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Abstract: Chrysanthemum indicum var. aromaticum, an aromatic plant endemic to the Shennongijia region, is
characterized by its distinct whole-plant fragrance, primarily derived from terpenoid compounds. Terpene syn-
thases (TPSs) catalyze the formation of diverse terpene skeletons and play a central role in volatile terpenoid
biosynthesis. Based on genomic data from C. indicum var. aromaticum, two TPS genes, CiaTPS1 and
CiaTPS2, were cloned and subjected to bioinformatic characterization, subcellular localization, and functional

enzymatic assays. Results showed that the open reading frame (ORF) of CiaTPS1 was 1 722 bp in length,
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encoding a 573-amino-acid protein, while the ORF of CiaTPS2 spanned 1 725 bp, encoding a 574-amino-acid
protein. Both CiaTPS1 and CiaTPS2 contained conserved domains and signature motifs characteristic of plant
TPSs and were classified within the TPS-a subfamily. Subcellular localization analysis revealed the dual
presence of CiaTPS1 and CiaTPS2 proteins in the cytoplasm and nucleus. Recombinant CiaTPS1 and
CiaTPS2 were produced via heterologous expression in Escherichia coli and subsequent purification. Both en-
zymes catalyzed the conversion of geranyl diphosphate (GPP) into eight distinct monoterpenes, with a-ter-
pinene as the predominant product. CiaTPS1 additionally catalyzed the conversion of farnesyl diphosphate
(FPP) into 10 sesquiterpenes, with 1-methyl-4-(6-methylhept-5-en-2-yl)cyclohexa-1,3-diene as the major com-
pound, whereas CiaTPS2 generated four FPP-derived sesquiterpenes, with zingiberene as the primary pro-

duct. These findings provide a molecular basis for understanding the biosynthesis of volatile terpenoids in C.

543 %

indicum var. aromaticum and offer a foundation for future metabolic and evolutionary studies.

Key words: Chrysanthemum indicum var. aromaticum; Terpene synthase;

localization; Enzymatic activity analysis

#4735 ( Chrysanthemum indicum var. aro-
maticum Q. H. Liu et S. F. Zhang) 2 % Fl 25 )&
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P11k %l KOD One ™ PCR Master Mix 25 pL,
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1 20s, 140 MEF; 68 °C 3 min ZEd v, F
fET 4 C. PCRY MG YIZ 1% S hEHE B e i Uk
R TG 15 2E AT U0 e Rl BT =91 5 pEASY®-
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nih.gov/Structure/cdd/wrpsb.cgi ) 4+ H7 H 1Y & 1 1)
13 57 45 ¥ 38;  F ] SOPMA ( https://npsa-prabi.
ibcp.fricgi-bin/npsa ) il SWISS-MODEL ( https://
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A TPS #E17 Z 41 e Xt s i Hl MEGAX64
B L T 48 $ ¥ (Neighbor-Joining method ) 1)
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#AT .
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1-F/R (B 1), P 3GAHM B 8 B, B e [l i
J5 Bt F B3 i OneStep Cloning Kit ( Vazyme,
C112) % A 4 #% #4 ## & 41 it ki pSuper1300-
CiaTPS1/2-GFP, K H5% A K I i DH5a Tk
P B PH P T B DU Y o B I TG 1R 1Y) A 5T R R
pSuper1300-GFP =5 #k 43 il % 1k R 9 &K ¥ &
GV3101, BRHUPHVESERED KIETE o [m] IpRe #5707 4
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(£1% 0.2 mmol/L Z T #FHd . 10 mmol/L MES #il
10 mmol/L MgCl,) &, %% ODgy & 0.6~0.8
P 4857 T AL TR ol 2 B AT TR R T ) S
#547 Maker (4R AT I8 H B R SRR Y], 2R
T REOEIEE 2~3 h J5 3 91 A KM 5 ( Nicotiana
benthamiana L.) " F . 4 415 B CE 1~2 d,
FEAE 25 °C, 16 h ¢ [R/8 h B YR EE T 15 3% 2~
3 d JE BB R A A W U g B AR Y
V4 A A7
1.2.5 CiaTPS1 #1 CiaTPS2 HI/RE#FRiE 54k

JR A 2 8 R I #E 7  " R An 2 (6xHis-tag )
i) pET-28a # 44, E+#% EcoR 1 1 Hind A i
YI i . ffi  CiaTPS1-2-F/R il CiaTPS2-2-F/R
(PR 1) 519 K7 A LR w7 51 1 H Y 2 A
B, Jfifi i OneStep Cloning Kit i A £k 25 1) 2t
pET-28a-CiaTPS1/2 41 i kv, 4 b 8 2 ok %
LRI FF 5 DHS5a B2 A 4, I 5 PH P 5 s
Do B0 e 1 B B4 T 4 50k Al pET-28a 45 28 7
IR AR I F AT MR Rosetta (DE3)
i1 0.1 mmol/L S %E-B-D-mitf CEFLBHT (IPTG)
16 C i FHEMARIL, JFlL His 7528 H IR
gfi fb # % ( YEASEN, 20502ES10) 4fifk & 1 .
aife BB E NS BIEE AN, R T 10%
Hilrh, RS 4335 8 T-80 °C KA K IWIRAT .
1.2.6 CiaTPS1 #1 CiaTPS2 HIEsiE 1t & Kz

B 1 mL WARR (446 50~100 pg 4ifk
1, 10 ug GPP/FPP, 30 mmol/L HEPES buffer,
25 mmol/L DTT, 25 mmol/L MgCl, #1 5 mmol/L
MNCl, ), DLZS HORLG Ry % BE 1) 2 B4 1 52 107 VR
HIA 350 pL 1F L be A7 8 5 UISCER SO s 7 A= 1 4%
RUETER, 30 CEE 2~4 h, MR, %
i€ 10 min, 10 000 r/min .0 10 min, R 2
IECRE, ZUBRR I8 T A (3 - T R 5 FH
AR (GC-MS) 7r#r. BARKM /T . ikt
4 Agilent HP-5MS £ 4ff 45 #1 (30 mx0.25 mmx
0.25 ym), LA FEHS, WHEN 1 mL/min,
PP THE: 50 C %45 5 min, 288 8 °C/min 1)
O THRZE 300 C, PREE 5 ming #FAE LR B

250 C, Ao, BB TR, B RRE
230 C, @EME . BrA B 4 R
5 NIST20 il B 122 Lk LS e, #555 F= Witk
— A3 ok 5 BR A A PR B S TR RIS A X L

2 HREHH

2.1 CiaTPS1# CiaTPS2 EE 5= &

A 5T LA A 7 45 0 RNA 6 5 15 31 1)
cDNA Rt , ff HFE RS Pt PCRY 3,
B G 8 oL TR 45 SR AN BRI 1 B R . K PCR
Yz It 5 pEASY®-Blunt Cloning vector % %
JE kMY, 459 EW, CiaTPS1 fil CiaTPS2 3 [A
FEHIK 43591 1 722 Fi1 1 725 bp, #6:11 & 38k
SE# (1) ORF,

2.2 CiaTPS1 #1 CiaTPS2 H4EW{E BE AR
2.2.1 CiaTPS1 #1 CiaTPS2 HIB 4 R 5 & #aie
S

¥ 1 7E 28 %A ProtParam 43 #r CiaTPS1 #il
CiaTPS2 5. N 4t HE H g B Ak M, 45 R B
/%, CiaTPS1Hl CiaTPS2 4y % 4 it 573 Fl 574
/I\ /’Zt?( % Eﬁ > éjk % it ﬁ %IJ i‘j C3005H4665N7850901823 $u
CSOS4H4699N7930903821 ’ % E{ *ﬁ Xd‘ ﬁ:}' % ﬁ E é:}" %IJ j‘j
66 943.20 167 405.72 Da, %5 N 5.18,
MOPRISEKME (GRAVY) 434914-0.415 F1-0.418,
ANEasE 2B W h 54.52 F1 54.67, #B)&8 T 3¢
IKPEARTRE H . AL TMHMM2.0 i il 25
R, CiaTPS1 il CiaTPS2 & [ ¥ Jc 5 Ji5 45
¥38,. SignalP-6.0 ki 7 I 45 2R 1.7k, CiaTPS1
M CiaTPS2 A A EE SR, J& TIESWEH.
CiaTPS1 #l CiaTPS2 & 1 7E % H N ¥ i) 40~219
aa 4t ELH Terpene_synth 4% ¥4 1 ( PF01397 ) ,
C ¥ 250~516 aa 4t HA Terpene_synth_C 25 ¥k,
(PF03936 ), #fJ&® T iili 25 & M % % . CiaTPS1
Hl CiaTPS2 #% HR T —EB(M: N 96.63%, ZIHM)T
Gl —E kR 94.24%, HREATIIREFIEL .

2.2.2 CiaTPS1#1 CiaTPS2 I — BRI =K &+
i

EEH_REWTMGEREKY (1. A),

CiaTPS1 & 1 1y — 2 45 44 i 68.24% 1) a-12 Jig |

1) LR Bl B e PN 2 B s (RLT R 242440 ) s ( http://www.plantscience.cn ) #F B A SC#
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CiaTPS1

B 1 ciaTPS1 #0 CiaTPS2 FI”%% (A) #0
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CiaTPS2

ZZRKEER (B) Tl

Fig. 1 Secondary (A) and tertiary structure (B) predictions of CiaTPS1and CiaTPS2

26.18% Y B AL % 1 . 2.79% Ay ZE {1 4% F1 2.79%
() B4 & 2H 1% ; CiaTPS2 % 11 1Y — 2 45 #4 i
67.60% (1) a-12JiE . 26.48% (K FEHL & . 3.14%
(R IE P EERN 2.79% 1) BT 2 AL, 3T 8L H 15
ik 4 i E-B-farnesene synthase 2 ( E7TBTW7.1.A)
() SR ZEF X CiaTPS1 il CiaTPS2 # 11 147 Al I
#wE(E 1. B), %Pl CiaTPS1 fl CiaTPS2 5
i {E i E-B-farnesene synthase 2 I & L2 ¥ 41—

Ve 23 5k 71.45% F 72.20%, GMQE & 4
0.92, # W] CiaTPS1 1 CiaTPS2 EA ALY — 4%
=455,
2.2.3 CiaTPS1#1 CiaTPS2 B & F 5Lk f & %
pEigt A oL ke

¥ CiaTPS1 Fl CiaTPS2 5 5 F} 1 fih 48 4

REMIATZIFI X (K 2: A) RIENTEE
A i 254 WEHE ST 25 RRX8W ., RxR. DDXXD Fi
NST/DTE. CiaTPS1 fil CiaTPS2 )% 1| &5 & #H
1, H RxR #I NST/DTE 3% 584 — 5, 1M
) RRX8W Fl1 DDXXD & /5 #R AN A7 7E 1 R HL R
FRILMN 22 5. Y TPS K% vl %l 4 A TPS-a~
TPS-hidt 74~ K % . B T #F 58 CiaTPS1 fll
CiaTPS2 Wk sy 2 Kl fig Uifig, AR FE T
BT TPS-a & TPS-h IV % & 1Y 16 4~ ¥ F Y
23 % TPS [¥ %1, ### T CiaTPS1, CiaTPS2 5
FRTPSFHIM ARG LEW (K 2: B), 4

7%, CiaTPS1 #l CiaTPS2 #ifii T- TPS-a W %
BRG KRG, iR 58T YAy
A EEANSE, HED CiaTPS1 F1 CiaTPS2 % fith
PG wE, nTRES 5 S5E05 A BUH C ) MVA
W
2.3 TPHBEEAISHT

25 F 5 os, CiaTPS1 #il CiaTPS2 & 114
e TR A T A0 M A% . i T I 3l 19T 0 &5 2R R S
ik o 56T TPS-a W5 i 0 35 it 2 5 5 o T 41 e I
() MVA IR RGE , S8 T #5717 Maker SURL AR
¥ 5 43 91 A #5347 pSuper1300-CiaTPS1/2-GFP 5
pSuper1300-GFP Uk A AT B LRI E A
2~3 d J5 A HOG S 3R A B S BRI A T 3% 5 40
MRl E AT . G5REM (K3), CiaTPS1
1 CiaTPS2 fl A #5 1 B & (275 't 1 440 i Jo A0 41 fifg
B¥AE S, H'5 Maker 4 @58 2L EES,
W B 18 0 T 20 M SR A0 B A o aX — &5 ARk
— Y CiaTPS1 il CiaTPS2 J:H Al g2 5 MVA
WA, I g fE s & B HEN . i CiaTPS1 il
CiaTPS2 T HTE A HEIRIT A . M = H 251 L)
R4 B A5 5 T AR ARL P A i — 20 R W e AT ]
A I TIRE .
2.4 CiaTPS1 #1 CiaTPS2 iz KiE G541k

B JC IR G Ok pET-28a-CiaTPS1/2 5 A
KW FF 1 %5 35 Witk Rosetta (DE3), it IPTG
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A

44 Matricaria chamomilla L. ATW00681.1

#{LH Artemisia annua L. CAC12731.1

i VL4 Pyrethrum parthenium (L.) Sm. AEH41845.1
& H: Xanthium strumarium L. AMP42991.1 1

%1 Xanthium strumarium L. AMP42987.1 1

44§ Matricaria chamomilla L. ATW00681.1 96

#1L# Artemisia annua L. CACI2731.1 99

JLT L4 Pyrethrum parthenium (L.) Sm. AEH41845.1 76
H: Xanthium strumarium L. AMP42991.1 76

& H- Xanthium strumarium L. AMP42987.1 74

+44§ Matricaria chamomilla L. ATW00681.1

AL # Artemisia annua L. CAC12731.1

KT ICH Pyrethrum parthenium (L.) Sm. AEH41845.1
& H. Xanthium strumarium L. AMP42991.1 173

& H Xanthium strumarium L. AMP42987.1 171

1445 Matricaria chamomilla L. ATWO00681.1 295

#{E#§ Artemisia annua L. CAC12731.1 298

JETVCA Pyrethrum parthenium (L.) Sm. AEH41845.1 272
- Xanthium strumarium L. AMP42991.1 272

1 Xanthium strumarium L. AMP42987.1 272
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Fig. 2 Multiple sequence alignment (A) and phylogenetic tree (B) of CiaTPS1, CiaTPS2, and TPSs from other plants
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Fig. 5 Functional characterization of CiaTPS1 and CiaTPS2 proteins
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