FUFvyavBEDTaFA Lok (3)
A ojy-lj-ﬁi(’\? I Vﬁqj'ﬁﬁ)

S5 eng

H AR E:

~FEH: 2019-10-03

*F—7—NK (Ja):

*—7— K (En):

YRR

X—=ILT7 KL AR:

il=F
https://doi.org/10.24517/00055624

This work is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 3.0
International License.



http://creativecommons.org/licenses/by-nc-nd/3.0/

J. Phytogeogr. & Taxon.
42: 99-109, 1995

Jin Murata* and Takayuki Kawahara**: Allozyme
Differentiation in Arisaema (Araceae) (3)
Arisaema serratum Group (Sect. Pedatisecta)

BE (2 EET TPy avBOT oY A A5 (3)
RAVIHRE (RAy TYHD

Abstract

To provide a genetic background for the systematics of A»isgema, allozyme differentiation in
Avrisaema was studied. Eighteen populations of the Arisaema serratum group, including the A.
maximowiczii, A. yamiense, A. monophyllum and A. tosaense groups, were examined together with
one population each of A, undulatifolium and A, nikoense. Seventeen gene loci of 11 enzyme systems
were used for analysis. It is remarkable that the genetic distances between the examined populations
do not exceed the value normally obtained for conspecific populations (D=0.16). The populations in
the A. serratum group were more closely clustered within D=0.10 in UPGMA topology. This may
suggest that A. serratum group is at a primary stage of speciation. The results of this study support
the taxonomic treatment of A. serratum by Ohashi and Murata (1980) where various populations
were included in a single species when they were not morphologically distinct.

Key Words: allozyme, Araceae, Arisaema, systematics, taxonomy.

Introduction

Most of the species of Japanese Avisaema
belong to sect. Pedalisecta Schott ex Engler. In
the sense of Murata {1991), section Pedatisecta is
characterized by the distinctly stipitate spadix
appendage and spilodistichous leaf arrangement.
Apart from the stipitate nature of the spadix
appendage, the shape of the spathe and spadix is
so diversified in this section that they are not
useful for phyvlogenetic consideration. Vegetative
characters seem to be more conservative and
useful for grouping. The relative length of
pseudostem to petiole and development of the
rachis between leaflets appear to correlate each
other (Fig. 1). One extreme is found in A. ringens
and A. fernatipartitem (Fig. 1A), which have three
leaflets without a rachis. Another extreme is in
A. servatum in the sense of OChashi & Murata
(1980) (Fig. 1F), which is defined as having a long

pseudostem and pedate leaves with many leaflets
and a well developed rachis between leaflets.
Taking the number of the leaflets into considera-
tion, distinction of A. serrafum becomes clearer
(Fig. 2). From this point of view, the A. maxim-
owiczit (Serizawa 1980) (Fig. 1E), A. vamatense
(Serizawa 1982) (Fig. 1E), A. monophyllum (Fig.
1D}, and A. tosaense (Fig. 1C) groups are similar
to A. serrafuwm and included in the A. serratum
group in a broad sense, although they are distinct
in certain characteristics, Accordingly, the A.
serraium group is circumscribed as in Table 1.
The most substantial discussion about the tax-
onomic problems of Arisgema serratum and its
allied species was made by Ohashi & Murata
(1980). Through a morphological comparison of
24 previously described species, they recognized a
wide range of variation in diagnostic characters
of these “"species” and tentatively concluded that
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PSEUDOSTEM LENGTH /PETIOLE LENGTH
Fig.1. Variation in length of rachis betwe- : :' rimgens ° A rosaense
en leaflets (the longest,section between - dernatiparsia A. iyoarun:
leaflets) and the relative length of pseudos- ® A nikoense ¢ A monophyllum
tem to petiole (free part of petiole of the o A ovale ¢ A maximowiczii
largest leaf) in Japanese Arisaema (sect. " A, sikokianam . A, yamatense
P edatisecm)‘ Measurements were made on L A. longipedunculanun . x A, serrapum (= A. angustatint)
specimens in TI,
+ A, sazensco i A. serranmm (= A, yakushimense)
e A. undularifelium @ A. serratim

they were conspecific.

The A. maximowiczii group includes A. maxim-
owiczii {Fig. 4A) and A. unzense and is character-
ized by the elongate apex of the spathe blade and
very slender spadix appendage.

The A. yamatense group includes A. yamatense
(Figs. 3, 4B) and A. abei and characterized by the
densely papillate spathe blade and/or spadix
appendage somewhat deformed apically.

The A. monophyvlium and A. fosgense groups
are defined here for the first time. The A.
monophyllum group consists of A. monophylium
and A. yoarum (Fig, 4D} and usually has a single
foliage leaf and a deltoid or deltoid-ovate spathe
blade. The A. fosaense group consists of A.
tosaense (Fig. 4C} and A. kishidae and has a spathe
with a distinctly elongate tip.

° A. kishidae

In this study, the allozyme differentiation
between various populations of the A. serratum
group and A. mnikoense Nakai and A. wun-
dulatifolinm Nakal was examined. Arisgema
nikoense (Fig. 1B) is very distinct from A. ser-
ratum group by the leaves with 5(-7) leaflets,
shorter pseudostem and the inflorescence opening
much earlier than the leaves.
dulatifolivm  (Fig. 1C) appears
between the A. serrafumm group and A. nrkoense
but is distinct in the more numerous ovules per
ovary than in other species (Murata 1986).

Arisaema un-
intermediate-

Materials and Methods
Sample populations and voucher specimens are
listed in Table 2. The populations examined
named as serrafum (1)-(12) are attributable to the
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Tablel. Circumscription of Arisaema servatum group in broad sense based on morphology. Species in
parenthesis are indistinguishable from the adjacent species above

name of examined populations

Species attributable to the "species”

Arisaema serratum in the sense of Ohashi & Murata (1980)

A. angustatum Fr. et Sav. (Fig. 4H) serratum (12)
A. hatijoense Nakai serratum (10), (11)
A. japoricum Blume (Fig. 4F) serratim (9)

(A. koshikiense Nakai, A, pseudojaponicum Nakai,
A. yakusimense Nakai, ?A. amplissimum Bl.)

A. longilaminum Nakai (Fig. 4G) serratum (1), (3)
(A. sinanoense Nakai)

A. mayebarae Nakai serratm (13)

A. peninsulae Nakai serratum (4)

(A. boreale Nakai, A. proliferum Nakai,
A. speirophyllum Nakai}

A. planilaminum J.Murata

A. serratum (Thunb.) Schott serratum (2), (7), (8)
(A. capitellatum Nakai, A. niveum Nakai,
7 A. hakonecola Nakai, 7 A, koidzumianum Kitam,)

A. solenochlamys F. Mackawa serratum (6)
A. suwoense Nakai

A. takedae Makino (Fig. 4E) serratim (5)
{A. tzuense Nakai)
Group of A. maximowiczii (Serizawa 1982)

A. maximowiczii (Engl.} Nakai (Fig. 4A)
ssp. maximowiczii maximowiczii (1), (2}
ssp. tashirei (Kitam. ) Serizawa

A. unzense Serizawa

Group of A. yamatense (Scrizawa 1980)

A. yamatense (Nakai} Nakai
var. yamatense (Fig. 3} yamatense
var. sugimotol (Nakai) Ohashi et J.Murata (Fig. 4B)

A, abei Serizawa
Group of A. monophyllum

A. monophyllum Nakai

A. Iyoanum Making (Fig, 4D) iyoanum
Group of A, fosaense

A, rosaense Makino (Fig. 4C) tosaense

A. kishidae Makino
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Fig.2. Variation in length of rachis between leaflets and the value [(length of pseudostem / length of
petiole) ¥ leaflet number] in Japanese Awisaema (sect. Pedatisecta). The range of A. serratum is
outlined. Symbols correspond to Fig. 1. Measurements were made on specimens in TI.

Fig.3. Avrisaema yamalense, a species of the A.
yamatense group (Serizawa 1982), which is in-
cluded in the A. serratum group. Plants of the
A. serratum group commonly have a long
pseudostem and pedate leaves with many leaf-
lets and a well developed rachis between the
leaflets.

following “species” on the bases of morphology :
(1) longilaminum, (2) serratum in the strict sense,
(3) longilaminum, (4) peninsulae, (5) lakedae, (6)
solenochiamys, (T) serratum in the strict sense, (8)
serratum in the strict sense, (9) japonicim, (10)
hatijyoense, (11) hatijyoense, (12) angustatum, (13)
mayebarae. The diagnostic characters of these
morphological entities (species) are summarized
in Ohashi & Murata (1980). Chromosome num-
bers were previously determined for all of the
populations examined and found to be diploid
[2n=28, except in serrafum (10) and (11) from
Hachijyo Is. which have 2n=26 chromosomes].
Voucher specimens are preserved in the Herbar-
ium, University of Tokyo (TI).

Horizontal satrch gel electrophoresis was con-
ducted with 11 different enzyme systems ; alcohol
dehydrogenase (ADH), adenirate kinase (AK),
diaphorase (DIA), glutamate dehydrogenase
(GDH), malate dehydrogenase (MDH), mannose
phosphate isomerase (MPI), phosphoglucoisomer-
ase (PGI), phosphoglucomutase (PGM), shikimate
dehydrogenase (SDH), superoxide dismutase
(SOD) and triose phosphate isomerase (TPI). AK,
DIA, MPI and SOD were resolved using a Tris
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Fig. 4. Spathe and spadix morphology in the A#iseema serratum group. A: A. maximowiczii, B
A, yamatense ssp. sugimotoi. C: A. fosaense. D: A. ivoanum. E: serratum (=A. takedne). F: A.
servatum (=A. japonicum). G A. servatum (=A. longilaminum). H: A. serratum (=A. angustatum).

Table2. A list of populations examined

Population name g‘l’n";ll’:sr of Locality (voucher specimen)

iyoanum 34 Ehime Pref,, Omogo-mura (Murata, May 23, 1990)

maximowiczii (1} 19 Kumamote Pref., Tomochi-machi (Murata, May 9, 1990)

maximowiczii (2) 19 Ooita Pref,, Beppu-shi (Ohno, Jun. 17, 1990)

nikoense 40 Tochigi Pref., Nikko-shi, Yumoto (Murata, July 5, 1991)

serratim (1) 10 Nara Pref,, Yoshino-gun, (Murata, June 26, 1991}

serratum (2) 30 Qoita Pref,, Hayami-gun, Toyooka (Qhno, Jun. 17, 1990)

serratum (3) 30 Nagane Pref., Agatsuma-gun, Karuizawa machi (Murata, July 3,

serratum (4) 30 Il\l?aggg)no Pref., Agatsuma-gun, Karuizawa-machi (Murata, July 3,

serratim (3) 30 11\1’;952210 Pref., Agatsuma-gun, Karvizawa-machi (Murata, July 3,

serratum () 25 ll\lgaggg}lo Pref., Agatsuma-gun, Karuizawa-machi {Murata, July 3,

serratum (T) 30 (1:?38; Pref., Chiba-shi, Nakano-cho (Kawahara, Apr. 24, 1990}

serratum (8) 30 Tochigi Pref., Botanical Gardens, Nikko, University of Tokyo
(Murata, May 25, 1990)

serratum (9) 30 Kagoshima Pref., Ooguchi-shi (Murata May 9, 1990)

serratum (10) 30 Tokyo Pref,, Hachijo Is. (Kawahara, Apr. 12, 1990 )

serratum (11) 30 Tokyo Pref., Hachijo Is. (Kawahara, Apr. 12, 1990 )

serratum (12) 30 Shizuoka Pref., Mt. Amagisan (Murata, May 15, 1990)

serratum (13) 30 Kumamoto Pref,, Tomochi-machi (Murata, May 9, 1990}

tosaense 40 Ehime Pref., Ozu-shi. (Ohno July 12, 1991)

undulatifolium 25 Chiba Pref,, Awa-gun, Maruyama-machi {(Murata, May 4, 1990)

yamatense 26 Nara Pref., Yoshino-gun (Murata, July 4, 1990)

citrate gel buffer system (0.042M Tris, 0.007M
citric acid, 0.004M LiOH, 0.0025M bolic asid, pH?7.
6) and an electrode buffer consisting of lithium
-borate (0.039M LiOH, 0.263M boric acid) (Soltis
et al. 1983). For the electrophoresis of other
enzyme systems, the procedure used by Murata
and Kawahara (1994) and Murata ef af. (1994) was
applied. The gel staining schedule of Wendel and

‘Weeden (1989) was used with slight modification.

The proportion of polymorphic loci (P), alleric
diversity {A) and gene diversity (H) for each
population were calculated usisng Nei's statistics
on gene diversity (1973). Standard genetic dis-
tance (D) were calculated usisng Nei’s method
(Nei 1972). The genetic distance matrix was used
to construct phenograms by the unweighted pair
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-group method using arithmatic averages
(UPGMA : Sneath and Sckal 1973) and by the
neighbour-joining method (Saitou & Nei 1987).

Results and Discussion

A total of 17 loci, Pgi, Bam, Adh, Ak, Dia-1,
Dia-2, Gdh, Mdh-1, Mdh-2, Mdh-3, Mpi, Sdh,
Sod-1, Sod-2, Tpi-1, Tpi-2 and Tpi-3 were
used for genetic analysis. Table 3 shows the
frequencies of alleles at the 17 loci in the popula-
tions examined. Ak Mdh-2, Sod-1 and Sod-2
were fixed for the same allele in all plants
examined. Adh-d, Die-1b, Dia-2b, Gdh-d, Pgm
-¢, THi-1c and Tpi-2a were found to be major in
all populations examined. Adh-a was also found
in all populations but at low frequencies. Neo
other alleles were found in all populations. The
population of fyoanum have a fixed unique allele
Mdh-3a. The populations serratum (12} and
nikoense have rare unique alleles Sdkh-a and Sdh
-¢, respectively. The populations of serratum (10)
and (11) share unique alleles Pei-¢ and . Other
populations generally share major alleles but
differ in the frequencies of the alleles.

Gene diversity statistics (Table 4) for each
population were calculated' from the values in
Table 3. In most cases the values are comparable
to the average for monocotyledons (P=40.3, A=
1.66, H=0.144 : Hamrick and Godt 1979). It is
notable that the sample proportion of polymor-
phic loci (P) is low in serratum (1), (11) and
yamatense ; gene diversity (H) is low in serrafum
(1), (9), (10), A. fosaense, and especially lower in
serratum (11).

A phenogram by the UPGMA method (Fig. 5)
and by the neighbour-joining method (Fig. 6)
based on Nei's (1972) genetic distance values
(Table 5) were calculated using the allelic fre-
quencies shown in Table 3. It is remarkable that
the average genetic distances between examined
populations do not exceed the value normally
obtained for conspecific populations (D=0.16:
Crawford 1983; Thorpe 1982). The average
genetic distance is largest between nikoense popu-
lation and others (D=0.15), and wndulatifolium
(D=0.11) follows. Compared to the values
between different species in sect. Clavata and sect.
Tortose (D=0.35 - 1.51; Murata & Kawahara
1994) and in sect. Fimbriata (D=029 - 0.53;

Murata et al. 1994), these values are much smal-
ler. This suggests that genetic differentiation is
generally small in sect. Pedatisectz even between
morphologically distinct species.

Of the other populations more closely related to
each other, serratum (12), iyoanum, a cluster con-
sisting of serratum (10) and (11), maximowiczit (1),
tosaense and a cluster consisting of servatum (9)
and (13) are rather isolated. The remaining popu-
lations, most of which are included in A. ser
ratum, form a large terminal cluster within D=0.
016.

The population, serratum (12), morphologically
attributable to A. engustaium, is isolated mainly
because of the unique allele Sdh-a but this may
not be characteristic of this “species” but a local
mutation. The populations, serratum (10) and (11),
are attributable to A. hatijoense. This "species” is
morphologically not distinct but is endemic to
Hachijo Is. and has an aneuploid chromosome
number of 2n=26. It is therefore considered to be
isolated geographically and cytologically from
other populations which have 2n=28 chromo-
somes, Arisaema hatijoense may be characterized
by a pair of unique alleles Pgi-¢ and A It is
reasonable that the morphologically distinct
species, A. voanum, A. maximowiczii and A.
{osaense, are rather isolated. Avrisaema maxim-
owiczii (1) is isolated not because of unique alleles
but because of differences in the frequency of
alleles while maximowiczii (2) is included in the
terminal cluster with various populations of A.
serratum. Notwithstanding its morphological
distinction, A. yamatense is also included within
the terminal cluster. Serratum (9) and (13) are
attributable to A. japonicum and A. mayebarae,
respectively, and commonly characterized by the
inflorescence opening earlier than the leaves.

Consequently, the A. serratum group, which has
various local populations that are morphological-
ly different but not well differentiated genetically,
appears to show a primary stage of speciation as
was revealed for some species on oceanic islands
(summarized in Crawford et al. 1987 ; Crawford
1989) and also for the continental genus Hezxchera
(Soltis 1985). The time course of this kind of
speciation is suggested to be as short as 5000 to
20000 years (Lowrey and Crawford 1985; Craw-
ford ef. al. 1385, Stutz 1978). If this time course
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Table3. Allele frequencies at 17 loci in the populations examined

: A max- N
w A. serratum A YA hmowiczii A lo- A. iyo- 2;;:::‘-_ A. ni-
Gene Alleig~(1) 2 G @ &) @ 0 & & Q0 (1) (12 (13) matense 1y 2y saense anum fo!ium’“’“’“"
Pgi-2 2 0.03

b 0.02 0.02 0.07 0.02 0.06 0.04
¢ 0.62 0.83
d 0.10 0.02 0,05 0.02 0.03 0.15
¢ 055 043 021025 047 0.10 0.30 0.22 0.02 0.18 0.02 023 066 0.50 0.04 0.i3 020 0.21
f 005 0.02 0.02
£ 0.40 0.53 0.65 0.67 0.48 0.84 0.70 0.75 0.83 0.72 0.87 0.71 034 047 095 0.59 072 063
h 0.38 0.15
i 0.02
J 0.02 0.07 0.04 0.02 0.07 0.02 0.10 0.02 0.07 0.16
k 0.02 0.04
1 0.01
Gih 2 0.17 0.10 0.05 0.01
b 0.50 0.38 0.35 0.42 0.46 0.52 0.37 0.25 0.08 0.17 040 0.05 0.44 034 026 0.83 038 0.08
C
d 040 0.60 0.43 0.56 0.46 0.48 0.60 0.71 0.87 0.80 1.00 048 050 0.52 0.61 0.53 0.18 0.60 096 0.89
e 0.10 0.23 0.02 0.08 0.03 0.03 0.05 0.03 0.02 0,05 0.04 0.05 0.10 0.03 0.04 0.04
Pgm-1 2 0.05 0.08 0.07 0.05 0.04 0.08 0.07 0.03 0.05 0.06 0.04 0.15
b 0.02 0.02 0.01 0.02
c  0.50 0.97 0.89 0.91 0.93 0.96 0.92 0,92 0.98 1.00 0.92 0.93 095 0.52 0.57 1.00 050 0.94 0.54 0.76
d  0.05 0,03 0.03 0.02 0.17 0.02 0.02 0.03 0.03 0.03 0.05 0.44 0.09
e 0.02
Adh & 0.5 0.04 0.13 0.06 0.08 0.06 0,05 0.13 0.05 0,08 0.18 0.33 0.18 0.24 0.21 0.16 0.18 0.32 069 0.18
b 0.03 0.02
¢ 0.17 0.02 0.05 0.06 0.03
d  0.30 0.90 0.70 0.92 0.87 0.88 0.95 0.87 0.92 0.91 0.82 0.63 0.82 0.74 0.53 0.79 0.83 0.66 031 0.83
e 0.06 0.26 0.05
£ 015 0.01
Dia-1 2 0.02 0.02 0.02
b 1.00 0.98 0.78 0.90 0.98 0.92 0.65 0.82 0.98 0.97 1.00 0.91 0.95 0.94 1.00 1.00 095 0.91 098 095
c 0.20 0.10 0.02 0.08 0.35 0.18 0.03 0.08 0.05 0.06 005 0.09 002 0.05
Dia2 ~a 0.02 0.13 0.02 021
b 1.00 1,00 0.98 1.00 1.00 1.00 1,00 0,91 0.87 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 098 0.79
¢ 0.07
d 0.02
Mdh-1 "2 0.16 0.10 0.42 0.30 0.06 0.15 0.12 0.0 0.08 0.20 0.23 005 0.04 0.06 0.08
b 0.02
¢ 1.00 0.84 0.90 0.58 0.70 0.94 0.85 0.88 0.95 1.00 1,00 0.92 0.80 0.75_0.95 1.00 0.96 0.94 092 1.00
Mih-2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00_1.00 1.00 1.00_1.00 1.00_1.00 1.00 1.00 1.00_ 1.00 1.00
Mdh3 2 1.00
b 100 1.00 0.98 1.00 0.83 0.94 0.97 1.00 1.00 1.00 1,00 1.00 0.97 100 100 1.00 100 1.00 096
c 0.02 0.15 0.06 0.03 0.03 0.04
d 0.02
Tpi-l @ 0.02 0.05 0.12 0.05 0.33
b 0.02
¢ 1.00 0.98 1.00 1.00 095 1.00 0.92 0.93 1.00 098 1.00 0.85 0.88 1.00 0.97 0.95 1.00 1.00 1.00 0.65
d 0.08 0.07 0.15 0.03 0.02
Tpi-2 2 1.00 1.00 1.00 1.00 1.00 1.00 1,00 .00 1.00 100 100 098 0.98 1.00 1.00 1,00 099 1.00 1,00 0.96
. b 0.02 0.02 0.01 0.04
Tpi3 & 0.02 0.03 0.15 0.06 0.15 032 0.20 0.17 0.13 0.04 0.03 0,05 0.04 003 086 002
b 1.00 0.98 0.97 1.00 0.85 0.94 1.00 1,00 0.85 0.68 0.80 087 0.87 0.96 0.97 0.95 096 097 0.14 095
< 0.03
sh a 0.02 1.00 0.26 0.01 0.07
b 1.00 0.90 0.95 0.98 1.00 1.00 1.00 1.00 0.98 1.00 1,00 1.00 1.00 0.74 1.00 0.89 091 096
c 0.10 0.05 0.02 0.10 0.04 1.00
d 0.01
Mpi a 0.02 0.33 0.03 0.02
b 0.02 0.12 0.08 0.02 0.02 0.02 ‘ 0.07
C 030 0.30 0.18 0.20 0.04 0.13 0.02 0.18 0.22 0.30 0.03 048 0.08 031 0.11 034 029 029 006 0.02
d 020 0.06 0.15 0.03 0.08 0.10 0.02 003 026 0.03
: 0.50 0.66 0.60 0.68 0.68 0.60 0.92 0.65 0.57 0.63 0.92 037 0.62 0.67 0.26 0.6t 053 031 0.68 0.86
0.02 0.01
2 0.16 0.10 0.16 0.05 0.02 0.07 .05 0.08 0.02 0.13 0.02 0.63 005 0.15 0.04 026 0.10
h 0.02 0.02 0.27
Sod-1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00
Sod-2 1.00 1.00 1,00 1.00 1.00 1,00 1,00 1,00 1.00_1.00 1.00 1,00 L.00 1.00 1.00 1.00_1.00 1.00 1.00_1.00
Ak 1.00 1.00 1.00 1.00 1.00 1,00 1.06 1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 100
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Table 4. Gene diversity statistics for the
populations examined

Population name P(®) A H complicated topology of Japanese Islands. A
iyoanum 53 141 0.173 hypothetical scheme for this kind of speciation in
maximewiczii (1) 53 1.88 0.165 the Sawussurea wipponica complex in Japan was
maximowiczii (2) 35 2.18 0.127 given by Im (1990), although the situation in the
serratim (1) 25 1.88 0.110 Arisaema servatum group is far more complicated
serratum (2) 59 2.00 0.137 than in Sawussurea. Each of the three groups of
serratum (3) 65 1.88 0.191 Avrisaema, Arisaema wnikoense group (Serizawa
serratum (4) 47 176 0.149 1981, 1986), A. undulatifolium group (Serizawa
serraturm (3) 59 2.00 0.183 1980y and A. serratum group, appear to show
serratum (6) 33 2.18 0.130 examples of this kind of speciation in Japan, of
serratum (7) 53 1.53 0.135 which the Awrisgema serratum group, growing
serratum (8) 33 1.53 gﬁ; most widely and abundantly, has the most compli-
;:::ii: E?Z)) 2? ;ég 0:120 ca.ted structure of differentiatinn. The results of
serratm (1) 20 1.82 0.073 this study support t1.1e taxonomic treatment of A.
servatum (12) 59 170 0.188 serratum of Ohashf and .Mu.ra.ta (1980) W}.'.lere‘
serratum (13) 65 1.5 0.138 various morphologically indistinct populations
tosaense 59 1.94 0.115 were included.
yamatense 25 218 0.153 This study was supported by Grant-in-Aid for
Anaverage ofabove 50 1.87 0.143 Scientific Research No. 02640534 from the Minis-
18 populations try of Education, Science and Culture, Japan to J.
nikoense 65 2.06 0.187 M. Thanks are due to Mr. K. Fukuhara of Chiba
undulatifolium 59 1.82 0.147 Prefecture and Mr. J. Ohno of Shizuoka Prefec-

could be adaptable to the A. serrafum group,
speciation might be influenced by the drastic
climatic changes in the later gracial period on the

ture for their help in collecting material.

Table5. Mean genetic identities (upper triangle) and genetic distances (lower triangle)
for populations of Ariseema examined

1

203

4 5 6 7 8 9 i 11 12 13 14 5 16 17 18 1% 20

servatum (9)
serratunt (2)
serratum (7)
serratum (8)
serratum {1)
serratum (3)

serratum (6)

ElE ol e

serratum (4)

b T A o

A. serratum (3}

10. A, serratum (12)

11. A, serratem (10)

12, A, serratum (11)

13. A, serratum (13)

14, A, maximowiczii (1)
5. A, maximowiczii (2)
L6. A. undularifolium
I7. A. ivoanum

18, A, yamarense

19. A. tosaense

20. A. nikoensa

X
0.02
0.02
0.03
0.03
0.02
0.01
0.02
0.03
0.09
0.04
0.06
0.01
0.06
0.02
0.08
0.09
0.0z
0.04
0.13

0.98 0.98
X 099
0.01 X
0.02 0.01
0.00 0.02
0.01 0.01
0.01 0.01
0.01 0.01
0.01 0.02
0.08 0.11
0.04 0.06
0.06 0.07
0,02 0.02
0.03 0.06
0.00 0.02
0.11 0,12
0.09 0.10
0.00 0.01
0.03 0.03
0.12 0.10

0.99 0.97 0.98 0.99 0.98 0.97 0.91 0.96 0.95 0.99 0.95 0.98 0.92 0,91 0.98 0.96 0.88
0.99 1.00 0.9% 0,99 099 0,99 0.92 0.96 0.94 0.98 (.97 1.00 0.90 0.92 1.00 0.98 0.88
1.00 0.98 0.99 0.99 0.99 0.98 0.90 0.94 0.94 0.98 0.94 0.98 0.89 0.90 0.99 0.97 0.90
X 0.99 1.00 1.00 0.99 0.99 0.92 0.95 0.94 0.99 0.96 0.99 0.91 (.92 1.00 0.97 0.90
0.02 X 099099 098 0.99 0.91 0.95 0.93 0.96 0.97 1.00 0.89 0.92 0.99 0.98 0.86
0.01 0.01 X 1.00 0.99 0.99 0.92 0.95 0.94 0.98 0.97 0.99 0.91 0.92 1.00 0.98 0.89
0.01 0.01 0.01 X 099 0.99 0.92 0.95 0.93 0.98 0.95 0.99 0.90 0.93 1.00 0.99 0.88
0.01 0.02 0.01 0,01 X 099 0.91 0.94 0.93 0.98 0.96 0.98 0.89 0.91 1.00 0.97 0.88
0.02 0.01 0.01 .01 0.01 X 0.90 0.95 0.4 0.57 0.97 0.99 0.91 0.92 0.99 0.97 0.86
0.09 0.09 0.08 0.09 0.10 0.10 X 0.88 0.36 0.91 0.93 0.92 0.86 0.86 0.92 0.92 0.86
0.05 0.05 0.05 0.06 0.06 0.05 0.13 X 0.99 0.95 0.92 0.96 0.50 (.88 0.95 0.92 0.85
0.06 0.07 0.07 0.07 0.07 0.07 0,15 0,01 X 094 0.91 0,95 0.90 0.87 0.94 (.90 0.85
0.01 0.04 0,02 0.02 0,02 0.03 0.10 0.05 0.06 X 0.94 0.98 0.93 0.91 0.98 0.96 0.89
0.04 0.03 0.03 0.05 0.05 0.03 0.07 0.07 0.09 0.06 X 0.8 0.90 0.500.96 0.94 0.86
0.01 0.00 0.01 ¢.02 0.02 0.01 0.09 0.03 0.05 0.02 0.02 X 091 0.2 0.99 0.97 0.88
0.09 0.12 0.10 ¢.11 0.11 ©.10 ©.16 0.10 ¢.11 0.08 0.11 0.09 X 0.84 0.91 0.88 0.82
0.08 0.09 0.08 0.08 0.10 0.09 .15 0,13 0,14 0.10 0.11 0.09 0.17 X 0.92 0,91 0.80
0.00 0.01 0,00 0.01 0,00 0,01 0.08 0.05 0.07 0.02 0.04 0.01 0.09 0.08 X 0.990.87
0.03 0.02 0.02 0.01 0.03 0.03 0.08 0.08 0.11 0.05 0.06 0.03 0.13 0.10002 X 0.86
0.11 0.15 0.12 0.13 0.13 0.15 0.15 0.17 0.17 0.13 0,16 0.13 0.20 0.220.14 0.15 X
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A. maximowiczii (2)
A. serratum (2)
A, serratum (1)

A. serratum (5)
] A. yamatense
A. serratum (4)

A. serratum (3)

A. serratum (6)
A. serratum (7)
— A. serratum (8)

A. serratum (9)

1

. serratum (13)

. tosaense

. maximowiczii (1)

. serratim (10)

. serratum (11)

- - T -

. iyoanum ,

A. serratum (12)

A. undulatifolium. -

A. nikoense

[

1 L [
0.075 0.05 0.025
Genetic distance (Df2)

Fig.5. A genetic distance phenogram of populations examined by UPGMA method.
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W =

BEET v+ a vV EEWII ARG v L v S
MioZoond, vAYZHEHCRERBEORE
R R S AL, EOBAE LY OF ENER O
ML DREL, FLHESREVWERSSHS (K
1, 2). 203 bR, BH=NGECSHEL
ERSREEL W I VAT YR ey, AYYT
FETHE, FRXTHRI LY I VEELI—H
O H D HOT, B TAEM P L S
L, /AMEERICEEMSEEL, SRRV BEEERFD
EndEHTE LY ohb, Ohashi & Murata

(1980)i3 = & ¥ 7Y IR R B O 42 NRE I ©
VTHRL, che RFEMICEBRISHETHS &
LT 24 f% Arisaema servatum 22 1HEICE 2 &
TV ERMXCHEITLY I VEHERZIO
Avrisaema servatum DOIEdW, Y77t viva
vt (Serizawa 1980), AuwFrF+>iavi

(Serizawa 1982), B LUkt Y NF vt riray
EAETF o rravhbifde PYNT Y
vaul, TATvdrvavkhAnywAYTY
BERETETFYF v avEEESh (F#1),

KRR TRABEO LY S HREH 16 85H L, B
R bR ERFIE LT AV VM- &
VTR LT P AV Y 1 EEB X UAEE
BN Av VBT A Y S HEOE
BITH 2 MRS D EREETHEE N e
Ly Rma, 2088 (F2) exRelL, B
[pkilhkic & WEMBO 7 v ¥4 L5 ERTL
Too TOEER, UPGMA Hiic X 2 M4RE & o FE198E
B, BbMERLTwWAa® b A YV OERMT
D=015Thoi, ZDEITCRkEshiz<A
YTty avivT v i d vy avHio
EMOHBEAM (Murata & Kawahara 1994), &3
W7 FEF F v e vEOREOLER (Mur-
ata et al. 1994) Off (D=0.29—151) THRTH
L{/MEdot, =4y 3HTREMNOHEEHNS
b —Ric DS D TR WA EHEESN S, T4
S RANOEMBCIRE S bE0RBENNIE
Motedl, ATy a Y (yoanem H£F),
RYNRF gy (serratum{12ER), e >
< AV Y (undulatifolivm 8£H) 74T+
& 37 (losaense HiH]), REEENRBELTV2
NFPavFrFryay (serratum(10)E L UV
servabom (1Y), fEFBIE AN > T EE
IheHreAv S HBHEMTwLIT LYY

(serratum(9)) L b EBYFF¥iay (ser
ratum(13)) e ¥ iz A LB Twiz, EO~A v
FHOIEESOEMIZ I SEER FRAY — %
|5 P A

7 Ay S YETREAR OB ERIER (D) BT

MEWI i, B bOFTHOREERLTWD
EHEE L, AV, KR OFRHH
5| EOREEE A HTEO ETER M —REIC R 5
HahdZ k- THENSLEECINEROD
B THazobENLE YL, ZOLIDREDL &
T, LAY 7HEOD HEFIPEEELNMEFE &
EDHT1HET 5 Ohashi & Murata (1980)D434F
FHUBRELR DO EELI NS,
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