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Abstract

DNA-barcoding revealed/confirmed the range extension of the following bryophytes: Schistidium

elegantulum (Leningrad Province, Russia), S. pruinosum (Leningrad Province, Russia), Didymodon validus

(Moscow, Russia), and Sphagnum olafii (Buryatia, Yakutia, and Khabarovsk Territory, Russia).

Резюме

С помощью ДНК-баркодинга выявлены или подтверждены находки за пределами основного

ареала следующих видов мохообразных: Schistidium elegantulum (Ленинградская область, Россия),

S. pruinosum (Ленинградская область, Россия), Didymodon validus (г. Москва, Россия), and Sph-

agnum olafii (Бурятия, Якутия и Хабаровский край, Россия).
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INTRODUCTION
This paper continues the series of brief reports of new

findings proved in the course of the bryophyte DNA bar-

coding studies. It presents various finding where the se-

quencing either confirms species identities, which are

ambiguous by various reasons, or disclose their affini-

ties, or support generic placements of certain taxa that

have never been investigated for molecular markers ear-

lier, or have never been barcoded previously, or have been

barcoded from different parts of the world. Being ob-

tained in the course of screening rather than special

projects of a particular group, such data may remain un-

submitted to DNA databases and stay neglected and not

searchable among published materials.

1. Schistidium elegantulum H.H. Blom

Contributors: E.M. Ryzhova, L.E. Kurbatova, V.O.

Khairetdinova, A.A. Vilnet

Specimen: RUSSIA: Leningrad Province, Vyborg Dis-

trict, Polyanskoye rural settlement, outskirts of the vil-

lage of Pesochnoe, Fort Ino, 60.16901°N, 29.38391°E,

southwest side of the concrete pillbox wall, 13.VIII.2025,

E.M. Ryzhova & V.O. Khairetdinova (LE B-0049045).

DNA: Isolate M18. GenBank accession number

PZ252753 (nrITS).

The morphological identification of Schistidium spec-

imen gathered on pillbox wall of fortification building of

the First World War was hampered by the absence of spo-

rophytes. The BLAST search (https://blast.ncbi.nlm.nih.gov)
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of its nrITS1-2 reveals the 95-98% similarity with ac-

cessions of Schistidium elegantulum. To prove the spe-

cies identity and evaluate its molecular variability, the

nrITS1-2 dataset was created including S. elegantulum

accessions from several European countries, as well as

the single available Russian accession, accession from

Krasnodar Territory of Russia (DQ822022/HM031071).

Five closely related according to Blom et al. (2025) taxa

were added to phylogenetic reconstruction by maximum like-

lihood approach with IQ-Tree (Nguyen et al., 2015). Tree

topology (Fig.1) shows the position of the specimen from

Leningrad Province in a clade with numerous specimens of

Schistidium elegantulum. The p-distance estimation in Mega

11 (Tamura et al., 2021) reveals the variability till 1.3% in

nrITS1-2 of selected specimens of S. elegantulum, with the

highest similarity of the Leningrad’s specimen to the acces-

sion from Krasnodar Territory.

In Russia, Schistidium elegantulum is known from

the Caucasus, Eastern Siberia, and Primorsky Territory.

In European Russia, this species was recorded from Mos-

Fig 1. The maximum likelihood phylogenetic tree

for Schistidium elegantulum and related species.

GenBank accession numbers and voucher details are

provided. The newly sequenced specimen from

Leningrad Province is in bold.

cow, Lipetsk, Ryazan, Rostov, and Voronezh Regions

(Ivanov et al., 2017). One of the geographically close

record of this species is from Pskov Region (Zolotov &

Zolotova s.n. 13.IX.1999, MHA) and Karelia (Ignatovf

et al., 2006). Several finds are provided for Baltic states

and southern Finland (Hyvärinen et al., 2019). Our record

supported by nucleotide sequence data is the first for the

Leningrad Province.

2. Schistidium pruinosum (Wilson) G. Roth

Contributors: E.M. Ryzhova, L.E. Kurbatova, A.A.

Vilnet

Specimens: RUSSIA: Leningrad Province, Lomonos-

ovsky district, Lebyazhenskoye urban settlement, Fort

Krasnaya Gorka, 59.97623°N, 29.33280°E, north-east-

ern descent, inner part of the concrete pillbox wall,

13.X.2024, E.M. Ryzhova & L.E. Kurbatova (LE B-

0049044).

DNA: Isolate M17. GenBank accession number

PZ252752 (nrITS), PZ263162 (trnL-F).

The Schistidium-like specimen with poorly defined

papillae on the leaf surface gathered in the abandoned

fortification could not be reliably identified based on mor-

phological features. Hofbauer et al. (2016) proposed the

nrITS2 as a barcode for identification of poorly devel-

oped Schistidium plants colonizing building surfaces,

allowing to discover a hidden diversity in this genus.

We were able to obtain  nrITS1-2 and trnL-F sequenc-

Fig 2. The maximum likelihood phy-

logenetic tree for Schistidium pruinosum

and related species. GenBank accession

numbers and voucher details are pro-

vided. The newly sequenced specimen

from Leningrad Province is in bold.
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es for the tested specimen. BLAST search (https://

blast.ncbi.nlm.nih.gov/) of nrITS1-2 provided 91–96%

similarity with two accessions of Schistidium pruinosum

from the Russian part of Caucasus (HM053933, Kabar-

dino-Balkarian Republic, 27.VII.2004 Ignatov & Igna-

tova s.n., MW and HM053932, Republic of Adygeya,

26.VI.2003 Akatova s.n., MW); these two specimens were

found to be distantly related by Milyutina et al. (2010).

The trnL-F sequence suggests 99% similarity with the

corresponding part of the whole chloroplast genome of

Schistidium strictum (Turner) Loeske ex Mãrtensson

(OZ350023). Due to a limited number of accessions for

trnL-F region of Schistidium species, an estimation of

the phylogenetic affinity and species identity of the test-

ed specimen was based on nrITS1-2 sequences only. The

dataset with 16 accessions of the species  closely related

to Schistidium pruinosum (according to the topologies

provided by Milyutina et al., 2010, and Hofbauer et al.,

2016) was analyzed by maximum likelihood method in

the program IQ-Tree (Nguyen et al., 2015). In the ob-

tained tree (Fig. 2), the specimen from Leningrad Re-

gion was found in the robustly supported clade composed

of Schistidium pruinosum from Republic of Adygeya and

two unidentified specimens from Germany and Italy. The

specimen of Schistidium pruinosum from Kabardino-

Balkarian Republic revealed the sister affinity to this

clade. The p-distances of tested specimen calculated in

Mega 11 (Tamura et al., 2021) are 0.2% to both speci-

mens from European countries and 0.6% to the speci-

men from Adygeya. The Kabardino-Balkarian specimen

is diverged from the listed Schistidium pruinosum acces-

sions in 4.3-5.5%, which is similar to the distances be-

tween pairs of species Schistidium apocarpum – S. stric-

tum or S. lancifolium – S. andreaeopsis. According to

the phylogenetic position and sequence similarity with

European accessions, the Leningrad specimen should be

treated as Schistidium pruinosum. This is the first record

of this species for the region.

In Russia Schistidium pruinosum is known from Re-

public of Bashkortostan (Zolotov 07-42, MHA9116800),

several regions of the Caucasus (Ignatova & Blom, 2017),

Khabarovsk Territory (Ignatov & Ignatova 13-514,

MHA9116799), and Murmansk Region (Kozhin et al.,

2019).

3. Didymodon validus Limpr.

Contributors: M.S. Ignatov, E.A. Ignatova, Y.S. Ish-

chenko, A.V. Fedorova
Specimen: RUSSIA: Moscow, 55.841932°N,

37.617073°E, ca. 140 m elev., Tsitsin Main Botanical

Garden, alpinarium of the Caucasian plants, on vertical

surface of the limestone wall faced to the lawn, 29.X.2024,

Ignatov & Ishchenko 24-2064, MHA.

DNA: Isolate OK4187. GenBank accession number

PZ252753 (nrITS), PZ715504 (trnG).

This is a common species in Asian Russia, Caucasus

and some montaneous regions of Europe. However, in

Cental European Russia it was known as a rare species

from more southern Kursk, Lipetzk, Voronezh Provinc-

es and recently discovered in Ryazan Province (Kuznets-

ova et al., 2025). The new collection was done in the

Botanical Garden, on an artificially constructed hill for

Caucasian plants. This place was studied earlier (Igna-

tov & Ignatova, 1990), and there was found only D. fal-

lax, the most common species of the genus Didymodon

s.l. in Moscow Province. Therefore, we presume spread-

ing of D. validus in recent years.  BLAST seach found

ITS  of this specimen similar for >99.5% with 18 speci-

mens of D. validus and noone else species; BLAST of

trnG found 100% similarity only with six accessions of

D. validus. This specimens has been published using iden-

tification by morphology (Ignatov et al., 2025), but con-

sidering numerous misidentifications in this genus we

provide here a molecular barcoding confirmation.

4. Sphagnum olafii Flatberg

Contributors: A.V. Shkurko, O.I. Kuznetsova, E.D.

Lapshina & V.E. Fedosov

Specimens: RUSSIA: (1) Buryatia, Tunkinskiy Dis-

tr., vicinity of Mondy, Khullugaima Mt. cirque, 51.769°N,

100.891°E, damp alpine tundra, 17.VII.2023 coll. Fe-

dosov V.E. #319 (MW). (2) Yakutia, Kytalyk National

Park, to the west of the Chokurdakh settlement, 70.796°N,

145.853°E, polygonal bog, on permafrost ridge dividing

polygons and occupied by Salix pulchra, Carex aquatil-

is, Sphagnum squarrosum, Aulacomnium spp., etc.,

21.VII.2023 coll. Fillipov I.V. #125F-4 (s124) (MHA),

05366 (YSU). (3) Khabarovsk Territory, Amur District,

Sanboli surroundings, Alga River valley, 49.336°N,

135.121°E, Betula ovalifolia, Chamaedaphne calycula-

ta, Carex lasiocarpa & Sphagnum spp. (S. imbricatum,

S. obtusum, S. orientale) dominated mire, 1.VIII.2025

Lapshina E.D. #38E/1-1a (MHA), 07299 (YSU). (4)

Khabarovsk Territory, Amur District, Selgon surround-

ings, 49.579°N, 135.417°E, dwarf shrub (Chamaedaphne

calyculata)–horsetail (Equisetum fluviatile)–Sphagnum

spp. (S. imbricatum, S. obtusum, S. orientale, S. subse-

cundum) dominated mire, 2.VIII.2025 coll. Filippov I.V.

#42F-2a (MHA), 07388 (YSU).

DNA: Isolates/GenBank accession numbers (1)

OK3765 / PZ569218; (2) OK852 / PZ569217; (3) OK4432

/ PZ569216; (4) OK4508 /  PZ569215.  (RAPD-A).

Sphagnum olafii (sect. Acutifolia) was described from

Svalbard (Flatberg, 1993). The species has circumpolar

distribution at high latitudes, where it occupies predom-

inantly arctic and alpine tundra communities and mires

(Flatberg, 1993; Flatberg et al., 2016). In Russia this spe-

cies occurs from Yamalo-Nenets Autonomous District to

Chukotka (Flatberg et al., 2016; Beldiman et al., 2020;

Lapshina & Filippov, 2025), while the southernmost lo-

calities was reported from alpine tundra in Zabaikalsky

Territory (Flatberg et al., 2016) and South Buryatia (Fe-

dosov et al., 2025). Recently, the plants morphologically

similar to S. olafii were collected from Khabarovsk Ter-
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ritory where they grew in minerotrophic Betula ovalifo-

lia-sedge (Carex lasiocarpa)-Sphagnum mires with

Chamaedaphne calyculata and Equisetum fluviatile in

the Middle Amur Lowland in the southern taiga subzone,

which is rather unusual for this Arctic-alpine species. To

check the identity of these plants we used molecular bar-

coding approach to compare with the available GenBank

accessions and other S. olafii specimens collected from

arctic and alpine tundra communities, including the spec-

imen from East Sayan (Buryatia).

For DNA barcoding we used anonymous nuclear re-

gion RAPD-A; protocols of DNA extraction follows Fe-

dosov et al., 2016, amplification and sequencing follow

Shaw et al. (2003). To evaluate affinities of the studied

specimens, we added our dataset with 23 accessions of

RAPD-A region representing S. olafii from Svalbard and

some other species of S. subg. Acutifolia: S. arcticum

Flatberg & Frisvoll, S. fimbriatum Wilson, S. flavico-

mans (Cardot.)Warnst., S. fuscum (Schimp.) H. Kling-

gr., S. girgensohnii Russow, S. junghuhnianum Dozy &

Molk., S. squarrosum Crome, S. subfulvum Sjörs, S. sub-

nitens Russow & Warnst., S. teres (Schimp.) Ångstr. and

S. wulfianum Girg. Sequences were aligned using MA-

FFT v.7487 for Windows (Katoh et al., 2002) and then

alignments were edited manually in BioEdit (Hall, 1999).

Topologies inferred from RAPD-A were considered with

the indel data scored using the simple indel coding (SIC)

approach (Simmons & Ochoterena, 2000) in SeqState

1.4.1. (Müller, 2005) for Bayesian (BI) reconstructions

and in FastGap 1.2 (Borchsenius, 2009) for Maximum

likelihood (ML). Settings of phylogenetic analysis fol-

low Shkurko et al. (2026) in present volume. DNA bar-

coding confirmed the morphology-based identification

of the species (Fig. 3) and its range extensions south-

ward in mountains of south Siberia and Southern part of

Russian Far East.
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