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Abstract Strawberry anthracnose, caused by Colletotrichum species, is one of the most serious diseases of
strawberry production worldwide. C. fructicola was the dominant species of strawberry anthracnose in East
China. Effectors play important roles in the interaction between fungus and plants, and the pathogenicity
mechanism of effectors is a research hotspot. In our previous studies, the effectors of C. fructicola were predicted
based on the results of transcriptome. One candidate effector named as CfE15, which was significantly
up-regulated in strawberry infected by C. fructicola, was chosen for further study. CfE15 encodes a small secreted
cysteine-rich protein. Bioinformatics analysis showed that CfE 15 encodes a 109-amino-acid (aa) polypeptide with
the molecular mass of 11.6 kD and isoelectric point of 4.45. The N-terminal of CfE15 protein contains a 24-aa
signal peptide sequence. The secondary structure of CfE15 was mainly composed of a~helix (3%), B strands
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(33%), extended strands (17.43%), B-turns (7.34%) and random coils (66.97%). CfE15 gene knockout vector
pKH-CfE15 and complementary vector pKN-CfEI5 were constructed. The gene deletion and complementary
strains, ACfE15 and ACfE15C, respectively, were obtained by PEG mediated protoplast transformation and
homologous recombination. No significant differences were observed in mycelial growth, morphology and
conidia morphology among wild type (WT), ACfE15 and ACfE15C strains. The amount of conidia production of
ACfE15 strain was significantly lower than that of WT and ACfE15C strain, and there was no difference between
the wild type and ACfE15C. Our results provide a theoretical basis for elucidating the pathogenicity mechanism

of C. fructicola and the interaction between C. fructicola and strawberry.
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Figure 1 Molecular cloning and bioinformatics analysis of CfE15
gene

Note: A: PCR amplification of CfE15 gene, M: DS2000 Marker;
The ¢cDNA of WT strain was used as a template in lane 1; B: Sig-
nal peptide analysis of CfE15 protein; C: Secondary structure pre-
diction of CfE15 2; D: NetNGlyl.0 predicted N-glycosylation of
CfE15; E: NetPhos 3.1 predicted phosphorylation sites of CfE15
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Figure 2 Construction of CfE15 gene knockout vector and ampli-
fication of CfEI5 gene upstream sequence and downstream se-
quence

Note: A: Schematic of construction of CfE15 gene knockout vec-
tor; B: Amplification of CfEI5 upstream sequence and down-
stream sequence; M: DS2000 Marker; lane 1: PCR amplification
of CfE15 gene upstream sequence; lane 2: PCR amplification of

CfE15 gene downstream sequence
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Bl 3 ¢fE15 HFE RN PCR X8

7E: M: DS2000 Marker; ¥K3H 1, 3, 5 43 51 DL A2 Y 1 A B
UKIE 2,4, 6 72 LL AGIELS IR VKIE 1,2 9514 CELSF/
CfEISR 3% PCR j=4J; ¥Kkil 3, 4 45149 EISUF/E15DR 4
PCR j"*#; VK3E 5, 6 4514 H850/H852 ¥ 1# PCR /¥ .
Figure 3 PCR detection of AGfE15

Note: M: DS2000 Marker; The genomic DNA of wild type strain
were used for PCR detection in lane 1, 3, 5; The genomic DNA
of ACfE15 strain were used for PCR detection in lane 2, 4, 6; lane
1, 2: PCR products were amplified using primers CfE15F/
CfE15R; Lane 3, 4: PCR products were amplified using primers
E15UF/E15DR; Lane 5, 6: PCR products were amplified using
primers H850/H852
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e Ax ¢fEls B EAMIAMERRE, B: ¢E1s EE (& E
R LT F 5 1; M: DL5000 Marker; C: GfE15 2K H
AN PR IF) PCR 3010E; M: DS 2000 Marker; Jki& 1 DAEFAE 2 3
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Figure 4 PCR identification of CfE15 complementary vector and
strain

Note: A: Schematic of construction of CfE15 gene complemen-
tary vector; B: Amplification of CfE15 gene (including promoter
and terminator of CfE15 sequence); M: DL5000 marker; C: PCR
detection of CfE15 complementary strain; M: DS2000 marker;
The genomic DNA of wild type strain were used for PCR detec-
tion in lane 1; The genomic DNA of ACfE15 strain were used for
PCR detection in lane 2; The genomic DNA of CfE15 comple-
mentary strain in lane 3. All the PCR products were amplified us-
ing primers CfE15F/CfE15R
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Figure 5 Growing states of the WT strain, CfE15 gene deletion
strains and complementary strains

Note: A: Growing states on PDA; B: Colony diameter comparison.
Error bars indicated standard deviation. Values on the bars fol-

lowed by the same letter are not significantly different at P=0.05
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Figure 6 Analysis of Conidia shape and conidia production of the

RS

WT strain, CfE15 gene deletion strains and complementary strains
Note: A: Morphological observation of WT,ACfE15 and ACfE15C;
B: Conidia production of WT, ACGfE15 and ACfE15C. Values on
the bars followed by the same letter are not significantly different
at P=0.05

F PP B 1E H (Stergiopoulos and de Wit 2009;
Oliver et al., 2012). {H7E SR A RIE H H LRI 2
(RIRE o

AHIFFE 45 A T A S A P 5 S K SSCP (14
MEFRIERS T —MER RIS LHRIEM AR
SSCP FHIEI R FRIEEE R CfE1S. XF CfE1S 4T
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FRIVAE 5 K7 1, AN AT ART 5 I 45 A 3, b b i A
AR DRI E AL IR ZEAN RSN E
B o BBEG%)B % (33%) ZEHEE(17.43%) B~
B 41(7.34%) ST 45 1 (66.97%) A k. &5 —A
WAL A, BAPTERE R i, SLEdE 4 M2 R
22 IR 1 NS ERAT7E B R AL TS PR A

A RIE BN RS R, TEAR T
FEURTE 27 F BRI ER B N AR e AR, R e S
3 RAAE N N IR FERL A K (Zhang et al., 2020).
AT H G 2 7 45 AR ok 15 2 RIAE SR A R IE 1
YRR i FE  BRERIA,  ph A 2 R R
TS 5RAREH SERETAE, @RS R4 K
HENAEKEB R AFTRMET cE1s ZEEK
R TRAZ MR ACETS K EANFE Bk ACIETSC, T TE
BRFEREN K, ACETS BIF- fil & B K T 5
A= BT AR AV AN PR ACELSC, HAMEIE ACIEISC
M FreB 5T AENEKRILREER. HiEEARN
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5 RAERIE W K7 R A K
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Eieft. PREIPENYIEEIY H New England Biolab 2
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33EMEBEREST
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Table 1 Primer information
FIHA4 TR FIMIFF3(5-3")
Primers name Primers secquence (5'-3")
C/EI5 CfE15F: ATGAGATTCTCCATCGCCAA

CfE15R: TCAAGCAGCCGGGGTCCA
RIS 5 E15UF: GGTCTTAAUCGGCCCTTCTTCCGAGAAA
Upstream homologous arm E15UR: GGCATTAAUTTTGGTAGTTTTGAGGTGGTTGG
N EE A E15DF: GGACTTAAUATGGGTTGATCAAAGAGAGGGA
Downstream homologous arm EI5DR: GGGTTTAAUCCATGTTTGCGCTTATCAACT
HANSIY) E15F+ CGGCGGGGTACCTGTGGCGTCATCGGCAAC
Complementary primers E15R+: CGCGGATCCCGTCAGCAAAAATGATCCCC
Hph H852: ATGTTGGCGACCTCGTATTGG

H850: TTCCTCCCTTTATTTCAGATTCAA

3.5 RERER CEIS R B RIHEE
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PRGBS B W 0 AR RSk o DS AR RTE TR 1)
F: K 4H DNA ARG 1S B 1) 3k K 4 K 5 i 2
pKN AR Kpn /BamHI 437 45 L, M ifif52] CfE15
SR ) AR A

3.6 RAEREFL
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M5 5 W LR MR AL S 1 B4 5k 3R AT R AR R AR R4 1k
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FH L (G A7, Bk 7 47 42 20 AH B Bt 4 1)
PDA AR 4kgRidE 1735 9%, A T4 PDA Ttk L&
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(2008), HrK H 1 ERAN T VR B 4 B O A R AE R )
PDA PR kel K, Ja PR HCEE DR 4R F 4 S PR A
M5 P #EAT PCR %7€ .
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REUTES IR Y 2 (2015). LLC. Jructicola E gty ]
PRASTRR, 04T PCR AT . A 73540 F: 514
CfEISF F1 CfE15R: faill H (&K 514 H850 Al
H852: Fr il #AX H K 1) Hph F£; 514 E15UF
A1 E15DR: faill 240 72 47 5 .

EHUPH M BAMNE AL T4 DNA, LA C. fructicola
By A BRI RN CAE 1S = R i 3% T ok 265 DR 4 Dl ot HEE
FIF R R B9 5190 CE15F/CFE15R #E/T PCR B&1IE .
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KIS BIME

AT SL 4% 70 A AE BF 45 B T Bk LACETS AN
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T PDA HiFr O B, KR E LN EE.
£ 28 CHERIE FRA h 597 7 d o Hl 2 28 SO &
W& ELAR, TR R A KL

3OFEBEK CEIS REEMRREENIERS £
TSR F-ENE

FAFT FLASHL 9 mm K/ 19 85 A2 R B8 bk \ACPE TS
RUACE1SC IR DB B R D8 T, 2 Bl R 2 2 30
mL PDB 5575511 50 mL H#E i, 28 CHR % 55 77 2
d, i J& 5000 rpm 250> 8 min, WE AT, ¥ 1x
10° Mo A T 2 30 mL PDB 15373 91,28°C
PG RE 7 4~5 d, i EUCEE o A= 1, KRS B AR S
Aoy R AR T R IEAT UM AN R E A
HAREL.

1E& ok

5K W A2 AT FC AR S8 BT RS2 36 T 78 R B
TN TE BEUE BT W SCRIAR ) B AR s ARk I 2 R
PERAR AR O PAT N B 50 80 40 (1 s 73 A
TIwRF AR KR 2 5 S it IR 45 R i s 7K
FA TR T LB GRS B EAEE A
e I [ fie & R SCAS
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