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Terpene synthase gene family in Jasminum sambac var.
Fuzhou bifoliatum: genome-wide analysis and expression
pattern in response to methyl jasmonate

LIN Shaoqing', ZHOU Linwei', FENG Liqing', ZHONG Cairong', ZENG Yu’,
LIAO Yusen', FANG Jingping"

1 College of Life Science, Fujian Normal University, Fuzhou 350117, Fujian, China
2 Minrong Tea Industry Co. Ltd., Fuzhou 350018, Fujian, China

Abstract: Terpene synthases (TPSs) play a crucial role in the synthesis of terpenoids that
contribute to the scent profiles of flowers. However, few studies report the genome-wide
analysis of TPSs gene in Jasminum sambac var. Fuzhou bifoliatum and their expression pattern
in response to methyl jasmonate (MeJA). In this study, we employed bioinformatics tools for
genome-wide analysis of the J. sambac TPS (DJTPS) gene family and determined the physical
and chemical properties, subcellular location, protein-protein interactions, phylogenetic
relationship, subfamily classification, chromosomal location and collinearity, gene structure,
conserved motifs, and promoter Cis-acting elements. The expression patterns of DJTPSs in
different tissues and in response to MeJA treatment were analyzed based on the transcriptome
data combined with quantitative real-time PCR (qRT-PCR). We identified 32 intact DJTPS
genes in the genome of J. sambac, which presented uneven distribution across nine
chromosomes. All the deduced proteins were hydrophilic, predominantly localized in the
cytoplasm. The phylogenetic analysis classified the DJTPS genes into five subfamilies: TPS-a,
TPS-b, TPS-c, TPS-e/f, and TPS-g. The results of the collinearity analysis showed a total of
10 sets of replication events in DJTPSs, most of which underwent purifying selection. A
comparative analysis of TPS homologous gene pairs was performed among J. sambac var.
Fuzhou bifoliatum and other six species, which revealed different number of homologous gene
pairs. The number of exons and motifs was conserved within the same subfamily. DJTPS genes
carried multiple elements that may be involved in the response to MeJA. In addition, the
transcriptome and qRT-PCR data unveiled that several TPS genes exhibited tissue-specific
expression patterns, and the genes with specific expression in flowers were the most. Upon
exposure to MeJA, 14 TPS genes showcased upregulated expression 5 h or 6 h post-treatment,
and DJTPS03, DJTP04 and DJTPS21 showed significantly increased expression levels after
MeJA treatment. This study provides preliminary evidence that MeJA possesses the ability to
enhance the expression of DJTPS genes during the critical flowering stage, which will facilitate
the synthesis of terpenoids and improve the quality of floral fragrance.
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F#51, $#£32 & PlantCARE (https://bioinformatics.
psb.ugent.be/webtools/plantcare/html/) #i il j3 5/
FMRAAE T, 55 TBtools #E47 W #Ak
FIFHAEL M 25 MEMEP?! (https:/meme-suite.org/
meme/tools/meme) ¥ % DITPS ik {4 <F 3 ¢
(motif), I motif MEEFBLE N 20 4>, motif
IR/ NSERE 6, B K TERE A 200, IR TBtools
XF EiR motif TN 45 SR AT AT AL .
1.2.6 ¥RIAHIE ST DITPS RIEHIFRIBIER
BF DN AR 5 #2 B8 FastPure Universal Plant
Total RNA Isolation Kit (Vazyme)is ] & $#2&
RNA, 3% % 5t DUEi R A 1B AR A BR A w gk
TG SN Y o 00 79 25 28508 43 0l 5 XU
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RAY, PREAC IS AR Rk o A s, PR
RPUCE DITPS FZRIE N KKK FPKM
{E. fiJ] TBtools k73524l DITPS XA
TR BEAFRR . £ HHA DL LAEE
TE MeJA AbHHT G AR A [a] S g SRR I k],
X MeJA Ab BRI G A 4% sk 4 R s #1734
—AbAb
1.2.7 DJTPS FRIZTE MeJA ALIETHISEATR S

&2 PCR 7 #f
H 4 HiScript 1T 1st Strand cDNA Synthesis

Kit (+gDNA wiper) (Vazyme) 5 % 51771 &0 it B
Pl bk 1.2.6 FrfEHUY RNA KU 56 % cDNA

®1 FHRFAAK qPCR 514
Table 1 qPCR primers used in this study

KR E ] DNA P84 s 248 TAY TR
g ) ey AR 2~ \ B9 5| it Wl b gk AT
DITPS ZiEFr s Btk 1), Il
Y. LIRFTALSh & 3N Js-actin 1R NS5
o LM E & PCR (quantitative real-time
PCR, qRT-PCR)¥ H#47E CFX Connect {{#§ F 11T,
4 H8 PerfectStartGreen gPCR SuperMix (TransGen
Biotech)id | & vt B 5 k475286, HAKFRR W .

94°C305s; 94°C5s, 60°C30s, it 40 PMEH,
FREHAE L A3 IR 3 AT AR Y B SR 3 L
ARELE . R 27 B AUREA TPS A
AR SR IB K

2 BER54

2.1 32 > DITPS ZRiEmk G HVERIL M B 4
HAE TPS JEF KK 2 4> Pram 275, A
FH HMM . 54X BUIRESE 1 1) 2 115 50 364 T
&, PFO1397 BRI %15 5] 35 4% TPS &1k
1, PF03936 BiRI% E1S 5] 37 5% TPS L .
ISR T 32 4~ TPS & 741, Fil ] BLASTP
A L8 2R DU SR AR 2 1 Jo 5000 T M 7 3
25 4% TPS ik 85 H o F _FiR15 B ik & A Ty
G 43R4 I 5 #2528 NCBI-CDD 1 Pfam 7E £k
Wl A THE— 2P B UE, 2Bk TPS FKIEIRSF4,
PR 58 B e 1L 38 1, KR IR 4 R 5 JF I
&, RATEAUNREF L ES ] 32 4~ TPS
FEHZEWGE R L, AR L R e e e (R b i &
K Aiv 44 4 DITPSO1-DITPS32 (¥ 2).

Gene name Forward primer sequence (5'—3’) Reverse primer sequence (5'—3")
DJTPS03 CCCAACAACAGCAGGATCTCAAGG CGACCACAGAAAACTCTCCACCAC
DJTPS19 CCTGTGTTGGCGTACCTAGAAAGC CGGAAACTGTTGCAGAGGGTGAC
DJTPS23 CAAGCAAAACGAGGACCTTCACAC TTGTTGAACACGACACATGGAACG
DJTPS24 TGAAGTTGCTCGACGCTCTGTAAC GCTCCTCATGGCTCGATATTTCCG
Js-actin ATGTTTGGCGGGATTGCTGATAGG ACTGAGAGAGGCGAGAATGGAACC
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£ 2 WIEFEF DITPS RiEHVIBL MR

Table 2 Physicochemical properties of the DJTPS gene family of Jasminum sambac var. Fuzhou bifoliatum

Gene Gene Protein Molecular Isoelectric  Instability ~Hydrophilic =~ Signal = Subcellular
name 1D length (aa) weight (Da) point index coefficient peptide  location
DJTPS01 DJ02276 521 60 571.17 5.42 49.34 —-0.331 No Cytoplasmic
DJTPS02 DJ02277 599 69 661.76 5.87 54.66 —0.347 No Cytoplasmic
DJTPSO3 DJ02562 540 62 514.62 5.48 48.99 —0.245 No Cytoplasmic
DJTPS04 DJ09702 580 67 122.36 5.82 35.48 —0.390 No Nuclear
DJTPSO5 DJ12077 510 59 934.59 5.22 39.67 —0.347 No Cytoplasmic
DJTPS06 DJ12079 550 63 915.12 5.36 43.46 —0.281 No Cytoplasmic
DJTPSO7 DJ12081 551 64 670.90 5.61 43.99 —0.404 No Cytoplasmic
DJTPSO8 DJ20665 744 87 307.85 6.14 42.37 —0.481 No Cytoplasmic
DJTPS09 DJ21908 551 64 071.37 5.28 47.60 —0.301 No Cytoplasmic
DJTPSI0 DJ21918 774 88 897.42 6.03 39.75 —0.280 No Cytoplasmic
DJTPS11 DJ24023 808 93 021.25 6.70 39.84 —0.334 Yes Mitochondrial
DJTPS12 DJ24034 800 92 102.95 5.76 41.58 -0.312 No Cytoplasmic
DJTPS13 DJ24610 381 44 436.01 5.29 37.74 —0.253 No Cytoplasmic
DJTPS14 DJ24612 389 45292.08 5.33 30.50 —0.205 No Cytoplasmic
DJTPS15 DJ24615 461 53 725.77 5.49 35.51 —0.255 No Cytoplasmic
DJTPS16 DJ24621 378 44 338.13 5.34 41.45 —0.180 No Cytoplasmic
DJTPS17 DJ26466 582 66 879.85 5.32 54.82 —-0.215 No Cytoplasmic
DJTPS18 DJ26724 649 74 557.55 5.63 41.20 —0.317 No Cytoplasmic
DJTPS19 DJ26725 844 96 917.48 6.03 4591 —0.337 No Cytoplasmic
DJTPS20 DJ26937 783 88 674.09 5.45 41.97 —0.155 No Plasma membrane
DJTPS21 DJ26940 425 49 483.85 5.18 54.34 —0.216 No Cytoplasmic
DJTPS22 DJ27259 559 64 601.96 5.72 46.86 —0.263 No Cytoplasmic
DJTPS23 DJ27261 519 60519.91 5.12 52.00 —0.155 No Cytoplasmic
DJTPS24 DJ27262 552 64 030.47 5.26 46.44 —0.204 No Cytoplasmic
DJTPS25 DJ27264 450 52 712.79 5.46 46.95 —0.177 No Plasma membrane
DJTPS26 DJ27613 463 54 419.55 5.23 44.61 —0.337 No Nuclear
DJTPS27 DJ27615 405 47 602.78 4.85 37.21 —0.251 No Cytoplasmic
DJTPS28 DJ27616 425 50374.18 4.85 43.78 —0.541 No Cytoplasmic
DJTPS29 DJ27617 560 64 539.40 5.31 34.23 —-0.327 No Nuclear
DJTPS30 DJ28714 704 81 565.60 5.90 38.57 —0.432 No Cytoplasmic
DJTPS31 DJ31387 557 64 690.71 5.15 47.87 —0.294 No Cytoplasmic
DJTPS32 DJ31390 566 65 465.86 5.43 44.17 —0.274 No Cytoplasmic

XF 32 ANUURAEF] TPS JE R % b wE 47
BALME B (R 2), Z5REBUIIUREF TPS
B DR R 0 g ) 1) 2 11 ST B R P 4 7E 378 aa
(DJTPS16)%E 844 aa (DITPS19)Z [f]; 4 F &1
4434 kDa (DJTPS16)% 96.92 kDa (DJTPS19)ZJii]
SEH43FiEH 65.89 kDa; ZFH 7 4.85 (DITPS27,
DITPS28)% 6.70 (DITPS11)Z[f], SFIJZEH s
H5.50, BUERRIESE B (pl<7); AEaE REE

&: 010-64807509

30.50 (DJTPS14)%E 54.82 (DJTPS17)Z 6], V1Y
AFaERECH 43.53, Hb DITPS14 45 10 4~ TPS
EANFERZBUNT 40, e E AT, DITPS17
22 4 TPS EFAARERECRT 40, HAR
EEE; EKPETE-0.541 (DJTPS28)E—0.155
(DITPS23)Z (8], # A3k KM ; 55 AR w
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Figure 2 Phylogenetic analysis of TPS family proteins from Jasminum sambac var. Fuzhou bifoliatum and
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=3 DITPS KIEHITIRESLRNEEFER

Table 3 Subfamily classification and location information for the DJTPS family

Gene ID Subfamily classification Chromosome Starting position Ending position
DJTPS01 TPS-b Chr01 38329 386 38332 344
DJTPS02 TPS-b Chr01 38350 051 38 359 664
DJTPS03 TPS-b Chr01 41 432 806 41436 152
DJTPS04 TPS-g Chr04 8 180 199 8 183 566
DJTPS05 TPS-b Chr05 3266 403 3269 337
DJTPS06 TPS-b Chr05 3282 699 3285237
DJTPSO7 TPS-b Chr05 3304 762 3309 201
DJTPS08 TPS-c Chr08 15038 418 15 043 839
DJTPS09 TPS-a Chr09 2216 869 2219 760
DJTPS10 TPS-e/f Chr09 2 340 296 2 345 581
DJTPS11 TPS-c Chrl0 1 980 548 1989278
DJTPS12 TPS-c Chr10 2050614 2 058 536
DJTPS13 TPS-a Chr10 10012 811 10018 121
DJTPS14 TPS-a Chr10 10 116 220 10 119 996
DJTPS15 TPS-a Chrl0 10 179 120 10 183 189
DJTPS16 TPS-a Chrl0 10 360 875 10 365 127
DJTPS17 TPS-g Chrll 15 145 594 15 150 597
DJTPS18 TPS-e/f Chrl1 20 255 674 20268 253
DJTPS19 TPS-e/f Chrll 20300 651 20305 889
DJTPS20 TPS-e/f Chrll 23 431 506 23 435 963
DJTPS21 TPS-a Chrll 23 488 878 23 492 554
DJTPS22 TPS-a Chrll 27071 781 27 074 202
DJTPS23 TPS-a Chrll 27092 778 27 097 533
DJTPS24 TPS-a Chrl1 27159 118 27162 219
DJTPS25 TPS-a Chrll 27230 641 27233 738
DJTPS26 TPS-b Chrll 30488 715 30497 116
DJTPS27 TPS-b Chrll 30 509 894 30512721
DJTPS28 TPS-b Chrll 30530 196 30535623
DJTPS29 TPS-g Chrll 30 540 274 30 543 341
DJTPS30 TPS-c Chr12 10 708 951 10 713 696
DJTPS31 TPS-a Chrl3 27762 364 27765211
DJTPS32 TPS-a Chrl3 27 807 958 27810417

2.4 SHIRIFTTREAE DITPS EEREHL
P EESIER

Yeta B g5 R BoR, 32 4 TPSHEFA
SJH R E 9 SRtk (R 3), Hp
11 S§afk b TPS EAfkZE, A 13 4
(DITPSL7-DJTPS29), 4. 8 Fl 12 S YL fa{k4R H
43 1A~ TPSEERH (435124 DITPS04., DITPS08
Al DITPS30), 1fii2. 3. 6 fl 7 Sy faik F&%A
TPSEEH 14341 .
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Figure 4 Co-collinearity analysis of DJTPS family. A: Intraspecific co-collinearity analysis of DJTPS
family of Jasminum sambac var. Fuzhou bifoliatum. Gene pairs with segmental duplications (SDs) are
indicated by red lines. B: Co-collinearity analysis of TPS genes of Jasminum sambac var. Fuzhou bifoliatum
with Jasminum sambac var. unifoliatum, Jasminum sambac var. trifoliatum, Osmanthus fragrans cultivar
Liuyejingui, Syringa oblata, Arabidopsis thaliana, and Oryza sativa. Grey lines in the background indicate
the collinear blocks with two genomes, and red lines highlight the syntenic TPS gene pairs.
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F 4 DITPS RiEHLEFEIH Ka/Ks ENaN RRIZET AT H)
Table 4 Ka/Ks values for DJTPS family co-linear gene pairs (NaN indicates that the value cannot be calculated)

Gene pair Ka Ks Ka/Ks Gene pair Ka Ks Ka/Ks
DJTPS01-DJTPS02 0.07 0.24 0.28 DJTPS12-HT24276.1 0.01 0.01 0.73
DJTPS06-DJTPSO7 0.24 1.19 0.20 DJTPS13-HT24888.1 0.01 0.03 0.46
DJTPS08-DJTPSL0 0.75 3.17 0.24 DJTPS17-HT26761.1 0.00 0.02 0.15
DJTPS13-DJTPS14 0.05 0.16 0.29 DJTPS18-HT27070.1 0.01 0.03 0.41
DJTPS14-DJTPSL5 0.07 0.25 0.28 DJTPS20-HT27295.1 0.00 0.01 0.15
DJTPS18-DJTPSL9 0.09 0.31 0.29 DJTPS21-HT27298.1 0.04 0.07 0.62
DJTPS23-DJTPS24 0.04 0.07 0.61 DJTPS22-HT27660.1 0.24 0.88 0.27
DJTPS24-DJTPS25 0.12 0.29 0.40 DJTPS23-HT27661.1 0.19 0.48 0.39
DJTPS27-DJTPS28 0.09 0.08 1.05 DJTPS26-HT28021.1 0.00 0.00 NaN
DJTPS31-DJTPS32 0.13 0.28 0.47 DJTPS29-HT09801.1 0.34 1.41 0.24
DJTPS01-SJ02341.1 0.01 0.03 0.26 DJTPS29-HT28026.1 0.00 0.01 0.84
DJTPS05-SJ12556.1 0.08 0.28 0.29 DJTPS30-HT29579.1 0.01 0.02 0.38
DJTPS05-SJ12529.1 0.00 0.02 0.18 DJTPS31-HT31951.1 0.00 0.01 0.28
DJTPS06-SJ12531.1 0.01 0.01 1.13 DJTPS01-LYG008024 0.12 0.43 0.28
DJTPS08-SJ23017.1 0.37 1.38 0.27 DJTPS01-LYG012492 0.16 0.69 0.23
DJTPS08-SJ21711.1 0.00 0.01 0.27 DJTPS05-LYG016911 0.14 0.63 0.22
DJTPS09-SJ23009.1 0.01 0.02 0.23 DJTPS08-LYG033200 0.26 1.00 0.26
DJTPS10-SJ23018.1 0.02 0.03 0.72 DJTPS10-LYG004882 0.75 3.39 0.22
DJTPS11-SJ25241.1 0.00 0.00 1.01 DJTPS11-LYG018429 0.11 0.48 0.23
DJTPS11-S325161.1 0.01 0.01 0.58 DJTPS11-LYG038478 0.09 0.58 0.15
DJTPS12-SJ25251.1 0.03 0.05 0.64 DJTPS18-LYG003821 0.17 0.58 0.30
DJTPS12-S325172.1 0.01 0.02 0.76 DJTPS18-LYG036818 0.19 0.55 0.34
DJTPS13-SJ25854.1 0.02 0.01 1.30 DJTPS23-LYG003352 0.24 0.84 0.29
DJTPS17-SJ27737.1 0.00 0.02 0.10 DJTPS26-LYG036769 0.15 0.61 0.25
DJTPS18-SJ28041.1 0.01 0.03 0.52 DJTPS29-L YG002894 0.30 1.11 0.27
DJTPS20-SJ28276.1 0.00 0.02 0.09 DJTPS29-LYG003764 0.13 0.62 0.21
DJTPS21-SJ28280.1 0.04 0.06 0.68 DJTPS30-LYG035592 0.16 0.44 0.36
DJTPS22-SJ28637.1 0.01 0.03 0.38 DJTPS01-0Ob0209030.1 0.13 0.44 0.31
DJTPS23-SJ28639.1 0.03 0.03 0.94 DJTPS05-0b0232411.1 0.20 0.85 0.24
DJTPS26-SJ28982.1 0.02 0.04 0.55 DJTPS08-0b0242022.1 0.74 NaN NaN
DJTPS29-SJ28984.1 0.00 0.01 0.47 DJTPS10-Ob0206565.1 0.72 NaN NaN
DJTPS29-SJ10119.1 0.34 1.46 0.23 DJTPS11-0Ob0247964.1 0.32 0.87 0.36
DJTPS30-SJ30533.1 0.01 0.03 0.16 DJTPS11-0Ob0251093.1 0.10 0.52 0.19
DJTPS31-SJ32938.1 0.00 0.01 0.14 DJTPS18-0b0205252.1 0.19 0.62 0.31
DJTPS01-HT02259.1 0.00 0.01 0.53 DJTPS18-0b0252959.1 0.18 0.56 0.31
DJTPS03-HT28020.1 0.59 NaN NaN DJTPS22-0Ob0204095.1 0.21 0.65 0.32
DJTPS05-HT12109.1 0.07 0.25 0.27 DJTPS26-0b0252875.1 0.15 0.59 0.26
DJTPS08-HT20892.1 0.01 0.01 0.67 DJTPS29-0b0200283.1 0.30 1.20 0.25
DJTPS09-HT22136.1 0.00 0.00 NaN DJTPS11-AT4G02780.1 0.36 NaN NaN
DJTPS10-HT20892.1 0.75 3.45 0.22 DJTPS18-AT1G61120.1 0.44 2.19 0.20
DJTPS10-HT22147.1 0.00 0.00 NaN DJTPS29-AT1G61680.1 0.45 2.46 0.18
DJTPS11-HT24265.1 0.01 0.01 0.58
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Figure 5 Phylogenetic tree (A), gene structure (B) and cis-element (C) analysis of DJTPS family.

http://journals.im.ac.cn/cjben



WAOE F | BMBUBRFTES L6 RS F R E E R EH N RAERR PR RE S

A — DJTPS(03 — T o [y — e -

DJTPS04 [ — . Y e — -
DJTPS]Q — [ ] [————— T —
DJTPS20 ———+— = O —

DJTPSOS — — T —
DJTPS30 {7} [} [ o p—
DITPaIG P P e et B Motif 3 FIMotif 7
DJTPSI5 P - [y o =} oy FIMotif2  ==IMotif 8
DJTPS]3 [ [ [~ == Motif 18 ==Motif 15
DJTPS14 T — T = Motif 4  P™Motif 20
(DJTPS32 T TRy T ™ Motif 13 PMotif 12
DJTPS3] T+ T+ T = Motif 5 P Motif 9
DJTPS2? T {=HT "HeHH— 1 Motif 14 [ 1Motif 10
gﬁggﬁf L e [ p— P Motif I PIMotif 11
= Motif 17 P Motif 16
DJTPS24 : !
DJTPS253” ™ Motif 6 ™M Motif 19 .
0 200 400 600 800 1000

B Motif 11 «[RusfelPheusucek.0eseReat Thyoers sy D0LATR Groeblos FTonssbloyenseel o) Mocetstl sbvovien

Motif 12: ‘fassscsarstesebuffRaott  SURD:FLaxzen

Motif 19: SCFsN RIGKsyLK ETENITKLLMY|ARL ERADCKMNLYLL . LiEN . wxe 1EES]ATVNR] VELKWKEFLK-VLMDCS0DY KSCKA|  vACLKAFOHFFNSANLFDS TRLYODIKKAI 1y, IxDer wrebK. 0 vTrse

RRX8W

— DJTPS(03 HENANYEsN:
[ Arrpsn3

l':.?.l‘ﬁ P

2
L

LB,
g
.
w

o i
g
E

Eﬂ-’i
o
<2

i

6 DJTPS RIKRTEF T
Figure 6 Conserved motif analysis of DJTPS family.
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f1, motif 10, motif 11 Fl motif 16 ¥ RAF-AET
TPS-c Fl TPS-¢/f H1, motif 19 HAE/ET TPS-e/f
o1, motif 9 Fll motif 12 ¥ HfF7#EF TPS-a 17,
Il TPS-c HAFELE motif 6, 20 > motif i H
B E /A motif 1 (P-value & 5.61e—81), HAu &
TI2E TPS #E11 C wfRsF45 5 iy DDXXD
TEPEAL ST o N s R SFA5 I () RRX8W
T ME A7 5 LY AT AE motif 12 P 3R E], W
NSE/DTE J:F AL T motif 19 FR (& 6B). 435
%I RRX8W. DDXXD/DXDD. NSE/DTE D%
RXR PRSFHE 7 G5 A8 ik — 2 A b, 25 R A&l 6C
FI7R AN [R) A0 56 13 7 A S 50 v A DR ST R B
HHE 2%, RRX8W FEF7E TPS-a il TPS-b
W 52 8 43 BB P R AR 5P 1Y . DDXXD Al
NSE/DTE 3£ FERE T TPS-c PLAMYI I 55 Fh 46
T RSF . TPS-c WHEEIENIZE TPSs, & A
DXDD #J¥ . il RXR ¥ HAE TPS-a fil TPS-b
W RGP RS . LL g5 R TPS AR
[ KR IR 261, [RIETSE— 20 B0 T i
W 25 53 S i HERR M
2.6 DJTPS HIEHEARIHAEMELAZALR
RRIEER 747

FE TG S B S BT SURER AT TPS 3L K 78
ANFEEE BB BL(S1-S6), R, ZERIMF Ay E A
B 7). Fikm SR FPKM {6 K/
7E , FPKM<1 F/REFAREKIE, 1SFPKM<10 K
filk#£ik, 10<SFPKM<100 421k, 100<FPKM
<1 000 Ky E 23k, FPKM>1 000 HJ#% & %Kik
iR EoR, TPS RHNTEFA RN AL h G
Tk, HEBERNE, AF TPSENAEMLLT
H I (S1-S4) 5 Hh J5 (S5, S6)& FA R (1) % 15
¥, #in, DITPSL3, DJTPS16. DJTPSL7
F1 DITPS18 iX 4 ALK 7E A6 & B i R KK
mFHE . M, DITPSOL, DJTPS03.
DJTPSD7. DJTPSI9, DJTPS23. DJTPS24 Al
DJITPS29 5L TEAE & F 1 5 Rk i 1 2%
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FHE, JUHE DITPSO7 fil DITPS24 7 S5 KBt
FPKM {H #3710 000, ZEEHEA17E M 35
BRAR B0

ARWFFEIL K IR F — TPS F [ 7E A [R] 41 4 rh
ZRRIK, RF TPS I F AL 51 AE X B2 41
W B8 R RI R RBE, B T ENTER
E M RY A s s ae e (/7).
TPS-a KGNt EE S 5505 E Y& L,
A3 MR TERMZERERIE, A2 MGTE
e S5 Fl S6 BT HR M RE, K74
B FE A A H A PR R IR BN Rk . i,
DJTPS14 fil DITPS3L 43 B FEMR A2 h i 5,
DJTPS09 7EMR FIZE sy 5 ik, DITPS23 A
DJTPS24 7E4E 1) S5 B S6 Wi #ihs . MmKik
oM Rk, RIS IL R T REFEAR . 2R
BTG A s A W6 b A 4 R, ]
A% 05 RT BE A I 1 A5 2 i B b R #5E AE
FH#55 . TPS-b WA I 2 25 5 IR i
IAYIE R, For 1A 51 (DITPS06) A A
ERIE, 1R OL(DITPO3)fE £ ik, 24
.51 (DITPSO3 Fil DITPSO7){EAERY S5 FI S6 [
BrRs e LU bRk, X 4 MEEETE
M ZE BT AR S W10 PR B A Bl R A VA O
FA€, %W K RT BEAE M i FRAR B 5 1 B
BRI /IN, TPS-¢ F1 TPS-e/f W 58 i 5t 3=
SRR AP A R A, Br T DITPSL8 7E
HIAERY S2 A S3 BrBer ik, DJITPSIO 74k
[ S5 1 S6 BBt gk A, HAM B ESA
PR F BB R IE, FHIX A% ]
g AT T4 B0 S 5 AR T ORGRE A R L AR
TPS-g WK% A 51 FE A T AR IR BE 2R 19 A
G, HEBRSE, B 1 A5 (DITPSLY)E S
HAP R RIAE, HAER . HRMEr
S1-S3 Hhim R, EEhmEmRL, RUZE
DRI 7E 45~ 2 AT REAE IR BRI 286 il 42 vh
R T EEEH.



WOW % | BN TR A R ER i R R S SRR PR Ok AT

I 0UrPse3 14.00
—[--------- DJTPS02 12.00
I R N D/7Psol 10.00
- »/rrsos 8.00
{------ B o/resos [ tsh 6.00
e oresor 4.00
- o757 2.00
{--------- DJTPS28 0.00
--------- DJTPS26
C B porpsi7
[ I I I ) sz TPS-g
NN /s

B pJrpPs20
" psrpsio st

| PaEE

IR oo7rsii

I DJrrsiz

B oJrpsos T
R 57530
BRI brrso9
IR > 7516

B oresis

B o7psis

| | PSS

| s i
B pUres3i -
B o7ps::
R o7rs25

I O O I B 17752

AN N N N N N N N PS4

N A I S 7Ps23

FfFH TS dSS

7 DJTPS RIAEF AR FHIRIERK D

Figure 7 Expression pattern analysis of DJITPS family in different tissues.
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Figure 8 Expression pattern analysis of DJITPS family under MeJA treatment.

¥5rh 2 A WEA R FRBB KRG M
G2). HH, 5 I [HE(DITPSD2, DITPO7.

DJTPS20. DJTPS23 Fll DITPS24) i B i K2 A
P FEBE Y, BT Gl. kT DITPS0 4},

X B L R AR FFAE AT I (0-2 h)Rg ik & TIHAE
JE(5-6 h), J1—dHA 5 8 MEEE A ERIL(G2),
FEFFAEIE WA (4-6 h) B /R BT AERTHI(0-2 h)&#E
I FRIBAKF . AT B (CK)H TPS ZE A 78
FAEi R R, SRERRKEHAE
KSR (FPKM>1)7E AL e 9] 2 h (N IAIK
S T, G2 Bk DITPS22 4, HAIEN
TR TIYTE 2-6 h WK KRB B E T
2, G1 Hf DITPS02, DJTPSD7. DJTPS23
I DITPS24 7F 2 h By Rk ik Bl m, KRR
INERAE 2-6 h NEFZE TR, X MeJA 403
X R (CK) MY e et , RBALA 10 4
DJTPS [N (DJTPS03, DJTPS04, DJTPSO7.

DJTPS19., DJTPS20., DJTPS21., DJTPS23.

DJTPS24, DJTPS25 Hl DITPS29)7E MeJA Ab B
5 hJaRBKEFHE. FE, 7 MeJA 4b# 6 h
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Ji, A 41 DITPSZ:[H(DJTP01, DJTP02,
DJTPS25 Fl DITPS29)#& ik i I . {H 1571 =11
J&, DJITPS25 il DITPS29 7F MeJA 4L31 5 h Fl
6 h J5¥3iE FiH. M2 T, ZEAFE 2 h fl 4 h
Ja , REFSLHE B FEKF IR KB i,
X R MeJA A RETE SURR AT 76 H 5 0 & 15
YER . fEFF IR R B, 24> TPS LA i MeJA
AEFRT ER KGR, X — R AR AT AR o i
W A 1 A R B AR A it BT
2.8 qRT-PCR WiEs5RBHIRAERAM

H T B R AL P SR, TR
R Bk 4 5L (DITPS03, DITPSL9,
DJTPS23 I DITPS24)i# 4T qRT-PCR 525 B 3iF .
gEL R, DITPSLO [k 7EFF ALk FE
SKEEE ETHEE(E 9), i DITPSO3.DJTPS23
il DITPS24 Fik s EFHE T, X5 2.6
H A SRR R A R B AT . 7E MeJA Ab#R
SR, S XFREHAH L, DITPS03 78 MelA Ab
BS h jrHERREBERM, S SRAE Y
R—F, FW DITPSO3 AEML M, MeJA AbFE T
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Figure 9 qRT-PCR validation of the expression patterns of DIJTPS03, DJTPS19, DJTPS23 and DJTPS24
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A, HAE 5 h BHROCR R B3 R DITPSL9,
DJTPS23 Fil DITPS24 7E MeJA AbF G A R
WER R R, (BB 5 h AR RS
TR TX AL, X EEEE R MeJA XX 4 4~
FERA —E R HEER, BeiTnyRai=
SRR AR IEAW) &, 2P RE | s
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¥k iz A1 fsh(Dendrobium officinale) 32 MY, #k
(Prunus persica) 40 1, Wkiify 63 A1, %
75 (Perilla frutescens) 118 M1, ¥ i 4 Fir ]
TPS KR K5 1 48 B 22 51 J5t X o] g S 1 ik
fead A kAR T O TR R B A R A2 Bl 5 O
o WABF RO AT LA A R W 16 4>
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FITPS-g (&12), HHAMF /A X—8H,
ANRIIF I RIS B A2 S, N, A
WS RORRFT 55 A 12, 9, 4. 4 F1 3
FIWEM A, T2 5 (Gynostemma pentaphyllum)
SIS 20 150 10 1 RS ASERHR ST,
MR A B S 13, 22, 5. 19 Fil 4 NS
BN % 2 5T RE S TR R Rl e i 1) 2 AR
WIAIR], F#(Populus koreana) TPS-a/b i 51 7F
ARKFRRE AR UE T R A il AR 1 5 ™,
DRI St U B SHE A1 T 7™ A (R 2 A & W b s
AR HC B R A5 T RS L X SR A B EF S
g —P, EAHEAEY KDY GGPPR .
CYP450. GGPPS. FPPS 5 DJTPS & 1 Z [Al{F
TEE M EAESCR (K 1), e SERR
(farnesyl diphosphate, FPP)-57F S M- JLARRERR
(geranylgeranyl diphosphate, GGPP)J& il ZS¥) i &
BRI RIRYI R, M54 TPSs L5 4K
TSP, CYP450 & —Fh i hn e ik &
FI, S5 0A e A, R
(Lavandula sp.) S FIAE 38 9 CYP450 14
Wi IAL ), RZA B A F(Setaria
italica) 1Y) CYP450 AE 5 STPSB JE AL %
HAEMAL STPSS (7= P 2 A G 28 i
(Kt 4 5 DITPS 1A HEHE M HAE R RN E
1 U S 0 A6 A 41 5 6 b 2 T o
(o i) L2 Pk 25 L 5 Al a] SR 4 O R ARV &
(#l 4B), BT IAE 4 KA 55 XL AR P U R
R RG R R I, WA SR X $IR 7
FERLF- I v 55 B0 S AT 1Y) 5% 25 06 R Az
IR LR el s HoAy 4 DR AR BB
Yy, 5XORR R A — s Fo i R IR E X,
DU AR SR A FH R T B SR 2 O R, 1Rk
JEHRZ . DITPSIL, DJTPSI8 Fl DJTPS29 i%
3ANEE 5 5 IR OKAEBRSM) Z AT B T 2
PRI, X FREAIX 3 SR ELAT 5 s R ST 1
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TE X S A8 W) ) Fh 43 Ak 2 W AT g sk O &8 47 7E JF
HEAEKR, WAHMEA 18 4~ DITPSIHEA 5
SRAT . JRIRFE R A LR, R
ICEBLRITE 3 AR S oAb 2Z ik 447
TE, 75 F A8 A A T 3l Hh 49 18 A AT a8 e i) £
. Ka/Ks THEEE R (G 4)2 W AR 70 DU Fi
TPS % [H 05 1) 8 52 SE R e df Ak R v 2
) T aifbiksE, difbEBEAE TPS LHE UL F
b R RE

LR S50 (K] SBYFIOR ST 587 (] 6A) 73 B 25
T[] — 7 57 1 1 DITPS KL [ 4 235+ Fh 2 1
TRAFET A —E ORI, 5 A Rl i 5T
ZER—H, REZBORKE AW TPSHE A
AL AN B F- N & &5 motif, AIESK
B S A FE A motif, UNASHTSE F motif 9.
motif 12 Fl motif 19 SF5L7, KW DITPS A[F] W
FIGI A AT RES SR (AR BRI 8 AR o X 324>
TPS & IR R P 5 AT (] 6C), KB
] — 3 J37 TRy 1 e W R PR SF . A
58 RRX8W /P UAF7E T TPS-a Fl TPS-b
WA . FERRHEfr B 5E 2 B, RRX8W
By HAE TPS-b WHEHRF, HTE TPS-a
W R A AR R R RS, R
AN Ry T 22 8] B PR AT JE 7 A7 AE 25 57  RRX8W 2
¥ 2 50k AL B R LG I AR DY, RURRA
A 2 s TN ERBR B A AT R A SR A IR b
AT RE ST A G A A — X
[ A SN N RS e SN Ve i S R £
AL, ZEBAH DDXXD., NSE/DTE 13843
VIR IR R A ALY, A58 & B DDXXD il
NSE/DTE 7£ TPS-a, TPS-b. TPS-e/f il TPS-g
HAR R AR, N IR 4G 2 G i PT R
BT A A T kA A SN P G B A o A
T BT 5 R R (B 50), B TS 8 7450 30
FSERE TS, BH fie 2 1002 6 L 1 T 14
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F W] DITPS 0 vl BEAZ G R ; A2 58 e
Wi 107 28 BT PF B A 22 1 2 DR R0 3 )
JCIF ;s TR W N ZITE R, N MeJA JTErY
R Z, HUORME IR N o, X 511
ST R T — B0, B4 4E ] IT (Schizonepeta
tenuifolia) TPS %A 49 2 i o7 oo 44 o ) A
O 3] f5 22 110 o L JBE 7% R A MeJA o,
FEHI T2 TPS KWK 43 i 51 #R & A MeJA i
BEIGH, X TPS JEHAR AT A2 MelA
FWME WAL,

ML 25 A 6 NSRBI AE I Rk AR
O3 HT et R DITPSHEL N FEAN [ 4l 22 7 5%
k(B 7), HEBSr DITPS HA HL FikH 1k,
FW DITPS K BAT ZFp A B RE, 2 5 A
HAE TR . KA Rk TPS 3
REEFE R LB IR, Rk m TR M
-, HdfudE 6 4> TPS-a fil 4 4~ TPS-b WA %
BB, XA KR S AR i AR R
A B, AR S 3R R 5 B SRE  AE 7 A
B2 B RAE Py e R R AR DG, S
% (Convallaria keiskei)H [F]#E & Bl S 5 £5 2 il
HLHLHE A B TPS ik RIFEAL T i 223k i s AR
IE

HE 0 35 2R AE MU 55 A8 SRR S 1 1 T
KAE S g REEZEXEENEM,
MeJA J& H RO B AT TIPSR , BA e
16 HESRPT I AR AR RS 2 R A H )
e, ARz W AR A U R
Bk (Actinidia chinensis) i 4 52 F1 I R 78 48 3ok
MeJA AbHLE G IR A0 G0 & w3 ™, MeJA
HEGE T K ZHOEH CSTPS JEH 12500, At
FEHEE T MelA AbFR XU AT Hi J5 Fe kB X 1
AL 8). 43 M & B DITPS05 45 20 ALK G
WRTE MeJA AbFRFTIA S A0 FE 5 75 T 164 B
BOARF RSN IE, X LR ] BE A S AT
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e R AR AR K, HAT MeJA Ay i A B &
DJTPS01 % 8 MNELHEF LG MRk E SR
TR . KA 7 R G 25 T 46 3 2 e IR A 7
WA AR R fERRIE R BB, 16
R B LY B AN A B 1 2
A, I e B PR T AL 2ok AR X AR G S
RS B B o IL Ak , 2806 381 DITPS
FEHTE MeJA 4B 5 h J5(21:00) 8 78 i, 4b B
6 h J5(22:00) A FRr EH B, RFIEMAETE
W RTE YR 18:00-23:00 1 ] ik 2] AR 3 K,
B, T 20:00 R H 2:00 EFFH LY,
20:00-22:00 & -7 A e ORI I, X BLEE T
FATHREA 5h 6 h, 45 FI X LI R 7EAE
o 42 % ik 7 S5 5 B B[R] BB 98 R M 1 A1 R
MelJA (AT FRERIE. 76 5 h i EiERY 10 4>
SRS 4 4> TPS-a. 2 > TPS-b, 2 4
TPS-e/f Fl 2 4~ TPS-g WA WM 5L, HEN MeJA
XF & FEME A W) U2 B A 2 il 5
A — WP o e H ALY R b % B
MeJA X Bl A - i 0 B A B I 0 g 2R A
L D5 BRI T w W — R RS &,
qRT-PCR 71455 R gt (Hevea brasiliensis)
B R e i 5 R B A S N HbTPS20 #F 48 i
MeJA KbFJE ek X B 250 5054 &%
B A fsk e s IR 7 56 [ DobHLH4 BEW% B MeJA
P B, 0y RS ALK DoTPSIO0
)35 75 DobHLH4 2 1EHI K, £ ¢ DoTPSL0
VA, BT Oy R EE R R MeJA (R AbHE
AN T {6 L (Eremochloa ophiuroides) £ Fii B
AR Ak A R HECY ., g5 A R oG
oy el R, 765 h FiHZRIAAY DITPS J: A
Br T DITPS25 M4 5 A i MeJA i, H
H DITPS03 %4 10 ~izJoff, f& DITPS [
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M5 hjEEE B, KRAEN DITPS N0
N MeJA 988 bR 56 Y . B SR A B B OR
DJTPS04, DJTPS21 5 DITPSO3 (12 ik 45 = AH
L, 7 MeJA ZbPE 5 h J5 FiF, H DITPS04 Al
DJTPS21 ¥yt & 6 ~ui i MeJA Joff, WA
Yy SUORESE FT I . MeJA  F 8 19 565 TPS JE [
T I o

ARG 42 TS T AR SO #] TPS JE [
FIERL 0L, FEH T A T . WA e . R
Gtk ke . L. RESHE . BOEE.
PR ST 5E 7 AU =GR e 1445 AR W 15 B2 #r
DL )z DITPS JE I AEAN [RI 41 4845 B FlR i, MeJA
() F BRI o S5 A A MBI S ] 5 TR 4
FE g 1 32 A DITPS JE, 43y 5 4
V% % (TPS-a . TPS-b . TPS-c . TPS-e¢/f Fil TPS-g),
[F]—Z G T ) B 53 AT AR AL R 254, FERE IR
Wi L G, IR, MeJA B G/ 2 (108 4).
B SRR R W DITPSTEA ] (4 4 rp s S 1
ik, MeJA Bef BT/ DITPS I 1)Kk,
Hd DITPS03. DITPSD4 F11 DITPS21 1] fE A LA
VBB TPS ZEH I N, MeJA i FRIEH
KERILH, N IE SR A . IR RS
B DR B 3ok 3R 5 Ay AR W 2R S B R A T )
REIO RS2 (AR L N . AW IR 98 T WUl
FEFTHE A G TPS JLIR i i MeJA 1235
WAL, B TIREEFmERAE YA
BT TEARE R, AR TS A 4 A 1
A — PRI B FT 0 Y. MeJA g 4L
TG FALE, it — P BEE R A
R AR LSRG
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