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ABSTRACT

To determine the evolutionary history of Asparagus cochinchinensis (Asparagaceae), we investigated the geographic
pattern of its nucleotide sequence variations in Japan, Taiwan, South Korea and China. We found 21 polymorphic nu-
cleotide sites by sequencing the internal transcribed spacer (ITS) region, which gave rise to a total of 15 haplotypes,
labeled A to O. The A-type was found only in inland China (Guizhou and Sichuan), and the other haplotypes in China
extended to several lineages; therefore, A. cochinchinensis may have its origin in the interior of China. The I-type has
large distribution area and it also experienced a quick expansion in relative recent years. Haplotype differentiation was
observed between the eastern and western side of the Central Mountain Ridge in Taiwan. Two lineages were found in
Japan, one in the Yaeyama Islands and the other in remaining areas of Japan, implying that A. cochinchinensis inde-

pendently colonized in Japan at least twice.
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1. Introduction

Genetic variation within species is one of the fundamen-
tal underpinnings of biological diversity [1]. The distri-
bution of genetic variation is shaped by processes that
are extrinsic to the species, such as ecological events or
selective regimes, as well as intrinsic factors, such as the
type of mating system. When considered in a geographi-
cal context, the structure of this variation is a product of
current genetic exchange within a species as well as his-
torical relationships between populations. By taking into
account the genealogical relationships between haplo-
types as well as their geographical distribution, phylo-
geographical methods can potentially determine the his-
torical and recurrent population-level processes that
shape current patterns of variation. Moreover, genetic li-
neages are often localized geographically and may share
a common history, such as episodes of vicariance, routes
of migration, colonization, and recent population expan-
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sions [2-4]. Such historical insights can be obtained by
identifying the haplotype variations, which are then over-
laid upon a geographical frame, reflecting the spatiotem-
poral dynamics of the organism studied.

The number of phylogenetic studies based on molecu-
lar data has grown enormously in recent years, and most
of the recent studies are concerned with closely related
species or variation within species. In particular, the use
of molecular markers has considerably improved our
knowledge about how past events shape the genetic di-
versity within a species [2-4]. In angiosperms, for exam-
ple, the application of phylogenetic analysis is emerging
as an important and practical tool for the study of eco-
nomically important species such as rice, maize, sun-
flower and cassava, and their relatives [5-13]. These ana-
lyses also helped to unveil the domestication processes
of these crops, and the ancestors and close relatives of a
given species have repeatedly provided sources of useful
traits to genetically impoverished crops. Moreover, con-
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scious efforts to search for desirable traits in plants have
been underway for the past century, and in recent de-
cades species with desirable traits have come to be re-
garded as important biological resources in need of con-
servation [14]. The population structure and history of a
given species is thus an important research focus, be-
cause this knowledge is needed to design concerted ef-
forts for conservation of the species and to understand
the evolutionary processes leading to genetic diversity.
Recently, various intergenic spacers have been widely
analyzed to assess the genetic variability of wild plants
[15-22]. These markers are known to be mostly neutral
with relative high mutation rates, and, in association with
the geological history, provide information to estimate
the extent of seed dispersal and track migration routes
[23-27].

The genus Asparagus (Asparagaceae) is a large group
distributed in arid and sub-arid regions of the Old World
[28-35]. This genus is well known by virtue of the fact
that it includes commercially important species of vege-
tables, most notably A. officinalis, as well as some orna-
mentally or medicinally important species such as A.
asparagoides, A. scandens, A. plumosus, and A. falcatus
[36]. A. cochinchinensis (Lour.) Merrill is one of the
medicinally important species in the genus, and has small
flowers in raceme-like inflorescences, whitish-colored
berries, and swollen roots [37]. It is mainly distributed
along seashores in temperate regions from China to Ja-
pan [31,37]. Here, to enhance our understanding of the
evolutionary history of Asparagaceae, we describe the
DNA polymorphisms of the internal transcribed spacer
(ITS) region in A. cochinchinensis and discuss how these
genetic variations spread within the present distribution
with morphological differentiation.

2. Materials and Methods
2.1. Plant Materials

Thirty-seven samples of Asparagus cochinchinensis were
examined in this study (Table 1). A. lycopodineus Wall.
ex Baker, A. schoberioides Kunth and A. officinalis L.
were selected as outgroups on the basis of phylogenetic
analyses of the genus Asparagus [38]. Vouchers for all
species sampled in this study have been deposited in the
Herbarium, Graduate School of Science, Tohoku Univer-
sity (TUS), and the Herbarium of Tsumura Laboratory
(THS).

2.2. Morphological Analysis

Length and width of a phylloclade vary extensively in
Asparagus cochinchinensis [37]. Therefore, a prelimi-
nary morphological analysis of A. cochinchinensis and
its allied species was conducted by measuring the con-
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tinuous macromorphological variables of length and wid-
th of 5 phylloclades in each individual. Measurements
were taken with a digital caliper. Phylloclade measure-
ments were taken from flowering individuals.

2.3. DNA Extraction, Amplification, and
Sequencing

Total DNA was isolated from 200 - 300 mg of phyllo-
clades with a Plant Genomic DNA Mini Kit (VIOGENE,
Sunnyvale, USA), according to the manufacturer’s pro-
tocol. Isolated DNA was resuspended in Tris-EDTA (TE)
buffer and stored at —20°C until use.

Of Asparagus species, only A. cochinchinensis has
two relatively large deletions, which are located between
the ndhC and trnV genes in chloroplast DNA (cpDNA)
and are 95 bp and 347 bp in length [39]. To identify A.
cochinchinensis, therefore, two regions of cpDNA in-
cluding indels were amplified using two pairs of primers
(Table 2) [40].

For phylogenetic analysis in this species, we amplified
the ITS1 region with primers designed by White et al.
[41]. DNA was amplified by PCR in a 50 pl reaction
volume containing approximately 50 ng total DNA, 10
mmol/l Tris-HCI buffer (pH 8.3) with 50 mmol/L KCI
and 1.5 mmol/L MgCl,, 0.2 mmol/L of each dNTP, 1.25
units Tag DNA polymerase (TAKARA) and 0.5 umol/L
of each primer. We used the following thermal cycle
profile for amplification: 1.5 min at 94°C, 2 min at 48°C,
and 3 min at 72°C for 40 cycles, followed by 15 min of
final extension at 72°C. After amplification, reaction
mixtures were subjected to electrophoresis in 1% - 2%
low-melting-temperature agarose gels for purification of
amplified products. We sequenced the purified PCR pro-
ducts using a DYEnamic ET-terminator Cycle Sequenc-
ing Kit (Amersham Pharmacia) and a Model 373A auto-
mated sequencer (Applied BioSystems) according to the
manufacturer’s instructions. For sequencing, we used the
same primers as those used for amplification.

2.4. Data Analysis

Sequences for the ITS region were prealigned with the
CLUSTAL X program [42]. Alignment for this region
required the inclusion of an indel. This indel was coded
as binary (0 or 1) and treated as the fifth character.
Phylogenetic analysis and a test of clade support were
conducted using the PAUP* program (version 4.0b10)
[43]. Maximum parsimony analyses were carried out via
a heuristic search with TBR branch swapping and the
MULPERS option. Multiple islands of the most parsi-
monious trees [44] were identified using the heuristic
option with 100 random sequence additions. To estimate
confidence levels of monophyletic groups, the bootstrap
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Table 1. List of taxa, sources and haplotypes of plant materials.

Taxon OTU name Locality Haplotype

Asparagus cochinchinensis (Lour.) Merrill

var. cochinchinensis ACChinaSC1 CHINA: Sichuan, Gulin A
ACChinaSC2 CHINA: Sichuan, Gulin A
ACChinaGz CHINA: Guizhou, Anshun A
ACChinaHN CHINA: Hainan, Sanya B
ACChinaAH CHINA: Anhui, Shitai J
ACChinaHB CHINA: Hubei, Xianning K
ACChinaHK CHINA: HongKong, Mt.Victoria |
ACTaiwanHL TAIWAN: Hualien, Chosi C
ACTaiwanTC TAIWAN: Taichung, Hoping H
ACTaiwanNT TAIWAN: Nantou, Mt. Nankao-shan F
ACTaiwanTP TAIWAN: Taipei, Kungliao C
ACTaiwanKS TAIWAN: Kaohsiung, Mt. Tsuyun-shan G
ACTaiwanKL TAIWAN: Keelung, Hepingdao |
ACSouthKorea SOUTH KOREA: Jeollanam-do, Yochon |
AClIriomote JAPAN: Okinawa, Iriomote Isl. D
ACYonaguni JAPAN: Okinawa, Yonaguni Isl. E
ACMiyako JAPAN: Okinawa, Miyako Isl. |
ACYakushima JAPAN: Kagoshima, Yakushima Isl. |
ACKagoshimal JAPAN: Kagoshima, Kimotsuki, Uchinoura |
ACKagoshima2 JAPAN: Kagoshima, Kimotsuki, Nejime |
ACMuiyazaki JAPAN: Miyazaki, Koyu, Kawaminami L
ACFukuokal JAPAN: Fukuoka, Munakata, Oshima |
ACFukuoka2 JAPAN: Fukuoka, Munakata, Genkai |
ACKaochi JAPAN: Kochi, Tosa, Kagami N
ACKagawa JAPAN: Kagawa, Takamatsu M
ACEhime JAPAN: Ehime, Hojo |
ACTokushimal JAPAN: Tokushima, Kaifu, Mugi N
ACTokushima2 JAPAN: Tokushima, Tokushima M
ACOkayama JAPAN: Okayama, Okayama N
ACAwajil JAPAN: Hyogo, Awaji Isl. (Tsuna, Ichinomiya) N
ACAwaji2 JAPAN: Hyogo, Awaji Isl. (Mihara, Nandan) N
ACWakayamal JAPAN: Wakayama, Higashimuro, Taiji |
ACWakayama2 JAPAN: Wakayama, Nishimuro, Shirahama e}
ACShizuokal JAPAN: Shizuoka, Numazu |
ACShizuoka2 JAPAN: Shizuoka, Ito |
ACKanagawa JAPAN: Kanagawa, Kamakura |

A. cochinchinensis (Lour.) Merrill

var. pygmaeus Makino ACpygmarus JAPAN: cultivated in Tohoku Univ. |

Outgroup

A. officinalis L. JAPAN: cultivated in Tohoku Univ. Fordkkk

A. schoberioides Knuth JAPAN: Shimane, Yatsuka, Shimane folkakoil

A. lycopodineus Wall. Ex Baker CHINA: Sichuan, Tianquan Fokkokok
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Table 2. Sequences of primer pairs in amplification of the two deletion regions of cpDNA (Kanno et al. 1997).

Region Primer Sequence (5'-3")
Deletion A DelA-Fw GGGTAGAGAATCGTTGCCTC
DelA-Rv CCAATCGCGGTCTTTCCCTA
Deletion B DelB-Fw GGCGAACAATTCGACAGACC
DelB-Rv CGAGTCCGTATAGCCCTAAC

method was employed with 1000 replications [45].
3. Results

To identify Asparagus cochinchinensis, we first ampli-
fied two regions that have been reported to include rela-
tively large deletions in cpDNA [39]. All samples of A.
cochinchinensis had two large deletions, but other As-
paragus species including in the sister groups of A. co-
chinchinensis [38], did not have the deletions (Figure 1).
Thus, the presence of deletions is a definite characteristic
that can be used to identify A. cochinchinensis even if
samples have insufficient morphological features. We
then compared the phylloclade morphology of A. cochin-
chinensis with that of A. lycopodineus (Figure 2), and
found that A. cochinchinensis has narrow or linear phyl-
loclades, A. lycopodineus has broader phylloclades than
those of A. cochinchinensis. A. cochinchinensis, indi-
viduals from China had greater diversity in phylloclade
sizes and forms than those from Taiwan, South Korea
and Japan. Among samples from China, those from Hai-
nan had the largest size of phylloclades (Figure 2). Sam-
ples from Guizhou and Sichuan also had broader phyllo-
clades than those from other areas and came close to the
size range of A. lycopodineus (Figure 2). Other samples
from China were within the range of variance of samples
from Taiwan, South Korea, and Japan.

To construct a phylogenetic tree, we determined the
sequences of the ITS1 region from 37 samples of Aspa-
ragus cochinchinensis and three outgroups, A. lycopodi-
neus, A. officinalis and A. schoberioides. Two types for
the length of the ITS1 region of A. cochinchinensis were
found. Six of 37 samples in A. cochinchinensis were 249
bp and the remainder was 250 bp. We analyzed a data set
of ITS1 sequences including 21 parsimony-informative
characters with one indel and obtained three parsimoni-
ous trees of 44 steps with a consistency index (CI) of
0.886 and a retention index (RI) of 0.911. A strict con-
sensus tree is shown in Figure 3.

In the phylogenetic tree, all samples of Asparagus co-
chinchinensis composed a monophyletic group with 15
haplotypes, denoted A to O-type (Figures 3, 4). The re-
lationship of the haplotypes to the location of each indi-
vidual is indicated in Table 1. The sequences of each
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Figure 1. The length variation of cpDNA among Asparagus
cochinchinensis and its allied species. Panel (a) shows DelA
and panel (b) shows DelB (Kanno et al. 1997). M, 100-bp
ladder; 1. Asparagus virgatus; 2. A. officinalis; 3. A. schobe-
rioides; 4. A. lycopodineus; 16. A. cochinchinensis var. py-
gmaeus. The remaining lanes contain A. cochinchinensis
var. cochinchinensis from 5. Sichuan in China; 6, Hainan
in China; 7. Anhui in China; 8. Hubei in China; 9. Taipei
in Taiwan; 10, Kaohsiung in Taiwan; 11, Nantou in Tai-
wan; 12. Chonranam in South Korea; 13, Okinawa (Irio-
mote Isl) in Japan; 14. Okayama in Japan; 15. Kana-
gawa in Japan. Arrowheads indicate expected length of
PCR products.
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Figure 2. Relationships between the length and the width of
the phylloclades in Asparagus cochinchinensis. A, A-type; e,

B-type; o, remaining haplotypes; A, Asparagus lycopodi-
neus.
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Figure 3. Phylogenetic relationships of haplotypes of Asparagus cochinchinensis and outgroups. The numbers above the
branches indicate the values of synapomorphic characters and the number of parenthesis indicates an indel. The numbers

below the branches indicate the bootstrap value. AC, Asparagus cochinchinensis. For other abbreviations, see Table 1.
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Figure 4. Schematic of the correspondence between haplo-
types and OTUs in Figure 3.

haplotype have been deposited in the DDBJ/EMBL/Gen-
Bank international DNA data bank (Table 3). The geo-
graphic distribution of each haplotype is shown in Fig-
ure 5. Among this monophyletic group, individuals from
Guizhou and Sichuan in China were same haplotype
(A-type) and were distinguished from other haplotypes in
A. cochinchinensis by six apomorphic nucleotide substi-
tutions. The remaining fourteen haplotypes, from B to O,
were monophyletic, as supported by a relatively high
bootstrap value (85%). Of these haplotypes, the I-type
was the most widespread haplotype and occurred in China,
South Korea, and Japan. The other types had more re-
stricted distributions than the I-type.

The geographical distributions of the haplotypes are
shown in Figure 5 and Table 1. Five haplotypes (A, B, I,
J and K) were found in China; 5 haplotypes (C, F, G, H
and 1) occurred in Taiwan; and 1 haplotype (1) was found
in South Korea. In Japan, seven haplotypes (D, E, I, L, M,

Copyright © 2011 SciRes.

Table 3. List of GenBank accession numbers of nucleotide
sequences for the taxa examined.

Taxon Accession Number

Asparagus officinalis AB195716
A. schoberioides AB195562
A. lycopodineus AB195563

A. cochinchinensis

var. cochinchinensis
(A-type) AB195564
(B-type) AB195565
(C-type) AB195566
(D-type) AB195567
(E-type) AB195568
(F-type) AB195569
(G-type) AB195570
(H-type) AB195571
(I-type) AB195572
(J-type) AB195573
(K-type) AB195574
(L-type) AB195575
(M-type) AB195576
(N-type) AB195577
(O-type) AB195578

A. cochinchinensis
var. pygmaeus AB195579

N and O) were found from the Yaeyama Islands in the
south to Kanto Distinct in central Honshu (Kanagawa).
The D- and E-types formed a monophyletic group, as did
the N- and O-types. The monophyly of the N- and O-
types was supported by a 1-bp indel as well as one syn-
apomorphic substitution. Among the 7 haplotypes in Japan,
the I-, L-, N-, M-, and O-types, which occur from Yaku-
shima Island to Kanagawa, were monophyletic with the
J- and K-types in China. These results suggested that in-
dividuals in this clade have a different origin from those
in the Yaeyama Islands (Iriomote and Yonaguni Islands),
and at least two lineages of Asparagus cochinchinensis
exist in Japan.

The dwarf-type of Asparagus cochinchinensis (less
than 20 cm high) is known as A. cochinchinensis (Lour.)
Merrill var. pygmaeus Makino and is cultivated as orna-
mental purposes [31]. Our phylogenetic result in- dicated
that this variety is of the | haplotype (Figures 2, 3), that
is, of the most widespread haplotype in Japan.

4. Discussion

The usefulness of the ITS region as a molecular marker
for the indirect estimation of infraspecies relationships
depends on the level of phylogenetic resolution [46]. The
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Figure 5. Geographical distribution of haplotypes in Asparagus cochinchinensis. Letters in this figure indicate the locations of

the haplotypes.

ITS region had faster divergence rates and subsequently
higher phylogenetic resolution than regions of cpDNA
[47]. In our previous study, we used primers designed
primers by Taberlet et al. [48] and Nishizawa and Wa-
tano [49] to sequence approximately 3000 bp of 16 re-
gions in cpDNA including frequently analyzed regions
for some Asparagus species, but found little variation in
these regions [38]. As a result, we concluded that cpDNA
is powerless for phylogenetic studies within this species.
In contrast, we found in current study that the ITS1 re-
gion of A. cochinchinensis possesses a relatively high
level of haplotype diversity (15 haplotypes) and nucleo-
tide variation (up to 4.2%). This region, therefore, pro-
vides sufficient phylogenetic resolution at a population
level within the species. Our results on the usefulness of
the ITS1 region are accordance with the results of Beck-
ler and Holtsford [5] who used the ITS phylogenetic tree
to reveal the recent derivation of maize from teosinte,
and of Dick et al. [50], who concluded on the basis of
various ITS phylogenetic trees that the ITS region is a
powerful tool for resolving historical relationships among
populations of widespread plants. Here, we revealed that
the ITS region of A. cochinchinesis have 21 polymorphic
nucleotide sites leading 15 haplotypes and one of haplo-
typs (A-type in China) diverged deeply compared with
other haplotypes. These results show the evolutionary

Copyright © 2011 SciRes.

origin and phylogeographic pattern of A. cochinchinensis
in eastern Asia.

4.1. Phylogenetic and Morphological Analyses of
Asparagus cochinchinensis and Its Allied
Species

Our results indicate that some mutations have accumu-
lated in the ITS1 region of Asparagus cochinchinensis
between the A-type and the other haplotypes at the basal
position of this phylogenetic tree (Figures 3, 4), suggest-
ing the relatively ancient divergence of the A-type. The
A-type comprised individuals from inland China (Gui-
zhou and Sichuan). Our morphological analysis indicated
that A. cochinchinensis has narrow or linear phylloclades,
and A. lycopodineus has broader phylloclades than those
of A. cochinchinensis, a result that agreed well with the
description of Chen and Tamanian [37]. The phyllocla-
des of the A-type individuals tended to be broader than
those of other haplotypes, except for the B-type from
Hainan (Figure 4). These results suggest that the A-type
A. cochinchinensis has differentiated genetically and
morphologically from those of other areas. Although the
A-type is highly differentiated, two specific deletions on
cpDNA (Kanno et al. [39]) were presented in the type
(Figure 1). Therefore, A. cochinchinensis has two main
lineages of nuclear genomes, the A-type and all remain-
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ing haplotypes.

What is the history of the evolution of the A-haplotype?
The morphological characteristics of the A-type are in-
termediate between other Asparagus cochinchinensis hap-
lotypes and its most closely related species, A. lycopodi-
neus on the basis of the ITS phylogeny of Asparagus
(Fukuda et al. unpublished data). Two possible expla-
nations would be consistent with the establishment of the
A-type. One is that the A-type of A. cochinchinensis ap-
peared as an intermediate form in the course of gradual
differentiation from A. lycopodineus to A. cochinchinen-
sis. The other is that A-type of this species may have ex-
perienced ancient hybridization events with related spe-
cies and subsequent allelic recombination and concerted
evolution. A previous phylogenetic study using cpDNA
sequences suggested that genetic differentiation among
species of the genus Asparagus is poor [38]. Therefore, it
is possible that interspecific hybrids are generated in
various combinations of species. In fact, successful pro-
duction of interspecific hybrids between A. officinalis
and A. schoberioides, and A. officinalis and A. kiusianus
are known [51,52]. Moreover, interlocus-concerted evo-
lution of the ITS region is well known [53-55]. Interlo-
cus-concerted evolution has affected the heterogeneity of
nucleotide substitution and is generally regarded as a
mechanism that homogenizes copies of a gene in a ge-
nome. Once an interspecific hybrid occurs and its pro-
portion by chance increases interlocus-concerted evolu-
tion may operate to fix a new haplotype in this species.
From the view of the hybridization explanation, however,
the ITS1 sequences of A-type must have experienced
quite complicated recombination events with repeated
crossing over throughout its range. Thus, the simpler ex-
planation of the former view that A. cochinchinensis dif-
ferentiated gradually from A. lycopodineus may be more
plausible based on the present data. Extensive compari-
sons of genetic data between A. lycopodineus and A.
cochinchinensis should be made to confirm these expla-
nations for the origin of the A-type.

4.2. Phylogeographic Pattern of Asparagus
cochinchinensis

In this study, we investigated the geographical structure
of haplotype distribution in Asparagus cochinchinensis.
Although the A-type varied from the other haplotypes, a
relatively low level of genetic variation was detected in
the ITS1 region among the haplotypes from B to O. This
may reflect geographical patterns of haplotype distribu-
tion associated with more recent events. China had the
greatest diversity of haplotypes. Our results indicated
that haplotypes in China (A, B, I, J, and K) were spread
throughout the phylogenetic tree and included the most

Copyright © 2011 SciRes.

deeply divergent lineage (the A-type). This suggests that
A. cochinchinensis had its origin in China. A recent phy-
logenetic analysis of the genus Asparagus indicated that
A. cochinchinensis is most closely related to A. lycopo-
dineus (Fukuda et al. unpublished data), which occurs
from inland China to India [37]. Taken together with the
fact, A. cochinchinensis appears to have originated in the
interior of China. Then, how did the haplotypes expand
their distribution beyond inland China?

The large monophyletic group of haplotypes except
A-type is divided into five lineages: one in Hainan as
mentioned above, two in Taiwan, one in the Yaeyama
Islands, and one involved mixed locality from China, Tai-
wan, South Korea, and Japan. Except haplotypes found in
inland China (J- and K-type), all of these haplotypes are
distributed in the archipelago along eastern coast of the
Eurasian continent. These facts indicate that Asparagus
cochinchinensis experienced relative rapid expansion of
its distribution range to the east and islands in the archi-
pelago. The monophyletic group consisting of I- to O-
type includes samples from wide range of locality: Japan,
South Korea, Taiwan and China. Especially, I-type is
found in the coastal area from Japan to south China.
These facts suggest that the I-type of A. cochinchinensis
might have expanded its range to these areas in more
recent years than the expansion event with haplotype
diversification mentioned above. Therefore, from our
analysis, A. cochinchinensis experienced relative quick
expansions of distribution range at least twice.

In Taiwan, a lofty backbone range, the Central Moun-
tain Ridge, basically runs the axis of the island and has
numerous peaks above 3000 m in elevation. Therefore,
some local topographical barriers in the central zone may
have blocked or limited the migration to the opposite
coasts, with considerable effects on the genetic structure
of plant species. In our study, significant genetic diffe-
rences were detected between Asparagus cochinchinen-
sis individuals on the island of Taiwan. Except for the
presence of haplotype | in Keelung, which is the northern
most area in Taiwan, the samples from the eastern region
in Taiwan (Huelien and Taipei) had the same haplotype
(C-type), and the haplotypes from Nantou, Kaohsiung
and Taichung in the region of coastal to western Taiwan
formed a single monophyletic group (F, G, and H). A
further analysis using more samples from Taiwan is
needed to confirm hypotheses of the geographical struc-
ture of haplotype distribution in this area.

The D- and E-types are only found in the Yaeyama Is-
lands (Iriomote and Yonaguni Islands), may have been
involved in a different colonization event from the latter
group. The islands are geographically located in the south-
western-most part of Japan and close to Taiwan. This
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area is the transition zone from subtropical to temperate
climate, and vascular plants from both temperate and tro-
pical floras are observed [56]. Although our phylogenetic
analysis could not resolve whether Asparagus cochin-
chinensis in the Yaeyama Islands is phylogenetically
grouped with Japan or Taiwan. The second lineage in
Japan (the I- to O-types) formed a monophyletic group
with haplotypes from Anhui and Hubei in China, Kee-
lung in Taiwan and Jeollanam-do in South Korea (Fig-
ures 2, 3). Moreover, few apomorphic characters have
accumulated within this monophyletic group. These facts
suggest that A. cochinchinensis might have expanded its
range to these areas in recent years. Considering these
results, the ITS variation we see today may have been
generated after Japan became separated from the Eura-
sian continent.

The interest in trying to link geographic distribution
and evolution of the ITS region with organism evolution
rests on the wide use of such markers for phylogeny as
well as on the increasing number of cases documenting
complicated evolution in plants. The ITS region analyzed
in this work provides a robust phylogeographic hypothe-
sis for the evolution of Asparagus cochinchinensis. This
hypothesis, based on molecular information, is a timely
contribution that allows unbiased interpretation of evolu-
tionary history. Additional molecular markers may lend
support to this scenario, and multiple markers should be
surveyed within this species to find any variation. This
work will help to reinterpret existing ITS data sets and
facilitate the interpretation of new ones.
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