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1 N
Genomics®} bioinformatics &3} 37 P4 AW} goz vt AdrlE
o Aol 7HE 4FE de Fobo sz UFHD Utk B F3F FFAA
A EL °]3H‘” olAl g Tl FAARTE HA Y E genomed] EAste B
< od < WA REse JYP=Ea glon o3 AF AHPEL g 55/\01-
9] o3 H:v_‘“& 0}143} o2} AE A Zlkg o] FA ° Aojth uiElA 0} r
A oA FHEA e Ag¥oz JIxr7E dE WA} 3L functional
genomics A|2Fl-g o]-&dte] {A {FAUAES HAAHTE 4L WS Festn AF
& o F9 shtolth

U2 27193} (Araliaceae) PanaxZ:ol &3l 2B 7 Buloji] AAbEE njZab
(Panax quinquesfolium), F=r oA A== A& (Panax notoginseng)s 6FF7F Sl
o, 2% gFoA MAHE A4 (Panax ginseng)e a7}t 714 wHolu 1
Frdel dAHT Utk 53] = Qe Wy S}, o A, =3 oA, 923
8, H 75 A3 Fol tdFd o A4E Holy B & oRUAEASS A
AetE T FEAdelt Qatel T3EH JE AP AR F

< F8E 5 53 ¢
AFEJ (Ginsenoside)= 14te] 714 2 a3k okl A o

fr

7

oz deAT Yom @A
o 0%FF ool %ol T Ho] Utk A AT AR FHel triterpene o) F T
(eglycone)el sh} Ei= i) el ol ARTo2A T £RY AEYe] BEolAH,
AZY S FR0l D} Gk ok A4S Uit (X 1), \’

Ae

e a7t AM Axd
FES FE, 4w $3A Ro, Rgl, Rg2
ikl 2§ Rgl, Rbl
3}otzlg Rg3, Rh2
T HA A8 Re, Rf
T4 3 FA A Rbl
e 7ls 23 Rel
Y 2= A8 Rb2

E1 8 J4AIE (Ginsenoside)o] k2] ZH-
g oI ARRY L 4} AA T vl Ao EATTE b oe] F4o] AW
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S U AL T 5 Yo o)t BY ATY Ex W /Y AT EFAES

7 Bz AFe BT JoF 19n B A ABAE Aol shssh

ae AR oS $9H FaAAE BTk oby P ATY AHA

Az 2 BE $84 291 28 %) deide GeAA Seth 98 AR 4T
2 2

¢

Az FRARE] WA ALY o Ade BE 54 A AT 488 4
42 bsshl oK B B4e) wd 2 Jelg Aoz SuEck

2. 94 Axd (Ginsenoside) 9] A3HA] )
AZYE Qe ol me ARAe EAels 2 JAUNE F sz PRI
2 B 2HZo|E (steroid), L Zo]= (alkaloid) T+ EZ|EW (triterpene) o Fo] A7
A0e WFAZ QM ALE UL triterpened] @o] AFE o] & triperpene ALEHoTth

Glycosyl~

transferase .
Protopanaxatriol type

g Ginsenoside:
HO-,
Re, Rf, Rgl, Rhl...

Dammarenediol
. synthase
thdosaua!ene .tali.tﬁ.‘t"

B0

a7

SsaINBRERAS

Protopanaxadiol type
Ginsenoside:

Rb1, Bb2, Re, Rd...
Protopanaxadiol

B-Amyrin
\ynthase
COOH
67 Oleanokic acid type

xun ’H. ----------- ’ Ginsenogide; Ro
HO B-Amyrin Cieanolic Acid

2 1. 94 AFEY (Ginsenoside) A3 A&
AAE oba) U S ARE A WA
GT, glycosyltransferse; P450, cytochrome P450
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b QA AFEd2 AEE ol A triterpene AFA A2E 3 FHED (29 1). Qi
AREUL aglycone o] wel A Al 1A & Oleanane 383 T 89 Damarane 3
(protopanaxadiol % protopanaxatriol).© & \/‘rg £ Ak AEF7A dEd glRRe)
ginsenoside= Damarane® o] &3} Oleanane 0 Z& ginsenoside-Ro 7} &4&A itk
Oleanane ¥  Damarane triterpene  23-oxidosqualene. 2XE  w5o0] Xt}
2,3-oxidosqualene-> AAW F8 - ~HZ9 7]"do] HE cycloartenol @ 7]E} theksk
triterpenel A9 7|42 AMEH7] W&o 23-oxidosqualeneEFE ginsenoside aglycon®]
e wle F2% branchingpoint oJty. o] ©Ale] BAHE FAE 23-oxidosqualene
cyclase (OSC)E aard FFHA wet 35 7189 23-oxidosqualeneZHE] Ztzh &

a4 ol oko] EC number AR E- A
Lanosterol synthase LS EC 5.4.99.7 Fungi, animals
Cycloartenol synthase CS EC 5.4.99.8 Plants
B-Amyrin synthase AS EC 5.4.99 Plants
Lupeol synthase LS EC 5.4.99 Plants
Dammarenediol synthase DS

3 2. 23-oxidosqualene cyclased] F&F

A4 ALEUe] WulZ AR triterpene aglycon OSCe] & %8¢ Dammarenediol
synthaseol] 9)&] A5 oj=|3 cytochrome P450¢] <J&] th& Jefz g A
FZHAA Qo). o]FEA WHEI triterpene aglycond] glycosyltransferaseOH 9]
3 st e Ay Y Fo] AdFHo A HEFHoZ TP FH A Al
o ¥rEoiAth e} o} At AEdel AFgel BAFE oE HAREL B
AR eFskeh

3. A% AXE WY AR ASHAA A7

31 A4 AFEY A WHol A line A

AN =H el Agrobacterium rhizogenesE 7+ 1719 wEly o] #y, = w1

°] FAHAEH BFZL 7 lineo] whe} YAHE o|FALES FF AZ W
Holz Zog <A gt fEE A AlZUY 43 FF yWolE Rolg B

gH3E7] 8 71585 Holg #5285 e WHE ALsY 7% g

AN BAZES dFoez st agm FrE Q4 AT 749

¢

r

)\o].

q 2

] VA 1
ry
I
o
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ginsenoside (Rbl, Rb2, Rc, Rd, Re, Rf, Rgl)E dl4o.2 3} o|E ginsenoside?
¥4 2 Wolg LC/MS ¥ HPLCE ol &5 E453th AF7HA 10007} 14
9 it BAES BAT 27 dREEY AT lined] AAA A4k ALEU ]
2z A A 2 FAES Bk ey 9F 2 line A4 AL
Edo] AAAHSZ FI7I8IAY EE protopanaxadiol (Rbl, Rb2, Re, Rd) & AFxd
of MAHer FrlstHon, dF BT 54 4 AHEUTo] Sojxoz
7Hee BEYTh (29 2, 2% 4). o]¥ A Ginsenoside profilingS 53] AEd <l
B4 lineE2 A4 AIEY AR #E K349 7% A7 8% AR5=
AHE-EH o)A

u

o oN 2

Prini +Prin2-Figenvalues

Prin{19.83%)

3
Prin1(68.06%)

a9 2 A BT A ¥ wlo] B4 PCA £4

32. 4k FARY i wF
ESTs (Expression Sequence Taggs)= F82] 83 o] 7]x3

J fA%H A7}
Ho} QA g AEAY 4249 Hue HF AAHlw BEH WHoR A}
93 Uk ek AFAA e 42AERE Be ST A4HD gtk &
de A4 ATY ABY F2E oldsta B KANSS BRI 93 A
214} ¢DNA library® A|&s}3 ©]5 cDNA libraryS o]-83ta] % 21,1557} 2] EST
2 ANSAT A4D QA4 ESTse o 96007e] B FUAEE TPIT

A4E Q4 BSTS] o 25% (no hie AF7h4 B3 8 FAAE FA)
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known)gto] A F7tA B © FAS}

glom oF 57%9] <14k ESTs (
)

FAME S 223 A(Th (2¥ 3). T F A4k ESTs 5 oF 158%7} o|xtiAtE
AL L3 EQA] BEE Roz RAFHAJT

BEE A WABH

¥
sewewiE L

WML T w-

FECTERL (T HB B STO R LR ¥ MOTER £

FROTE DETRS T
T8 FOET TR EOEY FuOl T K,‘nm H Scoxe o Ba .
s »
S LT B BT E-value = 18
pEERE Unlknown: 40 < score <88
5 15 1055 LEBLENESTS 10442 E-value = 10°
CLESFELY DT (& SLE T0U No hit : Scome < 48
E-value > 10+

Gl s FED IO ENE

a9 3. A, Q4 ESTY) 7% B&
B, 214} ESTY] 4

HE 4t AFEY aglycone Ao #AS= OSC (DS)E W AR &skARE
Ag23E A 71RY g2 0SC (CS, AS, L7t = ded (X 2) DSe ol&
FRAAY EL FAEE T AoE ool = HA genome F7] A Eol
B R 71t A9 OSC FHAe Hag 1372 A o, &
AEAME o5 FAZAE BE FAF FAAR FAHY S Ao ddHH
e AF7HA Bad 0SCehe ofuxt A E A ZAME Fofl 479 A4
OSC #AxE AE3}ATt 4709 ¢4 OSC F 270+ Bud 214t cycloartenol
synthase @ B-amyrin synthaseo]® t}z] 271&= A28 OSCE #rE o )
A4 AbE aglycone o] WE-S T HETAHoZ thget ALEY FAo oA T
RO 2 o &5 cytochrome P450 2 glycosyltransferase #2F S A] 2 E-A o
- 2 F3X Jaoz P45 )t o]E § A& triterpene aglycon 1t
olyz}l kst 7189 wigo dAS Y A e Be Q4 cytochrome P450

2 glycosyltransferase -2} F oA triterpene oJu A& o|AjAIES 7[R
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slom oF 57%9] 14+ ESTs

—_—~

known)tto] X F7tx] Bi B {Az} FL
1

fFAMIE 23 AT (29 3). £ F 4k BSTs 5 o 15.8%7} o] AHALE:
APAS THF A BEE Aoz BAHAT.

A

FELWABE
512 £

CEL O AR

HOTERS (T BB STORAE F FOTEW

FROTER DB TRS TN [T

Known : Score = 88

TESFOLT THKPO T FOHEL I

14
SHOm LT R DI T E-value = 18
STESE Unknown: 48 < score < 88
i 5
T8 35 085 mEREREDS JO2% 1034 < Evalue « 10
SULSPET KT R SLE -0 ' No hit : Score = 40
WD LSS FIED 1020885 [ E-value » 18-+

1Y 3. A, A ESTY 715 £F

B, 4t ESTY] ¥

i

H]E Qb ALXEY aglycone FAJo) #AS= OSC (DS)E WalAA] erkAw
AEZREH Al 7FAY ©E 0OSC (CS, AS, L7} 2 =ded (X 2) DSE ol
frdzel B FAMS 712 FHoE o)At} = HA| genome @7] A G0l
YA frIge] A OSC fHAE HAag 13742 4] glon, &
HBAME o8 FAAE B A F3x2 FAHY ds Aoz wddr
FE= AF7A Big 0SCoe] obmieit Md fAM 2AME B3 409 A
OSC fraxg Adstgdrt 4709 A4 0SC % 274& Barg 4 cycloartenol
synthase @ B-amyrin synthaseo]™ Uwx] 27j= A28 OSCE debx|of Zth
A4 AFEY aglycone ¢ WE S B3 HEHo= thakst AW A #A &
HAO.2 d &5 cytochrome P450 2 glycosyltransferase 32} S A] A& of
W9 2 A% HJaorw 7AHo Utk ol5 fHAE triterpene aglycon ¥}
oluzt ok 71 W] A vk e B2 <4t cytochrome P450

2 glycosyltransferase A2} oA triterpene o]} A& o|ARALES VAR
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AHEStE Ao 2 &5 = cytochrome P40 2 glycosyltransferase f 2SS
Aok B3 ofye} oA 7] HuHZA ke B A4 FolF FAAES
HH SR

3.3. 914t cDNA chip
& DNA 9714 <E &4 71e9 dgst g7 A genome g7 MEL

B =
o] ESTs BH 7} 7b58] AWM oAl DNA chipg ©]8-% microarray W2
1% FAH 7 oM b Fad &2 AH8HT Utk DNA chipe)
ol8& FHAN FTAY FHA LA A EAE FAHRE FHEEA

Fo2A 53 Yol BAZANA 2L 487
L=

Ai XY AR BEY FAAS Fuy) 9 E 02 oz Sk
cDNA chip2 o]-83tgth 58 <4t ESTs 2L 53] <F 5000709 v
A7 23HE 65K A4t cDNA chipg #1&sta A 2He cDNA chipg o] &3}
ginsenosideE hF o2 A kst QU4 BAT line ¥ ginsenoside A4F o)
B lineg 22 iz FdS ZAIAT oF 100 4719 FAA} o5
A AT lineo] ] thETZ ALF AN 2T #do] F1EE MY
(z14).

rlllﬂ

< WFer AEd +

€112 6113 11140

19 o
i e
-
e tE
Py :
e
-
- 5
2
I
o
5 4
. 3
e
s -
b- -
3.

o

Rbi R Ra Rd Re Rt Rt
Gintee 0308
l-.-U*HG e Gen 1 L wipndai 12 G H-OH]

a3 4. 44 cDNA chipg o] &3 A Ho] ZAFZ 2] gene expression profiling
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T AF7A AR Yot AE S2E F MeJA HEA ALRY Aitko)
S7He e ALE dHAn Ut wEbA e 2 =

AE Azt mE fAA 4 dHS ARIEY A3 A7 3007 o]/ 4
FAZ7E MeJA X o g3 S7tEE F4E B ddo] Ut fAdAe
OSC #AA= BE cytochrome P450 28] 31 glycosyltransferase ¥ &3
transcription factorgo] T3t ot 53] $-2lE cDNA chipg& o]-&3 gene
exprerssion profiling #2412 53] <14t ALE 9] FAdo] FUtE 27X A

AN HoE &

i {uf

& o] Z7}5 & transcription factorsS K g
frazte] digh A+ G A ALEd A3
1&g olsfsted & 94ES & Ae= Jvisn
2,3-oxidsqualene & 2 Y- €] sterolo] THE A= HZ
F3 o] FA 22 7|AZRE sterolo] obd A4t

ojAtAE 9] MY AR 7y 2 ZHo| gigt A= BA ¥V Wit

o
oXx
¥, on aly
it
lo
=
ol
Mz
e
o
L
©
BN
i

33. A §AAY 75 AT

X F7HA OSCe 715 ATE s+ yeast Knock Out (KO) Ed Hol] AlAH o]
74 wo] A5 gth Yeaste] A 2,3-oxidsqualeneE 7|HZ A}E-3} sterol
F S 93] 2 T7HE Lanosterol s AR50 o] 3 wAld] BAsE A7)
Lanosterol synthase (LS) o]t} ( & 1). 1S¢] 7% 0] A/ AR yeaste ergosterol |
A7 A e iAo = AFE 5+ g o] yeast KO EddolA o 45 OSC
FA2E =903 yeast= ergosterol o] H7bE A ke wiAdME AFE 5
Jom £ =UF FAA AL AXUd HH5A Aok g SHE 3R
AEL HPLC Tof 4 7178 o)83te BAFo 2N HFHoer AHd
FAAY 71es #AAE 5 Utk

A A ED AFAe HF GA BASE glycosyltransferase®] 715 4&
A% A7E AFBHAAM Aty wkg APz A A4 AFED Y A4k
HolE Role A4 BT lined o] &3te] AFE AAsta Ao

f

4. A&

AQgo] EAste TR AU AT J1ge] BANE B9 F
FHANE BE 4UH T4 OB QAT we AYSe] BAL A%
=8 Q4 AXUL G o2 AR WHAWA A% REAFS BE
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oJerFo o] M-S 3 BE A7k A vk A4 Alxde RS
AslME AAED ] W7} ¥ triterpene aglyconedl] glycosyltransferaseol] ] %t
ekt 3 A & aglycone #Ale] M¥EE SukEo] Atk e} ohF
triterpene aglycone @40 #A & Aoz A7zrE = Mammarenediol synthase
(DS)E & aglycones] W AAS= FAAE G4 WsiAA &3 Ao A
g HE 2 AR SdvoAE 01%3}&1 thFsl OSC FAAES EEsh=
A7t AYH %lﬁfﬂ % chimeric OSC {32} 2%-& o83t Axd A R
OSCe] 713 % 38 Soldd v d77t 1Y

AZA Wolg Hole et A5t BATES V8 ARE AHEE ARd

|

59 gRg Axd A B4

i A 2 B AT U] YA Fof ALEH o o
o7 7ldgo

Summary

Korea ginseng (Panax ginseng C.A Meyer) is an important medicinal plant. Its
root has been used as an herbal medicine that provides resistance to stress and
disease, and prevents exhaustion since the ancient time. Ginsenosides,
glycosylated triterpene (saponin), are considered to be the main active
compounds of the ginseng root. Despite of considerable commercial interests of
ginsenosides, very little is known about the genes and their biochemical
pathways for ginsenoside biosynthesis. This work will focus on the
identification of genes involved in ginsenoside biosynthesis and the dissection of
ginsenoside biosynthetic pathway using a functional genomics tool. Expression
éequence tags (ESTs) provide a valuable tool to discovery the genes in
secondary metabolite biosynthesis. We generated over 21,155 ginseng ESTs that
is now sufficient to facilitate discovering the genes involved in ginsenoside
biosynthesis such as oxidosqualene cyclase(OSC), cytochrome P450 and
glycosyltransferase. With ESTs information, microarray technology will be used
for the analysis of gene expression, and the identification of genes including
transcription factors expressed in tissues under given experimental condition.

Heterogous system such as yeast and plants will allow us to do the functional
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analysis. And selected ginseng hairy root which show variation in ginsenoside
production will be used as a material for functional analysis of candidate gene.
Functional genomics approach will successfully accelerate gene discovery, and

also provide promises of metabolic engineering for the ginsenoside production.
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