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RS P, AR B S A6 N ) A K sl A [ i) 17 15
SR G WA R A A5 2 i 4y, HLAZ AN ] AsTPSs
FIMEARL Ak, [R)—Bh A5 f il &l o] LA sl —F
a2 A5 LS, W As-SesTPS 2 11 L4 FPP K iS4
AT DA RS AU J2 - () A AL | B-21 % 240
I SRR DU A i 10 1, A ARS8 UE B
IR A B A A JE D R R BE S 5 R R4
Z ARG

AR, P2 B/ RAEWF AN 2 2 B T — 28R
[Fi] 3 380 1A e o S A o O L 2R R
F AR S EE SRS R R
o A8 e P LA, DR IT 45 00 A ) bR 43 2 B
S EEC AR A R AR AR, PRI X AR T
BEFR N BT REFE SRR e TR = i PR,
H AR A R R R Y S R 54
AT N T A i WS, 76 AR L )P MR
SHpE Iz IR AR, BT, R 2 ARE RS
SR C ORI TIE, T AsSS4™, TPS9., TPS121)
S, SRR R A BT A i A il PR A A SR AT
A o AHIEGE 0 A F FNE AR R 5 5
B 28— A5 S A R T 25 A R OC R
YIRS RE L CNTPS18, L2 Hifh i i
FERTGR, VR CNTPSIS 58 %% CDS ¥, F1I 1]
WG BT T T CNTPSIS (P B &
R BT Stk Ak G 2R 485 IF R qRT-PCR R
X CNTPS18 3 Kl #4710 75 T Rk B X o iy o
J G BEMEIE CNTPS18 FEAEALAR ik i A= W A
B D REFR R

1 #RERE

1.1 W8 AU ARSI R b E R
25 R AT 5 it B 43 i (N20° 01, E110° 25, ) 14
i P10 5% A R B o (G Al ot 5
el ), 2o B AT 5T 52 O R e o
EASYspin Plus Plant RNA 38 £ i 71 & (A6 5t
SCAESA:W) ; BUISHEEERE DNA [N iH) & (db 5
K # A= 4k )5 TransScript One-step gDNA Removal
and cDNA Synthesis SuperMix Kit, pEASY Blunt
Simple Cloning Kit, pEASY-T1 Cloning Vector,
TransStart Top Green qPCR SuperMix, 6xDNA
Loading Buffer, 2xEx Taq PCR Super Mix, DNA
Marker 2000, DNA Marker 10000(Jk 5% 4> 20 4
Y1 ); GoldView 1(10 000x) (It 5t % 3¢ 52 B );

Agarose(75 3 7 Biowest 22 A ); TAE % & (50%)
(BB MRH); Bl R I8%E &=, IPTG, X-Gal
(g2 FE kA= 4k ); Yeast Extract(35 [ 2% 2R K 1
IR); ToK CBE(T AR PE B A T2 ) 5 Ak 2538500 R 23 B
af, SIEFEETAEYEM(GE 1),

*1 EFERMES qRT-PCR&NEIHFF)
Tab. 1 Primers sequences for gene cloning and
qRT-PCR detection.

Sl 512 GlL/Eedl
Primer types Primer ID Primer sequences(5'to 3')

CNTPS18- F: ATGGCGGCAGAGACGAATC

Full-

CDSength cloning  R: TTAATCAAGAGGGAGTTGGTGAAC
s F: TGTAAAACGACGGCCAGT

cloning M13

R: CAGGAAACAGCTATGACC
CNIPSI8 CNTPSIS- F: GCCTTGGGAACAACTGGACT

gRT-PCR PCR R: CCTCATGCAAGCTCAACAGC
Reference GAPDH F: CTGGTATGGCATTCCGTGTA
gene R:AACCACATCCTCTTCGGTGTA

1.2 FfEFER S RNA FIREL B 1 mL 240/
RLT Al 100 uL PLANTaid % % A& ££ &k K 1Y 2
mL RNase free B0 W, 57 BVRIZIRZIRS) . 1R
EYAEUK EFFE 15 min 245, HEJAE] 2~3 Ik, 58
G54 2RISR, 4 °C AR, 13000 rmin! ELL
10 min; /IR ROMBE A ELOAE T, AL
T — IR TOK CBE, ATIRS); BL 700 uL (1)
TRATE DNA R, 4 °C &4 T, 13000 r-min ™!
250 1 min, 5 DNA JHBREERE ACH 250,
JILA 500 uL RLTplus, 13000 r-min" &5.0» 2 min, &
O 1 min, EIEW; 4 °C Z54F T, 13000 rmin ' Y55
UETG TN 250 L Josk S, IFIATIR S, FHR A
OMAMZEE RA H, 4 °C, 13000 r-min' E.L> 1 min,
W B 700 uL 258 F1 I Rwl Al 500 pL
EEVR VRS VE W AR RA, S JRA 85 C TRAH
RNase-free H,O, & il E 1 min J5, 4 °C, 13000
rmin’' &0 1 min, 55— 15 BRI 15 2] 8
RNA W o FH 1%(w/w) BEJE BE BE K, 1xTAE i
R, 90 V HLJE T HLYK 20 ~ 25 min, 2£4h
JI R WL RNA 1Y 4570 58 8% . R 406 Bt
il RNA e FE S BT, 4 2.2 = 0D,60/280=2.0,
ODy30260=1 i, U‘é%ﬁélﬁl RNA %*ﬁo

1.3 FHMR cDNA E—HMEH W
FR A2 HC B RNA FE il i TransScript f2 5% 58
b A —4% cDNA, 20 pL SRR TR 1 pg
&L RNA, 10 puL 2xRT Reaction buffer, 1 uL gDNA
Remover, 1 pL oligo dT Primer mix, 1 pL Starscript
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II RT Mix, M %8 ddH20 % 20 pL. #MER T
42 °C 2V 15 min, 85 C # 5 s RIG g, 4 C 1%
1. cDNA {77 T-20 C %o

14 FHME CNTPSISHEKEESIEF R
it AT 5 A AR B 2 SR 2R I P R A B Y R
H AsTPSIS H: P 4 K )3 5 {5 &, FI J§ Primer
Premier 6 FARITH I TS0 . DA iR R 5k
31 cDNA it LIRSS P59 CNTPSIS-
cloning 5[4, #47 PCR ¥4, 20 uL N iR &
WR: A cDNA 1 pL, EUWF51Y AT eS| 9%
1 uL, 2xTaq PCR Master Mix 10 uL, il ddH,0 &
20 uL. SNARJF A 95 °C HiAEYE 5 min, 95 °C 7AE
Pk 305,55 C B K 305, 72 °C FEfH 30 s, LI T
AT 35 MR, 72 °C L&A 5 min, PCR 93745 3|
1) H 1 BeZs 1% (wiw) B W e L vk R I
DI I, %4 28 T #iA, 5% 4k 2 KB FF B Trans
T1 RS2 35 AN, ) R e e 1 i 2 ) o
1A, Pkt BH PR B SE B 52 I3 I T 37 °C 8 R I i 8
F¢, Z1E T PCR Bk 5 28 B v Iy, i A
DRSS R A BRA R 52l

1.5 FFHMER CNTPSIS WAEMERZE S F
4 DNAman Xt 24 32 J5 51 i#£ 17 ORF (Open
Rending Frame) i I 5 fiff ] 7E £k 4K {F Expasy
ProtParam #l Expasy ProtScale (https://web.expasy.
org/cgi-bin/protparam/) 73 #1 i il H [ 51 1) 5 7 2
A i s i FH A 26 3 3 InterPro (https:/www.ebi.
ac.uk/interpro ) 73 H7 2 3 B2 7> 51) 19 £ <1 45 44 3l fiff
FHAEL BT Sopma X 2 [ BT EA T — R 25 #0) Tl
5 1 AR 26 53 BT 4Kk SWISS-MODEL #4778 ]
J 4 = AELS R T ; i FHIAE L T SignalP-6.0
Server  (https://services.healthtech.dtu.dk/services/
SignalP-6.0/) 73 Mt AH N A% 5 ik s 1 F 7 £k 4R 1
TMHMM 2.0 X £ 1 5 7E 17 5 5 25 4 T feft 1]
TEZL M3k Wolf Psort (https:/wolfpsort.hge.jp/) 73 Hr
A A Y 20 i R A7 5 A 7E R B NetPhos3.1
M A BT Ry W TE B R AL s 1 T B
DNAman X} 24 % /i@ J37 51 i 17 2 75 4 e xt, 9 H
MEGE 11 B 7 SEAA LA B AN [R] W b ] £ ik
(ST

1.6 MR CNTPSIS FIREER ST LI
AR 3 AR AR R RAF . AR (1.540.2) em FMI]
K, 5 mm Bl Sk HEATREFL O FH AL PR, BEL BB ZE T,
fLS LR 2 em. RS FLAR RS Y 0, 0.25, 1,

7. 15 F1 30 d WOBRFEAR, BEANIFR] G 3 A2
F, NZETBYHUE 3 LAY 8 cm AYZET,
R 5 IR AWE T, 80 CARIE4 . A B Al
Tolt JoR AR i v R B RNA I B B S5 45 56 — Bt
cDNA. DI EiRKES cDNA R, dEfe 3 ki
Xof R sE A 52 5L GAPDH JLPH S N 23, 0 d

47 qRT-PCR A M, 51 ¥ 15 8 W % 1. Wit
GAPDH JE 944 F BoR/IME 200 bp Ze47, H Y%L
CNTPSI8 ¥ 34 v Be K/ Ky 250 bp ety o [
TREH 95 °C HiZSPE 10 min; 95 °C 78 10's, 58 °C
1Bk 15, 72 °C SEAH 20 s, 40 IG5 A 1% i
MK 303 38 = W B RE Sk . RAH 272 i
CNTPS18 FEPRARRTFIR A IR ¢ R b
BRI 25

2 HER5HH

21 HHEME CNTPSISEERMEKEE MH
AT H A PR HUE 5] AsTPS1S8 FEH FE 41, He i
T YEAT AN BT b E A T So R, Iy S — 45K
A1 1632 bp HEEH FFH1 (LK PV764648) (1 1),
LM PSRN TS 5 FAARTE Y AsTPS18 K741
—H, —HCR A 92.98%. IR A B, CNTPS1S
AR T30 R RS Y TPS18 T4, 34 131
ABAREIAR 5, Hirh, 59 SN [F] 548, 62 AR AENR]
NGAR, RG] e B CNTPS18 5 AsTPS1S
M 1

2000 bp
CNTPS18

1 000 bp
750 bp

500 bp

250 bp

100 bp

M. DL2000 DNA marker; 1. CNTPS18 &K J¥31,
Lane M. DL2000 DNA marker; Lane 1. the CNTPSI8
full-length sequence.
1 CNTPS18 K5I ikE
Fig.1 Electropherogram of the full-length
sequence of CNTPS18
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Y B 1 A S M AL = AN TR (] 2) . T 543 MEIER (K 3) . & A FEALYE R b 3k
2.2 CNTPSI8S EEHIEARIE/ MR ORF il B, B3 F 0N ChgasHuaa7N7410532817, T
fE7R CNTPS18 A — A2 A TP Bl A, 0 RO FJliiE h 62.865 KDa, S5 Hi i 0 5.36; 2 (7

ASTPS18 wp-
1632 bp
B RELAS 5 500! 1 000! 1500"
131 base pair
variations CNTPS18
1632 bp

B2 CNTPS18 5EBEAARE AsTPS18 £KFFIXTtE
Fig. 2 Comparison of the full-length sequence of CNTPS18 with that of ASTPS18 of ordinary Aquilaria sinensis

1 ATGGCGGCAGAGACGAATCGTCCTCTTGCGCATTTCCAGGCCGACATCTGGGGGGAACAT
M A A E T NIR P LAHVF QA ADTIWG E H
61 TTCGTATCATCCCGTATTCTTCCTCTGGAAACAAAGCACACATGGGAGCACCAAAACCTG
F v s S R I L P L E T K HTWE H Q N L
121 AAGGAACAGGTGAGGGAACTCCTTTTAGCCGGATTGGACAAGCCTTGGGAACAATTGGAC
K E Q VR EL L LA G LD K P WE Q L D
181 TTGATCAACTCGATCCAGCGGTTGGGCGTAGCTTACCATTTCGAGGATGAAATCGAAAAC
L I N S I Q R L G V A Y HF EDE I E N
241 CTCTTGCAGGGAATTCATAAGAATCTTGATAATTGCCTTGAAGAAAACGACAACCTTCAT
L L Q G I H K NILUDNTGCTULEENUDNTULH
301 GGCATCTCGCTGTTGTTTCGTCTGCTTCGGCAATCTGGCCTAACTGTTTCATGCGACATG
G I s L L F R L L R Q S G L T V s C D M
361 TTTAACAAGTTTAAGGATGAAAGTGGGAAGTTGAAGGAATCTTTGAGTGAAGATGTTAGA
F N K F K D E S G KL KE SsS L S E D V R
421 GGGCTGTTGAGCTTGCATGAGGCTGCATGTGTAAGGCTGCATGGAGAAGATATACTTGAA
G L L S L H E A A CV RULHGE D I L E
481 CAGGCATTTGATTTCAGCACGAAGCACCTTAAATCCATTGCAGAGGACACATCTTCAAGC
Q A F D F S T K HUL K S I A E DT s S S
541 CCAAAACTAGCAGCACAAGCAAGTCAGGCATTGAAGTACCCTGTTCCGAAGAACATCCCA
P K L A A Q A S Q A L K Y P V P KNTI P
601 AGGCTGGAGGCTAAGTACTATATCTCTGTGTATCCTTTGCTCAACACTCCTGTTGTATTG
R L E A K Y Y I s VY P L L NTUP V V L
661 GCTTTCGCTGAGTTGGACTTCAATATCTTACAAAAGTTGCATCAAAATGAGCTGAGAGAG
A F A ELDFNTIUL QI KILUHIOQNZETLRE
721 TTAGCAAGGTGGTGGAAAGATTTGGATATTCCAAGGAGACTACCGTATGCAAGGGATAGA
L A RWWI KDULDTI PRI RULUZPYAIRDR
781 ATAACGGAATTATTCTTTTGGGTACTAGCAGTGTATTATGAGCCTTGTTATACACTGGGT
I T E L F F WV L AV Y Y E P C Y TUL G
841 AGGAAGATATTGACCAAAGTTATAGCTCTTACTTCTCTTCTTGACGACATGTACGATGCT
R K I L T K V I A L T s L L D DM YD A
901 TATGGGACAATCGAAGAACTGGAGCTCCTCACAAAAGCCATTCAAAGGTGGGATAGAAAT
Y 6 T I E E L EUL L T KA ATI Q R WD R N
961 GCAATAGATGGGCTGAATAATGAGTGCAGCAAAGAGTTGTATCAAATTTTGCTAGATGTG
A I D G L NNETC S KE LY QI L L DV
1021 TATGATGAAATTGGGGAGGACATGGCCAAACTTGGGAAATCCTATCGCCTTAACTACGCT
Yy bp E I 6 EDMAI KU LSGI K S Y RL N Y A
1081 GTAGAAATGATTAAGAGGCAAGCAAGAATTTACTTGACAGAAGCTAGATGGTTCAGCCAA
V EM I K R QAR I Y L TEA AU RWTF S Q
1141 AATTATACACCTACATTAGAGGAGTACCTTAAGCTGGGAATCCACACCAGCACTTGCCCT
N Y T P T L E E Y L K L G I H T s T C P
1201 CTACTCATACCCTCGTCTTTGCTTGGGATGGGAGACAATATAAGCAAAGATGTTTTTGAG
L L I P S S L L GM G DNTI S KDV F E
1261 TGGTTCTTATCCACCCCCAAGATTCTTACTGCTTCTTCATTAATCACAAGACTCCTAGAT
W F L S T P K I L T A S S L I TR L L D
1321 GACATAATGACCAATGAGTTTGAGAAAAAGAGGGGGCACGTAGACACCGCTGTAGAAAGT
D I M TN EVFE KK RGHV DTA AV E S
1381 TACATGAAAGAGTACGGGGCCACAAAGCAAGAAGCAGTGAAGGAGTTGTACAAGCGAATT
Y M K E Y G A T K Q E AV KE L Y KR I
1441 GAGAGTGCATGGAAGGACATGAATGAAGGGCTTTTGCGACCAACAGAGGTTCCCAAGGCA
E S AW KDMNUEGUL UL R PTE V P K A
1501 GTGCTCATGCGAGTGCTCAACTTCACCCGTAGTAGCCAGTTCATGTACACCGATACGGAT
vV LM RV L NVF TR S S Q F M Y T D T D
1561 GCCTACACCTTCCCTGATTATCTAAAGGACTTTGTGGCTGCTTTGCTCGTTCACCAACTC
A Y T F P D Y L K D F V A A L L V HOQ L
1621 CCTCTTGATTAA
P L D *

B3 CNTPS18 EE cDNA £ KR FNs S &K F 5
Fig. 3 The sequences of CNTPS18 cDNA full-length and predicted amino acid
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81 /17 HL i 4k A 63 S 1F HL A Ak I, 7E K
FRRh R =R T 10 hy A AT E R ECH
41.93, J& T AR EMEE . Expasy ProtScale Tl
R, R R R BUK B0 D —-2.622 % 2.356,
RAFERISE RN -0.292, JPFITESS 267 o B0 H
SRAYET KM, 1255 448 {7 F B B05R A0 25K, T8
FarKkMEAE4),

2.5 Bi/KYERRE Hydropath./Kyte doolittle
20}
L5+ ‘ \ |
1.0+ f !

FEEL
Score

200 300 400 500
BRI
Position
B4 CNTPSI8 HELE AFEHRKIES
Fig. 4 The hydrophilic-hydrophobicity analysis of

CNTPS18 encoded protein
2.3 CNTPSIS &mE 3Tl  InterProScan il
1 B RSP 25 I Terpenoid cyclases/protein
prenyltransferase(15 ~ 212), Terpene synthase, N-

100

terminal domain(16 ~ 191), Isoprenoid synthase
domain superfamily(15 ~ 52, 216 ~ 526), Terpene
synthase, N-terminal domain superfamily(53 ~
215), metal binding
domain(246 ~ 486), Terpene cyclase-like 1, C-

terminal domain(217 ~ 540), Terpene synthase-like

Terpene synthase family,

(4 ~ 523), Terpene cyclases, class 1, plant(7 ~ 539 )

(K 5-A), FRWZEE & —A i B AR SF OB AR 1,
A
50 100 150 200 250

1

S A

v Domains

Terpenoid cyclases/protein prenyltransferase

Terpene synthase, N-terminal domain

HESEZ R R T & s/ PR %% . Sopma
T2 1 R E A o SR TR
i, SEfEE . Horb, o BRBE S A, A 70.53%;
TCHL B K 2, F 27.07%. o BRTIE AT TG R 3
i 7E B A F IRy 5 AT 434, A 2R AR TR
J7 5 1RG5 2 B 4 (6] 5-B) . CNTPSI8 4 fith
HEAN =R R B R, CNTPSISEEH 5
A0A411G8MS5.1.A % [ Vetispiradiene synthase —
M 85.27%, GMQE fH) 0.94([& 5-C), EA AT {5
JE# (181 5-D) o
24 CNTPSISERBIESH. BIR&EH. WM
EMRBEEBAAMSR 55 s R,
CNTPSI18 & H AFAEEAE M5 5 KRBT VI 45,
e W (B 6-A); BB TN 25 R KW, 1%
TS BELE R (5] 6-B ) ; 720 A e o B % 2 11
FES TR AT T (cyto=9) H, 1T BETE A L%
(nucl=3) Hrto A7 7 & 3 A, HE I AT 68 4 i 9 2R
Flo BERRALAL R EL T 78 CNTPS18 & H A
A 9 AEEER (Tyr) | 17 ANJ5 2R (Thr) 1 19 4~22
ZR (Ser) IFERERRALAL A (8] 6-C) 6
2.5 CNTPSI8 EERGHUMIHT K CNTPSI1S8
RAERR TN HAT Z P9 LR (B 7-A), 255 kB,
CNTPS18 Y5 53k i & (Aquilaria malaccensis) . 14
3% (Durio zibethinus). 3% [ 1 # #k (Carya
illinoinensis) . ¥k (Juglans sigillata) F18F1¢
IV 57 %% (Herrania umbratical) 5 W) FP AL, o731
—BMEHTE L% U E. RELFWER,
CNTPS18 5 & >k L & (Aquilaria malaccensis ) Fl
Aquilaria agallochum W5 0% G B . W 3% (Durio
zibethinus ) F1 £} {8 L0 V.45 %% (Herrania umbratica)
5(I)0

543

I | 1 I
300 350 400 450

Terpene cyclases, class 1, plant
Terpene synthase-like
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A. CNTPS18 2 I ER-FA5H s B. CNTPS18 Hifh e H — - 45H4; C. CNTPSIS Sty N =423 [|)2544; D. FiaCIA] .
A. Conserved structural domains prediction of CNTPS18 encoded protein; B. Predicted CNTPS18 encoded protein Secondary
Structure; C. Predicted three-dimensional spatial structure of CNTPS18 encoded protein; D. Ramachandran Plots.
B 5 CNTPS18 %3 E AR F 4518 5 45 A T

Fig.5 Conserved structural domains and structure prediction of CNTPS18 encoded protein

MR R D G BP9 IR IR (Hevea
brasiliensis ) )i 28 4 i 58 S — 2, 1] DLIX SL i 2R
H e BE AL, SR ORI,

2.6 FEME CNIPSIS EFESRIEER SO
SR 7 i PCR BRI CNTPS18 1575 i
Pl 0 (AR F A F 5 R R IB R, FR A
B, CNTPS18 1£ i3 Lh 8 R A ik, (HRIAAKF-

B AMFE . CNTPS18 25T (87K fie i,
UIEAR RS, T IR ARp (& 8-A), iX %
W] CNTPS18 F] BEFEULAIE it R i 1) 1 G
YERT o 38 a6 0 23 A F 5 403 355 5 S5 CNTPS18
HIZRIRIK, G5 F KB, CNTPS18 1E 2 i Bif &
WL 15 d J5 Rk, YhBhE i ke e i
BRI AR 75 i (5] 8-B).

A
1.0 Mo A
0.8+
> OTHER
= 0.6
=
¥ 8
=E04)
S
0.2
O-OODOOOOOOOOOOOOOO0OOO0OODOOOOOOOOOOOOOO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
MAAETNRPLA;HFQAD|WGE|;|FVSSR|LPL?TKHTWEHQNEKEQVRELLLA.GLDKPWEOL?LINS'QRLGY
0 10 20 30 40 50 60 70
EHFS

Protein sequence
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0.8+
—— B Transmembrane

osl —— JI® N Inside
— J4FOutside

J@E; 3
Probability

0.4+

0.2+

100 200 300 400 500

—— Serine
Threonine

—— Tyrosine

~—— Threshold

09
Rjung

e

Wik

Phosphorylation potential

0 100 200 300 400 500
FEFI 3
Sequency position
A. CNTPS18 #itty 8 {5 S JIKTi; B. CNTPS18 Sy 8 H BS LS F TIN; C. CNTPS18 it AR (L 5
A. Signal peptide prediction of CNTPSI8 encoded protein; B. Transmembrane structure prediction of CNTPSI8 encoded
protein; C. Phosphoric acid site predictionprediction of CNTPS18 encoded protein.
B 6 CNTPSIS8HWBEBMESHK BIREMRBBRUAS
Fig. 6 The signal peptide, transmembrane structure and phosphorylation site of CNTPS18 encoded protein
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A. Multiple alignment of amino acid sequences of CNTPS18 protein. B. The phylogenetic tree based on the amino acid

sequence of CNTPS18 and other homologues sequences.
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Fig. 7 Aligment of amino acid sequences and phylogenetic tree of CNTPS18
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Fig. 8 Tissue specific expression and injured induction
expression characteristic of CNTPS18.
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Note: A.The relative expression levels of CNTPSIS8 in
roots, stems, leaves, fruits and seeds of Chi-Nan germplasm:
B. wound-induced expression levels of CNTPS18 in Chi-Nan
germplasm in 30 d.
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Gene cloning and injury-induced expression pattern
analysis of CNTPS18 gene in Chi-Nan germplasms

(Aquilaria sinensis)

BAO Zhenghan'*, FAN Xiaohong'?, MA Tianjiao'?, MENG Hui'?,
WEI Jianhe'?, LYU Feifei**, YANG Yun'*

(1. Ministry of Education Key Laboratory of Bioactive Substances and Resources Utilization of Chinese Herbal Medicine/ National Engineering Laboratory
for Breeding of Endangered Medicinal Materials, Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing 100193, China; 2. Hainan Key Laboratory of Resources Conservation and Development of Southern Medicine & Key Laboratory
of State Administration of Traditional Chinese Medicine for Agarwood Sustainable Utilization, Hainan Branch of the Institute of Medicinal Plant
Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Haikou, Hainan 570311, China)

Abstract: As a new chemotypic germplasm of Aquilaria sinensis (Lour.) Spreng., Chi-Nan germplasm has the
excellent characteristics of the faster agarwood formation and higher quality of agarwood formation. In this
study we successfully cloned the CNTPSI18, an important sesquiterpene synthase (7PS) gene in the Chi-Nan
germplasm, and analyzed its sequence bioinformatically and detected the expression pattern of the CNTPSI8
gene in Chi-Nan germplasm within induction by injury. The results showed that the full-length sequence of the
CDS of this gene is 1632 bp, and that its encoded protein is mainly distributed in the cytoplasmic matrix, has
no transmembrane structure, is unstable and hydrophilic, and belongs to non-secretory protein. The CNTPSI18
gene possessed the conserved structural domains of eight sesquiterpene synthases such as terpene synthase-like,
terpene cyclases, class 1, plant, and the tertiary structure is in high identity with vetispiradiene synthase; the
CNTPS138 is evolutionarily closest to the TPS genes from the same genus of Aquilaria (A. malaccensis and A.
agallochum), and is in the same branch with Durio zibethinus of Bomboideae and Herrania umbratica of
Malvaceae, indicating a kinship under the same malvales order; CNTPSI8 was expressed at the highest level in
stems, followed by roots and fruits, and at the lowest level in leaves and seeds. Meanwhile, CNTPSI8 was
highly expressed in Chi-Nan germplasm after 15 d of injury induction, which assisted Chi-Nan germplasm in
stabilizing the accumulation of secondary metabolites against injury stress. The present study provides some
molecular biological basis for exploring the mechanism of agarwood formation in the Chi-Nan germplasm and
further analyzing the function of CNTPSs.

Keywords: Aquilaria sinensis; Chi-Nan germplasm; CNTPS18; gene cloning; gene expression
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