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Identification of terpene synthase gene family and analysis of expression response after

irradiation in Platycodon grandiflorus
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ABSTRACT Terpenoids are a class of natural products with diverse structures and functions. Terpene synthases
(TPS), the key enzymes in their biosynthetic pathways, are responsible for catalyzing precursor substrates to form
structurally distinct terpenoid backbones. To explore the role of the TPS gene family in the response of medicinal
plant Platycodon grandiflorus to ionizing radiation stress, this study performed the identification and functional
analysis of the PgTPSs gene family, and systematically compared the expression changes of its members under
heavy ion beam, X-ray, and y-ray treatments by integrating transcriptome data. Sequence alignment and domain
analysis identified 21 PgTPS members, whose encoded proteins ranged from 208 to 820 amino acids in length, all
being hydrophilic and mostly acidic. Conserved motif analysis showed that most PgTPSs proteins contained typical
structural modules, including motif 4, motif 5, motif 8, and motif 14. Cis-acting element analysis showed that the
promoter regions of PgTPSs genes were rich in regulatory elements related to light response, hormone signaling, and
stress adaptation. Phylogenetic analysis divided the PgTPSs gene family into four evolutionary clusters, and 10 pairs
of collinear relationships were found between PgTPSs and those from Arabidopsis thaliana. All three types of
ionizing radiation treatments induced increased expression of PgTPS14, PgTPS20, and PgTPS21. Correlation
analysis between platycodins and PgTPSs genes indicated that PgTPS3, PgTPS4, PgTPS6, PgTPS16, PgTPS19 and
PgTPS20 are potential candidate genes in response to radiation stress and regulating the biosynthesis of triterpenoid
saponins in Platycodon grandiflorus. The study clarified the composition, evolutionary characteristics, and
expression patterns of the the TPS gene family in Platycodon grandiflorus under ionizing radiation stress, providing
a theoretical basis for further dissecting the functions of this gene family and utilizing radiation technology to
stimulate the accumulation of active components in medicinal plants.

KEYWORDS Platycodon grandiflora, Terpene synthase (TPS), Gene family, lonizing radiation
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2.1 EETPS EEREASARIEE SR

IR O R R R A1) RS 9 TPS 8 A A
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JE 21~ TPS R AL 51 A4 Ui 32k 20 (1 3 (51 )7 31 5
ICFY ¥ K5 BE TPS K Ik i 44 N PgTPS1~PgTPS21
(D,

AT I 45 R BN, K5 PgTPSs X
WA R AR EAAEER (KD H
1, PgTPS6. PgTPS9. PgTPS13 fll PgTPS20 /74
KB, /0T 200 aa; PgTPS4 ) /74 & K ,
91196 aa;  HAR R (17 81K FE AT 208~820 aa
Z [ PgTPSs K& H M T =i [ 15 229~
140 513 Da, AF20E RN T 33.29~57.46.. TR
PEAHTRE, 190 (5 R%5090%) NRMEE
FH, AR RE5mtt. fmKEo SR, B
H PgTPSs B 3 ¥ s KB H .

F1 PgTPSs HEABEMMER

Table 1 Physicochemical properties of PgTPS proteins

g F5ME TPSs [ ID FAEME  oThE HEREEA AMER  BERE BUKIER
Number PgTPSs  Gene ID Hi/aa Da Theoretical %} Liposolub- Hydrophobicity

Amino acid Molecular isoelectric Instability  ility coeffi- index

number/aa  mass/Da point index cient
1 PgTPS1  PGRA_03802 340 38977.61 5.40 40.42 96.41 -0.170
2 PgTPS2  PGRA 04318 332 3834092 642 41.20 94.88 -0.158
3 PgTPS3  PGRA 06196 634 71 891.57 5.89 55.53 87.27 -0.269
4 PgTPS4  PGRA_06288 1196 14051330 5.62 47.22 82.12 -0.454
5 PgTPS5  PGRA_06735 408 46 289.65  7.67 43.84 74.61 -0.445
6 PgTPS6  PGRA 06845 181 20513.80 6.33 35.41 99.56 -0.123
7 PgTPS7  PGRA 07376 561 64 758.34 5.37 38.28 88.13 -0.238
8 PgTPS8  PGRA_07421 336 39363.48 5.12 54.16 97.50 -0.181
9 PgTPS9  PGRA_08229 139 1585598 5.75 3291 91.94 -0.247
10 PgTPS10 PGRA 08530 791 91390.40 5.86 43.30 86.04 -0.340
11 PgTPS11 PGRA 10182 333 38085.79 491 40.56 97.51 -0.042
12 PgTPS12 PGRA_10346 618 7158425 891 37.88 86.28 -0.421
13 PgTPS13 PGRA_11159 144 16 985.67 5.57 46.01 119.79 -0.002
14 PgTPS14 PGRA 11996 516 60 112.56  5.01 42.29 92.42 -0.301
15 PgTPS15 PGRA 12299 254 2912342 641 45.59 84.88 -0.283
16 PgTPS16 PGRA_13747 556 64 528.85 5.28 41.88 90.67 -0.261
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Lk
FFs R TPSs £ [H 1D FIEMRE TR HERSHES AMEER  RERE BUKIER
Number PgTPSs  Gene ID H/aa Da Theoretical ~ %§ Liposolub-  Hydrophobicity
Amino acid Molecular isoelectric ~ Instability ility coeffi- index
number/aa  mass/Da point index cient
17 PgTPS17 PGRA_14289 575 66 598.26  4.90 57.46 89.88 -0.278
18 PgTPS18 PGRA_17769 820 9383330 534 45.18 83.95 -0.363
19 PgTPS19 PGRA_ 19404 747 86 545.25  6.30 38.84 94.38 -0.280
20 PgTPS20 PGRA 20463 135 15228.66 549 33.29 100.376 -0.173
21 PgTPS21 PGRA 21221 208 23309.89  6.61 41.93 96.63 -0.038
22 PgTPSEREREHIREKEN Jetfk LA AN 5], 2 HORFEAE Yt K 13 o

BT R SE A R, 23] 1 PgTPS FEH XK
B g E R (D, SiRER, 214
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o
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o
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<
Fel
=
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-
" |—PgTPS19
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8
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=
—2 §
o
=
8
&1

|
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—PgTPS10 -
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FASE TPS J PR 50 IR 1A G (AR 5 for

Fig.1 Chromosomal localization of the TPS gene family in Platycodon grandiflorus
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By KRR R OR S B P R B e N 20 (K12
(b) Do GiRER, KZHPeTPS & H K Motif 7
i B & N A L, {H PgTPS9. PgTPSI3.
PgTPS20 F1 PgTPS21 f#) Motif 73 A7 1 2 & 2% 57 T H
f 7, B NI SRR L R T e R AR T

et fE21 s, H 134 PgTPS &
1 [A) i 4,4 motif 4, motif 5, motif 8 Al motif 14,
HEMIX 4 4> Motif 4 PeTPSs K I A (573 . 8
BEBRRZ, oK rEe (i PgTPS4)
WL NET T oM. RS 2
(¢) Fimm, Fifi PeTPS N BIEHEEZANE T,
SAETEEN T 2~1540 208, HER T 5S4
A NETFLAMmPIERGIX . 2 Ed,
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HEBIT, AT T 8 m A OR 57 1
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(a) Phylogenetic tree (b) Motif distribution

(c) Gene structure
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w Motif 16
PgTPss  —M—"T AT Hit el
! " Motif 13
s PgTPS14 — T RARRMA i = Motif 20
09 . = Motif 14
g3 ~PgTPs1e —HRTTRARN LA — ™ Motif 19
8l pgTPS13 - " UTR
77 ) I CDS
PgTPS7 ~—-EM[LRLAR_mL )
'— pgTPS17  — R IRRL H—-H
| batog PaTPS15 - —]
100l 74l pgTPS12 MW —
PgTPS9 M- -
47 —m mEmmE 1l
‘— pgTPss  FRARAML I
0 PgTPSs —HIRER- !
% PgTPS4 ARUTFAARATRE _ NRCTARRATE.
PgTPS11  —TARRAMA
3 5 3
Q W QQ ()() QO QQ R O P O O Q(“) WIS Q(“) Q0
%5 [\ & RN O T N PR NN

2 PgTPSIEPZIEII R YA B W kK SR AI LR T e
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