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LOPHOZIA SAVICZIAE SCHLJAKOV (LOPHOZIACEAE, MARCHANTIOPHYTA) - ONE
MORE ALLOPOLYPLOID SPECIES OF LIVERWORTS

LOPHOZIA SAVICZIAE SCHLJAKOV (LOPHOZIACEAE, MARCHANTIOPHYTA) — EIIE
OJIVH AJUIOTIOIUIUIONJHBIN BUJT IIEYUEHOUYHUKOB

NADEZHDA A. KONSTANTINOVA! & ANNA A. VILNET!
HAIEXIA A. KOHCTAHTUHOBA' 5 AHHA A. BUWIBHET!
Abstract

Lophozia savicziae is a poorly known species described in 1973 from Murmansk Region of Russia
and also recorded from North Asia, Greenland, and West of North America including Alaska. The
isotype specimen of L. savicziae (Schljakov # 4-71 KPABG) was successfully sequenced. The obtained
incongruence of topologies inferred from ITS1-2 nrtDNA and #7nL-F cpDNA data suggested a hybrid
origin of L. savicziae from L. silvicoloides (paternal parent) and Lophozia sp. (maternal parent). Lophozia
savicziae keeps both parental ITS1-2 copies that suggests a non-completeness of concerted evolution
in this allopolyploid species. In the result of the integrative study all tested accessions of L. savicziae
were found only in the Murmansk Region. The specimens identified as L. savicziae from Svalbard,
several localities of the Murmansk Region, the Khanty-Mansi (Yugra) autonomous area, the Krasnoyarsk,
the Kamchatka Territories, and the Chukotka Autonomous Area were referred to L. silvicoloides which
apparently is not rare in tundra and high mountains. Three specimens were referred to Lophozia sp.
Morphologically L. savicziae differs well from Lophozia silvicoloides in leaf and perianth shape. It is
much more difficult to distinguish it from Lophozia sp., which we hesitate to describe due to the lack
of appropriate data.

Pesrome

Lophozia savicziae — manou3BecTHBIH BUJ, onucaHHbId B 1973 roxy u3 MypmaHckoil obrnactu
Poccun, npuBonsmuiics taoke u3 CesepHoit Azum, ['pennananu u ¢ 3anana CeBepHOt AMEPHKH, BKIIO-
gasg Amnsicky. Mzotun L. savicziae (1Lnsixo # 4-71 KPABG) 6511 yenemno cekBeHHpoBaH. [lomydenHoe
HECOOTBETCTBHUE TOIOJOTHH, BeIsiBIIeHHOE Ha ocHOBe JaHHbIX ITS1-2 su/IHK u trnL-F xnJIHK, mo3so-
JIVJIO TIPEIIOJIOKHUTE THOPUIHOE IPOUCXOKAeHUE L. savicziae ot L. silvicoloides (ponuTens o OTLOB-
cKoif muHKN) u Lophozia sp. (poautens no MarepuHckoi tuuun). Y Lophozia savicziae cOXpaHUIUCH
xoruu ITS1-2 060oux poAUTENBCKUX BHUJIOB, YTO CBHUETEIHCTBYET O HE3aBEPLIEHHOCTH KOHIEPTHOU
9BOJIIOIMU 3TOTO AJIONOIMIUIONAHOTO BUAA. B pesymbrare KOMIIEKCHOTO HCCIENI0BaHUS 00pas3Iibl,
COOTBETCTBYIOLIME TUILY L. savicziae, OblM 0OHApYyKeHBI TONbKO B MypMmaHckoit o6mactu. OGpasisl,
ompereneHHsle Kak L. savicziae co lllnundeprena, U3 HECKOIBKUX paiioHOB MypMaHCKo# obnacTu,
Xantsl-Mancuiickoro asroHoMHOro okpyra (FOrpa), Kpacuosipckoro n Kamuarckoro kpaes 1 UykoTckoro
ABTOHOMHOTO OKpyTa, ObUTH OTHECEHBI K L. silvicoloides, koTopas, TO-BUAUMOMY, HE SABIIAETCS PEIKOCTHIO
B TYHApPax U BBICOKOTOphsX. Tpu oOpasna otHeceHsl K Lophozia sp. Mopdonorudecku L. savicziae
xopoio ominyaercs oT Lophozia silvicoloides dhopmoii mucTbeB u nepuantusd. [opasno cioxHee
OTIMYHTH €€ OT Lophozia sp., KOTOPYIO MBI TIOKa HE ONMCHIBAEM U3-3a HEJOCTATKA JAaHHBIX.

KEYWORDS: Lophoziaceae, ITS1-2 ntDNA, #rnL-F cpDNA, integrative taxonomy, hybridization,
morphology, distribution, hybrid origin

INTRODUCTION

The genus Lophozia (Dumort.) Dumort. is one of the
most complicated liverwort genera in the north of the
Holarctic in terms of the interpretation of the described
taxa. Eighteen binominals were listed in the World check-
list of hornworts and liverworts (Soderstrom ez al., 2016).
Later two more species were described, particularly Lo-
phozia fuscovirens (Bakalin, 2019) and L. svalbardensis
(Konstantinova et al., 2020), and two species were trans-
ferred into Lophozia from other genera, including L.

koreana from the genus Tritomaria Schiffn. ex Loeske
(Bakalin et al., 2021) and L. obscura from the genus
Schistochilopsis (N. Kitag.) Konstant. (Bakalin ef al.,
2020). Only five species are accepted more or less with-
out a doubt, while the majority of species possess “knowl-
edge problem” or even “serious doubts” (Sdderstrom et
al.,2016). One of the species marked as “knowledge prob-
lem” is Lophozia savicziae Schljakov. It means that “the
taxon is not well known by the person evaluating it. It
may be a newly described species or a species originally
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Fig. 1. The label of Lophozia savicziae isotype preserved in
KPABG.

not well described and not restudied recently”. Clarify-
ing the phylogenetic position and taxonomy of such spe-
cies on the basis of an integrative approach with the in-
clusion of type specimens which are still suitable for DNA
extraction, seems to us to be one of the most urgent and
important tasks.

Lophozia savicziae was described from the Khibiny
Mountains in the Murmansk Region (Schljakov, 1973).
It is mainly known from specimens collected and identi-
fied by R.N. Schljakov and his students. The species has
been recorded from the northern regions of Russia as
well as from the mountains of South Siberia and Far East
of Russia. Outside Russia, the species has only been re-
corded for isolated localities in Sweden and in Svalbard
(Bakalin, 2005; Konstantinova et al., 2009). K. Dam-
sholt (2002) considered the species questionable as Lo-
phozia wenzelii (Nees) Steph. var. lapponica H.Buch et
S.W.Arnell, but later attributed it to Lophozia ventricosa
var. grandiretis (H.Buch et S.W.Arnell) R.M.Schust. et
Damsh. (Damsholt, 2013). Lophozia savicziae has nev-
er been included into molecular phylogenetic estimations
of Lophozia. Therefore, when last year the senior author
collected a very good material of this species in the Khib-
iny Mountains (Murmansk Region), we decided to se-
quence plants from the collected specimen, as well as to
try to sequence the plants of the isotype stored in the
herbarium of the Polar-Alpine Botanical Garden-Insti-
tute of the Kola Science Centre of Russian Academy of
Science (KPABG) (Fig. 1), and some specimens identi-
fied as Lophozia savicziae from different regions of Rus-
sia and Svalbard also preserved in KPABG. The aim of
the current study is to verify the molecular genetic iden-
tity of specimens referred to L. savicziae, determine its
phylogenetic position, and clarify morphological features
that distinguish it from closely related species.

MATERIAL AND METHODS

Morphological study

Specimens identified as Lophozia savicziae and mor-
phologically somewhat similar L. silvicoloides stored in
KPABG were revised. Morphology of thirteen more or
less recently collected specimens identified as Lophozia
savicziae and L. silvicoloides from remote areas of Eur-
asia and Svalbard and the isotype of L. savicziae (Mur-

mansk Region, Khibiny Mountains, Schljakov # 4-71)
involved in molecular study (see below) were studied more
carefully using light microscopes equipped with digital
cameras.

It should be clarified, however, that the specimen of
Schljakov No. 4 (Schljakov # 4-71, KPABG(H)3752),
collected by him on July 25, 1971 on the Mount
Woodyavrchorr in Khibiny, is not indicated as an isotype
in the protologue. The author of the description indicat-
ed specimen No. 6 as the type, which label is completely
identical to the specimen No. 4 label, except for the date
of identification, marked as July 1974 (Fig. 1). Lophozia
savicziae was described in 1973 (Schljakov, 1973), based
on the specimen identified initially as L. murmanica as
is marked by the author (l.c.). In the specimen with the
field number 4, Schljakov’s field name is Lophozia mur-
manica as well (Fig. 1), it was exactly the same with No.
6, which was also named L. murmanica as written in the
protologue (l.c.). All this convinces us that both speci-
mens were collected simultaneously in one place, and in
accordance with the explanation in the note 1 to Article
8.2: of the International Code of Nomenclature for al-
gae, fungi, and plants (Shenzhen Code)(Turland et al.,
2018), the only differences in field number are not an
obstacle to recognizing the specimen as an isotype.

Sampling for molecular analyses

Thirteen specimens referred to Lophozia savicziae
were molecularly tested for the first time. The specimens
of Lophoziopsis longidens (Konstantinova # K12-4-23)
and Oleolophozia perssonii (Konstantinova & Savchen-
ko # K3-10) were newly sequenced in this study as well,
and the latter species was used as an outgroup taxon ac-
cording with modern phylogenetic treatment (Bakalin ez
al., 2024). Following our previous studies of the genera
Lophozia and Lophoziopsis (Konstantinova et al., 2020)
the ITS1-2 nrDNA and #nL-F cpDNA were selected as
molecular genetic markers. Additionally datasets for
molecular phylogenetic reconstructions were compiled
by twenty nine specimens of both genera, including four
specimens of Lophozia silvicoloides (Appendix).

Selected specimens studied including all specimens
involved in the molecular investigation.

Lophozia savicziae Schljakov — Russia. Murmansk Re-
gion: Khibiny Mountains, Woodyavrchorr Mount (67.650801°N
— 33.640917°E), 600 m a.s.l., 25.VIL.1971 Schljakov # 4-71
[KPABG(H)3752]; ibid. (67.60509°N — 33.60541°E), 500 m
a.s.l., 20.VII1.2024 Konstantinova # 25-3-24 [KPABG(H)
126740]; Panskie Tundra, Kamenik Mount, Konstantinova #
K203-2-07 [KPABG(H)18034]; Keivy Ridge, Konstantinova #
65-2-97 [KPABG(H)6183]. Lophozia sp. — Russia. Kamchat-
ka Terr.: Commander Isl., Bering Isl., Bakalin # K-16-8-02-VB
[KPABG(H)103428 as Lophozia savicziae]; South Kamchatka
(53°00°’N — 158°25’E), 300 m a.s.l., 22.VII.2001 Bakalin #
73-2-01-VB [KPABG(H)103798, as Lophozia savicziae]; Cen-
tral Kamchatka (55°05’N — 159°00’E), 1000 m a.s.1, 2.1X.2002
Bakalin # K-39-1-02-VB [KPABG(H)104025 as Lophozia sav-
icziae]. Lophozia silvicoloides N. Kitag. — Russia. Krasno-
yarsk Terr., Sibiryakov Isl., 19.VII.1989 Kuvaev [KPABG(H)
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Fig.2. Phylogram obtained by maximum likelihood method for the genera Lophozia and Lophoziopsis based on a) ITS1-2 and
b) trnL-F datasets. Bootstrap supports from maximum likelihood analysis and Bayesian posterior probabilities after Bayesian
estimation more than 50% (0.50) are indicated. The voucher information are provided, specimens firstly tested in this study are

marked with asterisk.

109866]; Buryatia Rep., Konstantinova # 119-2-02 [KPABG(H)
126733, as Lophozia savicziae]; Chukotka Autonomous Area:
115 km of the Egvekinot-Iultin highway, 20.VII.1970 Afonina
[KPABG(H)103125, as Lophozia savicziae]; Arakamchechen
Island, 19.VIIL.1976 Afonina [KPABG(H)106528]; Norway.
Svalbard: Nordaustlandet, Prins Oskar Land (78.002627°N —
15.850970°E), 85 m a.s.l., 31.VIL.2006 Konstantinova # K122-
9-06 [KPABG(H) 111833, as Lophozia savicziae], Western
Spitsbergen Island, Nordenskiold Land, Gr@ndalen
(78°01°29”N — 14°21°02” E), 7m a.s.l., 27.VI1.2004 Konstan-
tinova [KPABG(H)110030, as Lophozia savicziae).

DNA isolation, PCR amplification, DNA sequencing

DNA was extracted with the HiPure SF Plant DNA
Kit (Magen, China) according with manufacturer’s pro-
tocol. The ITS1-2 and #rnL-F genetic regions were am-
plified and sequenced with pairs of primers provided by
White ef al. (1990) and Taberlet et al. (1991). PCR was
carried out in 20 pl volumes with the following amplifi-
cation cycles: 3 min at 94°C, 30 cycles (30 s 94°C, 40 s
56°C, 60 s 72°C) and 2 min. of final extension time at
72°C. The amplified fragments were visualized on 1%
agarose TAE gels by EthBr staining, purified using the
Cleanup Mini Kit (Evrogen, Russia), and used as a tem-
plate in sequencing reactions with the ABI Prism Big-
Dye Terminator Cycle Sequencing Ready Reaction Kit

(Applied Biosystems, USA) following the standard pro-
tocol provided for 3100 Avant Genetic Analyzer (Applied
Biosystems, USA).

In a case of a heterogeneity of ITS1-2 sequences in
specimens Konstantinova # K-25-3-24 and Schljakov #
4-71, amplicons were cloned by protocol provided in
Evrogen Joint Stock Company (Moscow, Russia). Three
clones per each of two specimens were sequenced with
primers for ITS1-2.

Phylogenetic analysis

The sequences for 15 specimens were assembled in
the program BioEdit 7.0.1 (Hall, 1999). The ITS1-2 and
trnL-F alignments were automatically produced with
ClustalW (Thompson et al., 1994) and then manually
corrected. The ITS1-2 and #rnL-F datasets revealed in-
congruence in term of relation of Lophozia savicziae spec-
imens in the preliminary estimation, thus phylogenetic
analyses provided for each dataset separately. The maxi-
mum likelihood analysis (ML) was provided with the
program IQ-TREE (Nguyen et al., 2015), the Bayesian
analysis (BA) with MrBayes v. 3.2.1 (Ronquist ef al.,
2012). The best fit evolutionary models of nucleotide
substitutions for ML calculations were selected in pro-
gram ModelFinder (Kalyaanamoorthy et al., 2017): the
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TN+F+G4 model was suggested for ITS1-2, the
HKY+F+I+G4 for trnL-F. The ultrafast bootstrapping
procedure (Hoang et al., 2018) with 1000 replicates was
used. For the Bayesian analysis the GTR+I+G model as
recommended by the program’ creators was implement-
ed for both ITS1-2 and #nL-F dataset; gamma distribu-
tions were approximated with four rate categories. Two
independent runs of the Metropolis-coupled MCMC were
used to sample parameter values in proportion to their
posterior probability. Each run included three heated
chains and one unheated chain, and the two starting trees
were chosen randomly. The number of generations was
one million. Trees were saved every 100th generation.
The average standard deviation of split frequencies be-
tween two runs for ITS1-2 dataset was 0.009441, for trnlL-
F dataset — 0.004992. The first 2500 (25%) trees were
discarded in each run and 15000 trees from both runs
were sampled after burn-in for each dataset. Bayesian
posterior probabilities were calculated from trees sam-
pled after burn-in. The sequence variability was estimat-
ed as the average pairwise p-distances for ITS1-2 and
trnL-F in Mega 11 (Tamura ef al., 2021) using the pair-
wise deletion option for counting gaps.

RESULTS

Molecular phylogenetic study

The 14 accessions of ITS1-2 and 15 accessions of
trnL-F were firstly obtained and deposited into GenBank.
The ITS1-2 dataset counts 895 positions, trnL-F — 515.
The arithmetic mean of Log likelihood was -3579.465
for single tree obtained for ITS1-2 dataset in ML calcu-
lation, the means of Log likelihood in BA analysis were
-3622.23 and -3620.34. The arithmetic means of Log like-
lihood were -1486.001 for single tree reconstructed from
trnL-F dataset in ML analysis, and -1528.26 and -1527.56
in BA calculation.

Tree topologies reconstructed by both analyses for
ITS1-2 dataset are similar, as well similarity in topology
is found in two calculations of #nL-F dataset. Fig. 2 il-
lustrates the ML topology with indication of bootstrap
support (BS) values from ML calculation and Bayesian
posterior probabilities (PP) from BA for ITS1-2 and #rnL-
F dataset consequently.

The genera Lophozia and Lophoziopsis take a rela-
tion on obtained phylogeny, the phylogenetic affinity
among species are stable and correspond with the results
of previous estimation (Konstantinova et al., 2020). Thir-
teen specimens named as L. savicziae did not form a
single clade but were dispersed into four clades; more-
over, some specimens were resolved in a different posi-
tions in trees inferred from ITS1-2 and #rnL-F data. Spec-
imens Konstantinova # K122-9-06 and # K241-1b-12
from Svalbard, Afonina KPABG(H)103125 and
KPABG(H)106528 from Chukotka, and Kuvaev
KPABG(H)109866 from Sibiryakov Island were resolved
in a clade of L. silvicoloides in trees inferred from both
genomic regions. The specimens Bakalin # 73-2-01-VB

and # K-39-1-02-VB from Kamchatka Territory and Kon-
stantinova # 119-2-02 from Buryatia Republic composed
a clade with sister relation to L. silvicoloides-clade in
both trees; they are named here as Lophozia sp. We can-
not be completely sure of the correctness of attributing
the maternal species to this poorly known taxon. Howev-
er, a number of morphological features (see below) al-
lows us to make this assumption. Four specimens of L.
savicziae from different localities in Murmansk Region,
including isotype Schljakov # 4-71, were placed in L.
silvicoloides-clade in ITS1-2 topology and in the clade
with three specimens of Lophozia sp. in trnL-F topology.
Evidently, this group of specimens presents a true L. sav-
icziae, that originated through hybridization of paternal
parent L. silvicoloides and maternal parent Lophozia sp.
Among the clones obtained for Schljakov #4-71 and Kon-
stantinova # K-25-3-24, one group (clones 7, 4d, 6d,
3d) is similar with the sequences of L. silvicoloides spec-
imens, whereas the other group (clones 2, 44) are locat-
ed in a separate phyla between L. silvicoloides and Lo-
phozia sp. clades. Clone 2 from Konstantinova # K-25-
3-24 is characterized by ITS1 similar to Lophozia sp.
clade, but ITS2 is similar to L. silvicoloides-clade. Clone
44 from Schljakov # 4-71 has ITS1-2 resembling those
of Lophozia sp.-clade, but with a number of substitu-
tions. Two other specimens of L. savicziae from the Mur-
mansk Region were not used for cloning but revealed
heterogeneity in both spacers, and their dominant copy
of ITS1-2 is similar to the L. silvicoloides-clade.

The p-distances were evaluated for Lophozia silvico-
loides, true L. savicziae specimens including the obtained
copies of both parental genomes, Lophozia sp. and three
close relative species according phylogeny - L. dubia, L.
koreana and L. fuscovirens (Table 1). True L. savicziae,
Lophozia silvicoloides and Lophozia sp. are characterized
by similar low level of infraspecific variability in both se-
quenced loci (0.2-0.3% in ITS1-2, 0.1-0.2% in trnL-F).
The paternal ITS1-2 copies of L. savicziae differ from L.
silvicoloides in 0.6%, which is within the frame of in-
fraspecific variability in the genus Lophozia (Bakalin, Vil-
net, 2019). The maternal ITS1-2 copy of Konstantinova #
K-25-3-24 differs in 1.7% from Lophozia sp., the mater-
nal ITS1-2 copy of Schljakov #4-71 - 0.9% from Lopho-
zia sp. The trnL-F dissimilarity of L. savicziae and Lo-
phozia sp. is 0.1%. Both Lophozia sp. and L. silvico-
loides are diverged by 2.6% in ITS1-2 and 1.4% in trnL-
F. The level of differentiation between Lophozia sp. and L.
silvicoloides is at least two times lower than the diver-
gence with the phylogenetically allied species L. koreana
(4.2-4.3% in I1TS1-2, 2.5-3.3% in trnL-F), L. dubia (5.3-
5.9% inITS1-2,2.5-3.6% in trul-F) or L. fuscovirens (4.4-
5.0% in ITS1-2, 2.5-3.0% in trnL-F).

Thus, Lophozia silvicoloides and Lophozia sp. present
a complex of closely related species with a common ori-
gin, which in the course of evolution led to the creation
of L. savicziae through hybridization.
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Morphology

Lophozia savicziae shares with both parents numer-
ous biconcentric oil-bodies,1-2-celled gemmae that are
pellucid to greenish, and distinctly concave leaves. Lo-
phozia silvicoloides differs from Lophozia savicziae in
1) the shape of perianth which is very large and long
exserted from bracts, has laciniate-ciliate mouth with
teeth 2-3 cells wide at base and 5-7 cells long vs. not
long exserted and relatively small perianth with teeth 1—
2(3) cells long in L. savicziae; 2) deeper (1/4-1/3) and
mostly angulate sinuses of leaves vs. shallow (up to 0.25
of leaf length) crescentic sinuses of leaves in L. saviczi-
ae; 3) distinctly cuspidate lobes, often ending in 2(3) su-
perposed cells and slightly elongated uppermost cell; 4)
narrow, (0)2(3) cells wide postical free leaf zone vs. 3—7
cells wide in L. savicziae. Lophozia sp. differs from L.
savicziae in 1) often antically decurrent leaves vs. not
or slightly decurrent leaves in L. savicziae; 2) smaller
size of midleaf cells, (18)20-22(25) um, cells isodiamet-
ric, mixed with distinctly elongated cells 18—20 pm wide
and 25-32 um long vs. (20)22—-40 (45) um wide and
(23)27-45 pm long in L. savicziae and L. silvicoloides;
3) smaller gemmae, that are pellucid to greenish but with
admixture of few brownish, ca. (15)18-20(22) x 19-20(23)
pm vs. (18)22-30 x 15-30(33) um in L. savicziae and
Lophozia silvicoloides; 4) narrower postical free leaf
zone, which is 2(3) cells wide, vs 3—7 cells wide in L.
savicziae. However, the size of cells and gemmae, the
width of postical free leaf zone, as well as the color of the
plants are quite variable in the studied specimens, which
can clearly be seen from the range of sizes given above.

Distribution

At this stage we can only preliminary estimate distri-
bution of the three species, mostly based on sequenced
specimens, and our assumptions are as follows.

Lophozia silvicoloides is the most widespread. It has
an almost circumpolar distribution, occurring from Sval-
bard in the west (Soderstrom et al., 2021), where it is
probably not uncommon under suitable conditions, to the
Magadan Region, Kamchatka, and the Khabarovsk Ter-
ritory, the Kuril Islands and Japan in the east, the moun-
tains of Primorsky Territory in the south (Bakalin, 2005).
Between these extreme points, the species is known from

the Urals, Sibiryakov Island, and it has been repeatedly
recorded for the Murmansk Region. In North America,
the species is so far known from Alaska (Bakalin, 2005).

Lophozia sp. is so far known from South and Central
Kamchatka and South Siberia. Evidently, the species is
more widespread and has the arctic-montane distribu-
tion.

Lophozia savicziae is only known for sure from the
Murmansk Region.

Ecology

All three species grow on peat soil covering moist cliffs,
on fine earth in crevices of rocky placers, and on peat soil
on banks of streams; they occur from near sea level in
Svalbard up to 1880 m a.s.l. in Khamar-Daban Moun-
tains (South Siberia) and around 1000 m alt. on the Kam-
chatka Peninsula. Besides that, the widespread Lophozia
silvicoloides occurs in Svalbard and Russian Arctic in moist
moss (including Sphagnum) - low shrub tundras and in
moss - Pinus pumila tundras. In Japan, from where Lo-
phozia silvicoloides was described, it is found “on humus
under shrubs of Pinus pumila, rarely descending to the
upper edges of subalpine coniferous forest” (Kitagawa,
1965: 278).

DISCUSSION

The tree topologies obtained from nuclear and chlo-
roplast markers reveal different phylogenetic relation of
L. savicziae that suggests its hybrid origin from Lopho-
zia silvicoloides and unknown species Lophozia sp. in a
course of reticulate evolution. The allopolyploidy of L.
savicziae is supported by the presence in its genome of
two copies of ITS1-2 corresponding to both parental taxa
— Lophozia silvicoloides and Lophozia sp. The parental
copies of ITS1-2 were sequenced for the isotype speci-
men (Schljakov # 4-71) and for the specimen recently
gathered at a distance of about 10 km from the type lo-
cality of Lophozia savicziae (Konstantinova # K-25-3-
24). The ITS1-2 copies corresponded to Lophozia silvi-
coloides vary in a level of infraspecific variation. The
ITS1-2 copies inherited from Lophozia sp. clearly differ
from it due to the substitutions in Schljakov # 4-71 or
even a recombination event in Konstantinova # K-25-3-
24 in ITS2, whereas ITS1 remains similar to Lophozia sp.
Apparently, the nuclear genome gradually loses one of

Table 1. The value of infra- and interspecific p-distances for the selected species of the genus Lophozia, n/c — non calculated

R

value due to single specimen only,

- non calculated value due to absence nucleotide sequence data.

Taxon Variability, ITS1-2/trnL-F, %
Infra- Interspecific
pecific Lsavic. L.dglvic. d.2 4-71d.44 L. . L.fusc. L. dubia
L savicziae 0.3/0.1
L. silvicoloides 0.2/0.2 0.6/1.3
L. savicziae K-25-3-24 cl.2 nlc/- 1.4/- 1.1/-
L. savicziae 4-71 cl.44type  nlc/- 2.3/ 2.2/- 1.0/
Lophozia sp. 0.3/0.2 27/01 26/1.4 1.7/- 0.9/-
L. fuscovirens n/c/ nlc 5.0/29 4.8/25 4.7I- 4.3/- 4.4/3.0
L. dubia n/c/ nlc 59/25 59/36 6.2/- 5.7/- 5.3/26 7.2/13.8
L. koreana n/c/ nlc 4.2/25 4.3/3.3 4.7I- 4.5/- 43/26 6.3/3.2 5.1/0.3
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two parental copies in the course of concerted evolution,
and specimen collected close to the locus classicus 50
years later shows significant changes towards the pre-
dominance of only one copy of the nuclear genome. Liv-
erworts plastid genome is inherited as uni-parental
(Szweykowska-Kulinska et al., 2002), and this parent is
maternal (Natcheva & Cronberg, 2007). In case of Lo-
phozia savicziae, the maternal parent is Lophozia sp.,
while the paternal parent is L. silvicoloides. Lophozia
savicziae appears to be a genetically restricted taxon, due
to its phylogenetic position and genetic divergence, based
on nucleotide data obtained from the isotype specimen
and additional three specimens from different localities
in Murmansk Region of Russia.

Among leafy liverworts, a hybrid origin has been
shown for Porella baueri (Boisselier-Dubayle et al.,
1998), Porella platyphylloidea (Heinrichs et al., 2011),
Calypogeia sphagnicola (Buczkowska et al., 2012), Pla-
giochila britannica (Barbulescu et al., 2017), Blepharos-
toma trichophyllum (Bakalin et al., 2020), and Lophozi-
opsis rubrigemma (Konstantinova et al., 2023). The in-
completeness of ntDNA concerted evolution was shown
for Barbilophozia rubescens, which revealed the pres-
ence of two parental copies of ITS1-2 in its genome ob-
tained in cloning procedure (Vilnet et al., 2012).

Morphologically, L. savicziae differs more or less well
from Lophozia silvicoloides (see results) in leaf and pe-
rianth shape. However, the poor knowledge of the mor-
phological variability of both taxa and misunderstand-
ing of their boundaries resulted in many confusing iden-
tifications. Moreover, the same specimen could be iden-
tified by the same author in different ways in different
years. An example is the specimen from the Grgndalen
in Svalbard. It was identified as Lophozia savicziae and
under this name is stored in the herbarium [KPABG(H)
110030], although on the draft label in envelope it is
written by N. Konstantinova in brackets L. silvicoloides,
and in the publications (Konstantinova, 2007; Konstan-
tinova & Savchenko, 2008) this specimen is given as L.
silvicoloides. 1t is so in many specimens of L. silvico-
loides from Russia and Svalbard; these specimens often
have red-brown color, which does not agree with the de-
scription of L. silvicoloides by Kitagawa (1965:276) who
described its color as “pale green or pale brown”. How-
ever, it should be emphasized that in some of the studied
specimens with the colored plants almost pure green
plants were also found. So, obviously, this feature is not
essential for this species. In addition, it should be noted
that there is no single specimen from Japan in our mo-
lecular sampling, and the species occurs in Japan “on
humus under shrubs of Pinus pumila” (Kitagawa, 1965),
whereas in Svalbard and Russia it occurs mostly on hu-
mus covered rocks and in moist moss — low shrub tun-
dra. A comparative integrative study of the specimens
from Japan with specimens from Russia and Svalbard is
necessary to determine if all these plants belong to one
species.

It is somewhat more difficult to characterize the mor-
phological differences of Lophozia sp. which is very sim-
ilar to L. savicziae in color and leaf shape. One of its
distinguishing features is the size of the leaf cells, which
are somewhat smaller in Lophozia sp. However, relatively
small cells are also found in some specimens of L. savic-
ziae, including the isotype. Another distinguishing fea-
ture is the width of the postical free leaf zone which is 1—
2 cells wide in Lophozia sp. but 3—5 cells wide in L.
savicziae. However, in small plants of L. savicziae, the
postical free leaf zone may be quite narrow, just 1-2 cells
wide. It should be added that none of the studied speci-
mens of Lophozia sp. contain perianth and, accordingly,
its characters are unknown. Considering all this, we hes-
itate to describe Lophozia sp. as new species based on
these three specimens.

Thus, L. savicziae differs from both parents, although
these differences are often difficult to detect because of the
significant variability of almost all the considered charac-
ters, in particular, the color of plants, the size of leaf cells
and gemmae, and the width of postical free leaf zone.

The difficulties in understanding of Lophozia savic-
ziae are also evidenced by its synonymization by K. Dam-
sholt with Lophozia wenzelii var. lapponica H.Buch et
S.W. Arnell (Damsholt, 2002) or Lophozia ventricosa
var. grandiretis (H.Buch & S.W.Arnell) R.M.Schust.
(Damsholt, 2013). The obtained results show that L. sav-
icziae is closely related neither to L. ventricosa nor L.
wenzelii and cannot be considered as a variety of these
species. However, it is important to emphasize that the
interpretations of both L. wenzelii and L. ventricosa com-
plexes are extremely contradictory and require careful
study with expanded sampling based on an integrative
approach.

The obtained results show that one of three species
with biconcentric oil-bodies (L. savicziae) is an allopoly-
ploid of the other two (Lophozia silvicoloides and Lo-
phozia sp.). These three closely related taxa are clearly
distinguished from other species of the genus Lophozia.
Two other taxa of Lophozia characterized by biconcen-
tric oil bodies (L. schusteriana and L. silvicola) were not
considered. However, this should be a special study that
requires significant efforts, which, however, can lead to
interesting results and help in unwinding the tangle of
problems associated with this complex.
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Appendix. The list of specimens included in this study with voucher details and GenBank accession numbers, newly obtained
accessions are in bold. For some specimens the species names as stored in KPABG are provided in parentheses.

Taxon Voucher GenBank accessions #

nriTS1-2  cp trnL-F
Lophozia ascendens(Warnst.) RM. Schust.  Russia BuryatiaRep., Konstantinova 109-3-01 (KPABG-104300) DQ875089 DQ875054
L. augtrosibirica Bakalin Russia BuryatiaRep., Bakalin 15-9-99 (K PABG-109664) DQ875105 DQ875069
L. dubia Schiffn. China, Bakalin C-83-7-18 (VBGI) OR982393 OR995729
L. fuscovirensBakdin & Vilnet Norway: Svabard, Savchenko CA16-12-1¢c (KPABG-121433) MK774737 MK779914
L.guttulata(Lindb.) A. Evans Russia: Buryatia Rep., Konstantinova 81-1-01 (KPABG-104253) DQ875108 DQ875072
L. koreana (Bakdin, S.S. Choi & B.Y. Sun)

Matseva, Vilnet & Bakdin Republic of Korea: Jeollabuk-do, Bakalin Kor-74-5-19 (V GBI-85004) MW685441 MW654174
L. lantratovae Bakalin Russia: BuryatiaRep., Bakalin 76-7-01 (K PABG-102544) DQ875090 DQ875055
L. obscura(Bakdin) A.V. Troitsky, Bakdin

& Fedosov Russia: Sakhdin Terr., Kuril 14, Iturup 1., Bakalin K-79-21-15 (VBGI) MT431697 MT381919
L. savicziae Schljakov Russia: Murmansk Prov., Schljakov4-71 (KPABG-3752), type

clone3d P\V480873

clone6d P\v480874

cloned4 PV480875 PQ767091
L. saviczae Russia Murmansk Prov., Kongtantinova K-25-3-24 (KPABG)

clonedd P\V480876

clone7 P\v480877

clone2 PV480878 PQ767092
L. savicziae Russia: Murmansk Prov., Konstantinova K203-2-07 (K PABG-18034) PV485289 PV537237
L. savicziae Russia: Murmansk Prov., Konstantinova 65-2-97 (K PABG-6183) PV485290 PV537238
L. slvicoloidesN. Kitag. (asL. cf. saviciae) Norway: Svalbard, Konstantinova K122-9-06 (K PABG-111833) PQ763426 PQ767090
L. slvicoloides (asL. savicziae) Norway: Svalbard, Konstantinova K130-10-04 (K PABG-110030 Nodata PQ767089
L. slvicoloides Norway: Svabard, Konstantinova K241-1b-12 (KPABG) MW298767 MW297148
L. silvicoloides Norway: Svalbard, Konstantinova 150-2-04 (K PABG) DQ875100 DQ875065
L. sIvicoloides (asL. ventricosavar. ventricosa) Russia ChukotkaA.O., Afonina 20.08.1970 (KPABG-103125) PV485291 PV537239
L. slvicoloides (asL. savicziae) Russia: ChukotkaA.O., Afonina 19.08.1976 (K PABG-106528) PV485292  PV537240
L. slvicoloides Russa KamchatkaTer., Bakalin K-57-23-02-VB (K PABG-104240) DQ875098 DQ875063
L. silvicoloides Russia Khanty-Mans AutonomousAres, Filippov YSU-MH-04195(YSU,LE)  OP811455 OP821982
L. slvicoloides (asL. savicziae) Russia: Krasnoyarsk Terr., Sihiryakov 4., Kuvaev 19.07.1989 (KPABG-109866) PV485293 PV537241
L. silvicoloides Russia: Murmansk Prov., Konstantinova 356-4-00 (K PABG-8088) DQ875099 DQ875064
L. svalbardenssKondant., Vilnet& Mamontov  Norway: Svalbard, Konstantinova K-135-3a-07 (KPABG-123473) MW298768 MW297149
L. wenzdlii var. groenlandica (Nees) Bakain Russia Murmansk Prov., Bakalin 9329 (KPABG-9329) DQ875109 DQ875073
L.wenadii var. lapponicaH. Buch& SW.Amdl Russia Perm Terr., Bezgodov AB206-09 (K PABG-122460) MW298769 MW?297150
L. wenzdii var. lapponica Norway: Svabard, Kongtantinova 124-2-04 (KPABG-123979) DQ875112 DQ875076
L. wenzdlii var. lapponica Russa Arkhangelsk Prov., Franz Josef Land, Ziegler 4., Savchenko,

CA19-29-10a-1 (KPABG) MT422262 MT431406
L. wenzdii var. massularioides Bakain Russia: Karachayevo-Circassian Rep., Onipchenko 31.08.83 (MHA) DQ875111 DQ875075
L.sp. (esL. saviczae) Russa Kamchatka Terr., Commander I4., Bering 4.,

Bakalin K-16-8-02-VB (K PABG-103428) PV485297 PV537245
L. sp. (asL. savicdiae) Russa BuryatiaRep., Konstantinova 119-2-02 (K PABG-126733) PV485296 PV537244
L. . (esL. savicziae) Russa: KamchatkaTerr., Bakalin 73-2-01-VB (K PABG-103798) PV485294 PV537242
L. . (esL. savicziae) Russia: KamchatkaTerr., Bakalin K-39-1-02-VB (KPABG-104025) PV485295 PV537243
Lophoziopsis excisa (Dicks.)

Konstant. & Vilnet Norway: Svabard, Savchenko CA364-2a-11 (KPABG-119728) MW298770 MW297151
L. excisa Russia Murmansk Prov., Konstantinova 41-2-97 (K PABG) DQ875092 DQ875057
L. jurenss(Meyl. ex Mll. Frib.)

Mamontov & Vilnet Russia: Altai Terr., Mamontov YUSM-214-8 (KPABG) MF803150 MF803152
L. longidens (Lindb.) Konstant. & Vilnet Russia: Murmansk Prov., Konstantinova K12-4-23 (K PABG-126020) PQ763429 PQ767093
L. pdlucida(R.M. Schust.) Konstant. & Vilnet Russia Trans-Baika Terr., Mamontov 356-3-6 (KPABG) MW298773 MW297154
L. polaris(R.M. Schust.) Konstant. & Vilnet  Norway: Svalbard, Savchenko CA19-29-3 (KPABG-122714) MW298774 MW297155
L. polaris Norway: Svalbard, Konstantinova & Savchenko K129-07 (KPABG) MT334459 MT338482
L. polaris Norway: Svabard, Savchenko CA 367-2b-11 (KPABG) MW298775 MW297156

Oleolophozia perssonii (H. Buch&
SW.Arndl) L. Soderstr., DeRoo& Hedd.  Norway: Svalbard, Konstantinova& Savchenko K3-10 (KPABG-113981) PQ763430 PQ7670%4



