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A1%5 FPPS EF M= REMERF 0

wmoARL BREY, B2, weAa”
1. TR RSB, RS W 471003
2. TR R SR, TR WP 471003

7 E. B RN YR A G O L N S AL R & (farnesyl pyrophosphate synthase, FPPS) ¢cDNA 42K
FEHIFR AT W5 BT sk MRARATZ AU P, vl — X4 R4t PCR 514, M RT-PCR HiAY H i
Aj%j FPPS #£ A H ARSI e 2 pMDIS-T #ifk L, Hivk PCR FIitki PCR %5 ti FA M 4L T 5 #EAT 41100 58 K5 51 [ 95t
PR T RGO G588 R T 3D LM TN ARG B2 i 86 R MP 4 AR WA 2 FPPS 2ER 4K 1 315
bp, & 60 bp (¥ 5>-UTR. 1050 bp ¥ CDS H1 205 bp [#] 3°-UTR, FL&fd 349 N KRR, GenBank &35 ) KP708571; Blastn
FI Blastp 734745 3 W rAj25 FPPS (KP708571) KHAmHIM S H (AKJ26301) TEAZT /KR ALK 15 2 by
FPPS SR F1 FPPS 25 [ BRI TE: 2 F A 4301 &5 SRR BAA 24 FPPS 8 (05 It yFh FPPS 85 (MR 400 RAHM B T
A5 24 FPPS & [FIAHRT 4 7 B & A 40 200, 251054 5.33, & NMe A T MM AT M. REES K Tk,
R A RIATZ FPPS S A RS &A1 JEW-Mg™ G5 ARty AT B A KRR 1 S S R RIRA A 2
7 AMRT LRI 3D SR BB AT A R B o iR E 2 (R B-FE A (loop) AHIEHE; thufE (central cavity) BIKZ
10 MEL o MR FEHESNIT AL 4518 IRMATZh 7 B T FPPS ZERRI % AT T W1 AR R 51

KRR AT VRV G EER el RS BT WY
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Cloning and bioinformatic analysis of FPPS gene from Paeonia lactiflora
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Abstract: Objective To clone the full-length cDNA sequence which encodes one of the key enzymes of terpene biosynthesis, farnesyl
pyrophosphate synthase (FPPS) and analyze the bioinformation. Methods Based on the transcriptome data of Paeonia lactiflora (P1), a
pair of specific PCR primers were designed. The objective PCR band of PIFPPS was successfully amplified using RT-PCR technique and
then it was cloned to pMD18-T vector. After clone and plasmid PCR characterization, the recombinants were sequenced and then a series
of bioinformatic analysis was carried out including sequence homology search, construction of molecular phylogenetic tree, domain
search, and 3D structure prediction, etc. Results Sequencing results showed that the full-length PIFPPS was 1 315 bp, which contained
60 bp 5’-UTR, 1 050 bp CDS, and 205 bp 3’-UTR. It encoded 349 amino acids and the accession number of GenBank was KP708571.
Blastn and Blastp analysis revealed that PIFPPS (KP708571) and its encoding protein (AKJ26301) had high homology with FPPS genes
and proteins from several plants at the nucleotide and amino acid levels. Phylogenetic tree analysis indicated that the genetic relationship of
PIFPPS with FPPS from other plants was relatively far. It predicted that the molecular weight and isoelectric point of PIFPPS were 40 200
and 5.33, which was a hydrophilic and stable protein, located in cytoplasm without transmembrane domain and signal peptide. It contained
seven conservative domains like substrate binding pocket, substrate-Mg®" binding site, catalytic site, aspartate-rich region 1, and
aspartate-rich region 2. The proportion of a-helix in its 3D structure was high and the a-helix was linked by B-loop. The central cavity was
composed of 10 core a-helixes. Conclusion The full-length cDNA sequence of FPPS is cloned firstly from P. lactiflora and the
bioinformatic analysis is then carried out.
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j24§ Paeonia lactiflora Pall. (Pl) AAjZiEI 258
AR AT ARY),  He S RIZ (.
YE I AL GE v 2588, AT 2R W) 0 o4 AR AT
Paeoniae Radix Rubra F1{47j Paeoniae Radix Alba,
FYIEA A BUR . BEESERRL SRATRNE
AT BN B 291 (paeoniflorin)« A2y
tF  ( oxypaeoniflorin ) . A& H W A 2§ FF
(benzoylpaeoniaflorin). 151 (albiflorin) 25 XUFFHL.
R EY) =AY mISR G, R
SRS AR RS IR I A A A 2 AR
AR, 1 AT AN T R R IR g
(mevalonate pathway, MVA) U %5 2 k7 T Fidk
IR AR IR -5-i iR 1% 42 (1-deoxy-D-xylulose-5-
phosphate pathway, DXP) B H St/ EEIE-4- g1
(methylerythritol-4-phosphate pathway, MEP) B, i
BRI RERT 23 0 3 AN B AR R AR
AR (isopentenylpyro-phosphate, IPP) A XU
Foy fA — HOEE A N AR AR BE R ( dimethylallyl
pyrophosphate, DMAPP) [J4E . BRI A4
i TR A S BT R FE TR A5 (farnesyl
pyrophosphate synthase, FPPS) &AHA) A P iS4 it
R IR OSSR TPP AT DMAPP
JERUS, 2 4771 IPP Rl 1 4371t DMAPP 7t FPPS
(RIREAL T SRR AHIES G TR Cos B BRIV I A 1R
(farnesyl diphosphate, FPP). HTI, &M EE
U = PR s 2 i B I e T
FPPS [¥] cDNA J781l, AR FAT 255 s A0 4k
#ii (DRX027794), KL T %15 FPPS JE[N i E[A]YA
HIF5. AWFFE, NH Primer Premier 5.0 #K 4 3¢vH T
—XtFSEYE PCR &1 514, 51 RT-PCR HARMIY™
W4 PCR =), FIEMTTVEXNT PCR PPHIIEAT 1 vl
WP IFXT AT T AWM B2 00T e AU T2
J SN 5E i PCR BRI H125 2 FPPS JEAR I 2336
IR I AR DI RESE T A
1 Mul5AE%

1.1 ##5iRH

L1l MR “BRIE R AT{EIER BT R
KEFATL I, AR B E, 585 % Ja il
BRI R E T80 CUKFH#SH o K i p ik
DHSa LR A7 T4 B TP AR 25 R S =5

1.1.2 X7 Recombinant DNase I. PrimerScript' "
Ist strand cDNA synthesis kit. Takara MiniBEST
Agarose Gel DNA Extraction Kit Ver. 4.0, b [##& A

pMDI18-T. Premix Tag ™. DNA Ligation Kit Ver. 2.0+
DL 2000 DNA Marker ¥y F T 544 TR CR3ED
HIRATR], AR N BE s E= = et

1.2 A%

1.2 St SR ANUEIAL 58 AT 2 S Al
W74k (DRX027794), FIH] Primer Primer 5.0 %X
PEVCE— X0 RE F% PCR &7 514 5°-AGAACAGG-
CATTTTTTTCCCAC-3’#1 5>~ TGATTCATTCCTTC-
CTCCAACC-3*, 51741 thAb 5t HE R BE PRI 5
OV o

1.2.2 ~jZ550 RNA [3RH. 4lifk % cDNA 14
KM CTAB-LIiCH VA R HL “ Bt € Z 7 AT 2570 A
RNA, | Recombinant DNase I & Z7725.5 RNA £
A DNA V5 3%,  1.4%30 T B e e v Sk G 00
RNA 4fifk 25 5 . 2 8 PrimerScript™ 1st strand cDNA
synthesis kit 15 J] 31T cDNA {145 .

1.2.3  7~jZ§FPPS L) RT-PCR "1 RT-PCR Jx Y
PRZBARRU 50 uL, % Premix Taq 25 pL, cDNA 2
uL, EJES R RS 1404 2 uL, ddH,0 19 uL. PCR
PR 98 °CL 10s, 55°C. 30s, 72°C. 60s, 3t
30 MIAHR; 1%ZIERHEERS UK PCR 471474
1.2.4 PCR /“#yifsale e A DNA #Eig Rl
R G PCR P4 k47 4lidk Ml I+ 5 pMD18-T 2%,
R, B SR A K A T B DHS o J8652
AN, S H PP Y HEAT BV PCR RTIN, BAE
37 CRRFR, $EMUTRL AT R PCR %55,
S IBH M A 2k R b U R RIS O
AT

1.2.5 JPH0srHT N HTEZ ) Blastn Al Blastp #2/7
Chttp://blast.ncbi.nlm.nih.gov/Blast.cgi) 7EA% & /K
P BRI IERR K EXEATZ FPPS BEPR K Lt i)
WP AT FIEE 241 B H DNAMAN 7.0 82
XA FPPS #1741 R L RIE PP 4T 2 P 41 L
XFA3HT. N MEGA 5.0 #fF, KA NI i85
T RGO

1.2.6 Aj#Z§ FPPS & [ W BRAFPE TN A
Protparam % (http://cn.expasy.org/tools/ protparam.
htmD) 3R TR Z5r s FIH DAS-
TMfilter Chttp://mendel.imp.ac.at/sat/DAS/DAS.html )
O AT A R DRIy W AL 0B TR SubLoc
(http://www.bioinfo.tsinghua.edu.cn/SubLoc/) 73 HT1 V.41
fsE A0, IR SignalP #A4 Chttp://www.cbs.dtu.
dk/services/SignalP/) 3 HHE S IIE,
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1.2.7  #j#4y FPPS HE M &Mt T
SUPERFAMILY Sequence Search 7E2k T H  Chttp:/
supfam.org/SUPERFAMILY/hmm.html ) 73 #7 ~j 2
FPPS & (13 41; N H CDD %5 % C(http://www.
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) & Aj 2y
FPPS %5 111 45 # 3,
1.2.8 #jZy FPPS &AM 3D LM Hth  KH]
Swiss-model Chttp://swissmodel.expasy.org/) [i]J55
BT vEBET 3D S5k T,
2 HERESHR
2.1 AZR RNA BIREUR 44k

“HRAE T ATZALIEE RNA (1928 S #1118 S
i T, RIPEHAE RNA B8R L, &
DNase I 425 5 RNA F¥ i A5 DNA V53¢ (]
1), AT F—2 cDNA 14 K.

2000 bp

1 000 bp
750 bp (M-

250 bp

4
100 bp

1-R40L S RNA - 2-4140 )5 5 RNA - M-Marker, T [A]
1-unpurified total RNA  2-purified total RNA M-Marker, same as below
1 %5755 RNA IRARHE S F ik B
Fig. 1 Agrose gel electrophoresis of total RNA extracted

from P. lactiflora

2.2 %75 FPPS EE A RT-PCR 1%

F A5 2 A5 25 cDNA b Bk, T
RT-PCR iR H Ex Taq DNA R4 FE&Ihy #H 7 —
4 K/NZ10 1 300 bp 9 PCR 4447 (& 2), Fifd
BRI T B — 2.

2.3 %75 FPPS EFEMEENF

SPHAL G K RV A TR 7% PCR Frll, gk
— Bk PCR S BHYEEZL T (K 3), JFoki PCR
FEPIRIN G BERIN—38, R e T A5 24
FPPS JEDA ol > 45 SRR WA 2 FPPS JEIK cDNA 4K
1 315 bp, L% 60 bp [¥J 5°-UTR. 1 050 bp ] CDS
(coding sequence, Zwh[X) F1 205 bp 1] 3°-UTR; CDS
XM TR I T ATG KB TAG, gt
349 MR KRR (K 4), GenBank &35 4 KP708571.

5000 bp
3000 bp
2000 bp
1500 bp

1000 bp
750 bp

500 bp

250 bp

100 bp

2 %774 FPPS £FH RT-PCR ¥ 1%
Fig. 2 RT-PCR amplification of PIFPPS

3 JFRFIPCR XEMAMEAF

Fig. 3 Characterization of recombinants by plasmid PCR

2.4 FHISH

Blastn {EZrHT 45 R K WATZY FPPS L%
FR/KT 5 2 Fa Y1) FPPS i 5] HL & [R5,
H 5 XY Populus trichocarpa Torr. & Gray
(EF147135). # % Hevea brasiliensis (Willd. ex A.
Juss.) Muell. Arg. (AY135188). [P Lupinus
albus L. (U15777) P9¥%3L Pyrus communis L.
(KF855953 ). 84 £ Astragalus membranaceus (Fisch.)
Bunge (KP233831). H ¥ Glycyrrhiza uralensis
Fisch. (GQ214505). KF| Jasminum sambac (L.)
Aiton (KM395813) FSPS JEP 1 [FIVEMEE 81%~
83%; Blastp 7EL M4 REWIAT 25 FPPS H [
(AKJ26301) {ERKEIR K B Z D)1 FPPS
EEOH & ERBEE, X5 BRE
( XP_002308751 ) « K # (AIY24422) . KK
(AAM98379. BAF98301. ABR09548). {5k b
Bacopa monnieri (L.) Wettst (ADV03080). H ALl
E Coffea canephora Pierre ex Froehn (CDP04546).
W Gossypium arboreum L. (KHG28027)+ i 5
[CHE Gossypium raimondii L. (XP_012445510) %548
)ity FPPS & A UETEIL 84%~89%; HISLEW] S
B PSR, FPPS HEA .
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Aj%) FPPS 1 (AKJ26301) H5ERY
(XP_002308751). KH (AIY24422). BIK
(AAM98379). ik (ADV03080) FPPS [k
HZ ALt dr g5 R W E 5, Fp A AR R s
90.54%, W] FPPS & [ (2 JL R P A {EA R A2
(AR « R T HREAT 2 FPPS i 15 HAthr A

) FPPS LG &R, IEHCK A BRY MR,
KAT BT, BRIEAT Mentha x piperita Linn., %5
YRR 9 /> FPPS 741, 3T 528 5B 7 51
AN R (B 6) . 453K BT 9 /> FPPS 24 % 2
AR, R R 8 B FPPS & ATk 1
MNEL BT SA Y FPPS R4k RKim; K

p I M D G S H T R R G Q P C W F R L P K V G L I A A

H V AV L V E M G T

agaacaggcatttttttcccacgaactctttcgetttectetcatatataaaaatacaaacATGGCTGACGTGAATGGAACCAGGATGGAT 90
MADVNGTRMD 10
CTGAGGTCAAAGTTTTTGAATGTATACTCCGTTCTGAAATCGGAGCTCCTTGATGATCCTGCTTTTGAATTCACCAATGAATCTCGTCAA 180
L R §$ K F L N VY S V L K S E L L D D P A F E F T N E S R Q 40
TGGGTCGAGCGGATGCTGGACTATAACGTTCCTGGAGGTAAGTTGAACAGAGGACTCTCTGTTATTGACAGCTACCAAATCCTAAAGGAT 270
W VvV E R M L DY N VP G G K L N RGL S VI D S Y Q I L K D 70
GGGAAGGAACTTACTGAAGAAGAGATATTTCTAACAAGTGCTCTTGGTTGGTGTATTGAATGGCTCCAAGCATATTTCCTTGTTCTTGAT 360
G K E L T E E E I F L T S A L G W C I E W L Q A Y F L V L D 100
GATATTATGGACGGTTCTCACACACGACGCGGTCAGCCTTGTTGGTTCAGATTGCCTAAGGTTGGTCTTATCGCAGCTAATGATGGAATT 450
N D G I 130
ATACTTCGCAACCATATCCCTAGGATTCTGAAAAACCACTTTAGAGAAAGGAGTTATTACGTGGATCTTCTGGATTTGTTTAATGAGGTG 540
I L R N H I P R I L K N H F R E R S Y Y V D L L D L F N E V 160
GAATTCCAAACAGCTTCAGGACAGATGATAGATTTGATTACTACACTTGAAGGAGAAAAAGATCTGTCCAAATACTCATTGTCACTTCAC 630
E F Q T A S G Q M I D L I T T L E G E K D L S K Y S L S L H 190
CGTCGCATTGTTCAATTCAAGACTGCTTACTACTCATTTTACCTTCCGGTTGCATGCGCATTGGTTATGTCGGGTGAGAATCTGGACAAC 720
R R I V F K T A Y Y S F Y L P V A C A L V M S G E N L D N 220
CACGTTGCTGTGAAGGACATTCTTGTTGAGATGGGGACTTATTTTCAAGTACAGGATGATTATCTGGATTGCTACGGTGAGCCTGAAAAG 810
K D 1 Y F Q vQ D D Y L D C Y G E P E K 250
ATTGGAAAGATTGGAACAGACATTGAAGATTTCAAGTGCTCGTGGATGGTCGTGAAAGCATTGGAACTCTGTAATGAGGAACAGAAGAAA 900
1 G X I G T b1 E D F K C S W M V V K A L E L C N E E K K 280
990

ATATTACATGAACACTATGGGAAAGCAGACCCAGCTGATGTTGCAAAAGTGAAGGCCCTTTATAATGAACTTGATCTTCAGGGTGTATTT

I L H E H Y G K A D P A D V A K V K A L Y N E L D L Q G V F 3
GCCGAGTATGAGAACAAGAGCTATGAGAAACTGATAACCTCCATTGAAGCACATCCAAGCAAAGCAGTGCAAGCAGTGTTGAAGTCCTTC |
A E Y E N K S Y E K L I T S T E A H P § K A V Q A V L K § F 3

TTGGGTAAGATATACAAGAGGCAGAAATAGaggagattcaagaacgttgcggagaaaataggttgegetcaggaggtatctcatgattet 1
L G K I Y K R Q K *

ccegctttgtagtttgtatttataaacgatttcactttgattttttttaaatcacgggatgcetecatttggtagtttgtacttaggaggt 1 260

atcatcttttttcttttttctttttcgettaatggttggaggaaggaatgaatca 1315

ATG IR E T T, TAG N IE# T
ATG is start codon, TAG is stop codon
4 727745 FPPS B EGHER R 4mADH S AL F 5

Fig. 4 Nucleotide sequences of FPPS gene and its encoded amino acids in P. lactiflora

% AKI26301 MADVNGTR % P2 3 MLDYNV 60
E b XP 002308751 53
SEHT AIY24422 50
B AAM98379 53
B4 ik i ADV03080 50
Aj#j AKI26301 120
EIH XP_002308751 113
FF] ATY24422 120
ks AAM98379 113
B ik 5 ADV03080 120
2725 AKJ26301 180
EIH XP_002308751 173
KA ATY24422 180
5% AAM98379 173
155 ki i, ADV03080 180
Aj#4 AKJ26301 240
EHH XP 002308751 233
ZEH] ATY24422 240
B AAM98379 33
B4 % ADV03080 240
2524 AKJ26301 300
EIH XP_002308751 293
SR AIY24422 300
e AAM98379 293
{54 5 ADV03080 300
2§25 AKJ26301 gj?
B4 XP_002308751 248
SEH] ATY24422

5 AAM98379 gi;

B4 14 % ADV03080

5 A7%Z5 FPPS 5iE44%h FPPS EHAIE 751 tL3d
Fig. 5 Multiple sequence alignment of FPPS among P. lactiflora and other closely related plants
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A2 (AKJ26301)

B (AAM98379)
¥ (BAF98301)

)5 (BR09548)

BEEH XP_002308751
WA (KHG28027)

FEHT ATY24422

{ 5435 (ADV03080)

BRAT (AAK63847)
6 FPPS B9 FRGH L
Fig. 6 Phylogenetic tree of FPPS protein

HAZI) 3 /> FPPS HISR4 K ARIE, eSS ER
Wi+ B FPPS KA1 1 /NE 53, Aj24 FPPS Jlar i
TR 1 ANy, X5 AT RO R T 22 4
SN DA
2.5 %575 FPPS BRI

TR AT 25 L) 8 3 AN 43 Rk 40 200,
LR 5.33, 70 Ul CrsigHos2sNagoOs33S14r 1
)oK % (grand average of hydropathicity, GRAVY)
N=0.269, RUIyZRKEN; FATZ5 FPPS &1
S AN E AL T M AN S IR AE Rk. R
TAE IR T sk E. RREEH.,
2.6 7% FPPS BRI 4

SUPERFAMILY Sequence Search 7F k) H 45 3
KWIAj 2y FPPS )& T I 2 B 1R & 1
(isoprenyl diphosphate synthases) ZXJ%, )& i
4§ (terpenoid synthases) HZ K%, CDD %4 2
R R RKI, AjZy FPPS & (&KW &5 A A
Lo>Y95Fo6Lo7L99D100D101M103D104R100R110Q168D171K 197
T1o5Y 201 D230D240D243Kos53Da57Kogo s JEA-Mg™ G £
D100D101D104R109R110D171K197D230D240D243K253D257K 062 +
TEPERL AR5 S106H107T108R 100R110G111Q112P113 Chia
WiisF116R117L118P 110K 120G246E247Ka531054Gas5 Tos6Dasy
D360F261K262C263S 264~ HE I EYRE X YosFosLo7Vos Log
Di00D1011102M103D1oa~ HEALAL L DigoD101D1o4 RigoRi10
K97D230D0a0+ ' T RAZAIRIX 1 DygoDioiD104R109 Rio
Di71Ki97+ B & R AR X 2 Dy3oDosgD243Kas3Dasy
Koo 7 MRSF S5 R 38
2.7 %775 FPPS EREHITN

Aj#j FPPS #5145 PDB (Protein Data Bank, 2%
g MBI ) W48 Artemisia spiciformis
Osterh [\ EL4] FPPS {fk 1544 1 (PDB J¥* 41| %5 4kk2)
FE PR BRI AT 25 FPPS &R 3D 4544
W7, KA FPPS L - RIKTE AR, a-I5iE
Py Lefgl var, iR TE 2 18] B f (loop) AHEFE,

7 %% FPPS EEHY 3D LT
Fig. 7 3D structure prediction of PIFPPS

HHLiE (central cavity) FHOKZT 10 ML a-BRTEHE
HTT o
3 g

NI I S RS I T e S -
(DRX027794), KILT —45<5 FPPS Jk XI5 [R5
B4, N Primer Premier 5.0 #4117 — %4
5Pk PCR 514, 3T RT-PCR £ K 7% T~ 24 FPPS
LR W R B AT 24 FPPS JEN 4K 1315 bp,
f1% 60 bp ) 5°-UTR. 1 050 bp [¥] CDS F1 205 bp
) 3°-UTR, 4wt 349 M IR, GenBank X3¢
i KP708571; Jv 4 [A) U5t 73 B 3R B A 24 FPPS
(KP708571) K4t (AKI26301) 7ER%FT
P& 7K RN SRR /KT 5 Z R 1Y) FPPS BEPE A
FPPS & [ = @ [RIEPE ; 41 A g e 45 R AT
24 FPPS [ 5 AR FPPS ARG KR
s AT 245 FPPS & [ HIAHNT 4>+ i A 40 200,
SRl 533, N ANIEN TR . ANEEE
MR A EAE S IR T RIsEKE s A
gERIR TR AT 2 FPPS S H M A0 5 i
PI-Mg™ G 507 55 AT S B S R IR N 1
KBS RAARNL 2 3L 7 MRS g5 fis; 7L 3D
ghp BB T Ay LA v e B AR R
JE KL 10 MLy oS8 TEHEFIM L. A5 45 R
HR DR TS 52 B PCR HiAR M HTAS 25 FPPS %
DRT I 2 SR IR e B FL R 45T 2 i 28400 ST AR ) 6 L
HBEE T —w it R, IR RIEFEGES
T T A R DR AR i I RS W ) i A Ay T
— BT,
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