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Abstract 

 Recent progress in sequencing technology and the increasing number of chloroplast genomes available 
in liverworts have greatly improved our understanding of not only genome structure and evolution, but also 
its phylogeny and evolution. However, the plastome resource of this group is still ineffective, as the 
plastomes have been sequenced from a small number of species. In the present study, two newly sequenced 
chloroplast genomes from liverworts, one from Pallavicinia longispina Stephani and the other from 
Pleurozia subinflata (Austin) Austin were reported. The former genome has a length of 122,410 bp, with GC 
content 36.90%, and the latter has a length of 118,441 bp, with GC content 32.22%. A total of 132 and 127 
genes were determined in the plastomes of P. longispina and P. subinflata, respectively. Furthermore, 41 short 
sequence repeats (SSRs), 419 editing sites and 15 non-adjacent repeats in the plastome of P. longispina, and 
65 SSRs, 288 editing sites, and nine non-adjacent repeats in the plastome of P. subinflata were detected. 
Valuable genomic resources for further research on liverwort phylogeny, evolution, and population genetics 
are provided from this study.  
 
Introduction 
 Liverworts, having ca. 6,000 species with a dominant tropical/subtropical distribution, 
represent an important branch of early land plants (Simpson 2010). This group, together with 
mosses and hornworts, comprises bryophytes, which are key to the study of early land plant 
evolution (Puttick et al. 2018, de Sousa et al. 2019, Harris et al. 2022). Recent progress of 
sequencing technology and increasing number of chloroplast genomes available in this group have 
not only greatly improved our understating of genome structure and evolution (Yu et al. 2019, 
Dong et al. 2021), but also enhanced the research of liverwort taxonomy, phylogeny and 
macroevolution (Yu et al. 2020, Dong et al. 2021, Xiang et al. 2022). However, compared to its 
counterpart-vascular plants, the plastome recourse of liverworts is still ineffective, as the complete 
chloroplast genomes have been sequenced from a small number of species so far. At the time of 
writing this paper (30/June/2023), over 20,000 chloroplast genomes from a variety of plant groups 
are available in several digital repositories, e.g., GeneBank (https://www.ncbi.nlm.nih.gov/ 
genbank/), FigShare (https://figshare.com/) and Chloroplast Genome Information Resource 
(https://ngdc.cncb.ac.cn/cgir/). Of these, only 0.5% (ca. 100) are from liverworts. Insufficient 
genomic data hinders the research on phylogenomics and evolution in this group. Therefore, more 
plastomes sequencing is urgently needed for the studies that aim to answer some fundamental and 
complex questions concerning liverwort phylogeny and evolution.     
 Pallavicinia (Pallaviciniaceae, Pelliidae) and Pleurozia (Pleuroziaceae, Metzgeriidae) 
represent two independent and basal-diverging lineages of Jungermanniopsida (Yu et al. 2020, 
Dong et al. 2021). Based on morphological and molecular evidence (Thiers 1993, Crandall-Stotler 
et al. 2009, Mamontov et al. 2015), there are 11 and 13 species currently accepted in Pallavicinia  
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and Pleurozia, respectively (http://www.worldfloraonline.org). In these two genera, most species 
are distributed in tropical and subtropical forests (Gradstein et al. 2001). Pallavicinia species are 
well characterized by prostrate or erect thalli, the presence of midrib with one or several vascular 
strands, unistratose margins, and anacrogynous gynoecia on the dorsal surface of the thallus 
(Mamontov et al. 2015), while Pleurozia species are well defined by two-sided apical cell, bilobed 
leaves, absence of underleaves, and presence of fertile gynoecia (Thiers 1993). The relationships 
among and within these two genera have been largely clarified in recent phylogenetic studies 
using DNA fragments or loci (Forrest et al. 2006, He et al. 2006, Mamontov et al. 2015). 
However, some deep nodes in these genera remain weakly supported, such as the relationships 
within the P. subciliata complex in Pallavicinia (Mamontov et al. 2015), and those between 
Pleurozia conchifolia, P. purpurea, and P. gigantea in Pleurozia (He et al. 2006). Pallavicinia and 
Pleurozia had also been sampled in recent phylogenomic studies (Yu et al. 2020, Dong et al. 
2021), but the samplings were all rather small. Currently, only three plastomes are available in 
these two genera, including two from Pallavicinia lyellii (Hook.) Gray (Pallavicinia, MN433344 
and MN433345) and one from Pleurozia purpurea Lindb. (Pleurozia, MK645838). Here, two 
newly finished chloroplast genomes: one from P. longispina Stephani in Pallavicinia (GenBank 
accession number: ON494491) and the other one from P. subinflata (Austin) Austin in Pleurozia 
(GenBank accession number: ON357688) were reported. Furthermore, some important genomic 
parameters of finished genomes using the advanced method, including short sequence repeats 
(SSRs), RNA editing sites, and non-adjacent repeats were explored.  
 

Materials and Methods 
 The plants of Pallavicinia longispina and Pleurozia subinflata were both collected from the 
Gao-Li-Gong-Shan area (Du-Long Xiang, Yunnan province, China). Two voucher specimens were 
deposited in the herbarium of Kunming Institute of Botany (KUN, Chinese Academy of Sciences, 
D. G. Long 36198 of P. longispina, and D. G. Long 36229 of P. subinflata). The total DNA from 
10-50 milligrams material using a modified CTAB method was extracted. The quantity and quality 
of DNA using the method that has been described in Huang et al. (2019) were evaluated. Using 
the Covaris S220 sonicator (Covaris, Woburn, MA, USA.), approximately 1μg of high-quality 
genomic DNA was cut ultrasonically. Following the manufacturer's instruction manual (Illumina, 
San Diego, CA, USA.), multiple 500bp DNA fragments were obtained by cutting the complete 
genome. The genome library was constructed using the Nextera XT DNA Library Preparation Kit. 
Subsequently, the genome was sequenced using IlluminaHiSeq2000 to generate 90bp double-
ended sequences, in BGI-Shenzhen, accumulating about 2Gb of original sequences. 
 Complete chloroplast genomes were assembled using GetOrganelle (Jin et al. 2020). The 
genomes were annotated using Geneious Prime (https://www.geneious.com/). Short sequence 
repeats (SSR) in two genomes, including mononucleotide (Mono-, minimum number of repeating 
units ≥ 10), dinucleotide (Di-, minimum number of repeating units ≥ 5) and trinucleotide (Tri-, 
minimum number of repeating units≥4), using GMATo v1.2 (Wang et al. 2013) were detected, and 
the RNA editing sites using PREPACT 3.0 (Lenz et al. 2018) were estimated. In addition, 
nonadjacent repeats (with a length longer than 50 bp) in two genomes using REputer (Kurtz et al. 
2001) were detected. The maps of two plastomes were generated using OGDRAW (Greiner et al. 
2019). Two chloroplast genomes were deposited in GenBank (GenBank accession number: 
ON357688 and ON494491). 
 

Results and Discussion 
 The plastome of P. longispina has a length of 122,410 bp (Fig. 1), including a large single 
copy (LSC) region of 85,087 bp, a small single copy (SSC) region of 19,791 bp, and a pair of 
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inverted repeats (IR) regions of 8,996 bp for each. A total of 132 genes were determined in this 
genome, including 83 protein-coding genes, 38 tRNA and 9 rRNA genes. The GC content of this 
genome is 36.90%. This genome shared a great similarity to those of P. lyellii (MN433344 and 
MN433345) in gene content and structure (Dong et al. 2021). The plastome of P. subinflata has a 
length of 118,441 bp (Fig. 2), including an LSC of 81481 bp, an SSC of 19768 bp, and two IRs of 
8,596 bp for each. A total of 127 genes were determined, including 87 protein-coding, 31 tRNA, 
and eight rRNA genes. The GC content of this genome was 32.22%. The newly sequenced 
genome was nearly identical with the one of P. purpurea (MK645838), with the exception of a 
minor difference of 275bp in the length of noncoding regions (the latter genome has a length of 
118166 bp).  

 
Fig. 1. Circular visualization chloroplast genome of Pallavicinia longispina. Genes (exons are shown as 

closed boxes) shown on the outside of the circle are transcribed clockwise, whereas on the inside are 
transcribed counter-clockwise.  

 
 Short sequence repeats (SSRs) or microsatellite DNAs, a class of molecular markers of short 
DNA repeat tandem sequences (1-6bp), is considered as one of the important genomic components 
that are involved in many important biological processes (Vieira et al. 2016). Using GMATo, 41 
SSRs in the genome of P. longispina (Table S1), including 12 mono-, 27 di-, one tri-, and one 
quad-nucleotide tandem repeats, and 65 SSRs in the genome of P. subinflata (Table S2), including 
45 mono-, 14 di-, and six tri-nucleotide tandem repeats were detected.  
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Fig. 2. Circular visualization chloroplast genome of Pleurozia subinflata. Genes (exons are shown as closed 
boxes) shown on the outside of the circle are transcribed clockwise, whereas on the inside are 
transcribed counter-clockwise.  

 

 The RNA editing is a post-transcriptional modification mechanism that changes the identity of 
nucleotides in an RNA sequence, playing an important role in the stability of the structure of 
proteins (Nishikura 2010). Taking the chloroplast genome of Marchantia paleacea Bertol. as 
reference (GenBank accession number: NC_001319.1), 419 (Table S3) and 288 editing sites 
(Table S4) in the plastomes of P. longispina and P. subinflata, respectively, were estimated. 
Nevertheless, the deduced editing sites need to be checked using the transcriptomic data. 
Furthermore, 15 non-adjacent repeats, including three palindromic, six forward, and six reverse, in 
the plastome of P. longispina, and nine, including four palindromic, two forward, and three 
reverse, in the plastome of P. subinflata using REputer, were detected. In general, the two newly 
finished chloroplast genomes from Pallavicinia and Pleurozia as well as estimation of some 
important genomic parameters provide valuable resources for further research of liverwort 
phylogeny, evolution, and population genetics. 
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