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Cloning and expressive characteristics of GPS gene and its correlation with
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Abstract: Objective To clone cDNA sequence of geranyl pyrophosphate synthase (GPS) gene from Eleutherococcus senticosus and
analyze genetic characteristics, gene expression level in different organs and the correlation between GPS gene expression and saponins
content. Methods RNA was extracted from E. senticosus and reverse transcribed into cDNA. Gene specific primers were designed
according to the unigene (c37362.graph_c0) of GPS from transcriptome sequencing data. The full length of the GPS gene cDNA was
amplified by PCR. The expression level of GPS gene in different organs was analyzed by qRT-PCR. The content of E. senticosus
saponins was detected by spectrophotometry method. Results GPS gene cDNA was cloned from E. senticosus and encodes 419 amino
acids with full length of 1 260 bp. GPS protein located in mitochondria does not have transmembrane region. The GPS gene was
expressed in each organ and had the highest expression in blade, which is 5.26 times in root. The relative expression of GPS gene and
content of saponin showed the same trend and significant positive correlation (» = 0.851, P < 0.05). Conclusion The whole length of
cDNA sequence of GPS gene is cloned for the first time, and there is a positive correlation between the expression level of GPS gene
and the saponin content of E. senticosus.
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JT IR HUEE « (R3OS AR ), i b =4k
GV A SRR O R IR ER  (mevalonate
pathway, MVA) i&E A 2-FF 3L -D- 7R 1l B -4- T IR
(methylerythritol 4-phosphate pathway, MEP) i&1% .
£ MVA B8, FER R EE B R M 2 il 1 A 5
SR M SRR (isopentenyl pyrophosphate, IPP)
Ja ., PP 7 FF B £5 0 B2 & BB ( geranyl
pyrophosphate synthase, GPS) [k T AF a2y i 2
FEWEIR, 1T J5 1E 2 PG 0 M40 T A8 il = i 52 8 Y i
RYIFR I . GPS LN 3Rk 54 LA I
YEZEVIMK. EHAEENRR (AA) FiET

X ek et (G Dunaliella viridis Teodoresco 4T 4b
H, A AATERER R, KHAY bR aER
ERE: U AA TREIREN 62.5 mg/L B, GPS 2
REEENRE, KAY NESERHERRE.
K H TS AT Mentha X piperita L. W73 1%
P& RS /)N IV 256 o] DA 38 0 e e R 08 5 A ) o o
Fr e &, )1 P93 3 Swertia mussotii Franch.
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[ 3% ] e S BOMRRERE L S P 2B 1P,
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DR () e B AT 4 A AR DGR, (H i AT 20 T3l
Fuhn GPS J PR R AH A T o ASHIE 701 XS b
A HEAEREIR & BT e b, R AEYE BT
BN GPS S A HEAT H /347, 3Eid qRT-PCR $%
ARIRTT GPS i [K 78 A [F] &5 B Hh 1) Rk 15 00 BA &
GPS B FRirE S fon s B ErHExE, ~NE
Sl 33k — 25 ) BH ) b oG B i DR AL = iR E A
FSATL i) g2 7 EE B A
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PRI FIFEAR B IL T AT, SRR TR
AR 2558 N B ANARHEY R TN Eleutherococcus
senticosus (Rupr. et Maxim.) Maxim. JZEEURI FLINIAR |
25, MR, IEAKGES . IEA TR R A T80
C, HERESARIUI TG RNA FLE B AEAR,

1.2 {X3%

RNAprep pure fH#.8 RNA 2B A & .
FastQuant RT Kit (with gDNase). 3 fI§ iR DNA
IR G pLB R stbid e B2 ilf & . Talent
gPCR PreMix (SYBR Green). TOP-10 B3z 541/
2X Tag PCR MasterMix. DL2000 DNA Maker 3J)14
HRRAEAREH (dbs) ARAR. A FEEER.

IPTG. X-gal %0 H AL i H/R A FE ARG R A A .
HARMW A N E P2 o drali. 517 H A6 5t vh 285k
ERI 2L 5 A PR w5 o
2 ik
2.1 2 RNA FIRELS#5ER

FRECE FOMAR . 25, AT % 0.1 g, 1EA$2
ORI T RNA (IR, A4 RNAprep pure %5
RNA FEHURF G 7773047 1) T2 RNA $2HL.
S 1% B w1 PR kA ) RNA [ 58 364, I
P IR B S ) & LS. RNA BRI 3 sy
¢DNA, RNA 5 cDNA #7280 C.
2.2 A GPS EEK R IE

AR AR R 0 s L0 e fr 45 1 UY), ik GPS
] unigenes (c37362. graph c0) B&it 1 X4ER M5
¥y, L3519 CGPSS7: 5°-ATGTTATTCTTCCGG-
GGATTATC-3’; FliE5 % CGPSX7: 5°-CGAGT-
GCTCGCCTTGATCTTTG-3’. 1§ § cDNA 1 PCR
PO, NAR RN 25 pl, HAEHR 1 uL,
LEFWE5I#% 1 ub, 2XTaq PCR MasterMix 12.5
pL, ddH,0 9.5 puLo RBLZ5AF: T YE 94 °C, 3 min;
AFPE 94 °C, 30s; Bk 50 C, 30s; #Eff 72 C,
110s, 3L 40 NMEH, HREFMARLEM 5 min.

18 FH 2% P B AR 6T PCR =43k 47 B B kG
W, VI HUHE DNA Fr B, A8 REBE#&EE DNA
[ B e . 4tk DNA F B 5 Bl =
YIHERS] pLB #ifkrh, JEHEH AR N TOP-10
B AMEt, 37 CRE%HEFRIE, B 100 pL iRApN
TEAERHEHER S FREP TSR, ik 3~5
ANBH B AT IO o B S5 K B VR A7 S 1R AL 3 v
FEIE R AL 5 b0 R w247 DU A
2.3 FEM GPS EEHEMMERFEN

A “2.17 Birh FfE 3RS GPS ZE[H cDNA 7
YJ5, fHH ExPASy "' Protparam T 52 3
FRBUE . AN T E. HRSH A (PD EN
EEFREARMER . £ NCBI H /] Conserved Domain
Database (CDD) fEZRH M 40 T 8 1 R 45 /4 Dl g
1. i TMHMM Server v.2.0 #4585 14 o 5 it
T T T . 7E TargetP 1.1 Server B4+ 43
F 54 5E 47, SignalP 3.0 Server #E4715 5 k1Y
T, AHH SOPMA A%t & i — 2 &5 4 1E 47
M. 2 J5i85E SWISS-MODEL #4748 [ i = 2t 45+
BT . % )5, 7E MEGA 6.05 #44dh{s FH 4547 AH %
% (neighbor-joining) 4% GPS & F 1 RSt (A
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DL AR - 25 AR cDNA fEA
qRT-PCR B . %8 “2.27 Wi F4s R, Wit
qRT-PCR 5| # , L % 51 ¥ CGPSrtS3 :
5’-GCCTGAGAATGATGATGAGGATG-3"; T3l
¥ CGPSrtX3: 5-GAATGGAACACTGGAGGAA-
CAAA-3’, TUHT GKEHN 224 bp. SMSTHRI T
U, Bl GAPDH JERENH S EEH, I ¥t
gqRT-PCR 5%, #5191 RGS: 5’-GATTTGGCA-
TTGTTGAGGG-3’, T34 RGX: 5°-TGCTATC-
GCCTATGAAGTCC-3’, Filit¥ 8K N 134 bp.
F B3R 2 %514, ##4T QRT-PCR M, FAFEAE
23 W BRMNKREN10uL, E. FHSI%% 0.3
uL, cDNA #5#% 0.5 uL, 50X ROX Reference Dye 1
pL, RNase-Free ddH,O 2.9 pL, 2XTalent qPCR
PreMix 5 uL. M 2&fF: TP 95 C, 3 min; 42
P95 C, 5s; iBK 55 C, 10s; #EfH 72 C, 15
s, 3540 MEFR . S BT R B & BEA
') GPS AN KIE &
25 FAMREESERMEXRMESH

ZESCERTVEN, MR TR 25 A
MRS R R BN R kG B S E
ZRBENG. RG24, 543 %, #TreHEs
2 GPS FEKRIE & 1) 7. A SPSS 18.0 #fF
TR 6 AN REAR () GPS 2R Rk ' 5 B
i [A) [ AE DA
3 #BRESH
3.1 FEM GPS EEMRIESFIISHT

DA TN cDNA AR, Bt 1 etk 51
CGPSS7. CGPSX7, £ PCR ¥ /515514 1 200
bp [ DNA FrB. iEN pLB #ik, MIFEERKEN
1260 bp 12k (K 1), ST KEM. &
it BLAST 8 bexy, #ihizs 50 v Hn GPS %
[Af) cDNA 4K, il DNASTAR A1 BLAST L%}
BN TT TR 24 CORF) KJE N 1260 bp, Zwf 419
MEIEREAR, RIFEL N ATG, KILZF
N TAA.
32 FEM GPS EFEEMMEEFENT

Bt ExPASy # Protparam AFFUNASR]: &
F AN 70 TR BN 46 329.16; PN 6.32; &R
A EE IR P el B3] 12.6%, 7 f T
IE TR I S8 (Asp+Glu): 46 A F 1E L
(R IE R R I B8 (Arg+Lys): 42 . FEARANH
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M-Marker 1-GPS %:[X| cDNA #7374  2-GPS 2RI HH H A 1
PCR ¥ 1471
M-Marker  1-cDNA of the GPS gene amplification product

2-PCR amplification profuct of GPS gene recombinant vector

1 ®EMGPS EEMTME
Fig. 1 Cloning of DNA of GPS gene from E. senticosus

LAY farh, I 30 hs AfRE
TR¥CH 3744, BTREEA. FKETFEN
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BEILFR T EAEE SOPMA fEL#E, 45
RIE/R GPS FHHHEA 233 4 a-#2)iE (alpha helix),
di b 55.61%; 30 MaEfHEE (extended strand), [t
7.16%; 22 /> B-%:4 (betaturn), &L 5.25%; 134
ANTEHE /N (random coil), (5 31.98%.

WA IR 4 RN, GPS SHEER
5% & A HE (Isoprenoid Biosyn C1) i Z R K R
Z—.GPS #1 A Trans IPPS HT (fii 45 102~
417 FEIERR) . IspA (80~419). polyprenyl synt
(104~364). prenyl cyano (82~417) 4 &5k,
HARAE Trans IPPS HT Z5M &6 K45 & 0
8. RM-MgT G AL BERK R EX L ELRIE
RARRE R 1% 7 MO 7ECHRIER
gk RET . NEEFE R b Sy
Trans_IPPS_HT #5438k, Ui BH R FMi GPS HH &
T2 M R K

25 TMHMM Server v.2.0 34 F 45 5 SR
GPS HHIAFAEE X IH; TargetP 1.1 Server 45
REIR GPS EHEN TERAAN, FEEN 1, 7]
SERE . 7E SignalP 3.0 Server BT 15 2] GPS &
HEHPEAE S, AEATREESE 13~14 M
B2 . TN GPS 2K R = 245 H T &5 5 LI 2.
3.3 FE GPS ERRGH K T

R4 BLAST QA7 LU 458, 4 18 ™M)
PSRN GPS SRR 74T R GudE AU i Ae
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2 FFIN GPS BEAS4ELEMN

Fig. 2 Tertiary structure of GPS protein from E. senticosus

(F 3), XY P 4E 1] 0] Theobroma cacao L.+ T
B Mangifera indica L.. Bk Quercus robur L.. Efl
B Azadirachta indica A. Juss.. B W R Siraitia
grosvenorii (Swingle) C. Jeffrey . j %j Paeonia
lactiflora Pall.. &l Solanum lycopersicum Mill.. B
BRI Withania somnifera Dunal. . V% %% Hedera
helix L.. Bl & B 5L Trachyspermum ammi (L.)
Sprague. % A Atractylodes lancea (Thunb.) DC.. ¥
17 Artemisia annua Linn.. 28 Camellia sinensis
(L.) O. Ktze.. EW Camptotheca acuminate Decne.+

KFAE Catharanthus roseus (L.) G. Don. | E#&
Pogostemon cablin Benth.. F}+Z Salvia miltiorrhiza
Bge.. WEHL Salvia officinalis L.. F T GPS & H
ARSI H NS R FEESL R A —
X, AHEEEA 100%; 5 X E5EWETN. i
TEA 020 55 R R NP 5 R — AN K
X, RXREEGREE R

] A Theobroma cacao
25 Mangifera indica
MR Quercus robur
ENBH Azadirachta indica
BN Siraitia grosvenorii
252 Paeonia lactiflora

100 i Solanum lycopersicum

F LR Withania somnifera
100 HFLN Eleutherococcus senticosus
100 V£ B Hedera helix
B 205 Trachyspermum ammi

31

100 A Atractylodes lancea
TEAEE Artemisia annua
41 XM Camellia sinensis
58

B Camptotheca acuminata
KHFEIE Catharanthus roseus
59 42 Salvia miltiorrhiza
100 MUBH Salvia officinalis

3 GPS EBHIRGIHLK
Fig. 3 Phylogenetic tree of GPS protein

3.4 AFEFREFRIEM GPS EEMFTIES

TN GPS FERITEM o AR, 22, iR EE
xRk, HXFREEEREZE (P<0.05, B 4). GPS
BRI R REERE S T bR E, HKRE
R 5.26 fif, A ZE T Rk B S T
e, 20 BRAR I 2.65 541 1.25 5.4 MARR S EH,
FRAIA S 1A B A A1k o

LEROESEN

¢ C
T R

ARNEFEMREREE (P<0.05)
Different lowercase letters represent significant differences (P < 0.05)
4 REM GPS EEEAFRERE PHIFRIL
Fig.4 Expression level of GPS gene in different organs of E.

T

senticosus
35 REMBREERENHRAES GPS ERAFRIL
R XM

TER FUIAR SRR A AR 21 2 5 A7
TE o ARFE ) Fom e B o g S B ok o o
HEREERMSSESINEEH. T i
NP MR EN 18.4 g/kg, mi A B4 T
R ESHIN 27.8. 29.0. 27.1 g/kg: “F¥IMEN
(28.0+1.0) g/kg, XM AIFEAN: FH GPS ZEF 1)
X RIEE BN 3.99. 5.17. 2.03. K& EH
I F N2 FF R4 5N 8.0, 8.9, 9.3 g/kg; “FHIA
R (8.710.6) g/kg, XRFIFEAM A GPS A
X RIEE RN 111, 1,120 1.00. Heim i3k A
RiEBESRIRZME 517 5. 6 NTINAEA
GPS FE K M £k BRI R H BRI E M, WE2
B AR ZE R IEA R KE R (r.=0.851, P<<0.05).
4 g

GPS JERER TR 25, W FIH-Rg 4 %
ik, TEM R FRIA IR B, X5 )RR SR
(RO RPY . SR IR Rk TR A AR &
FEP G A A BRI, GPS YE N & RS b
. R E B G, SR
R EAEENEH . LUEEF Myzus persicae Sulz.
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GPPS ZE[K cDNA J7F1\ U I+ ieia Ik 7 o1 A
N LR L ¢ 25 7 1 & i~ sMpGPPS-HA J7 51,
sMpGPPS-HA [J3F T 1A 315 2 FE RS 14 0 I 52 A= 4
M, [k, 3 FhSAL GPS cDNA J¥51, &
B9 1353 bp 1) cDNA, Ell PTP-MpGPPS, #fH:
ST Camelina sativa L. BIREREYIT)E, 5
BN EEEFAE R R B R, AR SRR DL SRS,
ANSEHT 88 K7 th iy S B A AS), GPS iz iknt
R AR AERIIR & SE —E W EH . H)
Fn GPS HFEFAEE BH R M EIIEHAIK
A, XHTH—PHT GPS MR EKRE
DA i =i 2 A e LA o

CA B FUARIE [ SHARGHE AT b A i R AR R R
g (GPPS) WI@MIARLEF, H N T R 50 IR g
GPPS HRMLE G NI T, F 5 EH B T 75130
1% TR ERT % T 1% # 1
I, SERER/NTE (SSU) REms MU b 4S 1
KN EBRTE 555 228 A [\ RN )
KRR B R T AR R 4 a0 sl #n
GPS & [ &5 T (45 5 5 )1 | v 4 o ST An
bk VIR a-B S PR R R R L], (ER
HRAAFAE TN A il 245 K I BANAE 28 (0 35 h
M BA loop X £5#4 . SR tft IKEH GPS & 57
Tl GPS B AL EA A EAM R, Pl T2
IKEE A BB IS T GPS & A R Gu# b
I UCFEEIHE TR ], X5 PR S oe R
l, PEHSTER. FI5. KEEAERESERP.,
BB A5 B H— ML PaIDS1, & H
5 i B R AN A o R A i R S R Y R
QR B RFMREE, B EAARE AR
Jii, [FIE PaIDS1 th Al (e itms A G AR, ik
— W T SR AR 2R g, wT DAHED
I FU IS BRI AELE . £ R, GPS
WA R IA PT LARE A B2 ) =, R DA AR
[7] (4 7 3 I A B AR s A A Y.
IR 2E T I GPS HIERIAHE T s A A
T A AP AL UL AR AR KA L, o8 f5 St
FOR TR AR AR I G AT BE o
SE 3k
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