-63
m ACsGCCI/GCCI

8 12
t (h)

REMMEREEE A 2AEBTESH; B EATH RRLET

P<0.05

Figure 7 Conidium production, germination rates and appressorium formation rates. A: Statistical analyses

of conidium yields; B: Statistical analyses of conidial germination rates; C: Statistical analyses of
appressorium formation rates. *: P<0.05.
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Figure 8 Cellophane penetration assay of C. siamense. A: Strain growth under inoculation of conidial
suspension; B: Statistical analysis of colony diameter. *: P<0.05.
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Figure 9 Virulence analysis on rubber tree leaves of C. siamense. A: Disease symptoms using mycelial plug
inoculation; B: Statistical analysis of lesion diameter for mycelial plug inoculation; C: Disease symptoms at

using conidial suspension inoculation; D: Statistical analysis of lesion diameter for conidial suspension
inoculation. 1: ACsGCCI-61; 2: ACsGCCI-62; 3: ACsGCCI-63; 4. CK (PDA medium for A, PDB medium

for C); 5: WT; 6: ACsGCCI1/GCCI, *: P<0.05.
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