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W OB e R ERRETFINOS Z—Xd % T HAMk k%R EF, HE S DNA R, EEXE W ERA P
KEFEENAESE, EEAEREMERLFY (Valsa mali) P R EFEREEMED I THES, ik, KR M
L 4 H 4 K E B INOSO By — AN T 3L 3L & Vinlesd, FI | qRT-PCR B AT T Vinlesd 7507 B 12 Fe 3t 42 F th &
#H K, F| A Double—joint PCR & K1 PEG A5 09 R & TRz L7 £ AT T R B IR, R G 4 3 NERIEREE R4
K KB A $EAT W E AT, IF X T A AE AR IR A R B 3R B VmNRPS12 B VmNRPS14 72 R R AR o % 3k 34T
EEM . ERERYN Vnlesd EE LN EALRZE L, EMHE6h LXK 6.2, BRRRTERNEKAEFFY
Welk 28% BT 4 £ KB, £ S +F B %M (Malus domestic cv. Fuji) #F Fr sk 4 b 89 807 1 4 5 IR 1% 2| 22.5% Fn
27.5% ,VmNRPS12 ¥ VmNRPS14 3£ H 7 Vinlesd R RZ 4 F R4 4 24 h J5 th kK &4 5 T 86.5% %1 50%; 4 £
B ik, Vimlesd TE8 25 B I 5 BT 69 % 22 4 K 3008 A DLROK R A R 88 35 F VmNRPS12 o VinNRPS14 W 3 3%

gAML B INOSO T 3 Vimlesd ; B 1o R4 5 4 K 7% %, 80

hE 525 :5436.611.1" 1 X ERFRES ;A

Functional characterization of a chromatin remodeling
factor Vmles4 in Valsa mali

DU Hongxia, NIE Jiajun, FENG Yaqiong, LIU Jianying, HUANG Lili
(College of Plant Protection, State Key Laboratory of Crop Stress Biology for Arid Areas,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract ; Chromatin remodeling factor INO80 is a kind of genetic regulatory factors composed of multiple sub-
units that regulate multiple DNA metabolism and play an important regulatory role in gene expression. But, it is not
clear whether it exists in Valsa mali and its biological functions. Therefore, a subunit gene Vmles4 of INO8O was an-
alyzed from the fungal genome in this study. The expression patterns of Vmles4 was analyzed by qRT-PCR technolo-
gy during the infection process. Using Double-joint PCR techniques and PEG mediated protoplast transformation
methods for gene knock out. Then, the vegetative growth and pathogenicity of 3 mutants were measured and ana-
lyzed. The expressions of non-ribosomal peptide synthase genes Vm/NRPS12 and VmNRPS14 in mutants were ana-
lyzed quantitatively. The results showed that the expression of Vmles4 was up-regulated significantly in the early
stage of infection, and 6.2 times in 6h after inoculation. Growth rate of knockout mutants decreased by 28% on av-
erage and mycelium growth was sparse, and the pathogenicity in leaves and twigs of Fuji apple varieties ( Malus do-
mestic cv.Fuji) decreased to 22.5% and 27.5% , respectively. The expression of Vm/NRPS12 and VmNRPS14 genes
was down-regulated by 86.5% and 50%, respectively after 24 h of infection of twigs by Vmles4 mutant. In conclu-
sion, Vmles4 is regulating the vegetative growth, pathogenicity, and the expression of secondary metabolic synthase
gene VmNRPS12 and VmNRPS14 of Valsa mali.

Keywords: Valsa mali; INO80 subunits Vmles4 ; knockout mutants; growth rate; pathogenicity
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MEAE SRS 7l A 3R [ R AR, SRR AR 1f
5 R i AL A — T SRR R e )
HAE R K, % & W Valsa mali = Cy-
tospora mali 51 ESHY —Fh EL B PEAR T, 35 G FHE R
PR T R IR A S8, 32 SRl ™ | o 0 3 A 446
PR b PRI TR A4 A 1200 D T I 3 B0
BLEEX s 5 Ak B s LR,

B A 1 3 A% A 80 A7 i T v B R 4 1)
Yufe b, PR, Gl 6 [0 1) 45 4 E JE TR 1) 38 38 R 4
AR EEE L, BT A i 25 2
Yefa FRE BT R ATP 7K A 0 RE f %k G £, 5t L
ALER R/ IMARTEA T OO T MU Y A R 25 M S 5
Xof FE PR iR Yo o R 0 R AR D R A ) 4
J3 SWI/SNF , ISWI, CHD #1 INO80/SWR1*' . INO80
Yoty o F 98 DX i R A R R A P 2 B R
15 FICASTR] B4 30 FE 20 18, it V81 425 4 i 9 24 R TR G 36
KB A AE INOSO ANRIZE AR A RSB B T 3
AFEERIREIX . (1) N v P8 45 T RE X . A 45 W 3
les1 les3 . les5 Fl Nhpl0; (2) HSA TRE X . 4045 I it
Arp4 Arp8 Fil les4; (3) SNF2—ATPase T AE X ; {0 %
AAA + ATPase ( Rvbl F1 Rvb2) . Arp5, les2 Fll les6
WIS,

INOSO Y o [ 5 ¥ PH - K W 3 5 5 2 Fh 4 i
HBHIIGEZ A, W IT INOSO fif 2k 58 78 {4 A
PR R 5508 /N H A Bk ) R 240 T AT 5T
J% B, TER TR 41 I INOSO itz 41 it At FE2 Rl 52k % B
BFRES, SIA0 R AN P R T INOSO S5 & B
YRR BV IR i AR 40 Nhpl0
e 530 INOSO Xt DNA 25 4 16 ME FEAIE ™ | Bk
IR les3 J5 DR 1) 1 5 4t e i Aor A < O L7 8 kA ek
AR JE HLBE INOSO AL W FE 5K ArpS —Tes6 # 0>
TV ) TR A0 B PR AL DY 159% 1) 3 TR Gk A2 B Y
mi el PRI, $E 8 INOSO F HGSIT HEA7E i 20 1 B0
AR B A AN, AT Vomali 25 H
EHE 0 S 3 — A Y a5 9 T INOSO IF
FEFED Vimlesd , F) F 5% 58 728 (R 485 7= 12 558 PR T
B BUR 1B R TR IR 2 X SO A G
IRBAR A B FE R VinNRPS12 Fll VimNRPS14 1)
S OB BTt — 2B 4R s Y T S T AR
S5 TR B0 I DI RE

1 MR
1.1 #R5iRF

111 BA kR SERWE R H (Valsa mali =
Cytospora mali) BF A= B4 B TR AR 03 -8, H PG LR AR

RHECR 27 R ) DR AP 27 e SR AR T8 I A ) 2 2 45
B BIA BT A BA B B 58 % 53 8 I DR AF 5 pFL2 BUkE
(A Trp A BFEH neo, G418 Hitk) , BPHALAAMEL
BRAVF BRI,
11.2 somial AR SRR R B
R AT R REPUR AR W& iRl ity R -
BEPRE R BRI A 1~2 a AR
1.1.3 &K A P505 & {& L # ( Phanta Max
Super—Fidelity DNA Polymerase, i 4E%) .DNA Ji 1]
i £ ( Gel Extraction Kit D2500, OMEGA ) | fi 15t
fitf ( Driselase, Sigma ) . %4 fi# B ( Lysing enzyme,
Sigma) .Taq DNA & i€ & Mix ( Genstar) ,G418
(MP) | 0 8VE A% R 4 050 & B s aln) &
(Thermo ) J A2 56 25 ¢ ML =7 24 ity L], 106
T S BT B AR TR TR R A PR A
AT A L, SRR IR S 1P W3R 1,

®1 AZWATAY

Table 1  Primers used in this study

SR L2l
Primer Sequence (5’ —3")
RT-F CGGAGACACCCAAGGAAGAC
RT-R TGTAGCAGTAGCAGCCAGGAG
1F AGGCTCCAGTGGCTTCC

2R CAGATACGGCAGAGAAATCGCAACCTCTGCTCGATGGTCGAAAA
3F GTTTAGATTCCAAGTGTCTACTGCTGGCTGACAGCAGTCTTGGAT

4R GGGTGTGTGAAAGGAGA

SF ACTCAATCTCTCTCCTGGC

6R TCACATCCGTTGTCTCTTC

CF AATTGATCCAGTCGGTT

CR CATCTACTTGGCTCTGCT
GEN-F GAGGTTGCGATTTCTCTGCCGTATCTG
GEN-R GCCAGCAGTAGACACTTGGAATCTAAAC
H850F TCTCAAAGAGGAACCCAATC
H852R ACTGTAACCCGCAACGAA
H855R TGTTGGGTTTGAGCTAGGTGGG
H856F GAATGGTCAAATCAAACTGCTAGATAT

1.2 XWHE

1.2.1  Vmlesd 8943 3 F kB X 04 BFiGALF1
BY A= AU BBk 03 -8 A B DR 42 T it 1) B8 4K A
% b L0612 24 48 72 h 5 /NI E] S R f g Bk
KRR, LA RE 3R 72 h IR 2 2R X R,
i A% R 2 WU 0] & (AR BT ) A R s il on) &
(Thermo) 14 B 5 45 /E 47 &2 RNA A9 $2 BUIE & Ak
cDNA , I 565559 2% H Oligod (T) 18, A G6PDH A
NS EEE ] 272 Vimlesd FEXT 355, B4
RN 3 WKVATES R ER 3 e BIE,

1.2.2 RERGRA  FE T AL %10 A9 1R
SHE AW o B 45 R A B B & 8,
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Premier5.0 X Fi it /5149 qRT-F/qRT-R, L1iF
514 1F/2R, FiiF514) 3F/4R, S K54 CF/CR, &
W59 5F/6R, HH 519 2R 1 3F 1 5/ v A [F)
G418 3 [R5 (RMA P A1 ) o LASE SR J 2
TR L 20 DNA (1 402 ng - pl™) SHBAR, 3 4
HBE R E R B, D pFL2 Bk i, 3 1
neo JE P - BL, MW & >4 15 5 Bt , ] Double-joint
PCR =i Mg 3 PR a B 44 , H PEG N3350
BRERAAR S AFA B 5 A 200 we - mL7'G418 Bt
AFE W) PDA H5 57 85 5% L % 5% Ak 5, $2 O
DNA,4 X5 PCR #5152 3 N BHM R AR A
HARELE 20% ) H T IF T =20 CvKARIRAE .
1.2.3  RAR M G EF AR 03-8 K RAT K
RE, LA (d=5 mm) 7E R TE D 25T R U, 370
TESAA 12 ml PDA 535 3 A0 55 3% ML g, 25°C SRS
K% 48 h e AR TR VE 1Y A K AF I H 5238 )ik
MR EENEA, BHRE 3 ANEREE B EL 3 K
Je BUAIE.,
1.2.4 #mAME  FRNRFEMS R ER
R, R A CRK s TS, T 0.6%
AR SR (NaClO ) %W IH B 5 min, FZKE ddH,0
KR 3 UK, BER S min, —WRYE 1 ml 5 24k )
it B IR & 0, FHEAR N 5 mm BT FLARAE
TG ARLT P TR T S G AT FL R SR DF , T 8 DF 42 Fh 7
W FTE TR 1 E L BL PDA s R IR O R B
B e 2 T AR BT kK 3 UK i B TR
25CARIBEE IR 3~ 4 d J5 F -+ 538 X i F %
BER RN B AR R 5 AN EE IR EE 3 R
BOOM, BERBAEMS BRESE " Nk, ¥
K289 i 10 em A2 45 A9 /N B, A SR K whik T i,
0.6% MR AR IR IEAT R T EE 15 min, K
ddH, 0 7K Pk 3 Uk, AT, Rl Ak ) A e A 2%
sk ATALES (d=5 mm) 7ERE &5 R SR Hof je 4
ZUTHLH A 0, FHETALES (d =5 mm) ¥ G fLAF
YA 70 R SEAS R B RR T B0, TR 2 P A 4% i o
5 1 b, B A R R AR A BH PR X IR 25 °C PR i 455
72,7 d Ja il I e SRR AR BE M P R K, A
FEIEE 6 NEE IR ER 3 REBIIE,
1.2.5 VmNRPS12 % VmNRPS14 % ik % S M
1.2 /N I A A4 B AR 7 03 -8 5 28 AR IR B
¥k AVmlesd , BUERI G 24 h BB 2 44 (L ali s 32
22K %F B HE B RNA JF4 i ¢DNA, qRT-PCR
Kzl NRPS12 J2 NRPS14 & R B A X ik | i 50
R 3 WREIME,

2 ERESH

2.1 (2FHA Vinles4 BIRIEHHT

izl qRT-PCR HEARIIHT Vindes4 TEA[R] 5[] 1)
AT FE kK, 45 R AR 1, Vinlesd 7555 H1ERH 6 h
W EIHEE, BIHE 6.2 5, ULBHIZIE AR R
PR AR i R EEE AT S
o,

HH A ek B
Relative expression

(= P e SV - N |
T T T T 1

0 6 12 24 48 72
I} 6] Time/h

TEARI TR 3 K BOPME, FIH SPSS 23.0 4347 2%
SEEME, « FREBEEZES (0.01<P<0.05), * * £
FEH W EME2E T (0.001<P<0.01) , * * * Fobh i M2
5 (P<0.001) , T,

Note; The experiment was repeated three times and the
mean value was taken. SPSS 23.0 was used for analysis signifi-
cant difference. * indicates significant difference (0.01<P<
0.05); * = indicates very significant difference (0.001<P<
0.01) ; * * #* indicates extremely significant difference (P<
0.001) , the same below.

1 AEELETHE Vinlesd EERIZKE

HISEE2E S RE B PCR 9247
Fig.1 Real-time RT-PCR analysis of Vinles4
expression at different infection stages

22 BRRREEHRSG

Vinlesd 1T i v Be 947 35, v B R/ 03l o
1683 bp H1 1688 bp ( WLIE 2A) ; Hitk 5 neo H Bt P
B4 F Bt K/INA 1433 bp (El 2B) ; Double-joint PCR il
A LU T UEA neo A BL, B BERK/IN R 4804 bp (
2C) ;CF/CR 53 PCR MEEREREA, A BRIV 4595
bp (&1 2D) ;PEG AR A B A 7 k15 2 e b ¥,
FH 4 X85 [N R 53 3 AN HEPI BRI R (18 3) .
23 REMFHRENE

7E PDA 5556 BAEK 48 h 5, 5B /E AU bR
03-8 ML, Vinles4 RIS H R 225 /D, 4
KA TR 28% , HAERAHM (& 4), &
B Vilesd DRS00 T 7 IR S A (OER
2.4 REEBENHNE

EFA R 03 -8 AH LL, Vimlesd 5 58715 1 43331
FEBS IR IR BE AR 2 B B 22.5% , e 4% b
JBE TR 27% (B 5) o B Vinles4 FE [
A Bl A DL TR R I R R S B R B0 ) T B
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2.5 AVmles4 3t VmNRPS12 B VmNRPS14 RiEEH

=20 2000bp
VinNRPS12 #l VmNRPS14 3 P 75 57 /1 % 03 -8 o
K AVinlesd TRARIZ Y7 24 h 1Y qRT-PCR 25 i
(I 6), VmNRPS12 Fil VinNRPS14 1E AVmles4 T
R B A X 26 8 5 X 0 3 I T A A 43 0l T AVmlesd-6  AVmles4-23  AVmles4-37
86.5%F1 50% (&l 6) , KW Vmlesd 1E V¥ T FH 1 FAOHEI The target gene;2:neo 5 neo cassettes

3. [iF A Bt Upstream region;4: FiE A Bt Downstream region;

VmNRPS12 1 VmNRPS14 B3Rk,
m ﬂsﬂ m E{/Ji'%l— 5. BAMHEXT BR Negative control ;6 ; BH X B Positive control ;

— neo M M .DL2000 marker
5000 2000 3 IR 4 3354 PCR WIE
1688bp «— 1433bp 1000 Fig.3 PCR screening of mutants with four pairs of primers
1683bp 1000 _ _

(D) JLILM

(©) I M — - = ~
4804bp 5000 5000 \;»/OT AVmles 4-6 AVmles 4-23 AVmles 4-37
4000 4000 a
3000 3000 = 50 )

g
E
£ 40 ¢ ¢
o
gzo
j=}
O 20
|
. - - s 10
W (A) : Vmlesd I TUFH B 14, 7. B LUE A B 5 . . ) )
L. BA5 T i A B ; M. DL2000 marker; (B) :neo FEF Y3 M. B OTTWNT Avmlesas AVmles423 AVmies4-37
DI1.2000 marker; (C)—(D) : M rE R # M T . Double—joint ¥ bk Strain
PCR i & 2k 4 A By L and 1. 53U PCR A B RO TS 3 U IOPAYIEL, I SPSS23.0 75 P=0.05 KV I
M3 DL5000. - IR RE, RRVNGFRFORPH AR £, TR,
Note: (A) : Amplification of upstream and downstream of Note; The expriment was repeated three times and the mean
Vmles4; F:target upstl.ream? L:target downstream; M:DL2000 value was taken. SPSS23.0 was used to analyze the difference at 0.05
marker; ( B): Amplification of neo cassette; M: DL2000 level. Different lowcase letters indicate significant differences between
marker; (C)—(D) :Construction of the knockout vector; 1 :fu- the two strains. The same below.
sion fragment of double —joint PCR; Il and Il : nested PCR B4 FFAERIERE 03-8 FIRISK AVinlesd
fragment ; MDLSO(;;)].}ifii ] . 7 PDA BEFE FREEER (48 h)
] 2 HER F;%?JZ{ZFE"J PCR BaiE Fig.4 Colony diameter of the wild-type strain 03—8 and the
Fig.2  PCR screening of the knockout vector mutant AVmles4 inoculate on PDA medium (48 h)
301
a
251
g ;2) 20
@£ st
ws
m.elor
25 |
0
T All’llt’\46 Almlc\4 23 Almlc\4 37
4 Pk Strain
(A)FAZ PRI P 3095 770 52 (3d) Patho&,emcnty test of mutant on apple leaves (vaccinated for 3 days)
501
45 @
40
EZ3st b b
z330r
R 251
=201
£ 15]
10
sk
0 .

WT  AVmies4-6 AVmles4-23 AVmles4-37
WT A Vmles4-6 AVmles4-23 A Vmles4-37 T ¥ Strain

(B)Z% A8 #A 4% 2 L 850993 73 52 (7d) Pathogenicity test of mutant on apple twigs (vaccinated for 7 days)

5 BFAERIEK 03-8 RIETK AVinlesd BIBR 1 E K547

Fig.5 Virulence experiments and analysis of the wild-type strains 03—8 and the mutants
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Expression of VmNRPS12 in AVmles4 (24 h)
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WT VmNRPS14
[# Pk Strain
(B)VmNRPS141E AVmlesd™h [f] 3K(24 h)
Expression of VmNRPS14 in AVmles4 (24 h)

Bl 6 VmNRPS12 0 VimNRPS14 EEEZEEF 4 B 03-8 FZRATMK AVinlesd BB 24 h A REE
Fig.6  Relative expression of Vm/NRPS12 and Vm/NRPS14 in the twigs of wild-type strains 03—8 and mutants after infected 24 h
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AW 5 50 S R RS e A R N T
INOSO WP 3E Vinlesd SEHAE V. mali T DI REHAT T
WILHRGE . Vinlesd TEHERN SRR E Z 6 h J5 1Y
FHXFFe kit R 2 U A SOk S, B D — S
Y FE R 5005 ik PR A 42 e 0 10 4 10 B R 8 35 1 1
BT X S ARHIE S X AR Y ) Vimlesd F ik #5X70 Mr
SERART , ULHH Vinlesd J&—2RE PN , 7TEES 5
o, SEAER 03-8 Hd, 3 M RbR AR A K
R K HAE I R FIAS 2% B B B0 1 1 8 R R,
B Vinles4 RS2 5 T 80w . X URE IF 4L 4 5
HIPHAF ROV T LR, K 5T Z2MEE
iR HBLR INOSO M5 , Al ik AR 4 32 B R il 5
INOSO H ¥ ¥ 11 N i 45 5 5 HAS TIREIX Arp4
Arp8 lesd WIELE GG, ORI Arp8 IS H %
MR Arp8 SR/ IMA I AL B 45 A B B IUE
We/MA B G T3 Arp5—les6 4 SNF2-ATPase Y fig
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ISR P Rvb1 1 Rvb2 5 HAth 1 I 3 4%
Ha , FERBIREN B 5%/ MA Y DNA 454 4TJF
BRKL, JERH IEZH 2 11 H2A 5 DNA myd' 7 4%
/MA 1) DNA 2885 ok i T4 5 [ Al RNA
AL A INOSO S FE (]38 5 LA | 7y =03 [ A4 4F
FIRYLA T SRR SR Rk

AT ORI VinNRPS1217 [ NRPS 2K 4H
KHEH VmNRPS14 16 INO8O W 3t Vinlesd 575 1A
(AR 3k B pEAT R B PCR, 45 SR & B I8 B
WE TR, FEREA Hela 40 INOSO W ILEK f5 | 3

P2 SR B A s TRk M4, 5 A
WF5E R Vimles4 B4 J5 , VmNRPS12 Fl VmNRPS14 %
PRI R85 10 B B ARAT . A5 TR AL T HAS )
REIX A3 Vinles4 LRSI J5 | 0 1 A B0 ) 83
TR, A SCERRIE , HAS DIREIX S5 8% /IMR A H M
DNA (2547 =" Vimlesd T EUEUR T T B R
DAL BE S Vinles4 IS5 | E5076 3 R A 56 S X 7456
%5 DNA 456 (A BUR LN R IK T, Tk A
PR ETRE I 2 S 80T 80 1 I BRAK, ABoE K
BV ERIE T Y it 8 N INO8O V3 Vinles4
LR Y B M T BE & H X VimNRPS12 K. VmNRPS14
FIR W VRFETIRE , SR 3 AR s 1) SO & — 1>
22t INOSO Yt ln s W N FAE A —Kh £
S B PRSP IR R -, 25 Ak 22 R B1IC LB
FERIREAE 5200 V. mali 5925090 FVE 35 RE 1 9%
S —AB RS 7 ]

& % X k.
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