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ABSTRACT
Pohlia is a genus with many taxonomic and systematic controversies. In this study, the complete
chloroplast genome of Pohlia cruda (Bryales, Bryophyte) was sequenced by high-throughput sequenc-
ing technology and described. The complete chloroplast genome is 125,114 bp in length and has a
quadripartite structure. The two inverted repeat (IR) regions are 9921bp long and separated by a large
single-copy (LSC) region of 86,727bp and a small single-copy (SSC) region of 18,545bp. Phylogenetic
trees were constructed based on the complete chloroplast genome sequences of 10 bryophytes down-
loaded from GenBank and one acquired in this study.
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Bryales is one of the most important groups of globally dis-
tributed mosses (Guerra et al. 2011). However, the phylogen-
etic relationships among the families in Bryales have been
controversial for the past few years (Goffinet et al. 2001; Niu
et al. 2018). The controversy was mainly in the clade of
Mniaceae-Mielichhoferiaceae, especially in the systematic pos-
ition of the genus Pohlia. Brotherus (1903) placed Pohlia in
Bryaceae based on morphological characteristics. However,
the results based on chloroplast genome fragment sequences
(Goffinet et al. 2001; Cox et al. 2014; Niu et al. 2018) showed
that Pohlia was more closely related to Mniaceae than to
Bryaceae and supported the transfer of Pohlia to Mniaceae.
Shaw (2009) noted that there were distinct morphological
differences among species of Mniaceae, such as species in
the genera Pohlia, Mielichhoferia, and Mnium. Based on the
results of morphological and molecular systematics, Hill et al.
(2006) proposed the recognition of family Mielichhoferiaceae,
represented by the genera Mielichhoferia and Pohlia.

In this study, the complete chloroplast genome sequence
of Pohlia cruda (GenBank accession no. MN264338), as a rep-
resentative of Bryales, was sequenced and described. The
chloroplast genome of Bryales species has not been reported
in the literature. This study will be very helpful for related
studies of Bryales.

Genomic DNA was extracted from fresh leaves of Pohlia
cruda by mCTAB method (Li et al. 2013). The specimen was
collected from California and deposited in herbarium of
Hebei Normal University, HBNU (specimen number: James
40450, herbarium barcode: HBNU050001). The Illumina HiSeq
platform was used to sequence with a paired-end (PE) 150

genomic library (completed by Nuohezhiyuan Biotech
Company, Beijing, China). A complete chloroplast genome of
Pohlia cruda was assembled using the sequencing reads with
Geneious (Kearse et al. 2012) and preliminarily annotated
using DOGMA (http://dogma.ccbb.utexas.edu/) (Wyman et al.
2004). The final sequence information and gene annotation
results were edited in Sequin v15.50.

The complete chloroplast DNA sequence of Pohlia cruda is
125,114 bp in length. The two inverted repeats (IRs) regions
are 9921 bp separated by a large single-copy (LSC) region of
86,727 bp and a small single-copy (SSC) region of 18,545 bp.
It contains 118 unique genes, including 82 protein-coding
genes, 32 tRNA genes, and four rRNA genes. The overall G/C
content for Pohlia cruda is 29.2%. There are 19 intron-
containing genes, including eight tRNA genes and 11 pro-
tein-coding genes. The genes ycf3 and clpP each contain two
introns. The other 17 genes each have one intron. There are
149 simple sequence repeats (SSRs) in Pohlia cruda chloro-
plast genome.

To understand the phylogenetic relationships among
selected moss species, an ML tree was constructed with
PhyloSuite v1.1.14 (Zhang et al. 2018) with a TVM model
based on the complete chloroplast genomes of 10 mosses
and one liverwort (Figure 1, Marchantia polymorpha, as
outgroup). All sequences were aligned using MAFFT v7.222
and manually adjusted with BioEdit v7.0.9.0. In the tree,
Pohlia cruda formed a clade with the branch of
Scorpidiaceae (Sanionia uncinata) and Orthotrichaceae
(Nyholmiella obtusifolia and Orthotrichum rogeri) with high
bootstrap support (100%).

CONTACT Shuo Shi shishuo@hebtu.edu.cn; Lin Li lilin7812@126.com College of Life Sciences, Hebei Normal University, Shijiazhuang 050024, China
� 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

MITOCHONDRIAL DNA PART B
2019, VOL. 4, NO. 2, 4155–4156
https://doi.org/10.1080/23802359.2019.1693286

http://dogma.ccbb.utexas.edu/
http://crossmark.crossref.org/dialog/?doi=10.1080/23802359.2019.1693286&domain=pdf&date_stamp=2019-11-20
http://orcid.org/0000-0001-8428-7261
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com


Geolocation information

This study was conducted and finished in College of Life
Sciences, Hebei Normal University, No. 20, East Nanerhuan
Road, Shijiazhuang, Hebei 050024, China.

Acknowledgments

We thank Dong Zhang for assistance in data analyses.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the Youth Foundation of Education
Department of Hebei Province under Grant [No. QN2017342, No.
QN2018163]; Natural Science Foundation of Hebei Province under Grant
[No. C2019205175]; Innovation Funding Program for Graduate Students
of Hebei Normal University [No. CXZZSS2019058]; and Innovation
Funding Program for Graduate Students of Hebei Province [No.
CXZZBS2019088].

ORCID

Shuo Shi http://orcid.org/0000-0001-8428-7261

References

Brotherus VF. 1903. Bryales. In: Engler A, Prantl K, editors. Die nat€urlichen
Pflanzenfamilien I. Leipzig: Wilhenlm Engelmann; p. 541–603.

Cox CJ, Goffinet B, Wickett NJ, Boles SB, Shaw AJ. 2014. Moss diver-
sity: a molecular phylogenetic analysis of genera. Phytotaxa. 9(1):
175–195.

Goffinet B, Cox CJ, Shaw AJ, Hedderson T. 2001. The bryophyta (Mosses):
systematic and evolutionary inferences from an rps4 gene (cpDNA)
phylogeny. Ann Bot. 87(2):191–208.

Guerra J, Jim�enez-Mart�ınez JF, Cano MJ, Im�enez-Fern�andez JA. 2011. A
contribution to the phylogenetic study of Mielichhoferiaceae-
Mniaceae (Bryophyta) based on molecular sequence data. Nova Hedw.
93(1):47–56.

Hill MO, Bell N, Bruggeman-Nannenga MA, Brugu�es M, Cano MJ, Enroth
J, Flatberg KI, Frahm J-P, Gallego MT, Garilleti R, et al. 2006. An anno-
tated checklist of the mosses of Europe and Macaronesia. J Bryol.
28(3):198–267.

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S,
Buxton S, Cooper A, Markowitz S, Duran C, et al. 2012. Geneious Basic:
an integrated and extendable desktop software platform for the
organization and analysis of sequence data. Bioinformatics. 28(12):
1647–1649.

Li JL, Wang S, Yu J, Wang L, Zhou SL. 2013. A modified CTAB protocol
for plant DNA extraction. Bull Bot. 48(1):72–78.

Niu JY, Li L, Shi S, Li H, Wang XR, Liu YY, Niu YL, Zhao JC. 2018.
Phylogenetic analysis of the genus Pohlia (Bryophyta, Bryaceae)
using chloroplast and nuclear ribosomal DNA. Phytotaxa. 351(2):
141–153.

Shaw AJ. 2009. Mielichhoferiaceae. In: Flora of North America
Editorial Committee, editor. Flora of North America. Vol. 28; New York:
Oxford University Press. [accessed 2018 May 10]. http://www.mobot.
org/plantscience/BFNA/V2/MielMielichhoferiaceae.htm.

Wyman SK, Jansen RK, Boore JL. 2004. Automatic annotation of organel-
lar genomes with DOGMA. Bioinformatics. 20(17):3252–3255.

Zhang D, Gao FL, Li WX, Jakovli�c I, Zou H, Zhang J, Wang JT. 2018.
PhyloSuite: an integrated and scalable desktop platform for stream-
lined molecular sequence data management and evolutionary phylo-
genetics studies; [accessed 2019 Jan 10]. 10.1101/489088.

Figure 1. The ML tree based on 11 complete chloroplast genome sequences of bryophytes. Numbers on the branches are bootstrap values.
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