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Background. The freshwater Barbronia is ene-kind of macrophagous teeeh belonging to
Erpobdelliformes (Salifidae: Clitellata: Annelida), and B. weberi is a well-known invasive leech with a
worldwide distribution. However, the systematics of Barbronia has not yet been adequately resolved due
to a few molecular ma-ﬂesland only 20 Barbronia sequences were available in the GenBank database.
This gap severely limits our understanding of the Barbronia species identification, as well as the
phylogenetic placement of the genus Barbronia within Salifidae.

Methods. The species boundary of Barbronia species was estimated using bGMYC and bPTP methods
based on all available Barbronia COIl sequences, and the uncorrected COI p-distance was calculated in
MEGA. A data matrix consisting of four loci (COI, 12S, 18S, and 28S rDNA) for 49 Erpobdellids leeches
representing 8 genera within the Suborder Erpobdelliformes was aligned using MAFFT, and was used to
reconstruct the phylogenetic relationship of Barbronia via Bayesian inference (Bl) and the maximum
likelihood (ML) method. In addition, simultaneously obtaining entire mitochondrial genome and
completely 185/28S rDNA from valuable specimens using NGS was attempted via GetOrganelle.

Results. Both bGMYC and bPTP results were generally congruent and suggested that the previously
proposed taxa (B. arcana, B. weberi formosana, and B. wuttkei or Erpobdella wuttkei) were synonyms of
B. weberi rather than valid species. The specimens listed in the B. gwalagwalensis group, however, were
split into at least two Primary Species Hypotheses (PSHs). The p-distance of the first PSH was less than
1.3% but increased to 4.5% when including the secondary PSH (i.e., B. cf. gwalagwalensis). In
comparison, the interspecific p-distance between B. weberi group and B. gwalagwalensis group ranged
from 6.4% to 8.7%, and the intraspecific p-distance within B. weberi group was less than 0.8%.
Considering the species delimitation results and the sufficient large p-distance, the specimen sampled in
China was treated as B. cf. gwalagwalensis. Full lengths of the newly assembled mitochondrial genome,
18S and 28S rDNAs of B. cf. gwalagwalensis, were 14847 bp, 1876 bp, and 2863 bp, respectively.
Phylogenetic relationships within suborder Erpobdelliformes were well constructed in ML and Bl analysis,
the monophyly of Salifidae, Orobdellidae, and Gastrostomobdellidae sensu stricto was all well supported.
Within the Salifidae, a well-supported Barbronia was closely related to a clade containing Odontobdella
and Mimobdella, and these three genera were sister to a clade consisted of Salifa and Linta. According to
the results of this study, the strategy of simultaneous obtaining both whole mitochondria and nuclear
markers from extensively sampled Salifids species using NGS was expected to fathom both the species
diversity of B. gwalagwalensis and the evolutionary relationship of Salifidae.
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21 Abstract

22 Background. The freshwater Barbronia is enekind of macrophagous leech belonging to

23 Erpobdelliformes (Salifidae: Clitellata: Annelida), and B. weberi is a well-known invasive leech
24 with a worldwide distribution. However, the systematics of Barbronia has not yet been

25 adequately resolved due to a few molecular marks, and only 20 Barbronia sequences were

26 available in the GenBank database. This gap severely limits our understanding of the Barbronia

27  species identification, as well as the phylogenetic placement of the genus Barbronia within

28  Salifidae.
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Methods. The species boundary of Barbronia species was estimated using bGMYC and bPTP
methods based on all available Barbronia COI sequences, and the uncorrected COI p-distance
was calculated in MEGA. A data matrix consisting of four loci (COI, 128, 18S, and 28S rDNA)
for 49 Erpobdellids leeches representing 8 genera within the Suborder Erpobdelliformes was
aligned using MAFFT, and was used to reconstruct the phylogenetic relationship of Barbronia
via Bayesian inference (BI) and the maximum likelihood (ML) method. In addition,
simultaneously obtaining entire mitochondrial genome and completely 18S/28S rDNA from
valuable specimens using NGS was attempted via GetOrganelle.

Results. Both bGMYC and bPTP results were generally congruent and suggested that the
previously proposed taxa (B. arcana, B. weberi formosana, and B. wuttkei or Erpobdella wuttkei)
were synonyms of B. weberi rather than valid species. The specimens listed in the B.
gwalagwalensis group, however, were split into at least two Primary Species Hypotheses
(PSHs). The p-distance of the first PSH was less than 1.3% but increased to 4.5% when
including the secondary PSH (i.e., B. cf. gwalagwalensis). In comparison, the interspecific p-
distance between B. weberi group and B. gwalagwalensis group ranged from 6.4% to 8.7%, and
the intraspecific p-distance within B. weberi group was less than 0.8%. Considering the species
delimitation results and the sufficient large p-distance, the specimen sampled in China was
treated as B. cf. gwalagwalensis. Full lengths of the newly assembled mitochondrial genome,
18S and 28S rDNAs of B. cf. gwalagwalensis, were 14847 bp, 1876 bp, and 2863 bp,
respectively. Phylogenetic relationships within suborder Erpobdelliformes were well constructed
in ML and BI analysis, the monophyly of Salifidae, Orobdellidae, and Gastrostomobdellidae
sensu stricto was all well supported. Within the Salifidae, a well-supported Barbronia was
closely related to a clade containing Odontobdella and Mimobdella, and these three genera were
sister to a clade consisted of Salifa and Linta. According to the results of this study, the strategy
of simultaneous obtaining both whole mitochondria and nuclear markers from extensively
sampled Salifids species using NGS was expected to fathom both the species diversity of B.
gwalagwalensis and the evolutionary relationship of Salifidae.

Introduction

Barbronia was a genus of freshwater predaceous leech belonging to the family Salifidae

(Erpobdelliformes, Clitellata, Annelida), only three species were previously reported in China,
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Barbronia weberi, Barbronia zhejiangica, and Barbronia yunnanensis (Yang 1996; Yang et al.
1997). The former one was a well-known invasive species, however, the latter two were rarely
known endemic Barbronia species. Bweberi was originally described by Blanchard (1897) in
Indonesia, but now it was broadly found in China (Ta-Hsiang 1974; Zhao et al. 2020), India
(Bandyopadhyay & Mandal 2005; Chandra & Mahajan 1971; Ghate 1991), Myanmar (Eriksen et
al. 2022), United States (Rutter & Klemm 2001; Sawyer & Sawyer 2018), Brazil (Pamplin &
Rocha 2000), Mexico (de-Oea et al. 2016; Figueroa et al. 2005), United Kingdom (Sawyer 1986;
Sawyer & Sawyer 2018), Germany (Kutschera 2004; Nehring 2006), Hungary (Ludanyi et al.
2019), Italy (Genoni & Fazzone 2008), Spain (Pavluk et al. 2011), Netherlands (Van Haaren et
al. 2004), Australia (Govedich et al. 2003; Govedich et al. 2002), New Zealand (Mason & Julia
1976), and South Africa (Nakano & Nguyen 2015). B. weberi has attained its current broad
distribution, which was not only due to human activities (Govedich et al. 2003), but also because
it can reproduce cocoons without cross-fertilization (Sawyer 2020). Moreover, B. weberi was

the second intermediate host of some parasitic trematodes (Blasco-Costa et al. 2016).

The taxonomic status of this widely distributed invasive species B. weberi needed to be
evaluated on a global scale (Oceguera-Figueroa et al. 2011), which involved B. weberi
formosana, B. wuttkei, B. arcana, and Barbronia sp (GenBank-accession:-AY786457). Van
Haaren et al. (2004) described one Dutch specimen as B. assiuti/weberi-complex, since neither
species discrimination nor identification based on morphological characteristics of one specimen
was impossible. Molecular identification provides a valuable complement to morphological
taxonomy in the past two decades, a partial mitochondrial gene COI sequence has been used to
recognize Barbronia species. B. wuttkei was originally named Erpobdella wuttkei based on
morphological traits only (Kutschera 2004), but later it was propesed as a valid taxon by Grosser
& Trontelj (2008) based on COI-based molecular phylogenetic evidence. Both B. wuttkei and B.
arcana, however, now were lumped into the taxon B. weberi using COI sequence-based species
delimitation approach Poisson Tree Process (PTP) (Klass et al. 2021). One Barbronia sp
(GenBank accession: MN503261), as well as another specimen (GenBank accession: MF458701,
marked as Erpobdella sp), were recently recognized as B. gwalagwalensis on basis of COI data
(Klass et al. 2021).
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The phylogeny of Barbronia was firstly estimated based on 18S ribosomal sequences only, B.
weberi was closely related to a clade of two Erpobdellids (Dina lineata and Erpobdella
octoculata) (Trontelj et al. 1999). Although one partial of 3 mitochondrial marker 12S rDNA was
also tried to amplify from the B. weberi specimen in thatstudy, it failed using the primer pair
12S-A/12S-B (Siddall 2002b; Trentelj-et-al.1999). The unique 18S rDNA sequence of B. weberi
was thus used in the following phylogenetic study (Borda & Siddall 2004a; Eigueroa et al. 2005).
The phylogenetic analysis of combined data of partial 18S rDNA, 28S rDNA, 12S rDNA
(tamplified by medified primers), and cytochrome ¢ oxidase subunit I (COI) sequences recover,
Barbronia species (B. weberi, B. weberi formosana, B. gwalagwalensis, and one undescribed
Barbronia species) as one monophyletic elade; which was closely related with Linta be (Borda-&
Siddall 2004b). Another phylogenetic result supported that B. weberi and Barbronia arcana were
lumped into a Salifidae clade, which was sister group of Erpobdellidae (Eigueroa et al. 2005).
Six Barbronia specimens, represented an expanded dataset of all mentioned Barbronia species
and B. wuttkei, formed a monophyletic group, which was sister to a clade of Salifa and Linta

species (Oceguera-Figueroa et al. 2011).

The implementation of next-generation sequencing (NGS) technologies has led to a substantial
increase in the number of whole mitochondrial genomes in the GenBank database (Kuang & Yu
2019), and has gradually become a mainstay of species identification and phylogeny research
(Franco-Sierra & Diaz-Nieto 2020; Kortsinoglou et al. 2020).To date, however, only about 20
sequences, of Barbronia species were available in the GenBank database. Eight of these
sequences wereg the mitochondrial COI barcodes, six partial 18S rDNA sequences, four short 28S
rDNA sequences, and only two 12S rDNA sequences, representatively. Neither one whole
mitochondrial genome of Barbronia species nor even the family Salifidae has been published.
This gap severely limits our understanding of either the species identification or phylogenetic

relationships of Barbronia within Salifidae.
In this study, the whole mitochondrial genome, 18S rDNA, and 28S rDNA of Barbronia cf.

gwalagwalensis from China was assembly and annotated; the species boundary of Barbronia

species was evaluated by two kinds of single-locus based species delimitation methods; the
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120  phylogenetic relationships of Barbronia within the Suborder Erpobdelliformes were conducted
121  based on both mitochondrial and nuclear data.

122

123

124 Materials and methods

125 DNA extraction and assembly of the mitochondrial genome, and rDNAs

126  The total DNA material was extracted from a B. cf. gwalagwalensis specimen sampled from
127  Xuzhou (Jiangsu province, China) using Ezup Column Animal Genomic DNA Purification Kit
128  (Sangon Biotech Company, Shanghai, China) following the manufacturer's protocols. The

129  quality of DNA was evaluated via gel electrophoresis and visualized on a ChemiDoc XRS+

130 (Bio-Rad®). The quantification of DNA was checked via the Spectrophotometer NanoDrop

131 2000. DNA was eluted in ddH,O and stored at —20 °C until used for next-generation sequencing
132 (NGS). A sequencing library was constructed using a Nextera XT DNA Library Preparation Kit
133 (Illumina™), and sequencing reads were generated on a MiSeq System (Illumina™) to generate
134 150 bp paired-end reads. Low-quality bases in raw FastQ reads were trimmed using

135 Trimmomatic v.0.36, the remaining reads were assembled as contig and used to reconstruct the
136 mitochondrial genome via GetOrganelle V1.1.7 (Jin et al. 2020). The annotation of

137 mitochondrial protein-coding genes, Transfer RNAs, and ribosomal DNAs of B. cf.

138  gwalagwalensis was performed using MITOS2 Webserver, and was also manual check by

139  comparing nucleotide sequences with those from the published available closely related leech
140  species to refine these annotations when possible using Geneious 2021.

141

142 Single-locus based species delimitation

143 Species delimitation of Barbronia species should be assessed with different molecular species
144  delimitation approaches using data of single-locus or multiple loci. Only 20 Barbronia sequences
145 were available in GenBank, and half of these sequences were partial mitochondrial gene COI

146  sequences (see Table 1). Two specimens (accession number: DQ009666 and MF458701labled)
147 labeled as Erpobdella sp were also included, because both were used in previous studies of

148  Barbronia.
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Therefore, the species delimitation of Barbronia was conducted only on basis of a single-locus
dataset of COI, using both a Bayesian implementation of the general mixed yule-coalescent
model (bGMYC) and an updated version of the maximum likelihood Poisson Tree Processes
model (bPTP) in the current study. The bGMYC can infer the transition between the Yule model
(species level) and coalescent model (population level within species)(Fujisawa & Barraclough
2013), and posterior probabilities account for phylogenetic uncertainty(Reid & Carstens 2012).
A phylogenetic gene tree was required in bPTP analysis, and putative species were estimated

with Bayesian support under a simulation of Poisson Tree Processes (Zhang et al. 2013).

For species delimitation analyses in bGMYC and bPTP, the input COI phylogenetic tree was
performed with BEAST Version 1.10.4, using HKY+I+G substitution model with two partitions
(one partition comprised the 1st and 2nd codon positions of COI , the other one was the 3rd
codon position) with a yule speciation prior and a strict clock. Ten million MCMC generations
were performed, sampling every 1000 generations. After burn-in, a maximum clade credibility
tree was built using TreeAnnotator using the maximum clade credibility method. The bGMYC
analyses were implemented generally by flowing the proposal of Liu et al. (2017). The bGMYC
analyses consisted of the total 50,000 MCMC generations, with a thinning every 100
generations, discarding the first 2000 generations as burn-in, and setting the upper and lower
bounds on the threshold parameter from 1 (the minimum number of species) to 11(the maximum

number of tips in COI tree). The maximum clade credibility tree bPTP analyses were performed

with default setting via an online server (https://species.h-its.org/). In addition, GMYC models
may be not able to delineate species properly in data sets composed of one or two species
(Dellicour & Flot 2015), therefore, Mimobedlla japonica and Odontobdella blancharidi were

added in the analyses of species delimitation.

Phylogenetic analysis using multiple loci

To corroborate previous overarching phylogenetic frameworks, 249 sequences of four molecular
markers (COI, 12S rDNA, 18S rDNA, and 28S rDNA) representing 49 Erpobdellids leeches
were retrieved from the GenBank database (see Table 2). In addition, the genera Dina and
Mooreobdella were formally synonymized under the genus Erpobdella (Siddall 2002a), thus the
name of both Dina and Mooreobdella were instead with Erpobdella in the current study. COI
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sequences were aligned using MAFFT 7.45 (Katoh & Standley 2014), and sequences of rDNA
were aligned with LocARNA (Will et al. 2012). The individual alignments of four markers were
concatenated in PhyloSuite (Zhang et al. 2020) as a matrix used for flowing analyses. Phylogeny
analyses were performed both by Bayesian inference (BI) and the maximum likelihood (ML)
method via MrBayes V3.2.7(Altekar et al. 2004) and IQ-TREE (Nguyen et al. 2015), separately.
According to the parsimony results of Erpobdelliformes (Nakano & Nguyen 2015; Oceguera-
Figueroa et al. 2011), Erpobdella species were lumped into the basal clade of Erpobdelliformes,
thus Erpobdella species were set as outgroups. The best-fit evolutionary model of each
molecular marker (the first, second, and third codon position sites of COI) was determined using
PartitionFinder 2 (Lanfear et al. 2017) based on the AICc score. For Bayesian analysis, two
independent runs, with four Markov Chain Monte Carlo (MCMC) chains each, were
simultaneously carried out for 4 million generations and sampled every 10,000 generations. The
analysis was assumed to have reached stationarity when the potential scale reduction factor value
(PSRF) approached 1.0 and the Effective Sample Size value > 100. After discarding the 25%
samples as burn-in, the 50% majority-rule consensus tree was built. For the ML analysis, the
reliability of bootstrap values and tree topology was assessed by ultrafast bootstrap using 1000

replicates.

Results

The outcome of Single-locus-based species delimitation

The B. weberi groups and the B. gwalagwalensis group listed in the table 1 werecorresponded to
two main well-supported (PP > 0.99) clades in COI phylogenetic analysis (see, Figure. 1). All
members of B. weberi group were consistently recognized as a well-supported PSH, including
the previou described taxa B. weberi, B. weberi formosana, B.arcana, Erpobdella-wuttkei or
Barbronia wuutttkei (see clade A in Figure. 1). The Primary Species Hypotheses (PSHs) of B.
weberi groups proposed by bPTP were consistent with bGMYC, but the difference between two
results was the species delimitation of individuals listed in the B. gwalagwalensis group. (See
clade B in Figure. 1). In the bPTP results, the five individuals of B. gwalagwalensis group in
clade B were divided into two PSHs. One well supported PSH comprised only B. cf.

Peer] reviewing PDF | (2023:02:82323:0:1:NEW 21 Feb 2023)


Phyllodistomum
Tachado

Phyllodistomum
Texto insertado
correspond

Phyllodistomum
Resaltado

Phyllodistomum
Tachado

Phyllodistomum
Tachado


PeerJ

210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

233

234
235
236
237
238
239
240

gwalagwalensis, and the other moderately supported PSH encompassed the paratype of B.
gwalagwalensis (GenBank accession number: AY786455) and the remaining specimens
(MF458701, MN295405 and MN503261, see Figure. 1 and Table 1). . However, the five
individuals of B. gwalagwalensis group was either split into four well-supported PSHs or pooled
into one moderate PSH in bGMYC (see Figure. 1). In the four well-supported PSHs, one PSH
contains MF458701 and AY 786455, and each of the remaining PSHs was formed separately
from MN295405, MN503261and OQ339201.-B; cf gwalagwalensis (0Q339201) alone was
consistently recognized as a separately well-supported PSH in both bGMYC and bPTP analyses
(threshold 0.95-1), although it was also somewhat classified with the paratype B. gwalagwalensis
(AY786455) in a moderately supported PSH (threshold 0.5-0.9) by bGMYC. Moreover, the
uncorrected p-distance of COI sequences between B. cf gwalagwalensis (0Q339201) and the
paratype B. gwalagwalensis (AY786455) was 4.4% (see Figure. 2), which was substantially high
in compared to the p-distance (ranged from 0.2% to 1.2%) among four individuals in clade B of
figures 1 collected from Myanmar (MN295405), South Korea (MN503261), South Africa
(AY786455) and France (MF458701) (see Figure. 2 and Table 1). The p-distance between above
four individuals and B. cf gwalagwalensis varied from 3.8% to 4.5%. In contrast, the p-distances
of seven B. weberi individuals in clade A (see figure 1) sampled from South Africa, the United
States, Mexico, Costa Rica, and Germany were less than 0.8%, and the interspecific uncorrected
p-distance between B. weberi group and B. gwalagwalensis group (clade A and clade B,
respectively, see Figure 1) was started from 6.4% to 8.7%. Considering the result of species
delimitation and the sufficiently large p-distance mention above, this specimen sampled in China

(0Q339201) was treated as B. cf. gwalagwalensis.

Phylogenetic Relationships within Erpobdelliformes

The topologies of both the BI tree and ML tree werg well, supported with only minor differences
in the placement of Orobdellidae and Gastrostomobdellidae sensu stricto (see Figure. 3). With
setting a well-supported clade (PP =1.00, and BS =100) of 18 Erpobdella species as outgroups,
both BI and ML analyses show a clear separation of the three main monophyletic groups with
strong nodal support values (PP =1.00, and BS =100). The first clade was Salifidae represented
by 7 species from five genera (Barbronia, Mimobdella, Odontobdella, Linta, and Salifa), the

second clade was Orobdellidae consisted of 18 Orobdella species, and the last one was
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Gastrostomobdellidae sensu stricto on behalf of 3 Gastrostomobdella species. Barbronia was a
well-supported (PP = 1.00, BS = 100) monophyletic group, and its closely related clade consisted
of Mimobdella and Odontobdella. The genus Salifa was recovered as paraphyletic with the

inclusion of Linta be. Gastrostomobdellidae sensu stricto (containing genus Orobdella only), but
not Gastrostomobdellidae sensu lato (Orobdella + Gastrostomobdella), was a well-supported

monophyletic group.

General Features of Mitochondrial Genomes and nuclear rDNAs

The newly assembled mitochondrial genome of B. cf. gwalagwalensis was AT-rich (71.9%)
circular mapping molecule (total length, 14847 bp), with an average 209-fold coverage (Figure. 4
and Table 3). The components of B. cf. gwalagwalensis mitogenome consist of 13 protein-
coding genes (PCGs), 22 transport RNAs (tRNAs), 2 rDNAs (12S and 16S rDNA), and a
possible control region (451 bp, the longest no-coding reign located between tRNA R and tRNA
H). All mitochondrial genes of Barbronia were encoded on the same strand, and gene order was
generally consistent with previous published erpobdellids mitogenomes. Among 13 Barbronia
PCGs, both NAD2 and NADS genes were inferred to use ATT as an initiation codon, the COX3
gene was initiated with ATA, and the remaining genes used ATG as a start codon. The predicted
secondary structures of 22 tRNAs had a similar clover leaf shape (see Figure. 5), and these
tRNAs range in size from 60 to 69 bp, the shortest tRNA gene was tRNA L and the longest one
was tRNA Q. The complete length of nuclear 18S rDNA and 28S rDNAs were 1876 bp and 2863
bp, respectively, the former one was identical but longer than the particle 18S rDNA sequence

(AY786462) of B. gwalagwalensis.

Discussion

The last two decades have witnessed that species identification based on molecular data was
indeed provided a valuable complement to morphological taxonomy (Mahadani et al. 2022),
aided by the increasing availability of genetic techniques (Dellicour & Flot 2015). In the current
study, seven individuals of B. weberi constituted a well-supported clade in the COI phylogenetic

results, this clade was also recognized as one valid species both in bGMYC and bPTP analyses
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(see Figure. 1). The current species delimitation results supported the previous proposed three
taxa (B. arcana, B. weberi formosana and B. wuttkei or Erpobdella wuttkei) were synonyms of B.
weberi rather than valid species, which was generally consistent with previous studies (Klass et
al. 2021; Oceguera-Figueroa et al. 2011). The COI sequences similarity of seven individuals in
B. weberi group (clade A in Figure 1) collected from South Africa, the United States, Mexico,
Costa Rica, and Germany were nearly identical. The lack of molecular differentiation (small p-
distance) between them can be explained by the large effective population size but low
speciationratig, which was caused by both a relatively large distribution of invasive B. weberi
and the potentially low speciation rate (i.e., reproduce cocoon without cross-fertilization as
mentioned in the introduction). However, due to a gene tree was not always consistent with a
species tree when population sizes were large and speciation rates were high (Dellicour & Flot
2015), single locus-based methods may not be sufficient for delimiting specimens listed in the
group of B. gwalagwalensis, especially considering the relatively high genetic diversity between
specimens sampled from southern Africa, France, Korea, and China (see Figure. 2). Whereas, on
basis of all available Barbronia data listed in Table 1, all Barbronia individuals were tended to
lump into one taxon by applying multiple loci-based species delimitation method. This was
likely to cause by insufficient data. In such a case, adding data from both the mitochondrial
genome and nuclear loci collected from a few B. gwalagwalensis specimens (listed in the table
1), rather than only partial mitochondrial gene COI, was likely to promise for solving the species

delimitation problem of B. gwalagwalensis.

Although cryptic speciation is common among clitellates (Erséus & Gustafsson 2009; Liu et al.
2017; Martinsson & Erséus 2021), the conclusion that treated Barbronia cf gwalagwalensis as a
cryptic species rather than a species can be drawn until using both multiple loci-base approaches
and morphological discriminations (Dellicour & Flot 2015; Jorger & Schrodl 2013; Stengel et al.
2022; Sukumaran et al. 2021). This specimen named Barbronia cf. gwalagwalensis was first
recognized as B. weberi due to the observation of accessory gonopores (the anterior and posterior
ones separately close to the male and female gonophores). This external morphological character
was obviously similar to the invasive species B. weberi, but different from the other two known
endemic Barbronia species in China (Yang et al. 1997). Accessory gonophores were also found

on B. gwalagwalensis (Westergren & Siddall 2004), however, there was no records about B.
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gwalagwalensis in China yet. This specimen was also not possible to be either B. zhejiangica or
B. yunnanensis due to the presence of two accessory gonopores, and it was closely related to B.
gwalagwalensis, including the Korean specimen (accession number: KF966549, voucher
SOKNO17). Although this Korean one was tentatively reassigned to Barbronia cf. zhejiangica by
Klass et al. (2021), the specimen found in China was geographically close to the type locality of
the nominal taxon B. zhejiangica than the Korean specimen. Unfortunately, the morphological
traits of this specimen now were impossible to check in detail due to the whole body had been
used for DNA extraction in NGS. Consequently, this specimen was lumped into the taxon B. cf
gwalagwalensis rather than described as new species, further studies on more samples with
morphological delineation were needed before drawing reliable conclusions. It was worth noting
that B. gwalagwalensis, first reported in South Africa but now also recorded in Myanmar, was
possibly distributed widely (Klass et al. 2021), and the current study confirms the need of further
explore its species distribution not only through extensive fieldwork in China but also through

increased collecting efforts across Asia and Europe.

The entire mitochondrial genomes, as well as the full length of nuclear rDNAs, have been now
routinely applied to assess species boundaries and deep relationships in many phylogenetic
studies due to obtaining sufficient data efficiently through NGS (Jia et al. 2023; Moreno-
Carmona et al. 2023; Prada et al. 2023). However, neither one whole mitochondrial genome of
Barbronia species nor even the family Salifidae has been published until now. In the current
study, the first complete mitochondrial genome of salifid leeches was assembled, and compared
with the four whole or incomplete mitochondrial genome sequences of Erpobdellids (see Table
3), representing 3 nominal species and 1 unrecognized species in the GenBank. The specimen
named Erpobdella octoculata, KC688270 or NC 023927, was not included here, since it is
likely to be a misidentified specimen (Oceguera-Figueroa et al. 2016). Clearly, it was far from
insufficient using these data to estimate either the specie delimitation of Barbronia species or the
phylogenetic relationships of Barbronia within Erpobdelliformes (Arhynchobdellida, Hirudinea).
Therefore, four conventional molecular markers used in many previous studies of
Erpobdelliformes were collected and analyzed, including full-length 18S and 28S rDNA
sequences and COI and 12S rDNA sequences extracted from the newly acquired mitochondrial

genome. The four well-supported clades, i.e., Salifidae, Orobdellidae, Gastrostomobdellidae
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sensu stricto, and Erpobdella, were clearly distinguished in the current molecular phylogenetic
results. The Barbronia clade was sister to a clade consisting of Odontobdella blanchardi and
Mimobdella japonica with well supported in the current study (see Figure. 3), and the
monophyly of the Barbronia was congruent with previous research (Klass et al. 2021; Nakano et
al. 2018; Nakano & Nguyen 2015; Oceguera-Figueroa et al. 2011). However, the Salifa genus
represented by two species was not monophyletic in the current study and in Nakano et al.
(2018) result, which was not consistent with previous studies (Klass et al. 2021; Nakano &
Nguyen 2015). The Orobdellidae clade was well supported, and it was paraphyletic to the clade
of Gastrostomobdella sensu lato, which was congruent with previous studies (Nakano 2016a;
Nakano 2016b; Nakano 2022; Nakano et al. 2018; Nakano & Nguyen 2015; Nakano et al. 2012).
In addition, the basal phylogenetic placement of Erpobdella within the Erpobdelliformes when
using different outgroups is maybe controversial (Nakano et al. 2018; Nakano & Nguyen 2015).
To solve these problems, further studies of additional species or at least simultaneously obtaining
more molecular data (i.e., mitochondrial genomes and rDNAs) from a few valuable specimens
using NGS were urgently needed. The coming systematics study of B. gwalagwalensis as well as
other closely related species will continue to benefit from the methods used in the current study,
which simultaneously acquire the mitochondrial genome and full-length 18S and 28S rDNAs.
This approach bridges the gaps between sequences amplified with different primers, especially

when the conventional primers do not perform well (Siddall 2002b; Trontel;j et al. 1999).

Conclusions

The species delimitation results supported that the previously proposed taxa (Barbronia- arcana,
B. weberi formosana, and B. wuttkei or Erpobdella wuttkei) were synonyms of B. weberi, but the
taxonomic status of B. gwalagwalensis and B. cf gwalagwalensis need to be further studied
through extensive fieldwork in China as well as increased collection efforts across from Asia to
Europe. Barbronia represented by B. weberi, B. gwalagwalensis, and B. cf gwalagwalensis
formed a well-supported clade, and was sister to a well-supported clade of Odontobdella and
Mimobdella. They constituted a strongly supported monophyletic group and were incorporated
into Salifidae. Additionally, the families Salifidae, Gastrostomobdellidae sensu stricto containing
only the genus Orobdella, and Orobdellidae were all well-supported monophyletic clades.
Moreover, the first complete mitochondrial genome, full-length 18S and 28S rDNAs of salifid
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leeches within the family Salifidae were provided. According to the results of this study, the
strategy of obtaining both whole mitochondria and nuclear markers from extensively sampled
Salifids species using NGS was expected to fathom both the species diversity of B.
gwalagwalensis and the evolutionary relationship of Salifidae.
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Figure 1

The results of the Primary Species Hypothesis (PSHs).

The bPTP and bGMYC results were summarized and visualized, the left side was the
maximum clade credibility tree from BEAST analyses, and the species delimitation results,
using bPTP and bGMYC methods based on COI data, were showed on the right side, with
colors corresponding to the posterior probability of same Primary Species Hypotheses (PSHSs)
under a specific threshold (at the upper left). The accession numbers and taxon names in
GenBank presented besides underlines at the tip of the tree. Clade A and clade B referred to

B. weberi gourp and B. gwalagwalensis group, respectively.
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Figure 1. The results of the Primary Species Hypothesis (PSHs). The bPTP and bGMYC
results were summarized and visualized, the left side was the maximum clade credibility tree
from BEAST analyses, and the species delimitation results, using bPTP and bGMYC methods
based on COI data, were showed on the right side, with colors corresponding to the posterior
probability of same Primary Species Hypotheses (PSHs) under a specific threshold (at the
upper left). The accession numbers and taxon names in GenBank presented besides underlines
at the tip of the tree. Clade A and clade B referred to B. weberi gourp and B. gwalagwalensis

group, respectively.
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Figure 2

Summary of the bGMYC and bPTP species delimitation methods using the mitochondrial
data set.

The uncorrected p-distance matrix corresponding to the alignment of the Barbronia COI
sequences. The uncorrected p-distance was calculated in MEGA X using the pairwise deletion
option, the uncorrected p-distances were visualized in the upper triangular portion of this
matrix, with a color bar (0 ~ 10% uncorrected p-distance). The intraspecific and interspecific
uncorrected p-distances were represented by the red and blue circles, and the size of circles
indicate the value of the corresponding uncorrected p-distances which were listed in
triangular portion of this matrix. At the left, the accession numbers and taxon names in
GenBank presented besides underlines, corresponding to the numbers from 1 to 12 at the

top.
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Figure 2. Summary of the bGMYC and bPTP species delimitation methods using the
mitochondrial data set. The uncorrected p-distance matrix corresponding to the alignment of
the Barbronia COI sequences. The uncorrected p-distance was calculated in MEGA X using
the pairwise deletion option, the uncorrected p-distances were visualized in the upper
triangular portion of this matrix, with a color bar (0 ~ 10% uncorrected p-distance). The
intraspecific and interspecific uncorrected p-distances were represented by the red and blue
circles, and the size of circles indicate the value of the corresponding uncorrected p-distances
which were listed in triangular portion of this matrix. At the left, the accession numbers and
taxon names in GenBank presented besides underlines, corresponding to the numbers from 1

to 12 at the top.
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Figure 3

The Comparison of Bl and ML trees constructed using a concatenated data of both
mitochondrial genes (COI, 125 rDNA) and nuclear markers (18S and 28S rDNA),
respectively.

The phylogenetic tree was divided into four main clusters, with setting a well-supported clade
(PP =1.00, and BS = 100) of 18 Erpobdella species as outgroups, the monophyly of the
genus Barbronia and three families (Salifidae represented by five genus, Orobdellidae,
Gastrostomobdellidae sensu stricto) were well supported. Only one specimen of each species
was in bold face, the last two Erpobdella species name with asterisk were the synonym of
Dina lineata and Mooreobdella melanostoma, respectively. The size of circles indicates that
either posterior probabilities or the bootstrap values of corresponding nodes were estimated
in Bl or ML analyses. The 28S rDNA of B. gwalagwalensis (AY786449) was not included in the
current analyses, since it was a partial conserved region of 28S rDNA but significantly

different from other 28S rDNA sequences of Barbronia listed in the Table 1.
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Figure 3. The Comparison of BI and ML trees constructed using a concatenated data of
both mitochondrial genes (COI, 128 rDNA) and nuclear markers (18S and 28S rDNA),
respectively. The phylogenetic tree was divided into four main clusters, with setting a well-
supported clade (PP = 1.00, and BS = 100) of 18 Erpobdella species as outgroups, the
monophyly of the genus Barbronia and three families (Salifidae represented by five genus,
Orobdellidae, Gastrostomobdellidae sensu stricto) were well supported. Only one specimen
of each species was in bold face, the last two Erpobdella species name with asterisk were the
synonym of Dina lineata and Mooreobdella melanostoma, respectively. The size of circles
indicates that either posterior probabilities or the bootstrap values of corresponding nodes
were estimated in Bl or ML analyses. The 28S rDNA of B. gwalagwalensis (AY786449) was
not included in the current analyses, since it was a partial conserved region of 288 rDNA but

significantly different from other 28S rDNA sequences of Barbronia listed in the Table 1.
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Figure 4

Mitochondrial genome organization of Barbronia cf. gwalagwalensis.

The mitochondrial genome of Barbronia cf. gwalagwalensis consists of 14,847 base pairs,
which encodes 22 tRNA, the 12 S and the 16 S rRNA, and 13 coding genes (ATP6 and ATP8:
subunits of ATP synthase, COX1-3: Cytochrome c oxidase subunits, CYTB: Cytochrome b.
ND1-6: NADH dehydrogenase subunits).
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Figure 4. Mitochondrial genome organization of Barbronia cf. gwalagwalensis. The
mitochondrial genome of Barbronia cf. gwalagwalensis consists of 14,847 base pairs, which
encodes 22 tRNA, the 12 S and the 16 S rRNA, and 13 coding genes (ATP6 and ATPS:
subunits of ATP synthase, COX1-3: Cytochrome c oxidase subunits, CYTB: Cytochrome b.
ND1-6: NADH dehydrogenase subunits).
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Figure 5

Secondary structures of tRNA genes in the mitogenome of Barbronia cf. gwalagwalensis.
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Figure 5. Secondary structures of tRNA genes in the mitogenome of Barbronia cf.

gwalagwalensis.
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Table 1(on next page)
The sequences list of all available Barbronia and two outgroups in the GenBank.

All COI sequences list here were used in bGMYC and bPTP analyses. The groups referred to

the clade A, clade B and outgroups of the COlI tree in Figure 1, respectively. Taxon name with

quotations means these taxa were likely to be misidentified. The accession number with”

represents new data, and "-" means no available sequences.
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1 Table 1. The sequences list of all available Barbronia and two outgroups in the GenBank.
Groups Taxon Country COI accession  COI size(bp) IZS, 185, ZSS.
accession accession accession
B. weberi Costa Rica HQ336339 649 - AF099951 HQ336356
B. weberi formosana United States AY786456 600 - AY786461 AY786448
Barbronia “B. arcana” Mex%co DQ235598 649 DQ235588 DQ235608 -
weberi B. weberi Mex¥co KU553102 645 - - -
B. weberi Mexico KU553103 645 - - -
“Erpobdella wuttkei”  Germany DQ009666 584 - - -
Barbronia sp South Africa AY786457 360 - AY786463 AY786450
B. cf. gwalagwalensis ~ China 0Q339201" 1534 0Q339201"  0Q269483"  0Q269482"
Barbronia B. gwalagwalensis South Africa AY786455 480 - AY786462 AY786449
. | Barbronia sp Myanmar MN295405 660 - - -
gwalagwalensis | g\ onia sp South Korea ~ MN503261 710 ; MT010330 .
“Erpobdella. sp” France MF458701 634 - - -
Mimobedlla japonica Japan AB679658 1267 - - -
OUTGROUPS Odontobd.e{la Japan AB938004 1267 ) ) )
blancharidi
2 All COI sequences list here were used in bGMYC and bPTP analyses. The groups referred to the clade A, clade B
3 and outgroups of the COI tree in Figure 1, respectively. Taxon name with quotations means these taxa were likely
4 to be misidentified. The accession number with " represents new data, and “-* means no available sequences.
5
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Table 2(on next page)

A list of erpobdellids leech specimens and GenBank accession number of four molecular
marks used in the current phylogeny reconstruction.

o u

The accession number with " represents new data, and means no available sequences.
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1 Table 2. A list of erpobdellids leech specimens and GenBank accession number of four molecular marks used in
2 the current phylogeny reconstruction.
3
Family Species COI 128 18S 28S
Salifidae Barbronia ¢t 0Q339201" 0Q339201" 0Q269483" 0Q269482"
gwalagwalensis
Salifidae Barbronia AY786455 - AY786462 .
gwalagwalensis
Salifidae B‘XZZZ’“ HQ336339 DQ235588 AF099951 HQ336356
Salifidac Odontobdella AB675016 AB675017 AB663651 AB663671
blanchardi
Salifidae Mimobdella AB675014 AB675015 AB663650 AB663670
Jjaponica
Salifidae Linta be AY786460 y AY 786466 AY786453
Salifidae Sl LC029431 LC029432 LC029434 LC274548
motokawai
‘ Salifa
Salifidae / HQ336341 HQ336349 HQ336375 HQ336359
perspicax
. Salifa
Salifidae . HQ336343 HQ336351 HQ336377 HQ336360
perspicax
. Orobdella
Orobdellidae LC323139 LC323141 LC323140 LC431606
angustata
Orobdella
Orobdellidae brachyepididym LC106320 LC106318 LC106319 LC274535
is
Orobdellidae Orobdella AB675028 AB675029 AB663665 AB663666
dolichopharynx
. Orobdella
Orobdellidae AB675020 AB675021 AB663655 AB663656
esulcata
Orobdellidae Orobdella LC431609 LC431616 LC431608 LC431607
ghilarovi
. Orobdella
Orobdellidae o AB675030 AB675031 AB663659 AB663660
Orobdellidae Orobdella LC184548 LC184547 LC184551 LC274533
kanaekoikeae
. Orobdella
Orobdellidae AB675032 AB675033 AB663661 AB663662
kawakatsuorum
. Orobdella
Orobdellidae AB704787 AB704788 AB704785 LC274546
ketagalan
. Orobdella
Orobdellidae e AB679688 AB679689 AB698883 LC274543
Orobdella
Orobdellidae masaakikuroiw AB938006 AB937997 AB938003 LC274530
ai
Orobdellidae OZ’ZZI“ LC314424 LC314422 LC314423 LC431605
Orobdellidae Orobdella AB698866 AB698867 AB698868 LC274547
mononoke
Orobdellidae Orobdella LC616663 LC616667 LC616674 LC616673
montipumila
. Orobdella
Orobdellidae . LC106331 LC106329 LC106330 LC274534
nakahamai
Orobdella
Orobdellidae naraharaetmag LC087144 LC087142 LC087143 LC274531
arum
Orobdellidae Orobdella AB675024 AB675025 AB663667 AB663668
octonaria
. Orobdella
Orobdellidae : HQ336338 HQ336348 HQ336372 HQ336355
octonaria
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Orobdellidae OZ szzlil” LC106342 LC106340 LC106341 LC274532
. Orobdella
Orobdellidae . AB675026 AB675027 AB663663 AB663664
shimadae
Orobdellidae Oro.bdella. AB675018 AB675019 AB663653 AB663654
tsushimensis
. Orobdella
Orobdellidae . . AB675022 AB675023 AB663657 AB663658
whitmani
Orobdellidae Orobdella LC106350 LC106348 LC106349 LC274536
yamaneae
Gastrostomobd Gastrostomobd
ellidae sensu ella LC274551 LC274564 LC274517 LC274516
stricto ampunganensis
Gastrostomobd Gastrostomobd
ellidae sensu ella LC274559 LC274568 LC274525 LC274524
stricto ampunganensis
(Ceiesiioelos Gastrostomobd
ellidae sensu LC274553 LC274565 LC274519 LC274518
. ella extenta
stricto
Gastrostomobd Gastrostomobd
ellidae sensu astrosfomo LC274555 LC274566 LC274521 LC274520
. ella extenta
stricto
ST Gastrostomobd
ellidae sensu LC274557 LC274567 LC274523 LC274522
. ella extenta
stricto
Gastrostomobd Gastrostomobd
ellidae sensu . AB675011 AB675010 AB663649 AB663669
. ella monticola
stricto
(CeRhTiTil Gastrostomobd
ellidae sensu , LC274549 LC274563 LC274514 LC274513
. ella monticola
stricto
Erpobdellidae Dina lineata - AF099952 AF099950 )
Erpobdellidae E”;ZZZ‘;”“ MG745144 MG745141 MG745138 -
Erpobdellidae E”;‘;ﬁiﬁ”" MG745145 MG745142 MG745139 -
Erpobdellidae E”; ZZZ‘;”“ MG745146 MG745143 MG745140 -
. Erpobdella
Erpobdellidae annulata HQ336345 - HQ336379 HQ336362
. Erpobdella
Erpobdellidae bucera MN612829 MN613043 MN613063 MN613084
. Erpobdella
Erpobdellidae costata AY425460 AY425442 AY425478 AY425406
. Erpobdella
Erpobdellidae dubia AF116023 AF462022 AF115997 AY425365
. Erpobdella
Erpobdellidae . . AB675012 AB675013 AB663648 AB663652
Jjaponica
. Erpobdella
Erpobdellidae . X AF116026 AF462023 AF116000 AY425366
Jjaponica
Erpobdellidae Erpobdella DQ235595 DQ235585 DQ235605 HQ336364
P mexicana
Erpobdellidac L2 DQ235597 DQ235587 DQ235607 HQ336365
P mexicana
. Erpobdella
Erpobdellidae ; MNG612934 MN613044 MN613065 MN613086
microstoma
. Erpobdella
Erpobdellidae montezuma GQ368760 GQ368820 GQ368802 -
. Erpobdella
Erpobdellidae MNG613005 MN613045 MN613066 MN613087
obscura
. Erpobdella
Erpobdellidae obscura MN612911 MN613046 MN613067 MN613088
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. Erpobdella
Erpobdellidae o DQ235596 DQ235586 DQ235606 HQ336370
. Erpobdella
Erpobdellidae e DQ235599 DQ235590 DQ235609 HQ336371
. Erpobdella
Erpobdellidae A HQ336344 - HQ336378 HQ336361
. Erpobdella
Erpobdellidae ama MN612997 MN613052 MNG613073 MN613094
. Erpobdella
Erpobdellidae j MN612930 MN613053 MN613074 MN613095
Erpobdellidae Erpobdella HQ336346 HQ336352 HQ336380 HQ336363
P punctata
Erpobdellidae Erpobdella MN612994 MN613056 MN613077 MN613098
punctata
. Erpobdella
Erpobdellidae AF116027 AF462025 AF116003 AY425370
testacea
Erpobdellidae Erpobdella DQ235602 DQ235592 DQ235612 HQ336366
P triannulata
Erpobdellidae Erpobdella HQ336347 HQ336353 DQ235614 HQ336367
P triannulata
. Mooreobdella
Erpobdellidae AF116025 AF462027 AF115999 AY425395
melanostoma
4 The accession number with * represents new data, and “-“ means no available sequences.
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Table 3(on next page)

General features of the mitochondrial genomes of B. cf. gwalagwalensis and other
Erpobdellids species.

The specimen (KC688270 or NC_023927, named as Erpobdella octoculata) was not included

here, since it is likely to be a misidentified specimen.
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1 Table 3. General features of the mitochondrial genomes of B. cf. gwalagwalensis and other Erpobdellids species.
Taxa Size (bp) %GC CDSs tRNAs rRNAs Accession
B. ¢f gwalagwalensis 14,847 28.1 13 22 2 0Q339201
Erpobdella testacea 14,495 26.9 13 20 2 MT584166
Erpobdella japonica 14,725 27.9 13 22 2 NC 036150
Erpobdella octoculata 13,035 27.9 12 20 2 MT410851
Erpobdellidae sp 14,746 30.2 13 22 2 MW431582
2 The specimen (KC688270 or NC 023927, named as Erpobdella octoculata) was not included here, since it is likely to be a
3 misidentified specimen.
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