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Chromosome-level genome 
assembly of the estuarine Corbicula 
flumnalis from the Yangtze River 
estuary in China
Yangxin tang1,2, Jie Pi1,2,3, Siting Yang1,2, Xinhua Liu1,2, Jianguo Xiang1,2, Chao Bian  4 & 
Deliang Li1,2 ✉

Corbicula clams are of important economic values. Corbicula clams have diverse reproductive 
characteristics, inhabiting both freshwater and estuary. Here, we constructed a chromosome-level 
genome of the estuarine C. fluminalis from China by combining HiFi sequencing and Hi-C technology. 
The assembled genome is 1,140.30 Mb with a scaffold N50 length of 58.80 Mb, and is anchored onto 
19 pseudo-chromosomes. A total of 25,363 protein-coding genes were identified and 94.03% of the 
identified genes were annotated. Approximately 63.50% of the genome is consisted of repetitive 
elements. The genome synteny between C. fluminalis and Mercenaria mercenaria is highly conserved. 
the chromosome genome assembly of C. fluminalis is a valuable resource for active ingredient research, 
phylogenomic studies and comparative genomics of the Corbicula clams and related species.

Background & Summary
Corbicula is a benthic shellfish group native to Asia, the Middle East, Australia and Africa and has now extended 
to an almost global distribution1,2. Within its native Asia range, Corbicula clams have a wide distribution and are 
important economic bivalves served as food or supplement for its nutritional and medicinal values3–5. Recent 
studies have revealed that the meat or extract of Corbicula clams is rich in proteins and polysaccharides, showing 
protective effects against acute liver injury and effects of lowering liver fat deposition3,4. The function investiga-
tion and supplement development of active ingredient of Corbicula clams are worth for further study.

Corbicula clams inhabit from estuarine to freshwater environments and harbor highly diverse sexual strate-
gies (male, female and hermaphrodite)6–8, reproductive modes (sexual dioecy and asexual hermaphrodite)7,9 and 
ploidy status (diploid, triploid and tetraploid)10,11. The sexual dioecious Corbicula clams are restricted to be dip-
loid in estuarine and freshwater while the asexual hermaphrodites are diploid, triploid and tetraploid in fresh-
water12. These characteristics render Corbicula as a potential model for investigation of the bivalve radiations 
from the seawater to the freshwater environments7,13. Since many freshwater asexual Corbicula populations were 
reported within the Yangtze River basin in China6,7,11,14, Corbicula from the estuary of the Yangtze River (desig-
nated as C. fluminalis15) have provided an important opportunity to study the radiation process. Decoding the 
genome of C. fluminalis inhabiting the estuary of the Yangtze River may provide new insights into the evolution 
and adaption of Corbicula. In addition, the phylogenetic relationships among distinct Corbicula populations or 
lineages remain unresolved16,17. Previous studies attempting to clarify the relationships among distinct Corbicula 
lineages rely on limited number of molecular markers12,17,18, therefore further phylogenomic studies are crucial 
to comprehensively resolve the genetic relationships within this species complex7,17,19.

Here, the chromosome-level genome of C. fluminalis from the estury of the Yangtze River has been suc-
cessfully assembled by using PacBio HiFi sequencing and Hi-C technology. The genome assembly of 
C. fluminalis was 1140.30 Mb with a scaffold N50 length of 58.80 Mb. This assembly was anchored onto 19 
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pseudo-chromosomes. The assembled genome provides important resource for further adaptive evolution and 
phylogenomic research on Corbicula clams.

Methods
Sampling and sequencing. Live samples of C. fluminalis were collected from the Yangtze River estuary at 
Chongming island, Shanghai, China (121.83°E, 31.44°N). One sample was dissected. After removing the shells, 
all soft parts, including mantle, adductor muscle, foot, gill and visceral mass, were immediately frozen in liquid 
nitrogen and stored at −80 °C. Genomic DNA was isolated from the foot using a modified cetyltrimethylammo-
nium bromide (CTAB) method. The quality and concentration of the isolated genomic DNA were evaluated using 
a NanoDrop One spectrophotometer (Thermo Fisher Scientific, USA) and 0.75% agarose gel electrophoresis.

The isolated genomic DNA was concentrated and purified to construct a long-read library using a SMRTbell 
Template Prep Kit according to the manufacture’s protocols (Pacific Biosciences, USA). The HiFi library was 
subsequently sequenced on the PacBio Sequel II platform (Pacific Biosciences, USA) following the manufactur-
er’s instructions. A total of 55.61 Gb of PacBio HiFi clean reads were obtained after this process. A short-read 
library was constructed using a Nextera DNA Flex Library Prep Kit (Illumina, USA), and then paired-end 
sequencing was conducted on the DNBSEQ-T7 platform (MGI, China) following the manufacturer’s recom-
mendation, generating 201.48 Gb clean data in total after filtration. To capture the chromatin conformation, 
the foot and adductor muscle were used to prepare a Hi-C library according to the manufacturer’s instructions. 
The Hi-C library was sequenced on the Illumina Novaseq. 6000 platform (Illumina, USA), yielding a total of 
171.89 Gb clean data.

To polish genome structure annotation, total RNA was extracted from the soft parts using the TRIzol rea-
gent to generate transcriptome libraries. A conventional transcriptome library was constructed following the 
protocol and sequenced on the DNBSEQ-T7 platform using this qualified RNA, resulting in 24.7 Gb data. A 
full-length transcriptome library was prepared and was sequenced on the Nanopore PromethION platform 
(Oxford Nanopore Technologies, UK), which yielded 13.92 Gb data in total.

Genome assembly and assessment. To estimate the genome feature of C. fluminalis, the k-mer method 
was used in Jellyfish (v 2.2.10)20 and Genomescope (v 2.0)21 software with the 201.48 Gb paired-end data in 
19-mer frequencies. The genome size was estimated to be 1,039.15 Mb with 1.65% heterozygosity and 52.02% 
sequence repeats.

PacBio HiFi clean reads were used for initial genome assembly with default parameters in Hifiasm (v 
0.16.1)22. Overlaps among clean reads were subjected to three rounds of error correction and then recomputed 
from the corrected reads. Haploid duplications were removed by haplotype-aware read and phased string graph 
construction using Hifiasm. The final assembly was 1,244.02 Mb, consisting of 195 contigs with a contig N50 size 
of 31.93 Mb (Table 1). Subsequently, the 201.48 Gb short-read data were mapped onto the genome assembly to 
assess its completeness using BWA software (v 0.7.17)23 with default parameters, which suggested that 93.60% of 
short-read data could be mapped and covered 99.87% of the assembled genome.

To obtain a chromosome-level assembly, the Hi-C clean data were mapped to the contig-level genome using 
BWA. Contigs were clustered into chromosome groups and contigs within the same chromosome group were 
ordered and oriented using ALLHIC (v 0.9.8)24. Subsequently, Juicebox (v 1.11.08)25 was employed to correct the 
processed contigs and remove redundant contigs. Finally, a final assembly in 1,140.30 Mb size was obtained and 
91.66% of the assembled sequences were anchored onto 19 pseudo-chromosomes with a scaffold N50 length of 
58.80 Mb (Table 1, Figs. 1 and 2).

Repeat annotation and gene prediction. Both de novo and homology comparison methods were used 
to annotate repetitive elements in the genome of C. fluminalis. RepeatModeler (v 1.0.11)26 and LTR FINDER 
(v 2.9)27 were used to identify repetitive elements and build a de novo repetitive element database with default 
parameters. An integrated database was then constructed by combining the de novo database with Repbase data-
base (v 19.06)28 and RepeatMasker (v 4.0.9)29 was employed to identify and classify the repetitive elements in the 
integrated database. A total of 730.01 Mb of repetitive elements were identified, constituting 63.50% of the C. 
fluminalis genome (Table 2).

Gene structure prediction was realized using integrative methods of transcriptome prediction, homology 
annotation and de novo prediction. For transcriptome prediction, the clean data of short-read transcriptome 
and full-length transcriptome were mapped onto the C. fluminalis genome by using Hisat2 (v 2.1.0)30 and min-
imap2 (v 2.17)31, respectively. The transcripts were subsequently assembled using StringTie2 (v 2.1.4)32 and the 

Contig Scaffold

Total Number 195 155

Total Length (bp) 1,244,015,206 1,149,555,071

N50 (bp) 31,933,900 58,803,969

N90 (bp) 11,337,362 51,136,350

Max Length (bp) 75,405,073 81,131,101

Average Length (bp) 6,379,565.16 7,416,484.33

GC Content (%) 35.00 34.99

Table 1. The statistics of the de novo assembled C. fluminalis genome.
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Fig. 1 Circos plot of the C. fluminalis genome assembly. The circos plot showing the 19 pseudo-chromosomes 
in C. fluminalis genome. From outer to inner layers: gene density and GC content in 1Mb windows.

chr1

chr2

chr3
chr4

chr5
chr6
chr7
chr8
chr9
chr10
chr11
chr12
chr13
chr14
chr15
chr16
chr17
chr18
chr19

Fig. 2 Hi-C contact heatmap of the C. fluminalis genome assembly.

Type

RepeatMasker TEs

Rate (%)

De novo + Repbase TEs

Rate (%)

Combined TEs

Rate (%)Length (bp) Length (bp) Length (bp)

DNA 7,050,529 0.61 45,504,568 3.96 49,088,410 4.27

LINE 22,753,943 1.98 50,792,619 4.42 56,062,579 4.88

SINE 0 0 3,090,996 0.27 3,090,996 0.27

LTR 21,447,433 1.87 213,615,036 18.58 216,311,354 18.82

Other 126 0 10,242 0 10,368 0

Unknown 4,875 0 436,539,487 37.97 436,544,292 37.98

Total 42,640,068 3.71 678,803,102 59.05 730,014,121 63.50

Table 2. The statistics of repetitive elements in the C. fluminalis genome.
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coding sequences were identified in TransDecoder (v 5.1.0, https://github.com/TransDecoder/TransDecoder). 
For homology search, protein sequences of Mizuhopecten yessoensis (GCA_002113885.2), Mercenaria merce-
naria (GCA_021730395.1), Crassostrea gigas (GCA_902806645.1), Crassostrea virginica (GCA_002022765.4) 
and Dreissena polymorpha (GCA_020536995.1) were downloaded from NCBI. BLAST + (v 2.7.1)33 was used to 
align these protein sequences onto the C. fluminalis genome. And then Exonerate (v 2.4.0)34 was employed to 
search gene structures of protein regions. For de novo prediction, the assembled transcripts were used as train-
ing set and the coding regions on the repeat-masked C. fluminalis genome were predicted in Augustus (v 3.3.2)35. 
Finally, the predicted gene sets from transcriptome prediction, homology annotation and de novo prediction 
were integrated in MAKER (v 2.31.10)36 and a final non-redundant gene set was generated. A total of 25,633 
genes with a mean length of 17,821.47 bp were predicted (Table 3). The final gene set was annotated by searching 
against the GO, KEGG, NR, UniProt and InterPro databases, 24,103 genes (94.03% of the total predicted genes) 
were ultimately annotated in at least one database (Table 3).

Genome synteny analysis. The genome syntenic relationships between estuarine C. fluminalis (this 
study) and marine M. mercenaria (GCA_021730395.1) were explored using MCScanX37 implemented in the 
TBtools-II38 with default parameters. The results suggested highly conserved genome synteny between C. flu-
minalis and M. mercenaria with generally one-to-one correspondence between their 19 chromosomes (Fig. 3).

Data Records
All raw sequencing data have been deposited in the NCBI database under the accession numbers SRR31869663-
6839–44 within the BioProject PRJNA1205514. The chromosome-level genome assembly was deposited at 
GenBank under the accession number JBLWFO00000000045. The genome assembly and annotations can also be 
accessed via Figshare46 (https://doi.org/10.6084/m9.figshare.28093580).

technical Validation
assessment of the genome assembly. To assess the quality of the genome assembly, the completeness 
of the chromosome-level genome assembly was estimated using BUSCO (v 5.8.2)47 against the “mollusca_odb10” 
database. The BUSCO results showed an overall completeness of 90.01% of the genome assembly of C. fluminalis 
(Table 4). In detail, 88.01% complete single-copy genes, 2.00% complete duplicated genes and 0.94% fragmented 
genes were identified in the genome assembly. In addition, 9.05% missing genes were found in the genome assem-
bly. Generally, these findings suggest the high quality of the C. fluminalis assembly.

Evaluation of the gene annotation. BUSCO analysis was also conducted against the “mollusca_odb10” data-
base to evaluate the completeness of the gene annotation of the chromosome-level genome assembly. The BUSCO 
results revealed an overall completeness of 90.84% of the gene annotations (Table 5). Specifically, 88.31% complete 
single-copy genes, 2.53% complete duplicated genes and 0.98% fragmented genes were presented in the annotated 
gene set with 8.18% missing genes. These results support the quality of the C. fluminalis genome annotation.

Item Number Average length (bp)

Gene 25,633 17,821.47

Exon 201,287 382.34

Intron 175,654 2,155.73

Database Number Rate (%)

GO 10,636 41.49

KEGG 6,373 24.86

NR 23,091 90.08

UniProt 21,018 82.00

InterPro 22,903 89.35

Total 24,103 94.03

Table 3. The statistics of gene annotation of the C. fluminalis genome.
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Fig. 3 Synteny analysis of chromosomes between C. fluminalis and M. mercenaria.
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Code availability
No custom codes or scripts were used in this work. Data analyses were performed following the manuals or 
protocols of the corresponding software as described in Methods.
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