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Y Jifd (3, % P450 (Cytochrome P450, CYP)Z)"
ZAETET AR AR R i — 2 2540 A 2y B A ¢
(AR SR R A 1) ) Tt . ECPR AN (2 R P450
TEVE Z RGBS W& it AR b B B p i
w52 EREEENED SRS,
L BE 21 M AR08 S L TR 7 AR 18 A B0 T 1
/NG A, S A D T O o
EIMISE, BTSRRI, ANt 3R PASO n i
AR 48 71 T (Fusarium graminearum) . 214344
4% 71 B (F. sporotrichioides) i) 5. it 761 25 47 1t 7 2%
£ R e 2 AR R T Wen 2045 % B
WG R EILPEE i CYP JEH cypX 25 T
ARG A, REEE Bk S5 i v e = )
ik —B4k s Siewers FUIHFFTIES:, CYP JEH
bebot 55 K %5 T ) B 55 2R 108 UAH O, IR Y
BRI S AR R | B0 71 1) B B R AIG o ARTESESA J5
KA BRI 4 i DR 2] B LR SR B AT, 3RS T 14
LT3R E LG V. mali 8z R AT L R |
TENR ISR 5 75 AR R EIRIRAY CYP A
vmeyp5 MO, I S 5 SRR I RN R R
B, SR EOR ARG

ABFFELLANM (5 K PA50 K:[K Vmeyp5 ST
XFG, F LA R R EARF PEG A3 195 (456 4k
BEARRAG MR I AR A, 8 2] AR S AR A R )
SR (AR | AR R | IR LA R B0
PRI , B 122 5 DR LS9 SRR e T 0 o
HRYRZI , e A (3R PABO B K F AR
SRR B e 3 TR SO 1 FH Hh A D B A R R AR A

1 BB

1.1 e
SR RS RE BE (V. mali) 4 B bk 03-8, FHTE

JEAR MR K2 A2 B Al s T 25 AR B
WF9E % 0 B HAR-AE . Bkl pHIG2RHPH2-GFP-GUS
(P R R UL B HEE N hph, Kana $itk), mili
TTRZER KNG P2 M JFokn pFL, (Fr & Lhitr
BERR B ME 5L neo, G418 Hithk). MEHEiEtk
XK1-25 B PGICARMA i K20 4 SR 2
A FE R R AK DH5a, B PEIL R MBI K20 &
SR PRSI B ARAE o A SR IR B = 8
F:1'& 1 (Malus domestica Borkh. cv. Fuji)3z A
KLU A1 1-2 4EAE R 2% o
1.2 FEH

Fastpfu (Transgene). fiintfig(Sigma). ¥ RERNG
(Sigma) . G418 (MP) . Hiif=i= DNA Fric s i)
# (Roche). &t Mix (Genstar). i [EI$z BUAH
% (BioTeke), Juki/MEFRPULH & (OMEGA) . #%
P2 i B ) o (R A ) B JF At S 56 WA 27 37
K2y o 51906 BB A T A TR (B i) By A B
YNEIS
1.3 FFIRER5 Pkt

IR JE5 405 B L PR 4 P 41 P 3RAS Vimeyps
FEEFH], FIFH Premier 5.0 #4519, 519
JP 5 R KRS HOLF 1.
14 SiREEME

DASE SRR JE5 A5 T M A AU Ak 03-8 114 3k PRI 4
DNA “mHit, 253 FH514 Vmeyp5-1F/2R Fil
Vmceyp5-3F/4R § 3 H iy 38 A Y TR T i R B
FELABURL pFLo A AR, FIHIS 1Y) neo-F/R 471
1535 neo F Bt [IIk4s A Be, Lt Double-joint
PCR J7 Ik A AL D R bR AR
15 PEG MM-3:HstEH1k

X ) 5 I R R A BR AR AR A T PCR 7 vk
A, B SR R TR S TR A AT R AT
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Fz 1. AEASIFES
Table 1. Primers used in the test

Primers Sequences (5'—3’)

Vmeyp5-1F GCTGAAATCTGGCTCTGGG

Vmceyp5-2R CAGATACGGCAGAGAAATCGCAACCTCCGCTGCAAATTGACTTGGT
Vmcyp5-3F GTTTAGATTCCAAGTGTCTACTGCTGGCACTACCACCATCCGAACCTC
Vmceyp5-4R GCGCTATGTATGCAAGATAAGC

Vmcyp5-5F AAGCCTGGCAGTGGTTTT

Vmcyp5-6R GGATTGTTGGCAAGATGGA

Vmceyp5-7F ATAGCCTGGAGTGTCGGTAGA

Vmcyp5-8R TTTCAAAGGGGCAGCATT

Vmcyp5-CF ACCGGAAATGAAGAGTAACGA

Vmcyp5-CR TTGCTTTGATGACCCTACGA

Vmcyp5-gF CGTTGAGTACAAGGGCCATATC

Vmceyp5-gR TTATGACCCAACACGCTTCG

Vmcyp5-cF CGACTCACTATAGGGCGAATTGGGTACTCAAATTGGTGTAGGTCGTTGGGAATCAA
Vmcyp5-cR CACCACCCCGGTGAACAGCTCTCCGCCCTTGCTCACGTACGACACCATACCGTTCA
neo-F GAGGTTGCGATTTCTCTGCCGTATCTG

neo -R GCCAGCAGTAGACACTTGGAATCTAAAC

G852 TCGGCTATGACTGGGCACAACA

G850 GAGCGGCGATACCGTAAAGCAC

G856F GAATGGTCAAATCAAACTGCTAGATAT

G855R TGTTGGGTTTGAGCTAGGTGGG

pFL2-F TAACGCCAGGGTTTTCCCAGTAC

pFL2-R CGTGCTGCTTCATGTGGTCGG

VMO00287-F ATGATAGCCGCAATGAGC

VMO00287-R CCAGGCACCCAGTAAAGTA

VMO00288-F GCTCATCCTCACCTCGTCCAT

VMO00288-R TGCCAGGCGTTCTCATCG

VMO00289-F AGTCCATCACGGAGTCAATC

VMO00289-R GCAGAACTGAACGAGGGTG

VM00290-F GGATGGCAGGGCTCTAC

VMO00290-R TGTCATTGCGAAAGGTGT

VMO00291-F ACGGGAGCGAGCAGGATA

VMO00291-R GTCACTGGCGGACAGAACAC

VMO00292-F TTTCTTCCGCCTATCCCA

VMO00292-R CGTCATACCGTTGAGCAGC

G6PDH-F TCAGAACAAGTTCGAGGGCGACAA

G6PDH-R TAGGGGCAATAGAGGGCTTGTTCA

Italics represented homologous sequences.
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PEG /i J5L AR IR A AR IO, o A 1 A i
5% 100 pg/mL G418 ) Bottom Agar 1557315 7%]
RAREIARFEM (D=9 cm, F)H, 25°C #
B3 12 h )5, RIS HIE 60 °C. & 150 pg/mL G418
) Top Agar 555 T, 4kEE T 25 °C {55t
4-5 d JE BRI F o
1.6 SRAERI
1.6.1 PCRAGIMFHMRELT . $2H4L LT DNA,
L A AR, RS54 Vmeyp5-5F/6R . G856F/
Vmceyp5-8R . Vmeyp5-7F/G855R . G852/G850 i#EAT
PCR A& ™, 53 A1 - B K /INIE 0 4%
o FIBTIZ S AL 1 2 A B Ao
1.6.2 Southern blotting ¥ iFRBR AR FH
CTAB LA H P M54 A AP A= BY PR bk 03-8 (1) 25k
K41 DNA, fli N DI Cla | X§ 5EH 41 DNA 47
MYy, Zeyk. ¥E, Ph neo LR KB ERE!
17 Southern blotting 452, & Al & 11 EAH &
GREAH, BOE MR AR AR, BRI T 2%
2 DNA FRic #6375 52 (Roche) i B 45
17 EHEREREE
PLEE [ 2] DNA Sy A, A H 451 )

vVmceyp5-cF/cR 474 Vmeyp5 H:[A H Bt [l PCR
7Yy, LABCRL pDL, A#R, #4%E Vmeyp5 &K H.
M R IES A ARAAERY, A s .
if PEG 4 TE'FE’JJ?EE%%%&EH@E%MK%A&
BRoSASR Vmeyp5-5, DL#IE ZENTiEdiA R,

I ARG AN BRI AR . AR e A0 TR M T AR
RALART L T 1 17] 1.5,
1.8 SERW ISR o A Y2 R 2

1.8.1 BIFEKMEL. KaBra Ak . BA bR
AR K B AR T bk 03-8 7 PDA 35538 FIE5: 2 d

J& ., PREEE DS TP (@=5 mm, T [E)53
1354 10 mL PDA R FR R IR LM E S, T
25 °C G B 1577 48 h J5 SR V5 B TR K
W22 RO, s 528 SOENN R E TR AR
MBI Td 5, KRR 2 25 °C L sc B %
EOERE - BAE=12 h : 12 h), WEL TS0 LR 15
¥ 40d Jﬁéﬁfr%skﬁi;&io HAWHRBCE 31
HA, IR E S 3 . I SPSS B %l & s
BH 4 7 22 S 53 B (P=0.05)

1.8.2 Btk : Eow Sy vk 2 B A 55,
WA Bl o R B K B 14 o AR SRR A A T
PRI, A3 R R 2 AR | HURM L R 5 AR
AR A U B R 1 B LA K TG S PDA HLBe b 15
M4k, HHA 5T 25 °C IR #EE RS 5d [l
WRER/N. BAEKKE 9 MEE, KKBER 3
UK o FI FH SPSS el 2 e A5 50 0 4 7 2 Sk 4
¥r(P=0.05).

19 qRT-PCR I HrRGREFKEREIR

1.9.1 FRAHIA . PRIBCE AR BB Bk 03-8 FHAERZE
AMKTEDHE T 100 mL K D44 Z A AR
FREL(PDB)H =i, 25 °C. 100 r/min $£55 3 d
Ja R LA B 2 BUA T iE S IR o A,
2 i ke N B 4580 °C fRAFA T -

1.9.2 & RNA B4 cDNA S: &M
R R AZ TR B U £ 0 7 I UL B, BRIBOE 22 4%
fho BEFSLA 5 ng RNA it 514 Oligo
d(T) 1 S 55 5 S —4% cDNA, )7 72 B8 Thermo
Ji2 Bt SR e e B 5

1.9.3 ENFEER PCR: AHILIFE 10 f%1
B A TR DR R R A B S AR IR R TR 22Kl 1) cDNA hy
AR, AR R4 1 GBPDH g i 2 3L P,
FIHERSES1 Y VM00287-F/R., VM00288-F/R |
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VMO00289-F/R . VM00290-F/R ., VMO00291-F/R il
VMO00292-F/R, i CFX Connect™ 52 5 PCR
X (Bio-Rad) % 3p A Ji 2 HE e R B % 6 0k
K (VMO00287 . VM00288., VMO00289. VM00290 .

VMO00291 #il VM00292)Lik4 77 8 PCR #6451k
3AEATIRE, A 3. RA 27T T
(IFER AN Bk, HAK PCR KR MARIF WL 2.

2 HERMAH

2.1 WHBRERRIM R

G354 1S Vmeyp5 19 T ERIBTHESEE neo,
A BRIV Ry 1227, 1488, 1433 bp (K 1-A).
FIH Double-joint PCR X} F{if Bt il BoAn
neo B ARG, 1H5IK/INA 4148 bp WRLG R
BY (K 1-B), LA Vmcyp5-CF/CR h5 149k 7 8.
PCR, #R15k/NJy 3868 bp Ay H i 455 (K 1-B),
B35 AT R R A A 58

2.2 FHBRFAKRKE

LU LT DNA ShHdR, FIH 4 %5198 7
PCR il i %5 5 A BHE A9 28 A8 R4 T Southern
blotting 3iiF, HZAFE] 1 A-ks DL RBR 2878 1A
AVmeyp5-5, H ¥4k 2436 bp (Kl 2-A . B). A
5149 Vmeyp5-5F/6R X} 3 [K] [8 52 %4k +iF4 T PCR i
M, 4R 45 3 A HAMIER IR, 4351 AVmeyps-A.
AVmcyp5-B FlAVmeyp5-C (F 2-C).
2.3 RAWEFEKIE

1 PDA B 5L b IR 55 IR (0 R R 28 8 4
AVmeyp5-5 5 ¥ ARG ik 03-8 AHEL, TRIVE (0 AR
(& 3-A. B), WKIEEAKBREFILE
PE2E R (K] 3-C)o dRZLmE A 451 F 3557,
AVmMeyp5-5 5 03-8 & T 14-16 d /7 4 BB, 75044
GiitKigr 40 d J5 R T S IR B R B,
AVmeyp5-5 = i i A1 T 03-8 /b 51.3% (P=0.05)
(%1 3-D) o H AP FRABRAEE A KA 10 5 18 AR

£ 2. gRT-PCR{KEFIIEF

Table 2. gRT-PCR reaction system and amplification procedure
PCR reaction system (20 pL) V/iuL T/°C Time
2xSYBR green fluorescent dye (GenStar) 10.0 95 10 min
ddH,0 7.4 95 10s
55 20s :||> 40 cycles
cDNA template 1.0 95 10s
65 5s
Vmcyp5-gF/qR(G6PDH-F/R) 0.8 95 —-0.5 °C gradient cooling

Vmeyp5-L

Vmeyp5-R

1. EERREIARMERY PCR &N

Figure 1.

PCR detections of the gene knockout vector. A: PCR amplification of upstream, downstream fragments

and neo. Lane L: Target upstream; lane R: Target downstream; M1: DL2000. B: Construction of the gene knockout
vector. Lane 1: Fusion fragment of Double-joint PCR; Lane 2: Nested PCR fragment; M2: DL5000.
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(A) bp bp
2000 —2000
1000 — 1000
—750
750

AVmcyp5-5
2. RATURATHE N FALE IE
Figure 2. PCR and Southern blotting detections of the mutants. A: PCR detection of the putative deletion mutant
using four pairs of primers. Lane 1: Primer pairs Vmcyp5-5F/6R (targeted gene); lane 2: Primer pairs G850/G852
(neo cassette); lane 3: Primer pairs Vmcyp5-7F/G855R (upstream region); lane 4: Primer pairs G856F/ Vmcyp5-8R
(downstream region); M: DL2000. B: Southern blotting detection of the putative deletion mutant. C: PCR screening
of the complementation mutants. M: DL2000.

(A) WT AVmceyp5-5

AVmeyp5-A  (B) WT AVmeyp5-5 AVmeyp5-A
—— /—_7 L I i .

(©) D) 600
600 =
5 500F T
g 500 F - 5 T T
2 + = 400 F
3 400 f E
g E
£ 300¢ %{“ 300 "
= - 15 -
S 200} - 200 N
< <
© E
100 g 100 |
<
0 . 0
WT AVmeyp3-5  AVmeyp3-A WT AVmeyp3-5  AVmeypS-A
Strains Strains

3. EFARUEMK 03-8 FISRIIRTE PDA 155 & FIVETEHAS(25 °C 1EIRERE 48 h)FIA=115)5 (25 °C I1EIRF#E 40 d)
Figure 3. Colony morphology (After 48 hours’ standing at 25 °C) and propagulum formation (After 40 days’
standing at 25 °C) of the wild-type strain 03-8 (WT) and the mutants inoculate on PDA medium. A: Colony
morphology and propagulum formation of WT, AVmcyp5-5 and AVmcyp5-A; B: 4 times magnified image of A; C:
Colony diameter of WT, AVmcyp5-5 and AVmcyp5-A; D: Propagulum analysis of WT, AVmcyp5-5 and
AVmcyp5-A. The asterisk indicates a significant difference from the wild-type (P=0.05).
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PRI 2 A B TR R /K F- o 3B VmeypS X 35 R 1
S SRR R AR AT — R BRI
2.4 RAEBUR SR

W HE R 5 B SRR AL 2% T 25 °C [RIBHE IR
5d /5, MERHEERLZIE 4-A), AVmeyp5-5
(B0 S B B A R B Bk 03-8 R 3 T % 24.5%
(P=0.05). [FIET, B AMGSAS AR A S50 ) -5 B A B
PRAR L JC 22 57 (K] 4-B) o R BIZHE IR 5 37 SR i 2

AVmcypS -5

AVmcypS -A

9o AT B0 A R AE G o

25 RBEFERBEREIENLHER PCR 4
gRT-PCR 4 2R @7, 5 BFA: Bk 03-8 AH L,

B RILEE LR 6 NHFETERAARAVmMCyp5-5

YRR T, RS 4.0.8.9.1.8,

2.2, 4.8 F1 2.9 £5(I&1 5). M Vmeyp5 ByHkA 5[

BRI NFERIBKCE AL, A E TR SR

R G AE,

(B)
35

HH

3.0

HH

1.5
1.0

Lesion diameter (cm)
(3]
(]
T

0.5

WT AVmcyp5-5 AVmceyps-A
Strains

4. BFERIERK 03-8 FIKERRIBUR HMEF 4 (5 d)
Figure 4. Virulence experiments and analysis of the wild-type strain 03-8 and the mutants (5 d). A: Virulence
experiments of WT, AVmcyp5-5 and AVmcyp5-A; B: Virulence analysis of WT, AVmcyp5-5 and AVmcyp5-A.
The asterisk indicates a significant difference from the wild-type (P=0.05).

Genes
VM00287 VMO0O0288 VM00289 VM00290 VM00291

VM00292

_ [ ]

Relative expression level
O % 9 D U AW R = O
T

I -
10"

] ']

OwT

O AVmcyp5-3

E 5. EFARER 03-8 FIAVmMCeyp5-5 IR B EZREFAEEFEBN RIEE

Figure 5.

Relative expression levels of melanin gene cluster in the wild-type strain 03-8 and AVmcyp5-5. The

expression levels of melanin gene cluster in the wild-type strain 03-8 were treated as one fold, then the relative
expression levels of the genes in melanin gene cluster of AVmcyp5-5 were obviously down-regulated as shown.
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Characterization of cytochrome P450 gene Vmcyp5 in Valsa mali

Mingyu Gao, Yuxing Wu, Baitao Zhu, Xiaoning Gao, Hao Feng, Lili Huang

State Key Laboratory of Crop Stress Biology for Arid Areas, College of Plant Protection, Northwest A&F University, Yangling
712100, Shaanxi Province, China

Abstract: [Objective] Cytochrome P450 (CYP) plays a significant role in mycotoxin metabolism of necrotrophic
fungus and may be related to pathogenicity. The objective of the study was to reveal the function of CYP genes in
infection process. [Methods] The knockout cassette was constructed using Double-joint PCR and mutants were
obtained and confirmed by PEG-mediated transformation of protoplasts, PCR and Southern blotting analysis. Gene
complemented mutants were constructed by gap repair technology. The PDA routine culture was selected to analyze
the vegetative growth of mutants. In vitro inoculation to apple twigs was used to detect the pathogenicity. Salient
differences were analyzed by SPSS and gRT-PCR was used to detect the expression of melanin gene cluster.
[Results] Compared with the original strain 03-8, the colony color of deletion mutant changed from light yellow to
white, and the amount of propagulum reduced by 51.3%. The relative expression level of Vmcyp5-knockout mutant
was assayed by gRT-PCR, and mutant’s melanin gene cluster was down-regulated. More importantly, the
pathogenicity of deletion mutant was decreased by 24.5%. Complementation mutant was almost back to the level of
the original strain 03-8 in colony color, propagulum and pathogenicity. [Conclusion] Vmcyp5 may be related to
melanin biosynthesis and propagulum formation, and participates in pathogen process of Valsa mali.
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