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Abstract: Centipeda minima (L.) A. Braun et Aschers. is a traditional medicinal plant. Sesquiterpenoids are its
core bioactive components, and sesquiterpene synthases (STSs) are the key enzymes in sesquiterpene biosynthesis.
In this study, using C. minima as material, nine full-length candidate CmTPSs genes were screened from published
transcriptome data by local Blast alignment combined with phylogenetic analysis. Bioinformatics approaches were
used to analyze their sequence features, phylogenetic relationships, and conserved motifs. TBtools was employed
to construct gene expression heatmaps for investigating their tissue-specific expression patterns. The catalytic
functions of CmTPSI, CmTPS3, CmTPS4, and CmTPS5 were further verified by gene cloning, heterologous
expression in Saccharomyces cerevisiae, and GC-MS analysis. Results showed that the nine CmTPSs genes fell
into five TPS subfamilies, namely TPS-a, TPS-b, TPS-c, TPS-e/f, and TPS-g, and displayed distinct tissue-specific
expression in roots, stems, leaves, and flowers. CmTPS1 and CmTPS4 were specific caryophyllene synthases,
while CmTPS3 and CmTPS5 were multifunctional synthases. This study provides key gene resources for elucidating
the molecular mechanism of sesquiterpene biosynthesis in C. minima, and offers theoretical and technical support
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for the efficient production of its bioactive constituents and the development of its medicinal resources.

Key words: Centipeda minima; sesquiterpene; biosynthesis; functional verification
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AR, FEIRTT SRR W% B2 58 REAH SS T RE I 28 L 24 141
IAR 24 B 2 AT ST — DS, REA B RS SR L 5
Pl s A8 55 22 o v 1k s o, 3E T R B HH O R PR BT
A DU DU BRI PUR R 2 e 4 S D
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Table 1 Strains and plasmids used in this study

Strains and plasmids Description Source
pESC-URA Yeast expression vector with URA selection marker Stored in the lab
pESC-URA-CmTPS!  pESC-URA-GALI1p-CmTPSI-CYCIt This study
pESC-URA-CmTPS3  pESC-URA-GALIlp-CmTPS3-CYCI1t This study
pESC-URA-CmTPS4  pESC-URA-GALI1p-CmTPS4-CYCIlt This study
pESC-URA-CmTPS5  pESC-URA-GALI1p-CmTPS5-CYCI1t This study

yYF601 CEN.PK2-1C; erg9::KanMX-CTR3p ERGY;

leu2-3,112::His3AMX6-GAL1p ERG19/GAL10p-  Presented by Xiaozhou

ERGS; ura3 52::GAL1p-EfMvaSA110G/GAL10p EfMvaE; his3A1::hphMX4-GAL1p ERG12/ Luo team
GALI10p-IDI1; 308a::GAL1p ERG20F96W-N127W

ZY0 yYF601; GALSOA ::

ZY1 ZY0; pESC-URA-CmTPS1
zY2 ZY0; pESC-URA-CmTPS3
ZY3 ZYO0; pESC-URA-CmTPS4
ZY4 ZY0; pESC-URA-CmTPSS5

Stored in the lab
This study
This study
This study
This study

Table 2 Primer sequences for constructing yeast expression vectors for C. minima genes

Primer

Sequence (5 —3")

pESC-URA-CmTPSI-F
pESC-URA-CmTPSI-R
pESC-URA-CmTPS3-F
pESC-URA-CmTPS3-R
PESC-URA-CmTPS4-F
pESC-URA-CmTPS4-R
pESC-URA-CmTPS5-F
PESC-URA-CmTPS5-R

aggagaaaaaaccccggatcc ATGGCGTCAACATGGACACTT
gctageecgeggtaccaagcttTTATGACAGCCCTTGGATTGG
aggagaaaaaaccccggatcc ATGGCAGCAGTTACACCCAATG
getageegeggtaccaagctt TTACATGGGTAGAGAACCAACAAACA
aggagaaaaaaccccggatcc ATGCACGCGATAGTAATTCTGTTAG
gctagecgeggtaccaagcttTCATATGCTTATAGCATGCACTAACAA
aggagaaaaaaccccggatcc ATGTCTGCTGAGCAAGATGAAGTT
getagecgeggtaccaagctt TCATATGCTGAGAGCATCAACAAGT

NRERCGHAT 3G SN . 438 [ )84 FR: 2% Phanta Max
Buffer 50 pL.dNTP Mix 2 pL.Phanta Max Super-Fidelity
DNA Polymerase 2 pL.cDNA | pL.IE X [\ 5 9% 2 uL.
TG B KA 2 2100 pL; RBIFEFF: 95 °C 3 min; 95 °C
155,57 °C 15 s, 72 °C 1 min, 34 M ; 72 °C 5 min;
4 °CLRAF o

PCR 7= ¥4 1% 35 5 W 456 i r wioR I )5, 38 B 4%
i B RN B U I R 21, SR IR B WS )
& AT A A Rl SR PR A A R A V) B8 BamHL/
Hindll1 %} pESC-URA #4347 XUBG DI AL 22, 5 264k Jo
ff) PCR =4 5 25 MEAL 1Y) pESC-URA #4438 i+ [7) 5 5. 21
T, R ) N KR B DHSa 2 A 2R .
J S5 B EA B VR HEAT B T PCR 48 5, 0 428 3R A5 BH 1 1
T W 5 B ECI e 45 SR IE R 1 B B RS R, 3R AR
pESC-URA-CmTPSs BEHFRIEEAA, T 5 B

BERZSHESENE WRAMZY0 H i,
TE [ /& YPD K5 7% 3 b RIZe b A7 6 A AL 3 PREUAE KOIR
BRI AV, B2 2 mL YPD kR 3236, B
TRRPERIETR. RTER, WSS 55 1B R
MR YPD R FRA P, S E TRIRPEIE, HEW
T OD,,, MEHIE F 0.8~ 1.2, BIA[JF & 5 SR b4 . A
S5 SR FH e R ALK 5 e A AT B A R ) A

BEEATFEIERESRIE SEACFREKH
CNN 3 b S E NS DN SR BRSPSy R S N a3

BETE, 75 R 3 DRy S 1 51 3 AT 19 B 1 75 PCR 356
WE. BEGHES, £ B PR B3 AP T,
Gy MAEFN AR A 3 mLAH L e AR 12 SD B 77 5k 1 B
B, F30°C.200 rmin’ & 4F R I AR 7R, B4 AT
o BHJS ¥ 1% M3 &, B Fh 7% 25 H 50 mL
AH SL 0 16 A7 10 SD 15 77 5L R i, KEERE 7R 4024 h
J&, AR E W I 5 mL IE+ 4!, LA % T
VAT (LA G AR P M TE 5 5 R IR I AR
R), 5 BT EERHEIR FRFEEREFES5 d.

RigfE=EmRMNEEE BRERERE, KR
W 9 [F) R ) B T 50 mL B 4 200 xg B L
5 min, WO EZEIE+ ZREA N, B IE Cbeid
Feid R AL HR, W BRI TS e PEEUE = AT .

KA B - 5 B A [ 5 E# GC-MS
(QP2010SE)] KMl AR F=# o 43 BT 264 40« B i
A5 4 DB5MS (30 m x 0.25 mm, 0.25 um), # < NA
<, YL 9 1.0 mL-min™, 3EFE F A 250 °C, A5
Wte FHEFRE T : WG R FE N 40 °CAR#F 3 min, 2R )5 LA
10 °C-min" F+ ¥ & 130 °C, 4 UL 3 °C min” JHi &
160 °C, fiJ5 LA 40 °C-min™ JH 42 250 °C. tb4b, L7 RE
N 70 eV, BT IRIE N 250 °C, 2 R E N 170 °C,
R X (8 A m/z 50~600. 4 NIST17 J5i 1% 22 48 2 it
T % 43, Ji 1 UG BC I F (mass spectra match factor) >
85% Moy RI W0 4 58 iz &
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#HR
1 CmTPSs ERAZ1R

AHIE T H RS AN B B[ B S 4 B SR R T R 4 i
W— T R RN, R E S 565 L E YA R
R AR P i e ke IR, S8 SR WA AS [R] 420 R R 1) 2 R0
LiRE TPSs B2 K 8 A 7 5E A, 55 a5
S BE AT A Hh Blast U XS, 45 & MEGA A #4 2 &
GEE AL WY, W15 5 3R 153 CmTPSs ik 3L K . @it A
b Blast #1145 i 1615 £ 9 26 /7 41, ££ NCBI ) ORF finder
T H A ) B 255 7 91 S K R IR T80 B2 AE (open reading
frame, ORF). M5 SCHRIRIE, o Jd G B 5 DR 1 4% 1R
51K S8 1 050~2 600 bp, X 5 ) 4 ik R 4 &
FEH350~860 1, Him Lt HI W, 415 i 1% Hi 1) 9 2% TPSs
BN 15 ] 6l 58 B 1) TPSs FE DN, o B A4 3 DR 100
W 3.

Table 3 Nine candidate genes for CmTPSs

Candidate gene ID Gene Protein length (aa)
DN841 c0 g4 i2 CmTPS1 589
DN31917_c0_gl i3 CmTPS2 602
DN6136_c0_gl_il0 CmTPS3 559
DN86_c0_gl_i4 CmTPS4 564
DN6237_c0_gl i3 CmTPS5 547
DN15510 c0_gl il CmTPS6 586
DN3015_c0_gl_i24 CmTPS7 787
DN7857_c0_gl il CmTPS8 867
DN7592 c0 gl il CmTPS9 799

2 CmTPSsERFTEESH

T i 34 = DR 7 226 0 A o, R PR 3R 08 /K SP E
MRS bR 2 — o FPKM {2 i i 5% s 40 7 35 43
[0 35 DR 0 B AR b, AT AR AR G 222 S A B o 7 e [
MRIL KPR B 1 REIR T 9 % CmTPSs % 1% 5 A
TEREA T FIRR L 22 i AR DU AN 2H SR AL 1R I8 7K 2%
S, G5 R o8 CmTPS1.CmTPS6 fEAEH 4 b s ik %
i%; CmTPS2.CmTPS3{ERG A& B A MR h 5 B R
CmTPS4.CmTPSSCmTPS9 {E ¥ 25 241 20 b 5 57 1k
Fik; CmTPS7EAE MR ZEA LR ¥ R ik, CmTPSS
FEM RGP RIE . I ek i JE IR 2% S 3Rk B
P B 53 A, BT R S S B DR 1 S vk R B 2H 2
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3 RGuHRK S
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Figure 1 Heatmap of expression levels of nine CmTPSs candi-

date genes
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J&F TPS-c WK JE. Mo, TPS-a & 7E W F M4 5
TR 386 o3 AT 4w 5 A 2 i A 258 TR 11 e K I
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A TPS &K 7 413 & H AR 57 S5 185, 73 0l 60 T 17
F N 3 A C oo FE A, N S kG 208 fR ~F 45 3k, 1%
SRS A R ST JE T R(R)XSW 7, L3 75 AN 5 P
AL B S5 R A 2 85 DDA 0%, I X 8 P P 2 1
oot R EEAE; f£RER)XSW” I 7 Lif, 517
1E— B g ik, KO 25l i R Em S 5 ikt
YBLE BOLHE o C Ji AP = FE AR ST 1R & R R IR
ZEFIE, A5 “DDXXD” MI“NSE/DTE” P MR AiE L .
Horr, “DDXXD” 5 7 (15 € 7 s m] 2 2k A0 5 1 57K
G F R It 5 S ST ERR AR e 1 X PSR T e
SN Mg R Mn* B i 45 A s, 15T DA 28 I IR
USSR AL OREEN . B 58 R I, CmTPSI.CmTPS3.
CmTPS4.CmTPSS5 iX VU /i i Jik K] 1) £ 57 ik 7 35 DR R
SEEE, AR SRR A A2 e, X IR EAT D BE
A REAFAE 43 Ak, B AR ) RE 72 A7 75 380 5 2 S 5 ik

—BIIE.
5 BTAREERNARH.EHiESHBERREMRIA
AL

43 A SR BURE AN A AR 25 L AE DA R A 21 455
FLEI I RNA (B 4A), 5K 1% B R A& e okont 3 58
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Figure 2 Phylogenetic tree analysis of CmTPSs and TPSs with known functions
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IHVASGNVQCYMKEFE] QYVYDLFNEKEED; EMNGECERC-KDVKMPITMRVI AMD: NKDHYTHVGEELINHIKSELMDABSI-- : 547

Figure 3 Protein sequence alignment of CmTPSs
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BRI REAMK, TH T RS . £ 4%
CmTPSs 5k 528, Wb e M EE R 38 51 45 DU %
SRR A RE R A B cDNA SCPE WA, 74T PCR 1
SR o 338 7= W2 1% Bt HE A 5 Jie FL vk A T, &5 2R B
ANTEZ] 1 000~2 000 bp A H BB 5= 2% 717, H. 2% K/
58 E AR B — 8, R YR 4 5%
CmTPSs 3£ [H (1 4B). K5 PCR Y™ 7= ) 5 3 R 4 42 5
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Figure 4 Electrophoretic analysis of total RNA in different tissues, CmTPSs genes and recombinant plasmids of C. minima. A: mRNA
from root, stem, leaf and flower of C. minima; B: CmTPSs genes; C: pESC-URA-CmTPSs plasmids
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Figure 5 GC-MS detection of yeast-expressed products of CmTPSI and CmTPS4. A: Chromatograms of CmTPS1, CmTPS4 products and
caryophyllene standard; B: Mass spectrograms of CmTPS1, CmTPS4 products and caryophyllene standard
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Figure 6 GC-MS detection of yeast-expressed products of CmTPS3. A: Chromatograms of CmTPS3 products, f-elemene standard and neo-
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Figure 7 GC-MS detection of yeast-expressed products of CmTPS5 and positive gene A/TPS20. A: Chromatograms of CmTPS5 products
and positive gene A/TPS20 products; B: Mass spectrograms of CmTPS5 products and positive gene A/TPS20 products
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