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Genetic Variation and Phylogenetic

Relationship of Korean Ginseng

based on cpDNA trnL-F, ntDNA ITS and ETS Sequences
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Genetic variations and relationship based on the sequénces of cpDNA trnL-F gene, nrDNA ITS and ETS region

among the twenty four taxa including Panax ginseng C.A,

Meyer and its related species were investigated. And

taxonomic status and molecular phylogenetic relationship between P. ginseng and related groups were discussed.
Molecuiar systematic data from cpDNA and nrDNA sequences were very useful to elucidate the genetic variations and
relationships among the treated taxa. It was found that P. ginseng is the independent unique species with distinct

genetic limitation from the related species such as P.

quinquefolius, P. japonicum, P. notoginseng and P.

pseudoginseng. P. ginseng including cultivated types as well as wild ones formed monophyletic group with high genetic
similarities. P. quinquefolius and P. japonicum were the most related sister groups of P. ginseng based on the

molecular phylogenetic results in this study.
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Fig. 1. Repeated unit of nuclear ribosomal DNA in higher plants.
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Table 1. Materials and Collection data

Taxa Localities & Collection date Abb.

Korea(KHU}, Cultivation(Jagyeong), 22 July 2008 PGCJ
Korea(KHU), Cultivation(Hwangsuk), 22 July 2003 PGCH
Jlin, China, Cultivation, 22 July 2003 PGCC
Ussurisk, Russia, Cultivation, 22 July 2008 PGCR

Yeonpung, Korea(KT&G), 22 July 2003 PGCY1
Yeonpung, Korea(KT&G), 22 July 2003 PGCY2
Yeonpung, KoreatKyungHee Univ.), 22 July 2008  PGCY3
Cheonpung, KorealKT&G), 22 July 2008 PGCCH
Cheonpung, KoreatKT&G), 22 July 2003 PGCC2
Cheonpung, Korea(KHU), 22 July 2003 PGCC3
Cheonpung, KorealKHU), 22 July 2003 PGCC4
Geumpung, KorealKT&G), 22 July 2003 PGCGH
Geumpung, Korea(KT&G), 22 July 2003 PGCG?
Gopung, KorealKT&G), 22 July 2003 PGCG
Seonpung, Korea(KT&G), 22 July 2003 PGCS

ML Baekdu, KorealKT&G), 24 Sep. 2003 PGSB
Pyeongchang-gun, Korea(KHU), 9 Oct. 2003 PGSK

Panax ginseng
(XHHH 2!

Panax ginseng

(MES2U

Panax ginseng
(O 018

AR Mt Sobaek, Korea(DJU), 20 Oct. 2003 PGSS

== Cheolwon, Gangwon-do, KorealDJU), 25 Sep. 2003 PGJ

Panax Ontario, Canada(KT&G), 22 July 2003 PQC

quinquefolia Wisconsin, United States(KT&G), 22 July 2003 PQU

Panax Japonicum Kwandong, Japan (KT&G), 1 Sep. 2003 PJJ

Panax
pseudoginseng Ghorapani, Hmalaya, Nepal, 25 Aug. 2002 PPG
Panax nologinseng AY271919 PNG
2. HpH

1) DNA &

DNA Z£Z2 2X CTAB method S T4 WEst olehe] &t
HoZ dABIETE 24 dE B oF 1.0g9 B 2R E
0.5% 2-B-mercaptoethanolo] H7FE 15 ml9] extraction buffer
(2% CTAB; 100 mM Tris, pH 8.0; 50 mM EDTA, pH 8.0; 500
mM NaCljoll ' @2 & 65TollA] 20:27} incubationdh, ZAIWH
phenol 318HE, Efd B9 EEES HAHN] $16KH, extraction
bufferol] 2% PVP-40& A718I9C) O] Incubation & SEVAC
S (chloroform:Isoamyl alchol=24:1) 7.5 mlE A5k, 8,000
gollAl 30271 Y4225l 4SUE F6lal o] 9] 2/30]
& Y9 isopropanolg H7ISH & -20TollA] 124171 o] B
BIUTH7T 8000 g& 3027 M 2Lkl DNAE Ee|oiRitt &
Z]¥ DNA pellet2 70% ethanolZ M|&3F & TE buffer(l M
Tris, 0.5 M EDTA, pH 8.0)0f &algliem, 1 & 2ol what
7.5 M ammonium acetate, 2.5 M sodium acetate 5 ©| 2%} T
A HEE AR FE%F DNA &dlo] RNAE AAH5H] sk
RNase(2 unit/ml, 37°C, 1 hour; Berhinger Mannheim)& *Z|5}
3, Geneclean kit(Bio 101 Inc., CA, USA)S} Chelex 100(Bio-Rad

Lab, CA, USA)E 0|85l DNAE < GAlolrt. A%
DNA(Fig. 1)&= 0.7% Agarose gelE A71¥ &8t & 1% EtBrE &

~ABHo] UV illuminator&iofl 4] marker2}e] 8171 AL & viwshs

spot-test® HAGEAHLY, spectrophotometerE 0188l 1 =L
£ A
2) PCRo}| 98t HEAHDNAL tinl-F regiond} 2|2 ESDNA
9] ITS region, ETS region®] &Z
Z&%F DNAZEE trnL-F regioni} ITS region Ielal ETS
region?] 5Z t}59] PCR(polymerase chain reaction) BF3-&
o] €3k} AAIBIGIT PCR BFSS FA) 100u] 532 #E1% T,
10-50ng DNA, 1.5unit Taq DNA Polymerase, 10mM Tris-HCl,
pH 83, 50 mM KCl, 1.5mM MgCl,, 0.001% gelatin, 0.5-1.0uM
primer %! 200uM9] Z} dATP, dCTP, dGTP, dTTP 50] Egly
o] th 24 trnl-F region® £Z& 5K T1 primer®} T6
primer(Fig. 3), ITS region®] S2& $I6KH ITS4 primere} ITS5
primer(Fig. 4), ETS region?] £5&& {alA1= ETS 1F primer®}
185-R primer(Fig. 5)& Z}Z} 0]&3IiCt. PCR cycle T 2
0] D 94TCollA] 287} pre-denaturation, @ 94CollA] 187, 52T
ollA] 287}, 72°ColAM 420 F FH¥ amplifying cycleg 308] gt
2 muosz 3 72°ColAl 722019 final extensionOF T4
F 3 49 PCR HHE AA dsDNA templateE THE0] LHRUCH

Tl
—
tmT tmL fmF
-
T6

Fig. 3. Diagram and position of PCR/sequencing primers for cpDNA
tml-F gene. 71 : CGAAATCGGTAGACGGTACG, T6 : ATTTGAAGTGGTGACACGAG

TS5

-
I8SONA| IIS1 | 585 | IIS2  |25S:DNA
—— T

Fig. 4. Diagram and position of PCR/sequencing primers for NrDNA
ITS region. IT55 : GGAAGTAMAGTCGTAACAAGG, [TS4 : TCCTCCGCTTATTGATATGC

—
ETSIF
268 NTS ETS 185

¥R
Fig. 5. Diagram and position of PCR/sequencing primers for NrDNA
ETS gene. £75 1F : CTGTEGOGTORCATGAGTTG 185R - AGACAMGCATATGACTACTGECAGG

- 1702 -



3) Gene Cloning % Sequencing

PCR &g E3ld YEADNA tnL-F regiond} iZ|H A
=DNA ITS region, ETS region?] gH40] 4 &3t REFE A9
S FEA SE49] EAlVl e BRTEY template dsDNA
9 HEslL 80|88 Sequencings 4#sl7] sk, TA
Cloning kit(In Vitro Gene)& A28l ZZFAI2] Manualol w}
2} Gene cloningS 4413}tk PCRY Cloning &8 -& 510
2l S22 JEADNA trnl-F region2 ZZX19) manualo]
wlet4] dye labelled dideoxy termination methodZ ©}&5}d
Automated sequencer(Perkin Elmer Ltd., ABI 3700)& 7|4
24e +HE6I
4) Sequence alignment&} phylogenetic analysis

7ML EHo] 3% HEXDNA trnl-F region} o]
ZEDNA ITS region, ETS region®] @ 7|Eo) wx¥
sequence S} BlWdl ZHEIKSH, ClustalX program,
Autoassembler, Sequencer S& O[&310] Yrt V7 HE &
9} sequence alignmentE A¥ Bl 2QIGH &, AEHCE |0t
ol el AUE HEANTHAppendices 1, 2, 3). Hdl, 7t B/
off tidt AMAX DNA tl-F regiony} #|Z]HZESDNA ITS
region, ETS region® SHEHE Qoksld A A1519) O (Table
2), 7)o whEE YT BFTY sequence®} H]wE = AT
£ A A1 T Table 3). @71AY B4 A3 fojdl Fd ZHY
42 PHYLIP(Phylogenetic Inference Package, ver. 3.5¢)L9]
DNADIST program®] Kimura's two parameterol] 9]¢t genetic
distance matrix& ZHYEIRC) S PAUP* programés)% 0|1 &35}
o] molecular phylogenetic treeZ AHI6li, AET AT

d&EdE TE01 215K, Bootstrap analysisE #3I)

2% 2 A7

d7Y FAES AT E S8 UBRFTH(FHALL S
Egh ¢ltof ther HEA DNA tL-F regions} &5

n 1211 ETS regionQ HF7AYE BMg 4
o 21}, 7189 A=+ A2 A7 tid Holdt AHE UERE
L ASSHE 24ol G8E vld ¢ Ug L9 AplE ViE
WAl 22T Table 2). 2 A+ Z3}, & 1490709 FLg &g
A&7} )91 31(Table 3; Appendices 1, 2, 3), 7 Zoll4] 3712
H7|Io] Sh=tdt Q14F0] 197 strainsE TEE 4= UE FESH A
SO FHE 2= AR 2RIEIICKTable 3). @7|AME 24 2
I} pairwise distance matrix@} patristic distance matrix7} 255
AcHTable 4, 5, 6, 7). iE¢), ABSHE B4g Solod ti4t AL
9ol ASHEE o838 AuAHTIY ASE(MP tree; Maximum
Parsimonious Tree)”} =& AUACHFig. 6, 7, 8, 9).

1. HEADNA trnL-F @740 &

LBRIHT 71 RABATE 22 ALE
quinquefolius, P. japonicum, %! P. pseudoginseng &
B2 48T 8] il (outgroup) 22 A Fla], ok
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& Q14 19 Frhie] FFH Holal BAHESH /¢ BA
& aletsli, AES 4o lojAel Al B elwtel Et
BHe 48U B d7E AABIKRIEE d7IME Y &6t
o] SEH DNA trnL-F geneQ] 7} HQ|7} AMFIQ T, ¢14k< 23
BRIl thal @71AE &4 a9 ASSHCE JHE #e
A719] = fle ACE ZOIHQCHTable 2). o1& 2HE 74
H Al Ao #go] &5 eH, Hok Agl ASEMPT,

maximum parsimonious treee)7} A E AT EDL ABLO
&A1 2ol ther XAXLE &QI5H] 21610] bootstrap 24

HAlgle] gHEX & AHESIN

o I

Table 2. Sequence comparison with previous nfDNA ITS region
data from GeneBank(NCBI)

1S

Taxa This Study Previous Study
Length G/C In/Del Info|Length G/C In/Del Info
Panax ginseng (purple) 619 6030 0 01619 6026 O 0

Panax ginseng (yellow) 619 6042 0 11618 6042 0O 1
Panax ginseng (cheonpung) 619 6030 0 0] 619 6026 O 0
Panax [aponicum 619 6058 0 41618 5333 4
Panax quinquefolia 619 6058 0 41619 6060 0 4
Panax pseudoginseng 619 6058 0 6 | 617 5358 2 I

Table 3 Sequence characteristics of cpDNA trnL-F, ntDNA ITS and
ETS region for taxa

i trnL-F 15 ETS

¥ g G1C nDd o] legh GHC D8 o] Lth KO MDd o
PGCJ 853 361 0 0619 600 0 0]49 5% 0 0
PGCH 83 361 0 0|619 6042 0 1|49 %% 0 0
PGCC 863 361 0 01619 803D 0 0| 498 R0R0 O 0
PGCR 83 361 0 0[619 600 0 0|49 5% 0 0
PCCYt 863 361 0 0619 €0 0 049 5% 0 0
PGCY2 863 31 0 0619 €% 0 0§49 500 0 0
PCCY3 863 361 0 0619 €00 0 0]49 505 0 0
POOCT 863 361 0 0| 619 600 0 0|49 0% 0 0
PG 863 361 O O 619 600 0 0|49 0% 0 0
PCOC3 863 361 0 0| 619 800 0 0f480 505 0 0
PGOC4 863 361 0 O]619 600 0 0|49 5% 0 0
POCGT 863 361 0 0| 619 s42 0 1| 499 M 0 0
MO 863 31 0 0)619 60 0 0|49 MH 0 0
PGCG 863 361 0 0619 8042 0 1|49 2% 0 0
PGCS 863 361 0 0} 619 600 0 0|49 5% 0 0
PGSB 863 361 0 0619 600 0 0|49 5% ¢ 0
PGSK 863 361 0 0619 804 0 1|49 5% 0 0
PGSS 863 358 0 0| 613 600 0 0]49 N 0 0
PGJ 863 361 0 0| 619 6042 0 1]498 540 0 O
POC 863 34 0 2|619 0% 0 4{50 200 1 0
POU 863 364 0 2| 619 M08 0 4]501 M6 2 0
P 863 38 0 0619 08 0 4|49 050 0 0
PPG 863 361 0 O0|619 6058 0 6|50 480 2 0
PNG £19 M4 0 7

WM B4 A3 @24 DNA trnL-F gened Zo|=
863bpZ LIERATE G748 HE S 18k A indel= §
ROm, GC TS 358%0lA] 364% 2 BEEYCHTable 3). &
FHH Holg2 MulE eIzl 0.00%, AF4r eld(dh 7ol =
0.00%, 7HLEQR] A1EE Q147toll 0.00-023%E VENI] Q1419

- 1703 -



op
o I
™
Ay

Lol e 22 FA4 HolE el ok, 11
S

B01E T Q]ZEAololl= 0.12-0.58% L) AHEOE =2 FAA
#IOIZ Vol Q4TI BRAMOR FHE SE BV}
Qe ACR UERIOH, AEE 48de HskLs Sal Ml
& Qi) obd ALt olMT o= AY YT MY =
2 9U% SELS 2e A0 BHTIUCHTable 4
o Panax gi (purple)
1] Panax gi (yellow)
o Panax gii (China)
4] Panax (Russia)
o Panax gi 1)
1 Panax gi 2)
0 Panax git 3)
9 Panax gii 1)
L] Panax gis 2)
. N o Panax gi 3

Panax

2)

Panax gi a)

Panax gi

1)

Panax gis

Panax gi

Panax

Panax gii

Panax gi.

Panax gi

Panax gil

P N R B - - - - S P S

o o © o o lo = o o jlo
-

Panax

I Panax quil 1

96 L o Panax 2
1

Panax j

Fig. 6. One of the most parsimonious tree of genus Panax based
on the chloroplast DNA trnL gene, L-F region(Cl=0.889, Ri=0.857,
tree lengh=8). The numbers below the line indicate bootstrap values from 1000
replicates
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‘;}713] HAESTL AESAUC]. G714 B4 Aol d6] &%
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o2 BAS] shidl 7tk EATE Fdoirt e 8§
KT&GOA] &4 BElE L e AEE RHAES, &5 2, 4
Foli o] @717} e "ers s} X017t Q7)1 SIAITh
g BATE o E BolYnth ko ASSE |9 BA

ol o|2HUY HILFE P. quinquefolius 28T+ 96%2
bootstrap valueE Holu} P. pseudoginseng, P. japonicumi}l=
EedolA TREIACE Z=, AEdt W g e 236 el
el 2Agdes sl SedAd st #AEE 26!
TA GEXMDNA tnl-F gene B7|MEE 71EE zﬂo:} BAHAE

=
G BNE QAT B TGS Nae RUE Bl
e w2 SAHO! GG ALK FURI AOE BAHAUCH

2. HE]HAEDNA ITS 7|4 gol] g BAASSH A
P. quinquefolius, P. japonicum, P. pseudoginseng % P.

notoginseng & Ql4t&U 48 F7 T S5EEHE Bl (outgroup) 2.

3 PE - 4B - 1S3

Z 4F5l0d, o E Yl AMulE Q4 198 FAA Holet
EAAESH ReEBAE sl uAl siz] HEEDNA ITS @7
Algol Qg BAMFASH HTE AASIanE G71Ma g8
Solo} SiZ/HES DNA [159) 7t 597} ZESIRT, Q144 2
ERTOl i 67144 94 A5 ABAHOZ Bus 2t @
719} =& 32701 A2 E FRIFArKTable 2). 0] &
Z Ao s8E0] TEHACH, AALAZLE TESI
A7IME B A3 dg|E AR EDNA ITS A998 Zol= 619bp
Z A BR oA 5Y6HA UEKITHTable 2). E7141E ¥ &
{Islo] AIEE indelE IR, GC EHFE 60.30-60.58% %
BEEQCHTable 2). FAE Holg2 MulE US4l
0.00-0.16%, Atd4} Iedel4k7toll= 0.00-0.16%, TNLEQ! MES
Q14d7koll 0.00-0.16% 5 LIERAO] aedolarel Ul Heilof= v
e 8Xd #olg LERIQCE 8k, Toladal 9f=2EA)
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Qi ERSIOT ws U 7L Uk AOE Ug
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e &8 dlel 22 08 59 #AE el
(0.32-0.62%), P. pseudoginseng¥= 1.40-1.55%, P. notoginseng I}
= 267283%% AIHOR W S0 ARE VeI Sz
HASDNA ITS 7|4 241 A3}, S 1edQl4ka} opu s
RiAb TEQlA FERIlE 70 SQ8 i 2 SEH 8
A8e #= AR HEHACH(Table 5). diZ|HEZDNA ITS
4749 qr/mal ASF7t AEFHUT
T (Fig. 7)oll A5iH, 7
g oleksE 3 r/‘jS 85%2] =& Bootstrap
AE TOERE 22X sht
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7] Ao1E viEbE At 2478 @d5 = ShRIR 58ig
ASHA HULE 2R FolIT) B8, ALSE 8¢ B
BHol ol2HYUE BlATE P. quinquefolius 23T 96%9)
bootstrap valueZ Holm P. pseudoginseng, P. japonicumil=
w5 ol TEEJCKFg. 7). 2=, Al W AME S e
Teiol4k ATie] BAISTEE S Su A 3t BAE
S s1EBILAN SlE| R R SDNA ITS @IS 7158 6l B
AAESE 248 AAISH 4, EXDNA trnL-F gene ¢7]
MEg 7IAE o A&} nEIAE 1Eelde Aol 78
A SA7t vl v SEEQ shle] At STl AR

HEE A

0

I
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w

812] 852 DNA ETS 9714120 o3 RAASSA o1F
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Fig. 7. One of the most parsimonious tree of genus Panax based
on the nuclear ribosomal DNA ITS region(CI=1.000, RI=1.000, tree
lengh=23). The numbers below the line indicate boolstrap values from 1000
replicates,
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Fig. 8. One of the most parsimonious tree of genus Panax based
on the nuclear ribosomal DNA ETS region(CI=1.000, RI=0/0, tree
lengh=11). The numbers above the line indicate base substitutions.
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Fig. 9. One of the most parsimonious tree of genus Panax based
on the combined plastid DNA trnL-F gene, nuclear ribosomal DNA
ITS region, and ETS region(Cl=0.968, RI=0.957, tree lengh=31). The
numbers below the line indicate bootstrap values from 1000 replicates.
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