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Effects of deletion of laccase gene Cglacl0 on the asexual reproduction

and infection ability of Colletotrichum gloeosporioides
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Abstract: [ObjectivelMango (Mangifera indica Linn.) is the second largest tropical fruit in China. Col-
letotrichum gloeosporioides is an important plant pathogen with large host-range and wide distribution.
Anthracnose mainly caused by C. gloeosporioides is one of the most serious diseases that reduce mango
production. Identifying the pathogenesis-related genes and revealing their roles in fungal growth and in-
fection, and further understanding the interaction between C. gloeosporioides and its host, will help to
find new control targets and improve control effects. In previous work, we found out 13 laccase family
members from C. gloeosporioides in a reference genome databases. Sequences alignment showed great
difference. Therefore, we speculated that their function might be quite different. So far, only the func-

tions of /acl have been identified at the molecular level, and it affected mycelial growth and develop-
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ment, melanin deposition, conidia production, laccase activity, stress tolerance and virulence to the host.
In order to further explore the role of Cglaci0, another member of the laccase family, Cglacl0 was dis-
rupted and complemented, and its phenotype was analyzed in this paper. [Methods]The expression of
Cglacl0 gene in the process of infection of C. gloeosporioides on leaves was analyzed by qPCR. The
knockout vector of the Cglacl() gene was constructed by inserting a hygB cassette into the coding re-
gion, and transforming it into E. co/i DHS. Hygromycin B was used as a marker to screen transformant,
and the minimum inhibitory concentration of Hygromycin B on C. gloeosporioides was 400 pg - mL™".
The knocked out mutants were obtained using PEG-mediated protoplast transformation. PCR amplifica-
tion, Southern blot and qPCR were used to determine whether the transformants were Cglacl0 deletion
mutants. Then Cglaci0 gene was complemented in mutants by a similar way. Basta resistance and PCR
detection were used to determine whether the transformants were the complementary strains of mutant
ACglacl0. The biological phenotypes including colony growth rate, sporulation, the formation of ap-
pressorium, intracellular melanin content and laccase activity were tested. In addition, after inoculating
the wild- type strain, 4Cglacl0 and the complementary strain C-ACglacl0OH on the PDA plate with
0.04% guaiacol, the extracellular laccase activity was tested by the plate color reaction. The virulence
was assessed on the mango fruits using unwounded and wounded inoculation method, respectively.
The diameters of the lesions were observed and measured every day. [Results]The complete DNA and
cDNA sequences of the laccase gene Cglaci0 are 1989 bp and 1878 bp in length, respectively, encoding
a putative protein with 625 amino acid. The Cglacl0 gene was highly expressed during infection pro-
cess, which was 8.02-13.66 times as high as that before infection. The phenotype indicated that there
was no significant difference between the complementary strain C-A4Cglacl0H and the wild type, but
the deletion of Cglacl( affected the asexual reproduction and virulence of C. gloeosporioides. In con-
trast to darkish color of the wild-type strain, the colony of mutant 4Cglacl0H turned pale, and melanin
content of mycelium decreased by 67.33% after 10 d of culture. The mycelium growth rate of
ACglacl0H was nearly the same as the wild-type strain. The sporulation was 57.61% less than that of
wild-type strain. Observation showed that the wild-type strain formed appressorium on the wet glass 4 h
after inoculation, then melanized and matured at 6 h. However, 4Cglacl0H occasionally formed appres-
sorium 24 h after incubation, and the formation rate was only 44.85% of that of the wild type at 36 h.
On the PDA medium containing 0.04% guaiacol, the wild-type strain could produce red-brown oxida-
tive band around the colony 4 d after incubation, while 4Cglacl0H had no oxidative band during the
whole observation period. The intracellular laccase activity of 4Cglacl0H was 57.61% lower than that
of the wild-type strain 6 d after incubation in PDB. After inoculation on the unwounded ripe fruits of
the mango cultivar Tainong, 4Cglacl0H did not cause necrosis, while the wild-type strain could cause
typical anthracnose necrotic spots. Six days after inoculation on wounded mango, ACglac!0H caused le-
sion spot which was significantly smaller than that of the wild-type strain, and the lesion diameter of
ACglacl0OH was 52.94% less than that of wild-type strain.[Conclusion]The laccase gene Cglacl0 of C.
gloeosporioides on mango was cloned and identified. This gene was highly expressed during the pro-
cess of infection of C. gloeosporioides on mango leaves. Deletion of Cglacl( gene affected the colony
pigmentation, mycelium melanin content, sporulation, appressorium formation, laccase secretion and ac-
tivity as well as virulence, indicating that Cglacl0 played an important role in the C. gloeosporioides
asexual reproduction and infection. This discovery would deepen our understanding of the roles of lac-
case in fungal biology and virulence.

Key words: Colletotrichum gloeosporioides; Laccase gene; Gene knockout; Virulence
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P AR5 B 22 AR KR AN = B i N B, AR
PG B B R R S RV BUW B R R T
JIURIE I B8 (C. orbiculare Berk. & Ment.) {] LAC2 R
AZAR IR RE NS TE P 5 (B A R O R AL , HANRE
NI OB 27 2375 1 3 SRR JE 0 B [C. lage-
narium (Pass.) Ell. et Halst.][1] LACI F&AF ARAL 1 il
T PR, HF AR 2 Rt A AR G B0 1 0 A
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A — SR Il I DR FE A 095 o B P I ok R A
58U AH R A o W8 38 2 0 B (Verticillium
dahliae Kleb.) Mg 3 K] VdLac A~ 2 5 DHN B (L %
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=R SN T A R A SIEE
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S A Blast 7E 28 T H AR R HEX LA I 1 13 1M
fitg 5 X, H A Cglacl0 ) DNA 4= 1989 bp, & 24>
T, FRIBOEADAE 1878 bp, il 625 MEIERR , 5
2R EE ML IL 80% , 5 Wei S5 AR TE AT SRR IH
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(C. gloeosporioides Penz. & Sacc.) 7 FUp /7 7 4
Pk A2 R Bar 3[R () JFURE pCAMBIA3300, H
] Pty ARV AR 22 B P15 5 0 OR AP BIE S0 T s SRp
T H TR . Uk B R A K IR A (hygB) K
V5T 84K pGH14, th UKL pCT 74" BUE T 2K o
1.1.2 A A
Fusion® HD Cloning Kit.E.coli DH 50. }2 PCR #H 51
7 4 H TaKaRa, Fungal gDNA Kit IlJ H OMAGA.
FE A RNA 2 B 7 & 9 15 1m0 ik 77 & L TIAN-
Script cDNA First-Stand Kit 14 [ Tiangen. Mg
WA B TR AR A IR AF . 51 GR
D& AN A5 N G REER AR e HAR
ARy 2 Hr At
1.2 F/f qPCR 534 Cglacl0 E R EI RxERFRE
REBERM IR RIZBHTIL

SR PGS S T R R 5 d AT RORH
T3 T ST A T TR R A T 3] T A A R S TR
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FA IR 3 4, AR E = A R S B IR S AL Y
Ty 2L EFCR 3 AR A T HE , T R KRR B2 AR AT
RIFI RN 431004 »mL ) o VA KR — 5

Prime Script™ RT reagent Kit. In-
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Table 1 The primers used in this study

EIEZELR S J7H1(57-37) B TR B JEE

Primers name Sequence (57-3") Tm/C Expected length/bp

LAC10-qPCR-F1 ctcttecactgecatatt 54.0 194

LAC10-gPCR-R1 ggcettgttctcaccette

SLAC10-MF aaagacggagcgaatcggeagta 59.7 657

SLAC10-MR gaccgggaaccagtt gggcgaacttggegatgaaaa

3LAC10-MF ccttcaatatcagtt tcaccatctgatgetgegaccaa 58.4 551

3LAC10-MR gceactggaacgcetgecaagga

hygB-F1 aactggttcceggtegge 57.0 1412

hygB-R1 aactgatattgaaggagcatttttt

LACI10 H-F ctggetgetgegtgtttgatt 63.0 2321(Mutant)

LAC10 H-R gtgggtegttgggttogatgt 2977(Wild-type)

H852 ttgtccgtcaggacattgtt 56.0 610(Mutant)

H850 aactcaccgcgacgtetgte 0(Wild-type)

QLACI10-F ggatacagggctctcact 55.0 1054(Mutant)

HLAC10-R tatatgctccgceattggt 0(Wild-type)

HLACI10-F atcgectegetecagtea 57.0 1835(Mutant)

QLACI10-R cttcaacacccgeatece 0(Wild-type)

LACI10 probe-F1 gettgtgttgagtettga 56.0 517

LACI10 probe-R1 gatgtgtgagecetettgt

SLAC10-CF2 ggggatd ttgtgttgagtcttgagt 52.0 2157

SLAC10-CR2 gtcaccgagatttga ttgggtatgatgtttgta

3LAC10-CF2 tegttctgggcteat atgetgegaccaagactg 54.0 264

3LAC10-CR2 kcgactctagaggatdetegttgcttccaacgac

Bar-R-F2 tcaaatctcggtgacg 58.0 554(Complementary strain)

Bar-R-R2 atgagcccagaacgacge 0(Mutant; Wild-type)

LAC10 BAR-F1 ccegactcatacactcacac 55.0 2374(Complementary strain)
1901 (Wild-type)

LACI10 BAR-RI ctttactcaagccatectac 0(Mutant)

W AUHER T RS pUCT9 Bk RIS T4, B2 5 S hygB Fr B[RRI 51, SEES 7 95 Bar Fr BURIEEI P41

Note: The bases in the frame are homologous sequence to the pUC19 vector, and the underlined bases are a homologous sequence to /ygB gene,

the double-line bases are a homologous sequence to Bar gene.

& RAR A B, B K P T15 1% (o)
NaClO # IR i 5 min, £ ] JC K #f e 3 3, 5 28
o P BT AR 5 0 A0 v Ik 5 3 D 25 pL fl 7 B
T AR AR TR AR R FH L AR DARH L i 2Rk BLA
TOREE SN ORIE , 28 C R E R IR MO hITLA,
BFRE 6 h LT URE, 272 h A1k AT ALER (@=1 cm)
FEFEPN AL AT B |, AN AR PR 12 M B TR
R JE N80 ‘CUKFER . RFAHARE 3 IREH
I FH RNA $2 B 70 8 42 BOCEE Bh s i 1) A
RNA, Jf: F§ TIANScript cDNA First-Stand Kit % % 5%
% cDNA , F| RNase-free Water % cDNA Jii & ¥4 & #4
& 200 ng- uL ', —20 CUKFERAE . T qQPCRAX
(QIAGN) A Prime Script™ RT reagent Kit, F 5| #)
LAC10-gPCR-F1/ R1 73 #T {2 44 0.6.12.24.36.48

72 hJG Cglacl0 BIFHNT R IA 8 7 5 . LA 18s rRNA A
NS IR .

1.3 Cglac10 ERAR S E4b

1.3.1  Cglacl0 # B 3 % % ACglacl0H R % %
2 1Z B 1 Cglacl 0 EREAR . NEF A=Y B Ak
SR P31 Cglacl0 () SLAC10-M #13LAC10-M
Fr B, MpGHI14 L4738 hygB 2 A, | H In-Fusion®
HD Cloning Kit % % N pUC19-T, 6L E. coli
DH5or, #1430 7, 00 T 118 B Ay i o 2%
e pCglacl0H. Z:HRF31a Wi 77254k, 5 3R A3 1)
AT FHAS I hygB 5 R 51 47 H852/850 Flfs S 1t
5| %) LAC10 H-F/R.QLAC10-F/R.HLACI10-F/R i3
1T PCREGUE o 4 HUHY A 7Y B bk 5 9% 748 4 T R 1) 28
RNA Jf Jx # 5% y ¢cDNA %5 — 8% , /] qPCR 43 #r
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Fig.1 Construction of disruption and complementary vector of Cglac10 gene of C. gloeosporioides

Cglacl01E %7 4 R bk 5 TR R bk I R IA B 22
o HIR A V)88 Hind TIAN EcoR V B B A4 7Y
AITAZAAR P R B R 4H , F 514 LAC10 probe-F1/R1
il % Dig ¥R %t , #4T Southern 22 %2 , 43 ¥t Cglac10 1E
C. gloeosporioides T {1 ¥ VI S ARG L. EFERT
B S T Uk H 7 58 4 IE A ) RAZ K ACglac10H 4y
Pra il

132 Cglacl0 AR A4 = S EAE R FH, L
5 A TR TR Bk () gDNA F1 55 Bar 55 R 1) 5 KL pCAM-
BIA3300 AR, 43 74 3 Cglac10 B [H 57 % v By
5LAC10-C (15 Cglacl0 3= K 4 Y (X 1 3 77 1) Al
Cglac10 FE R 9w bt X 4= K 751D .37 bty Jr Bt 3LAC10-
C(Cglacl0 5 R 2 11 %00 1 J5 (1) — BUF 41D Je 58 %8
(1) Bar B[R, 44k 38 7= ¥ )5 » [ % FH In-Fusion®
HD Cloning Kit %4 . #1655, RT3 7 51 IE W 1Y)
WA Iy 4 N pC-ACglacl OH, AL F R S A AR R A
JFAA, 423k Basta “FAR U1 577 % LA K Bar 3 RIS I 5]
W) RV S A6 I 51 % LAC10BAR-F1/R1 #£ 1T PCR
B0, i QPCR 43 M Cglac 10 7E [0 52 5825 4 B £k 1)
FXF R AL B B e TR I [ 5 B AR

1.4 KK ACglac10H F [2] B & ¥k C-ACglaclOH
RESH

141 HEMBEIARAEEARKREQGN T HHEFR6d
(R EF A ACglac] 0H F1 C-ACglac ] 0H H K T 1 (=
5 mm)$A & % 22 %) BE 35 15 15 77 2k (potato dex-
trose agar, PDA) R i ¢, 28 C HRIEH 77,2 d J5 18
H A 5258 XOED & W 5 B, SR K LA
FLFE3IRESR, FIH.

142 3Nz felt & ORm R K&
U5 1) B 42 7 L ACglac10H A1 C-ACglacl 0H T ¥k 5
P B 2R R PDB 1,28 °C L 180 r- min™' B i £
723 d, HZ E AL U85 , 70 W & 1 B
WAE 20 175 214 (Leica DM2500) R, Fi ML ER 1% b
O ERT 3RES . ER12K 5 RN ERT
RV W S0 pL B R T 33 A 1,28 CH
IR IR 75, AN T h FF U W SEP 5 M T B

143 AR eZzaEMe BB
PRI AlAL B A Y ACglac] 0H 1 C-ACglac] 0H T
PRTE 22 o ) At 38, FE A S mL NaOH (1 mol - L)%
fif AT P B BE €5 2%, 96T 12 000 r-min” &0 10 min
Ja B IS, FH 2y 66 BV & ODwo (L, i S R
BHEVHTIETHBEARAERE (g L=
OD.pox0.105xXN(N R RF BT ED o

144 B2 & RN A REEREEN 2 B TR
RIK1E Cglacl101] cDNA 751, il it AEY (5 520
M, RIS AR S IK, Nl . &%
T HEE T, R B A Y ACglacl 0H 1 C-
ACglaclOH T #k B U 2 5 0.04% (w) 1 6l K By 1)
PDA P H e, 28 ‘C ARG RS 77, X HA IR, 52 B
K. B AR ACglacl OH A1 C-ACglacl 0H T ¥k
43 4 FR 24 50 mL PDB I = f i, 28 C i E
HBWERT IR, 6 d )5 I 2 Jo B 20 A i 0k, PRI A B )
T 22, TG VR B UK VR I B ARy, N
AR R BUOR (12 5~10) , PKIB 214, 12 000 - min
4 “CE5.0 30 min, BRI, B TOK BRI . R
Pt it v a7 2 B S AT 00 A R Tl 12k
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Wi Tk, 12 hik IJ £— NI, 2 JE1E 48 h Sk 2|
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Fig.2 The expression of Cglacl0 gene in the process of

C. gloeosporioides infecting leaves

2.2 Cglacl0 EFRPREETIRS B EEHREIIRTS
DAL S B 38 21 0 3% 16 7 2 TR 24H DNA Ny
B, I hyg B RE 5 51 90 H852/850 A& Il , 334 i T
610 bp Tl 5% , 1 7 B A= 28 1 Ak R B 1 HH 2%y
CEI3-A) , Ui WX AN BH 1 F Ak 7 B 4N T hygB
FEK . HRER 5 LACIOH-F/R 349 7 , & L%
T AR B A A 2321 bp B — 25 B A AL
PR 2977 bp BT, BB SLACI0-M::hygB::
3LACI0-M J BUh A FR B4 )5 , Cglacl OH 7]

M 1 2 3 4

A
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A, A B 2R R (514 HB52/850) 5 B. il hygB T ZH AR
Cglac10(5| %) LACIOH-F/ R) ; C.D. A8 XA I A 5 w9 67 B (51 4
QLAC10-F/HLAC10-R Fl HLAC10-F/QLAC10-R). M. DNA marker;
1 b2, B AE U B Pk 5 3. pCglac10H 4. ddH.O.

A. Detection of hygB gene using primers H852/850; B. Detection of
hygB recombination to replace Cglacl0 using primers LAC10H-F/ R;
C, D. Determine the knockout position by cross detection using primers
QLACI10-F/HLAC10-R and HLAC10-F/QLAC10-R. M. DNA marker;
1. Transformant; 2. Wild-type strain; 3. pCglac10H; 4. ddH,O.

E 3 IR ACglaclOH 1 PCR 3iE
Fig. 3 PCR identification of the ACglac10H mutant

112068 bp J7- 514 1412 bp 1] hygB BAX, BIF AL 148
AT HRI/D T 656 bp J7 41 (K 3-B) . FH4FF 5
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¥ QLAC10-F.HLAC10-R il HLAC10-F.QLAC10-
R HGHG I, K 3044 AL 14 1054 bp H1 1835 bp ) H
— 4 PR BRI S B A R B AR R 1 A (]
3-CD),iX 2 % N AR 51 048 SR 2 7R i b o
1E#f. Southern 2432 &K , Cglacl 0 FE R 1E C. gloeo-
sporioides & B 45 V1 H O @ (1 4) . qPCR 73
M (B S R, 4k T Cglacl 0 3£ R R IEE A0,
Ty 72 Pt 13 ACglac10H 5% Cglacl0 F& Rk % 58 4%

M 1 2

M. DL23130 DNA marker; 1. 5 A B % 5 2. 4Cglacl0H
M. DL23130 DNA marker; 1. Wild-type strain; 2. 4Cglac10H.
4  ZETK ACglaclOH BY Southern 2232 434
Fig. 4 Southern hybridization analysis of mutant
ACglacl0H
B'WVild-type

D0A4Cglacl0OH
12 ¢ 0 C-4Cglacl0H

1.000
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0.8
0.6
0.4
0.2
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AHXF ik &
Relative expression level

ACglaclOH C-ACglacl0H
Bk Strains

Wild-type

5 Cglacl0 BEREHER ZTR.OE
Bk H B RIAKF
Fig. 5 Expression levels of Cglac10 gene in wild-type strain,
mutant 4Cglac10H and complementary strain C-4ACglacl0H
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Fig. 7 Comparison of colony morphology in wild-type strain, mutant ACglac10H and complementary strain C-4Cglac10H
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Fig. 8 Observation of appressorium formation of ACglac10H
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Fig. 9 Extracellular laccase activity test in wild-type,
ACglaclOH and C-ACglacl0H by plate color reaction (6 d)
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Fig. 10 Virulence test of wild-type strains, 4Cglac10H and
C-ACglacl0H (3 d after inoculation)
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