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functional verification of the DoTPS2 gene
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Abstract: [Objective] Terpene synthase (TPS) is the key enzyme in plant terpenoid biosynthesis, playing
important roles in plant secondary metabolism, stress response and growth and development. This study aims to
identify and analyze Dalbergia odorifera TPS (DoTPS) genes, providing a theoretical basis for biological
functions of the DoTPS family and genetic improvement of D. odorifera. [Method] Bioinformatics methods
were used to perform genome-wide identification and systematic analysis of DoTPS family members.
Combined with transient expression assays and Arabidopsis thaliana genetic transformation experiments, the
subcellular localization and biological function of the highly conserved DoTPS2 gene were verified. [Result]
A total of 52 DoTPS members were identified, encoding 178 to 881 amino acids. They were unevenly
distributed on 7 chromosomes with partial tandem clustering. All members were hydrophilic proteins, predicted

to be primarily localized in the cytoplasm and chloroplasts. All members contained the 2 typical conserved
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domains of terpene synthases: Terpene synth and Terpene synth C. Promoter regions were enriched in light-
responsive and hormone-responsive elements, and half of the members harbored MYB transcription factor
binding sites. Phylogenetic analysis classified DoTPS into 6 subfamilies, among which the TPS-a, TPS-b and
TPS-g subfamilies showed significant expansion. Expression pattern analysis revealed that DoTPS genes were
predominantly expressed in leaves, followed by phloem, sapwood and transition zones. DoTPS2, a member of
the evolutionarily conserved TPS-c subfamily, showed broad-spectrum expression. Subcellular localization
experiments confirmed that DoTPS2 protein was localized in chloroplasts. Overexpression of the evolutionarily
conserved DoTPS? significantly promoted the growth and development of 4. thaliana. [Conclusion] A total of
52 DoTPS genes were identified in the D. odorifera genome, predominantly belonging to the TPS-a, TPS-b and
TPS-g subfamilies; family expansion was mainly driven by tandem and proximal duplication; the positive
regulatory role of the DoTPS2 gene in plant growth and development was successfully verified, indicating that
this gene can serve as a key candidate genetic resource for breeding fast-growing varieties of D. odorifera. [Ch,
8 fig. 3 tab. 26 ref.]

Key words: Dalbergia odorifera; TPS family; structural characteristics; phylogenetic relationship; function
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FEAIRFFRA o
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1.1
AWEGE I AR LR IF Arabidopsis thaliana =S HE T A Y AU L Nicotiana benthamiana, 18
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PRAEIR S R 3%, BERIRE R 25 ¢, JEAWIEE N 16 h JEIEFI 8 h RS .
1.2 DoTPS Rk RAEE

M TAIR. Phytozome F1 Uniprot Z( i J& H T 2 #L pg 57 . B R4 Populus trichocarpa. K Fg Oryza
sativa R G0 4 FE D AUEHE o R B0 4 ik DR 21 3000 oK U8 1168 Bl R4 S 27 44 S R BRI A 5 141 BA
A TAESRAS A e KT R R S B 2 A, R4 K/ 1.20 Gb, Contig N50 i 58.21 Mb, #ER
15 56 679 MR A GASIEH , AR AIEE, 7] 5050 SCHEEAIIF ST 17 41 Lo 5 38 R G815 53 b T4

R TR TPS & A ¥ 51, fifi Fl TBtools™ X b 7 w8 & 1 J¥ 51 i 17 BLASTP tLxt, JH45 &
Pfam Z5#43 (Terpene_synth il Terpene_synth_C) i 5 2% /7 51, 2836 B B Z B W B AT B by (NCBI)
CD-search 8FJ5 %5 DoTPS FKiG . it , FFxf HE AT Y i o nl AL 56w 44 o
1.3 DoTPS F | ¥\ ¥ R0 1L 40 i 7€ fir

{4 ProtParam Fl ProtComp9.0 7EZE Mk, Fiill DoTPS £ 1 Y BEALHE T 5 S0 40 i E 167 o
1.4 DoTPS EFE LM ARTFHEMBRARTERF S

fii § MEME il DoTPS & [P I RSP ALY, SRR EME N 154>, ffi ] NCBI-CDD 4341 DoTPS (%)
PRSFZEFIE . i ] TBtools 5 B2k R 25 # SR ST ook nT flAk .
1.5 DoTPS HKik# Lt 5HEE& S

BT RMRY: (ML), {4 TBtools X REF#A . URSIT . B . KFAKER TPS HHITFHIH
ARG AR, XSV K Clustal W, HEEIZEH] JTT, HBE A 1000, DhAE B =70% V5 R0 {5 552
brife, ZBIURIT TPS HIER AR R 5N RIS/ DoTPS WK, ] iTOL V& bbb . [F]
BF, XF DoTPS HEATHN P B Fh ] () L2t 434, I 3153 Fh Py SR 2 BE PR Al [F] SO % (Ka) 5[] R R
(Ks)o
1.6 DoTPS FKiklIFAER TS

$EW DoTPS KA Fii¢ 2 kb BH 3T )74, f#iH] PlantCARE 7E4 T H 347 .
1.7 DoTPS BEEARKERIXZER 77

PEH S Wk 3 A A M A AR A R L b . S E X (O A S R 22 1) s X)) A R AR A
RNA. 55 B 5 a8 s At b st i ik S R B A0 A BRA Rl 58 il SEER 8 i e EIE K
H N 2 RLE 5085 Fr o0 (CNCB-NGDC) BIG - (CRA061096), F | TBtools #5424 il DoTPS &M 21k
1.8 DoTPS2 T 408 E i

¥4 i pCAMBIA1300-35S-GFP-DoTPS2 il & R ik A4, 38 b $OL e (AR I8 AR AT TR Agrobaeterium
tumefaciena GV3101 (pSoup). K HIRFT BRI AL AR YA [RIE B it -, 3555 2~3 d 5, BYHURZ YL ARAL
(IR 220, O R A B A LA S A0 i A
1.9 DoTPS2 il S EFiEErEiL

4 pCAMBIA1302-DoTPS2 i FRiAHUAK, 8T HHIE L MR ARFT I GV3101, RHEITF IR BEL T
fRIURE T, 28 3 AAPUETiiE & PCR %, #48 Ty RALG T RIAMRR . FIANR IR S, s~ R
WM, ArHTRCPR G M AR BT RN T B . {41 GraphPad prism 10 #4372 R 2R J5 25 534 (one-
way ANOVA) } Duncan 25 HLH%, 56 B AE T 55 5L R bR 2R 1 22 5 W 25 (a=0.05).

2 HRERM

2.1 M&EHEIE DoTPS RGN RMEES BN ERD

ASBIFGE DA B 7 AR i IR 4 PP SR 5 52 S DoTPS JE K, I3 A e 7 4 etk b, 343 i A i i B8
R, IR AR T & 53 A fin 45 A DoTPSI~DoTPS52 (I 1)

2 1Al UL : DoTPS #& 1 4i f 178~881 N & JE 1R ; K4 F i H 60.49 kDa; HIiE 55 Hi 25 A
4.96~7.79, RZHEARNMRMEE A EKMFIEL N OE, BIERSNFEKEEN; ARERECH
31.81~57.25, KREFEL MFREEM; B RECH 83.56~113.42, HEHAPFEE R, DoTPS H 1 F %
S AFEANME R (57.69%) FI-2R4K (42.31%) 1.,
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Figure 1 Chromosome localization of the DoTPS genes
R 1 DoTPS B FHIIB LM B Fn I 48 A <E i Foa il
Table 1 Physicochemical properties and subcellular localization prediction of DoTPS genes
R4 FRR iRy BIeS ORRE BN KME 4 R4 H/EM /T HILE ASRE B EAkE T4k
B kDa  HULE REC REC CPE EN B~ kDa HA RE REC PHE M
DoTPSI 520  60.14 5.63 37.58 96.94 —0.25 MK |DoTPS27 501  58.07 548 41.03 9772 —0.12 ZHAfLR
DoTPS2 807 9271 550 46.67 87.83 —0.33 ME{K|DoTPS28 178  21.01 575 40.60 102.47 —0.16 WM&k
DoTPS3 881 100.50 7.79 38.72 91.77 —0.21 MEK| DoTPS29 471 5444 605 44.13 102.06 —0.15 ZHMIfR
DoTPS4 712 8242 545 4440 89.61 —0.30 MEAK|DoTPS30 202 2326 570 43.76 11342 —023 MEE
DoTPS5 568 6524 551 4581 87.57 —0.27 ZUMIBT| DoTPS31 501  58.19 538 4379 97.13 —0.16 ZUMIET
DoTPS6 511 5897 5.10 4471 9544 -027 40N || DoTPS32 202 2338 577 4448 11054 —0.12 PRk
DoTPS7 519 59.65 529 4229 87.94 -026 ME&IK||DoTPS33 564 6519 571 4835 9438 —0.20 AL
DoTPS8 511 5897 5.13 4352 9638 —0.25 4UMNT||DoTPS34 281 3230 496 4633  93.02 —0.16 AL
DoTPS9 511 59.01 5.06 43.86 96.58 -025 | DoTPS35 379 4414 555 4899 9158 —0.19 ZHMIE
DoTPSI0 514 5939 499 4575 97.53 -0.23 4| DoTPS36 427  49.01 530 41.41 104.12 —0.13 ZAfLRE
DoTPSII 546 6223  6.13  40.08 92.67 —0.22 ZUMIBT| DoTPS37 367 4226 521 4288 9327 —0.22 ZUMIET
DoTPSI2 522 60.56 529 4533 8575 -0.33 ZMifi| DoTPS38 501  58.15 529 4583  99.06 —0.13 MR
DoTPSI3 830 9473 5.69 42.66 8543 —0.23 || DoTPS39 568  65.84 533 4534 9252 —0.31 AR
DoTPSI4 837 9511 6.67 39.48 85.78 —0.23 ZUMIBT| DoTPS40 501 5822 559 4623 9497 —0.17 ZUMIET
DoTPSI5 545 63.11 576 41.85 95.69 —027 HMEFT | DoTPS41 222 2549 639 3635 9793 —035 MRk
DoTPSI6 590  67.96 642 5036 90.24 —033 MK | DoTPS42 501  58.10 538  44.03 93.61 —0.20 AL
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Table 1  Continued
S RISy T BIRSE ARGE RN oKk T4 S, AEM e HnS ARE BB SRkt e
B kba HIsL REC R OTHIE EN BuA kDa WA REC R CEHIE EM

DoTPSI7 329 3848 531 4723 10289 —-0.08 MEtAK|DoTPS43 512 5922  6.09 47.03 89.73 —025 ZiMffs
DoTPSI8 355 4079 613 3181 9121 —021 WERIK| DoTPS44 794 9047 564 5139 9239 —027 Mixik
DoTPS19 558 6446 577 3389 93.66 —021 WERIK| DoTPS45 561 6453 605 4826 87.43 -031 HHfIf
DoTPS20 594  68.06 601 4297 8751 —031 4RI |DoTPS46 512 5921 577 4694 8797 —034 Mk
DoTPS2] 501 5736 6.6 4026 89.94 —039 WERIK| DoTPS47 521  61.80 518 5348 8624 —038 Mixik
DoTPS22 567 6457 560 4435 9099 —020 ZHEFT| DoTPS48 568 6697 512  53.68 83.56 —038 MHER{K
DoTPS23 567 6484 557 4374 8653 —027 4iFT|DoTPS49 601  70.88 547 5294 84.18 —041 Mk
DoTPS24 604 6845 508 3590 8821 —036 ZUMfIFT| DoTPS50 529  61.08 569 4865 84.40 —032 ZiffifT
DoTPS25 590 6869 571 4480 8844 -035 WERIK| DoTPS51 575 6578 665 5725 88.09 —028 I
DoTPS26 536 6265 627 4890 8879 —030 WERIK|DoTPS52 605 69.61 588 5202 83.65 —043 Mgk

2.2 EEEE DoTPS RGN E B RILLKMESF

TR IT TPS 73 AR 2 DoTPS %4y 6 A J% : TPS-a, TPS-b, TPS-c. TPS-e. TPS-f Fll
TPS-g(/&l 2), &7 TPS-a (21). TPS-b (11) F1 TPS-g (14) W F1 FURIL L T TPS-c (3). TPS-e (1) 1 TPS-
£(2). FEAEMSF)E GRHY KT TPS JFalRIIEM R R, HR R . T, SKRERS R RKIL.
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Figure 2 Phylogenetic analysis of the DoTPS family in D. odorifera



6 WroIL R R K A R 2026 4E X A 20 H

PN SELR BT s . AT 6 4> DoTPS JENAFAEILA ML R (K 3A). P ILLME AT o BEF
WS K. BRGAIE I 5FTE 22, 15, SXTILAR R, Skt 5L (& 3B), Hr,
18

15
12

]

A

©
SR B A

= )

40 50

0c 0¢€
0}\\“\”|l|l|llll||,I“,I

Q
JERAR

R, Chr01 Chr02 Chr03 Chr04 Chr05
EiNEapts | oc— | e—

Chr02

Chr08 Chr05
(c—)

R, (- - - - - - - - - - - - - - - - - (- -
Chr10 ChrlIChr12Chr3 Chrl4 Chrl5 Chr16Chrl7 ChrI8 Chr19 Chr01 Chr02 Chr03 Chr04 Chr05 Chr06 Chr07 Chr08 Chr09 Chr20

- Chrl1 Chrl0 Chr13Chr12Chrl5 Chrl4 Chrl17Chr16Chr19Chri8 Chr02 Chr01 Chr04 Chr03 Chr06 Chr05 Chr08 Chr07Chr09
E/)\M] -— o> G G o G G @ G G G G G G GED G @G @ @

Chr01 Chr02 Chr03 Chr04  Chr05  Chr06  Chr07 Chr08 Chrll Chr09 Chr10 Chrl2

AL Pl SELE R, B, FhIFIAELE A0 HT
B 3 K& DoTPS Kkt B o4

Figure 3 Collinearity analysis of the DoTPS family in D. odorifera
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DoTPS2. DoTPS5. DoTPS13 Fll DoTPS44 #: MR-5F, K2 FEEEE DoTPS &M R Ka/Ks B

I . REMEBERG DA EIL IR, Table 2 Co-linearity and Ka/Ks values of DoTPS in D. odorifera
Fift iy 228 1 52 B 4 Ka/Ks 178 F 1, DoTPS5~ RS Ka Ks Ka/Ks
DoTPS51 A Ks Toacwh IV . 35 W & 7 %  DoTPS DoTPS5-DoTPS20 0.434 2.792 0.156
i‘é?ﬂé%@iﬂ‘ﬂﬂj%ﬂ%ﬂsﬁﬁ (%:2 2)0 %’E‘Fﬁﬂ DoTPS16-DoTPS51 0.585 3.172 0.185
. P . DoTPS17-DoTPS52 0.355 1.526 0.233
AL R : DoTPS B HATRATY ke E K i Ka WAE OB BR s Ko W U BR . KaKo<
MR IR (50.00%) AL 1 (28.85%), i 4= He 4 41 | RO KaKs=) R HERHE; Ka/Ks>1 %

S sl R B A A (36 3). ERE.

R3 PEFEE DoTPS EEE#IEH

Table 3 DoTPS genes replication event of D. odorifera

HH 4 BL PR i AP SR A RH% REERES | REA SRS
DoTPS1  HRHREH DoTPS14  HERAEH] DoTPS27  iEHi% il DoTPS40 B
DoTPS2 i il DoTPS15 4t DoTPS28  HRIRA DoTPS41 i il
DoTPS3  Urdii il DoTPS16 ZHENMANMFBEM | DoTPS29 ER IR DoTPS42 ¥ E il
DoTPS4  Iiis il DoTPS17 &HWAS B M | DoTPS30 ERIRAZ 1 DoTPS43 Syt
DoTPS5 — ZFNAS A BLEH | DoTPSIs Vi DoTPS31 AT S S DoTPS44 53Ul
DoTPS6  Ur¥ii il DoTPS19  ir¥iS il DoTPS32 P & il DoTPS45  HRIKIZH]
DoTPS7 i il DoTPS20 HEWAS B | DoTPS33 A5 i 5 DoTPS46  HIRAE ]
DoTPS8  HREKA DoTPS21  HRIRE DoTPS34 ERIRAT DoTPS47  HREREHI
DoTPS9  HRIRIEH DoTPS22  ir¥ii il DoTPS35 ER IR DoTPS48  HRIKIZH]
DoTPSI10  HHRAE M DoTPS23 i il DoTPS36 ERERAZ 1 DoTPS49  HERAEH
DoTPS1] KA DoTPS24 ST DoTPS37 RIS DoTPS50 53t
DoTPS12  HRIRE DoTPS25  HRIKIZH] DoTPS38 ER IR DoTPS51 &3S By il
DoTPS13  HERE DoTPS26 IR DoTPS39 R DoTPS52 A48k B i

2.3 PEEHEIE DoTPS BREH RTFEMBRARTFEF ST

SRR 53 4T 7R« DoTPS 5 R R IR A T30 8 o 2~15 4> o 4% W A ik T 25 ) AR S AN TA)
TPS-a. TPS-b 4 T84k K, TPS-g (7 41>) Al TPS-f (12 4) B EEARSE, TPS-c 4h i TR £, 12
VAR B 12 BT, HARER 154 (B 4). PRSFESHE T BN . T DoTPS 341 F Terpene_
synth il Terpene_synth_C fR5F&5#438 . DoTPS & ()7 4L %5 15 MRSFESF (Motif 1~Motif 15),
W, Motif 7 /3 (96.15%), kK Motif 3 (92.31%). Motif 2 (82.69%) 5 Motif 1 (75.00%).
2.4 [EEHE DoTPS BEhFIRRAEATHL

F£ DoTPS S:[R i 2l F X ki 21 1 214 AN=CAE e, Hriotmniogod iz, R 569 4>, H
KRR TG (344 4N, WA MBI (165 1Y), AR EZ B HKEITIE (134 1), DoTPS Ja shF X ¥ &
A e R TR A /AR A U R G . 2% DoTPS IR )5 3 7 X P 1) MYB ¥ 55 [T 454
fiis., W MBS, MRE % (4 5).
2.5 BEFEEIE DoTPS KRR IZEX DI

SR BEHE 7 : DoTPS 3 N GG M A B RIS [ R 0 R 20 24 S pE 3k (| 6)0 MR & DoTPS K
TR BRI BRI A S, IR A IR Z , iV X A5 . FESEALOR ST 1) DoTPS2. DoTPSS .
DoTPS13 5 DoTPS44 f, KR DoTPS44 Ak, M4y 3 MSLH RBAEM b kik, SRR FRRBHEM
¥ Hrh DoTPS2 Rk # 18, Pt Ht it — 5% .
2.6 DoTPS2 KL £ B 7E {i

L pCAMBIA1300-35S-GFP {3 S K S Ry X BE L, LSR8 5 S A5 5 76 40 R 4 e J5E 5 40 i A% v 38 50 43
A, ULBH A B JC R WA e S s . Z S B/ . DoTPS2-GFP 4kt s e fn 5 Skt
WHAE S EA, U DoTPS2 & i gk, HHas R — (& 7).
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Figure 4 Analysis of gene structure, conserved domains and conserved motifs of DoTPSs
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