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Function of histone acetyltransferase BcGCNS in
Botrytis cinerea

ZHANG Qiang?, LI Bai”, LIU Xiaoying, ZANG Jinping, CAO Hongzhe, ZHANG Kang,
XING Jihong", DONG Jingao®

Key Laboratory of Hebei Province for Plant Physiology and Molecular Pathology, Mycotoxin and Molecular Plant
Pathology Laboratory of Hebei Agricultural University, Baoding 071000, Hebei, China

Abstract: [Background] The histone acetyltransferase general control nonderepressible-5
(GCNYS) is a key epigenetic modifier that plays a role in regulating biological processes in
cukaryotes. At present, little is known about the function and mechanism of GCNS5 in Botrytis
cinerea. [Objective] To analyze the function of BCGCN5 and lay a foundation for elucidating
the function and regulatory mechanism of histone acetylation in the growth, development, and
pathogenicity of B. cinerea. [Methods] The mutant ABCGCN5 of B. cinerea was successfully
constructed by gene knockout. The phenotype and pathogenicity of ABCGCNS were analyzed
with the wild-type strain B05.10 as the control. [Results] ABCGCNS5 showed slow growth,
reduced production of sclerotia and conidia, and diminished acid production, which ultimately
led to weakened pathogenicity towards tomato fruits and tobacco leaves. [Conclusion] BCGCN5
positively regulated the growth, development, and pathogenicity of B. cinerea.

Keywords: Botrytis cinerea; histone acetyltransferase; growth and development; pathogenicity

4 HE M L B % B general control
nonderepressible-5 (GCNS)E hy 85 5 1) & W15 1%
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B9 N i F1 C B o3 5] 25 A PRSI HAT 2544 A
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WHA G OB AR IR AL DI RE . M THEB)
FI| U A e ARy #EALH, GCNS 45
JEARAFU
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1 #HRE5F=E

1.1 #&m

KA 70 8 AR B P RE B05.10, AR
LMK pBS-Bar, HEiF A HE, Bydifdbk
M K 2% LR BE R S 5T B S & R AT
1.2 IEFE. FELFANE

PDA RiFS(g/L): 15 200, #ZHE 20, By
fiE 15,

S DNA #2505 4, Omega /A7), PCR Y,
Thermo 2~ Fl; Je# BB, Olympus 2AF]; %
Wity , Eppendorf 23 F]; FHLPKASURIFAE ykAE, Jbat
B ERITHRIK A RA A
1.3 REEHE GCNS HEMEEFLE

1) P T IR 20 508 PR (fungi.ensembl.org/i)
AT JK #7516 (Botrytis cinerea) . A 4% it 1l
(Fusarium graminearum) , 7K 15 1 (Fusarium
fujikuroi). FEJE % # (Magnaporthe oryzae). #l
K& Jik 3 % (Neurospora crassa) FI Jiit 75 Ji%
(Saccharomyces cerevisiae)ly) GCN5 741 ; i it
Clustal X Z/FX} 6 M E YR GCNS HY A FE IR
JEANHEAT EEXT 434 33 MEGA 7 #8448
PR L EH YR GONS RS LKBM, KHE
bootstrap & 1 000, A Pfam K {F (http:/pfam.
xfam.org./) #1 SMART #X {4 (http://smart.embl-
heidelberg.de/)7 it GCNS 1 25 44, 35 F I1BS
A S A I A T 2
1.4 7xE%E 8 BcGCNS B [E i pRE ARt E

MR A1 JE E 2 4 R A BcGCNS kPR
BroeAR A, I FH BcGCNS JE KRS IS 1H1(3K 1),
PCR ¥ 1 BcGCNS5 ALK Y [F]J5 5 1 1 11, PCR
FWAZR : PCR Mix 6 pL, JK#i%i#1 B05.10 %
K41 DNA (1 000 ng/uL) 2 pL, 5% I-F/I-R .
II-F/II-R 4% 0.5 uL (44 5 U/mol),ddH,0 1 pL.
PCR J I 45 F /4% 2 B TaKaRa A H] PCR X5
S, IBJGREER 58 °C. valE Y kIt

53515 pBS-Bar #ifki# 4%, FAPESEHTT PCR
S PRI S, R4S H Y DR Y B 1A
pBS-Bar+I+I1,
1.5 X&E%E 7 BcGCNS5 £ Fai PRSI (A Ay
Tk 5%¥E

AT D AR BT AR B AR O, B IR
pBS-Bar+I+1 &4k KA AP A= R bR B05.10,
BEIEPTIEIR SRS 5 b7 J5 , 1T PCR #1 RT-qPCR
WeE ., PCR JUWAZ: cDNA 2 uL (400 ng/uL),
mix 10 pL, primer-F 0.4 pL, primer-R 0.4 pL,
ddH,0 7.2 pL., LAFEAb+ 1 DNA Rfiti, FIH
pBS-Bar A F BcGCN5 K& [ [w] 5 1 45 5 5|
¥ P1. P2, P3. P4, P5, P6. P7 il P8 uf7H%
A F IR o SO FRFF : 95 °C 5 minj 94 °C 30 s,
58°C30s, 72°C 30s, 34 MEH. FEHEELTHY
cDNA 1E WM , i85 TRIzol BHEBUAFR L RNA,
{8 FH Hifair 111 1st Strand cDNA Synthesis cDNA
Synthesis SuperMix for qPCR X RNA #1715
Ko HYE, FIH DNA digester Mix #4754k f Ak
R &BR, $RJ5 A Hifair IIT SuperMix plus
PEAT G ROV . A BcGCNS LA 47 535
Y1347 RT-qPCR #&:1 , Tubulin JEPR1E Ky N 2 5
KT RE A A EE 3 AN EYF R
RT-F/RT-R 47T RT-qPCR il , 52 W A& £ : 2xPCR
mix 10 pL, F+R Primer 2 pL., DNA 2 uL., ROX
0.4 pL, ddH,O #ME 20 pL. W FEF: 95 °C
3min; 95°C5s, 60°C30s, 40 MEH, iz
kA Trh BcGCNS J: A [ 22 ik 7K F-
1.6 7REZE M BcGCN5 EE & PRIk AY
=BG

W R 7 25 A B A R TR PR BOS.10 I BCGCNS
DR Y B R A8 iR ABCGCNS 43 5|37 T PDA
BRI b, 25 CCRRME RIS 4 d, IR
WLEE A MR AR | VR B . IRITETEAS
WA TR LI AR ERE, IFge i an it B
MTERE . M T3 Xk, 4390 B R B A
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B 2 KA EAE, BOFIEIE SRS R
PRI RN [FIAT, il 25 Al —A: K BT (PDA
Fige 2k BERSR 3 )R EF AR BRI AR AR Y oy AR 7R
FRIF W, R IR A e A T MR AT
SHERF RS, BRI E 3 N EE
1.7 X&E%E 7 BcGCNS5 £ Fai PRSI (A Ry
BmAoth

BCIR] — A A Bl B 1 M A TR 28 AR A AN ]
PR, T (D=5 mm)$Z i E 3 it R SR B
RO, BAEE . CRIBALEE, WK Rk A
TR B A O, R AR B S W i gL e
ARSI TR B B AR G TR R IE . BN
MRk E 3 NEE,
1.8 XE%E 7 BcGCNS5 £ F A PRSI (A Ry
FEERBE S A

W A RIRAS Ay (] — B 44 7 B A R R AR A
AR RIS 0.05% 7R A L A (55 IR A 55
B pH 4878 7)) PDA 3535 |, 316 22 °C
SERBREIETE 7d. WK IER pH TR, &
FEUR RGO A A

*1 3MER

2 ERS594

2.1 REEM GCNS HENEERFELEELER

FINAEYE B2 IrEHRG T 6 DHEEYF
) GCN5 J¥ 41, 43 %l b JK #j %5 i BcGCN5
(Bcin13g01660) . FEfii F(M. oryzae) MGG 03677,
Fil 7 P2 B (S. cerevisiae) YGR252W . /K FE % 1
5 I (F. fujikuroi) FFUJ 00382 . K 4 4 7
(F. graminearum) FGSG_00280 FIHLkE ik 1 14
(N. crassa) NCU10847., Z 74 LTt &,
BcGCNS SRR MGG_03677 Hyf751—2tk
ik 45.05%, SRS NCU10847 fYF41—3%
Peik 45.88% (Bl 1A). REEK E /3 HT &I, BcGCNS
SHABILE YR GONS FEFIFR AL =5 (18 1B).
LEFIIB T R P, BcGCN5 &4 BROMO %5 #45,,
SHA E WA GCN5 S5 —3(# 10)., %
I %46 GCNS H)ZmA% LR 2l BcGCNS.
2.2 REETE BcGCNS EE R FREIARIE
#FHR

R A (7] 058 L 2 D B AL 8 BCGCNG 5 [A] ) it

Table 1 Primer information
BEIA £ FK Gl EA s Bk 2]
Gene name Primer name Primer sequence (5'—3)
BcGCN5 I-F CTCGAGGATCGAATAGTTGTATGTTGT
I-R GAATTCTTAAGAGCCAATGCATAAATCC
BCcGCN5 II-F GCGGCCGCTGACTGCAAATTTGGTGTT
I-R GAGCTCTTTTAGAAAGCAAAGAGAAC
BcGCN5 RT-F AGTGATGCTGTTGTGGCTGA
RT-R CCACTGATCTTCCTCTGCGA
Tubulin Tubulin-F TCTGGCGAGCACGGTCTTGACGGTT
Tubulin-R TGGCTCCAAATCGACGAGGACGGCA
BcGCNS, Basta Pl AAGCAGTCATATTGTAAG
P2 CTAAATGAACCATCTTGT
BcGCNS, Basta P3 CATTTGGCAATAAAGTTT
P4 ACTTACCCTTGTCAACAA
Basta PS5 ATGAGCCCAGAACGACGC
P6 TCAGATCTCGGTGACGGGCA
BcGCN5 P7 AACACCTTCCACGTCTCCAAAAA
P8 CACAACAGCATCCTGCAAAAGTGT
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BcGCNS RIRIFIPLIIFLIIFLIHLK“IHARPFLIPVIV{LV“YCIV [AHBUEL IINIIKLIIIL‘!IIPKIFVIIVKL1 [ KlCRIYIKP“I chvlmlmux'nﬂlwl
YGR252W RPKRERHEA+ |1 L FEL AN+ HRr (@R viKEEveEy vl KEPuBLBRuE KL EBNK@KuEDF vBARLvFHNCRY Y NEENEEY Ky ANRLEKr FHNKKE PE
MGG_03677 REPRHEPNYNELLHL L NBuENHE8HPr L vEvEKEEY By vEv i KEPuDLEEWENKL EnEEY RPERr 1 RBAKL | FBNCRKYNNESTPYAKE-HKLEKFuEEE ka1 PE
FFUJ_00382 RAPRAEPHYNELLHL LN ENHNSANPFLvRVARBOY ARy B KEPuDLETESKLEABOYLTPED 1 KDAKLYFOMCRKYNNESTP Y KEANKLEKYulEE KA1 PE
FGSG_00280 RAPRKERNYNELLHL LT ANHNEHrrLvRviRDEY Ay By KEP WL BT vERKLE« DAY HPEEr (ROAKLvFDNCRKYNNESHPY K8 NKLEKFullER: K1 PE
NCU10847 REPRHERNYRELLHL LB ANk B8NP F L vEvHKBEVEDY By ( KEAuDLERMERKLEKDEYNRPED - | KOAKL  FBNCRKYNMENTPY «kcAMKLEKYuHEE: K+ 1 PE

o c
60— Fusarium fujikuroi (FFUJ_00382) Bcin13g01660 —
__ T3] — Fusarium graminearum (FGSG_00280) YGR252W .
- Pyricularia oryzae (MGG _03677) MGG_03677 S
Neurospora crassa (NCU10847) FFUJ_00382 —
Saccharomyces cerevisiae (Y GR252W) FGSG_00280 -
R Botrytis cinerea (Bcin13g01660) NCU10847 —
" E=== BROMO

1 REEE GCNS NEWMEEREST A &EIHEMRFHIHLXT. B:
O3S P B A R SERRHE. C: PRSFE IR

Bioinformatics analysis of GCNS5 in Botrytis cinerea. A: Amino acid sequences alignment. B:

A S BRI AR TE GenBank H & 55
Figure 1

REKREHMN. P E

Phylogenetic tree analysis. The serial number in the brackets is the gene number, that is, the accession
number of the strain in GenBank, and the number on the branch point is the bootstrap support value. C:

Conserved domain analysis.

BRI (F 2A). FI ] BcGCNS %E D4 45 4k 51
Yy, % BcGCNS A (% [A] 5% 1 A1 11 #E17 PCR
P, ¥3RA 800 bp A H B4 (K 2B). X [H
ﬁ’%}#ﬁxﬁ Tk, BHE SRR T PCR 3K
57T BRI A 20). XTI 7E PCR BHE Y 7l
PEATIN P S Je , BEYIARAS B A I B i [ 5
LA, 439 pBS-Bar 4%, PCR X EH
15T B (B 2D, 2E), #H] BcGCNS Jit:
IRl Y i 5 3K pBS-Bar+I+11 #4) HE i 30
2.3 IREIE T BcGCN5 EE B RTAR
TFRSEELER
FI A AR S AL B AR BcGCNS JE K 7y
FER AR pBS-Bar+I+I1 %454k 3 K 4 %5 7 7E bk
B05.10 H1, {#if 200 pg/mL H5 4k B AT Hi 1 7
1, Il B s B JE AR bR i i Ak T
(K 3A). Horpr, BPA BT HR B05.10 FEHUMERGFF
B EAERZBIWRIE, RS dNEEE

%R 3.35 cm; 1M 5 BREL AL A KRB BT
PR, K5 d RIS BARSEAE] 5.40.
4.50, 5.00, 4.00 F15.00 cm (& 3B).

WAET et oeng & (8 4A), IS 1HI%)
P1/P2 .P3/P4 .P5/P6 (Basta 5t [N iy 4: S PEG14)
P1/P7 Fll P8/P4 X544k + 4T PCR i, Hirr,
P1/P2. P3/P4 Fil P5/P6 $43k1% T Y 500 bp [ H
4571, T P1/P7 Fl P8/P4 41K 354524 500 bp )
27 (1 4B); 7B A R X IR (B05.10)H, P1/P2,
P3/P4 Fl P5/P6 ¥ LA w Hg 1, i P1/P7
P8/P4 P18 H T 24 500 bp A 25T, KIFEL 7
BCGCNSG B: A # i m bR« I RT-qPCR 4R,
XTI A= BUFNF A F IR PE T BcGCNS i [R 9 7% 5i
KPHEATRI . 5 R, Fib+H BcGCNS
HE DA ) ek e 1 I IR T B AR R TR PR (18] 40),
WIS P AR A 10 B Ak 3215 H 0% 56 DXL Ay sl o
RASK, 435445 N ABCGCN5-1-ABcGCN5-5,
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A Bp M 1 2CM 1 2DmM 1 bp
f1 ori

pBS-Bar+I+I1 2 000
; 5633 bp 1 000
ori
750

Not |

2 BCGCNS5 EFEEFREARIME  A: BcGONS JEHEMRBREIAEE. B: BcGCNS S [FIUEE 1 /1 1T
f) PCR §" 1. C: pMDI19-I Al pMD19-1I [ 7% PCR 5. D: pBS-Bar+l il pBS-Bar+II [\ 7% PCR %
%E. E: pBS-Bar+I+11 [ 7% PCR % 7. M: DNA marker

Figure 2 Construction of the BCGCN5 knockout vector. A: Knockout vector of BCGCN5 gene. B: PCR
amplification of homologous fragments I and II of BCGCN5 gene. C: Colony PCR identification of pMD19-1
and pMD19-II. D: Colony PCR identification of pBS-Bar+I and pBS-Bar+II. E: Colony PCR identification of
pBS-Bar+I+11. M: DNA marker.

A B05.10 Transformants-1 Transformants-2 Transformants-3 Transformants-4 Transformants-5

B3 HUTEEEBMMEEFRELNEKERL A BUEFHREES. B: BIFNREER. ARVN
By RN 2R B

Figure 3 Growth of transformants on glufosinate-resistant medium. A: Colony morphology of transformants.
B: Colony diameter of transformants. Different lowercase letters indicate significant differences.
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2 —
BcGCNS5 (Beinl3g01660) \‘\\,,f”
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— L -7 800bp "~ _
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-
P3
LLETLL gL
bp DL QPP bp SIPLPPP
T R | T S

bp

Transformants-1
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O SV >\ > O SV ™ ™
CILI K LI LI K
bp SCTITE pp TP CE

500
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5 a

S 1L0F
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=y

0 04r

o

2

B 021 X .

(5]

e v e
) %05'\ ad -(\'a“v”' ‘\a(“s’ A0 A

@ o ot ot 5{0{{“ o

S ,Y@[(\ ,“-3:{\ (i‘l&‘\ ,“a(\ < At

El4 BHUFRTFEE A: mBRRER S50 RER. B: RHSIHXF P5/P6. P1/P2. P3/P4. P1/P7
H1 P8/P4 X4k +F1 B05.10 By PCR % 7E. C: 1L+ RT-qPCR % %E. M: DNA marker. A [R]/NE Fh:

FoREFRE

Figure 4 Molecular identification of transformants. A: Knockout strategy and sketch map of primers design.
B: PCR identification of transformants 1-5 and B05.10 by using primer pairs P5/P6, P1/P2, P3/P4, P1/P7 and
P8/P4. C: RT-qPCR identification of transformants. M: DNA marker. Different lowercase letters indicate

significant differences.
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2.4 REE T BcGCN5 E AR FRRIT IR
RESHER

Xof AR FRIIEA T T R IR, SRR AT
BRI A W AR T E A (& 5A);
GEAR A T 24 B B A0 T AR BB AR (B SB), 2878
PRI A KRB AT P A R 5C)5 AR IR
Sy e R AT A R SD), 5 RRSEAR
TR HE 43 51 0.2%10%,0.8%10%, 0.0, 0.2%10°

0.0 4, TEFAER BO5.10 A9/ A 7ol
6.6x10° 4>, Z5RFKH, JK A% 1l BCGCNS Jt K]
IERBERENAERER .
2.5 REE T BcGCN5 EERIMRERITAD
HmhNELER

R — A K (PDA JEFE0E B35 3 )Y
P A TR TR AR AR (AN [R) TR A 43 1) A2 £ (=5 mim)
F A0 F 2 A SRV s R A, e X

Strain B05.10 ABcGCNS-1 ABcGCNS-2 ABcGCNS5-3 ABeGCNS5-4 ABcGCN35-5

e | \\ L - - N

g g
2 gr E Z
% £ 5
S 6r —e— Strain B05.10 S 4
2 ---a--- ABcGCN35-1 33
S af ~-- ABCGCNS-2 e
g %4 ABcGCNS-3 £y
£ 21 -==%--= ABeGCN5-4 &

2 ---%--- ABcGCN35-5 K

<

0 1 1 o 2

I 3 3 4 &
Time (d) &

B 5 REFMRBESH A BEERWEFEES. B: RAKRMEHZIES. C: KN AERKHEE. D:

AR P AL T . ARVNG P RN 25 5 B

Figure 5 Phenotype of ABCGCN5. A: Colony morphology of ABCGCNS5. B: Mycelium morphology of
ABCGCNS. C: Growth rate of ABCGCNS. D: Conidiation of ABCGCNS. Different lowercase letters indicate
significant differences.
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FEn AL SE RV B B EOR 1. BeF 3 d JE W
BRI, TEFAR b, FERh 28 A8 1A 1) 9 BT 1
W/NFEAERIE 6A), WBEEAS AR AR
AR 11 9 B T AR /N T BT AR (8] 6B) . FEAH
W b, B S AR AR ) A RE R B B I A
R, W e 0 0 s i 8 AR AR (1R A IR BT 4
AR SN AR F(E] 6C); FRBE EAR ST R
N, RAFRBREE R E /N TEAER(E 6D). 4
KW, BcGCNS 3[R IF & 455 B X 7 73 2R 5K
FVE R R B B0 T
2.6 REE T BcGCNS5 EE BT AR
FEERBE I ELE R

FERRRE ) R KA M E R MBURNE, K
THfiE BcGCNS 3 R 52 i 1 B0 1 ML
ARG A TR — A= K R 30 %) B 2 7R R i ok 28 AR A
B BRAE T HEAT 0T, G5 SRR, RASIARRY B
FRILPEO I BUR TR, RIS AR N IR
fE 15 THFAERYU(E TA). @i pH I &3,
RASAR) pH (103 5 THP A AI(E] 7B), Mt
AT LA BcGCNS BE [ 5 7 i@ fig ) S IEAH G .
3 Wik

R 2B, HEM LML GONS fEH
PR AE R B NS0 i R v B E R R )
FElO ) AF B FCKZE R (T, reesei), TrGCNS A
i R AR T A R AR AR L TR 22 4 R T
FF-or Al R M FE RS, graminearum)HT,
FOGCNS J [l il 2k M F s i A P A 5 TG 2
B R A MU 1M FERPEIR (M. grisea) 1,
GCN5 fERGiIFH AN, TERI AT 4B
B WA SE LD MOATGS, il B Wi s 7EDGIE
4T, GCNS 5% MoATGS Fy#E sk, i
ARG B ) T A A B T fERk A
{E#i(Beauveria bassana)$, GCN5 Ay iy

PRTE T % A A R Tt AR b A e ™ EE R
TEA B (A, nidulans), GCN5 @idiESE
BRI A, TEIRHER A Er B R E
BRI, A 22Kk (C. albicans)H,
GCNS5  J [F]  B B e XoF 200 i e g e P AG 00 3 5]
FOIAURR, XA EA LR Y RE T B RN,
HAT, X FREH M AHEA BB GCNS
Dy REDF 5 i R WA 1A

h T I K E AL GONS TERHEAE KR T
BRI RE R TIRE, AAFIE A YE B s
MrtfisE 1 KA %5960 GCN5 (194535 K BcGCNS5,
308 o [ 5 B AR FRAT TR A 1 2 R TR ) i ok 2R
A5 ABCGCNS., X 53 4% {A i 2 B R B0 7 4 7
M, KPR ABCGCNS RASIKIIE 224741, K
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Figure 6 Pathogenicity of ABCGCNS. A: Toxicity determination of mutants to tomato. B: Statistics of lesion
diameter of mutants on tomato. C: Statistics of lesion diameter of mutants on tobacco. The red dotted circle

part is the cell necrosis part after trypan blue staining. D: Statistics of lesion diameter of mutants on tobacco.
Different lowercase letters indicate significant differences.
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Figure 7 Determination of acid production ability of mutants. A: The color change of the mutant colony. B:
Statistics of pH value of colony culture medium. Different lowercase letters indicate significant differences.
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