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Biological function of a homeobox transcription factor CsHtf1
in Colletotrichum siamense

LIU Huanqing, ZHOU Shuangzhen, GAO Jing, WANG Jinhong, TANG Wen,
LIU Zhiqiang, LI Xiaoyu"

School of Life Sciences, Hainan University, Haikou 570228, Hainan, China
Abstract: [Background] Colletotrichum siamense was the main pathogen of rubber

anthracnose, which seriously restricted the yield of natural rubber. Homeobox transcription
factors were widely found in plant-pathogenic fungi and involved in asexual reproduction,
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infection, and metabolism of fungi. [Objective] To determine the biological function of a
homeobox transcription factor CsHtfl identified in Colletotrichum siamense. [Methods] The
gene-knockout mutant of Cshtfl was obtained by homologous recombination, and its
phenotypes such as vegetative growth, conidial production, and pathogenicity were analyzed.
[Results] The Cshtfl gene encoded 600 amino acids and contained a HOX domain. Compared
with the wild type, the Cshtfl knockout mutant showed no significant difference in vegetative
growth and pathogenicity, whereas the conidial production of the mutant was significantly
reduced, and the production of melanin increased. [Conclusion] CsHtfl was involved in the
regulation of conidiation and melanin production in Colletotrichum siamense.

Keywords: Colletotrichum siamense; homeobox transcription factors; conidia; melanin;
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AY(wild type, WT) bk 1 A SEI0 B ARAF o AR
Fi7E PDA B55%3E [, 78 28 °ClEJEK: S+ b5
7% 5 d JERAFE] 4 CCRIFIEE IR
1.1.2 EHFHE

PDB }i7#3(g/L): D443 200.0, HiZbE
20.0; OMA e TR H(g/L): M F 40.0, By
Ji§ 18.0; PDA, OMA ., CM, MM, Czapek, DCM,
TB3 il LB 55552 ISR [ 1418 T AL -
1.1.3  EZERXFI NS

eI [T, e o W R AR 8
B ARSI, KERAED A Ik S BER
MR RS, s —EWRHE A RAF; PCR
1, SEARTEA A ANV OLETT, B,
1.2 &
1.2.1 CsHtf1 EE T EFMFEFI 54

M NCBI (https://www.ncbi.nlm.nih.gov/)i&
B I KR 1345 Cshitfl (CGCS363_v009499)
A, %351 9%F CshtflupF/CshtflupR Jf-9" 1
Cshtfl F Bt (5% 1).f# /| SMART ~F-£5 (http://smart.
embl-heidelberg.de/)fEZL 7 Hr CsHtfl 12 )i
24638, F) F§ NCBI H BLASTp (https://blast.ncbi.
nlm.nih.gov/Blast.cgi)LA FAEZ -4 Clustal omega

*®1 KMRASIMER

Table 1  Primers information in this study

(https://www.ebi.ac.uk/Tools/msa/clustalo/) X} CsHtfl
() SR )7 5 47 [R5 43 A7 o £ MEGA 6.0
A DAL B R R EW .
1.2.2 Cshtfl EFERBRSE4

R i 2 R et B DR L (T 1), 0 A 5 4
CshtflupF/CshtflupR # CshtfldownF/CshtfldownR
P14 Cshtfl FE K A9 B3 751 (1 046 bp) Al T i F
FI(1 061 bp), FHHEX B4tk 5 i e 51 2k ik
pCB1532 #Hi%, 2R N VIEE Xba 1/Hind 111
it V1) 56 UF TG % 5 B 3K A5 i B 4K pCB1532-
Cshtf1.. K BT 15 5 40 Jioks £k Ak 5 5 A 218 2 ok
JE TR W il 25 19 s AR iR, 845 4 100 mg/mL
AMERERER DCM 555 B I B ik fs
il CTAB LRI AL TSR, FEH
3 X514 Cshtf1F/CshtfiR . CshtflUU/PI Fil P11/
Cshtf1DD (514 ¥ 51 WL 3% 1)i£4F PCR 3&{iF . PCR
WK Z . TaKaRa Premix Tag 10 uL, DNA #&
M1 pLl, 5141 (10 mmol/L) 0.5 uL, 542
(10 mmol/L) 0.5 uL, 7K 8 pL. PCR 5%
4::94 °C 5 min; 94 °C 30 s, 1B Jk (Cshtf1F/Cshtf1R:
52 °C; CshtfLlUU/PI: 56 °C; PI1/Cshtf1DD: 55 °C)
30s, 72°C90s, 30 MEH; 72 °C 10 min,

Primer name

Sequence (5'—3")

Product length (bp)

Cshtf1F CTGAGCAGATGGGAGTGGATGT 1101
Cshtf1R TGGCGTGTTAGGAGTTGGAGGC

CshtflupF AACTGCAGCTCGGCGGCGTCTAGCTGTATG 1 046
CshtflupR CCCAAGCTTCAAGGGACGTTCGGTCGATGTG

CshtfldownF GCTCTAGACGGGCAACTGAATGTCGTCAGC 1 061
CshtfldownR AACTGCAGATTCCTCGTCGCCCGTCTGCTC

CshtflUU GCTGACTCTGGTTCTGACATGGAGC 1269
PI CAGGGTTTTCCCAGTCACGACGTTG

CshtflDD GTTTCCTTGACCTCAGGGACTGCGT 1417
PI1 CAACAAGTCTGGTTCTCTATCCGTA

CshtflhbF CGAGCTCTGTGCTGTGCTGGACTGGAG 4125
CshtflhbR AACTGCAGGTCCAAATGTGGTCGGTCTACT
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Bl 1 Cshtfl ERERRRE
Figure 1 Knocking principle of the CsHtf1 gene.

N T HHE Cshtfl B H AN KR, FSI%F
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HPT)JE [H ) pUC18 44 45 21 Y 55 41 Jookr 4%
A0 2 FH R 28 A8 AR £ 1 DR AR A b . B BT 1
ALY, RBEUER T EG, RS
%} Cshtf1F/Cshtf1R 47 PCR B 1lF .
1.3 FRESHH
1.3.1 FFAER, RETEKME AN E VR E LS
FFE FE KR

W E Mk WT, ACshtfl Fil ACshtf1-C 43514

fF CM. PDA. MM Fl Czapek iX 4 k%55t
H, 28 °CHEFE 5d, A IR T HAR -
132 SEBFEERPLE

30 2R FH T A RN AR P AN 355 3% 7 X e 1t 4
AT, XK SR, B ASF R
PiEFI ] PDB i, 28 °C. 150 r/min #%
IR¥R 459 2 d J5 U AR L PR 2, B 1 mL 3
W 12 000 r/min B5.0> 1 min, 3 BIHWR, JCHK
FEEMERT, MAmER BRI T, A
A BRE 3 NEEAE B 20 pL A TR (10° 4 /mL)
THTEEIE A B, 76 28 °CHEFE 8 h, Siitili k%
FIHE A MR B

XTI A FR RSG5, DR 4 Fh 3
PDA 553 OMA 5572 |, 28 °CophilHi o+
7dF114 d, mEEFRESEAR PAA 10 mL ZE 18K,
FH R A B 7557 W B 22 3% ] miracloth i JERBR 25
(LA 3 E 0 18218 € T O A sk I R X A e
TSI 3 ANER
1.3.3 EeRNE

A3 KG B A T | AR KRR B B AN R RD T
PDB W A5 35 Kb 28 °C . 150 r/min $ 3% 55 55
5d, XRBER T IEBR A 225 , INASF & 1 mol/L
i) NaOH ¥, 60 °C/K¥ 4 h, 7 000 r/min
0 20 min J5UEE B3, A 6 mol/L HC1 % pH
2.0, 60°C/K¥% 3 h, 7000 r/min B> 15 min Y&
EVLTE, FALREKEERILE 3 K5 70 °CHET,
RPA5 2 28 o AR ) K TR R KR
B EY T 1 mol/L NaOH %W, 7F 221 nm

Y=0.052 2X+0.006 9 (X & OD,, {8, Y N0 2R
IR RERSE AR 3ANER
1.3.4 RS

W& BRI B DEG mm) M2 20 pL 4347
TR (1x10° A~ /mL)43 FHE RN 7E A 15 5 58 2 1Y)
BRI T, 28 °CRimEE 3-5 d, 1§
R AREE BEAR b I 10 S BE LA .
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1.3.5 HEHH
AR E % 3 EL , i /1 IBM SPSS 25.0
B £ ANOVA 5 56 %F 5 4 3k 47 5 22 40 #r

(P<0.05), 1EEI#/4H GraphPad Prism 8.

2 EREG5M

2.1 CsHtfl £¥ERFE S

Cshtfl 2K (GenBank % 55 & 0Q927980)
it —1> 600 AR A HE H CsHtf1, SMART
ST RTE 58-118 i s BLMR A A — Ik
SFHY HOX 25 1454918, & homeobox %% 5% K+
(Bl 2A). RGEKF TR/ CsHtfl & ATERIH
B & P9 HLASRST(1&] 2B), CsHtf1 5 Colletotrichum
gloeosporioides, Colletotrichum fructicola A ]
JRE ML E YL 95%, 5 Colletotrichum
graminicola (XP_008092788.1) . \Verticillium
dahliae (XP_009649398.1)[R] J5 25 1 i A A4 4
AN 59.32%. 48.17%; ‘5 Pyricularia oryzae
(XP_003718936.1) . Saccharomyces cerevisiae
(NP_010177.1) [l L85 F AR S35 K 32.37%
27.17%. PE—H:%F CsHf1 K H: [ I 2 11 551 0k
17 XF, CsHtfl 5 Colletotrichum graminicola
(XP_008092788.1)
(XP_003718936.1) #1  Aspergillus
(XP_658821.1)3 %A —> HOX Z5 #4355 (& 2C).
2.2 Cshtfl EERR KR EAER

Wi 34519 pCB1532-Cshtfl f R ALk 14k
J B B AR R 5 ) D AR B, Xk Y
WAk TR IBCEE N JF 9547 3 % PCR ik, 40
Bl 3 B, WIAEE] 3 AR RARK, ik
ACshtf1-9, ACshtf1-10 f1 ACshtf1-19,

N TR EANE R, #5A Cshtfl BAMNT
S A 3R VR B A ACShtfL-10 2878 A il £ 1) Ji
AR, PRk AT, PRI, 3 55

Pyricularia  oryzae

nidulans

{72519 %t Cshtf1F/Cshtf1R 3 iy Fr BE vl
DATEHL KA A B8, i BOR/NS B A Be—
(1101 bp), HILPILAFRNEXNEE, wHaHN
ACshtf1-C.,
23 EFEK

F &l 4 0] %0, B R WT , ACshtf1 fil ACshtf1-C
FE 4 PSR FI A RIS A3, W HE
BRIERFEES . AL, CsHtfl A35EE
S A E R
2.4 CsHtfl 25FBESEBF~5%

¥4 Bk 713 A %] PDB. CM fil MM
R TR, KigR 5 d EiE AR,
M & 5A AT L, 76 PDB K533tk 5 d, Hikk
ACshtfl 943 A 1 F 7= A 1.66x10° 4~/mL,
B A B A AT PR R 6.3%; 16 CM TRIAR R 5%
Ferp, ACshtfl 94> M7= sk, 4N
8.6x10° A~/mL, Y /7 B 2B A 4y A 4 1 7= it Y
0.03% (¥l 5B); 7E MM ARG SRSk, BFAEAY
43 LN 6.30x10° ~/mL, 1] ACshtfl 7&
MM AR RS SRS A= A o A 467 (B 5C). 7
3 Pl AR IR, BRR ACshtfl i A fl 1 ™
TR

W 3 FITE R B3R ZE PDA A1 OMA [E{A
Regeskh, 538 7 AW, 7E OMA Hl PDA #53%
b, RAKE RS R W R AT,
R S AT PR T 1.0x10° 4 /plate;;
TEXEFE 14 d I, OMA 555 ACshtf1 (19 432E
11 4.40%10° 4N /plate, 25 852 R4
77 R 0.1%, PDA JE3:3irh ACshtfl 434=
T Y 3.3x10° A/plate, 25 BFAE R
TR 0.15% (B 5D SE). kA UL,
ACshtfl Z8 A8 A8 W A F7 10 2 [ A5 3%
- i T R AR R A AR, B A
B IS TR AR
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A
| HOX | [ EHE N
0 100 200 300 400 500
B 100 CsHtfl (KAF4478183.1)
’—’ Colletotrichum fructicola (XP 031879833.1)
100L
7% Colletotrichum gloeosporioides (EQB44385.1)
100 Colletotrichum graminicola (XP 008092788.1)
78 Verticillium dahliae (XP 009649398.1)
Trichoderma arundinaceum (RFU79966.1)
100 10 Fusarium graminearum (KAI6766733.1)
Podospora anserine (XP 001908876.1)
100 Pyricularia oryzae (XP 003718936.1)
Aspergillus nidulans (XP 658821.1)
100 Aspergillus luchuensis (XP 041541190.1)
Saccharomyces cerevisiae (NP 010177.1)
0.10
€ 20 . 40 . 60 . 80
Csi : F NC—Y¥E-—-—§AAP———--— 8 o e e e g e VYPHCAANER YCNPNEEHNEMYNHM GSHMME--GVG
Cgr: ST D~ F = e e e e e STPFPGNIMONS YNL--EFYRQEANSSNRGIFE--GVE
Por : IMNMIQGGGHQA FVPCYNAMGCAAPHCHCERHCACCRCCHGYPSY SHLMVEAGMCHS RTSISGCVHDASLSPT
ANi; ~~~ssssassasas s an s sa s MVHPTMMHHEMDG Y¥j - A8 EPEDMVD Y¥He PM§ ~-DYEE-—————~
Y ¥ q Mm
100 * 160
Csi: CEATER I3 1, F13 KR HAP{$ :nchs ﬁ
Cgr: GyATES D 83 2B NS A R- 1S :
Por Flels O D 38 Tlo)a FARRIS ARECAE[eQS
Ani: YAENLEESESITIFONE H KROQLAG PSS O35 YIS RME KA AE ARER
k 4PRL Kd2v LE FQ n KP S K426A2  6d6 RGnNWFCNRHAKaK- e e k e2 a

El 2 CsHtfl WEBFIISH  A: CsHifl RYE P REHEIE . B: CsHif1 K RELFTWM . RS
REWIETHEF SN GenBank #5365, 7031 SACREE S A RAE, AR A K o3 3K B AR AL
B, C: CsHtfl RHFEHEEAFILX. 25750 TP Ir LR HOX 45541, Csi:
Colletotrichum siamense; Cgr: Colletotrichum graminicola; Por: Pyricularia oryzae; Ani: Aspergillus

nidulans

Figure 2 Protein sequence analysis of CsHtfl. A: Protein domain analysis of CsHtfl. B: Phylogenetic tree
analysis of CsHtfl. The sequence number in the phylogenetic tree brackets is the GenBank entry number, the
value of the branch node division is the bootstrap value, and the scale and branch length represent the base
replacement rate. C: Protein sequence alignment of CsHtfl and its homologous protein. The box in the
multiple sequence alignment diagram represents the HOX domain sequence, Csi: Colletotrichum siamense;
Cgr: Colletotrichum graminicola; Por: Pyricularia oryzae; Ani: Aspergillus nidulans.
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A B C

bp bp bp
2 000 2 000 2000
1000 1 000 1000

E 3 Cshtfl EERBREAIEIE  A: 5% CshtflF/Cshtf1R 4 145 5. B: 5|¥%] CshtflUU/PI
P 48R C. 5|¥%t PI1/CshtfiDD P #2558 . M: DL2000 DNA Marker; 1: WT; 2: ACshtf1-9;
3: ACshtf1-10; 4: ACshtf1-19; 5: ACshtf1l-C

Figure 3  Verification of Cshtfl gene knockout and complementary. A: PCR result of primer pair
Cshtf1F/Cshtf1R. B: PCR result of primer pair CshtflUU/PI. C: PCR result of primer pair PI1/Cshtf1DD. M:
DL2000 DNA Marker; 1: WT; 2: ACshtf1-9; 3: ACshtf1-10; 4: ACshtf1-19; 5: ACshtf1-C.

A B
CaOWT @ ACshif]-9  wmm ACshif1-10
PDA = ACshif1-19 =3 ACshtf1-C
80
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CM £ 60
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Q
£ 40
MM =
=}
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& 20
Czapek

PDA CM MM Czapek

4 T WT. ACshtf1 F1 ACshtf1-C BEFEKILLE  A: HKE 4 FERE EERAK. B: W
T ACRE

Figure 4 Compare the vegetative growth of the strain WT, ACshtfl and ACshtf1-C. A: Vegetative growth of
the strains on four media. B: Colony diameter statistics.
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S GEPOREE S S ET T, [EAS PDB ISR W] AR | AR T & AR
54y AR B & o wpa g IEHEAE 221 nm AR OG(E . MR
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BigedhEgE 5d. D: OMA 5553, E: PDA B3k *. P<0.05

Figure 5 Comparison of conidial production of strains on 5 media. A: PDB medium, 5 d. B: CM medium, 5 d.
C: MM medium, 5 d. D: OMA medium. E: PDA medium. *: P<0.05.
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Figure 6 Melanin determination of strains. A: Melanin production of strains in PDB medium. B:

Determination of melanin content. *: P<0.05.

OEAMEM LSS, TR RAR SR
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Figure 7 Virulence assays of strains on rubber tree leaves. A: Disease symptoms on injured leaves using
mycelial plug and conidial suspension inoculation. B: Histogram of lesion diameters on injured leaves. C:
Disease symptoms on intact leaves using mycelial plug and conidial suspension inoculation. D: Histogram of
lesion diameters on intact leaves. 1: CK; 2: WT; 3: ACshtfl-C; 4: ACshtf1-9; 5: ACshtf1-10; 6: ACshtf1-19.
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