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Abstract: The Hainan small-toothed sleeper, Microdous chalmersi, is an endemic species disjunctly
distributed in Hainan and Guangxi provinces of China. Morphological differences have been previ-
ously observed between these populations. We sequenced the mitochondrial genomes of M. chalmersi
from Hainan and Guangxi in order to test whether there is a cryptic species. We reconstructed a
phylogenetic tree of samples collected from the two populations along with eight representative
species of other odontobutids using thirteen mitochondrial coding genes and two rRNA genes. The
results showed that five individuals of M. chalmersi from each population clustered into reciprocal
monophyletic clades. Furthermore, genetic distance between individuals of the two populations
was much larger than that between individuals from the same population. The genetic distance
between the two Microdous populations was comparable to interspecific genetic distance of a closely
related genus, Odontobutis. We propose that M. chalmersi from Guangxi and Hainan could belong to
two different species, but detailed morphological and genetic studies should be carried out to test
this hypothesis.

Keywords: Microdous chalmersi; mitochondrial genome; cryptic species; species delimitation

Key Contribution: We found large genetic distance between populations of Microdous chalmersi
from Guangxi and Hainan provinces using mitochondrial genome data. The limited and disjunct
distribution and the large genetic distance between the two populations call attention to conservation
of this fish and further taxonomic investigation.

1. Introduction

Microdous chalmersi (Nichols and Pope 1927), synonyms Philypnus chalmersi, Perccottus
chalmersi, or Sineleotris chalmersi, is an endemic sleeper fish inhabiting streams, and is
distributed disjunctly in Hainan and Guangxi provinces of southern China (Figure 1).
Based on the characteristics of its vomerine teeth, pre-operculum bone margin without
spines, and large gill openings, M. chalmersi was initially classified as a species of the genus
Philypnus under the family Eleotridae [1], but subsequently assigned to the genus Perccottus
under the family of Odontobutidae [2,3]. Lately, Chen et al. (2002) considered M. chalmersi
as a species of genus Sineleotris (Odontobutidae) [4], but without providing any evidence.

Li et al. (2018) found that M. chalmersi has a synapomorphy of the Odontobutidae,
that is, scapula well-developed separating the upper proximal radials of the pectoral fin
and the cleithrum [5]. They also reconstructed a phylogenetic tree of the Odontobutidae
based on 4434 nuclear gene loci showing that M. chalmersi had a close relationship with the
genera Micropercops and Sineleotris. Due to the genetic distance of M. chalmersi to Sineleotris
being more divergent than that of Micropercops to Sineleotris, Microdous was proposed as an
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independent genus instead of being a species of Sineleotris. In their results, the two samples
of M. chalmersi from Guangxi were grouped together and then joined to an individual from
Hainan with a large distance.

Figure 1. Sampling sites (green triangles) and additional distribution sites (yellow dots) previously
known for Microdous chalmersi (Wu, 2008).

Further to the large genetic distance, we also found some differences in morpholog-
ical appearance between the specimens collected from the two populations upon closer
examination, that is, dense vomerine teeth were found in the individuals from Hainan
but sparse in the individuals from Guangxi (Figure 2), and the interorbital width of the
individuals from Guangxi was much wider than that of fish from Hainan. Therefore, we
suggest that cryptic species may exist in Microdous. In this study, we found ten specimens
of Microdous from previous collections, five each from Hainan and Guangxi, respectively.
Due to poor preservation status of those specimens, morphological characters could not
be further examined. Nonetheless, we sequenced mitochondrial genome of those samples
and compared their genetic distance to that between species of a closely related genus,
Odontobutis, and performed phylogenetic analyses to test whether there could be cryptic
species in Microdous.

Figure 2. Photos of Microdous chalmersi. M. chalmersi collected from Wuzhishan Mountain, Hainan
province (top); M. chalmersi collected from Du’an, Guangxi province (bottom). The red rectangles
highlight the region where vomerine teeth can be found.
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2. Materials and Methodsfile into a Bam File, and the Parameter
2.1. Sample Collection and DNA Extraction

Ten samples of M. chalmersi were collected, five individuals from Du’an, Guangxi
(108°06'25" E, 24°23'17"" N, 5 April 2018) (Supplementary Materials Table S1) and five
from Wuzhishan Mountain, Hainan (109°36'13" E, 18°52/58"' N, 24 August 2018). These
specimens were stored at the Ichthyological Collection of Shanghai Ocean University
(voucher: SOU1801008-2,3,4,5,6 and SOU1801009-1,2,3,5,7; contact person: Dr Ya Zhang,
email: zhangya@shou.edu.cn). From each sample, a portion of pectoral fin was taken and
stored in 95% alcohol in a —20 °C freezer in the Lab of Molecular Systematics and Ecology,
Shanghai Ocean University, Shanghai, China. Twenty-five-milligram tissue was used for
DNA extraction according to the Kit instruction (Ezup Column Genomic DNA Purification
Kit, Sangon Biotech, Shanghai, China). The integrity of extracted DNA was checked using
agarose gel electrophoresis. The concentration of sample DNA was measured using a
NanoDrop™ 3300 fluorescence spectrophotometer.

2.2. Bait Design, Library Prep, Gene Capture and Sequencing

RNA baits were designed for gene enrichment based on conserved sites of the mitochondrial
genome of M. chalmersi (GenBank accession: MH644035; Supplementary Materials Table S2).
Three-hundred nanograms of the extracted DNA was used for library preparation. The
DNA was sheared into approximately 250 bp in length using Covaris M220 ultrasonic
disruptor (Covaris, Inc., Woburn, MA, USA). Library preparation and gene capture were
carried out following Meyer and Kircher with some modifications [6,7]. To facilitate
multiplex sequencing, each sample was labeled with an 8 bp P7 index adapter. Finally, high-
throughput sequencing was performed on an Illumina HiSeq10X platform by Genewiz, Inc.
(Shanghai, China).

2.3. Data Assembly

The raw data of each sample were separated by the 8 bp index using a custom perl
script [8]. Subsequently, trim_galore v0.6.4 was employed to remove adapter sequences
and reads with low-quality bases (Q-score < 20). PCR duplicates were excluded by us-
ing “-bfastx_uniques” command in USEARCH v10.0.240 (https:/ /drive5.com/usearch/,
accessed on 22 December 2021) [9]. The processed raw reads were assembled using the
mitochondrial genome of M. chalmersi (MH644035) as a reference. Briefly, BWA v0.7.16 [10]
was used to construct the index of the reference sequence and mem algorithm was used
to align the cleaned reads to the reference genome. The ‘fastq” command of SAMtools
v1.10 [11] were used to convert the sam file into a bam file, and the parameter “—F 4” was
adopted to retain only the mapped reads. Trinity v2.11.0 [12] were used to reassemble the
output reads applying “seqlype” command parameter. From the assembly, contigs shorter
than 10,000 bp were clipped off. Subsequently, all the contigs and the reference genome
were put together in MEGAX [13] for the final alignment. Annotation of the assembly was
performed through a web interface platform named ‘Geseq’ that provided an annotation
result in the ‘gb” format (https://chlorobox.mpimp-golm.mpg.de/geseq.html, accessed on
11 January 2022).

2.4. Phylogenetic Analysis

The 13 mitochondrial protein coding genes and 125 and 16S genes of the samples were
extracted to reconstruct a phylogenetic tree. Sequences of Micropercops swinhonis (RefSeq
accession: NC_021763), Rhyacichthys aspro (RefSeq accession: NC_004414) and 6 species of
Odontobutis (O. interrupta (RefSeq accession: NC_027583), O. haifengensis (RefSeq accession:
NC_036056), O. potamophilus (RefSeq accession: NC_022706), O. platycephala (RefSeq ac-
cession: NC_010199), O. yaluensis, (RefSeq accession: NC_027160), and O. sinensis (RefSeq
accession: NC_022818)) were retrieved from NCBI and treated as the outgroups [14-20].
The respective gene sequences from the above-mentioned species along with M. chalmersi
were saved into one fasta file for each gene. The file was imported into MEGAX and
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DNA sequence of coding genes were converted into amino acid sequence for align-
ing with MUSCLE algorithm (https://www.ebi.ac.uk/Tools/msa/muscle/, accessed on
11 January 2022), and converted back into DNA sequences afterward. The mitochondrial
coding genes were combined into a super-matrix where the 125 and 16S were used as two
partitions, and the coding genes were divided into 39 partitions with 1st, 2nd, and 3rd codon
position, separately. IQtree v1.7-beta9 [21,22] were used to build the phylogenetic tree.
Data partitioning and the best evolution model were estimated through the MFP + MERGE
parameters in IQTREE. The final result was viewed through FigTreel.4.2 [23].

2.5. Calculation of Genetic Distance

Genetic distance between individuals from Hainan and Guangxi and between different
individuals of the same population was calculated for 125, 16S, Cytb, COI, and ND2 genes
used for phylogenetic reconstruction. Pairwise distance was calculated using MEGAX,
with the option of ‘compute pairwise distances’. The resulting genetic distance was ranked
and shown in a histogram. Moreover, sequences of the 125, 16S, Cytb, COI, and ND2 genes
of O. interrupta, O. haifengensis, O. potamophilus, O. platycephala, O. yaluensis, and O. sinensis
were used to calculate the genetic distance between these species. The average genetic
distance and its standard deviation between different populations of M. chalmersi were
compared with the genetic distances between different species of the genus Odontobutis.

3. Results
3.1. Data Assembly and Mitochondrial Genomes

On average, 13,326,503 raw reads per sample were obtained. After trimming the
adapter sequence and low-quality bases, there were 12,056,126 reads per sample. In the
end, 6,513,391 reads remained after removing the PCR duplicates. On average, 48.8% raw
reads were useful for mitochondrial genome assembly after data cleanup.

The mitochondrial genomes of samples from both Guangxi and Hainan consisted of
13 protein coding genes, 22 tRNA, 2 rRNA, and a D-loop region. A mitochondrial genome
of an individual from Guangxi had 16,485 bp with 27.3% A, 26.2% T, 29.3% C, and 17.2% G
(Accession number: ON312089). A mitochondrial genome of an individual from Hainan
had 16,482 bp with 27.4% A, 26.1% T, 29.1% C, and 17.5% G (Accession number: ON312088).
Mitochondrial genome of other individuals can be found at NCBI under Accession number:
00Q852467-00Q852470.

3.2. Phylogenetic Analysis

Sequences of 12S (948 bp), 16S (1678 bp), Cytb (1141 bp), COI (1551 bp), COII (691 bp),
COlII (786 bp), ND1 (977 bp), ND2 (1045 bp), ND3 (349 bp), ND4 (1386 bp), ND4L
(297 bp), ND5 (1872 bp), ND6 (522 bp), ATP6 (686 bp), and ATP8 (168 bp) were extracted
from Microdous samples along with outgroups and aligned for phylogenetic analysis
(d0i:10.17632/n4j9zdb9wk.1). The resulting phylogenetic tree showed that M. chalmersi
collected from Hainan and Guangxi were clustered together, but separated into two mono-
phyletic clades (Figure 3). Microdous chalmersi formed a sister group to M. swinhonis first, but
with a low bootstrap support, and then clustered with the Odontobutis spp. It can be seen
clearly from Figure 3 that the genetic distance of Microdous between Hainan and Guangxi
was comparable to the genetic distance between different species of the Odontobutis.


https://www.ebi.ac.uk/Tools/msa/muscle/

Fishes 2023, 8, 228

50f9

Odontobutis haifengensis

47
57 Odontobutis sinensis
Odontobutis platycephala

100

Odontobutis interrupta
100

Odontobutis potamophilus

100

Odontobutis yaluensis

Micropercops swinhonis
Microdous chalmersi 2076-1
Microdous chalmersi 2076-5

100
Microdous chalmersi 2076-2

Microdous chalmersi 2076-3

Microdous chalmersi 2076-7

7 100

Microdous chalmersi 2011-4

Microdous chalmersi 2011-3
100

Microdous chalmersi 2011-6

Microdous chalmersi 2011-2

Microdous chalmersi 2011-5

Rhyacichthys aspro

0.2

Figure 3. Maximum likelihood tree of Microdous chalmersi with other odontobutids as out-
groups. Samples labeled as “Microdous chalmersi 2076” were collected from Hainan and “Microdous
chalmersi 2011”7 were from Guangxi. The following sequences were used for comparison:
Rhyacichthys aspro, NC_004414, Micropercops swinhonis, NC_021763, and 6 species of Odontobutis
(O. interrupta, NC_027583; O. haifengensis, NC_036056; O. platycephala, NC_010199; O. yaluensis,
NC_027160; O. potamophilus, NC_022706; and O. sinensis, NC_022818).

3.3. Genetic Distance and Comparison

The genetic distance between samples from the two disjunct populations based on
the 125 gene ranged from 0.052 to 0.06, whereas the genetic distance between samples
within each location ranged from 0 to 0.011 (Supplementary Materials Table S3). The
genetic distance for 16S gene was 0.068-0.078 between populations, and 0-0.013 within
populations. The number for the COI gene was 0.095-0.102 between populations and
0-0.009 within populations; for the Cytb gene, it was 0.131-0.134 between populations and
0-0.004 within populations; for the ND2 gene, it was 0.146-0.163 between populations
and 0-0.018 within populations (Supplementary Materials Table S3). The results of these
genes showed that genetic distance between samples from Guangxi and Hainan was much
greater than the genetic distance between different individuals in the same location and
there was no overlap between the within-population and between-population genetic
distances (Figure 4).

The genetic distance between Odontobutis species ranged from 0.028 to 0.128 for 125,
0.026 to 0.171 for 165, 0.05 to 0.257 for Cytb, 0.062 to 0.27 for ND2, and 0.041 to 0.175 for
COI (Supplementary Materials Table S4). For a comparison, the genetic distance between
individuals of M. chalmersi from Guangxi and Hainan ranged from 0.095 to 0.102 for COI,
with a mean of 0.096 and a standard deviation of 0.003 (Figure 5).
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Figure 4. Genetic distance (p-distance) of mitochondrial genes (125, 16S, COI, Cytb, and ND2) of Microdous
chalmersi between populations of Guangxi and Hainan and between individuals within populations.
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Figure 5. Genetic distance between different species of the genus, Odontobutis based on COI gene. The
cross shows average genetic distance and standard deviation (0.096 £ 0.003) of Microdous chalmersi
between Guangxi and Hainan.

4. Discussion

Our results are similar to those of Li et al. [6], in that individuals of M. chalmersi
from Guangxi and Hainan were placed as sister groups close to each other apart from
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Micropercops swinhonis and the six species of the Odontobutis. (Figure 3). It was also observed
that Microdous from the two locations were reciprocally monophyletic, which suggested
that these populations have been diverged from each other, probably due to their disjunct
distribution. In addition, the genetic distance between the two populations is larger than
interspecific distance between many Odontobutis species (Figure 3), suggesting that the
degree of differentiation between the two populations is at interspecific level.

The genetic distances of Microdous between the two locations were significantly greater
than the genetic distances between different individuals in the same location, and there
was no overlap between the intra- and inter-population distance (Figure 4; Supplementary
Materials Table S3). Interspecific distance greater than intraspecific distance and no overlap
between them often are used as the criteria for delimiting species [24,25]. Therefore, our
results strongly support that the genetic difference between the populations in Guangxi
and Hainan is above species level. In addition, comparing the genetic distances between
the two populations to the interspecific distance between O. interrupta, O. haifengensis,
O. potamophilus, O. platycephala, O. yaluensis, and O. sinensis corroborates that the di-
vergence between M. chalmersi in Hainan and Guangxi should be at interspecific level
(Supplementary Materials Table S4; Figure 5). The average distance of COI between the
two populations was 9.6%, which is much higher than 4%, the threshold commonly consid-
ered as interspecific [26]. Moreover, Hainan Island has been adjacent to northern Vietnam
and Guangxi in Eocene [27]. The ichthyological fauna of freshwater in Hainan show dis-
tinct patterns, and many species have diverged into separate subspecies or species, such
as Vanmanenia hainanensis and Squalidus minor [28]. Microdous chalmersi of Guangxi and
Hainan showed a similar divergence pattern, probably due to the same historic geological
events. Nonetheless, we hesitate to make a conclusion on whether the two populations
are two different species or subspecies without collecting more morphological data. The
samples used in this study were fixed in ethanol from the beginning, so they were too
deformed to be used for further morphological examination. Meanwhile, limited samples
from only two populations also restrained us from making the conclusion. More samples
from the distribution areas of M. chalmersi should be collected and combined molecular and
morphological analysis should be carried out to test the hypothesis about cryptic species of
M. chalmersi.

Microdous chalmersi previously was known from the Changhua River and the Wan-
quan River of Hainan [29], but we only found it in Tropic Rainforest Park of Wuzhishan
Mountain of the Changhua River after two years of sampling. In Pearl River drainage,
M. chalmersi is distributed in the upper reaches of the Pearl River in Guangxi Province, but
cannot be found downstream in Guangdong Province. Although M. chalmersi was listed
only as “least concern and needs updating” in The IUCN Red List of Threatened Species
in 2010, its limited and disjunct distribution imply its threatened status. Therefore, con-
servation of M. chalmersi is urgently needed, and two management units probably should
be considered due to the disjunct distribution of the two populations and larger genetic
distance between them.

5. Conclusions

The results of the phylogenetic reconstruction and genetic distance analysis based
on mitochondrial genome data indicated that M. chalmersi distributed in Guangxi and
Hainan may have been differentiated and could be different species due to long-term
geographical isolation.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/fishes8050228 /s1, Table S1: Voucher numbers of samples and accession
numbers of various loci; Table S2: Eleven target sequences of Microdous; Table S3: Pairwise p-distance
within populations and between populations of Microdous; Table S4: Pairwise distance between
Odontobutis spp.
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