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M B cyp-33D3 EE ) RNA T K
HIfgEMA R

y 21,3 H21,3 —2 2 3 >-1,2%
WA ) BIRMEY, MR, BRRUE®, skIGERH’, BRF5 ST
(1. JUT AR KT B T e, TP JUIT 3320055 2. VLWAA EAY AT SEHE S S0 T, BR ol Kea s,
VLIR AT 210037; 3. VLFGRM KA YRl S TR, 1P ME  330045)

HE. [ BB 1 TFRMAEL R cytochrome P450 33D3 (cyp-33D3) FERINEE, MIB/RIM L i 7T BompLH K HA:
YIBF GRS . [ 5% ] RAIAGE RNA X cyp-33D3 JER IR EAT T4, I 2L R TR 5 A A A 2%
HECEHR, AMEKR/N ., RIS . R BRI, [ 4R 1ddH,0 Fil gfp dsRNA ZbHH £ dU LR
JER AR, 7E5 5 RO LU PR KA TR 22U SR, 1M cyp-33D3 dsRNA AbFRFA B LR HUBCE IR A A Y
RN cyp-33D3 HEPH RNA THEXTAAF LR Ul | i s A K JE B35 (P> 0.05) ; 5 ddH,0 il gfp
dsRNA Ab3EAHE, cyp-33D3dsRNA b HRg S50 O35 77 BB 4 B8R T 12 F0 11 %, USRI Ak 23853 S A
T 46% 1 43%; FEHEAFP 40 d J5, ddH,O AbFR AT R FHEIAH] 100%, cyp-33D3 dsRNA LbF 1 AN K I %
5 43.1%; T gfp dsSRNA AbEE A RARIL R AT, [ 8618 1oyp-33D3 FEH RNA TP T Hair 4 d i B
B, WD T AP AU PR IECR R T AR s A s SRR AL SRR SRR IO ST 5 MMM cyp-33D3 HEIA

RNA X 2 SRR NG 520

KRR ML op-33D3 FED; RNA THE; ZHiReT); Bow)

HE 5 25: 87633 ERERASEED: A

AR R, BIAAAG 220 ( pine wilt disease,
PWD) , & — 7 LIS M £k B ( Bursaphelenchus
xylophilus ) 29 B ) [ B e P ARl o 35020,
Mk U BAT RIREROLFRFL . KRBT A e
FEGE | LR L | TREIMERE RAERES, X
9o 5 SRR A B Jighe "t FRET 1982 4ETERS
UL T RO IS LR R, B S AR TR B
LE, CARE AT R T IRIE ™ EEU A TR
AR 2 44 HE R X FIA R A S RS ie 4, AL
# P450 ( cytochrome p450, P450), X FR 54
i, B—KBREERE . UIREE RN RES G &
HAR R T/, |2 TN . A . i
P EA YRS, g1 @2 P450 £ N IRMIL &
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Y CREWGmR . MHTHRR . JSEEE . W i AR A
) MANEMEALEY (R, HY)TE R FIAREE
FEAE) AR R EE Y KRR
Y (2R P450 R 2 5 R AGTEALH E 2
T R, Maja S5 B9 & BT 0 BT 26
HZRNEY AR ER, cyp-33D3 KW Fika FiR
B R o A RE 28 U 4 3L TR AL P 51 F 2011 480 52
B, AR 2 B AR OCHE R ) D) REZE E T R
B SEREN FRATHTIABFIE A A £k HUBR G A
J&i . cytochrome P450 33D3 (cyp-33D3) KM ik iz
iR, FKW cyp-33D3 FERAEAM AL B0
B R TEZEEMAM, BHiET cop-33D3 FEH
MY LR e R A T, oG TR

IEGIH - FEK A ARG I H FART L I (33K PAS0 BER B DB S H 7 TIRFE R 28 058 (31660205 ) 5 YLPE A MOl T ARl ABH-E A
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%6 TASE, S, MAMFZR I op-33D3 LG RNA T4 R HIhAERToE 33
UIREMFFT faf DL HE - 2SI

RNA T4 ( RNA interference, RNAi) B4
CAATETEE A R, g/ o T s
RNA 53 [A] J5 mRNA R DA I BT (4 P e o 2 ]
FE, B RNA THHLEIBE B, RNA THiwk
I — ] LU BE DR e SR AR S R, FEEEA
Uife . 5515 S AN L AT SR oT Sl AT 21 1
Iz R T ARG R ] RNA T3 E AR
cyp-33D3 L UTER G X PR 4 HUBCES | B 5E
SPER R, BB cyp-33D3 K& RTE AL B 6 B0
AR IIEE, kLR LR o BRI
il 25 5 BRIS SR

1 MRS

1.1 SEIEHR

BRI B 2 R BxJJ01 43 B VLV JLILTT Y
MRNEA, FARAE T LT B M ) ik DR % 5 R o5 5
B, BRI B R KA AL ( Botrytis
cinerea ) W) 4% 4 A W B iR ( potato dextrose
agar, PDA ) ARG SR [, 25C fHIREEIE 5d, R
MRS E AL d, FICHKETE 3K,
1500 r'min™' B§.0> 5 min, HF B0 15 8 LR TR IR
fittfr T 1.5 mL BE0E T, &H.
1.2 ##Z 85 RNA 2EUR cDNA BIE K

FRPE RNA flif il & ( RIRA R A BRA
A ) A FH U6 A5 S O A 2k HUEL RNAL R
AN EE T ((Nanodrop 2000 ) il 2 RNA ¥ B,
WAL 1% Bl HHEE IS L Uk R RNA (& . AR
TaKaRa /A A Jz % 541857 & ( Prime Script 1% strand
cDNA Synthesis Kit) fif F Ui B 5 4 48 b £ ot 22
RNA #3570 cDNA T J54E PCR 525,
1.3 At H cyp-33D3 EE KRR EE

K # GenBank I F 2% 1Y cyp-33D3(GenBank:
KM973212.2) £ A J5 91 &% it i 51 %) cp-33D3-
F ( 5'-TCACCGACTACGAGGTCC-3" ) 1 F i 5l
Y cyp-33D3-R (5 '-ATGGGATGAACGACGAAC-
3") , LAA L cDNA MR T PCR Y4 . &
NEAA N . 94°C AEME 55, 94°C 78 305, 60°C
34s, 72°C1 min, 35 PEH, 72°C LEAH 10 min,
HRAE Axygen 23 7] (14U [N F5) & 8 FH A58 BH 45 %
Has i BeE AT Ul e, I 5ofE T Pmd™18-T 4%
L, BB RIGHF RIS S A0M, et RN

1.4 ##%H cyp-33D3 £ E dsRNA BIA R

Ll Pmd™18-T I pCH-sGFP # & Jy £ Mz , i
WA T7 R+ 51 ikt PCRY 3, RH
MEGAscript RNAi Kit Protocol i3 & ( Life Techno-
logies 2\ H] ) 43 5 & AS B 26 By cyp-33D3 Fl gfp
K H dsRNA, JH TG RNA Jifi H,O i& 47 B4 i
dsRNA, i i 58 HCEETHINAE Aggo (B, [RIAS
W72 AR dsRNA AHIE HyO B Asgo TEAE 25 FIME
dsRNA ¥ (pgmL™") & 260 nm WO {6k 25
25 FUE 5 2 LA B B i ol DL R 8 40, &2 &
Y cyp-33D3 Fl gfp FEPH dsSRNA ¥ B354 1.45
mg-mL " Fl 1.53 mg-mL™", F 1% Bt JIg WHEE e H ik
il dsRNA e %M, #5 UEF 1) dsRNA fif 7 T
-80°C VKA, &H.

dsRNA ¥ (ugmL") = (A= HIH ) x
M BEASAL < 40
1.5 #¥%H cyp-33D3 EFERI RNA T

P 2 IR & AR T 1 pgrpl”
) cyp-33D3 dsRNA 1l D) gfp dsRNA 1E R4
FrtE dsRNA %FHE, DL ddH,O 1E N2 X IR, A4
ARFRZY 8000 454k, RUGAL 3 IRER, Haut
FEET 25°C $EIK 170 r-min ' 48 h J5U''%, F] ddH,0
TRk

A3 BIPRERL 30 XF (e HORME U4 30 4% ) T
PUJG AT RRZH AU AP 2 i, M 2 KA K A 4 £
f) PDA F-# |, 25°C %&MF FHi3% 5d, HIN/RE
TR T o B o FAELER A5 AL BRAA A 2 HUR 1
i, ADGERMEEg T HA R, B MR 3 IR

A3 SIHRE 20 XF (AL B 20 4%, PRZRIE
20 %) FHLE AT A AT LR AL, BT EHEN
30 mm P/NIEFRIL_E, A & ddH,0, 25°C
SR 12 h )5, RERERL REIRR, HICHK
ORGP AR IR LRGP Ze R DR e, AR 2
HEpRIIF R HAGE, BAEER 3K,

3 AR 100 gk BRI AE S5 1 ddH,0 .
gfp dsRNA Fl cyp-33D3 dsRNA &+, BT 25C
fE IR BT FRA PARE A UF T4k 48 ho o 81 e 1 fl e
XL B TR, AR E R 3 IR

A3 IBRE 20 X (i ORI 4% 20 4% ) T
PUJG AR RRLH RS AP 2 i, e 2 KA K ) 2 1
() PDA AR 47 2 A2 aE, A 2] F—AR
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(F1) BERRLH . AR 0 R B Z RO H
FEAGE, fEot2E BAEE T I MR K B, A
AhHER 3R,

K N T K 432 125 73 5 4% ddH,0 12 i F cyp-
33D3 dsRNA THL 5 & 2 000 A5 b4 28 H il B ik
R A K AR — B WIAE A BN b, [RIRRRE SR
FUT) gfp dSRNA R EEFD 2 280, A H B
6 ko HERNE ERAMA I &R TR L, FEE0EE 40 d,
St R
1.6 MHZH cyp-33D3 EETHUENNE

SRR BO IR AT G F—18 (F1) #M4R
HUEVRNA, UGG S 1 8 cDNA, LA £
H Actin ZEH NS FE A, # Y5 TransStart Green
qPCR SuperMix (bt & aAEMHEARARA A )
A & VLI AT PO E 7 PCR, I A £k
cyp-33D3 B RIE &

2 HER550

2.1 MMZH cyp-33D3 EEHITE[E

DIFARA 26 L cDNA it , FHRE s o199
WIS (0 R cyp-33D3 FEN, 4550 WRY 1 Fr
BEREATF 1000~1500bp Z[8] (K 1A) , S5
BRI 1192 bp MHFF . 1M1 H 955 5 pMDTM19-
T R MGE 5 b 2 KRG FF A Trans1-T1 32 820
Mrf, BRECH M s R A T I Bk . @A A T,
JA ST RS | AT PCR 744, A A dsRNA,

A Marker cyp-33D3 B

Marker cyp-33D3

2000 bp 2000p
1000 bp 1000 b
750 bp 750 bp
500 bp 500 bp
250 bp
100bp 250 bp

100 bp

BE1 MHERAREE cyp-33D3 ERMRE (A) KX
% RNA KIS (B)
Fig. 1 Clone of cyp-33D3 gene from B. xylophilus (A) and
synthesis of double-stranded RNA (B)

MEIB AT LLA Y, BB e i L Uk S5 B —
Wz, 5%, TTHTREER RNA THL505
22 FIEMMER cyp-33D3 ERAREESHT
WK 2 P, MR Z gfp dSRNA il cyp-
33D3 dsRNA 25, cyp-33D3 ILR YA 2551
9 0.974 F1 0.036 (¥4 ddH,O Ab 35X} HE 2H fi% 240 Jfd £,
R op33D3 W FLRER N 1) , VLK
dsRNA XA 26 AL R cyp-33D3 FEF =ik i
TCREM, T cyp-33D3 dsRNA 1] LLAG 5040 i) 48 3 P
%35
2.3 MAMZH cyp-33D3 EEF RNAI X & HEUEHY
=AU
ME 3 A[LIEH, ddH,0 F1 gfp dsRNA AL )
LRI BRI, 5 S RESJLPK K
E O 22 BUETAIL, T cyp-33D3 dsRNA Kb FEAABF
2 U KA AR AR, BB R cpp-
33D3 F N F IR VTR G R AA M R A S A 2

IS
o uﬁ o

1.2 ¢
I ddH,0

IRNAI

=
T

o
%

AR Fk
Relative expression level
=3 =
IS 2

=]
(5]
T
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gfp cyp-33D3
B2 RNAi FRMER cyp-33D3 BEEFRIED

Fig. 2 The analysis of expression of cyp-33D3 gene
following RNAIi of B. xylophilus

cyp-33D3 dsRNA

B3

RNAi #4712k LR B0
Fig. 3 Effects of RNAi on feeding of B. xylophilus
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AR, S, WML opp-33D3 BLH ) RNA T4 R HIhBERFoE 35

2.4 WAFEZHR cyp-33D3 EEF RNAI X 2 AN K
KH T

Ze i, ddH,O A FEME | kA A AR 4 Gl
J9 964.33 pm F1 777.12 pum; gfp dsRNA 4b B #f |
TR AR A 435308 951.66 um A1 775.34 pm; cyp--
33D3 dsRNA AbFRME | el AR 23 51 942.57
um F1 761.33 um ( &1 4) . RNA TH0/EME . Ak
AR A g, HZERARE (P>0.05) o
I, FRATHEN RNA THEXTHAR L AR TE 5
2.5 MAMEZH cyp-33D3 EE RNAI 314 HA~IPH)
=2

i 5 AT%, ddH,O Fl gfp dsRNA AbH ) 4E 4%
W RS 25 7 BB 5 4 ) A 24 023 KL, T cyp-
33D3 dsRNA 4b 2 rfr &3 45 HOF- 3477 B AR Oy 12
ki, G5REW, cyp-33D3 dsRNA TR % (P <
0.01 ) J/b T M Ry = O EIE:, BRAR T AL L
ZhREN o
Hoor N ddH,0

L oo
1200 EmE op-33D3

AR
Length of adult individual/um
IS o o0 S
S S S S
S 1S3 S S
T T T T

[

(=3

(=}
T

0

4 RNAi XIHAFF £k RS BRI ) 220
Fig. 4 Effects of RNAi on individual body length of adult
B. xylophilus
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Fig.5 Effects of RNAI on oviposition of B. xylophilus
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2.6 MIFTEH cyp-33D3 E[E RNAI 3F 2k HIFL R
s
AN TR Kb 3R B b4 2 BB AL R T 5] 6 T
cyp-33D3 dsRNA Kb B[ HUBREAL R R 49.67%, 5
ddH,0 AHFAE R B (P<0.01) ;5 T gfp dSRNA
AR FRFN ddH,O AbH Y s BN AL R o] B 25 5 (P>
0.05) o HIATI UL, cyp-33D3 dsRNA T4 % #a bt
A IR B A — s WA E T, TR N TR AU
RNA FHex HIG M
2.7 WIEHE cyp-33D3 E[E RNAI X & HEF
sp=2i|
TE4ERD 40 d 5, ddH,O Ab Bl B AN £ i 423
W, RIEHRILF] 100%; cyp-33D3 dsRNA ALFHE)
PRI 43.1%; 1M gfp dSRNA Lb PR (1) FEANE
AR AERORIL R AT, A% (E7) .
P A, RNA THAE—E B B a5 7 A 2
HAEERE ST, HEMRRER T RN R

100 -

a a
80 |
60 |
b
40l
20
0

ddH,0 cyp-33D3 gfp

Bl 6 RNAi XtHA+H 2k AL B9 7200
Fig. 6 Effects of RNAi on percentage hatch of
B. xylophilus

FAM 2 s fl 2
Percentage hatch of B. xylophilus/%

ddH,0 cyp-33D3 gfp

B 7 AREEMAEFE 40 REMRPEFIKI
Fig.7 Wilting symptoms of P. thunbergii after different
inoculation treatments at 40 days
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26 5AR T, Bl H 53 1 BUw HLH 5 3 e 2212 .
Kikuchi 58 AT 2011 ARS8 B T Fabh £k i 4 B DA A1
J¥, XA HE— ST A 4R e B0 3 R B D RE 2E
T RAFRYEERT, MBI TR, A EST
— ZRINIIR AR DA LR AR . A
FRW, CYP450 JEH =R ih 2k HUACI 27 324
BRI A = 5 — B B EE 2l . FRATT AT
FFREE R R IAEMM L RN T G cyp-33D3 JE
Rkt IR EEE, Ui IE RAE R 26 d 850 i
PR R T EEAEH.

RNA T2 i 550 K5 9 [R] R A XS RNA
IR B ZAFAE T AR 791 R S 5 PR e 5
JEUTERAY R . RNA THREARER . AR
DU, SR T ST S w5 sh sl B i 2% )
RS, R 5T S R Dy e R 8 A A0 F B
Wang S5 3 57 RNA T3 ARWF I 28 RS =
TRUAEE ( BxAKI) SEHBYTIRE, EIinKLH KA E
UM TR RYFET R, (RIS T2 HU B
AEJ] . Kang 551" 38 5 12 0 RS A e s RE W ) B
AR (BxVap-1) FEF AT RNA T, 45
RGOS B AR SRR A %
VIEC R o BRI 75550 R RNA THH ARG H
TGS WA R Me-mapk] B FEATITER, 2
Hifs A ARSI B B B D, HE Me-
mapkl JEH T RRIB AV RE SR B OMREEL R —
e (32) MAERKABEMEIL, D EFRERV,
RNA T2 — oy SR DI RE A 2L AR . 21
B PAS0 VE Lk HUAR N = K S5 RIHHT A G
RRFWHEZ —, XML R AR & B FECHE R 2
2REEMIER . Benenati Y @1 RNA T4
ARWEFE T 75 Wi Fa At 2k 4L ( Caenorhabditis elegans )
cyp-3142 F cyp-3143 LA B DIfE, K IX IS
R ek i TR S 80 SRR A0 A B8 IE A PR T I8 L
a3 UL BB 52T T i R R BT I Az BHL .
Verma 5P 9 20, cyp512241 FeRFE ki R
B T AL A2 B ( Leishmania donovani ) HIFE
T3, BRI T R B 2459 0 U Fgs /b T 22
A EER A . AN E T RNA TP ARTIBR T
MM cyp-33D3 FEH, KRB cyp-33D3 FEH T
RiIKJG, MM BB HARRRIL, BHERE T TR
X g T cyp-33D3 FERYTER G F2 M 1 A A £k
IR 20 MDA o SR E B T, S T IR FETE A

PR TRe T R A B LA SN TR B pgsE TR, &
R AR TR, PR T AP U IR
I

HE )7 HE 2 B R HE 2 BRI 7E 2 AR AF
TR %A, ATEF cyp-33D3 dsSRNA T 5 B
PARFER D B BN I, R B B BORAE ST
TR, HEMEFEATRER: (1) op-33D3 FFE
TRUTERIG , ABEER HUZERAMRE A P A LR ™ B A7 3]
s, HEMREAR T 2 U B ke, FE0LEUR )
TR (2) MMERARTFER, MRS
K A= DA R AR, A2
HOR T R S AE R R EAE A, wE
o i B L X Y B E AT R Ak,
CYP450 J K 7E A b et il 5 4 A2 b B 824
H, I cyp-33D3 FER P EAPUTER G, nTHEEL
AR 2 HOURREAR R A 75 35 0 b i A B A AR
Y, KIEZRHPIARIE, B FEWA LR 0K
TR, BATHIBFTE LS SRR cyp-33D3 FEH S5H)
ML HRIICE . ZomEom s, HER
ML cyp-33D3 FEH DI RESRAL T HIS KA, X)
Bl2dE S U A P B A FLA T B B S
BB X, AR, KT cyp-33D3 B R R 2 o
FEIE BB 1 0 HAR YR ANTE R, BATF
Filb—BRAWIE

4  Zib

T RNA THHEARX AL cyp-33D3 LA
IREFEAT THEFE, KB cyp-33D3dsRNA T3 AT LA
AR cyp-33D3 FER W FR K, cyp-33D3 FHEH T
PGB T 2 A HR S, g ARk Ly ™ B
i DL BRI R A T R (P <0.01) o
SR, cyp-33D3 FER TP X A b e B AR AR 5
M AE/Ne cyp-33D3 DT HLIk 55 T #A b4 £ e iy 3K
JREST, BEAIRT BN AR . ARG A B
PARE 2k HL cyp-33D3 FE A (R D REH 43 T B50dl S0 %,
M H AR 2 HOHA S R ¥ D e F L T 575
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Study on the Function of cyp-33D3 Gene of Bursaphelenchus
xylophilus with RNA Interference Method

FENG Meng-ting"?, SHENG Dong-ping"?, YE Jian-ren*, CHENG Feng-mao®,
ZHANG Xiao-yang’, QIU Xiu-wen'?

(1. Jiangxi Yangtze River Economic Zome Research Institute, Jiujiang University, Jiujiang 332005, China; 2. Jiangsu Key Laboratory for
Prevention and Management of Invasive Specie, College of Forest, Nanjing Forestry University, Nanjing 210037, China;

3. College of Bioscience and Bioengineering, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: [Objective] To study the function of cytochrome P450 33D3 (cyp-33D3) gene in Bursaphelenchus xylo-
philus in order to further reveal the molecular pathogenesis mechanism of B. xylophilus, and provide useful informa-
tion for its biological control. [Method] Double strand RNA (dsRNA) interference was used to investigate the effect
of silencing of cyp-33D3 on feeding speed, individual size, number of eggs, hatching rate and pathogenicity of B. xy-
lophilus. [Result] It was found that the feeding speed of B. xylophilus under ddH,0 and gfp dsRNA treatments were
faster than that under cyp-33D3dsRNA interference treatment in the first 5 days. Almost all the hyphae of Botrytis
cinerea were consumed by B. xylophilus soaked under ddH20 and gfp dsRNA treatments. In contrast, a large portion
of the hyphae still existed under cyp-33D3 dsRNA treatment. No significant effect was found on the individual size of
B. xylophilus when cyp-33D3 gene was interfered by dsRNA (P > 0.05). Compared to ddH,O and gfp dsRNA treat-
ments, the average number of eggs per female decreased 12 and 11 under cyp-33D3 treatment, and the hatching rate
of eggs decreased by 46% and 43%, respectively. 40 days after the soaked B. xylophilus were inoculated in Pinus
thunbergii seedlings, the pathogenicity of B. xylophilus under ddH,O and cyp-33D3 treatments were 100% and
43.1%, respectively, while the P. thunbergii seedlings inoculated with B. xylophilus under gfp dsRNA treatment still
grew well. [Conclusion] The RNA interference of cyp-33D3 gene decreases the feeding speed, the number of eggs,
hatching rate and pathogenicity of B. xylophilus. However, RNA interference of cyp-33D3 gene exhibits no signific-
ant effect on individual size of B. xylophilus.

Keywords: Bursaphelenchus xylophilus; cyp-33D3 gene; RNA interference; reproduction ability; pathogenicity
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