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Abstract 
The common hamster is currently one of the fastest-declining 
mammals in Europe, with its protection facing multiple challenges due 
to the complexity of the threats posed by factors such as population 
fluctuations, agricultural intensification, and reduced reproductive 
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output. Overcoming these challenges requires population genomic 
data to inform targeted conservation measures. Therefore, the 
Cricetus cricetus reference genome will serve as an important genomic 
resource for conservation genomic works aiming to halt the decline of 
this critically endangered species of the western part of the Eurasian 
steppe. Consistently with the reported karyotype, a total of 12 
contiguous chromosomal pseudomolecules (10 autosomes and 2 sex 
chromosomes) and one mitochondrial genome were assembled from 
the genome sequence. This chromosome-level assembly 
encompasses 2.5 Gb, composed of 179 contigs and 49 scaffolds, with 
contig and scaffold N50 values of 47.7 Mb and 305.5 Mb, respectively.
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Introduction
Cricetus cricetus was once a common member of the grasslands of the western part of the Eurasian Steppes (i.e., the
naturally treeless grasslands west of the Altai Mts.) with an extension to more forested Western European regions in the
Czech Republic, Germany, the Benelux states and NE France (Kryštufek et al., 2020) and in Russia on the eastern
territories. This expansion might be related to the adaptation of the species to grassland-like agricultural landscapes in
historical times. The phylogenetic position of the species is set in the Muroidea, where it is included in the monophyletic
lineage of Cricetinae within Cricetidae that - together with the Muridae - forms the crown clade of muroid rodents
(Steppan & Schenk, 2017). Phylogeography of the species is based on mitochondrial control region (CR) and the
cytochrome b gene (CYTB) that identified five geographically restricted lineages putatively connected to five refugial
areas: Western Europe (lineage N), Pannonian Basin (P), Caucasian (C), Pontic Steppe (E), and Middle Asia (A), of
which the Pannonian lineage is basal, sister to the rest (Feoktistova et al., 2023). After the successful habitat shift to
agricultural lands, we are witnessing another shift in habitat preference of the species: the species is increasingly
frequently observed in urban environments (Feoktistova et al., 2013). While the global trend shows a decline, hamster
populations appeared to be stable in Central-Eastern Europe. Hungary, at the center of this region, hosts the largest
population in the EU, but has suffered decade-long fluctuations. During the last population increase in 2020, hamsters
started to use village gardens, while disappearing from agricultural habitats. These observations suggest a potentially
novel way for the species to survive, synurbanisation, a novel habitat shift triggered by an increasingly intensified
agrarian environment. Still, this newpotential adaptation raises new conservation challenges and underscores the need for
innovative conservation actions (Szatmári et al., 2024).

Cricetus cricetus is classified as ‘Critically Endangered’ on the IUCN Red List (Banaszek et al. 2020), reflecting its high
risk of extinction in the wild. The current classification has been changed from ‘Least Concern’, marking a rare case of a
species changing four Red List categories, mostly due to the rapid decline of hamster populations across the whole
distribution range, which threatens the species with extinction by the beginning of the 2030’s. Additionally, the species is
listed under Appendix II of the Bern Convention, indicating its protection and conservation as a species of European
interest, requiring concerted efforts from all range states to monitor and manage its declining population. The species is
also included in the 4th Annex of the Habitats Directive of the European Union, which lists species in need of strict
protection and habitat management to promote their long-term survival. While it is prohibited to kill hamsters in general,
Hungary is an exception, where, with the largest hamster population in the EU, the species is listed in Annex V, allowing
member countries to decide how to manage populations.

The hamster is a keystone burrow-dwelling species. It is well-established that native small mammals play essential and
irreplaceable roles in the ecosystem (Delibes-Mateos et al., 2011) by, for example, creating microhabitats and improving
soil structure, which in turn improves precipitation absorption and ventilation, thus facilitating nutrient circulation
(Hędrzak et al., 2021). Additionally, the European hamster, as a primary consumer in the food chain, serves as important
prey for several grassland-inhabiting top predators (e.g., the saker falcon and the imperial eagle). The ecological and
conservation importance of this species calls for urgent action to ensure its long-term preservation in Europe. Based on
flow cytometry, its genome ranges from 3.36 Gb to 3.49 Gb (Gregory 2002), with a karyotype of 2n = 22 (Gamperl et al.,
1976). Here we provide a high-quality reference genome of a male specimen, which can serve as an important genomic
resource for future conservation genomic works (Theissinger et al., 2023).

The generation of this reference resource was coordinated by the European Reference Genome Atlas’ (ERGA) initiative
Biodiversity Genomics Europe (BGE) project, supporting ERGA’s aims of promoting transnational cooperation to
promote advances in the application of genomics technologies to protect and restore biodiversity (Mazzoni et al., 2023).

Materials & Methods
ERGA’s sequencing strategy includes Oxford Nanopore Technology (ONT) and/or Pacific Biosciences (PacBio) for
long-read sequencing, alongwith Hi-C sequencing for chromosomal architecture, Illumina Paired-End (PE) for polishing
(i.e. recommended for ONT-only assemblies), and RNA sequencing for transcriptomic profiling, to facilitate genome
assembly and annotation.

Sample and sampling information
On 7th of March 2024, one adult male individual of the species Cricetus cricetuswas sampled in an alfalfa field near the
settlement of Balmazújváros, Hungary, using a box trap by Lajos Szatmári, Virág Nyíri, and Gábor Sramkó. Sampling
was performed under permit PE-KTFO/1568–18/2020 issued by Pest County Government Office. In Hungary, the
species is only partially protected, as population control in the eastern part of the country may be carried out without a
permit from March 1 to May 31. Skin material was sampled and kept at �80 °C until DNA extraction.
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Vouchering information
Physical reference materials for the here sequenced specimen have been deposited in the Mammal Collection of the
Hungarian Natural History Museum (HNHM) (www.nhmus.hu), under the accession number HNHM-MAMM-28811.

Frozen reference tissue material of muscle is available for HNHM-MAMM-28811 at the Hungarian Natural History
Museum (HNHM) Collection of Genetic Resources under voucher ID HNHM-CGR-33863.

Data availability
Cricetus cricetus and the related genomic study were assigned to Tree of Life ID (ToLID) ‘mCriCri2’, and all sample,
sequence, and assembly information are available under the umbrella BioProject PRJEB81695. The sample information
is available at the following BioSample accessions: SAMEA115676028, SAMEA115676030, and SAMEA116317919.
The genome assembly is accessible fromENAunder accession number GCA_964304595.1, and the annotated genome is
available through the EnsemblWebsite (https://projects.ensembl.org/erga-bge/). Sequencing data produced as part of this
project are available from ENA at the following accessions: ERX13300601, ERX13300602, ERX13300603,
ERX13300604, and ERX13300605. Documentation related to the genome assembly and curation can be found in the
ERGA Assembly Report (EAR) document available at https://github.com/ERGA-consortium/EARs/blob/main/Assem-
bly_Reports/Cricetus_cricetus/mCriCri2/. Further details and data about the project are hosted on the ERGA portal at
https://portal.erga-biodiversity.eu/data_portal/10034.

Genetic information
The estimated genome size, based on flow cytometry, is between 3.36 Gb and 3.49 Gb. This corresponds to a diploid
genome with a haploid number of 11 chromosomes (2n = 22).

DNA/RNA processing
DNA was extracted from liver tissue using the Blood & Cell Culture DNA Midi Kit (Qiagen) following the manufac-
turer’s instructions. DNA quantification was performed using a Qubit dsDNA BRAssay Kit (Thermo Fisher Scientific),
and DNA integrity was assessed using a Genomic DNA 165 Kb Kit (Agilent) on the Femto Pulse system (Agilent). The
DNA was stored at +4 °C until used. RNA was extracted using a RNeasy Mini Kit (Qiagen) according to the
manufacturer’s instructions. RNA was extracted from four different specimen parts: liver, spleen, testicle and brain.
RNA quantification was performed using the Qubit RNA BR kit, and RNA integrity was assessed using a Bioanalyzer
2100 system (Agilent) RNA 6000 Nano Kit (Agilent). The RNA was pooled equimolarly for the library preparation and
stored at-80 °C until used.

Library preparation and sequencing
For long-read whole genome sequencing, a library was prepared using the SQK-LSK114 Kit (Oxford Nanopore
Technologies, ONT), which was then sequenced on a PromethION 24 A Series instrument (ONT). A short-read
whole-genome sequencing library was prepared using the KAPA Hyper Prep Kit (Roche). A Hi-C library was prepared
from spleen tissue using the Dovetail Omni-C Kit (Cantata Bio), followed by the KAPA Hyper Prep Kit for Illumina
sequencing (Roche). The RNA library was prepared from the pooled sample using the KAPA mRNA Hyper prep kit
(Roche). The short-read libraries were sequenced on a NovaSeq 6000 instrument (Illumina). In total, 105x Oxford
Nanopore, 84x Illumina WGS shotgun, and 78x HiC data were sequenced to generate the assembly.

Genome assembly methods
The genome was assembled using the CNAG CLAWS pipeline (Gomez-Garrido, 2024). Briefly, ONT reads were
preprocessed for quality and length using TrimGalore v0.6.7 and Filtlong v0.2.1 and were filtered to 216 Gb (40 Kb read
N50) with a median read quality of 20.8. Initial contigs were assembled using NextDenovo v2.5.0 (Hu et al., 2024),
followed by polishing of the assembled contigs using HyPo v1.0.3 (Kundu et al., 2019), removal of retained haplotigs
using purge-dups v1.2.6 (Guan et al., 2020) and scaffolding with YaHS v1.2a (Zhou et al., 2023). Finally, assembled
scaffolds were curated via manual inspection using Pretext v0.2.5 (Harry, 2022) with the Rapid Curation Toolkit (https://
gitlab.com/wtsi-grit/rapid-curation) to remove any false joins and incorporate any sequences not automatically scaf-
folded into their respective locations in the chromosomal pseudomolecules (or super-scaffolds). Finally, the mitochon-
drial genome was assembled as a single circular contig of 16,265 bp using the FOAM pipeline v0.5 (https://github.com/
cnag-aat/FOAM) and included in the released assembly (GCA_964304595.1). Summary analysis of the released
assembly was performed using the ERGA-BGE Genome Report ASM Galaxy workflow (https://doi.org/10.48546/
workflowhub.workflow.1103.2).
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Genome annotation methods
A gene set was generated using the Ensembl Gene Annotation system (Aken et al., 2016), primarily by aligning publicly
available short-read RNA-seq data from BioSample SAMEA116317919 to the genome. Gaps in the annotation were
filled via protein-to-genome alignments of a select set of vertebrate proteins fromUniProt (Consortium, 2019), which had
experimental evidence at the protein or transcript level. At each locus, data were aggregated and consolidated, prioritising
models derived from RNA-seq data, resulting in a final set of gene models and associated non-redundant transcript sets.
To distinguish true isoforms from fragments, the likelihood of each open reading frame (ORF) was evaluated against
known vertebrate proteins. Low-quality transcript models, such as those showing evidence of fragmented ORFs, were
removed. In cases where RNA-seq data were fragmented or absent, homology data were prioritised, favouring longer
transcripts with strong intron support from short-read data. The resulting gene models were classified into three
categories: protein-coding, pseudogene, and long non-coding. Models with hits to known proteins and few structural

Figure 1. Snail plot summary of assembly statistics. The main plot is divided into 1,000 size-ordered bins around
the circumference, with each bin representing 0.1% of the 2,520,178,292 bp assembly including the mitochondrial
genome. The distribution of sequence lengths is shown in dark grey, with the plot radius scaled to the longest
sequence present in the assembly (494 Mb, shown in red). Orange and pale-orange arcs show the scaffold N50 and
N90 sequence lengths (305,542,590 bp and 148,928,470 bp), respectively. The pale grey spiral shows the cumulative
sequence count on a logarithmic scale, with white scale lines showing successive orders ofmagnitude. The blue and
pale-blue area around the outside of the plot shows the distribution of GC, AT, andNpercentages in the samebins as
the inner plot. A summary of complete, fragmented, duplicated, andmissing BUSCO genes found in the assembled
genome from the Mammalia database (odb10) is shown on the top right.
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abnormalities were classified as protein-coding.Models with hits to known proteins but displaying abnormalities, such as
the absence of a start codon, non-canonical splicing, unusually small intron structures (<75 bp), or excessive repeat
coverage, were reclassified as pseudogenes. Single-exon models with a corresponding multi-exon copy elsewhere in the
genome were classified as processed (retrotransposed) pseudogenes. Models that did not fit any of the previously
described categories, did not overlap protein-coding genes and were constructed from transcriptomic data were
considered potential lncRNAs. Potential lncRNAs were further filtered to remove single-exon loci due to their
unreliability. Putative miRNAs were predicted by performing a BLAST search of miRbase (Kozomara et al., 2019)
against the genome, followed by RNAfold analysis (Gruber et al., 2008). Other small non-coding loci were identified by
scanning the genome with Rfam (Kalvari et al., 2018) and passing the results through Infernal (Nawrocki & Eddy, 2013).
Summary analysis of the released annotation was carried out using the ERGA-BGE Genome Report ANNOT Galaxy
workflow (10.48546/workflowhub.workflow.1096.1).

Results
Genome assembly
The genome assembly has a total length of 2,520,178,292 bp in 12 super-scaffolds (10 autosomes plus the X and Y
chromosomes), the mitogenome, five unlocalised sequences and 31 unplaced sequences (Figures 1 and 2), with a GC
content of 42%. It features a contig N50 of 47,690,202 bp (L50 = 17) and a scaffold N50 of 305,542,590 bp (L50 = 4).
There are 130 gaps, totalling 26.0 kb in cumulative size. The single-copy gene content analysis using the Mammalia
database (odb10) with BUSCO v5.8.0 (Manni et al., 2021) resulted in 98.0% completeness (96.7% single-copy and 1.3%
duplicated). 94.0% of reads k-mers were present in the assembly, and the assembly has a base accuracy Quality Value
(QV) of 54.4 as calculated by Merqury (Rhie et al., 2020).

Figure 2. Hi-C contact map showing spatial interactions between regions of the genome. The diagonal
corresponds to intra-chromosomal contacts, depicting chromosome boundaries. The frequency of contacts is
shown on a logarithmic heatmap scale. Hi-C matrix bins were merged into a 200 kb bin size for plotting. Due to
space constraints onbothaxes,we show the first 10 autosomes (GenBankaccessions:OZ199625.1 -OZ199634.1) and
both sex chromosomes, the X (GenBank accession: OZ199632.1) and Y chromosome (GenBank accession:
OZ199636.1).
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Genome annotation
The genome annotation consists of 20,091 protein-coding genes with an associated 29,272 transcripts, in addition to
126 immune system receptor segment genes, 434 pseudogenes, and 3,238 non-coding RNA genes of various types
(Table 1). Using the longest isoform per transcript, the single-copy gene content analysis using the Mammalia (odb10)
database with BUSCO resulted in 98.4% completeness. Using the OMAmer Metazoa-v2.0.0.h5 database (Nevers et al.,
2025) resulted in 97.7% completeness and 98.2% consistency (Table 2).

Author contributions
GS coordinated the project; GS, LS and VN collected the species; TC identified the species; VN and LS sampled and
preserved biological material and provided metadata; AsB, RM, TM, THS, RAO, JM-F, JP provided sampling and
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FCFand JGGperformed genome assembly and curation under the supervision of TA; FM, SS, and LH performed genome
annotation; CB generated the analysis and report. All authors contributed to the writing, review, and editing of this
genome note and read and approved the final version.
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Table 1. Statistics from assembled gene models.

No.
genes

No.
transcripts

Mean gene
length (bp)

No. single-exon
genes

Mean exons per
transcript

Protein-
coding

20,091 29,272 44,713 2,155 11.0

Ig/TCR
segments

126 126 77–1,721 91 1.1–1.4

Pseudogenes 434 434 4,164 56 5.1

lncRNA 959 1,635 22,305 40 3.3

snRNA 1,216 1,216 120 1,216 1.0

snoRNA 744 744 110 744 1.0

rRNA 138 138 494 138 1.0

tRNA 22 22 68 22 1.0

miRNA 115 115 85 115 1.0

scRNA 44 44 157 44 1.0

Other non-
coding

95 95 97–292 95 1.0–1.0

Table 2. Annotation completeness and consistency scores calculated by BUSCO run in protein mode
(mammalia_odb10) and OMArk (Metazoa-v2.0.0.h5).

Complete Single-copy Duplicated Fragmented Missing

BUSCO 9,080 (98.4%) 8,997 (97.5%) 83 (0.9%) 29 (0.3%) 117 (1.3%)

OMArk 15,144 (97.7%) 15,139 (95.2%) 405 (2.5%) - 355 (2.2%)

Consistent Inconsistent Contaminants Unknown

OMArk 19,859 (98.2%) 273 (1.3%) 0 (0.0%) 85 (0.4%)
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