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# E:. BRY FR7EaEk Polygala tenuifolia M N SEFTBR S (methyl jasmonate, MeJA) MBI FHAER, BixE=
TERA AV B A A RSB IE IR . 755k DAAEK 30 d FOm BB HOAMRL, AR EREIZK (CKD. 50 pmol/L MeJA.

100 pmol/L MeJA 43 24 h, SEH] lllunima Hiseq™ 2000 150PE AT L0, %8 Trinity #4452 % Unigene £ de novo
BH#E, T BLAST SZ3 Unigene 95325, ThfgiERe. MUHEEHOH. BEAIRITERK. ZRERSHARGES, £R L
345 52.19 Gb ###, @it de novo HHEEERSF] Unigene 54 426 %%, “FIKFEN 1604 bp, 1HERERIIER 100%. it MelA
AbFR R G B RIHEAT 2 o0 A, L0 2 AR DR 3 390 A4, Ho A 1287 A i, 2103 AN T, H.EL 100 pmol/L MeJA 4bEE
HI RS R BB L REUR R . KEGG EEMTIRY, ZRERNTEEETHENEREDE K. LHER S EERNW. 5
W REREARS . DS E B L S ARG S KEGG B . R 3 5k =ik 28 B A& B S I FE ] 59 4%,
Hrd AACT. HMGS. HMGR. MK. PMK. MPD. DXS. IDI. FPPS. SQS. SE #il B-AS % MelA %S5 &k & i,
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Transcriptome analysis of Polygala tenuifolia seedlings induced by methyl
jasmonate and key genes mining for triterpenoid biosynthetic pathway
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Abstract: Objective To obtain the transcriptome sequence database induced by methyl jasmonate (MeJA) and identify the genes
related to the biosynthesis of triterpenoid saponin in Polygala tenuifolia. Methods The seedlings grown for 30 d were respectively
treated with sterile water, 50 pmol/L MeJA and 100 umol/L MeJA for 24 h. The transcriptome data of seedlings of P. tenuifolia were
obtained by Hlunima Hiseq™ 2000 150PE sequencing and de novo splicing of Unigene was realized by Trinity software. The GO
classification, KOG functional annotation, metabolism of KEGG metabolic pathway, protein function annotation analysis, differential
gene analysis and screening were completed based on BLAST. Results A total of 52.19 Gb clean data were obtained after the
transcriptome of P. tenuifolia being assembled by Trinity software, and 54 426 Unigenes were assembled with an average length of 1
604 bp. All Unigenes were annotated in the public databases NR, NT, KEGG, Swissprot, GO, and Pfam. Through differential analysis
of genes responding to MeJA, a total of 3 390 differentially expressed genes (DEGs) were found, of which 1 287 were up-regulated

WS HHE: 2020-01-06
E ST : A5 MAT (P EZDRIFE 2 2 1 H (201507002-1-08 )5 ki B2 245 k24 2824 " R AT 2 BT % 2 RHA3T [ BT H (2019-QNO1);
2019 FEPEITIRSS SRERRE SR THAN BB & (R EEZ AR R SR B “AEPARIEEETH” (4 [2019] 39 )
EEEN: & 55 F, BB, AR ATR A REN SIFRFIM. 7 TAZ2E 0. E-mail: ppengliang@126.com
HBIEEE WIKA, &, BIEER, BRI AR B & BIRIE A S, E-mail: bingyyang@126.com
B, Lo, EdR, WEFT A P 2R AR A DG R BOE R PERF 9. E-mail: ph.175@163.com



* 2518«

¢ %% Chinese Traditional and Herbal Drugs 35 51 % %5 9#§ 202045 H

and 2 103 were down-regulated. The response of DEGs showed that the total number and up-regulated number of P. tenuifolia
seedlings treated by 100 pmol/L MeJA was the highest. KEGG enrichment analysis showed that differentially expressed genes were
significantly enriched in metabolic pathways including phenylpropanoid biosynthesis, cysteine and methionine metabolism, starch and

sucrose metabolism, carbon fixation in photosynthetic organisms and terpenoid backbone biosynthesis. Furthermore, a total of 59

Unigenes involved in anthraquinones biosynthesis were found according to the assignment of KEGG pathway. Expression analysis
showed that AACT, HMGS, HMGR, MK, PMK, MPD, DXS, IDI, FPPS, SQS, SE and B-AS were up-regulated after being induced by
MeJA. Conclusion In this study, the transcriptome of P. tenuifolia seedlings treated with methyl jasmonate was analyzed, and
candidate genes related to triterpenoid skeleton biosynthesis of P. tenuifolia were obtained. MeJA can induce the expression of genes
related to triterpenoid skeleton synthesis, which provided a wealth of data resources for the molecular biology research and also laid the

foundation for the analysis of the secondary metabolic pathways of triterpenoid saponins in P. tenuifolia.
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it & Polygala tenuifolia Willd. & izt & B}
(Polygalaceae) ZF AEHIAMY), HTEMELZIK
B g 2ibt, # ChEZGH) 2015 FhiR
TWREGM AN, mELGMkT . ¥, MR, B
BHEL . B2, IR Prihi. BEk.
TR RBEAN BT S5 DR, TR T 0B AN
FEHKIR A, RS, IR 2
K7 AR AR 4 AR 3 AR BT, B
EF o EAREE BT i R RS2
Pl 22 gy, o Hpoize B R R I A R ML
57, o H R B 2 A i RR A, 295 50 R,
A B9 0 8O0 b 1 T3 =i ke e, B
E R, mEBHEARENIE R, &
H AL BRGSO AR SRR, VR LS 3 EA Bt
P2 A L E T S B TE I . IHBRRE RLRL . FH &
RAEAS T W B IR V)RR S AR BERS . 28
¥ 5 DX 1A IR [ ) A I RO SR AN . BT B-UE M A AR
M (AB) M2 ks 5010,

EREE, R = SRS AR
Y& A RTRBEN. (precursor supply). B 224 ik
(skeleton synthesis). #5354 /% (saponin synthesis)
3B (B 1 ML 1 i BONIEARRT A TR
IRIGFAEBER (isopentenyldiphosphate, 1PP) f/4:
B (C5), WA BNR A K RIEE (MVA
42 1 (acetyl-CoA C-acetyltransferase, AACT).
?OW OE gk = B W OB A & M
Chydroxymethylglutaryl-CoA synthase, HMGS). %
FH L I k4 G A )58 Chydroxymethylglutaryl-
CoA reductase, HMGR). H ¥ [k Il (mevalonate
kinase , MK ) . @ B W & & & ¥ B
(phosphomevalonate kinase, PMK). HI¥2 k8 5-4&
i ®R ML F2 B ( mevalonate 5-diphosphate

decarboxylase, MPD) il F & Jr & B i iR i 72 (MEP
B M O1- WA -D- K B KE -5- B IR & B
(1-deoxy-D-xylulose-5-phosphate synthase, DXS).
1- it % -D- A i B -5- 19 2 34 )5 7 1) Bl ( 1-deoxy-D-
xylulose-5-phosphate reductoisomerase, DXR). 2-C-
HH L -D- R B B Y A- W TR T I BBl (2-C-
methyl-D-erythritol 4-phosphate cytidylyl transferase,
MCT). 4-(JflH-5- i R)-2-C- H JE FR i W I Uk g
[4-(cytidine-5-diphospho)-2-C-methylerythritol
kinase, CMK]. 2-C-H%:-D-7R ¢ HERE 2,4-38 IR
&1 (2-C-methyl-D-erythritol 2,4-cyclodiphosphate
synthase, MCS). 4-§53&-3-F 3255 i & i
(  4-hydroxy-3-methylbut-2-en-1-yl diphosphate
synthase, HDS). 4-¥%3L-3-HJE-2-2K 3 i FRIL IR
ff  C 4-hydroxy-3-methylbut-2-enyl  diphosphate
reductase, HDR). 2 2 [r BT B A 1) IEA) 2,3-
Atk (2,3-oxidosqualene, OS) (C30), %
() OB Bl AT e 0 — W IR & Al (isopentenyl-
diphosphate delta-isomerase, IDI). #4: ) L3E HE iR
U (GPPS). kB RERR G (FPPS). &
154/ (squalene synthetase, SQS). %M%M
(squalene epoxidase, SE). 5 3 BB B-& W iREE S
FilE (B-amyrin synthase, B-AS) ik OS AL B-
EWIEEE (C30), )5 B-A 4 ML 40 (3K PA50
(cytochrome P450, CYP450) {E T{# C-28 %k
R IBRTR, BB CYPAS0 LN KL H% iy
(uridine diphosphate glycosyltransferase, UGT) %%
AL 7 A2 B BEAL SR T G SOR e B T B =i 2
#H,

24, R TS =2 R A A A
A T REFE R 1) LR s BE IR BEAT 1) 2 BT AT, A
Z. =4, WESEAAEY T RRE T RES=
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Fig. 1 Biosynthesis framework of triterpene saponins of P. tenuifolia

i AL A W) B AR 2 ) 9% B i 3 DR 9 3630 1 AT
IR,

SR, I8 P = R R R USRI T 2
A HEERMAREZ, EWERS THLH]
WEFARNT D, A SARIE G 3 1328 B AR SR 21 AR
SO SR L R A S ik ) 2 MR
WEIEIMLEE (OSCs) K7 J2 T RERT 5t MO LA 2 F)
F G 4N 487 MeJA 5 S E4) 1 OSC [
SrpTNss, ot H A GR R AR LR AR K12
. MeJA ZEDKAERBTEENESHS S
T, BRG] LB B AR S A S R
Wk, IR SR A AT 9% I S B Bl IR 11
Fik, FWSCHEEEMITEYE, MR A
R4 RS9, Rahimi PR RIS, MelA
PSR T MEP Al MVA IR 3L R R4 DL
BASBFNER: HEDYHEBHE MeJA J&5H

AVHMGR. AVDXR 33k 23 F P, R R2E Al
KRR E MeJA WbHLE E @ mH. 2hif. 14F
ARG, B MeJA AT LAEREze e SR .
ST, i E R mE R, 3,6- I Tk
SERERSE RO B IR R R P, Hi,
HEDMEAN MeJA W] Be LI ze G A =ik 2 AR AR
FAYIA AR IR Rk . ASHIE T 43 S TS TR 7K
(CK). 50 pmol/L MeJA (MJ50). 100 pmol/L MeJA
(MJ100) AbFEREFE 30 d W& 24 h, KA
Hlunima Hiseq™ 2000 150PE #E17#: - 4HMF, Mz
MeJA Ak B 5 1z 540 v L S A P, A 22 e ik
LSRRIk, 1230 5108 = w2 E 22 B &
FMIFAEIEN, DU R MeJA A S 1t 6418 1
SR REARRRAE B = 81 28 A G BE R ) 22 57
Rk, NI E =R BRI A SR K
st JOR B e 5 B A
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1 #MR5ERE
1.1 s

FE ity FH B2 P04 F a2 [X o 25 B2 B /N LR AR,
LB VE I 245 R AR EER 4 i i Polygala
tenuifolia Wild. 20551 . B59IEE N 20 C, A
Wi 12 h Jef8/12 h 2B, 555530 d, KB —3
frizE T, FHICHE /K &% 50 100 umol/L MeJA 4k
24 h JEHURE, 28K e e, B4R TR
TR, WEGER G E T-80 CukFa# .
1.2 RNA #2BUK cDNA 3CEE#E

% ] Qiagen RNeasy Mini Kit #&HUFE A &
RNA, ZFx gDNA, frillse®tf5, HaA Oligo
(AT HIEER & 4 mRNA; AT W7 54 mRNA
FI TR B, LAFT W5 7 mRNA SRR AR & il—
cDNA LK —#%5 cDNA, gliftEfie, itk ARz 5.
cDNA 1 3" Ruihn FodE “A” HEEk, RE
AT BRI B, e fa AT PCR 3, MY
SCFEH] Agilent 2100 Bioanalyzer Gk
1.3 MFREiEESE

{8 Illunima Hiseq™ 2000 150PE #4757
Trinity F 5 2R £ 4T de novo 4H2k .
14 Iheeixs

B 412% /) Unigene f# /] DIAMOND %5
Nr 42 & Chttp://www.nchi.nlm.nih.gov/) . SwissProt
Bl Chttp://www.expasy.ch/sprot/). I #FE K 5
ERHAHFR 4P (KEGG) Chttp://www.genome.
jp/kegg/)~ Pfam %4 #E Chttp://pfam.xfam.org/) .
GO ¥ ¥ FE  ( http://www.geneontology.org ) Fll
eggNOG ¥ % (http://eggnogdb.embl.de/) #H4TEL
Xf, BI{E/NT0.000 01,
15 EFRFEEEKFESH

RSEM %I bowtie f{J LU 45 SR AT Gt #E—
192 7 AREANFE A EE B RN R R ER readcount 2
H, JExHdH T FPKM B4, 321704 Unigene 1)
FILKTo RH TMM % read count $diEidt 47 ArvE

A, P DEGseq #E47 2 504, THIERIME (g
value) <<0.005 H. |log,(fold change)|>1. GO IhfE
REWEESPE LA Z 7R EE M Gene
Ontology ##i % Chttp://www.geneontology.org/) ]
FA term B, THEEA term MEFEH, A5
K SEAFERAYE SML, 2R REHEF B
% & 5 - Pathway & 2 1% & % 73 i LA KEGG Pathway
NEAL, R JURIREEE, R 22 R AR 4
AR R R 2 E R 1Y pathway
1.6 EE=EXETREREXEENEZRESER
M5

MR SCRRFE I = S A = i R A 28
GRS, 46 KEGG F R4 A P b 2L A
FPMEE, FIHAM Blast #HATH RN, Mgk
B SRR PR b 5 3 =6 S A 2R A
KM HER o $ B S AHL 000 e Hh OCBERE IR 1) FPKIM
E AT Z T
1.7 SERTREZEE PCR (gRT-PCR) #&3

KH qRT-PCR izt & % 5 2H £ s (CK. MJ50.
MJ100) H =il B 284 AR e 1t 22 S B R iE AT
Tk R E KR B-actin (NS ER,
HARYE S TR 75 Fr Bed ik gRT-PCR 514 (%
1).PCR 244 % 9 20 uL: cDNA £ 150 ng, SYBR®
Premix EX Tag TM Il (2X) 10 uL, 1EX5I4%1% 1.0
uL, N ddH,O % 20 uL. PCRFE/F N 95 C. 30's;
95 ‘C. 55, 55 C. 30s, 72 ‘C. 1min, 40 &
W, MR &R E N 656~95 'C 5s, Hftm
0.5 CHHSSE—RTE, S5FRM 274 k4Tt
B, 3INEK.
2 GHR5ES
2.1 RNA RS REH

F Qiagen RNeasy Kit $#2HUz H 475 & RNA,
T I BB I FRL KA M RNA i &, Nanodrop #6:11
RNA 26 (Ageo/Azso B, Qubit 1T RNA WK JE
[RRG Hf 2 22, Agilent 2100 K5 AfASII RNA 58 521,

1 WHEERE PCRSIYFT
Table 1 Real-time PCR primers

BE[A] 1EmG (5°-3) S5 (3°-57)

HMGR CGTCGTTTATCTACCTTATTGGC GCTTTTATCACCTCCTCATCCT
MK CGGTTGTTCATGGATCTACTGC TCAAGTCCCATATCCTTCAGC
DXS GCTATGAATAATGCTGGCTACCT GCTCCTTGACCACTCACTACTC
SE TATGAAGCGACCATTGTGAAAG GCTCAACGGATCTATGGGTAT

B-actin GCTGCCCTGAGGTCCTCTT

TGGAACCACCGATCCAGACA
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5B RNA i e B s (RIN>7.5), ¥
[F]— kb 3 NEE RNA RS JE T mRim &N,
Fy%E CK. MJ50 1 MJ100 3 NS4 S .
22 NMF5HERER

F Nlunima Hiseq™ 2000 150PE “F- & k47t &
Y SR A B E N, HE3R1S 357 326 062 %
raw reads, £y ERE ], 135 347 899 116
% clean reads #1 52.19 G clean bases, Qo “F-#JEH N
97.57%, Qgoik 92.85%, GC 7K 43.71%, 5
R, W ERGEIR TSRS, BB TR
BEIE, BRI R RS TR .

K FH Trinity #4400 7 21347 B2, 353K 215 567
% transcripts, 7E transcripts 2#E () 3Emt £, #—3F
NP BT SE, H3RAS 54 426 2% Unigene, Hfik
LI 2.

F2 MEHEREHRER
Table 2 Summary of transcript assembly generated from P.

tenuifolia
K JZ/bp LN h Mor B RIEE %
200~500 35330 8119
500~1 000 42 415 17 236
1 000~2 000 56 630 13200
>2 000 81192 15871
Mk 215567 54 426
SRR 397 432 127 87 296 697
Ngo £ £ 2 689 2 445
Ngo KK/ 926 712
RESRIS 1844 1 604

2.3 Unigene ThRE T2

Witk BLAST 241 E (H1<1X10° M
HMMER 2% E 5<1X10", H%ZFrA Unigene
TR 3 & B, WAk 3. Hr KEGG. KOG
s e FR R Unigene ZCE/E 15000 BAR, H4x
H 45 e 1A R 250 AT R 1T 20 000 2%, £ NR #idfs
PErp R 2, 31147 4.

Unigene 5 NR #dlEFE3HT BLAST tbxt, RIEIA
WA HFEFLHIMF A Unigene 5 HABA A ULEC
FEANE, KT 10%, HARRIIFE 5745 Quercus suber L.
It i be g 5, o 8.819%, H S K V2 K Juglans regia
L. (6.36%). K& Glycine max (Linn.) Merr. (4.95%).
7 Cajanus cajan L. (4.94%) FIZEE M Ziziphus
jujuba Mill. (3.91%), HAhPF A 71.03% (& 2).

3 ERE Unigenes jERR&ER
Table 3 Summary statistics of functional annotation for P.
tenuifolia sequences in public databases

TREH R *H H 5%
NR 31147 57.22
NT 21490 39.48
KEGG 12197 2241
SwissProt 23721 43.58
PFAM 23 800 43.72
GO 23 800 43.72
KOG 6 993 12.84
Annotated in all databases 4398 8.08
Annotated in at least one database =~ 35353 64.95
1 Unigene % 54 426 100.00

BT F AT
o T
K
St

2 NR HEBELLHERNEZY IS
Fig. 2 Summary statistics of species classfication in NR
databases

24 GO H%

L4 37 127 %% Unigene #iE B2 GO 4326 (&
3), Horb, FEAJEKHCEAE 10 000 2% DA b HIhRELE
Z 5144 2 (biological process) 4328 H 25
FETF ML FE Ceellular process, 13 907 45), 1R
iIFE (metabolic process, 12 839 2%) FlHL2H 4L 2
(single-organism process, 10 104 4%); fE/rT-ThRE
( molecular function ) 73 28 o & 2 5 4 T & 4%
(binding, 13 415 2% FfiAL i 1% (catalytic activity,
10572 %%); TAEANZE 5> Ccellular component) Hf
FEBETYIM Ccell, 7763 2%) FLUMIERAL Ccell
part, 7763 %%).
25 KOG IhgEsn 3

H & 4 7] 40, 356 15 015 4% Unigene #3862
25 f KOG 733, WA T KRB EamiGsh. H
o, B 1&1M (posttranslational modification).
% A A B Cprotein turnover ) il 4 1 ££ 15
(chaperones) #&# KFEH, 7 1000 %% Unigene,
7 BB 2] Unigene 2 201 14.35%; H & D fg il
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S foaoxxs ESOCEmEEmoL 200G g = mggcﬂ-’ﬂﬂ—wcc)coc S E 2 ocol-5oc =
s5- 2852588 $8855E8885=22¢ & J SS=L5%E8 S55 5 > & £558gsEe
L8 232385 B Sc o8 gcs S © TXTEDT 2O 55 °? S =2523€385¢
o525 T°CE SS=Z900S 3S2% S SES2g g e X £8885553
22828 £ 5 7 B28ccs 3852 SES32 S °5 S §8csgsg32
288" ¥ & g E92E33 23 9o SEETE @ £ g °CS2gBEZS
= g £ g 2 Z95%5s g8 2 3.8g5 s s & SyLHs=”
D S5 = =) = 55 5 SSE25%8
g S & ESsss 5 2 88 % EE3ESS
|53 EES =3 £ s o5 8
2 235353 ] EEE”S
g e H g %
8 22 g B
5 £F S Z
= o> o @
E 28 k- s
8 2 =
3 Unigene B9 GO 334 R
Fig. 3 GO classification of assembled Unigene
A] RNA processing and modification
C] energy production and conversion
B] chromatin structure and dynamics
15 E] amino acid transport and metabolism
. D] cell cxcle control, cell division, chromosome partitioning
G] carbohydrate transport and metabolism
F] nucleotide transport and metabolism
I lipid transport and metabolism
H] coenzyme transport and metabolism
K] transcription
10 W J] translation, ribosomal structure and biogenesis
€ M] cell wall/membrane/envelope biogenesis
8 L] replication, recombination and repair,
5 O] posttranslational modification, protein turnover, chaperones
o N] cell motility
secondary metabolites biosynthesis, transport and catabolism
P] inorganic ion transport and metabolism
5- S| function unknown
R] general function prediction only
U] intracellular trafficking, secretion, and vesicular transport
T] signal transduction mechanisms
[W] extracellular structures
L |—| I [V] defense mechanisms
0 - | | [Y] nuclear structure
ABCDEFGH IJKLMNOPQRSTUVWYZ Z] cytoskeleton

KOG classification

4 Unigene B KOG 3245 R
Fig. 4 KOG classification of assembled Unigene

MZEFER (general function prediction only), L5
912 % Unigene; T1fi 4l i 4 25 ¥ Cextracellular
structures) FI4HHLZz) (cell motility) [ %,
39 11 560 4 Sk HAB SRR DR 20k =
FAHHIA

2.6 KEGG i@

b, £ KEGG #ulEFETIA 12 197 %
Unigene 327, 3 & 2 5 25 FIHEK: 4N FE (A,
cellular processes), ¥5if5E4E (B, environmental
information processing), &5 8 4bH (C, genetic
information processing), fX#f (D, metabolism),
HLZ&%: (E, organismal systems); 19 &1k, %5 %
K (B 5), PUE/KA &R H (Carbohydrate
metabolism) ff1f %, & 1 051 %k; H AR
(translation) F147& (folding). 432 (sorting). F¥fif
(degradation), 4354 904 F1 722 %&; /b2 NEHIE
%1 (membrane transport), 459 2.

2.7 ERTEEANSMEELE

PAIF) 26 B T K A B sz B4 R IR, 2
7 50. 100 umol/L MeJA AbFE 24 h J5 % 7Rk
B A FPKM B S exs B R ) e ik i, R4
FDR<0.05 H. |log,FC|>1 fifiifk 7= 5 ik F X, HL i
EH 3 390 NMEFERE (K 6), FHH MIS0 Xt CK
F 545 5 Unigene 1 321 4%, 1 Unigene 416 %%,
T 905 2%; MJ100 %} CK f#)= 38 5 Unigene 1 960

%, A Unigene 831 %%, Tif 1 129 %%; MJ100
X MJ50 (1248 5% Unigene 109 %%, i Unigene 40
2%, T 69 2%, UHWIAHEFH MeJA AL Nz &

W TR B2 () R I 52 B0 o

BEJE, AT XEARE M) AFE &L It
[F) R 7 0 22 S Rk IR, AN [RJ 4L TR] 1Y) DEGs A
B EE (B 6), FTELEH, 7 CKvs MJ50 5 CK
vs MJ100 #, DEGs fHE &k FiH K (1 199
%), f£ MJ100 4 HER}, DEGs [4E S Rk IA F
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environmental adaptation mE———-05 E
overview [ O |
nucleotide metabolism —77
metabolism of terpenoids and polyketides m—?37
metabolism of other amino acids 177
metabolism of cofactors and vitamins m—323 D
lipid metabolism m—— /56
glycan biosynthesis and metabolism w129
energy metabolism e —— 14
carbohydrate metabolisim 1 (5|
biosynthesis of other secondary metabolism m——-17
amino acid metabolism m—— ———————C 11
translation |
transcription =338
replication and repair 174
folding, sorting and degradation | 1722
signal transduction E————476 B
membrane transport mms9
transport and catabolism —————""528

0 2 4 6 8 10 12
percent of genes/%

1904

AR B-FASE(E AL C-fE(E R DUl E-AHLRS
A-cellular processes  B-environmental information processing  C-genetic information processing D-metabolism  E-organismal systems

5 Unigene B9 KEGG 734 R
Fig.5 KEGG classification of assembled Unigene

; 300 ; CKvs MJ50 CK vs MJ100
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Fig. 7 GO annotation of differently expressed gene
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Fig. 8 KEGG pathway annotation of differentially expressed genes
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Table 4 Candidate genes involved in triterpenoid skeleton biosynthesis identified in P. tenuifolia

L Kos  #H ihe
acetyl-CoA C-acetyltransferase (AACT) K00626 2 transferase activity, transferring acyl groups other than
amino-acyl groups, 3-oxoacyl-[acyl-carrier-protein]
synthase activity
hydroxymethylglutaryl-CoA synthase (HMGS)  K01641 4 hydroxymethylglutaryl-CoA synthase activity, microtubule
binding, extracellular ATP-gated cation channel activity,
DNA-directed DNA polymerase activity, purinergic
nucleotide receptor activity
hydroxymethylglutaryl-CoA reductase (HMGR)  K00021 7 hydroxymethylglutaryl-CoA reductase (NADPH) activity,
coenzyme binding
mevalonate kinase (MK) K00869 3 oxidoreductase activity, metal ion binding, ATP binding
phosphomevalonate kinase (PMK) K00938 2 DNA binding, oxidoreductase activity, acting on paired
donors, with incorporation or reduction of molecular
oxygen, 2-oxoglutarate as one donor, and incorporation
of one atom each of oxygen into both donors,
phosphomevalonate Kkinase activity, methyltransferase
activity
mevalonate 5-diphosphosphate decarboxylase K01597 1 ATP binding, actin binding
(MPD)
1-deoxy-D-xylulose-5-phosphate synthase K01662 7 1-deoxy-D-xylulose-5-phosphate synthase activity, catalytic
(DXS) activity
1-deoxy-D-xylulose-5-phosphate K00099 2 oxidoreductase activity, acting on the aldehyde or oxo
reductoisomerase (DXR) group of donors, NAD or NADP as acceptor, protein
binding, NADPH binding
2-C-methyl-D-erythritol 4-phosphate K00991 2 2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase
cytidylyltransferase (MCT) activity, nucleotidyltransferase activity, uridylyltransferase
activity
2-C-methyl-D-erythritol 2,4-cyclodiphosphate  Ko1770 2 2-C-methyl-D-erythritol  2,4-cyclodiphosphate  synthase
synthase (MCS) activity
4-(cytidine-5-diphospho)-2-C-methylerythritol ~ K00919 2 nucleic acid binding, zinc ion binding
kinase (CMK)
4-hydroxy-3-methylbut-2-en-1-yl diphosphate = K03526 1 4-hydroxy-3-methylbut-2-en-1-yl ~ diphosphate  synthase
synthase (HDS) activity, oxidoreductase activity, antioxidant activity
4-hydroxy-3-methylbut-2-enyl diphosphate K03527 3 4-hydroxy-3-methylbut-2-en-1-yl  diphosphate reductase
reductase (HDR) activity, metal ion binding
isopentenyl-diphosphate delta-isomerase (IDI) K01823 hydrolase activity
geranyl diphosphate synthase (GPPS) K13789 6 transferase activity, transferring alkyl or aryl (other than
methyl) groups
farnesyl diphosphate synthase (FPPS) K00787 transferase activity
squalene synthase (SQS) K00801 transferase activity
squalene epoxidase (SE) K00511 squalene monooxygenase activity, FAD binding, flavin
adenine dinucleotide binding, oxidoreductase activity
B-amyrin synthase (B-AS) K15813 2 1-deoxy-D-xylulose-5-phosphate  synthase activity, ATP

binding, kinase activity, protein binding, catalytic activity
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Fig. 9 Analysis of expression patterns of key genes
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Fig. 10 Quantitative PCR detection of key genes for
triterpenoid saponin skeleton synthesis in P. tenuifolia
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