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Abstract: Farnesyl diphosphate synthase (FPS) is a key enzyme in the biosynthesis of
triterpene saponins, it can promote the biosynthesis triterpenoid saponins in plants. In order to
study the function of FPS gene in llex cornuta, we isolated a FPS gene from llex cornuta, and
carried out bioinformatics analysis and expression analysis. In this study, PCR was used to
isolate the cDNA sequence of a FPS gene from the leaves of llex cornuta, and the gene was
named as IcFPSI. DNA sequencing results showed that the amplified cDNA of IcFPSI gene
was 1591 bp. Sequencing analysis revealed the IcFPSI gene contains a complete open reading
frame, and the open reading frame is 1 029 bp in length, encoding 342 amino acids. The
molecular weight and isoelectric point of predicted IcFPS1 protein were 39.58 kDa and 5.18,
respectively. Physical and chemical properties analysis revealed that IcFPS1 protein is a
hydrophilic protein, and it does not contain a signal peptide. There is also no transmembrane
region of the IcFPSI protein. The multiple alignment of FPS sequences with BLASTP and
Align X revealed that the IcFPS1 protein is highly homologous to other known FPS proteins
from different plant species, and they have common conserved regions and amino acid
sequences. The similarity between the IcFPS1 and the Panax quinquefolius FPS sequence was
as high as 89%. Phylogenetic tree analysis showed that the FPS protein of the llex cornuta is
closely related to FPS proteins of the Araliaceae family belonging to the angiosperm. These
results indicate that the FPS gene is conserved during evolution. Protein-protein interaction
network analysis showed that the IcFPS1 protein is involved in the synthesis pathway of
isoprenoids, which may be the same as IPP1, IPP2, GGPS3, GGPS6 and ERAI1 proteins.
Real-time quantitative PCR analysis showed that /IcFPSI gene was expressed in all tested
tissues of llex cornuta, while the expression level of IcFPSI gene in different tissues was
different. /cFPS1 gene has the highest expression in roots, but is less expressed in the stems and
female flowers of llex cornuta. This study laid a theoretical foundation for the study of the
molecular mechanism of plant triterpenoid saponin biosynthesis in future.
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FLR) 43 B AT BRI 5L, B F0 45 FAIE 5 FPS A2 AE Y — ik B AE W) & BUS R 1) — /> R B,
RGP R 7 s, R =2 T e k. S, EME B HEA KR



FPS RN MW FCIRIE, TCME FPS BT DhRERT SU 2 7 FPS ZEDNEM) B = #5751
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1. MRS
1.1 Ak

AHE T A M) ARER A TR R I, R M FE I HZ (R 25, L HETE.
HEFE) FT RNA $EEURIE R 208 40 M, SR A RE S B 7E A 0 VR FEf A7 75 —80°C
RERIROKFE A
1.2 i
1.2.1 RNA KJIREBUA cDNA &

KB IAFZE R 25, 0, HEIE. BELR) 7EVRE T B B4if KR, 2 Plant RNA
Extraction Kit (TaKaRa, Mini BEST) {71 &5 15 B 542 I 2H 4L 1) RNA . 20 6 B vH R g
IV J P KR B R ) RNA T cDNA A . #iE cDNA 4 L RNA SRR,
KH PrimeScript™ [f] cDNA &% 557 % (TaKaRa, Dalian, China) 5&f%.

1.2.2 ¥ IcFPS1 R:E 7ok
R FE M B 0 2 S AL e B Wit I B FPS JE R 15 55 514, 3751908 - IcFPSF

( 5-ATTAAGACCATCTGTGGAGCCTAGC-3' ) , K f 51 # A : IcFPSR1  ( 5-
GGGTGACAGGTTTGTATAGCATCCA -3'). PCR 2%k & 25 puL, 45 ddH.0 16.5 pL,
10xBuffer 2.5 uL, MgCl,2.0 uL, dNTP 0.5 uL, b Ri#514)%% 1 uL, cDNA #ifR 1 uL, Taq
DNA R&HF 0.5uL. PCR M4 M: 94°C FiAS 1 4 min; 94°C 281 30's, 58°C Bk
40's, 72°C ZEfH 90's, 3L 32 MEIR; t)a 72°C ZE{H 10 min, 4°C 455 . PCR ¥ #4545 F A
1% (Y58 5 FL ARSI, 1) P B A e P8 e At & Rl IS 2 Ak 36 =4, abidb =i e B
AL pMD19-T #i4k b, FH#:4k 3 DHS a2 540 . #4405 (R S 41 RA 151k
TG I SRR T Amp ¥ LB [R5 IR LA, BRECGE & 3 s A0, T
PCR #3456, BHMESE BB A R Y TRA R ATIT .
1.2.3 EVMEBES T

IcFPS & [A cDNA J¥ % #1 & A i & & b % F H 7£ 28 T. & NCBI-blast

Chttp://www.ncbi.nlm.nih.gov/BIAST/) 5E . & H Vector NTI Suite v11.5 F1 DNAMAN 8
KM IcFPST B2 [H ) cDNA J7 51, 3478 i B F . 1cFPS1 28 [ i B A 2 PR 53 (1) 70 BT K
F I E ProtParam tool Chttp://web.expasy.org/protparam/) 4T, 155 KT . BRAKMESHT
i85 JIBE X 3k T 43 53 FH A2 28 12 H. SignalP 4.1 Server. ProtScale il TMHMM Server v. 2.0 5€ /%
BAR RSB SOPMA T HSZHL. FIH M Align X (Vector NTI Suite V 11.5)
X2 MBI ) FPS S H AT 2 E LA 04, B Clustal X 2.0 Fl MEGA 6.0 %% F 4 4%

(ND) J5 iM% FPS R K R Gi b4k, 181 FH Bootstrap Xf 2 Ze i Al {5 PEHEAT R 36, B8 1000
K. NiFH STRING A2 H.iUE i (https:/string-db.org/) #4281 5 M 55 & A 1A TLAE
FAM %%, 43 BT TG IcFPS1 &% 7R BAEMZS h E R G R, fREE AT {5 B KT 0.700 A8 EAE A
K%, H Cytoscape 3.61 %/~ HAEM L%,
1.2.4 LR R E & PCR 4047

{8 FH RNA 2B 7 & (Plant RNA Extraction Kit) M FLATAS[E] FRIZH 2R 28 B #F W T HREL
S RNA. R¥E IcFPST FER ) cDNA FP A SERT 56 e & 5149, 51908 IcFPSRT-S:
5-ACAGATTACCGAAGGTTGGTATG-3' , K % 51 # N IcFPSRT-A
5-GGTTGTCTGGAATTCTACCTCATTA-3'. qRT-PCR W % [N ik H i) /& IcGAPDH, it



51 ¥ 7 51| IcGAPDH-S: 5'-TATCAACGGCTTCGGTCGCA-3', R ¥ 51 %15 % IcGAPDH-A:
5-GGACGGAGTCGTACTTGAGCAT-3'. G|kt Bilg e TAMEARAIRA A G . SLh)
926 € B PCR ZEMTUN 1 H BHE A FR 24 7] 1) Linegene9600 PCR X _EHEAT, A8
2 PCR [ #1E & B8 1057 & PrimeScript™ RT reagent Kit with gDNA Eraser /1 SYBR® Premix
Ex Taq™II (M2 RGBT . IRFEFF A 95°C. 308, 95°C. 5s; 60°C. 30,
340 MEFS . RS SO ER, ZRERER, Fo0 s E — XTI GRS
ddH20) o IcFPST FE R 1 AH X 235 7K P Bk A F 2744ty 58 B (Livak & Schmittgen,
2001)

2. ZRESH

2.1 IcFPS1 #F ¢cDNA & 555447

FIFRE 514, CUREESE cDNA AR, @il PCR B AR M E o si B3 ) — 5% FPS
R 531, il it NCBI W3 R 7E A2 5 Blast EL4 7047 78 1% cDNA 591 5 HAl A i FPS
He R 57 B A e B — B0, T3R5 cDNA FE 5 N #E 1) FPS R, fi 4 9 1cFPSI .
It cDNA FHIHK R 1591 bp, A5 1029 bp HIFFRENE, 4w 342 MR (F 1D,



1 attaagaccatctgtggagectageagttttttetetecctetgtegagaacaATGAGCGATCTGAAGTCGAAAT
M S DL K S K

76 TTCTGGAGGTCTACTCAGTCCTGAAATCGGAGCTACTCAATGACCCTGCTTTCGAGTTCACCGACGATTCTCGTC
F L EVYSVLKSETLTZLNDUZPAFETFTUDUDS SR
151 AATGGATCGAACGGATGCTGGACTACAATGTACCTGGAGGAAAGCTGAACCGAGGGCTTTCTGTCATTGACAGCT
Q WI ERMLDYNYVPGGKLNRGLSVIDS
226 ACAAGTTGCTGAAAGAAGGAAAAGAATTGACCGACGATGAAGTTTTTCTGGCTTGTGCACTTGGTTGGTGCATCG
Y KL LKEG G KT ETLTUDDEVFULATCALTGWCI
301 AATGGCTTCAAGCATTTTTTCTTGTTCTTGACGATATCATGGATAACTCTCATACAAGGCGTGGTCAACTCTGTT
EwlL®QAFFLVLDDTIMDNSHTI RI RGOS QTLC
376 GGTACAGATTACCGAAGGTTGGTATGATTGCTGCAAATGATGGGATATTACTTCGCAACCATATCCCAAGAATAC
¥wWY RLPKVGGMIAANIDGTIILTLI RNHTIPRI
451 TCAAAAAGCATTTCCGAGAAAAGCCTTATTATGTGGATCTGCTCGATTTATTTAATGAGGTAGAATTCCAGACAA
L KX KHFREZEK®PYYVDLILDILT FNEUVETFAQT
526 CCTCTGGACAGATGATAGATCTGATCACCACACTGGTAGGAGAAAAAGATCTATCAAAGTACTCATTGCCTCTTC
T s ¢Q M I DL I TTLVGEI KT DTLSI KYSTLPL
601 ACCGTCGGATTGTTCAGTACAAAACTGCTTACTACTCATTTTACCTTCCAGTGGCCTGTGCCCTTCTTATGGCAG
HRRIVQYKTAYYSFYULUPVACALTLMA
676 GTGAGAAACTGGACAATCATGTTGATGTGGGGAACATACTTGT TGAAATGGGAATTTATTTTCAAGTGCAGGATG
G EXKLDNUHVDVGGNTIILVEMGTIYFQV QD
751 ATTATCTGGATTGTTTTGGTGATCCTGAGGTGATTGGTAAGATTGGAACTGATATCGAAGATTTTAAGTGCTCTT
bYy~LDCTFGD®PEVIGKTITGTDTIETDTFZKTZCS
826 GGTTGGTTGTGAAAGCACTGGAACTTGTGAACGATGAACAAAAGAAGTTATTATATGAGAACTATGGTAAACAGG
v L vy KALEILUVYVNDEAQIKIKTILILYENYGIKQ
901 ATCCAGCCTGTGTAGCAAAAGTGAAGGAGCTTTATGAAACTCTCAATCTTCAGGATGTATTTGCAGATTATGAGA
DPACVYVAKY KETLYZETILNLAQDVFADYE
976 GCAAGAGTTATGAAAAGCTAATCAAATTCATTGAAGCTCATTCAAGTACAGCAGTACAAGCAGTGTTGAAATCTT
S K SYEK KT LTIIZ KT FTIEAHSSTAVQAV LK S
1051 TCTTGGCAAAGATATATAAGAGGGAGAAGTAGGAGAGAGAGATTCAAAGTGTAAACCTGAAAATATTCATTCCCA
F L AKTIYVYIKT RE K *
1126 aaatgttgggatgttetgttgtaagttgtatettatgaacatcagetttettgetttggettetgagteteecett
1201 aacttgetttectgtattgtagatcaggaagetgtaatactactcaaataaactagetgeattectgtgeaacaac
1276 cgagaatgeagcaaaatgtegettccagtgtttgttttgettetgtttttggaggaaaaataaaatgtattttgt
1351 gtctttacccaattttctatgtateccatgaaatetetaggeatecactttgagttgeatgttatttagtgtttte
1126 ctggecaaaacttetcataccaatgtactaaccaggtaaagaaaagecacaacaaaaggecaaactgeagagtge
1501 acttcatactgtatgggatgtectgecgtggggaaagatggececagetggtttgaattgatettttggatgeta
1576 tacaaacctgtcacce

e AR TR ERD TR R R BN .

Note: The initial codon and the stop codon are underlined.

Bl 1 1cFPSI K:[K cDNA J3 5D (¥ 2 7R 5 51 .
Fig. 1 The cDNA and deduced amino acid sequence of IcFPS1
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[cFPS18 i & A 342 M2 B R . (EZR I uhi 73 ir R W, IeFPS18L 5T 1) 43 1 B AT &5 HA i
539 2939.58 kDafl15.18. £ [ i Afe e REN33.87, 1% 8K i A 8 B [ - SignalP 4.1 Server
B 5 IR 45 ROR IcFPS 1R A& A 15 SHK, B A BB K T 2 R IcFPS SRR R H .
HE P R X IR A SRR W], [eFPSIER A S A BB E X . 18 SOPMA T A7zt A
JR R R, oy ATt R WIICFPS 18 (M 3 2t o8 E  To R A5t ZE A BE AN BHE A1 45 M 2 1,
FLT & EEB 2 ) N 65.5% 24.56% . 6.73%H13.22% . [A] 5 Eb X 43 i i 78 2k T H.BIASTP
(NCBD) #lAlign X (Vetctor NTI 11.5) 58k%. HINCBIff]Conserved Domain Search T..H 4} #ft
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kL B kDB e v & Qe e LKBFLAKTYKRK
B YESYCKEDEAS VS KilKELy L K BOWFADYE LABFLBKI YRR
k8L BEN v KD BAG VK 1xEL v K1 QDU FABYESK Sy B IR 1 E NHBNAS Vol Lk BrLEK 1vKREK
kB BENvCRED@AS VAT ke v ADNFEY /LKBFLEKTYKRAK
OKKELHENY GKEDPASVAKMKEL VWL LODVFAEY ESKSYEBKLIKE [ EHPSQAVORVLKSFLEK 1Y KRAK]

(SYEKL IS TEAHB

e —BEERA A AT BEE SRR RTIEERA A OISR EE RER . AR R AT a6HE R
Note: The completely identical amino acids are indicated with white foreground and black background. The conserved aminoacids are
indicated with white foreground and grey background. Non-similar amino acids are indicated with black foreground and white

background.

K2 FPSEEMRFF 512 ELLXT

Fig. 2 Multiple alignment of amino acid sequences of FPS

2.3 #1'B IcFPS1 5 i i B I8 L xof
EJE LA R, 1% A RS HAR R B FPS & A AR L B (&12) o Hod ) IcFPS1
EAFRMPEES (ADJ68004) . ANZ (AAY87903) . i HME (APV45530) . BT A



(ADK12004) . FAEE (AAV58896) . HHME (AKQ62666) . HF#t (ANA11766) . i
Fhn CAEY77151) F4RE (AIU63880) [IFPSHE [ i 2 1] (K AH LY EE 73 51 N 89%, 88%,
87%, 87%, 87%, 87%, 87%, 87%H186%. A~FWIFhZ [AIFPSER A Bm i —8E, KR
TEY)RE b AT g 2 A 15 SO AL -

2.4 IcFPS1 AT KRG 7

ARG K F ClustalX 2.0FIMEGA 603K - 2211,  H 12t — PR K FPSHE [ i /E
AFRPIFZ B R EBFTR, FTA MFPSE AR A T— AN LRI %, ANEY)
FRETFPSE T MG T LA B =AM 3, 5N SRR (B3). RGN
ST R M E FPS 1R (1 54 TR S0 A A TOIN RN FPS & MR 4k R, RIAER
— 3 by TSR, M. AEUNEPSE A RER S~ b %4 R EW], FPSI
HE eSS TUNAFPS & A B E g NI . M) B IcFPS1#E D RE b mT g 55 T FHE
YIMFPSE AME, 2511 = 214 AR .

51 A% Panax ginseng
160 { 412 Panax japonicus
=-t Panax notoginseng
100 Hi'E Hlex cornuta r H5% Plants

B Rosa rugosa

87

99 #§ Prunus mume
9 Fi%L Pyrus x bretschneideri

[ RBHIIE Fusarium graminearum} (i Fungus
100 b——— HREHE A% Neurospora crassa

JR¥ Gallus gallus
Zh#¥) Animals

100 { FH Mus musculus
100

# 8 Rattus norvegicus

B3 REYF FPS FEH R G REAGH
Fig. 3 Phylogenetic tree FPS gene from different species

2.5 #E 1cFPS1 & A &R BAEM 443t

FIFH STRING 8 4 HAF $dis 1 6 # IcFPS 1 88 (A HEAT M ELAE F o0 #r, b2 $iide #8455 0
YT, WE TIEABEMS (K4), cFPSIE AR LSO EAEAE, HAdIppl.
IPP2. GGPS3. GGPS6HERA1HSEHEYI K R L If& BOSE ARG, ZBEAEM 2RI
‘B IcFPS1#E [ 1 g 51X Lot (A — SEAR LR Th e, 3L [F 2 55 I =0 16 s



K. 4 IcFPS1 &R AR M 4%
Fig. 4 Protein-protein interaction network of IcFPS1

2.6 IcFPS1 I RRIK 5

N TWEIC IecFPST HE R SN HLA G B RIE KT, SR E IR 25, ihy HE2E.
TEM R RNA, Af ] S A8 R 53k 19 81 cDNA, FIF qRT-PCR BiA I 5 M- % AU 1
o IcFPST B[R R1E K. qRT-PCR MM 45 R KM, IcFPSI JERIFE &N H 2 5 h#A
Rik. KM ERPIERRIERRE, HHRIEELR, BEEPRIK, £ZEMEET
MR BRI (B 5. MIE 8 FELGTRMALZMRAMF, KW IeFPS FE PR AR P
AP RIS R . B, N IeFPS BRI T ReS 5 7B =i KW B A A A,
A B = R S A T — A SRR AR

40
3.5
3.0
2.5 4
2.0 4

TeFPS TR F AR KR
Relative expression of fcFPSI

i3 £ H HEFE HETE

Root Stem Leaf Female flower  Female flower
A M4 4 Different tissues

B 5 MEARHALS S IcFPST R FRIEEL

Fig. 5 Expression pattern of /cFPSI gene among different tissues of Ilex cornuta



3. R 54

FPS 2 5K R % I EW& usft, & THEYIRAERR =65 21 5 SiEE B E
— AR R, R =R S B EY E R b — A B . KT 5T T A B R
IcFPST ZER, 3T T AEWE B2t M ae fiill . 45 R % W], IcFPS1 A BE T
Isoprenoid_Biosyn_C1 # 55k, 5 H AR LI 2 25 R FPS & A B A 8 & AR
U, SFHINEH FPS B ARG K ARE, 456 EAREAEMSE DN, IESLHME [cFPS]
Z5R R R IHREIER, RS S RENE =0 S A S

qRT-PCR 73 #7 45 R KB IcFPS1 H R &N 3 B A 23 (1 04 B B A 4 22 1k,
FopEAR R R R R B s, FUGRM, R RIA R D, XA EVFE FPS
fE =i B RULEA I ThReE . Bl a2y BT 1T FPS JEF 7 B A D e is
iE. Cunillera % (1996) FilE [ HIFGIF FPS £ [H, qRT-PCR 70 #r4h REHALEEIF FPSI
FPS2 BEREA AR 25, MRIEh#ERIE s Horh, FPST BERFEMR MG = KI5, FPS2
RRFEACPEAR, BAEHAREERE, X5RMNFFFRLERML. £EAKE FPS £
DhReRt i, HRRILLE WK FPS B R IL B Al , HIUEZE, RixsEmba2nt,
HEM % B AER A Z I H AN RIEAYZDhRe, 5 BERERIERMALAR (BiREE,
2013); fE NS, FPS BRI SRIK 7 M 45 R B L R 7E I (1 R A & e 2 (R4, 2017),
XE5AHRHRKREERZAM. £=-t FPS R DIREN 70 KB, £ =L+
Rk FPS BRIW] DM =8 B E (IS, 2015) o FARASE (2013) % H|FNE
Je FEERRIR A IR FUR I, PFS HEFF TN BN KGR R EE 5 LB H S22 A
FRAARI AR A 34, IESE FPS A2 50 FOIN =5 B A W& B — A G BERg . IXLesf RR ] FPS
FEH P FRIE S =5 A YGRS VIR BRI nT DAHERT, #0514 IcFPST JE R 1] g
Z 5 1 M =R B AE S S

B, AW TEREIRTG 1M (1) IcFPST BE1K, X AR Y 5 A1 A EAT T AEME
BT, R T M IcFPS1 B i BAEMES: FE0tr 1 IeFPST &R 7EM) & A [R14H
AR R IR AT, %0 R HE— 25 F5 1 IcFPST JERAEM) B =5 B AW A b /e
B T A, NP A SR R IR T R AR
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