iRk (Korean J. Medicinal Crop Sci.) 20(5): 387 — 392 (2012)

www.medcrop.or.kr
http://bxdoi.org/10.7783/KIMCS.2012.20.5.387

o = X=X IO
PNA HIO|2Z & 0| ¢t n2{elaf EF &
SIZERT . OlE - LR - YRS - LB - MOj2k
Al - USER* - B2+ - A58 - MM
5E05R FYAASAAG AFEA

Molecular Identification of Korean Ginseng Cultivars
(Panax ginseng C. A. Mey.) using Peptide Nucleic Acid (PNA) Microarray

Kyong Hwan Bang*'", Ick Hyun Jo*', Young Chang Kim*, Jang Uk Kim*, Hong Woo Park*, Mi Ran Shin*,
Young Bae Kim*, Ok Tae Kim*, Dong Yun Hyun*, Dong Hwi Kim* and Seon Woo Cha*

*Department of Herbal Crop Research, NIHHS, RDA, Eumseong 369-873, Korea.

ABSTRACT : This study was carried out to identify Korean ginseng cultivars using peptide nucleic acid (PNA) microarray.
Sixty-seven probes were designed based on nucleotide variation to distinguish Korean ginseng cultivars of Panax ginseng.
Among those PNA probes, three (PGB74, PGB110 and PGB130) have been developed to distinguish five Korean ginseng
cultivars. Five Korean ginseng cultivars were denoted as barcode numbers depending on their fluorescent signal patterns of
each cultivar using three probe sets in the PNA microarray. Five Korean ginseng cultivars, Chunpoong, Yunpoong, Gopo-
ong, Gumpoong and Sunpoong, were simply denoted as ‘111°, ‘222°, ‘211°, 221’ and ‘122’, respectively. This is the first
report of PNA microarray which provided an objective and reliable method for the authentication of Korean ginseng culti-
vars. Also, the PNA microarray will be useful for management system and pure guarantee in ginseng seed.
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(Panax ginseng C. A. Mey.)> F5UF3 (Araliaceae),
(Panax)°ll &3z AR A=A TSI =
75 ez ol gH oA KT} (Hu, 1976).
12F°] A e, 1052 Foprofel B2
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1252 FolA A4 (P ginseng C. A. Mey. )3} 4+
A4 (P notoginseng (Burkill) F. H. chen ex C. H. Chow)
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Aol S 287 A
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UIZiEH - ZOIE - ZIHE - RS - uS - DjRt - 2] - ZSE) - BiSE - 288 - AR
2@ 717 B A A7le 4, WA T E IEHS 5], f83 A JHE ulEoE PNA T2H
kel 7Hg71E gt A AAIE] B8-S fAse k. & gl 2 Adsiar, AAHESE (Biology Technology) 4
AN H 2ol Uit A AakEl wefolatel vlwsle] gt ®7)<& (Information Technology)ol &89 A& sty 243
o] ML o] EE =Ate] SliAke R Y e Hio] © 38 JHgsarAl Y= KAct.
o] QG 2k WS VR AFlaRle R XAg WA 9)
oh B3 FUldME dtiF R 7o) AL FAke] #UA Mz I uh
o] Wolx|&= AjghFo] A AEFoE B3 5 A
52 Aishs s7lA AslE T2 A= Aol 1. A=

wEhx] olygt #AE sldstr] 15t DNA #HA 52 ©] B Ay ARE AEE w2315 Y45
&3t BAAAESE 71y At JgEogit I W T QJIAEANTS] ARl FAF aERI, HF T SE
o] o2 F3Eel Hjsl ¥ =4 DNA vHE &8st Foly, A2 () 4948S 7122 STt (Table 1). 9
FAEA A7 JaEo] =], 23716s e 1 A A F5S 20079 1089 F5Z 90cm, IHE

ZE= 0
c==

=4k 59 A4t 2317] fgk A Ayt RAEN
t} (Shaw and But, 1995; Wen and Zimmer, 1996;
Fushimi et al., 1997; Ngan et al., 1999).

20001 AT Zake] FUlollA] Qo] FEEY ol uet

H FFES TS A% BRI el #k A9
==, ribosomal DNA®} Internal Transcribed Region

(Yang et al., 2001; Kim et al., 2007, Lee et al, 2010),
Simple Sequence Repeat (Dan et al., 2009; Bang et al., 2011a,
b),
Sequence (Bang ef al., 2010) P}AE ©]-&-3t A7} HALE ).
3HA, Genomics FOFolA4] DNAE ©]-8-3h nlo] Q3o tjjgh
713 SAETE ZobA, Qo] T AR Hoprt 7
W2 S HolHA A oR Wol E8HI gt} Hlol
Lol freEv deEH 22 A 719 9ol EAH st
3= DNAY protein 22 Hlo|Q EZHES JIXAA B9 &
2 Zd], gyrEoZ DNA chips} protein chip 5°] ©]8
H3 AT} (Park et al., 2002).
5 (1994y> 1991 34F DNA®} Fx7f M]3t

Nielsen &
20
j=1

FEA 3}E-E0] Peptide Nucleic Acid (PNAYS 3
Wesisi=tl, PNAE Askerd oz - SHge 543 2i
A5 DNAZM DNARNASIS] A FEo| vl$-

Aoz BTt gkl s Wx7]14Y  (Panagene
Co.PIXE PNAS tigoz 2 9 7)2e Al

Sequence Tagged Site-Cleaved Amplified Polymorphic

B
o, o] 7|WIOZ PNAE ©|&3t Hlo| S AZsl=H]
AE39 T} (Choi et al., 2009). PNA HIo] 23S DNA H}O|
el mlaste] ek AgE, ek Wi, Sold P

e 7RI e Ao® BuE Ytk (Choi ef al, 2009;

g

Py g
Singh et al., 2010). T3k ZZol= PNA Hlo] Q3 o] HE3}
2150 Wit AAEE ARG ofye), &9 7Y RS
Az WY skl W T ook 47 240 #-8%
Hoz &85 At} (Pellestor er al., 2008; Lee et al.,
2010; Sforza et al., 2011).
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=

90 cm, FE=o] 30 cm o0& WHE, 2008 3€el 7x 10
Z (90 x 180 cm), A AZE= 15 % 20cm 2 0]2]gF F Zo}
A BEAAY 7944 7S AReka, FA3+ 34
472 A 9E8e ¥ 59 sk a2 e Slsl =
A 25 AE Yl A9k HalF A, g2AA 2 7)E
e 24t GAP EFAPNAIZIA ] F313ATt (RDA, 2009).

2. DNA & & H&

Genomic DNAE 444 & AZIsle] AZTF F x84
2 FYNA SAPLE ol gste] Rt g vhie

T2 DNeasy Plant Mini Kit (QIAGEN, Germany)2 ©]-&3}
o FZ3I9Ht. =% DNATE 1% agarose gelollA] Lambda
DNA (Promega)¢} &7 71953 ¥, EBr (Ethidium
Bromide)® S43}] DNA band®] ¥71E At H]wsle] &
=S sk v 40| ¢5d DNAMESS Ead
SHTFE o83l HE DNAFTLEE 5ng/ulE A FEsIch

3. STS OPHE 0|28t PCR 24

M FF 2 RS #18ked Lee (2010)01 el
Az STS v olgsialon, yelat 55 1 fAE

g st HFHoR FF 7 ddEE Bole 339
STS ®F#4 (UFGp74, MFGpl10A, MFGpl130A)7} A= itk
(Table 2).

PCR 3& $I3le] Al 8899 242 genomic DNA
¢F 10 ng/2 uL, primer 20 pmole, 2.5 mM MgCl,, 0.25 mM
dNTPs, 0.5unit Taq polymerase (Neurotics, Deajeon, Korea)=

Table 1. Information of Korean ginseng cultivars used in this study.

No. Cultivar name Collection sites ~ Voucher No.
1 P ginseng cv. Chunpoong MPS002375
2 P ginseng cv. Yunpoong Eumsun MPS002380
3 Pginseng cv. Gopoong Chungbuk, %orea MPS002385
4 P ginseng cv. Gumpoong MPS002390
5  PRginseng cv. Sunpoong MPS002395




Table 2. Three STS primer sets for discriminating five Korean ginseng cultivars.

gDNA Library STS primer
Clone information® ‘ Primer sequence* PCR information®
D '”ngtpf)“ze Ge'fcga“k Primer name IFzerV::srg (<55:§’ ,')) Expeg(;i SiZ¢ - Anneal. temp. (C)
UFG0074 748 HN339415  UFGp74 nggglgxggiﬁgﬁ;;ﬁgﬁg 639 65
MFGO0110 1129 HN339416 MFGp110A é?lgggéég_ﬁiﬁé—ggcé;g 930 65
MFGO130 1224  HN339417 MFGp130A ?m%igizii(écczggéig 322 65

Primer were designed based on sequences of the corresponding clones from the gDNA library of P ginseng cv. Yunpoong. MF and UF, stand for

‘methylation filtered” and ‘methylation unfiltered’.

"The expected PCR size of the genomic DNA of P ginseng cv. Yunpoong by using the recommended annealing temperature (Anneal. temp.).

=
o

S M o] volumee 25uLo|lth. DNA FE7]7|=
Tprofessional thermocycler (Biometra, Gottingen, Germany)
S ARSI, PCR WS 95Tl 587 27184 F, 95C
30 W4, 65C 30 A% 3 12T 1% Ao 271o=® ¥
40 cycless 331, wiAEkoZ 72TColA] 1087 217 vt
& FY3 k. $H, MFGpl10ASt UFGp74 primere=
PCRS 38 & 37ColA sAIZF B¢t Hinfle] ATdaihs
Aglslgel. 2 & 0.5x TBE bufferS AME-3ld 1.5% agarose
gelolA] A7199F 3ted EtBr (Ethidium Bromide)Z ¢4 st
T fAE FEE grlsir

4. PNA Z28 [|Xjol U

PNA Z2H t]zele UFG0074, MFG0110, MFGO0130
SES o= IERIM FF Tl F71MEe] HolE Hol
= 32 PR Sigit) Bgk 22 H o] Zol= 15~25mer
Z 31921, Bts (benzothiazole-2-sulfonyl)S AME-3l FH4d
st $HE ZRHO £ 4L AR ARvETHT] 7]
7] (Agilent 1100, Agilent Technologies, Wilmington, USA)
£ o]&3t ., F4HAHE MALDI-TOF (AXIMA-CFR,
SHIMADZ Co, Kyoto, Japan)& ©|83F3t}t. /¥ PNA
TrHE ZEfol=FTk ¥W 9o 50uM® Qarray mini
Microarrayer (Genetix, New Milton, UK) 7|75 o] &3}
TR o, 3719 BE HES 6 szl o]kt

SHAM
[=§e]

5. PNA HRO|2E0IMe] =3} 2

T3t vk 9lslA 94 biotine] ¥AE PCR AHE
SuLE 95CoA 587 fA15k] DNA °lg7hees vl 7iet
o2 WHAALE 7]90] CyS-streptavidin (Amersham Pharmaia
Biotech UK Limited, Buckinghamshire, England)°] 3%} ¥
PNA &£43} buffers 75 uL £ 5, PNA Hlo] 239l 40T
oA 2A17F FoF WHEAIHTE HHS- $ofi= washing buffers
ol g3ste] ¥ 7 W MHste] Azt AxE ol
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(A)

M

(B ©

)
12345 M 12345 M 12345

Fig. 1. Amplification products of five Korean ginseng cultivars
using STS-PCR. The monomorphic bands were amplified
by (A) UFGp74 and (B) MFCp110A, and In Del
polymorphisms were detected with (C) MFGp130 among
five Korean ginseng cultivars, respectively. lane T,
Chunpoong; lane 2, Yunpoong; lane 3, Gopoong; lane 4,
Gumpoong; lane 5, Sunpoong; M, size marker (2log
DNA ladder; New England Biolabs).

o

e Hl¥zx4d % 27l (non-confocal fluorescent scanner)
GenePix 4000B (Axon Instrument, Union City, USA)Z 27
siaitt. @ Alde &I B35 DNAY olsuile] &4
3} 2= Aksglom, ojnf A1) Zwe= 3,000 o1 A
S 7|Eo = .

al

o oE

2t
1. STS OBPHE 0I5 PCR & SHIIMA BO0| EM
IHRA FF WEE f5te] 94 Lee (20107} Eargth 3
%9 STS =Z&tolv (UFGp74, MFGpl10A, MFGpl30A)S
o]gsle] PCRE T3t & FF 7holl S5 == DNA 9
2ol AT
MFGp130A Zzto]m & ©]§3g PCR A 300 bpoll A
400 bp Atele] YX|AIM FE 71l ZpolE Hol= DNA o]
==, AT, 2F, 582 375bp 2719] DNA o],
AF2 AFLE 322bp H719] DNA ©HHo] A= Q). sk
UFGp742t MFGpl10A Zte|HE o] &8s we 5EE0lA
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618 ~ 639 bp

r 1
CTT CAATTGTTTC GAGACCTGT
CTT CAATTGTTTC GAGACCTGT
CTT CAATTGTTTC GAGACCTGT
CTT CAATTGTTTC GAGACCTGT
CTT CAATTGTTTC GAGACCTGT

ATCCTCA AAAAT
ATCCTCA AAAAT

TCCTCA AAAAT
ATCCTCA AAAAT
ATCCTCA AAAAT

PNA probe

] Reverse primer

~ 215 bp

911 ~ 930 bp

r 1
CTGCAACATA AGCGGAAAAC
CTGCAACATA AGCGGAAAAC

5T AAATAATTAA AAACCTAAAA
5T AAATAATTAA AAACCTAAAA

CTGCAACATA AGCGGAAAAC
CTGCAACATA AGCGGAAAAC

5T AAATAATTAA AAACCTAAAA
5T AAATAATTAA AAACCTAAAA

T AAATAATTAA AAACCTAAAA CTGCAACATA AGCGGAAAAC

PNA probe |

Reverse primer

») Forward primer
Chunpoong GCGAATTTCA CAGAATTAGA CG - AACAAGCATT GAACGCTCGA AAGCGTTTAA
Yunpoong GCGAATTTCA CAGAATTAGA CG - AACGAGCATT GAACGCTCGA AAGCGTTTAA
Gopoong GCGAATTTCA CAGAATTAGA CG - AACGAGCATT GAACGCTCGA AAGCGTTTAA
Gumpoong GCGAATTTCA CAGAATTAGA CG - AACGAGCATT GAACGCTCGA AAGCGTTTAA
Sunpoong ESCGAATTTCA CAGAATTAGA CG. - AACAAGCATT GAACGCTCGA AAGCGTTTAA
1~ 22 bp L
171
(B) Forward primer
Chunpoong AGTCCCAACG GAATTTCATC - TTCAACGAAA TTICEGTT!
Yunpoong AGTCCCAACG GAATTTCATC - TTCAACGAAA TTITEGTC!
Gopoong AGTCCCAACG GAATTTCATC - TTCAACGAAA TTICEGTT!
Gumpoong AGTCCCAACG GAATTTCATC - TTCAACGAAA TTITEGTC
Sunpoong AGTCCCAACG GAATTTCATC - TTCAACGAAA TTITEGTC
1~ 20 bp L

©) Forward primer
Chunpoong GCAATAGGAG - GGAA AGCGTTCAGC TCTTACG -
Yunpoong GCAATAGGAG - GGAA AGCGTTCAGC TCTTACG - T
Gopoong GCAATAGGAG - GGAA AGCGTTCAGC TCTTACG - T
Gumpoong GCAATAGGAG - GGAA AGCGTTCAGC TCTTACG -
Sunpoong GCAATAGGAG - (ISGAA AGCGTTCAGC TCTTAC? =T

1~ 10 bp 867 ~ 887 bp 1

141 ~ 180 bp

TATCTACTTC CCGACTATTT CCGCTTCGGA AATAGAGTAA GGGAAGCCCG CTCTTGCTGC

GCTGC

ATCTACTTC CCGACTATTT CCGCTTCGGA AATAGAGTAA GGGAAGCCCG CTCTTGCTGC
TATCTACTTC CCGACTATTT CCGCTTCGGA AATAGAGTAA GGGAAGCCCG CTCTTGCTGC

PNA probe

1,221 ~ 1,241 bp

CTCTGGGCTT GACAGCATTT A
CTCTGGGCTT GACAGCATTT A
CTCTGGGCTT GACAGCATTT A
CTCTGGGCTT GACAGCATTT A
CTCTGGGCTT GACAGCATTT A

Reverse primer

Fig. 2. Nucleotide sequence alignment of polymorphic fragments amplified from Chu
Sunpoong by UFGp74 (A), MFGp110A (B) and MFGp130A (C). The nucleoti

1,041 ~ 1,100 bp

T}roong, Yunpoong,

Go;k))oong, Gumpoong and
e sequence enclosed

y box indicated single

nucleotide polymorphism. Position of the target sequence for forward and reverse primers, and PNA probes were indicated as

arrow and underline, respectively.

Table 3. Information of PNA probe used in this study.
No.

Probe name Sequence (N — C)° Targed cultivars

Chunpoong,
Sunpoong
Yunpoong,
Gopoong
Gumpoong
Chunpoong,
Gopoong
Yunpoong,
Gumpoong,
Sunpoong
Chunpoong,
Gopoong,
Gumpoong

1 PGB74a gegtttaacAaatcctcaa

PGB74g gegtttaacGaatcctca

PGB110ct tttCcgtTgtaaataattaa

PGB110tc tttTcgtCgtaaataatt

5 PGB130wt® CCCGACTATTTCCGCTT

" Targeted sequences were capitalized and indicated in bold.
* “wt” stands for ‘wild type’.

639 bpet 930 bpe] T DNA wHo] ztzt #2=|Qe} (Fig. 1).
Fig. 2= I3 5 1 714 Qe] Holg st 43
A, UFG0074 29X+ 174 bpet 202 bpollA] HE3 Al
Z9 A7IMEe]l A (adenine)® O, WhH AF, L7,
T3 G (guanine)= 7ot 2 7EA]9] o] UERTh
MFGO110°14E 154 bp2t 157 bpelld G F714E WHol7}

AZE Qe HEH LFL C (cytosine)?t T (thymine)e]
FAAFOE AF, 55, AFS T (thymine)2} C (cytosine)

o] FAAFE S VERATE MFGO130014E 1,042 ~ 1,094 bpell
A G71M B A == 24 (Insertion or deletion)o] 2=
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Fluorescent patterns
PGB74a or PGB110ct or
PGB74g PGB110tc

~ S —~
~__ Probes

T~
|

PGB130wt

. ~—
Cultivars

Chunpoong

Yunpoong

Gopoong

Gumpoong

Sunpoong

Fig. 3. Fluorescent patterns of five Korean ginseng cultivars using
the PNA microarray.

AEH, AF AZFM 53bp Z7]Q] F7IAFe] A E o]

322bpe] DNA o] #FE| oM, AF, 3%, 332 375bp
F171¢] DNA o] #zkw]o] 72 32188 YRt
2. PNA 28 Mt 9l HO|RE! &2 2k S5 HY
HAZE 5 gt o4k sEF IS Yste] A EF 7
o7} #=E UFG0074, MFG0110, MFG0130 |23 ¢] 47]



Table 4. Barcode patterns with numbers representing the fluorescent
signal of each probe for SNP and InDel region of Korean
ginseng cultivars.

Probe Cultivars/barcode patterns

name  Chunpoong Yunpoong Copoong Gumpoong Sunpoong
PGB74a

or 1 2 2 2 1
PGB74g
PGB110ct

or 1 2 1 2 2
PGB110tc
PCBT30Wt 1 2 1 1 2
Barcode 222 211 221 122
patterns
AEE EUZ % 6759 PNA ZRUE tiARIsi 1 ¥
UARIE EeB 52 olgslel FE 7 PEAe] E AT

de] Awrt &2 PGB74a, PGB74g, PGB110ct, PGB110tc,
PGP130wte] 3 3AE (5%)¢ ZRHE FHF Attt
(Table 3).

=

b= Slo] 014} 5E=
Fig. 33} Table 4
olgste] A4t 5
%2 PGB74a0l4

SE al
71-6‘%

E9] PNA Z& o]&
e A Ade
2 PGB74a%} PGB74g Z2HE
5] FAAE S RIS A9, AT
UERASL (L= B =/ 12 327)),
2 PGB74gelA] W8-S YERNTE 22 3#7)).
PGBllOct9} PGB110tc Z2EE o]&3}o] ¢4t 5
AL e Ax}, AFEH 7F
L}E} (12 #7)), 9%,
ekt 22 #7]).
PGBl30wt zgHus 01

=
=
kS

e

RNACY

OE

[e]
T

e 94
o PGBllOctoﬂH

A= PGBnotcoﬂfH

o 2> 3

6_\':1

= m

E

OFO

JJ]) 27}11 1 %Zd
AHEZR o 2 o)A} 5EZ0
ERH HZ:L P, AZFL 222, IFL 211

SHA|
FE2 9
g 2=

13 O <«

, Bow 2210,

AEo oz HAT 2= 9], o] ukEE BN SAA}
oprro 2 yEol} 5EE R AslalA e 2= 99t

A7 Bad Aol oshd el f%
tlopgo] 2k, BE, SA4A%E, ) xHHH}— HORER

ApE7) ol ol THsPIZh T ojgith ¢

A79]
F7 5

&
deiA Aok

(Lim et al., 1993; Yang et al., 2001; Choi et al., 2003;
Bang et al., 2011b).
metA] QM FES HS7] 98l RAPD, ISSR, ITS,

SSR 9] t}jekal Bx}7 7|Ho] ALEIA T TEA T} A
Aol A7E Yo} FF o] oAt Bang 5 (2010)
Lee (2010y= ©|2i3t EAlS sjdsly] Yste] Qo7 HE
27 genomic DNA o]E#]E]E w50} tlokst S8E9]

=2 =
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74D B4 Bel STS Zeolulg Aldeiglon], Aze =
golrjs] 272 e Bsle] F5 7] AoE Kol DNA

wAE Fpsigct.
S oleld QU EF o] Aol
(SNP Single Nucleotide Polymorphism) v
- A4 (InDel, Insertlon or Deletion)ol] <]t

°§7V1°§«l oS 2]lsly] fJeiM AdaLE A2 F 471
dee T 2A= z‘f"]OHOlf ap7] el Aol ks

A3

3 AP Zase A7l 71 uEe 2

al., 2007; Bang et al., 2010).
Hlo]| 9 AL zpo 3_7] 9] &fol=FEt Yo SN =
% 7 BlolE Yl fAAE AolM 2 ZA#E U=
slolal= Zo)7) uﬂfou B 7ko] oF 10 ~2417b0] AQ Y
DNA w"Ae] gt whHETt AA A8 F3 GdA7INE
15 B} (3, A A8 e Ad
HHoltk (Choi et al., 2009).

Lee 52010y et ml=iaks HiEsh7] 918t ITS
23 4o SNPE
] DNA =T}

1—_1,:_7]_ /51—

Aot (Kim et

2~ o]l
TOMRT

o lo e J&,OL o\

o] ¥o
hviR=:]
=

(internal transcribed spcaer) < U
B2 PNA S AlXsIAET, PNA
P Al e] ATt Fob whe 5ol
EIESICAEIE pars) 1= TR RTAS ot

B AFE Fate] FulellA HEE N
& vo] 9L, At SFATHY FHASY o
2 AEFE] diie] AR RS 913 HEA Se
TR Y o A3 TR Al 5o FHoR
2489 F S o wekErh gk o=k Awt Al
of IRt AEFeR Fiteke Ae AT 5 o] FE s
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