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In July 2018, in the Khingan State Nature Reserve and Muravyevskiy Park of Sustainable Development, we
conducted the study of Liparis populations and preliminary determining the orchid individuals collected. In the
family Orchidaceae, Liparis is one of the most difficult genera in terms of systematics. Observations in nature,
research of herbarium specimens and literature demonstrate the considerable intraspecies variability in morpho-
logical traits. Therefore, to assess the taxonomic position of orchids from natural populations, we collected parts
of the plants for further molecular-phylogenetic research. In total, we included 110 samples in the analysis. As
a molecular marker, we used the internal transcribed spacers (ITS1-5.8S-ITS2) of 18S—26S nuclear ribosomal
DNA. At the obtained phylogenetic tree, samples from the studied populations formed separate and clearly sup-
ported clades, that confirms their naturalness. ITS sequences of the analysed plants of each clade have group-
specific substitutions, which mark their position on the phylogenetic tree. Analysis of both morphological traits
and molecular-phylogenetic data allowed conducting species determination of plants from the genus Liparis.
According to botanical literature, in the Amur region, two species were known: Liparis japonica and L. maki-
noana. The investigation of Liparis populations found in the field together with analysis results of morphologi-
cal and molecular-phylogenetic data demonstrated that in the study area, besides L. japonica and L. makinoana,
there are L. kumokiri and one more taxon, which could be a new species needed to be described in future. We
clarified the distribution of these Liparis species in the study area by finding their new locations. The status of
each population for studied species was appropriate at most of the locations. We noted the appropriate fruiting
and offspring presence. At the studied location, permanent study plots could be established for conducting of
further population-based studies. The obtained data on the status of plant populations will be used in the work on
new editions of Red Data Books. In the study area, the presence of Liparis makinoana have not been confirmed
by data of molecular-phylogenetic analysis.
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Introduction

The genus Liparis Rich. (tribe Malaxideae Lindl.)
includes about 250-300 species distributed predomi-
nantly in the tropics of the Old World. In Russia, six
Liparis species are known. Liparis loeselii (L.) Rich
is distributed in European Russia and Siberia. Liparis
Jjaponica (Miq.) Maxim., L. krameri Franch. & Sa-
vat., L. kumokiri F. Maek., L. makinoana Schlechter
and L. sachalinensis Nakai are known from the Rus-
sian Far East (Vakhrameeva et al., 2014).

This genus is still one of the most difficult Or-
chidaceae genera in terms of systematics. In-nature
observations, investigation of data from herbaria
and literature have demonstrated a considerable in-
traspecies variability in morphological parameters
of Liparis species (Shibneva, 2007, 2011; Efimov,
2010). This makes it difficult or even impossible to
distinguish certain species within this genus. In ad-
dition, the natural ranges of some Liparis species are
overlapped, which additionally confuses their deter-

mination. The high degree of intraspecies polymor-
phism and a relatively small number of morphologi-
cal traits significant for species determination make
the limits between Liparis species by the discus-
sion topic (Maekawa, 1971; Dressler, 1981; Kim &
Kim, 1986; Shibneva, 2004, 2007, 2008; Tsutsumi
& Yukawa, 2008; Efimov, 2010). The applying of
molecular-phylogenetic methods together with mor-
phological data allow approaching a new level in
solving issues related to morphology, systematics
and phylogeny of the genus Liparis. A worldwide
active investigation of the genus Liparis is currently
underway by comparing of sequences of rDNA in-
ternal transcribed spacers, as well as using other mo-
lecular markers, primarily encoding and non-coding
regions of chloroplast DNA (genes matK, ycfl,
spacers trnl-trnF and trnS-trnG) (Dressler, 1993;
Cameron, 2005; Tsutsumi et al., 2007, 2008a,b; Lee
et al., 2010; Li & Yan, 2013; Su et al., 2014, 2015;
Terentieva et al., 2016, 2018, 2019).
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Previously (Vyshin, 1996; Starchenko & Dar-
man, 2002; Vakhrameeva et al., 2014), only two
Liparis species (L. makinoana Schlechter and L.
japonica (Miq.) Maxim.) had been noted in the
Amur region. They are included in the Red Data
Book of the Russian Federation (2008) and the
Red Data Book of the Amur region (2019). In addi-
tion, L. japonica is protected in the Khingan State
Nature Reserve (Kudrin & Yakubov, 2013) and in
the Amur Branch of the Botanical Garden-Institute
of FEB RAS (Starchenko & Darman, 2002).

In July 2018, Terentieva et al. (2019) found
for the first time Liparis plants in the forest area
of the Muravyevskiy Park of the Sustainable De-
velopment during a botanical field trip. The found
plants could not belong to any of the Liparis spe-
cies known in the Amur region on the basis of
morphological traits. In the field, the individuals,
having green flowers, were preliminary named as
L. kumokiri, while plants with coloured flowers
left non-determined. The same situation occurred
in the Khingan State Nature Reserve.

The present study aimed to clarify the list of
Liparis species and their distribution in the Amur
region using morphological data and molecular-
phylogenetic methods. The molecular phylo-
genetic reconstruction is based on the previous
phylogenetic analysis of Terentieva et al. (2019),
being considerably supplemented by new samples
and taxa from the GenBank database.

Material and Methods

The material for the study was collected in
July 2018 during a botanical field trip of the re-
searchers of Moscow State University in two
Protected Areas of the Amur region (Russia), the
Muravyevskiy Park of the Sustainable Develop-
ment (Tambovskiy district) and two sites of the
Khingan State Nature Reserve (Arkharinskiy
district). In addition, we collected samples out-
side Protected Areas: 1) in the surroundings of
the villages Ivanovka and Bogoslovka (Ivanovs-
kiy district); 2) on the gold slag disposals (Bla-
goveshchenskiy district); 3) in the forest massif
near the Amur Branch of the Botanical Garden-
Institute of FEB RAS (Fig. 1).

According to geobotanical zoning, the Mu-
ravyevskiy Park of the Sustainable Development
belongs to the southern steppe zone and is repre-
sented by forests, shrubs, marshes and meadows.
The flora of vascular plants includes 614 species
(Darman, 2015). Liparis species have been studied
in the forested part of the Protected Area.

In the Khingan State Nature Reserve, we con-
ducted the research in the Antonovskoe forestry (sur-
roundings of Lake Kleshinskoe) and in the Khingan-
skoe forestry (cordon Karapcha), and in the adjacent
area, i.e. in the vicinity of Lake Dolgoe. Khingan
State Nature Reserve is located at the southeastern
edge of the Amur region, on the Khingan-Arkha-
rinsk Lowland. According to Miskina (1971), the
mountain area of the Protected Area (Khinganskoe
forestry) belongs to the Far East broad-leaved land-
scape type, while its flat part (Antonovskoe forestry)
belongs to the Far East forest-steppe landscape type.

In the study area, we surveyed all sites suit-
able for Liparis species using the route method.
In the found populations, we measured mor-
phological traits (which are significant for spe-
cies determining) of plant individuals (Nevskiy,
1935; Vyshin, 1996; Shibneva, 2004, 2007, 2008;
Efimov, 2010). We determined the plant height,
length of inflorescences and ovaries, number of
flowers, degree of the lip curling, length and width
of leaf plate. Population-based studies have been
carried out on the established transects (Rabotnov,
1950). Ontogenetic stages (age groups) of Liparis
individuals were distinguished according to Tata-
renko (1996) with our modifications. In the stud-
ied populations, we distinguished the following
age groups: j — juvenile individuals; im — imma-
ture individuals; v — virginile (mature vegetative)
individuals including non-flowering generative
plants; g — generative individuals.

Since the known intraspecies variability in
morphological traits of Liparis species does not al-
low a reliable identification of species in nature,
we applied the molecular phylogenetic approach.
Because all Liparis species are threatened, the col-
lection of samples for the analysis was performed
by harvesting only small parts of plants without
digging the whole plant. For molecular-phyloge-
netic analysis, we used small parts of leaves from
32 samples of plant individuals originated from
the studied Liparis populations. It was especial-
ly relevant for the populations where the species
identification was almost impossible because gen-
erative individuals were absent, or in the stages of
budding or fruiting. Some parts of vegetative and
generative parts of plants were saved as herbarium
vouchers with indication of the sampling locations
(Electronic Supplement 1). In addition, the analy-
sis included samples stored in herbariums (MW,
LE, MAG, ABGI) and collected during 2015-2018
in the field trips through the Russian Far East (Pri-
morsky Krai) (Electronic Supplement 1).

103



Nature Conservation Research. 3anoseonas nayka 2020. 5(Suppl.1): 102-113

https://dx.doi.org/10.24189/ncr.2020.044

a
A W
Bogoslovka

0
BLAGOVESHCHENSK JJ A~ A

O
Tambovka

/
L]

W Liparis sp.
A Liparis kumokiri
@ Liparis japonica

Fig. 1. Locations of Liparis species in the study area (Amur region, Russia). Designations: 1 — Blagoveshchenskiy district,

2 — Ivanovskiy district, 3 — Tambovskiy district, 4 — Arkharin

skiy district; I — Muravyevskiy Park of the Sustainable Develop-

ment; I — Khingan State Nature Reserve (a — Antonovskoe forestry, b — Khinganskoe forestry).

As a molecular marker in the molecular-phylo-
genetic analysis, we used internal transcribed spac-
ers (ITS1-5.8S-ITS2) of 18S-26S nuclear ribosomal
DNA. DNA extraction, amplification and sequencing
the spacers ITS1-5.8S-ITS2 were conducted accord-
ing to Valiejo-Roman et al. (2002). The obtained PCR
products were sequenced on both strands. Then we
investigated chromatograms of ITS1-5.8S—ITS2 re-
gion using software Chromas Lite v. 2.3, where for
the analysed species we did not find double peaks and
discrepancies through reads the nucleotide sequences
from both forward and reverse primers.

We determined ITS sequences for 47 samples
of the Liparis representatives (living plants collect-
ed in nature and herbarium specimens). To conduct
the molecular-phylogenetic analysis, we addition-
ally included 59 nucleotide ITS sequences of 22
(primarily closely related) Liparis species from the
database GenBank (https://www.ncbi.nlm.nih.gov/
nucleotide/). For this purpose, we used the results
of other authors (Cameron, 2005; Tsutsumi et al.,
2007; Chen et al., 2009; Lee et al., 2010; Li et al.,
2013; Su et al., 2014, 2015). In addition, we in-
cluded ITS sequences of three Malaxis species (M.
spicata Sw., M. brachypoda Fernald, M. mono-
phyllos (L.) Sw.), as this genus is closely related
to the genus Liparis. In total, the data set of the
molecular-phylogenetic analysis included 110 ac-
cessions from Russia, Korea, Japan, China, Hawaii
Islands. The newly obtained nucleotide sequences

for the genus Liparis are annotated in the database
GenBank (Electronic Supplement 1).

The nucleotide sequences of the analysed sam-
ples were aligned using the program MUSCLE
(Edgar, 2004). The demonstration and manual ad-
justment of the aligned results were conducted us-
ing the program BioEdit v. 5.0.9. (Hall, 1999). The
alignment of 110 nucleotide sequences of the ITS1—
5.8S—ITS2 regions resulted in a matrix of 732 posi-
tions. Of them, 369 were constant, 254 parsimony
informative, and 109 parsimony non-informative.

To construct the phylogenetic tree, we used the
method of maximum parsimony realised using PAUP*
version 4.0b8 (Swofford, 2003). The heuristic search
was used for finding the most parsimonious tree. The
non-parametric bootstrap analysis (Felsenstein, 1985)
was performed to assess the degree of support for par-
ticular clades (100 bootstrap replicates).

Bayesian analysis of molecular data was per-
formed using the program MrBayes v. 3.2 (Ronquist
et al., 2012). 5 000 000 generations were performed
using Markov chain Monte Carlo. The number of si-
multaneously generated chains was four. A posterior
probability of a tree node was calculated as the fre-
quency of the corresponding node in the trees, which
were obtained after the likelihood converged to equi-
librium through the generation of Markov chains.

As an outgroup, we used Dendrobium cru-
menatum Sw., selected on the basis of research of
Cameron (2005). Different loci obtained by two
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methods are not similar, but congruent, in the main
tree topologies. In the paper, we present a consen-
sus phylogenetic tree constructed using Bayesian
method (maximum parsimony tree is represented in
Electronic Supplement 2: Fig. 1S).

Results and Discussion

Morphological and population analysis

Table 1 presents data on the morphological
traits of three Liparis species according to the bo-
tanical literature (Nevskiy, 1935; Tatarenko, 1996;
Vyshin, 1996; Shibneva, 2004, 2007, 2008; Efi-
mov, 2010). Data for Liparis sp. were obtained by
us during the field studies in the Amur region. Ta-
ble 1 demonstrates that actually there are no clear
traits allowing us to identify these Liparis species.
All morphological traits are considerably variable.
Their values could be overlapping for different spe-
cies and depend on the habitat conditions.

Muravyevskiy Park of the Sustainable Development

The orchid plants found in the forest of the Mu-
ravyevskiy Park of the Sustainable Development
considerably differed from each other. On the ba-
sis of the morphology (Table 2), one of the speci-
mens was identified as Liparis kumokiri, because
values of its morphological traits (height is until 25
cm; there is no long petiole; relatively short inflo-
rescence with yellow-greenish flowers, and narrow,
strongly curled lip) were consistent with literature
data (Shibneva, 2008, 2011; Efimov, 2010). Some
individuals were named as Liparis sp., because their
height, size, shape, denser texture of the leaf, and
the form of the lip were different to other Liparis
species. The populations of both species were lo-
cated by dense groups being different in terms of
abundance and area. At the same time, L. kumoki-
ri occurs more commonly. In comparison with L.
kumokiri, plants named as Liparis sp. had higher
shoots, brownish or purple colouration of flowers,
a higher number of flowers, ovary length, leaf plate
size and darker colouration of leaves (Table 2).

Therefore, in the Muravyevskiy Park of the Sus-
tainable Development, we found for the first time for

the Amur region the species L. kumokiri and plants
treated by us as Liparis sp. We were going to test our
assumptions using molecular-phylogenetic studies.
Liparis kumokiri was noted on two sites of the Mu-
ravyevskiy Park of the Sustainable Development.
The first of them is located in a planted pine (Pinus
koraiensis Siebold & Zucc.) forb-grass forest (age
of about 17 years) with sparse herb cover, located
nearby administrative buildings. On this site, a small
(three generative individuals) group of L. kumokiri
was found. The main populations of both Liparis spe-
cies have been noted on the second site, located 1 km
from the first site. The first L. kumokiri micropopula-
tion was located on the edge of pine (Pinus koraien-
sis) forbs grass forest and aspen (Populus tremula L.)
forbs grass forest with 20% herb cover. This popu-
lation covered an area of 8 m* with a density of 9.5
individuals per 1 m? Its ontogenetic spectrum was
represented by all age groups: 23.7% j + 18.4% im +
23.7% v + 34.2% g. Thus, this micropopulation was
full-membered and normal (according to Rabotnov,
1950) with good reproduction due to young individu-
als (j + im) included 42.1% of all plants. In the sparse
forbs dead-cover pine forest with 15% herb cover, we
found other large micropopulations of L. kumokiri
(more than 200 plants) and Liparis sp. (more than 100
plants). In these micropopulations, we found a good
level of reproduction, i.e. 25% of young individuals
for L. kumokiri, and 33.3% of young individuals for
Liparis sp. The Liparis kumokiri density was 12.8 in-
dividuals per 1 m?, while Liparis sp. had 5.4 individu-
als per 1 m?. Therefore, all Liparis micropopulations
are full-membered, sustainable and normal (according
to Rabotnov, 1950), and the presented above param-
eters indicated a good vital status of them. During fur-
ther studies in the Amur region, population of these
two species were found at some locations in the An-
tonovskoe forestry and Khinganskoe forestry of the
Khingan State Nature Reserve and in adjacent areas
(Lake Dolgoe) (Arkharinskiy district). In addition, we
registered them also outside Protected Areas, in some
other districts of the Amur region (Ivanovskiy district
and Blagoveshchenskiy district), and nearby the Bo-
tanical Garden in the town Blagoveshchensk (Fig. 1).

Table 1. Some morphological traits of generative individuals of Liparis species

. Height, | Inflorescence | Leaf length, |Leaf width,| Number of .
Species Leaf petiole Flower colour
cm length, cm cm cm flowers
Liparis japonica* 25-35 until 20 until 10 5-7 9-25 8 cm, winged | greenish-yellow, rare brownish
Liparis kumokiri* 10-25 7 until 12 3-5 5-15 short, amplexicaul greenish-yellow
Liparis makinoana*| 15-25 10-17 6-8 3-5 20-25 | short, amplexicaul from greenish to purple
Liparis sp. 23-58 until 20 until 12 5-7 6-25 short, amplexicaul from brownish to purple

Note: * — literature data.
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Table 2. Morphological traits for generative individuals of Liparis species in the Muravyevskiy Park of the Sustainable Development

Traits
Species Height, cm Number of flowers Leaf size, cm
. ; - Ovary length, cm
Average (n = 10) | min—max | Average (n = 10) | min—max | Leaf length | Leaf width
Liparis kumokiri | 18.60 =2.54 13-23 142+22 9-20 |10.20+0.87|5.70=+0.74 0.70£0.16
Liparis sp. 29.20 +2.64 23-36 20.5+3.8 16-25 |11.00+1.10|5.30+£1.25 1.55+£0.22

Khingan State Nature Reserve

Both species were registered on several sites
in the vicinity of the Lake Kleshinskoe in the An-
tonovskoe forestry of the Khingan State Nature
Reserve. Micropopulations were found in the
sparse Siberian birch (Betula platyphylla Sukac-
zev (= Betula pendula subsp. mandshurica (Re-
gel) Ashburner & McAIll.) forbs forest, birch-oak
(Betula platyphylla, Quercus mongolica Fisch. ex
Ledeb.) forest with linden (7ilia amurensis Rupr.)
undergrowth; willow (Salix sp.) thickets at the
forest edge in the Borzi River valley, and other
plant communities. Usually, Liparis kumokiri
occurred in separate, sparse groups with a maxi-
mum density of 8.5 individuals per 1 m? In the
ontogenetic spectrum of micropopulations, young
individuals often prevailed (j + im = until 54%).
Liparis sp. has been found much rarer, in popula-
tions of which young individuals (j + im) reached
until 17% in sum, while there were 50% of gen-
erative and 33% mature vegetative individuals
(virginile and non-flowering generative individu-
als). A small L. kumokiri population, containing
several low-number (1-7 individuals) groups, has
been found nearby the Antonovskoe forestry of
the Khingan State Nature Reserve in the Siberi-
an birch (Betula platyphylla) forbs forest on the
shore of Lake Dolgoe.

In the Khinganskoe forestry of the Khingan
State Nature Reserve, we found two Liparis species
inhabiting the low part of hillsides in the Karapcha
River valley. The orchid populations were noted
in linden (7ilia amurensis) sedge-forbs forest with
a mixture of Quercus mongolica and Acer pictum
subsp. mono (Maxim.) H.Ohashi with Corylus het-
erophylla Fisch. ex Trautv. undergrowth with 25—
30% herb cover; in the Acer pictum subsp. mono
forest with a mixture of Quercus mongolica and
undergrowth of Acer tegmentosum Maxim. and
Acer pictum subsp. mono with sparse herb cover
containing species as Hemerocallis middendorf-
fii Trautv. & C.A.Mey., Carex sp., Phryma nana
Koidz., Thalictrum aquilegiifolium var. sibiricum
Regel & Tiling and others. As usual, we found
small groups of Liparis individuals.

Sometimes, both species occurred in close
proximity to each other. In addition, we noted that
Liparis sp. prefers more moistured conditions than
the other species. Its population (with a total num-
ber of 33 plants) is characterised by the predomi-
nation of mature individuals (45.5% g and 21.2%
v), while young individuals were represented in
sum about one-third of the total number of indi-
viduals. Liparis kumokiri often inhabited the more
elevated sites at the middle parts of hillsides. The
species grew sparsely, by single individuals or low-
number groups (5—11 plants). The ratio of the ma-
ture (33.3% g and 16.7% v) and young (22.2% j and
27.8% im) individuals in a population was approxi-
mately equal. So, in both Antonovskoe forestry and
Khinganskoe forestry of the Khingan State Nature
Reserve, the populations of these species are full-
membered, sustainable and normal (according to
Rabotnov, 1950) having a good reproduction.

In addition, on the Khingan State Nature
Reserve, we found Liparis japonica, which has
not been previously known in the Amur region.
Single individuals of this species were found in
both forestries. In the Antonovskoe forestry, it
was recorded in the vicinity of Lake Kleshinskoe,
in sparse Siberian birch (Betula platyphylla) forbs
forest, having 40% forest stand cover and 25%
projective cover of the herb layer. Low-number
groups of L. japonica were found in the Khingan-
skoe forestry (Fig. 1). At this location, the spe-
cies inhabits broad-leaved forest with sparse herb
cover on the hillside in the Karapcha River valley.
Liparis japonica occurs considerably rarer than
both previous species. Its populations are low in
number, often non-full-membered; its reproduc-
tion was not found.

Table 3 presents morphological traits of all Li-
paris species found in the Khingan State Nature
Reserve. We clearly see the differences in these
data between species as well as between popula-
tions situated under different habitat conditions. For
example, in the Khinganskoe forestry, the average
height of generative individuals was more than in
the Antonovskoe forestry. Perhaps, it is caused by
higher values of soil moisture and richness.
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Table 3. Morphological traits of generative individuals for the studied Liparis species in the Khingan State Nature Reserve

Traits
Species Height, cm Number of flowers
Average (n = 10) | min—max Average (n = 10) | min—max
Antonovskoe forestry
Liparis kumokiri 15.7+2.75 8-23 6.75+1.88 2-12
Liparis sp. 35779 23-42 12.1£4.1 3-25
Khinganskoe forestry
Liparis kumokiri 20.3 £2.67 16-25 6.7+ 1.67 3-10
Liparis japonica 36+2.5 31-40 15.8+4.75 11-23
Liparis sp. 41.7+£9.9 23-58 14+6.6 5-25

In addition, we found that the last year’s upright
old flowering stems of L. kumokiri with the remains
of capsules remained. We did not note this for the
other two Liparis species, perhaps, because they are
characterised by higher peduncles, which fall and
could not be found. The fruits’ remains allowed us to
conclude on the good level of the fruit productivity of
L. kumokiri. According to Gap et al. (2001), the fruit
productivity of this species is 86%, although it could
be lower, until 10.2-12.2%. According to Varlygina
et al. (2017), in the Kedrovaya Pad’ State Nature Re-
serve, the fruit productivity of Liparis species varied
from 30% to 60% for L. japonica, from 40% to 65%
for L. kumokiri, and from 50% to 70% for L. krameri.
This parameter considerably depends on the weather
conditions and presence of pollinators.

We found L. kumokiri and Liparis sp. outside
Protected Areas, too. In the vicinity of the village
Ivanovka (Ivanovskiy district); planted pine (Pinus
koraiensis) forbs forest with undergrowth of Fraxi-
nus mandshurica Rupr. and Betula platyphylla, with
Malus baccata (L.) Borkh. and Rubus idaeus subsp.
strigosus (Michx.) Focke; forest stand cover is 50%;
projective cover of the herb layer is 10-15%. The
second found location was in the vicinity of the vil-
lage Bogoslovka (Ivanovskiy district), in Siberian
birch (Betula platyphylla) forbs forest with dense
undergrowth from Corylus heterophylla; forest
stand cover is 60%; the total projective cover of the
herb layer is 10%. The third location was found on
the gold slag disposals and in the oak-birch (Quer-
cus mongolica, Betula platyphylla) forest in the
Blagoveshchenskiy district. The fourth location was
found in the forest of the town Blagoveshchensk,
nearby the Amur Branch of the Botanical Garden-
Institure of FEB RAS. The populations of these spe-
cies were interspersed along the wide area.

Molecular-phylogenetic analysis
In the obtained molecular-phylogenetic trees,
the analysed samples of Liparis species formed four

highly supported clades (I, II, IIL, IV). This confirms
their natural origin (Fig. 2).

Clade I consists of samples collected in the Mu-
ravyevskiy Park of the Sustainable Development, vi-
cinities of town Blagoveshchensk, village Bogoslov-
ka and village Ivanovka, in the Khingan State Nature
Reserve (Antonovskoe and Khinganskoe forestries),
in the vicinity of Lake Dolgoe, and, finally, samples
of L. kumokiri and L. japonica extracted from her-
barium collections (MW and LE). In addition, this
clade includes taxa from the database GenBank: L.
kumokiri, L. koreana (Nakai) Nakai, L. fujisanensis
F. Konta & S. Matsumoto, L. hawaiensis H. Mann,
and recently described species L. pterosepala N.S.
Lee, C.S. Lee & K.S. Lee, L. koreojaponica Tsut-
sumi, T. Yukawa, N.S. Lee, C.S. Lee & M. Kato,
and L. purpureovittata Tsutsumi, T. Yukawa & M.
Kato, collected in Korea, Japan, and Hawaii Islands
(Cameron, 2005; Tsutsumi et al., 2007, 2008a,b; Lee
etal., 2010). Clade I is represented by a high number
of difficult to distinguish species, which are charac-
terised by polymorphism and blurred species bound-
aries. According to the analysis of ITS sequences,
the samples collected in nature and originally identi-
fied as L. kumokiri, L. japonica and L. makinoana
were located in different subclades of clade I, not
always meeting their original identification on the
basis of morphological traits.

Clade I consists of three subclades A, B and C.
Inside the clade, all nodes have high values of boot-
strap support and posterior probability. The species
L. pterosepala, L. hawaiensis, and L. purpureovit-
tata occupy separate positions in the basal part of
the clade that indicates the highest divergence level
of these species compared to other representatives.
In clade I, the divergence level between samples
in ITS-sequences, expressed in p-distances, is low
and equal to 0.0-1.7% indicating their closely re-
lations and corresponding with other studies (Tsu-
tsumi et al., 2007, 2008a,b; Lee et al., 2010; Su et
al., 2015; Terentieva et al., 2018).

107



Nature Conservation Research. 3anoseonasn nayxa 2020. 5(Suppl.1): 102-113 https://dx.doi.org/10.24189/ncr.2020.044

Liparis koreojaponica KT338737 —
Liparis koreana AB289466 TNS
0.73/ 80} [iparis koreana AB289467 A
Liparis fujisanensis AB289460
Liparis fujisanensis AB289461
1.00/ 100 Liparis koreojaponica EU017421
. 56 Liparis japonica MW
55 Liparis japonica MW
Liparis koreana EU017418
Liparis koreana EU017419 B
Liparis fujisanensis EU024936
245 Liparis japonica
238 Liparis japonica
248 Liparis japonica —
211 Liparis kumokiri
Liparis kumokiri EU017412 EWH
Liparis kumokiri EU017413 EWH
Liparis kumokiri EU017414 EWH
Liparis kumokiri AY907087 NY
Liparis kumokiri KT338738
L?ar/s kumokiri KT338739
234 Liparis kumokiri I
228 Liparis kumokiri
221 Liparis kumokiri ABGI
218 Liparis kumokiri
212 Liparis kumokiri
223 Liparis kumokiri
54 Liparis kumokiri MW C
232 Liparis kumokiri LE
Liparis kumokiri EU017483
7 Liparis kumokiri LE
152 Liparis makinoana MAG
236 Liparis kumokiri MW
226 Liparis kumokiri
216 Liparis kumokiri
239 Liparis kumokiri
242 Liparis kumokiri
244 Liparis kumokiri
219 Liparis kumokiri
217 Liparis kumokiri
Liparis kumokiri AB289472 TNS
[ Liparis kumokiri AB289470 TNS
1.00/ 100] | * Liparis kumokiri AB289471 TNS —
[—| 1.0 Liparis pterosepala EU017426
10iE

0.70/ 90|

0.93/ 100 |

Liparis pterosepala LC431212
Liparis pterosepala EU017425
— Liparis hawaiensis AY907085

1.0/ 100E kiparis purpureovittata AB289480

Iparis purpureovittata AB366614
Liparis purpureovittata AB366610
— Liparis japonica AY907086 NY
0.97/ 80 235 Liparis makinoana LE =
45.1 Liparis japonica
20 Liparis makinoana
0.96/80| 0.96/65[ Liparis makinoana EU017405 EWH
| Liparis makinoana KT338742
Liparis makinoana KT338745
Liparis japonica KT338736
Liparis japonica EU017406 EWH
Liparis japonica EU017407
Liparis japonica KT338734 ]
7~ Liparis makinoana AB289474
Liparis japonica AB289463 TNS
Liparis japonica AB289462 TNS
Liparis yongnoana EU017408
Liparis yongnoana LC431211TNS
70 Liparis yongnoana EU017409
Liparis hostifolia LC431210
1.0/ 1001 Liparis hostifolia LG431214
) Liparis hostifolia LC431217 —

1.00/ 100

1.007 100 213 Liparis sp.

1.0/ 100 | 80 Liparis sp. 1]
79 Liparis sp.
231 Liparis sp.

1.00/ 100 247 Liparis sp.

1.00/ 95 ¢ 74 Liparis loeselii
1.00/100 [ T 230 /7paris loeseli
Liparis loeselii AJ630599
" Liparis loeselii LC088234
Liparis liliifolia EU017427
Liparis liliifolia AF521067
—_— LLIpa(Is /’Jaullalna AIYQé)O?;)g%
1.00/ 100 —— Liparis clypeolum
0.84/80 L Liparis cordifolia AB289459
0.83/ 1.00/ 100 Malaxis brachypoda AY907108
-—|—|: Malaxis spicata AF521068
85 Malaxis monophyllos KT338752
1.00/ 100 — Liparis auriculata KT338733

1.00/ 89

1.00/ 100 * Liparis auriculata AB289458 TBG
13 Liparis krameri

Liparis krameri AB289468 TNS

1.00/100 & [jparis krameri AB289469 TNS \VJ
1.00/ 100 Liparis krameri AB289494
- 36 Liparis krameri
| 1.00/100 —— Liparis purpureoviridis AB289478
— Liparis maingayi AB289476
1.00/ 100 Liparis chalandei AY907078
Liparis nervosa AY907092 NY
Dendrobium crumenatum HM590370

0.1

Fig. 2. Phylogenetic relationship in Liparis as indicated by a majority-rule consensus tree of 5 000 000 trees from Bayesian analy-
sis on the basis of ntDNA ITS1-5.8S—-ITS2 dataset, using the TBR model. Numbers indicate node support (posterior probability
values / maximum parsimony bootstrap values). Only bootstrap values > 50 and posterior probability values > 0.70 are shown.
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The species L. koreana (AB289465-467) from
Japan, L. fujisanensis (AB289460-61) and L. koreoja-
ponica from Korea form a highly supported subclade
A, which is well consistent with molecular-phylogenet-
ic data (Tsutsumi et al., 2007, 2008b; Lee et al., 2010).
Our samples from the Khingan State Nature Reserve
(238, 245, 248), are originally identified on the basis
of morphological traits as L. kumokiri (238, 248) and
L. makinoana (245), united in subclade B, together
with herbarium specimens of L. japonica (MW), L.
koreana (EU017418-19) (EWH), and L. fujisanensis
(EU024936) (EWH). This subclade has a sister posi-
tion with a group of species L. koreana (AB289466—
467), L. fujisanensis (AB289460-61) and L. koreoja-
ponica (EU017421, KT338737) from subclade A. In
the phylogenetic tree, samples of L. koreana and L.
fujisanensis are divided between subclasses A and B.
Analysis of ITS sequences demonstrates that all sam-
ples in subclade A have only one synapomorphic tran-
sition C — T in position 809 (Table 4), which indicates
a close relation of species included in these subclades.

We have selected herbarium specimens of L. ja-
ponica (IMWO0047467], [MW0047469]) as marker
species (the type specimen of this species is lost).
Morphological traits of these specimens (height of
plant, leaf shape, leaf width, shape, length and width
of lip, inflorescence length) correspond to diagnostic
traits indicated in literature (Nevskiy, 1935; Vyshin,
1996; Vakhrameeva et al., 2014). By comparing ITS
sequences of samples in subclade B, we identified two
synapomorphic transitions, C — T and C — A (Table
4), which differ taxa of this subclade from taxa of the
sister subclade C. The obtained molecular-phylogenet-
ic data allowed us to assume that samples of subclade
B are represented by one species L. japonica, despite
to some morphological differences between them.

However, according to literature (Ohwi, 1965;
Shibneva, 2008, 2011), plants considered in Russia
as L. japonica, do not correspond to L. japonica from
Japan according to diagnostic traits. This is con-
sistent with results of our molecular-phylogenetic
analysis, where samples of L. japonica (EU017406—
07, KT338734, KT338736, AB289462—63) from
Japan and samples of L. japonica (238), 245, 248
(MT276431-32) from Russia were in different
clades, distant from each other. Samples of L. ja-
ponica from Japan were grouped with L. makino-
ana in a clade II with high support. It is consistent
with results of our previous study (Terentieva et al.,
2018) and with data of other authors (Tsutsumi et
al., 2007; Lee et al., 2010; Su et al., 2015). Thus,
the problem of L. japonica identification in Russia
requires a separate complex analysis.

Table 4. Informative nucleotide sites* in the nucleotide sequences ITS1-5.8S—ITS2 of ntDNA for Liparis fujisanensis, L. koreojaponica, L. japonica, L. kumokiri, L. makinoana,

L. pterosepala, L. hawaiensis, L. hostifolia, L. purpureovittata, L. yongnoana and Liparis sp.
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Subclades C has a sister position with sub-
clade B. Subclade C consists of samples collected
in the Khingan State Nature Reserve (239, 242,
244), the Muravyevskiy Park of the Sustainable
Development (211, 212,217, 218, 219), in the vi-
cinities of the town Blagoveshchensk (223), vil-
lage Bogoslovka (234, 228), and samples of L.
kumokiri from herbarium collections (MW, LE,
EWH, NY). We selected samples of L. kumokiri
from herbarium collections MW and LE on the
basis of qualitative traits, which correspond to the
species description accepted in Russian literature
(Nevskiy, 1935; Vyshin, 1996). According to lit-
erature (Ohwi, 1965; Kim & Kim, 1986; Shib-
neva, 2004, 2007, 2008; Chen, 2009), values of
morphological traits of L. kumokiri distributed in
the south of the Russian Far East correspond to
those in this species from Korea, Japan and Chi-
na. Despite to some differences, our samples also
correspond to the variation range in diagnostic
traits of L. kumokiri confirming their presence in
subclade C together with other samples from Rus-
sia and other countries.

Clade I1I is formed by samples of L. makinoa-
na, L. japonica, L. hostifolia Koidz. & Nakai and
L. yongnoana N.S. Lee, C.S. Lee & K.S. Lee from
Japan, Korea and China (Genbank), herbarium
specimen of L. makinoana (LE), plants collected
by us in the Land of Leopard State Nature Reserve
and Ussuri State Nature Reserve (Primorsky Krai,
Russia) in 2015, and, finally, specimens collected
in the Amur region in 2018. However, no one of
the analysed samples from the Amur regions has
been grouped with L. makinoana.

All samples of Liparis sp. from the Khin-
gan State Nature Reserve (237, 240, 241, 243,
246, 247), Muravyevskiy Park of the Sustain-
able Development (213, 214, 215), vicinities of
the town Blagoveshchensk (220, 227), village
Ivanovka (222, 224), village Bogoslovka (225,
230, 231) with samples (79, 80) from Terneys-
kiy district and Lazovskiy district (Primorsky
Krai, Russia) form a separate clade III with a
high bootstrap support (100%) and a high pos-
terior probability (1.0).

In the Terneyskiy district and Lazovskiy dis-
trict, samples of Liparis (79, 80) were collected
from fruiting plants, which made their identifica-
tion difficult. Plants collected in the Amur region
were flowering. But the set of their morphological
traits (Table 1) did not allow us to identify them
until the species level, either. The conducted mo-
lecular-phylogenetic analysis has demonstrated

that all samples in the clade III had identical ITS
sequences with synapomorphic transitions (Table
4), which determine a position of taxa of this clade
on the phylogenetic tree. Samples of clade III occu-
pied a distant position from taxonomically closely
related species Liparis kumokiri, L. japonica, L.
makinoana, L. koreojaponica, L. pterosepala, L.
koreana, L. fujisanensis, L. hawaiensis, L. hosti-
folia, L. purpureovittata, and L. yongnoana, which
were included into other clades.

The species Liparis loeselii (L.) Rich., L. [i-
liifolia (L.) A.Rich. & Lindl., L. pauliana Hand.-
Mazz., L. clypeolum Lindl., L. auriculata Blume
& Miq., L. krameri Franch. & Sav., L. purpureo-
viridis Burkill & Holttum, L. maingayi Ridl., L.
chalandei Finet, L. cordifolia Hook.f., and L. ner-
vosa (Thunb.) Lindl. occupy an isolated position
or form separated clades in the basal part of the
phylogenetic tree, which is consistent with both
morphological and molecular-phylogenetic data of
other studies (Cameron, 2005; Li & Yan, 2013; Su
et al., 2014, 2015; Cheng et al., 2016).

Thus, the results of the molecular-phyloge-
netic analysis together with data of morphologi-
cal studies allow us to assume that samples from
Liparis population in clade III (so-called Liparis
sp.) could have a species status, which requires
additional investigations.

Conclusions

According to the results of the molecular-phy-
logenetic analysis, Liparis samples collected in
the Amur region and extracted from the database
GenBank were arranged along the phylogenetic
tree according to the species affinity. All closely
related taxa are placed into sister clades and sub-
clades which is in accordance with literature data.

The comparative-morphological studies with
data of molecular-phylogenetic analysis allowed
conducting taxonomic identification of Liparis
plants collected in the Amur region. We have dem-
onstrated the presence of Liparis kumokiri in the
Amur region, as well as of presumably a new spe-
cies, which we provisionally indicated as Liparis
sp. A final conclusion for this issue requires further
complex investigations.

We have confirmed the presence of Liparis
japonica in the Khingan State Nature Reserve,
and clarified the distribution of all found Lipar-
is species in the Amur region. In addition, we
revealed new locations of these species in the
Muravyevskiy Park of the Sustainable Devel-
opment, in the Antonovskoe and Khinganskoe
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forestries of the Khingan State Nature Reserve,
in vicinities of Lake Dolgoe, village Ivanovka,
village Bogoslovka, and nearby the town Bla-
goveshchensk. In most of the locations, the pop-
ulation status of the studied Liparis species was
satisfactory. We noted a vital reproduction of the
orchids. At the locations of Liparis populations,
permanent study plots could be established for
conducting long-term monitoring studies. The
obtained data on the status of threatened plant
populations will be used in the work on new edi-
tions of Red Data Books. On the studied sites of
the Amur region, the presence of Liparis maki-
noana has not been confirmed by molecular-
phylogenetic data.
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B utone 2018 1. Ha TeppUTOPUU TOCYIAPCTBEHHOTO MPHUPOJHOrO 3aloBEeIHUKA «XUHIAaHCKU» U Mypa-
BHEBCKOTO MapKa YCTOWYMBOTO Pa3BUTHsSI ObUIO NMPOBEACHO 0OCiIENOBAaHME MOMYyISIUNA BUAOB poxa Li-
paris v IepBUYHOE ompeneneHne pacteHuid. Pox Liparis octaeTcss OTHUM M3 HauOoJee CIOXKHBIX B CH-
cTeMaTH4eckoM OoTHomeHuH B cemeiictBe Orchidaceae. HaOmronenus B mpupoje, n3ydeHue repoapHbIX
cOOpOB M INTEPATYPHBIX TAHHBIX TOKA3BIBAIOT 3HAYUTEIHHYIO BHYTPUBHIOBYIO BapHabeIbHOCTh MOP(O-
JIOTHYECKUX MpHU3HAKOB. [103TOMY /115 OIEHKH BUOBOW MPHUHAIC)KHOCTH TPEACTABUTENCH TPUPOIHBIX
TMOMYISUI ObUTH B3SITBI (PparMeHTHl PACTCHHUH ISl MOJEKYISIpHO-(PHIOTEeHETHUECKUX HCCIETOBAHNMN.
Bcero B ananus Obuto BruroueHo 110 oOpasmoB. B kauecTBe MOJIEKYISIPHOTO Mapkepa ObUIH BBIOpaHBI
SIICPHBIC TIOCIeA0BaTeNbHOCTH MekTeHHOTO yyacTka (ITS1-5.8S—-ITS2) tpanckpubupyemoro pubocom-
HOTO onepoHa. Ha MonexynsipHO-(hHIIOTeHeTHYECKOM JIepeBe 00pa3Iibl U3 NCCISAYEMBIX TOMyIAnnui (hop-
MHUPYIOT OTIENbHBIE XOPOIIO IMOAJAEPKaHHbIE KJIAJbI, YTO MOATBEPXKIACT UX ecTecTBeHHOCTh. ITS mo-
CJIeI0BATEIHLHOCTH aHATM3NPYEMbIX PACTEHHH KaKJI0HM KIaabl MMEIOT rpynnocrnenuduueckne 3aMeHbl,
KOTOpBIE MapKUPYIOT MX IMOJOXKEHHE Ha (PHIIOTCHETHYECKOM JiepeBe. AHAIN3 MOP(OIOTHUECKUX TPH-
3HaKOB B COBOKYMHOCTH C MOJEKYJISPHBIMH JaHHBIMHU ITO3BOJIJI IIPOBECTH BUOBYIO HACHTH()HUKAIIUIO
pactenuit u3 poxa Liparis. Ha Tepputopun AMypcKkoii 00JIacTH, COTIACHO (PIOPUCTUYECKUM CBOJKAM,
OBLTH OTMEUeHBI ABa Buaa (Liparis japonica u L. makinoana). I3ydenue nomynsnuii Liparis, HAICHHBIX
B IIPUPOJIE, a TAKIKE PE3yIbTAaThl aHAJIN3a MOP(POIOTHIECKUX W MOJIEKYJISIPHBIX JaHHBIX ITOKa3ajH, 9TO HA
nuccieayeMoil Tepputopun, kpome L. japonica u L. makinoana npouspacrtaer L. kumokiri, a Taxxe eme
OJIMH BH/JI, BO3MOXHO, SIBJISIIOIINICS HOBBIM JJIsSI HAYKN. Y TOYHEHO PAacIpOCTpaHEHUE STUX BUIOB Ha 00-
CJI€ZIOBAHHBIX HAMH TEPPUTOPHUIX AMYPCKOH 00J1acTH, a TAK)KE BBISIBICHBI HX HOBBIE MECTOHAX0XKICHHUS.
CocrostHue IEHOMOMYISINI N3yYeHHBIX BUI0B B OOJBIIMHCTBE MECT OONTAHUS OBIIIO YIOBIETBOPUTEIb-
HEIM. OTMeueHO Xopoliee MI0JOHONIEHNE U HAaJH4Hne BO300OHOBIEHH. B MecTax nx mponspacTaHus Mo-
T'yT OBITh 3aJI0’KEHBI TPOOHBIE TUTOIIAIN AT IPOBEICHNS MOHUTOPHHTOBBIX HccienoBanuii. [lomydenusie
JaHHBIE O COCTOSIHUH TIOMYJSINNA PEJKUX BUIO0B OydyT MCIOJIB30BAHBI IPHU MTOATOTOBKE HOBBIX M3JIaHUN
KpacHbIX KHUT. Ha 00ciie1oBaHHBIX HAMH TeppUTOpHUAX AMypckoit oOnactu Hannuue Liparis makinoana
HE IMTOJITBEPKACHO MOJICKYISIPHBIMU JaHHBIMH.

KarueBsble ciioBa: KpaCHa;{ KHHUTIa, MOJICKYJISPHBIC HCCICAOBAHUA, MOpq)OJ'IOI‘I/I‘ICCKI/Ie NpU3HAKHU, 0co060
OXpaHseMas NMpUpOAHas TEPPUTOPUA, pEAKUEC BUbI, COCTOSIHUC HCHOHOHyﬂHHHﬁ, (I)I/IJ'IOFCHI/IPI
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