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 Total DNAs  from fresh leaves of  Angelica acutiloba  KITAGAwA  and  its varieties  were

studied by random  amplified  polymorphic DNAanalysis. 1[1ie marker  band at  1.i kb  generated

by primer No. 21 ( S'-TGG TC(] CTG  A-3' ) was  found to be useful  to distinguish bctween

A. acutiloba  var. acutiloba  andA.  acutiloba  var.  sugiyamae.1[1ie  datashowed thatA.  acutiloba

var.  sugiyamae  was  genetically not  closely  relatcd  to A. attomala,  which  had been cemsidered

a  parer}t plant and  that A.  trr;utiloba  var. sugiytvnue  was  rather close  to A. acutiloba  var.

lanceolate. It was  also  found that A. acutiloba  var.  iwatensis was  genetically very  closc  toA,

acutiloba  var.  acutiloba,  and  that geographic variations existed in A. acutiloba  variwatensis.
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  Dri ed  roots  ofA  ngeli  ca  acutiloba  var.  acutiloba

KITAGAwA  ( Urnbelliferae ) and  its varieties  have

been used  as  a  crude  clrug in Kam  pomedicine,i)  The

crude  drug is derived from A,  acutitoba  var.

acutiloba  cultivat  ed in Nara  or  Wakayama

Prefecture inJapan(called  

"Yatnato-Toki"

 ), and
from A.  acutiloba  KI'I'AciAwA var,  ,s'ugiyam ae

HIKINo  mainly  cultivatcd  in Hokkaido ( called

 
"Hokkai-Toki"

 ), Thesetwo  species  showsome

different characters  in theirextern  al  shapeandtaste

Of  root,2)

 The relation  betweenA,  acutilobavar.  acutiloba

and  A,  acutiloba  var.  sugiyamae,  and  their  origins

have  not  been  cleared  yet. It is said  that  A.

actttiloba  var.  sugiyamae  is a  cross  between  A.

acutiloba  var.  acutiioba,  probably  from Nara, and

A. anom  ala LALLEM  ( Ezono-yoroigusa  ), growing

wi]din  Hokkaido.S'")  Howcver,  the crossing

experiment  between these two  varieties  fai1ed to

produce  the hybrid  soeds.4  
)
 Furthermore,  A.

acutiloba  KITAGAwA  var. Iancenlate OHwl

( Hosoba-Toki  ), Ligsticum  hultenii FERNAI.AND

( Maruba-Toki  ) and  the other  related  Angelica

plants grow  natively  in Hokkai  do without

producing  crosses,4)

 A. acutiloba  KITAGAwA  var,  i}vatensis BIKINo

( Miyama-Toki  ) andA,  acutiloba  Kn'AGAwA  var,

iwatensis  forma tsukubana  HIKINe  ( Tsukuba-
Toki ) grow  wi]d  in nature  in Honshu`'  ̀

)
 as

related  specjes  ofA,  acutiloba  and  A.  acutiloba

var.  acutiloba  ( Yamato-Toki  ) is considered  to

have  originated  from  these  native  species,  though

the  relation  among  them  is still  not  clear.

 To  clarify  the  relation  betwecn  the relatedplants

(I30)
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ofthe  original  plants ofAngelicae  Radix, whichis

indispensabie  for the breeding of  cultivarline  as

Toki,  recent]y  developedDNA  analysis  techniques

for gene diagnosis was  used  to obtain  molecular

genetic infomiation. The  random  amplified

polymorphic  DNA  ( RAPD  ) analysis  
7'
 
S)

 using

PCR  provides  a powerful tool to detect genetic

differen ces,  and  by applying  this analysis

phylogen  etic  rel ationship  among  A  ngeli  ca  plants

was  partiy established.

MATERIALSAND  METHODS

 PSant  Materials  P]ant materials  collected

from different habitats and  several  botanical

institutes listed in Table I were  cllltivated  in

The Experimental Station ofMedicinal  Plants,

Hiroshima  University  Schoo] of  Medicine, Japan

(Table I ). Two  p]ants wereusedfor  each  sample

Table

basis ofthe  morphological  characters.

 Ppeparatien  of  total  DNA  TotalDNAwas

extracted  from  fresh leaves by the modified

cetyltrimetylamrnoniumbremide(CTAB)method.

")SamplingofeachleafwasmadeinAugust,1996.

The  DNA  solutien  for template  ofPCR  was

aajusted  to  O.5 ngf  "  L with  sterile  distMedwater.

 RAPD  Analysis  The  reaction  inixture  (10
pa L)  for PCR  was  composedof10mMTris-HCI

( pH8,3  ), 50 mM  KCI, O.OOI %gelatin (Sigma),
2.5 mM  MgCl,,  200  pt M  dNTPs  ( Perkin  Elmer),

O.4 ll MPrimer  (Toyobo ), O.75unitsAmpliTaq
DNA  polymerase and  O.5 ng  template  DNA.

Thermal cycling  was  carried  out  for 45 cycles  of1

minute  at  94  ℃ ,
 2minutes  at45  ℃ and2minutes

at  72  ℃ , followed by one  cycle  of7  minutes  at

   
'rable

 [. Primers  Used  in the Present Experiment

Code of  Primer Sequence GCcontent(%)

I . Plant Materials used  in the Present Experiment

Plantspecied Source

Angetica acutiloba  KrrAGAWA

var.acutiloba

A, acutiloba  KrrAGAWA
var. iwatensis HII[INO

A. acutiloba  KrrAGAWA

var.  suglyamae  HII[INO

A. gigas NAxAr

A. acutiloba  KIIAGAWA

var.  Ianceolate OHwa

Ligsticum huttenii FERNAIathD

A. anemala  LAu..

Wakayama(Fuki  ), Japan (i)
             e
NETa{Tenkawa),Japan  (l)
             e
Nara(Shimoichi),Japan Cl)
             @
Gifu(Mt.Ibuki),J2pan (D
             @
Toyama('I'oga),Japan  (D
             @
Aomori(Shirikkapu),Japan (D
               e
Niiguta(Yoneyarna),japan  ¢

               @
Hokkaido(Hikimi).Japan  a)
              o
Goharado(Mt.  (fodai)Korei  (D
               gi
HokkaidoCShizunai),Japari  (D

               @
Hokkaido(Sarnani),Japan  ¢ '

              @
Hokkaido(Atsuta),Japari  (D
              o

No,02No.03No.05No.07No.08No,09No.12No.15No.16No.20No.21No.22No.23No,2SNo.29No,30No.31No.34No,36No.375'-ATI'  
'IGA

 TC(}  C  -3i

5'-CPLG CTC  AAG  T  .3,

S'.A'IG AGT  CCA  C  -3,

5'-Aca  CI'G MC  A  .3T

5'.I(}G ACA  Cll'G A  -3'

5'-[[(}G TCA  on}  A  -3T

S'-GCA  GAG  an  C  .3'

5'-ACll] CCG  CAG  T  .3'

5'.CCG  ACA  GCTI] T  t3,

5]:I(K} TCC  CI'G A  -3'

5i.TGG  TCG  C]I]G A  -3'

5'a(}G  CCA  CJrG A  -3'

5::K}G  GCA  CJI(} A  -3'

5,-TGCi (iGA OGT  C  .3'

5iGA(}  [[(/IC GCA  C  -3'

5'-CCG  GAC  TGA  G  .3'

5i.CGC  GGA  (X}A T  -3'

5,.eeG  6AA  CCG  A  -3,

5'-GTC  ACI/ CCC  C  .3,

5'-GGT GGG  CAG  A  .37

`O"
 and  

`'e"ate  of the same  strain  but

40se5050se50se606e6060606070707070707e70

dtfferentindividuals.

whicharenumbered  
"(D"

 and

Identification of  plant species

 
"@"

 inTable I

was  doneonthe

72  ℃ , 20  decamer  primers,  custom  synthesized  
'

(Toyobo ), wereused  for PCR  ampliflcation

(Table ll ). The  amplifiedproducts  were  subjected

te electrophoresis  at  75  V  in 2 %  agarosegels  with

Tris-acetate-EDTA  ( TAE  ) buffer. Afier staining

with  ethidium  bromide,  the  gels were  examined

under  UV  light,

(13D
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RESULTS  AND  DISCUSSION

 All twenty  pri mers  used  in the present
experiment  generated clear  fragment  patterns.

 In the present experimei}t,  intraspeci fic variation

was  not  foundamong  the  A.  acutilobavat.

acutilobaplants.

 The fragment patterns ofA.  acutiloba  var.

acutiloba,  A, acutiloba  var, iwatensis, A.

acutiloba  var.  sugiyamae  and  A. acutiloba  var.

Itmcealate generated by the primer No. 7 orNo.  9

were  ger}erally similar  to those  of  the rest of  thc

species  tested. However, the  bands at  O.45  kb  and

1.6 kb  observed  in the fragmcnt profiles ofthe

above  fourspecies  by  primer  No. 7were  not  seen

in those  ofA.  gigas, L. hultenii and  A.  anomala.

(Fig, 1, arrews  ). When  primer  No. 9was  usedas

in the case  of  No. 7 primer, the above4varietles,

A, acutiloba  var,  acutilohag  A. acutiloba  var.

iwatensis, A. acutiloba  var.  sugiyamae  and  A.

acutiloba  yar,  lanceolate showed  the characteristic

ban ds, O.9 kb  and  1,05 kbwhich  werenot  detected

in other  varieties  ( Fig. 2 ).
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Fig. 1.RAPD  profiles generated  by  primer  No.  7.

M  r : AtflindM  digest ,M  ll : di X174tHae  M diigcst
"1"

 and  
"2"

 are  fromdifferentindividual  efthe  samcstram,

  Fig. 3 shows  the fragment patterns ofamplified

 DNAs  produced by  using  the primer  No,  21. The

 three strains  ofA,  acutilobavar.  acutilobashowcd

 almost  the  same  fragment  patterns.

 The major  band  at  1.t kb  present in the  fragment

pattern ofA.  acutiloba  var.  acutiloba  was  not

observed  in that  ofA.  acutiloha  var.  sugiyam  ae

This bandmay  be a uscfu]  marker  band for

distinguishing A. a(utitoba  var,  acutiloba  from  A.

acutiloba  var.  sugiyamae.  The fragment patterns of

A.  anomala  which  had been considered  aparent  plallt

ofA.  acutiloha  var.sugiyam  ae  were  different from

these ofri  . aeutiloba  var.  acutiloba  and  A.  acutiloba

var.  sugiyam  ae. So  the results  suggested

(132)
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   MI:AtHindM
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digest ,M  " :

fromdifferent

primer  No.  21,

O X1741Hae  M  digest

indiyidual eachother.
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thatA.  anomala  did not  takepart  in the formation

ofA.  acutilobavar.  sugiyamae.  On  the other  hand,

the fragment patterns ofA.  acutiloba  yar.

Icmcealate were  qllite similar  to  those  ofA.

acutiioba  yar,sugiyam  ae, imp]ying that A.

acutiloba  van  sugiyamaewas  closely  rel atedteA,

acatiloba  var.  Ianceolate.

  A, actttilobavar.  i}vatensis andA.  acutilobavar.

acutiloba  showed  generally the same  fragment

patterns implying very  close  genetic relations

between A.  acutiloba  var.  iwatensi,s' and  A.

acutiloba  var.  acutiloba.  Partial differenoes in the

pattern ameng  the  fourstrains ofA.  acutilobayar.

iwatensis, such  as the band at O.75 kb ofstrain  Mt.

Ibuki or  the  band at 1.85 kb of  strain  Aomori

might  be  due to pelymorphisms  ainong  the

geographic  variations  efA.  acutiloba  var.

twatensts.

  The  fragment patterns ofA.  gigas were  different

from those of  otherA  ngelica  p]ants imp]ying that

A,gigas  was  ofa  differenttaxon aocording  to the

RAPDprofile.

  The  results  of  RAPD  analysis  obtained  in this

study  may  provide auseful  means  for the
classification  efA,  acutiloba  var.  acutiloha  and

lts varletles.
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