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Abstract: Isopentenyl diphosphate isomerase (ID]) is a key enzyme in the regulation of triterpenes biosynthesis
and plays an important role in ginsenoside biosynthesis. In this study, two /DI genes, PvfIDI1 (GenBank No.
MZ736417) and PvfIDI2 (GenBank No. MZ736418) were cloned from Panax vietnamensis var. fuscidiscus. The
open reading frame of both PvfIDI1 and PvfIDI2 was 924 bp encoding 307 amino acids. The molecular weights
of PvfIDI1 and PvfIDI2 were 34.84 kDa and 34.66 kDa, respectively, with theoretical pls of 6.01 and 5.66.
Bioinformatic analysis indicated that PvfIDI1 and PvfIDI2 contained two conserved sequences: TNTCCSHPL and
WGEHELDY. Phylogenetic analysis showed that PvfIDI1 and PvfIDI2 were closely related to Panax notoginseng
IDI. Expression analysis showed that both PvfIDI1 and PvfIDI2 genes are expressed in root, rhizome, stem and
leaf of P. vietnamensis var. fuscidiscus. However, PvfIDI1 is highly expressed in the rhizome and PvfIDI2 is highly
expressed in the stem. PvfIDI1 and PvfIDI2 recombinant proteins were expressed in E. coli; a functional coloration
experiment showed that PvfIDI1 and PvfIDI2 could promote the accumulation of lycopene, indicating that both
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PvfIDI1 and PvfIDI2 encode functional IDI enzymes. The cloning and functional studies on PvfIDI1 and PvfIDI2

provide a foundation for the further study of /DI and the regulation of ginsenoside biosynthesis in P. vietnamensis

var. fuscidiscus.
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REERLEH . NSRBERN=RKNEY, 7N
FEAEBEFR (isopentenyl pyrophosphate, IPP) A H 57 44 &
R EE N ) Ak £ B R (dimethylallyl pyrophosphate,
DMAPP) 4 XA & i EEZ /TR & 4. PP AEAE
YDA 2 A AL T A0 M 5T 1) FE 2 KR (mevalonate,
MVA) 38 4% LT 1 o (1 2-C- F i -D- 7 35 5 -4- T TR
(2-C-methyl-D-erythritol-4-phosphate, MEP) i 4% % 1%,
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ATIE 5 F T Bk B 2 A8 M i SR A BOHE, O Ak O e B
SRAF W 5% IDIFE A, ) R A= 90 245 T8 2 S A %o L o B
A R BEALE o  E R AE A L B B A R A OC
AT o, R LR 25 % & PCR 43 Hr HAE Bk e
AT A 28 B I R B G 0L, TRAE K AT B b S R R
IREGUEH T RE, N4 5 R 1D R 4% v 2 A8 Fih
NS =R AR R B e SRl

MR RE*
MR SEISFT YRR B & R A M 4
TR BE R BRI B V6 B, 4 DNA £ I 05 H AR K6 18S

rRNA FE R Fl - S AR mark 3 RN, 1 2 oAl 248
(P, vietnamensis var. fuscidiscus). =IO I R N 2
TR R 5 RA7 T80 °CUKA -

DHS5a Chemically Competent Cell I B 8 £ A48l
¥ (L) AR F]; BL21 (DE3) Chemically Competent
Cell 1 Trans1-Blue Chemically Competent Cell 33 H
LA ARAR AT . pCold GST DNA I
H AW T A BR A A pTre-AtIDI A1 pAC-LYC H
Francis X Cunningham Jr. (Gantt) (3% [ & B >4 Jif 2% B
ELEEVN-OE:C 2 VP

S RNAZEUR cDNAGRL K Trizol V£ 7) il i2
OB Z AR R 25 R 25 0 60 RNA, H B 58
ANET WAy 66 B (DS-11,3% [E DENOVIXING) Al 1%
B i A 8 iz F VKRS DI RNA 1 )5 &, F PrimeScript™
RT reagent Kit with gDNA Eraser (perfect real time)
(TaKaRa)  RNA 55 cDNA, —20 °CLRA7 % o

EFETEPE T URE AL AT 15 B R 24
T e e S HUHR, e e 2 P SR 14 56 P BB O IDI
[l j8 i NCBI 7E £& 7 41) Lt X Fil ORF 43 #7 # ¢ 3K 15 2
S HA 58 B TF IR BAE (1) IDIEEHE R . ) H Primer
Premier 5.0 B/ B TH ID1 5 K] 4= 4K T0 % o B i 57 1 5
P (% 1). LAHES S AR cDNA 4R AT PCR ™
¥, [ NiAK Z&: PrimeSTAR HS (Premix) 25 plL - 1F [ Al
S TE 514 (10 pmol-L™") % 1 pL.cDNA 1 pL. X 7% /K
(ddH,0) 22 puL. X N F2F: 94 °C 5 min; 98 °C 10 s,
55°C 155,72 °C 60 s; 34 M ¥h; 72 °C 10 min. [ 1%
Tt IR W e F vV S D) PCR 7490, PCR P 244K Ji5 N
JE % %35 444 pCold GST DNA, #1k DH5a Chemically
Competent Cell &2 &4, T &2 F 5 % & (ampi-
cillin, Amp) (100 mg-L") [ LB “F4R I 37 °CH: 3% 12~
16 ho FRHCE 50 B BEAT 1 7% PCR J0AIE, FH LSS ik 2
ATAYTRE (L) B A RA M. $ 50 0E 1
) 5 41 J5 L iy 4 N pCold GST DNA-PvfIDI1 Fl pCold
GST DNA-Pv/IDI2.

£MIEE2F o4 F A NCBI (National Center
for Biotechnology Information) 7E £k 43 #T PvfIDIs %
(] ORF F [F]J5i14; F F§ EXPASy-ProtParam tool (https://
web.expasy.org/protparam/) 73 HT PvfIDIs &% [ i BRAL 14
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J5i; F) I TMHMM 2.0 (http://www.cbs.dtu.dk/services/
TMHMMY/) 43 #1 PvfIDIs £ H (1 #5 JIE X ; ) H SignalP
5.0 (https://services. healthtech. dtu. dk/service. php? Sig-
nalP-5.0) #k 17 {5 5 Ik 7> #7; F§ WoLF PSORT (https://
wolfpsort.hge.jp/) Till M. 44 B 7€ £z ; £ FH InterPro (http:
//www.ebi.ac.uk/interpro/search/sequence-search) 4145
FITRESE; 48 SOMPA (https://npsa-prabi.ibep.fi/cgi-bin/
npsa_automat. pl? page=/NPSA/npsa_sopma. html) il Jlf
| AW g 458 f# | SWISS-MODEL (http:/swiss-
model.expasy.org/) TR & F K] = 2% 4544 ; F FH BioEdit
AT AT R AR 2 7 51 Lt R NCBI I 2 1 )5
75 PR R [R5 41, 18 MEGAG6.0 14 i & 4t
1L, bootstrap N 1 000,

FIESH AR SRR BB PyfIDIL R PvIDI2 T
FNBETH SIS 2% % 8 & PCR 514 (£ 1), LR S48 i
MR ZE AR 251 cDNAVE R . BLACTI"ME NN
Z KA, X TB Green Premix Ex Taq II (Tli RNaseH
Plus) 3 47 52 I 5% 6 %€ & PCR J B, % B 7£ Roche
LightCycler® 96 SZ i %¢ Y PCRAX E#E4T . = Mifk &
20 L, 45 TB Green Premix Ex Taq IT (Tli RNaseH Plus)
(2%) 10 pLcDNA 2 pL. IE [ J2 [7 514 (10 pmol-L™) %
1 uL PL K ddH,0 6 pL. RFiFE/F: 95°C 30s,95°C 5s,
55°C 305,72 °C 10s, 40 MEM; 95°C 155,60 °C 305,
95°C 1s. LW INMEY FEE, MR B3 MR E
2. J LightCycler® 96 SW #1443 M1 45 R . PvfIDI1
A PyIDI2 W AE XS 305 7 274k 34T 1H 5, 78 SPSS
A4 A ff A Duncan's multiple range test (P < 0.05) 47
PraEhrh Rk Z B E5 M.

PvIDIsEHERAFRZE ¥ pCold GSTDNA-Py/IDIL
H1 pCold GST DNA-PvIDI2 ¥ ¥, & K i ¥ 1 BL21
(DE3) Chemically Competent Cell, FkHUH. 7 T3 Amp
(100 mg-L™") A LB Witk £ 77 571, 37 °C 250 r-min™ %

FEREWICE Ay N 0.6~1.0, IIN 5 5 5 -p-D-i 8 F
FUBEH (IPTG) £ 4K ¥ 1 mmol-L”, 15 °Cif T 15 77
15ho 4 °CESL WA BAR, TN PBS il it 47 214,
TETHE N 120 W, 5 s /8 s (5 B 75 45 1F AR
FE BB R B VAR R, 4 °C RS O 4 Al R b3 AT ik
171 b FE R R AN - 58 N I I iz (SDS-PAGE) i H
WKMo ¥4k pCold GST DNA ¥ BL21 (DE3) #E4T B
T SEBAE J T IR

e R & H Kpn 1l BamH 1 i Y] % 1k # 44
pTrc-AtIDI, Y& 1R SRS IR pTre 244 DA 45k
pCold GST DNA-PvfIDI1 1 pCold GST DNA-PvfIDI2
AR, ] pTre-PyfIDI1-F/R FlpTre-PvfIDI2-F/R N5 4
(F 1) #HATPCRY M, 2tk )5 H Kpn 11 BamH 117
B V), 2ifb J5 586K pTre BRI AT & 32, E# =Y
1% 52 25 41} Trans1-Blue Chemically Competent Cell,
T Amp (100 mg-L™") ) LB F-# 37 °CH5 9% 12~16 h,
T 7% PCR 56 10E JF 328 P 7, A0 e 45 2R T 1 1) B 20 Jo kit
144 N pTre-PvfIDI M pTre-PvfIDI2. #4J50kL pTre.pTre-
AtIDI.pTrc-PvfIDI1 1 pTre-PvfIDI2 43 55 pAC-LY C $t
#% 1t Trans1-Blue /& Z &40 1, T & Amp (100 mg-L™")
F1 4 % & (chloramphenicol, Cm) (20 mg-L™") ] LB “F
B2 37 °CH5 9% 12~16 ho [AI 44 pAC-LYC #41L Trans|-
Blue /& Z 541 M, T & Cm (20 mg-L™") /I LB “F4R I
B 9% . K W ¥ PCR K 1E 5 (1 B0 52 % 05 T & Amp
(100 mg-L™") 1 Cm (20 mg-L™") () LB P4 I, 28 °CH;
Fr3~4 R, WEHPE AL .

ERE55H
1 PyfIDI1 #1 PyfIDI2 EF R 52 BE

LU RS 2 AR R 1K) cDNA AR 47 PCR 43, 7~
M1 % SR HE & e B AT VKR I, PyfIDIN AT PyfIDI2
££1 000 bp Ab 44 H— B SE 2 (B 1), SRt

Table 1 Primers of PvfIDIs used for cloning, vector construction and quantitative analysis

Primer name

Primer sequence (5'-3")

Function

pCold-PvfIDI1-F
pCold-PvfIDI1-R
pCold-PvfIDI2-F
pCold-PvfIDI2-R
PvfIDI1-qRT-F
PvfIDI1-qRT-R
PvfIDI2-qRT-F
PvfIDI2-gRT-R
ACTI-F

ACTI-R
pTre-PvfIDI1-F
pTre-PvfIDI1-R
pTre-PvfIDI2-F
pTrc-PvfIDI2-R

GTGTCGTTGGCCATGATACT
TGCTGAAGGAGCAACTCATATT
CTGCCAAATCCAAGTCCAAATC
ACACGAGGAGAGAGAAGAGATAG
GATTCCGTTGCCCAGAAGTA
TCCTGATATCAACATCGCACTT
GGGGTACCATGTCAACCACAATCCTTTT

GGGGTACCATGTCAACCACATCCCCTTT

GGTACCCTCGAGGGATCCATGTCAACCACAATCCTTTTTC
TCTAGACTGCAGGTCGACTCATATCAATTTGTGAATAATTTTC
GGTACCCTCGAGGGATCCATGTCAACCACATCCCCTTTTCAAG
TCTAGACTGCAGGTCGACTCATGTCAATTTGTGAATAGTTTTC

CGGGATCCTCATATCAATTTGTGAATAATT

CGGGATCCTCATGTCAATTTGTGAATAGTT

Cloning and vector construction
(pCold-GST-DNA) of Pv/IDI1
Cloning and vector construction
(pCold-GST-DNA) of PvfIDI2
Quantitative analysis of PvfIDI1
Quantitative analysis of PvfIDI2
Quantitative analysis of PvfACT1

Vector construction (pTre) of PvfIDI1

Vector construction (pTrc) of PvfIDI2
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IDI K /N—3%, B PCR 7= W3 N\ % ik # & pCold GST
DNA, 375 5 4154 pCold GST DNA-PvfIDI1 F1pCold
GST DNA-PvIDI2, Il J7- 45 SR % W], PvfIDI1 #1 PvfIDI2
] ORF ¥J 924 bp, %if% 307 N F R

M 1 2

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

Figure 1 PCR amplification of PvfIDI1 and PvfIDI2. M: DL2000
marker; 1: PvfIDI1; 2: PvfIDI2
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(K 2). &AM 45 R R, PvfIDI & [ —
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2.61%, TN 5 29.64%; PvIDI2 25 [ — 2k 45 ¥4 vl
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Figure 2 Functional domain prediction of PvfIDI1 and PvfIDI2
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PvfIDI1

PvfIDI2
Figure 3  Three-dimensional structure analysis of PvfIDI1 and
PvfIDI2

Bl LR IE AT Th e (1 IDT 2 5 18 7 41 i3k 1T 2 S P 51 L
XF, PvfIDIs & [ 5 F At #4169 IDL T 51 A0 A1 58 i,
¥y B A5 v % 57 1) TNTCCSHPL il WGEHELDY J¢
5 (El4). fENCBIH F#CHRIER IDIEH 5, H
MEGAG6.0 # R 4t K & ¥, PviIDI1 Fl PvfIDI2 5154
IDI A —3, 5 =L g kA1 & (K5).
3 PyIDI1 F1 PyfIDI2 fE iR S B M ARG [ EHRIL
YR

PLACTI NN Z 5 K 43 BT PyfIDIs 75 1/ 5 4%
MR ZE AR ZE A ] 25 B i Rk, 25 R 6 s .

PvfIDI1 Fl PvfIDI2 f£ i Z B Fh % M8 B E &
15, PvfIDIN 1E AR 25 v 3R 0k 85 &, 10 PyfIDI2 {EI iR 3%
KB E . PvIDI A PYIDR fEAFA 8 B I RIE BT
FEZE 5, Ui Z H AL A8 M 1K) 4 LA AN .
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IPTG 5 5 e A0 JikE (1) K A1 B BL21 (DE3), SDS-
PAGE HL¥k &5 ¢ (Kl 7) 2o, & # 4 Uk pCold GST
DNA-PvfIDI1 Al pCold GST DNA-PvfIDI2 [f) i ¥k 7E £
61 kDa &b ¥4 W] B4 (1 2%, 5 BUMIRE & 22 1 R/ —
A IR 4 T =N PvfIDIs Bk 4 1 i &=
(PvfIDI1 34.84 kDa, PvfIDI2 34.66 kDa) 5 GST #x 2
(26 kDa) Z AT, H_E3EAITUE t35 tHBL 1 B S5 1) 26
# W PvIDI1 I PyfIDI2 75 K J #F B BL21 (DE3) H1 %,
D5 .
5 IffE R G IGIE PvfIDI1 F0 PvfIDI2 Ih&E

# pTre. pTre-AtIDI. pTre-PvfIDI1 F1 pTrc-PvfIDI2
53 5 BORL pAC-LYC [& A 3402 5 4L R & U
L[N, B B A - B AR R S B (creE) I\ F A
AR A REE (crtB) A \E T L 2= BB (creD)] 3
B Ak K I AT B Trans1-Blue, 38 i 5 B 20 €4 52 K AT
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PyIDII MSTTILFQ STI®SS - - L [KEIKSIKERGL AN - LEBAT Kh S TPVATKLRCLSLLE
PyIDI2 MSTTSPFQ SS|gSS - -L KEIKEIKERJL JAN - PRRAT TPAATKLRCLSLLEPRVHSF
AdDI - - - - - - - SFHLRSLLPHILHNSHSH- - - - - - - - - - M- - - -RFAPPRLSPIRS|JAPRIQL
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PyIDI2 ERVAIVE] - 1S VQRRLMFEDECILVDENDRVVGHDTKYNCHLMEKIESENLLHR EMENSKYELLLQQRSUTKVTE
AdDI TIUEND - - VOQRRLMFEDECILVDENDRVVGHDTKYNCHLMEKIE  ENLLHR FLF.\'SK\‘ELLLQQRSETK\'TF
P20/ G D \ISED S MD 'VQRRLMEEDECILVDENDRVVGHDTKYNCHLMEKIESENLLHR FELENSKYELLLQOQRS
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SaIDI VT DS)ID VQRRLMFEDECILVDENDRVVGHDTKYNCHLMEKINSENLLHR FLENSKYELLLQQRS
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AdDI 'IRESELIEEN 'RN QRKLFDLLGI EDVPVDEFINPLGRMLYK . '\PSDGKWGEHE VDY LLFIV
PuIDI [IRESELIEEN-|LGARN QRKLLDELGIP EDVPVDQEMPLGRMLYK . 'PSDGEWGEHELDYLLEIV
FiIDI !IRDSELTEEN.LGVRN QRKLLDELGIP . EDVPVDQFHWPLGRMLYK .'PSDGKEWGEHELDYLLFTIVR
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Figure 4 Multiple comparisons of IDI protein in Panax vietnamensis var. fuscidiscus and other plants. AtIDI: Arabidopsis thaliana 1DI
(NP197148.3); PnIDI: Panax notoginseng 1D1 (AIK21782.1); PjIDI: Phtheirospermum japonicum 1IDI (GFP90055.1); SalDI: Striga asiatica
IDI (GER43200.1); TwIDI: Tripterygium wilfordii ID1 (ALB26774.1); GbIDI: Gossypium barbadense 1DI (ABI94388.1); NtIDI: Nicotiana
tomentosiformis IDI (XP_009608528.1); SmIDI: Salvia miltiorrhiza ID1 (ABV08818.1)
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Figure 6 Expression of PvfIDI1 (A) and PvfIDI2 (B) in different organs of Panax vietnamensis var. fuscidiscus. Different letters represent

significant differences among the expression levels of the four organs using Duncan's multiple range test at P < 0.05 in SPSS
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Figure 7 Expression of recombinant PvfIDI1 (A) and PvfIDI2 (B). M: Premixed protein marker (low); TP: Total protein; S: Supernate; P:
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