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    Relationship betwccn  thc morphological  variations  and  the sap(min  contents  of  I'anarc

lrseudo-ginseng Wa]]. ( Araliaceae ) plunts ( Rp-g  ) was  investigated by using  the pseudo-

ginseng plants from thirteen habitats in Nepat-Himalayas  and  Japan. On  the basis of  the

morphological  ehafuctcrs  and  random  amplit'ied poLymorphic DNA  (RA PD)  analysis,  thcsc

Rp-g wcrc  classifiod  into t'our types. Himalayan  (H)-1, H-2. Japancsc (J)-1 and  j-2, Oil the

phylogenic tree, H group strains and  j group strains t'orrn distinct separate  groups, and  H-2

type forrns a separate  group with  a  large distanee t'orm the ether  three  types. On  the other

hand. on  the busis of  thc dammarttne and  oleanane  saponin  contents.  Pp-g  were  grouped into

three  chemotypes,  H-l, H-2  and  J types.  Thcse  resuits  indicate that  RAPD  analysis  in

combination  with  the  saps)nin  content  ussay  might  be useful  t'or the classii'ication  o(' Rp-g in

dia'ercnthabitats,

Keywords:  1'anax pseudo-,ginseng; Araliaceae; RAPD;  HPLC; Saponins: Dkar-po chig-thub

  Panax  spp.  is widly  distributed in the Northern

hemisphere from CentraI Himalaya through China. and

Japan  to North  America.]'!} Panax pseudo-ginseng

Wall.(Araliaceae) plants. hereafter referred k) as  Rp-g. haye

been a  most  signi{'icant  t'or natu[a]  medicine  in Himalaya

and  Japan. Ho",ever. iLs populatiop is decreasing in the

natural  habitat and  pcrople of  Nepal-Himalaya  have yery

little knowledgc ahr)ut  these  species.  The rhlzomes  ol'

Himalayan  Rp-g, i' ]ocally called  
"dkar-

 po chig-thub".  arc

used  as a Tibetan crudc  drug"} in the picscriptions lbr anti-

infiammatory. subduing  plague effec{s.  for preventing

animalcules,  etc. The  1'Ltnax spp.  with  carrot-like  root,

characteristicallycontainanumberol'dammaranesaponins

along  with  a  smal]  arnount  ot' oteanane  sapt)nins,S7)  whereas

thos ¢  with  long bamhrx}-like rhizome  such  as  I'. y'aponicus

C. Al Meyer  (syn, Pp-g subsp.  japonicms Hara) ') contain  a

1arge aniount  of oLcanane  saponins  along  with  a  relatively

small  amount  of' dammarane  saponins.  Howeve;', Rp-g

subsp.  pseudo-gin,yeng Hara  having  carrot-like  root

eontains  only  a  tracc ol' oleanane  ones,  and  crcotillol-type

saponins  typically in the rhizomes  and  the lcaves.S'iO) Rp-

-g. a  perenniai herb, 4()-70 cm  high, having morphological
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variations  in rhizomeg  within  onc  population3) grows in

fhe upper  temperatc mixed  broad-leaf forest with  latiludinal

rangc  of  270 20i-294 60' and  longitudinal range  of' 81"

48'-87" 42' in the  afea  ot' alti tude o{' 1 680  m  to 3350  m

ab()ve  sea  level in Nepal.

 Recently, DNA  analysis  techniques have been reps)rted

as  etl'ective  means  for the genetic anulysis  ef' the species,

varieties,subspeciesandeyenindividualstrainsot'plunts.]i'

'i3)
 However,  molecular  and  genetic studies  of  Rp-g  have

been  t'ew reported,t4･iS)  In the present study  we  assayed

the coirelation  between the chemo-geogiaphical  N'ariations

and  the genetic ditTerenccs ol' Rp-g  growing in ]3 habitats

by using  the Random  Amplificd  Polymorphic  DNA

(RAPD)'6･ 
]')

 analysis  and  the  saponin  content  analysis  by

HPLC.

MATERIALS  and  METHODS

  Plant Materials Plant Materials from  13 ditTercnt

habitals (Table l, Fig. 1) were  transptanted  to the nurseb'

ot' Medicinal Plant Garden.  Seh{x)l ot' Pharmaceutical

Scienccs, Kitasato Uniyersity, Japan. These  !iying plants
were  used  f'or the  experimental  materials.  Each  specimen

was  depositcd in National Herburium,  Dcp.  o{' Plan{

Resources,Nepal.

  Preparation  of  genomic DNA  Gcnomic  DNA  f'or thc

RA  PD  analysis  was  extiacted  t'rom t'resh rhizorncs  by using

the modified  Dellaporta's method.'S)  Bri¢ tly. t'resh rhizornes

(ca 2.0 g) of  each  Rp-g, which  had been stored  at  -800C

"'crc  quickly frozen in liquid nitrogen  at'tcr bcing cut  into

pieces ot' length ca  S mm,  ground to t'ine powder with  a

mnrtar  and  a pestle, and  mixed  wnh  20 m1  ot' genomic DNA

extraction  butl'er { l O() mM  Tris-hyd r(rchloric  acid,  so  mM

ethylenediamine  tetraacetic acid  (EDTA), 500  mM  NaCl,

10 mM  B 
-mercaptocthanol;

 pH  8.0}. Then, 2 ml  oi' 20  %

SDS  solution  was  added  to the mixture,  and  thc mixture

was  incubated at  650C for 1O min.  Al'ter addition  of  4 ml

ot' 5 M  potassium acetate, the mixturc  was  kept on  ice t'or

20 min  and  cennifuged  at  8k rpm for 15 min  at  40C. The

supernatant  (sup.) was  passed through a  nyk)n  cloth  t'ilter

(No.508 mesh)  into a  c]ean  Vu'be containing  16  ml

isopropanel, and  the  tubc  was  gcntly shaken.  After

Table l. 1'lant Materials examincd

e,  A,  ",  "  P]ant Species

Numberandabbrof'1ocality;  I.4x;ality
Experimenlal numbeT;  C.ollect.or

<<  Nepa]ese i'anax plants ).>

  e  i'anex pseudo-ginseng Wall, subsp,  himalaicufi }Iara
(i) Cr}-IMI-i/ Chame; K･tanans J)i sl ,s the  western  foot oi' ts,i!, Annapurna,

  Nepal;Ilxperimenta[numbefisP.p-gNPKS-O06,L(]ollector/

  T. Wakmabe,  N. Vtsumi, S. Isoda, A. Takano  :md  K. J. Matla

@  DMAN/  J)aman(Sim Bhanjang). Makatvanpur Dtst , Nepal :
  E･xperimentat number  is P.p-g.Nl]KS-{X)5(= P.p-g NVrW-3327).1

  (]oliector/ T, NVatanabe
@  l .M'(}/  l.angtang, Rasuwa I)istr., Tangsep- Chyunama  in I]angtang

  Himalaya.Nepal;}t'xperirnenta[numberisP.p-g.NPKS-O02.;

  C'ol[ector/ T. Watanabo, K. Shinozaki,A. 

'l'akano.
 H. Ezumi

  ttnd  K.J. N･lalla

@  KARK  Khurka. Dc)lpa I)istr,, the south-eas"'oot  of' Shey

  Phoksumdo  Nationa[ 1)ark, Nepal; ExpeFi mentaI  numbef  is P.p-g.
  Nl'KS-(-3. ; Col[ector/ 

'1'.
 Watanabe. H. Watanabe, K. Watanabe,

  K. Shineuiki. A. Takasto and  K.J. NtaUa

  A  Panarpseuclo-ginseng Wall. stibsp. psesttto-ginseng Hara
@  BAGW/  Bagdwar, Kathmandu Dist., Nepal ;
  HxperiTnentaI nuintrer  is P.p-g.NI'KS-(X)1 .; C]o]]ecLo[. 

'I'.
 "'atanutre

  andK..T  Malla
<<  Japanese I'anax piants >>

  M  Panex  pse"do-ginseng "bl[. subsp.  jc\)onicus' (Meyer) Hara
    =  Panasjaponicus  C. A. Meyer
@  SIIBR/ Shiobara, Hifoshima Pretl Japan;

  ExperimcntalnurnberisP.p-g.jPKS-(X)7(=Pp-gJPI'W-38se).;

  (]ollcctor. T. "latanabe. H. Izumi and  H. I<ohdti

OB!JNA'T]unaoPass.I[ifaVillage.l-{igashilonami-gun,Toyama
  Fbef.,Japan:Ilxperimenudnurnberis}'.p-g.JPKS-O(}1(=Pp-g

  .TI'1'W-3S)2).; C]ollector/ T. Wlitanabe, I I. Fejino and  K  Izumi

@  SA(IA/ Sasaganiine, N･lyukoh highlaiids, Nagano  PreE'., Japan;

  Expetimenta] number  is P.p-g.jPKS-CX}(S(=. Pp-g  JPrW-3  1 t4). /
  Collector/ T. Watanabe  and  M.  INlakai

@YAKE/Yakeyama,Towada,AomoriPref.,Jal)an;
  Expefimental number  is P.p-g.fi'KS-Ol 1(= P.p-g JM'W-3791)  ;
  C.olLector/ T. Watauat"t  and  A. 

'Cakano

@  ww'  KO/  \atsusa, Miyakonojyo.  Miya-aki Pret'., japan;

  Experi"ienmi nurnber  is P.p-g.JT'KS-(K)9(= P.p-g jliFW-3867).;

  It was  shared  from Mr. S Sakaguchi

@  YAGW/  Ml. GJejyo, Yanogawa  Elass. ptriie Met'., Japan;

  Experime"talnumberisRp-g.ll'KS-OIO(=P.p-gn'I'W

  
-3869) ; C /o]tector/ 1'. Watanabe  and  I･I. "laTanabe

  "  Panax  pseudo-ginseng Wall. var. ang"status  E{ara

@  INOG/  Inogashira Park. Yarnanashi Etet',, japan;

  Experimenminumberis1'.p-g.A'KS-O08<=P.p-gJPI'W-3E}66).;
  Collector/ T. "'atanube and  S. Isoda
@  ts･IANJ/ Mtinjiro Pass, Mt. Amagi, Shizueka l'ref., .[apas);
  ExperimentainurntrerisP.p-g.JPKS-[X)5<=I'.p-gjPrW-3099).;
  Collector/ T. Watanabe  and  H. Izumi

1t should  Tiot  be unnounced  aboutthe  ]ocalities in any  publications
beeallse Lhese pl ants are  endangered  sTx)eies  and  prohibitmg
busmess or] "rushingten (;onvenUen

(427)

incubation at -20eC for3U min  er  longer, the mixtufe  was

centnfuged  at 8k  rpm  t'er l5 min  at 40C . The precipitation

(ppt.) dissolyed in 2.8 ml  distillcd water  was  added  to a

mixture  ot'  1(X) ll l of  S M  ammonium  acetatc  and  SOO

"  1 isopropanoi, and  mixture  was  centnt'uged  at  15k rpm

t'or L5 min  at 4 
OC

 . The ppt. was  suspended  in 7e%  EtOH,

the suspension  was  centrifuged  at 15k rpm t'or 5 min  at  4

℃ and  then  the ppt. was  briefiy dried. Thc DNA  pellets
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were  suspendcd  in 100 lt l TE  huiler, 
'R)

 ebtain  ['urthcr

puri fied genomie DNA,  the [)NA suspensien  was  sub.]'ected

to polyethylene glyco]( 1'IEG) precipit"tion. Afler  addition

of  60 tt [ oi'  20er･ PEG  f 2M  NuCl  so[ution,  lhc rnixture

was  kcpt on  icc t'or l hour and  centr"'ugcd  at 15K  rpm  f'or

l5 min  at 4'(i The  ppl. was  rinsed  wlth  70C}} EtOH  and

then  berib]y dried. The  puritled DNA  Ehus  prepared was

dissolved in 100 ft l TE  butTer. und  used  for the  RAPD

analysis.

   RAPD  analysis  Eaeh genomic DNA  samp]e  was

amp]itied  by using  eigh{  dM'erent PCR  primers (Table 2)

in a  O.2 ml-rnicrotube  conlaining  a  PCR  mixture  (25 tL 1)

consisting  of  ('a IO ng  oi' .genonie  I')NA. 1OO 
,te

 M  oi'each

dNTP  {dA/rP, dCTP, dGTR  and  dTTP),  60 ng  of  1O mer-

arbitrary  primer (Operon /l'echnoio.gies lne.. USA>.  1.25 U

oi' rntq  DNA  polytnerase, 1O x  PCR  t)uffer {Takara Sliuzo

Co.. [.td.: 10 mM  Tris-HCI, 50 TnM  KCI, and  I.5 mM

MgCl.). Thermal  cycling  w2is  carriccl out for 45 cycles  of

l min  at 94CC, l min  al 36℃ and  2 min  at 72'(1, and  lhen

the  mixture  was  incubatcd at  7[ 
'('

 tor S min,  Aftcr the

reaction,  8 rc 1 ot' thc  solution  ce]]taining  the aiTiplifled

DNA  l'ritgments was  subjecled  to electrophoresis  using  t.2

%  agarose  gei with  ethidium  bromide {O.5 IL .o 1 m1)  as the

stain,  and  the gel was  photographed under  UV  light.

Tlible 2.1O-mer  priiners uscd  in this experiment

(Opcron 
'I'e.ehnologies

 Ine., USA)

code .s'to 3'

C)PB.OlOPB-02OPB-04OPB-05.

opB-ogOPB-]2OPB-]7OPB-]9

GTTTCGC.TCC

TG?YI'CCCTGG

GGACTGGAGT･

TC}CGCIC.C'I"I'C

CJ'['CCACJA(rGG

C.CTrC,'AC(}C.A

AGGGAACGAG

ACCCCCGAAG

  Analyses  of  dammarane  and  oleanane  saponins  by

HPLCusingthemodified  Kanazawa'smethodi"'  Fresh

rhizome  (ca 1O g) was  homogcnized  in MeOH  in a Warning

blcndcr (Nihon Seiki, Ce, Ltd., JPN), and  the honiogenate

was  kept for a  week  at room  tempeTature.  Then, MeOH

was  evaporatcd  and  the  residue  was  dissolved in MeOH

(40ml  x  3) t'or 10 min  wi{h  sonication.  The  combined

MeOH  solution  was  evapot'ated  at  40℃ or  below to dryness

and  dissolved in H.O  (20 ml). The H.O solution  was  passed

through  a Sep-Pak C,, eartridge (Wiiters Corp., USA),  and

then  {he eartrjdgc  was  washed  with  H.O  (10 mD,  30%

MeOH  in H,O  (15m]), and  finalLy eluted  with  MeOH  (5

m1  x 3}. The  MeOH  eluate  was  evaporated  to givc a saponin

fraction, The sapenin  fraction was  dissolved in MeOH

( 1Oml), and  this solution  (20 tt l) was  analyzed  on  HPLC.

Ginsenosides(G)-Rg,,  Re, Rb,, Rb, and  Rcl,

Chikuselsusaponins(C)-  V,  IV and  lll , Noto-

ginsenosides(N)-R, and  R., and  Pseudo-ginsenoside(P)-

Rri were  used  as  the standard  samples  forqualitative and

quanti{ative ana]yses,  Analytical conditions:  pump;  L-62oo

Intelligent Pump  (Hitaehi, Ltd,, JPN), detector; Phota}

MCPD-350(} (detcction; UV  203 nm,  O{suka  Electronics,

JPN), eolumn;  Cosmosil C.  (4.6 i.d, x 250 mm,  Nacalai,

JPN)  . mobile  phase; tlow programs]M were  (1) acctonitrile

: water  =:  20 
'

 50 / 80 -
 50 (vfv) in a ]inear gradient t'or

80 min  to ana]yzc  dammarane  saponins,  and  (2) acetonitrile

: 1 9C, phosphoric acid J-  30 
-

 50  : 70 
rr"

 50  (vfv) in alinear

gradient l'or 70  min  to analyze  oleanane  saponins,  fiow

rate:  1,O ml  1 niin  at  room  temperature.  Each analysis  was

made  in triplicatc.

  TLC  Analysis Each  sample  treatcd  with  Sep-Pak C,,

was  dissolved in O.5ml of MeOH  for the  detection of

ocotil]o]  saponjns  (P-RTt, and  FL], Mtljonosides(M)-R] and

R.). 
'l'he

 conditions  l'or'I'LC analysis:  PIate; Kieselgel 60

F,. 1Ocm  x  tOcm  (E, Merck,  Art. 5629), Solvcnt system;

CHCL  : MeOH  , H,O  =  60:33:7 (v/v/v}. Detection; 10%

H,SO,  and  heating a"  1O℃ for a  few minutes.

RESUIJI'S  AND  DISCUSSION

   Morphologicul  yariations  As  shown  in Fig. 1,

morphological  variations  of the aerial parts and  rhizomes

were  observed  among  the Rp-g  speciinens  from  thirteen

habitatsinNepal-HimalayaandJapan.Aerialpart:5-foliate;

O  - @, @  and  @  ; 7-foliate; de and  (ij) 
,
 rhizomes:  long

horizontally crecping  rhizomes:  O  and  @  - @  , carrot-

(428)
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like roots:  @. @. @  and  @, long bambo{)-Iike rhizornes;
@  - @  and  ([i) .

  RAPD  analysis  In the prcliminary RAPD  analysis

with  20 l)rimers (Operon 1'echnologics lnc., OPBs-O1 to -

20), 8 primers (1'able 2} gave int'omiative and  reproducible

bands with  the genomic  DNA  of  P,p-g, 
'l'heretbre,

 these

pnmers were  used  in {he present study,  Distinct bands on
several  lanes o{' RAPD  patterns wcre  obtained  f'rom the 13

genomic  DNA  samples  (5 sampies  from Hima]ayan P.p-g,

and  8 satnp]cs  t'rom Japancse Pp-g) by using  {he 8 primers,
and  eaeh  primer gave  13 to 43  common  bands.
Representutive RAPD  patterns obtained  by using  OPB-O1,

OPB-19  are  shown  in Fig, 2. For the conslruction  ot'

phylo.genic lree, thc estimated  nucleotide  diversities (d)
werc  calculated  by lhe t'ollowing formula. d =  a-2 Nab  f

(Na  +  Nb), in which  Nab  is the number  ol'eommon  DNA-

i'ragmcnt bands detecled in both oi' the two  dill'erent strains

a and  b, and  Na  and  Nb  are  tlie numbers  of  {he total DNA-

(429)

fras,ment bands of  a nad  b. A  phylogenic tree was  drawn

on  the basis of  the unweightcd  pair-greup method  by using

the arithmetic  average  (UPGMA)2t' and  the calculated  d
val  ues,  The phylogenic tree indicated that these strains  from

]3 dif'ferent habitats in Nepal-f{imalaya and  Japan, foEined

individuaL clusters  (H-1; Rp-g  subsp.  himalaicus Hara,

H-2; P.p-g subsp.  pseudo-ginseng  Hara, j-]; P,p-g var.

angustatus  Hara  and  J-2; Rp-g subsp.  .iaponicus Hara)

(Fig, 3). The  genetic distance between the H  group strains

and  the J group s{rains  was  large, and  the H-2 type  strains

tbrm  a  cluster  with  a  large distance (d 1 2 =  O,3309) from

the other  types (H-1, J-1 and  J-2).There fore, the H-2 type

plants having carrc)t-like root  was  considered  to belong to

a separate  group. 
'l'hus,

 the RAPD  analysis  can  dis{inguish

bctween the Himalayan  type  Rp-gs and  the Japanese type

oncs  with  lntra-strain diversities,

  Saponin  contents  As an  examplc,  HPLC  profiEe ofa

H-l type  P.p-g rhizome  is shown  in Fig. 4-A, with  the
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F].g. 2 Representative  RAPI)patlems  oblained  by P('R using

     primei' OPB-(}1 (a/ upper)  and  prltner ()PB-{)9  {h/ jower)

     "'nh  gene+nic 1]NA  f'reni 1].p s'

    Lanes i and  l)' tor l(K) base-puir l"ddeF n]arkcr/lanc  ? i'sequva]cnl

     c" (1)".Iane 3te (2.),iane4te (P).1aneSte (-),lane6To 6.Iane
     7lo @.1[meSte e/.tane9 [o /'at. .Iane tO le ig). hmc 11 to a'op.

     Iane l: le (1), . ltme 13 te O. I:Lnc 14  io 
'O

     K//>-'Cst:shown m  Tab]e t)

structures  "l' lhese  supenins.  
'Fhe

HPLC  p]'ot'i les el' those sa]i}p]es are

schetnatica]ly  given in Fi.g. 4-B.

Aceording  to thc sapon]n  contents,

P.p-g -'as  .grouped into lhree

chemotypes,  H  l , H-2 and  J {ypcs,

H-1 typei (i)' and  (3.) - e. n"  C-

lll (FiLg. 4-A}. und  ;t lar.gc amounl

ot' damfnarttne sapenins,  G-Rht  and

R&,  H-2  1>,pe/ e, searcely  any

damnnu'anc saponins,  and  sTnEill

tunount  el  eleananc  saponins.  @  -

@, lar.ycr aTnount  ot' oleanune

suponins.  C- V and  IV wi{h  sma]I

amount  ot'  dammarane  saponins
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 saponin  fraction ot' the plant was  ldentified by using  cight  standard  samples/  dammarane  ( 1 - 6> and
oleanane  (7 and8)  types.  Results represeiit  arithmetic  mean  ± S.D. ol' {hree analyses.
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 Rp-g  subsp.  psettdo-ginseng Hatu  having a  can'ot-like

root  (@)  and  P.p-g var.  angustatu,s  Hara (callcd
"hosobachikusctsu-niojin"

 in Japanese de and  @  ), were

genetieally grouped into H-2 typc  and  J-l typc, rcspectively,

onphylogenictree.Itisinterestingthatchemo-geographical

and  genetieal characters  of  each  Rp-g afe c}oseEy  retated

to historical backgrounds  such  as  thc climatic  and

geographical changes  of  Central Nepa122} in the hesscr

Himalayan Range, und  around  the foot ol' Mt. Foji in

Japan.P) Thc  HimalaF.'an Panau  plants whose  1¢ aves  arc

usually  5-foliate. rarely  3-foliate, with  ieatlets oblong-

elliptic. doubly  serrate.  acuminate  with  scattered  bristles

on  the upper  surface.  and  Japanese Rp-g of  the J-1 type

whose  leaves are  usually  7-foiiate. having no  acuminate

with  scattcred  bristles en  the upper  surface,  were  ctose}.v

rclated  geBclically, accerding  Lo the RAPD  analysis'as

$hown  in Fig. 3.

 In this study,  we  classified  Rp-g  from 13 habitats into H-

l. H-2,  j-1 und  J-2 types  by the  morphotogical

charactetistics  and  RAPD  profiles, and  H- 1 , H-2 and  J types

by their saponin  contents.  These results  agree  definitely to

the morphological  taxonomic  study  of  Panax  pseudo-

ginseng plams by Hara.') Wk  considcr  that RAPD  analysis

applied  in combination  with  the analysis  of  saponin

comps)sition,  is userul  for distinguishing Pp-g  pLants.
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