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SUMMARY

I. A & : High—qualification of cultured mountain ginseng tissue by DNA

fingerprinting and red—ginseng process

IT. Aims and necessity

The purpose of this study is mass—isolation of SSR markers from ginseng genome
and development of DNA ID to certify the genetic lineage of cultured ginseng root
(>99.00%). We will also establish conversion method of cultured ginseng to red

ginseng by the extrusion process and produce high functional food materials.

II. Contents

O Identification of hyper—polymorphic microsatellite (SSR) markers and development
of DNA ID using combined genotypes of SSR

(O Establishment of red ginseng method by the extrusion process

O Development of highly qualified and functional food materials using cultured

mountain ginseng which is converted into red ginseng

IV. Results

O we identified 251 novel microsatellite markers including 12 polymorphic markers
and 15 interspecific polymorphic markers between P. ginseng and P. quinquefolius.
The rate of inter—species cross transferency was high (94.8%).

O 11 SSR haplotypes exhibited highly excellent discrimination power (10™* to 107,
The DNA ID of SSR haplotype was expressed as 2—dimensional DNA bar—code.

O From the extruded mountain ginseng, Rgs which is red ginseng specific compound
was detected, and acidic polysaccharides and polyphenolic compounds were also
detected as high concentrations.

O We confirmed that the fermented extruded mountain ginseng is highly functional

food materials as effective antioxidant and antibacterial source.

V. Achievements and expected effects

O Achievements: patents: 5(registration 2, application 2, trademark 1), publication:
6(SCI 3, others 3), academic presentation: 8.

O Development of highly discriminative DNA ID and DNA bar—code. The DNA
bar—code will be usefully applied to products of tissue—cultured mountain ginseng
certified the genetic lineage.

O The extruded mountain ginseng will be used as a very functionalized food

materials as effective antioxidant and antibacterial source.
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1. A¥A =

Aol AR AR e s n] ko mw(%a— 3 90)0l A
wh, w2, S AR 6

BT, B AT 18R AL Sigmartal A 7

L5 28 Aspergillus usamii®t Rhizopus japonicus’?t ETE nHio]l o F=

iR
_o‘k
J[m
ol J

(Korea enzyme, Hwaseong, Korea)= A}83}%1 0™, ® 5= Saccharomyces cerevisiae

(Korea enzyme)E AF8-3}iT).

2. pGEM-T library9 =3 &
7}. colony®] A, E82n= £ 2 SSR A &9 <4l
Library (th&+)S X—GALo] X&x 3dhHufx|o] platingdt 3, white colonyS<

random selection¢tt}, 7zt SEFC02HY pGEM-T ZgA~v=E #8stal, automatic
sequencer(ABI 3100)E& ©]-83lo] 4% genome DNA ©H o] A3t A7|XES AA3)
il SSR M9l f1Aet 545 A skl

. SSR FF& $1% primer YA

Primeri= 7] WHETHEI7E 51 o]/fo] ¥ W X9 HFo] Fie HE NEE 2z
= #Z9Eel da AZasAch anerA Aol= 20-24mer Welo] Ao]Z T,0] 58T ©]
o] ¥ Alztstltt. PCR 8 & @l o] o= 100—400 bp®] ol UA primer ¢
& A3t

ox M

{
=

3. SSR v}A ¢ Genotyping
7}. SSR wtA 9 FE

PCRS dubAol Wb oz AAlstar PCR WHS-0] E1H, agarose gel (FMC)olA 77
FEs B A A7) AA3H FZ DNAS A3 fHFHAAES 24387 98l
A= DNA ¢ S7IMdS Felstel ZAAsitt. FAM-, HEX-, NED- H
VIC—labeled primerE AM&3le] S

2 automatic sequencing analyzer (ABI
3100)%2 23k & Genotyper (NT, Ver. 3.7)% 5428 EA359 ).



1} SSR 5% DNAS| ZEotadolvlolE 4 A719%

Non—labeled primer®2 53%% SSR 5% &2 denaturing polyacrylamide gel #7149 %
S AAEFG T Acrylamide 89N (A:Bis=19:1)< ©]83lo] 5% acrylamide, Urea 7 M 2
1X TBE®] A& T04 mm X L40 cm® =A7]Z FH|SEATE DNA &942 SSR 2X
loading buffer®} 1:12 E33}31, 217|952 40 mAS] g e AFell A 3-5A1F A A5k
=3

t}. Silver staining

SSR 71995 A9 silver staininge DNA silver staining system (Promega)Z ©]-&
sle  AAJElglty. SSR SEEe FHEolmadolwpol= AT|gFol EYH, AS 10%
ethanolol] 20 #7F ZHAIZ] & 1% HNO3; &do 10 #3F @131, ©]o] staining solution
(Silver nitrate 1 g, 37% formaldehyde 1.5 ml/1L)ol] 30%7F =4 E50] & & DW
= 7FHA o] FAY. v developer solution (Sodium carbonate 30 g, 37%
formaldehyde 900 ul, 1% Sodium thiosulfate 500 ul/1 L)<S g sle] W=7} vJebS w7t
A ¥ # 10% acetic acid® WFES FTTA|F T}

4. Multiplex PCR A]2¥ 2 haplotype ID 7§
7}. Multiplex SSR PCR A|2=®<] 7t

&% SSR AL A FEFS 9% 'multiplex PCR $F% Al2=/l'S stqlct.
Kite W=8o] 43 automatic sequencer® #4138 4 A primer® FAM, HEX,
NED, VICO. & FX|Al7]al, =EZE° F7|7} AR 89 A= Hi U} Big—dye® X%
A A FTF. Multiplexing< tri—hexaplex =422 W&}y, ZF primerd T. &3 == 4
ol B HMA 9 A T& Yt wAES AHsglon, ZF mA o] gk £F allele
ladders A#Fshm, o] @5 3%, PIC 4 PDE AlXbataict.

é

. SSR haplotype ID 7%

Wl eo] gesta (F)FF P AR BE SSR 1039 A& AHdste] o]&9]
FAlF2E AJ~EH 29 2 haplotypes %713 AL NAE AEEA FES F As=
DNA IDE 1F8@itt. Haplotype ID 2= Y Ao 2 HE] falsldr] A= o
& Al ekel FAIES ol&st 1 AUt AAY s HeEAE G AL, o

el

A Tl AR gE ARES Yo R FAEINS W 549 haplotypes 7HA&

5. ¥EAHIF T



F71= ZAA| A2 Aeg FE5U=4E 7] (THK31T, Inchen Machinery Co. Korea)©]™
A=d@ 7o 237 4742 29.0 mm (1, 22bd =)} 32.00 mm (32 d %), 243} Aol
HI(L/D ratio)+ 25:1 (1, 22pd =) 3} 24:1 (3P ) o) A3 wldLS Fig. 1, 29 2t

o

A R Y sl

Dcm G 10,5 15 19.5 25.5 a5 375 435 485 555 615 64.5 67,5 69.5
1 1 3 3 2 2 2 1 1 4 1 1 1 1
1. 1/2 Pitch screw 3, Forward paddle L/D ratio : 25:1
2.2/3 Pitch screw 4, Reverse screw element ¢ 2.9cm

Fig. 1. Screw configuration for ginseng process(THK 31T).

e 81 157 185 229 24 357 411 4.3 333 b R T 718748753

1. 1/2 Pitch screw 3. Forward paddle L/D ratio © 241
2. 2/3 Pitch screw 4, Reyerse screw element b 3.2 cm

Fig. 2. Screw configuration for ginseng process(THK 31T).

ol=A3 FAME wdeE= 7+7F 110, 120, 125, 140C, 23S 25%9 35%,
223%F 3AEEE 200 rpm, Y5 AFYES 100 g/min & 3G o, AFE = A A 0]

At
r=AEE A7z 50CoA 8A7F ¢k dZEAZ slgon, Axd AgE B3
35 mesh %A (Testing sieve, Chung Gye Sang Gong Sa, Seoul, Korea)& $33 £
S 4T Yo Bastda BEXAgR o] &3t



6. & A9 AFEH
R A
F ofnwAt FEFS 543k7] 9l8ke] Ninhydrin ¥ (Doi et al., 1981)<& AR&3FlTH
A& &4 0.2 mLol ninhydrin Al9F 0.4 mLE 7}8le] 208%F 7Fdste] wh-EAZTh wHE
& 954 A F acetone, 0.1 M—NazPOy, TFTE 4:2:4 H[&2 E4T SHAE 1

mL 7Fste] 570 nm A FHEES SGsAT. HFHAL2 leucines AHESto] A4

ZAFE W (crude saponin) &8-S Namba 5(1974)3 Ando 5(1971)9] 323} Y& >
3}

mLE 7}ehis 2SS 23] WHESle] FEAS HEQY. FENY SFS 50 mLE 71k
Ao T A WAAIZ] F AT AT stFdo] s EETt HW A ARt 3]55te] 7
ez T =ZHo| JEHOHZ 50 mLE 715l 36T A 30% HoF FFYLFES
stitt. ddoH 2 FEAS AEsEFstal 105TCoA 2412 5t AXAI & 2AEW

o, T8

4E (maltoD) AR XS A8 5 g2 T3 Z8t~30] Yl 80% methanol €9 100
mLZ 7Fete] 70TCeolA 1A SF¥Z F=sidit. FEds A3d dFEe 80%
methanol &< 100

°]
A9 ololg wob 4eFsE AT,
@)

4 THEES THT 50 ol Zhu 7] of
il ethyl acetate 50 mL 7Fsto] &S 5 A5 stsdo] s EejE wj7iA A
AT S NS FF35] methanol 1 mLoll &3jAA HAAo = lx, TE FFE 5
mg< methanol 1 mLell §3A1A XFEHo=z st A L Y 7} 10 WA
TLCE 2712 o] AA 3 & benzene, acetone(4:1, v/v)S ALz 3Fo] ¢F 10 cm
Agk & WS FA3ATE A AZEH (FeClp Al S 112 HAAIZL T 11

il
Z o>
x>
%

T-Z%F pectin¥} FAFSE E-Z o]l 22 pectin AHo| AFE-E = carbazole—sulfuric acid ®H
=

=439 0 blankel| = carbazole thAlel] o gFS-3- AL-&3}3 T}



7 QRIS Boll 1:4 (w/v) &R £33 5 9,000 rpmell A 1023+ Y4 H-2] (Hanil
Industrial Co., Korea)3}3it}. o] 2HE] A5 NS FHdl] o Z(Whatman No.6)3to] 84
F=ES 2ASEY polyphenolic compound 3% #418 Algdo=z ARSIt Folin—
Ciocalteu methodE A3t Al&o| 9l+= total polyphenolic compound ¥%-& 3}t
ZFZE5 5 mLol 0.2 N Folin—ciocalteu's phenol reagent®} Na,CO3; Z3-&MN(75 g/L)S 5
mLA Yol 607t A2olA RHEAIZ - 333 =7 (HP8452, Hewlett Packard, USA)E

3

AFE3Fe] 765 nmol A FFEE SA3Y T gallic acid standard calibration curveE ©]-&

i
QI AR O] AU BB XS AQOACH (1985)0l wha} =82 105TC Aertd =z, %4
Ho soxhlet FEH, TEW AL semi micro Kjeldahl¥, Z3 &L 600C A A3 s Ho =

7. AT HAE

ZAA =l A= Chang? Chang(2001)9] MRS A4t S48 A& b5 g&
70% oll¥-& 30 mLE 7Fste] 80Tl 1ARF =3 5 AR 7 E AR
o A 10%F YA EE e Ao dNE EFF = (Libra S35, Biochrom Co. England)E AL

ate] 420 nm(ZAME) 9} 520 nm(H A=) elA SH3 FFEE vastlTh

ah At FEAY Mg AESEE AT 1 g & Ho| o}

ST 200 mL¥} Zo] ¥ & HAEZAFZ(TW-SM, Wooju Scientific Co., Korea)E A}
o 0C, 948 3AL%EEE 100 rpm o2 A A A5}

& 3,5,7, 10, 20, 30, 50 #vlt} HEENS 3 mLA 2FH3F] 4,000 rpmol A

203 A4t sk ’?315"”& 420 nm 3FolA FFEE SAste] AAEE JERIH

rlo
H
e

AAFeLG tH Esteve et al., 1999).

§E A7l 1ol A o] Eah Fokol MAh AL AWM, ¢

“ QR = H% pul
FE(EFDHE AclA AR F7hE 2A08 WEE Bese] ARae (1S 7o

ol



et

dA
7 dt (2)
Atl t
—dA:kf dt
J, at4=x], @
A —_—
I.??,A—ﬂ—kt (4)

A: Absorbance of solution at released time(t)
Ag: Absorbance of initial released time(tg)
k: Release rate constant(min ')

t: Released time(min)

9. A4 EEe Haxd &Y
7b. dade Az

St AlEEE 10 goll SFRFE 2
0.13 g9 &X 0.05 g5 HFste] 474 AsE e Haxde 27CdA A
stlom, 15UzF daaoirh Alse] MFs LaA A F0,1,2,3,4,5,6,7, 10, 1549
sk i Ao, g A el mE g ole A4FEE] 7] (Mega 21R, Hanil Science
Industrial Co., Inchon, Korea)ollA 7,121 Xg® 2087 A& dlo] A=HS BANGE

AbgskaL 4Cell A Has3i

il
1
- O
=)
.
X
o
N
ol
ol
&
(ot
]
rot
o
I
N
N
1o
(lot
i
12
2
—r
o

. pH ¥ 4=
g Mol pH= Microprocessor pH Meter(pH 213, Hanna instruments, Seoul, Korea)
5 o]&3ste] SAHSGY Tad Aee AE3H(2002)Y 20 AE Az AR &

ko] SASIA Y. 10% 2a <) 25 mLol 1% phenolphthalein alcohol 0.5 mL& 7F$ $ 0.1
N NaOH o=z AAF ] & Tao] 30% SAHE A|HoAe AHES =A3}o]

acetic acid percentage(%)= 23T}

gl gr= old w1 Y XA (Hand Refractometer, ATAGO N1, Tokyo, Japan)&



. 3
g oo F &2 Phenol—H:SO4H (Dubois et al.,, 1956) 2.2 A&t 1% &da
of 1 mLell 5% #=58& 1 mLE 7k ths A& 2H98%, v/v) 5 mLE 7tk &3
dtal 1587 Ao A Wrxste] wREAIZl & B33 A(Libra S35, Biochrom Co.,
Cambridge, England)Z ©]&3}9] 550 nmolA] &FEE =Hdle] HearHS o) ga) A
g P

Ak Y Al AFIHL FRAOAE o

N
N,
_orL
2
o
o
N
i,
r]I
olo
12
o
o[\
u
A T
(il
L
_O‘_‘
9
N}
1
=
=
fru
2
oo K
rot
o
S
ofd
&,
N
=
o
o
wm
W
o1

g olo] 4FE Fe AAHVEATE FHEATH(2007) o FAHRE EAHI
Absh - AW (Chae &, 2004)S &3kl SASAT Fad) 1 mL3 CaCO; 1 g, 5/
4= 200 mLE &g & /AT RE Y SF A0 70~80 mL AE AP F FHF
Z o]gel 100 mLE A3 FHA 1 mLol 0.2 N SFIEAZFEN 2 mLe} W3
A (98%, v/v) 1 mLE ¥ F WtarolA 1A7bst vhg A 3 £3FE=AE o] &
ato 590 nm Pl FFEE SANUT ¢S FFY] HEFIHE dEHEIES

&3] A aar,

__124
= 7 ?'5} ]/\1 ﬂﬂ” = 7](Buch1 R—200, Labortechnik, Flawil, Switzerland) & ©]-&
o

. 294 IE
oA FEHEo FiEA 3FAE TS Folin—Ciocalteu H]MH(AOAC, 2005)9] 9
st =43P o) gallic acid® TwE2 = AFR3IYTE 0.5 mLe F%FE°] 6.5 mLY =
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<7, 0.5 mL9 Folin —Ciocalteu’s phenol reagentE % 7}s s
Na,COs¥ SF5 1.5 mLs F7kste]  ShaelA  1A3F F¢F whgAIA  UV/Vis—
spectrophotometerE AF&3to] 725 nmollA 3% 7S =4 3192 Gallic acidE o] &

%
dol A4F ARAL Fa Awd SgBe Avsar.

a7

ot. DPPHY 9% AAETA 5

FEEE AAFols == oz A4S DPPH (2,2—diphenyl—1— picryhydrazyl
radica) E A}83+9] Brand—Williams 5(1995)2] WS o] &3l AM4ELS 60%
ethanol® FEslo] AJgdo® ARESISITE 20 mg/mle] 55 100 wol S/

5 ml&
7}k & 0.1 mM DPPHE #H7}8to] 3087 A2olA §H-EAIA 517 nmolA] SF=E =
A

P
T

A3tk DPPHoll 2]3%F radical—scavenging activityts Uhe 2] o]&3}o] AXsE3it
Scavenging activity(%) = [(AbSpank~ AbSsample)/AbSprank] X 100
Z. 34dY 534
s SAL Yildirim 5(2001)9] WHel wE SAEUY. wEE 2 w5

(5—20 mg/ml) 1 mlel]l AAF =o1(0.2 M, pH 6.6) 2.5 ml 2 1% potassium ferricyanide
2.5 mLE& 7}ste] 50C <

2.5 mL7}sFo] 3000 rpmo. &2
mL¥} 0.1% ferric chloride 0

>,
do
0
2
2
wW
(@]
M
N
N
&3
O
>,
S
B
2
N
2
=
(@]
N
o
=
e)
=
o
=
o
o)
@)
@}
.
@)
o)
.
[@N

-
03t AAZAAT. s 2.5 mLa FHAste] T/ 2.5
'c;sj"l-

g 5 700 nmol A FHE=E S8

L e

FadAde SIS ALAHAA  FERS Mt (Bacillus  subtillis (KCTC1023),
Listeria monocytogenes (KCTC3710), Staphyiococcus epidermidis (KCTC3958),
Escherichia coli (KCTC1041), Pseudomonas aeruginosa (KCTC1636), and Sal/monella
Typhimurium (KCTC1925)< AH&-38to] NCCLS(2001) 0.2 543831t

Nutrient brothE ©]-83}o] 37°C incubatorol Al 24 A|ZF wjFsl F2YE WgAS o
gkl AFH skl 30 mLe] AA X HE F 37C FxolA 24413 F<b
o wjFstlth. wigFe 1 mLE ¥t 9-&9(0.85% NaCl) 20 mLell #&3t
A9l McFarland No. 0.5¢ T8 =5 vt vjFole Mueller Hinton Agar BjX#]el] 0.1
mLE =9sta, 2+t HF A 500 mg/mLE 346k paper disc (6 mm in diameter)
of FAIZ . 37°C incubatorol| Al 24 A|ZF vieF = disc =¥ A E clear zoneo] &

d(mm)s S74ste] Fad= F7Hsisith

uh, AR



e Adel A= Wy + SD.E FAEHY E} Bal BAe ANOVA Ax}e] o3
nil = o] &5t} SPSS WS o]
o
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B
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A 2 A AANFY DNA A& A A

1. Microsatellite—enriched genomic DNA library$] A2t

A (Panax ginseng)®l A= thdshdr W2 ¢ SSR vHAES &d7] ¢
34  microsatellite(SSR) enriched gDNA library=S A 26} th(Fischer and Bachmann,
1998; Hamilton et al., 1999). QA=A S MNA AL S o] &3] w43t & plant genomic
DNA purification kitE ©]&3lo] & DNAE AAstA T AAlE DNAE Sau3Al Adta
aw AP 5, A7]gEste] 0.2—-1. 2kb«] GHARES ot A ArKYH FE53AH o
whe] oF 2o SausAl AFEL AAAD(~GATC—)3 AuAN 2 4+

= H
adaptorZ oligo A%} oligo B9 annealing®] %3l 1|35}t 3 z} dHo|| F-2319 )

Oligo A 5-GGC CAG AGA CCC CAA GCT TCG
Oligo B 3—CCG GTC TCT GGG GTT CGA AGC CTA G- PO4
[ SauBAT1 restriction site]

Adaptor

12 =5 SSRY| biotinylated—oligomerd] &A3S Fx3 & uvl1U|E beadES =3
SSR motifE 233t A& st DNA dHS eIt (Table 1). SSR enriched
DNA Z¥#H-& pGEM~-T Easy cloning vector (Promega, USA)ol| 4¢3 3 Gene Pulser
Xcell (Bio-RAD)E ©|-&3td E. co/{DH10B)ol| &2 g3 th(Fig. 3A).

A ZE libraryd WEFd =9 #3F $£E= 9F 2 X 10° cfuZ AAEQoH, s Zgf
2UEE EFcoRl AStaA=Z AHsgS o insert #F v &2 O1f 91% %12, insert =
71 WAIZ 0.2-1.2kb H9lell AATH(Fig. 3B). o9} 22 A= gholBefg 7t 4342

2 AAEd e, &5-o Al 785t A2 ¢ S v



Table 1. Biotin—oligonucleotides for the microsatellite—enriched gDNA library.

Repeat unit Oligomer sequences (5'—biotin — 3')
Di—nt repeats (AT)15, (AC)15, (AG)1s
Tri—nt repeats (ACC)10, (TAA)10, (CAA)10, (GAA)10, (ACG)10
Tetra—nt repeats (AAAG)7, (AGAT);, (AAAT);, (ACAT),
A B
Adaptor Adaptor

55K motif -DNA

Insert

pGEM - T vector
(3015bp)

Fig. 3. Cloning of SSR enriched DNA fragment. (A) Insertion of DNA fragment into
pGEM~—T Easy vector, (B) Digestion of plasmid with ZcoRI restriction enzyme.

2. 034 2 F7F 5o]F& ROl SSR markere] A8
7}. Library 23 9@

SSR library®] E. colis X—GAL©o] X3t¥ ghdn | =absle] B3t & white ==
Y 278075 ] AdAste] ZekAv|= DNAE FE3kal EcoR 1 AIFaLE A5tk
insertE g A} 255070(91.7%) %] Zetm| =0 A insert7} SRIEHATH 2 S ESE
FE 83 25507 Z821|=E universal primer (T7, SP6)E o]&3lo] A7|ES &
A}3ked SSR motif7F EAsH=#1& HAFsHAH.

9ol AL Fa3 BAHE 9714<E F SSR motifE 2H= 8427H(33.0 %: 842/2,550) 9]
MEE ATk 842719 AVIMES A4 ™ FTH 4 (alignment analysis) ¥ fFAM &
7&*}} A7} 39.8%° NP3t 251719 A2 thE SSR motifsE w23k tH(Table 2). ©]

AL HbE g o FHS WO FAoR I o FRY B F29 FHo| 3l

—

A

_

2



AAY, FEe] w2 HER }—XW Ao %= multi—loci®] A HED Aoz A
2ttt (Hong et al, 2003). =5 XA &= 251709 SSR @71 E2 24 7] whE
(35.5%), 3¢17] WHE 1173] (46.6%), 4997) ¥R 203] (8.0%), 54 7] o] ¥HE 53] (2.0%)
2 #2HJ, (AOn(AT)m, (ATGn(CTGATG)m¥} #& =g w3 Fxn 203
(8.0%)% ¥WZEHQIT}E Fig. 4+ D7HA 39 wE HId& EO]% dRutEI o,
Table 3 library =3¢ 2 E3 €2 SSR motife] ¥HE 9 &3 WIEE HolFr),

(a) Di—nucleotide gt= SSR: (CA)s—(TA)7 =&t gt=

.G CGCACATGCACAECAECLAECACLHE CACATATATAT ATATATAEZAZGGGGT GAGCTTAT.

(b) Di—nucleotide EF= SSR: (TG)e—(AG)21 S &+ Bt=

s TATGTG TG TG TG TG AG AG AGAGAGAGAGAGAG AG AG AGAG AGAGAGAGAGAG AGAG ALGG A

(c) Tri—nucleotide EH= SSR: (AAG)s &= Bt=

ST G A TTGAAARAGAGR ALRGEREAGS ZAEGEREAGA LZAEGALRLZGA ALAG S ZGATGAZLZNG CA AZTAZARGT R

(d) Tri—nucleotide B2 SSR: (TCC)7 &= gi=

IGCGGT CCCCGCCCCAlATCCTCCT CCT CCTCCTCCT CCTE GTAGTTATTTATT

(e) Di— ¥ Tetra—nucleotide = SSR: (AG)4+—(ATAG)12 & Bt=

TA2GAGAGAGAT A2GATAGAT AGATAZGATAG AT AGATAAG ATAGLALT 2G AT AGATAGATAGG

Fig. 4. Sequencing chromatograms having SSR motifs.



Table 2. Summary of the F.ginseng microsatellite—enriched genomic library screen.

Screening step No. of colonies | Remarks
Library construction 2 x 10° cfu Independent cfu
Plasmid purification from white colonies 2,780 Random selection
Insert isolation (ZcoR 1 digestion) 2,550 Insert detection: 91.7 %
Plasmid sequencing 2,550 100%
Identification of microsatellite motifs 842 SSR ratio: 33.0 %
Non—overlapping SSR motifs 251

Table 3. Numbers of identified microsatellite

markers according to repeat sequences.

Repeat unit l::g::;ce Synonym® Olg.served Total
AT TA 11
Di—nt AC CA, TG, GT 20 89
AG GA, TC, CT 58
AAT ATT, TTA, ATA, TAA, TAT 8
AAC ACA, CAA, TTG, TGT, GTT 56
AAG AGA, GAA, TTC, TCT, CTT 25
Tri—nt ACC CCA, CAC, TGG, GGT, GTG 18 117
ATG TGA, GAT, ACT, CTA, TAC 2
AGG GGA, GAG, TCC, CCT, CTC 3
Others ACT, ATC, GCT, CGG, CGA 5
AAAT AATA, ATAA, TAAA, ATTT, TTTA, TTAT 3
AAAC AACA, ACAA, CAAA, TTTG, TTGT, GTTT 3
AAAG AAGA, AGAA, GAAA, TTTC, TTCT, CTTT 5
Tetra—nt 20
AGAT TAGA, AGAT, GATA, ATCT, TCTA, TATC 2
ACAT TACA, ACAT, CATA, ATGT, TGTA, GTAT 5
Others AATG, AATT 2
Penta—nt GCCAA TTGGC 1 1
Hexa/hepta—nt AAATGG, AAATCCC, CTCCTTT, TTTGTTG 4 4
Complex repeat - 20 20
Total 251

“Repeat sequences as same

as the sequence in the left column.




. SSR E°]Z&Ql primerd] AF 2 {FHAFY 4
SSR—enriched library 223 d o2 Fg ¥ 251719 HE3 SSR ALES vtgtow 7; nf

71 5ol primer 200 &< Primer3 T2 1#¢S o] -&8le] A &ate] PCR Z& A A8
TH(Table 4).
A A primerss 20—26bp W99l Aol& AxtH oM, 242+ primere] Tm # (56°C

]
seisle] PCR 208 SHela 47t 2 F

o))<= s A W, 94.3%NA BEAHOE

SZH A} Table 4= A5 vbAQ primer A€ % annealing =& Host. 39

A2 124 0% 5% denatured polyacrylamide gel #7195 3} silver staining® &= +r

AAE e FATo=AN g & Felsidtt

Table 4. List of SSR—specific primers in P. ginseng.
Marker | Primer (5' — 3') SSR motif Tm(C)
P& || COCTCOTTGATAACTTTCTGA (aaom | o0
PGS | R | AGTCCCTTAGGACAAGGACCCC (aa0n |60
PG22 || ATCAAGTTGGAAATCAGGTGGE (A) 58
PG ¢ CGTTACGTGTTTGATGCAGCAATGG (AnaGIn | 60C
PG2T T GATTCCTTCAAGCCTAGTAGCE (aacam | ooC
P29 I CICTCTCATOICTCICTCTTOG (ATen |60
PG4l || CCTTCTTOTTAAACTCICCACS S
PG9 | GTARACTAGCAGTAAGGGECTC (A 62
PG67 || GAAGAACTGAATTAAAAAGCCTAAC (AcADn | 60C
PG% || GAGGAAGAGATGAGTOACGATG (acom | oo
PGI05 |k CCCTCCTTGATAACTTTCTGACTGG (aa0n |60
PG106 |4 TCTAGCTAGTGGGACCTAGCT (ardn | o
TPEEEE . eempeewge
PG169 | TAACAATCACCAATATTAAGGTCE (aan |60
PGI78 || GTTCTTTAACTTGOCATTTACE (Tomacnm | 6o




Marker | Primer (5' — 3') SSR motif Tm(TC)
o L] ST
oso | T SOOI o
o | T
e | SOSOMBISIRIIOGT g, | e
e || BATTCOTT IO
|| SO
e || SETTOnciee
Tl e — T
an || OOt
[ T|TisecceoT TG
|1 CHECC T o
s [ 1| SMoSTIC G sc o
ars || ToCTecTascncoores
| T MIMCGCIITE | g, | e
|| STSSoRTeoTaTIC s
s | T I
o |1 memenerieor:
s | 1| SoCTATAT oo
o || SieCocTT ot
s | T ASTOTTAMICGCTAOTIESE | o | e
e[| SSMSCTIEMOMIGNS | muon | e
PG355 | F | TCTTCAAGTTCAGTAGACTTGS L
PG360 R T ACTCTCATAGAGTCATAGTTGE (acADn | o8
P32 || CTGAGAGTGGAGGTGAGECTGT (acom | oo
PG363 E CAGAGCATGAAGACATCTTAGCAGC (AAC)n 62°C

TCCACTAAGGAAGGGCAGCACC




Marker | Primer (5' — 3') SSR motif Tm(C)
P74 I CITGICCITTTCAAGGACTOATEG (acom | 6o
PGI09 | G TGCTCTITCTOGGTATOETT (ATon | s
P41 || GCTGAAATGAGAGATACCOCGCE (acom a0
PGM4 || CTCTTCARGCCCAGTAGGETTGS (MaOn | 60
o | & SISO Tt
PG54 || ICTGATTICTTTTCTTGCTGAGE (aaCm | 60
PG465 || TTGGGTGTAATGTAATATAGCICTG (AACAAAOIM | 60°C
PGI6T || ACCTCCTCTTCTCCTCTCCCTC (MaGn | s
PG4Tl | TACTTGTAGCTICOCTCTCTE (A6 | e
P93 || CGATARAGACCCCTCAGOC. (AMAOn | 60°C
P09 || CCTATATGCACATGTATATIGRTC R S
PG525 || CCCTTOOTCATATCATGTACACS (AaOn | 60
PGS2T T GCACATCTCATTCTTOCAACATC (aan |60
PGS55 | k| GACCARCTCTAACAACCOCATG (AaOn |60
PSS |k | COGAGTATCTTTCITCTTTICTCOTS (AT | 60°C
s [ LS T
e e
|| BT T oo |-
e oy
s |1 oo s Toes
|| AT
o[ T - SamarTcToTooicones
PG63) | CTTTTCTTARACCCTOCTTGATAR (aom | a0
PGO56 || TCTCTCATATCATCAATAACATCA (aaGam | 62
|| AT o
s | 1TSS CTTTr G
o || SIsecots T
PGT744 g AATCTTTTACCATCCGCCGCGC (ACC)n 58°C

GCAAGAATGCGGTGGTGGAAAG




Marker | Primer (5' — 3') SSR motif Tm(C)
o | p | SaA T
T e
g e e
T e
o | § | AT GG
| SCOSECCTIGTCTRe e
o | & MeoiTCceToort oot
s | L GO GG
o | £ | Ao Loy o |
o |—E - SCACGaT TGO TTOTeTe
ows | £ | SaCTiecCichTITecGTecc
o | & GG TG
o £ SeaCTo T
s e
o1 | TCSCCCTT T
oo | § | SO el T
T e
oo | CTOATETITGO CTCo o |-
oo | & SoACGGTIEC e pGToTes
o | L AT oA e
s | £ CTMECiGn TG
s ||| GO GG e
o ||| IO TCIC NG
ross | L SCATCACTGT TG
o | £ MGG et
o ||| TGO
PG1134 E CCATCTAATTACACAAATCC (AT)n 53°C

GCATGCATGTCTTGATTGGTCAC




Marker | Primer (5' — 3') SSR motif Tm(C)
P14 e CAGCAGOCTTTGAACTTOTG (AaOm | s
PG1L43 | 1A TOTCCCARGOTACCOTAACE (AADn | s
PGI155 | CCCACATTTOCATTCOACTTCETC (AaOm | s
PGL165 |G OCTGOTAAAAGATGTTCATTGOTTAC (A& -
PG1203 | F T A AGCCCAAAATTCOATCTG (AGI(ACCR | 56°C
PG1283 | T TTATIOTTICCACCACTACE (A |60
PGI306 | CCCARTTAACTCTATTCCTTATE (A |60
PG1319 | O TATGCACCAGARACGGACTCG (AGm | s
PG1921 | TGGGACGAGAGATTGAGAGTTCS (AMATCCOD | 587
PG1335 | A TACGTGCATTCAGGCAATCACS (aom | 58
PG1336 | CAACTTCATTTAGICCCTOOGE (aaom | s
PG1388 | CCCACCAA TCGARACCTCACTG (aGom | 60C
PGI419 | A TACCCCAGGCAGTCTGATGAC (OO | 56°C
P59 | r G TOOCTCTCACAAGOACCECT (AAAOR | 60
PG4Tl | GCAGCGAAATCTTTCATAATTGS (AAGn | 56
PGUSL | e TCTOCTATACTCACTATTTOCE (Aan | 58
PGIS10 | T TOGCATOARRTCTCTCCE (AMan |58
PG1530 |G CGAATTCACTAGTGATTGOCCAG (AG)n -
s || A Ko
|| MO
e || STISTITTONSCTIG | crgerrnn |
e
PGIS86 | CATATAAGTGCAATOTTAATTC (AMATGGI | 60°C
s |~ Lo OO
s || SMSM TGOt
|| SosecAs o cocr oo won |-
PG1988 | i CTARTGTICATGTATAGTGT (AT | 60°C
PG1993 g CCATGAACCAACGTCTGACAACAT (AAC)n 60°C

AGAGACCCCAAGCTTCGGATCTA




o AT ST A LA gl
Qlrtoll A A ZFE 116709 primero wiste] w|= 3} 714H( P, quinquefolius) N A=
S AN =F A F 11070(94.8%; 110/116)<] w}A) A PCR SZof
Fokgith olgx RIAt sr|Ate] Ee KA X wAk A8/ (inter—species
transparency)< ?14F¢] SSR marker”} 14t &) 2] v FE3te] ol ol -
&3S vehdta 3 5 ok A 2 Aol A AEE SSR markergE stolw (1A
7 AR} 2 5F(intra—species)W 9] AlFE 7ol v ofy g} FF1E =2 U4 F

A= =
Aak AHA 5 olFRte] A Hlael QA SRl O FE =V v S g
O

rlo

H
o,

. O34 vAY AdE 2 72 4

116719] primerE €3] &% vlAY vdAdS HA- WA PAGES silver staining™
S 53 golztk Ay A4k HelA tEA bandE Kol 12 vhA (PG22, PG29, PG186,
PG281, PG287, PG668, PG770, PG946, PG1319, PG1419, PG1481, PG1663)2 A% 4= )
ATHFig. 4). FHdAs 49 A= dojxl 7t wpAES] 34 bandE PAGE gel=Z4-
Y elutionstal 22} PCR& a3 5, Z4zbo] W= gk A7IAAdS EA 8t Behgh
B 9 3718 AASIGh 7 A #EE digGAe] e 2R, 9 o
4 v = Wolgo] FA FUAT, 57 o] mAdAME AEE] 2 Wol&E Hol F
At
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= 3 JduwsE o wetth(Table 5).
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Fig. 5. Polymorphic microsatellite markers in P ginseng. Each marker was amplified
using a locus—specific primer pair, and the PCR products were separated in a 5%
denaturing polyacrylamide gel and visualized by a silver staining method. Numbers on
the left side indicate allelic names. A. PG22, B. PG29, C. PG186, D. 281, E. PG287, F.
PG668, G. PG770, H. PG946, 1. PG1319, J. PG1419, K. PG1481, L. PG1663. (Lane 1—5:
P. ginseng, Lane 7,8: P. quinquefolius.)



Table 5. Exact allele structures of polymorphic SSR markers in F. ginseng

Marker Allele(bp) Repeat structure Acc. No.
8" (101) Py2—N3s—(AG)s—N3—Pa2

PG22 12 (109) P2 —N3s—(AG)12—N3—Py EF140891
13 (111) P22—N3s— (AG)13—N3—Pas
11 (113) Pas—N5—(ATG)7(CTGATG)2—Nys—Pos

PG29 13* (119) P25—N5—(ATG)3(CTGATG)4(ATG)2—Nog—P22 EF140892
19 (137) Pos—N5—(ATG)7(CTGATG)s—Nag—Pas
4* (284) P2s—N206— (AGG)4—Na1—Pas

PG1%6 6 (291) P22—N2os— (AGG)s—N2;—Pas EU401708
7 (294) P22—N2os— (AGG)7—N21 —Pas
9 (300) P22—N2os— (AGG)9—N2;—Pas
3*" (126) Py6—Ngz— (ATAG)2—N4—Pos

PG281 11 (158) P26—Nsg— (ATAG)11—Ny—Pys EF140893
16 (178) P26—Nsg— (ATAG)16—Nys—Pss
8** (92) Py2—=N11—(AG)s—Ngs—P2

PG287 9 (94) Py2—=N11—(AG)9—Nzz—P2 EF140894
11 (98) Py2—=N11—(AG)11—N2y =Py

PG668 7 19) Pag~Nes Z(AGG)s = Nao=Pag EF140895
4 (98) Py3—=N23—(AGG)4—Nzo—Pyo
5% (266) Py3—Ng2—(ATC)5—Ni2s—Pas

PG770 6 (269) P23—Ng2— (ATC)s—Ni24—P2s EF140896
7 (272) P23—Ngz— (ATC)7—Ni2s—Poy
8" (250) P21=Ng7—(TG)s=N1s= (AG)5—Nz2—Py

PG946 11* (256) P21—=Ng7—(TG)4—Nz4—(AG)7—N72—Py0 EF200587
11 (256) Py1—=No7—(TG)s—Naos—(AG)5—Nz2—Pao
10*" (259) Py3—=N2s—(AG)s—Ni71—P23

PG1319 11 (261) P23—N2s—(AG)11—Nis7— P23 EF140897
13 (265) Po3—Nos—(AG)13—Nis7—Pas
11* (95) P2s—N1—(AG)7(AAAG)2—Nys—Pas

PG1419 14 (101) P23—N1—(AG)10(AAAG)2—Ngs—Pys EF140898
19 (111) P23—N1—(AG)15(AAAG)2—Ny—Pas
5 (103) Pos—Nis— (AAG)5—Naz—P2s

PG1481 12 (124) P25—Nis— (AAG)12—Ngs—Pos EF140899
21% (151) Pas—Nis— (AAG)21—Na2—Pos
4 (171) P24=Ns5—(CTCCTTT)s—Nyo—Poy

PG1663 6 (185) P24=Ns5—(CTCCTTT)s—Nso—Pos EF140900
7.6*" (198) Pys—Ngs— (CCCCTTT)5~Nag—Pay

“P. quinquefolius specific alleles.

®Same size but different structure of alleles in the same marker.
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Fig. 6. Interspecific polymorphic microsatellite markers between P. ginseng and PF.
quinquefolius. Black (=) and open ([>) arrow heads indicate P ginseng and P.
quinquefolius —specific alleles, respectively. The sample on the right side of each gel
(indicated by *) is P. quinquefolius, and the other five samples are P. ginseng. A.
PG49, B. PG307, C. PG465, D. PG525, E. PG557, F. PG578, G. PG628, H. PG656, 1.
PG772, J. PG785, K. PG1058, L. PG1129, M. PG1306, N. PG1335, O. PG1886.



Table 6. Interspecific polymorphic SSRs between P. ginseng and P. quinqguefolius

Marker Allele(bp) | Repeat structure ® Acc. No.
PGAY 9 (83) P20—Nyg—(AG)9—Nig—Py EF531895
11 (92) Pyo—Ng—(AG)11—N1g—P2 EF531896
6 (123) Py1—Ngs—(AG)s—Nus—Pss EF540879
PG307 7 (125) P21—N2s—(AG)7—Nuys—Pas EF540880
9.1* (130) P21—=N2s—(AG)9—Ny5—Pas EF531898
PG465 1 (99) Py5—Ng— (AACAAAC)1—N3s—Pos EF540881
2.3% (109) P25—Ng—(AACAAAC)3—N33—Pss EF531900
1 (95) P2s—Nss—(AAC)1—Nyg—Pos EF540882
PG525 .
6.1° (111) | P22—N35—(AAC)s—Nig—Po3 EF531902
2 (161) P2s—Np2o— (AAAAAAAAT )3—N33—Pos EF540883
PG557 2.1* (162) | P23—Nez—(AAAAAAAAT);—N33—Pys EF531904
2.4° (166) | P23—Ns;—(AAAT);—N33—Pss EF540884
6 (180) Pys—N29g—(AG)s—Ng5—P20 EF531905
PG578
7 (182) Pys—N29—(AG)7—Ng5—P20 EF531906
PGE2S 6 (113) P22—Ni1g—(AAG) =Ny —Pys EF531907
10 (125) P22=N1o—(AAG)10—Nys1 —P2 EF531908
PGH56 7 (156) P24—N33—(GAAA)7—Ny7—Poy EF531909
9 (164) P2s—Ns3—(GAAA)s—Ns9—Pay EF531910
PGT79 4 (114) P2s—No1—(AAG)4—N3z7 =Py -
5 (118) P2s—Nas—(AAG);—N3z7— Py -
5 (89) Pys—N16— (AG)5—N15—Pyy EF540885
PG785 8 (95) P24—Nig— (AG)s—Ni5—Pas EF531914
11 (101) P24—Nig—(AG)11—Ni5—Pxu EF531913
PG1058 3 (119) P2s—N2o— (ATTTT)1—N19y—(ATAC)3—Ni3—Pss EF531916
6.1° (132) | P25—Ngp—(ATTTT)2—Nig—(ATAC)5—N13—Pys EF531915
5 (88) P31 —N13—(AGG)2(AG)5—N17— P2 EF540886
PG1129 8.1% (95) Py1—N13—(AGG)3(AG)7—N17— P2 EF540887
15.1° (109) | P21—Ni3—(AGG)3(AG)14—N17—Ps EF540888
16.1* (111) | P21—Ni3—(AGG)3(AG)15—N17—Pa EF531918
PG1306 6 (147) Pos—Noz—(AGAAATGAAA)1 —Ni7—(TG)1—No—(AAG)s—Nes—Ps) EF531920
8 (153) Pos—Noz—(AGAAATGAAA);—Ni7—(TG)a—No—(AAG)s—Nes—Pos) EF540889
7 (174) Pys—N1s—(AC)7—Ngs—Pos EF540890
PG1335 8 (176) P2s—Nig— (AC)s—Ngg—Pas EF531922
9 (178) P24—N16—(AC)9—Nos—Pas EF531921
2 (168) Py3—Ng3—(GAAATG)2—Nuys—Pay EF531924
PG1886
4 (180) P23—Ngs— (GAAATG)s—Nys—Pas EF531923

Alleles were

markers.

designated by PCR size in accordance with other alleles in the same
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Fig. 7. Genotyping of PG668 marker by denatured PAGE and silver staining method in

100 samples of P. ginseng (Red box and blue box indicate allele 3 and 4, respectively).
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Fig. 8. Comparison of PAGE gel images with chromatopherograms by automatic

sequencing analyzer.
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Fig. 9. Chromatopherograms of six microsatellites in P ginseng. Each marker was
amplified using fluorescent—labeling primer, and genotype was determined using an
ABI 3100 genetic analyzer and Genotyper program (ver. 3.7). The DNA size ranges are
shown at the top of the chromatopherograms. a: Standard allelic ladder. b and ¢ show
the examples of cultivated and wild ginseng, respectively. (A) PG29 (VIC), (B) PG281
(VIC), (C) PG287 (VIC), (D) PG668 (FAM), (E) PG1319 (FAM), and (F) PG1481
(PET).



Table 7. Allele frequencies of the 6 SSR markers in cultivated and wild ginseng.

PG29 PG281 PG287 PG668 PG1319 PG1481

Allele

CG* W& CG WG CG WG CG WG CG WG CG WG
3 0.390  0.461
4 0.610  0.539
5 0.140  0.233
7 0.020 0.005 -
8 0.020
9 0.020  0.010 | 0.290  0.352
10 0.010 . 0.690  0.625 0.005 -
11 0.585 0.636  0.120 0.140 = 0.020  0.023 0.090 0.086 = 0.685  0.633
12 0.725  0.690 0.895 0.897  0.145  0.117
13 0.015  0.040 0.015 0.017  0.020  0.017
15 0.170  0.114 | 0.070  0.090
16 0.030 -
17 0.020  0.023
19 0.225 0.227
Hexp' 0.581 0.536 | 0.455 0.499 | 0.442 0.490 = 0.478 0.502 & 0.192 0.192  0.492  0.540
Hops" 0.150 0.136 | 0.090  0.220 | 0.100 0.114 = 0.120  0.137 . 0.070 0.069 = 0.100  0.100
HWE® | >0.01 >0.01 @ >0.01 >0.01 @ >0.01 >0.01 | >0.01 >0.01 i >0.01 >0.01 | >0.01 >0.01
PIC' 0.520 0.476 | 0.431 0.465 | 0.359 0.387 = 0.363 0.373 . 0.177 0.176 = 0.450  0.474
PE® 0.018 0.015 | 0.007 0.035 | 0.008 0.011 = 0.012 0.015 | 0.004 0.004 = 0.010  0.008
pM" 0.330 0.375 | 0.480 0.386 | 0.478 0.424 = 0.426 0.394 = 0.747 0.750 = 0.443  0.413
pPD! 0.670 0.625 | 0.520 0.614 | 0.522 0.576 = 0.574 0.606 . 0.253 0.250 = 0.557  0.587
GD’ 0.578 0.530 | 0.453  0.494 | 0.439 0.485 | 0.476 0.497 | 0.191 0.188 | 0.490 0.531
Fst* 0.658 0.095 0.544 0.266 0.899 0.694

“CG: cultivated ginseng, "WG: wild ginseng, ‘Hexp: expected heterozygosity, H e

observed heterozygosity, “HWE: Hardy—Weinberg equilibrium, PIC: polymorphism
information contents, *PE: power of exclusion, "PM: matching probability, PD: power of
discrimination, 'GD: gene diversity, “Fst: difference of allele distribution between two

populations.



2} Aol A2 SSR vhA 9 EFAR EXE XA}

A Eo] w3 YFEA primerd] Ao E AR AAM L Elolsgo] ThsddE 670 mhA
ool 6 91 F, Q14 oAl Wol glo] AMtAIRo T WolE YW PG22E A9]3 5
7 WA (PG186, PG770, PG946, PG1419, PG1663)ol thall Ajujal 10070412 oo = o3
Az BEEE AR

PG186, PG770 2 PG9462> Al oz wiidzdo] "ol wAERA, 27 dygf-+d
7F 274, 271 2 37hwte] #EE U, PG1419+= 5 v T 7P 22 5709 tiHFAAE
ZE Ath Hops?F PG186, 1419914 0.12024] th2 wkA 9} B89 A T, YA F npA &=
0.0402A w4 v ghs Btk Lﬂ mA 9] GD#ES xFeEl 2 0.461, 0.077, 0.159 2 0.538 24
PG14197} AY %& S Witk 39 PG1663-S Hlw 2 W G5 apx|nt AR Aujit
AlgoA 371 AR EAll EdEE S5 270 o] TEFAE FAHE oz 4
dElo] AEA 9] dHFAA NIEE s8] ojE Rl rﬂ%Oﬂ 9 e] Hgow e
W EHFAAY 24 FF=A AT (Table 8).
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Table 8. Allele frequencies of three microsatellite markers in cultivated F. ginseng.

Allele PG186 PG770 PG946 PG1419 Genotype PG1663
6 0.640 0.960 4—4 0.010
7 0.360 0.040 4-5 0.130
8 0.040 5-5 0.030
11 0.915 5—6 0.700
12 0.045 5-=7 0.020
14 0.030 6—6 0.020
18 0.595 4—-5-6 0.090
19 0.325
20 0.035
21 0.015
Hexp 0.463 0.077 0.160 0.541 -
Hops 0.120 0.040 0.040 0.120 -
HWE >0.001 >0.005 >0.001 >0.001 -
PIC 0.350 0.070 0.150 0.460 -
PE 0.012 0.001 0.001 0.012 -
PM 0.441 0.886 0.813 0.380 -
PD 0.559 0.114 0.187 0.620 -
GD 0.461 0.077 0.159 0.538 -
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PG557 wHAE EE AlRAA U F NEFE B fARE F HuEg wiAE E4)
&= o2 o AXM(Fig. 10A), PG525% 3 7§19 Hdd w=2 ®o] S14te] A4
ol mpAdl gk 3 /e JHAA(F9)7F EAsE Ao = AAXH(Fig. 10B). PG1988< <
Y WEE B 4 7] oo HgdgA HAME 7HAl= 3o Heolm(Fig. 10C), PG287
< 9% vdEg Het otdFe vudAY HR FHE o R HATH(Fig. 10D).
PG770-2 PG2877+= WM& ofef %o thgd g 29le) 15| vty A= FA4E 2o
2 o] AXh(Fig. 10E). PG16639] A5+ AEstA sdst ddfFdx 325 7= F
A 22 (Pras—Nss—[CTCCTTT]i—Nayp—Prea) 9] H3HE s o2 o] AZI T (Fig. 10F).
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Fig. 10. Microsatellite markers of putative multi—loci in F. ginseng. Each marker was
amplified with a non—labeled primer pair, and the PCR products were separated on a 5%
denaturing polyacrylamide gel and visualized by the silver staining. Black(») and open (>)
arrow heads indicate polymorphic and monomorphic DNA fragments, respectively. (A)

PG557, (B) PG525, (C) PG1988, (D) PG287, (E) PG770, and (F) PG1663.
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Table 9. Combined discrimination powers of 11 SSR markers

nlA A 3]
A PG29 PG186 PG281 PG287 PG668 PG770 PG946 PGL319 PGl419 PGl481  PG1663 tﬂ‘iﬂt;
ii=
1 0.051 0.410 0.526 0.476 0.372 0.922 0.837 0.008 0.106 0.469 0.700 4.18 x 1077

2 0.077 0.130 0.102 0.476 0.372 0.922 0.837 0.161 0.354 0.469 0.700 2.61 X 107°
3 0.029 0.410 0.526 0.476 0.152 0.922 0.837 0.161 0.354 0.469 0.700 6.53 < 107°
4 0.029 0.410 0.526 0.084 0.372 0.922 0.837 0.801 0.354 0.021 0.700 6.29 x 107"
5 0.263 0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.354 0.469 0.700 7.22 X 10~*
6 0.342 0.410 0.102 0.400 0.152 0.922 0.837 0.801 0.354 0.469 0.090 8.03 < 107°
7 0.190 0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.106 0.469 0.020 4.46 x 107°
0.029 0.410 0.526 0.476 0.372 0.922 0.002 0.801 0.106 0.469 0.700 5.69 x 107°
9 0.342 0.410 0.005 0.476 0.152 0.922 0.002 0.801 0.354 0.469 0.700 8.71 < 107°
10 0.342 0.410 0.526 0.084 0.152 0.922 0.837 0.801 0.354 0.469 0.700 6.77 X 10’
11 0.342 0.410 0.526 0.400 0.372 0.922 0.837 0.801 0.387 0.469 0.700 8.62 x 10~
12 0.342 0.130 0.014 0.084 0.152 0.922 0.837 0.801 0.354 0.469 0.700 5.71 < 1077
13 0.199 0.461 0.102 0.476 0.476 0.077 0.073 0.801 0.354 0.020 0.700 4.73 x 107
14 0.051 0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.354 0.469 0.700 1.40 x 107"
15 0.199 0.461 0.526 0.400 0.476 0.922 0.837 0.801 0.387 0.192 0.700 2.95 x 107"
16 0.263 0.461 0.526 0.400 0.476 0.077 0.837 0.801 0.387 0.469 0.700 7.96 X 10’
17 0.342 0.410 0.0009 0.476 0.372 0.922 0.837 0.801 0.354 0.192 0.020 1.88 x 107
18 0.342 0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.387 0.469 0.700 1.03 < 107°
19 0.029 0.130 0.014 0.084 0.372 0.922 0.837 0.161 0.106 0.001 0.700 1.52 x 107"
20 0.051 0.130 0.014 0.084 0.372 0.922 0.837 0.801 0.354 0.469 0.700 2.08 X 107’
21 0.029 0.130 0.005 0.476 0.372 0.922 0.837 0.008 0.354 0.0004 0.030 8.75 < 107"
22 0.263 0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.387 0.469 0.700 7.89 x 10~
23 0.342 0.410 0.014 0.084 0.372 0.922 0.837 0.801 0.354 0.021 0.700 1.97 X 107"
24 0.029 0.410 0.005 0.476 0.152 0.922 0.837 0.801 0.354 0.0004 0.700 2.64 x 107"

25 0.342 0.461 0.174 0.476 0.152 0.922 0.837 0.801 0.354 0.469 0.700 1.43 x 10~




i

A PG29 PG186 PG281 PG287 PG668 PG770 PG946 PGI319 PG1419 PG1481  PGl663 t,gétgﬂ_,i
26 0.342  0.410 0526 0.476 0.152 0.922 0.837 0.801 0.106 0469 0.700 1.15 x 10~
27 0.342  0.410 0.526 0.476 0.372 0.002 0.837 0.801 0.387 0.020 0.700 9.49 x 107°
28 0.029 0.130 0.526 0.476 0.372 0.922 0.837 0.801 0.106 0.469 0.010 1.08 x 107"
29 0.342  0.130 0.526 0.084 0.476 0.922 0.837 0.801 0.354 0.469 0.700 6.72 < 107’
30 0.199 0.461 0.526 0.476 0.372 0.922 0.837 0.008 0.001 0.192 0.700 7.09 x 107°
31 0.342 0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.106 0.469 0.130 5.22 X 107’
32 0.342  0.410 0.014 0.476 0.372 0.922 0.837 0.801 0.354 0.469 0.130 4.64 < 107°
33 0.342  0.130  0.002 0.084 0.152 0.002 0.837 0.801 0.354 0.469 0.700 1.77 x 107"
34 0.051 0.410 0.526 0.476 0.152 0.922 0.837 0.801 0.354 0.469 0.700 5.72 < 107’
35 0.051 0.410 0.526 0.084 0.372 0.922 0.837 0.801 0.106 0.469 0.700 7.39 X 107°
36 0.342  0.461  0.022 0.400 0.372 0.077 0.837 0.801  0.387 0.469 0.090 4.35 X 107
37 0.029 0.130 00009 0.476 0.152 0.922 0.837 0.801 0.106 0.469 0.090 679 % 107"
38 0.199 0.461 0.526 0.084 0.372 0.922 0.837 0.801 0.106 0.007 0.700 4.84 < 107
39 0.051 0.130 0.174 0.084 0.476 0.922 0.837 0.801 0.354 0.469 0.700 3.31 X 107°
40 0.029 0.461 0.526 0.476 0.372 0.922 0.837 0.801 0.387 0.021 0.090 5.63 < 107
41 0.051 0.410 0.526 0.084 0.372 0.922 0.837 0.801  0.001 0.199 0.090 3.80 < 107
42 0.342 0.410 0.526 0.476 0.152 0.922 0.837 0.801 0.354 0.020 0.700 1.63 <X 10
43 0.342  0.130 0.526 0.476 0.152 0.922 0.837 0.801 0.106 0.469 0.130 6.76 < 107°
44 0.342  0.130 0.526 0.476 0.372 0.922 0.837 00002 0.106 0.469 0.700 2.22 < 107°
45 0.342 0.410 0.526 0.476 0.152 0.922 0.837 0.801 0.354 0.021 0.700 1.72 x 10
46 0.342  0.410 0.526 0.476 0.152 0.922 0.837 0.801 0.354 0.469 0.700 3.83 x 107"
47 0.342  0.130  0.005 0.476 0.152 0.922 0.837 0.801 0.354 0.469 0.130 2.5 < 107
48 0.051 0.410 0.014 0.084 0.372 0.922 0.837 0.801 0.106 0.469 0.020 5.62 X 107
49 0.342  0.410 0526 0.476 0.372 0.922 0.837 0.801 0.354 0.469 0.700 9.38 < 107"
50 0.029 0.410 0.526 0.476 0.372 0.922 0.837 0.008 0.354 0.469 0.700 7.95 < 107
51 0.342 0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.354 0.021 0.700 4.20 < 107
52 0.051  0.130 00004 0.476 0.372 0.922 0.002 0.801 0.354 0.021 0.130 670 x 107"
53 0.023 0.410 0.526 0.400 0.152 0.922 0.073 0.161 0.354 0.021 0.090 2.19 < 107
54 00004 0.410 0.526 0.084 0.152 0.922 0.837 0.801 0.354 0.469 0.700 7.91 x 107°
55 0.342  0.410 0.014 0.084 0.152 0.922 0.837 0.801 0.354 0.469 0.700 1.80 x 107°
56 0.051 0.410 0.526 0.476 0.152 0.922 0.837 0.801 0.354 0.469 0.700 572 X 10
57 0.263 0.461 0.526 0.400 0.476 0.922 0.073 0.801  0.042 0.469 0.700 9.03 X 107°
58 0.342  0.410 0526 0.476 0.152 0.922 0.837 0.801 0.354 0.020 0.130 3.04 x 107°
59 0.051 0.461 0.526 0.400 0.476 0.922 0.837 0.801 0.036 0.469 0.090 221 x107°
60 0.029 0.461 0.526 0.476 0.152 0.922 0.837 0.801 0.354 0.021 0.700 1.64 X 107°
61 0.263 0.461 0.526 0.084 0.152 0.922 0.002 0.801 0.354 0.469 0.700 1.40 x 107"
62 0.051 0.410 0.526 0.476 0.372 0.922 0.002 0.801 0.106 0.469 0.700 1.00 < 107
63 0.342  0.130 0.526 0.476 0.476 0.922 0.837 0.801 0.354 0.469 0.700 3.81 x 10"
64 0.051 0.410 0526 0.476 0.372 0.922 0.837 0.801 0.106 0.469 0.700 419 x 107°
65 0.342  0.130 0.526 0.476 0.152 0.922 0.002 0.801 0.106 0.020 0.700 3.71 < 107°




A i PG29 PG186 PG281 PG287 PG668 PG770 PGY946 PGI319 PG1419  PGI481  PGI663 ﬂétgi%‘
66 0.029 0.410 0.526 0.476 0.372 0.922 0.837 0.008 0.354 0.021 0.700 3.56 X 10~°
67 0.029 0.410 0.526 0.084 0.152 0.922 0.837 0.801 0.354 0.469 0.700 574 < 107°
68 0.051 0.410 0.526 0.084 0.476 0.922 0.004 0.027 0.001 0.469 0.090 1.85 x 107"
69 0.342 0.130 0.526 0.476 0.372 0.922 0.837 0.801 0.106 0.020 0.130 7.05 < 10°"
70 0.263 0.130 0.526 0.476 0.372 0.922 0.837 0.161 0.106 0.469 0.700 1.38 X 10
71 0.342  0.130 0.526 0.476 0.152 0.922 0.837 0.801 0.354 0.469 0.700 122 x 10"
72 0.342  0.130 00004 0.476 0.372 0.922 0.837 0.801 0.354 0.469 0.700 2.26 X 107
73 0.342 0.410 0.526 0.084 0.372 0.922 0.837 0.801 0.106 0.469 0.700 4.96 X 10
74 0.342  0.410 0.526 0.476 0.372 0.922 0.837 0.008 0.354 0.469 0.700 9.37 X 10™°
75 0.009 0.410 0.174 0.400 0.476 0.922 0.837 0.801 0.106 0.021 0.700 1.18 X 107
76 0.342  0.410 0.526 0.476 0.152 0.922 0.837 0.801 0.001 0.469 0.700 1.08 X 10™°
77 0.342 0.410 0.526 0.476 0.152 0.922 0.837 0.801 0.106 0.469 0.700 1.15 < 107"
78 0.051 0.130 00004 0.476 0.372 0.922 0.837 0.801 0.106 0.469 0.700 1.01 x 107
79 0.342 0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.354 0.192 0.130 7.13 X 10
80 0.342  0.130 0.526 0.476 0.372 0.922 0.837 0.801 0.354 0.021 0.700 1.33 x 107°
81 0.051 0.410 0.014 0.476 0.372 0.922 0.837 0.801 0.106 0.199 0.130 879 X 10~°
82 0.342 0.410 0.526 0.476 0.152 0.922 0.837 0.801 0.106 0.469 0.130 2.13 x 107°
83 0.342  0.410 0.526 0.084 0.372 0.922 0.837 0.801 0.106 0.021 0.700 222 X 107°
84 0.342 0.410 0.526 0.476 0.152 0.922 0.837 0.801 0.354 0.469 0.700 3.83 < 10°*
85 0.342  0.410 0.014 0.084 0.372 0.922 0.837 0.801 0.0002 0.020 0.700 1.06 X 107*°
86 0.263 0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.387 0.469 0.700 7.89 x 107"
87 0.342  0.130 0.0009 0.476 0.152 0.922 0.837 0.801 0.001 0.469 0.700 5.88 % 107"
88 0.342  0.130  0.526 0.476 0.152 0.922 0.837 0.801 0.354 0.469 0.700 1.22 x 107"
89 0.051 0.410 0.014 0.084 0.372 0.922 0.837 0.801 0.106 0.469 0.020 5.62 x 107
90 0.051 0.410 0.174 0.084 0.372 0.922 0.837 0.801 0.354 0.020 0.700 3.48 X 107
91 0.342 0.130 0.005 00004 0.372 0.922 0.837 0.801 0.106 0.020 0.130 5.64 x 107"
92 0.342  0.130 0.526 0.476 0.372 0.922 0.837 0.801 0.354 0.020 0.030 544 X 107
93 0.029 0.130 0.526 0.476 0.372 0.922 0.837 0.801 0.001 0.469 0.700 7.13 x 107
94 0.342  0.410 0.102 0.400 0.476 0.922 0.837 0.801 0.106 0.192 0.130 4.45 X 107°
95 0.342 0.410 0.526 0.084 0.372 0.922 0.837 0.801 0.354 0.469 0.130 3.07 x 107°
96 0.342  0.130 0.526 0.476 0.152 0.077 0.837 0.801 0.354 0.021 0.700 4.55 X 107
97 0.342  0.130 00004 0.476 0.476 0.922 0.837 0.801 0.354 0.020 0.700 123 X 107°
98 0.342  0.410 0.526 0.476 0.372 0.922 0.837 0.801 0.354 0.469 0.030 4.02 X 107°
99 0.342 0.130 0.526 00004 0.372 0.922 0.837 0.801 0.354 0.469 0.700 2.50 < 10~
100 0.199 0.410 0.526 0.476 0.372 0.922 0.837 0.161 0.354 0.192 0.090 578 X 107°




4, 14} SSR v}FA ¢ multiplex PCR system$] 7j2

FA4 wARAC] A 2 AeAo] §FHE SSR wAS sl BEEA FE 98
'multiplex PCR 5% system'S 7J&3sdtt. 42 b4 5F A28 SSR vpA -
£9]4 primerE FAM, VIC, PETo.2 ¥FHAA|7]aL o%%ﬂ A7 AR T894
5 A E Y& Big-dye® 3A8FGlaL, 4719 vtAE % Al F32E38E = Q= tetraplex kit¥}
2709 mtAE A FF7HsE et duplex kit Jiate] 2¥19] PCR S% o= 679
F9=2 FAo el £ = A tHFig. 11). o] B} A3 aAo] =47 3% 7t
HAY Ay A7ke] @5 a8a vt 2 AL o AsEHY s g4 ans
AL 5 92 Aoz ARdY
A) (B)
Locus Labeling Concentration (uM) TM(T) Multiplex - A
Tetraplex - A !lyo :lm 150 Im zlsu mt]ms,
PG29 VIC 2.00 Fo F‘“S LT
PG2S1 VIC 2.00 o vic) e
PGG6S FAM 1.00
PG1319 FAM 2.00 Multiplex - B
[ I [ | | |
Doubleplex -B % " b e ’ W
E‘ PG287
PG287 VIC 2.00 T —
PG1481 PET 0.50 8= e PG1481
CF 2% 5 & T & T T LU % & w & w = ==
]
oo mm=
| | b=
il I'::: i'-;‘:
a =
T e meEEE B EEE BE S
i | [
. A =
[ B
= = pr 7 .!, 5 o g AT L S TSR I Mo ML BT T M ™ -
_u.ljll_ll__ E-‘»—ﬁ
Dmm
s
1 1 il I | 44
A4 A E=
L mm*m
A é_
Fig. 11. Development of the multiplex PCR system in 2 ginseng. A. Primer

concentration and annealing temperature(TM) for multiplex PCR. B. Diagram of PCR

product size. C, Electropherograms of the multiplex PCR system.
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tissue cultured
mountain ginseng 120 14.53%£0.20 0.45%0.00 34.92+2.11
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Polyphenolic
compound (ug/g)
85.22x+2.22
41.63£1.50
38.95+1.96
104.85%+4.09
Ml 0.24 pg/g,
°] 0.75 g/g® FHH

Acidic
polysaccharide
(ug/g)
0.24+0.01
0.63£0.02
0.75£0.03
0.83£0.02

Crude

saponin (%)
n AR tE FE(EAF) ] o deA

17 74 = A vEbd o]

7.99%£0.77
&

8.40%+0.55
9.60£0.22
5.75%+0.97

-

R

)

LS
A4

5
o 4%

Barrel
temp.(C)
110
120
i=]

A}

Ginseng samples
Tissue cultured
mountain ginseng
Extruded
tissue cultured
mountain ginseng
Red ginseng

110C SHE4 3 A2bj ok 0.63 ug/e, 120C

F uAoR FAEY] u

samples
(Okuda, 1972).

Table 11. Content of crude saponin and antioxidant compounds of various ginseng
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S of wide% 110Col A 41.63 ug/g,
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AarAlEe] Fol wE AAmAtol= ek FAakel A= Rb2, Rd, Rg3, CK7} &<l
Ao, wMakak Abakul kol A= Rdet CKRF RIEAH(Table 12). =483 Abahul g
olF= Rd, CK el F4F 579 Abxdelztal &4efxl Rg37F dlso] 4249 E <
st Ababal o] kst st Aoz FRIHY. A Aol = CKE AbEe] A
kg glolol] o3 A x=AFe]= Rbl, Rb2 ¢} Rc7F compound K(IH-901)2 E&&=20-0-
—D—glucopyranosyl—20(S)—protopanaxadiol® W& ¥ AL W3t} CKE= wa
P el AHdE F dvkar A dovk, W Ak el vlste] F4k, S
AE AR Fe] WA YER T oA Fatoly =AY Ay AlxEA Tl

W3
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A CK7b &4 Ex ge Fee Q4w s
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Table 12. Contents of ginsenoside components in ginseng samples

Ginseng samples Rb2 Rd Rg3 CK Rh2
A - 5.677 - 17.717 -
B 4.657 9.656 15.531 41.39 -
C - 7.555 - 13.213 -
D - 11.734 4.666 11.293 -
E - 9.569 3.912 8.014 -

A : White ginseng

B : Red ginseng

C : Tissue cultured mountain ginseng

D : Extruded tissue cultured mountain ginseng

(moisture content: 25%, barrel temperature: 110C, screw speed: 200 rpm)
E : Extruded tissue cultured mountain ginseng

(moisture content: 25%, barrel temperature: 120C, screw speed: 200 rpm)

gt 4EAY g 33t &4 W

T2 dutyg oz kol Wik = ShE A Far, SatARE RN 2dE &
A low kst g3 2 w3} A gyt Jdoia ¥ vAE YA §5HE o]t (Han
et al.,, 1992). ¥r=g2nlE 7192 o] &3 TE JARA Ay Fig 163 o 2 2

doll AHgE FatollA = TEo] AQE Ao, A FTS HIER 110T 2 120ClA <t

=
=48% ARG E ZES g 4 gAY Ha 5(2004) 542 &4 5}
S w EE A oA HE AES ol = AN B Ao A= o9} e Ay
= YeERIE
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Fig. 16. Thin—layer chromatography of maltol from ginseng samples.
A: Extruded tissue cultured mountain ginseng at 110TC
Extruded tissue cultured mountain ginseng at 120C
White ginseng
Red ginseng

@2 o w

Tissue cultured mountain ginseng

vl S P A2 s, ANEe AEEA
Sk Ak, kA Y Mg A% (browness) 9t A M % (redness)E Table 13
I} o}, Aol AT = Sato] 7H vk o (browness: 0.548, redness: 0.128), AHAF
v ok (browness: 0.786, redness: 0.184)% &4 slPSu =718t AaFS eRRIT)
Aol Ao Frhe Wi =Tt SUFgk] whey A, wid 2= 120CelA &
AIE7E 2.204, AM=7F 0523704 S74eHe #1E 5 Y wWid s kA lA
ZHe) 7HE 2 9EFS vx= g% & 4 9th(Sahagun and Harper, 1980). Kim ¥}
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Table 13. Browness and redness of various ginseng samples

Gi i Barrel temp. Browness Redness
inseng samples
(C) (420nm) (520nm)
Tissue cultured
- 0.786 0.184

mountain ginseng

Extruded 110 2.061 0.483
tissue cultured

mountain ginseng 120 2.204 0.523

Red ginseng - 0.548 0.128
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Fig. 18. Release pattern of ginseng samples at 420 nm

M Tissue cultured mountain ginseng(y=0.1006x, R*=0.9527)

0] @ O

Extruded tissue cultured mountain ginseng at 110°C(y=0.1292x, R*=0.9075)
. Extruded tissue cultured mountain ginseng at 120C (y=0.1373x, R*=0.9098)
: Red ginseng(y=0.0672x, R*=0.8225)

Table 14. Release rate constant of browness in ginseng samples

Ginseng samples

Barrel temp.

Release rate constant of

(C) browness(min™!)
Tissue cultured
. - 0.1006
mountain ginseng
Extruded tissue cultured 110 0.1292
mountain ginseng 120 0.1373
Red ginseng - 0.0672
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Table 15. General compositions of various ginseng.

Samples Moisture content Crude ash (%) | Crude fat (%) Crude protein

(%) (%)
MG 5.70 8.52 0.98 23.24
MG1 9.18 8.41 0.55 23.01
MG2 8.09 8.56 0.71 22.95
MG3 10.53 8.34 0.74 22.81
MG4 10.24 8.47 0.75 22.77
WG 4.83 5.14 1.21 13.10
WG1 6.91 5.22 0.17 12.99
WG2 6.69 5.50 0.2 13.03
WG3 7.13 5.20 0.25 12.80
WG4 7.75 5.09 0.35 12.79
RG 7.57 5.00 0.9 12.89

MG: Tissue cultured mountain ginseng MG1—MG4: Tissue cultured mountain ginseng
extruded at 25% moisture and 110C die temperature (MG1), at 25% moisture and 14
0C (MG2), at 35% moisture and 110°C(MG3), and at 35% moisture and 140C (MG4),
WG: Root hair of white ginseng, WG1—4: same conditions as MG1—4, RG: Root hair of

red ginseng.
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Fig. 23. Polyphenolic compound content of various ginsengs.

Samples are the same as in Table 15.
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Fig. 24. Changes in pH of ginseng fermentation product during fermentation at 27 C.
—@— extruded tissue cultured mountain ginseng.

—(O— extruded white ginseng.
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Fig. 28. Changes in pH of tissue cultured mountain ginseng fermentation product
during fermentation at 27 C.
—4€— Root hair of red ginseng
— M- Tissue cultured mountain ginseng
— A — Extruded tissue cultured mountain ginseng
(barrel temperature 110C, moisture content 25%)
—[J— Extruded tissue cultured mountain ginseng
(barrel temperature 140°C, moisture content 25%)
—X— Extruded tissue cultured mountain ginseng
(barrel temperature 110°C, moisture content 35%)
— @ —Extruded tissue cultured mountain ginseng

(barrel temperature 140°C, moisture content 35%)
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Fig. 29. Changes in acidity of tissue cultured mountain ginseng fermentation product

during fermentation at 27 C.

Samples are the same as in Fig. 28.
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Fig. 30. Changes in °Brix of tissue cultured mountain ginseng fermentation product
during fermentation at 27 C.

Samples are the same as in Fig. 28.
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Fig. 31. Changes in total sugar of tissue cultured mountain ginseng fermentation

product during fermentation at 27C.

Samples are the same as in Fig. 28.
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Fig. 32. Changes in reducing sugar of tissue cultured mountain ginseng fermentation

product during fermentation at 27C.

Samples are the same as in Fig. 28.
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during fermentation at 27C.

Samples are the same as in Fig. 28.
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DPPH radical scavenging activity (%)
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Fig. 34. DPPH radical scavenging activity during fermentation.

RG: Root hair of red ginseng

MG: Root hair of tissue cultured mountain ginseng

MG1: Extruded by root hair of tissue cultured mountain ginseng (MG)
(moisture content: 25%, barrel temperature: 110C)

MG2: Extruded by root hair of tissue cultured mountain ginseng (MG)
(moisture content: 25%, barrel temperature: 1407C)

MG3: Extruded by root hair of tissue cultured mountain ginseng (MG)
(moisture content: 35%, barrel temperature: 110C)

MG4: Extruded by root hair of tissue cultured mountain ginseng (MG)

(moisture content: 35%, barrel temperature: 1407C)
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Fig. 35. The content of polyphenolic compounds during fermentation.

Samples are the same as in Fig. 34.
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Fig. 36. The content of acidic polysaccharide during fermentation.

Samples are the same as in Fig. 34.
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Fig. 37. The content of crude saponin in fermentation solution.
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Total phenolic content (ug GAE/mg)

Fig. 38. Total phenolic content of ginseng extracts. Values are means of triplicate
determinations (n = 3) £ standard deviation.

WG: White ginseng

RG: Red ginseng

MG: Root hair of tissue cultured mountain ginseng

EG1: Extruded by root hair of tissue cultured mountain ginseng (MG)

(moisture content: 25%, barrel temperature: 1257C)
EG2: Extruded by root hair of tissue cultured mountain ginseng (MG)

(moisture content: 35%, barrel temperature: 1257C)

phenolic compounds: ARabu o2, SR E=F 259 <FEA1E Ababujok, R 359%
AEAY 2ol 95% ethanol FEENA %o 60% ethanol FEEI & F&
5 &= o]t} AN, Ak WAt A= 60% ethanol> 95% ethanol> water= o2 H&

phenolic compounds& YEMAAE. 4E=AHE & 95% ethanol?} 60% ethanol®] phenolic
compounds”} Z7}5Q a1 RS 25% AEAE Ababujokto] =o slaks o

2 SAYAY. 1Y EE o U dsta e R
olaf dojd 4 Utk

5
Feko] AR Q13 oF=Ag] <lalkd

uoi'



. DPPHe &% HAg s
DPPHe] 93t AAgols =AL Fig. 390 YelQIth DPPH AAgo]5S Abatul ok

o] Eatal wiate] HlE 453 =4 SAHEJL. o] AL Abtu)

o] w9 =t}l= How ®ATE ATz, DPPHY AAtaos @48 A3 Ababv)

of AbFTRT % e ok o A% w3 FEHYoR A DPPHO AAT
(e}
AR

40

I water
[ 60% ethanol

I 95% ethanol
30 - ] =
20
10 A | |
0 I—U—I '—D—I
WG RG

DPPH radical scavenging activity (%)

L L L

EG1 EG2
Ginseng extracts

Fig. 39. DPPH radical scavenging activity of ginseng extracts. Values are means of
triplicate determinations (n = 3) * standard deviation.

U Refers to Fig. 38.
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Table 16. Inhibition Zones (mm) of ginseng extracts'’ (500 mg/ml)against icroorganism

. 60% ethanol 95% ethanol
Ginseng
Extracts e L.monocy . e e L.monocyto | S.epiderm
B.Subtilis S.epidermidis | B.Subtilis .
—togenes —genes —idis
WG 8.06x0.06a - 9.58%0.09a 9.21%0.14a - 9.97£0.11a
RG 7.74£0.03b - - - - -
MG 8.15x0.05¢ - - 10.25+£0.03b | 7.20x0.03a | 10.38%+0.17b
EG1 10.924+0.06d | 8.06+0.09a | 11.38%+0.06b | 11.23%£0.10c | 9.26%£0.10b | 11.63%0.10c
EG2 11.37+0.02e | 10.00+0.12b | 10.89%+0.07c | 12.42£0.19d | 10.54+0.10c | 11.06%0.06d

Values are means of triplicate determinations (n = 3) % standard deviation; different

”

letters indicate significant difference (£<0.05). “—

U Refers to Fig. 38.

, no inhibition zone.
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