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Overexpression of Farnesyl Diphosphate Synthase by Introducing
CaFPS Gene in Panax ginseng C. A. Mey.
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ABSTRACT : FPS (farnesyl diphosphate synthase) plays an essential role in organ development in plants. However, FPS
has not previously been identified as a key regulatory enzyme in triterpene biosynthesis. In order to investigate the effect of
FPS on ginsenosides biosynthesis, we over-expressed FPS of Centella asiatica (CaFPS) in Panax giseng adventitious roots.
PCR analysis showed the integrations of the CaFPS and hygromycin phosphotransferase genes and we ultimately selected
three lines. The result of Southern blot analysis demonstrated the introduction of the CaFPS gene into genome of ginseng. In
addition, the results of RT-PCR analysis revealed that CaFPS gene overexpression induced an accumulation of its transcrip-
tion in the ginseng adventitious roots. To determine whether or not the overexpression of the CaFPS gene contributes to the
downstream gene expression associated with triterpene biosynthesis, the level of mRNAs was analyzed by real-time PCR.
The result showed that no differences were detected in any expression of all genes. To determine quantitatively the content of
ginsenosides in transgenic ginseng adventitious roots, HPLC analysis was conducted. The content of total 7 ginsenosides was
increased to 1.8, 1.4, and 1.7 times than that of the controls, respectively. This indicated that the overexpression of CaFPS in
ginseng adventitious roots causes an increase in ginsenoside content, although down stream genes of FPS gene were sup-
pressed by CaFPS overexpression.

Key Words : Panax ginseng, CaFPS (Centella asiatica Farnesyl Diphosphate Synthase), Ginsenoside

M (% SPA] (Proctor and Bailey, 1987; See et al, 1997; Scaglione
et al., 1996; Takahashi, 1992) 9] &5°] e Zo® deiA
14t (Panax ginseng C. A. Mey.)e F5Y77} (Araliaceae), Atk QMRS AR AL, v FE S48 5Y S5t

A (Panax)ell &b thdAe] AHY AEEx0 dWie, & Qte] UlEAQl SRR dER Alrde) et At
= (A1), gAlol (554 FallFA19) Felx A8k Sl 2 X8 =lom, HZol= AT 71w o83 Al
o} Panax®] 19 2229 pan (REVH avos (X F)] 74 A 2871 7 5o ATt g ] FE I vk
Ex)orolgk oz 18433 Aol AE8}F Carl Anton  (Ahn et al, 2008; Kim et al., 2009).

Meyerdll €13 WHEAC. (Hu, 1976; Gillis, 1997). Panax < 2 2o A terpenoids®] AJAll= acetate-mevalonate (Ac-

(B) ToIA JHo =z 7EXE Ao} S Z o] &5 9] MVA) pathway2} non-mevalonate (non-MVA)2] 271€] pathway”}
= 58 P ginseng P notoginseng, P quinquefolius®] 3522 At} (Lichtenthaler 1999; Rohmer 1999). Triterpenoid A}FZ
F2 Folro}, Bolwg]7lolA A= UTh (Wen and U3} sterols 722 22 AlEA oA mevalonic acidZ4-
Zimmer, 1996; Chung et al., 1998; Kwon and Choi, 2006; E] isoprenoid pathway® A %=6l triterpenoid AFEH-S
Choi, 2008). Va2 7378, e, WAL, & 2EdX, 283 = ALsAEollA isoprenoid®] A8l ol Uehde 23k tiARt
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Eolrh AR AEoa AHagat sl FLle =
A TRt F2E Zhet), olE FolXE triterpinoid SHgE
B2 oFHoz Fas 77 ATk (Vogler et al, 1999;
Zwenger and Basu. 2008, Doh et al, 2010; Yamunadevi et
al,; 2011, Nam et al, 2011). 2]EA 9] SRHEEL 7= ]
AR oM B8E EHEEETH frHet, A2 f%
71222 (building blocks)Z polysaccharides, sugars, proteins,
fats 5ol Utk = A&l vig- e TR EAske 22F A
J &= alkaloids, terpenoids, phenolics, steroids, flavonoid
5ol k. ol AE=HE i 100,00001 o] tRE 3k
50| fsHE ZoE FEet aritt =L sigEEo]
ZF7F =3 QlT} (Verpoorte et al., 1998).

A4t ¥E]ol|= triterpenoids ARZR] A=A =7F TS

g PEE EAetaL dom, F Ak R Sl HiF]
FZolA Erha B ST (Kim er al, 1987). AT 74

2ol 214t triterpene B4 codingdhe FAAE B+
e A ofoll Al FH AL F¢] shtoli HE3F Y
ARSIl 2]8h phytosterol#} triterpene A4S F7141717]
Qg AFE A= Fobell JoA vl F8sH AAA AL
AT}, Ginsenosides®] Adad 712 AdE FAAES
olgllatr] Slall= AEAE F12 M3k ginsenosides 4373
< A7slok kAl Skt (Han., 2010).
Farnesyl diphosphate synthase (FPS)= 2% A|Ujol|A] A3+
He 2xAF =Z <2 sesquiterpenoids, phytoalexins,
triterpenoids 52| TS e 4% 424 At} (Chen
et al., 2000; Gaffe et al., 2000; Masferrer et al., 2002).
N7t AEellX FPSe] FLE-L cytokinin®] el FTF
< Fo=2X) AFE ZPF] WPt AT (Masferrer er
al., 2002; Manzano et al., 2004). =3+ FAASE @ oA
chimeric FPSFAAFe] #FAHO 2 artemisin®] Z715}5=4],
sesquiterpene 3}3HE Aol FES HX= Ao HISIS
O} triterpene saponinsSl] A FPSe] ZA & s o}
A7) EsA FHEEA] AT (Chen et al., 2000).
kb B AFE WEQ Centella asiatica farnesyl
diphosphate (CaFPS) +AAE Q1] =9ste] QI 7482
Nx FPS fxxte] &7 Az Abxde] wsks FHstaat
Tt

2 3715 =]
E38 &

3

M 9

1. ASME A
AP AME T SFEAA AF T 492 AHE F
A= AAZAE B FEEe & ARSI e, 70% EtOHCl

30%, 2% sodium hypochlorite &4l 1587F D3 &
a2 33 At 3 AE EXolA HE A
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&3l 1/2 MS (Murashige and Skoog, 1962) HIX]ell 3%
sucrose, 0.27% gerlite, 5mg/L Gibberellic Acid (GA3)E
7ksted 24719] viE AFEtAT w55 SO Farde]
oAl ¥E] (10mm) FH Z74-& o] &3t ol & HejdH
[e]

S 12 MS "X 3% sucrose, 0.27% gerlite, 3 mg/L

R

Indole-3-Butyric Acid (IBA)IA 10527 S48k SFT).

2. CaFPS 7TIAL 2dl HiE|9| 2 U uig2lo SSui

B2 YEAABS A Agrobacterium tumefaciens (A.
tumefaciens) strain GV1301<2 hygromycin phosphotransferase
(HPT) geneS 7z CaMV 35S promoter®} nopaline 373
terminator’} A= binary vector pCAMBIA 130091  Centella
asiatica famesyl diphosphate synthase (CaFPS) FAAE =3}
of FHAg st vElg]obe] AT Y gyratory shaker
(2201pm, 28°C, 24h)E o]&-sle] B 43t =0l, hygromycin
50 mg/LS %71t yest broth (YEB) medium (5 g/L yeast extract,
5 g/L bacto-petone, 5 g/L sucrose, pH 7.2)7} AR&-% AT}

Agrobacterium®] HENYS grytory shaker (220 rpm)ellA]
37 C Z2A2Z overnight3l] ODgy %l 1.0~ 1.5 2 w7k
wjFstF o, wlSE Agrobacterium tumefaciensi= falcon
tubed] ¥o] 15% <t 3,000 rpmoll A E23IT Asde
HE 3L pellet> MS HAuR=]ol] ThA] wi Tt 10 mme] -
A AHLS 5E7F bacterial FEMIA]] RIS TE A EA
a9 filler paper? BHE|E|o} HEAS SE3] A|
7 3 FEuldS Qs 12 MS ZAMIR] 3 mg/L IBA,
400 mg/L, cefotaxime, pH 7.2)%14 w3} t}. Petri-dish
plate= parafilme AFE-3F] wrappingdl$L 357 &< &=
25C)oll A whFasdth Negative 4272l hygromycin
phospho transferase gene (HPT)2] &S o]gste] FHHS
FAze Auke 93] 12 MS ZAMiA] 3myL IBA,
300 mg/L cefotaxime, SOmg/L, pH 5.8)2] Z7olA 37§1€7k
35 712 AluiFsIZ 2 % hygromycin 7FiR] A A
2 A 289 S FUIR HAE 10~ 15mm 3
7|2 et Apigstact. o - A4S Qg FEASA
£ At SAETE ARRE BE ARl Eel
pH 582 XA 3taL ulA]-S&LA|Q] gelrite (Cat. No. Sigma
Aldrich, CP Kelco US: G1910)= 0.34% TE= AM&E0C
m FitAIZke 120C) 2027 Eeisich Addd P
transgenic adventitious root (TG)E W3l A Aol
e} 7 FAHSA Y MEE FofsiTt.

e

=]
B

A=)

-
=
R

3. Southern blot &4

Southern hybridizationS 9]¢k genomic DNA+= DNeasy
plant Mini Kit (Qiagen)& AFE-sle] FAZAE /MAZHE &
23199 tt. DNAE Agtas Hind I 85 0.8% agarose
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gellA Z719% 3IM 3L capillary blotting (Sambrook et al.,
1989yl 2J3l positively-charged nylon membrane® 2 7T
Southern blot #2418 $I8+ full-length HPT2] cDNAE non-
radioactive AlkPhos direct system (Amersham, Buckinghamshire,
UK)#+ 37 %4510}, Hybridizatione 55ColA 12417} 59t
Faate] 7ol MA eIy EA|= CDP-Star detection kit
(Cat. No. Amersham Buckinghamshire, UK: RPN3680)=Z A
ZAte] ZREZ| w} it

4. HPT2} CaFPS 57ZA12| Polymerase chain reaction (PCR)
Hygromycin 7Rl R]dellA] Aatel A= 7o) 27

g ARE ERlE] fl8] T8O R NE] DNAS EEl8liie
4, DNA %< DNeasy Plant Mini Kit (Cat. No.

Qiagen, USA: 69106) ©]&3titt. HPT A S3%8
$8 primer-F (5-TGCGCCCAAGCTGCATCAT-3")9} primer-
R (5-TGAACTCACCGCGACGICTGI-3)E ©o]&3}% 1,
target gene CaFPSE $13 primer= forward primer (5'-
AAAGAGCTCATGAGC-GATCTGAA-3)9} reverse primer
(5-ATTCTCGAGCTTTTGCCTCTT-GTA-3)E #-8313Ith. DNA
Thermal cycler (Biometra DE/T Professional 96 gradient)ol]
A1 30 cycle2 PCRE F3)3}3tt. PCR 2712 94TCol|A] 13
7t denaturation, 58CollA 127} annealing, 72°C 1&7F
extension 3t FFZ o=z 72T 102 B2t extension
3I3ATE cDNAse AEebA A WAE 5 CaFPS gene®l
EA71 glE ple] FAHTOZHE total RNAS FE314
FASAT 2122 RNAE AMV enzyme (Promega,
Madison, WI) 30 unitsZ XA} cDNAZ A, 9
A HEEE 9 RNAE 1A $3F 42T 22104 wfj st
At mRNAZ ZAME TUAES] cDNAE gene specific
primersZ PCR 532 At X #FAR Centella
asiatica farnesyl diphosphate synthase (CaFPS) triterpen]
o] wE A4 squalene synthase (PgSS), squalene
epoxidase (PgSE), dammarenediol synthase (DDS), p-amyrin
synthase (PNX), cycloartenol synthase (PNY)e] #dS 3ol
stk W fHAte] BESHE e A ERE  actin
primers TARIste] A-8-slct. =3k CaFPSe] downstream
FARES A HFE7] 93t] Real-time PCR (Chromo4™
Detector, Bio-Radyg =3} t}. Hkg-l2 25 140 A3, Real-
time PCR Z7-& 94TCollA 1087 predenaturation 3, 94C
oM 30%, 58C 1%, 72C 1322 35 cycleS AAEIH
CT%+2 Threshold cycle (CT) 2 PCR ¥3% (SYBR
green I, Biorad, USA)¥Z%+= signal& MJ  opticon
monitor 3 software (Bio-rad, USA)Z #4339t} F2A=2]
ettt FAAZAY] CTkS vl o= AkEsial 3
ks 12 3to] A8 st (Livak er al, 2001).

=

=

34

5. AEEUert 24

Ginsenoside ¥5% 762 SH# (Chroma Dex Inc., USA)S
2 Rg (CAS No: 22427-39-0), Re (CAS No: 52286-59-6),
Rf (CAS No: 52286-58-5), Rb; (CAS No: 41753-43-9), Rc
(CAS No: 11021-14-0), Rb, (CAS No: 11021-13-9), Rd (CAS
No: 52705-93-8)% ©]-8-3F1aL, w418 HH-2 Capeell-pak CI8
(3.0mm ID x 100 mm x 3 ym, Shiseido, Japan)S AFE-3}IT}.

Ao ARE AES QA AN FYES A5 AR
WAk R3St ginsenosides 4] ol Freeze dryer
(EYELA, JP/FDU-2206)°14 2% -80C, A7+ 72h& 5474
Zate] B & AEE AREEIITE 0.1 g8 AFE AEe
Ultrasonic bath(Powersonic 410, SRIE|Z, =)ol 1217+
B 2292 28] FE3 ¥, 1.75ml 2 volume updtRL
0.45 ym PVDF membrane syringe filter (Whatman, USA)=
filteringsted, ZAieAte]= sRIRA S 918 Agilent HPLC
1100 seriesZ &4 3}th. HPLC 712 injection volume
20 /0, detector DAD 203 nm, run time 105%-°% #4431
ok (Yu et al, 2000). IA=AR|=E ©2-3F 72o] [Calculated
result (ng/t4) x Final volume (mf)]/Sample weight (g)=
Result (ppm) 7S 3} Result (ppm)x 10%(ppm) x 1002
FF %)y ALt ZE AES 3RS X ste] 2897k
A F F AHS el AR AT

al

i 3 oF

(el k=ite) |

L= L)

)

AAZ] 82 Agrobacterim® F5, HE717F, Tl
Z7] 717 wiRol| A Al E =S} W=, AEAlE
oF 49, WEle] A met FFS =tk (Wu e dal., 2006).

FAAGE FAZE T AT Hole JAES

T oT= & W™
hygromycin 323} vj|o|A] A|&2121 3kE K5HAT (Lu er
al., 2007). A wix]gel A Be|7h AW, 719, A, =

Ac)

O:

g 52 HY AS Helle 7RlES AEH s A
e Hlom =g kel A}l RS ddsr] sl

positive control¥} negative control2 WETE slo] H| 3
th. HPT®} CaFPS 32 3% 4 U= primer set® =2
PCR 4 & FJHHASAE At 2 A3 Adnl7 9}
EXFAAE EYEA & JHAM e FEES dA X
o), F82 Hol Adduir el BExfAAE BE 9E
A A SFAES RIS HPT= 700 bpo] 2719
3L CaFPS2] =71 1000 bpiTh (Fig. 1A).

wEbA] P ©] DNA SEAEE FA 2 ol &=
2 CaFPSe] A ER1S f1dte] A=At} Hygromycin
AdE 7k Aol st FAHHAES A4S A8l &

2wt
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Fig. 1. Detection of selection maker and tar%et gene in transgenic

P ginseng adventitious root lines by PCR ana!ysm on
genomic DNA. A; P plasmid DNA isolated from A
tumefacience (pCAMBIA 1300-CafPS), TG, (TG1, TG3,
TG4 ); N, negative control (wild type ginseng); H, HPT
selection maker; F, CaFPS gene. B; Southern blot analysis
of HPT gene. P ginseng genomic was %i%ested with the
restriction endo nudease enzyme (Hind III), separated by
electrophoresis, and hybridized with the alkaline phosphate-
labeled PCR product. N, negative control (wild type
ginseng); TG, transgenic adventitious root.

2. Southern blot &4

FAATA S SHE AT ER1g 918 HTPY| full-
length ¢cDNAE A}-&-3}4] Southern blottingS 33 3} %1 th.
HTP gene probeZ Southern blotS HAISH A3} Add 2
A ES A2 thE fRoIA FARe] Ate] ERlE, =
HE MAGel SHEATE Fig. 1BAA9 2] TGI, TG3,
TG4 27} 1, 2, 3 copy’t HAIE AU, o= BAH
A et wbA 3 AR HPT A ERlg 5 9
Ack AR 98] AUE TG, TG3, TG4 FAHIAES 3L
AiA] v Ft AAuRA] wfgoll A ErEle] Aol SlofA
Zpol 5 Ho|7|% It FPS A= Arbidopsis thaliana®l)
A Aol 27 ool §-AA} (FPSI and FPS2y7} Eel=0
AR 715S she Z1o& Bl 2719 mRNA FPSI&
wajel 3 el FPS2e 2ol AAEthe A3E Balst
AT} (Cunillera ef al., 1997, 2000). BAASAEL FPS F4
2P AR T2 ARl e 589 AR ERIEAT

3. CaFPS %A} LIz
DNAFOA PCRE: Ak Al JAASA FollA]
CaFPS f37Fe] 7424191 Il g1S 913l total RNAS] 3
Z2 cDNAE 3495t RT-PCRE F3J5I9ith. Fig. 29 7+
o] CaFPS®| 77t SFES S 5 AeH, o] Fxx
7F FAANA ] AdH R AYPEARe] ERIEAL F
1748k SollA] genomic DNA F<zollA EX/F27F 4F
kg
AR} EXAAAE GR1g A3 CaFPS A s
e MAIEC] AT ollg A AYE FHAe]
o1 ol

X] H 4y =
A, A A9 ZFo] 2 escape® AOE FEHAUL

o of

35

C TGl T3G TG4

PgSs

FgSE

FgDs

PNX

PNY

Actin

Fig. 2. Expression of mRNA by RT-PCR in P ginseng adventitious

root. A; CaFPS, Centella asiatica farnesyl diphosphate. B;

PgSS, squalene synthase; PgSE, squalene epoxidase; PgDS,

ammarenediol synthase; PNX, cycloartenol synthase;

PNY, B-amyrin synthase. The actin gene was used to

verify standard RNA loading. C, control; TG, transgenic
adventitious root.

e £ @9 =
= =) co = N
1 J

Relative genes expression
)
(8]

(=]
!

TG4

Control TG1

BPgSS OPgSE OPgDS @PNY BPNX

Fig. 3. Expression of FPS down stream genes in P ginseng
transgenic adventitious roots. SgSS, squalene synthase;
PgSE, squalene epoxidase; PgDS, dammarenediol synthase;
PNX, cycloartenol synthase; PNY, -amyrin synthase. C,
control; TG, transgenic adventitious root; as assessed by
real-time RT-PCR during after four weeks cultivation.
*Error bars represent +SE from three independent samples
(n=3).

4. RT-PCR2} real-time RT-PCR

FEAATASS 4577 AAA] 270004 v & RNA
TolX RT-PCRE “Falste] 2418k A3} downstreamol] 913
3§72} PgSS, PgSE, PgDS, PNX2| & ol 71A1Z o
2 2]z} gt (Fig. 2B). &4t PNYS| 22 thzol
vl FHAZA = e FdS Bl PNYE B-amyring
dshs FHAAR o= ZA|Ale]= Rool A3 Ate|o]
o] 584 triterpene saponin AT HIAUZ= W3}
J& Jew FHEr wEbd REPCR &40 AM&H
triterpenoids®] Aol Hddls FHAES] FEFES A
719 AHRO 2= CaFPSe] e W downstream 7
A=e] WskE sk oEsith (Fig. 1).

z7oF JAASA downstream F-HALe] WHTS A
3171 918k real-time RT-PCR £492 AAJs}S T} Fig. 391
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Table 1. Ginsenosids contents (%) by HPLC analysis.

Ginsenosides C TG1 TG3 TG4

Rg1 0.12+0.031a 0.18=0.056a 0.14+0.003a 0.16=0.012**a*
Re 0.10%+0.041b 0.24+0.066a 0.18+0.004a 0.21+0.016a

Rf 0.03+0.001a 0.04+0.007a 0.03+0.001a 0.03%0.008a
Rb1 0.02+0.000c 0.04+0.014b 0.04+0.003b 0.06+0.002a

Rc 0.03+0.001a 0.04+0.010a 0.03%0.002a 0.03%0.005a
Rb2 0.01=0.002c 0.02+0.005b 0.02+0.002b 0.03%0.004a

Rd 0.01%0.002b 0.02+0.006a 0.03%0.007a 0.02+0.002a
Total 0.32+0.065b 0.57+0.162a 0.46+0.013ab 0.55+0.027a

*Mean values followed by the same letter not significant 5% level. TG; adventitious roots of transgenic P ginseng. C; control.

**Values are means +SD.

Quantity of 7 ginsenosides

0.00 . I ; I . l
C TG1 TG3 TG4

Fig. 4. Contents of 7 ginsenosides by HPLC analysis. C, control;
TG, transgenic adventitious root. *Error bars represent =SE
from three independent samples (n=3).
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Fig. 5. Chromatogram of the extract from P ginseng
overexpressed CaFPS. S; standard chromatogram. C
(control) pattern is normal peak in P ginseng wﬁd-type;
TG4 (transgenic adventitious root) is specific peak in R
ginseng transgenic line.

Aok o] W] FidFAH TGL, TG3, TGt LT
o] §HA dES B, g oA gz} v
we o @2 BAS Btk dixels] JEASHA
downstream A} W Zo] PgSS 36%, PgSE 48%, PgDS
40%, PNY 65% 183l PNX 45% o2 WaEn). o
gt 2352 Kim 5. (2010)2] ZA3}el= 2fol& HRlg ¥
Zol PgFPS 347 AE 32 H$AE2] RT-PCR 3
A triterpen BFAHH A-EE  CaDDS(C.  asiatica
dammarenediol synthase)2} CaCYS(C. asiatica cycloartenol
synthase)®] mRNA FFollA FAXAZAE (hairy root line)
S FBHEY O CaSOS(C. asiatica squalene synthase)y=
2o)7} Atk 23y CaSOSe] $he I squalene?
share ZU18k Aoz Wysltt (Kim er al, 2010). F3F
Qlake] B 2olA squalene synthase ZHF&e] w2 squalene
o] ke dlRyRT Wodthy RIS (Lee e dl.,
2004). o]zist Aol w2} FAHTA A triterpen saponin
A FE F3149] downregulationo] F=E U}

5. HPLCOIl 2lst AFEd M

A =Atol & FA AR 2= Re ) Re SHdollA wild-
typedt SAKSF THE1S B, FPS 427 AE &3
AL Solgt s Brt (Fig. 5). wide F2HSA
Z79F TG1, TG3 ¥ TG49] A2 3-8 HPLCE w4
A, A=Al = Rey, Rf, Re®] gHell= feol/do] i3l
ZIA|=ALe] = Re, Rb;, Rb,, Rd $#S 49791 xpo]=
ST} Table 1914 Re= &2 502 247 26, 1.8, 1.74)
Z7retdem, Rbel $HEe 74z 1.9, 1.9, 2.84], Rb, &
2.7, 34, 46012 F=2 7 YERITE 3 Rd= 71} 1.6,
23, L8 STkt wEta] EAE 78] KAleAte] =e]
T2 FHAAZA A =94 (Fig. 4, Table 1).

Real-time PCR #2443} CaFPS F+AA7} B3 HA 2o
41 FPS downstream®] A= W92 down-regulation
He 2945 BIAT M A= Re, Rb;, Rb, 28|32 Rd
o] ggo] S A e AATH (Table 1). Fig. 500141

o R o s



o

4P - U -

(=}
[LAN

rot
0

HAX]= v} o] 7359] total ginsenoside $Hgo] ol
Hate] FAABAANA TGI, TG3, TG47F z2HzH 1.8, 14,
179 F7Fskaich.

A14te]  triterpene A FAdl AFE  squalene T
squalene epoxide 22|32 B-amyrin synthase -3AFe] HAAR=
Methyl Jasmonate®] A2l ¢Ja} F7Fethe A3Eo] Hils
At (Suzuki et al, 2002; Hayashi et al, 2003; Kim et
al., 2005). AR Q1A= triterpene AFEY AAAS $18H
FPSe] 7)ol #st A1Ax= Bardv}t §lct. NCBI Blastp
Program= ARE-3le] B8 A3} FPSE codingdl= amino
sequence=2| FAF=OIM Panax ginseng (AL&214H2} Centella
asiatica (BEY> Panax & TR0 2 7FF FAFSE 95%2] #
AEE BT 1A FPS ket 7HE AT B W
Z9] AT =UE FgZolA  tritepene saponin A3}
A#EE A2 2 7 T AREIS AT 2 A o
Z FA 2ol v)s)] FHAHSAEL FPS F+4A7} overexpression
=L, downstream A2 down-regulation FIUT}. o]9}=
HIE Al ghake JAAA 25 izl visle] S8t
Atk CaFPS A7 HRAEIAL Ao shgo] 71 =3
2ol = E51aL downstream F-4A7 T FPLEHER] ko
/B-amyrin &7J (Meesapyodsuk et al., 2007), cytochrome 450-
independent (Schuler and  Werck-
Reichhart, 2003; Ehlting et al., 2008), Z2]3L glucosyltrasferase
(Lairson et al., 2008)2} Ao 23l downstream -F-AA}=2] W
o] AStENE AR AztE oIt} wakx] FPSe] Hd
go] o5 FHizte] Wl ojmgt FFS wA=Tlel] thafA
= oMM HAEZ] 2 FARES] 80| o]Fojxof
g 7o g AEHn. A4S Tl Bkl A3E2 triterpene
Ao dollA FPSe] 2A=-8-S Frstet] 7| Aew A

2},

AL -

carboxylase/hydorxylase
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