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Chromosome-level genome 
assemblies of vulnerable male and 
female elongate loach (Leptobotia 
elongata)
Zhengyong Wen1,2,3,4,5, Xiuying Wei1,2, Jieming Chen3,5, Yang Li6, Bo Zhou7, Chuang Zhang8, 
Peng Fu8, Panita Prathomya9, Rui Li1,2, Yunyun Lv1,2, Yanping Li1,2, Wanhong Zeng1,2,4, 
Yu He1,2,4, Luo Zhou1,2,4, Junde Fan10, Qiong Shi   1,2,3,5 ✉ & Xinhui Zhang3,5 ✉

Endemic to the upper and middle reaches of the Yangtze River in China, elongate loach (Leptobotia 
elongata) has become a vulnerable species mainly due to overfishing and habitat destruction. Thus 
far, no genome data of this species are reported. As a result, lacking of such genomic information 
has restricted practical conservation and utilization of this economic fish. Here, we constructed 
chromosome-level genome assemblies for both male and female elongate loach by integration of 
MGI, PacBio HiFi and Hi-C sequencing technologies. Two primary genome assemblies (586-Mb and 
589-Mb) were obtained for female and male fishes, respectively. Indeed, 98.22% and 98.61% of the 
contig sequences were anchored onto 25 chromosomes, with identification of 26.22% and 25.92% 
repeat contents in both assembled genomes. Meanwhile, a total of 25,215 and 25,253 protein-coding 
genes were annotated, of which 97.41% and 98.8% could be predicted with functions. Taken together, 
our genome data presented here provide a valuable genomic resource for in-depth evolutionary and 
functional research, as well as molecular breeding and conservation of this economic fish species.

Background & Summary
Elongate loach, Leptobotia elongata, is an endemic freshwater fish species in the upper and middle reaches of the 
Yangtze River in China1. It is well known for its rapid growth trait and exceptional ornamental value2,3. However, 
the wild population of this species has significantly declined due to overfishing and habitat destruction4. As a 
result, this species has been listed as a vulnerable grade (VU) fish in the China Red Data Book of Endangered 
Animals and the Red List of China’s Vertebrates4,5. Previous studies primarily focused on reproductive and 
developmental biology6–9, feeding ecology1, taxonomy, and genetic diversity2,10,11. Meanwhile, the mitogenome 
and two transcriptomes of this endangered species were also reported3,4,12,13. However, whole genome data are 
still very limited, which has largely restricted biological research and conservation of this valuable loach species.

In recent years, lots of efforts have been made by Chinese government and scientists to recover and protect 
wild populations of elongate loach. One of the most important ways is to release artificially bred juvenile loaches 
into wild rivers and lakes within the upper and middle reaches of the Yangtze River6. In many cases, it is impor-
tant to know the genders of examined fish; however, it is hard to distinguish the exact sex of loach individuals 

1Key Laboratory of Sichuan Province for Fishes Conservation and Utilization in the Upper Reaches of the Yangtze 
River, Neijiang Normal University, Neijiang, 641100, China. 2College of Life Science, Neijiang Normal University, 
Neijiang, 641100, China. 3Laboratory of Aquatic Genomics, College of Life Sciences and Oceanography, Shenzhen 
University, Shenzhen, 518060, China. 4School of Animal Science, Yangtze University, Jingzhou, 424020, China. 
5Shenzhen Key Lab of Marine Genomics, Guangdong Provincial Key Lab of Molecular Breeding in Marine Economic 
Animals, BGI Academy of Marine Sciences, BGI Marine, Shenzhen, 518081, China. 6Chinese Sturgeon Research 
Institute, China Three Gorges Corporation, Yichang, 443100, China. 7Fisheries Research Institute of Sichuan Academy 
of Agricultural Sciences, Yibin, 644000, China. 8Chongqing Fisheries Science Research Institute, Chongqing, 400020, 
China. 9Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai, 
50200, Thailand. 10Yueyang Yumeikang Biotechnology Co. Ltd., Yueyang, 414100, China. ✉e-mail: shiqiong@szu.
edu.cn; shiqiong@genomics.cn; zhangxhui1987@163.com

Data Descriptor

OPEN

https://doi.org/10.1038/s41597-024-03789-w
http://orcid.org/0000-0002-6358-976X
mailto:shiqiong@szu.edu.cn
mailto:shiqiong@szu.edu.cn
mailto:shiqiong@genomics.cn
mailto:zhangxhui1987@163.com
http://crossmark.crossref.org/dialog/?doi=10.1038/s41597-024-03789-w&domain=pdf


2Scientific Data |          (2024) 11:924  | https://doi.org/10.1038/s41597-024-03789-w

www.nature.com/scientificdatawww.nature.com/scientificdata/

by morphological observation9. Sex-related specific markers are indeed helpful for sex identification at the early 
developmental stages14,15, but lacking of genome data has delayed the process to identify such valuable markers. 
Meanwhile, elongate loach grows rapidly with the biggest body weight and body size in Cobitidae fishes3, but 
the potential genetic basis is still poorly understood without any supportive genomic data. In addition, our 
recent work revealed that some species may have experienced an evolution process of genome polyploidization 
in Cobitidae fishes, including wide-bodied sand loach (Sinibotia reevesae) but not for elongate loach16. More 
available genome assemblies of Cobitidae fishes will benefit for exploration of such an interesting evolutionary 
phenomenon. Notably, genome data will also be useful for resolving other scientific issues such as nutrition 
requirement, breeding, disease control and prevention, as well as species conservation. Thus, a high-quality 
genome assembly for any target species is often required for both theoretical research and practical protection.

In this study, we obtained two chromosome-level genome assemblies for both male and female elongate 
loaches by combination of MGI, PacBio, and Hi-C sequencing technologies. Subsequently, the completeness, 
content, and annotation of both assembled genomes were evaluated in accordance with our previous studies17–19. 
Then, the evolutionary location of this loach was reevaluated based on the genome data of twelve representative 
fishes. Finally, chromosome synteny was compared and analyzed among genomes of elongate loach and other 
three representative fishes. These genome data presented here provide a valuable genetic resource for future 
evolutionary and functional research, as well as molecular breeding and conservation of elongate loach for 
improvement of its economic and ecological values.

Methods
Sample collection.  Adult female and male elongate loaches (Fig. 1a,b) were collected from Key Laboratory 
of Sichuan Province for Fishes Conservation and Utilization in the Upper Reaches of the Yangtze River, Neijiang 
City, Sichuan Province, China. Muscle tissues from each individual were separately pooled for whole genome 
sequencing, including MGI short-read, PacBio HiFi long-read, and Hi-C sequencing technologies. Meanwhile, 
muscle, ovary/testis, brain, skin, spleen, eye, kidney, intestine, gill, heart, stomach, and liver (12 tissues) were 
collected for transcriptome sequencing (Table 1). These samples were cut into small pieces and freshly frozen in 
liquid nitrogen, and then were stored at −80 °C before use.

The animal experiments were conducted according to the Chinese Ministry of Science and Technology 
Guiding Directives for Humane Treatment of Laboratory Animals and approved by the Animal Care and Use 
Committee of Neijiang Normal University.

DNA extraction and genome sequencing.  Extraction and purification of genomic DNA (gDNA) 
from the muscle tissues was carried out using the classic phenol-chloroform method20. Quality and quantity of 
the extracted DNA were assessed using Nanodrop spectrophotometer and Qubit Fluorometer (Thermo Fisher 
Scientific, Franklin, MA, USA), respectively.

The gDNA was randomly fragmented to construct a library with an insert-size of 350 bp by using MGIEasy 
universal DNA library prep set (MGI, Shenzhen, China) for subsequent sequencing on a DNBSEQ T7 platform 
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Fig. 1  K-mer (17-mer) distribution curves for estimation of the genome size of L. elongata. (a) Female. (b) Male. 
Photos of the two sequenced individuals are provided for comparison.
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(MGI). A total of 61.59 Gb and 70.69 Gb of paired-end raw reads (150 bp in length) from female and male were 
generated, and then they were filtered by SOAPfilter v2.221 (parameter: -i 350 -M 2) to remove low-quality reads 
and adaptor sequences. Finally, approximately 45.22 Gb (77.96×) and 50.4 Gb (86.89×) of clean reads were 
obtained (Table 1) for estimation of the genome size and subsequent assembling.

For the PacBio HiFi long-read sequencing, gDNA was used to construct long-read libraries by using a 
SMRTbell Express Template Prep Kit 2.0 based on PacBio’s standard protocol (Pacific Biosciences, Menlo Park, 
CA, USA), which were sequenced through a PacBio Sequel II System. A total of 38.41 Gb and 42.52 Gb HiFi 
reads with N50 sizes of 17,684 bp and 17,435 bp respectively were obtained (Table 1) using the CCS v6.0.022 
(Circular Consensus Sequencing) software with the parameter -min-passes 3. These sequencing data covered 
approximately 66.22× and 73.31× of the female and male genomes, respectively.

For the high-throughput chromosome conformation capture (Hi-C) sequencing, muscle tissues from the 
female or male individual were collected, and two Hi-C libraries were constructed by using GrandOmics Hi-C 
kit (the applied restriction enzyme is DpnII; GrandOmics, Wuhan, China) according to the manufacturer’s pro-
tocol. The Hi-C libraries were then sequenced using DNBSEQ T7 platform (MGI) with the paired-end module. 
In total, 99.67 Gb and 102.43 Gb of raw reads were generated for female and male, respectively. Subsequently, 
fastp v0.19.523 was applied to filter the adaptors and low-quality reads. Finally, high-quality clean reads (81.67 
and 83.45 Gb; Table 1) were retained for construction of chromosomes.

RNA extraction and transcriptome sequencing (RNA-seq).  Total RNA was extracted from 12 tissues 
(Table 1) using a standard Trizol protocol (Invitrogen, Frederick, MD, USA), and purified using a Qiagen RNeasy 
mini kit (Qiagen, Germantown, MD, USA). RNA with equal amounts from each tissue was mixed for construc-
tion of Illumina cDNA libraries followed the manufacture’s guideline, which was then sequenced on a HiSeq X 
Ten platform (Illumina, San Diego, CA, USA). Around 15.0 Gb of transcriptome data (for each tissue; see more 
details in Table 1) were generated for assistance to gene annotations.

Genome-size estimation.  To estimate the genome size for elongate loach, a k-mer analysis was performed 
by using MGI short clean reads. Through the k-mer counting (KMC) program and genome character estimator 

Species Library type Raw data (Gb) Clean data (Gb) Read N50/ length (bp) Coverage (×)

Female

MGI 61.59 45.22 150 77.96

PacBio HiFi — 38.41 17,684* 66.22

Hi-C 99.67 81.67 150 140.81

RNA

Brain 15.20 13.96 150

Eye 12.90 11.60 150

Gill 14.40 13.10 150

Muscle 19.60 18.40 150

Liver 14.00 12.60 150

Spleen 12.70 11.70 150

Skin 15.30 13.40 150

Ovary 25.60 23.80 150

Intestine 16.30 15.20 150

Kidney 14.80 13.50 150

Stomach 11.80 10.60 150

Heart 15. 50 14.50 150

Male

MGI 70.69 50.40 150 86.89

PacBio HiFi — 42.52 17,435* 73.31

Hi-C 102.43 83.45 150 143.87

RNA

Brain 20.50 18.90 150

Eye 14.20 13.00 150

Gill 11.80 10.90 150

Muscle 17.10 15.80 150

Liver 11.80 11.10 150

Spleen 12.90 11.70 150

Skin 14.70 13.70 150

Testis 17.50 16.20 150

Intestine 13.20 12.30 150

Kidney 11.60 10.90 150

Stomach 13.80 12.80 150

Heart 13.30 12.20 150

Table 1.  Sequencing data of the female or male genomes. *For PacBio HiFi, this number is read N50; for others, 
it is read length.
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(GCE) v1.0.2 software24, a 17-mer frequency was calculated. The genome size was estimated based on the follow-
ing formula: G = K_num/K_depth, where G is the genome size, K_depth represents the k-mer depth, and K_num 
stands for the total number of 17-mers. The genome size for female and male elongate loach were therefore esti-
mated to be about 589 Mb and 595 Mb, respectively (Fig. 1), which are similar to the genome size of Triplophysa 
dalaica, a closely related plateau fish under the same family Cobitidae25.

De novo genome assembly and chromosome construction.  For the initial genome assembly, 
38.41 Gb and 42.52 Gb HiFi long reads (Table 1) were de novo assembled into contigs through HiFiasm v0.16.026 
with default parameters. The primary female and male genome assemblies were 585 Mb and 588 Mb in length, 
which are consistent with the estimated genome sizes (Fig. 1), respectively. Based on this primary genome assem-
bly, Hi-C short reads were subsequently employed to construct chromosomes for elongate loach.

First, the Hi-C clean reads were mapped to the assembled contigs using bowtie2 v2.2.527 (--very-sensitive 
-L 20 --score-min L, -0.6,-0.2 --end-to-end). Subsequently, the HiC-Pro v2.8.128 pipeline was applied to detect 
valid ligation products and only valid contact paired reads were retained for further analysis. Based on these 
valid reads, the primary assembly was oriented, ordered, and clustered onto chromosomes using 3D-DNA v3.0 
software29 with default parameters. Juicebox v1.11.0830 was employed to visualize before manually adjusting the 
candidate assemblies. These assemblies had a total length of 586 Mb and 589 Mb, containing 58 and 67 scaffolds 
with scaffold N50 sizes of 22.85 Mb and 22.62 Mb for female and male, respectively. Finally, a total of 25 chromo-
somes for each genome were obtained, which contained 98.22% (576 Mb) and 98.61% (581 Mb) of the assembled 
contigs for female and male, respectively (Fig. 2, Table 2).

We employed two methods to evaluate the genome completeness. First, BUSCO v5.0 (Benchmarking Universal 
Single-Copy Orthologs)31 was employed to search against the actinopterygii_odb10 database. Both female and 
male assemblies were validated to contain 97.3% [S:96.4%, D:0.9%, F:0.3%, M:2.4%] and 97.6% [S:96.5%, D:1.1%, 
F:0.3%, M:2.1%] of the 3,640 conserved genes, respectively. Second, based on the BGI short reads, we assessed the 
consensus quality values (QV) of the two assemblies through Merqury v1.332 with “k-mer = 19”. For female and 
male assemblies, the mapping rates of reads were 99.58% and 99.63%, respectively (Table 2). These results show 
that the two genome assemblies have considerable integrity, continuity, and accuracy.

Annotation of repeat elements.  Repeat elements (REs) in the elongate loach genome were predicted 
by combination of homology-based and de novo predictions. For the homology approach, Tandem Repeats 
Finder v4.0733 was applied to search for tandem repeats. Transposable elements (TEs) were identified using 
RepeatMasker v4.0.6 and RepeatProteinMask v4.0.634. For the de novo approach, RepeatModeler v1.0.835 and 
LTR_FINDER v1.0.636 were employed to generate a de novo repeat library, and RepeatMasker was used to anno-
tate REs against this repeat library. A total of 153.81 Mb (26.22%) and 152.72 Mb (25.92%) repetitive sequences 
were annotated in the female and male genomes (Table 2), in which DNA transposons made up the greatest 
proportion (10.78% and 10.58%), followed by LTR (10.04% and 9.99%) and LINEs (7.09% and 6.93%, respec-
tively). Compared with the genome of Triplophysa dalaica (REs account for 35.01%), elongate loach displayed 
comparatively low percentage of REs. Subsequently, the repetitive regions of each genome were masked prior to 
further gene prediction.

Gene annotation and functional assignment.  Prediction of protein-coding genes was carried 
out using three methods, including homology, ab initio and RNA-seq-based. First, AUGUSTUS v3.2.137 
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Fig. 2  Genome-wide analysis of chromatin interactions at 500-kb resolution in (a) female or (b) male genome. 
Color blocks represent the interactions, with various strength from yellow (low) to red (high).
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was employed to perform the ab inito gene predictions. Second, GeMoMa v1.6.438 was applied for the 
homology-based prediction. We aligned homology proteins from six other fish species, including zebrafish 
(Danio rerio), spotted gar (Lepisosteus oculatus), Indian major carp (Labeo rohita), fathead minnow (Pimephales 
promelas), Triplophysa bleekeri, and Onychostoma macrolepis (downloaded from the NCBI). Third, the RNA-seq 
data from twelve tissues were mapped onto the assembled genomes using Trinity v2.5.139, and then gene struc-
tures were identified using PASA v2.3.340. Finally, gene sets were integrated by the Evidence Modeler (EVM) 
pipeline v1.040.

A total of 25,215 and 25,253 protein-coding genes were predicted in the female and male genomes, respec-
tively. Functions of these genes were annotated by BLASTPing the deduced protein sequences against vari-
ous public databases, including SwissProt, Interpro, NCBI NR, KEGG and Trembl, with an E-value cutoff of 
<1e−5. A sum of 24,563 (97.42%) and 24,976 (98.8%) genes were successfully annotated in at least one data-
base for female and male, respectively. Meanwhile, the BUSCO completeness values were calculated to be 94.4% 
and 95.1% of the total predicted genes for female and male, respectively (Table 3). Interestingly, around more 
than 50 genes were predicted in the male genome assembly, which may be helpful for developing male-specific 
markers or sex-determining genes for ongoing practices of mono-sex or molecular breeding of this economic 
fish species.

Synteny analysis.  Based on the protein-coding sequences and gene structures, JCVI v19021341 was used to 
perform a chromosomal synteny analysis among L. elongate, D. rerio, T. bleekeri and T. dalaica. It seems that these 
fish species have a good collinearity relationship, and their chromosomes present one-to-one correspondence 
(see Fig. 3), indicating that the assembled genomes are complete and high-quality.

Data Records
The genome assembly and raw reads of the genome and transcriptome sequencing for elongate loach were 
deposited at NCBI under the accession number PRJNA108205742. Raw reads are available in the Sequence 
Reads Archive (SRA) with the accession number SRP49577243. Both genome assemblies were deposited at NCBI 
GenBank with the accession numbers GCA_039881065.144 and GCA_039881075.145. The annotation files of 
Leptobotia longiformis are available in Figshare46.

Category Female Male

Genome survey (Mb) 589 595

Genome length (bp) 586,512,559 589,204,579

Longest scaffold (bp) 32,081,965 32,928,833

Number of scaffolds 58 67

Contig N50 (bp) 18,908,109 17,239,000

Scaffold N50 (bp) 22,850,000 22,625,048

GC content 39.40% 39.40%

Short reads mapping rate 99.58% 99.63%

Merqury (QV) 48.26 48.76

BUSCO 97.30% 97.60%

Anchor ratio 98.22% 98.61%

Number of chromosomes 25 25

Chromosome length (bp) 576,130,438 581,048,936

Repetitive sequence 26.22% 25.92%

Table 2.  Statistics of both male and female genome assemblies.

Category

Female Male

Number Percentage (%) Number Percentage (%)

Total 25,212 100 25,253 100

NR 23,315 92.47 24,010 95.07

Swissprot 21,025 83.39 21,532 85.26

KEGG 22,108 87.68 22,422 88.78

TrEMBL 23,964 95.04 24,446 96.80

Interpro 21,756 86.29 22,383 88.63

Overall 24,563 97.42 24,976 98.90

BUSCO 3,436 94.40 3,461 95.10

Table 3.  Functional annotation and BUSCO evaluation of protein-coding genes. Overall represents the number 
of annotated genes with at least one hit from the five public databases.
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Technical Validation
The quality scores across all bases of the MGI raw sequencing data were inspected using FastQC v0.11.947 
(https://www.bioinformatics.babraham.ac.uk/projects/fastqc/). We conducted a 17-mer distribution analy-
sis to estimate the target genome size based on the MGI clean data. The integrity of assembled genomes and 
protein-coding genes was evaluated using BUSCO with the actinopterygii_odb10 database. More than 94% of 
complete BUSCOs were identified in both assembled genomes and annotated protein-coding genes. The synteny 
analysis of 25 chromosomes between elongate loach, zebrafish and two Triplophysa fishes proved high conserva-
tion of synteny between each pair of the four species, indicating that the genome assemblies and annotation for 
elongate loach are indeed complete and of high quality.

Code availability
The versions and parameters of bioinformatic tools applied in this study have been described in the Method 
section. If no parameter is provided, the default is set. No custom code was used.
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