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Cloning and sequence analysis of Farnesyl pyrophosphate synthase gene
In a mangrove tree Sonneratia alba
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Abstract: Objective To clone the full length cDNA encoding Farnesyl pyrophosphate synthase (FPS) which played an important role
in terpenoid biosynthesis pathway in Sonneratia alba and to provide the basis for the further studies on biosynthesis and gene
regulation of terpenoid. Methods According to the annotation of root transcriptome in S. alba, primers were designed and cDNA of S.
alba Farnesyl pyrophosphate synthase (SaFPS) gene was cloned from S. alba by PCR. Results The complete coding sequence of
SaFPS gene was 1 029 bp and encoded a protein of 342 amino acids. The deduced SaFPS amino acid sequence exhibited 86% identity to
the FPS of Glycyrrhiza uralensis. The predicted SaFPS shared two conserved functional domains. Phylogenetic analysis on the amino acid
sequence of SaFPS with those of other plants showed that SaFPS was closely related to G. uralensis, Medicago truncatula, and Lupinus
albus. It showed that SaFPS was highly expressed in flowers while lowly expressed in fruits, stems, and leaves by real-time PCR analysis.
Conclusion The SaFPS gene is cloned from a mangrove tree S. alba for the first time and the expression of SaFPS is tissue specific. This
research lays a foundation for studying the gene expression pattern and regulating the functions of SaFPS in terpenoid biosynthesis.
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Ak A VIR 5 G 7 A s B HP s o A
M, HA RSN ML AR i
SYRILPER R FRBRZ N Real. e
FLAEEMR 5 (Farnesyl pyrophophate synthase, FPS,
EC21511110) J&—F s M AL, SRR
BRI N, CEA TU R T 1 5 A S AR
g (IPP) FN_HIENMGIEAERER (DMAPP) Ll 1~
4 RIELLAEA N, TEE 15 BRITENEIE LR
(FPP) W, Hurog =0, BRURl pagptlag
40 ZFEAY) 4> B IF5iRE T FPS 1) cDNA JP41,

H AT 2ERARAE P il A A ) Ry 1 2
AHE, FOE A G ) AR IR A DG T 1)
T B A DL P SCRRAR I8 . SIEG ve B T MRS FPS
(SaFPS) L[, FHil ik AWM B 2E T ENIS b T
gL Thfe, kB Wi oY B4 SaFPS RSN
PE LU A5 I L I TR s SR S ) A6 e
FEDR R B T A
1 #REIRF

ML= Sonneratia alba J. Smith B Hpilik2,
M2 %08 PCR AlfiAFIE. IR laati &y 5
et YIRS A F] 5 Taq KA EE . pMD-18T.
cDNA Synthesis Kit 4§ [ Takara 2 w]; 4 %0 H 5
EAR; 516G 8T HgER AR AR,
FEar T4l
2 Fk
21 SI¥git

M Chen PRI 3T M 2235 311
B dUp ), el et i, SRS it iR
F Primer 6.0, XJARERE S A7 41 ) FPS Ak
K514 . 1E 17 FP: 5°-ATGGCGGATCTCA-
AATCGAAGT-3’, Jx[f] RP: 5°-CTACTTCTGCCT-
CTTGTAGATTTTGCT-3’,

2.2 RNA RZEKR ¥R

KM RGN CTAB LT, & RNA 584
PERSERE L EB-B N i v Ik A% R 2 1 o 1
X (Bio-Rad) #&ll. HL 1 ug & RNA, Ll Oligo (dT)
K51, $% M-MLV RTase cDNA Synthesis Kit 1 1]
A, R¥FRE R cDNA.

23 PCR¥ &Rk
PCR [ MARZR N 10X 22 8 pL, 10 mmol/L

dNTP 8 uL, 20 umol/L FP 2 pL, 20 pumol/L RP 2 pL,
cDNA #4 1 uL, Ex Taq 24 4 ul, Jn/K 3 80 pL.
PCR RN 4AENR: 94 CHIARYE 5 min 5, T
32 MEIR, P A 94 CAZPE 30 s, 61 TRk
30 s fll 72 CHEfH 1 min. § =1L 0.8%E IEHE
Yk I FL K 43 BT R R (R 2l Ab 3% 42 45 pMID-18T 244,
I H CaCl V¥ AL KT % DHSa 2 &40, &
T ESAEFTTHE (Ampicillin, Amp) [ LB 15
FRIVAR, 37 CHiFRA . BTG HAL 1 F Sk $ L
WA EIRBUTR. DNA, 417250k PCR %5E )5
IEAE ISR 28 W o
2.4 FPS FIEMEEFN

AT a5 B, HER I R A HE S Copen
reading frame, ORF) & %whid & (1 1 & FE R 7 51
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T 2 PR 5 b A ARG 355 IS 8 ) Sl A i 7K
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TEL A M T HA W% GenBank [WIETL AR
JEEFNAETC AR B A 0 P 7 70 R AT LEx 3 A e SR
Clustalx Fl1 Phylip-3.69 #1774 2 & LW Xk Rt
PRI EE . 1 H SOPMA Fl SWISS-MODEL i i% &
FIHEAT 0 S5 KRN — o 45 Ry F)
25 MEEBRARBLS FPS mRNA KFERIESHT

[ 1Q™ Multicolor Real-Time PCR 1%, LA
Actin A NZEER, BEE S FPS BRI AH X 2
KhL, DM 250 JE. B cDNA BEAR,
FIH] Primer Primer 6.0 Wit 744 FH) Real-Time
PCR 514, 3T PCR #"#4. Actin RT-FP: 5’-GAG-
GTTCCGATGTCCAGAAGTCC-3’, Actin RT-RP: 5°-
GCCTCCACTGAGCACGATGTTAC-3’, FPS RT-
FP: 5-TTGGTGATCCCACGACTATTGG-3’, FPS
RT-RP: 5°-CGACATTTGAAGCGTCAGGTTT-3’.
FJH SYBR Green I PCR Master Mix Fit.fil Real-Time
PCR WA Z&: cDNA9 uL, L FiF5144% 0.5 uL,
SYBR Mix 10 puL, & 4F 20 pL. SNVFEF: 95 C.
30s; 95°C. 5s, 60°C. 205, 40 MEH. WLy
Hr s fidt th 4k % %% Real-Time PCR 2 [FHF 7, H)
JH 274U RIS s 0 7 v SRAS I FPS 6 IR 7R Rl 41
G RIL KT
3 HERENW
31 ERNABIRE

HY 2 pL $2HUPIFE ) RNA H RNase-free 7K 7k
10 5, HE AR T AGNE , Aso/Asso=1.977,
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ZEEE T 2.0, BEUIERENT) RNA iR . &
RNA £ FLIKA I 5 v W8 %2 20375 i B 5217 28 S rRNA
F118 S tRNA 45715 LUK — S84l e 8% rRNA 45745, 4
WHTCHIZ, RNA FRIBCR BT .
3.2 SaFPS ERE M E

RT-PCR § i /=14 vk e S 1 K& 1.1
kb Zi A7 PR — R et A B (B 1D, AR S TR
NHATE, SRR T SaFPS A (4 fis 3 471
(K 20, Mg oA E GenBank, EX'5H
JX681145,
33 FIEMERFED

P FT43 211 SaFPS R R4 7 4114 1 092 bp,

¥ & DL K § K F ¥ R V Y § ¥

i —y

M-Marker  1-%7 kT4 4Ly SaFPS PCR 4117 4)
M-Marker 1-arrow indicates SaFPS PCR amplification product

B 1 SaFPS £#FE#) PCR #14
Fig. 1 PCR amplification of SaFPS gene
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ATG GCG GAT CTC AAA TCG AAG TTT GTG AGG GTG TAC TCG GTC CTG AAG GAG GAG TTG CTG CAG GAC CCG GCC TTC GAG TTC ACT GAC AAT
D R @ ¥ v ER NLD Y N VP G G K L NRGL S V¥V L D 35 Y K L
GAC CGG CAA TGG GTC GAA CGG ATG CTG GAC TAC AAT GTT CCT GGT GGC AAG TTG AAC CGT GGG CTA TCC GTT CTT GAC AGC TAT AAG TTG
L I+ s Gx R E L' “T="D D B ¥ F L & § i L ¢ '% & F B W L @ &4 F *F
TTG ATA GAA GGA AGG GAA TTG ACT GAT GAT GAA GTA TTT CTT GCC AGT GCC CTT GGT TGG TGC ATT GAA TGG CTT CAA GCA TAT TTC CTT
¥y LD DI N D G S EHTURUERGOGQU?PTCU¥YFRUHEZPIEKVYGLTI A TTH
GTT CTT GAT GAC ATT ATG GAC GGG TCA CAC ACA CGC CGT GGT CAG CCC TGC TGG TTC AGA CAT CCC AAG GTT GGC CTG ATT GCA ACA AAT
D 6 I L 4 B+ W BT 8§ R I L K ¥ H F K G®&E P Y ¥ D L L D L F
GAT GGC ATT CTT CTT CGT AAC CAT ATT TCC CGA ATT CTG AAG AAG CAC TIT CGG GGA AAG CCT TAC TAT GTA GAT CTG TTG GAC TTA TIC
N E ¥ E'F @ T A S ¢ @ X ' D L I T~ T L E G .E E D L § K T T i1
AAT GAG GTT GAG TIT CAG ACT GCA TCT GGC CAA ATG ATT GAC CTT ATC ACT ACA CTC GAG GGA GAA AAA GAT TTG TCA AAG TAT ACA TTA
S L»H Bk I ¥ @ ¥ KE T A ¥ Y & F ¥ L PV &€ AL L X § @ E N
TCA CTT CAT CGC CGT ATT GIT CAA TAT AAG ACT GCC TAT TAC TCA TTT TAC CTC CCG GIT GCC TGT GCC TTA CTA ATG TCG GGT GAG AAT
L D NH A D ¥ KD I L ¥ E X GGTYFQQ ¥ L DDY L P CF G D
TTG GAC AAC CAT GCT GAT GTA AAG GAC ATC CTT GTT GAG ATG GGT ACT TAC TTC CAA GTT CTG GAT GAT TAC CTG GAC TGT TTT GGT GAT
p T TTI G K I 6 TD I EDF K C 5 ¥ L ¥ ¥ K AL EVLCNEFD
CCC ACG ACT ATT GGC AAG ATT GGG ACA GAT ATA GAA GAT TTC AAG TGC TCG TGG TTG GTT GTC AA GCT TTG GAA CTC TGC 4AC GAG GAC
Q K K L L H E NY G K P D A § N VvV 4 E V K 4 L Y N E L N L Qq
CAG AAG AAA CTG TTG CAT GAA AAC TAT GGG AAA CCT GAC GCT TCA AAT GTC GCA GAA GTT AAG GCG CTC TAC AAT GAG CTC AAT CTT CAG
G Y F A& E Y E s R § H E KL I- T & I K A HP § K § ¥ Q 4 ¥ L
GGC GTT TTT GCT GAG TAC GAG AGC AGA AGC CAC GAG AAG CTG ATC ACC GCA ATC AAT GCT CAC CCA AGT AAG TCG GTG CAA GCA GTG CTC
R § FL 8 KI Y K R Q@ K *

AGG TCC TTC CTG AGC AAA ATC TAC AAG AGG CAG AAG TAG

B2 SaFPS HY4%wi3X FFIFIREELFT
Fig. 2 Coding sequence and amino acid sequence of SaFPS

FLomts ¥y SaFPS 4 L7y 342 DMEIEIRIEIL, AHXS
Iy h 4.31 X104, R w I E R R e
HAIR (Lew, 15 13.5%, /DR ERECAR
(Trp), 7 1.5%, BIRAEHL 1Y 5.56. ] DAS TMfilter
T4 TN S LR 7 41 14 95 WS 45 R S b AT P, 25
KW SaFPS MAAEES LK. 45 s IR il
DHEWT, SaFPS 7E4i M5t rh & i G, Ak
NI AR M 2%, 12 B AR s, Ak BE S
O TR Bl B BUR AR, AN S
ERRE & . FBKYE M 45 R3], SaFPS 1 309
7 Arg /KB R (—2.778), %5 202 £ Glu @i/K M
ol (2.444) . AN ZINEERIN 6K YE, AW

ORI K DX A5 o 25 T IR 1 45 A ) T 45 2R
A LAHEWT SaFPS ANEAE U] WM /K X i, St
FPS ANAFAE 5 IR 45 K S AH — 2

I ClustalX F&J7%f SaFPS (2 IR T41 5 H &
Glycyrrhiza uralensis. 15 & Medicago truncatula L..
15 Lupinus albu L.. 33 Malus pumila Mill. %5
ZIHEY) FPS M SR IFHHAT Z P HILLxt, 458
KW (K 3) BWFh FPS SRR P41 LR, SaFPS
L HHE FPS (MBI — S 86%. FPS HAT 2 4
B RAEIR Asp IR (DDXXD), X 2 MRA
ZIRIRTIE (Asp-motif) BEIA A &M N EEHE RS I 5 e
W) 5t IRIAFE AR ERARN S5 & 17 . SaFPS JE[A
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Fig. 3 Alignment of FPS amino acid sequences for different species

HEMREE 5 93~97 ZIERFRKE (DDIMD) Al
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Regi ik oy Tkt R R i etk b Tk
T i S 5 AR FPS LRI R R K &,
H Phylip-3.69 #A1=K FHARHEIR £ (neighbour joining,
NI A R G0 R AR (18 4), AT LA H SaFPS
SR B PR FPS RGO R

izf] SOPMA #AFTIMN SaFPS 4 111 g4
¥y, RWZHEATA 219 4 a 12jiE Calpha helix),
17 64.04%; 18 AN 4L 5E (extended strand), 1 5.26%;
18 /> B 1 (betaturn), fi 5.26%; 87 AN ICHLNIE
i (random coil), 5 25.44%. #J/1] SWISS-MODEL
$e58 FPS SR 141, A58 1 045 04 e vh 48 AR
2% SaFPS FEA I 2~342 7R IE 5 A FPS
pn AL (4demF) @4 —EEIL 2] 46.36%, LA
4demF WA T SaFPS [ = 4R (& 5), W]

FHE (AAMO08927.1)

% (AAX76910.1)
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Fig. 4 Phylogenetic tree based on FPS sequences
from different organisms
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UL FPS 7825 [0) 47 Jay A& o SEHETE i “ KA/
SEAREERE,  SLRRARE SN AE A R AT
3.4 AFREIELAH SaFPS mRNA KERIE D HT
Real-Time PCR Z5 % .7 (K] 6), FPS JEKLE
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M WS 2R M RIBEAN AR Z4R S
Cunillera ZEWF 5745 AT, i HIZFE R H AL
BN,

N

$0% <— Agp-motif

B 5 SaFPS Hy=4EEH!
Fig. 5 3D model of SaFPS

SaFPS HIXEIL

1 ETT T

6 AREIZHLH SaFPS mRNA KEFRiE 4T
Fig. 6 Expression of SaFPS mRNA in different tissues
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