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Abstract

Diplophyllum purpurascens is described from the northern part of Yunnan Province in China based on the evidence obtained 
during an integrative study. The new species differs from congeners in its pinkish to purplish gemmae—a feature not known 
before in Diplophyllum. The species occupies a basal position in a clade composed of D. sibiricum, D. obtusifolium and D. 
andrewsii and is morphologically similar to all the aforementioned species. Diplophyllum purpurascens probably belongs to 
the group of Sino-Himalayan liverworts—a very diverse, little understood complex of taxa.
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Introduction

Diplophyllum (Dumortier 1831: 44) Dumortier (1835: 15) is a genus within the Marchantiophyta, which includes 22 
species (Söderström et al. 2016, Bakalin and Vilnet 2018), the main diversity of which are in the Southern Hemisphere 
(Potemkin 1999). As it was shown by Engel and Smith Merrill (1998), the highest endemism level is observed in New 
Zealand, Tasmania and South Australia and the South America. The Palearctic contains only a few taxa, all of which 
are from the subg. Diplophyllum, including D. albicans (Linnaeus 1753: 1133) Dumortier (1835: 16), D. apiculatum 
(Evans 1902: 372) Stephani (1910: 110), D. andrewsii Evans (1922: 28), D. obtusifolium (Hooker 1812: 26) Dumortier 
(1835: 16), D. serrulatum (Müller 1903: 34) Stephani (1910: 112), D. sibiricum Vilnet & Bakalin in Bakalin & Vilnet 
(2018: 1280), D. taxifolium (Wahlenberg 1812: 389) Dumortier (1835: 16), and D. trollii Grolle (1966: 273). Apart 
from D. obtusifolium, all the listed species occur in East Asia and were recently reviewed by Bakalin & Vilnet (2018). 
The aforementioned study also showed the heterogeneous nature of D. albicans, from which two genetically distinct 
units were revealed. One of them is probably restricted to temperate Europe, and another is restricted to northern 
circumpolar latitudes. The specimens of D. albicans from the southern extremes of the area in East Asia were not 
tested. One more species (Diplophyllum nanum Herzog (1950 [1951]: 48) occurs at the edge of the Palearctic in 
Bhutan and North Vietnam (Long & Grolle 1990; Srivastava et al. 1990; Bakalin et al. 2018a) and may be found in 
Yunnan and thus should be taken into account. The core area of D. nanum lies in South and Southeast Asia, eastward 
to Papuasia (Srivastava & Alam 2005). The Chinese flora (Gao & Wu 2008) indicates one more Diplophyllum species 
for China, D. apiculatum, although, it was previously regarded as a mistaken record (Piippo 1990). The differentiation 
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between D. albicans and D. apiculatum were noted by Potemkin et al. (2008). Indeed, the occurrence of this taxon in 
Asia is very doubtful considering the geographic patterns of the species, which seems to be restricted to eastern North 
America. The recent short exploration of Yunnan liverworts, conducted by Bakalin and Ma in the autumn of 2018 in 
Dali prefecture, Jianchuan County, revealed purplish plants that were identified in the field as a peculiar Diplophyllum 
with pigmented gemmae—a feature not reported for other representatives of the genus (although the gemmae of D. 
gemmiparum Engel & Smith Merrill (1998: 255), a taxon endemic to New Zealand from subg. Austrodiplophyllum 
Schuster (1968: 18) are brownish orange). The main goal of this paper is to discuss the present record in light of an 
integrative approach including molecular genetic, morphological and ecological features.

Material and methods

Collecting area

The species was collected in Jianchuan County of the Dali Prefecture in the Kong River basin. The nearest available 
climate data are from the town of Jian Chuach (https://en.climate-data.org/asia/china/yunnan/jianchuan-45915/), which 
is 16 km ESE from the collection locality. The region has a monsoon climate, with a distinct summer precipitation 
maximum, an annual mean temperature of 14.5°C, and an annual precipitation of 1029 mm. The coldest month is 
January, with an average temperature of 7.7°C and an average minimum temperature of 0.8°C. The elevation of the 
aforementioned meteorology station is 2196 m a.s.l., which is far lower than 3380 m a.s.l., where the species was 
collected. The difference in elevation is indicative of at least temporary snow cover in the collection area during the 
three coldest months at least (from December to february).

Taxon sampling for molecular phylogenetic estimation

To test the phylogenetic affinity of the Chinese Diplophyllum sp. specimen, we produced a new dataset (57 specimens) 
for the family Scapaniaceae, including combined ITS1-2 nrDNA, a trnL-f and rbcL cpDNA matrix for the genus 
Diplophyllum (38 specimens) from Bakalin and Vilnet (2018); nucleotide sequence data for 9 species of Scapania 
(Dumortier 1831: 38) Dumortier (1835: 14), 3 species of Douinia (Jensen 1915: 145) Buch (1928: 13), and 2 species 
of Schistochilopsis (Kitagawa 1965: 289) Konstantinova in Konstantinova & Vasiljev (1994: 125); Pseudotritomaria 
heterophylla (Schuster 1958: 272) Konstantinova & Vilnet (2009 [2010]: 66); Saccobasis polita (Nees 1836: 145) 
Buch (1932 [1933]: 292); and Lophozia silvicoloides (Kitagawa 1965: 276) as an outgroup. Additionally, the specimen 
of D. оbtusifolium from Alaska (USA) was sequenced and added to the dataset. for Scapania sphaerifera Buch & 
Tuomikoski (1936: 227), S. microdonta (Mitten 1891: 196) Müller (1905: 262), Schistochilopsis incisa (Schrader 
1797: 5) Konstantinova in Konstantinova & Vasil’ev (1994: 125), and Douinia ovata (Dickson 1793: 11) Buch (1928: 
14), nucleotide sequence data were combined from two or three specimens. The GenBank accession numbers of the 
specimens included in the current study are presented in Appendix 1.
 DNA isolation, amplification and sequencing were implemented according to procedures described in Bakalin & 
Vilnet (2018).

Phylogenetic analyses

BioEdit 7.0.1 (Hall 1999) was used to produce the ITS1-2, trnL-f and rbcL nucleotide datasets. The three datasets 
revealed congruent topologies in a preliminary phylogenetic estimation; thus, they were combined. All the positions of 
the final alignment were included in the analyses, and the absent loci were coded as missing.
 The phylogeny was tested by maximum parsimony (MP) with TNT v. 1.5 (Goloboff & Catalano 2016), maximum 
likelihood (ML) with PhyML v. 3.0 (Guindon et al. 2010) methods and a Bayesian approach with MrBayes v. 3.2.1 
(Ronquist et al. 2012). The parsimony analysis with TNT involved a new technology search for the minimum length 
tree based on five iterations and 1000 bootstrap replicates. Default settings were used for the other parameters, and the 
gaps were coded by a modified complex coding algorithm in SeqState (Müller 2005).
 for the ML analysis, ModelGenerator (Keane et al. 2004) revealed TN+I+Г as the best-fitting evolutionary 
model for the combined dataset. A gamma distribution with four rate categories was used to address among-site 
rate heterogeneity. The bootstrap support (BS) for individual nodes was assessed using a resampling procedure with 
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250 replicates according to the stopping frequency criterion (fC) for the bootstrap (Pattengale et al. 2010) to reach 
convergence with a Pearson average of ρ100 = 0.993310, as estimated by RAxML v. 7.2.6 (Stamatakis 2006).

FIGURE 1. The phylogenetic tree obtained under the maximum likelihood criterion for the family Scapaniaceae based on combined 
nucleotide sequences dataset ITS1-2+trnL-f +rbcL. Bootstrap support values under maximum parsimony, maximum-likelihood, and 
Bayesian posterior probabilities > 50% (0.50) are indicated.
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FIGURE 2. Diplophyllum purpurascens Bakalin & Vilnet: A—plant habit with gemmae at leaves apices, dorsal view; B—plant habit, 
dorsal view; C—stem cross section; D–G—leaves. Scales: a—100 µm, for C; b—1 mm for A, B, D–G. All from С-73-29-18 (VBGI).

 for the Bayesian analysis, each partition of the combined alignment (ITS1-2, trnL-f and rbcL) was separately 
assigned to the more common GTR+I+Г model incorporated in MrBayes v. 3.2.1 and suggested by its authors; the 
gamma distributions were approximated using four rate categories. Two independent runs of the Metropolis-coupled 
ΜCMC were used to sample parameter values in proportion to their posterior probability. Each run included three 
heated chains and one unheated chain, and two starting trees were chosen randomly. Three million generations were 
performed, and the trees were sampled every 100th generation. The software tool Tracer (Rambaut & Drummond 2007) 
revealed an effective sample size (ESS) of 4571,8412 and an autocorrelation time (ACT) of 1181,1871 for our data. As 
determined by Tracer, the first 3000 trees in each run were discarded as burn-in. Thereafter, 54,000 trees were sampled 
from each run. The average standard deviation of split frequencies between two runs was 0.003327. The Bayesian 
posterior probabilities were calculated from the trees sampled after the burn-in.
 The molecular divergence of the Chinese specimens from other known Diplophyllum species was estimated as 
the average pairwise p-distances calculated in Mega 5.1 (Tamura et al. 2011) using the pairwise deletion option for 
counting gaps.

Results

four sequences were newly obtained: ITS1-2 (GenBank accession number: MN886589), trnL–f (MN885879) and 
rbcL (MN885880) for the Chinese specimens and trnL-f (MN956388) for the specimens of Diplophyllum obtusifolium 
from the USA (Alaska). The combined alignment for the 57 specimens of Scapaniaceae and the outgroup taxon consists 
of 1987 sites. Of these, 892 sites belong to ITS1-2, 461 sites to trnL-f, and 634 sites to rbcL. The number of variable 
positions in ITS1-2, trnL-f and rbcL is 425 (47.65%), 170 (36.88%) and 68 (10.72%), respectively, and the number of 
parsimony-informative positions is 242 (27.13%), 102 (22.13%) and 37 (5.84%).
 The MP analysis with TNT yielded 13 equally parsimonious trees with a length of 2408 steps (CI = 0.61 and 
RI = 0.79). The ML criterion recovered a tree with a log likelihood of -10540.12. The arithmetic means of the log 
likelihoods in the Bayesian analysis for each sampling run were -10014.08 and -10013.21.
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 As a result of the phylogenetic estimation, three highly congruent tree topologies were obtained. The tree calculated 
in the ML search, along with the ML and MP bootstrap values (BS) and the Bayesian posterior probabilities for each 
node, is presented in fig. 1. The phylogenetic affinity of the family Scapaniaceae resembled those published in Vilnet 
et al. (2010) and the relationships within the genus Diplophyllum the same as those in Bakalin & Vilnet (2018). The 
tested Chinese specimen was placed in the base (BS=96 in MP, BS=94 in ML, PP=1.00 in BA or 96/94/1.00) of a clade 
consisting of a subclade of sister species D. sibiricum and D. obtusifolium (96/89/0.95) and allied to D. andrewsii 
(100/100/1.00). The specimen of D. obtusifolium from Alaska was located together with the specimen from Oregon 
(67/50/0.88).
 The Chinese specimen of Diplophyllum sp. is molecularly highly divergent from other Diplophyllum species 
studied here: ITS1-2 similarity from 4.3 to 14.0%, trnL-f similarity from 3.0% to 6.5% and rbcL similarity from 1.1 
to 3.1% (Table 1), which clearly characterized it as a new species to science.

TABLE 1. The value of ITS1-2/trnL-f/rbcL p-distances of newly described Diplophyllum purpurascens from other species 
of the genus Diplophyllum, n/c—non calculated value due to unsequenced DNA locus.

Species D. tax. D.alb. D. sib. D. obt. D. andr. D. ser. D. trollii D. apic.

D. purpurascens 6.0/4.3/1.9 6.4/3.5/2.2 7.1/3.0/1.1 7.7/4.4/1.2 8.1/4.7/n/c 10.9/6.1/2.5 11.1/5.6/3.1 12.6/6.5/2.6

Taxonomic treatment

Diplophyllum purpurascens Bakalin et Vilnet sp. nov.

Description: Plants erect, in loose patches, merely rigid, rusty colored to green brown, commonly with purplish or 
pinkish apices bearing ill-defined purple masses of gemmae, 0.7–1.5 mm wide and 0.8–2.0 cm long. Stem sparsely 
laterally (lateral intercalary) branched, brownish to greenish, ventrally brownish to brown and purple-brown, well 
developed, 150–180 μm in diameter, nearly orbicular in cross section, external wall strongly thickened (to 3 μm 
thick), outer surface papillose, the outer layer of cells with unequally thickened walls, with moderate in size, concave 
trigones, 10–12 μm in diameter, inward cell walls become thin, with small to vestigial, concave trigones, 7–12 μm 
in diameter in dorsal half of the cross section and 5–9 μm wide in ventral half of the section, were densely infected 
by fungal hyphae. Rhizoids sparse to more or less numerous, their density varying from shoot to shoot, commonly 
spreading from the stem at right angles near apex and then forming distinct mat on the ventral side of the shoot towards 
the posterior end of the plant, colorless to light grayish, rarely purplish in basal part, if the stem ventral side is purple-
brown in color. Leaves contiguous, rarely somewhat distant, turned dorsally, distinctly sheathing the stem near base, 
obliquely spreading and keeled above; dorsal lobe narrowly obliquely ovate, its axis ca. 25–30° with the stem axis, 
0.4–0.8 × 0.18–0.25 mm, always with narrowly acute apex and roughly and irregularly dentate along outer (dorsal) 
lobe margin; leaf keel commonly arched, with 20–30° with axis in its lower third to 60–70° with stem axis in its upper 
third (average is near 45°), not winged, absent in the leaf base (where leaf is sheathing the stem), ca. 1/3 of dorsal 
lobe length; ventral lobe curved, its axis in 15–20° with stem axis near the leaf base to 90–110° with stem axis in its 
upper third, lanceolate, 0.6–0.95 × 0.25–0.36 mm, apex always acute, toothed in apical part and outer (the ventral 
most) side, the inner side not or infrequently toothed, the upper part of ventral margin only weakly toothed, largest 
and prominent teeth near base. Cells in middle part of outer margin of ventral lobe with thickened walls commonly 
elongate in direction perpendicular to margin, 5–7 μm along margin, strongly thickened, trigones small, in diameter 
less than 1/4 of the cell lumen, concave; cells in the middle part of leaf ventral lobe oblong, 4–6-angled, 10–23 × 7–13 
μm, thin-walled, with small to moderate in size, concave trigones, with trigone diameter varying from 1/5 to 1/3 of cell 
lumen; surface papillose in the middle part of leaf ventral lobe, papillae difficult to observe, oblong, 6–10(–14) × 2–4 
μm. Gemmae 10–12 μm in diameter, 4–6-angled distinctly thickened, unicellular, greenish to pinkish and purplish. 
Otherwise unknown (fig. 2, 3).
 Holotype:—China. Yunnan Province: Dali Prefecture, Jianchuan County, Yang-Cen Xiang, ridgeline of one of the 
spurs of the Lao-Jun-Shan Range (26°35’41.8”N 99°45’51.6”E), 3380 m a.s.l., broadleaved (evergreen and deciduous) 
forest along ridge, with some rocky outcrops. Leg. V.A. Bakalin & W.Z. Ma 11 October 2018, С-73-29-18 (VBGI, 
isotypes – KPABG, KUN).
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FIGURE 3. Diplophyllum purpurascens Bakalin & Vilnet: A—gemmae lying on leaf apical part, dorsal view; B—gemmae; C—plant 
habit, dorsal view; D, E—oil bodies in the midleaf cells; f, G—papillose cuticle. Scales: 100 µm, for A, B, D–G; 1 mm for C. All from 
С-73-29-18 (VBGI).

Discussion

Scapaniaceae is not a genus-rich family and includes six genera: Diplophyllum (23 species, including data from the 
present account), Douinia (3 species), Pseudotritomaria (monotypic), Saccobasis (2 species), the species-rich Scapania 
(ca. 100 species), and Schistochilopsis (9 species) (Söderström et al. 2016, Bakalin & Klimova 2016, Bakalin & Vilnet 
2018). Pseudotritomaria and Saccobasis are restricted to the northern latitudes in the Holarctic, Douinia is generally 
found in the amphi-Atlantic and amphi-Pacific regions, and Scapania is mainly in the Holarctic, with relatively few 
representatives in the tropics and extratropical Southern Hemisphere. Schistochilopsis is generally hemiarctic, with a 
few representatives reaching tropical latitudes in high elevations of mountains in East Asia and even northern Andes 
in South America. In contrast, Diplophyllum is quite diverse in the Southern Hemisphere, not only in terms of species 
diversity but also in the subgeneric sense; for example, subg. Austrodiplophyllum (plants with subequally bilobed 
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leaves) is restricted to the Australasia. The morphological peculiarity, ecology and distribution pattern of the genus 
inspired the concept of Diplophyllaceae as an independent bigeneric (including Douinia) family by Potemkin (1999), 
which is, however, not confirmable by genetics. Potemkin (1999) provides data (partly out of date now) showing that 16 
of 24 species of Diplophyllum are restricted to the Southern Hemisphere (where many of them are relatively narrowly 
distributed endemics) and only 8 species are restricted to the Holarctic. Contrary to many other liverwort genera 
(Solenostoma Mitten (1864 [1865]: 51), Scapania, Anastrophyllum Spruce (1876: 235), Frullania Raddi (1818: 9), 
etc.) the Sino-Himalaya is not remarkable in the presence of the narrowly distributed Diplophyllum taxa. Diplophyllum 
trollii (genetically closely related to the amphi-Pacific temperate D. serrulatum) was previously known as the only 
taxon restricted to the Sino-Himalaya and the eastern macroslope of the Hengduan range. Diplophyllum purpurascens 
is another example of the same group of Sino-Himalayan Diplophyllum.
 The most distinct and observable feature (even at first glance) of Diplophyllum purpurascens are the pinkish to 
purplish gemmae; this feature rarely occurs and is usually not described for the genus. In the vast majority of taxa, the 
gemmae are colorless to greenish, rarely tending to be yellowish, slightly brownish and golden, although the rest of 
the plant may be distinctly green-brown to yellow-brown. An exception is Diplophyllum sibiricum which does have 
brown to purplish brown gemmae (Bakalin & Vilnet 2018). Another exception is in the New Zealand D. gemmiparum, 
which has brownish-orange gemmae. The latter, however, is a New Zealand endemic taxon strikingly different in 
morphology, especially in its subequally lobed leaves (a feature characteristic of the entirely southern hemisphere 
subg. Austrodiplophyllum, the taxonomic status of which was never tested genetically). Within the Scapaniaceae, 
red gemmae are also known in Scapania, Pseudotritomaria and Saccobasis, and the last two genera occupy early 
diverging positions in the known phylogeny of the family (Vilnet et al., 2010).  Purple and red gemmae also occur in 
several sections of Scapania, although they are more common (if not dominant) in the subgenera Plicaticalyx Müller 
(1903: 36) and Protoscapania Amakawa & Hattori (1954: 109); both occupy early diverging positions (Bakalin et al., 
2019; Heinrichs et al., 2012). These colored gemmae in Scapaniaceae may be regarded as plesiomorphic feature in 
contrast to the general trend of greenish gemmae in all other known genera of Scapaniaceae.
 Due to the colored gemmae, Diplophyllum purpurascens can be easily distinguished among the bulk of the Holartic 
taxa. If gemmae are not available, this species may be misidentified for some other taxa, including 1) D. serrulatum 
(differs in its sparsely dentate, not serrulate leaf margin, versus serrulate leaf margins in D. serrulatum), 2) D. trollii 
(differs in its less well-developed leaf cuticle verrucae and rusty coloration versus verrucose leaf surfaces and greenish 
coloration in D. trollii) and 3) D. apiculatum (different from D. purpurascens in its distinct ‘vitta’ area in the ventral 
leaf lobe; moreover, the occurrence of D. apiculatum is unlikely in the East Asian flora).
 The distribution of Diplophyllum purpurascens is greatly restricted as it is only known from one specimen. The 
species was collected from partly shaded moist cliff crevices in broadleaved forest (both deciduous and evergreen trees 
dominating), along ridge with some rocky outcrops at the spur of the Lao Jun Shan Range at an elevation of 3380 m 
a.s.l. The most common liverwort represented in the area is Anastrepta orcadensis, a sparsely distributed (although 
locally abundant) taxon from mountainous Asia in orotemperate to orohemiboreal regions.  Previously we showed 
that D. trollii, which was known from Abies Miller (1754: 1)-Rhododendron Linnaeus (1753: 392) forests in Bhutan, 
Nepal, and Sikkim in India and Yunnan in China (Long, 2005), can also occur in subtropical forests at 1200–1300 m 
a.s.l. in the Guizhou Province of China (Bakalin & Vilnet, 2018). Diplophyllum purpurascens may belong to that group 
of taxa, such as D. trollii and many others in Scapaniaceae (Amakawa, 1964, 1966; Grolle, 1966; Müller, 1905) and in 
other families of Marchantiophyta (Bakalin et al., 2018a, 2018b, 2019; Herzog, 1939; Long, 2005; Mitten, 1860; Váňa 
& Long, 2008, 2009, etc.) which are described from or restricted to the Sino-Himalaya
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APPENDIX 1. The list of specimens used in current molecular phylogenetic analysis, the GenBank accession numbers 
are provided ITS1-2/trnL-f/rbcL, for four newly generated accessions the specimen voucher information is added.

Diplophyllum albicans Germany -/JN631491/AM392309; Norway: Svalbard EU791774/EU791660/-; Russia: 
Kamchatka Terr.1 Mf289692/Mf289748/Mf289720, Kamchatka Terr. 2 Mf289693/Mf289749/Mf289721, 
Karachaevo-Cherkessia Rep. EU791773/EU791659/-, Magadan Prov. Mf289694/Mf289750/Mf289722, Sakhalin 
Prov., Kuril Islands, Paramushir Isl. Mf289695/Mf289751/Mf289723; Ukraine Mf289696/Mf289752/Mf289724; 
D. andrewsii Russia: Sakhalin Prov., Kuril Isl., Kunashir Isl. Mf289697/Mf289753/-; D. apiculatum USA Mf289698/
Mf289754/Mf289725; D. оbtusifolium Poland JN631355/JN631493/-; Germany JN631354/JN631492/-; USA: 
Alaska, Hutten, 16895 (VBGI)-/MN956388/-, Oregon -/AY507526/AY507397; D. purpurascens China: Yunnan Prov., 
Bakalin, C-73-29-18 (VBGI) MN886589/MN885879/MN885880; D. serrulatum Japan: fukuoka Pref. Mf289703/
Mf289762/Mf289733; South Korea: Jeonnam Prov. 1 Mf289704/Mf289763/Mf289734, 2 Mf289705/Mf289764/
Mf289735, 3 Mf289706/Mf289765/Mf289736, 4 Mf289707/Mf289766/Mf289737; D. sibiricum Russia: Amur 
Prov. 1 Mf289700/Mf289758/Mf289729; 2 EU791775/AY327782/-; Buryatiya Rep. 1 Mf289685(ITS1), Mf289713 
(ITS2)/Mf289755/Mf289726; 2 Mf289699/Mf289756/Mf289727; Kemerovo Prov. -/Mf289759/Mf289730; 
Yakutiya Rep. Mf289686(ITS1), Mf289714(ITS2)/Mf289757/Mf289728; D. taxifolium Germany JN631356/-/-; 
Japan: fukuoka Pref. Mf289708/Mf289767/Mf289738;
Russia: Buryatiya Rep. Mf289687 (ITS1), Mf289715 (ITS2)/Mf289768/Mf289739,
Commander Islands, Bering Isl. Mf289709/Mf289769/Mf289740,
Kamchatka Terr. Mf289710/Mf289770/Mf289741,
Kareliya Rep. EU791772/AY327762/-, Komi Rep. Mf289688 (ITS1), Mf289716 (ITS2)/Mf289771/Mf289742, 
Krasnodar Terr. Mf289689 (ITS1), Mf289717 (ITS2)/-/Mf289743, Magadan Prov. Mf289690 (ITS1), 
Mf289718(ITS2)/Mf289772/Mf289744,
Sakhalin Prov., Kuril Islands, Paramushir Isl. Mf289712/Mf289775/Mf289747,
Sakhalin Prov., Sakhalin Isl. Mf289711/Mf289774/Mf289746,
Trans-Baikal Terr. Mf289691 (ITS1), Mf289719 (ITS2)/Mf289773/Mf289745; D. trollii China: Guizhou Prov. 
1 Mf289701/Mf289760/Mf289731, 2 Mf289702/Mf289761/Mf289732; Douinia imbricata USA EU791770/
EU791658/-; D. ovata USA: Washigton EU791771/-/-, Washigton -/AY327778/-, United Kingdom: Scotland -/-/
Jf513457; D. plicata Russia: Kamchatka Prov. EU791768/Af519198/-; Lophozia silvicoloides Russia: Murmansk 
Prov. DQ875099/DQ875064/-; Pseudotritomaria heterophylla Russia: Yakutiya Rep. EU791805/EU791686/-; 
Saccobasis polita Russia: Kemerovo Prov. EU791809/EU791690/Kf852308; Scapania aspera Bulgaria GQ900012/
GQ900222/AM392310; S. bolanderi USA JN631386/JN631523/KC184745;
S. ferruginea India EU791766/Af119193/-; S. microdonta Russia: Buryatiya Rep. EU791769/Af519199/-, Russia 
-/-/Kf852299; S. portoricensis Equador JN631466/JN631601/KC184754; S. sphaerifera Russia: Buryatiya Rep. 
EU791765/EU791656/-, Siberia -/-/KC184755; S. uliginosa Austria JN631479/JN631613/KC184756;
S. umbrosa Germany JN631481/JN63161/KC184757; S. undulata Italy JN631484/JN631618/KC184758; 
Schistochilopsis opacifolia Norway DQ875121/DQ875082/-; S. incisa Russia: Murmansk Prov. -/DQ875083/-; 
Germany -/-/AM392308.


