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Development of Ginseng Superior Lines with Red
Skin Tolerance and High Level of Ginsenosides

ofF
I

=

MNEEXM: HEHY L Me|84288 N8R a2

OR

e/ sgs



25.9¢cm

=
= g = B
alf] i @%d
© N 23 &
a
BN EC 2 g
™ E.n fu.mgﬁ
% SEEZ g i
= %0 S g 3 ~ g g
Wzl B g LESZ 5§ L 3 i 4
& % 280 =~ 3 - Ho
ol =) F 2EE %
iy o & A& o
W B oo A & i
= o
g TTER K PTHRBT Hme o zmiENTE 4 w1 3
=
ar
ﬂ
AN
C g
© el
)
- J
W 4




ad

A

1o

G
ZO
il
oyl
Ho

e,

4

12

2000

Mo

2

™
NR

0



ko
2
4o

1. A&
LR wad w Aeghd B neks QAEE Ay

. dside] £3 g Fo4

Al a2 thdd EEEAM aful)Eo] A wEEe] e ofF
7tx] EFE2 glo] AMeAEAEFY A Fe] AMeREL s dFolch = lHe =
ufjz] ko] 4-6de] La¥E thdd FEE FEEA Wrlde] LaF0 5 Fi
7b Felel7] ool A8 =72 2dFEAE e ATl delEs hdstr]
g, E AsHy AR iz Fo afFZ 24 vk AE e olg2
2 EFMEE2A FiciRE FHEelrh
gy zfeieldel ARE A w2t &7 azla FeE AhMs] HEEd 2d
FRAlzhe] @ EelrE Uy A& o = doenjiHel 51982 #HHefa, 1983 2
Felb, 1983), <% &F2 27 ol Foi=]a] €2 TAEEl Ace|22 FE
FriztE & didld $FeEFLE SYY ¢ s Fied S Rtk #HIe oY
2 avls d¥eEE R8I e U gldafeiHa] SHe R Afilgte] Tids
Ao Heola o, 3o Feil a2y PiadE FriAF)A] #8 BFHA gt
o U= ded feviet AAdds] sIAYd 2 AlAe] U ez Az
chi#3efb, 1983) . 2EF d Hdada) §3 feEFel it #52 AAlE 2
ofg} paxFME 27E7 wopA| 2 glon], Lulat gys] FEeE AWHESS
A S Al aeelie] g Hae] 3 geig AsE o <
2] afuiEd 2 deEE apelrp slevh(yhawuieldgal 1995) wedEe] o
= FHE 45AYEEE 00¥Eleth 2y 6dS sHAHE 22¥ELRA of

,3,



A cfy] $HAHE sIwe|dt, 62 ol QlaHE FHEd whalEe] 60% o4l
Hoez FHEY, o3& W0dE pridHE 7lEskd, HHY wie= Ut 7
gle] Sdds o oseiglolny o] A& WiEria) d3ria] Hgshd &4 FAE of
2 sy o] Ay Hoz P ofaie] HE wbfe s gl 4
de] g U Relch

Aol o] whdEs folE A Edude] e 2sfd el A
2 oyl HoZ wolnji e 5, 1978) Eoto] SeAH B 5, 1996) v
7t B3 R(E4F T 1995) olig FrEASE  AE stelEs d(dds
5. 1985) Eok2] EElde] g wliiRdd T 1996) oH=] Fejoju|(F49
5. 1996) 52 EREfelM fheo| wWdshs A2 qbej|al glok of2gke] i
el EofgrEs] of2f & Eof Feld W shepde] ofEAG, B felrrs u
4 Fog i) Peldfe] A8 § of(FHF F. 1996) L EM7} 2 tejH
gog 2Erle HHEUE FHeje] HHio] wdsEs Hod TP glr),
Hd B Bie| TelMe ILE F(1985)2 gz HWED|S| phenclic
compound 45z} Feihalo| erhatl spadat, olel4 F(1995)2 el $d5 oE
Wz 2ef] Fesh Narh TRl $ shelat, o El$:(1990)E HHED] Fofl phenol
4 BE HEke] wrhal shdrh HEd whAzRAE #e] ldEiel W B Al
& FHFolt Felvkel w2l elibziel o i wr =FHe ags) o 350 o
Aol F7Ea, Eqkz] @2 fheby siahE sls) gagk ¥xe] Jqle] of4,
w7l EEAE Adskd HEd Wis a7l o3 dWelnh ot
zhe cht debyh zfef] o EEd 2deldE Hdad wAlES W ¢ ole O
EFF& skl Wi g T4 Pasdo] Fof Hadck 1996 Hal =l
AxdFdels QHSEAYE sk e RAE ey 00 A F
o= e Tt Hoeg Hols ARl Helsa alo, olEAFs] HEd o
S de ubdE ek Ul UabEde] Wasde] alvh el o=



[ Fanax quinquefolfuw L, )& T2 Eorelld afufsid aizjelihe HH o] 90 o] 4
ol sk oj=S4E AR A gadstA] UaE ddsiss vl HHE A
el ggle] Ackat FEHche|gF 5, 1995), el siej el Fanax ginseng
C. A Meyer) 2} o] =S4 Panax quinguefolim L )& Fi 38 FREE Aa2ds §
Addel aich Ju R HEAeME F27t AEEA e 23] da=E gk
o= FHEuld dabe =4k #Ede FOEREHEAe] @Yt 430t o
&sjoh, Y qlie] EF0) e AV o] AREEI E5e HHPYE A BHEE
stebd BAAEE FHHdETE 2o 3 BEY 5+ ol hHE el A
asich ataeladde] El=pdEch bR MAAdeld SE1E& e =gt Ahg
HaAe 2 Fibel] vlsf) o, wo 2 Steqlibz] Mol fAE #sidE EUHA
H FEE epfsl urilel siod, Elsdah ApdE 5 de AdREERY
ginsencside2] FR2} HEke] &2 AHEE 7ie] A3 d¥elvh dde] o
Hed Fadte MdEE o8 FRA ey afedE U AE, &
ginsenceide =4 =|Z7ha] 2080] W= alrhDsamu, 1977: Sanada er al, 1974:
Sanada, 1974), 9 d3Helds 200 A3 ol bz]efd i A, AR
Z| He=R AHAEE Bdeked Hal 2000 AEE RS dlon, o ASE
ol ginsencaide JLEHF Alge| A& o Z FHES ofof cfgt B2 Pasde|
=Tl

qlate] & Pofl= Fz|vfalelld afefst el Fanax ginseng C A Meyersh= T}
= FU Fanax quinquefoliuw L. (€9 Mod)S Fevet EY oM Fanar
ginseng C A Meyer2l THE EA|olld =ufiyht Hz}, Fanav ginseng C A Meyers 3
AEe] 90% o] deld] wiske ol=ihE FHHAde] HE bdsta] efeE wEskEch
o5 ,1995) @2 FHAFHE oEe] do2y BEeld ® FhA M2 A
T A RS S5 i & 5 199 ¢ Halward er al, 1987
Jahnson ot al, 1956 @ =88 51969 )5} gleog qlaw g £ Eike) ot



& sk FHEe] ge dis Sy £ olE& Herh o @3 R¥E
RT-FCR& o §8k4 3l d& 7lales fdata ©48t7] #iskd dAsa
th el ohdd Fald 2HERA 2fuiRde] ol f FickEal FalE ek Wy
e along jEsbsd 3-4de] Laue] epEe vlEk SeE5F 9o HF
i Mie] Rasich UHE BE 4ddelld 1 FahE Afdste A& HHLR &
atoolen g2} 18] Afaaes 40-508] HEybe Y gl AW eluE B
chrl zhe] @A =fdrled Fedda Ay ddyEANE Auss s i
e cigrdite] sleid 2 HolE #ydcka & 5 ok 23 $8F5E 84
stelct siojele Ut FHAMEE 2 7iMle SR PP Alde] 27EE
2 oy Skl oo & Ha siES7] #Ekd ldE] 2Hegrlae] A e
Ele] ghalYife] homologous gened |yl 7iMle& iRz 4% 5 de 7]
FHE|ojo} b Hojrh qlabz] 2] FHE AHED o ButenkoS(1968)0] #EZ
bl E 2otk ofzf o7 dyabEe] dd 2HuYE B HEAE AEE B
St CH Buterko et al, | 1968 Charg and Hairg, 1978: Charg and Hsirg, 1978
Chilten er al,,1978). 2o by EA2] 7ligyE olf #ickaat, 58 =f4
O AEA7 #8 el g F ] Espelsl, Sy fele] wfe] o Feln of
3 BEgeld wag HEAE 2y «7h A glck 2 gt Y =g |7
= 32 MMEez] ubs Bald o] Rela) Steof( Furuva and Kajii, 1983
Yoshikawa, and Furuya, 1987) ch2 Sepubdef cisfd= H8 203 vz
th & d7e U] =S Wyl ozt Bl AgE 2abe BEHEE A
2ol 7} Eakel] wha] g 2 e 2d& FEsaa; syt



m. A7 8 9 He

uiHEg ol g Ed ags UHES it dek ohaat A2 d7E Y
ghadr},

1, WiFHH4d W ginsencside SUEF AHAE AW
7h uiEEe A g At
1) ladd A9
2] Aldrdelq FHHE Lfd el A2 A%l A H
3) HHe] f3g o B3 AW
. HHEIE Y3 W Z7HE W JE
1) Fad 42 24
2] HHE 27 HEYE + U= WH HE
th F FE s gy 244
2h A HAIF 2 ginsencside HEF 24
2, iHHAY W ginsencsideslfhf gl INA 24
7h Amplified Polymorphic INA 7|42 o] §3b laH Fanav ginseng C. A, Mever)
2] A =

1) ql4k2] RAPDE-H

o Baluise] 29 Qi Huwd faae) 24



1) RAFDEY & #3k FCR 23
21 RAPDE #%F primer 443 = RT-PCR

3) ML DN 5H2] data B4

T, Ginsenoside 18HF 9l4bA 2] RFD okt
1) ld2 Folld ginsencside ¥ A1§2] RFD o4
2] HEHZEM ginsenoside SR M| EF2] RAFD 904

c AEE] FuiEs e Fid

7 ddzI o e MdEfe ghduls] 57

Lh s Eebelefe] ghds] RS o TIEAZ |99
1) shelufybaga] wiokzae] gefebs e
2) shedefubda] wfigrdlEule] =l E2E B2}

ok AldEele] A4 o ez

2h. MuEehs) wbde] v)3)s 2HE @Re) &3}
1) gRMelol 23t Bl S e labaAEege] bl u kg
2) @FAelol 2jat la Hyxhue] M| Ee) a3} o}

of, Al Eebgdele] ol 8 @A 44

1) M| ZEehgdufiz] ghofef] o]3]E G2 9%

2) M Eetuls] ghefel] ojils AHEM2] |9
3) Wolzpgs] Fapdabdo]Fy g

4) M2 ghedefs] FAHg

51l FH @A del Hy &Y eigen

,8,



V. dstziddat o =g cigt 2o

1. HHA @ ginsencaide TR QlAbAE Mwt

7h UiF@Eg dadAE dug
1)l A)d

7h

)

ch

2h

L E A sl ged e afF 4d48 61 ARl Hels] FHHa]3r)
ApEFo] 2,890 ulsked 184)%-2(81878, 83795, TERbSy,  T73IT-4-1,
TE149, THEIM, TIE-2-1, H0205  TAI42, 6014, KGI01, 78222, &0117,
KG105, &7|%h<;, 78167, 78206, KG103)0,9¢|8t2 wtol Li3H fuAlges
THEC

LI EAE sk g8d e afF 49348 108l Hal2] FHHalert
@ Eo] 2090 ulshed sbabid, CHIGAIES 1.2-1.82 wobd  2AES
sk,

LI EAE gy 9d e A 4948 46480 A E el #a)g)
Falert ApHEFo] 1,090 vk 84702, 85735, MTTE, KGO8, 34771
79201, KGL11 78222 A|'F-2 FHa|ert 0-0.472 HAE] wtopd HHLjH
Agog FHgidel AaFTh

L EAE ey 20008 22 48 20080 B0 A el e
2] =]t AR Ee] 141900 v]eped 83743, 82009, 82114, 82016,
79027 AH-E FHEz|er 0.31-0, 5602 HAE wepd FHLYM AlEos
Hesdol =4l ok,

2) A%l A|E

7h

)

LiE A 2iEkel A 4348 16 ol R HE ol )] FHHAeF A}
HEo] 1,229 sk 73206, 78149, KGL0Z, KGL03AES HHz|$r)
0.33-0.61. 2 HA3] wobd FHHELlE AFL=2 Fhede] HUHUCH

Ll E A 218l 4348 1580 ] abml E ol 2|2 FHHaA]27) 2hH Eel
1.9391d] w]&kd  KG102, 7337-4-1, TAZ0E,  KGI01, 4AE2 FHHz|$7)

,9,



1.03-1. 282 #HA8] wrobd HHLY AF22 7hgide] Helswdrk

3) f8 oo B AY Y

7h #HHe] B3 9 f84 FEAEE 494 8o HEA] ol HHBFA]
7t Al 0640l v]a] HEFUTEE 1022 HHFUE ] WA E)
Eobd, #ae] 2y dakE s A & o alaich

L}) 80205, 32068, 33795 IAES HAEA] @ HH{UEA|M BF AHE L
v #HHzalert ol ol AEE FHHLldel ale AlRoE FHEY, o
AR FHHe] FAdE HWalert BE2ABo] Aoz HE ez
Ho} fade] sl oz PiFic

v Hdd 43w 27133 W 3R

1) HHpe 43

7H) 4 @ HEAE g 48 24

(1) Phenolic compound §H3to] HWAEE ANA B uls) u|22} Er)¥e|el
A ghakeh,

(2) HEABE AL vls) 1ol HE K, Cazh ET)Ee]el M Mgz rad
o] 8] gatrl,

(3) HHALE AdA Sl uls] Eo|22oH Fe, Ha, My, 41, 9 5i2] ghako|
w8 goten], nEsleldis Mgl gake] galth

(4) qlabahy %e] Eu| g 7)3%sle] phenclic compound, K, Ca, Mg, Fe,
Na, M, Al 9l Sig] ghate] ol oS4 el qlamw fukzl w7} gl
£ Hes s},

w6 B e By

(1) BEAEZE ARALZol ulslel Buelds Fee] ghate] goton,

(2) HHAR 2F olde Hwaz Adio] ETajsin dlwen), Hyae
Anatel ule) 13 oM Ca, Al, Cu?h, Exleld Ca, P, Fe, Na7} &t

,10,



oh. SefuhKe) Yare Eajold kel AMabuTh o waich

(3) AAY Qs AE2 AMEA] Enjofsgh FHEARFEE ddARLRcH
Fe, Alz] gare] walch

(4] AAY AdH2 Eojofld FHEAFo| Fe, Al dieo] il AL dd HE
A%ES] S48 Hgos Faslo] of 4EEL UdHHY 2ol AE
deez 7hedel e H22 g

(5) T)E2h Euldslold HEABZE AHALZ used phenol ic conound
ko] metono,

(6] mEzt Eryseld dAAFIeld FHEfeles dVFelEoh phenclic
comourd §H8Ee] Hatom

(7) =zt Eryseld HHEAFIH FHEPels ddFel2ol phenclic
comound §FEre] EAlem

(8] HHFzlg ~HEY Eolyseld HHATE AHATECE phenclic
comound §HEke] Habem,

(19) dAPFeE ~HEYL EoField HHEAFE JAATECH phenolic
comound §HEre] AT,

(101 o]4de] Hp2 Ho} FHELRY AE 27lduE #y FH=E 2L 6d
4 A9 el HoZ2Feld HHEAETE HHLPGAIF v]Ske Fe, Al
2p phenolic compound®] HEFe] Eo} olE dEeol HHARYZLE JHe
“dol A= sk,

2) 27133 W

7H i e Fzlelld FHELld AF 2rddE #eke] Bidelld Hyuld At
B Hdes HEY H HHATES AHAFEcCE Bield phenclic
compound, K B Ma ghgke] ghatc)

ch Fl FF58M2 Sudsd 24
1) F FEHEs] Eudds 789 A2 28Uzt o=Sdele S8t B

,11,



A Balols ghs SAl2F 31,040k ¢} SHE 5.5-5.9 Aol ghud, 0
i Pdels ged i BELEMlEs Ealshs £ajad 54.0-60.0ka3} 5
3 5,559 Aoje] thaz SAEgh ChE SAla 66,2-97.4KDa FhudEo]
Eolpe) BUS U,

zh UHAE 2] ginsencside HEF

1) 24A% F 723-1-15 v 29 134182 71E A=l EAg =EE s.68
mg/gRTE E fERE 2ok

2) Zpzhe| ginsencsides]d Rm2 E4¥H 2E Algeld ciul7ql A FLc &
gten], RfE 974%e] clul 79l AFHE 0. dmerg Br} & YikE moch

3) Re2 E4A% 2E7} cu 7t &2 s BYon, S6a4088 ABE 2u)
olds] wE HarE dEbdch

4) Rd2] 5= 1974]%0] ciu]FRch &2 U5hE 29, RelE 347092] 8A%2]
ghake] cu] o ws] &2 fEkE Heon, Rhkes| HEE 1378 cijurR
=02

5) R Rmzt oEe] cfiygs] S4ATeld ulad Yske] we ginsencside
2, 58] 30082 4 80mg/go R WE| &S YUE HGon, T 50186,
T2M-1-1, 7215-2-1, SGEM0S6AE-2 3. 00mgg o) d& Rech

2. U)HW4 ol ginsencsidestdhf Q14te] N4 54

7h Amplified Polymorphic DNA 7|3 o] 5%F Qlak Panav ginseng C A, Meyer)2]
oA =

1) Qlate] £ 9 WEDS] H8E Clald g A SR d7e o gl &
F548 #% Zl2AE2 BEelaal Qg 2Ue] DUE AREsl RAFD
primerd ALl RPDHE Zabslaiz) s g,

,12,



2) a2 RFDE il ddols ARe|e| o §5le 232 2|7} PORe|F
[NA band e HE et G8E olaE 2lEg 24phaal 2yl 4R 2
AEEE gle A EM 2HEE A EE ANTF privers AH§ERd POR
& sk Uept bands] oME BE 23 FUW bandF -4 EHTE

3) 507f2] M2ChE 10-mer random primerd o] B8k bandzh ®d8 Lehhs
18712] primerg dusted 2FEF, F71%S, 54 v=ds] AE AHEE
o PR S5& shairh

4) 233k PR product& 1, 222 Agarcse gels]] M7 dEéky banding patterns|
wfzp S EpdEch o]l RAPD F e Cluster amalysis SHHE apEdhd
similarity index(S)2M HEHAF 240 J2} 2352 $21%90] 24
BAE AR FSHE AR gt AelE shEen B2y AFEE 7
e, F=deS o=SEE Aele debdrh

Lh mapohA el 2t iy AHBE Faxp 24

1) a3 4 wEe 453 218 fUAFle HUd 0= ofite] FHdgele}
alo@ele el B due] F& o] O fale|th ol FHEYE o
SHECHs e ldels e ddEs v, FHEE F8F a/lo] gdrpa B
- gk

2) 2 B2 o] @72 SHE RT-PRE o §5be] AWM LiHE& 7I7lE &
Azbg wrdelr] flebd dalslgdeh atefdd 332 1Al o] W
A% Filz ddvHy RUE FES] B4E INE o714 random
primerg& AHESHe] FOR $5& ¥ F3b A4dvals] cield U=z de
bardz} 3Hike] Hejofd s aich

3) mehs bandzh B-4E Sl AT HHA PAE el e AR
APRE A ol it FHAle BF HIMdE T4 oY FHAA] 2
& Sojof 8o HHBH FAapeld Aok EA AHGE A 2= YR ARE
S HHU AHATE Y+ UEHTh

,13,



t} Ginsencside 4R Ql4bA| 2] RAPD of4

1)

2]

3

Aate] ofel i Fa485H 4E2 ginsencelde2 A Yl A2 74l
A i el A 22lshks e dARE Bideke] Hal 200
of AHEE& sty oo, of AF Tl ginsencside R AEe| ol&
ez FHFC

2ol in vitroold MER &4 W 2422 TE FUFAe 2Ek &
FZATE sy wE AuUEn drh miebd 2 dge dusl
ginsencside SURRF AE kst WA el RAPD Sde 28
ginsencsides] FTEE fHalE  HAdsta o|F oHE  o|g8iey
ginsencside MG AEE ddels 23y 5¥o 2 wepdch

bzt BdC o248y NArp FEE AL LBC primerd AHEohe] qlabe] b2
o] BOE SRRASKGEI00) W ASRARKEE) 8 2elE 249k B2t 38
2| primerFolld bandE viepl HE 28Fo|olon] b g2 Folld K10
2} KG1032] band ko] & pepfoic,

3. e AUy rle A

7 qlatzg ez vy Az aele) §7)

1)

2)

3]

4]

A3t B Alee AEESE0] #a HriEa ehe w57 el wjab
gt Az} Alge] 7)Yeld & Wwe) ARz} f7)5 gc),

AMEmele] ganles Yy aleie) e mebd Hol7 el ol
el Al Aol mel 28 Aee Mo

oAl Zpele HuldEe) 8 ofeliEol BE ddalds] MEuc) o
AU o FEshulen], e dESe] Mmsle] Hde] Poisigon) 2
22 gado] olae chlaEl 715k

wolt R dartde ErldEe Yage] Y MED ol F4 Foo] 2
ele] o] 7t AME U Frloir), el Babs A mele] 7]
22} who] wuba] ALET Aje] deme] mehd siubde] Tojnh M

,14,



= 2y & rhardeiedaled ok FFEHCE A& ook

Lho Al Eghelel whfs] =epHRay ul TIEA2] g4

1) eld=lg de & o84 FF 68y AdEelg HEXEE FH7 =
a2 dled oo B4EE AdEele olyYE Sd& FhEla Fey
Hell gk o544 = 2ok,

21 Auxin polar-transport inhibiteeql 2,3, 6-trl icdobenzode acidi TIBA)S 20
ud H7h U Folls AlMEels] Hde] 2hHs] o5 o)

3 5-10 pM TIBAR HRY sfz|eldes MHdEels 2pgs] Ede] f459e
o HAAHE M Eel 2 gFEtE ot E jar HefE] s Eefs g
 dgch old Hzks AdEels] el el Hel HREe e
endogenous audino] o Fat Y& sia Al&& 2o]yich

th MsZEefe] whafe o) zhE @R Az}

1) 4% 9 Jg=hlc YEEEE FH7 wulR]old wolrt ol 2o
Hababul S MNHND, KNDa, KHPDs, MgSDs, CaCl: 55 ®7}8hd stressd 3
A3ke] Qg AL o2 walEle] aagich

2) MM e} embryogenic callis o|8 stressifefield 2 ez} Hy=l=
Sh=rl|  NHADy, 61, Badelld 56, 3% FhAb Ald|Eufs] #ado] ar¥spech o
Z|al MHNDy » KNDa > KHPO > MgSDy > CaClese 22 aaf ez} 8445 eic),
ol MHEels FgHoz A4y @ $2r HdEden Uy FHENE
Eqkgel S22} A4 algdch

zh M ZEghdefe] whol wl fal@Me] Ay

1) heh e ol =] Hy=l eield felE =gddE ol B8k A
MEuE 28l FUFEo s A8t g2 o3 2. 4-D, BAP,
kineting Wrisirvt F& He @IS Eo| Hrjsla] e veufia]e] Hw
& vy e s AdEe) Xe el HS5Y 5 dgch

2) ol viE2 chiE A vflcotyledorary stage) Fh=] o] rhgepa|qt

,15,



wholzh £z Fobel of o4 sheot® HEE2] Betda stebdels] Age
o2 Al Gl gk, e} gibberellic acid(l, 0 mg/] o], Gh)& Mz
o 5 3F ool Ay wirl mo2 HelH s wolE don, =2z
(-2 "cofld 8T F U Heole MMEefz} HYHo2 wolrh =i

3) MMZelE G R A2 Mely F ME] FEIAEAF Axjdc|Foz By
gk Hzp Faz] A Zef2] =g MEE dobEla] g ddE YAkl M)
e o] AW2AR] W MEHe] FFeiy, EEz] ¢ nERE|e}l Wl
ATAF =i Mz fhdo| oy Fd ezl F2E Al gk 2
Hup AEMeE] @ Gw & M AgdEE A 4 Mz 230 e
Wk, 3 ekl g Eset o] A o EdEeel] EF Rt o
A A& ul G Mz F ME2] cfapiiEe] Uy HeF Kol Fo| efrf
¥ 2oz gighE|gc)

4) qlak ojeld LEIEE DMyt uselxls] Hrhak HSes A Eul} 2
He sl =gk ool cf2 g9 e chel W SUE delE gdEcoh

51 ik #hgel 1.0 M sucrosed 24 - 7243 Ma|g HE BE AdEels g
Eld 22 chale] 4el2 gyEden £2 Al Bde gd=lgden vt
Malol uis] of quiHE w2 M ZelE o detdch

6) Hefgdoz fgd AN MAZE Ui ghduis ol HEZ 5 feE
dovt MzlEs 4 g Afels o] ME2E =k

71 dnE abgddeis] sdEels os delels el W3 dhuA sled
ol |42 FEeR AzEd cas HrhEig AeseE o 3 2EF
whobE g,

4. Az 3§ de

7h 2 Aol byt = HAYAE2} ginsrencside R AR S-S S5 Al
o gy Aol BAEe] AEFLT AuEojof ¢ HoZ Agztic

o ez auore] 2t FluiFAvles EEE | ek ol HEEololy
He 3 Az,

,16,



SUMMARY

I.Title

Development of Superice Ginsergg Lines with Red Skin Toleramce amd High

Level of Ginsemnoside

II. Purpose and importance of the study

korean ginserg | Fanaxy ginsemg C A, Meyer) bas traditiceal 1y been considered a
mediciral plant of mystericus powers and bas more than 5 000 years of history
amorg Oriental pecple, [n the last decades, the products and corsumpticon of
ginserg bave increased both in and cut of the country, Therefore, we bave to
ircreased the production per unit area by the development of mew varieties shich
bave pood quality, high yield, amnd resistance to diseases, However, it s the
fact that a sirgle lecal variety, Jakwrg-joeg, bas only cultivated across the
country without the development of mew varieties because breedirg of this plant
g rmeaded too lomg time, Fortumtely, ginserg supsrior lires can be developed
because promirant variations exist in growth kabit, wigor of growth, and the
characters of aerial parts and roots, There are seriucs problems between supply
ard corsumption of ginserg, if we do ot plan to increase the production of good
quality girserg, because good cultivaticn area for producticn of good qualith
ginserg, becuse good cultivation area for production s decreased while the
amcurit of ginserg corsumption s increased, High quality girserg is comcermed by
ot cnly ginserg farmer but also comsumer, To develop rew ginserg varieties wshich

satisfy comsumer will contribute to praise the mame of Korean ginserg in the
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intermatiosl girserg market, In 1996, tramsplanticg area of ginseng was 800ka
irm 1996, though it's area is different according to year, But the area of
harvest was 422ha, 53% of itotal transplanting area, Ginseng grower have met
with a loss of 9 GO0, 000, 000 won on the basis of red skin-ginseng field area
per year, because of rusty-root producuicos, The total amount of loss would ke
met with above G0, 000, 000, 000 worn, when it would be included total harvested
area per year, Therefore, 1t is very ioportant to solve red skin root problem
in Korean ginserg industry,  In gereral, red skin root is produced under such
field conditions as high scil water comtent, bad water drainage in soil,
immature manure, bad physical sodl condition and mot enough manage of
pre-transplanting sodl, And it is also difficult to decrease red skin root
production by the improvement of cultivation method such as improvieg chemical
and/or physical factors of scdl in short term, Therefore, it is required to
develop mew ginseng varieties with red skin resistance,

[ addition, it is possible to screen red skin- and ginsencside-related
genes by observing genes, expressing in superior lines with red skin tolerance
and/or high  level of ginsencsides, which in twrn can be used  for
trans formation, Amd tisswe culiwre procedures could provide anm altermative
method to propagate genctypical ly superior lines of ginseng rapidly and could
reduce  the inberent variability associated with plants derived from seed,
Furthermorme,  the ability to regenerate plantleis fn witro could provide
oppertunities for geretic transformaticn and dewvelopment of transgenic plants
expressing movel traits, Therefore, it is required to screen red shin-amd

ginsemnoside-related geres and to develop methods of regeneration of plantleis

of Korean ginserg through somatic embryogenssis,
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Ill. Contents and Scope of Research

Contents and scope of this stuwdy are as fol lows!

Selection of ginseng lines with red skin tolerance and high level of

gimsenos i des

1) Selection of ginserg limes with red skin toleramce
(1] Selection of ginserg |ines
(2] Reselection of ginseng |ines
(3] Test of geretic and envirocomental factors for red skin tolerance
2) Chemical component of red skin-root and early selection method for  med
skin toleramse
3 Iewvestigation of sterility in Fy hybreid plant

4) Ginsemoside content of ginserng |ines

Amalysis of INA in Ginserg Lines with Red Skin Tolerance and High Level of

Gi mseros | des

1) DA amalysis of the Ginsergl fanar ginseng C A, Mayer) using the Randomly
Ampl i fied Polymorphic INA Technique
2) Gene dralysis Related to Red-skin Disease of Ginserg by Molecular Markes

3 RAPD Pattern of Ginserg Lines Containing High Ginsencside

In vitro Propagation of Ginseng

1) Inducticn of somatic simngle embreyvous from ginseng tissue
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21 Histolegical characteristics and effects of TIBA in scmatic single
ebryos
3) Effect of imorganic salts on the formation of somatic embryos

4) Germimation of somatic simgle embryos and and development of plantlet

IV. Results and Recommendation

1, Selection of ginserng lines with red skin tolerance and high lewvel of

gimsenos i des

1) Selection of ginserg limes with red skin toleramnce

(1) Selection of ginserg |ines

- 18 ginserg 1ines(81878, 83795, Kimpohwargsuk, 7337-4-1, 73149, 78304,
7318-2-1, 80205 Ta142, 86018, KGL01, 73222, 80117, KG10G, Pooogei-
hwangsuk, TE167, 78206, KG103) with red skin tolerance were selected
amogg Bl limes in 1996,

- Sarwargsam and Dadlf ginserg lines with red skin tolerance  were
selected amorg 100 lines in 1998,

- 8 ginserg lines( 84702, 85735, 84776, KGIOE, 84771, 79201, kG111 78222)
with red skin tolerance were selected amorg 46 lines im 1999,

- b ginserg 1ines(83743, 82099, 82114, 82016, 79027) with red skin

tolerance  were selected amorg 200 lines in 2000,

(2] Reselection of ginserg lines with red skin tolerance

- 4 gimseng lines( 78206, 78149, KGI02, KGIO3) with red skin tolerance
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were selected among 16 lines in Daejon field on 20000 wear,
- 4 gimserg lines(KGL02, TI37-4-1, 78206, KGLOL) with red skin tolerance

were selected amorg 15 lines in Yourgju farm's field in 2000 year,

(3] Test of gerstic and eswviroomental factors for with red skin tol erance
- Red skin root was induced by enwirommental factors, while red skin

oot was also induced by geretical factors, because the degree of red
skin root of 3 lines (H0205, 82068, 833795) was lower tham that of

Jakyurg jorgg in o med skin normal scdl and induciog soil,

2) Chemical component of red shin root and early selection method for

red skin tolernce

(1) The amounts of phenolic compound, Fe, amd Al in epidermis were higher
in red skin-susceptible lines than these in tolerant |ines,

(2] Im red skin roots, amcunts of phenclic compound, Fe and Al in
epidermis were higher in susceptible limes than those in tolerant
limes and heal thy root,

(3] From these experiments, it is sugeested that phenclic compound, Fe,
arnd Al can be used as the chemical markers for the selection of red
skim-tolerant 1imes,

3 Imwvestigation of sterility in Fy hybreid plants

(1) Twe wuaigue proteins( 3], 0-40kDa, 5, 5-5.9 pl | were detected in the style
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tigsues of parents  and F\ bybrid by twe dimestiosal el
electrophoresis, These proteins were expressed in the pistil of parents but
not expressed in the pistil of F  bhybeid, Another proteins( G4, 0-60, 0 KDa,
5, 65-5.9 pl) were not expressed in the pistil of parents but expressed in the
pistil of Fy hybrid, and the other proteins 166, 2-97, kD, different pl)
were not expressed in the pistil of parents, but expressed in the pistil of
Fy hybrid, From these results, it wos suggested that these proteins might

play an important role in Fy hybrid sterility,

4], Ginseroside contents of ginserg |imes

(1) 13 lires among arsalyzed 22 ginseng |ines have high contents of
ginsencside than 8, 68 me/g in Jakyurg,

(2) Bl im amalyzed all limes ard Bf in 9 lines were showed high contents
than Jakyurgs,

(3] Re im amalyzed all limes alse was showed a high contest than i
control, Especial ly SEMO0EE 1ine kave twofold Re than in controd

(4) RBd irm 19 limes, BC in 9 lines and Bb2 in 13 lines were showed high
contents than in control

(%) HRbl armd Bzl were abundantly accumilated in most amalyeed lines,
Especial ly, 84008 line contained a very high amount with 4, 30mg/g and
4 limes (80186, 7T23-1-1, 7215-2-1 amd SCHA085) accumilated Rbl and
Rgl above 3, (0w g,

2, Amalysis of IMA in ginseng lines with red Skin tolerance and high level of

ginsenosides
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1) A amalysis of the ginsergl fanar ginseng C A, Mayer) using the randomly

amplified polymorphic INA technique

(1) This stuwdy was carried out to amalyse polymorphism among di fferent
gimseng cul tivars, amnd o use it for the basic information on rearing
gimserg cul tivar,

(2] Im performing RAPD of ginserg, [MA was extracted from the di fferent
tigsues of “Jakpurg’  growieg mormal ly in the  Tield, PCR  was
performed to check i there is differesce among different tissues,
resul ting in the same banding pattern,

i3] Eighteen of 50 different |0-mer UBC primers showing clear bands were
gelected, amd PCR amplification was performed usieg [NA extracted
from ginseng cultivars, Jakyurg, Purggel Hwargsuk, Chima, and America,

(4] The PCR product amplified was amalysed according to banding patiern
after electroghoresis in 1, 2% agarose gel,  Gemetic difference based
cen RAPD result was imvestigated by similarity index (51) of Cluster
amalysis, As a resuli, Jakyung and Purgei  Hwargsuk had  close
relationship, whereas Chimnese ginserg had a little differensce from
Jakyurgs, Jakyurg, Purggi  Heargeuk, and Chinese ginseng  showed

geretic di fference from Amerian ginseng,

2) Gene aralysis related to red-skin disease of ginserg by molecular markers

(1) Fanax ginseng discarded and lower than 4th grade is caused by red skin
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disease showirg red color skin in ginserg, This kind of red skin
gingserg s found a lot in Panaxy  ginseng rather  than  Panax
guinguefolfuw amd it is considered that red skin disease might be
caused by gerss,

(2] Therefore, this study was carried out to detect geres resistant to red
skin disease usimg RT-PCR, RNA was extracted from thres years old
ginserng oot of both red skin and sormal portion in the same root,
After BNA extraction, PCR amplification was performed from cDNA using
mary random primers,

13 As a result, specific band for red skin was found, [t is considered
that the gere forming band has possibility to be related with red skin
digseage, and this gene should be decided if it's related with red skin
disease, [f that geme is related with red skin disease, it will be
used for transformation to foster for resistamce to red skin disease
as well as for selection marker, However, if it's mot related with red
skin disease, more primers should be used to find gers related with

red skin disease,

3 RAPD pattern of ginseng lines containing high ginsencside

(1] The important compoment for medical effect is ginsencside, koren
Ginserng & Tobacco Research [nstitute contains approsimately 2000 1ines
by irnbred selection, and it is assumed that ginseng lines containdmg
high ginsencside content should be ine lwded,

(2] This study was carried out to detect genes related to ginsencside, and
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(3]

use it for selecticon marker, thereby, select and distribute lines
containing high ginsencside costent, [NA was extracted from both
gimserng root amnd  bairy root,  and  the difference between high
gimsencside containing line (KGO ) and normal ginsencside comtalndng
lirse (KGLO3) was amalysed,

As oa result, 28 out of 36 primers showed bands, and mary  primers
showed  band  di fference betwesn KGIOL and  KGIO3  1imes, [t is
congidered that the bands should ke amalysed to check if those are
related 1o gimnsencside,  In case of hairy oot of ginseng, almost o

di fference was found bBetween two |ines,

3. In vitro propagation of ginseng

1) Inducticn of somatic simngle embreyvous from ginseng tissue

(1] Bwxcised cotyledon segments of ginseng zyvgotic embryos cultured on M

(2]

(3)

basal medium without growth regulators produced scmatic embryos near
the basal excised portion at a high frequency,
The frequency of somatic embryo formation on the segments declimed
alorg with advancing syvgotic embrye maturi ty,

[ immature cotyledons, all  the cells of the epidermis  and
subspidermis were smal ler and more densely cytoplasmic than those in
mature cotyledons, and from which miltiple cells participgted in
enbryogenic division to form scmatic embryos with multiple cotyledons

and fasciated radicles [poly-embryos ),

(4) But in germimating cotyledons, only the epidermal cells were densely

,25,



cytoplasmic and simgularly competent to develop into somatic embryvos
resulting in sirgle-embryos with closed radicles, This result means
that the origin and development of somatic embryos is  determined
according to whether the cells participating in embryonic division
are in a simgle state or a massive state relative to cotyledos

matir iy,

2] Histological characteristics and effects of TIBA in somatic simgle

embryns

(1) Cotyledon explants of ginserg =ygotic embryos produced somatic embryos
at a high rate(f8%) on medium without amy growth regulators,  Unders
this culture condition, apparent polar somatic esbryogenesis ococurred
mear the basal-excised portion of the cotyledons,

121 When the cotyledon ewplants were culiured on medium  containdng
2,3 5-triicdokbenzcic acidiTIBA), an auxin polar-transpoet ok b toe
the frequency of scmatic embryo formaticon markedly decreased and was
completely inhibi ted on medium containing 20ukl TIRA,

(3 On medium contindmg 5-100 pd TIBA, somatic embryos developed
sporadical 1y on the surface of the cotyledons and bad a normal  embryo
awis but jar-shaped cotyledons, From these results, it owas deduced
that endogencus auxin in the cotyledon explants plays an important
role in the induction of scmtic embryos is also related to the polar

transport 1o endogencus auxin,
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3.

(1]

(2]

Effect of imcrganic salts on the formation of somatic embreos

Mature zyvgoitic embryos of ginserg [ Fanaxy ginseng C A kewer) were
germinated on a Murashige and Skeog medium lacking growth regulators,
However,  when  the =zygotic esbryos  were cultured on M5 medium
containing increased levels of macrosal teihHS0y,  EROy, KHePOE, MgS0y oc
CaClez: to result is a mild salt stress, growth of zygotic embrycs was
stromgly suppressed arnd eventual 1y browning cocurmed,

SomAatic embryos or embryogenic calli were formed directly from these
abowrmal stressed zyvgctic embryos, Cotyledons were the most competent
tigsue for somtic embrye production, The highest frequescy of somatic
embrye formation b, %) was cbserved on medium containimg 61, 8ok of
MHND, The highest frequency of somatic embreyo formation by five
di fferent macrosalt treatments cocurred in the following order: MHaNDy
o EMOy G KHePOp » MgROy » CaCle Scmatic embryos were regenerated inio
plants with a shoot and roct, and the plants survived oo scil in the

greenhouse,

4) Germimation of somatic simgle embryos and and development of plantlet

(1]

Somatic embryos were induced directly from cotyledon ewplants of
korean ginsengl| Fanay ginseng C A, Mever) on Murashige and Skoog (45)
medium with 2, 4-0, BAP, kimetin or lackimg growth regulators,  Then
somatic embryos formed on all media grew to cotyledomary stage,  the

further development of embryos was ceased and remained in white color
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(2]

(3)

(4)

(5]

By gibberellic acidiover 1,0 mgs] GAsz) treatment, all the somatic
embryos  turred rapidly  to green and germinated within 3 weeks,
Chillimng treatment alse induced the germination of scmatic embryos,
The effective temperature regime was -2°C for over 8 weeks but more
higher temperature tham 0C did mot effective for germination of
somAatic embryos,

Ultrastructural ohservation revealed that the cotyledon cells of
gomatic embryos without chil lirg and Gh treatment contained mumerous
lipid reserves, demse cytoplasm,  proplastids  and  mon-activated
mitochondria with poorly differentiated intermal stracture, but the
cotyledon cells of germinating somatic esbryos after chilling or Gi
treatment highly vacuclated and contaimed wel |l -developed chloroplasts
ard active state of mitochondria enclosing umerous cristas, The above
results  indicate that fn wWiiro developed somatic embreyos of FPanax
ginseng may be dormant after mature similar to 2ygotic embryos,
Cotyledon explants of immature ginserg sygotic embreyos cultured on
Murashige amd Shoog (M3) medium  lackiog growth regulators formed
somatic embryos directly, and most of these embrycs were developed
imto meltiple state, fused each other and to the parent cotyledon
explants,

fhen the cotyledon ewplants of ginseng were pretreated by 1,0 M
sucrose for 24 to 72 hours, all the somatic emboryos were developed
imto morphological ly simgular  state from  the all  surfaces  of
cotyledons and  the mumber of socmatic embryoe per explant greatly

erbanced 1o 4 times,
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(6] Histological chservation reveals that all the somatic single embryos
from pre-plasmslysed cotyledons were origimated from epidermal simgle
cells, whereas all  the multiple emboryos  from cotyledons  without
pretreatment were originated from epidermal and subepidermal cell
MRS EES,

(7] When the somatic embryos matured to cotyledonary stage, further growth
of these embryos was ceased and remairned in white color, probably
indicating dormant, Gl (over 10 mgsl)  treatment or chilling
treatment (-2C  for over 8 weeks) were prerequisite for  the

germination of somatic embryos,
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A gokgo]l w2 ZAWoldon AMAEuje] S NHNO; 61.8 mMdojA
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o] FHE&EL 22 29.4, 11.5, 9,7, 5.7% o|gcH(Fig. 4-12).
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Fig4-12. Relationship between somatic embryo formation (4)and abnormal
germination (M) from zygotic embryosof Panax ginseng on MS basal medium with
varied levels macrosalts. The levels of macro salts on medium were adjusted to
3, 6, 12, and 24 times the salt concentration in MS medium, In the combined
macrosalt treatment, the levels of all five macrosalts were adjusted 2, 4 , 6,
and 8 times the salt concentration in MS medium, Vertical bars represent
standard error of the mean,
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1) gl FollM ginsencside 14HG A 2] RAPD abyt

2) UEEAZFoM ginsencside SIPF HEFE] RAFD oF4

o e FlulEs e Fid

7l bR o 2 MMEfe chduls F7

U sl Echelee] ubds] ZuabsEad o TIRS) da

1) shedufbga) wierz3e] Hefebsy Hf
2) shedufbda] sforalEule] L=l E2E Ba}

,37,



Cf s aEefs] g 9 uezd

g, Al el ubde] o3 2E @R &z
1) @FMelol 2jab Myl e QlabldEele) bl W g
2) dRAzlel 23 14t Haapue) MM Ee) gz} wo}

of, A Eebgdule] ol 8 o EA2] 44

1) M| ZEehgdufiz] ghofef] o]3]E G2 9%

2) Mo ZEetduls] ghofel] oj3ls &Mz |99
3) wolzhygs] FapdabdolFy g

4) M2 ghedefs] FAHg

51 el FH @Al A3l Hyyt & ejgsn
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H 2 & W=EHY 2l Ginsenoside 11EHF CIMAS
M

A1d 4 4

A PEAY Thda dRaEES Mulr]weo] AeE] wEse] o o)
7iz] E55e glo] AMeREAE AREol aMeiE 2 als dFerh AHdHEE A2
Se el 2o ohel saelad, el Adeld Skl Erldd 53
ol HFE ME FE22 oA oldy Faks T2 st 2ol ufstd o
el¥og Ae| e etk #®aA dubsrield mfufsia ol dake gy
A2l FElel Aebre Mufskd 37 oiFel 7IFEE I wHpEo] k. 2
#uh Al qlade] Wt &7 2ela felE ApE] el ma AN AW
o 7b dab g o o kel 5, 19820 z3efa, 1983 #Hefb, 1983). gl
g Yeihs ®dls] Al O2le] Ze 8 W WP el 28l e
ve2 Fehis] deld 25 fEY oela ¢ & dich 27 BHHYU ol
gl Lpehihs B Hels £ 58 Fyohsd oy Fay B0 He 2
22 ofFe FHYLE S €S FHECE FH3U H31E& UHY 2+ dde
Hyjyh ez g BT Yod g gl& Heolch 59 e ofE IHE
zb w2 siziel REspell 2ufisto2 afaelz], U P 2=, gk 3
E By viEE, U B7Y. EYy A= 4=, dRs:E 53 B33
aqlel wheh el Adefd, gz Hie] Helrt divh EY S el
o] 4-6do] tafs vhdd TR FFE4de] vlhe] Lasa 53 Nz
zlo|7] ofEel] 48 272 gy AE Bokd gl Fa vhEE 2
87] of@al, E =S AR ez Fo MF 2Ab Prhs HE HEUe] of
Hog FFAEE sk E HEelvh e} e ofF FF2] 27} o Fe
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a|a] ghe EAAtels] FHghelBg fFg3b FHapEE dusted S0 Sy
+ gl 7Hed S Fadith

#2el flite] vl d¥LESE frlEla as Uds] Az s}
A ogle] apabaka) sfufE Ho| fhashs AYE Hola ale], Ede] S5t Aol
Arhi FriAlF]F] 18 HAHQ) weke] 3EA] gded felvel ateelde] g
Hol 2 apgo] gt ez gzigichiaeie, 1983) . 2FL Qlate] g Fof
A1717] #leid e el el SEzt &EHql JA2 Fria] @& asleof shed, 2
vfE Q] SH2] Hfs Bk olajeby sid, el HEe 4 i sieie 3
£ 4 A, Sxajeirg 7l Fos sl o Auisql wiese 9AHE
of o]2glon, olit&Fe] HLE PEe] ArEe] g apFeld ARl g 4
ch7t dvle] £8E 22 ofzla] i Azl QHES L] AEHL ds A
Holth #FFelb, 1983: #HHel, 1988). Elo| F2 $£5EFel it Y=
Aaalg wot ozl g itz ge P faziFeodE gola]al glo
o, vielrt S alda el aedde] HdE wele e 2A gud o= 4
ztgicl,

qlabe] Afuid e ArdE alo|rl alovh ghgheielabEal, 1995) 96
22 A= Fu4E AYAYEHE FuEr) g0deleith e 6l sHERE
d2z¢0eb 2 o]l H cfu] $EARE 53wo|st Lpoa] 47s2] dHE Fmef wEs}
glodeh =k pd2 eofddE 1 250l 4% o], 3T W Felide] 86 o]
th 3Felst Faks] Hde HHidae] 6x o|4ql He= FAED, oAF
20000 = ol HE 7@t el 2jqh pals] g el 254 MO E
7Hdste] Alzkstd 6 d2 35 U T2 2y o] sy, mEe 2yt AHo| 1209
(w =] A 5k e d2 B2 50x, ghrh 62 3% Souigkrl ofy] 4d2
FHE ulickzlE HEuE), A 21594 Ao Fakych o UL adef ¥
gk ol 2 wijte] FEE HEubge] 6d22] vl E} vy HolnF wWiE |
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3 2,000had st =4 FAE o2t s00d o] Ay Hojch o= 2 F
o] of 3oz} v Ao FHHC
ol2hzto] 4t whafe2] siFEE Yol b AF¢ B Belr),

IREH2 MHZ 19959 Fels Sl U3 2eghgs siutsiol spat
20ddells 3. 3x7ta] FRtelof fich MA Fa Ui S B ddeE A
AeE 1022 steg of eESER 1982, 19929 2] FpHa|F v]ashd, =
£ 192.2%, 277.8%0|at FE 64w, 23.5%, FhuTh olE, die] 1992 Ee
141, 6%, 206, 6%, 246, 6x24 19924 22| ghaqlab(ataiely) Fhechs 4 Hola §
yhabE 557.5%2 A wjsch, atejide] elSaEch FhEe] BE BE M)A Aol
FUE YHLL dcks AbdolA|gh T3] wiibe] HE el wlshe] Fhol WY
#ag2  geqe] 2de ghobd ol frt =) wteg Ha poe] HrEER el=
g A7he HE AR aeauct $elof dlonz $q Mejakl 2 ¢
whef] gl& ook ol MA i Ao it FHHo] efbel] u]she
wFoFEAE A e HAEE ASHeR {2, P17 #Eee Ay
ol FHg Aol A E $EAR epfis] Yrlol st22 elidbzt apdat o
2 ol M4 EUY ginsenssides| SRt Uike] &2 UHEF Atel A3
dgolch

el ] whadsls e B8] e 2sid wdsEs
He opyl Hog HolHi oW F, 1978) Eoko| zkFstAU R4 F, 1996)
it B RIEdF T 1995) oS FrEARE  AE shdE d(Pds
5. 1985) Eok2] EElde] g wliiRdd T 1996) oH=] Fejoju|(F49
5. 1996) 52 EREfelM fheo| wWdshs A2 qbej|al glok of2gke] i
e Egt e of2t F Eqf Beld W ghebdo] efspE|AL, Eohd fefrbs ol
4 Fog i) Peldfe] A8 § of(FHF F. 1996) L EM7} 2 tejH
gog 2RI HEEUE Yo FHabe] Wl Ao 2P gk
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ek bl S W= HoF F01985)2 ol AW e of phenolic compound
fgata) Fegiato] woba s, olul4 E(1995)8 fels] F4F, 2 o a)s2of Fest
%a?} Wl 2% sien, olef4-(1990)= HWED Jof phenol 4 FF o] wrln s
drh, A AR gl elabafu] o 2w Adg FARol felvkel waf gl
el o4 et =] 0 9 TR ofee] FrER, Bod] &l HEpd A
i gl gegk a2 polo] oy, IR R g Afdels] el abagg Fh
a7 7lofli= olaf dHolvh whel e dobgh auf U molwkd ez Ay g
i s T ol ol el Al debgE Rl gasdel Fol = wlch
1995 Haff ghelgdxd ey A PEFAdE e ded 2AEYU a9
i 200 AR Folls FHHe Y HoZ Heol AlgEe] s o oF
Age] HEud 53] & Hyekd HHLlE ddEde] gasdel alok
a3 gzt o= Fanax quinguefoliuw L. )& & Eofeld zjefsbd aisf ol
o] 90 o]l vlEhd of=4E FHEAR] A gdsla] gEE ddsies
up FHHE FHFHY fqle] Akt AzEHHcheE 5, 1996).
e siaqlak Panay ginserg C A Meyer)Z} o|=aH Fanax quinguefolis L, )& £
azteld REE HEAE S48l ok 28y R HEAed s Bde] g
F27t A=A e SEe] wasE ok oS HEuld d=ls =87 4
Side P FEHEAe Suelrt @770 gasich
E g g wddudE B3 iy 9S5deld AES BFEG AdE
HEY gart wrh
Qike] S| Hr|Tho] LaEER ZJo| HHPH A BHEE Topd BFH
T2 FLjdo T 270l e $EY 5 As e Aol ASEch

e efelied FaAldhs dES AY ARy, F ginsencside24 2| F7h

2] 29%0] whdd alch Dsams, 1977 Sanada et al, 1974 Samada, 1974), % &
FHol M 200 W3t 2o Ablelld AHE A, eAEE HHE2R dPATE
Hadahd waf 2000 AEE B glen ol AEFels ginsencside Y
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Agel & Hoe2 Y3k ol izt FH2 gaydel wrh

A24d A 9 Yy

1o Wi ®Ed aladAlg g
7h Al Mg

Ll A Bl ety #lEkd QUAEE 1994d, 19969,
1997+4 9l 1998+ 4%l EEof oflsfden), AFE 4d4d oigl 19964 3H30Y
of  61A%, 1998 3d24de] 10A1%E, 19993 94209le] 467, 20004 10WTY
o 20#8-& *ME2Apehdch HEAFUE /% AHT MebdE AET Ed
vidadu] 2 4-8doll H 1 1002k Fpope] HHEE Fouba s, B AR
2 ez ofasba haIe dAHE 17H1H )22 st HHASR FIFE
7)2] HHAHe] 0=f#H, 1=1-10%, 2=11-26%, 3=26% o|4)1 22 FREk AAER
Zapsted shada shdcl,

vh 2%l A8

E3z] HH Alddalgeld 12302 s HEulE A HAEE 1998 44
of chaAHE 2} 7|4tz AHE o] qsiHon, A 4948 oiel 20004 94
7l A HE, 16AE )2t 2000 929U (Fr]ab=], 157)F e 2 24t
HEfdE A AEF M cidAdTE Eed vidd o] 25 4-34 Ak
of W 1% 102/¢ Bpdpe] HHE FUAlEE, AR EAE Byl ettt 2YE
Ag72 d3sk] HHE 7Y A8k B4 AFEHE IRLE o Nsa P
o AHE 11E )22 spdrk HHz|e Rahbe A8z Fdsrh

ch fd W #R4E AW AH
ddET|oA wdsls FHHEde] AU VR e Hek A
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A Y E FEiMe oy 3AEE dulsled AT AelE Ba, BRY UHE #
B Eded HHAEE #8 2 W BEMeE ftdch AaMEe AEF E
orell vivdad o 4-8dsjefle W 12 1000k Fpatelan, BEMTe WAAER
el EpErk AlES ol HE 1998 4Hed| chHAHE o] HEE o, AEE 4d
44 wiel 20000 SH2TYe]| xlE ZApstEch g4 AFEHE JSRL R ofyspa
H79 d3E 1R 22 serh HlAle Bahe Adaddsgz Sdsdch

2. P 42 W 20 Wl FE

7h HHPE HE 24

114 38 HEAE g 48 24

e A AgE 2P e 245 #Heke], HEAY BEE

Fgsted HHdute] 2 EYdE o2 FErbedE HES] Hele] HEPpd HES
Mg Al2shr] gsled, AHAE2 HEY QAT g Ay g
A 1984 Ao R o] q8fal, 4 whel 1996 AHI0U A 24 617
BF HuAlerh & 10A8E HeudAges, Hdaiert B2 1048 HH
e Agod FEskd HHUUEL 24 A8 Atk
el gzt FY shalal, prenclic compound RS Nakabayashi
Hilges) o2, Rrdfs dagoez Hrj2eld AxagF U s
mombrane filter® o Z}E [CP( [mductively Coupled Plasma, [CPS-100001, Shimadeu

Co, Japan) 2 W sbeirh aDAC, 1984),

2) 6 FHEAE L8 HE 24

Hlel BAREME AEel MEHoz vlastr] fskd, AHaEZ 1994
Aol EiEof] oflsar, Gl wiql 19989 uzqglel AF ZAbgh 0AEF Hwa
£7b & TA%E HHUEARLE, HHalert 82 TASE HHAY AR
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2 FEsld HEYPQED B R aMEsiEr) AETE WA TR
stglon] AETE I He| spglon), HEA$, phenolic compound Y3 W T
A48 ga B4 4 G4 HEAS g 48 B4 SU e sharh

v HHAS 27HY Pl
1) Bdal A5
HPpe 45 UHE 7P AEY S BE FiedE HEHT H8
o AHAER edd HHEHAE fE dE 24 A1 e 1998d sdY AT 6
d4d 2pE Fdseiuie] A9 w W N5 E dAelda, phenclic compound 3
oo RrE ge BdE 4 d AR g 48 243 U hhes
#hadch,

21 B A8
i 27 HEE AlEd s Bddeleld 278 shed s HEST #8
of Alg=iE2 1998 4420y A 2 HAud 10AE HEbed 10AE
& 7 FEE A Seld dAY BaE ddske] HFE AALE A s
Th. Phenclic compound $R5F 9 F7d@ 5F B42 4 ol HEAE g HE
4z v W= sk

3. B AFHEA] SHdd 24

HHgldbe] o] W2 olS4dE e eldat aefske] f2 R FEAEA
BudeE FEs7del] AEMEE F HFEM(Fanax ginseng ¥ Fanax
quinquefoliuw), 2FE, ol=iE& AHE stdrh AEs o dRTE HEST #8
of gt HHE 0542 sucrcse Fofef 1M flucrescein diacetated Sof #}
He oldshy 090nm &30 H sl HHAS= ubH(Heslop-Harrison, 1970122
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shair},

kho & Baer(1968)2] Y& HESH a3 el seE U F584 2+44= d4
stelenl, TE¥ dad Klrl ErHgols] g7 §7IW) felthdls &8 w2 o}
= e RSk A ZcEE fhas 60T 2] IN NalH Bofef] 1A MelE
0, 1%(w/v) aniline bluer} #H7FE 0.IN KPDy Hofof] fhars 2443 M=y H3
Ho|F(350-400mm) 2 2 HAFstECE HEH [HPF o] A AE el
o= fPEstErh Chung(1997)2] dbgel S8k HT24H proteing FH5HH
th 2RI 07N E& AR AE ol ik ot F oghdR FEE 0dE 7}
gl wbH S apgaldc)  SDS-PAGE Mr|EEE Gallagher &  Smith(1995)2)
Dureni 1993) 2] Mol S8bded] 12%2] acrylamide gel& AHESEE 26mAR 24| 7
rureing RE Sod il Bio-rad, Richmond, CA, USA) 22 odagjadc)

23kl Hrld Feol g 242 vauFe] Whg(1986) 22 spedc),

4, 7labH| 2] Ginsencside §HEE

Zh 2% 1 AEM AR (6d4), 2 AEM 23AE (6dAg)
L AlBEME] @ 4% : Ginsencsidegd £ PEqldd: drd B4y
22 FAYHeE =4t
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A34d A3y ad

1o Wi3Ed ladalg dubsd

7h Al A

1996 2o LiF A 4lagadyd 4dA el A SIS0 g3 & Y dah HEd
=7} 03004 2,972 viorelA] 2 =lo ARG HEwd He2| aelrt dejeict
(Table2-1, Table 2-1B, Fig 2-1), #HP=st 2p34F 2,80 vs] g4 A8F 1870
A'gel 090812 wbo LiFE FubA$(81878, 83795, TEShSy 7337-4-1, 78149,
7A3M, 7318-2-1, 80206 7A142, 86018, KGIOI, 78222, 80117, KG105, E7)SH
78167, 78206, KG103)22 FHEUCHp=0.01-p=0.001). LAFE FutAgos FHE
£ 184188 4S8 AFEF 80 6xef uls] SghA g2 81878, 78149, 30205 o
al, %ol AHEEF g 2ol FAE ARS DEYS, 7318-2-1 o] drhiTablel-1,
Table2-1E],

1998 S fak g dafe] g HEy FHyeld g4 10A%2] FHE Uz
7t WF s bk Ayt ZEASelA HHe] dahA wdeky Al
HEE fo2d de slols dehal ghatch 58] dbakads: HEAR 1.2 H2E
85.2%, =¥-& 25.652 FHHef ufdolar kEgh zspy AAEE vehfa glck
i Table2-2),

19993 = 2fZa] el LfHEY Al 4348 BAS Sd A8 el fel
HH=|erh ApHEo] 1.0990H o] Eked 84702, 85735, JTTE, KGI08, 84771 79201,
KG111 78222 A)8-2 HHzler} 0-0.47T2 HA48] wobd HHLY AFe= 7Hed
o] MaElgen, HHalLrp g2 AFeld FH OwdEc] &2 Fgkolnict
i Table2-3, Table2-38),

200003 108 7Y ufEEAE Al 4da 2080 S A el Haels] =]
£7b A Fo] 141900 v]sked 83743, 82099, 82114, 82016, 79027 AF-= FHHz|
£7F 0.31-0.5622 w8 wopd FHHURY AlRo= sHpde] 4= aick
i Table2-4, Fig, 2-1),

,47,



Table 2-1.

foot  and  asrial

part growth of  ginsens

limes i 4-wear

cld plant for screen test of red skin-rootibarvest date: 30
Augg, 1996, Eumsurss Field)

Lines

Jakoyurg jong
a1473
33ras

KA mpokwargs
7337-4-1
Ta149
a3
7318-2-1
A0205
Ta142
e &
K1
3222
aniy
kG105

Poorgk | hwargsock

Ta167
TEI0E
kG103
a0 94
31723
6034
Ta219
T30
79309
aa044
33794
33914
AE003
K1 04
Ta135
TH204
78215
aa063
contimed| T,

[Ieg:‘ee-"'
of

red skin-
oot

2.3

ke 0, 4es

T T T T T T T T TR R R RRRRRRRRRRR R
Ve dWWWWR———0ooWww

[

L)

able 2-1E)

Survival
ratio
of root

(%)

REEEIBERUEBRENER AR 2 EERNERANFIEE
N WaER R — WANWO NS IO WHE N — DORWE 00 E—5

Root
fresh

weed ght

(s

CReNRcEEE

wmamm gl
e B T L D ] ST AT L AT B e O o s D DT B D ] e D me] ] e D D ] = S

e

Aerial part

freskh

wed gt

4]

.7
27.9
27.4

BEENEBUCE U RN SRR SNEEECEEn e
CRMUE— AW NP LOWR IO WEN— 0NN H0E

2, Degree of red skin root, (Cheal thy, 101 —-108, 2011 —24%, 3:above 26%

Signi ficant at p=0, 01, p=0, 00, respectively,

,48,



Table 2-1E,

Cootinwed Table 2-1)

Degree™" Survival
Lines of ratio
red skin- of root
root (5]
83742 1.E& 8, 1
Rusian ginseng 1.6 £, 4
Hwargsook, jomg 1.6 5.0
Tanaz 1.7 83.3
B203E 1.7 2.2
Tanaz 1.8 2.2
78093 1.8 82,9
Wi mak i 1.4 B3, 9
7024 1.9 765
#1763 1.9 5.0
BE004 2.0 68.3
HE0T0 2.0 o, 3
vaZ1E 2.1 80, &
83793 2.1 6z, 8
A2 2.3 &, &
831744 2.3 B, &
Bn021 2.4 66, 7
Churghoung | ja ) 2.4 &0, &
TII0E 2.5 73 3
kG102 2.5 83,3
Japar jakyuing 2.5 &, &
TED] & 2.6 91.7
B2014 2.6 83.3
BE017 2.6 7.4
Churgghonurg jong 2.7 55, &
82031 2.3 £, 4
S206d 2.9 70, 0

Root
fresh

weed ght

(s

an. 1
25,1
26,7
26,1
20,5
21.9
22.7
29.4
0. 7
20,6
M.
27.1
19.7
14.8
22.8
29,2
0. 4
21.3
26, 2
26, 2
24.5
18,2
3.4
25.1
21.3
25.3
20,1

Aerial part

freskh

wed gt

4]

28.4
24.1
8.1
28,6
21.8
23.1
26,2
26,8
3.5
22.9
30,2
3.0
22.9
25.4
23.3
24.6
32.9
24.3
8.1
3.0
25.7
24.1
29.3
27.2
23.6
27.5
20,0

2, Degree of red skin root, Oihealthy, 101--108, 2011 --24%, 3iabove 20%

Signi ficant at p=0, 01, p=0, 00, respectively,
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Table 2-2. FRoot growth of  gicsers lies i d-wvear old plant for
sereen test of red skin-rootibarvest date: 24 March 1998)

Dewres” Survival Root Ratic Ratic
Lires of ratic fresh of root of

red skin- of root weight dehiscence  root ot

oot (%] s (%] (%]
Jakyung jorg 2.0 3.0 17.3 63.7 51.9
SAnyangsam 1.2 85,2 15. 4 0d, 2 25,6
Dadl& 1.8 L 17.0 47.2 45,2
d0a14 1.9 2.2 17.5 6.3 4001
42098 1.9 3.0 10,5 11 3.3
VY. JaFHwarng 1.9 66, 7 15.5 401 26,5
9011 2.0 704 18,7 64,3 42,0
S5074 2.2 72.2 15. 4 3.5 45,5
Fussian ginserg 2.5 3.3 8.4 69, 4 3.5
Japan hwangsock 2,6 a7.4 10, & 67,0 o, 7

2, Degree of red skin root, Oihealthy, 101--108, 2011 --24%, 3iabove 20%
Monsignd Fficant between jJakoung jorg and |imes on degree of red skin-root

Table 2-3, HRoot growth of ginsess limes  in d-vear old plant for
sereen test of red skin-rootiharvest date: 200 Sep, 1999

Destree”’ oot Ratio Ratio
Lines of fresh of root of

red skin- wed gt by i e oot ot

oot le/mlant | 151 %]
24702 [ a0, 3 i 9,
45735 [ 25,2 ] ]
4776 0, 10 20,0 ] 10,
kG108 0, 29= 28. 8 10 ]
24771 0, 32 24.7 R 19,
7921 0, 3= J, 0 R ]
kG111 0, 42s 28,6 ] 4.7
Taz22 0, 47 18,0 R 130
HA803 0, G 29.9 i .5

contined| Table 2-38)

2z, Degree of red skin root, healthy, 101 --108, 2011 —~24% 3 above 26%
# ¢ Signidficant 5% between jJabyurgjorg and ginsemg 1imes,
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Ratio
of

(%)

of root
dizhi scence

Ratic

fresh
weight
(g plant )

Root

red skin-
oot

of

Ll

Lines

Table 2-3B, Contimsed Table 2-3)

[En il o B R B BSOS S SMO TS — o = L b ol ol B Y e T E B O

=N N RN T TR . ATl W N e ey e L e Y
— — — — — — ] =] ] ] |

[y el oo ey (Y S o e T e R R HEHROWN =S~ MNEn- S~ SWmS

e e e e e e R e R

o R = W Er Bl i e = T - i e Tl ot e B o B e T o il o ey B I < B e ]

M M C R R R RS RSN B AN EZRRERERE

L R R L L iR b =

3 above 25%

2i11~24%,

13110,

# hignd ficant 5% between jJakyung jorng and ginserg |ines

,51,
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Table 2-4, Degree of red skisn-root of ginsers lines i 4-vear old plast
for screen test of red skin-rootibarvest date: ¥ Oct, 20001

Degres”’ Degres
Lines of red skin- Lires of red skin-

oot oot
243743 0, 31 250490 1. 11
420499 0, 48 a2 1,11
42114 0, 53 42097 1,39
2201 & 0, 55 Jakyurgs jooeg ], 41
Ta027 0, & Ta144 1. 58
25817 0, 69 22096 1,85
250435 0 72 Ta184 1. 96
45237 0, 7d 22004 2, 00
Hiikl 4 0, 83 25041 211
22065 0, 94 Ta025 2.19

L 50, 5% between ginserg lines! 04

2z, Degree of red skin root, healthy, 101 --108, 2011 —~24% 3 above 26%

Fig, 2-1. The difference of red skin-root according to ginserg lines for screen
test of red skin-root, (A)Roots were harvested on 300 Aug, 1996,
(BlRoots were harvested on 7 Oct, 2000,
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U, el A

L=l sl ZHe| FuAlges duqd ABe] SdE A%l st
7 #l8ked 19983 Adef] ofsbed 20000 04 27 AlFh LfEEA 2(ERL 4da8
164 Bicha A HE ol Hele] FHHalert AEFe] 122904 uiske] 78208,
78149, KGI02, KG103A1'E-S a7t 0.33-0.612 dA8 stobd Ll A
2 Wl E] e rh Table2-5, Fig 2-2),

LiEHE 4ld el FHde] AR oR el AR SdE 4bRlelM
afetel spr] #lsbed 1998 4ol of2lsle] 200004 oW 299 AfFRd UfFHEd 2NE
ol 4 I5AS F kA He)e] HEalert apEge] 1,930 ulEhe
KGI0Z, 7337-4-1, 78206, KGIO1, 482 FHH2|57} 1,03-1,282 @248 seopbd ¥
Hifld AFez heidol HelElgchTable 2-6).

Table 2-5, [Degree of red skin-root of girserg lices in d-vear old plant
for repeat screen test of red skin-rootibarvest date!27 Sep,
2000, Dasjon field)

Degree™ D ree:
Lines of red skin- Lires of red skin-

oot oot
TH206 0,33 TaI0A 1. 0%
Ta149 0, 40 Ta1a7 1.11
kG102 0. 44 Jakyurg jong 1.22
kG103 0, &l Poorgk | hwargsock 1, 29
Kimpohwangsook 0, 65 Ta142 1.29
kG100 0. &9 K105 1.91
7337-4-1 o, 7 a1a7a 2.32
a2z 0, 96 Hwargs ook, jong 2. 66

L 50, 5% between ginserg limes! 06

2z, Degree of red skin root, healthy, 101 --108, 2011 —~24% 3 above 26%
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Fig, 2-2,
Thee  differernce of @ rmed skin-root accordies  to ginsers lines for
repeat  sereen test  of  rusty-root,  Roots  were  harvested om 27 Sep,
2000 at Daejos field,

Table 2-6, Degree of red skin-root of gircserg lices in 4d-vear old plant
for repeat screen test of red skis-rootibarvest date!29 Sep,
2000, Poorgdd farm field)

Degres"" Degrree
Lirnes of red skin- Lines of red skin-

oot oot
kG102 1.03 Tal1449 1,83
v337-4-1 1.08 Jaboyungs jong 1,93
va20e 1. 20 Tal142 2. 30
KGO 1.23 kG103 2. 30
Va0 1. 40 va222 2,40
Poorgkihwargsook 1,45 Hwargaock jorg 2, 47
K i mpokwargscck 1, Gy 1878 2.7
vale? 1.53

L5 0 5% between ginserg limes! 06

2, Degree of red skin root, hhealthy, 101 —108, 2011 —-24%, 3 above 20%
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ol A8 W Y Ay

20000 = 92T AfiFeh s BHE 9 FHd PEAgeld ad4d aAgichH
] ol HHa|prh Padmalo eof vis] HEFUEAE 1022 HHEHFUEA]
A w8 gauch oA o] AR MaE ¢ EUdRdeld fousEe HH
of Fgo 2jefd Y& e HE& W dUsdchTable 2-7),
80205, 82068, 83795 3AE-S HAHEA] uW HHFUE|eM 2T 2pFgect HH
a7t obd olF AEE HHujdel ds AEoz FHED(Table 2-7), 4
T2 FHHs 84S HEAlerh EE2AE0] ASHLE b2 HTable 2-1 ~
Table 2-7) 22 Mo} f8ide] sl oz sl

Table 2-7, Degree of red skin-root of girserg lices in d-vear old plant
for screen test of heritable amd esviroomental variation of
red skin-root (harvest date: 27 Sep, 2000, Daejorn field)

Degree”’ of red skin-root

Lires

Morma [raduced field

field for red skin-root
0205 0, 27 1, O
Ta142 0, 36 1,20
a20ed 0, 43 03, 0
83795 0,51 03, 0
Japan jakyung 0, 70 0, 90
T38-2-1 0, 77 1,30
Jakoyurg jong 0,99 1. 10
TEI4 1, 0 1.04
Mesars 0, 64 1.02
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2. HEHY 45 W 273 H IR

7k Hd@d Hs

2) 4 34 HEAE E 45 =4

Al A $elz] WAl 81878% 10A%E 0.3-0.72 AHEEF 10
A'F 2.5-2.9 Bch #A8 Wopd, 81873 F 104182 dEAELE AAFT F 104
B HEAges 3Ry 5 aledchTable 2-8),

Phenclic compound §FgFe] 3AEE pAFeol vl ziFzt Bolsleld
abal, 1 Thieo| A2 Sejden, FHFodE o|rt gachTable 2-9). 34
‘i phenclic compound YEEE EralM2u]E>$d T $o2 B 7w
T},

Haprt o2 AR B2 ART te R4S s vedE 2y A
ZH= Table 2-10 4 Table 2-112} ol HEAEE ATl v]e] o] Ffde= K
Caz} Er]Sileflds vgs] fake] Hajs] wator} FH32 Al Lileldes 3}
o| 7} gledch Table 2-10).

HEA S A HA G vls) BrFelM Fe, Na, M, Al WL Si2] fhae] fAE
o, rENileldes Navl =2 slelds Fes] Uikl mutrhiTable
2-111,

eEE Age] o 9 o]FYele phenolic compound, K, Ca, Mg, Fe, Na, M,
Al 4l sig] ghgke] gobd ol @ Eel ludHH Agdw 2B 3G Hedel ®
= Hrh
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Table 2-8, The difference of red skin-rool degree between ginserg lines in
d-vear old plantikarvest date: 24 Sep, 1998, Bumsurg field)

Limes  Degree of red skin-root” Limes  Degree of red skin-root”
| Low degree class) [ Low degres class)
81878 0,3 79306 2.5
#33ras 0,3 KG102 2.5
Kimpohwargscck 0,47 Japar hwargsock 2.5
78149 05 TaE 2.6
THIM 05 H200 4 2.6
7318-2-1 06 ae017 2.6
BO205 0.6 Chungkyungjong 2,7
78142 0,7 A2031 2.8
kG101 0.7 Jakyung jorg 2.3
78222 08" A2068 2.9

2, Degree of red skin root, ihealthy, 101 —108, 2011 —-24%, 3 above 20%
#EE | LRignificant at 0, 1% levels,

Table 2-9, Comparisca of phenolic compounds between low and high degree lines
of md skin-root in d-vear old ginserg root(harvest date! 29

Augr, 1996, Eumsurg Tield)
lunit: & d, w)

Degres of Stele Cortex Epidermis Brarmch &
red skin-root fine root
Low degree class 0,114 0, 108 0,183 0,154
High degree class 0,128 0. 148 0. 294 0, 185
t-value . &, sdd ET T T

w5 #28 ! Significant at 1% and 0, 1% levels, respectively,
s, ¢ Mot signd ficant at 5% level,
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Table 2-10, Compariscn of macre element between low and high  degree of
red skin-root(DRR)® class in d-wear old ginserg roots(harvest
date! 29 A 1996, Eumsurg Tield)

lunit:s d ow, )

Part of Degres of P k Ca M
oot red skin root
Ctele Leww [OOR class 0,55 1.33 0, 24 012
High OOR class 0, G 1.41 0,27 0, 10
t-valie n, s, m, g, m, S, n, s,
Cortex Low DOOR class 0, 36 1.37 (b, 20 0, 09
High OOR class 0. 36 1.75 0, 26 010
t-valiwe n, s, & EEE ns
Epidermisa Low DDR class (b, 3 311 0, 55 019
High [0F class 0.3 3.20 0, 50 0,25
t-val e i, S, . 5, i, &, ETH
Brarnch & Low DODR class 0, 47 1.97 0, 21 014
fine root High DDR class 0, 38 2,19 0,23 0,14
t-val e i, S, . 5, . &, . S,

* Degree of red skin root(DDR] Ocheal thy, 1:1-106, 2011 -—-24%, 3 above 25%
2 =2 ! Significant at 0% and 0 1% levels, respectively,

mos, ! Mot signdficant at 5% level,
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Table 2-11. Comparisen of micro elements between low and high degree of
red skin-root(DRR)° class in 4-vear old ginserg roots(harvest
date! 29 Aug, 1996, Eumsung field)

Lurd i) ppm d, w, )
Part of Degree of
oot red skin root Fe MNa My Al S In Cut
Stele Low class 53 334 i] g7 a6 17 14
High class 1 300 0 a1 130 19 13
t-value i, 5, i, & . & . & i, & i, & i, &

Cortex Low class £ 209 2 114 33 16 13
94

High class 279 2 129 165 20 13
t-value CACTI me M8 08 M8 M,
Epidermis Low class 933 193 10 1452 1524 30 2%
High class 2102 34 13 3220 2893 L2 28
t-value sss & s, sas & f, &, f, &,

Bramch &  Low class 442 s 0 40 542 &2 18
fine root High class ald Ja8 (i d26 aa 49

t-value ] f, 8, M, 5, mn, 8, f, 8, M, 8, M, 5,

* Degree of red skin root(DOR) Oihealthy, 1:1~10%,  2:11—24% 3 above 25%
# &6 58 | Significant at 5%, 1% and 0, 1% levels, respectively,
o5, ¢ Not signd ficant at 5% level,

1) 6348 FHEAE 8 43 24
FA i W9AEF Hele FHEalert AAF(1.5)0] vls) 8241 F 7 AFS
0.4-0.82 A8 wofi, 7a216 T TAES 2.9 242 @A#  HmUrhTable
2-12). B QdAE F Feld HEaert 0.4-0.8 TASS HHo b A
HAFe2, FHHza|erh 2.4-2.99] THSE FHHel ofgh HEAFIFLZE FHE
Th Table 2-13),
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Table 2-12, The difference of med skin-root desree between g@insens limes in
fG-vear old plant(harvest date: 24 Sep, 1998, BEumsurs Tield)

Depree”™ Degres
Lines of red skin- Lines of rmed skin-
i) 8 fpiey s

82041 0.4 79023 1.7
22049 05 TH219 1.7
Ta02G 0. & 79144 1.7
32025 07 [a 416 1.4
22019 o0& TH204 1.4
THI6T o0& 78093 1.9
Fa00a 0.8 78135 1.9
Tanaz 0.9 7027 1.9
32001 1.0 420493 1.9
32008 1.1 THO92 2.2
7RIS 1.1 22005 2.2
22096 1.1 T9306 2.3
TH206 1.2 79093 2.4
78222 1.2 d2043 2.5
79305 1.3 2004 2.7
793048 1.4 42065 2.7
Jakwirggjoege 1.6 Ta215 2.8
7142 1.5 THO & 2.8
Ta149 1.5 TaZ16 2.9
79309 1.6

L 50 5% between ginsers limes! 007

2, Degree of red skin root, ihealthy, 101 —10=, 2011 —-24% 3 above 26%

Table 2-13, The classification of gingers lines according 1o red skin-root
degres in G-year old plant(bharvest date!24 Sep, 1998, Eumsiiog

field)

Degrea”’ Do
Lires of red skin- Lines of red skin-

oot oot
[Low degres class) (High degres class)
a2041 0.4 79093 2.4
42099 0.5 32043 2.5
TA25 oE 82004 2.7
32025 07 32065 27
42019 0, ﬂ-:: Ta215 2.8
TRIET 0.8 THIN & 2.8
TA08 08" 78216 2.9

2. Demree of red skin root, ihealthy, 101 —108, 2011 —-24%, 3 above 20%
s | Significant at 0, 1% levels,
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HA gL ARALTe] vishd Erojo|Ms Fe, M2 Felelde K si2] gt
o] woten, FHT W Felds Aol gloich Table 2-14),

HEAE 2F o= Headzt dddde] Eafsla gleon, HHE ddyd
of w]sf mFE el Ca, Al, Cur}f, Eojolls Ca, P, Fe, Na7}, =]M2el|lMd+= Ca, Fe,
siz] ghake] gaten), FHFelMdE Aolzh goich g K2 gRRE Bojey
#Hiato| dsMatnch of watchTable 2-15),

AAY g AEE g 4 1T 9 AM2elde 2ot gL, &
A Eojol gt HEAFFE DHAFTECE Fe, A12] Yato] Erh Table 2-16),
Ay a2 Eojold HHEAFo| Fe, Al dFo] Eued A2 oy HEATE2
AHE Bdes 3 o YRS dUHHY 2dY AR YE2E Fhed
o4& HeZ Mz
o) &zt Brlielolld FHEAEZLE 2HAS Tl vk phenclic comound gk
when, FHFe 2M2elMs 2pelrb glaich Table 2-17),

oj 3zt Eoligleld dEAgTeld FHEfals dAge Lo} prenclic comound
ake] woten, FHFe Ald2edde 2ol glaich Table 2-18),

n| 3z} Eo|fgleld HHEABFel HEfels AN L0} peaolic comund
Harel goten, 458 M2l Aol flaich Table 2-19),

HE gz F AT B sl FHHAEE AHAEC phenclic comound e
o] goton, FUF, zF W AHZ ¢dEs 2ol7t gt Table 2-20),

Ay g MY Eoseld HEAES dHASECH phenolic comound &
ol wuten, FUFE, zF W A2 oldE Aelrt gadckiTable 2-21).
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Table 2-14, Compariscn of mineral mutrients between low and high degree lines
of red skin-root im G-year old plantibarvest date!24 Sep, 1993,
Fumsurg, field)

Part of Limes P K Ca Mg Fe Na Ma Al Si i Cu
oot 1= d, w) (ppm, o, w)

Stele ® 038 1.12 039 015 39 392 33 14 33 11 7.4
HOL® 0,32 1,08 040 0,14 39 425 30 10 56 12 85

t-valwe mn, s, mn, s, mn, s, s, MmMs, Mms m=eE ms Mms Mmesmes

Cortex  LOL 0,28 1,52 041 0016 41 408 41 28 11.7 13 &1
HOL 0,25 1.46 0.43 014 40 402 38 23 Y6 12 3.4

t-value ms ms mMs [0S mS mE mE MmS MH,s8 MmE MBS,

Epidermis LOL 0,19 2,25 0.2 067 3521 529 228 5043 90 i o9
HOIL  0.20 2,24 0.77 0.78 4242 542 276 5908 112 Bk T2

t-value m.8, M8, ns, . &, ¥ M8 Mns& MS, ns, s, ns

EBramch & LOL 0,38 1,77 0043 0018 750 6389 46 365 20 22 4.6
fire HIL 0,37 1,98 0047 0,19 750 72T 49 406 47 27 9.9
oot

t-valws s, & ms, meE MmEe, me nE ns & mE, ms,

" Low degree limes of red skin-root(LIL) were 7 Limes(82041, 82099, 78025,
32025, 82019, 767, TI008)

¥ High degres lines of red skin-roct(HOL) were 7 Lines( 79093, 82043, 82004,
A2065, TAZLL, TADIE, TAZIG)

fed skin state of root were LOLIO, 1), HOLIGO, 27)

# ! Significant at §% levels,

o5, ¢ Not signd ficant at 5% level,
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Table 2-15, Comparison of mineral mutrients between heal thy and red skin root
in high degree lines of red skin-root(HOL)® in B-vear old
plant (harvest date: 24 Sep, 1998, Bumsurg field)

Part of HRed skin P kK Ca Mg Fe HMa Mm Al Si i Cu
oot state (% d, w) (ppm, o, w)
of root”

Stele Healthy 0,37 1.25 0,44 0,14 34 353 37 11 90 11 &9
fed skin 0,31 1.08 0. 42 0,14 33 402 29 10 57 12 &5

t-value ms ns mE mMSs MS MS ME MS ME ME NS

Cortex  Healthy 0,21 1,26 0036014 35 332 45 18 &1 11 5.8
fed skin 0.24 1,45 044 014 33 3838 36 29 485 12 812

t-valwe n.s n.s & s ms ms, ms, & nes mes, &

Epidermis Healthy 0,16 2. 83 0,60 0,67 30567 426 289 5113 112 3 74
Fed skin 0,200 2,28 077 0,78 4212 535 287 LA63 116 36 73

t-value EH] 1] #2 n.5, 8

L]
=

L8, MUE, M58 ME MmS

Branch & Healthy 0,34 1.77 0.3 0,16 196 539 51 315 12 27 &5
fime Red skin 0,37 1.95 0,47 0.13 752 720 49 33 G50 26 9.3

oot

t-valie ne ne ®F @ps #53F s s s % MS NS

" High degree lines of red skin-root(HOL) were 6 Lires( 79093, 82043, 82004,
82065, 74215, TA0IE)

“Red skin state of root were healthy(0, 1), red skin(2. 7)

& &% #2E . Significant at 6%, 1% and 0, 1% levels, respectively,

s, ¢ Mot signd ficant at 5% level,
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Table 2-16, Compariscn of mireral mitrients between low and high degree lines
of red skim-root in G-year old healthy root(barvest date! 24
Sep, 1998, Eumsurng, field)

Part of Limes P k Ca W Fa Na M Al b= in Cu
root (%, d w) (pom, d, w)

Stele ® 041 1.25 040 015 33 377 30 10 &5 12 7.3
HOLY 0,37 1.256 044 014 34 353 37 11 90 11 69

t-value 8, &, MmS, 8, S, ms M MSMS NS ME

Cortex  LOL 0,23 1.23 036 016 33 M1 38 23 9.1 12 &0
HOL 0,21 1,25 0036 0014 35 332 45 18 8.1 11 538

t-value @m8 S MS MS MS mS S S ns mS, s,

Epidermis LOL 0,17 2,90 0.56 069 2067 346 207 4133 107 36 o3
HOL 0016 2,838 060 0,69 3067 426 239 5113 112 M

t-value mn, 8, mn, 8, mn, 8, mn, 8, & ns, ns ns ms, Mms,

Branch  LOL 0,33 1.66 032 019 208 606 42 320 24 23 4.3
& fine HOL 034 1.77 035 0,16 19 589 51 315 12 27 &5
oot

t-value mn, 8, mn, 8, mn, 8, mn, 8, Mms, mMs MsE MS ME M8 Mms,

® Low degres lires of red skin-roct(LOL) were ¥ limes (32041, 82099, T3025,
A2025, 82019, Ta167. 7a008)

" High degree lines of red skin-root(HOL) were & 1inesi 79093, 82043, 82004,
B2066, TEZLL, TADIE)

Red skin state of root were LOLIO 1), HOL(O, 1)

# ! Significant at §% levels,

s, ¢ Mot signd ficant at 5% level,
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Table 2-17, Compariscn of pheaclic compourds between low and high degree |ines

of red skin-root in G-year old plantiharvest date! 24 Sep, 19938,
Eumsurg field)

lunit: & d, w)

Lires Stele Cortex Epidermis Branch &
firee root
LnL” 0, 243 0 232 0, 452 0, 424
HIL” 0, 277 0, 294 0, GED 0, 479
t-value . &, & & S

" Low degres lires of red skin-roct(LOL) were ¥ limes (32041, 82099, T3025,
82025, 82019, Vale¥, vania)

* High degree lines of red skin-root(HOL) were 7 1ines| 79093, 82043, 82004,
B2066, TEZLL, TADIE)

Red skin state of root were LOLIO, 1), HOL(Z, 7]

# ! Rignificant at b% levels,

s, ¢ Mot signd ficant at 5% level,

Table 2-18, Compariscn of phenclic compousds between heal thy amnd red skin rmoot
in low degree lines of red skin-root(LIL)®  in B-year  old
plantsiharvest date! 24 Sep, 1998, Eumsurg field)

(unit! %= d w)

Red skin Stele Cor e Epidermis Branch &
state firee root
of root”

Heal thy 0, 243 0 232 0, 452 0. 424
Red skin 0, 257 0, 262 [y, GO 0, 450
t-value m, s, & & rn, s

" Low degree lines of red skin-root(LIL) were 7 1imes(82041, 82099, 78025,
H2026h, #2019, THIET. TA00H)

¥ fed skin state of root were LDL(O, 1), HOLI 2, 71

# ! Significant at §% levels,

s, ¢ Mot signd ficant at 5% level,

,65,



Table 2-19, Comparisco of phenclic compounds between heal thy and red skin root
in high degree lines of red skin-root(LIL)® in G-year old
plantsiharvest date! 24 Sep, 1998, Bumsurg field)

lurit! & d, w)

Red skin Stele Cortex Epidermis Branch &
state firee root
of root”

Heal thy 0, 262 0. 244 0, D 0. 423

Red skin 0, 277 0, 294 0, GEQ 0. 479
t-vial e n, s, & & ns

. High degres lines of red skin-roct(HOL) were 6 limes( 79093, 82043, 82004,
2065, VAZ1h, TallE)

¥ Red skin state of root wers healthy (1), red skinl2, 7)

# ! Significant at 5% levels,

mos, ! Mot signdficant at 5% level,

Table 2-20, Comparisca of phenol ic compourds between low and high degree | ines
of red skin-root in G-vear old red skin rootiharvest date:24
Sep, 1998, Bumsurg field)

lumit! % d, w)

Lires Stele Cortex Epidermis Branch &
fire root
LrL" 0y, 257 0, 262 (y, GO 0, 450
HOL* 0, 277 0, 294 [y, BELD 0, 479
t-value . &, i, S, & S

" Low degree limes of red skin-root(LOL) were 7 1imes(@2041, 82099, 73025,
a2025, 82019, Taley, Tanod)

¥ High degres lines of red skin-roct(HOL) were 6 limes( 79093, 82043, 82004,
82060, VAZl5, TA01E)

Red skin state of oot were LOLIZ, 7)), HOL(Z, 7]

# ! Significant at 5% level,

mos, ! Mot signdficant at 5% level,
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Table 2-21. Comparisos of phenclic compounds between low and kigh degree | ines
of red skim-root in G-year old healthy root(barvest date! 24

Sep, 1998, Eumsurg field)
lunit: & d, w)

Lires Stele Cortex Epidermis Branch &
firee root
LnL” 0, 243 0, 232 0, 452 0, 424
HIL” 0y, 262 0, 244 0, G 0. 423
t-value . &, . 5, & S

" Low degres lires of red skin-roct(LOL) were ¥ limes (32041, 82099, T3025,
82025, #2019, TAIET, Ta00d)

* High degree lines of red skin-root(HIL) were & |ines( 79093, 82043, 8200d,
B2065, TEZLL, TADE)

Red skin state of root were LOLIO 1), HOLIO.1)

# ! Signidficant at 5% level,

s, ¢ Mot signd ficant at 5% level,

vk 2734

11648 A=
6d-d FUFAM FY el FHErFE ddnFel v]E phenclic compound
el watey, Frlde o A feldel glalchTable 2-22),

2] B A&
Bibelld phenclic coapound, K W Nafigle] HHASE ddAgEach oot
(Table 2-23), €22 FHEAE 27dde olEdds ABYE22 3§ 7Hede
A+ &,
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Table 2-22, Comparison of phenclic compound amd mimeral muirients between
heal thy ard red shin cortex in same G-yvear old ginserg roots

Parts of Pherolic k. Ca Mg Fe Ma M
oot compoairid
(% d, w, | (%) { pypan )

Heal thy 0,134 117 024 0,21 142 #6 19
Cortex

fied skin 0, 146 1Lo7 023 021 155 766 21
Cortex

t-val e ] mE, s, n, s, me, ms ms,

# ! Significant at 5% levels,
&, ¢ Not signd ficant at b% lewel,

Table 2-23, Compariscn of phenolic compound amd mineral mutrients between
low ard high degree of red skin moot|DRR) class in kheal thy
ginserng seedl ings

Fhenol i k Ca Wl Fe MNa M
Class copodird
(% d ow ] [5) { jpm )
Low DRE 0, 154 2,30 015 0 16 150 a22 17
High DORR 0,172 2, 46 0 16 017 1500 1033 19
t-val e & =k i, S, . S, . &, & i, &,

* Degree of red shin root(DRR) ¢ heal thy, 1:1-106, 2011 —~24=, 3 above 20%
# &k ! Significant at 0% and |% levels, respectively,
s, ¢ Mot signd ficant at 5% level,
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3. Fl FFHEM2] Sudd 24

7h =gy A

Flucresceln diacetate® ¥hgg @48k shas| §YS HEY Hap F HF
AEAe HEE ARG olSde] e Tel 3= mHas] ®WYel el
ol M= ok Fig 2-3).

U SRS W STOER) 24 28

azielatal ol3ate] F2 FFUEM rzde] GAEY 452 A=msh
Floho £52) METIAEE S8 AA A3, AN eURLH A2 HFh] 2
Sapoll o] M8 wolsla] ehaki, 2} WE S5 wlsld SEBSTelE
H5) Bhio] urols)a) ohoirhFig 2-4), olbdE Mol 25 u srzael oixE
Uo] Eafy Ao Matsic),

3. SOS-PAGE o 2z} #7|dF 249
HFZ AL Haidol HAEE Sl oFS 24817 #8k] 12% acrylamide gel
olld 4y #HF FEEE A7E9FLE 4 H3HFig 2-5), F FFHEH =5
Z3 2] chiY patternd FA olmdzis @A Aol vl vigded, E2A
2 &z A =t FYE vehfdck
Jeuf 29k0a 2f e S22 ghilge] azlidely ol Exfshin HEy
Aol Ael gAY vieEl olE hiEe] R AFHEME] BY e U2
FAHHT

22kl A7)g el & B4 Hzhes Fig 2-62f Tl aedy ARE vlSY
& avfEld €e R FFEHEA] SUddE FEF He 3% HFEEIE
M s ghige] kg W SHHE AU
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3 #@z} 2R E wel oj=Fed EAE 5M.0-60.0k0a, FHE 5.4-5.6 Ake|g]
chafEzh EabaE 97. 0kDa o4, FHE 6.6-7.0 Alolg] ghlE($)e] Lelt o] FF
o] 42 oS gl & 7h FUE& HUHchFig 2-6).

Fi HEdEs] Sduq ¥ 812 gz vSdels S8 B3y
wAlele fes S2 31.0-40, 0kDa 2} 583 5.5-5/9 Ape]s] gha @i, ol
£ o B FEHEMdE S8k SA1% 54.0-60. Tazt SHE 5.5-5.9 AR
2| g, el AR o SR 66.2-97. 4kDa g (T)e] EHde] &
2 FHchFig 2-6).

ERF B HFHEMAA vimgeke] Fhala ales 22 M.0-60.0k0a, FHF
5.5-5.9 +pol2] chl($)e] vhebgel whet Fuoo] 2pEE wqk ohdel ol=SE] 8
Aol FoE Ue ZoE Blrh
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Fig, 2-3. Pollen viability test by fluosrescein diacetate staind gl 2000
A Fanax ginseng, B fanax guinguefolfus, C'F hybeid,
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Fig 2-4.

Germimaticn  patterns of pollen in the pistil durieg  flower
devel opment and excised stigma of Fylxl0d]),

AtFlowirng stages, B2 days before floweriog, C'4 days before
flowering, 6 days before flowering, E'Bocised siigma,
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KDa

T4

55.0

42.7

215

Fig, 2-5, SDS-PACE amalysis from pisti] exwtracts of ginserg species and Fy,
Larme M @ molecular size marker, Lame A pisti]l protein of F
ginsang, Lane Bipisti] protein of Fi, Lane Clpistil protein of B
quinguefol fuy, Protein detecting oaly ooe side of B ginseng or P
quinguefolfuw was indicated by O, Proteins disappearing in the
pistil of F; was indicated by @,
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<EEf>

a-z

<FEn>

<(N) 4>

Fig, 2-6, Two dimentiocnal gel electrophoresis of pisti]l extracis of ginseng
species and Fy, Protein size markers are indicated at left im
kilodaliom, The pl ramges are indicated at the top of panela,
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4, glabA| 2] pinsencside $HEE

elEAF AHEF F 267482 FM ginsenceides HYIFE 12} Fofsjd
up, 2082 AEEL] YR 7.82 megel] uis] B2 WS Ruoo 58|
THIT-4-1, TAIB4, TAMAAE-E 2ef o) 2] Habs MurhTable 2-24), gt
ol 2} e EAF AHTE By T 23482 Fal ¥42] ginsencsides Yt
& BME spdon ginsencside standards Rgl, Rf, Re, Rd, Re, b2 o Rbl
T TERE AHEStEch EME 2% F T2M-1-1E vEY 1A% 7S 3
EAE =EE 8.68 mggRrl w2 HEE SurhiTable 2-25), 2p2s|
ginsencsides]d Rgl & S4¥ 2E Agelld cful7ql 2 ELc) goton, Rf
£ 9741%%o] chul7ql AHE 0. Mmgg Br) &2 PRE 2ok Re® 24A%
BEr e oot &2 gEkE Byon], SGH088 ARE 2uf of s & WSt
& Yepdat, Rd2] FE= 1974%e] oyl 7ot & YehE 2ot Rel 84709
2] 8Ag2] ke cjulfe vl &2 YEE Buon, Rb22] HHs 13480
chul 2ok EaichTable 2-25). Rbl2 Rglzh of@ef o2 24A%eld v
A% gako] YhE ginsencaide 2, 56| MM0032 4. 80mg/go 2 S| B2 U
& Hgeny 2| 80186, T2M-1-1, T215-2-1, SGE0B6AE-S 3, 00mgg o] A4S
K== )
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Table 2-24, Contents of ginsencside of ginserg lines|first data)

Uit @ mmessr dw

Limes Total  ginsencsides Lines Total ginsenosides

Jakoyurg - jorg 7.8z Tala? 1k, 1
7337-4-1 16, 90 Tazla 10, 02
Ta184 16,52 aF 10, 00
Tads 15,74 Ta2le 9, 90
Taz1g 15,08 78135 9. 83
TH02G 14,20 TEOOH 9,82
TH093 13,76 7al62 8,94
Ta026 12, 60 Tal &, 38
Ta140 12, 48 [ £, 92
BA0-33-3-1 11,48 7318-2-1 £, 63
7365-3-1 1. 18 Ta01 6 o, 86
7215 10, 28 7ala-3-1 5. H
Ta142 10, 10 78222 T
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Table 2-25, Contents of ginsencsides of ginserg |ines|secondary data)

Rgl
Jakyurg- jorgl . 33
EA80-29-1-1 1,80
7215-2-1 2,73
T24-1-1 3.92
T237-1-1 2,18
a0145 2,18
&0 86 3.42
H0203 3.12
H0305 214
#4008 3, 80
84015 2,44
84016 2,08
#4039 2,96
S04 0 2,30
#4051 1.72
#4073 1. 80
84704 3.42
84790 2,48
SlE0E] 2.42
SLE0EE6 2, 80
SLE0EE 2,12
Dad] 2,64
Dadl & 1.48

Rf

0. 44
013
0, 58
0. 74
0. 36
0, Gib
0. 38
0, 64
0, 40
0. 44
0,24
0, 44
0, 30
0, G0
0, 26
0. 44
0,78
0, 46
0. 54
0. 23
0.H
0,52
0, 30

= e T = T ]

= =
8 H E B EEEBEE

Bl
BEEREE

=
(=]

Rd

0. 26
0. 40
0. 42
0, 53
0. 28
022
0, G
0. 42
0. 36
0, 53
0. 28
0.
0. 38
0, G
0. 42
0 24
0, G
032
0. 44
0. 44
0, 30
0, 40
022

,77,

Re

- = = = = 0 = D = = = 0 0 = = = = D O = = = =

. 26
6
i
.24
92
.96
.54

2

iy

A2

40

. 96

.04

.96

A6

28

Rb2

2 Mo o= = o
ERER R EEER

= = = Pk 3 = 3 =

2

2R EREEZZ

=]
=

lunit :

fial

2, 88
2,30
3.92
4. 66
1. 70
1. G0
4.74
2,92
2.
4. 80
2,32
1.94
2.12
2,73
1.84
1. 64
2,14
2,06
2.7
3.22
0. 40
2.90
1. 83

B )

Total

&, 68
9.12
12,78
15, G
7.7
7.94
14, 84
12,72
11, 00
14, 60
&, 38
7.92
10, 66
10, 86
7. 80
7.30
12,74
&, b6
10, 88
1210
7.4
10,72
£, 86



H44d a8 9

1. uiEwad qludalg duk g
7h 4l A g
1) EEAg Ay ged e 2 4d48 1A Fold el HHa| L7} =)
HEo] 28900 vlEked 1848281878, 83795, TEI< 7IIT-4-1, TE149,
7AI0M, T318-2-1, 80205 VA142, 86018, KGI01, VA222, 80117, KG105, H7)%
<, TBIBT, 78206, KG103)0.90|8t2 whol LW RubAgom FHE,
2) W EAE Aadday 8dE AiF 4448 10418l fele] HHa]er} 2}
HEol 20000 vighe] shopid, CMIGAIEE  1.2-1.82 Wopd 2AFE A
bk,
- LIEHAS Aty 9 A 494 6AE (S0 A B3 el el FHE
A7 AFEEo] 1.0990d) ulsbed 84702, 85735, 84776, KG108, 84771 79201,
KG111 78222 #|'%-& HH=|e7h 0-0.472 Has] Wobdq HELlE A2 ey
o x5,
- WEHEAE gAY 200085 A 4848 208 (B A Ha el ele] ¥
a7 =2 S| 14190 v)Eked 83743, 82099, 82114, 32016, 79027 A=
‘Hale7h 0.31-0.562 2 HA8 stepd HELE AFL=2 Fhedel HAH

vh =gl A E
- UhEEA el AlE 4 16AI B RA HE M 22 HHaerh ARE
o] 1.2290d u]&hd 78206, THI49, KGIOZ, KGIO3AE-S FHHal$rl 0.33-0.612 &
& stebd FHHUY AF2E Fhedel U
- WiEHA 2%l 9348 15A) 8 (F o]k E)e) ] fale] HHa| o) 2R Fe] 1,93
o ulshd  KGI02, 7337-4-1, 78206, KGIO1, 4A1%-2 =HHz|er) 1.03-1.288 #
& stebd FHHUY AF2E Fhedel U
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ch A8 W #3493 AE

- s BE W FEY DEAHE adg sAF oA EA] oM HHEP A H
AE=] 0,640 vls] FHHFUEA]E 1022 HHFUER] A HAd] gobd, B
o 2sid PEE we A & ¢ aladrk

- 80205, 82068, 83735 3A|1g§S PHEA| U FHFUEA|M BEF AFFECT 3
Bzt shobd ol AEE HHUde] g AR FYEW, dudATe]
2 S HlAle7E SEASe] ASHeE W ALE Hof Fade] dle A
22 4t

2. HHPE Hg 4 ZAY vl HE
7h HHTd Y&
1) 4 i SEAE 8 482 2y
- Phenolic compound §hfe] FEAIES Aol vis) o)gat Eoliafe gt

t}
- HEASE ARG vis] T FelMde K Carl BT Mg2] k] @
=& wakch
- HEATE AHA G 2] Eo|FFEeM Fe, Na, Ma, Al 8 Si2] fhERe] HA
8 goten, nEvsleMs vag] kel wadch
- qlabahd A% Fo| 5 o]&Milef| phenolic compound, K, Ca, Mg, Fe, Na, M,
Al & sig] @] wobd oladEe]l UHFHE o #A7 dde ez HelE
st

1) 6 34 A g 45 24
- HEA TS AEAET vk Erjelld s Fe2] fhake] moted, - HEAS
S ol s Hkzt Aol Exfsha deon, HEAE ddthe] vls) o)F
ofl 4 Ca, Al, Cu?}, EHI|sf|ld Ca, P, Fe, Na7} walrh o} Ke| YR Erjed
He]  HEAEc o Wk
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- dAY A& AEE g Eojoldg HEARIE dAASTEC Fe, Al
2| ghgke] waltch

- dHg g Eaojold HEAFo] Fe, Al HFo] el HE it HHARE
3 FHY RdeE FHEA o dEad UHHEY Y AR YEe2 Ake
o] glg& ReF AP

o)zt Erlsold HWASTE AAALETol vishe phenolic comund ko]
EioH,

-n) 2t Erglold AAAFIM FHEfels AAPLC} phenclic comound
ggke] waton]

0] Fzh Eoglefld HEABEFoH HERas AARALCE phenolic comound
ghafo] Eaton

- HEAE AT Eotgold HHEAEE HHATEC) phenclic comund §FEF
o] oo,

- ddgkrelE MY Erieleld HEASES AHAFECE phenolic comound
gho] Eakch,

- ol4tz] Hzt2 ol HHUY AR Zr|dwE HY HHAR Y22 6dy dA
Hele] EolzIeld FHEAEE HEPEAE uvlskd Fe, Al 2} peenclic
comcurd2] geke] Fo} o] & A Ee] HHABYE LR shgidel A= E.

w 27338 U
- s Fzelld HEUY AE Zr1ddE #sked Bield HHLY dd AR
Aee HEW H3 HEATE dHAFEC Ryelld phenclic compound, K 9 Na
el etk

3. Fl FFHEM2 Sudd 24
- B FEHEas] SuddE FE dz sz osdels Sl ROH
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FHEMoE g 22 31.0-40kDa 2} FHH 5.5-59 Ape|2] chadal g gk
el gov B HEYEAes Edks S 54,0-60, kDazt FHF 5559
Apelg] shialzt S Eg o2 2=laF 66, 2-97, 4Da chiidle] Bl BUR F
¥l

4, 9latA| s ginsencside §5E

48 224% F 72M-1-1& v EY 1348 72 AAEASY AHEE 8.68
mg/ g BT S HERE R,

2tzte| ginsencaides|d Rgl2 24¥ 2E Algeld oyl apFuct gote
o, RfE 9#4%o] civ]l 72 AHF 0. 4mg/g BT} &2 Yabs 2och

Rele E4AE 2FE7} cfulTEc) & YabE Bolon, SGM0EE AE-E 2u) o4
2] w2 YERE pepich

Rd2] F-f= 19780 chulFEch 2 HEE 2ol Rol V9 8% HY
of o] ol ula] & akE Boon], m2i HiE 13A%0] cjulFEc &
gtk

bl Rglzh ofEe] cfitEe] Sl vlay gEke] @ ginsencside 2, 5
§ 840082 4. 80mg/g S 2 AP RS UEE Rulen, i 80188, T2M-1-1,
7215-2-1, SGB40867'E-2 3. 00mgg o4& 2
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ADaC:  Official  Methods of Amalysis 14th ed,, Asscciation of Official
Amalytical Chemists, p, 4001984 ),

Ched, K.T,, amd H % Shin 1982, Morphological characteristics inflorescence,
flowerimgg bud, fruit and leaf of korean ginserg, korean J, Ginserg Soc,
Bi1):67-74,

Churgg, | K: ciFEAdvbRycista -E2pabd =5 5 167-175 (1997)
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Hop), 9hFUdAzA7L p 785

e, R, A4, olelg, o)A 1995, ldd PRl Fel), 3
FUddx2d 74 p.5l,

B4, wbRd, #47), olelg, 1996, Qlad TR DM AelEe}), Sl
AEAFH p 84

¥, oy, [EA 1978 ddFRadiEviEel), alweldd L,
o3l

ol 5 1995 ke AEEEMAF AT EHI SR feltef).
Felddzdry

olel, B, A7, Ay, AHH. 1995 2 ek, 19(1), 77

el 1990 #papeti =g, FEciEta, o3,

AP 8§, 2o, oldEx, wbabd, 035 aqlideta], a1), 24,

el 1988, ql4h 21478 2t SF AL P& A 209 HE 4345

# efa, 1983, olabafel, porldsh. p377-383,

Felb, 1983, 214715 W S USEFua) 209 HE pd3-45,

yraghefglabg Ak 1995, 1995 glabagah =)

,83,



H 3 & WHHHM 2 ginsenosidellEtF 21aH9]

DNA 24

HA1EH A 4

e 27| 2H Aral iaceae) & Qi Fanar genusof] S8, SEEY 5%
el 4822 ofslot] SF AP} Hojdld F2 AfuiEe aeeldifanax
ginseng C A, Meyer)2h F=2] wdelld afefiEls HHH(Fanar notoginseng),
ag|at of=, Fivicks] S5 afefE s o)=H Fanar quinguefol fuw)Ee| 3
o Hee2 vpiee] S8 Aok (adlazidd, =jufd), 1994 z4lazqly,
e, 1996) Hafizba] Fanaxd HE9 42 F2 A3k ol HES E2Y
ghed 7-10 22 BRI oo FEEE, 1936), YubH o2 qlibs F2 el
of whe} ated Ql4b Fanax ginseng C, A Meyer), 4 Panav japonicum C, A, Meyer),
# 2 AH Panax notoginseng Burkill), 7}glaH Fanax pseudo-ginseng Wall, ), ©]=ab
( Panax guinguefolfuw Lirne)2} AbgAM Fanax trffolius Limne)5e] alch, 3 &
Felvkel U sfzleld azqldelzis HRLR IaUY AlFeld 7Y aE
A2 ez i glon felue} 2als] e@gikEel7lE gl

Qa2 aleld dofizl &7)2] Gl ofE HELIgh FEe] AEEA Al
& # offzia] FFo24 B g g dHeolo], Halria] dide] Ea|ql
2peh FAadd, 2 ghr] &of, thiyg Wl Tl AT AelEel dlrks A F
22 Qs 72y FHY 9 o] o fea|a gley S 22} ¢l
o §FHU Sl ool woh (#Haasd-d(=lulg), 1994 ) S Lo g
g qlate] 2RE TE Folehe ArEER mE AEdele] oel band 9bido] whal
A olE B2 AMedel dlevhier al, 199) 22} EA|2] YFQ restriction
amplified polymorphic [NA{RAPD) P& 7l@o] ol$ Bolsta al&sin sake
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magke] alole Z#He] 74 =gk opz} restriction fragment length
polymorphisn(RFLP) 7|@Rrhe doid ez figde] Heo] 2B §F 4 50
oA akabz) S#abz]e 24 S of vhe] bR alch ( Al-Zahim er al, | 1997
Foolad er al ., 1998 : Haymes ez al, 1997 o|d3d 5 1996] qlah U EH
9900, ApzH Yang et al  1997), ([ Qb 5 1996), T=HYEE T 1996) 5
FEF =FE #1 RAPD markerd'thel] @ FHojgivia Rk v glch 2o} RAPD
il FEE e Adefe ohzbd zfigde] off ThES, primers] 4% W PRZ

5 dY=2de] oie} chig] o]zt glof ofef] oyt Bihae] AFE s ol
£ d¥elch  mhebd £ A3 lide] RPDE flYF k] e 24 FhpdE ¥
ghefaial, PCR2| HA2AE Aol 22AE, §71%e 2o S oS
F5% N4 band patterng 24Pk 1 FABAR eobaza) spdc, e oy
2] afufd M2 dapgh opghy Aolsh gh=gheieldgabe] 2RE (=gl ol g A
1995 )of z#pd 9edes] H= AN ANEHE aibEsl 2 000 Hep, FHET}
800 ¥epejch  olF FHEe HE AN dHz pofdy pR(gSHCFAL
1989) & 2 80def| o]z gE M2 Fibax 750 ¥ef, iE M0 #epds 93d
2 ol Hap2( geuielabgal, 199310 2spd FHAZE sd2 sHdAHE
488 el2A 89d4] o] cfu] eefEHE ahwe|al vioa] 30w @HE Fe
wHz7 Hgdch = sd2 8, pofdhd sasgt 35 olatelal Yuola] 47x= 4F
2t T2l Ei o foflel]l FElx BU HES G deojdrh  miE2} 4508
Fas Hle 9= o2 HHgdeolzial Eels e Bo due] FE o] 2
Halolth, ol & aksbd ofdiks] of 40-50s7F FHH Al Aoz Baisich  93d
2 o] AHE 7)Eehd & o, FHHef 2yt pols] g 642 35 Ak
& 7Hdsted 2 AE AT 4T o8l 2 e of 9544, m|Ee 2 3o
1209, A 21594el Ao Fibgich o FUE ede] iyt Ao|mZ wfabs]
$52 HEukdo] 622 v &2} vy Ho|BR Eul2] &4 AL ol s00dy
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o] Aajg Hejok ols 6d2 F ol of g35Hz} vy Ao FHECE 2
HEZ Hfe] gl s sk el itafulel s AW Fagk 2ot A
=2 @S By e A3y 2 52 ool Ui A8 cidet o e
o abEe] ofE HUEE AEAM 22 fEE U 2 FEEI B B
dzh sl §8 448 e A JUHY ads& FY olssieiel sHY
i AYgE d7F fofskd & Aol 2 E 2oz TR s glch
g Eakzh o) 2rflte] iyt 2o PE 51982 ¢ 2 1986), o
ABEe] o ZAp(hE, 1957 @ 25% 5,190 ¢ kM, 1909) 5] ltisd ol s
zbzh W7l 2 gheaqlgh 2apshdch @2 ofapkE, 24E fEse BUAE
ahflz] Edz AY4HE §2 947 ook = Az F Fele feukld
Zefdtal 2l= Panav ginseng C A Meverib= T2 &9 Panax quingusfolfuw L, (4
oA felvzl EoF 2 Fanax ginseng C A Mever2h THE Ex]of|4 =]
gk Hz}, Fanax ginseng C A Mevers HHibgo] 90 of4hqld] uj#ld ojF4ahs
Hfado] e wbdsha] Wi uAshdch ( o 1995) HE2] FHaFYE o
HAgol dlont Bgeld & 7la] Mel24d agE 4B d2E BF5E A ¢
WE 2199 : Halward er al. 1987 : Jahnson ez al, 1956 @ S=58 5 1969
18fal gleng gl gl § Fikel aE A FHHo] gl ddE S4Y
2 al& Flojrh o A7 RHE RT-FRE ol§6kd el Ud& 7ile &
Hapbg ghdslr] #isto] da=dch 2 e ol ied Fadste 452 o
A AREY, F ginsercside24 2| F7IR] 29Fe] W HCh (Dsamu, 1977 ¢ Sarada
er al, 1974 : Sanada er al, 1974 ) ¥ gladxd el 200 d 7k 2]y
okl qlibg el oA Relshs wbHoE uATE Sdeld Hay
2000 AEE Hpsil glon, ofF AY Fols minsenceide JMHF AlEo| A&
Heoez FHFch 2zla HIolE in vitreold MES K4 o FUiFHel 28t
o FEATE Sushs bR FUE vl 22els Abddeis) SgHq g
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M systemq] Agrobacterfus®) plasmidel] 2]8e B2 crom gall tumees AUWE
2P JY g o] ArfabibEg dietA He A& oA =Haloh | Furwa er
af, 1970 | Hagimcei ef al, 1982 © Kamada e af,, 1986 @ Tarac ez af,, 1979 |
55 2ASE ol §Y A5 4¥E wiE2n ek ofl§ A ¥ ¢ A& & ohde
ol afcfapihbE e T fhEkaL ale] ohf 2 METEM ZHE U alch, By
o] 48& el Agrobacteriuw rhizogenesel| 28k HHE BAZE ThE =3 sy
AAs wpE 0 g ojarfipibEE WRela glo] MEE Auaafe) gk HEE
24 §HE FHeidel oiF E& H2=2 AAZEIch (Hamill et al, 1936 ¢ Yoshikawa
et al., 1987) MA Q)3 BHold el FhHe] efSddel vdl] EoddE
A & FAE& ASHo Fa, P4 #llels atede] FHEE
o4 HriFLE2E fadets FeFEd kel 2 oAy Aol B2 Y E
Al ginsencsides] FF2t Hake] w2 UHEE o] A% d¥elrh  whebyd
# AdEe tEuddaddede O A 22 i ik S4E ASE
o4 AR ginsenoside SUUF AE dEE HAHTE] RFD FMef] 28k
ginsercaideo| TEE FH=lE HAstil o F o2 o ol ginsencaide 1
o AEa duksha RESiEEM ldAE gk Ak FAHY oleEs UL
7lefgich.

Azd Az 9Py
7 BalaE

£ Aol A AR =l ddE2d T de] 2l Fanar ginseng,
C.A Meyer)s] HEYU =7F} BoF e Sl =uie -S54

[Fanax winserg CA  Mewer), Zglit o4 Fanax, guinguefol fum,
CoAMeyer)2] af, 2], H4E& s F ul HE S/ ARS8
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L}, Total DNA Ela) o) 3

el st ol 923 0.3g2] A EF MM ek 1 5ele] Eppendorf tube
o ‘il B00gd2] POR extraction buffer(]l OM Tris-HCl g 7.5, 10M NaCl, 0. 54
EOTA pH 8.0, 10% SDS)& H7ksbe] $38] viflgt F 3027 vortexsigdrh o] 5
Sl 12,000 rpmefl 3R WHEe] ¥ F AT S00E M ek AMEE tube
of] Wil phencl: chloroform! iscamylalechol (26:24:1) 50048 Mrlapact o
£og& The 3027 vortexyt F 3T 12,000 2 MM E |8 4o 300
Mot A2E wheE FHI1 T 200pd2] iscpropancl & Mrbehd 2823 4l2efy
ubal gk 3 4ColMd 1022 12, 000rmme 2 Y4l stech, fdEe] F 4Eads
|l 70 ethancl oo 2 M¥ F fdAzepych d27F S N pellet 100
22 TE buffer3 Wit HEehl X Rase Mz|2h ¥ 10p88] 3 scdium acetates}
220uat2] cold ethancl & 7k T -80Ce|A I0EIF BBy T 12 000rpee| 4 10
21 fadielsld Ad5dE A, 70% ethaol & o|F8k] dHg ohE 2
staich H2H N pelletd 100m2] TE bufferol| 8] Hol,

rl, RAFDE #%F primer

ez mAE  ofEskd RFDEME& #7] #8lM AHEE primers The

Lniversity of British ColumbiallBC)2] hMucleic Acid-Protein Service UnidtiDr,

J.B, Hobbs, Director)ollA] =2 UBC Mo, 1 - 508 ARHESpE o0, 2 sequence
= Table 3-12} T}
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Table 3-1, The sequence and RAPD of tendom from UBC primers

Pri mer Primear Primer

B, Sequence I, Sequence i, Sequence
ILEC) LLEBC) LB
LBC-1 CCTHGGCTTC LBC-18 GOGCCGTTTA LBC-35 COGGGGTTAS
LBC-2 CCTHGGCTTG LBEC-19 GOCOGGTTTA LBC-36 COGGGGTTAG
LBC-3 CCTHGGCTTA LBC-20 TCCGGGTTTG LBC-37 COGGGGETTTT
LBEC-4 CUTHGCTOS LBC-21 ACCGGGTTTC LBC-38 COGGGGAAAS

LBC-5 CCTGGETTOC LBC-22 COCT TG LBC-39 TTAACCGHGE

LEC-& CCTHGOCCTA LBC-23 COCGCCTTOC LEC-40 TTAACTGGGG
LBC-7 CCTOOGGGETT LBC-24 ACAGGOGTGA LBEC-41 TTAACTGGG
LEC-3 CCTHECMHETA LBC-25 ACAGGGCTCA LEC-42 TTAACTCGC
LBC-9 CCTGOGCTTA LBC-26 TTTOHGCCTA LBC-43 AAAACTGGT

LEBC-10) GOGGGGEATTA LBC-27 TTTOGRGHRGA LEC-44 TTACCCCGGE
LEC-11 CCCCCCTTTA LBC-28 COGGCCTTAA LEC-45 TTAACTCOGG
LBC-12 CCTGGGTOCA LBC-29 COLGCCTTAA LBC-46 TTAACTCCNG
LEC-13 TG TOGA LBC-30 COGECCTTAG LBC-47 TTCCCCAAGT
LEC-14 CCTGGOTTTG LBC-31 COGGECCTTOC LBEC-48 TTAACTGGGA
LEC-15 CCTGRGTTTG LBC-32 COGGCCTTAA LBC-49 TTOCCCGAGT
LEC-16 GO TG A LBC-33 COGGCCTCAA LBC-50 TTOCCCGOGE

LBC-17 CCTGEECCTC LBC-34 COGECCITAY

2k e RAFDEY

el F3 9l HED:] FATAE HUdstr] #lef A sl AFEE
AREERY Table 3-1ol4 CbElA UBC Mo, 1-502] primer3 o] §-8pd RAPDEM S 4
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Alsteen, O F bandf] FEe| AU primerm AUEGL ol & o 8 27
&, 7%, 54, oS 0 SFs 48 AbEeEch =y 23 I
2] ae|zh PCRO|SE [NA band2] oR4be] jH et G9& vlde 2la FESa= =
oM FAHom P8t s AFEAM f e, G ARa AN
AlEatech,  RAPDE Wikl alojdis template [NA, Tag [NA polymerase, dvTF,
primerFo] g Pdéls T fioln] o|F 47 Y skl o
H S o] haE PORZPEE AHeolnt 5 NAY amplificaticno] o feid
4 gk, 2 dgedi ol atEe] FulEle] 2l Fremix’(ujo] 21]o})o
template [NA G0ng, Primer 10pmo], EHa-53 Arjskd & Wi g 0z whd
3, mineral ofl& Mrpeldch PORVMEZAE predesaturations 96Cefs 28
WhE ¥ deraturation T, 13, amnealing 37C, 13, extension 72°C, 237h2]
WES-S [NA amplifications #]8] 45 cyveleE HEpH o0 post extensiond 7
2Cel A 15T F S 4T FE242ch  PCRe| 2yt Folli= PORUME
10ptF 1, 2% agarose gelo] W7 g3 F A P& 24H5EC

o}, glab [NA%] RT-PCR

Ultraspecl] FNA isolation kit3 o] &k Rzt S&Eldoh  aselad 34
= 171M-Fell M o] ubaigl i) (Rl AH2%] (N2 RAS FEebe] g8}
edr}, Premix-RT/PCR kitS o §6p el ghdeteied], ol ghdsbr] 4
#hd Gede] 10x RT buffer, Spde] 0,1 DTT, 10pf2] lmM dNTP, 120pmc] Rasdom
hexamer, Jug RNA, 5000 RMase ishibitor, 100U reverse transcriptase® &hd 3
% 502 Shgirh  Reverse transcriptases ‘7| el SE{b d&ef R sfal
RTaE ‘gal 37TelM 14| ghget wha|sburh oA P48 e PORE <88}
of ZEF|elo] G2 10w AR buffer, 442 2 50 dNTP, 20pe2] Random
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primer, 20ng2] clNAE Eiehd Fafo| S0:d7F HASech. PR 2o M
G C o4 257t predenaturation®hits 96ColM 145 denaturation, 42°Cef+ 18
arnealing, 72Col|ld 15 extensicn224 45 cycle Sl HExogzg 7
2CeollH 1587k post extensiondhsd O,

o, L e Alge] i 24

AHERE A B al# U Fanax ginseng) 3P 17iMFellM HHo] wWEd &
Hik)eh dAFH (N2 RS FHSh sHEstEen whHE el FHEYH )
vl FEEH S 2 e BAE FE% F S8 RelM hexamer#h ol ige-dT
= o-§% RT-FCRE vk KU Jo| WER gene cleantfiel] 2]l 3
FHY T cloning vectorsf] 2|28k GrlqdE S sbuch

Ab, Ginsencside SUEHF 2147 B 2] RAPD ok

S0eg2] QU template INA, 10ng2| primers| 2HSR &l F 20pde| fTFo
2 PeRE Salech Primer24& BC(University of British Columbia, Canada)
primer3 spESlEch PR VREES 06T oM 2507F prederaturaticedt £, 94T 1
2, 37CM 18, 72CelM 1270 45 cycled Sfaiil, #HEHoZ 72T 15
=1 estdch  POR2] HY Aneealing 2E& FH87] #l8fe] 37T, 45T, 5
5CE whedled PORE 4| s,
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A34d #HA3ipd 2d

Amplified Polysorphic DNA @ 7lads o] 880 ok Panaxy ginseng C A,

Meyer 2] DNA 524

7k e RAPDEH

Ql4ke] H4H2 RAPD bonding patterne] 2jel7} dle 28 2t Hakes
Fig. 3-12} el o, %2 o ged=3de = S 224 INASE UBC-50 primer
& o5t PORE g H2b of 1.2 kbl Ut 1702] band?} SHE A
th o SsEF 5, 199 )2 Azt FEell template NG S8l =
2] 2]zt RAPD bonding patterns] 0]l g4E Bz} =g o, o),
=4 9 HFeve Fely S 22 o 8k PORE ¥ H2 B2E 234
M FUtt bandrh FHEECE BasiEn, FUT AEMelds 2}
dgle] BE 2 NAE S8 E offd E37 glodvia 2ashd
2 e Hapsts Fapsbdch  of) S019M)2 ApzhubRe] RAFDEAE &4
fhef] alofd PCRef| Frejdbs F8 8459 template INAE 10mg, dNTP primer
£ Zunit, Tag polymerases SOM, primer 10egs ZHZ} Wrjels o] 743 3
gt 2ol o] PORS S 5082 sk o] 7ht Hghsjcla spech

,92,



M123456789M

1.2KB=»

Fig,
3-1. RAPD bandirg patters of gencmic [MNA from various tissues of P, ginsens
C. A Mever usimg LBC-50 primer, M, mclecular marcker: 1, 2, 3, Leaf! 4, 5§,
6, Root: ¥, & 9, Stem,

s 3 FdEAE Husiz] 4] dA addd AREE ARk
Table 3-1¢4 Lhelyd 50702] LBEC primers o §8hd RAPDES S Aa]sbed oo
3 F band®] FEo| EUY primerd MWEEL olF o BE 2EE, B2
B, el o= FERE fe) Abgstach duEts] MPIEYE o
~lat7] Hef] el AEEE Mk HYY primerd dhslaral 5072
LEC primerZ o] E8pHchTable 3-1), o8 bandz} Erdgb 18702 primerS
by = glgon], o Hzks Tabled-2¢ viepfzich  AwE 1872
primeris 2FF, F71%S, F2d olSde] gencalc A cfides S
24 PCRME-& HAlStdrh 2 AT Y 2dsME primecdFeof of
ghd Thett bandiia B ole de] F W HEL Al dEas
Alapgbe Hzlel splch 58 ol=ads] HE BC-62 1, Tkb, 232 1, TKb,
T00bp, 29+ 800bp, M 600bp, 432 800bp, S0M& 1 3k FeolMd TR 35
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Zh= FHEE bandibitE Holon, Fibe] A5 LBC-6E 1.%b, 162
2.1kb, 312 1.5b Folld So|3 bandifibe| TEE|GCh Eg AFF] F¥
LBC-12 1.6kb, 2. 2kbolld 25& 1.2kb, 262 1.5kb Feold E7|%<4e Ae
LBC-190fl4 1, 3Kb, 254 1.5kb, 312 |, Skbefld Ch2 2} TEEE bandE B
gith. 2 Hzh= Fig, 3-2#f Table 3-22f Hrh ol ohE RAFD 4 H = A
BOug =2l Cluster amalysis M3 Similarity Indexd T8k 37
2 Fzb 1702 a U HEe] HABAE Rt da) A %y
£ 0.81628] SIF 7i3 SRABAE FHEL FEEHE 1.0 512 2 o
2] Aol g rhEeo] AEEF} olFikzbs gyl el el weloz F
b o] golsteithFig 3-3). 01990)& RAPDE o g lite] HED
=4 W HE SFA% SR WA SFATE E2rPddus fv
marker& 7Ibste) 2o 2y geysls Fudat aeqlde] bdgE
Fhukebaial elpke] RAPD o] §rHd & EplEba o] HEA primecd 4

Primer Y ki | 13 4 43 )
MABCD ABCDABCD MABCD ABCD ABCD

0B
KH
—

|4
KR*

Fig., 3-2. PCR amplification of IMNA from 4 species [(Fanaw ginssngl using

primer: A0 Jakyurgjorg, B Purgped  Hwamgsuk, ©f China, [0 FPanax
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gquinguefol fus. M, Molecular marker| kb [NA ladder),

Wata ol & oG8k Al HE W dF 2= HE] Y Ala 2
sl e, ofo] qlielglel® AbzH Yang er al., 1997 : J er al.,1997),
igkitet 5,1996) | T E 5 199 ) 2 &% ERE #Y RD

marker-4 e 43 Ho|gicial B aspec)

Table 3-2, Bands of ginseng N4 amplified by PCR using UBC primers,

Barnd Size Formed
LEC Primes
- 0.5 kb 0.5-1.0 Kb 1.0-1,5 Kb 1.5 Kb
o 4 B C D|4a B C D|la B C D|lAaA B C D
1 1 1 1
1 2 2 1]/1 1 1 1]2 2 2 13
6 1 1 1
12 301 1 1 2
13 11 1 1 1
16 11 A | 11
17 11 1 1 1
19 1
23 11 1 1 3|3 3 3 2
25 1 2
26 1
29 1 2/1 1 2 1|2 2 2 1
30 1 1 1 1
3 2z 2 1 1 1 1 1 1 2
1 2 1 1 1
11 1 1 1|2 2 2 4
43 202 2 1/1 1 1 2 2 2 2
50 1 1 1 1 1|1 1 1 5 4 2

A, Panax ginsengl Jakywurgjorg): B, Fanax ginseng|Purgel Hwargsuk ) C, Panax

ginsengl Chima ) [, Fanax guinguefal fus,
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1. 750 1. 583 1.417 1. 250 1. 083 0,917 0, 750

I I I I I I | Level

P ginseng C, A, Meyer
I ( Jakyung Chong)
I
e
I
P gingang C, A, Mever
| Purgre i Hwangsuk )

P ginseng C, A, Meyer
(Chirmal

P oauinguefol fum

1. 750 1. 583 1.417 1. 250 1. 083 0,917 0, 750

Fig, 3-3. Phemogram of clustering pattern for 4 species and strain of

Einserns,
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2. wajopFef 2gt i HHAG A=) £

7} RAPDE4& #|¥F PCR 23

20t2] Premix{ 34T )o] $7}5) Template N, priners) 2b& ZHs}7] #)
st adar 2zl Meld el Aol vehilal ehater} Song?| template
N, 10ng2) primerS PORG $85hs Zo| 713 75o| Go|th A7HE Uejud
ChHFig 3-4),

Fig, 3-4, Barnding pattern of Fanax ginseng according to the concentration of
A and primer, M, Marker: 1, 10;mg [MNA and Gog oprimer: 20 100 84 and 10
primer: 3, 26rg NA and Grg primer: 4, 20emg IMA and 10 primer: 5, G00g [8A

and Hrg primer: 6, O0og DNA and 10og primers
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L}, RAPDE %%} primer 13 u! RT-PCR

0702 LEC primec® 91702] primerS 4 Ml o8 o] Gépd RAPDE SuE}

edThFig 3-5).

M12345678910111213141516

Fig,
3-5, PR amplification for primer selection,
M, Markers: 1, 4 7, 10, 13, Fanax ginsemg 2, G5, 8, 11, 14, F guinguefol fusd
3 6 9 12, 15 F Japonfews 1, 2, 3, UBC-30: 4, 5, 6 UBC-31: 7, 8 9,

LBC-33: 10, 11, 12, UBC-34: 13, 14, 15 UBC-43,

A ol FHWajakyd FHzbE ghdsbs ol R ol whdals ubyel
RT-PCRE AHE-#H= o f= RPDE AHEYE A5 WF W8 bond2] Ape|s} vpepd 2
band7} FHHz} T FHzilz]g HEshs ool ozl & HeE ALRE
17A2] 7RMcfefld FHHE Fuirle Szl fuad7)=] e a2 mas S8

o fHzt UHE vehdlle Yol band2] oS HHEE O Ake| 7 L band
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o4 HHE Fob 2= HdE Uehls 837 © sHedol Eobl & M
§hof 4] RT-PCRE $efisfaic), qlate] RUS e gh4dF cINaS LBC-13, 25, &1 52
primer (Table 3-3)& AHE&kd #lefld HHE HH2E, Sbng NAS} S0ng primers
AHg8ted POR WhE-2 o Fzb HH elet o] HE Aol oA gbite] 2ol F
Ak ¢ glaeh (Fig, 3-6), 22]3 amealing 225 40T2} 2CE 2403 Ha}
A2l apolzt glallgh 42CeollM ot of HEY bandF el £ 2lgdch ey
LBC-33 primer ARG A] o 1 2kbeofld Hahide] clvield waislz] ghs WEs 3d
2] Falelld wdElgd oo (Fig 3-7), o 547 HEE FUFlE FaaHEAY
7Hedel sle ez gk ol Aol yUehle bands AHF cloaingshal
sequencing®lod 1 homologyd EAMSIEEAM 2 f#abzl HEE Uehls fHaket
A7 2 AE Hols) wof ¢ Ho2 spEych FHTE HWel| & veh
£ fHzt2 ghdo] Hd, A ol o] EEe] HHel Y FFE =)ol A
oy =EEHE Taaa o] S04, F HE WAE HE FF S4E
g bzt o ald Fojh  mak HH Aehy fEzE =YY A2 UUEEE ¥
A ubgeol 2lsted siutet £ alvh #4702 peimerd  1702] primecof gl
o] 7t Lhe band® wrEitelagl, & o WE primerd AHESHd 2 Ao bandE
kil homlogyd Heldhe] HHzie] PAlYE 2A8R24 & of B8] ¥
Hazt AR fAdxE ol | 2l& otk

,99,



Table 3-3, List of cligooucleotide primers used for RT-PCR amalysis

Ciocies Sequence G comtent
LBC-13 CCTGGGETOGA il
LBC-25 ACAGGGCTICA il
LBC-33 COGGCTOGAA il
LBC-64 (AL GGA B

Ai 40 C Ai42C

13 25 64 13 25
NRNRMNRMMNRBRNMNR

A B

Fig, 3-6 Bandirg pattern amplified by PCR according to anmeal ing temperature,
A0C and 42°C, of cIWA comstructed from BNA extracted from rusty (B) and

mormal (M) portion of ginserg using primers, [BC-13, 256, and 64,
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Fig, 3-7,

Bandimg pattern amplified by PCR on rusty(R) and mormal (W) portion of ginsens
induced by UBC-33 primer,

th FHHEk cNA thH 2| data F4

1) A} v HHE o RAE FES AR EY ¥ 33H primer
(COGGCTGGAA )& <|-B8bq PORE 89%F H2b ale|7h L= 2702 i=F 1. 2kb
2] Hfolls FH oMk epgten, 1 6kb2] HSols FE gl F8}
A vheputrh Ak 64 primer GAGGGOGGGA ) o 4 = oF 650bpof|a] = S of

afglz|gh W] FEAHe M = LehdR] oS HEs oy o odaich o] W=
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= T grlMEE& 4% A3k Figs 3-89, 103} Hrh

- 1. 2kb sequence !

COGGE
CCTC
CAAAT
CTCCE
TAACT
AGACTE
CAGCA
CCATT
AMAGE
CEAAA
GTATA
AATCE

LA
TTCAC
ATCTT
CAGAG
CCGCT
AGGAA
TCCAG
ATCGG
AGNND
CCGET
CCGAA
AATTC

ATTCA
ATTAG
ACCCE
ANTGC
ACTCA
ACCAT
GCTGA
CANCT
CCACA
CAATC
CAAGD
G

GCTTiE
CTAGT
CTTGA
CCAGA
ToCCA
CCAAC
GAATG
CGATA
TCACT
CHCCG
TCATT
TEAAT
WG

CATCC
GATTC
AGTTT
TTACE
GATGE
ATTGE
AAGCT
ATGGA
GAGAG
GAMNAC
TCAGE
AACAA
CCCAT

ACGCT

CLGCT
TTGAG
CCCTT
AGAGE
CCCTA
ATCAT
CCCAC
COTNG
CACKE
ACCGA
ACAAA
CHGCGE

TTOGE

AL
CTTCT

CCTGA

CCAGT
CTATE
TAGCT
CTGTC
TACCA
CAAGT
TCGAC
GACTE
[FRSFH

CTTTT CTTCT TCGAG TTCAA CTATC GCCAG TTCC

Fig, 3~ 8 Sequences of 1,2 kb of PCR product,

TCCAT
AATTT
GETAT
CCTTC
CATCE
AATAA
TCGGC
CAGCA
AAGCTE
CAGCTG
TaAMA
TACTA
TGCGA

ATCIGT

TACTC
CGATA
CTGCE
COCTE
TCAAC
CTGHA
TGGTC
[FRFH
CAGCT
GTACT
AGAGT

CRACT
TG
TOCAG
ATAGA

CATGT
NCASA
ATGET
CHANG

AGACT
TTACA
CAATG

TGCAG
CAGTE
ACCCT

AGCTT

AGCCT
TTGCE
CAANN
CCAGE
ACTAA

- 1, Bkb sequence GCTTG CTCCA CGCGT TOGGA GCTCT COCCAT ATOGT CGACT TGCAG GCUGGT

COCGA
ATTCA
CEAAA
TTGAT
GACTC
CGTAC
CGCTTC
TCTHE
TAGAA
ARACKH
COGCA
AGTCA
[FEFRS
AGCGT
CGACA
CACAC

ATTCA
CCCAT
AACTC
AGTTA
GCTGA
TAATA
GOTAA
GLCTT
BTG
ANTGE
CACTC
CTCCT
TTACT
GAGAG
CTGCT
TGCTC

CTAGT
GATCT
TGCAT
TAACT
CGTTC
GECTA
(FLEEE]
TTTGE

ATTCA

GHTAA
GTGGE
TAGTA
CACAA
CTCTE

AGCGA

TCTCT

CAGCA TOOGA CGTCG

CATTC

COGCT
GLTCG
GTOCA
AATAA

TATAG
TOGGET
TCTTT
AATAT
MECAG
CTHGA

CCATC
TarzA
CAGCT

CGAAC
ACTCT
GAAAG
GLTCE
CTTTC
AGLGE
CAAGT
GCTCE
CGhAC
GCGCT
AGTCG
CTACA
CTCETT
AGGTC
CAGAC
GGAAT

AGTAA
ATCAT
TGCAT
ATTCA
TTTAT
CTATE
CCGET
TTTTC
TATGG
TACTT
TCOCG
ACTTC
CAGTA

GATTT
CLAAT

- 102 -

TAGCT
GATAT
CTCTT
GTCCA
CAAAT
TAGAG
CTACA
TTCGN
ATATG
ATCAC
AGCTC
TCTTT
CEGET
TTCCA
CAATT
ToCCE

ATTGA
TTAGE
TCTCT
CEAGE
TACAC
GG
CLCCT
CTTAA
CTCEN
AAGAT
TACGT
CLCTC
TTCTT
GTCGA
ATTTG

AATTT
GATGE
CCCAT
CTAGT
CCAAD
CAACT
ACGCT
NTHGT
NCTCC
TCTTH
TTGAA
GOCCC
CATTC
ATCGE
AATTA
CLCTA

TCTAT
GACTT
TCCTA
TTCAA
CTGGA
GTGCT
TENTC
CAGCH
COGTT
TTAGA
GCTTC
TATCT
TTTAG

GAGCA

CAGAG

TTTNT
TITCT
CTTTC
AL
AGCTT



Fig, 3~ 9, Sequences of 1,6 kb of PCR product,
- 0, B5kb sequemce @ TOGGC (OGOG TOGCT GCTOC OGGOC GOCTG GOGGC CGCGG GAATT

CCATT TAAGA GAAGA CGCT CTTCT CTTAG GTCCT TTTTT TTCAG TOTAA CACAG GAAAG
COCCC TCTTT TTGTC ATCOC TOGCAG CTTTC CAGAT TTTCT ATTGA ACGEA  TGOCG  TAGCT
AGGAC CCTTC AAATC ATGTT TCGAGD TTATT GTTCA AAGGEA AGGEG GTTGC CTCOOG GTGHC
TATTT GAGTA AGGCT GOAAA GAATG CCOGC CAAGT TCAGA TAAGG GAATE CTTOC CCCAA

CCATT AAAGG AAAGL CTOGA CCAAY GOCGAG AGGAG ATGAA ACGEE GAAGE AAAAG GCTTC

GUAGA TOGAG ATTTT CTTTG TTTTT AATOR AAAAC GAAGA AGGDT GAGGA TOOOT TACHE
TGCGT CTTAT CTGAA GOGAA CACGC TTTTT CCGACT GCGET GOTAT GATTG TCGWE CTCTC
TCCTC GTOCC GECCT CAATC ACTAG TCGAAT TOGOG GOCGC TOCAG GTCGA CCATA  TGOGA
GAGCT CCCAS COCGT

Fig, 3-10, Sequences of 065 kb of PCR product,

3. Ginsenoside St§hF olabA| % 2] RAPD okt

7h HS FollM ginsenoside SR AlE2] RAPD 94

LEC primerg AREERY Qlpbe] ApEgle] RS GRAFKEI0) 9 AHFAE
(Ko103) 2] 2ke]l& F4staich  36F2] primergeld bandg viepd HE 2850
don, oF UBC-6 29, 33, 105, 125, 149, 157, 159, 174, 177, 181=fl4
kilolell M 452 ¢ band7} KG103oM SHAdEldon, UBC-29, 33, 125,
157, 181¢fl4 = KOl0l+| M bands 44 &bl (Fig 3-11-1, 2, Table 3-4),
gk 2ap2 UBC-18148 300wha] 4dwqt 5052 primerd CHLE bandF 24}
gk Hzb 32804 kG101 W KGI03 25 bandr} "H4dEdon, O F 9fed A
2 i zpe|F Btk 58| LBC-181, 218, 220, 250 KGIOlef|lM band® 844
ghad s, LBC-211, 225, 239, 24804= KG103ofl4 band} & 44 Elal 2, UBC-270
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M= KG103ell M oi§ #3F band7} 8445 o),

Fig, 3-11-1, RAFD bardirg pattern of ginserg roots containing mormal (] lor high
ginsenoside(d) according to different primers, A @ UBC-1, 2, 3, 4, & |(from
left to right, respetively) B @ UBC-12, 13, 17, 23, 25, C @ UBC-29, 30, 33,
M, 63, D UBC-T7, 82, 83, 89, 100, 102, E @ UBC-193, 105, 106, 125, 127, F

LBC-137, 147, 149, 150, 165, G @ LBC-157, 159, 174, 177, 1381,
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|

n . m.n 6)

Fig.
3-11-2, RAPD bardirg pattern of ginseng roots containing mormal (1) or high
ginsenoside( 3] accordirg to different primers, A @ UBC-131, 184, 190, 193,
199, 203, 204, 208, (rom left to right, respectively] B @ 211, 213, 218, 219,
220, 222, 225, 226, C @ 228, 230, 231, 232, 234, 237, 239, D @ 240, 241, 243,
244, 245, 246, 243, E : UBC-249, 250, 251, 253, 254, 252, 264, 268, F
LBC-270, 2v3, 275, 2V6, 230, 232, 233, 235
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Table 3-4, Characteristics of bandirg pattern on KGLOD and KG 103 according

to selected primers

Band Shown Miolecular
LB;_;;;:ET KiG1 01 K103 feight tumber of Band
(K]

B 0 3 5
1046 0 2.5 3
149 0 0,75 4
159 0 1 3
174 0 2.5 3
177 0 07 5

29 0 1.5 2
a3 0 3 3
125 0 1 1
157 0 1.8 5
181 0 1.8 3
218 0 1.4 4
220 0 1.5 4
260 0 1 1
211 0 2.5 4
225 0 1.8 3
239 0 08 3
248 0 1.7 5

Lh U Ed2Fel ginsencaide 4R M| ES2] RAPD 9f4

Akt 7982 primer@olld BT bandE LbehiE] ghAL el sl ofdE A
£ o 109 el e 5 bandd Hd8tECh (Fig 3-12). 284 & &
2] slel= A gleled, choh 106, 193, 184, 181, 208Held Tl 3elE
Hof FE afEql F Uk band 2o|7} wirhd vectors] ligation )%l
T odrlHEE Sy A¥elch  RAPD 242 William 5019900 2]a) 7w
o wH oz @r)z] 7 9-107] HEEE cligonuclectided primerE AHE
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sho] A @H2] HE NAE FHHZ PR S5 F 58 HES #7495 &
=45hs WH2E2 S4EAr sk A2 UE dEdeld AHEEa ale
abdolch o] @ 49F RAPD marker7} ginsencaide T14HE glabs Mwbslr] #]8ksd
£ dgeld egEodch.  AHEH BEL primecFold 25 bandE Lpepd H
< WBFolgen ofF 11Feld Va2 olg Barh ot band2] 2ol
WS ginsenosidest FHAE {8212 band HEU2E bandE sequencingyt
Che blast search® $8ho homology® Hldhs Y& AMol § Hez 4
BEo o FEo chaides AlS dEE& o) b Aelth e 1ERY
ginsenceide RESHFel ghf 2o 2 Y band2] Ale|F uigto s}
o & o WE A% & AEE Agehed BRI band2] Ao|F el
of § Hez =ik, oz A7e] A2 el ch) ginsencside 1Y
f marker7} A UElE fHap 24z 2oz AFFAULE Aoz $hEst
of H7HY Ui AEF S BEY ¢ U& B ohdzt ARl sk
AU ginsencside AF ALHAIES HH=A cfT 2394 2EFE o
e kg = deelzia FciEch BEAT wigrlaes o S 2afciapihE
2| Agat A3 2A2e] Alde o8 Fll B, & f8Y, ey oy
A, whE AGE, 2AEAe FUt fE0E Y Feol weEe okl
ujek2AE 2= o] ginsenoside AEHF ¢abE T3k abslEe A7)
wafl Mg alrh (Mwang et al,, 1989 Yang et al. 1996: Yoshikawa),
ol# gt Bz Fold ginsencside MG Q& US| #ed TaEe)
primerF AHESR] 7l Tl alolrt voE AE Eelyt Hat F F ze]
7t A2l welent 5708 primerold o]zl Lis MEF g4E £ grM
datde U oHeln, o|2 Ush ginsencsides]|] TAY FHzpr} g
H o] fHzbE A AR 2)sf 2y AebA UHAAA ginsencside 3L
A e 7ol gha) el chEME o e alE 2= F|oiRch
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Fig, 3-12. RAPD bandirg pattersn of ginsersg bhairy root containiog  low
ginsencside (2) and high gincencaide(b), A4 @ UBC-1, 2, 3, 4, 6, 12, 13, 17
from left to right, respectively), B @ UBC-23, 25 29, 30, 33, 34, o0, C
LBC-63, 64, 67, 70, 71, 72, 73, D : UBC-77, 82, 83, 89, 100, 102, 103, 105, E
¢UBC-106, 125, 127, 137, 147, 149, 150, 155, F @ UBC-157, 159, 174, 177, 141,
190, 198, @ - UBC-199, 203, 204, 208, 211, 213, 218, 219, H @ LBC-220, 222,
225, 226, 228, 230, 231, 232, 1 @ UBC-Z3, 237, 239, 240, 241, 243, 244, 245,
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J o UBC-246, 248, 249, 250, 251, 253, 264, 262,

A44d 8 o

1, Amplified Polvmorphic [NA Z|grs o -B%F 9lib FPanav ginseng C A4, Mever)Z]
oA =4

e F W HE0Y FEY ohdE HE ERYY |47 ol 88 §F
H4d& Yt rlxag 2 gEetaa) olih 232 S M-S RAPD primerd
bl RAPDOR & 2Abehaaz) g e, Q4dbe] RAPDE Skl alofd DR
el ol fEs 232 2|7} PCRo]FE INA band 9ol ojmt d4kE o2l A&
Zapshaial el Hydd oz &St de AEFed 2IAER A2F A
¥ primers AHESH] PORE b Uepd band2] P2 BE 234 F
Yt bands FASPEch 50702 A Z2ChE 10-mer random primerg ©]-§8k band
7b #d 8] vepuhs 18702 primerd dwbsbed 2RRE, F71%S, 54 oS4
2] NAE ApESld PR S22 spaich, 24 PR product 8 1,22 Agarcee gel
o #7]%9F5h banding patternsf mheh F48pdrh o] H ¢ RAFD F2HF Cluster
analyeis “PHE AbEEkd similarity index(S1) 24 HUARAS =ajgb @)l =p
F2 Fr o] 2dAE P F54E AR S e AelE rhEen &
I 2AFE FEES FEdE oSdE AelE vepdlch

2. SR 2t Y A FAAk] 24
g AddF wE} 45T olshE FUATE A F 90 o] de] FHpeleba
wele s Eal dufe] FE o]l O etk oY HWHE oj=dECt

€ Aol thg diEe of FHES FAH ade] Uckd Bo3ch O
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B2 o d52] SHE RT-FRE o S8k AdHHe Ld& 77l FH3E ©
A5tz #sp] HalEgich sy 3d2 1AMl FHHe| iy st A
Arsz] MAE o] H4E cE 92704 random primers AHESR] PCR
FE5E ¥ Fab AR el UAE R e band7h FHEAE] el Y
A gickh whebd bendr H4E 418 FH27F 2 BN el e A
22 AREA o2t FHAe BF HrlMdE S8k omHY Faxela] wbg
= Spodof S HHEH FHA|E dUniHES AR Y §UAEE S
Arhd duAFE S4Y 5+ A& Aelth

3. Gimsencaide VR 9l4bA|®2] RAFD ok

Az oelieyd Fardts dEL ginsenoside2 A 2 TRl dd=d T e
A g Al A 2tk hHeR dAEE S4ekd w2 2004 A
& HEA glon, ofF A¥ Fole ginsenoside AHPF Ao Y& HeR
Fadch dela HIees in vitreslld MES S W 24423 TE Sy
o 2lsk EFHETE sUsts R U=l ok oiEkd 2 dEE dud
ginsenoside SR AE Add Fd 2] RAPD 4ol 28k ginsenosides|
s fdzkg FAsia o F o R ol g8kl ginsencside AHH AlEE
WEbal By 5o satdrh  dH2d BEA4ZL2NE NP FEEL R
primerg AHEERe Ql4be] ApEEdle] B URASKGI0N) W UFAE(KG103) 2]
Aelg 24 d2b 3BFH primecFold bandS vepd 2L 28Feldon Ey
e Folld KG1012} KG1032] band 2fo]& vpepufdck

- 110 -



=l

kil

S

Al-Zakim, M., MNewbury, H, J, and Ford-Llowd, B, V., ! fAoerScdfence 3206), 1102
(19497],

s, TMF, EE, 4, DRE  PS8Fe] 26, 304 (1994),

QA upal Held, SN ehEAEeRA) 28(2), 178 (1996),

Foolad, M, R, Chen, F, 0! FPlant Cell Geporcs 1T, 306 (1993),

Furwya, T,, Kojima, H , Syonc, K, amd Ishill, T, @ Chem, Pharm, Buall, 13011),
2371 (1970,

Hagimori, M, Matsumoto T, amd Obi, Y, ! Plant Physicl, 69, 653 (1932],

Halward, T, M, and Stalker, H, T. ! Crop Sci, 27, 466 (1987),

Hamill, J, D,, Parre, A J., Roebins, R J, and Bhedes M, J, C ¢ Plant Cell
Reports G, 111 (19386),

th=reruiel gl 1995,

Pl g ad sy - FHalas i) (1994),

g ad Ty o FHalase-di=fuig) (1996,

Haymes, K. M., Herken, E., Davis, T. M, and van de Wew, W. E : Theor. Agpl.
Gener, 94, 1097 (1997)

Hwargg, B, amd Ko, K, M ¢ Kor, J, Biotechsol, Bicerg, 4, 284 (1989),

Jabososn, E, L, and Smith, B, W, @ Amer, J, Bot, 43, 250 (1956]),

kamada, H,, Okamira, N, Satake, M, Harada, H, and Shimcowra, K, ! Plant
Cell Reports 5, 239 (1986),

A qlad e Ao, YRz Ra p 797 (1986),

s, B e o Aesel), PEUddzdTa (1982),

ol ¢ AuATAIF MaA(Fufior), PIAUAZATY (1995),

- 111 -



olgd, F8H, WUd, olFe 9E SUw AEE U554z 28(3),
332 11996,

YR Al 1004(2), 310 (1990),

e . RS, po 1 (1986)

Osams, T, : atsjeldape)=], 2(1), 9 (1977),

g, vy, dddrradiafelEel), aejeldd 4 (1980)

W, TEe, W8 A9 i dte] o P=SSFeEa] 373), 86
(1996,

Sanada, S, , Koeedo N, Shoji J., Tamaka 0, and Shibata S, @ Chem, Pharm, Bull,
22020, 421 11974),

Sanada, S,, Koeedo N, Shoji J,, Tamaka 0, and Shibata S, @ Chem, Pharm, Bull,
220100, 2407 (1974),

Schulz, B, Westphal, L, and Wricke, G, ! Euphyifca T, 67 (1994),
=58 d3d  =ESF9H=] 1, 13 (19%68),

W - dE FEEE p 607 (1957).

Tarao, 5., Kate, K., Shiraishi, M, and Mosimote, H @ 0, Org Chem, 4405),
ged 11979,

M ] deke]=] 5(2) (1909),

Williams, J.G.K., Kubelick, AR, Livak, K. J., Rafalski, J. A and Tirgey,
8.V, ! Necleie Acids Res, 18, 6531 (1990)

Yarg, D.C., Choi, H Y., Kim Y. H, Yun K. Y. and Yarg, D, C. Korean J,
Ginserg Sei, 200 318 (1996)

Yarg, H, ¥, and Korban, S, S @ 1997, J. Aser, Soc, Hort, Sci, 12201), 47

(1997,

- 112 -



ofdg, kg, 4lgY, olBEd, TR, 2}E . dEciua shapabER
(1994,

Yoshikawa, T, and Furuya, T, ! Plant Cell Rep, 6, 449 (1987)

Yeshikawa, T, and Furuya, T, @ Plant Cell Reports 6, 449 (1987),

BEe ¢ AdgdFRa(afelEef), PEdddRdE L po 797 (1986),

e, Fdd  dddE TR EelEeh), fElddad T (1982),

upedE, WS, HeE AYS, S8 dekel o w=Sgpete]aA] 3703), 386
(1996,

M o MW, po 1 (1936),

B s dee=] 5(2) (1909),

=58 9Hd  P=EFYa] 1, 13 (1969),

ehds, PoF, wa)g, o, APy o gSEFAa] 26, 3 (1994),

obibel, wpalg FefE, EHW c P=EF4]A] 2802), 178 (1996),

ofdg, Whg, 48Y, olEd, TAE, 2}E ¢ A&y =R
(1994),

LS, ubiby, Qlabd 2 saiafulEel), sefqldd 4 (1980),

oy ¢ i TEzE BaMiAulEeh), YEdddadTd (1995),

o/, &84, Fdd T, d4F ST UEE o USEFA 28(3),
332 (1996,

YEE s qldatea] 1e[4(2), 310 (1990),

¥ FEE p 607 (1957),

yh=pehef el e o 1995,

el abd e T sl gl =lels) (1904),

gl ad o el =lelw) (1996),

- 113 -



H a4 Z Qe 7[UHSA T I= Y

HA14d Ao 4

ke thdd Fal4d FERA ezl vlf FckFEa, F3bE Bobol HAY
2 glon} AMFebed 3-4de] Laso] efEel uidle] £5EF S HFY
o] Pasich s 2 adideld 13 FAE MAske A& Yo st
oo Fab 12 afa]slelle 40-03) H=dbell 2y  glol 7Iuf viekE B <
7l ke A @A 2] Es fegUg Ay B2 FluF Be gy
El2] cigkagabel] glojd 2 2jolF Aydcha ¢ ook =2y £2F55E S99
dck siddete FUt FHAEE A e FoolE Abdt o] arEER
ol at Besia o2 g W& sfHE] Mok qlibe] 2ajufolrlae] Y wYE
o ghal il homologous gened 24 ZRME oo F4Y S ads e
F&Eojol 4 Aok  qlite] e WHE NS slo] ButerkoF(1968)0] H 22
bl & Ragh ofef] of dFabEe] ol 2HefokE B AEAE s B
ShETHButenkn er af, , 1968: Chang and Heing, 1978 Chang and Haing, 1978
Chilton er al,,1978), 2efuh elaba]Ea2] U@ of$ wichEa, S8 =)
oA gt He faF wdATA] Bepplrl, A el wdade] offoja] of
3 Eqbelld e HEAE 2yt of)rh A gick o Eeke] O A |7
£ F2 AdEeie] wWds Foke o] felxd oo Furuya and Kajii, 1983
Yoshikawa, and Furuya, 1987) C}2 Bajubdef cfsjds M8 2o wjzp o
th & A3 e A byed o Al AhE 2l BEHOE 3
=rp| 7 Eakel] ] gyt o odle 28 Fsbaat sysect
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Az2d AR 9 Py

I Qo sy AdEse ez 67

7h A8 = A4 (Panax ginseng C. A Meyer) F2bE FH Az ohi A7)
HE e HYrhlas FaEeE HE o ¥ 2igEdE vdlE 2 AN
sterh HE FoHL2E HAR AlgE HEESEe] #8 {riEA We
M5 (Murashige and Skoog, 1962) 7|Eufiz|ef] a]4behed a4 chelufz] by
24 & st eiggrlE 102 on HEZ D4 S st e, wiokd
£ 2512CE 2SR, 2 pool w2 ZEeflM 1647 FRE S o] F
o Hrh

2. MM Eehgde ghis] =aeb S ul TIRAZ] o4

7h whdefubada) wjokzae] fgefoty Hilzag #eld 2bEE AFEER el
st FEH MAE chdulg 82 AHEsidon, ubyE Fapdabdo)
H s fe3 AMdEEE 1x glutaraldebyde 2 OSUHYI F ethyl
alechol 2 sl YA Hoi] d2q F g 29 Fapdal dolF
o2 (JsM TI0N) Fasjech

Lh ghelefebda] efoba o] izl EEE EabE 2abbr] #sld Qld (Panax
ginseng C A, Meyer)| F2hE #-Eafelld FHMz|ehd FHy=ha 28] doa
1 F Radoz Hasidch u=lREEs 2as AgdAHE wigsiE=
st 4hE wtdufs] wade] miRls HEFESE(1AM)2] GUE 24
817 #lefid S (A SR dHE: SR WA s TIEA
(2,3, 5-trilodobenzoie  acid)®] 94& 2+bspdch Ha® 2HEE 6

(Murashige and Skoog 1962) ef2]o] 3= sucrose, O, 7% agar 7} 75 wf=]
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o shershairt. wab Mmele] whadel vl TIRARZEE Zajsiz) 8
M ofelgwe] TIBAO, 5, 10, 200 F whzlel 7} o F vharejo] M=
o] wbagarats Zajsjeic,

3. MHdEefs] do 5 dEEd 9

7}

sl sME chdu] ez paelr] el = el (Panax ginseng
C. A Meyer) F2hg MY the A7HE 45 FU=hig Fa32
2 HE b ¥ Apgefolon whE FaHos AN AgE& HEREE0
H# M7 92 MS (Murashige and Skoog, 1962) 7|Eufiz]ef] 2] 4behd
M= chdufe] wdfs& festerh

Hedsehd & ol g MEmehduls] chahdabg glef ol Hyhahege]
gzt Yyl g Feskd 2] MR chdelE FE8tr] &
8 = 4 (Fanax ginseng C, A, Meyer) F2ba THMe|she] ~hgata

(=3

4. A Esh) wbgol vlals 2E @R BahEa

7}

AT W A M e Fahabygel of e =E HH HSGE wiidel
IS 70% Etlbelld 183 #HAF 1% NalClelld 1417 @t F tha] d@a
£2 33 d¥stech FAEYe ApdE H@sted o 7ixlg] @R Me
FoulA|#ell 2| 4stdct elAs 32 sucrose, 0.7%2] agar® MR ME7|
Hufjzlef] @R-FEgt F7IE Hrbsbe spgeldon @EE @ 5.8 ¢ of
121 "ol 15270 SeE S shech effE 2402 T ERefld 1642 o
#Ho2 M opmol ws 2 HHE Aefeld spdrh Mzl usr| ezl 71
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2 OMHNG, KNDy, KHPD, MeS0eT7HeD, CaCl.2H:.0% =25 3, & 12, 24uf o
Hrhatech wobs H4E enbryod 1/2MSH|R] S| 3107 W Gz} B i)
of aldeh F g4E faEaE ch Gl T Laseizle] o H2lE &
Eetdon Kzt 2efrl 112 uiygs Eokel] o ddbe el zfufjstHc)

5. aldEchalefe] whel W FHEMe] dd2d 7

7k AlEE AL ESE wlE MHdEelE AHEstElen] MM EZuls Petridish
o4 torpedo, globular, heart HEf2 H5% F wobE|a] ¢ Jci2 A%
o F=E HelE FAHTh ek dehE =] #Eld AE il Ga
& 10mg/LE shde] W chelo Me|ste AEdelE 2apstEch EY wobd
shootolld W28 FE87] #1814 amoniums] S o 22 Meldd
Fela] didelE fusiEch

H3d An Y a3

I Qo sy AdEse ez 67

A A& HEEEE] H WrpEa] b2 wsel wiekstdd vl 2pge]
oz b yaleld W Mdzelrt gdEalent ofd o] wlEE

2 FuEkd oiys cheldelE gdE adrhiFig 4-1-4, D) g4 chefe]
Girl M|yt He shoot2] 23te] o4 sbdejeler)(Fig 4-1-B, E), $a&
el BepdchFig d4-1-C, F). mzhd $2E g4¢ £ e M4z
chdelE FEstr] #ElM =tge] ArlE welsld 94 HEESE FHA
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ufjz]ef] 2 4abed AEHElE Eabtdch O @2 olgefiels] Pe| lm) &
Hj Ffels MdEuizt A g45a] Waalt, FHdSelels] Hol
Jmm | ol M= Odx2] vl g M Eefe] ibade] ldlen, el A Sl
ol iefe] el Gom)= G6%2] Ao Eef 7 A= drk, Db seed] d ngl )
olde oSzt To] WE M Eefir} dogsta] galthiFig 4-24), 234 4
EEEE A7 wizleld e MldEelrl b=yl ostelent wie] gelr)
chef @ el E vpee] Heo, Fibdspufield s MM Ee)s] gl =)
Eabou} thefl2] H4dEo] %=2 vl wol Hel2] GEo] HAE ek 2y
Lf etz de] daeia] Fieds vl AdEe] wdlss Fd<suled o)
8 wtAlgh vhefle 13wgke] vpepkha, ghelel bl =) a7=E2 of§ w2
T 2gon, ofgl shivlEE thlME FUHdel d¥ el W
Zhe] globular Fel2 dEetd e, fel2] whie] oS g@sle depad
2 A=t E ety AHEE AHEShe o] Tl EE&HUNLE AE
SlrhiFig 4-28), 5% ghdefs] Ege chls] 2zt off Azt dded
(Fig.4-3-4, B, thufs] F-5), 4417158 dYdel= AAPd=2 4=
At oY embryoidE WEEE A& #EY 5+ dAdrhiFig 4-3-C, 0,
ufj2] B
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Fig, 4-1.
A - F
Multiple shoot formation from somatic multiple esbryos of ginseng, A, D
Somatic miltiple embryces formed directly from the Basal surface of midmaturme
cotyledons on ME basal medium after | month of cultwre (bars: 830mm), B E
Greenimg of cotyvledorary multiple enbryes just after treatment with 107 G
for 2 weeks (bars:2 dem), C, F Multiple shoots formed from somatic saltiple
medium (bars! 3, 2em), Arrows in B and C indicate radicle region,
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Immature Midmature Mature Seedling
Cotyledon explants

Fig, 4-2, Frequency of poly or simgle embrye formation in ctyledos explanis

cul tured at the di fferent stages,
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Fig, 4-3, Poly- and sirgle-esbryos formed the cotyledon of zygotic embryos at
di fferent stages, A, B poly-embryos larrows )] formed from cotyledons of an
immature zyvgotic embryo of Jam in lesgth, C, D, simgle-esbroos larrow) formed

from cotyledons of a germimating zygotic esbrye of 7 om in lemgth,

2. MMECIAue) whage] ZEabHuy W TIRAL) oiep
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2. AMELILuS e ZYUABH D TR QY

7}.

Fig.

SUuEAA WPz Wehary w3

12 QA AR AF7} 22 NEIERo) a4 ol Fo] Moy ¥ a
TR HEZ2E| A WA P MR WS AMENE Sxg
o

T odlon EY Tz G2Es] g ®ale] wgo] mje s A
S 2 Ut mheby olat A o)A walujst SEEE 2Ee e
oz #H

Hog weje] wao| umy ojee chujel ulmste Axtein A
doluE chile) Fpole 252 ofa B3olA WA YAl SF o]
cthil7h BEE S (Fig.4-4), FHFHE 4 So] Hgo) wrzgozy
B AEEe] Bdstel welulst 2o)(Fig 4-5-B,6,H 1) HQT Ho| ofy
L, EHY HMEZFo] §U WA (Fig. 4-5-4,C,D,E F) thijz} d5s 2

4-4. A-D Scanning electron microscopy of somatic multiple embryos

arising directly from ginseng cotyledon explants on growth regulator -free

wedium. A-C Development of somatic multiple embryos from midmature cotyledons,

A An embryonic nodular tissue (arrows) formed on the basal protion of a

cotyledon after 10 days (bar:180mm), B numerous cotyledon primordia (arrows)

formed on a nodular tissue after 15days (bar:230m), C-D multiple embryos with

numerous cotyledons (arrows) after 1 month (bar: 230um),

e

— Iy =
dOEHEZ DR AN EE HY/ saE



Fig.4-5. Histological observation of somatic poly embryos(A, C, D,

E) and single embryos(B,

epidermis,
L MASEEE NEF o4

G, H, I) from single cells of the cotyledon

- 122 -

FOIB/10/14 T

(K
OF
=
U
O
o
gl

2
G




J2

He

Fig.4-6. Histological observation of

embryos formed from cotyledon explants,
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u.

chdufihga] vl ok Eufe] W EEE B}

TIBAE Me|sta] e FfE kg 7lyolsut Aldzulzl wd= g,
dEuf TIEAE Mzttt FFe MdEefs] wd@e] F78 L% 5l Table
4-11, M| ZEufs] dafef] g2 BEd dyseld Uy ez gt

Table 4-1, Effects of TIBA on the formation of somatic embryos

Conc, of TIEA Frequency of somatic embryo
(M) formation
0 £l
5 24
10 4
20 0

g4¥ deize] gels vhd Alelr alolsd, TIBARMzlFeld H49%
A el (Fig, 4-7-4-C)= 43 cotyledonary Sefo]d e}, TIBAM 2]
oo gaE AaEes HEgels] v HAHY enbryoid 7} HdE g2,
TIBAT M7} vfz]ofld= 7] 5ol ghdur} d4dE o), SuMe] TIEAM 2] Fof
e Hde chdefrt gydss HE ey £ ddrhiFig 4-7-D), )
A AEEEE FYsfea]od fFEH AR ghlefF g xs]ef k] 20
udz] TIBAZE HRE wRzlel &AM sl gelE 2opab @zhiFie
4-7-E-G), oprla] 2 FaEql ghdulE gadela] Bepal F2 jar Hefg)
i 2 g ok,
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Fig, 4-7. A-G Somtic embryos formed from ginserg cotyledons on medium with
arnd without TIB4A, A Polar development of globular somatic embryos on mear
the basal - ewcised portion of ginserg cotyledons on hormone - free
medium after 3 weeks of culture, B Heart shaped esbryos with  twe
cotyledon primsrdia  (arrows Jon hormore-free medium after 4 wesks of
culture, C Torpedo embryos with discrete cotlyledons (arrows ) on hormone-
free medium, 0 Somatic I.-‘:nh1“_'.-l.‘:-5 with j:’n"-&h:i].l&ii |_':|_':.'|:'_-.-||_J_-1_1,|_':.|-. oer medium
containimng  Hud TIBA, E Esbeyos with circular rieg- like cotyledon
primerdial arrows Jafter  transfer of early-globular embryos 1o medium
containing 200MTIBY, F Embeyos with jar-shaped cotyledons (arrows) on
medium containig 200MTIBA, G Matwre embryos with jJar-shaped cotyledons
cen medium containing 20ud TIEA,

mhaba A el hgE 2bge] WizfeSalql 1aag] e Fa A

dake] al& S Moz Hqlah S aldc)

alybs o 2 sbajodalFe 9l 5 7lg) =lge) F2E BE ol fE

[

1K
o
rid

]
o gluf] A|7|o] Fuarez el FHHolFe] A o Fof k= HapA

alrh,
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Fig, 4-8, A-D Scamnimg electron micrography of somatic esbryos after

the transfer of early globular embryos to TIBEA-free medium, A Globular
somatic embryvos after | week of culturme (bar 153am), B Heart-shaped
enbryos with discrete cotyledons(arrows) after 2 weshs of  culture
(bt | 53pm), © Torpedo-shaped embryos (arrows jJafier 3 wesks of cul ture
(bar: 238m), D Fully mature esbryes with well-development cotyledons

after § weeks of culture (bar: 400gm)
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wheba ol @ Belslz] #s) S0 TIEL] Mezlof 2]sid o} zjgie] wds)]
e olgl Fae] qlat AAEelE 20 i TIEGE Heleh wsela) 9 Saje)
of %A s Muzele] 728 Zajshac)

o Az} TRl s g Al AlMEele] zjedo] 270, 37, 4705
chokgh fE|E wbdEgen), TIRANEE ¢ F4s Apde) 727 g

chegh F2gha 2y wl2 5= edchFig 4-8).

va

Perzent of embryo (%)

':I I I I
Frea 5 10 20
Concentration of TIBA (ub)

Bl Jar-shaped £ Two T Poly
Fig. 4

-9, Effects of TIBA in the frequency of esbryos formation and
the distribution patierns of embrycs to M5 medium with varied

concentrations, Data represent  the wvalues 280 from  threee
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independent experiments,
gk TIBA 2] giof wpeb ghdul, chel, jartgefe] sfige] 4" V=t
o2 vepsbsd TiEazh de drisa)ed eizlelds jardeiz] vis
Ay gadsla) ghaka|gh, 5 M TIRAM 2] 2ol jar HEf7} 15% HE, 100
M TIBA Mz|fefldi 56% 200M TIBAMz|7ef|ldis Tosziare] & d=edrt

(Flg, 4-9),

o Fzhs ] Azl =pgude] WA 2l Sl BA7
s UFEy el ¢ 5 alch e dAxpdoFoes gk fat 3
g2 AMEulzt £ o7h2] AgAUSHE e dige F2E AR Es
A te] T2 wgd ok 3 F Al Aldes gelEA ga i
g2 AgTr2E He AR dad AE g = dadriog)
4-100. whahd el 2o 2 Ne A EAE Afdelr] #h HokAl Mz
WiE f=dhr] fleide Adus] vizlesde] vig Fay dee oo
£ W& "y 5 alerh
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Fig, 4-10 A-D Scanning electron micrography of somatic embryos after the
trans fer of early-globular embryos containing 200y TIBA, A Somatic esbryo with
globular or jar-shaped cotyledons on TIBA comtaining medium after 2 weehs of
cul ture (bar: Tlm), B Scmatic embryo with jar-shaped cotyledons after 4wecks
of culture on TIBi-containing sedium (bar! 238im), C Embeyos with jar-shaped
cotyledons with a furrow on the cotyledon marginibac 149m), D Magni fied view
of mearly apical regions of a esbryo with jar-shaped cotyledon (bar! | 3],
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3. MHdaEefe] da 9@ dEEd

A4t dalels) Agesve dRARAE fusl el AHE g
Ul FE=8k7] 8 = lib (Panav ginseng C. A, Mever) 245 &
Ha2g ohE 44T BUAHIE FRRos A3 ¥ F Adddg A¥e
shaich. Ale WEAL) ANl sh7] ol 1.0 M sucrose Falol 24
Aol d 72 A THE SrbEE ThE 01 M MEHEE o] f8lo] 50eS 55
Fqb B 2447 ThE HEHSES 0.1 M sucrose Selof] B} ot
o Az Baelabgs] Beels of ariHme] MEs] w7l &g gon
Hguse] A MY Aol 2337 Puslel A )
ob qufl E7}5| i Table 2), w3 A Abdol s 2hee] 7)1 5olnr u
7} wbdslglon, Aelalgelds Aue] d Eelold izl wads oo
724070 Mol chlzl whdEa eha chRE cielE whdssich
[Table 4-21,

Table 4-2, Erhancement of direct somatic single-embrye formation (2
moaths after culture) from ginseng cotvledons, following plasmcelyzing

pretreatment | 1M sucrose), Data represent the mean values A5F of three

independent experiment

Sucroas (1 M) hapmber of somatic Patiern of enbryvosi )
pretreatment (b ey expl ant single Miltiple
Mo treatmesnt 942, 7" 26 74

L 2356 67 33
43 3646, 4 93 7
72 3745, 7 100 0
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1. AMEee) el vlAE 2E @R B}

b dRMele] 2 eyl 2 oliba M aEefs] whad ol g

i Hgatels] zigez iy dRMa|e] sid Mazefs] FEoRE
Zaab7] sl R ElR = Al (Fanax ginseng C. A, Mever) F3}
= AHEstdch AR FHgd=lls 930t M7 Relaleld s HAHoZ W
o7} EHoen fFHEAE AgstdchFig 4-11 A D), Yoz 7= A%
e 2olz] WAy siebdelE falE oot MaEdgE gledch 2
22 gRMert @ Afeds A A tEel fla 978 FelE g
# #elchFig 4-11B), 2y oyt w22 gRM]ede e Af
1-2emP =2 3] e o RS o= HaE A Ao zef}
g drhFig. 4-11F H). Ald=Zefbde dez Hipg 7|ge] FHez)
el gho] &ido] ElgoniFig 4-11F,J), F2 apgs] Egeld 45
oL HFig 4-11G,H), epicotvlsflds A2 "z eratc Radicled
Fhalal gl obely 48] hypocotyleflds A2 MM Eefe] whge] == ¢
ate) W2 FR2] MNL Mz Felde MM Zelzt callus?t Falef] g
ZleichFig, 4-11F), 28y ofs £/ gReld s Mdzels] dse] 3
HHeZ o| Ry o wiy 29H Folls Y] MAEeE HHY ¢
aleichFig 4-11,H,1),

2] AdEel2 wEe] HudE of Ak ey BE Hu=belef
o] sgataberh (Fig, 4-110), s Eefe] whold #8lM 310" W G H
2| 33 1 selzlo Achsteivd o), Te=rl R EME W&o Hodon
fel= g eichFig 4-1K), #2017 g4 O FHEAHE Bkl o
A 8teded o), 237} oA 2704 #x] EEe] FHgstEch (Fig 4-11L),
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Fig.4-11
Somatic embrye formaticn from aboormal sygotic embryvos of panax ginseng
after macrosalt strees (MHS0, ENOn, KHePOp, MgSOy, or CaClz), (A) A seed] ing
grovn normally on M5 basal  medium after o;e  moothibarc: 860uM),  (B)
Detericrated zygotic embryos on 494, 4ol MHMNOy (bac! 5200m), (C) Deteriorated
zyEoiic embryes after slight growth on 247, 2o0 NHSMOG (5200m), (D) Noemal 1y
grown 2ygetic embryos on MS basal medium (520pm), (E) Browsed cotyledoss
with a mormal green epicotyl oa 123 6ad on the surface of a browned seed] ing
o B, 8ed MHSNOg ke G20 ), IF) esbryogenic  cal lusiarrows ] and  somatic
enbryos | arrowheads | formed o the surface of a browned seedlicg om 61, Sak
MH O (hear: B20pm ), (G)5omatic embrye formation on 56, dod KNGy (bare: G20gm), (H)
Somatic embryoe formation om 3, 7o BHEPOy (bact 520im), (1) Magni fied view
of white square line in Figure G, note somatic embryos (bar! 2Z30gm), (J)
Selected cotyledosary scmatic embryos formed oo medium containing 56, 4ok
KNy (bar: 670pm), (K] Regenerated plantlets with both shoot and roots on
coe third-stremgth MS medium after Gweeks (bari], Gam), (L) A survived plant
cen sod | -mixture in greenhouse after twe months (bar! 1, Gam),
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Lt dFAgle] o Aak Fyuxpue] MAEn] gz} do}

B2 NHNO;, KNOs, KHePO,, MgSOs CaCl,& | a|5te) H=jujare] Az
aje) gzt dolE ZARRY ul, M)A Y TRl BEI} Q4R ujAA
A gokgo]l w2 ZAWoldon AMAEuje] S NHNO; 61.8 mMdojA
56.8%% 7} wotom, KNOs KHPO, MgSO;-7H0 and CaClz-2H;000 4 MA|XZ

o] FHE&EL 22 29.4, 11.5, 9,7, 5.7% o|gcH(Fig. 4-12).

100

o

Frequency (%)
o 8 8 28 8 B
8 5 8 8
l>\

61.8 123.6 247.2 484 18.8 564 1128 2258 4512
Ammonium nitrate (mM) Potassium nitrate (mM)
100 1

8

-]
=

Frequency (%)
B 2 8
8 &§ 8 8
&

)\

3.75 1.5 4.6 ] 18 16
Potassium phosphate (mM) Magnesium sulphate (mM)
100 100
~ 80 80
)
& 6o 60
§ 40 40
g
L 20 20
o 3 72 O Conwer 3 z 3 8
Calclum chloride (mM) Total macrosalts (times)

Fig4-12. Relationship between somatic embryo formation (4)and abnormal
germination (M) from zygotic embryosof Panax ginseng on MS basal medium with
varied levels macrosalts. The levels of macro salts on medium were adjusted to
3, 6, 12, and 24 times the salt concentration in MS medium, In the combined
macrosalt treatment, the levels of all five macrosalts were adjusted 2, 4 , 6,
and 8 times the salt concentration in MS medium, Vertical bars represent
standard error of the mean,
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S. AAEtadne] wol & {4 B2 A4

7h AMZGUAufe doto]l mxj GAse) A

AHLZHE DPH AMElE AAUAZ AS5Y T dolEx] 9dm v
E %ol BAHAZ] Wi Rol AP} Zo] FHtln PWTh wiapy
Az FH A5FE YA glsid FHElvAZ B dyA g Ay
740, 1, 4, 8 mg/l H7HE wixlo] A 2T Ak 1 mg/lo]ake] GA; A
2l BF wxol BAglo] 85%o) 4t MM Zuje) wolr} wg) o] Zeojx 22
ol dolx] giThFig. 4-13).

& =
5
e 80+
o
0
w601
£
O
2 40
©
c
Q
™ 207
=
=
O...-_.... . T T T
& Free 1 4 8 10
Conc. of GA;

Fig, 4-13, Effect of GA; on germination of somatic embryos formed
from cotyledon explants of Panax ginseng.
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from cotyledon explants of Fanax ginsens
Lh A|dEgbdels] efef] o]ils Az gy

MM Zufe] wolel| ojas AEMz] dek& 2448k7] #Hsld -2, 0, 4C2
A& ofae]| 2l 1293 FA A E2Mz|sdch ek A2 W G
MzlE ot F vha] wsr]Eela]o] & 29 Fol MldlEujz] delgg& 24
stk 2 & wolE M Eels 153 g2 welR]o] &A L ENE A3
gk M Eele] H-EMeF ME HE 0=eld 10T o] de] HEHN
Zloll s Ml Eule] wolrl RMz|2t 2 2lo|F Reola] ghatort o)t
@l -2C2] AEspelld of 8F Ma|shed FoE FE ace el =gt
(Table, 4-3), whehd Qi Zels Hif=belet o] Feshs Hoz g
whE| gk

Table 4-3, Efesct of chilling treatment om the germimation of somatic

enbryos derived from cotyledon explants of FPanax ginsengs

Chad 111 Germimation after  chillimng  treatmenti®)
1 r = a 1 m = i i
(Tl 2 oweeks 4 weeks 8§ weeks 12 weeks
Mo treatment 0 0 0 0
4 0 0 Gl B2
0 0 iS5 1243 1344
-2 1422 1844 ao7 a9+
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ch welzhgs] FapdAdo)Fy g

A& gl a3 ey Adzelz] dETz HiE dAapdv|dezs pibels
Hefld Mzl = Faz] AdEeiz] AEEEE 1% glutaraldebyde
(phosphate buffer pH 6.8)of 441 ZHEq 4T HH F 2% Dalyof] 2 4|3
F¢ FaHstct

A28 ethyl alechol® e X Fpa regine®  o@A]7]3  LKE-V
ultramicrotomed o] B8k 2|2 & Fehspaich FxhE 21E8E 1% wranyl
acetate#} lead citrate® @-48fdst Fabd=pd o0 1200 ©X-1)122
kst

MHEEE Gha W A2 M| F Mz F2IHEET Hapgo)Fez #
bz Raje| sdEefe] =pgu] MEs debEla] w2 eldbE d=bels
M2}l o] =W2Ag] W MEHe] g0, FAEAYULE oELEe}
W OHEME AU Mz fde] ot R dely FERE A MWUCHFig
4-13-a-c). 2y A-E4z] W cw F Ml AlgydEs =E 9 Mzl
=27} A e, G uEE g o] At n]ERER el 32
& 2erhFig 4-13 0-G), wpepd A2 4 Gl Ml o 22 cfsbiige] $
et Aoz wol oo elriyl A2 2 ghghyic
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Fig, 4-13 A-H Ultrastructural chamges of cotyledon cells of somatic embryos
with or without chil limg or G treatment (barsd, 0 FGam, B 3pm, C, E, Glgm),
A-C Cotyledon cells of somatic embryos without chillimg amd Gla treatment,
Note dense  cytoplasm, mumerous  lipld bodies (L, thin arrows), proplastids
(thick arrows in B C) arnd poorly di fferented mitochondria (arrosheads im0 B
Cl, 0, E Cotyledon cells after chilling treatment (-2C for 8 weeks), MNote
well-developed chloroplasts  (arrows)  and  active-state  mitochondria  with
rmumercas  cristas (arrosheads in E)LF, O Cotyledon cells after 8mgsl Gha
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treatment, Mote silmilar cel lular structure to 0, E

eh Ml E chlefs] FAPY

ol ZHe als gl Hak vield FelE AAgEEE o B8 A
MEulE FES FUFdLE 2apsiaia) s, AE¥EEoaN
2,4-0, BAP, kinetimg H7pSpALE K2 #Hy NEESEEe| ¥{rpslr] o
MsEf=lef] HHE eford A5 e MMEe] EE chidelE 5 e el
th A} ol eiEE o452 AEY eficotyledonary stage) Tha| &
o] Zhgsiz|rt wotrt Ea] Rékd o o4 sheotE MEE 2] Espalal 8
ebdefz] 2bgE wlE AlS frlEech 28y gibberellic acid(1,0 mg/]
o4, Gala MY A5 35 oive] =g wirt S22 HaldA e}
Hooo, A2Ha](-2 Colld ST U H Pl MMEuj7} YyHo2
ozl Eladrh MMEulE Gw W A2 Mgk F odEs] F2Ipieg H
Zldo] R o2 gt A3 FAz| Adzef] 2pgu MZEs el ] g
e =hule] MEe} o] 2R W MEQe] e, SEE] o
£ nEREz|o} Wl HEME A HEe] Fhde] ofgh F ey 1=
= 7lzlat algdch 8y AEae] W@ G & MY AlgMEs AE W@
MEYE FEZF T WE, 3 ueE gE5aet fde] T o EREe
ofg] F2F Bgch  wEbd A& 4 G Az £ dEe cfapgEe] $yd
3 Hez Bef Fdo| elnpy Aoz ghekE g,

o, el a2 el HUh HY wjoge

1) &2 9@ Feo| iy EM] B9zl o= 9%
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FIifsEA FrE sl e YR EE o B chdule] fedbgat
ol apefibadiby o] Expelden, 538 o apfdEE HEY FHAFA
#Hal | 7= dEE sfspech

g ZEFH A o] apufig] whafel] slojdis Ryl FE7 Foy
a2qlel7] oigef, olapefubdE ST #Elq A Eefe] 2pg& dA
gho] MEE[A] o] sucrose2] EEE 1, 3w, 6%, 0= whe|she] wjekal Hz)
sucroses] FEE HY FE olahufz] wfo] HAE EolAd 6= W 9=
sucrosed MM FE 22 o] afe] whdEe] ZhI) e, 83xE,  3x2| 57=
Brl #ajs] FriEldrhTable 4-4),

Table 4-4, Effects of sucrose on the formation rate of secondary

embryns
Sucrnse Frequency of secondary embryvosi %)
(%) Pre-germination Post-germoration
1 13 £
3 57 25
£ & Gt
9 aa £id

w2 dEeld HEEESE VA UL el M EelE 28
7 #EAE we S2e] swrcsedl7l BaEel Hez uehwr) ol
sucrose HIH= AEEs cemotic stress@fal L4 o o], uff whiE
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& #Eld =2 sucrcsed Mol AR (plasmolysis)zla W
Ha ol HE el iEr B E AoE AEE Yk uebd g
A e Az g of apulibfulalof] &717] Heof etz o 18
2] AlpE2 sucrose Fofof 24, 4847 W Mz & #E vhE o 58 1Y
232 1/2%% Hua1 ohg HEHLE Ix sucrosert EA| Sk figARe
ez gt 2hg & eelz)ef 3% sucrosed HrPRE uiAlell & wiokyt ¥ ook 2y
Fofl ofapufs] whA8E& ZAbeteivh viobEzt wiokdes wadE ol el
7h w8 Frpsha myt Hefehulel o] oftE chuuiE wbdElals] of
ofl B4l £zt E71F A HEMZ 248+ algdeh oebd oy
= ofafufj2] WS FEEtr] #sid 182 dehgade of 434070 A Mz
&= s o] vfe B2l Ao Z AR cHTable 4-5),

Table 4-5 Effect of pre-plasmclysis treatment oo the formation

of secondary embryos from cotyledon explants

Plasmo]yais Formatucs rate of b, of secondary embryvos

Pre-treatment secondary embryos|(%)  per explant

0 56 7
24 73 23
48 ik a2

AwbH oS slufefoel 2lafd fes HEAHE Sokel] ol sje) aufs)iz)
o el FUigalEAe] 7 Hhardening) E& S2Hacc] imatization) 3]
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Zla shojof Eqfe] RAEE EY £ alrh Hiphardening) M2 Eoke]
#717] Hal Fufelld HEAel Azlsts g £ dYelqs dade
2 el M ez wbdEe] AEAZR afdaFvTEE oY FFdeR
A efgefel] BhAHE WMol 7| wizel Fibdel 23 IS FudE
2 H§Ea] X defelch mhEhd dHRAAT FHEME Fludd E
woll &4 F£ ¥ S S de] J@E o|Fz1A o
= FF 99 Yol s EgeibEe] 3 Held Aoz AIEgch
olof HEA7F Ade AFS4U Fibdel AT SUFYE FU4717]
8 wizlLie fhidl& FAP ThAH Fo| HEAMF HEY GUdER A
BEES 2y ohkd siPETle] =S B SR Fe WHE
~Hgetgch £ dYelde of Sem¥E gk Qi AAE {AEAE =
durelE izl A& zpebA] sha, dFd HFoZ 3= 2= 1=, 0.5%
02 HA WhE wale] &7l FSeh weld upE 0me] dRRe] &AL
HjgEAE FdE FUAF7] e 7122 & 1000 luckrhe & #E
3000 lux)Sfelld HEHE efoksbach wiek of 2 who] FIRgE T 3w
A Al et ol A S e ey F5E vlagls o, Pz
BE HEAe] Al =g ool W Haickdst A3 g w3
WaThTable 4-6). J2juf 3=2] dSelld H8 H7psa] UL uizlel &2
B Adake] SrpEa vhd oo Sepyybe] e o)
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Table 4-6, Hardening effects of ginseng plantlets

Treatment Growth of Color of
[ Come, of sucrose) plantlets(cm) lesavies
Subeu] ture in 3= 11 Dark green
32—, G- Transfer 3 6 (e
d—lE Transfer i3 Vel lowish green

B zE UHHEME Edel & 6577l HEEE 24 F3 doe
FEE B T2AH FEMEY FF EPEESEc] d2A8 b
{Table 4-7),

Table 4-7, Survival rate of transformed plantlets treated

with or without hardening

Treatment Survival rate after & weeks )
Wiwi- T rea tinert 13
Harderning 32
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EAE Zluield ez 441 oy 29 $%E

HdatH o2 i f4
aat B Azt HAA o Folad Ere] &

& FHA)77] #Hq
A s EBE AEEY Ui A FrlE 2e e UE ez

B zbEiT),
ul, B Qi FAEN) Eor gz

1) Agarti] Eoie] 7

et ]

e #8f FIu] hardening S $esbdch FIu)
ik,

FIW gl E e B
2ake 2= ¥ Nisshinbol]apofld #2 7UE vermiculite,
celluloseFe] M7 ZakFlorialite)sf] 1262 el Hag £
o] 2} ghelufubadef) 2lef F=f QdFdEAE 2)dsd 47l wioky

T %al2] grabojity Zapspac,

Fig 4-14. Aerial parts (A) and rootlets (B) of ginsesg plantlets

cultivated in florialite,
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S 7l el frEas HEEHeR AEMTE AESE S Fig 4-14-4),

=A% $o|2] wgo| FgrhFig 4-14-B), 22 QA EAE 7ol

A Hedld Eokvermiculite ! perlite ! peatmoss =3:1:1)ef] o]2lgt Hz}
HEAs EYEREs vhE el vs] b2 e i)

#4432 a8

1o by HE=hele] =g & HEE2E0] 28 HriEa] ol usr| ezl wfofgh
Hzp b e 7l elld w2 e A =Zefzt /75 dok

2. s =Euf2] Hales HU=he 2hge] dsme oepd afe]r)h dloled o
el M AdselE FEe ohel FAFE FUE 2k

3. ojs=bge] Ffeds RudEs] 4 ofefigEc] 25 dSabds] MERc o
HAY o &&stden, we MEGe] AdEels] g9 Pejsiaiont Se|
2| ggdel o8& childel2 f7) =k

4, 2@y el e HGabgS EoldEe] slggke] FEHG AER 0| He
of #z|2] gide] FHpth MME chdul2 frlEdch ofd HazHs MMzl
ZlHzh o] wigkda] AHEE Apg 2] dame mhepbd ufibdel] ey M E
=°| T IFE chgeil Aol oiehd @Rk HE& 2ol ich

5. Al EEE ol BU FF 68=2] AMEelg HEEEE FHrhula]ea gt
o o aled oo H4EE s MRl oibE SHE 7Rl 2 el gk
4= dch

6, d#u} auxin pelar-transport inhibitorgl 2,3, 5-trlicdobenzoic acid(TIBA) S
20u H7E W Feolls Mzl gide] $HHE] Sk

7. 5-10 pM TIBAE 3t ef=lolM s M ZEels 2pge] Edef f4=ded 4
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10,

11,

12,

A E e g Agstgd ot & jar Hefl2] sMEele FEy £ ol
ch ool Hzhs MMEuels] gde] Abge] Hel HREe dle endogencus
auxine] Ui Fayh g shar &S 2ujgich

HaE Qi HifAluls A EEEE 2H) wsefzleld wolrl BTk T H
UaulF NHNG, KNOw, KHoPDy, MgSDs, CaCl: F& #H7bele] stressE F9 4%
o] dafE A} ez wtEe] i,

M| et embryogenic callis o|d stressifefiefld 2 vz} = 7= &
£ NHND, B, Badell M 56, 3%E 7R MM Eefe] Hde] ofRspeich Delal
NHNDs > KNDw > KHGPDe > MgS0, > CaCle3:02 42wz} gadsjdn), ol A
MEEs 4R oeg A4he o e} gdscon A FAENE Egg
o g leich

ol Zdef ol ghatalade] Hyab vield fel® =g EEE ol Beke] M4
EulE FESE FIURECYE Rspsjaial HEREEoZN 24D, BAF
kineting Hristrvt H2 A8 HE2I2o| Hriepa] e usel]o] FHE
kg HE whE AdEe] HE chdelE BS54 5 algch

g} o) efEE o R AEE elcotyledonary stage) 72| W8] el
| gb wholr} E2] Eope] o o4 shootR AMEE|A] Eapda shebdefs] =g
g w2 AL friEdrh e gibberellic acid(],0 mgs] o4, Glals 3
2 HE 3T olufel AEH wivt w2 WHeldA wolEgdon, AZ3z|
(-2 "Cefld B E o Hfels MMEelz YgHoR woprl Hoirh

M ZelF Gaa W A2 Mg F HE FRAEE Hajdo|Pez way
Hzt Tz saEzefe] apgo] MEs dobEla] eh2 olpbEdalule] M e}
el =d2g] W dELe] Frebe, S2EA o nEdEeel { gEME
Ay ME2] o] o F defz] 2E 7R ek g AEN
Zl W G & MY AgdEs Ad o MEd] 27 3a¥ G, o
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HE GEMe} §hde] I n]EREele] F2F Rurh  oEbd HE
Gha M| F ME2] cfipgtEe] Fhuyt 2oz Mol Fao] elnpy Aoz gich
=l ek .

13, 914k o]4elE AEYEE DM wsef)e] Mrhak HSel M Eelr} =H
HdE gk oo oy B4E el chl W U del2 gdRch

14 22k glad Abgel 1.0 M sucrosed 24 - 72412 A2l HE BE aldEuls
gefdez chlel del2 gdEden £2 ajgde] Bde H4dsden
oA e|el] ujsh of quiE = S s EefF o sbech

15, gefatdes fea Axe® MR o shdele st dEZYY Sefisd
o} M| W Akgs] il oA qEte g dch

16, A58 2pgdels] MdEeis ol delels gl Haa s fed o
o gkt Feoz 4zEd aF Hrbsiru AEAzE U AS BF el
% i},
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