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An annotated genome of 
freshwater amphipod (Gammarus 
nekkensis)
Decai Lu1,2, Hongguang Liu1, Yan Tong1,2, Zeyu Liu1,2, Chao-Dong Zhu1 & Zhonge Hou3 ✉

Freshwater Gammarus species represent important keystone organisms in aquatic ecosystems, and 
are sensitive to environmental changes. Here, we present the first pseudo-chromosome-level genome 
of Gammarus nekkensis, endemic to north China. We integrated PacBio HiFi long-read sequencing, 
Illumina short-read sequencing, and Hi-C scaffolding to generate a high-quality, pseudo-chromosome-
scale genome assembly. The assembled genome is approximately 6.24 Gb in size, with a scaffold N50  
of 233.63 Mb, and 96.76% of the sequences were successfully anchored to 26 pseudo-chromosomes.  
A total of 39,474 protein-coding genes were predicted, and approximately 70% of these genes obtained 
functional annotations. Repetitive elements constituted about 63.93% of the genome, with long 
interspersed nuclear elements (LINE) being the most abundant (23.98%). BUSCO analysis indicated 
that both the assembly and annotation are highly complete compared with published amphipod 
genomes. This high-quality genome enables studies of sex determination, adaptive evolution, and 
genomic diversity in G. nekkensis, with applications for its conservation and breeding.

Background & Summary
Environmental changes including pollution and climate warming are dramatically altering water systems and 
affecting species distribution1,2. Freshwater amphipods are widely distributed in northern hemisphere. They 
stand for important keystone species in aquatic ecosystems, due to their high abundance and biomass. Their 
population health is often used as a bioindicator for monitoring water quality and environmental pollution3. 
Amphipods are also significant components in nutrient recycling and provide high-quality food for fish and 
water birds4. In recent years, amphipods have gained prominence as model organisms for functional genomics 
and genome editing, especially in investigation of cell fate specification and developmental plasticity5,6.

Species of Gammarus (Malacostraca; Amphipoda; Gammaridae) species are broadly distributed in alpine 
streams and boreal lakes, which are considered typical cold-water species7,8. Previous studies revealed that 
past climate cooling promoted diversification of freshwater Gammarus in Eurasia, however, future climate 
warming would influence its distribution9. The evolutionary trajectory and thermal sensitivity makes freshwa-
ter Gammarus species ideal models for studying genomic signature of cold adaption under climatic pressure. 
However, the absence of high-quality genomic resources has restricted investigations between genetic response 
and environment changes.

Here, we present the first pseudo-chromosome-level genome assembly of G. nekkensis, a cold-water amphi-
pod species distributed in the surrounding areas of north China. It inhabits mountain streams at elevations 
about 2000 meters. This species feeds on decaying leaves and carrion, and exhibits a strong preference for hid-
ing in light-avoided areas beneath rocky substrates. Based on k-mer analysis of Illumina short-read data, the 
genome size of G. nekkensis is greater than 4.57 Gb (Fig. 1).

Using PacBio CCS (134.41 Gb) and Hi-C chromatin conformation capture data (507.36 Gb), we assembled 
a 6.24 Gb genome, of which 96.7% (6.04 Gb) was anchored onto 26 chromosomal scaffolds (Fig. 2). This size 
exceeds initial estimates, which may be due to the abundance of repetitive sequences in the genome that affected 
the genome size assessment10.

Among the publicly available Amphipoda genome assemblies, the genome size in this study is the second larg-
est to that of Hirondellea gigas (13.92 Gb). Moreover, this genome represents the third pseudo-chromosome-level 

1State Key Laboratory of Animal Biodiversity Conservation and Integrated Pest Management, Institute of Zoology, 
Chinese Academy of Sciences, 100101, Beijing, China. 2University of Chinese Academy of Sciences, 100049, Beijing, 
China. 3College of Life Sciences, Capital Normal University, 100048, Beijing, China. ✉e-mail: houze@cnu.edu.cn

Data Descriptor

OPEN

https://doi.org/10.1038/s41597-026-07126-1
mailto:houze@cnu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1038/s41597-026-07126-1&domain=pdf


2Scientific Data |          (2026) 13:790  | https://doi.org/10.1038/s41597-026-07126-1

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

assembly published for amphipods (Table 1). By assessing the completeness and accuracy of these genome 
assemblies using the Benchmarking Universal Single-Copy Orthologs (BUSCO) v5.4.211 with the arthropod_
odb10 dataset, we found this genome shows a relatively high score as 88.4% (Table 1).

Transposable elements (TEs) sequences account for 63.93% of the genome assembly. Apart from unclassi-
fied sequences, long interspersed nuclear elements (LINE) were the largest category of transposable elements, 
representing 23.98% of the genome, followed by long terminal repeats (LTR), representing 5.72% of the genome 
(Table 2).

Methods
Sample collection and sequencing.  Individuals of G. nekkensis for genome assembly were collected from 
Hebei, China (40.62139°N, 117.43639°E) in June 2023. All samples were starved in the laboratory for one week 
to reduce contamination, and the feeding temperature was maintained at 16 °C. Short-insert (350 bp) paired-end 
(PE) libraries were constructed using a Truseq DNA PCR-free kit with the Illumina NovaSeq 6000 platform. The 
largest individual was used to extract the total DNA for Whole Genome Sequencing (WGS) and PacBio High 
Fidelity Reads (HiFi) sequencing. The template preparation kit (PacBio) was used to prepare the PacBio Sequel II/
IIe library. The DNA library was sequenced via PacBio Sequel II sequencers with the continuous long read model 
at Novogene (Beijing, China).

Fig. 1  Genome size estimation of Gammarus nekkensis using k-mer analysis with different k values. (a) k = 21. 
(b) k = 41. (c) k = 51. (d) k = 61.
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For the preparation of Hi-C libraries, cells were first cross-linked using 1% formaldehyde for ten minutes 
at room temperature, followed by quenching with glycine at a final concentration of 0.125 M for five minutes. 
After lysis of the cross-linked cells, nuclei were isolated and digested with 80 units of DpnII (NEB, R0543L) 
at 37 °C for four hours. The digested DNA was then biotin-labeled using biotin-14-dCTP (Invitrogen) and 
ligated with 4000 units of T4 DNA ligase (NEB) at 20 °C12. Cross-links were subsequently reversed, and the 

Fig. 2  Characterization of Gammarus nekkensis genome. (a) Circos plot of the genomic characteristics. From the 
inner to the outer ring, the tracks represent: genome assembly gaps, GC ratio, GC skew, gene density, repetitive 
sequences, transcriptional activity, and pseudo-chromosome numbers. (b) Hi-C contact map of the pseudo-
chromosome-level assembly. (c) Graphical representation of pseudo-chromosome sizes and centromere locations.
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ligated DNA was purified using the QIAamp DNA Mini Kit (Qiagen) according to the manufacturer’s proto-
col. The purified DNA was sheared into fragments ranging from 300 to 500 bp, subjected to blunt-end repair, 
A-tailing, and adapter ligation. Biotin-streptavidin pull-down was performed to enrich the target fragments, 
followed by PCR amplification. The final Hi-C libraries were quantified and sequenced on the Illumina 
NovaSeq 6000 platform13.

Genome assembly.  The distribution of k-mers from Jellyfish v2.2.014 (run with multiple k-mer sizes) 
was analyzed using GenomeScope v2.015 to estimate genome characteristics. Draft genome is assembled from 
high-quality HiFi long read data using Hifiasm v0.16.116. Duplicate items were removed based on read depth with 
PurgeDups v1.2.517. The draft assemblies were subsequently gap-filled using GapCloser v1.1218 and polished with 
NextPolish v1.4.119. Hi-C library sequencing data were mapped to the contig-level genome using BWA v0.7.1818. 
The Haphic v1.0.620 pipeline was executed to construct the chromosomal scaffolds and correct misassemblies. The 
final assembly files were generated using YaHS v1.2a.121 and refined with Juicebox Assembly Tools v1.9.922 (Fig. 3).

Genome annotation.  The transposable elements sequences were annotated by a combination of 
homology-based and de novo approaches. Initially, a de novo repeat library based on the assembly sequences was 
generated by RepeatModeler v2.0.523 with default parameters. The library was used as the database for the identi-
fication of the TE sequences with homology searching by RepeatMasker v4.1.524 (Fig. 3).

Protein-coding gene ab-initio prediction was performed using Braker v3.0.825. Homology-based gene pre-
diction was conducted with GeMoMa v1.926, utilizing protein sequences from six reference species: Hyalella 
azteca, Morinoia aosen, Eriocheir sinensis, Penaeus monodon, Drosophila melanogaster, Pollicipes pollicipes. 
Finally, we integrated these two results into the final annotation through EVM27 (Fig. 3).

Functional assignment to protein sequences was conducted via alignment to the UniProtKB28 database, 
utilizing the Diamond v0.9.2429. An integrated approach employing both eggNOG-mapper v2.1.1230 and 
InterProScan v5.7531 was utilized for the comprehensive functional annotation of Gene Ontology (GO) terms, 
Kyoto Encyclopedia of Genes and Genomes (KEGG) orthologs, and protein domains. The InterProScan analysis 
integrated data from five databases: Pfam, PRINTS, PANTHER, ProSiteProfiles and SMART. Chromosomal 
features, including repeat elements, gene density, transcript abundance distribution and GC content, were visu-
alized using TBtools v2.33232 (Fig. 3).

Species Genome size (Gb) Complete BUSCOs (%) Assembly level Assembly Accession

Gammarus nekkensis 6.24 88.4% Pseudo-chromosome This study

Hirondellea gigas 13.92 89.93% Chromosome CNA014238140

Morinoia aosen 1.99 94.50% Chromosome GCA_030386875.141

Parhyale hawaiensis 2.75 90.30% Scaffold GCA_001587735.242

Hyalella azteca 0.54 95.60% Scaffold GCA_000764305.443

Trinorchestia longiramus 0.87 86.40% Scaffold GCA_006783055.144

Gammarus roeselii 3.24 35.20% Scaffold GCA_016164225.145

Potiberaba porakuara 0.79 75.90% Scaffold GCA_047292215.146

Phronima sedentaria 1.07 7.70% Scaffold GCA_037179465.147

Talorchestia martensii 0.67 84.50% Scaffold GCA_054095995.148

Caprella mutica 0.90 89.90% Scaffold GCA_947561585.149

Orchestia grillus 0.81 67.10% Scaffold GCA_014899125.150

Table 1.  The information on genome assemblies in the public databases for Amphipoda.

Transposable elements Percentage in Genome Length (M)

SINE 0.11% 6.864

Penelope 0.05% 3.12

LINE 23.98% 1496.352

LTR 5.72% 356.928

DNA 2.14% 133.536

Rolling-circles 0.01% 0.624

Unclassified 27.49% 1715.376

Small RNA 0.86% 53.664

Satellites 0.04% 2.496

Simple repeats 3.59% 224.016

Low complexity 0.06% 3.744

Table 2.  Characterization of transposable elements in the Gammarus nekkensis genome.
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Data Records
The raw sequencing data supporting this study have been deposited in the European Nucleotide Archive 
(ENA) with the following accession numbers: PacBio data, ERR1672072933, Illumina data, ERR1672274334, 
and Hi-C data, ERR1672950035. The assembled genome sequence is available from the ENA under accession 
number ERZ29160471 (GCA_980912865)36 and from the China National GeneBank under accession number 
CNA050958837. The functional annotation information of the gene was uploaded to Figshare database under the 
following: https://doi.org/10.6084/m9.figshare.3169801938.

Genome assembly.  The final, pseudo-chromosome-level genome assembly is available in the file 
ERZ29091126. This assembly comprises 27 scaffolds in total. Among these, scaffolds 1 to 26 correspond to indi-
vidual pseudo-chromosome, achieving pseudo-chromosome-scale continuity. The remaining sequences, pri-
marily shorter contigs that could not be unambiguously placed, have been aggregated into a separate file for 
convenience, which is represented here as scaffold 27.

Fig. 3  The analytical flowchart of genome assembly and annotation in this study.
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Gene annotation.  The annotation information of protein-coding genes, along with the genome assembly data, was 
uploaded to the ENA in embl format. The functional annotation information of the gene was uploaded to Figshare38.

Sequencing data.  The sequencing data generated for this project are derived from three complementary 
high-throughput sequencing platforms, each providing distinct and essential information for comprehensive 
genomic analysis. The files are systematically categorized into the following three primary types: (1) Illumina 
Second Generation Sequencing Data: This component consists of short-read data generated by Illumina plat-
forms. (2) PacBio Third Generation Sequencing Data: This component comprises long-read data generated by 
Pacific Biosciences (PacBio) platforms. (3) Hi-C (Chromatin Conformation Capture) Sequencing Data: This 
component includes data obtained from Hi-C technology.

Technical Validation
A dual-mode analytical approach was employed to assessing the completeness of the genome assembly by 
BUSCO. First, assembly continuity of genome was assessed through sequence mapping and Metaeuk-based 
gene prediction. Second, gene set completeness of protein was evaluated via alignment of predicted pro-
teins to orthologous sequences. The results indicated that 74.6% of the conserved single-copy orthologs were 

Type BUSCO of Genome BUSCO of Annotation

Complete BUSCOs (C) 88.4% (896) 87.6% (888)

Complete and single-copy BUSCOs (S) 74.6% (756) 68.3% (692)

Complete and duplicated BUSCOs (D) 13.8% (140) 19.3% (196)

Fragmented BUSCOs (F) 5.0% (51) 4.2% (43)

Missing BUSCOs (M) 6.6% (66) 8.2% (82)

Total BUSCO groups searched 1013 1013

Table 3.  The BUSCO assessment of Gammarus nekkensis.

Fig. 4  Chromosomal collinearity between Gammarus nekkensis and reference species (Morinoia aosen, 
Hirondellea gigas). (a) The chromosomal synteny relationships among three species were visualized using the 
odp software suite. (b,c) Genome synteny circle plot of Gammarus nekkensis with two reference species.
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present as complete, single-copy sequences. An additional 13.8% were classified as duplicated, which may 
indicate small-scale duplications or assembly artifacts. Among the remaining orthologs, 5.0% (51 genes) were 
fragmented, and 6.6% (66 genes) were entirely missing from the assembly (Table 3). By merging annotation 
results from ab-initio prediction and homology-based gene prediction, a total of 39,474 potential genes were 
annotated, among which 27,731 genes have functional annotation results (including 5,202 genes annotated as 
uncharacterized protein). The average amino acid length of the 27,731 functionally annotated genes is 501.84 bp 
(Supplementary File 1). The completeness of protein annotation is consistent with genome conservation, 
approximately 87.6% (Table 3).

To validate the quality of the pseudo-chromosome-level genome assembly, we performed whole-genome 
synteny visualization among three amphipod species using odp v0.3.339 software suite (Fig. 4). The results 
demonstrate that the newly assembled genome exhibits a high degree of stability and reliability.

Data availability
The raw sequencing data supporting this study have been deposited in the European Nucleotide Archive 
(ENA) with the following accession numbers: PacBio data, ERR16720729, Illumina data, ERR16722743, 
and Hi-C data, ERR16729500. The assembled genome sequence is available from the ENA under accession 
number ERZ29160471 (GCA_980912865) and from the China National GeneBank under accession number 
CNA0509588. The functional annotation information of the gene was uploaded to Figshare database under the 
following: https://doi.org/10.6084/m9.figshare.31698019.

Code availability
All analyses were conducted using the software and pipelines as specified in the Methods section, without the 
generation of any custom code.
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