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ABSTRACT
Background: The Labeo chrysophekadion is an economically important cyprinid that migrates
short distances seasonally between the mainstream and floodplains of the Mekong River. How-
ever, wild populations are threatened by fishing pressure and environmental impacts. Genome-
wide studies have been widely applied in molecular ecology to inform fisheries management. This
study aimed to assemble and annotate the complete mitogenome from whole-genome restric-
tion site-associated DNA sequencing data and use the assembled mitogenome to identify aligned
mitogenome segments and investigate the population genetics of L. chrysophekadion in the lower
MekongBasin (LMB).Methods: A total of 255 individualswere collected in the lowerMekongBasin.
There were six sites on the Mekongmainstem (Paksan, Pakse-Lao PDR, Ubon Ratchathani-Thailand,
Kratié-Cambodia, Dong Thap, An Giang-Vietnam), one site at the confluence of the Mekong and
3S Rivers (Stung Treng-Cambodia), and two sites on tributaries in the LMB: the Khan River, Luang
Prabang, Lao PDR, and the Chi River, Roi Et, Thailand. High-quality sequence reads were identified
and used to assemble, annotate, and visualize the mitogenome using the Mitoz toolkit. Following
the RADbarcoder pipeline, aligned DNA segments were identified and used to estimate the ge-
netic diversity and haplotype network. Results: The completemitogenome of L. chrysophekadion
was 16,600 base pairs in length and exhibited a high identity of 99.8% to a previously published
genome (accession number AP011199) derived from an individual fish in Kandal, Cambodia. This
genome comprised 13 protein-coding genes, 22 transfer RNA genes, 2 ribosomal RNA genes, and a
control region gene. When mapping individual sequence reads to the mitogenome, 757 bp were
identified as the aligned mitogenome segment data. A total of 49 haplotypes from 247 individ-
uals were detected, with a haplotype diversity of 0.849 (±0.014) and nucleotide diversity of 0.005
(±0.0008). High connectivity was detected among the sample populations, with three dominant
common haplotypes shared among 8-9 populations. Additionally, nine haplotypes were shared by
at least two populations, while 35 private haplotypes were distributed among all examined popu-
lations. This significant finding provides an overview of population structure, serving as a scientific
basis for the conservation andmanagement of aquatic resources. Conclusion: This study provides
information on the mitogenomic characteristics and spatial genetics of L. chrysophekadion in the
LMB.
Key words: Aigned mitogenome segments, mitogenome, haplotype network, population
genetics, EzRAD

INTRODUCTION
The highly biodiverse Mekong River has been in-
creasingly threatened by climate change and anthro-
pogenic activities1–3. This river is characterized
by fast-flowing rapids, waterfalls, confluences, trib-
utaries, catchments, seasonal floodplains and deep
pools4. Along with seasonal flow changes and dy-
namic hydrological features, 80%of fish species in this
area are migratory fish, of which numerous species
spawn in the upper reaches5.
Known as the world’s second most productive inland
fishery, the Mekong River supplies up to 80% of the

protein needs for nearly 65 million people living in
the lower Mekong Basin (LMB; 6,7). Although not as
widely known as catfish species, the black sharkmin-
now Labeo chrysophekadion (Bleeker, 1849) (Cyprini-
formes: Cyprinidae) is an important commercial food
fish in Asia. This species is also used in the aquar-
ium trade, and it shows potential for aquaculture
development8,9. Throughout its distribution range
from the Mekong and Chao Phraya Basins to the
Malay-Indonesian Archipelago8, size variations were
recorded: 40 cm in Vietnam, 70 cm in Cambodia and
Lao PDR, and up to 90 cm in Thailand10.
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Currently, the migration pattern of L. chrysopheka-
dion is still debated, whether it is a short or long mi-
gratory fish, commonly known as “gray” or “white”
fish, respectively11–13. Although this species has been
reported to be migratory 9, information about the mi-
gration behavior of L. chrysophekadion remains frag-
mented. Generally, mature adults begin their up-
stream migration at the end of the rainy season and
early dry season (March toAugust), and spawning oc-
curs at the onset of the rainy season (e.g., June to July
in southern Lao PDR)8. The fry and adults migrate
back to floodplains for feeding and return to main-
stems from October to December. The migratory
routes may vary due to different habitats, such as be-
tween permanent and seasonal water bodies of flood-
plains, waterfalls (e.g., Khone Falls) to the Mekong
Delta, and/or subcatchments and small streams9,10.
Knowledge gaps exist for most Mekong fish species,
including the black sharkminnow, and biological,
ecological, and genetic studies are needed. With ad-
vancements in next-generation sequencing and bioin-
formatic tools, we are gradually replacing single-
molecule markers with whole-genome sequencing14.
Mitochondrial DNA is a subset obtained from whole-
genome sequencing and a crucial molecular marker
used in evolutionary genetics, molecular ecology,
species identification, and conservation biology. This
marker is characterized by high mutation rates, the
absence of recombination, maternal inheritance, and
a rapid evolutionary rate15. While the complete mi-
tochondrial genome (mitogenome) offers a wealth of
information about genetic diversity and evolutionary
processes, DNA barcoding provides a valuable tool
for identifying fish species in the absence of sufficient
morphological data.
Assembly of the complete mitogenome from RAD-
seq data is now possible16–18. Furthermore, Bird
(2021) developed a pipeline to identify aligned mi-
togenome segments (AMS) from RAD-seq data,
which can be applied to investigate the gene flow and
population structure of aquatic organisms 19–21.
The lack of information on the genetic diversity and
migration routes of exploited species, such as L.
chrysophekadion, hinders the development of sustain-
able management policies, which may exacerbate re-
source depletion. Currently, there is only one com-
plete mitogenome available from an individual col-
lected in Kandal, Cambodia22. Multiple distinct pop-
ulations of L. chrysophekadion are believed to ex-
ist in the LMB based on fisheries observation data 8.
Moreover, according to Mashyaka and Duong (2021),
no significant differences were found between sam-
pling sites from Paksan (Lao PDR) to the Vietnamese

Mekong Delta, despite an estimated distance of 1,200
km, as determined by intersimple sequence repeat
markers12.
This study aimed to 1) assemble and annotate L.
chrysophekadion mitogenomes from the LMB using
restriction site-associated DNA sequencing (ezRAD)
and 2) identify AMSs to examine the genetic diver-
sity and population structure of L. chrysophekadion in
the LMB. These significant findings provide valuable
information for comprehensive research and effective
tools for managing single and multiple species in the
Mekong River.

MATERIALS AND METHODS

Fish Sampling

A total of 255 individuals of L. chrysophekadion were
field-identified8,23,24 and collected at nine locations
along the LMB. The sampling strategy included six
mainstem sites spread across four countries (Pak-
san, Pakse – Lao PDR; Ubon Ratchathani – Thailand;
Kratie – Cambodia; DongThap, andAnGiang –Viet-
nam); one site at the confluence of the Mekong and
3S Rivers (Stung Treng – Cambodia); and two LMB
tributary sites – the Khan River – Luang Prabang, Lao
PDR – and the Chi River – Roi Et, Thailand (Table 1,
Figure 1 )
Muscle tissue (~ 50 mg) from each individual was
preserved in 95% molecular grade ethanol and trans-
ported to the Molecular Biology Laboratory at Nha
Trang University, Vietnam, for further analysis.

Genomic library preparation and sequenc-
ing

DNA extraction was performed from preserved tis-
sue samples using the Wizard® SV Genomic DNA Pu-
rification System kit (Promega, USA) following the
manufacturer’s instructions. A minor modification
was made in the elution step; the extracted DNA was
eluted three separate times, with 100 µL of AE buffer
used each time instead of 250 µL of nuclease-free wa-
ter. Subsequently, all elutions were subjected to elec-
trophoresis on a 1% agarose gel and quantified using
a Qubit 2.0 fluorometer with the dsDNA High Sensi-
tivity kit (Invitrogen).
Selected DNA (100 ng, ≥ 3 ng/µ l) from 255 indi-
viduals was used for ezRAD library preparation16,17.
The implementation process involved randomly frag-
menting the genomic DNA, performing end re-
pair, size selection, A-tailing, ligating with Illumina
adapters, and PCR amplification. All libraries were
then sent to the Genomics Core Laboratory (Texas
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Figure 1: Sampling sites (blue dots) of Labeo chrysophekadion in the lower Mekong Basin. The red words
represent existing, under construction, or planned hydropower dams (62).
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Figure 2: Haplotype network of Labeo chrysophekadion mitogenomes in the lower Mekong Basin. Yellow
circles represent eight consensus sequences and one mitogenome retrieved from GenBank. Red dots represent
median vectors. The numbers in parentheses indicate the number of base stepmutations distinguishing the hap-
lotypes.

Table 1: Information on the sampling sites for Labeo chrysophekadion in the lower Mekong Basin

LMB location Country Sampling sites
(Code)

Geographic coordinates No. of indi-
viduals

Mainstem Lao PDR Paksan (PA) 18◦23’40.5”N 103◦39’09.1”E 32

Pakse (PE) 15◦07’30.0”N 105◦48’47.8”E 32

Thailand Ubon Ratchathani
(UB)

15◦18’48.2”N 105◦29’52.6”E 28

Cambodia Kratié (KT) 12◦49’31”N 106◦01’71.5”E 27

Vietnam An Giang (AG) 10◦41’07.1”N 105◦11’59.1”E 24

Dong Thap (DT) 10◦46’59.5”N 105◦20’49.6”E 32

Mekong and 3S
confluence

Cambodia Strung Treng (ST) 13◦31’46.7”N 105◦57’06.6”E 28

Tributary Lao PDR Luang Prabang (LP) 19◦53’39.2”N 102◦08’28.6”E 22

Tributary Thailand Roi Et (RE) 15◦57’39.8”N 103◦59’31.5”E 30

Total 255
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Figure 3: Circular map of the mitochondrial genome of Labeo chrysophekasion. Genes encoded on the H-
strand and L-strand are shown inside and outside the circular map, respectively. The GC and AT contents are
plotted in the dark and light regions in the inner gray circle, respectively.

A&M University, Corpus Christi, USA) for paired-
end 150 bp sequencing on the Illumina HiSeq 4000
platform.

Mitogenome assembly and annotation
The data were analyzed on a server with the follow-
ing configuration: Intel(R) Xeon(R) Gold 6168 CPU
@ 2.40 GHz, 80 CPU, and 187 GB of RAM. The op-
erating system used was Ubuntu 21.10, version X_86
64-bit.
The quality of the raw paired-end reads (FASTQ) of
the obtained libraries was analyzed and visualized us-
ing FastQC25 and MultiQC 26, respectively. The mi-
tochondrial genomes were assembled following the
MitoZ v3.4 toolkit27. Trimmomatic v0.3628 was used
to remove adapters, restriction site sequences, bases
with a Phred quality score less than 30, and any reads
that were less than 50 base pairs in length. Then,
quality-filtered reads were assembled using de Bruijn

graph (DBG) algorithms based on Megahit v1.2.9
(quick mode default k-mer length of 71)29. The out-
put files (FASTA) were assembled contigs and/or scaf-
folds of both themitochondrial and nuclear genomes.
The FindMitoScaf module was applied for the fol-
lowing steps: (i) The genomes were mapped to the
profile Hidden Markov Model; (ii) All sequences
falling outside the database were removed; and (iii)
The confidence scores were calculated and ranked
for protein-coding genes. GeneWise v2.230, MiTFi
v1.031, and infernal v1.1.132 were used to annotate
protein-coding genes (PCGs), transfer RNA (tRNA),
and ribosome RNA (rRNA), respectively.
Consensus genome sequences in FASTA format were
aligned to the L. chrysophekadion mitogenome from
GenBank (AP011199 33) using pagan234. Based on
sequence length and percentage mapping, a haplo-
type network of eight consensus mitogenomes from
LMB and the previously published genome was cre-
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Figure 5: TCS haplotype network of Labeo chrysophekadion in the lower Mekong Basin using AMS data.
The color represents the current sampling site and previous study site (REF). Each haplotype is represented by
a circle in which the circle size is proportional to the haplotype frequency. Mutations between haplotypes are
indicated by lines representing mutations from the common haplotype.

ated using POPART v1.735. Additionally, Kimura’s
two-parameter genetic distance was calculated using
BioEdit 7.0.5.336 to determine the genetic differences
between the LMB L. chrysophekadion consensus se-
quences.
The selected complete mitogenome was rearranged
using BWA v0.7.1737 and SAMtools v1.15.138. A cir-
cular map of the L. chrysophekadionmitogenome was
generated using Circos39. The nucleotide composi-
tion of themitogenomewas determined usingMEGA
X40. Finally, the complete mitogenome was submit-
ted to GenBank using Bankit (https://submit.ncbi.nl
m.nih.gov/about/bankit/).

AMS identification and population genet-
ics
DNAmitogenome processingwas implemented using
the RADbarcoder pipeline22. All reads from each in-
dividual that passed quality trimming were mapped
to the current mitogenome of L. chrysophekadion us-
ing BWA v0.7.1237 with the MEM algorithm34. The
unmapped reads were filtered using the ‘stats’ func-
tion in SAMtools38. The ‘bam2GENO’ function was
used to convert the resulting BAM files to consen-
sus genome sequences in FASTA format, which were

then aligned to two L. chrysophekadion mitogenomes
(AP01119933 and theOR637878 in current study) us-
ing pagan241. The ‘fltrGENOSITES’ function was ap-
plied to remove sites with missing/ambiguous/indel
base calls and individual sequences with low percent-
age sequence mapping (< 50%). The position on the
mitochondrial genome of the collected AMS (FASTA
file) was determined using the Basic Logical Align-
ment Search Tool (BLAST, http://blast.ncbi.nlm.nih
.gov/) and viewed by Multiple Sequence Alignment
Viewer v1.25.0. Then, the FASTA file of the AMS data
was converted to a NEXUS file for further analysis us-
ing Seaview42.
To visualize the relationships between individuals and
populations of L. chrysophekadion in LMB, a haplo-
type network was constructed based on the AMS data
using the TCS algorithm 43 implemented in POPART
v1.735. Genetic diversity indices, including the num-
ber of haplotypes (H), number of polymorphism sites
(S), haplotype (Hd) and nucleotide (π) diversity, were
calculated using DnaSP v5 18. The genetic differences
(FST ) between all pairs of sites were also computed
using ARLEQUIN v3.544.

RESULTS
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Mitogenome structure and composition
In this study, a total of 255 ezRAD libraries of
L. chrysophekadion from nine sampling sites across
the LMB were sequenced. A total of 1,062,049,264
raw sequence reads (151 bp paired-end), ranging
from 1,094–37,265,254 reads per individual, were ob-
tained. After adapter trimming and quality filtering,
1,026,721,048 high-quality reads (912–36,260,038 per
individual) were passed and used to assemble the
mitogenome. With the MitoZ toolkit, 0.06-0.12%
of the high-quality reads were successfully mapped
to the L. chrysophekadion mitogenome. Due to low
percentage sequence mapping (< 50%), eight con-
sensus mitogenomes were removed from the dataset.
The lengths of the remaining 247 consensus mi-
togenomes varied from 8,510-16,600 bp, 20-8,069
bp in gap, and 0-152 in missing nucleotides (N).
Among these, 46 mitogenomes had lengths greater
than 16,000 bp (16,011–16,600) and displayed 96.3–
99.8% identity to a previously published genome
(AP011199)33 (Table 2). Furthermore, due to the
greatest length and high-quality mapping, eight con-
sensus sequences representing eight sampled popu-
lations in the LMB (excluding the An Giang pop-
ulation due to low resolution) were chosen to con-
struct the LMB L. chrysophekadion mitogenomes.
The sequence differences ranged from 0.2% (Ubon
Ratchathani and Stung Treng) to 4.7% (Dong Thap
and Kratié) (Table ??). The haplotype network of the
eight selected consensus sequences and one previous
mitogenome displayed two distinct clades. The six
consensus mitogenomes (KT, PE, UB, ST, LP, and RE)
clustered with the L. chrysophekadion mitogenome
retrieved from GenBank (AP011199), differing by 1–
10 mutational differences. Moreover, the DT and PA
mitogenomes were closely related (10–44 mutational
differences) (Figure 2 ). However, the divergence may
be caused by missing information due to the shorter
lengths (16,248 bp in DT and 16,571 bp in PA) and
the number of gaps (342 and 31 in DT and PA, re-
spectively).
Based on its high similarity (99.8%) to a pre-
viously published mitogenome, the selected com-
plete mitogenome of L. chrysophekadion from Ubon
Ratchathani, Thailand, was chosen for annotation.
This mitogenome contains 16,600 bp, with 42.9% GC
content. The mitogenome contains 37 typical mito-
chondrial genes, including 13 protein-coding genes
(PCGs), 22 transfer RNA genes (tRNA), 2 riboso-
mal RNA genes (rRNA), and a noncoding control
region of the D-loop. Most of the L. chrysopheka-
dion mitochondrial genes are encoded on the heavy

strand (H-strand), while one PCG (ND6) and eight
tRNA genes (tRNAAla, tRNAAsn, tRNACys, tRNAGln,
tRNAGlu, tRNAPro, tRNASer , and tRNATyr) are en-
coded on the L-strand (Figure 3 , Table ??). There
are 14 intergenic spacers totaling 74 bp, of which the
longest spacer is 33 bp, located between the tRNAAsn
and tRNACys genes. In addition, a total of 41 bp over-
laps were identified in 7 genes, with the overlap length
of each gene ranging from 1 to 7 bp (Table ??).
As shown in Table ??, all PCGs start with an ATG
codon, except for the COXI gene, which has GTG as
the start codon. In addition, TAA is the most com-
mon stop codon, except for ND2, which uses TAG.
The ND3, ND4, and ND6 genes ended with the in-
complete stop codon T–.

AMS identification and population genet-
ics
Following the RADbarcoder pipeline, the mapping of
high-quality reads from 247 individuals to the cur-
rent L. chrysophekadion mitogenome and alignment
to both the current and previous mitogenomes re-
sulted in the identification of 757 bp of aligned mi-
togenome segment data (Table 2). Among these, 502
bp were found in PCGs (ND1, COXI, COXIII, and
cytb), 79 bp in rRNA (16S), and the remaining in
tRNA genes (tRNALeu, tRNAAsn, tRNACys, tRNATyr ,
and tRNAT hr) (Figure 4 ).
A total of 49 haplotypes (19.8%) were identified from
247 individuals of L. chrysophekadion. The num-
ber of haplotypes ranged from 6/22 (LP, 27.3%) to
12/30 (RE, 40%). The average haplotype diversity
(Hd) was high (mean±SD = 0.849±0.014), ranging
from 0.71±0.071 (LP) to 0.871±0.046 (UB). The av-
erage nucleotide diversity (π) and number of poly-
morphic sites (S) were low (0.005±0.0008 and 113),
ranging from 0.002±0.001 and from 9–10 (DT and
ST) to 0.016±0.002 and 45 (LP), respectively (Ta-
ble 3). There was little difference in haplotype di-
versity between populations in the mainstem, Strung
Treng confluence and tributaries of theMekong River,
while the downstream populations (AG, DT in the
MekongDelta) and confluence site (ST) displayed low
nucleotide diversity. As shown in Table ??, small FST

values and nonsignificant differences were detected
among populations (FST = 0-0.04, P>0.05), except for
Luang Prabang, where significant differentiation was
evident (FST = 0.08-0.17, P<0.05).
Thehaplotype network of L. chrysophekadion revealed
high connectivity among the nine defined popula-
tions at LMB. Three dominant common haplotypes
(H7, H10, and H1, Figure 5) were detected and were
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Table 2: Summary of read count, consensus sequence length, and number of individuals after various steps of
mitogenome assembly and RADbarcoder pipeline

Parameters No. of reads/Length No. of individuals

Raw reads (reads) 1,094 – 37,265,254 255

High-quality reads after trimming (reads) 912 – 36,260,038 255

High-quality reads per individual successfully mapped to mitogenome
(%)

0.06 – 0.12 253

Consensus sequence length per individual (bp) 8,510 – 16,600 247

Consensus sequences mapped to reference mitogenome (%) 51.2 – 99.8 247

AMS dataset collected (bp) 757 247

Table 3: Summary statistics of genetic variation in Labeo chrysophekadion in the lower Mekong Basin

Sampling sites
(Code)

Nse H S Hd
(mean±SD)

π
(mean±SD)

Paksan (PA) 31 10 37 0.738±0.073 0.005±0.002

Pakse (PE) 30 10 30 0.805±0.058 0.005±0.002

Ubon
Ratchathani
(UB)

26 11 19 0.871±0.046 0.004±0.002

Kratié (KT) 27 10 55 0.835±0.049 0.009±0.003

An Giang (AG) 24 10 16 0.822±0.061 0.004±0.002

Dong Thap
(DT)

29 10 10 0.842±0.049 0.002±0.001

Strung Treng
(ST)

28 9 9 0.833±0.051 0.002±0.001

Luang Prabang
(LP)

22 6 45 0.71±0.071 0.016±0.002

Roi Et (RE) 30 12 54 0.807±0.06 0.007±0.003

Total 247 49 113 0.849±0.014 0.005±0.0008

Nse: number of individuals used in analyses; S: number of polymorphic sites; H: number of haplotypes; Hd: haplotype diversity; π : nucleotide
diversity

shared among 8 and 9 populations. Additionally, hap-
lotype H14 was shared by 5 populations (PA, UB, ST,
AG, and DT); haplotype H8 was found in PA, ST, KT,
and DT; and haplotype H26 was found in RE, UB,
ST, and DT. Furthermore, six haplotypes (H16, H2O,
H29, H36, and H37) were joined by at least 2 popu-
lations. The Luang Prabang (LP) population shared
only one common haplotype (H1) and was character-
ized by several private haplotypes (e.g., H3 shared by
7 individuals) spanning mutation steps. A high num-
ber of unique haplotypes (i.e., those found at a single
location) were detected (35 out of 49) and were dis-
tributed among all examined populations (Figure 5 ).

DISCUSSION

The Mekong River is one of the most biodiverse and
productive rivers in the world, supporting more than
1000 fish species and sustaining the livelihoods ofmil-
lions of people4,45. As in other regions of the world,
fisheries resources in the Mekong River have expe-
rienced declines due to factors such as exploitation,
environmental pollution, urban development, habi-
tat fragmentation, and climate change1,46. Therefore,
understanding the population structure and connec-
tivity of fishes is crucial for mitigating the detrimen-
tal effects of these threats and implementing effective
multispecies management strategies17.
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In recent years, rapid advances in high-throughput
sequencing technologies and available bioinformatic
tools have facilitated the successful assembly and an-
notation of growing numbers of mitogenomes, in-
cluding those of Mekong fish species 47–50. Despite
its importance and wide distribution range, only one
available mitogenome of L. chrysophekadion has been
generated from an individual fish in Kandal, Cambo-
dia 33. In this study, based on RAD-seq data, an ad-
ditional mitogenome (16,600 bp) from a fish individ-
ual collected in Ubon Ratchathani, Thailand, was as-
sembled and submitted to GenBank. This genetic in-
formation will enrich our understanding of this fish
species in the LMB and help fill existing knowledge
gaps.
Among the 54 available mitogenomes of Labeo
species, the sequence length varied from 16,602 bp (L.
chrysophekadion) to 16,766 bp (L. pierrei)33. Gener-
ally, the minor length variations between closely re-
lated species are caused by changes in tandem repeats
within the control region, the lengths of intergenic re-
gions, and gene overlaps51. In comparison to a pre-
vious mitogenome sequence, our study failed to iden-
tify two nucleotides (C and A) that were found at the
last position of the D-loop. In this case, the cause
may be sequence disturbance, rendering it unreliable
for detecting these two nucleotides. The circular map
also showed that the gene order (13 PCGs, 2 rRNAs,
22 tRNAs and a D-loop) was consistent with that of
previously publishedmitogenomes across various fish
species47–49,52.
Over the past few decades, numerous mitochondrial
DNA datasets (later combined with nuclear mark-
ers) have been generated across diverse sets of or-
ganisms12,19,21,47–49. Recently, due to genome-wide
analyses, genetic analyses have expanded to include
nuclear genomes53. AMS is a new approach that uti-
lizes the power of whole-genome sequencing to subset
the mitogenome, allowing comparison with the large
dataset of mitogenones that have been produced. The
757 bp AMS present on most coding and noncod-
ing genes allowed a complete analysis of genetic di-
versity and population connectivity and comparison
with analyses from numerous mitogenome studies.
Overall, high haplotype (Hd) and low nucleotide (π)
diversity of L. chrysophekadion were observed based
on the categories of genetic diversity suggested by
Grant and Bowen (1998) 54. In comparison to another
study conducted in the LMB, one migratory catfish,
Pangasius krempfi (Siluriformes: Pangasiidae), exhib-
ited similar levels of genetic diversity, with Hd = 0.941
and π = 0.0083 when analyzing the D-loop region.

However, lower genetic diversity was observed for the
cytb gene, with Hd = 0.381 and π = 0.0006355.
Low genetic diversity was detected in populations re-
lated to the Khan River (LP), confluence site (ST),
and delta sites (AG and DT). Interestingly, the RE
population, which was separated from the mainstem
by the Pak Mun dam, showed high genetic diver-
sity. The haplotype network showed high connec-
tivity among all populations, except for Luang Pra-
bang. Labeo chrysophekadion is known tomigrate up-
stream of the Mekong River for spawning and down-
stream for feeding9 however, its migration distance
has not been documented. Hydropower dams can
act as barriers that fragment habitats, block access
to spawning grounds, and modify habitats both up-
stream and downstream. These alterations can result
in reduced genetic diversity and increased genetic dif-
ferences among isolated riverine fish populations56.
An explanation for the low genetic diversity in the LP
population may be the development of hydroelectric
dams on theMekongmainstem and tributaries in Lao
PDR (Nam Dong, Nam Khan 2, Nam Khan 3, and
Nam Ko), which hinders the population from com-
pleting the migration routes.
Thirteen dams have been built in the Sesan and Sre-
pok Rivers in Vietnam (without fish passages), and
approximately 7 dams have been proposed to be built
in the Sekong River (Lao PDR) (Figure 1). Ac-
cording to the knowledge of fish migration routes
in the LMB, the Sesan catchment basin is an im-
portant spawning site, as well as a refuge during the
dry season57. A previous study reported a dimin-
ishing effective population size, elevated relatedness,
and inbreeding of one catfish species,Hemibagrus spi-
lopterus, sampled upstream of dams (Dak Lak) on the
Srepok River58. A low effective population size (Ne)
was also recorded in populations in the 3S tributary
of two fish species, Henicorhynchus lobatus and Heli-
cophagus leptorhynchus59.
The Mekong Delta is one of the regions that suffers
from severe consequences from climate change and
human activities. Research has shown that an im-
portant food fish species, Polynemus melanochir, is
at risk of difficulty recovering from environmental
changes17. A similar situation could occur with L.
chrysophekadion, a fish species of high economic value
that is currently facing overexploitation.
Based on microsatellite markers, Mashyaka and
Duong (2019) reported the population connectivity of
L. chrysophekadion between the Mekong Delta (Can
Tho, An Giang, and Dong Thap) and Lao PDR (Pak-
san) and suggested a long migratory distance of this
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species (approximately 1,200 km)12. Biological in-
formation and studies on the genetic diversity and
population structure of Mekong fishes are still lim-
ited12,17,58–62, and additional studies are needed to re-
liably infer the migratory patterns of L. chrysopheka-
dion. Given the ecological diversity and hydrological
conditions, multispecies management is essential for
the Mekong River. Therefore, more in-depth research
onmolecular ecology and species biology is needed to
develop effective conservation strategies.

CONCLUSIONS
Our study assembled and analyzed the mitogenome
sequence of L. chrysophekadion, which is 16,600 bp in
length. Thismitogenome is composed of 37 genes, in-
cluding 13 PCGs, 22 tRNA genes, 2 rRNA genes, and
a D-loop region. An AMS dataset consisting of 757
bp was identified from 247 individuals collected from
nine sample sites across the LMB. High connectivity
was detected among the sample populations, except
for Luang Prabang. This significant finding provides a
comprehensive overview of the population structure,
serving as a scientific basis for the conservation and
management of aquatic resources.
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