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Abstract

We analyzed intraspecific variation of Primula cuneifslic Ledeb. using the nucleotide sequence of
the intergenie spacer between the rnL (UAA) S'exon and trnF (GAA) of the chroloprast DNA. The
length of the sequence varied from 371 to 409 bp. In twelve populations of the species, 7 bp nucleo-
tide substitutions and two gaps (insertions/deletions) were detected, and the intraspecific genetic
divergence ranged from 0.0 to 1.9%. Six distinct ¢cpDNA genotypes were recognized in P, cuneifolia
and a part of them were not consistent with the traditional classification. The most parsimonious
trees show that the epDNA genotypes in the populations from the central Honshu, Japan were dif-

ferentiated from a common ancestral genome,

Key words : chloroplast DNA, intergenic spacer, intraspecific variation, nucleotide sequence

analysis, Primula cuneifolia.

Intraspecific chloroplast DNA (cpDNA) vari-
ations, observed from restriction fragment
length polymorphisms (RFLPs}, have now been
widely used to analyze various evolutionary
process of plant species. It has provided informa-
tion regarding the domestication of crop taxa,
multiple origing of polyploids, introgression
among plant populations, and so on (cf. Soltis ¢
al. 1992a ; Shimizu 1993). For example, Kim et
al. (1992) examined RFLPs for 51 populations of
seven species in the genus Krigia. They found a
total of 1,100 restriction sites and, at the intras-
pecific level, 46 of them were polymorphic. Then,
they discussed the origins of polyploids of Krigia
species, Vaillancourt and Weeden (1992) identi-
fied 21 independent cpDNA polymorphism in a
cultivated plant, Vigna unguiculata using re-
striction sites analysis.

Intraspecific cpDNA variations using nucleo-
tide sequence analysis have not often been re-
ported, however, comparing with RFLPs analy-

ses, According to the development of polymerase
chain reaction (PCR) techniques, the method of
sequence analysis has become simpler and more
rapid, and it is possible to detect target se-
quences by smaller amount of plant material
than RFLPs analyses. It has generally been
known that noncoding regions display higher
frequency of mutations than coding regions. Tab-
erlet et al. (1991) documented that nucleotide se-
quence analysis of three non-coding regions be-
tween the trnT (UGU) and &rnF (GAA) of cpDNA
had possibility to detect intraspecific variations.
Gielly and Taberlet (1994a) detected the intras-
pecific variation in Gentiang burseri Lapeyr. in
the intergenic spacer between the trnL (UAA)
and trnF (GAA), a part of the above mentioned
region.

Primula cuneifolic Ledeb., an alpine meadow
plant in Japan, cccurs widely in the North Pa-
cific coastal area from the Japanese Archipelago
eastwards to southwest Alaska. Classification of
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the intraspecific taxa of the species has been
much confused.

Hultén {1930) recognized Japanese P. hakusa-
nensis Franch. and P. heterodonta Franch. as
well as P. cuneifolia with no intraspecific taxon.
Later, he recognized two subspecies, sspp. cunei-
folie and saxifragifolia {Lehm.) W.W. Smith et
Forrest(Hulén 1968),  The latter is distributed
in the Aleutians, coastal Alaska, Cost Mountains
and British Columbia, the type locality of which
is Unalaska Island of the Aleutians. Smith and
Fletcher (1948) recognized four subspecies, sspp.
euneifolia, hakusanensis {Franch.) W.W. Smith
ot Forrest (1928), keterodonta (Franch.) W.W.
Smith and Forrest (1928) and saxifragifolia in
their extensive revision of the genus. Fedorov
(1967) did not accept any intraspecific taxa in
the species at all.

Japanese botanists almost always have not re-
ferred to ssp. sexifragifolic. Hara (1948) recog-
nized four varieties, typica (var. cuneifolia in the
present code) , hakusanensis (Franch.) Makino,
heterodonta (Franch.) Makino and tenigawaen-
sis Tatew. According to him, var. typica occurs
in Hokkaido, the Kuriles, Sakhalin, E. Asia and
Alaska. Kitamura et al. {1958) recognized sspp.
hakusanensis, cuneifolic and hetrodonia in the
species in Japan. As the distribution area of ssp.
cuneifolia, they listed Hokkaide, the Kuriles,
Sakhalin, shore of sea of Okhotsk, the Aleutians
and Alaska. Ohwi (1953, 1978) accepted only two
varieties ; var. cuneifolic which occurs in Hok-
kaido, the Kuriles, Sakhalin, shores of sea of
Okhotsk, the Aleutians and Alaska, and var,
hakusanensis, to which vars. heterodonta and
tanigawaensis were belonged, Yamazaki (1981)
and Shimizu (1982) referred to the distribution
area of var. cuneifolic as Japan, the Kuriles,
Sakhalin, E. Siberia, Kamchatka and Alaska.
Later, Yamazaki (1993) added the Aleutians to
the distribution area of var, cuneifolia, but omit-
ted Alaska.

Miyabe and Tatewaki (1936) described the
population of Mt. Tanigawa in central Honshu
as P. cuneifolia var. tanigawaensis. However,
this variety has generally been treated as a
synonym of P. cuneifolia var. hakusanensis.

Hence the recognition of intraspecific taxa in
P. cuneifolia has variously been changed. We

will treat, therefore, four intraspecific taxa as
entities of P. cuneifolic : cuneifolia, heterodonta,
hakusanensis and sexifragifolia, for the conven-
ience sake, in the present paper. Then, we iden-
tified them based on the size of plant body and
corolla, the number of flowers and the shape of
teeth of leaf blade.

The present paper aims to examine the utility
of nucleotide sequence analysis of intergenic
spacer of cpDNA for intraspecific entities of P.
cuneifolia.

&
Materials and Methods

Twelve populations of Primula cuneifolic and
three outgroup taxa were collected for molecular
phylogenetic analysis (Table 1; Fig. 1). They are
P. nipponica Yatabe belonging to subgen.
Auriculastrum Schott ex Fedorov sect. Cuneifo-
lia Balf. to which P. cuneifolia also belongs, and
P. modesta Bisset et Moore var. mafsumurae
{(Petitm.)} Takeda and P. sorachicna Miyabe et
Tatewaki {subgen. Aleuritia sect. Aleuritia)
(Yamazaki 1993). Five plants were collected
from each population with a few exceptions (Ta-
ble 1). In order to check the variations among
populations in a single area and within a popu-
lation, 32 plants of the entity hakusanensis were
collected from several sites in Mts. Hakusan (Ta-
ble 1),

Total DNA was isolated either from fresh
leaves (stored at —80° C) or leaf materials that
were dried by silica gel, following modification of
CTAB method as described by Doyle and Dick-
son (1987).  The intergenic spacer between the
trnl (UAA) %exon and tranF (GAA) of cpDNA
was amplified by PCR using the primers de-
signed by Taberlet et al, (1991). The primer ”
e” of them was designed for-the end of ¢rnl, and
*f” for the middle of ¢rnF. The PCR products ex-
cised from agarose gel .were purified by the
GENECLEAN II Kit (BIO 101). The seg-
ments were sequenced manually by the dideoxy
chain termination method using the CircumVent
Sequencing Kit (New England Biolabs), Mul-
tiple alignment of the sequences of the inter-
genic spacer was obtained manually using the
DNASIS-Mac (Hitachi Software Engineering).
Insertions/deletions {indels) were generally
placed so as to increase the number of matching
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Table 1. Collections examined for variation of the intergenic spacer
between trnL (UAA) 3 exon and trnF (GAA) of cpDNA

Population and taxon

Collection data and voucher

Collector Abbreviation Nos. of plants®

Primula cuneifolic

1. entity saxifragifolic  Unalaska Island, Alt, 210 m, the Aleutian Is- Y. Watanabe TUNA 2
lands, Alaska, U. S. A., KANA 175623

2, entity cuneifolia Mt. Rausu, Alt, 1500 m, the Shiretoko Penin- N. Fujii RAU 5
sula Hokkaido Pref., Japan, KANA 175621

3. Takanegahara, Alt, 1800 m, Daisetsu Mts.,, N. Fujii DAI 5
Hokkaido Pref., Japan, KANA 175621

4. Mt. Kamihorokamettoku, Alt. 1900 m, Tokachi T. Sato KAM 5
Mts., Hokkaido Pref., Japan

5. Mt. Poroshiri, Alt. 1800 m, the Hidaka Range, N. Fujii POR 5
Hokkaido Pref,, Japan, KANA 175613

6. entity heterodontea  Mt. Iwaki, Alt. 1500 m, Aomori Pref., Tohoku N. Fujii IWA 5
district, Honshu, Japan, KANA 175622

7. entity hakusenensis Mt Kitamata-Mt. Onishi, Alt. 1900m, The @ide Mts, N. Fujii IID 5
Yamagata Pref,, Honshu, Japan, KANA 175614

8. Mt. Echigokoma, Alt. 1900 m, Niigata Pref. N. Fujii ECH 5
central Honshu, Japan, KANA 176610

9. Mt. Asahi, Alt. 1900m, Tanigawa Mts., N, Fuyjii TAN 5
Gunma Pref,, central Honshu, Japan

10. Mt, Myoko, Alt. 2000 m, Niigata Pref,, central 8. Shindoe MYO 5
Honshu, Japan

11. Mt. Shirouma, Alt. 2800 m, Nagano Pref, cen- N, Fujii SHI 5
tral Honshu, Japan, KANA 175619 ' L

12. Mt. Hakusan, Alt. 2400 m, Ishikawa Pref, cen- N, Fujii HAK 32
tral Honshu, Japan, KANA 175620

Cutgroups

13. P. nipponica Mt. Gassan, Alt. 1800 m, Yamagata Pref., To- N, Fujii NIP 1
hoku district, Japan, KANA 175616

14. P. modesta Rebun Island, Alt. 100 m, Hokkaido Pref., Japan N. Fuyjii MOD 1

var. matsumurae
15. P. sordchiana along the Saru River, Alt.700 m, the Hidaka N. Fujii SOR 1

Range, Hokkaido Pref., Japan, KANA 175609

*The numbers of plants collected from each population,

nucleotides in a sequence position.

Phylogenetic relationships among the popula-
tions of P. cuneifolia were inferred by parsimony
method using PAUP 3.1.1 (Swofford 1993) , maxi-
mum likelthood method using DNAML in
PHYLIP 3.5¢ (Felsenstein 1993) and neighbor
joining method using ClustalV (Higgins 1991),
In using parsimony method, the strict consensus
tree was depicted with bootstrap confidence val-
ues based on 1000 times replications using a
branch and bound search. The different muta-
tional events (nucleotide substitutions and in-
dels) were coded in a matrix as unordered char-
acters (Tabie 2).
treated as missing data, however, Gielly and
Taberlet (1994a) and Saitou and Ueda (1994)
have used each of them as a single character in
phylogenetic analysis of closely related taxa, be-
cause it is considered that parallel evolutional

Indels have generally been

characters are a few in the intraspecific level. In
the present study, an indel of more than one se-
quence was treated as a single character as that
was created by one event, except for the gaps 2
and 6 (Table 2). When we analyzed the data
using the maximum likelihood method (Global
option and 10 times Jumble option) and neighbor
joining method (with confidence values using
beotstrap 1000 times resamplings) , we adopted
substitution data only.

Result

We determined the sequence of the intergenic
spacer between the ¢rnL. (UAA) Fexon and irnF
{GAA) of cpDNA in all the accessions, the length
of which varied from 371 to 409 bp including 20
bp of the coding region of ¢rnF. Because the
primer "e¢” has been designed in adjacent region
of ¢trnL, we could not obtain the complete range



fatas - SRR WAIHBE L2 F 1995 #£ 12 A

Table 2. Accessions sequenced and the six gaps (insertions/deletions) in the intergenic spacer
between trnl. (UAA) ¥ exon and irnF (GAA) of cpDNA, with sites numbers by base position
within the intergenic region to be vertically read

a GGGGGG
111111111111222222222233333333AAAAAA
2245566799115667778888001456678800122224PPPPPP
2454823736568492460457146370310203912670123456

UNA CAAGTCGATAGCAACGGGGTTGACTATGGTTTGTTGGTAGOODO000O0
RAUT % sk sk ok ok ok ok ok o ok ok ok ok sk ok o ok ok ok o o ok s g s e o ok ok ok s ok ok ok ok o sk ook ok ok ok ok ok ok Kk Kk
DAI o %ok ook sk T sk ok ko sk ok ok ok ok die e ok ok R ok Gk ok ok sk % s ok sk ok ok ok ok sk ke k% ok ok ok ko ]
KAM sk s sk skook o T s sk sk sk ok ok %k ke ok ok ok kR Gk ok ok ok kR F %k ok %k ook ok sk %k ok ok ok ok ok ok kR ]
POR EEE R RN L RN FFEEEEEEEENCERE R R IR R R RN
TWA % % % o o o T o o % s ok ok ok o sk d sk s ok sk s (% ok % ok %k 3k o ok ok ok ok %k ok %k ke ode ok ok ok ok ok ok ]
11D EEEEFRLEEEEREEREEEELE-EIEIENCER T I I I I - I I
ECH % % % % % % T s s % % % 5 o % s s o s o ok sk G s ok 5% sk ok sk sk sk ok sk sk o o o e o A ok ok ok sk % ]
TAN sk s s o sk s T sk ok % ok % 3k 3k 3k Rk ok % ok G %k ok sk ok ok ok %k ok ok ok sk kok ok ok s Ak ok ok k k]
MYOD ok s koo T sk sk sk sk ok ok e ko 3k ok s ok ok % Gk %k % ok ok ok %k ok ok ok ok ok ook ok ke ok A ok ook ok ok sk ]
SIR IR EEE RN E RS EEEEEEEEE Nt E R R EEEEENEEREEEYFY¥I T
HAK % % s ok sk ok T ook ok sk D ook sk sk ok sk ok ok ok sk ok ok (Fook ok sk sk sk sk vk ok ok ok sk ok sk ok sk ok A %k ) ok ko ]
NIP ERE I I R Y R E R EENCENE R R NEE N ENEEE RN
MOD AGCAC*NCCG*TCGTAA**CGAGTCCATAGCGAAGT*CC*%21113
SOR AGCAC*NCCG+TCGTAA**CGAGTCCATAGCGAAGT*CC#%121113
b 2 3 4 5 1 1 1 1

6 1 5 0 3 3 4 5

ATCTA--——————————————- TATCT 1 6 [ 1

K e e xxaxs  CTCTTATTATCAGTTTTGCGG

IR AR EENEESRREELEERREEEN]
IR R R RN R R R L]
IR E N E N R E R R RN R L RN
R R R RN R R R R RN R R N
XU EIURF U RN BTN R E NN
AR E R R R A R N R N LN
EAEF B R AU RH E RN E RN
R Rk ke bk ok ko kR K
XA EREE X EREEESEERESREN]
sxr bbb xhrxa b b Toan

AR EREESEESEESEERNENEN]

~CTATTTATACTCw s v =

SOR »»eanTCOCTr*vrs  #*AsG-————- CTATTTATACTC* ¢ %+«
Gap i Gap 2

2 2 3 2 2 2 2 3 3 33 33 3 3

2 23 3 3] 6 7 3 4 66 58 8 9

3 80 5 3 8 3 8 3 12 01 6 1
UNA CCATA---TTATT TTTTT-GAAAA  ACTCAATTTATTGACATAGACTCAATTTATTGACATAGACTCA--—---- CTAGT
RAU wd ks ———knsxn AEERK—FE N A EH K K R KA RN MR RN AN R AR AN AR R AR E AN —————— LR
DAL wxsms———wwmxR rEEAE—wER ek B TR Y]
FAM e*sda———kbanu IR L E YRR L R R N R LEREES)
POR #*#d3———kbtss LR TR S R Y ) FRR R Rk Rk R AR Rk R A A R R B E N A —m—m— e — "R
ITWA #xsdr———htssd X R Y R LR N R N e et I E R RN
11D HER R E——— kM EX R R L E RN ) R ERRR R R R R R R R R I e —— - R RS
ECH #*##2%x———saxsu EX T RN X NN R R L R R R N IR Y]
*TAN #emsxs———nzsnn AR Rk RN L R kW
MYO #wddk———hdkhn EEAA R -k RN KN Bk R K K K K K W K e e e e e e e e LEXE Y]
SIR wwesaw———kumuw EEMUR—ERN kR Wk kR Rk ok d kK e e e e e [ELEE]
HAK #%ske———ds kbs kN K MR R R kA A r kT R e R —————— e —— EEA R
NIP #ssxs———sxsus Bh ok — kKK DRI e e CEXEE]
MOD 4+ % 2TCCe*s s IEERE LR NN AN N e - AGTCGTecanx
SOR ###«sTCC**knx  swxksThrdns A R — e AGTCGT* % k=

Gap 4 . Gap 5 Gap 6

a, informative nucleotide sites (invariant sites removed) and the gaps coded as unordered multistate characters.

b, the six gaps (insertions/deletions) detected in the intergenic spacer. Each gap was named Gap 1, 2, 3, 4, 5, and 6.
The complete set of infomative nucleotides and gap characters is given for the population of Unalaska Island. An as-
terisk indicates that the same nucleotide and gap is present. See Table 1 for abbreviations.
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of the spacer. The length after multiple align-
ment of the sequences resulted in 441bp, and
totally, 40 bp nucleotide substitutions were de-
tected (Table 2). Within Primula euneifolia,
7bp site changes and two indels (total 24 bp)
were detected (Gaps 2 and 6 in Table 2) .  The
pairwise sequence comparisons among the all ac-
cessions indicated that the sequence divergence
was ranged from 0.0 to 11.5%, and the intras-
pecific divergence of P. cuneifolia was ranged
from 0.0 to 1.9% {data not shown). The in-
trapopulational variation was never detected in
all the populations including 32 plants collected
from Mts. Hakusan,

Six distinet cpDNA genotypes could be recog-
nized in P. cuneifolic {Figs. 1 and 3, Table 2),
The populations of Unalaska Island (The Aleu-
tians) and Mt. Rausu (Hokkaido) were revealed

to be same sequence and were named type A
here. The populations of Mts. Daisetsu, Mt.
Kami-herokamettoku and Mt. Poroshiri, Hok-
kaido, and Mt. Iwaki, northern Honshu showed
same sequence (type B},  The population of Mt.
lide, northern Honshu was unique in the se-
quence {type C). The populations from Mt.
Echigokoma, Mts. Tanigawa and Mt. Myoko,
central Honshu have same sequence and were
called type D. The populations from Mt. Shi-
rouma and Mt. Hakusan are unique, and were
named types E and F, respectively. P. nipponica,
of the same section as P. cuneifolia, had similar
sequences to the present material. P. modesta
var. matsumurae and P. sorachiana were distin-
guished from type A by 33 bp nucleotide substi-
tutions and five indels,

Most parsimonious, maximum likelihood and

rough indication of
distribution area of
P. nipponica

Fig. 1. Collection sites (triangles) of Primula cuneifolia and P. nipponica. See Table 1 for details. The six distinct

¢pDNA genotypes are also indicated.
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neighbor joining trees were constructed only by
nucleotide site change data for six ¢cpDNA geno-
types of P. cuneifolia and the outgroup species
{Fig. 2). Though their topologies were par-
tially different from one another, all the trees
show that the cpDNA genotypes from popula-
tions of P. cuneifolia constituted a single clade,
and those from the populations of the entity
hakusanensis of P. cuneifolia also constituted a
single clade.

Nine most parsimonious trees were obtained
from Wagner parsimony analysis. The trees re-
quired 49 steps and the consistency index was
1.0. The strict consensus tree of them is pre-
sented in Fig. 3. P. cuneifolic and P. nipponica
are monophyletic in 100% probability against P.
modeste var, matsumurae and P, sorachiana.

type A
A YP!
typs B

type ©

type D

type E

typs F
NIP
MOD
SOR

typa B
typa C
- type E
type D
type F
NIP
rMOD

Lsor  o0.008

type C

0.001

Fig. 2. Phylogenetic trees based on the sequence
of the intergenic spacer, excluding gaps,
among populations in P. cuneffolic with the
outgroup species, A, Strict consensus tree of
the 45 most parsimonious trees adopting a
branch and bound search. B, Maximum likeli-
hood tree. Fine lines indicate branches statis-
tically not supported, They are depicted to be
largely elongated but their real length is
nearly zero for convenience sake. C, Neighbor
joining tree. Fine lines represent zero branch
length, and these branches are depicted to be
largely elongated. Numbers along internode
show the bootstrap probability indicated in
percentage. See Table 1 for abbreviations.

The cpDNA genotypes from the populations of P.
cuneifolia constituted a single clade in 71% prob-
ability, and a synapomorphic character is 1bp
nucleotide substitution {(position 218). The
genotypes from the populations of P. cuneifolia
entity hakusanensis {types C-F) made a clade
supported by 64% confidence value, and a syna-
pomorphic character is 1 bp site change (position
340). The genotypes from the populations of
Mt. Shirouma and Mt. Hakusan (types E and F)
made a clade supported by a 61% confidence
value, and the synapomorphic character is one
gap (Gap 2.

Discussion

Intraspecific genetic divergence based on vari-
ations of sequences has seldom been reported.
Gielly and Taberlet (1994a} reported intraspecific
genetic divergence (proportion of mutational
events that includes not only site changes but
also indels) in the intergenic spacer, which was
the same region as the present study, as 0.77%
between Gentiana burseri sspp. burseri and vil-
larsii. Baldwin (1993) has detected intraspecific
variation from the internal transcribed spacer
(ITS} region of the 18-26 8 nuclear ribosomal
DNA in Calycadenia species. ITS sequence di-
vergences were found among populations of a
species and they were up to 3.7%. On the other
hand, RFLPs analyses have often been discussed
for intraspecific variations. Scltis et al. (1992a)

_summarized the magnitude of intra/interspecific

sequence divergence detected by analyses using
restriction site variations (RFLPs} of cpDNA.
Heuchera grossulariifolic showed the widest
variation range of genetic variations between
0.000 to 0.299%, which did not include any in-
traspecific taxa other than mere polyploids.
Maximum variations for interspecific divergence
were seen in Lycopersicon from 0.0 to 0.7%.

The pairwise comparisons among all the pre-
sent materials indicated the interspecific diver-
gence of the spacer ranging from 0.3 to 11.5%,
and intraspecific divergence in P. cuneifolic
ranging from 0.0 to 1.9%. Therefore, the genetic
divergence among the present materials is much
higher than the cases cited above, which might
mean that they had diverged from one another
rather long ago.
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type A 7 P. cuneifolia
entity saxifragifolia

201 Gapé6
216
‘ I 62 176 180
71
340
64
Gap2 |
61
322 Gapb

site changes 31bp & five gaps

type B entity cuneifolin

~] entity heterodonta

type C
type D
entity hakusanensis
type E

type F

P. nipponica

P. modesta

var. matsumurae

—-I]-—-— P. sorachiana

Fig. 3. Strict consensus tree of the nine most parsimonious trees based on the gaps as well as site changes in in-
tergenic spacer between trnL (UAA) Fexon and érnF (GAA} of cpDNA among populations of P. cuneifolic and
the outgroup species. See Table 1 for abbreviations. Numbers below branch are hootstrap values in percentage.
Solid bars represent site changes with nucleotide position. Open bars represent gap (insertions/deletions).

Other than the base substitutions, six indels
were detected in this study (Table 2). In the
nucleotide sequence analysis of noncoding re-
gions in closely related taxa, it has been known
that the mutational events of indels relatively
highly oecur (Golenberg et al. 1993 ; Gielly and
Taberlet 1994b). We obtained similar results in
this intergenic spacer of Primula species. On the
other hand, we have to pay attention to treat-
ment of indels throughout the course of molecu-
lar phylogenetic analyses. In the present study,
we treated each of them as being created by a
single event or being a combination of several
such single events, respectively. Anyway, the to-
pology resulted from analyses using site change
data only (Fig, 2) and topology of maximum par-
simonious analysis using both the data of site

changes and indels (Fig. 3) showed fundamen-
tally the same topology.

It is known that a gene tree may be incongru-
ent with the species tree in the case of closely
related taxa (Avise 1989; Doyle 1992; Page
1993). We could analyze only a single short
range of cpDNA sequences in the present study
so that we avoid to discuss the taxonomy of P.
cuneifolia here. Nevertheless, it is noteworthy to
point out that the geographic distribution of the
six distinct ¢cpDNA pgenotypes in P. cuneifolia
has the following significant features.

With increasing latitude, the ranges of the
genotypes are seemed to tend to increase in area
(Fig. 1). The genotypes of the populations of
Unalaska Island and Hokkaido (A and B) have
wider distribution area, however, four genotypes
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{C, D, E and F)were recognized only from a part
of central Honshu, Japan (Fig. 3). This feature
agrees with the distribution areas and/or pat-
tern of entities of P. cuneifolic as mentioned
above. Several studies illustrated that ¢pDNA
genotypes frequently were geographically strue-
tured (Lavin et al. 1991, Brunsfeld et al. 1992).
Soltis et al. (1992h) extensively studied that the
cpDNA genotypes in three species, Tolmiea men-
ziesii, Tellima grendifiora and Tiarella trifoliate,
that have similar geographic distributions, were
roughly distinguished northern and southern
types, respectively. They discussed that glacia-
tion might have played a major role in genera-
tion of the pattern of distribution of genotypes.
In the present study, the cpDNA genotypes of P.
cuneifolia also possessed geographic structure. It
may represent the evolutionary history that iso-
lation played a major role to yield many geno-
types in the alpine to subalpine regions in cen-
tral Honshu, where is the southernmost area of
the species.

The most parsimonious tree illustrates that
the genotypes C, D, E and F observed separately
in central Honshu, which are referable to P, cu-
neifolia entity hakusanensts, diverged from a
common ancestral genome (Figs. 2 and 3). It
has been said that distribution areas of many
plant species moved southwards in the glacia-
tion epoch, and now they remain, as relicts, in
the alpine region of central Honshu. Evolution-
ary history of P. cuneifolia entity hakusanensis
is highly probably one of such cases.

Gielly and Taberlet (1994a) showed that trnL
(UAA) intron sequences had phylogenetic utility
at the generic level, and the intergenic spacer
between the trnL and #rnF had higher diver-
gence than #nL intron. The intergenic spacer
appeared to offer data for elucidating the rela-
tionship of intraspecific taxa.

Obtained gene trees were partially inconsis-
tent with our identification based on their exter-
nal morphology and traditional classification,
For example, we identified the present materials
from Unalaska Island as P. cuneifolic entity
saxifragifolic (the specimens possess apparently
short scapes and smaller flowers}, the popula-
tions of the Hokkaido into entity cuneifolia,
those of Mt. Iwaki to entity heterodonta and

those from central Honshu as entity hakusanen-
sis (Table 1, Fig. 1), However, the genotypes
from the populations of Unalaska Island and Mt.
Rausu in Hokkaido (Japan) , and those from the
populations of Hokkaido excluding Mt. Rausu
and of Mt. Iwaki were identical, respectively (Fig.
1), P. cuneifolic entity heterodonte has been
considered to be more closely related to P, cunei-
folia entity hakusanensis judging from the mor-
phologies rather than geographically related
Hokkaido’s taxon, entity cuneifolic (Ohwi
1972). It is contradictory to our present gene
tree seen in Figs. 1, 2 and 3.

The plants of the genotypes C, D, E and F can
be identified to entity hckusanensis and com-
prise monophyletic group totally. On the other
hand, Miyabe and Tatewaki {1936) distinguished
the plants from Mts., Tanigawa as P. cuneifolia
var. tanigawensis Tatew. from P. cuneifolia var,
hakusanensis, though that variety has generally
been treated as a synonym of the latter in these
decades. We showed that the differentiation in
molecular level is facilitating in the population
of P. cuneifolia entity hakusanensis. They are
recommended to revise the taxonomy of the
plants from central Honshu.
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w O OE

X ¥ 2 F Primula cuneifolia i, BAEH» 5
FNY, T, #5F vy HPE, 7oV
VEIBERTT T A AT E &8, EATEELE
i i R i VR F SIS A VR - VAT R o
oS sy sHOEMTESL, AK
TIREELE ~BLHFOEERE % 5 Bl o
—DELTHRLENTVS, FFIZIZE < DAY
HHEPEEW S Tha 0, ZORHIRWZEALTE
EFHEL, TRICL B4 TH 5. BRAL O
WL TORRANREORBEALDE, NI H
yay¥s s (FMGEEEGR, Hk2@EiELy
HALIMREES E T), EHREEANEFEO I F
sayy s, JbEE, TEABOZ Va¥s 5 (P
#) OIFEHEEIRANERML B 3HEALS
DEBTHE, —H, TVac i VIRPET S
A AT TOHER % sexifragifolia (5, T
£ IR & UTRDBAECKOMEE 5,
TSIWY S (P OFEREFORIZAZEOLT
ZRELHS, ZHhIZOWTOHEANEEOS R
i34,

FRTIE L 28 T, DL O SRR L FERRE SR (i
Wk L EEOKXE &, BHEOBE, fEOK) TS
&, AMPHLEOLDEN IS v IFL S, Bk
WDEDEIF I 2aHF 7, FE0EOETY
IHLF 7Y a—vx YHIRDEDE saxifragifo-
la EFAEL, RS L 2#ELZH
Fh#E entity (7727 %52 FIcRL UCHHRER
BRIl SIS L LT/RS T &L,

e, O SO 12 B AW T,
HeHE DNA @ trnl (UAA) Sexon~trnF (GAA)
OB FRFSROBERF| 2 0E L, Z0OERER
WL, dhbvF¥ors N2y ryaFs 36 &

VZva¥ss (o) vaBiiot oy g,

VSsFaFs s () O3FesEE LTH,,
HFAM O F & R, PEERT & Rk
KOME LS, THhoDHEPLUTOI L HHES

ko,
(1) =/ IFLFHICHENT Thp OIREEHL 2
AFOMA S RESEE & hi, ThizESnE
B LAMANOEBENSHIEG 0.0~1.9% T 0.
e kg O IR DNA 1245 N AREAZEE L N
THHEAHC A & DB L T,
(2} WA AP B T 3 IEMER AR O E AT
DR, BA/REPEDOEE TR - T
NEIELAPEEIh TS, SEAVEY 2T IS
Bz T 6 2OMA S RENRL & R,
PEDOHEETELTVWAZ EARh o7,
(3) b Eifk-fEmickwTnyadF s SHANICE
OB (A~F) AEEEhi. HEIEL
% BIC DR TCHRBEHO S HAL 5 ERSR
Bz, BMPEEOFTEEI 4 BAEE T R
DIz L, i, 7Y a— v v VAR TIRIEW
FIZRCEARM L TWE L9 Thd, FMNhIo
TEL~EUTE, kb OREEER 20T
H55, £ OHROFLFEWITKARICET LT
LB THREHELONTELM, ZOFMNP
HOEMIZFO LS Ll {bOBEER L THa0H
Hlhly, £/, L/ aFssBREEELTH
EHTHD, EblZusFayrsbLIyaFy
G LTIIAMO w2 3 LA TH - 7.
(4) RFEHR LB, C~F 0 4RO RFMEATR 2
MNiz. THERBESIZENZH YIS FIZEE
TEZROTHD, HEOMHEEH, &HEENZHEL
TELIELEFRELTNS,
(5) AMETENLEE LS, 7Va—v vy 5]
BY+ 3 22 ROER % saxifragifolie, LM O
#EEZ IV LT (), BARUOHERE 3+
AUaAY L FERELE, LhL, 972 AEE
AR OIS, oALBEOHE L FHRE AL
OHEMIL, FhiFhE > AL DNAEFITH -
Pro SF 2L IEINGH OIS /L
TEEAND BN, BRIATILERS S, ’
N F A SHEANICEOT, FTVALT
DHER BB i, SO THRINEDERE A s =
HuaFEsseLtiidhizensd s ki,
FLERTERIC S HEABATNB I LA EL A,
BRI O LS SR OEE, BFAEEh5,
(8) BLL? X 51z, #EG{E DNAD trnl (UAA)
Sexon~irnF (GAA) OB TFHEME, TAS
B OAEBUR T BT 2 DICH A ER
2&3ThHD,
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