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Abstract : Ginseng (Panax ginseng C.A. Meyer) is one of the most important medicinal plants in East Asia. Mic-
rosatellite or smple sequence repesat (SSR) markers are used in obtaining genetic analysis and authentication in many
plants. The present study examined five microsatellites in conjunction with P. ginseng in Korea. The total observed alelic
number was 17 (mean = 3.4), and gene diversities varied from 0.078 to 0.543 with an average of 0.314. Through a com-
bined analysis of five loci in 100 ginseng samples, 44 different combined genotypes were observed. Expected and
observed heterozygosites ranged from 0.077 to 0.541 (mean = 0.313) and 0.040 to 0.130 (0.083), respectively. All exam-
ined loci exhibited deficiency of heterozygosity and deviation from the Hardy-Weinberg equilibrium. Such results may be
explained by the non-random mating and inbreeding that has occurred for severa hundred years. These microsatellite
markers could be used for the study of molecular genetics and the establishment of DNA marker database, as wdl as
authentication of ginseng species and chromosoma mapping of QTL loci in P. ginseng.
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Qake] f2 uiA el gk A= ik TE52] rRNA
FHA el xpolo] 7] %3k PCR-restriction fragment
length polymorphism (RFLP)?] ©]&-& A2k & 39 randomly
amplified polymorphic DNA (RAPD)®} amplified fragment
length polymorphism (AFLP)E %3l 4= 3714 (Panax
quinquefolius) 21012 2ol& EA81AY, 14te] EA-E
2 A4S FEske A7t FAE A TS? Fushimi &
(1997)2 Panax < 3 F| tis] DNA oA 545
13l 18S rRNA 3=} A ge] zpolo] 7|4tste] PCR-
RFLPS} mutant allele specific ampliﬁcation MASAE &
Halo] 7 & M2 TR £ 0SS BustY Ngan

a=

=1 E
S (19992 Panax % 6 3 JA47Fo & sl
ribosomal ITS1-5.8S-ITS2 A€ RFLPE <3ste] P

ginsengs+ P quinquefoliuss TE313tEY Um 5 (2001)
RAPDS} PCR-RFLPE F8jated 14t /A7 A2 T
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DNA A& (DNA fingerprinting)& 92 #l It}h? Shao
5 (2004)2 <14kl RAPDE $3F 18 719 random primer
£ AFstem® Lim 5 2007y Hulo] Aash= o4
714t @ quinguefolius) JXNA 42 tdds Akt
At 5013 RAPD marker5S /N2t v} Jth? Shim
(20052 gradient PCR3} RFLPE 3)5}o] ofg] <&
Bo] E3HERE 94 T80t Diao 5 (2009)
JHA o= fFEEe o EFE=TH 5S rDNA A
gol] 719kek PCR-RFLP2} amplification refractory mutation
system (ARMS) WS 283l P ginsenge] EAIE UF
a71% stk Z2=2=)9h RAPDY RFLPS} 72+2 wiAE
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& 2123 A H9Eo] fAA el BxskA] gon W
Zre, A, e 9 Q@A (reproducibility)e] WS 72

F7F Wol AA| AL-o] o] 757} s{t}altt.

Simple sequence repeats (SSR)Z% E2|= microsatellite
= MARE S f1g 7P 788 117 v E deRie),
microsatellites 34 Aol wj$- Wi B =2 Wi
I A, 2=aL 2AF 7He] wxp 284 (cross-species
transferability) 2.2 oJH {4 vl Rt} -550] Hg
A2

012+ microsatellite] theh /e T2 wpAS] B3]
A o]FoA, HZol| Aok 214ke] microsatellite E°] X
FE I e AFh® Kim 5 (2007)2 Ma 5 (2007)
= ‘L%‘:}Oﬂ tigt microsatellite-enriched genomic library A
Z3&l microsatelliteS &4 3151.0m 1319 Van
Dam % (20092 BAC genomic library2] end-sequence
4]0 22E microsatellite A1 8-S 288t th® =3 Kim
5 (2007)% Van Dam 5 (20092 th¥-&e] FA4H npA
Eo] 37|14 (P quinguefolius)N A= w2} 2-8-0] 7]»;?@}5
BATBO S Jo 5 (200002 91ate] AMEZ
(cultivars)®} oA AHab7ho)| microsatellite®] T -F-22F 3
oM o4 AJol7t ¢le-S Btk Hon 5 (2003)
2 ) ako 2 BE] E2]3F microsatellitee] F-2oA QA4 (P
ginseng)@ 31714t (P quinquefolius)?] A2 F-&o] 715
T ALS A2 Kim? Lee (2004)= <14te] H=A)
FAANZRE F 5ol4 WHolg Xl 18 712 SSR marker
£ Basuhl?

2 ) o14tol| ek microsatellite 771 L5 F3 5
RAIG, 3] w1 Fek ook 3 B ApAee WA
gPw Aroa] <l4te] genomic microsatellite-enriched
librarye] =338 E3) 251 7§¢] microsatellite 482 &
743k vl Aok 2 A e =l AZAY QA gelA
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AY REEE 2L

ﬂéll- |E__| xl ol DNA F= e

A m=100)°] ] E= L Jo T (2009014 AR
&, 3R, FA, 35, i, v A
g, tr, Mgl A 57 2 g B8 eItk
Ak A 22 RS T Abdel] YL AR AR Y

=
Q3 TLsE A|F2A, A

AL F- mlAlgE o]

z} = =5 sl ern, 5 DNA=
E U ZXE DNeasy plant DNA isolation kit (Qiagen,

Germany)s ©|-83te] At ).

Microsatellite 0t7{2] PCR &=

PCRS 10-20 ng®] <14 DNAE F3o=z &9 05
pmole primer, 200 pM dNTPs, 2 mM MgCl,, 0.5 unit
Tag DNA polymerase (Promega, USA) % 1X bufferE
23t 20 ulo] W E3S AF3$ ¥, GeneAmp PCR
system 9700 (Applied Biosystems, USA)S ©]-8-3le] 3]
3lth PCRS 93t v} £9]3 primer® PG770, PGY46
2 PG1663+= Kim 5 (2007)2] ¥H<S wgkom 19 PG186
7} PG1419+% microsatellite motif9] flanking sequenceS
o] gt AfFA A=A AFAA ARE-SIAT (Table 1).
PCRE 95°CoA] 5 #7F 271HA $, 94°C 30 = WA,
58-60°C 30 = A3, ¥ 72°C 1 ¥ A& 27Hoz 32
cycleg s, mRgo g 72°ColA 7 B HE A

S-S skt

M polyacrylamide & H7|¥S A silver staining

Microsatellite w}# 7}-2-H) PG186 PG770, PG946, 2
PG1663°] tislx= PCR 5% %, ¥4 polyacrylamide
gel electrophoresis (PAGE)Q‘r AAire AW (silver
staining)® = RG-S AR 7195 ARSg AL
5% polyacrylamide (acrylamide : bisacrylamide =19 : 1)
¢} 1IX TBE bufferd] 7 M urea’} EFEHES S9Y (F
7 04 mm x Zo] 40 cm). PCR AHe2 Z+& ko] 2X
STR loading buffer (Promega, USA)9} 4132, 95°CE 2 &
7F 7rEgE & SA] Aol '@ H, dEd A FYska
1600 VE 2-4 A|ZF 52t G55kttt DNA W=+ silver
staining kit (Promega, USA)E Al&-5le] AAke gAlS- A
AJBIAEL A719%E 0] B AL 10% ethanole]l 20 #7F
IAZAZ F, 1% HNO,; & 10 &7k @23, o]o]
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Table 1. Primer sequences, repeat motifs, allele number, and PCR sizes of five microsatellite markers in P. ginseng

Marker Primer (5 — 3) Repeat motif Size (bp) Allele No. ﬁg‘fﬁ%“

o RACOEAIICTINCE  pes, a5 cworm

oo RIS o), a2 oo

oo LIGMICOMCIGTMGIIGN o a0, m 3 e

PG1419 F O A A I CAGITS  (AG),(ARAG), 101115 5 EF140898

o EISAGACKITTIGNACCITACY  (crecr), s 4 Erasco
staining solution (silver nitrate 1 g, 37% formaldehyde A 1}

L5 ml/L)l 30 #7F F=gA &850 FHA WA &
SHTE 7HA Ao FAT 2 F AL developing
solution (sodium carbonate 30 g, 37% formaldehyde
900 uL, 1% sodium thiosulfate 500 uL/LyS *2]dto] @
=71 YJehd w7l 8-S, 10% acetic acid® ¥HE-L

82 EX| primere} XS 7MY EMV|E 0|38t Et

PG1419 "1+ %K primerdl 6-FAMOE &34 A3
T QoM el Fda Wy o g PCRS 433319t} PCR AH=
S Hi-Di formamide®} GenScan-500 (LIZ) size standard
38t AFs @71449 #417191 ABI PRISM 3100
Genetic Analyzer (Applied Biosystems)E ©]-&3&le] E2]3k
T, F428S Genotyper program (ver. 3.7)& AR&-3}od
AR 3Tt

©

SAH 24

gAte] Rlee 7 Al s 25 E ozl frixgozh
B Alakeiint. 2+ 249)oll g Hardy-Weinberg B8 3} 249
7F APEHY el Lewis?] Genetic Data Analysis pro-
gram (GDA, http:/lewis.eeb.uconn.edu/lewishome/software.
html)S ©]-&3F Fisher’s exact test® 21313t} Power of
exclusion (PE), polymorphic information content (PIC),
probability of match (PM), % power of discrimination
(PD) PowerStatsV12 program (http:/www.promega.com/
geneticidtools) 2. 2 Al4Fs}SI T} Genetic diversity (GD)&=
Nei (1973)¢] 54 GD = n(1-YP?/(n-1) ol w2} 4
At om, o, n& AT, P, = Lozl JHAIE AlFolA
Aojzl tigf-xke] Wxglo|oh1?

FHXfe| Blzel B

Microsatellite 5 #-$]2] 9714 <¥E 48 53 SSR v+
ZE AAslal vkE SIFE 71202 7F gigdE st
Ak (Fig. 1. PG1864 PG770 7tz (AGG), 4 (ATC), 9l
3971 T W2l o n, PG1663> (CTCCTTT), 2l 79371 Wt
B $2E Btk PGY67 PGl1419= 7Ht (TG), N, (AG),
7 (AG),(AAAG) o= EJ}F WHE (complex repeats) 7%
= vtk

7k F9)e] A Hlie g BAIA $252 Table 29
HoJFa ok PG16632 g 7iAGA 3 7lle] dgR-2AE
Holz A% o T8 = FAHEJ S, ZHhe] 29
£ FEshs Aol Erlsate] A BT YERSIA,
T2 4 90 disiAe digdzke] e g 2xo] o
3 BAF B8 sl PG1419= 718 2e 5 719
EEAAE B, TS0 2 PG1663S 4 71 g4
2He BHom, PG770> A 2 o] tig-friaivte] 2k
AT AAA o2 F 17 /) A BEE S F9S
B 34 M dEFHA7E FREAT FAH G
(GD)Y& PG770°14 0.078% 7Fg wekom, PG14199014 7}t
2 =2 054322 ARKEIY (mean = 0314). T4 =
o] Hx9l PICE PGl4197} 046002 7P =9k, o]o]
PG186 (0.364), PG946 (0.150), PG770 (0.070) <=2 & 1}t
EPST (mean = 0.261). W= &l PDE <A 7H
2o YRS BolFE PG14197} 062002 7P =9k,
PG770& 0.1142 7F3 w7 Yebgtt.

PG1663 915 AlLlst Um=] 4 7he] H2150] o o]
FHYE H )= 0077914 0541 (mean = 0313)= 7
AERed, #5 oJIHTE Hy)e 0.040014 0.130
(mean = 0.083)>.& H, Wrl 24 S veht S35

o] mlgol v w5S & F U (Fig. 2). =3 FdA
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Fig. 1. Microsatellite markers in P. ginseng. PG186, PG770, PG946, and PG1663 were amplified with non-labeled primers, and the PCR
products were separated on the denaturing polyacrylamide gel electrophoresis and visualized by the silver staining. PG1419 was
amplified using the FAM-labeled primer, and the PCR products were analyzed using the automatic sequencer. Allelic names were
basically followed by the repeat numbers. Numbers on the top of the gels (A-D) or on theright side of chromatograms (E) indicate
genotype of each sample. (A) PG186, (B) PG770 (Arrow indicates a monomorphic band), (C) PG946, (D) PG1663, and (E)
PG1419.

Table 2. Allele frequencies and statistical values of five microsatellites in P. ginseng

Allde PG186 PGT770 PG946 PG1419 Genotype PG1663
4 4 0.01
5 5 0.03
6 0.630 0.960 6 0.02
7 0.365 0.040 45 0.13
8 0.040 5-6 0.70
9 0.005 57 0.02
1 0.915 456 0.09
12 0.045
14 0.030
18 0595
19 0.325
20 0.035
21 0.015

Heyp” 0472 0.077 0.160 0.541 -

Hop 0.130 0.040 0.040 0.120 -

HWE? >0.001 0.005 >0.001 >0.001 -

PICY 0.364 0.070 0.150 0.460 -
PEY 0.014 0.001 0.001 0.012 -
PM®) 0.429 0.886 0.813 0.380 -
PD?) 0571 0.114 0.187 0.620 -

GD? 0475 0.078 0.161 0.543 -

DH,,,. expected heterozygosity, 2

6')_|F§i{ﬁ

4 #$] 2504 Hardy-Weinberg

p

tents, 2PE: power of exclusion,

Yol pEE

LI I

: matching probability,

Holgom (P < 0.005), RE e A =7k
(linkage disequilibrium) el AE Ao=Z A= (P

< 0.001).

Fogehel
AP

gl

X

S8 FUAE A olF Zfle Y

14+ 100 7HANCl A 5 291€]
genotype)S 418k A3} 44 /o] M= Tk

SO
LIS

= 5.0
2 53

HEENoH, 2 F 32 7l @ AAACIMT #EE

- observed heterozygosit%, IHWE: Hardy-Weinberg equilibrium, ¥PIC: polymorphism information con-
PD: power of discrimination, ®GD: gene diversity.
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Fig. 2. Comparison of expected and observed heterozygosities of
the examined microsatellites in population of P. ginseng in

Korea (M: H,; [I: Hy.
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PG16632 & 100 70A 5 PholA 3719 tid{-dx7t
A=A} (Fig. 1D). 7} 3491¢] DNA wh=ef tisl 974
48 AQsIAed], v F-9] 2ell= Age] Holdo] A&
HA] At o)A A4t FAA el Y AEe
PG1663 2917} 2 3ol EAjste Zoer FgsH st
PG7702] 7%, olgle] WHelE Holz Wiz Qox= AA
AZe Tk 2719 MiErt EAlske As & Uk
(Fig. 1B). o}k fAKSE AMEe] vthA 7 F-3A 19
g e EAlshs Aew FAHEI. PG1419¢] 7%
Kim 5%o] AR&-3} primers AFE-E 79 2 719 o2 #
A7F FAlO F3o] FHAANE G7IME A4S EUE AR
o4 primers A%}

< MR S5

X
=
[e]

T

A

t}2 flanking sequenceE 7]FECoE
sted PCRE a3t 23 @ 9]
T A3t} (Fig. 1E).
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B Aola /Mad 5709 microsatellite WSS Het
HHFAAE = 34 7o, B GDe 0314 ok A
Aoz 2w, PGl4197t 7FE H& tEAdSs HgloH
(PIC: 0.460, GD: 0.543), PG7702 71 vre t&dAdS
ERAIEE (PIC: 0.070, GD: 0.078). Autxlog 7z} njz 9
HHES 20 FF0F B i AN, 2 Alr] AR
5 #9]o] A S Al Yehlle ESdAd S Ak
Fs e 44 710 ME b B3RP0l BRI 7}
A7 594 US AAstll A% dAS(combined PM)S
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2 AollA AR 5 rkA F BAH BAE FEA &
< PG1663S A2gt VA 4 vl g7} Hles
pEA= H,, (mean = 0.313)° ®13ll H,, (mean = 0.083)°]
R G2 e Ho =2 oA AHES HIeH
(Fig. 2), =3 =& A9 HHFd= 327} Hardy-
Weinberg &0l A A S-S Ho] FAUTh o]¢} 7o
A= Jo T (20090 Adet & dAskE A0ZA, Q14
2 ARREEe] Eon, d ot Koks sl o]&
TRA] A= Al 2] ] Bigle] wrljzt o] Foixl ARE AR
A £, Al 7128 FalEd Qo] Azt 154717
FE AR, 28 717 B9 R o8 3 A
E AlSH 9 Moz wullE Ao ZA, =l Al 14t
ko] F94 523} (isogenic state)7} “3F3] I3y
o2 FAHEC T 2 AtoA 4 HLE0] AETl| A
293 Aol e Aom ZAEAE), o] EuFe
E F9E0] shte] FaAe] #xsh] Hije o3 7|71

g vk 271 Q1ake] Aujrt o Heo 2 HE
A7 A2 g FHlFdoEAN dojd {HA FE
(genetic driftyell 71218 7FsAdo] &0 23y B A9
Aok v2A, A4kl microsatellite 2919l H, 7 <
38 HyHvh 9 4 JelbAgY 241 2E A9t
Hardy-Weinberg B3/ e]o] 3lgo] HuE7]x sjplomnz 16
o2 4 kel gk F7FAQ1 A7t 87-FT o2 o]
n] ¥ Al Q14ke] 8 ol W microsatellite®] 4%
thadAde] fol7 2ol AR FAF Aol

F 2o Panax % F<] 243 54S 213l PCR-STR "4
o] AX¥ microchip electrophoresis ¥ o] LEE A=),
chipg ©]-8-3+ microsatellited]] gk E2oA P quinquefolius
£ P ginseng®t T2 electropherograms H..om, T3l 1)
= At oS YA A719l wel FRsi ok
oroz ulA] DNA chipelt} multiplex PCRY 55 <14l
th3}+ microsatellite®] A2} Hajo] #galcpdA, IR A
gstar 4143k glolgo] 7hssd Aol

8F AAIAHLSR Ao AEE F8 FAEC
microsatellite P}1E 432 Elo|l A= DBE st=
Ao Yrkal Yok nfoe v 9 73 Toll gk
microsatellited] tgh A7} XY=L JYANE A|AZ 73
< 7F R8AHERD Akl ti$k microsatellite®] A+
34 dlolEMo| 2l o] 2R A F5Eol) 2 AtollA

lo
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Waret Q14te] microsatellite PFAE-S 4te] EAMGHEH
A B A n e dojeulol s gye] Atgw #8E
W oopdzt, atel B4 Ay 9 =2 QTL #9le] |4
AR = 2ol F-8-35h 282 Aot

o oF
S =

Q4o gt microsatellite 7H#- ThE A4 wlA S
H|3l| A o]FoiA], 2ol kAo 14F] microsatellite &
o] Ry e AAolth E AFtdAs, E8E
microsatellites Sol4 5 72] B84 rmAE Adste] =)
ARAAY AZA FEEE e tdeE §44 v
< ZAbslaL, 7t el EAS it AR A
WA PAGES} silver staining®g &2 AV dFFEA
primerZ #A$k PCR AHES As 971X € 2472 4
sl B AFroa] 7Et 5709 microsatellite MFAE2]
W N2 = 3.2 /9o, Hd GD= 0.367 Sitt.
AxH o2 = wf, PG141Yt 7P & t3dAdS BloH
(PIC: 0.460, GD: 0.543), PG7702> 7FF vre t&AS
Eldi2dct (PIC: 0.070, GD: 0.078). zF #91E5<] o4 o]
= H, )= 0077914 0541 (mean = 0.313)2 AL}
Ao, #F olFHTFE Hy )= 0.040914 0.130 (mean
=0.083) 2= R WA #FEJoH, FHAAF] HExE
Hardy-Weinberg 3 @/JefellA HoldS BT & AelA
kst 214ke] microsatellite FFAS-S ¢14ke] BxLA nlA 9]
dlojguo] X ggo] 7|2 282 &89 W ofg, A4k
A A B QTL 919 FAAIAE 2 f-8-3sH]
&84 Zlojt}.
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