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 E. e SLEBR A M (famesyl diphosphate synthase , FPS) & =il B 15 4= W1 & 3B A2 1 — A JC B , S BF
5¢ FPS BENTEAME A DIRE WK PCR FORNE —A> FPS FEH 1 cDNA J3 81 AR i r 43 25 1 0k JF:
4N IcFPS1, 2538 ARG P 245 S0 Ak B W4 3R 15 19 IcFPS1 3£ K cDNA £ 471 591 bp, & —
AN SEHE TR BE EHE , /N1 029 bp, 38 2 781 53 B &k BB IeFPS1 B[R i 342 A2 LR, 43+ 5 Al
SEHL R R 39.58 kDa Rl 5,18 3d Ak BEAK P BT BN 43 B A B 1eFPST 28 R 315 5 K, AS 3 A 5 R IX B
iZ 1cFPS1 8 U Rk M F T, a7 5 2 8 X & 3 1ekPST & A i 5 A AL Y (1 FPS 2 11 T i )
VR A LR B AR ST X SR A LR 91, Hoh 505 FPS R A ML 3 89% , i i 2R S8 pE AL 4B
PRI FPS 2 45 [FJ8 T8 I 0 TR Y FPS 3 11 35 46 5¢ R0, 6 FPS 3 [N 78 AL 1 72 P A
X HLERORSF o AR AR P R I 4 T 40 B 45 SR & BIZ R LT RE S5 PP, IPP2 \GGPS3 .GGPS6 il ERA1 AHH.
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Abstract; Farnesyl diphosphate synthase (FPS) is a key enzyme in the biosynthesis of triterpene saponins, it can pro-

mote the biosynthesis triterpenoid saponins in plants. In order to study the function of FPS gene in llex cornuta, we isola-
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ted 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 I. cornuta, and the gene was named as
IcFPS1. DNA sequencing results showed that the amplified cDNA of IcFPS1 gene was 1 591 bp. Sequencing analysis re-
vealed the IcFPS1 gene contained a complete open reading frame, and the open reading frame was 1 029 bp in length,
encoding 342 amino acids. The molecular weight and isoelectric point of predicted IcFPSI protein were 39.58 kDa and
5.18, respectively. Physical and chemical properties analysis revealed that IcFPS1 protein was a hydrophilic protein, and
it did not contain a signal peptide, and had no transmembrane region of the IcFPS1 protein. The multiple alignment of
FPS sequences with BLASTP and Align X revealed that the IcFPSI protein was highly homologous to other known FPS
proteins from different plant species, and they had 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 Ilex cornuta was closely related to FPS proteins of the Araliaceae family belonging to the angi-
osperm. These results indicate that the FPS gene is conserved during evolution. Protein-protein interaction network analy-
sis showed that the IcFPSI protein is involved in the synthesis pathway of isoprenoids, which may be the same as IPP1,
IPP2, GGPS3, GGPS6 and ERA1 proteins. Real-time quantitative PCR analysis showed that IcFPS1 gene was expressed

in all tested tissues of llex cornuta, while the expression level of IcFPS1 gene in different tissues was different. IcFPS1

gene had the highest expression in roots, but was less expressed in the stems and female flowers of llex cornuta.

Key words: Ilex cornuta, farnesyl diphosphate synthase( FPS) , triterpene saponin, cloning, expression

¥ E (Ilex cornuta) HAFFRHEAR BT A, 10 2
WHE L, AT e, R M B AL g Bl
Mgz — A E AR I RIISEH LU A T
DL R VR 7 5 T AT BT R (32 4 58, 2011)
MR (AR B A8 ) 0 20, A A i IR B AT
it B R R S DI R, T It 57 RZ K | 5F s K I A
TR I O T A AR G i I (22 SO A, 2011 )
M i SV 2 A A I, A4S s B
SR B K H 2 W S A G W (2 IR SCAE 2011
PRt A B B S R R 25 FH A

gy i rp FEE LS 2 — 1 = R T2
fiTANS RZ =L BREFHHEY P —
YA, JE T b 25 Y)Y 32
oy 22—, BA YU PURAL TH R AR S IR (5K
HFEAE,2015) , BA =AY G G B ke
SLEEUEIR G B M G I 8 A B AU R 4R AL
ity | AL M PR B 2 — R 5 g R ML, 05 JE Ak
FEWE R & T (farnesyl diphosphate synthase , FPS) J&
— T R R R, e AL R T P
9 e A A TR A S IO M R AR W IR L) Sk R I B 4 5 IR
INF, T T A S - ) 1 JE R AR R R, Bk A )
P A2 | A AR R SR 22 2R AT A )

M4 AT A ( Cunillera et al., 1996), &4, 7fE1E
2% (75 #§,2013)  #LF§ JT ( Cunillera et al.,
1996) TCIN (A B 45, 2013 ) | 28 M s (o 2R 45,
2014) =k (BRFI4,2006) S5 78 2 M4 b 4 it
137 FPS FEDR 0 73 B I DI REAIE 5T, BIF 5% 4% 2RAIE 52
FPS ZAHY) =ik B R WA BUR I — 1 G HE G,
RERS MY 28 e e (e =i R
G B AT, fEAE Bl HORA LI FPS
ARG 38 , 5e b FPS S R 1 547 D) RE A 9% 2
7R FPS BLHTEM) & =k AW & iR h ey
Fr$ . AT H o, JATX A E FPS B AT T
voRE X HP I AT T AYE B b OF i T T
HARKIBIT, TR AT Ry F5iE FPS 5& K AEH)
= A B B A IR A B B

1 #R57 %

1.1 &

AHIFFE I A B R SR AR T ARTL R A AL
W LA [R) A HZ (AR 25 i HEAE AR ) T
RNA $2 ORI PR 35 73 B, SR A7 19 A1 B 37 B 7R W
AR AE - 80 CHBAR IR VKA 5
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39 %

1.2 3%

1.2.1 RNA #5323 fe cDNA &% #0889 A [A)
AE (M ZE i HEAE AR ) 7 VR A TS LA R R
R, 2% B8 Plant RNA Extraction Kit ( TaKaRa, Mini
BEST) i & Ut Bl R LA 44U 1) RNA, 400
B T BB 45 i R K A I 5 A AL A Y RNA
F cDNA 4G, HIE cDNA B4 LA RNA RHE
M, & H PrimeScript™ B9 ¢DNA Jz %% 5% iR 7 &
(TaKaRa, Dalian, China) 5E %,

1.2.2 #)8 IcFPS1 A B o9 ot AR 4 A A0 55 5
ZH I R T A L FPS JER Y AR R 51 W,
L5 % K 1eFPSF1 . 5'-ATTAAGACCATCTGTG-
GAGCCTAGC-3', T iF51 ¥ A 1cFPSR1 . 5'-GGGT-
GACAGGTTTGTATAGCATCCA-3', PCR [ W 14 %
25 pL, fl 45 ddH,0 16.5 pL, 10 xBuffer 2.5 pL,
MgCl, 2.0 pL,dNTP 0.5 pL, | FiF51#14% 1 plL,
cDNA BiHz 1 wL, Taq DNA 48 0.5 wL, PCR
W 4494 °C A ME 4 min; 94 °C 781 30 s,58
CiB Kk 40 5,72 CHEM 90 s, I 32 PMEIR; fe ) 72
CHEH 10 min, 4 CLEHR, PCR U L5 R 1% 1Y
5 o P KA U, 1) FH 3% B T 8 e T A 790 8 Tl
aifb 3G Y, Al A ) i 4 B0 5 A W K Y
pMD19-T 4k I, 451k 5] DHS o B Z S A0 e .
FEAR 5 I TR AZ 25 AN 283 Ak 5 T 34 50 U R
F&A Amp 19 LB 1 85 3% ML, Pk IR 75 F 1 )
WAk, AT R PCR P G B6IE , BH 4 245 5 11
A LA TR /AT Y

1.2.3 W15 8 F 54 IcFPS 5 R ¢cDNA J¥51 Al
B/ BF A XF Rl 7E 2 T 2 NCBL-blast
(http ://www. nchi. nlm. nih. gov/BIAST/) 58 i, &
i Vector NTI Suite v11.5 1 DNAMAN 8 3£ /> #7
[cFPS1 LA cDNA JP5, JE47 8 B, TcF-
PS1 £ H it B Ak 2= B 19 43 #1>k FH T E: ProtParam
tool ( http : //web. expasy. org/protparam/) ¥ 17, 15
SRRTI 5 K A3 T B B DXl N 43 ) FH A 26
T.H SignalP 4.1 Server , ProtScale £l TMHMM Server
v. 2.0 SERL, B A4 (i B SOPMA T
B, A FH 3 4F Align X ( Vector NTI Suite V
11.5) %t Z R i FPS 5 H 7R fT £ & 4 4047,
FIH Clustal X 2.0 Fl MEGA 6.0 % {4 2% J] 45 4%

(NJ) 73kt & FPS 3k N &R 4 i 1k, i
Bootstrap X R G0 AT {5 M EAT K56, B &1 000K,
I H] STRING 3¢ H. =X % 9% & ( https://string-db.
org/ ) P EAEIE AR 11 5 A0 OC B 1 A AR ELAE FH I 45
STATTICN 1eFPST 2 F 7E BAE P25 b 9 4E FH G &R
F A BE R 1070040 AR F , Al Cytoscape
3.61 TR RN HAEMZ K,
1.2.4 E£8F 38R E % PCR 947 i RNA $#2HUL
#1 €5 (Plant RNA Extraction Kit) M T A [a] it 41 21
TEERE S P RS RNA, ARG IcFPST JE R Y
cDNA T4 & 1T L9 O gl 9, LS9k
IcFPSRT-S: 5'-ACAGATTACCGAAGGTTGGTATG-
3", FiF51 ¥ M 1cFPSRT-A ; 5'-GGTTGTCTGGAAT-
TCTACCTCATTA-3', qRT-PCR N3 %E Xk F ) &
IcGAPDH , I it 5| ¥ J¥ %] 1cGAPDH-S; 5'-TAT-
CAACGGCTTCGGTCGCA-3", FiiF5 | ¥)F 51 IcGAP-
DH-A: 5'-GGACGGAGTCGTACTTGAGCAT-3', 3|
Yk Ak Ll TAEW B ARA R A6 G, 5L 28
J6E & PCR 7E MU M 1 H B8 A B A A B9 Line-
gene9600 PCR Y [ #E 4T, 5% s 9t 2 f PCR
B4 1E K BB K 57 & PrimeScript’™ RT reagent Kit
with gDNA Eraser il SYBR" Premix Ex Taq' " 11 [ #
VELBRULA 58 L 64T, RFRIF A 95 C .30 s,
95 °C .5 5;60 °C 30 s, 4L 40 NGIR, A FIFEM =
W ER , “IREAREE I 0w E — B
X BR (BEAR R ddH,0) o TeFPS1 FE [ A AR 2 3% 7K
S G 2749 58 A ( Livak & Schmitigen ,
2001) .

2 HRERMN

2.1 IcFPS1 & ¢cDNA =S5 FE 54

PRS- 5 19, LR % 5% ¢DNA S AR AR, i
it PCR B M A rf se B 45 31 — 2% FPS B[R T
F1) 3@ it NCBI M 3 () 76 £ 72 ¥ Blast Ho Xt 20 #r
7NiZ cDNA J¥ 41 5 HAB Y Fi i FPS KL )7 51 B A
A2 e WA — B0, SEREARTR Y cDNA J7 51 f8 11)
FPS 35, fi5 44 4 IcFPS1, It ¢DNA J# %1 K J& 2k
1591 bp, 181 029 bp A9 FF i B 324 , 4 % 342
MEER(E 1),
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1 attaagaccatctgtggagcctagecagttttttcetetecctetgtegagaacaATGAGCGATCTGAAGTCGAAAT
M S DL K S K
76 TTCTGGAGGTCTACTCAGTCCTGAAATCGGAGCTACTCAATGACCCTGCTTTCGAGTTCACCGACGATTCTCGTC

F LEVYSVLI KS SETLTLNDZ PAFET FTUDUDS SR
151 AATGGATCGAACGGATGCTGGACTACAATGTACCTGGAGGAAAGCTGAACCGAGGGCTTTCTGTCATTGACAGCT
Q WI ERMLIDYNVPGGI KL LNRGTLSVITDS
226 ACAAGTTGCTGAAAGAAGGAAAAGAATTGACCGACGATGAAGTTTTTCTGGCTTGTGCACTTGGTTGGTGCATCG
Yy KL LXKEGI KT ETLTDDEVF FILACALTGWCTI
301 AATGGCTTCAAGCATTTTTTCTTGTTCTTGACGATATCATGGATAACTCTCATACAAGGCGTGGTCAACTCTGTT
EWLAQAFVFLVLDDTIMDNS S HTI RI RGA QTLC
376 GGTACAGATTACCGAAGGTTGGTATGATTGCTGCAAATGATGGGATATTACTTCGCAACCATATCCCAAGAATAC
wWYRLPI KV GMTIAANDSGTITLTLI RNUHTITPTR RTI
451 TCAAAAAGCATTTCCGAGAAAAGCCTTATTATGTGGATCTGCTCGATTTATTTAATGAGGTAGAATTCCAGACAA
L XK KHFREZ K?PYYVDLTLUDTLTFNEVETFAGQT
526 CCTCTGGACAGATGATAGATCTGATCACCACACTGGTAGGAGAAAAAGATCTATCAAAGTACTCATTGCCTCTTC
T S GQ M IDTLTITTULV GEIZ XKDILSI KYSLPL
601 ACCGTCGGATTGTTCAGTACAAAACTGCTTACTACTCATTTTACCTTCCAGTGGCCTGTGCCCTTCTTATGGCAG
HRRTIUVQYKTAYYSFYULUPVACATLTLMA
676 GTGAGAAACTGGACAATCATGTTGATGTGGGGAACATACTTGTTGAAATGGGAATTTATTTTCAAGTGCAGGATG
G EKULIDNHVDV GNTITITLVEMSGTIYZFQV QD
751 ATTATCTGGATTGTTTTGGTGATCCTGAGGTGATTGGTAAGATTGGAACTGATATCGAAGATTTTAAGTGCTCTT
pyvL?bp¢ccFGD®PEVYIGI KTISGTUDTIETDTFEFTKTCS
826 GGTTGGTTGTGAAAGCACTGGAACTTGTGAACGATGAACAAAAGAAGTTATTATATGAGAACTATGGTAAACAGG
W L VVKALETLVNDE~ QIEKI KT LTLYZENYGK Q
901 ATCCAGCCTGTGTAGCAAAAGTGAAGGAGCTTTATGAAACTCTCAATCTTCAGGATGTATTTGCAGATTATGAGA
DPACVAKYKETLYZETTLNTLIGQDVTFADYE
976 GCAAGAGTTATGAAAAGCTAATCAAATTCATTGAAGCTCATTCAAGTACAGCAGTACAAGCAGTGTTGAAATCTT
S K SYEKT LTII KT FTIEAHSS ST AVQAV LK S
1051 TCTTGGCAAAGATATATAAGAGGGAGAAGTAGGAGAGAGAGATTCAAAGTGTAAACCTGAAAATATTCATTCCCA
F L AKTYI KT RE K *
1126 aaatgttgggatgttgtgttgtaagttgtatcttatgaacatcagetttettgetttggettetgagteteeett
1201 aacttgctttctgtattgtagatcaggaagetgtaatactactcaaataaactagetgecattectgtgeaacaac
1276 cgagaatgcagcaaaatgtcgettccagtgtttgttttgettetgtttttggaggaaaaataaaatgtattttgt
1351 gtctttacccaattttctatgtatccatgaaatctctaggeatccactttgagttgeatgttatttagtgtttte

1426 ctggccaaaacttctcataccaatgtactaaccaggtaaagaaaagccacaacaaaaggeccaaactgecagagtge
1501 acttcatactgtatgggatgtcctgecgtggggaaagatggecccagetggtttgaattgatecttttggatgeta
1576 tacaaacctgtcacce

T BIGEH ML ILEHE T T RIZLRE R,

Note: Initial codon and the stop codon are underlined.

Bl 1 IcFPST 3 cDNA J31 R 1 2 502 7 51
Fig. 1 ¢DNA and deduced amino acid sequence of IcFPS1

2.2 #8 IcFPS1 E A RIEBAUERMEH S 55 KT &5 5 % B 1eFPS1 A & A 15 5K,

IcFPS1 M A 342 MR, LMy EHBE /KM B leFPS1 Ak EH ., EHH
SPHTERI IeFPST 2 (U0 43 F s A AFFL 5 2000 PRSI A A 45 SR R W 1eFPST 2 AN & A 5
4 39.58 kDa Fl 5.18, & H it AFR € RACN XS, #id SOPMA T HArHriz & H i 9 4s
33.87, 2 M H i M Fa 2 H ., SignalP 4.1 Server 14, 73T Z5 L R B 1cFPS1 B F 2 H o 18E .
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WA RN Aralia elata (1 VYSVLK / SRQWMERMLDYNVPGGKLNRGLSVIDSY
NZ Panax ginseng (1 / { / SRQWMERMLDYNVPGG GLSVIDSYRLLKEGKE d ALGWCIEWLQ
Vi¥% Panax quinquefolius )] { / SRQW MLDYNVPGGK 3 [ KEGK ALGWCTEWLQ)
E#E Betula platyphylla 1) JBRSKFLEVYSVLK! ! SRQW /IDSYKLLKEGKE Vi ALGWCTEWLQ

M Ilex cornuta (1)

WEB Camellia sinensis (1)

Y8 Valeriana officinalis (1)

MEHEL Centella asiatica (1)

BITLIN Eleutherococcus senticosus (1
HARWE Hedera helix (1

SYNLLKEGKEL
YKLLKEGKEL
SYQILLKEGKEL

THBR Aralia elata  (91)

NS Panax ginseng  (91)

WS Panax quinguefolius  (91)

FHKE Betula platyphylla  (91)

i Hlex cornuta  (91)

WA Camellia sinensis — (91)

/u}“T—' Valeriana officinalis ~ (91)

B Centella asiatica  (91)

RIFLIN Eleutherococcus senticosus — (91)
HHEME Hedera helix  (91)

WA RENK Aralia elata (181)

N% Panax ginseng (181)

V92 Panax quinquefolius  (181)

AME Betula platyphylla (181)

¥y Hex cornuta (181)

WA Camellia sinensis  (181)

HEL Valeriana officinalis  (181)

FTE Centella asiatica (181)

BTN Eleutherococcus senticosus  (181)
W4 Hedera helix (181)

(MGTDIEDFKCSWLV
SKGTDIEDFKCSWLY

A KR Aralia elata (271)

NZ Panax ginseng 271)

P92 Panax quinquefolius (271)

H#E Betula platyphylla (271)

I llex cornuta (271)

WA Camellia sinensis  (271)

G Valeriana officinalis  (271)

RAEE Centella asiatica (271)

RN Eleutherococcus senticosus  (271)
WA Hedera helix (271)

T — BRI TR A R (0 SRR ST IR 1 RTSAUK (1 5308 s AR BRI R GRS A A R R0R
Note: Completely identical amino acids are indicated with white foreground and black background; Conserved aminoacids are indicated

with white foreground and grey background; Non-similar amino acids are indicated with black foreground and white background.

K2 FPS & IERRIFH 2 H LLXS

Fig. 2 Multipe aignments of amino acid sequences of FPS

HU S i AR EE A B FE M AS Al nl, T i el el

S 9H 65.5% 24.56% .6.73% Fl 3.22% . [RR L 2.3 #] 5 IcFPS1 & A & 1Y 5 & Eb 3¢t

X 43 Ar 38 i 7F 28 T H. BIASTP ( NCBI) 1 Align X [R5 LE %o & 3, % 8 1 BT 5 H A R ) 1 FPS
(Vetctor NTI 11.5) 5¢ i, H NCBI B Conserved A TARRIER & (K 2) o o 1eFPST
Domain Search T. EL/r#r &6 A AR <F I, 45 R o BUAIPEEES (ADJ68004) . NS ( AAYRT7903) ' &
IcFPS1 #5 H Jii J& T Isoprenoid _Biosyn_C1 # 2 % B ( APV45530) . 8 F MK ( ADK12004 ) FHF
R B, & A Polyprenyl synthetase 45T [X 35, ( €] ( AAV58896 ). M #E ( AKQ62666 ) . B 2% #
2 FRILIXER) , %M IcFPS1 2 5K 5 e (ANAL1766 ) . #ll o fin ( AEY77151 ) F1 4 %
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87

51 |: ANZ Panax ginseng
100

Y752 Panax japonicus

100

=-t Panax notoginseng

¥4 llex cornuta — f2%) Plants

99 { Mf Prunus mume
98

[ AR®¥kJIE Fusarium graminearum

100 b——— stz Neurospora crassa

¥ P Rosa rugosa

%4 Pyrus x bretschneideri

} H.H# Fungi

100 { Z i Mus musculus
100

538 Gallus gallus

\|J> Zh%) Animals

5 i, Rattus norvegicus

3 AFEF FPS B R G kAL
Fig. 3 Phylogenetic tree of FPS genes from different species

K 4 1cFPS1 ZE H B HAFE R 4%

Fig. 4 Protein-protein interaction network of IcFPS1

(ATU63880) [ FPS & [ Jii = ] 1) AH AL 14 L 43 5l
} 89% 88% 87% .87% .87% .87% .87% .87% Fil
86% . N[FWFh 2 ] FPS & 1147 5 i i — 8ok,
5 7 7E DI BE - 1T R 2 AH R s AHABL Y
2.4 IcFPS1 EBRM R FE S

Z G AR R ] ClustalX 2.0 F1 MEGA 6.0 %k
TEA Ry, B 2 E— P R FPS & M R 7E A
PiRhZ i BEfb SC &, W& 3 s, BT A /9 FPS
FEAAK AT — 3L W AL, A [H 8 Fl g FPS

D=

o o o o
e

o
1

[N lelé el le)é o]
I L T A T A

N
P |

IcFPS1 BEE X RIEE
Relative expression of /cFPS1
S )

it E3 it ;272 LETE
Root Stem Leaf Female Male

flower flower
A[E4ELE Different tissues

5 kB RREIASU IeFPST 3k ) e kB X
Fig. 5 Expression pattern of IcFPS1 gene among

different tissues of Ilex cornuta

B 1 3 A 28 3 = AN 3, A oA
SIYIMETE (B 3), RGBT oR i) E
FPS1 % H 59 7R A0 F A 1O EHY FPS
GRS SES S £y AR bl ol 5
B M AR FPS A RE R ) — 3 L,
RG]  FPST R AT RES HOMEE FPS A
AETfe O . M4y eFPST FEDfg L w]
RS H MBI B FPS EE A A, 2 5184 =
B A AR,
2.5 #1E IcFPS1 ERREEME 5T

FIJH STRING 25 1 5. A/E R4 2 X5 44 B 1eFPS1
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39 %

ST A BAE 530, R S 50k B U )
PRI TR EA TAEMY (KE 4), 1cFPSI
EAA LS 10 4~ A B AE, Hob IPPLIPP2,
GGPS3 .GGPS6 il ERA1 # &AW 7 I I &
BGGEAE R 9 1, 2% BAE M 245 R I B 1eFPST &
AT fiE 5 3 48 8 A7 FE — LS AR DL D g, sl 3t A
S5 RWIE T IE I A AT R
2.6 IcFPS1 BYHLRRIE ST

KT WG IeFPST FE R )25 U8R B 3R A
KA BEIBCH B AR 2K i EAE MEAE BY S RNA
1 FH 2 % 53857 £ 3545 oDNA, Fl ] qRT-PCR 3%
AR E ) 1 25 A B P IeFPS1T BRI ) & 35K
., qRT-PCR 7 #7245 S & B, IeFPS1 LR 72 44
AT H HEA Rk, H A e My & A iy R 3R
KR, M R IR IR, AR TR, AR ZE A
MEAEH )RR R K (B S) o MR Y TR B 2
PERARF F ABESE Y IeFPS 3 R 7 53 P A4 358
bRk RS, KL, HEW IcFPS AT e S 5
TAE W A A R AR R
B A AR ) — AN R B SE

3 w54k

FPS 2 5K 2RI EY G NER 8 THY)
URA AR =G R S S R AR i — A R
it , o =il A AR A A b — A
T, AW vE BERT BB 19 1eFPST ZED X 0
HEAT T AW B BT MO ge il . 45 R R,
IcFPS1 £ 1 Ji J& T Isoprenoid _Biosyn_C1 #H 9 %
W, 5 HAAE Y H 2 25 A Y Y FPS EE F1 Bt A
AR RAHRIME, 5 TOmARL R FPS 8 H R4 K &
BOR 255 A B EAEM 2 73 B, IR SE A 1eFPS]
ZH5ER R HIHER, TS 5IREM =
i L 1 AR o

qRT-PCR 73 My 45 SR R W] [eFPS1 JE K 7 #) &
B E HA PR B B A2 e, Horp
PR rp A R PR R 3K i iy, L UCOR i 7R 25 R AE
AR R, X RBF S FPS 1 =il B
Rf@Erh e A X, HAiCrEr 2y bt
177 FPS FEH 1) 43 B F D BE 50, Cunillera et

al.(1996) 5ol T LG IF FPS KM, qRT-PCR 2t
gE SRR IT FPS1 A1 FPS2 R AE 4 1 AR |
25 MHFIAE R Kk Hoh ) FPST JE PRI 7EAR AR
iRk, FPS2 B FRIB KRG, HA AL
FRZERM X SERATBE T 45 RAHM,, HEAA
Fr FPS L YIBEE G, AL 8RR 45 R K] FPS
RN RR TR AR, KRR, RBERDH
JEN HEZ L AR M ZE AN A ZUh R4
2UIRE, 5 AR F WY RE A A O (B ik 4R,
2013) s ZE NS, FPS 3 [H 3 1k 43 #r 45 3 2 1 i%
SERTE M RS iR 2 (B MOREE ,2017) | iX 54
SCHFSE AR I Rk i 2 AR, 7E =k FPS R
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