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R, B KEBERSF ( Monochamus urussovi) A
{5 =¥ ( Picea jezoensis Carr) W, SFELMG
T A a-J- M . 3-8IE . B-URIG . AT
g P, IS (P. armandii Franch. ) fY
B-IEMs SR, ZIEILA KNG ( Dendroctonus
armandi ) ARJ5, B-IRM & E W AN, 3R
] B-VR M T BE S 5 AR LA HIRAR S/ INEE A i 2o 7
MREAZ (Abies grandis Craib ) Mz LR £
B, AT Sl 2 A PR il 2 B-UR M FR R 1Y
S, eah, FEIS (P. tabulaeformis Carr. ) . HEZ
¥A ( P. bungeana Zucc. et Endi) . T ( Cedrus
deodara (Roxburgh) G. Don ) . 41 1 ( Sabina
chinensis(L.)Ant.cv. Aurea ) . ZIZ =42 (P. koraiensis
Nakai ) HYFEANED) T, -k EE 5y, R
A A 5 A B AR
LR EE M RE I, & & KEmiE, H
HERE AL A AR IR B B, AT DME AR R
XA R AR B LB A . VR E A
PARBIEEZLH A5, o-0ME S B-IRMs & A8k r]
NERES AL VN S O RE R 6 N L TNL /N LI
W o-I-M 5 B-URM S B TR R, i
IR, o-TRIGVRE S 4 BT R 2 B
TEAH DG A P0s T B-9R M A A TR AR S T o-TR
Wi, B-UR N T 38 2 SR 52 AT AR 1) AT W AR (A b
2 R REE BN BINAEIAC SRR
TSI B-IRIG . B . AT T RE S AT
FHEAAFEA TR, TEMMERRARIE, SPis
AT B-IRIE & R E T RS R, It
Gh, o-TRIGS B-URME 0 LTI SZ M bR 2 H R A
AT EERE ST o Niu 509 K, a-JREH B-k MG
(AU B LB AT LASE M A A 2 R 5 T, HL ARk
JE ) ERLG Ak 5 0 AT REA R AA B 2 e BEBE )
PR G Wl AT LASE I A0 IS M e AR )L FE R
(GPP) &AW T, W] 4L AL e w2
EWR S EUKZHES. ., 23 SRR ES
B bt A ( Gossypium hirsutum Linn. ) W, Blo J§
WGl GhTPS2 Fikwt i FiH, A1 S5HEYHT
gt BRI, g H O BN 47 BT 7 1T i = A2
( P. sitchensis (Bong.) Carriére ) 7558145 HM g
ERE, (Rl LA PsTPS2 Rk i LM,
PsTPS2 A4k o JRMGF B-JRIG G U, B &
FEPILE B A i) B 1 2ok 2 Al Ay B P, A
AN TRl A OCEE I s b, BT 5 e
Py o-R M Tl R gk po e . AR AT S b S

Sy I e AR SR P 25 R R, B-IRIA 5
SRR b AL 25 S Fak SE R P SR, fR TR
SRR RS, RS B-IRM5 EE R i
— 5

AW RIS, 458 S EMm —ta
K SHAM P A5, B IR ERTE PmPinS cDNA
ERIFH), mArzIEREER . RaEEE KL
FEFP RS A £ U A S B R B B R A P Y R A R
Tk, FRFEH PRI L I RIVER, Afdar
AU LT 25 S LAl

1 #HEEF®

1.1 el

R ESR A LB Rl BRE 5T B S B AT
PRI, AR AT HIZ B IR N o R
FIFA LR HUR BT TR 5, SR m P IoM: R IR T -
5" (PUtEfRE 4 g ) . BIEIPER -1 (Pt
TRE1L ) 5% 6 fk, SR 4 4FE R, £
KRB RIS o Pk 2 B0 3 7 22 30 Mol B
SERAEBE R W, LT REA AR (31°517 N,
117°10'E) , J& T HGHARIE RS, 5
I8 15.7°C, 4FFH H R 2 100 h, 4EF3FEK
i 1000 mm, TR 228 d, VU, AR
S BRI L O S BUR PR R T 3B
s SIREGHRR, TIKMEHEARR (Botrytis cinerea )
WA DAttt PRAFT 4°C kA& .
1.2 REHE
12,1 M R OK KRR DA
EBEBE (PDA) Kigr¥k, T 28C HE R4
fHRRFE 5 do FAGEE LK ERFIEEAL,
B Al i B BORPERA M 2 A 2 K A TR B 7R
W, T 28%C RiFRAAHIRIEFRE 9 d, (HRTE B
LT E . PRS0 B
B, 12h FUWRET 10 mL 304, 300 rrmin! B
L Smin, 2R BIEW . KBS BSO8R 2R
TCARIFIRAT, Sl & U B 50 SR pp 4k it
R
122 WM& xEMN T 201747 H, K
U, SIRYERRLE 30°C LU b, 35 3 MR PRI S IR
FERREE A 2R L, BERRBE SR AN [E] D7 10 B 5 A
%, BRI EDAE 3 A YA, FERRT
JE St R FH R B A2 - e 16 MR (AR SR G o — () 1) FF
K255 cm Y 0, FE B EAERIERIE, B
BB AR AT, W ANEE R R %, H /NG
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YT EERITIR, DRI AW SR, [RIRB7 1k
PAMP SR O T DD TR o R BRI S A
FIAb, RPN 10 000 SkZR HUAY 200 pL #AKE
AVRI, X TIA0 3 MR buA o A AR T A S
IZEIRKAE X R S PR UEZ U, R VI 0B
KN ETEG AL
123 #HmAR%E PGS ERE EHLE ALY
LN 2 PR Y, SRR AN b 2 R R Fh 22 18 K
2 FPLLER, RS 1. 15, 30d 12 ad NERERR] A,
3ANAEYEER . BRI il S R AN
Pl sl BB S om A AR 2 a J5 AT AT H FA B
A HARIRG RAF Pt Rmm . 25, it B
R G TEAEAT, iR S B
SIS AR T -80°C PKAR FH T Jm 221k .
1.3 PmPinS EEH=E

HEy A 5 BT R B SR OTC PR R 2R 451 /)
AW A PR, B S F ] RN38 EASY spin
plus 18 4 RNA Pt # 2 Bl 7 & 42 B RNA, £
SuperScript™ III First-Strand Synthesis System % %
SRR B 1T cDNA 55— 8 G . MR 2K
KA T PmPinS ¥ NS4 PmPinS-F ( 5'-AT
GGATTTAATATCTGTCTTACCG-3") F1 PmPinS-R
( 5'-TTATAAAGGCACAGGTTCAAG-3") , 43l
DA H0RN 2 2 R Al cDNA R4l 1l I MCLAB
R EEE ( Tsingke ) 73 PmPinS ()4 K 4ifis X 5
51|, PCR FWiAZ (50 uL) 4. 25 pL I-5™ 2xHigh-
Fidelity Master Mix, 2 puLPmPinS-F (10 pmol-L™),
2 uLPmPinS-R (10 umol-L™"), 1 pL cDNA ##z, 20
uL ddH,O, LAk 98°C WAL 1 2 min; 98°C
P 10s, 55°C Bk 15s, 72°C ZE# 30 s, 235
NPEER; feJh, 72°C #E A 5 min, PCR =)
2 By B B 5 e H Uk JS [l i, 5 pClone007 Blunt
Vector ( Tsingke ) 4%, AL KIGFTE ( Escherichia
coli) DH50 ek, R1GHMEFCRER T
1.4 PmPinS EEMEWIEREST

| F] ORFfinder ( https://www.ncbi.nlm.nih.gov/
orffinder/ ) 4341 H W FE A cDNA 7 %1 19 ¥ % 5] 152
HE, JFFE blastx ( https://blast.ncbi.nlm.nih.gov/Blast.
cgi) EXFHINEI A ORF 75 MR MR 751 vEA T
PR RNE A 4 E . H ClustalX X415
TR BN PmPinS W H R LR 75T 2 8
FFAN X8, F|H ExPASyProtParam ( http:/expasy.
org/tools/pi_tool.html ) FMEEFIRYFALMET; SOPMA

(https://npsa-prabi.ibep.fi/cgi-bin/npsa_automat.pl?page=/
NPSA/npsa_sopma.html ) FUil & BT — K450, 1-
TASSER v4.3 X 4 11 5t = 20 45 0 A7 J 0 =5 14
ChloroP (http://www.cbs.dtu.dk/services/ChloroP/ ) Tii
- A i R

FIH ClustalX #KA4EXT PmPinS I H & WrFh ik
KEMEAFIHTZ P X, H MEGA 5 %
PEBT DL RASR I (%) JTT BRI T R A & W
BYF#EE, bootstrap {HIX A 1 000,

1.5 PmPinS 344 2 B2 BN R 53 4

3 4 I R oy SR T FEAATE FABE 4R A
Ja 1. 15, 30 d BYZETR4141 RNA, & A cDNA 2
— 4% . F) F Primer 3 (http://bioinfo.ut.ee/primer3-
0.4.0) & 11 PmPinS 5% B 22 & PCR 5| ¥ PmPinS-
RT-F ( 5'-ACCGTTGCATCTGATGATGA-3 ' ) Al
PmPinS-RT-R ( 5-ACGTTCACGGTAAGCGAGTT-
3') o LhE B Actin ( transcription elongation
factor 1) FEH AN 2B F]H SYBR Premix Ex
Taq ( Takara ) F1 QuantStudio 7 %¢):4E & PCR Kl
ARG AT E & PCR 400 BAREMEEAT 3 1K
W EE, 3WREORES , FI 27T Jrikit e
PmPinS HEH BFIX Kb 5, FHE KR T 22 50 Hrit
FRRAL PR E KL R R EEER, P<0.05
F*tric, P<0.01 F**bric.

1.6  BBEEL SHIXTHA I L B A 20

N T 40 FEAAAR A PN 53 5 A T P R P BT 2k
o, T K R BRI 1Y) PDA 8% 3% 3 rh i
F%, i3 Bellman 73 2535 P2RE 43 B 1 A FA BT 2k
P 2 mL B0 T, BRI 1 mL E AT 200 &
AR Bk o W o-UR MG bR (Sl
97% ) H B-IRMEARUES (SRR 98% ) MILIRA
VR DL — 5 Y U BE A BE 3 ol it T A b

(1), 25%C &PFFE3% 240, LUEIN TritonX-
100 FE X 1, 3 AREE o BILL L2k
FiAbBRIS 0.5, 6. 24 h WfIA]4Y &5, FIH] ZEISS
Imager A2 S5 Wil (28 A) A w] ) WSS R IT
I
2 HRE55
2.1 PmPinS EFENRERIBUERSH

DAIELFEFAZERR cDNA St , 3§ 3H9453) PmPinS

HEEFEY) (K1) o PmPinS 2K 9B X N 1878
bp, ORF Finder 73 7 &t 7% JH 58 % ¥ i 15 132 HE Ky
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Table 1 Volatiles treated on the B. xylophilu in vitro

%4k A4 Monoterpene WREHRAE Concentration gradient/(mg-g ™)
o-JR) o-pinene 0 30 45 60 90 120 150 200 500
B-JkM B-pinene 0 1.5 3 6 12 21 50 -
TRA W Mix 0 30+1.5 45+3 60+6 90+12 120+21 150+50 -

1 878 bp, it 625 M2 HEMR ( Genbank & 5% 5 :
MT019965) , PmPinS & JFi 73§ 3N Cy00/Ha977
N8650957S33, ﬁ?iﬂ‘j 71.95 kD %EE le (pl) ﬂ\j PmPinS

2000 bp

5.74, X} PmPinS Z LR N AT T A B, A
A BRI A Tl TR Y N R S PR ST E5 A SR C R s
SERIER . N A i PR ST 45 0 B A 3 T iR 5B ik 750 bp
I RR(X)sW PRSFET, Hrf, RR(X)gW FE A 5%
AL TG AL - PR AL SR B, C A S A ST 235 ) I A 3%
DDXXD 1 NSE/DTE {45F 3%, DDXXD &5 —
WA BB FHKS TGS, deHiE i S ke
EWL WEAR . SRS KB,
PmPinS 1 IEH 400 IR (64.00% ) S 5L
o-12E, 20 MNEIEER (3.20% ) B 5L AEHiEE,
19 MEIER (3.04% ) S5 B-44 ., 186 &

#: M {43 DL2000 DNA Marker
Note: M indicated the DL2000 DNA Marker

E1 SE# PmPinS EEy 12

HR (29.76) %Eﬁjﬁ%ﬂlmu%ﬂﬂ %Eﬁ PmPinS Fig. 1 PCR amplification of PmPinS
HAMZHEE L, o R BTG E (E2)
A 1 " e e e L1l G4n s
el sl . srsteais uuu-:‘ rochet 4 4 5 . . : .
w"ic.;;;" ‘ s ampantataarich ravlom 1} mpartatesrich ravion ¥ ) .
superfanilies | Isoprenoid_Biosyn _C1 superfamily

A N ' n," 7
L*“‘ (fi:p“ ’i‘ X 1 o
o d AWM "L\' P‘. 1!‘ d*ifv ﬂb\l L "f | ( JJL

‘.

3 b
| | | | | "N
0 100 200 300 400 500 600
7 B AN PmPinS ZIERRIETFAEMIRANT; -/ B R, @ MG, BN o lZiE, LONTOMNEN, sk p-4M; BCh=
WEERITN

Notes: Fig.A The conserved domain analysis of PmPinS; Fig.B The prediction of deduced amino acid sequence of PmPinS, red region indicates extended strand,

blue region indicates alpha helix, purple region indicates random coil and green region indicates beta turn; Fig.C The prediction of the tertiary structure of

PmPinS.
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Fig.2 The sequence analysis of PmPinS
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2.2 PmPinS ZFIIL R REL TS
FIH ClustalX ¥t 5 2 PmPinS S (P.
contorta Douglas ex Loudon) . Jt & = ¥ ( P.
pungens Engelm ) . KXY =42 ( P. abies (Linn.) H.
Karsten ) 9 [FJ5 )7 51317 2 )7 5 LA 23, H5
PsPinS., PaPinS. PcPinS .7 ALY £f 51 45 e 3k
Y1418 RR(X)gW. DDXXD H1 NSE/DTE {457 %&£ %
(1#13) , 5 PcPinS FHIARMIMEIS 93.16%, T2
P PmPinS 5 € # 8 ) 5 B WY oK M A B
( AGW25369 ) 5 117 S ARRIE R 73.85%. el
PmPinS HEH A BB B-IRM & BB DIREAIML, 2= 51

Yo i B-UR M B A M OB A

N it—%F PmPinS HEAT RGTHAL T, BEHL

tE=E ., WE s (P excelsa (Lam.) Link ) |
R4 ( Ginkgo biloba Linn. ) 5#F MY Y TPS &
P55 PmPinS LRI RG L EW (K 4) o
ALy AT 45 R R B . PmPinS v T 5 E#A TPS-d1
WK, TR TR RS, S
=AZ BRI G WAL T 6] — 0 3. PR T LAHE T,
PmPinS N HHESHE, AIRES S BRI A& .
2.3 PmPinS XA} 2 RS L0008 B

IR R BTN D) B D AN TR AR G R FABA 2kt
fRYLRYME N, RFARFL HUR YL 1, 15, 30 d it
SR AN Y PmPinS FR AT 500 R i
oipr CELS) o WFRs#aS o, HxETHefhzs
TR B BAPEXRT IR, iAo S R AA Y PmPinS 3%

1 10 20 30 40 50 60
PcPinS DLISVL |5;5KJ-‘.'.‘?TK K c BT I BT MR Bix GRS atER=cTT TNEL
PmPinS MDLISVLPELASKEY sERA: BT Eli B e F sl oldr TGN RIRGE . | . . FARE L Spdv
PaPinS |. .|....F |A GRERY . . A8 R e T T (R 7)Y S EIRIGIAS! . . AT PiE M| LTRT
PsPinS rrvsvapMaseigs. . RS IR CIE T 1 [sRedde TGS IRIGIAS!. . AT RIS M| L TEYT
70 RR(X)sW 80 90 100 110 120
PcPinS SDDIBEIR RWGERH SNLWNDDYI QP HYGEBAYR ERLIMEVESSIFEsMSIBEDGER
VSN s D D ik ddn RGlEhdE SNLWND DI QRS TEY GEf ERLIME Viziis DGER
PaPinS sDDER REGHIFE SNLWNDDRIQEAs Ty cEEYRERNERL I[Be vESRUF s MsEED G E R
PsPinS BFIR RUcliE sNLWND DRI oS THY 6 £l GERYF KM DGEM
130 140 150 160 )
IO ST S BN A T () R W MVDMVERLGIFJREFKNEIKSALDYVYSYWSEKGIGCGR IT
PN STINS sARIE T () R MV DRIVERLGIBREFKNEIKSALDYVYSYWSEKG I GCGITshdids]
[ S SR AT O RUWMVDEVERLGIARHFKNEIKSALDYVYSYWSEKG I GC GRS
ST =R AT O RWMVDEIVERLGIPREFKNEIKSALDYVYS YWS EKG I GC GEIERAYIN]
180 190 210 220 230
JOSTININA L GHR TLR LHGYSV S ARV LI 1 e P TEE I RSN LYRASLIAF EGERVM
SN~ L GRIR TLRLEGY [@V S AV L S 1 PR r B ATEE AT RSN LYRASLIAFPFGERVM
PaPinS LGWMRTLRLEGYV S AV LSS i [l P TEESIRSUIMN LYRASLIAFPGEKVM
OSSN = . GIR TLRLEGY v S a v L g N P TEE I RSN LYRASLIAFPGERVM
240 250 270 280 290
PcPinS EEEC-EEEEE SSLS S0 VLEBGWETRIL PRAEARNMI DV F G QD TEIN S
JSNSININE E A ERF S K Y LEJE WL O S0 VLEHGWETRIL PRIFEARNMI DV E G QD TN SR
SN EEAEMrsHK Y LERL o R IERE]S LsE 1D VL ERIGWE TIL P RIEARNEII DV F G QD TsIN MENS
Iz elrsHr Yy LEEHL ok TERE]= 1. s f§] IDVLERGWHTHL PRIUE ARNEIT DVF G QD T o) ERS
300 310 320 330 340 350
IOV < R T K LLELAKLE FNI F[8SPIO KN LR WWRID S G S Blelhs RERHYEYYTLASCIA
PmPinS H KLLELAKLEFNI F[8]SHOKH HrrwwliDscsPETFURERHEYEYYTLASCIA
PaPinS H ITHKLLELAKLEENI Ffisio Kk MR WWED SGSPIMT FERHRHMEYYTLASCIA
ST s BT K LLELAKLEFNI FffsHo ki SR WWIAD SGSPMT FMREREUEYYTLASCIA
360 370 380PDXXD 39 400 410
I NI F EPQHSGFRLGFAKRICEI ITHIDDMY D #F GTHDERMLFTAANKRWD P S AND C L P[IY M K[EH
NN EFQHSGFRLGFAKNCEI I THIDDMYD|#FGTHMDERINL FTAAKRWD B 5 AD C L B8y MK (B
NP EFQHSGFRLGFAKWCEI I TMIDDMYD WP GTIYDEMIAL FTAAMIKRWD P SARD C L PEJY MK SN
ISP EFQHSGFRLGFAKINCEI I THIDDMYD/NF G TIHYDEMBL FTAAMKRWD B SAMD ¢ L PRy MK[31
420 430 440 450 NSE/DTE 46 470
PcPinS M FAE AFRAQGRDT LY ARSAWEEY LDS YMQEAKWIATGYLETFHEYMENG
PmPinS pgMM e ARIKAQGRDT LY ARSAWEHIY LDS YMQEAKWIATGYLEPTFREYMENG
PaPinS I (e AR AQGRDT LMY AR SAWEHIY LD S YMQEAKWIATGYLETF|JEYMENG
PsPinS LIfL BERE AIKAQGRDT LY ARBIAWSIY LD S YMQEAKWIATGYLPTFHEYHENG
480 490 500 ) 520 530
SN VS SGERGFALQPRILTMD IPFPPEI LKEVDPSLYDLAMAILRLRGDTRC YD RARGE
PmPinS BRUSALQPILTMD IPFPPEILKEVDMPSMLND LAMAILRLRGDTRCYMIIDRARGE
PaPinS HRGAALQPMLTMD IPFPPHILRKEVD[IPSMLEDLAMAILRLRGDTRC Y# D RARGE
[T VS SGERIEIAL Q PILTMD T PFPPEI LKEVDEPSLND L ABA TLRLRGDTRC YA RARGE
) 550 560 570 580 590
PcPinS BT SCYMKDNFPGATEEDALDHEMNEMT SV I L NWELLIAPBSEVEP I SSKKSIFD TR A
PmPinS HTHC REANEMI SV IALNWELLIAPPISHVEISSKKMUFD IR A
PaPinS MsEISCYMKDNPGATEEDALWMEMNEMI silv I e L NWEL LIPS HVE I SSKKEMMFD IER A
PsPinS MsEISCYMKDNPGATEEDALMEMNEMI Slv IELNWEL LIPHSHVP I SSKKEMFD IRRA
0 620
PcPinS FWE TKS LVEIR TS8P VEL
PmPinS YE TKS LVEIR T dL
PaPinS OdE TS LVEIR TS VI L
PsPinS H4E TE S LVEIR TSI VR L

3 PmPinS REBF LT HT

Fig.3 The sequence alignment of PmPinS
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[30]

Picea sitchensis pinene synthase (Q6XDBS)

1007~ Pinus contorta (-)-beta-pinene_synthase(AFU73845)
PmPinS

Pinus contorata (—)-alpha-pinenesynthase (AFU73855)
Pinus taeda (+)-alpha-pinene synthase (Q84KL6)
Abies grandis pinene synthase (024475)

Abies grandis myrcene synthase (024474)

Picea abies (—)-linalool synthase (AAS47693)

Picea abies carene synthase (Q84SM8)

Pinus taeda (+)-alpha-pinene synthase (Q84KL3)

Abies grandis limonene synthase (022340)

Abies grandis gamma-humulene synthase (064405)
Abies grandis selinene synthase (064404)

Zicea abies longifolene synthase (Q675L0)

Abies grandis alpha-bisabolene synthase (O81086)

Ginkgo biloba levopimaradiene synthase (Q947C4)

100 Abies grandis abietadiene synthase (Q38710)
6{:0 Picea abies isopimaradiene synthase (Q675L5)
Picea abies levopimaradiene synthase (Q675L4)

Physcomitrella patens copalyl diphosphate synthase (XP_024380398) 0.2
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Cloning of B-pinene Synthase Gene in Pinus massoniana and Its
Response to Pine Wood Nematode Infection

LIU Bin', LIU Qing-hua', ZHOU Zhi-chun', LUO Ning®, XIE Yi-ni', CHEN Xian-zhi*

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Key Laboratory of Tree Breeding of Zhejiang Province,
Hangzhou 311400, Zhejiang, China; 2. Natural Resources and Planning Bureau of Linhai
City, Zhejiang Province, Linhai 317000, Zhejiang, China)

Abstract: [Objective] To clone B-pinene synthase gene in Pinus massoniana (PmPinS) and analyze its sequence
characteristics and expression pattern after pine wood nematode (PWN) infection in order to provide theoretical basis
to probe into the defense mechanism of P. massoniana to pine wood nematode infection. [Method] Based on PCR
amplification technology, the full-length coding region sequence of PmPinS was cloned, the homologous amino acid
sequence alignment, and the phylogenetic and genetic characteristics were analyzed with bioinformatics method. The
expression pattern of PmPinS in resistant and susceptible P. massoniana after inoculation with PWN was analyzed
with real-time quantitative PCR. [Result] The full-length coding region sequence of PmPinS was cloned, including a
complete open reading frame of 1878 bp, encoding a 625 amino acid, with a molecular weight of 71.95 kD. The sec-
ondary structure was o-helix and B-fold, containing the typical terpenoid synthase domains including RR (X)W,
DDXXD and NSE / DTE. Phylogenetic analysis revealed that PmPinS and (-) B-pinene synthase in P. confortus were
aggregated into one branch with a sequence similarity of 93.16%. The expression of PmPinS in resistant P. massoni-
ana was higher than the susceptible ones after PWN inoculation, which showed an up-regulation trend within the fol-
lowing 30 days after inoculation. However, the expression of PmPinS in susceptible P. massoniana began to fell rap-
idly 1 day after inoculation. 2 years after inoculation, the expression level of PmPinS was highly expressed in the
stem tissue of resistant P. massoniana. In addition, exogenous application of a-pinene, B-pinene and their mixed solu-
tions to PWN showed that a-pinene and B-pinene could significantly inhibit the survival rate of PWN, especially for
the mixed solution with more inhibition. [Conclusion] PmPinS, as a member of the monoterpene synthase family of
P. massoniana, may be involved in the synthesis of -pinene with GPP catalyzed intricately. The PmPinS is highly
specific-tissue expressed in the stem of resistant P. massoniana, and its possible catalytic products, a-pinene and f-
pinene, have significant inhibitory effects on PWN, which might reveal that PmPinS plays a positive regulatory role
in the defensive process to PWN.
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