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Chromosome-level genome 
assembly and annotation of the 
termite Reticulitermes chinensis 
Snyder
Zhiyong Yue   1, Peidong Xin2 ✉, Jinpei Wang1, Qi Jiang1, Baozhen Zhou3, Chenguang Feng   2,  
Jihu Sun1 & Jia Wu1 ✉

Termites belong to the infraorder Isoptera within the order Blattodea. Reticulitermes chinensis Snyder, 
a species in the Rhinotermitidae family, remains a major pest causing severe damage to wooden 
structures in buildings. Here, the chromosome-level genome of R. chinensis was assembled using 
PacBio and Hi-C technologies. The final genome comprises 21 pseudochromosomes, with a total 
size of 1.02 Gb. The scaffold N50 is 47.29 Mb, the GC content is 29.46%, and 94% of sequences were 
anchored to pseudochromosomes. The BUSCO completeness score is 97.6%. The genome contains 
23,733 predicted protein-coding genes, and 48.74% of it consists of repetitive sequences. This high-
quality genome is conducive to understanding unique termite traits such as social behavior, efficient 
lignocellulose digestion, and evolutionary adaptations.

Background & Summary
Termites, highly social insects, play a critical ecological role by decomposing plant material and recycling nutri-
ents. However, their wood-chewing behavior also causes significant economic damage to timber structures and 
crops, resulting in global losses of billions of dollars annually1. Previously classified under the order Isoptera, 
termites have been reclassified, based on phylogenetic evidence, as the infraorder Isoptera within the order 
Blattodea2. Genomic studies of termites are essential for understanding their unique biological traits, including 
social behavior, efficient lignocellulose digestion, and evolutionary adaptations, with implications for evolution-
ary biology, bioenergy, and pest management.

Reticulitermes chinensis Snyder, a member of the Rhinotermitidae family within the genus Reticulitermes, 
is a major pest in southern China, notorious for damaging wooden structures in buildings3. To date, only two 
species in Reticulitermes, R. speratus (Japan) and R. lucifugus (Europe), have had their raw genomes published4,5. 
The lack of genomic resources for R. chinensis underscores the need for a high-quality reference genome to 
support further research. Sequencing and analyzing the R. chinensis genome can elucidate genetic adaptations 
in the evolutionary history of insects. As highly social insects, termites offer critical insights into the origins 
and evolution of eusocial behavior through their genomic data4. Furthermore, genomic research will reveal the 
molecular basis of R. chinensis’ efficient lignocellulose degradation, driven by symbiotic gut microorganisms and 
endogenous enzymes. This could yield novel enzymes for bioenergy applications, promoting the sustainable use 
of lignocellulosic biomass. Additionally, identifying genes regulating growth, development, and reproduction 
lays the foundation for precise, environmentally friendly pest control strategies, offering a sustainable alternative 
to conventional chemical methods6.
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Methods
Sample collection and genomic DNA preparation.  Samples of R. chinensis were collected from a sin-
gle colony in Xiaohe Town (33.14° N, 109.13° E), Xunyang City, Shaanxi Province, China. Using a single colony 
minimized genomic heterozygosity owing to the species’ parthenogenetic reproduction. To ensure DNA purity, 
termites maintained without food for 48 h, rinsed with distilled water, flash-frozen in liquid nitrogen, and ground 
into fine powder to reduce the impact of chitin. High-quality genomic DNA was extracted using a sodium dode-
cyl sulfate (SDS)-based protocol7. Briefly, powdered samples were incubated in SDS solution, followed by sequen-
tial treatments with sodium chloride (NaCl) and chloroform/isoamyl alcohol (24:1). DNA was then precipitated 
with isopropanol, washed with 75% ethanol, air-dried, and dissolved in Tris-EDTA (TE) buffer. DNA quality was 
assessed for concentration, purity, and integrity using multiple approaches. Concentration was measured with a 
NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) and a Qubit 4.0 fluorome-
ter (Thermo Fisher Scientific), yielding values of 97.46 ng/μL and 99.62 ng/μL, respectively (ratio: 1.02). Purity 
was confirmed by absorbance ratios of 1.84 (260/280 nm) and 2.07 (260/230 nm), indicating high-quality DNA. 
Integrity was evaluated using a CHEF pulsed-field gel electrophoresis system (Bio-Rad, Hercules, CA, USA), 
revealing a primary band exceeding 60 kb with minimal smearing as compared to a 4.9–98 kb DNA ladder (Bio-
Rad, Catalog No. 1703624), confirming suitability for sequencing.

Library construction and sequencing.  For short-read sequencing, a library was constructed using 
the MGIEasy FS DNA Library Prep Set (MGI Technology, Shenzhen, China, Catalog No. 1000006987) and 
sequenced on the MGISEQ-2000 platform in paired-end mode (150 bp reads). After filtering adapters and 
low-quality reads using fastp v0.208 with the parameters “–length_required 20 -q 15 -n 0”, 50.56 Gb of clean data 
was obtained, equivalent to ~51 × genome coverage (Table S1, short-read sequencing statistics). For long-read 
sequencing, a PacBio high-fidelity (HiFi) library was prepared using the SMRTbell Prep Kit 3.0 (PacBio, Menlo 
Park, CA, USA). Genomic DNA was fragmented to an average size of ~15 kb, ligated with SMRTbell adapters, and 
sequenced on the PacBio Revio system. HiFi reads were generated using PacBio’s SMRT Link pipeline, yielding 
40.24 Gb of high-quality HiFi reads, corresponding to ~40 × coverage (Table S1, HiFi sequencing data statistics). 
For Hi-C sequencing, chromatin was cross-linked with formaldehyde, digested with DpnII, biotin-labeled, and 
ligated. After de-crosslinking, DNA was fragmented into 300–500 bp segments, captured with streptavidin mag-
netic beads, and used to construct a library with the VAHTS Universal DNA Library Prep Kit for Illumina V3 
(Vazyme, Nanjing, China, Catalog No. ND607-01) and VAHTS DNA Adapters (set3–set6) (Vazyme, Nanjing, 
China, Catalog No. N805/N806/N807/N808). Sequencing on the Illumina NovaSeq. 6000 platform with 150 bp 
paired-end reads yielded 55.31 Gb of clean Hi-C reads (~55 × coverage) after filtering using fastp v0.20 (−length_
required 20 -q 15 -n 0). (Table S1, Hi-C sequencing statistics).

For transcriptome sequencing, pooled samples were used due to the small body size of individuals. Total 
RNA was extracted with the TRIzol kit (TIANGEN, Cat. No. DP424, China), and sequencing libraries were 
constructed for each replicate. Libraries were sequenced on the Illumina NovaSeq. 6000 platform (150 bp 
paired-end) with two biological replicates. Raw reads were quality-filtered using fastp v0.20 (−length_required 
20 -q 15 -n 0), yielding 13.63 Gb and 8.66 Gb of clean data for the two replicates, respectively (Table S1, tran-
scriptome sequencing statistics). De novo assembly of the filtered reads was performed using SPAdes v3.1.1, and 
coding sequences were predicted with TransDecoder v5.5.0 (https://github.com/TransDecoder/).

Fig. 1  Genome assembly of Reticulitermes chinensis. (a) K-mer analysis (21-mer) of Illumina short reads 
estimates a genome size of 1,005,249,533 bp and heterozygosity of 0.5%. (b) Hi-C linkage density heatmap of 
R. chinensis. The x- and y-axes represent genomic positions, with red dots indicating high-density paired reads, 
suggesting chromosomal proximity.
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Genome assembly.  Genome size, heterozygosity, and repeat content were estimated using k-mer analysis of 
MGI short reads. Reads were trimmed with fastp v0.20 (–length_required 20 -q 15 -n 0)8, and k-mer frequency 
distribution was calculated using Jellyfish v2.3.09. Using a k-mer size of 21 (ploidy = 2), GenomeScope v2.010 
estimated a genome size of 1.01 Gb with 0.5% heterozygosity (Fig. 1a, k-mer distribution curve), guiding the 
assembly process. Contig assembly was performed using Hifiasm v0.19.811 with default parameters, leveraging 
PacBio HiFi long reads. Duplicates were removed with Purge_dups v1.0.112. The resulting contig assembly had a 
total length of 1.02 Gb and an N50 = 3.34 Mb (Table 1, HiFi assembly statistics).

Hi-C data were used for scaffolding. Reads were aligned to contigs using BWA v0.7.1213, and scaffolds were gener-
ated with YaHS v1.1a-r314. Manual curation was performed using JuiceBox v1.11.0815 to identify and correct potential 

Term

HiFi Hi-C

Number Number

Total sequence size (bp) 1,023,208,222 1,023,293,324

Total sequence number 853 367

Average length (bp) 1,199,540 2,788,265

N90 (bp) 777,275 32,204,279

N90 number 318 20

N80 (bp) 1,424,706 35,933,611

N80 number 223 17

N70 (bp) 1,913,000 39,638,661

N70 number 162 15

N60 (bp) 2,435,996 44,642,800

N60 number 115 12

N50 (bp) 3,344,424 47,294,433

N50 number 78 10

N number 0 85,102

N rate % 0 8.32E-05

GC content % 29.42 29.46

Complete BUSCOs (%) 98 98.4

Complete single-copy BUSCOs (%) 95.8 96.8

Complete duplicated BUSCOs (%) 2.2 1.6

Table 1.  Statistics of the genome assembly.

Fig. 2  Overview of the Reticulitermes chinensis genome. (a) Synteny alignment between R. chinensis (blue circle, 
chromosomes) and R. speratus (grey circle, scaffolds). (b) Density of protein-coding genes, repeat sequences, 
and GC content across chromosomes 1–21, shown in 10 Mb windows.
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misassemblies based on chromatin contact maps. Consistent with karyotype studies of multiple closely related spe-
cies16,17, our final chromosome-level assembly comprised 21 pseudochromosomes, with a total size of 1.02 Gb, a 
scaffold N50 = 47.29 Mb, a GC content of 29.46%, and 94% of assembled sequences anchored to the 21 pseudochro-
mosomes (Fig. 1b, Hi-C contact map; Table 1, Hi-C assembly statistics). Genome completeness was assessed using 
Benchmarking Universal Single-Copy Orthologs (BUSCO v5.5.0) with the “insecta_odb10” database18. BUSCO 
analysis indicated a completeness of 97.6%, including 96.3% complete single-copy, 1.3% complete duplicated, 0.4% 
fragmented, and 2.0% missing orthologs (Table 1, BUSCO assessment of the Hi-C assembly). Whole-genome align-
ment and synteny analysis were performed between R. chinensis and R. speratus (GCA_021186555.1)19 using LAST 
v128220 (lastdb: -u NEAR; lastal: -i2G -m10; last-split -m10). From this analysis, ~788.93 Mb of syntenic blocks were 
identified, corresponding to 77.10% of the R. chinensis genome and 89.59% of the R. speratus genome. Chromosomal 
collinearity was visualized using Circos v0.69-9 (Fig. 2a, synteny Circos plot)21.

Type

R. chinensis C. formosanus R. speratus Z. nevadensis

Length (bp) Length (bp) Length (bp) Length (bp)

SINE 89,728,487 61,698,303 79,989,998 13,245,651

LINE 94,623,280 69,655,985 85,210,840 31,701,711

LTR 6,712,222 4,991,102 5,354,218 1,108,421

DNA 62,071,457 49,104,008 59,199,613 19,146,192

TRF 150,883,204 31,443,398 91,715,274 8,534,730

Satellite 1,006,151 763,779 693,263 17,755

Simple 13,594,505 16,176,466 12,928,625 3,966,556

Unknown 194,033,941 164,612,275 136,725,563 60,015,156

total 498,740,045 (48.74%) 356,715,075 (41.89%) 417,875,139 (47.45%) 130,654,087 (28.14%)

Table 2.  Summary of the repetitive sequences in R. chinensis, C. formosanus, R. speratus and Z. nevadensis 
genome.

Libraries Number

Total 30,609

Complete BUSCOs (%) 98.9

Complete single-copy BUSCOs (%) 97.4

Complete duplicated BUSCOs (%) 1.5

Functionally Annotated genes 26,328 (86.01%)

Missing genes 4,281 (13.99%)

GO 9,498 (31.03%)

Swiss-Prot 17,687 (57.78%)

TrEMBL 25,762 (84.16%)

NR 25,681 (83.90%)

KEGG 15,802 (51.63%)

InterPro 17,235 (56.31%)

Table 3.  Annotation statistics of protein-coding genes in the genome of R. chinensis.

Fig. 3  Distribution of annotated genes across the Reticulitermes chinensis genome. The x-axis represents the 21 
pseudo-chromosomes and unplaced scaffolds (“others”). The y-axis indicates the gene count.
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Genome annotation.  Repetitive elements were identified using de novo and homology-based approaches. 
For de novo prediction, Tandem Repeats Finder (TRF v4.0.9)22 was applied to detect simple tandem repeats 
with the parameters “2 5 7 80 10 50 2000 -d -h -ngs.” Transposable elements were annotated de novo using 
RepeatModeler v2.0.723 and LTR_FINDER v1.0724. For homology-based annotation, we employed RepeatMasker 
v4.0.625 and RepeatProteinMask v1.0.8 with the parameters “-engine ncbi -noLowSimple -pvalue 1e-04”, against 
the Repbase database26. Finally, the annotated repetitive regions were soft-masked by converting them to low-
ercase letters in the genome assembly using BEDtools v2.29.227, generating a masked reference sequence for 
downstream analysis. Repetitive sequences comprised 498.74 Mb (48.74%) of the genome, including 62.07 Mb of 
DNA elements, 94.62 Mb of long interspersed nuclear elements (LINEs), 89.73 Mb of short interspersed nuclear 
elements (SINEs), 150.88 Mb of tandem repeats (TRF), 6.71 Mb of long terminal repeats (LTRs) and 194.03 Mb 
of unclassified elements (unknown) (Fig. 2b, circos plot of repetitive elements; Table 2, repeat annotation of R. 
chinensis).

Protein-coding genes were predicted using de novo, homology-based protein prediction and 
transcriptome-based prediction methods. Augustus v2.5.528 was employed for de novo prediction. Subsequently, 
homology-based prediction leveraged protein sequences from Coptotermes formosanus (GCA_013340265.1)29, 
Periplaneta americana (GCF_040183065.1)30, Diploptera punctata (GCA_030220185.1)31, Zootermopsis 
nevadensis (GCF_000696155.1)32, and Cryptotermes secundus (GCF_002891405.2)33 obtained from National 
Center for Biotechnology Information (NCBI). The protein sets from these five species were aligned to the R. 
chinensis genome using BLAT v. 3534, and gene models were predicted using GeneWise v2.4.135 with default 
parameters. Finally, transcripts with complete open reading frames (ORFs) were mapped to the R. chinensis 
genome using BLAT v. 3534 and further processed using GeneWise v2.4.135 to refine gene structures. Predictions 
were consolidated using EVidenceModeler v1.1.136, resulting in 30,609 protein-coding genes. BUSCO v5.5.018 
assessment (insecta_odb10 database) indicated 98.9% completeness, including 97.4% complete single-copy, 
1.5% complete duplicated, 0.2% fragmented, and 0.9% missing orthologs (Table 3, BUSCO assessment of 
protein-coding genes in R. chinensis).

Finally, repetitive element and protein-coding gene annotations were conducted for the related species C. 
formosanus, R. speratus, and Z. nevadensis using the same pipeline.

Functional annotation was performed against Gene Ontology (GO) annotations (http://geneontology.
org/; 9,498 genes annotated)37,38, Swiss-Prot (www.uniprot.org; 17,687 genes annotated)39,40, TrEMBL (www.
uniprot.org; 25,762 genes annotated)39,40, non-redundant proteins (NR: https://ftp.ncbi.nlm.nih.gov/blast/db; 
25,681 genes annotated)41, Kyoto Encyclopedia of Genes and Genomes (KEGG: https://www.kegg.jp/; 15,802 
genes annotated)42,43, and InterPro (https://www.ebi.ac.uk/interpro/; 17,235 genes annotated) databases44, using 
InterProScan v 5.75-106.045, with an e-value threshold of 1e-5. In total, 26,328 protein-coding genes were func-
tionally annotated, accounting for 86% of all predicted protein-coding genes (Table 3, statistics of functional 
annotation of protein-coding genes), and the number of genes annotated on each pseudo-chromosome is shown 
in the Fig. 3.

Data Records
All raw sequencing data generated in this study have been deposited in the National Center for Biotechnology 
Information (NCBI) database under BioProject accession number PRJNA133578046. The genome assembly has 
been deposited in GenBank under accession number JBRIKC000000000.147. Specifically, the raw data includes 
genome survey sequencing data (SRR35653617)48, PacBio HiFi sequencing data (SRR35653619)49, Hi-C 
sequencing data (SRR35653618)50, and RNA-seq sequencing data (SRR35653616 and SRR35653615)51,52.

Technical Validation
Genome assembly quality was assessed using multiple methods. BUSCO analysis against the insecta_odb10 
database indicated 97.4% complete single-copy orthologs, confirming high completeness. Mapping rates of 
short reads and long reads to the assembly were 99.56% and 99.99% respectively, indicating robust assem-
bly accuracy. Whole-genome alignment and synteny analysis identified conserved syntenic blocks cov-
ering 77.10% of the R. chinensis genome and 89.59% of the R. speratus genome, and the high collinearity 
between our assembly and the previously published R. speratus genome further supports its high quality. 
For gene annotation, we re-annotated the genomes of Coptotermes formosanus (GCA_013340265.1)29 and 
Reticulitermes speratus (GCA_021186555.1)19 using repeat and protein-coding gene annotation methods as 
described for R. chinensis, while also leveraging published annotation data from Zootermopsis nevadensis 
(GCF_000696155.1)32 as a reference. Compared with these species in terms of repeat content (Table 2, repeat 
annotation statistics across multiple species), gene number (C. formosanus: 25,958; R. speratus: 23,601; Z. 
nevadensis: 30,187) and BUSCO completeness (insecta_odb10 database; C. formosanus: C:95.3%[S:93.3%,D:2
.0%],F:2.7%,M:2.0%,n:1367; R. speratus: C:80.7%[S:79.7%,D:1.0%],F:2.6%,M:16.7%,n:1367; Z. nevadensis: C:9
8.9%[S:54.9%,D:44.0%],F:0.4%,M:0.7%,n:1367), the gene annotation of R. chinensis in this study is consistent 
and within a reasonable range. These validations ensure the reliability of the genome assembly and annotations 
for downstream analyses.

Data availability
The dataset has been deposited to National Genomics Data Center as a BioProject under accession number 
PRJNA1335780. The final Genome assembly data of the termite Reticulitermes chinensis Snyder is available in 
the GenBank under the accession number JBRIKC000000000.1. The raw reads generated from three platform 
specific sequencing runs have been deposited in the NCBI Sequence Read Archive (SRA, accession numbers: 
SRR35653615 - SRR35653619).
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Code availability
No custom code was developed for this study. All analyses used publicly available bioinformatics tools, with 
software versions and parameters detailed in the Methods section to ensure reproducibility.
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