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ABSTRACT
Porella grandiloba Lindb. is a liverwort species of Porellaceae, primarily distributed in East Asia. Here,
we determined the complete chloroplast (cp) genome sequence of P. grandiloba. The complete cp gen-
ome was 121,433 bp in length with a typical quadripartite structure consisting of a large single-copy
region (83,039bp), a small single-copy region (19,586bp), and two copies of inverted repeat regions
(9,404bp, each). Genome annotation predicted 131 genes, including 84 protein-coding, 36 tRNA, and
eight rRNA genes. The maximum likelihood tree indicated that P. grandiloba was sister to P. perrotteti-
ana, which species formed a clade with Radula japonica (Radulaceae).

ARTICLE HISTORY
Received 5 April 2023
Accepted 11 June 2023

KEYWORDS
Chloroplast genome;
liverwort; phylogenetic
analysis; Porella grandiloba;
porellaceae

Introduction

Porella L. (Porellaceae) is a cosmopolitan liverwort genus
comprising 120 species (S€oderstr€om et al. 2016; Choi et al.
2021). Porella species are economically important because
they produce terpenoids and aromatic compounds with anti-
cancer, antimicrobial, and antifungal activities (Asakawa
1998). The identification of species and analysis of phylogen-
etic relationships within the Porella genus are difficult owing
to the high degree of variability among morphological char-
acteristics. Porella grandiloba Lindb., 1872 is primarily

distributed in East Asia including China, Japan, Republic of
Korea, Taiwan, and Russian Far East (Piippo 1990; Bakalin and
Klimova 2019). Natural population of P. grandiloba grows on
shaded rocks and trunk base in broad-leaved forests. P. gran-
diloba can be distinguished from allied species by its
rounded leaf dorsal lobe apices and not the decurrent ventral
leaf lobes (Bakalin and Klimova 2019). Despite the morpho-
logical distinctiveness of species, information on chloroplast
(cp) genome of P. grandiloba, which is useful for identifying
species and assessing phylogenetic relationships, has not
been obtained. In this study, we report the complete cp

Figure 1. The morphological images of Porella grandiloba. (A) Dorsal view of a specimen plant and (B) median cells of a leaf were captured using stereomicroscope
(Leica S9i) and light microscope (Leica DM750), respectively.
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genome sequence of P. grandiloba to provide genomic infor-
mation for future phylogenetic studies on related species.

Materials and methods

Leaf material of P. grandiloba was collected from Ulleungdo,
Republic of Korea (37�29015.100N, 130�52038.300E). The voucher
herbarium specimen was deposited at Honam National Institute
of Biological Resources (HNIBR [http://en.hnibr.re.kr/]; contact
person, Yongsung Kim, orchidpark@hnibr.re.kr) under the vou-
cher number HNIBRMS2. The morphological images were

captured using stereomicroscope Leica S9i (Leica Microsystems,
Germany) and Leica DM750 optical microscope (Leica
Microsystems, Germany) (Figure 1). Genomic DNA was extracted
using a DNeasy plant mini kit (Qiagen, Germany), according to
the manufacturer’s protocol. DNA library for sequencing was
constructed using a TruSeq Nano DNA library prep kit (Illumina,
USA) and sequenced using a Illumina HiSeq platform (Illumina,
USA). Adaptor sequences and low-quality reads were removed
using Trimmomatic v0.36 (Bolger et al. 2014).

The high-quality reads were assembled for the complete
cp genome using GetOrgnelle (Jin et al. 2020). Annotation

Figure 2. The circular map of the chloroplast genome of Porella grandiloba generated using OGDRAW (Greiner et al. 2019). the large single-copy (LSC) and small
single-copy (SSC) are separated by inverted repeat (IRs; IRA and IRB). the genes inside the circular map are transcribed clockwise and outside are transcribed coun-
terclockwise. The genes with related functions are shown in the same color. Built-in gray histogram represents the GC content of the genome and the gray line in
the Middle represents the threshold of 50%.
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was predicted using GeSeq (Tillich et al. 2017) and manually
corrected using Geneious Prime 2022.2.2 (http://www.genei
ous.com) comparing to chloroplast genome sequences of
closely relative species. To ensure the accuracy of the assem-
bly, we examined the depth of coverage by mapping the
reads that were employed in de novo assembly process
(Supplementary Figure S1). The circular map of the chloro-
plast genome was generated using OGDRAW ver.1.3.1
(Greiner et al. 2019). The structures of intron-containing
genes were visualized using CPGview (Liu et al. 2023). The
complete chloroplast sequence of P. grandiloba was depos-
ited in GenBank of the National Center for Biotechnology
Information (NCBI) with accession OP476656.

To determine the phylogenetic position, we included 11
species from five families (Lejeuneaceae [seven species],
Jubulaceae [one], Frullaniaceae [one], Radulaceae [one], and
Porellaceae [one]) of Porellales in addition to P. grandiloba.
We also included Apopellia endiviifolia (Pelliaceae; Pelliales)
and Marchantia polymorpha (Marchantiaceae; Marchantiales)
as outgroups. The data of cp genomes were downloaded
from GenBank. The concatenated alignment sequences of 82
protein-coding genes were extracted from complete cp
genomes. The sequences were aligned using MAFFT (Katoh
et al. 2019). Phylogenetic tree was constructed based on the
maximum likelihood (ML) method and 1000 bootstrap repli-
cates using IQ-TREE (Nguyen et al. 2015).

Results and discussion

The complete cp genome of P. grandiloba was 121,433 bp in
length (Figure 2). The cp genome was contained typical

quadripartite structure, containing a large single-copy region
of 83,039 bp, a small single-copy region of 19,586 bp, and a
pair of inverted repeat regions of 9,404 bp each. The overall
GC content was 33.7%. The cp genome annotation predicted
a total of 128 genes including 84 protein-coding, 36 tRNA,
and eight rRNA genes. There are 10 pretein-coding genes
(ndhB, rpoC1, atpF, ycf3, clpP, petB, petD, rpl16, rpl2, and
ndhA) containing intron(s) and one trans-splicing genes rps12
(Supplementary Figure S2). In total, nine genes replicate in
the IR region, repeating inversely with each other, including
five tRNA genes (trnV-GAC, trnI-GAU, trnA-UGC, trnR-ACG,
and trnN-GUU) and four rRNA genes (rrn16S, trn23S, trn4.5S,
and trn5S).

A phylogenetic tree was constructed using IQTREE,
based on the principle of maximum likelihood estimate,
with cp protein-coding DNA sequences from 12 representa-
tive species of order Porellales (Figure 3). The ML phylo-
genetic tree indicated that P. grandiloba was sister to P.
perrottetiana (Mont.) Trevis., which species formed a clade
with Radula japonica (Radulaceae). As the sequence data
for Porellaceae cp genomes is limited, more research is
needed to understand the phylogenetic relationship within
this family. In order to gain a deeper understanding of the
evolutionary history of P. grandiloba, it is necessary to
obtain more complete chloroplast sequences from other
Porella species.

This study examined the complete cp genome of P. gran-
diloba for the first time using Illumina sequencing. The cp
genome data of P. grandiloba is expected to contribute valu-
able information for molecular indentification and elucidation
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Figure 3. Maximum likelihood tree based on 82 protein-coding gene sequences of 14 complete chloroplast genomes. Apopellia endiviifolia and Marchantia polymor-
pha were used as outgroups. The GenBank accession number has been provide within parentheses after the species name. Numbers above the branches indicate
bootstrap supporting values based on 1000 replicates. The bar represents 0.04 nucleotide substitution per site.
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of phylogenetic relationships among the different species of
Porellaceae.
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