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The family Pottiaceae is the most generic and species rich family in Bryophyta.  The 
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knowledge on phylogeny and classification of the family.  Molecular phylogenetic in-
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and confirm four clades within the Pottiaceae, corresponding to Trichostomoideae, 
Pottioideae, Merceyoideae, and a newly proposed subfamily Streblotrichoideae.
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Introduction

　The family Pottiaceae Hampe is the most 
generic and species rich family of Bryophyta 
Schimp., with around 1,400 species in 83 genera, 
comprising more than 10 % of the extant moss 
species (Frey & Stech 2009).  Widely distributed 
in the world, its species have adapted to a wide 
range of habitat types including xeric, mesic and 
hydric, growing on various substrata including 
saxicolous, tericolous and corticolous, and a 
possessing a variety of life strategies including 
perennial, annual and ephemeral. The family 
exhibits a great variety of apparent morphologi-
cal, physiological and genecological adaptations 
to their particular environments (Zander 1993). 
Recent geometric morphometric analyses with 
evolutionary hypothesis testing revealed that the 
Pottiaceae was one of the lineages in which mul-
tiple evolutional changes of sporangium shape as-
sociated with the types of habitat have occurred 
(Rose et al. 2016).
　Among the various types of habitat where they 
are found, most species exhibit a great tolerance 
of hot and dry environments, and show numer-

ous adaptations to such harsh environments.  The 
shoots of Syntrichia caninervis Mitt. remained 
viable after exposure to 120°C for 30 min., which 
is a new upper thermo tolerance record for adult 
eukaryotic organisms for a minimum 30 min. 
exposure time (Stark et al. 2009), and dried her-
barium specimen of S. ruralis (Hedw.) F.Weber & 
D.Mohr retained their viability for 20 years and 
3 months, which is the longest record for a moss 
withstanding continuous desiccation (Stark et al. 
2016). The Pottiaceae includes all three life strat-
egies which dominate in hot desert bryofloras: 
the perennial stayer (most of the family), the an-
nual shuttle (Pottia Ehrh. ex Fürnr. and Phascum 
Hedw.) and the perennial shuttle [Tortula pago-
rum (Milde) De Not. and T. papillosa Wilson ex 
Spruce] (Longton 1988).
　Adaptation to such harsh selective pressures 
often leads to the presence of parallel or con-
vergent characters which develop in response to 
the same environmental stimuli, complicating 
phyletic assessment. Chen (1941) suggested that 
the lamellae of Pterygoneurum Jur. represented 
features of convergent evolution and phylogeneti-
cally have nothing in common with filaments of 
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Aloina Kindb. and Crossidium Jur.  On the other 
hand, Delgadillo (1975) argued for the close rela-
tionship between Pterygoneurum and Crossidium 
since the abnormal filaments of Crossidium spp. 
resemble the lamellae of Pterygoneurum spp. 
Magill (1981) also demonstrated that specialized 
chlorophyllose marginal cells occur in Tortula 
porphyreoneura (Müll.Hal.) C.C.Towns. and 
Barbula arcuata Griff. growing in arid grass-
lands in southern Africa. He also suggested that 
the modification of marginal or costal cells into 
differentiated photosynthetic tissues is an adap-
tation to harsh environments, expressed through 
convergent evolution by several genera in the 
Pottiaceae: Acaulon Müll.Hal., Aloina, Barbula 
Hedw., Crossidium, Pterygoneurum and Tortula 
Hedw.
　Mature sporophytes provide taxonomically 

important characters in mosses, but many species 
from xeric habitats produce no, or very few spo-
rophytes, presumably because of the difficulty in 
effecting fertilization or allowing for the matura-
tion of sporophytes under such xeric conditions. 
Stark (2002) and Stark et al. (2007) showed that 
in a desert climate, the massive sporophyte abor-
tions seen in Tortula inermis (Brid.) Mont. are 
correlated with unusually heavy summer percipi-
tation events followed by rapid drying, and that 
the sporophytes are more sensitive to rapid dry-
ing than are maternal gametophytes.
　These environmental features have made the 
classification of Pottiaceae very difficult and con-
troversial: the species concepts are often not well 
understood, and the family has been variously 
classified without an understanding of its phylo-
genetic relationships, leaving many ambiguous or 

Table 1. History of classification of Pottiaceae and its related families modified from the tables after Saito 
(1975) and Werner et al (2004a).
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poorly understood taxa unresolved (Satio 1975). 
A source of independent taxonomic evidence is 
therefore needed for the revision of this family 
(Spagnuolo et al. 1996, 1997), and during the 
past 20 years a number of molecular phyloge-
netic analyses have been conducted in an attempt 
to resolve relationships within the family (e.g. 
Spagnuolo et al. 1996, 1999; Werner et al. 2004a, 
2005; Cano et al. 2010; Kučera et al. 2013; Alon-
so et al. 2016).  From the early 19th century, vari-
ously attempts at a classification of the Pottiaceae 
and its related families have been proposed by 
many researchers as summarized in Table 1.  The 
history of classification of the family based on 
morphological criteria has been overviewed by 
several authors (e.g. Saito 1975; Zander 1993; 
Werner et al. 2004a), with a limited number of 
reviews of recent progress in understanding the 
systematic relationships based on integrated mor-
phological and molecular data (Stech et al. 2012).
　In the present paper, we review the current 
state of knowledge on phylogenetic relationships 
and classification at familial and subfamilial 
levels within the Pottiaceae. Previous studies are 
compared with a novel phylogenetic inference 
based on concatenated sequences of ribulose 
1,5-bisphosphate carboxylase/oxygenase large 
subunit (rbcL) and chloroplast ribosomal protein 
S4 (rps4) genes with codon substitution model. 
The codon substitution model is a statistically 
higher precision model than nucleotide and 
amino acid substitution models for the evolution-
ary analysis of protein-coding sequences (Seo & 
Kishino 2008, 2009; Miyazawa 2011).

Materials and methods

Phylogenetic markers and taxon sampling
　20 rbcL and 23 rps4 gene sequences were 
newly obtained.  The supposed ingroup species 
represent all the subfamilies of Pottiaceae recog-
nized by Werner et al. (2004a): Trichostomoideae 
Broth., Pottioideae Broth., Merceyoideae Broth., 
as well as Streblotrichum convolutum (Hedw.) 
P.Beauv., the type species of the genus Streblotri-
chum P.Beauv., whose phylogenetic position has 
remained ambiguous (Köckinger & Kučera 2011; 
Kučera et al. 2013).  Outgroup species [Ditrichum 
heteromallum (Hedw.) E.Britton and Pseudephe-
merum nitidum (Hedw.) Loeske] were selected 

based on the results of Inoue and Tsubota (2014), 
and Fedosov et al. (2016).  List of investigated 
species was shown in Appendix. 

DNA extraction, PCR amplification and DNA se-
quencing
　The protocol for total DNA extraction fol-
lowed Tsubota et al. (1999) and Suzuki et al. 
(2013). Conditions for PCR amplifications for 
both rbcL and rps4 genes followed Inoue and 
Tsubota (2014). Direct sequence analyses of the 
PCR products were performed following Tsubota 
et al. (1999, 2000, 2001) and Inoue et al. (2012). 
Primers used for PCR amplification and DNA 
sequencing followed Nadot et al. (1994), Souza-
Chies et al. (1997), Tsubota et al. (1999, 2001), 
Masuzaki et al. (2010), Inoue et al. (2011, 2012), 
and Inoue and Tsubota (2014). Sequences ob-
tained in the present study have been submitted 
to DDBJ/EMBL/GenBank International Nucleo-
tide Sequence Database Collaboration (INSDC).

Phylogenetic analyses
　Sequences of two genes were aligned sepa-
rately by using the program MAFFT ver. 7.027 
(Katoh & Standley 2013) with some manual ad-
justment on the sequence editor of MEGA ver. 5.2 
(Tamura et al. 2011). Start and stop codons were 
removed, and the resulting total length was 2,025 
bp.
　Phylogenetic analysis using the concatenated 
sequences of rbcL and rps4 genes was per-
formed based on the maximum likelihood (ML) 
method (Felsenstein 1981) and the approximate 
unbiased (AU) test (Shimodaira 2002, 2004) in 
the final stage of the analysis scheme. Prior to 
the phylogenetic reconstruction, Kakusan4 (ver. 
4.0.2012.12.14; Tanabe 2011) was used to deter-
mine the appropriate substitution model and par-
titioning scheme for our data based on corrected 
Akaike Information Criterion (AICc: Sugiura 
1978). Since the codon substitution model is inap-
propriate for an heuristic search due to the huge 
computational burden, phylogenetic trees were 
constructed using the following three program 
packages to obtain the candidate topologies: (1) 
RAxML ver. 8.2.8 (Stamatakis 2014) with ML 
method using the equal mean rate model among 
codon positions (GTR + Γ for all codon positions 
of rbcL and rps4) with 1,000 heuristic searches; 
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(2) PAUPRat (Sikes & Lewis 2001) over PAUP* 
ver. 4.0b10 (Swofford 2002) with the maximum 
parsimony (MP) method (Fitch 1971) to imple-
ment Parsimony Ratchet searches (Nixon 1999) 
using the Parsimony Ratchet search strategy with 
random weighting of each character in fifty 200 
iteration runs; (3) MrBayes ver. 3.2.5 (Ronquist 
et al. 2012) with Bayesian inference (BI) method 
using the proportional model among codon posi-
tions (GTR + Γ for all codon positions of rbcL, 
HKY85 + Γ for first and second codon positions 
of rps4, GTR + Homogeneous for third codon 
position of rps4) with 10,000,000 generations, 
sampling trees every 1,000 generations.  A 50 % 
majority-rule consensus tree was calculated after 
the convergence of the chains and discarding 25 
% of the sampled trees as burn-in.
　Based on the ML criteria, re-calculation of 
likelihood values for each tree topology was per-
formed with the codon substitution model which 
was more or less equivalent to the Goldman-
Yang 1994 model implemented in Garli var. 2.01 
(Zwickl 2006).  The set of candidate topologies 
was evaluated by the AU test and Bayesian pos-
terior probability (PP) calculated by the BIC ap-
proximation (Schwarz 1978; Hasegawa & Kishi-
no 1989) using CONSEL ver. 0.20 (Shimodaira 
& Hasegawa 2001).  A strict condensed tree for 
the topologies with high ranking log-likelihood 
values that passed both AU and PP tests was also 
computed by MEGA. Supporting values more 
than 50 % obtained by CONSEL were overlaid to 
assess the robustness of each branch of the high-
est likelihood and strict condensed topologies: 
AU test (AU), bootstrap probabilities (NP), and 
Bayesian posterior probabilities (PP) are shown 
on or near each branch (AU/NP/PP).

Result

　The concatenated data matrix had a total 
length of 2,025 bp, of which 369 (18.2 %) were 
variable, and 209 (56.6 % of the variable sites) 
were parsimony-informative.
　A total of 70 topologies were obtained from 
the three analyses: four ML topologies by RAx-
ML; 65 MP by PAUPRat over PAUP*; and one 
BI by MrBayes.  More detailed topologies were 
searched through the obtained trees using a log-
likelihood measure.  The best-supported tree 

with the highest likelihood value is shown in 
Fig. 1.  The log-likelihood value for the tree was 
-7206.803252. One strict condensed tree was also 
obtained for the six topologies with high-ranking 
log-likelihood values that passed both AU and PP 
tests as shown in Fig. 2.  Values for the percent-
age of supported topologies for each branch were 
superimposed in Figs. 1 and 2.
　The best-supported tree with highest likeli-
hood value confirmed the monophyly of the Pot-
tiaceae with four major clades within the family, 
corresponding to Trichostomoideae (T), Pottioi-
deae (P), Merceyoideae (M), and the newly pro-
posed Streblotrichoideae (S) as shown in Fig. 1. 
The Merceyoideae was resolved as the most 
basal clade within the family with high support-
ing values (100/100/1.00). Pottioideae comprised 
the sister-group to Trichostomoideae and this 
clade was sister to Streblotrichoideae. Although 
the relationships among these three subfamilies 
were weakly supported (-/50/0.88), the strict con-
densed tree also supported this branching pattern 
as shown in Fig. 2.

Discussion

Phylogenetic position and circumscription of 
Pottiaceae
　Earlier phylogenetic studies using molecular 
markers focused on the Pottiaceae were based on 
the nuclear internal transcribed spacer (ITS) re-
gion (Colacino & Mishler 1996; Spagnuolo et al. 
1996, 1999).  Spagnuolo et al. (1999) successfully 
aligned ITS1 sequences with a reduced number 
of taxa of Pottiaceae, and showed the usefulness 
of DNA sequences to clarify the phylogenetic 
relationships within this family.  Their results 
suggested that the classification of the Pottiaceae 
based on morphological data did not depict the 
pattern of descent and therefore the systematics 
of this group needed to be revised.
　In molecular phylogenetic studies focusing on 
supra- familial relationships within mosses, the 
Pottiaceae was resolved in the clade of Dicrani-
dae Doweld of the haplolepideous mosses (Cox 
et al. 1999; Goffinet & Cox 2000; Goffinet et 
al. 2001; La Farge et al. 2000, 2002; Magombo 
2003; Hedderson 2004; Tsubota et al. 2004). 
However the number of genera and species in-
cluded in these analyses was limited.
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Fig. 1. Phylogenetic tree based on analysis with the concatenated sequences of chloroplast rbcL and rps4 
genes, depicted by the best-supported tree with highest likelihood value (ln L = -7206.803252 by Garli). 
Supporting values more than 50 % obtained by the program CONSEL were overlaid: AU test (AU), boot-
strap probabilities (NP), and Bayesian posterior probabilities (PP) are shown on or near each branch (AU/
NP/PP). Thickened branches indicate that all three supporting values are 100 %. The Roman characters cor-
respond to the outgroup species and the subfamilial classification in the present study (T = Trichostomoid-
eae, P = Pottioideae, S = Streblotrichoideae, M = Merceyoideae, O = outgroup).
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Fig. 2. Phylogenetic tree based on analysis with the concatenated sequences of chloroplast rbcL and rps4 
genes, depicted by the strict condensed tree for six topologies passing both AU and PP tests. Supporting val-
ues more than 50% obtained by the program CONSEL were overlaid: AU test (AU), bootstrap probabilities 
(NP), and Bayesian posterior probabilities (PP) are shown on or near each branch (AU/NP/PP).  Thickened 
branches indicate that all three supporting values are 100 %.  The Roman characters correspond to the out-
group species and the subfamilial classification in the present study (T = Trichostomoideae, P = Pottioideae, 
S = Streblotrichoideae, M = Merceyoideae, O = outgroup).
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　Werner et al. (2004a) conducted the first com-
prehensive molecular phylogenetic analysis of 
the family using chloroplast rps4 gene sequences 
which had been used successfully to resolve the 
phylogenetic relationships at species or generic 
level within the family (Werner et al. 2002, 
2003).  The Pottiaceae was almost monophyletic 
in its traditional circumscription, but with some 
exceptions as discussed below. Some genera, 
without general agreement on whether or not they 
belonged to Pottiaceae, were positioned in Pottia-
ceae (Werner et al. 2004a): Cinclidotus P.Beauv. 
(Cinclidotaceae Schimp.), Ephemerum Hampe 
(Ephemeraceae J.W.Griff. & Henfr.), Goniomi-
trium Hook & Wilson (Funariaceae Schwägr.), 
Kingiobryum H.Rob. (Dicranaceae Schimp.) and 
Splachnobryum Müll.Hal. (Splachnobryaceae 
A.K.Kop.).  The systematic position of Cincli-
dotus, Ephemerum, Kingiobryum, and Splachno-
bryum within Pottiaceae was also supported by 
other molecular phylogenetic studies (e.g. Gof-
finet et al. 2001; Sato et al. 2004; Werner et al. 
2004b, 2007; Cox et al. 2010; Inoue et al. 2011, 
2012).  On the other hand, Werner et al. (2007) 
concluded that Goniomitrium should be excluded 
from Pottiaceae and placed again in Funariaceae, 
and they also showed that the name used in the 
previous studies resulted from misidentification.  
The inclusion of Tridontium tasmanicum Hook.f. 
(Grimmiaceae Arn./Scouleriaceae S.P.Churchill) 
within Pottiaceae was also suggested by Cox et 
al. (2010) and Goffinet et al. (2011).  Hypodontium 
Müll.Hal. and Timmiella (De Not.) Limpr. were 
resolved outside Pottiaceae (Werner et al. 2004a). 
Other molecular data also rejected the hypothesis 
of the taxonomic position of Hypodontium in 
Pottiaceae (Hedderson et al. 2004; Tsubota et al. 
2004), and the family Hypodontiaceae M.Stech, 
as a distinct family, was segregated from Pot-
tiaceae to accommodate Hypodontium (Stech & 
Frey 2008). In the most recent analysis (Fedosov 
et al. 2016) the Hypodontiaeae was included in 
the clade represented by Aongstroemiaceae De 
Not., Dicranaceae Schimp., Dicranellaceae M. 
Stech, Fissidentaceae Schimp. and Serpotortel-
laceae W.D.Reese & R.H.Zander. Although 
many molecular data rejected the hypothesis on 
the taxonomic position of Timmiella in Pottia-
ceae and supported its repositioning as an early-
diverging clade within the Dicranidae (La Farge 

et al. 2000, 2002; Hedderson et al. 2004; Tsubota 
et al. 2004; Wahrmund et al. 2009, 2010; Cox 
et al. 2010), it was retained as a member of the 
Pottiaceae because of its morphological affin-
ity to the family, especially the presence of the 
characteristic twisted peristome. Zander (2006) 
argued that the complex twisted peristome was 
scattered among the lineages of the Pottiaceae 
sensu stricto and resulted from the re-activation 
of a silenced gene cluster involved in major or-
gans that is highly adaptive, and that the same 
phenotype found in Timmiella and Pottiaceae s. 
str. was suggested to be homoiologous. Based 
on their comprehensive taxon sampling of basal 
haplolepideous taxa, Inoue and Tsubota (2014) 
showed the more sound phylogenetic position 
of Timmiella and showed its close relationship 
with Luisierella Thér. & P.de la Varde which had 
been placed in the Pottiaceae s. str.  They further 
argued that the direction of twist of the opercu-
lum cells and of the peristome was a significant 
character that discriminated the genera from 
Pottiaceae and the other haplolepideous moss 
families, and proposed a new family Timmiel-
laceae Y.Inoue & H.Tsubota to accommodate the 
genera Timmiella and Luisierella.  Their study 
also supported the monophyletic circumscription 
of the family Pottiaceae with a close relationship 
to Ditrichaceae Limpr. pro parte. Phylogenetic 
trees using extensive taxon sampling of Dicrani-
dae have showed that the Pottiaceae was resolved 
in the clade intermingled with genera of Bruchia-
ceae Schimp., Ditrichaceae p.p. and Erpodiaceae 
Broth. (Fedosov et al. 2015, 2016).

Subfamilial relationships within Pottiaceae
　In his extensive revision of the family Pottia-
ceae, Zander (1993) recognized seven subfamilies 
based on phylogenetic analyses using morpho-
logical data as shown in Table 1. The molecular 
phylogenetic analyses by Werner et al. (2004a) 
based on cp rps4 gene sequences included all the 
subfamilies recognized by Zander (1993), with 
the exception of Gertrudielloideae R.H.Zander. 
Based on the inferred trees they recognized three 
subfamilies: Trichostomoideae, Pottioideae and 
Merceyoideae. Their analyses supported the 
most basal position of Merceyoideae in the Pot-
tiaceae.  The remaining species of Pottiaceae 
formed the clade corresponding to Trichosto-
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moideae and Pottioideae.  The Trichostomoideae 
formed a paraphyletic group, and the Pottioideae 
was monophyletic. The genus Eucladium Bruch 
& Schimp. was placed in an intermediate posi-
tion between these two subfamilies.  The phylo-
genetic analysis by Werner et al. (2005) based 
on comprehensive taxon sampling of Trichos-
tomoideae and nr ITS sequences supported the 
monophyly of the subfamily and Eucladium was 
resolved in the Trichostomoideae. Jiménez et al. 
(2012) first obtained DNA data for Gertrudiella 
Broth., and the genus was resolved in the Pottioi-
deae sensu Werner et al. (2004a).  Zander (2006) 
revised the classification of the family based on 
molecular and morphologically based phylog-
enies, and recognized five subfamilies [Tim-
mielloideae R.H.Zander, Trichostomoideae (syn. 
Chionolomoideae R.H.Zander), Barbuloideae 
Hilp. (syn. Erythrophyllopsidoideae R.H.Zander, 
Gertrudielloideae R.H.Zander), Pottioideae and 
Merceyoideae].  The latest classification of sub-
families in Pottiaceae (Frey & Stech 2009) also 
adopted the five subfamilies recognized by Zan-
der (2006).  The present analyses also supported 
the most basal position of Merceyoideae within 
Pottiaceae, the monophyly of Trichostomoideae 
with inclution of Eucladium, and the monophyly 
of Pottioideae (Figs. 1 & 2).
　Recent phylogenetic analyses (Köckinger & 
Kučera 2011; Kučera et al. 2013) have indicated 
the isolated position of some species traditionally 
assigned to the genus Streblotrichum P.Beauv. 
The phylogenetic position of this group is, how-
ever, ambiguous because it is: (1) sister to the 
clade Pottioideae-Trichostomoideae (cp rps4), 
(2) basal within the Trichostomoideae (cp rps4 + 
trnM-V), or (3) even polyphyletic (nr ITS) with 
low support for any of these placements (Kučera 
et al. 2013).  The sister position of Streblotrichum 
to the clade Trichostomoideae-Pottioideae was 
supported by the ML tree inferred from the con-
catenated rbcL and rps4 gene sequences with co-
don substitution model, and the strict condensed 
tree (Figs. 1 & 2). Streblotrichum was originally 
established by Palisot de Beauvois (1804) and it 
has traditionally been recognized to be included 
in Barbula sensu lato at generic, subgeneric or 
sectional rank (e.g. Limpricht 1888; Saito 1975). 
According to Kučera et al. (2013), the following 
combination of characters: (1) strongly differen-

tiated convolute perichaetial leaves, (2) yellow 
seta, (3) revoluble annulus, (4) well-developed 
twisted peristome and (5) brown, spherical, rhi-
zoidal gemmae, supports the molecular group-
ings and re-delimits Streblotrichum, with the 
acceptance of three species in the genus: S. 
convolutum (Hedw.) P.Beauv. (type species), S. 
commutatum (Jur.) Hilp. and S. enderesii (Garov.) 
Loeske.  We conclude that the unique position of 
the genus Steblotrichum requires the recognition 
of a new subfamily, based on its morpho-molecu-
lar distinction.
　As suggested by Stech et al. (2012), recent 
findings of several new species and genera based 
on morpho-molecular data indicate that the total 
diversity within the Pottiaceae remains insuf-
ficiently known or understood. In the present 
study, we have succeeded in obtaining a more 
robust topology based on the codon substitution 
model.  A more complete phylogenetic analysis 
could provide a better understanding of the diver-
sity and evolutionary history of the family based 
on comprehensive taxon- and marker- samplings, 
as well as a proper analysis scheme.

Taxonomic treatment

Subfamily Streblotr ichoideae  Y.Inoue & 
H.Tsubota, stat. nov.
Basionym: Streblotrichum P.Beauv., Mag. En-
cycl. 9 (5): 317. 1804.

≡ Tortula subg. Streblotrichum (P.Beauv.) 
A.Chev., Fl. Gén. Env. Paris 2: 51. 1827. ≡ 
Barbula sect. Streblotrichum (P. Beauv.) 
Limpr., Laubm. Deutschl. 1: 626. 1888. ≡ 
Barbula subg. Streblotrichum (P.Beauv.) 
K.Saito, J. Hattori Bot. Lab. 39: 499. 1975.

= Tortula sect. Convolutae De Not., Mem. 
Reale Accad. Sci. Torino 40: 287. 1838. ≡ 
Barbula sect. Convolutae (De Not.) Bruch 
& Schimp., Bruch et al., Bryol. Europ. 2: 91 
(fasc. 13–15. Mon. 29). 1842.

Type: Streblotrichum P.Beauv. Included genus: 
Streblotrichum P.Beauv. [with S. convolutum 
(Hedw.) P.Beauv. as Type species]
Diagnosis: The subfamily Streblotrichoideae 
can be characterized by the combination of the 
following traits which discriminates it from the 
other subfamilies of Pottiaceae: Trichostomoid-
eae, Pottioideae and Merceyoideae: (1) strongly 
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convolute perichaetial leaves, (2) yellow seta, (3) 
revoluble annulus, (4) well-developed twisted 
peristome, and (5) brown, spherical, rhizoidal 
gemmae.
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Appendix
List of species investigated for rbcL and rps4 gene se-
quences with the voucher information and the acces-
sion number. Bold accession numbers indicate newly 
obtained sequences for the present study.
Ingroup species: Ardeuma aurantiacum (Mit t.) 
R.H.Zander & Hedd., LC176249/LC176270, Japan, 
Yamaguchi Pref., Y. Inoue 4007 (HIRO); Ardeuma 
recurvirostrum  (Hedw.) R.H.Zander & Hedd., 
LC176251/LC176272, Japan, Nagano Pref., Y. Inoue 
1323 (HIRO); Barbula unguiculata Hedw., AB670696/
LC176265, Japan, Hiroshima Pref., Y. Inoue 113 
(HIRO); Chionoloma angustata (Mitt.) M.Menzel, 
LC176254/LC176276, Japan, Miyazaki Pref., Y. Inoue 
3238 (HIRO); Chionoloma tenuirostre (Hook. & Tay-
lor) M.Alonso, M.J.Cano & J.A.Jiménez, LC176252/
LC176274, Japan, Hiroshima Pref., Y. Inoue 3218 
(HIRO); Didymodon constrictus (Mitt.) K.Saito var. 
flexicuspis (P.C.Chen) K.Saito, LC176245/LC176266, 
Japan, Nagano Pref., Y. Inoue 4040 (HIRO); Ephem-
erum crassinervium (Schwägr.) Hampe, LC176246/
LC176267, Japan, Tochigi Pref., T. Kamiyama 8980 
(HIRO); Eucladium verticillatum (With.) Bruch & 
Schimp., LC176247/LC176268, Japan, Kanagawa 
Pref., Y. Inoue 1803 (HIRO); Gymnostomiella longi-
nervis Broth., LC176248/LC176269, Japan, Okinawa 
Pref., Y. Inoue 3902 (HIRO); Hydrogonium hiroshii 
(K.Saito) Jan Kučera, LC176250/LC176271, Japan, 
Shizuoka Pref., T. Suzuki 61397 (HIRO); Hyophila 
propagulifera Broth., AB853074/AB853084, Japan, 
Hiroshima Pref., Y. Inoue 1745 (HIRO); Leptophas-
cum leptophyllum (Müll.Hal.) J.Guerra & M.J.Cano, 
AB670695/LC176273, Japan, Ehime Pref., Y. Inoue 57 
(HIRO); Pachyneuropsis miyagii T.Yamag., AB853078/
AB759969, Japan, Okinawa Pref., T. Yamaguchi 34243 
(HIRO); Pottiopsis caespitosa (Bruch ex Brid.) Blockeel 
& A.J.E.Sm., LC176253/LC176275, Czech Republic, S 
Moravia, CBFS 14602 (duplicate in HIRO); Scopelophi-
la cataractae (Mitt.) Broth., AB853075/AB853087, Ja-
pan, Kochi Pref., Y. Inoue 318 (HIRO); Stegonia latifo-
lia (Schwägr.) Venturi ex Broth., AF231314/AF222901, 
Canada, Alberta, La Farge s.n. (ALTA); Streblotrichum 
convolutum (Hedw.) P.Beauv., LC176255/LC176277, 
Japan, Hiroshima Pref., H. Tsubota 7997 (HIRO); 
Streptopogon calymperes Müll.Hal., AF478231/
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AF478285, Bolivia, La Paz, Z. L. K. Magombo 5695 
(MO); Syntrichia ruralis (Hedw.) F.Weber & D.Mohr, 
FJ546412/FJ546412, Canada, Alberta (CAVA); Tor-
tella tortuosa (Schrad. ex Hedw.) Limpr., AB853080/
AB853089, Japan, Nagano Pref., Y. Inoue 1297 (HIRO); 
Tortula caucasica Lindb., AB670694/AB759970, Ja-
pan, Ehime Pref., Y. Inoue 56 (HIRO); Trichostomum 
brachydontium Bruch, LC176256/LC176278, Spain, 
Murcia, CBFS13652 (duplicate in HIRO); Trichosto-
mum crispulum Bruch, LC176257/LC176279, Spain, 
Asturias, MUB 45068 (duplicate in HIRO); Trichos-
tomum platyphyllum (Broth. ex Iisiba) P.C.Chen, 
LC176258/LC176280, Japan, Okinawa Pref., Y. Inoue 
3869 (HIRO); Tuerckheimia svihlae (E.B.Bartram) 
R.H.Zander, LC176259/LC176281, Japan, Fukuoka 

Pref., T. Suzuki 61444 (HIRO); Uleobryum naganoi 
Kiguchi, I.G.Stone & Z.Iwats., AB194717/LC176282, 
Japan, Kagawa Pref., H. Sato 377 (HIRO); Weisiopsis 
anomala (Broth. & Paris) Broth. & Paris, LC176260/
LC176283, Japan, Tokyo Pref., Y. Inoue 2812 (HIRO); 
Weissia controversa Hedw., LC176261/LC176284, 
Japan, Hiroshima Pref., Y. Inoue 2568 (HIRO); Weis-
sia exserta (Broth.) P.C.Chen, LC176262/LC176285, 
Japan, Hiroshima Pref., Y. Inoue 794 (HIRO). Outgroup 
species: Ditrichum heteromallum (Hedw.) E.Britton, 
LC176243/LC176263, Japan, Niigata Pref., H. Sato 
284 (HIRO); Pseudephemerum nitidum (Hedw.) Loeske, 
LC176244/LC176264, Japan, Hiroshima Pref., H. 
Sato 820 (HIRO).






