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Abstract: Terpene synthase is a key enzyme in the synthesis of terpenoid compounds in Gardenia jasminoides and plays a
key role in the formation of aromas. In order to clarify the basic characteristics of TPS Gene family members of G.
jasminoides, the TPS gene family members of G. jasminoides were identified by bioinformatics method. We then used
exogenous hormone spray test combined with transcriptomic approach to analyze the differential gene expression patterns of

TPS gene family members in the flower of G. jasminoides. The contents of terpenoid compounds in flower of G. jasminoides
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at different developmental exogenous hormone spray were also measured by using head solid-phase micro—extraction
combined with gas chromatography—mass spectrometry. The results showed that 41 members of GjTPS family were
identified from genome database of G. jasminoides, encoding 380 to 849 amino acids and containing 5 to 15 exons. The
members of GjTPS family were localized in chloroplasts and distributed unevenly on 10 chromosomes. Collinearity analysis
revealed that TPS gene in G. jasminoides has a closer relationship with the TPS gene of Coffee canephora. Phylogenetic
Analysis showed that GjTPS genes were divided into 5 subfamilies, and TPS-a and TPS-b subfamilies contained most of
the members of GjTPS family. Most of cis—acting regulatory elements GjTPS promoters were in the Plant hormone response
category, and the Methyl jasmonate Response element containing MYC motif is a large category among them. The
transcriptome date showed that GjTPS02, GjTPS12, GjTPS14, GjTPS20, GjTPS21, GjTPS22 were highly expressed in all
treatments. The correlation between gene expression and terpenoid content was analyzed, and it was found 1.25 mmol - L™
methyl jasmonate contributes to gene expression of TPS family members and terpenoid release of G. jasminoides. GjTPSI2,
GjTPS14,GjTPS20,GjTPS21,GjTPS22 might be involved in the regulation of aroma formation in G. jasminoides. These result
can provide reference for the subsequent function characteristics study of TPS gene family of G. jasminoides.
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(Gardenia) F SR HEAR o WEFALEIRAR , BT 25 4 0 /N K F AL Z 1, A & i A s ET R K R
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THE £ $L RS I B9 TPS %5 H 5 51 (Tair : Arabidopsis.org) FIHE 14 3% K 20 2045 (NCBI: https://www.ncbi.
nlm. nih. gov/) o 7E InterPro ™ 3 (https://www. ebi. ac. uk/interpro/) T & & A 2 A~ FF € 1) TPS 45 ¥4 5§
(PFO1397 ,PF03936) HFifi 5~ 3L {1, i 1] TBrools #X 1 i EAE T~ TPS ZXWIEIN , (R B &5 A 2 D25 M B HL B~
value<1x107° A9 FE A ;38 1 A< s Blast V3 F2 ¥ (https://www.ncbi.nlm.nih.gov/blast/executables/blast+ /LAT-
EST /) A4 7 [RIIR & A 51 o R LL BN 8 B P9I SO AT & 0F e L8R, #5E— 20 HI HMMER
(https://www.ebi.ac.uk/Tools/hmmer/) 75 £k P 3 JE AT 45 ¥ 3600, 25 BR AN &5 TPS WA 45 44 S B 1A
GiTPS Z i 1 5% FRAL I Jii HH Expasy (https://web.expasy.org/protparam/) $41t , SV 41 M 52 3 F5000 4 41 1) >R
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I MEGAS B AF L muscle KEHE - GITPS 2 F TS HEAT 2 94 L, S R AR AR5 L JTT+G A L st
R}, Bootstraps & & 8 & KA 1 000K, HRSHCA BN HE RS LK BW . MEME M (https://meme-
suite.org/meme/tools/meme YFAR S IE R, TBrools B4 2s hl B R 45 A B . GjTPS PRAF R R R 4
) DRSS RIS SR B R Gt & & WU ] TBrools #1443 5| #E4 T PT AL
1.3 |FEARERYHHREREST

MTE 2 ) 3 EnsemblPlants (https://plants.ensembl.org/index.html) R AR Y VR A SRR R A
HORLIN HE ( Coffee canephora) 3 X Ty 51) T rf Rz B HE 56 PR 41 %548 & (hitps://coffee — genome —hub. south-
green.fr/) T 2. KNG T SURIIT A4 L HORLINHE TPS X% 8 F P 91445, F MEGAS B F 9547 22 17 4
Lo, R AR R G R B R . ffiH] Adobe Hlustrator CC 2020 3R #4746 53 26
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FER A SO, TAEL M EnsemblPlants 2% H 255 3 il (Solanum lycopersicum )*3& K 2 , {fi F TB-
tools FAFXINE 75 A B KA mI T HORIE 7 2= AT —— X, A BRI 4 2R, IR A8 TB-
tools BRAFHFEAT AT AL , e ™ AR LR PR FE D 2L
1.5 RBE$FIRERTHZH

411 GTPS FE A 1% (2000 bp) B ¥ 51 Hi TBtools 2X {44454 £, H PlantCARE (http://bioinformatics.
psh.ugent.be/webtools/plantcare/html/) M 3 ahF ook, - 2E 7 AT 4k
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T 2022 4F 12 A B PUR A FEA — B H AR AY 2 F1KBAIEATF
SEANE 53 0C 1 S AT ARk e 4, 2023 4F 4 H I iR Table 1 Experimental treatment level
5% 3K 0 IR ) 7 AN WA BT Treatmentlevl
B, FLAR LR 1 AN MeJA BRI 11 bl — o e S :

L L M|k Z R TAA /(mg-L) 25 50 125
R BHE A RAR]) . BB I 74~ ab B B S Fi] 1 H g MeJA /(mmol - L") 0.25 0.50 1.25

A3 20 4~ H A 5 Wit FH i R B 48 50 mL, BERR 7 d
Mt 1 YR, FEmERE 2 K. T 6 H 10 H RIS A BB AL 3 9 HE T 16 2% , VR U R e B VK AR (-80 C) i
FE T AR SRR W B R HE Ak 2 TPS B G5 L It i ik it
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275 MARIE %52 77 W5 AR 0, >R F T2 [ AH A 4K B (HS-SPME ) 25 A0 €033 — 0 335 506 FH 4%
AR(GC-MS) , I 5E A [ FM IR L e JE R HE 146 4= TPS FLDRT R P M i 5 o AAH (8 354 S B A5 5 i
M Agilent, 1524 6890N-G5795B ; (43 A K HP-5MS(30 mx0.25 mmx0.25 wm) . FREGE S HE 4 2 20 mL
ToES L, A bR 2705 LA R 5 me- L', AR RISR AL 4 , A 80 “CN#A 30 min, 30 min J&
FH T2 T2 BBGH AR FLA TR AR S2 A4 30 min Ji5 , 250 “CHERE H#HT 5 min.

{1 2% W UEAE IR 50 CARHF 2 min, PL 5 °C-min™ 7+ & 180 CA44F 5 min, F-LL 10 °C-min ' T+ &
250 C, R4 5 min; #EFE FEEE Ry 250 °C 5 &5 2 i B2 2R 280 °C5 I A 1.0 mL - min™ 5 #7700
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849 >, T 43— 1 75 [l 43.93~97.05 kDA . IS HL 1K 5.09~6.48 , 2 i 5L A AR P (pl<7) o
AFEFR BN 37.71~55.68, AT N EE F550<40 A E B 1 7 A RAROE TR E>40 AR e B 1 34
A~ MBI GETE E N 82.75~98.06, - I Hi /K M K —0.466~-0.148 , S F BN 357K M . 0 41 22 10 245 31
IRHEF GITPS FE R Y 78 i A 24K I
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TPS K& 5 57 it 1, 5% B 8 A 157 19 DDy D RRX,W B Z5 M8 A SF 38 20 BT 2 B (& 1A) , 7] —
R T v motif 254 K Z AR, GITPS ZE I KR 8 11 & A B 9~17 4>, Horh GiTPS07 & A 27 174,
GjTPS33 . GiTPS34 & A1 3 ¥ 91~ 5 e R SF B 3L 5 4 motif 1, & T GiTPS16 . GiTPS17 . GiTPS18 /N & It 3
o, HiAy GiTPS K2 R & , L F & DD D Z5F 5 (& 1B) s motif8 [RIFE & TPS . 52 16 15 1 W
PRAFIEFF  HE5 300 RRX,W (] 1C) , 280 TPS WK% & A M HE 7, {5 TPS—c \ TPS—e/f W55 K 2%k
KA B motif8.
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c A 11~154>, TPS—e/f H 12~141> , TPS-g A 741>, ix 5 Hokimimk i 8 — 3, XHHE+ TPS FE I - 5F
LERIB AT AT, KB TPS—a 55 TPS—b WV Z % A Terpene_cyclase_plant_C1 Z5#4 38, HAY W K44
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fEHEF (414) FAREIF (324) %G (4941 5 HoRiminmE (41 4>) TPS Z0% i 2 17 91 #4 2 ML
(F3) o JEr LR Iv S SAS A Y, 250 S e A AR , ThoRE il > /INTe R H S EF 18] R ot R R P . MK
PR ST 1 TPS JE R G 0 205 % K HE 7 BARE T A4 L hokzmindE iy 163 42 713 51 3 43 5 A4S
K. TENEFH, TPS-b KK B % , S 14 KRG s TPS—a WK EA 125, TPS—c WK
WA 6 D FEN I, TPS—e/f WA A4 8 BB , 1] TPS—g WK HAUAT 1AM B o 5 Z AR, ok unnfk
H TPS—a . TPS—b WML 515 i 45 29/41 1) CeTPS ZK MG ML 1™ DN IR RS L 40 M e 1L, LT e
HEF TPS Z5 03 HA i BE R SF I & 3 RA R 45 DDy D s BR T TPS—c . TPS—e/f WK 5 JL-F- A
FETE RRX W Z5 R 3, AR G B I btk b, DD D 78 St 130 5 — W IR IS ) 110 463 s MM v,
HRE Y, RRXW 7E 55 i i Bk R b AN a] 2D el
24 FBEEMRFLERSH

FH P 4 7T 1, 7E 10 SR G R RIS ML A B AT 10 414 GTPS 2K . AT GiTPS BRI AE 945 4
ik ot Z LA 134, 25 45 55 1S RAKIE 1D GTPSERN ;1 5 M6 5 Ak f 6
A GITPS &N 5 fe i 1) 35 Y EARAT 44> GiTPS R A o 3xX FR I G 8 4K i Al G TPS FE R Y 43 A1 e A7 A
A AE M . ARSI Thools 3k {4 Blast 15 21| Y 3 [H &2 SO, R REE &2 (36.59% ) (i v 8 2 (26.83% ) 41
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Table 2 Characterization of 7PS family identified in Gardenia jasminoides

HAEREGE  FdA T hUR kDa ARUERE IR PRmkE 490 L 5 132

FEH 1D ) . A .
Gene ID Number of  Isoelectric Molecular Instability ~ Aliphatic Average Subcellular
amino acids point mass index index hydrophobicity Localization

GjTPS01 Gj8A83T44.1 481 5.40 55.70 38.13 89.23 -0.283 2844 Chloroplast
GjTPS02 Gj8A84T55.1 592 5.25 68.97 41.02 91.10 -0.313 f4g{A Chloroplast
GjTPS03 Gj8P351T10.1 691 5.79 79.09 45.71 93.95 -0.184 IH-4%4& Chloroplast
GjTPS04 Gj8A352T75.1 794 5.90 90.61 38.65 92.85 -0.198 4344 Chloroplast
5iTPS05 Gj7A349T47.1 591 5.40 68.37 55.68 89.26 -0.390 44K Chloroplast
GjTPS06 Gj7P350T5.1 604 5.17 69.47 48.19 83.05 -0.441 H-4%4A Chloroplast
GjTPS07 Gj7P350T7.1 664 6.48 76.65 42.35 95.02 -0.174 2344 Chloroplast
GjTPS08 Gj7A350T74.1 584 5.78 67.31 51.99 93.37 -0.296 4844 Chloroplast
GjTPS09 Gj11P28T2.1 509 5.49 58.83 45.66 85.91 -0.267 f4g{A Chloroplast
GjTPS10 Gj6A47T47.1 570 5.30 65.90 46.34 88.21 -0.320 234 Chloroplast
GjTPS11Gj6A51T68.1 380 5.44 43.93 49.45 93.00 -0.280 4344 Chloroplast
5iTPS12 Gj6A51T69.1 569 5.57 65.67 46.26 93.48 -0.216 4K Chloroplast
GjTPS13 Gj6A51T70.1 569 5.61 65.53 45.58 94.69 -0.179 IH-4%4A Chloroplast
GjTPS14 Gj6A52T52.1 566 5.46 65.87 45.99 86.40 -0.431 2344 Chloroplast
GjTPS15Gj6A324T103.1 794 5.92 91.55 45.39 93.66 -0.257 4844 Chloroplast
GjTPS16 Gj3P62T5.1 745 5.52 85.05 38.97 90.95 -0.266 4¢{& Chloroplast
GjTPS17 Gj3P63T3.1 737 5.65 84.18 37.71 88.11 -0.286 444 Chloroplast
GjTPS18 Gj3A64T32.1 590 5.82 66.95 42.94 85.97 -0.292 4344 Chloroplast
5iTPS19 Gj3P101T5.1 511 5.50 58.55 47.94 89.00 -0.277 44K Chloroplast
GjTPS20Gj1A15T71.1 531 5.62 60.76 40.19 92.62 -0.279 H44A Chloroplast
GjTPS21 Gj1A27T43.1 553 5.34 63.56 43.12 91.92 -0.310 H4¢4A Chloroplast
GjTPS22 Gj1A27T44.1 678 6.09 71.57 4122 88.79 -0.170 4344 Chloroplast
GjTPS23 Gj1P28T5.1 513 5.83 59.59 39.86 82.75 -0.466 4¢{& Chloroplast
GjTPS24 Gj1P48T12.1 810 5.79 93.13 44.92 95.60 -0.235 2344 Chloroplast
GjTPS25Gj1A48T101.1 849 5.74 97.05 46.42 87.44 -0.278 4844 Chloroplast
5iTPS26 Gj5A48T34.1 616 5.53 70.30 43.00 87.53 -0.236 4K Chloroplast
GjTPS27 Gj2A85T27.1 559 5.56 64.47 45.08 84.15 -0.364 H44A Chloroplast
GjTPS28 Gj9A124T90.1 549 5.16 63.03 38.83 90.22 -0.250 2344 Chloroplast
GjTPS29 Gj9A149T114.1 726 6.16 82.89 41.46 95.26 -0.148 4844 Chloroplast
GjTPS30 Gj9P172T11.1 820 5.79 92.99 42.32 90.20 -0.279 4¢{& Chloroplast
GjTPS31 Gj9A360T34.1 553 5.33 64.28 42.66 90.71 -0.317 444 Chloroplast
GjTPS32 Gj9A370T22.1 553 5.49 63.91 46.31 83.67 -0.356 4844 Chloroplast
5iTPS33 GjOP384T5.1 679 5.84 78.11 43.77 98.06 -0.160 4K Chloroplast
GjTPS34 Gj9P384T6.1 769 5.21 88.35 46.01 87.02 -0.344 H44A Chloroplast
GjTPS35Gj9P391TI.1 807 6.35 93.09 38.73 84.99 -0.273 2344 Chloroplast
GjTPS36 Gj9A393T36.1 801 5.93 91.87 43.61 88.63 -0.226 4844 Chloroplast
GjTPS37 Gj9A896TS3.1 606 5.09 69.75 48.43 90.15 -0.225 IH-4%{A Chloroplast
GjTPS38 Gj9A933T124.1 603 5.42 69.39 44.79 86.38 -0.339 -4 Chloroplast
GjTPS39 Gj9A933T125.1 602 5.35 69.36 42.58 89.10 -0.302 4344 Chloroplast
5iTPS40 Gj9P933T10.1 609 5.53 70.38 45.44 85.21 -0.315 4K Chloroplast
GjTPS41 Gj4A368T22.1 559 5.80 64.55 48.03 83.65 -0.322 HH4¢4A Chloroplast

W & (26.83% ) 4 FE N B2 8k A BEH & (9.76% ) EAE T GiTPS LR Ky sk i 2R s N & . H
HHRIKEEE 1S 695 85 9 S IR IE B/ NIL N, BRARZT B LA S FESN 8 TLAS H
BRI Y FEN , TR i Lty B I R B TR AR

ik — A IRAE T TPS 3N [ B K5 HAL Y Fh ] 40 O R AR A & TAE T BIRE ST ok
mnmE | H 2= 5 3% L PR (B 5) 23 A2 2,4, 17,6, 5 5 3EERPE LN . Hirp BB T 5 404 (0
M ok e = Az SRR M 56 R, HLAE A B 2 3 DR G B K A Ry A A R ) 3 A K DL o TRLEE FE
APGIV R R G5 N5 ks iR & 95 SR , i — 25 UE B T AE 75 vhoRs il 40 45 58 30T 1 55
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Figure 2 Structure analysis of GjTPS gene in G. jasminoides
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Figure 7 The expression of TPS family genes of G. jasminoides at different concentrations of exogenous hormones
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Table 3 Subordinate function values of 7PS family genes of G. jasminoides at different concentrations

of exogenous hormones

LA D . i ) . . .
Cone 1D CK Gjl_25 Gjl_50 Gjl_125 GiM_0.25 GjM_0.50 GjM_1.25
GjTPS02 0.53 0.49 0.39 0.36 0.61 0.57 0.35
GjTPS08 0.42 0.43 0.51 0.42 0.57 0.54 0.45
GjTPS12 0.49 0.51 0.40 0.46 0.52 0.52 0.49
GjTPS13 0.45 0.56 0.54 0.58 0.62 0.40 0.60
GjTPS14 0.50 0.55 0.51 0.37 0.34 0.44 0.65
GjTPS20 0.60 0.45 0.36 0.46 045 0.34 0.36
GjTPS21 0.45 0.43 0.49 0.48 0.38 0.60 0.53
GjTPS22 0.46 0.52 0.40 035 0.34 0.55 0.61
GjTPS23 047 0.39 0.61 0.37 0.34 0.62 0.44
GjTPS24 0.43 0.53 0.39 041 0.34 0.54 0.62
GjTPS29 0.45 0.57 0.60 0.39 045 0.46 0.49
GjTPS31 0.36 0.35 0.42 045 0.57 0.35 0.44
GjTPS33 0.59 0.41 0.45 0.56 0.55 0.56 0.65
GjTPS34 0.45 0.60 0.36 0.65 0.38 0.52 047
GjTPS36 0.54 0.56 0.58 0.52 041 0.61 0.57
PJZ 0.48 0.49 047 045 0.46 0.51 0.52
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Note: The last line of PJZ was the average value of each treatment of 15 genes.
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Figure 8 The release of terpenoids in the flowers of G. jasminoides at different concentrations of exogenous hormones
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Figure 9 Correlation analysis of gene expression and content of volatile terpenoids in 7PS family members

of G. jasminoides
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