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A chromosomal-level genome 
assembly of Thanatophilus 
sinuatus Fabricius (Coleoptera: 
Staphylinidae)
Yingna Zhang1,2, Liangliang Li3, Shipeng Shao4, Jianfeng Jin   5, Yu Wang6 ✉ & Ruixin Zhu   1 ✉

Thanatophilus sinuatus (Coleoptera: Staphylinidae), a widespread necrophagous beetle frequently 
recovered from remains, is critical for post-mortem interval estimation. The absence of a reference 
genome has limited molecular studies of its forensic traits. Here, we report the first high-quality, 
chromosome-level genome assembly of T. sinuatus, built using PacBio HiFi, Illumina, and Hi-C data. The 
288.95 Mb genome has a scaffold N50 of 18.97 Mb, with 98.37% of sequence (284.24 Mb) anchored to 
16 chromosomes. BUSCO analysis (Insecta, n = 1,367) reveals 98.6% completeness with 97.3% single-
copy BUSCOs and 1.3% duplicated BUSCOs. Repetitive elements comprise 34.32% of the assembly, and 
12,300 protein-coding genes were predicted. This high-quality genome provides a valuable genomic 
resource for elucidating Silphinae comparative genomics, the genetic mechanisms underlying traits of 
forensic interest.

Background & Summary
Thanatophilus sinuatus (Fabricius 1775) (Coleoptera: Staphylinidae) is a diurnal carrion beetle in Silphinae1. 
Adults are black, dorsoventrally flattened, with a sculptured pronotum, ribbed elytra, and sexually dimorphic 
elytral apices. Thanatophilus sinuatus, widespread in Holarctic and Afrotropical realms2,3, is among the most 
abundant temperate carrion beetles4, colonizing meadows, grasslands, montane slopes, forests, and agricultural 
habitats, underscoring its generalist habitat preference1,5.

Thanatophilus sinuatus, the predominant necrophagous Silphinae beetle6, could colonize corpses from 
early decomposition onward, thereby enhancing post-mortem interval (PMI) estimation and forensic utility7. 
Necrophagous insects perceive volatile organic compounds (VOCs) through olfaction and exhibit appropriate 
behavioral responses, such as carcasses localization, feeding preferences, mate selection, oviposition site selec-
tion, and breeding-site localization8–15. Studies of T. sinuatus immature morphology underpin precise instar and 
age determination7,16,17, while controlled experiments on diet, constant and fluctuating temperatures, photoper-
iod, population density, and geography elucidate their impacts on development, survival, and behavior2,4,17,18, 
collectively refining PMI estimates.

Carrion beetles were traditionally classified as a separate family Silphidae7,19. Molecular phylogenetics now 
place Silphidae as a derived clade within Staphylinidae20–25. So T. sinuatus falls in Staphylinidae: Silphinae: 
Silphini: Silphina20,25,26. This revision indicates that large necrophagous silphines evolved from small rove-beetle 
ancestors, reflecting a major niche expansion20,25. Phylogenetic trees retain two monophyletic carrion-beetle 
lineages—Silphini and Nicrophorini—as sister groups closest to Tachyporinae, supporting a single origin of 
necrophagy in their common ancestor20,27. Thanatophilus clusters with other wide-bodied silphines (Silpha, 
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Necrodes, Oiceoptoma) and appears to be a coherent lineage distinct from Nicrophorine, earlier taxonomy chiefly 
addressed regional synonyms3,27.

Thanatophilus sinuatus and allied Silphinae illuminate the early evolution of carrion feeding in beetles. Most 
species feed on carrion and opportunistically on other insects7,28. Molecular evidence suggests that modern 
Silphinae evolved from rove-beetle ancestors that shifted to necrophagy early, with T. sinuatus exemplifying this 
shift25. Thanatophilus sinuatus can reach corpses rapidly and rivals fly larvae in decomposition7, representing 
a separate evolutionary experiment in utilizing large vertebrate carcasses. Investigating T. sinuatus illuminates 
convergent necrophilic evolution and key carrion adaptations: refined chemosensation; predatory removal of fly 
larvae that mitigates competition; detoxification of carcass xenobiotics; and niche partitioning with T. rugosus, 
separated by colonisation sequence and carcass microhabitats5,7,29. Thanatophilus sinuatus is non-burying car-
rion beetle, unlike parental-care Nicrophorini. Silphini and Nicrophorini evolved contrasting carrion strategies: 
Silphini compete on exposed large carcasses, whereas Nicrophorini bury smaller ones. Molecular data place 
Silphinae’s split from other Staphylinidae in the mid-Cretaceous and show genus-level diversification by the 
late Cretaceous–early Cenozoic25. Thanatophilus sinuatus, occupying a robust node within Silphini, epitomises 
this ancient, widely dispersed lineage, whose persistence underscores necrophagic resilience. Consequently, 
Thanatophilus sinuatus is a key model for carrion-driven evolution, including parental-care origins and detox-
ification adaptations.

Despite extensive ecological and forensic research on T. sinuatus, no chromosome-level genome assem-
bly exists. Current data comprise mitochondrial COI, limited nuclear loci, and a few congeneric mitoge-
nomes25,30,31. While informative for phylogenetics and identification, these markers cover only a tiny genomic 
fraction and lack information on nuclear genes and genomic architecture. Related taxa, such as Nicrophorus 
spp., have become emerging models for evolutionary genomics, with several species now having draft or 
chromosomal-level genomes. Notably, Nicrophorus vespilloides provided the first Silphinae genome, revealing 
DNA methylation and parental care-related genes32,33, while the 202.3 Mb genome of Nicrophorus investigator 
was assembled, scaffolded into 7 chromosomal pseudomolecules, and annotated with 11,046 protein-coding 
genes, advancing Silphinae genomic studies34.

The lack of a reference genome for T. sinuatus, a key Silphinae model, has hindered genetic and evolution-
ary research, making it difficult to address questions about gene content, function, and adaptive evolution. 
A high-quality genome assembly of T. sinuatus would reveal genomic signatures of its divergent lifestyle and 
facilitate the study of gene family evolution, focusing on expansions or contractions linked to its necropha-
gous behavior, with comparisons to other Coleoptera to identify lineage-specific innovations35. It would also 
aid in understanding the molecular basis of traits such as carrion chemosensory receptors (odorant recep-
tors, gustatory receptors), digestive enzymes, immune responses in microbe-rich environments, and detoxi-
fication of carcass xenobiotics, including pathways like tyrosine metabolism36, drug metabolism–cytochrome 
P45037, and ascorbate–aldarate metabolism38. Additionally, a chromosome-level T. sinuatus genome ena-
bles fine-scale Silphinae phylogenetics39, leveraging orthologous genes to reconstruct evolutionary history, 
sharpen Silphini–Nicrophorini placement, estimate divergence times, and illuminate carrion-beetle radia-
tion and adaptation since the Mesozoic amid climatic and faunal shifts. Furthermore, a high-quality T. sinu-
atus genome will enable comparative genomics between burying and non-burying carrion beetles, refining 
Silphinae phylogeny and revealing genomic divergence among carrion-feeding strategies; chromosome-level 
comparisons with burying beetles will clarify structural shifts accompanying life-history divergence.

A chromosome-level T. sinuatus genome will accelerate forensic entomology by enabling microsatellite and 
SNP discovery for population genetics, rapid life-stage identification via barcoding or SNP assays, instar deter-
mination from expression profiles, and dissection of genes governing development, colonization timing, and 
thermal tolerance, thereby refining PMI estimates. Moreover, it will serve as a reference for metagenomic or 
environmental DNA surveys to detect insect evidence on remains. Genome-wide markers from our assembly 
will enable population genomics across the broad range of T. sinuatus, quantifying gene flow, regional genetic 
structure, and demographic history. Comparative analyses (e.g., Western Europe versus East Asia) can uncover 
migration routes, local adaptation to climate or habitat, and potential cryptic lineages, while also supporting the 
forensic geographic sourcing of insect evidence3,5,17,40.

A chromosome-level assembly preserves synteny and long-range linkage, enabling robust analyses of kary-
otype evolution, chromosomal rearrangements, and gene-family expansions, while improving gene prediction, 
regulatory-element discovery, and trait-locus anchoring. For necrophagous beetles, such continuity facilitates 
detection of carrion-adapted loci under selection across species and strengthens phylogenetic inference by lev-
eraging thousands of orthologues instead of sparse markers.

We propose a chromosome-level T. sinuatus genome assembly using PacBio HiFi, Illumina, and Hi-C data, 
annotated for repeats, non-coding RNAs, and protein-coding genes, advancing Silphinae comparative genomics, 
phylogenomics, ecology, evolution, and forensics.

Methods
Sample collection and preprocessing.  Approximately 20 pairs of T. sinuatus were collected in October 
2023 from Tangshan, Hebei, China (39.83°N, 118.16°E). A closed laboratory colony was established and main-
tained for at least 12 consecutive generations without immigration, resulting in a reduction of population hete-
rozygosity due to the founder bottleneck followed by genetic drift. A single adult male T. sinuatus was used for 
both DNA (PacBio, Hi-C and Illumina) and RNA sequencing. Muscle tissue, specifically from the pronotum and 
posterior abdomen, was extracted from the specimen. The tissue was rinsed in phosphate-buffered saline for 
10 min to remove external contaminants, flash-frozen in liquid nitrogen for 20 min, and stored at −80 °C until 
extraction and sequencing.

https://doi.org/10.1038/s41597-025-06308-7


3Scientific Data |         (2025) 12:2019  | https://doi.org/10.1038/s41597-025-06308-7

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

DNA extraction and library construction.  Genomic DNA was extracted using the Cetyltrimethylammonium 
Bromide (CTAB) protocol and used for both Illumina next-generation sequencing and PacBio HiFi library 
construction.

The PacBio HiFi library (15 K insert) was constructed using the SMRTbell® Express Template Prep Kit 
2.0 (Pacific Biosciences, PN 101-853-100) and run on the PacBio Sequel IIe platform. After quality control, 
DNA was sheared to 15 Kb using the Megaruptor system (Diagenode B06010001) and concentrated with 
AMPure® PB Beads (Pacific Biosciences 100-265-900). SMRTbell libraries were prepared following the pro-
tocol of the 2.0 kit, including steps for single-stranded overhang removal, DNA damage repair, end repair, 
A-tailing, adapter ligation, and enzymatic digestion. Fragment selection was performed using the SageELF 
(Sage Science ELF000) or BluePippin (Sage Science BLU0001) systems. For Illumina sequencing, short-read 
libraries (150 bp paired-end, 350 bp insert) were prepared with the TruSeq DNA PCR-free kit and sequenced 
on the Illumina NovaSeq 6000.

RNA extraction and library construction.  RNA was extracted using the TRIzol™ Reagent kit (Thermo 
Fisher Scientific), and RNA libraries were constructed using the TruSeq RNA v2 kit, followed by sequencing on 
the Illumina NovaSeq 6000.

Hi-C library construction.  Hi-C libraries were generated following the standard protocol41. Briefly, samples 
were cross-linked with 1% formaldehyde for 10 min at room temperature and quenched with 0.125 M glycine for 
5 min. The cross-linked cells were lysed, and isolated nuclei were digested with 80 U of MboI (NEB, R0543L) at 
37 °C for 4 hours. The digested DNA was labeled with biotin-14-dCTP (Invitrogen) and ligated with 4000 U of T4 
DNA ligase (NEB) at 20 °C. After cross-link reversal, ligated DNA was extracted using the QIAamp DNA Mini Kit 
(Qiagen). Purified DNA was sheared to 300–500 bp, blunt-end repaired, A-tailed, and adaptor-ligated. Libraries 
were then purified through biotin-streptavidin pull-down and PCR amplification. Finally, Hi-C libraries were 
quantified and sequenced on the Illumina NovaSeq 6000 platform.

Sequencing and data processing.  All library construction and sequencing were performed by Berry 
Genomics Corporation (Beijing, China). Raw sequencing data were processed using standard quality control and 
trimming protocols before downstream analysis.

Libraries Insert sizes (bp) Clean data (Gb) Sequencing coverage (×)

Illumina 350 29.83 103.23

PacBio Hi-Fi 15 Kb 19.74 60.31

Hi-C 350 45.70 158.16

RNA 350 9.68 —

Table 1.  Statistics for the sequencing data used in the genome assembly of Thanatophilus sinuatus.

Fig. 1  Genomic survey of Thanatophilus sinuatus based on the 21-mer survey, performed using GenomeScope.
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Sequencing data summary.  In total, 104.95 Gb of sequencing data were obtained: 19.74 Gb PacBio HiFi 
reads (60.31×), 45.70 Gb Hi-C reads (158.16×), 29.83 Gb Illumina reads (103.23 × ), and 9.68 Gb RNA-seq reads. 
PacBio HiFi reads had a scaffold N50 of 15.94 kb and an average length of 16.02 kb (Table 1).

Genome assembly.  Raw Illumina paired-end reads were deduplicated with BBTools v38.8242 (the “clumpify.sh” 
script). and stringently trimmed with the “bbduk.sh” script, removing bases with quality scores <20, discarding reads 
<15 bp, clipping poly-A/G/C tails ≥10 bp, and error-correcting overlapping pairs. We assessed genome size, heterozy-
gosity, and repetitive-sequence content in T. sinuatus using a genome-wide k-mer analysis with GenomeScope v2.043. 
The estimated genome size was 287.23 Mb, displaying a high heterozygosity rate (1.85%) (Fig. 1).

PacBio HiFi data were assembled de novo using Hifiasm v0.16.144 in “aggressive” mode (with the parameter 
‘-l 2’) for removing heterozygous sequences. As low-depth reads frequently represent contamination or errone-
ous sequences, the Hifiasm assembly retained only contig sequences with a sequencing depth greater than 10X. 

Assembly
Total length 
(Mb)

Number scaffolds/
contigs (chromosomes)

Scaffold/contig 
N50 length (Mb) GC (%)

BUSCO (n = 1,367) (%)

C D F M

Hifiasm 987.21 644/644 4.10/4.10 32.88 99.9 90.8 0.0 0.1

Purge_Dups 359.25 117/124 5.80/5.80 32.85 99.0 1.5 0.2 0.8

3D-DNA 359.29 484/582 (16) 17.37/4.76 32.85 98.6 1.3 0.1 1.3

Final 288.95 28/111 (16) 18.97/6.25 32.49 98.6 1.3 0.1 1.3

Table 2.  Genome assembly statistics for Thanatophilus sinuatus. C: complete BUSCOs; D: complete and 
duplicated BUSCOs; F: fragmented BUSCOs; M: missing BUSCOs.

Fig. 2  Genome-wide chromosomal heatmap of Thanatophilus sinuatus, with chromosomes in blue and contigs 
in green.
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Residual heterozygous duplication was removed with Purge Dups v1.2.545 based on read-depth information from 
Minimap2 v2.446-mapped BAM files, with a haploid cutoff set at 70 for identifying contigs as haplotigs (“-s 70”).

Hi-C reads were aligned to the purged assembly with Juicer v1.6.247, and chromosome scaffolding was per-
formed in 3D-DNA v.18092248. Assembly breaks were manually inspected and corrected in Juicebox v.1.11.0847, 
after which the adjusted assembly was imported into 3D-DNA for final chromosome construction.

Potential contaminants were screened with MMseqs2 v1349 against the NCBI nucleotide and UniVec data-
bases and with blastn (BLAST + v2.11.020)50 against UniVec. Sequences showing >90% identity were removed; 
those with 80–90% identity were verified by online NCBI BLASTN analysis. The potential bacterial and human 
contaminant scaffolds were excluded.

The resulting T. sinuatus assembly spans 288.95 Mb, comprising 111 contigs assembled into 28 scaffolds 
(GC = 32.49%) (Table 2). Contig and scaffold N50 sizes are 6.25 Mb and 18.97 Mb, respectively. In total, 98.37% 
of the sequence (284.24 Mb) is anchored to 16 chromosomes (Table 2; Fig. 2).

Genome annotation.  A de novo repeat library for T. sinuatus was built with RepeatModeler v2.0.451 (option 
“-LTRStruct”), which leverages the structural characteristics of repetitive elements and de novo prediction meth-
ods. The library was merged with RepBase-2018102652 and Dfam 3.553 to create the final repeat set. Repeats were 
identified and soft-masked with RepeatMasker v.4.1.454 against this library, aligning the genome against the final 
repeat sequence library, revealing that 34.32% of the genome is repetitive: unclassified (9.58%), DNA transpos-
ons (10.47%), LINEs (4.61%), simple repeats (8.41%), LTRs (0.42%), and others (Table 3).

Non-coding RNAs (ncRNAs) were detected with Infernal v1.1.455 against Rfam v14.10 database56, and trans-
fer RNAs (tRNAs) with tRNAscan-SE v2.0.957. In total, 1,755 ncRNAs were annotated: 546 rRNAs, 650 tRNAs, 
59 microRNAs, 116 small nuclear RNAs and 3 ribozymes (Table 3).

Protein-coding gene annotation was analyzed by MAKER v3.01.0358 from transcribed RNA, ab initio gene 
predictions, and homologous proteins. Transcribed RNA reads were aligned with HISAT2 v2.2.059 and assem-
bled genome-guided with StringTie v2.1.660. Ab initio training used BRAKER v2.1.661 (GeneMark-ES/ET/
EP 4.68_3.60_lic62 and Augustus v3.3.463) informed by RNA sequence alignments and arthropod reference 
protein sequences from the OrthoDB10 v1 database64. Protein homology and intron position conservation 
were incorporated via GeMoMa v1.965 (parameters “GeMoMa.c = 0.4”, “GeMoMa.p = 10”) using five reference 
genomes (Drosophila melanogaster (GCF_000001215.4)66, Nicrophorus vespilloides (GCA_001412225.1)32, 
Tribolium castaneum (GCF_000002335.3)67, Apis mellifera (GCF_003254395.2)68, and Bombyx mori 
(GCF_014905235.1)69. BRAKER and GeMoMa outputs served as ab initio evidence for MAKER. The final 
annotation comprises 12,300 protein-coding genes (mean length = 9,358.8 bp) containing, on average, 6.2 
exons and 5.1 introns (mean exon 314.7 bp; intron 1,515.2 bp; CDS 269.5 bp) (Table 4). The completeness of 
the protein sequences was evaluated using BUSCO, yielding a high score of 98.8% (n = 1,367). This included 

Characteristics T. sinuatus

Genome assembly

Genome Size (Mb) 288.95

Number of scaffolds 28

Number of chromosomes 16

Scaffold N50 length (Mb) 18.97

GC (%) 32.49

BUSCO completeness (%) 98.6

Protein-coding genes

Number 12,300

Mean gene length (bp) 9,358.8

BUSCO completeness (%) 98.8

Repetitive elements

Size (Mb) 99.16 (34.32%)

DNA transposons (Mb) 30.38 (10.47%)

SINEs (Mb) 0.30 (0.10%)

LINEs (Mb) 13.36 (4.61%)

LTRs (Mb) 1.26 (0.42%)

Unclassified (Mb) 53.06 (11.70%)

ncRNA

Number of ncRNA 1755

rRNA 546

miRNA 59

snRNA 116

tRNA 650

Table 3.  Genome assembly and annotation statistics of Thanatophilus sinuatus.

https://doi.org/10.1038/s41597-025-06308-7


6Scientific Data |         (2025) 12:2019  | https://doi.org/10.1038/s41597-025-06308-7

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

84.4% (1,154) single-copy, 14.4% (197) duplicated, 0.1% (1) fragmented, and 1.1% (15) missing BUSCOs, 
reflecting high-quality predictions.

Gene functional annotation was queried against the UniProtKB database using Diamond v2.0.11.14970 in 
sensitive mode (parameters “–very-sensitive -e 1e-5”). Gene Ontology (GO) terms, KEGG/Reactome pathways 
and conserved protein sequences and domains were assigned with eggNOG-mapper v2.1.571 and InterProScan 
5.53-87.072. The InterProScan analyses included four databases: Pfam73, SMART74, Superfamily75, and CDD76. 
Integrated function predictions yielded 10,234 COG categories, 6,434 GO terms, 7,360 KEGG ko terms, 4,498 
KEGG pathways, and 2,515 Enzyme Codes(Table 4). Additionally, chromosome-scale distributions of repeat 
density, gene density and GC content were plotted with TBtool v1.09876977 (Fig. 3).

Data Records
Raw sequencing reads and the genome assembly of Thanatophilus sinuatus are publicly available at the National 
Center for Biotechnology Information (NCBI). The Hi-C, transcriptome, Illumina short-read, and PacBio 
HiFi datasets are archived under the SRA accessions SRR3426072378, SRR3426072479, SRR3426072580, and 
SRR3426072681. The assembled genome is deposited under GenBank accession GCA_051122355.182. The anno-
tation results for repeated sequences, gene structure, and functional prediction have been deposited in figshare83.

Technical Validation
Assembly quality was appraised with two complementary metrics. First, BUSCO v5.0.4 (Insecta gene set, 
n = 1,367)84 recovered 98.6% of expected genes (97.3% single-copy BUSCOs, 1.3% duplicated BUSCOs, 0.1% 
fragmented BUSCOs, and 1.3% missing BUSCOs). Second, Minimap2/SAMtools read-back mapping showed 
alignment rates of 98.14% for PacBio HiFi reads and 93.59% for Illumina reads. These assessments collectively 
validate the high quality of the genome assembly generated in this study.

Data availability
This dataset has not been previously published or presented, and no conflicts of interest are declared. The raw 
sequencing reads and assembled genome of Thanatophilus sinuatus have been deposited in the NCBI under 
BioProject accession PRJNA1195369. Additionally, annotation files, including repeat elements, gene structures, 
and functional predictions, are available through Figshare (https://doi.org/10.6084/m9.figshare.29511020).

Characteristics T. sinuatus

Structure annotation

  Number of protein-coding genes 12,300

  Number of predicted protein sequences 15,562

  Mean protein length (aa) 574.6

  Mean gene length (bp) 9,358.8

  Gene ratio 39.84%

  Number of exons per gene 6.2

  Mean exon length (bp) 314.7

  Exon ratio 8.34%

  Number of CDSs per gene 5.9

  Mean CDS length (bp) 269.5

  CDS ratio 6.88%

Number of introns per gene 5.1

Mean intron length (bp) 1515.2

Intron ratio 31.50%

Function annotation

Number of genes matching Uniprot records 11,191

Number of genes labeled as “Uncharacterized protein” 193

Number of genes labeled as “unknown function” 1,158

Number of genes with InterProScan annotations 10,138

Number of genes with GO items from InterProScan annotations 6,434

Number of genes with eggNOG annotations 10,914

Number of genes with GO items from eggNOG annotations 8,381

Number of genes with Enzyme Codes (EC) from eggNOG annotations 2,515

Number of genes with KEGG ko terms from eggNOG annotations 7,360

Number of genes with KEGG pathway terms from eggNOG annotations 4,498

Number of genes with COG Functional Categories from eggNOG annotations 10,234

Number of genes with GO items (combining InterProScan and eggNOG results) 9,409

Number of genes with KEGG pathways items (combining InterProScan and eggNOG results) 4,498

Table 4.  Genome and functional annotation results of Thanatophilus sinuatus.

https://doi.org/10.1038/s41597-025-06308-7
https://doi.org/10.6084/m9.figshare.29511020


7Scientific Data |         (2025) 12:2019  | https://doi.org/10.1038/s41597-025-06308-7

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

Code availability
No specific script was employed in this study. All commands and data-processing pipelines followed the manuals 
and protocols of the respective bioinformatic software.
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