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ABSTRACT

As Korean ginseng is hybrid, an individual variation is very severe, and it takes long
times in new breeding because it is required 4 years to pick the seed. But,
transformation technique makes the high-functional breeding in short time. The focus of
these ginseng studies is to find and secure the useful gene. And it is urgent to
accumulate the fundamental data for the molecular breeding and secure the useful genes.
Therefore, transformation and soil acclimatization technique are necessary to molecular
breeding in use of the introduction of functional genes. In this study, it add to secure of
new regulation gene and useful gene as to accumulate the fundamental data for the
place where it will contribute to raise the national competitive power. To analyze the
useful genes in large scale, we constructed cDNA libraries with various tissues, species,
and treated tissue. EST analysis of ginseng perform in large scale and build the EST
database of ginseng. We perform the full Jength sequencing about the selected lots of
clones that include the entire open reading frame of the amino acid residues and
construct cDNA chip with the parental EST clones. Establishment of the transformation
and a soil acclimatization system throuth the re-introduction of the selected ginseng

gene that related with the secondary metabolism and anti-stress into the ginseng
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A4 (Panax ginseng C.A. Meyer)2 otAlotel ZF Ao A vt A ste 2 Zolny,
A4 FFFoZ TS AL UG AEZ AAAH2Z A e F7HEHA A4
FEHEZA, A At VEAZ EHF AEZ I BIHAI) oS Fol x&F
08 AFE Yo & FoFd AN FEAEo|h T AL T 1Y) AL
ZA 89 FEE U3 ofF Yoy 2o oM FF 2 uF, Ay 59 AUl
kel ARl wlS A Az AAFFFOZAM o|Fo] EHAFgT Qrh #§2Qlae g
Sate] Hlste) FHo] L4y xFH )] W&o 7tFo] ns AFA Aol HA X
€ FE 499 Ha o AN 7T A% 4F =¥ 8753 e AR} o)y
3 EARE FEY F de HHFY st 2r1sA Qe AEFSE S45 nER
AF2 EAgete Aol ARAX 7 & Z A= v gglo]l £5% AMY FF2-3
o] vt Ao} vejzt A2 Ao, @A AL e AJINE EAZHEA AA
o] Aoz}t g3 Ay, FAAHE 43 Fo 7] gEo] NEFSAHEL A=
- 2l 7ol Hasith a3y AEYPIAAEAI &Y ALE AN HFAAE 42
Aol AxYdtd Y2 FFE AT F A= 7€ 2FH FEFAAT oA &
ANz 27153 AFEFS ST &+ AS Aot dA AN $FFE= A
FT 7= 1) 87 stress WA F284, 2) FEA E(ginsenoside) 287+ E254, 3)

By g7t 2% UEd FEFRA, 9 A AdYel FE FF L dFME FF
4 58 & F A, o1F 84 stress, WFH WA AAEFFTH FEAE(@

TA ER) 2% JAFFE $A4Y 28N FE2Y ESAA 2 g ez
A AR Y AEAESE, v, AUty #8F HY) F& FEE ¢ e dad, o
22 H481 e QAEFFY BEE oA AL F e Yotz HEc)
EST(expressed: sequence tags)¥4}-2 genome® mapping, F+32 AA(Full length)2
A, 2L AR g4 54T AXY 24 FHe] HAE A A B
A} (probe)ZA "$- K83ttt 53 FL& cDNA libraryd &R S3Fou o & &8
A% 43 42 2yt 2 EAE AAsted A8 =t Hel, AEA EAste
EE mRNAd 483 cDNAZF E9 e cDNA library7t 8loid, ESTZF #dd &
Wo] dig opvjwite] ARE 7HAR V) WES FHAEY DA dAF e Wiz A
BE A3l & %o #87Axde FEE A FYF =Ttk o)AAAY AFdTE
DNASY g7)1uige) 7123 structural genomics?t £40¢] e gdegys 1 71534
I §3 7h43td ) SAo AES 2L oo dAF H3E HeA 2 Aoz JusHE
, old WME ESTY F840°] #z8d oA AL Ad3tdy 71771 € A
oulete] 1 AAHQA FLALS G2 FUistn glth ole g WA Syt gy
F&AEQl Mo R RE ESTEAS AAletd fAA &38& F5FozA UQide
AEFE A% 71xARY 4L B 2UTAH FEFAAYE FuI}E FHo) of
F AFE FAoltk mEtA £ IRAME A4 FEFHAE dFom HFEr) Yt
o Uite] ZAY F3F @ A2zl 9% cDNA library2 A 2#3sta o]E cDNA library 2
FE A4 FEAAALE 23517 st EST 20,0007 & 5 §+% waels #43lx
ol& ¥ EST cloned| W oJEE£ data basedldtd B dAFAEo] AdFAHRE FHE

o
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g A stz st9en EST clone FolA ¢3¢ @9de 43430 E Tsta e
clone® Awsle AA9 71D {ull length sequence)s £33 data base®E F&3tx
parental cloned A'¥%3te] ¢DNA chipg AFstg o9, EST clone $AX 7154 2 WA
A FLEAAE Hgete AN EEH(full length sequencing)E 3 F Sl4te] A=
3t m7)1eA 2 WA Qite EXEES vaE A6 & e 334
2 A3 A2l ARsta EFEst A29e #ggsas g

) 2

Q14 ESTe dl%¥E ¥ Database T3

Qe FUWAAEE, F5F, 374F), FXEFA, T, dTEEHT 4493, 144
Z) Fogne AHAF 10gg A& Shirras 5(1984) WY S 7t #Yso total
RNAE Zz33d. e Ag=2%E Z3 total RNAE mRNA Purification
Kit(Amersham Pharmacia Biotech)& A}#2%led mRNARHE ¥3d] - AASHLH, 2 F 5
ug-g ZAP-cDNA Synthesis Kit(STRATAGENE)S ©] &3} ¢DNA library & A) 238+
) Atel R o, U3 wiaAl e A(embryogenic calli)d] A$ole TYT HEo
2 mRNAZ 28 - HAA% ¥ pTripl EX(Clontech) KitE o} &3} full length cDNA
libraryE A 25t tHFig. 1). ©]E cDNA library2 %€ A€ EST cloned #4% A3
70% ©]4te] full length cDNAQ! AL E uElyte,

wl
pTriplEx2
A6kb

Awil Ec11

Total ANA =&

VecorOf cloning

EST clones

Fig. 1. Full length ¢cDNA construction of Panax ginseng.
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A FE&AHAAY dF GHE st A4 ZAAZ(DCOD, 1492 AXHDCO2), 432
HAEF(DCO3), FE2(DCO4), ADMCO5), =&y A)2(DCOE)ZHE FZAYZ single
colonyE A3 ew o5& LB AAuAAA ey JBdIF F plasmid
purification kit(Bioneer)& AM&-3te] #4b-g AA G A (Fig. 2). ©o]& XA¥E EST clone
E2 FHWHGE)AAT sequencingS A3 F 20,000719] EST cloned #4315t
A7l do] BAg Q4 EST cloned] ZHo|l £XE FASHY ¥ Ao 71 AL 750bpA =
7hA &899 2.5, 300bp ol 4H = EST cloneE9] 90% ol4o 2 vlebytth(Fig. 3).

DC04 [Flower bud] DCO05 [Leaf] DC06 [Embryogenic callus]

Fig. 2. Panax ginseng c¢DNA libraries used for EST(expressed sequence tags) analysis.

Plred Q20 Histogram

1000

&0

200

409

% Of Reads

o8

Fig. 3. Distribution of ginseng EST clones analyzed with singleton sequence

o] BAM¥ EST cloneE contigdte] #2413 ZI}i= Table 1914 xi=upe} 7o)
parent clone® H]-&o] 56-74% AHEE delyten], B2A2(DC01)9 EST cloneElA 7+
Z wA ek P34 BEFARE chEdE OCODAN 7R WA dreRgoh
Redundant clone® A% 3 parent cloneqts W dte blastx AL 3+ homology
AL & FRAAE AT AR A AL JEMA ¥ v &o] 38-103%F
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gyron, B3 AI(DCOL)o] 713 ®ol EAdte Re2 Yelgti(Table 1). Z42&
A. rhizogenesdl 95t} dfAAI EUHo AT AYHA BAHE YT gl
£8E249 QAARZAH F2& wa ok 2Hy AR 242N EST £4 o
3 HaE oly gle AFoz B AT ALeR ART ALRA EAPNL AE
8% A8k € Aotk

Table 1. EST analysis of six different cDNA libraries of Panax ginseng.

DCa1 High—quality 2640 {93.5) DCo2 High-quality 2838(95.4)
Low—quality 182 {6.5) Low-quality 137(4.6)

Parent seq. 1960 (74.2) Parent seq. 1891(70.2)

No hits found 273 (10.3) No hits found 114(3.8)
Redundancy 680 (25.8) Redundancy 847(29.8)

DCO3 High—quality 3209(83.5) DC04 High—quality 3081(91.6)
Low—quality 632(16.5) Low-quality 279(8.4)

Parent seq. 2056(64.0) Parent seq. 1844(59.9)

No hits found 358(9.3) No hits found 187(5.5)
Redundancy 1153(36.0} Redundancy 1237(40.1)

DCO05 High-quality 2898(91.5} DCO06 High—quality 3229(96.1)
Low—quality 272(8.5) Low—quality 130(3.8)

Parent seq. 1624(56.1) Parent seq. 1910(59.1)

No hits found 178(5.6) No hits found 233(6.9)
Redundancy 1272(43.9) Redundancy 1319(40.9)

E3 248 EST clone$ MIPSE 7}7‘01?‘5}04 71582 7} (DNAME {398 Axt 4 ol
AR AR LHPFE BFAY F A 5 2L Y =AY 42T 4429 A

"o‘iﬂr-‘e g ¥ redundancyi%lgf‘l, catalased] 7AS-olE 14929 Agelqt 177409 EST
241, metallothionein®] 7ZA-$-olE 23] 4dZolA 36719 ESTol #&Ho 5719 14
|z EE} °%‘f$] go| Wdstm 9e ¢ 4 AATh ol i AG TAAMAAN 6doj e A
7} olEl e AL FEY + & AvlEE AFEn Y& JHeAE AR gith ol whate ALE
U A§Ad 2lolM key enzymed] squalene synthase$t squalene epoxidased] 7% 4d2olMe ZHz
178t 2707 EAEaY, 14429 Agde Ad #Fel HA 4tk a4 MEDdE
sesquterpene synthase7t 47} #ol Heol 4d29ME AF ol T2 AEUA A9 A§ d2d

gt E HEshe A dads 33 T At
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d71del M E EST cloneE€ data base(http://www.pdre.re.kr/new_korea/genepool/
DC/indexhtmD& T-%o] Hol @A 71 H&de] AT o] & F UA FHH A
tHFig. 4). o] 4} databaseo] = 6719) 14+ ¢DNA library 258 Fzrgla Avtg 20,0009 71¢)
EST cloneoll it G7INARAE7T BAHo] 9o, ob&e blastx AL T faxte) )58y
o] slojqicy. zela wpolesel A Hog £ databased FEoA ¢tk Ve FoEY A
e QA iadur Eolyorw 2A%tE @vulalAld AFEJ(ginsenoside) 22X, o]F
AEV L isoprenoid pathwayelA $HAdxe) Ark, B4¥ A4 EST o)A isoprenoid
pathwaye] #HHE F& FHANRE wWEEZ Agd £ 4t isoprenoid database
http//www.ibiopia.com/zboard/zboard.php?id=Isoprenoid _Pathway)& Atdlx oz F&3}

o] &3 UkFig. 5).
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Fig. 4. EST database huilding of Panax ginseng.
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914 ¢cDNA §#A#A 9 Full length sequencing ¥ database %

Blastx A4& E3td 7124 FAH e #3394 45AE UYEllE EST clone F9
A @A codeddA ORF7F &rHY Qe cDNA cloned Awtstd 53 3 4FolA
primer workingS 84 971X EEAL AAEY full length sequencingg 33th 4 €
214t EST clone oA @9 de] AT FAHRE X3 A= full length EST clone
S M¥K(Table 2)3t¢] primer working®2 full sequencing® 3}¢] data base
http://www.ibiopia.com/ zboard.php?id=full_length)& = 3} tH(Fig.6).

TRy A THialxl
o) SID Se%aw IO L T - | .
B! ahe o o2 ) L) S WS- i
Zaa [y - iopia. /2boerd php7 lengh =] com 2w
Full length -‘Jf
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¥ e ¢
r e 3
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Fig. Fig. 6. Full length database building of EST clone contained with the entire open
reading frame of amino acid residues in Panax ginseng ESTs.

Table 2. List of EST clones determined full length sequence by primer work.

Clone [o]:] Acc. No. Putative Identification
dc06001c10 TREMBL AF079104_1 14-3-3 family protein
dc01005a10 tremb! AP000413_9 3-hydroxybutyryl-CoA dehydrogenase
dc04002e07 pir $20510 3-isopropylmalate dehydrogenase precursor
dc06002¢c11 TREMBL AF227626_1 408 ribosomal protein S11
dc06001a09 TREMBL AF161704_1 408 ribosomal protein $17
dc05004a03 trembl AB015477_14 408 ribosomal protein S3
dc06004d08 TREMBL AF528526_1 40S ribosomal S4 protein
dc04001b08 trembt AB013395_16  50S ribosomal protein 129
dc03001hQ7 trembl AF183904_1 actin-depolymerizing factor 2
dc02005a04 trembt AF083950_1 acy! carrier protein
dc06003g06 PIR 514874 ADP,ATP carrier protein ACC
dc02002g02 pir 752341 ADP-ribosylation factor
dc06001g04 TREMBL AF363286_1 aluminium induced protein
dc02003g10 trembt NTAQP1_1 aquaporin 1
dc05003c trembl PTR306829_1  aux/IAA protein
dc05004a12 tremb! CAR012693_1 basic blue copper protein
dc04002a04 trembl ATABS244_15 beta tubulin
dc05005g01 pir E86388 chaperonin
dc06004b05 PIR S65597 chaperonin groES homolog
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Q14 EST® ¢cDNA chip A3

S8 4379 expression profile® E437] $j5 $H RAZ EST ZolA parental clone
100070 & A28t pBluescript vector 499 SK primer(5'-CGC TCT AGA ACT
AGT GGA TC-3)% KS primer(5'-CTA TGG CAG CTG GAG CT-3)% PCR
premix(Bioneer)& A3t PCR FE& 39tk %@ 422 spin column(Takara) A}
Sote] FAg Fol fe slide St A3 HA3 cDNA chipe AMFate] B0 o] &
A HFig. 7).

Chip H.& A=} 1K cDNA Chip

Fig. 7. cDNA chip construction using 1,000 parent clone of hairy root (DCO01).

F8RAA A 2 FgH@E A} A4 EST v‘i’—-?% 53t a4 EST clone %
ol Al ALZ W AFAA7F &3 isoprenoid pathway B A AAe} AN B-—] AE &

AZE sl g HTable 3). Table 1-20914 2+ ule} 2+ ] Abxd AjEA 9] key enzyme
olgtz & 4 9= squalene synthase:= EAZ(DCOL), 432 AZ(DCO3), L (DCO5)o A
Z+zb 108 WA H I, squalene epoxidased] A& 4‘33 JAFRE, 52944 4z
2708 adlm 94 A B 417 23 E AT, Beta Embryogenic callus(DC06)9) A &
o] #AHAE AF AAHR Fston, 149dZ(DC02)S Aol Azt AAA XA
A Aulg o 93 AAX U §Fo] & Aoz JYHAD £ a9 upel §H8x
o] ¥ FHAY HHo| F& AL J|YEHALY o]E F HAAE WASA gt

Table 3. Isoprenoid pathway related EST clones in in Panax ginseng

DGO DCo2 0Co3 0G04 0C05 DCO6
Acetyi-CoA synthase - 6 - - 1 4
HMGR 2 2 1 - - -
GPP - - - 2 1 -
FPP - 1 2 3 - -
Sesquiterpene synthase - 4 - - - -
Squalene synthase 1 - 1 - 1 -
Squalene epoxidase - - 2 2 4 -
Beta-Amyrin Synthase 1 1 - 1 2 -
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BRUNALBA FEFHAAE AdReto 2t librarytS v 23 B A EHHoE 14204
catalase?} 177012 ©& libraryol A2t} @o] WA E RS FFY F dded 53] 4
2 AF(DCO3)A M= catalase FHAE HE LAY 4+ UAH(Table 4). 22 Fe] z7
B2 442 AZFAAE vEEEgetd F2 X3 Mn SOD7F A3 aFHZA
R 14dZo s 377 EhEH d2e] wE Az @Al ASE A
=

¥ 52 (o (L 1ff

Table 4. Environmental stress related EST clones in Panax ginseng

0CO1 DCO2 DCO3 DCO4 0CO5 DCO6
Cu/Zn - S0D 1 i 8 2 4 1
Fe - SOD - - - - 1 1
Mn - SOD - 3 - 2 1 1
Ascorbate peroxidase 5 8 9 5 6 4
Peroxidase - 7 7 7 5 -
Catalase 1 17 - 3 2 1
GST 1 6 6 4 5 2
Metal lothionein 2 5 36 15 7 8

FAR 7524

A2 FAARFUEY =93t §HAE isoprenoid pathwaydl £33t Alxd AdAAH
42 HMGR, FPP, terpene synthase, squalene synthase, squalene epoxidase %< 5% &
At a, #ANAHRE FAAFEE SOD(Cu/Zn, Mn), ascorbate peroxidase, peroxidase,
catalase, glutathione synthase, metallothionein % 7% 283 &w" 2lE auxin repressed
gene, auxin induced protein, cysteine synthase, aluminium induced protein, nucleotide
diphosphate kinase A A} 5F % % 17359 A4 FHAE ALadh o8 FHA= 2z
Z} ORF 5°]&Q! primerg A&AT ¢ 4 449 54 %39 PCR ©H&E 539 F
Z% F cartridge column(Takara)S AF&3la FA3E & pGEM T easy ¥ EH ) subcloning
e F sequencingdtd FrIAEE #FAFAY olg FHAEL 35S double ZEZEE G}
AMV enhancer’} # &% 524Xbal vectorel subcloningdt ¥ 3 A= eEl<l pRD400 &
o] =3t FAABHEE T 53tHH(Fig. 8).

“EB H 355-355 a.\L'>IAMV H— & d b{nosw .\prﬁHiﬂHlig

HMGR
FPP
Saponin 48 4 Terpene synthase
Squalene synthase Jl E

Squalene epoxidase

SOD(Cu/Zn, Mn)

Auxin repressed gene
Auxin induced gene

Ascarbate peroxidase Cysteine synthase
gAY o gz:(;)l:dsise Aluminium induced protein
Nucleotide diphosphate kinas

Glutathione synthase
Metallothionein

Fig. 8 Vector construction for function analysis through gene transformation into
tobacco and ginseng plants.
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A4 A9 A 7l=d A 3/MYo] 285 = vty 2 4 E9 g BEF 17
ol AEstd HEANE B 471 ok € Ad7HL $4¥es Jd4e ESTERH M
& FAASS Aol =487] Aol Fulol £Pst] FAAY BFLEA L st AFY Y
ARENE Y oA FFE AT FAA} =49 otazwHaEH co-cultured F
@A A (kanamycin)7k H7Fe AL ACl FAF BF 4FFd = A2 HAHFig.
9-A). o1& ZZg M2 wiAC &2 F AED 1749 d& 93t DNAE 2 & ¥
=99 fFdAs g4 vt primerg ©l8-3te] PCRUMEAIA #iAe] =YARE A%
M tHFig. 9-B). 8¢9 FAAFAEL cAHe2 FAAY LHEAHE A A
E EG e3AA FAE A FHAAE TF FAAY THEHE A$Hez
TP Aol

Co-culture with A. tumefaciens
LBA4404

REXNY wHE4 LI <> S o= = |

PCR® O/8¢8 & &®&N screening

B

Fig. 9. Expression analysis of transgenic tobacco plant and soil transfer for seed
collection.A ¢ transformation into tobacco mediated A. tumefacience LBA4404, B : gene
expression alanysis and soli tansfer.
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A AMEn Qe QLS EAFYZA QAL FAHZF I A, Fa
ARE 43 Fo) 37 G VFFTIAHE AdAE w9 24 7o) dasd, a2y
AEYPAArI€ Y22 BHE {FAAE AEA A=A H2RE FFE AT
= Qe 7ol BREH FE&FART dotd @A 271 AEF S F4E + A
& Aol B FAdME Qe F&7AAE dFez HFsr] At A4e] =Y,
3 2 A 97 cDNA library & 10% o422 x#sla o]E cDNA library 2 5-€
A4e FE4FAALE Fues] ste] EST 20,00074E 5 @& oA 243tz o]&
A g EST cloned] dlo|H & data basedt 3ty @& A7AEo] ATFAHEE THE T 3
A &4t 283 EST clone $olA &A% @iz {FHAHEE THIL JE cloned
1007) A3ty AFe 97]AE(full length sequence)d ¥438 1 data baseE: &t
parental clone& A1'#&le] ¢cDNA chip& A&&Ach 53] EST clone FelA 7154 3
A GEFHAAAS Addsle] AG7IADEA(full length sequencing)S T F A4l A
=gt mrlsAd 2 U dabe EASEE Huy gAY & # e ¥2A8
2 AR A2"S NEsta EFest A2EE G493t st
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