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           Genomic DNAs  from fresh leaves of  Ualeriana fauriei Briquet ecotypes  and  the

         relating species  were  studied  by random  arnplified polymorphic DNA  ( RAPD  )

         analysis.

           Species- or ecotype-specMc  RAPD  matkers  were  obtained  ffom 13 of  the 16 species

         and  ecotypes  used  in this study, Quite a  large number  of  markers  were  observed  in V[

         waltichii  and  V. fouriei ecotype  Akkado.

           The dendrogram revealed  that the ecotypes  of  l･{ foorriei ( except  Akkado ) were

         clearly  distinguishal)le ffom  V  qO7cinalis and  V waUichii.  Interestingly, Akicado was

         found to be a unique  ecotype  ; U  qfi7cinalis was  more  closely related to the other

         ecotypes  of  Z  liivriei than  Akkado.

           It was  found that RAPD  mankers  can  be used  to studlr' the genetic relationship  of

         Pinleriana.

         Keywords  : Platerianafouriei ; Vitteriana cu7icinalis  ; Plaleriana watlchii  ; Jlalerianaceae

         ; RAPD  ; Polymcrase  Chain Reaction ( PCR  ) ; Unweighted  Paired Group Method

         with  Arithmetic Average ( UPGMA  )

  The  crude  dmg  Japanese Valerian "Kanokoso"

 is

defined as  the root  and  rhizome  of  PZxleriana fouriei
Briquet ( FZilarianaceae ) or the relating plants in the

Pharmacopeeia  of  Japan''. It has been  used  for

sedative  and  antispasmodic  purposes'' .

  Z  ]Ziuriei is a  perennial ptant, disnibuted in

Northeastern districl ef  China, the Korean  Peninsula,

Sakhalin, the Southern Kurile, Japan and  Taiwan') . In

Japan, this species  grows in the moist  glass land at the

foot of  mountains  from Hokkaido to Kyushu'' . The

crude  dmg  
"Japanese

 Valerian" on  the market  is

originated  from  the ecotype  Hokkaikisso ( Pl fouriei

forrna yexoensi,y Hara) . Two  cultivars, 
"Botan"

 arKl

"Take"
 are known in this ecotypei).  In Europe, the

rhizomes  afid rootsii  of Vi. ctt7icinalis  or  its ecotypes  are

used  as a crude  drug "Valcriana
 root" and  in India,

some  relating  plants including J'I qt7icinalis and  U.

waltichii  are  cultivated  and  used  for tiie saine

purpesei'. Interestingly, in V. fouriei, Pi et77einalis

and  V  wallichii,  difflerent constituerrts are considered

to be  responsible  for the sedative  actieni  
3'

 , The

characteristic terpenes in K  
.12)uriei,

 such  as kessy1

glycol diacetate (KGD)  
,
 kessyl giycel-2-acetate

(KG2A), k¢ ssyl glycol-8-acetate (KG8A) and  cx
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-kessyl acetate (KAC), aTe not  detected in U

tt17?einatis  and  V  wallichii  
i'
 and  the sedative  action

of  X  qt77cinatis and  I{ wallichii  is reported  to be due

to an  iridoid mixture,  valeponiates"'  
S'
 
`'.

 Intraspecific

variations  were  found among  the Z  ,12i"riei plants in

the morphological  characters,  response  for

ervvironmenta1  condition,  yields of  essential oil'i . and

the amounts  of  constituents.  Especially, inarked

differences were  noted  in the KG2A.  KG8A  and  KGD

contents"6'.  To obtain  reproducible  medicinal  effects

of  this drug, the uniformity  of its active constituents  is

essential. Phylogenetic systematics  of  J.: .IZiuriei has

been studied  on  the basis of  the rnorphological  and

chemical  characteristics'i.  These  approaches  are

expensive  and  time-consuming. since  cultivatien  and

chemical  analysis  are  irvvolved.

  In this study,  we  obtainod  infbrmation en  thc

genetic diversity among  Plateriana plants using  RAPD

analysis.  We  also  searched  the  specific RAPD  matkers

on  each  ecotype  or species  of Vbteriana plants for the

breeding program.

MATERIALS  ANDMETHODS

  Plant materials  Sixteen species  and  ecotypes  of

Tlaleriana plants were  used  in this study. Ten  of  them

wcre  collected  in various  habitats and  six  wcre  from

Table 1. 0ri inof  16 sam

botanical institutes. as  listed in Table 1. All these

plants were  then grown in the field of  Herbal gardeu

Toyama  Medical and  Pharmaceutical University.

  Preparation ef  genomic  DNA  Genomic DNA

was  extracted  from  ftcsh leaves (about O.5g) by thc

modified  cetyltrimetylammonium  bromide ( CTAB  )

metbod'7'.  Tlie fo11owings arz tlre modified  points to

improve  tlie extraction  efficiency. O  Increase of  the

amount  of CTAB  solution  (2XCTAB  extraction

buffer1 mVgFW  
-->

 IO mllgFW  ). e/ Extension of

incubation period (2XCTAB  extraction  buffer, 65

"C]
 , 3 min.  

--,
 l5 inin. CTAB  precipitation buffcr, 65

'C.I

 min,--} 10 rnin.).  ($ Increase of  the arnount

of98  
`X)

 etlianol (IOO pt1 >  500  Ji1),  [a.･ Finally,

RNase treatment was  perfbrmed  (37 ℃ ,1hr).

  The qualit}r of  extractcd  DNA  was  assessed  by

visual  inspection on  O,8 96 agarose  gel, and  the

concentration  of  DNA  was  measured  by  absorbance  at

260 nm  (Amo) . 
rlhe

 purity of  extracted  DNA  was

determined bv the  ratio,  A2ooIAnm. The  DNA  solution

for the template of  PCR  was  acljusted to 12,5 nglJt1

with  112 TE  buffer (5 mM  Tris-HCI, O.5 miVl

ethylenediaminc-N,  N, N', N'-tetiaacetic acid, disodium

salt.dihydrate  (Na:EDTA) (pH8.0)).

  RAPD  analysis  PCR  was  perfbrmcd according  to

the modified  method  of  Williams et  at'S' . The  reaction

mixture  (25 lt1) forPCR  was  composed  of  10 mM

les of  P'?ileriana
S ci¢ s or  ccosOri  in
haleriana.fauriei
 Ezokanokoso
 Hokkaikisso
 Akkado
 Tobishima

 Ohiwa

 Tatcyamaonsen
Midagahara

 Tengudaira

 Ibukiyama
 Himehara

 Ishidateyania

 Hiraodai

 Wakasugiyama

 Kunramura
Z qMcinaiis
U  wallichii

   Cultivated in Hokkaido Experimental Stations for Medicinal Plants.

   Cultivated in Hokkaido Experimental Stations for Medicinal Plants.
   Collocted in Akkado,  Iwaianmi, Iwate Prefecture.

   Collected in Tobishima, Sakata, Yamagata Prefecture
   and  cultivated  in Herbal Garden, Tohoku  University.

   Collected in Kamaike.  Kamiichi, Toyama  Prefecture.

   Collected in Tateyaiiiaonsen. ObyaiRa, Toyatna Prefecture.

   Cultivated in Midagahara, Tateyama Toyama  Prefecture.

   Collected in Tengudaira. Tateyama, Toyama Prefecture.

   Collected in Mt, ibuki. Shiga Prefecture.

   Collected in Himehara,  Niimi, Okayama  Prefecture.

   Collected in Mt. Isltidate, Monobc, Kohchi Prcfecture.

   Collccted in Hiraodai. Kitakyushu, Fukuoka  PrefectuTc.

   Collected in Mt. Wakasugi, Sasaguri. Fukuoka Prefecture.

.....C, Ql1.e.ct.e.q.i.i] .Sg.k.a.gy.c.1)i..K.vrp. .a...K.uli.ia. !n. .o.t.o. ?Igfe.g!u!.c......... .. ...........
   Cultirated in Tsukuba  Experimental Statioms for Medicinal Plants,

   Cultivated in Ro al Botanical Garde Godawari Ne  al.

(l8)
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Tris-HCI (pH 8.3) , 50 mM  KCI, 2.0 mM  MgCl2  ,

O.OOI%  gelatin (TAKARA), 1001tM  dNTPs

(TAKARA),  O.4 "M  primer (OPERON),  50 ng

of  genomic  DNA  and  O.5 units of Ampli 7Zig DNA

polymerase  (TAKARA) . The  thermal cycling  was  as

fo11ows ; 2 minutes at 94 ℃  for initial denaturatioq

40  cycles  of  1 minute at 94 ℃  
,
 2 mirmtcs at  45 ℃

and  2 mirrutes  ai 72  ℃  
,
 5 minutes  at 72 

OC

 for fima1

extension.  Forty decamer  primers ( OPERON)  were

used  for PCR  amplification  (Table 2.). The

-[t!lg!2!g-Z:-!tisLg!.Rzi!!!szE-pzgs!!!sg!L!IA!l!}abie2Lstof  dcedRAPD
               Number  of  bands
Primer* Total Monomo  hic Pol mo  hic
OPA-OlOPA-02OPA-03OPA-04OPA-05OPA-06OPA-07OPA-08OPA-09OPA-10OPA-llOPA-12OPA-13OPA-14OPA-15OPA-16OPA-l7OPA-18OPA-19OPA-20OPO-O1OPO-02OPOK)3OPO-04OPO-05OPO06OPO07OPO-08OPO09OPO-10OPO-12OPO-13OPO-14OPO-15OPO-l6OPO-18OPO-l9OPO-2018IO111292011137141210ll101116161111

 8171613l2ll131511

 6
 313

 61011

 8141113

1o1o1ooo21oo2ol112112o122o1oo!o2111ooo171010l2820111351312IO9101015l5

 910

 715161210

 9131411

 6
 213

 4

 9IO

 7141113

amplified  products were  siibjected to electrophoresis  at

50 V  in 1.6%  agarose  gels with  lX

Tris-acetate-EDTA (TAE) buffer (40 niM  Tris, 20

mM  sodium  acetate,  2.0 mM  Nai EDTA  ( pH  8.0) ) .
Aftcr staining  with  ethidium  bromide (1 pt gtml),
DNA  bands were  visualized  under  UV  light (320
nm).  Ampiification was  repeated  3 to 10 times for

each  primer to confirm  the reproduction.

  We  chose  38 primers out  of  the 40  primers used,

The band patterns were  visually  scored  for the

presencelal)sence matrix.  Only  the  distinct bands with

small  differences in the staming  intensities were

counted,  excepting  the bands appeared  in the negative

contro1  ( genomic  DNA  free) . Similarity values  used

for the UPGMA  clustering  analysis  were  calculated  on

the basis of  the  proportien of  common  bands. and  a

dendrogram was  prepared"' 
iO]

 .

RESUL[[S  AND  DISCUSSION

Total 444 29 415
*
 : OPA  and  OPO, Operon Te ¢hnologies, Alameda. Calif., USA

  High quality DNAs  were  obtained  in good  yield,

which  had a  clear  absorption  peak  at UV  260  nm  with

an  admssible  value  of  AiaJAian(about 1.8 'v  2.1) .

  0f  the 40  primers used  in this experiment,  38

primers gave interpretable and  reprochicible  resnits.

OPO-11  gave unsatisfactory  results, and  OPO-17  did

not  amplify  the DNA  products. Examples of  the

RAPD  pattern (primer : OPO-07, OPO-18, OPA-Oi  )

are  indicated in Fig. I. Three to twenty barids per

primcr were  suitable  for the data analysis. The

numbers  of  DNA  bands ffom each  primer, and  then

polymorphic and  menomorphic  bands are given in

Table 2. A  total of  444 bands was  produced  ftom

these primers, rairging  in sirc  ttom  220  to 3450  basc

pairs (bp), Most  ef  the obtained  bands (415; 93
%)  were  polymorphic. Fig. 1. (1)(primer /

OPO-07)  sbows  that the bands at 1650  bp  afid 690

bp  are  
"present"

 in the RAPD  pattern of  U  wathchii

and  tivat the band at 1180 bp observed  in 15 species  or

ecotypes  is specdically  
"absent"

 in Ishidateyama. Fig.

1. (2) (primer/ OPO-18)  shews  that the band  at

1940 bp is "present"

 in Midagahara and  that the band

at 1030 bp observed  in 15 species  or  ecorypes  is

(19)
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 bp2ooO15(M)1OOO7oo5oo4oo3oe2oo1oo

 bp2coO15001coO1oo500400soo200leo

 bp2oeot5oolOOO7oo5[M4oo3co2oo1oo

.g･/Tgi,ggsesi.S\,fr,g.l

Fig,1, RAPD  patterns in 16 samples  of  Valeriana
M/moiecular weight  size  marker  (50-20oo bp Laddef).
Photos (1), (2) and  (3) indicate the DNA  products
gcncrated by  the primers OPO-07, OPO-18  and  OPA-O1.
respectively.

o.ooo O.500 O.600
Similarity
 O.700

"abserrt"

 in Z  wallichii.  Fig. 1. (3)(primer :

OPA4)1)  shows  that in V. wallichii  the ban{l at  2450

bp was  observed  but the band at 1930 bp was  net.

(These bands are  indicated with arTowheads  in Fig.

1,) . Forty-four percent ( 181 bands) of

polymorphic bands was  present er absent  in oniy  one

species  or  ecotype  (Table 3, ). These bands, which

were  considered  specific  matkers  of  the species  or

ecotypes  and  useful  for identification of  b2ileriana,

wcrc  found  in 13 species  and  ecotypes  but not  in 3

ecotypes,  Tateyamaonsen,  Himehara, Kumamura.

Maay  specific matkers  were  observed  in Akkado and

U. wallichii.  Therefore, apparently  these two  were

more  specific than other  FZileriana.

  The dendrograin prepared from the similarity

values  reveals  thal the ecotypes  of  l( fouriei (except
Akltado)  are clearly distinguishable ffom V.

ca7fcinatis  and  [  waUichii  at similarity value  of  O.775

(Fig. 2. ). Most of  thc ecotypes  of Z  fouriei do not

cluster according  to the geographic locations. Ol' the

four ecotypes  col}ected  in Toyama  prefecture,

only  tlucc, Ohiwa, Taleyamaomsen  and  Tengudaira,

showed  a  close  reiation  between  the genetic clustering

and  the geographic locahon. On  the other  haiid, the

dendrogram  prepared on  the basis of  the RAPD  assay

in tiris study  partially agreed  with  that prcpared

according  to the morphological  characters7' . In both

dendrograms, Kumamura  and  Hiraodai, Tateyamaonsen

O.800 O.900 1,OOO
L---.`

Fig. 2.

Tobishima
OhiwaTateyamaonsen

Tengudaira
Ezokanokoso
Himehara
Midagahara
Hiraodai
Kumamura
Ibukiyama
Wakasugiyama
}Iokkaikisso
Ishidatevarna
V  othcin' ads

AkkadoV:
 waltiahij

Dendrograrn of  16 samples  of  Vblen'ana according  to the UPGMA  cluster  analysis

(20)
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Table3.Species or  ecotype-specific  RAPD  markers

secies  er  ocotypesresent

Markers(Figurest'cllowingtheprimersrepresentthenumberofbasepairs)
sent

Ualeriana.fauriei
 Ezckanokoso
 Hoklcaikisso

Akkado

Tchishima

Ohiwa

Midagahara
Tengudaira
Ibukivama
Ishidateyama

 Hiraodai
 Wakasugiyama

V, qfiScinalis
V.walh'chii

OPA-  10 n3e
OPA-05  ,,,

OPA-ISi6oe
OPO-06  .,

OPA-03  ,,,,

OPA-05  .,

OPA-  12 ino
OPA-IS,,,
OPA-17,,,
OPA-20  noe

OPO-02  ,,,

OPOH05  ,,,o

OPO-07  ,,,

OPO-14,,,,
OPO-20  ,,,

OPA-12  "oo

OPA-127oo
OPO-18,,,
OPA-10  ,,,,

OPO-20  ,,,,

OPA-Ol  sje

OPA-02  "ge

OPO-02  ,,,

OPA-06  .,,

OPQ12  ,,,

OPA-11  s4o

OP  CV02  ,,,,

opao2  ss,

OPA-Ol  ,,,,

OPA-02  sso

OPA.02  ,,,

OPA-04  ,,,,

OPAn04  ,,,

OPA-07  ino

OPA-07  ,,,

OPA-09  i,i,

OPA-11  ,,,,

OPA-13,,,
OPA-  14 ,,,,

OPA-15ino
OPA-  16 3eo
OPA-18goo
OPA-19,s2o
OPA-20  ,,,,

OPO-Ol  ,,,,,

OPO-03  ,,,,

OPO-{M  s7e

OPOm06  ,,,

OPO-07  ,,,,

opo-14.,
OPO-  16 ,,,,

OPO.18,,,,
OPO-18]2e-
OPO-19,,,
OPO-20  ,,,

OPO-03  ,,,

OPA-06  i,.o  OPA-06  ,,,,

OPO-Ol ,,,  OPO-02  ,,,

OPA-03  .,  OPA-OS  ,.,

OPA-10-so  OPA-116to
OPA-  14 wgo  OPA-  15 "!o
OPA-  16 ,s,,  OPA-  17 ,,,
OPA-l7  s6o  OPA-20  ngo

OPO-02,,,  OPO-02,,,
OPO-03  ,,,, OPO-05  ,,,o

OPO-06  ,,,,  OP()-(rs ,,,
OPO-08n6o OPO-12sio
OPO-15 s2o  OPO-  16 tgio

OPA-12yso OPA-12sio
OPA-16is7o  OPO-02ie7o

OPO-(M ,,,, OPO-07 ,,,,

OPO-18,,,,
OPA.06,,, OPA-10,,,

OPA.l6,,,, OPO-03,,,

opo-ls .,

OPO-  14 ,,,

OPA-05  sso

OPO-07  nso

OPA-  17 sio

OPO-l5  .,,

OPO-06  ,,,,

OPO-06  ,,,  OPO-  12 ,,,
OPA-02  ,,,, OPA-02  .,

OPA-02,s,  OPA-02,,,
OPA.03 .,  OPA-(M  ,.,,,

OPA-04ioso  OPA-04,so
OPA-07  ]4Go  OPA-07  Tno

OPA-07  yso  OPA-07  sGo

OPA-08  ]g]o  OPA-08  i7go

OPA-09.,  OPA-10G,,
OPA-13  yoo OP  A- 13 "o
OPA-14,,,,  OPA-14,.,
OPA-  14 pGo  OPA-  14 sso
OPA-15io]o OPA-16vTso
OPA-l7nso  OPA-18ggo
OPA-187oo OPA-18"o
OPA-19sso  OPA-194so
OPA-20  ,,, OPO-Ol  ,,,,

opo-oh66o  opo-o2ns,
opo-o3  ,,s, opo-o4  ,,,o

OPO-05  .,,  OP(>05  ,,,

OPO-os  ,4o  OPa07  ,,,o

OPO-07  ,,, OPOJ08  ,,,

OPO-15,,, OPO.16,,,,
OPO-}6,1,,  OPO-16s,,
OPO-18,,,,  OPO-18,,,,
OPO-18soo OPO-19,s]e
opo-lg7so  opo-2o,4o

OPA-Ol  ,D,,

OPA-03 ,,,

OPA-03 3oe

OPA-07  q4o

OPA-18  s`e

OPO-ou  sso

OP  O- 15 soo
OPal8  ,,,,

OPO-  19 7oe
opa2o  .Eo

OPA-02  ,,,

OPA-03  ,,,

OPA-04  ,,,,

OPA-13  io3e

OPA-19,,,,
OPO-07  ,,,,

OPO.16,,,
OP  O- 18 ie]o
OPO-19,,,
op  a2o  ,,,

OPA.02  ,,,

OPA-03  ,,,

OPA-04  sse

oPA-18  iG3"

OPA-20  ,,,,

OPO-09  ,,,

OP  O-  16 ,,,

OPO-19 ie]o

OPO-20 ,.,

Note ; 
"Present''

 and  
"Absent''

 indicate presenee or  absence  ofthe  speciticbands in the 16 species or  ecotypes.

   For example,  TOPA-057ool in "Present"  column  means  that the band at 700 bp produced  by primer OPA-05  is
   specificallypresent inIIokkaikisso. Ir Cif'O-l4,ToJ in "Absent"

 columnmeansthat  theband  at 570  bp  produced
   by  primer OPO-  I4 is present in the otheT  15 species or  ecotypes,  but specifically absent  inHokkaikisso.

(21)
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and  Tengudaira, Himehafa and  Ezokanokoso- were

each  clustered  at high similarity valuc.

  Surprisingly, }{ qt7icinatis was  more  closely  related

to the 13 ecotypes  of  V{ fouriei than  to Akkado.

Although Akkado is an  ecetype  of  Z  Y2iuriei according

to the traditional ctassificatio4  the  DNA  level assay

and  the morpbological  characters  snggest  that it is a

unique  ecotype.  Akl[ado is morphologically  more

simi1ar  to V. qti7cinatls than  to [  jZiuriei. For example,

Akkado  has many  leaflets and  leaf serTations,  and  as  Pl

qfiIcinalis an{l  i.1 walliehii  it contained  oniy  smal1

amounts  of  KAC,  KG8A,  KG2A  and  KGD.  On  the

other  hand, U  juuriei, except  Akkado,  corrtained  one

to three of  these 4 constituents,  though their contents

varied  greatly among  the ecotypes  of  Pi fouriei. It is

reasonahle  to conclude  that Aklcade i$ not  to be used

for the same  medicinal  purpose as  other  V. .fouriei.

  Thesc fesults  indicate that RAPD  matker  can  be

used  for the estimation  of  the genetic relationship

among  the Vbuleriana plants. This phylogenetic

systematics using  th¢  RAPD  rnaricers is a simple  and

corrvenient  procednre which  requires  only  a  small

amount  of  the materials. Furthermore, the result

obtained  in this study  suggest  that detection of  hybrids

may  be possible in the breeding prograni.
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