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A B ST R A CT 

Micranthes nelsoniana possesses multiple different variants and numerous chromosomes. Based on the internal transcribed spacer (ITS) and 
chloroplast (cp)DNA sequences, the phylogeography of M. nelsoniana and its relatives in Northeast Asia was investigated, with extensive sam-
pling around the Kuril Islands. The Arctic–Asian continent and a clade of marginal islands were the two main groupings that comprised the ITS 
phylogenetic tree. The island clade was separated into five well-supported clades: Kamchatka and Hokkaido highlands, Kuril–Aleutian Islands, 
southern Kuril Islands, Japanese archipelago, and Primorye region. Micranthes fusca was found in Japan and in the southern Kuril Islands. It is a 
separate species that created several types of hybrids between M. nelsoniana in the centre of the Kuril Islands based on a comparison of the ITS 
and cpDNA networks. Micranthes nelsoniana and M. ohwii appear to have hybridized in the northern Kuril Islands. Cytological investigation on 
the local species of M. nelsoniana showed that the chromosomal numbers are: 2n = 24, 26, 28, 30, 50, and 80. Among them, two usual numbers 
to this area, 2n = 24 and 50, appear to encourage interspecific gene exchange. The genomes of Hokkaido plants with high chromosome counts 
were cloned, revealing that they contained genes of both continental and marginal origins. This study revealed the crucial role of marginal islands 
along Northeast Asia in the genetic diversity of M. nelsoniana and related species.

Keywords: chromosome number; cloning; haplotype network; hybridization; Kuril Islands; Micranthes fusca; Micranthes ohwii; phylogenetic 
analysis

I N T RO D U CT I O N
Micranthes nelsoniana (D.Don) Small is a perennial herb that is 
widely distributed in the circumboreal region from Siberia to 
North America. It is a large species complex (Zhmylev 1995, 
1996, 2004, Tkach et al. 2015) that includes several varieties. 
Phylogenetically closely related species [M. fusca (Maxim.) 
S.Akiyama & H.Ohba, M. ohwii (Tatew) T.Fukuda & H.Ikeda 
(former Saxifraga purpurascens Kom., Fukuda et al. 2016b), and 
M. manchuriensis (Engl.) Gornall & H.Ohba] emerged from the 
western side of the Bering Sea to Northeast Asia and appear to 

have experienced a complex history of migration and genetic ex-
change during the glacial–interglacial period around Beringia 
and Hultenia (Yurtsev 1974, Hewitt 2000, Eidesen et al. 2007,  
et al. 2014).

Numerous phylogenetic studies of the genus Micranthes, 
including of M. nelsoniana, have been published (e.g. Prieto et 
al. 2013, Kim et al. 2015, Tkach et al. 2015, Stubbs et al. 2020a, 
b, Folk et al. 2021). The findings of these studies indicate that 
the genus Micranthes, which includes 80–85 species, com-
prises a monophyletic group (Soltis et al. 1996, 2001, Prieto et 
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al. 2013, Deng et al. 2015, Stubbs et al. 2020a, b) and that the 
genus is estimated to have emerged ~38.9–79.8 Mya, as as-
sessed via molecular dating methods (Stubbs et al. 2020b). 
Regarding the phylogenetic position of M. nelsoniana and 
closely related species, Tkach et al. (2015) reported a well-
supported clade as the section Rotundifoliatae (A.M.Johnson) 
Tkach, including M. nelsoniana, M. fusca, M. purpurascens (=M. 
ohwii), M. manchuriensis, and other species. Further, Stubbs et 
al. (2020a) recognized the monophyletic group Lyallii, com-
bining Rotundifoliatae and Cuneifoliatae [e.g. M. razshivinii 
(Zhmylev) Brouillet & Gornall, M. calyicina (Sternb.) Gornall & 
H.Ohba] of Tkach et al. (2015) and suggested that the ancestor 
of Lyallii emerged in Beringia, subsequently moving to western 
North America and Asia (Stubbs et al. 2020a). However, for M. 
nelsoniana, numerous previous studies reported this species to 
not be monophyletic (Kim et al. 2015, Tkach et al. 2015, Stubbs 
et al. 2020a, b), and the relationship between M. nelsoniana and 
M. fusca and other closely related species remains unclear.

Regarding phylogeography, Kim et al. (2015) examined 
Micranthes spp., focusing on M. manchuriensis and M. octopetala 
(Nakai) Y.I.Kim & Y.D.Kim, based on significant samples 
from various locations. In contrast to the abundance of phylo-
genetic studies, however, studies regarding phylogeography 
encompassing the distribution area of Micranthes spp. are limited.

The intraspecific diversity of M. nelsoniana can potentially ex-
plain the difficulties encountered during its analyses. This spe-
cies complex includes several varieties, with no clear boundaries 
among them (Hultén 1928, Voroshilov 1982). They are pre-
sented in Table 1.

Micranthes nelsoniana is also known by the variety of chromo-
some numbers: 2n = 26–84 (e.g. Packer 1964, Mulligan and 
Porsild 1969, Zhukova and Petrovsky 1971, 1987, Zhukova et 
al. 1973, Packer and McPherson 1974, Murray and Kelso 1997) 
(summary in Fukuda et al. 2016a). Regarding the fundamental 

number of chromosomes, Webb and Gornall (1989) suggested 
that x = 8, 10, 11, 13, and 14 were the most prevalent gameto-
phytic chromosome numbers in Saxifragaceae and that higher 
numbers are probably due to polyploidy. In M. nelsoniana, the 
number 2n = 28 is most commonly observed (Altai and Taimyr 
in Siberia, south Kamchatka, Yukon), whereas 2n = 26 is the 
lowest observed number and x = 14 is the most probable fun-
damental number.

The intraspecific polymorphisms of M. nelsoniana are con-
sidered to have resulted from complex genetic variation, hybrid-
ization, and polyploidization (Hultén 1928, Zhmylev 1995) 
in addition to environmental factors. Regarding hybridization, 
there remains debate concerning the basis of the morpho-
logical variation of this genus: e.g. M. nelsoniana var. insularis 
and M. purpurascens on the Commander Islands or M. fusca 
and M. purpurascens on Simushir Island (Siplivinsky 1976). 
Interspecific gene flow has received particular attention as one 
of the factors involved in the changes in inter- and intraspecific 
genetic composition, and hybridization is an important source 
of evolutionary novelty (Mallet 2007, Soltis et al. 2009, Folk 
et al. 2017). In addition, wide chromosome number variation 
reported for M. nelsoniana suggests the presence of high poly-
ploidy. According to these findings, M. nelsoniana and its rela-
tives appear to have undergone a complex, reticulated evolution, 
similar to numerous other taxa in the genus Micranthes (Stubbs 
et al. 2020a).

In addition to M. nelsoniana, we analysed samples of M. fusca 
(type: Konoma, Hokkaido), covering its distribution range from 
Japan (Kyushu: 52 and 75 in Fig. 1) to Simushir Island (33 in Fig. 
1) in the central Kuril Islands (Barkalov 2009, Takahashi 2015; 
distribution based on herbarium evidence). Micranthes fusca is 
characterized by dark-red or greenish-white petals with reversed 
petal edges and short filaments with a size of less than half of 
the petal length (Hara 1939, Ohwi 1953, Voroshilov 1982, Ohba 

Table 1. Characteristics and type locality of the varieties of Micranthes nelsoniana in NE Asia to Alaska

Taxon Type locality Distribution Characteristics

Micranthes nelsoniana 
(D.Don) Small

 � var. nelsoniana 
(D.Don) Small

Alaska, Cape 
Newenham

NE Russia (Okhotsk, Chukotka,  
N. Kurils), Alaska

Hairy leaves, glandular-villous hairs on 
inflorescences, a compact capitate 
inflorescence form

 � var. reniformis 
(Ohwi) S.Akiyama 
& H.Ohba

Sakhalin, 
Tosso

Sakhalin, Mt. Rishiri, the Kuril  
Islands, the lower banks of the Amur river, 
and the Shantarsky Islands

Glabrous reniform leaves, a 
corymbose-panicle inflorescence 
form, and whitish inflorescence hairs

 � var. insularis 
(Hultén) Gornall & 
H.Ohba

Aleutian Islands,  
Carlisle Island

The Aleutian, Commander, Kuril 
Islands; in the high mountainous 
area of Kamchatka

Large, thick glabrous leaves and dark-
red capsules

 � var. porsildiana 
(Calder & Savile) 
Gornall & H.Ohba

Canada, 
British Col-
umbia

Northwestern Canada and 
northeastern Russia (Chukotka, 
Kamchatka)

Small plant with small hairy leaves

 � var. pacifica 
(Hultén) Gornall & 
H.Ohba

Alaska, Ju-
neau

Amphi-Bering Glabrous leaves, compact inflores-
cences, and viscid pedicels with 
glandular inflorescence hairs

 � var. aestivalis (Fisch. 
& C.A.Mey.) 
Gornall & H.Ohba

Russia, Altay Siberia (from Ural to Amur) and 
northeastern China

Long peduncles and pedicels
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1989, Wakabayashi 2001, Okuyama 2016). Micranthes ohwii 
(=Saxifraga purpurascens) has red petals and reddish, thick, and 
lustrous leaves and grows at high altitudes on rocky volcanic 
slopes from Kamchatka to Onekotan Island in the northern Kuril 
Islands (Komarov 1914, 1927, Siplivinsky 1976, Charkevicz 
1989, Yakubov and Chernyagina 2004, Barkalov 2009). We col-
lected this species from Kamchatka (1 in Fig. 1) and Onekotan 
Island (2 in Fig. 1). In addition, we analysed M. manchuriensis, 
which grows along rivers in Primorye in Far Eastern Russia, 
Korea, and northeast China (55 in Fig. 1). As an outgroup, we 
used M. japonica (H.Boissieu) S.Akiyama & H.Ohba plants.

Herein, we aimed to understand the genetic relationship be-
tween M. nelsoniana and its closely related species in regions of 
the western Bering Sea to Northeast Asia. The presence of a large 
chromosome number hampers the performance of genome-
wide fragment analyses owing to difficulties in deciding the 
right fragment positions in multiple gene sequences within in-
dividuals. To resolve the complexity of the reticulated evolution 
of M. nelsoniana, we adopted a detailed comparison of Sanger-
sequenced nuclear and plastid phylogenetic trees and networks. 
Concomitantly, chromosome numbers were investigated for 
assumptions regarding the regional polyploidy level according 

to genetic characteristics. In addition, we applied the cloning 
method to M. nelsoniana samples from Hokkaido with high 
chromosome numbers to estimate the genetic origin of these in-
dividuals.

M AT E R I A L S  A N D  M ET H O D S

Plant samples
In total, 356 individuals were collected from 40 localities as fol-
lows: M. nelsoniana (including five varieties: 108 samples from 
24 localities); M. fusca (213 samples from 24 localities); M. ohwii 
(28 samples from two localities); M. manchuriensis (four sam-
ples from one locality); and one sample each of M. japonica, M. 
calycina, and M. sachalinensis (F. Schmidt) S.Akiyama & H.Ohba 
(Table 2).

DNA extraction, sequencing, and alignment
Dried leaves were ground in a ceramic mortar or homogenized 
using a bead crusher and washed with HEPES-buffer solution 
(HEPES-NaOH buffer 0.1 M, 20 mL; polyvinylpyrrolidone, 204 
mg; ascorbic acid, 180 mg; and mercaptoethanol, 0.5 mL) be-
fore DNA extraction using the CTAB method [Doyle and Doyle 

Figure 1. Map of the localities where the samples were collected. The numbers are the same as in Table 2. The species collected are indicated 
by coloured circles: blue for M. nelsoniana, red for M. fusca, purple for M. ohwii, orange for M. manchuriensis, and grey for M. octopetala. Large 
circles indicate a lack of information on the exact coordinates of those samples.
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1990: 2% CTAB, 100 mM Tris-HCl (pH 8.0), 1.4 M NaCl, and 
20 mM EDTA]. Each sequence region was amplified using the 
polymerase chain reaction (PCR) primers listed in Table 3, 
and the products were purified via ExoSAP-IT (ThermoFisher 
Scientific). Sequencing was performed by Macrogen Japan 
Corp. (Kyoto, Japan) via an Applied Biosystems 3730xl DNA 
analyser using the primers employed for amplification. The 
sequences were aligned via MAFFT (Katoh et al. 2009) and low-
quality bases at the end of the electropherograms were manually 
trimmed using BioEdit (Hall 1999).

Phylogenetic analysis
The phylogenetic relationships of the internal transcribed spacer 
(ITS) region of the nuclear ribosomal (nr)DNA (ITS1–5.8S 
rRNA gene–ITS2) were reconstructed using the Bayesian in-
ference (BI) and maximum likelihood (ML) methods. In total, 
268 samples (68 samples of M. nelsoniana, 85 samples of M. 
fusca, 16 samples of M. ohwii, 27 samples of M. manchuriensis, 
65 samples of M. octopetala, and one sample each of M. japonica 
and M. calycina) were used for the ITS phylogenetic analysis. 
In addition, M. spicata Small (DDBJ accession LM654405), 
M. razshivinii (LM654397), M. calycina (LM654348), M. 
lyallii (Engl.) Small (LM654368), and M. odontoloma A.Heller 
(LM654388) were used as outgroups based on their close re-
lationship with M. nelsoniana (Tkach et al. 2015, Stubbs et al. 
2020ab). Among them, 107 samples were used from DDBJ, the 
accession numbers of which are listed in Table 2.

Before constructing an ITS phylogenetic tree, MODELTEST 
(Posada and Crandall 1998) was applied for model determin-
ation alongside the implementation of hierarchical likelihood 
ratio tests (hLRTs) via MrModeltest (Nylander 2004). BI ana-
lysis of the ITS sequences was conducted using MrBayes 3.2.7 
(Huelsenbeck and Ronquist 2001, Ronquist et al. 2012). Four 
Markov chain Monte Carlo (MCMC) searches were run sim-
ultaneously for 320 000 generations, with sampling every 100 
generations. The convergence and effective sample size of all the 
parameters were checked using Tracer v.1.6 (Drummond and 
Rambaut 2007) and the first 825 trees were discarded as burn-in.

An ML phylogenetic tree was constructed using MEGA 
X (Kimura 1980, Kumar et al. 2018) with the settings of the 
HKY+G (Hasegawa, Kishino, and Yano) model based on 
ModelTest (MEGA X), a nearest-neighbour interchange (NNI) 
heuristic method, and 1000 bootstrap replications (Felsenstein 
1985). Furthermore, a phylogenetic tree for the plastid DNA re-
gion was constructed based on the combined sequences of the 
four plastid DNA loci (trnLF, rbcL, trnC-rpoB, and matK) with 
a length of 3590 bp; 154 samples (53 samples of M. nelsoniana, 
82 samples of M. fusca, 14 samples of M. ohwii, three samples 
of M. manchuriensis, and one sample each of M. japonica and M. 
sachalinensis) were used to construct the chloroplast (cp)DNA 
phylogenetic tree.

MODELTEST (Posada and Crandall 1998) was used for 
model determination by implementing the hLRTs for the plastid 
matrix in MrModeltest 2.4 (Nylander 2004). A BI analysis for 
combined cpDNA sequences was conducted using MrBayes 
3.2.7 (Ronquist et al. 2012). Four MCMC searches were run 
simultaneously for 670 000 generations, with sampling every 
100 generations. The convergence and effective sample size of 
all the parameters were assessed using Tracer v.1.6 (Drummond Ta
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and Rambaut 2007), with the first 1675 trees being discarded as 
burn-in.

An ML phylogenetic tree of plastid DNA sequences was 
also constructed using MEGA X (Kimura 1980, Kumar et al. 
2018) with settings of the Tamura 3-parameter model based 
on ModelTest (MEGA X), an NNI heuristic method, and 1000 
bootstrap replications (Felsenstein 1985). The samples used 
for nrDNA and cpDNA phylogenies were mostly the same, 
with a few exceptions. The differences in the number of sam-
ples between the two phylogenetic trees were attributed to the 
additional ITS sequences obtained from DDBJ, which registers 
only ITS sequences. The trees were drawn using FigTree v.1.4.4 
(Rambaut 2014). The nrDNA and cpDNA phylogenetic trees 
were compared and each sample was connected with a line to in-
dicate the extent of genetic agreement between these trees.

Network analysis
The ITS haplotype network was constructed using the median-
joining method (Bandelt et al. 1999) via NETWORK 5.0.1.1. 
(http://www.fluxus-engineering.com/, Fluxus Technology). 
From the 444 available samples, 17 [four from Oito, Iturup (38 
in Fig. 1), 10 from Andreevka (43 in Fig. 1), and three from 
Nihoniwa, Kunashir (42 in Fig. 1)] exhibited more than one het-
eromorphic site and were excluded from the analyses, resulting 
in a total of 424 samples (including 98 samples from DDBJ) as 
follows: 112 samples of M. nelsoniana, 191 samples of M. fusca, 
27 samples of M. ohwii, 28 samples of M. manchuriensis, 65 sam-
ples of M. octopetala, and one sample of M. japonica.

Sequences with one heteromorphic site were split into two 
parent sequences. For example, ‘336f_Osuzu’, which had one 
heteromorphic ‘R’ site, was split into ‘336f_Osuzu-A’, carrying 
‘A’, and ‘336f_Osuzu-G’, carrying ‘G’. In total, 66 sequences 
excluding outgroups were obtained and employed for network 
analysis.

The cpDNA haplotype network was constructed based on 
the combined sequences of the four plastid DNA loci (trnLF, 
rbcL, trnC-rpoB, and matK) with a length of 2313 bp. In total, 
344 samples were used to construct the cpDNA network: 105 

samples of M. nelsoniana, 209 samples of M. fusca, 25 samples of 
M. ohwii, four samples of M. manchuriensis, and one sample of 
M. japonica, leading to the identification of 53 sequences, which 
were alphabetically named (from A to BC). The network was 
constructed in the same way as the ITS haplotype network. In 
both the networks (ITS and cpDNA), gaps and indels were also 
considered. Each gap and indel comprising several bases was 
treated as one event regardless of its length.

Statistical analyses
Based on the seven clades of the ITS phylogenetic tree, i.e. i, ii, 
iii, iv, and v of clade A, which were well supported, and vi and 
vii outwith clade A, the variation of each ITS clade was esti-
mated using DnaSP v.6. In addition, the cpDNA sequences were 
grouped according to the seven ITS clades. The group of cpDNA 
included six groups, as it excluded the group corresponding to 
vii (M. octopetala) because all the ITS data of M. octopetala were 
collected from DDBJ and, thus, no cpDNA sequence data were 
available. For the six groups, population pairwise FST values  
were estimated using Arlequin 3.5 (Excoffier and Lischer 2010) 
based on the Kimura 2-parameter distance method with 1000 
permutations.

Cloning
To address the origins of polyploidy, two samples of M. nelsoniana 
from Rishiri (12 in Fig. 1) and two samples from Taisetsu (11 
in Fig. 1) were selected for analysis considering their phylogen-
etic position (in clade iv) and existing chromosome numbers 
(2n = 50 for Rishiri: Funamoto and Nakamura 1996; 2n = 80 for 
Taisetsu: Fukuda and Ikeda 2019). As the cloning of PCR prod-
ucts sometimes generates false sequences because of PCR errors 
and artificial recombination (Cronn et al. 2002, Lihová et al. 
2006), we attempted to prevent PCR errors by employing KOD-
Plus-Neo DNA polymerase (Toyobo), thus limiting the number 
of PCR cycles to no more than 30 and adopting only these 
cloned sequences, the presence of which was confirmed in the 
original sequences. Two samples from each locality (four sam-
ples in total: Rishiri_1, Rishiri_2, Taisetsu_1, and Taisetsu_2) 

Table 3. Primers used for amplification and sequencing.

Region Primer name Reference

ITS 5F GGAAGTAAAAGTCGTAACAAGG (White et al. 1990)
4R TCCTCCGCTTATTGATATGC White et al. (1990)

trnL-trnF LF LEFT AACCATTTCTCCTACCCTCTCC
LF RIGHT CCGACACACCATCCTCATCT

rbcL 1L CTTGGCAGCATTCCGAGTA
1R CGCATAAATGGTTGGGAGTT

trnC-rpoB f CACCCGGATTTGAACTGGGG
r CKACAAAAYCCYTCRAATTG

matK 700F AAGAAATCACCTATCTTTGGTTCAA
1400R TGAAGATAGATTCGTATTCACATACA

Additional primers for cpDNA phylogeny:
matK nested_F AAGAAATCACCTATCTTTGGTTCAA

nested_R TGAAGATAGATTCGTATTCACATACA
1303F TAGTCTTATTACTCCAACTC
1974R CTGCATATGCGCACAAATCT
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were cloned using a Target Clone™-Plus cloning kit (Toyobo). 
The ribosomal ITS region, including the ITS1, ITS2, and 5.8S 
genes, was amplified via direct PCR using KOD-Plus Neo 
(Toyobo) to ensure a high PCR sequence accuracy and using 
the same primers as those employed for the direct sequencing 
of this region from other samples. The PCR conditions were as 
follows: 3 min at 94°C; followed by 30 cycles of denaturation 
at 94°C for 30 s, annealing at 54°C for 30 s, and elongation at 
72°C for 1.5 min; and a final extension at 72°C for 10 min. The 
PCR products were cloned into the pTA2 vector (Toyobo). The 
recombinant DNA was transferred into Escherichia coli compe-
tent cells, which were then plated on Luria Broth medium. The 
colonies were incubated overnight, and blue–white screening 
was performed to select colonies containing inserts. Inserts from 
each colony were amplified and the sequences were determined. 
The protocols were performed according to the manufacturer’s 
recommendations.

To examine whether the sequences obtained 
were actually included in the original samples, add-
itional primers were used for sequencing, as follows: 
for R1: TAAGTAATTGAGTGTTCCTTACAT and 
TTTAGGTCAACCACACAC; for T7: AGGTGCAAAT 
AATTGAATGTTCC and TCAACCACACGCAAGGAAGG; 
and for T9: AGCAGAAAACCTTGAGAACAAGT and 
CATGAGCATATTTCAAATGAT. These primers included 
polymorphic sites to increase the specificity of the sequences 
obtained. The primer sets were used for the PCR and direct 
sequencing of the original samples; if the PCR was successful, 
we considered it as a confirmation that the sequence was in-
cluded in the original samples. A phylogenetic tree based on the 
ITS region was also constructed that included these confirmed 
sequences. Moreover, the ML and BI trees were drawn using the 
same conditions as those used to produce Figure 2, including 
bootstrap/posterior probabilities and other parameters.

Figure 2. Bayesian inference phylogenetic tree of 59 sequences from 268 samples based on the ITS region (left), and phylogenetic tree of 59 
sequences from 154 samples based on combined cpDNA regions (right). Numbers to the side of nodes indicate the posterior probability (PP, 
above) and bootstrap (BS, below) values by ML phylogeny (see Supporting Information). Nodes with asterisks (*) in the ITS tree have PP/
BS values of < 50%. The star in the cpDNA tree indicates the clade comprising M. fusca, which occurred from S. Iturup to Kyushu. Numbers in 
parentheses indicate the number(s) of samples corresponding to the sequence. The blue bar is for M. nelsoniana, red for M. fusca, purple for M. 
ohwii, orange for M. manchuriensis, and grey for M. octopetala. The white colour in the ITS bar of the species in groups i and iv indicates possible 
misidentification (see Results). Lines between the ITS and cpDNA phylogenetic trees indicate the correlation of each sample between the two 
phylogenies.
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Chromosome numbers and karyotypes
Chromosome numbers were investigated in the M. fusca sam-
ples from Iturup Island and the M. nelsoniana sample from the 
Paramushir and Onekotan Islands in the northern Kuril Islands. 
Young root tips or germinated roots were used for analysis. Seeds 
were germinated on moist filter paper at 5°C in the dark. Roots 
were pretreated with 2 mM 8-hydroxyquinoline at 18°–25°C for 
1 h and then at 5°C for 8 h. Subsequently, the roots were fixed 
in Farmer’s fixative (ethanol/acetic acid = 3:1). The fixed roots 
were hydrolysed for 10 min in 1 M HCl at 60°C, stained with 
1.0% aceto-orcein on the slide, slightly heated on a burner, and 
squashed. The slides were examined under an Axioskop2 plus 
microscope (Carl Zeiss). Photomicrographs of the metaphase 
plates were acquired using the same microscope equipped with 
an AxioCam HRc digital camera and using AxioVision 4.1 soft-
ware (both Carl Zeiss).

Based on five or six photomicrographs at various foci for each 
karyotype, the karyotypes of Micranthes nelsoniana var. insularis 
from Paramushir Island, M. fusca from Bettobu, Iturup Island, 
and M. nelsoniana var. insularis from Onekotan Island were 
studied. According to Levan et al. (1964), the chromosome 
types were determined by comparing the length of the long arm 
to the short arm. The m type had an arm ratio from 1.0 to 1.7, the 
sm type had an arm ratio from 1.7 to 3.0, and the st type had an 
arm ratio from 3.0 to 7.0.

Herbarium study
A herbarium study was performed for three species: M. nelsoniana, 
M. fusca, and M. ohwii, focusing on the plants collected from 
the Kuril Islands and adjacent regions. Herbarium specimens 

of SAPS (Hokkaido University Museum) and VLA (Federal 
Scientific Center of the East Asia Terrestrial Biodiversity, Far 
Eastern Branch, Russian Academy of Sciences) were used in 
addition to the materials collected by us. A morphological ana-
lysis was performed primarily on the floral construction (petal 
forms and filament length) as well as on the characteristics of 
the leaves and capsules. Furthermore, flowering time and habitat 
were studied.

R E SU LTS

Phylogenetic analysis
All the studied samples are listed in Table 2 and their collec-
tion localities are indicated in Figure 1. The Bayesian phylogen-
etic trees are depicted in Figure 2 (left: ITS tree; right: cpDNA 
tree). They were obtained by applying the results of ModelTest 
selected by hLRT: HKY+G for ITS and GTR +I+G for com-
bined cpDNA sequences. The ML phylogenetic trees are avail-
able in the Supporting Information. The length of the aligned 
matrix of all 59 unique ITS genotypes from the 268 samples was 
633 bp, wherein 128 sites were variable (with 116 substitutions 
and 12 indels). Both the Bayesian and ML phylogenetic trees 
based on ITS sequences revealed that all the samples treated in 
this study, including those of M. nelsoniana, M. fusca, M. ohwii, 
M. manchuriensis, and M. octopetala, formed a large clade, with 
M. japonica and M. spicata as outgroups with a BI posterior prob-
ability (PP)/ML bootstrap value (BS) of 99/80. Within this 
clade, we noted clade A, which included five well-supported 
clades (i–v) (Fig. 2, left), In addition, outside clade A, a clade 
of M. octopetala (vii) and the rest of the samples (vi), including 

Figure 3. ITS phylogenetic groups A-i, ii, iv, and v. The collected species are indicated by coloured circles, as in Figure 1. The same groups are 
shown using same-coloured lines.
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M. nelsoniana and one sample of M. purpurascens, was found. In 
the Bayesian tree, vi + vii outside clade A did not constitute a 
clade; however, it formed two weak clades (BS < 50) in the ML 
trees: a clade of ITS-31 and ITS-32 (BS = 80) and another clade 
of other samples (BS < 50). In the Bayesian and ML trees, each 
clade of M. manchuriensis (iii) and M. octopetala (vii) formed a 
well-supported clade (PP/BS: 100/99 and 100/97, respect-
ively). However, none of the other species, such as M. nelsoniana, 
M. fusca, and M. ohwii, formed monophyletic groups.

Some of the clades in clade A exhibited a distinct geograph-
ical construction (Fig. 3): i: M. fusca in the south Kuril Islands, 
with one sample of M. purpurascens (LM654396) from Kunashir 
(PP/BS: 100/78), although M. purpurascens may have been 
a misidentification because it does not occur in Kunashir; ii: 
M. fusca in Japan (partly Kunashir) (PP/BS: 100/87); and iii: 
M. manchuriensis in China and Primorye (PP/BS: 100/99). 
Conversely, iv exhibited a distant distribution in the highlands 
of Kamchatka and Hokkaido (PP/BS: 100/78), including M. 
nelsoniana from Kamchatka (Mt. Vilyuchinsky at 1000 m asl, 6 
in Fig. 3: Mt. Mutnovsky at 1300 m asl, 7 in Fig. 3), M. ohwii 
from Kamchatka (Mt. Avacha at 1300 m asl, 1 in Fig. 3, on vol-
canic slopes), and M. nelsoniana from Hokkaido (Mt. Rishiri at 
1700 m asl, 12 in Fig. 3; Mt. Taisetsu at 2000 m asl, 11 in Fig. 
3). Samples from DDBJ, LM654359 and 654360, were iden-
tified as M. fusca, which may have been a misidentification be-
cause M. fusca does not occur in Kamchatka. Group v exhibited a 

large distribution, covering the Kuril Islands (from Iturup to the 
north) and the Kiska quadrangle in the Aleutian Islands (PP/
BS: 100/91), including three species: M. nelsoniana, M. ohwii, 
and M. fusca. Micranthes nelsoniana var. insularis was included 
only in group v. Micranthes fusca was detected in three clades, i.e. 
i, ii, and v, and was not monophyletic. Micranthes manchuriensis 
was found along lowland rivers and comprised one clade with 
high BS values even after adding our samples from a different lo-
cality to those reported by Kim et al. (2015).

Within vi outside of clade A, some samples from the Arctic–
boreal regions formed clades, such as Chukotka (ITS-24) and 
W. Taymyr (ITS-25) (PP/BS: 96/65), or Kamchatka (ITS-14, 
27, 37, 38), Canada (ITS-35), and Alaska (ITS-36) (PP/BS: 
95/61). In addition, we noted that the genotype of ITS-28 was 
shared among samples from distant localities, such as Amur (14 
in Fig. 1), Khabarovsk (68 in Fig. 1), N. Kamchatka (5 in Fig. 1), 
Chukotka (71 in Fig. 1), Aktan (72 in Fig. 1: Aleutian Islands), 
Alaska (70 in Fig. 1), and Yukon (16 in Fig. 1).

In the Bayesian cpDNA phylogenetic tree (Fig. 2, right), the 
length of the aligned matrix of 59 haplotypes from 154 samples 
was 3590 bp, wherein 215 sites were variable (with 193 substitu-
tions and 22 indels). In Bayesian and ML cpDNA analyses, the 
phylogenetic trees of the studied samples were also monophy-
letic (PP/BS: 100/100), with M. japonica and M. sachalinensis as 
outgroups. The large clade, with the exception of a sample from 
Canada (cp-59 haplotype), was divided into two groups: a clade 

Figure 4. Haplotype network based on cpDNA. The colours are the same as in Figures 1 and 2. The short lines indicate mutations and indels.
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comprising M. fusca from Honshu, Hokkaido, the south Kuril 
Islands, Alaska, and Kiska (PP/BS: 93/< 50) and another clade 
comprising M. nelsoniana, M. ohwii, M. manchuriensis, and a part 
of M. fusca, including samples from Iturup to Simushir (central 
Kuril) Islands (PP/BS: 98/73). The clade of M. fusca from the 
south of Iturup to Kyushu (star on the node in the cpDNA tree, 
Fig. 2) exhibited high PP/BS values (100/95). The cpDNA 
haplotype groups were more congruent with their geographical 
origin compared with the ITS groups, and most clades com-
prised geographically related samples.

Comparison of the ITS and cpDNA Bayesian phylogen-
etic trees revealed significant incongruence, as shown by lines 
indicating the correlation of each sample between them. In some 
cases, one ITS sequence corresponded to numerous chloroplast 
haplotypes (e.g. ITS-12 and ITS-28) and even to different spe-
cies (e.g. ITS-4 and ITS-2). Conversely, there were few examples 
of one haplotype corresponding to several genotypes, such as 
cp-4 and cp-29.

Network analysis
The ITS network (see Fig. 5) revealed distinct groups corres-
ponding to i–vii of the ITS phylogenetic tree. In the ITS net-
work, M. nelsoniana of group vi also demonstrated a stellate 
shape, which in the central pie chart comprised samples from 

Amur, Khabarovsk, N. Kamchatka, Chukotka, Aktan, Alaska, 
and Yukon (14, 68, 5, 71, 72, 70, and 16 in Fig. 1, respectively). A 
large group of M. fusca identified via the cpDNA network on the 
left side (Fig. 4) corresponded to the two groups in the ITS net-
work (Fig. 5) as follows: i: Kunashir–Shikotan/S. Iturup group 
near the centre and ii: Kyushu/Honshu/Hokkaido group on 
the left side (Fig. 5). On the right side, the highland group (iv) 
comprised two species: M. nelsoniana and M. ohwii; whereas the 
island group (v) included three species: M. nelsoniana, M. fusca, 
and M. ohwii.

Group iv of the ITS network included seven pie charts ([1]–
[7]), corresponding to seven genotypes in which four types 
([1]–[4]) were M. nelsoniana ([1]–[3] were from Rishiri). 
Another three types ([5]–[7]) were M. ohwii from Kamchatka.

Group v included 11 genotypes: three types ([8]–[10]) for 
M. nelsoniana, 10 types for M. fusca, and two types for M. ohwii 
([9] and [10] from N. Kurils), two of which ([9], [10]) were 
shared by the three species. Micranthes nelsoniana in group v was 
mostly from the Kuril Islands, with the exception of plants from 
the Kiska quadrangle and Taisetsu, Hokkaido (Table 6). All M. 
fusca plants in group v were collected from Iturup (Oito: 38 in 
Fig. 3) to Urup (34 in Fig. 3). Micranthes ohwii in group v was in-
cluded only in pie charts [9] and [10], and all of them were from 
Onekotan (2 in Fig. 3) in the northern Kuril Islands.

Figure 5. Haplotype network based on ITS clades. The colours are the same as in Figures 1 and 2. The short lines indicate mutations and 
indels. Each rectangle placed around the haplotypes indicates the range, corresponding to clade A (i, ii, iii, iv, and v) and the rest groups of the 
ITS phylogenetic tree (Fig. 2, left). Sectors without colour in the pie graphs in i and iv are possible misidentifications (as in Fig. 2). Numbers in 
square brackets, [1]–[18], correspond to the ITS haplotypes in Table 6.
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The cpDNA haplotype network (Fig. 4) revealed that two 
large groups were loosely combined. The distribution of M. fusca 
was primarily confined to the left side. Conversely, M. nelsoniana 
and other species were observed on the right side, showing a stel-
late shaped distribution with an L-type centre, including plants 
from Amur, Irkutsk, Kamchatka, and northern Kuril Islands. 
Micranthes fusca in the group on the right comprised plants from 
Iturup (Oito) to Simushir in the Kuril Islands. Some members of 
M. nelsoniana, M. fusca, and M. ohwii shared haplotypes.

We studied the correspondence between each sample in the 
ITS and cpDNA haplotype networks (Table 6). Plants in ITS 
groups iv and v corresponded to the right group of the cpDNA 
network, with the exception of one individual (haplotype AA 
from Oito, Iturup, in the ITS network [17]). Within the cpDNA 
network, the right group was roughly divided into several groups: 
e.g. the group with the centre of haplotype W (+AJ, R, AM, and 
Q) and the group with the centre of haplotype Y (+S, AH, and 
others). Some pie charts (W, Q, R, A, and B) were shared by 
both groups iv and v. When considering M. fusca alone, we found 
that M. fusca from Shana, Iturup (37 in Fig. 3), in the pie chart 
[9] and Bettobu, Iturup (36 in Fig. 3), in the pie chart [11] of the 
ITS network corresponded to Y and S and others (B, AJ) in the 
pie chart of the cpDNA network, whereas [10] and [12]–[18] 
(all from Oito, Iturup) corresponded to W, R, AH, and AI of the 
cpDNA network. The pie charts Y, S, AH, and AI were observed 
only in Iturup, although W and R were found in other localities.

Statistical analyses
The statistical comparison within the seven clades (i–vii) of the 
ITS phylogenetic tree is shown in Table 4. Clade ii (π = 0.00608) 
of M. fusca in Japan exhibited the highest nucleotide diver-
sity. Group vi, including samples from a large area from China, 
eastern Siberia, Kamchatka, and Alaska, exhibited π = 0.00436, 
which was lower than that of group ii (π = 0.00608) of Japan. 
The π values obtained for M. manchuriensis (π = 0.00045) and 
M. octopetala (π = 0.00163) were lower than those detected in 
other populations.

Pairwise differences in the cpDNA populations, which were 
grouped according to the ITS clades (Table 5), revealed that 
the pairwise FST values between populations corresponding to 
iv (highlands of Kamchatka and Hokkaido) and v (Kuril and 
Aleutian Islands) were particularly low (FST = 0.05970, bold 
type in Table 5), indicating the absence of a significant genetic 
difference in these cpDNA populations despite the distinct dif-
ferences observed in the ITS phylogenetic analysis. The pairwise 
value between i and ii was low (0.17075); nevertheless, both i 
and ii exhibited high pairwise values for other populations.

Cloning
The Bayesian phylogenetic tree obtained by applying the results 
of ModelTest: GTR+G (by hLRT) are shown in Figure 6. The 
ML phylogenetic tree based on the results of the ModelTest:HKY 
model had the same topology as in Supporting Information for 
the ML tree shown in Figure 2. The polymorphic sites in the 
sequences obtained by cloning are detailed in Table 7.

In the Bayesian phylogenetic trees, sequences R1 from Rishiri 
and T1 from Taisetsu were nested outside of all the remaining 
samples, forming a clade with M. nelsoniana from Sakhalin 
and M. purpurascens (ML654395, Russian Far East) with a PP 

of 60. In the ML tree, this clade was found within other sam-
ples oustide of clade A, with a BS value of 81. The R4 and R8 
cloned sequences from Rishiri alongside T7 from Taisetsu 
were included in clade iv, the highland group from Kamchatka 
and Hokkaido, with PP/BS = 99/70. The T5 and T6 cloned 
sequences from Taisetsu were nested in group v comprising M. 
fusca (Urup, Iturup), M. ohwii (Onekotan), and M. nelsoniana 
(Simushir, Kiska, and Far East Russia), with PP/BS = 100/92.

Chromosome numbers
Photomicrographs of the somatic metaphase chromosomes 
of M. nelsoniana var. insularis from Paramushir (19 in Fig. 3) 
(Fig. 7A; 2n = 50), M. fusca from Bettobu, Iturup (36 in Fig. 
3) (Fig. 7B; 2n = 50), and M. nelsoniana var. insularis from 
Onekotan (20 in Fig. 3) (Fig. 7C; 2n = 24) and their karyotypes 
are shown in Figure 7. They have the following computed arm 
ratios: A: 24m + 1sm, B: 22m + 3sm, and C: 12m. The karyo-
types in each of them steadily shrank in size without any obvious 
bimodality. Both of the karyotypes of M. nelsoniana var. insularis 
from Paramushir (2n = 50; Fig. 7A) and M. fusca from Bettobu 
(2n = 50; Fig. 7B) had sm pairs at the fourth pairs from the left 
of the karyotypes. For the smallest chromosome of M. nelsoniana 
var. insularis from Onekotan, one satellite was observed (Fig. 7C; 
2n = 24); however, owing to the small sample size, we were un-
able to confirm its existence in pairs.

The chromosome numbers studied and reported to date are 
listed in Table 8, with localities indicated using numbers, as in 
Figure 1. According to Table 8, high numbers of 2n = 80–84 have 
been reported in Chukotka (29, 72, 27, and 71 in Fig. 1), Vrangel 
Island (north of Chukotka), Alaska, and Yukon. Conversely, 
chromosome numbers were low in south Kamchatka, Sakhalin, 
and partly in the northern Kuril Islands (2n = 28 and 30, 26, 
and 24, respectively). Along the Kuril Islands, 2n = 50 was ob-
served for M. nelsoniana from Paramushir Island and for M. 
fusca from Bettobu and Shana (36 and 37 in Fig. 3) of the cen-
tral Iturup group. In Hokkaido and Honshu, high chromosome 
numbers were detected for M. nelsoniana: 2n = 50 (Rishiri), 
2n = 80 (Taisetsu), and 2n = ~100 (99–104; central highlands 
in Honshu). Micranthes fusca from south Iturup (Stokap) to 
Honshu mostly had chromosome numbers of 2n = 30, with 
some individuals (2n = 45 and 60) observed in the south Kuril 
Islands (Kunashir) and in one locality of Honshu (2n = 45).

Herbarium study
In the Kuril Islands, M. nelsoniana specimens were mostly found 
in lowlands in the central/north groups, whereas in Iturup, 
this species was found only in high mountainous areas: Mt. 
Nishi–Hitokap (Stokap), 1629 m asl; and Mt. Chirip (Bogdan–
Khmeljnitskii), 1582 m asl. Among M. nelsoniana, we found 
plants that were identified as ‘var. insularis’, with red pistils and 
white-to-reddish petals, around the north of the Kuril Islands 
and in the Kiska quadrangle. Micranthes fusca from Japan to 
southern Iturup (Stokap) flowered in August–September and 
mostly occurred along rivers, exhibiting stable morphological 
characteristics, such as petals with reversed edges. Micranthes 
fusca from Iturup (Oito) to the north mostly flowered in July–
August and grew in various habitats: along rivers, at the coast, on 
cliffs, and among tall shrubs; moreover, the plants often had large 
leaves with large teeth with unreversed flower petals. Micranthes 
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Table 4. Correlation of ITS with cpDNA haplotypes for groups iv and v of the ITS network.

ITS haplotypea Species cpDNA haplotypeb N Locality Locality no.c

[1] M. nelsoniana I 1 Rishiri (Hokkaido) 12
[2] M. nelsoniana A 2 Rishiri (Hokkaido) 12

M. nelsoniana B 2 Rishiri (Hokkaido) 12
M. nelsoniana P 3 Rishiri (Hokkaido) 12
M. nelsoniana AF 1 Rishiri (Hokkaido) 12

[3] M. nelsoniana B 1 Rishiri (Hokkaido) 12
M. nelsoniana Q 1 Urup (Kurils) 23

[4] M. nelsoniana E 1 Taisetsu (Hokkaido) 11
M. nelsoniana M 2 Mutnovsky (Kamchatka) 7
M. nelsoniana Q 2 Mutnovsky (Kamchatka) 7
M. nelsoniana T 3 Mutnovsky (Kamchatka) 7
M. nelsoniana T 1 Plotkinov (Kamchatka) 9
M. nelsoniana W 2 Mutnovsky (Kamchatka) 7
M. nelsoniana AL 2 Vilyuchinsky (Kamchatka) 6
M. nelsoniana AM 3 Vilyuchinsky (Kamchatka) 6
M. nelsoniana AN 1 Mutnovsky (Kamchatka) 7

[5] M. ohwii A 3 Avacha (Kamchatka) 1
M. ohwii B 8 Avacha (Kamchatka) 1
M. ohwii Q 3 Avacha (Kamchatka) 1
M. ohwii R 3 Avacha (Kamchatka) 1

[6] M. ohwii B 1 Avacha (Kamchatka) 1
[7] M. ohwii B 2 Avacha (Kamchatka) 1
[8] M. nelsoniana K 1 Paramushir (N. Kurils) 19

M. nelsoniana T 1 Paramushir (N. Kurils) 19
[9] M. nelsoniana B 1 Paramushir (N. Kurils) 19

M. nelsoniana B 2 Onekotan (N. Kurils) 20
M. nelsoniana K 8 Paramushir (N. Kurils) 19
M. nelsoniana L 1 Paramushir (N. Kurils) 19
M. nelsoniana N 1 Paramushir (N. Kurils) 19
M. nelsoniana T 1 Paramushir (N. Kurils) 19
M. nelsoniana AR 1 Kiska (Aleutian) 21
M. fusca S 1 Shana, Iturup (S. Kurils) 37
M. fusca Y 19 Shana, Iturup (S. Kurils) 37
M. ohwii B 1 Onekotan (N. Kurils) 2

[10] M. nelsoniana A 1 Simushir (S. Kurils) 22
M. nelsoniana B 1 Onekotan (N. Kurils) 20
M. nelsoniana H 1 Taisetsu (Hokkaido) 11
M. nelsoniana L 2 Paramushir (N. Kurils) 19
M. nelsoniana X 2 Paramushir (N. Kurils) 19
M. fusca R 1 Urup (S. Kurils) 34-1
M. fusca W 1 Urup (S. Kurils) 34-2
M. fusca W 9 Oito, Iturup (S. Kurils) 38
M. fusca AH 2 Oito, Iturup (S. Kurils) 38
M. ohwii B 3 Onekotan (N. Kurils) 2
M. ohwii Q 1 Onekotan (N. Kurils) 2

[11] M. fusca B 1 Dobrynin, Iturup (S. Kurils) 35
M. fusca S 1 Bettobu, Iturup (S. Kurils) 36
M. fusca Y 11 Bettobu, Iturup (S. Kurils) 36
M. fusca AJ 1 Urup (S. Kurils) 34-3

[12] M. fusca W 1 Oito, Iturup (S. Kurils) 38
[13] M. fusca W 2 Oito, Iturup (S. Kurils) 38
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fusca plants from Iturup (Oito) to the north were generally col-
lected in August–September and exhibited well-grown capsules 
on the flowering branches. Only one specimen, collected from 
Oito, Iturup, flowered at the beginning of September and had a 
few inflorescence branches. This individual carried haplotype 
AA, the same as that of M. fusca from S. Iturup (Stokap) and 
Kunashir. Micranthes ohwii exhibited varying characteristics of 
leaf colour and lustre.

D I S C U S S I O N

Phylogenetic analysis of the ITS sequences
Our results of phylogenetic analysis based on the rDNA ITS re-
gion in most cases revealed single sequences, which may be the 

result of concerted evolution (Liao 1999). Phylogenetic analyses 
of ITS sequences sometimes yield a poor resolution because of 
their limited variation (Holderegger and Abbott 2003); how-
ever, here we had sufficient intra- and interspecific variation.

Previous studies regarding the phylogenetic relationships 
between M. nelsoniana and its closely related species have in-
dicated that this species is not monophyletic (e.g. Deng et al. 
2015, Kim et al. 2015, Tkach et al. 2015, Stubbs et al. 2020a, b). 
Deng et al. (2015) reported that five species, i.e. M. spicata, M. 
punctata, M. fusca, M. calycina, and M. nelsoniana (including var. 
porsildiana), formed one clade. Tkach et al. (2015) found that 
five species, i.e. M. nelsoniana (including var. porsildiana), M. 
purpurascens (=M. ohwii), M. fusca, M. manchuriensis, and M. 
spicata, were monophyletic. Stubbs et al. (2020a, b) reported 

Table 6. Population pairwise FST values for six cpDNA groups, defined by ITS clades (i–vi).

i ii iii iv v vi

i 0.00000
ii 0.17075 0.00000
iii 0.79787 0.83260 0.00000
iv 0.71101 0.73914 0.53743 0.00000
v 0.68414 0.69818 0.48807 0.05970 0.00000
vi 0.74527 0.77218 0.68152 0.30320 0.25852 0.00000

Distance method: Kimura’s 2-parameter. Value in bold (FST = 0.05970) indicates that pairwise FST values between populations corresponding to iv (highlands of Kamchatka and 
Hokkaido) and v (Kuril and Aleutian Islands) were particularly low.

Table 5. Number of polymorphic sites, nucleotide diversity, and haplotype diversity for seven ITS clades (i–vii).

Clade no. Species included Locality Na Sb πc SD Hdd SD

i M. fusca S. Kurils (Kunashir-S.Iturup) 65 18 0.00186 0.00039 0.575 0.06
ii M. fusca Japan (Kyushu-Hokkaido) 62 28 0.00608 0.00115 0.82 0.035
iii M. manchuriensis Primorye, China 28 3 0.00045 0.00019 0.267 0.107
iv M. ohwii, M. nelsoniana Kamchatka, Hokkaido 50 5 0.00208 0.00021 0.704 0.029
v M.fusca,M.nels.,M.ohwii S. Kurils – Aleutians 88 11 0.00218 0.00025 0.709 0.029
vi M. nelsoniana, M. ohwii Siberia–Kamchatka–Alaska 64 19 0.00436 0.00035 0.849 0.026
vii M. octopetala Korea 65 3 0.00163 0.00008 0.511 0.026

aN: number of the samples.
bS: number of variable sites.
cπ: nucleotide diversity (per site).
dHd: haplotype (gene) diversity.

ITS haplotypea Species cpDNA haplotypeb N Locality Locality no.c

M. fusca AH 1 Oito, Iturup (S. Kurils) 38
[14] M. fusca W 1 Oito, Iturup (S. Kurils) 38
[15] M. fusca W 1 Oito, Iturup (S. Kurils) 38
[16] M. fusca W 1 Oito, Iturup (S. Kurils) 38
[17] M. fusca W 1 Oito, Iturup (S. Kurils) 38

M. fusca AA 1 Oito, Iturup (S. Kurils) 38
M. fusca AI 1 Oito, Iturup (S. Kurils) 38

[18] M. fusca W 2 Oito, Iturup (S. Kurils) 38

aThe numbers in square brackets are the same as in groups iv and v in the ITS network of Figure 5.
bThe haplotypes are the same as in the cpDNA haplotype network of Figure 4.
cLocality numbers are the same as in Figure 1 and Table 1.

Table 4. Continued
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that M. nelsoniana, M. manchuriensis, and M. fusca formed one 
clade, with M. spicata and M. japonica as outgroups. In our 
Bayesian and ML phylogenetic tree based on the rDNA ITS 
sequence, M. nelsoniana and its varieties, M. fusca, M. ohwii 
(=M. purpurascens), M. manchuriensis, and M. octopetala, 
formed a monophyletic group, with M. spicata and M. japonica 
as outgroups. The phylogenetic position of the outgroups was 
similar to that reported by Stubbs (2020a, b) with regard to the 
clade of M. calycina and M. razshivinii (adding M. unalaschensis 

Micranthes unalaschcensis [Sternb.] Gornall & H.Ohba in 
their phylogenetic tree), M. japonica and M. spicata, and M. 
lyallii and M. odontoloma (Fig. 2).

Each variety of M. nelsoniana (Table 1) was often noted in the 
same clade (e.g. var. nelsoniana for Amur and N. Kamchatka; var. 
reniformis for Sakhalin). However, they often occurred in similar 
localities. In addition, var. nelsoniana nested in different clades 
(e.g. Svetloe in Kamchatka); thus, we could not confirm the gen-
etic identity of the varieties.

Figure 6. Bayesian phylogenetic tree based on the ITS region, with addition of the sequences obtained by the cloning of two samples from 
Rishiri (2n = 50) and two samples from Taisetsu (2n = 80) (shown in blue letters). This tree includes only cloned sequences, the presence 
of which was confirmed in the original sequences. Sequences from Rishiri are nested in iv (R4_Rishiri, R8_Rishiri) of clade A and outside 
this clade (R1_Rishiri). Sequences from Taisetsu are nested in iv (Taisetsu T7) and v (Taisetsu-T5, T6) of clade A and outside clade A (T1_
Taisetsu). The blue bar is for M. nelsoniana, red for M. fusca, purple for M. ohwii, orange for M. manchuriensis, and grey for M. octopetala.
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M. nelsoniana in the continental clade
Our results indicated a large difference between continental 
and marginal populations within M. nelsoniana. In the contin-
ental group, M. nelsoniana is genetically distributed continu-
ously in Siberia, lowland Kamchatka, and Alaska, whereas a 
different genetic group, distinct from the Arctic–continental 
group, occurred in the highlands of Kamchatka and Kuril/
Aleutian Islands. Compared with the nucleotide diversity of 
M. fusca, that of the M. nelsoniana samples of the continental 
clade from eastern Siberia to Alaska was not high if we consider 
its large distribution area (Table 4). In some cases, the samples 
of M. nelsoniana from different localities from the Siberian Far 
East to the Aleutians shared identical ITS sequences (e.g. ‘ITS-
28’ in Fig. 2), although they exhibited different cpDNA haplo-
types. Some samples from the Arctic–boreal regions formed 
clades, such as Chukotka (ITS-24 in Fig. 2) and W. Taymyr 
(ITS-25), or Kamchatka (ITS-14, 27, 37, 38), Canada (ITS-35), 
and Alaska (ITS-36). Stubbs et al. (2020a) inferred that the an-
cestor of Micranthes had a circumboreal distribution. The exten-
sive genetic exchanges that occurred among the populations of 
Arctic–continental Asia may have prevented the populations of 
M. nelsoniana from speciating as distinct species.

Distribution of the marginal group
The genetic difference of the marginal group, including the 
Kuril/Aleutian Islands, is reminiscent of the discussion re-
garding ‘Hultenia (Tatewaki 1963, Yurtsev 1974)’, the flora of 
which differs from that of the Bering region (in a narrow sense) 
where Arctic–continental-type plants are abundant (Yurtsev 
1974). The marginal group is divided into distinct groups: the 
highland group; M. fusca; Kuril–Aleutian Islands; and Primorye.

Highland group
Although M. nelsoniana often grows along rivers or in wet 
meadows, plants of the highland group tend to occur on rocky 
slopes: M. nelsoniana from Rishiri, part of Mt. Vilyuchinsky, 
or on volcanic rocks for M. ohwii from Mt. Avacha (Table 
2). The distribution of ITS group iv, comprising highland M. 
nelsoniana and M. ohwii, appeared to be divided by long dis-
tances in Hokkaido and Kamchatka. However, the herbarium 
study reported that M. nelsoniana from the high mountains of 
Iturup [e.g. Mt. Nishi–Hitokap (Stokap), 1629 m asl. and Mt. 
Chirip (Bogdan–Khmeljnitskii), 1582 m] are also included in 
this group. In addition, the highland plants of Iturup appeared 

Figure 7. Photomicrographs of somatic metaphase chromosomes of Micranthes species. A. Micranthes nelsoniana var. insularis from Paramushir 
Island (2n = 50). B. Micranthes fusca from Bettobu, Iturup Island (2n = 50). C. Micranthes nelsoniana var. insularis from Onekotan Island 
(2n = 24). Scale bars = 5 μm. Karyotypes for A–C are shown below the photomicrographs. The arm ratio was calculated by dividing the length 
of the long arm by the length of the short arm; m: between 1.0 and 1.7; sm: between 1.7 and 3.0; and st: between 3.0 and 7.0.
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to grow on mountain rocks, according to the herbarium label in-
formation.

The ITS phylogenetic tree (Fig. 2) indicates that M. ohwii 
is not monophyletic and that it splits twice from the pie 
chart of M. nelsoniana [4] of the ITS network. Conversely, 
Voroshilov (1982) reported that M. purpurascens (=M. 
ohwii) can be considered a well-delineated species as it 
can be identified even in sympatric occurrence with M. 
nelsoniana. Regarding the taxonomic status of M. ohwii, 
further discussion is necessary following the collection 
of additional samples from its central distribution area in 
Kamchatka.

Micranthes fusca
The distribution pattern of M. fusca was from Kyushu to the 
southern Kuril Islands, similar to the endemic pattern in Japan. 
Based on unique ITS and cpDNA clades, morphological traits, 
and constant chromosomal numbers (2n = 30, rarely 45 and 
60), M. fusca from Japan to Stokap (Iturup) was considered a 
separate species that differed from the plants from Oito (Iturup) 
to the north. However, within the ITS phylogenetic tree, M. fusca 
was divided into two groups (i and ii) (Fig. 2). Morphologically, 
both of them were identified as M. fusca without essential dif-
ferences. The occurrence of incomplete lineage sorting (ILS), 
wherein the genetic relationship does not reflect species 

Table 8. Chromosome numbers of M. nelsoniana and related species

No. in Figure 1 Taxon Locality 2n Literature

— M. nelsoniana Vrangel Island 80 Zhukova et al. 1973,
Zhukova & Petrovsky 1987

(around) 29, 27 M. nelsoniana Chukotka ~60, 64, 80 Zhukova & Petrovsky 1987
(around) 29, 27 M. nelsoniana var. porsildiana Chukotka 30 Zhukova et al., 1973, 1987
(around) 28 M. nelsoniana Arctic Siberia, NW Taymyr 28 Devyatov et al. 1997
(around) 26 M. nelsoniana Alaska ~80, 84 Packer and McPherson 1974,

Murray and Kelso 1997
(around) 16 M. nelsoniana Yukon 84 Mulligan and Porsild 1969
(around) 16 M. nelsoniana Yukon 28 Packer 1964
(around) 31 M.nelsoniana Kamchatka, Azhabachiye 56 Zhukova et Petrovsky 1987
6 M. nelsoniana Kamchatka, Mt.Vilyuchinsky 28 Fukuda et al. (2016a)
9 M. nelsoniana Kamchatka, Plotnikov 28 Fukuda (unpublished)
10 M. nelsoniana Kamchatka, Svetloe 28, 30 Fukuda et al. (2016a); unpubl.data
69 M. nelsoniana Kamchatka, Paratunka 28 Fukuda (unpublished)
19 M. nelsoniana var. insularis Kuril, Paramushir 50 Fukuda et al. (in this paper)
20 M. nelsoniana var. insularis Kuril, Onekotan 24 Fukuda et al. (in this paper)
13 M. nelsoniana Sakhalin, near Dolinsk 26 Fukuda et al. (2016a)
12 M. nelsoniana Hokkaido, Mt. Rishiri 50 Funamoto & Nakamura 1996
11 M. nelsoniana Hokkaido, Mt. Taisetsu 80 Fukuda et Ikeda 2019
(around) 51 M. nelsoniana Honshu, Nagano, 3000 m asl 99–104 Fukuda et al. 2022
1 M. ohwii Kamchatka, Mt. Avacha 24 Fukuda et al. 2014
35 M. fusca Kuril, Iturup, Dobrynin 40–50 Fukuda (unpublished)
36 M. fusca Kuril, Iturup, Bettobu 50 Fukuda et al. (in this paper)
37 M. fusca Kuril, Iturup, Shana 50 Fukuda (unpublished)
38 M. fusca Kuril, Iturup, Oito 40-50 Fukuda (unpublished)
39 M. fusca Kuril, Iturup, Stokap 30 Fukuda (unpublished)
40 M. fusca Kuril, Kunashir, Tyatina 30, 45 Fukuda (unpublished)
41 M. fusca Kuril, Kunashir, Stolbovsky 30 (45, 60) Fukuda et al. 2014
42 M. fusca Kuril, Kunashir, Andreevka 30 Fukuda et al. 2014
44 M. fusca Kuril, Shikotan 30 Fukuda et al. 2014
48 M. fusca Hokkaido, Kamioboro 30 Fukuda et al. 2014
47 M. fusca Hokkaido, Hirayama 30 Fukuda et al. 2014
— M. fusca Honshu, Iwate, Hiratsudo 30 Fukuda (unpublished)
— M. fusca Honshu, Iwate, Shizukuishi 45 Fukuda (unpublished)
50 M. fusca Honshu, Fukushima 30 Fukuda et al. 2014
51 M. fusca Honshu, Nagano 30 Fukuda et al. 2014
— M. fusca Honshu, Mie 30 Fukuda (unpublished)
55 M. manchuriensis Russia, Primorye, Lazo 30 Fukuda et al. 2016c
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phylogeny, cannot be rejected. In the ITS phylogenetic tree 
(Fig. 2), clade ii occurred following the formation of clade i, sug-
gesting its occurrence in the southern Kuril Islands, followed 
by a range expansion into the Japanese archipelago. Within M. 
fusca, large genetic distances were observed between groups 
i and ii (Fig. 5). The genetic contents of group ii appeared to 
have differentiated following isolation from group i. However, 
between groups i and ii, genetic exchange occurred given the 
the low pairwise difference between them (Table 5). Group ii 
exhibited high diversity. In particular, we noted the distance be-
tween Motozawa (Nagano) and Kyushu and other populations 
(Fig. 5). Micranthes fusca often occurred in the northern part of 
Japan (e.g. Hokkaido) or in the highlands of Japan (~1500 m asl 
in Honshu), and these populations appeared isolated and to have 
undergone genetic drift.

The northern limit for M. fusca remains ambiguous owing to 
the hybridization at the northern edge of its distribution. The 
northern limit of distribution for East Asian plants occurring 
around Japan generally fell between Urup and Simushir (at 
the Bussol strait, Fig. 1), according to a floristic comparison 
(Barkalov 2000, 2009), with many exceptional cases: as far 
north as Kunashir (e.g. Acer japonicum Thunb., Quercus dentata 
Thunb.), as Iturup (e.g. Hydrangea paniculata Siebold, Quercus 
crispula Blume). Nevertheless, the distribution of M. fusca was 
confirmed at least up to Stokap, Iturup Island.

Kuril/Aleutian Islands
Group v formed one large group along the Kuril/Aleutian 
Islands, comprising three species: M. nelsoniana, M. fusca, and M. 
ohwii. In this group, hybrid M. fusca with M. nelsoniana occurred 
in the southern part of the Kuril Islands (Iturup/Simushir) and 
M. nelsoniana occurred from Urup to the Kiska quadrangle. 
Micranthes ohwii with red flowers occurs in Paramushir and 
Onekotan of the North Kuril Islands. In the northern part of the 
Kuril Islands and in the Kiska quadrangle, individuals with dark-
red pistils and reddish petals were found at high frequency, and 
were identified as M. nelsoniana var. insularis. These individuals 
will be discussed in the following sections.

The distribution pattern of group v was similar to that 
of the ‘North Pacific’ type (Barkalov 2009), such as Arnica 
unalascensis Less. (Asteraceae) and Campanula chamissonis Fed. 
(Campanulaceae: Roquet et al. 2009), which are known to be 
wind-dispersed. The Kuril Islands have had no continuous land 
bridge during their long existence (Barkalov 2009). However, 
the plants detected in group v in this study were distributed 
over the largest straits, and each cpDNA haplotype in the net-
work revealed a large distribution area, such as haplotype B in 
Kamchatka–Paramushir–Onekotan–Iturup–Rishiri (Table 6), 
suggesting the occurrence of intensive seed dispersal along the 
islands.

Seed dispersal in Saxifraga (sensu Webb and Gornall 1989, 
including Micranthes) does not occur via a specialized mech-
anism; instead, its seeds are dispersed by wind or water, including 
water from melting snow (Webb and Gornall 1989). Micranthes 
ohwii (=M. purpurascens), occurring in Kamchatka and the 
north Kuril Islands, grows on the slopes of volcanic mountains 
and is considered a ‘pioneer’ plant (Barkalov 2009). The seeds 
of the three Micranthes species are similar: fusiform and < 1 mm 
in length with ribs (Hara 1939, Ohwi 1953, Charkevecz 1989). 

These facts suggest that gene exchange among the Micranthes 
species along the islands was promoted by wind dispersal.

Primorye
Micranthes manchuriensis occurs in northern China, Korea, and 
Primorye. In Primorye, it grows at a similar latitude as that of 
highland M. nelsoniana in Hokkaido (at 1700–2000 m asl) but 
occurs abundantly along lowland rivers. Micranthes manchuriensis 
was found within the marginal groups and different from M. 
octopetala, which appears divided from continental M. nelsoniana 
at its southern limit of distribution, growing on humid rocks and 
in the mountains of Korea (Nakai 1918). Phylogenetic and net-
work analyses (Figs 2, 5) showed their independence from other 
species. Kim et al. (2015) discussed the genetic differences be-
tween M. manchuriensis and M. octopetala and described their 
phylogenetic relationship with other Micranthes species. Our re-
sults support their descriptions.

Relationship and hybridization among M. nelsoniana and 
related species

Comparison of the ITS and cpDNA phylogenetic trees and net-
works revealed that three species, i.e. M. nelsoniana, M. fusca, 
and M. ohwii, sometimes shared haplotypes, especially around 
the Kuril Islands. The sharing of the same or similar haplotypes 
among the different species suggests the possibility of hybridiza-
tion or ILS (Rieseberg and Soltis 1991, Soltis and Kuzoff 1995, 
Comes and Abbott 2001), and it is usually difficult to distinguish 
between these events (Fork et al. 2017). However, the cpDNA 
network obtained here (Fig. 4) was divided into two parts: M. 
fusca on the left and M. nelsoniana and others on the right, which 
were markedly different without intermediate haplotypes. For 
ILS, intermediate haplotypes may not have disappeared com-
pletely. In addition, M. fusca in the right group with different 
morphological characteristics and habitats compared with 
the ‘real’ M. fusca in the left group occurred in contact with M. 
nelsoniana in the central Kuril Islands. Hybridization normally 
coincides with the sympatric occurrence of species (Goetze et al. 
2017); thus, a hybrid origin for M. fusca in the right group is sug-
gested. Based on these observations, at least some hybridization 
appears to have occurred in group v.

Hybrid type of Micranthes fusca
To date, M. fusca from southern Iturup (Oito) to Simushir has 
been identified as ‘M. fusca’ without exception (e.g. Charkevicz 
1989, Barkalov 2009). However, it differed from the ‘real’ M. fusca 
(from Japan to Stokap, Iturup) in morphology and in habitat. 
The ‘real’ M. fusca has petals with reflected margins, flowers in 
August–September, and grows along rivers or streams. However, 
the putative hybrid type has petals without reflection; has larger 
plant, leaf, and capsule sizes; and grows in various habitats, such 
as along the coast and in meadows other than along rivers. These 
plants have a chromosome number of 2n = 50 at least in two 
localities in Iturup (Bettobu, Shana) and we observed an un-
defined number (2n = 40–50) for the remaining two localities 
(Oito; Dobrynin, 35 in Fig. 3).

One plant, which was collected on 4 September from Oito, 
was at the beginning of the flowering stage. This flowering 
timing was similar to that of the ‘real’ M. fusca. The specimen 
exhibited ITS type [17] (Fig. 5) and cpDNA haplotype ‘AA’ 
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(Fig. 4), suggesting that the maternal lineage of the hybrid was 
M. fusca. Conversely, other plants already had fruits in August 
and exhibited haplotypes within the right side of the network 
(Fig. 4), indicating that they have M. nelsoniana or its relatives as 
a maternal lineage and that they were formed due to introgres-
sive hybridization from M. nelsoniana to M. fusca. As only one 
specimen of a plant with the AA haplotype was found, hybrids 
with M. fusca as the maternal lineage appear less adaptive. In add-
ition, this specimen had fewer branches and flowers on inflor-
escences compared with the remaining specimens, which had 
a large number of capsules and numerous seeds. The latter may 
have greater chances of inbreeding owing to a similar flowering 
time ( July–August) and abundant seeds.

Among the hybrid plants of M. fusca with M. nelsoniana as the 
maternal lineage, at least 10 ITS types ([9]–[18]; Fig. 5) and 
two lineages of cpDNA (haplotypes W, AJ, R/haplotypes Y, S, 
AH, AI; Fig. 4) were related. These hybrids inhabited various 
habitats. Among the plants from Iturup, those from Shana (37 
in Fig. 3) with pie circle [9] and plants from Bettobu (36 in Fig. 
3) with pie circle [11] shared cpDNA haplotypes Y and S (Fig. 
4), which are endemic haplotypes in Iturup, with both of them 
occurring on coastal rocks. Conversely, plants from Oito (38 in 
Fig. 3), with pie circles [10] and [12]–[18], exhibited haplo-
types W, R, AH, and AI (Fig. 4) and were observed along rivers. 
Oito is the southern limit for the hybrid M. fusca, and the large 
number of genotypes detected indicates that new hybrid com-
binations were intensively produced here before the occurrence 
of stable hybrids.

With huge capsules and numerous seeds, most hybrid M. 
fusca plants from Iturup (2n = 50 or 40–50) appeared viable. 
Consequently, they could serve as effective instances of chromo-
somal rearrangement following hybridization (Rieseberg 2001).

Micranthes nelsoniana and its relatives along the Kuril/Aleutian 
Islands

Micranthes nelsoniana var. insularis, which is distributed in the 
Kuril/Aleutian Islands, is defined by floral characteristics such as 
dark-red pistils and petals with white-to-reddish colours (Hultén 
1936). Although its distribution range has been discussed (N. 
Kurils, Urup, and Iturup by Siplivinsky 1976; in all the Kuril 
Islands by Charkevicz 1989, Barkalov 2009), plants with such 
characteristics are widely observed in the northern Kuril Islands, 
such as Paramushir and Onekotan where M. ohwii with red 
flowers also occurs. Micranthes nelsoniana from Simushir to the 
Kiska quadrangle were included in ITS group v (Fig. 5) with 
many of them sharing the ITS haplotypes (pie circles [9] and 
[10]) with M. fusca and M. ohwii. Three Micranthes nelsoniana 
var. insularis individuals from Onekotan (two from [9] and one 
from [10]; Table 6) were included in type-B of the cpDNA net-
work (Fig. 4), sharing a haplotype with M. ohwii. As two of these 
plants had a chromosome number of 2n = 24 (Fig. 7C), the 
same as that of M. ohwii from Kamchatka (Mt. Avacha, 1 in Fig. 
3; 2n = 24, Table 8), it is possible that the two species undergo 
interbreeding. This result indirectly supports the observation of 
transitional forms between M. nelsoniana var. insularis and M. 
ohwii in this region (Voroshilov 1982).

Among M. nelsoniana var. insularis plants, we also found an 
individual with a chromosome number of 2n = 50 (Fig. 7A; 
ITS type [8]), which fell into type-B of the cpDNA network. 

In addition, two individuals of M. nelsoniana from Mt. Rishiri 
(ITS type [2]) with 2n = 50 shared type-B (Table 6). Moreover, 
haplotype B includes one hybrid M. fusca from Dobrynin, 
Iturup (2n = 40–50), and type-B is nested near the Y haplotype 
(Bettobu, Shana) of the hybrid M. fusca, with a chromosome 
number of 2n = 50 (Table 8). The chromosome number 2n = 50 
for M. nelsoniana and M. fusca is unique around the Kuril Islands 
and has not been reported in other localities. It is possible that 
these plants with a chromosome number of 2n = 50 and 24 pro-
moted interspecific hybridization. The similarity of the karyo-
types of M. nelsoniana var. insularis from Paramushir (2n = 50; 
Fig. 7A) and M. fusca from Bettobu, Iturup (2n = 50; Fig. 7B) 
also supports this possibility.

Relationship of the Hokkaido highlands with Sakhalin
Within the ITS network (Fig. 5), group iv included plants col-
lected at high elevation in Hokkaido and Kamchatka. The re-
sults of cloning revealed that both individuals from Rishiri 
(2n = 50) and Taisetsu (2n = 80) in Hokkaido possessed ITS 
sequences similar to those from Sakhalin (R1, T1: Fig. 6) and 
that individuals from Taisetsu exhibited ITS sequences similar 
to those from the Kuril/Aleutian Islands (T5, T6: Fig.6). The 
results indicated that these plants had genes with different ori-
gins: continental and marginal. Although taxonomically both 
plants are attributed to M. nelsoniana var. reniformis (Ohwi 1933 
as ‘Saxifraga reniformis Ohwii’; type: Sakhalin, Tosso; Table 1), 
they grow in different habitats; plants from Rishiri and Taisetsu 
grow in alpine habitats (1700 and 2000 m asl, respectively), 
whereas those from Sakhalin grow along lowland rivers under 
the forest line. According to the cpDNA haplotype network 
(Fig. 4), both plants from Rishiri (A, B, I, P, AF) and Taisetsu (E, 
H) were nested near haplotypes from the southern Kuril Islands, 
far from the haplotypes of Sakhalin (AG, AK), suggesting that 
the maternal plants of Rishiri and Taisetsu occurred locally or in 
relation to the Kuril Islands or Kamchatka highlands rather than 
originated due to migration from Sakhalin.

Micranthes nelsoniana in Alaska and adjacent regions
In the cpDNA haplotype network (Fig. 4), most M. nelsoniana 
plants were included in the right group alongside M. ohwii and 
the hybrid M. fusca. However, among M. nelsoniana, haplotypes 
AT (Alaska and Yukon) (17 and 16 in Fig. 1), AU (Canada) 
(18 in Fig. 1), and AR (Kiska quadrangle) (21 in Fig. 1) were 
found to be exceptionally close to the M. fusca group on the left 
side of the network, indicating the ancient hybridization of M. 
nelsoniana with the ancestral M. fusca and capturing the chloro-
plast genome of the latter. Ikeda et al. (2018) reported the range 
expansion and colonization of Phyllodoce aleutica from Japan to 
the Aleutian Islands and Alaska. Our results reveal that a partly 
similar event occurred for M. nelsoniana, whose population from 
Far East Asia affected plants of the Aleutian Islands and Alaska.

Chromosome numbers
As previously mentioned, chromosomes 2n = 24 and 50 were 
found among different species in the Kuril Islands and they 
encouraged genetic exchange between similar and unrelated 
species. The varying chromosomal numbers of M. nelsoniana 
(2n = 24, 26, 28, 30, and others) and allied species (M. fusca: 
2n = 30; M. ohwii: 2n = 24) and/or structural chromosome 
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modifications, including deletion or translocation, may help to 
explain the occurrence of 2n = 50.

Study of the chromosome numbers of M. nelsoniana revealed 
that plants from Sakhalin (2n = 26) and southern Kamchatka 
(2n = 28, 30) were diploids, whereas larger chromosome num-
bers (2n = 56, 72, 80, 84, and others) were detected in northern 
Kamchatka and Chukotka (Table 8). Increases in chromosome 
numbers and polyploidization with increasing latitude have been 
reported for other plants (e.g. Brochmann et al. 2004). However, 
there are some exceptions, such as the observation of 2n = 30 for 
M. nelsoniana var. porsildiana from Chukotka and Arctic regions 
(Zhukova et al. 1973, 1987) and 2n = 28 from Taymyr, which 
faces the Arctic sea (Devyatov et al. 1997). These results indicate 
that an increase in chromosome numbers or polyploidization 
cannot be easily discussed in relation to latitude.

The occurrence of M. nelsoniana in Japan is highly limited, and 
chromosome number increases to the south: 2n = 50 for Rishiri, 
2n = 80 for Taisetsu, and 2n = ~100 (99–104) for the central 
high mountains of Honshu. The first two individuals had genes 
of different origins as we have discussed in a previous section. 
Such changes in chromosome numbers, including different 
types of genes, may be adaptive for the growth of these plants, 
occurring at the edge of the distribution range of M. nelsoniana.

CO N CLU S I O N
Micranthes nelsoniana occurs widely in the circumboreal region 
from Siberia to North America and appears to exhibit active gene 
flow around the Arctic–continental region of Eurasia/Alaska. 

Conversely, unique genetic groups, comprising M. nelsoniana 
and closely related species, are formed along the marginal island 
regions in Northeast Asia (Fig. 8): the highland group, including 
Kamchatka and Hokkaido; the M. fusca group from Japan to the 
southern Kuril Islands; the Kuril/Aleutian group; and Primorye. 
Micranthes nelsoniana makes contact with M. fusca in the central 
part of the Kuril Islands, resulting in several hybrid plants. A 
hybrid appears to occur between M. ohwii in the north of the 
Kuril Islands. Some of these hybrids shared the same chromo-
some numbers (e.g. 2n = 24 and 50), which appeared to pro-
mote hybridization. Cloning experiments of the highland plants 
of Hokkaido with large chromosome numbers revealed that the 
sequences included both Arctic–continental and island elem-
ents, suggesting active genetic exchange in this region. Our study 
revealed a significant role of the marginal islands of Northeast 
Asia in the genetic diversity of M. nelsoniana and related species 
and the possible formation of hybrid taxa via genetic recombin-
ation among these species.
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Figure 8. The distribution ranges of M. nelsoniana and related species/taxa. Coloured lines indicate species or intraspecific taxa: orange: 
M. fusca, green: island type of M. nelsoniana, purple: M. ohwii, pink: highland type of M. nelsoniana and M. ohwii, blue: continental type of 
M. nelsoniana, orange + green: hybrid, including various genetic assemblage, mostly introgressive hybridization from M. nelsoniana to M. 
fusca, green + purple: putative hybrid zone, where M. nelsoniana and M. ohwii occur, sharing cpDNA haplotypes and chromosome number 
(2n = 24).
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