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patapescripTor Fesolved genome assembly
of afemale oyster pompano
(Trachinotus anak)

Tao Wang®'™, Yuwen Guo?, Yan Wang?, Rong Chen?, Si Ge! & Huapu Chen!™

. Oyster pompano (Trachinotus anak) is currently the highest-yielding marine aquaculture fish species in
© China. However, previously available genome assemblies were fragmented and incomplete, hindering

. advances in genomic research and breeding applications. Here, we generated two haplotype-resolved,
. telomere-to-telomere (T2T) genome assemblies for a female T. anak using PacBio HiFi, ONT ultra-long,
. and Hi-C data. The resulting assemblies (haplotype A and B) span 663.78 Mb and 661.09 Mb with contig
: N500f 28.62 Mb and 29.02 Mb, respectively. Both haplotypic assemblies were anchored into 24 gap-

. free chromosomes, each comprising a complete set of 48 telomeres. The quality value (QV) scores were
. 70.45 and 68.66, and Benchmarking Universal Single-Copy Orthologs (BUSCO) completeness scores

© were 98.9% and 99.0% for haplotype A and B, respectively. Genome annotation identified 187.94 Mb

. and 178.63 Mb of repetitive sequences, and predicted 23,118 and 23,119 protein-coding genes in

. haplotypes A and B, respectively, with 99.79% and 99.78% functionally annotated. These two high-

. quality T2T assemblies provide invaluable resources for molecular breeding and advancing biological

. and evolutionary research in T. anak.

: Background & Summary

. The oyster pompano (Trachinotus anak) is one of the most economically significant marine aquaculture species
. in China. It belongs to the family Carangidae, and has often been misidentified as its closely related sister species,
* T ovatus or T. blochii, both of which are commonly referred to the “golden pompano” by aquaculture practition-
. ers in the country’2. Notably, T. anak can be distinguished from its congeners in morphology and distribution: T.
. blochii possesses elongated fin rays in the dorsal and anal fins!, and T. ovatus has a native distribution restricted
© to the Atlantic Ocean??.

: T. anak is primarily distributed in tropical and subtropical waters of the western Pacific Ocean®. Owing to its
. tender flesh, absence of intermuscular spines, and favorable taste, it is highly favored by consumers. In addition,
. its rapid growth rate and strong environmental adaptability make it an appealing species for aquaculture pro-
: ducers. These combined traits have driven the rapid expansion of T. anak aquaculture in recent years, particu-
. larly along the southeastern coast of China, which has become the main farming region. As a result, its annual
. production has increased substantially, reaching over 290,000 tons in 2023 and ranking first among all marine
: aquaculture fish species in the country*.

: Although several genome assemblies of T. anak have been previously reported, they are all limited to the
. chromosome level and contain numerous gaps and incomplete telomeric sequences®”. In this study, we pres-
: ent two haplotype-resolved, telomere-to-telomere (T2T) genome assemblies of T. anak, representing the first
. gap-free and fully resolved genomes for this species. These two assemblies were generated using a combination
. of PacBio HiFi, ONT ultra-long, and Hi-C reads, enabling accurate reconstruction of both haplotypes at the
: chromosomal level with complete telomeric structures. Compared to previous assembly versions, our T2T-level
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Primer ID Primer sequence (5'—3/) Annealing temperature
W-hsd17b1-F | CCCGACAAAACATTCAAATG
W-hsd17b1-R | CGCACTCTAAAAGACGCTCC

57°C

Table 1. The sequences of female-specific primers used for genetic sex identification.

b __ c

T2T sample M Paternal  Maternal

Fig. 1 Sample collection and sex identification of a female T. anak used for T2T genome assembly. (a) An adult
T. anak individual collected from a marine aquaculture base in southeastern China. (b) Dissected gonad of

the sequenced individual, showing a well-developed ovary. (c) PCR-based sex determination of the sequenced
individual and its parents. The T2T sample shows a female-specific band consistent with the maternal parent.

genome assemblies substantially improve assembly continuity and completeness, offering invaluable resources
for molecular breeding, functional genomics, and evolutionary studies of T anak and other Carangidae species.

Methods

Sample collection and nucleic acid extraction. Following phenotypic and genotypic sex identifica-
tion based on morphological observation and a previously described sex-specific marker® with minor modifi-
cations (Table 1), a two-year-old female T. anak was obtained from Hainan Lanliang Agriculture Technology
Co., Ltd. (Sanya, Hainan Province, China) for genomic DNA and total RNA extraction (Fig. 1). High-quality
genomic DNA was isolated from muscle tissue using the cetyltrimethylammonium bromide (CTAB) method
and used for the construction of MGI short-read, PacBio HiFi long-read, and ONT ultra-long-read sequencing
libraries. Total RNA was extracted from nine different tissues—including heart, liver, spleen, kidney, mus-
cle, hypothalamus, brain, pituitary, gonad—using TRIzol reagent (Invitrogen, USA) for transcriptome library
preparation. The concentration and quality of extracted DNA and RNA were assessed using a NanoDrop One
spectrophotometer (Thermo Fisher Scientific, USA), a Qubit 3.0 fluorometer (Life Technologies, USA), and
agarose gel electrophoresis.

Library preparation and sequencing. For MGI short-read sequencing, a paired-end genomic library with
an average insert size of ~350 bp was constructed using MGIEasy Universal DNA Library Preparation Kit v.1.0
(MGI, China) and sequenced on DNBSEQ-T7 platform with 150bp paired-end reads generated. Quality con-
trol of raw short reads was performed using fastp (version 0.23.2)° with default parameters to remove adapter
sequences and low-quality reads, resulting in 76.96 Gb of clean data (Table 2).

For PacBio HiFi long-read sequencing, a circular consensus sequencing (CCS) library was prepared using the
SMRTbell Express Template Prep Kit 2.0 (Pacific Biosciences, USA) and sequenced on the PacBio Revio platform.
Raw subreads were processed using CCS software (version 6.0.0, https://github.com/PacificBiosciences/ccs)
with the parameters “~min-passes 3-min-snr 2.5-top-passes 60”, resulting in 137.54 Gb of high-accuracy HiFi
reads with an average length of 21.07 kb (Table 2).

For ONT ultra-long sequencing, high-molecular-weight (HMW) genomic DNA was used to construct
libraries using an SQK-ULKO001 Kit (Oxford Nanopore Technologies, UK) and sequenced on the PromethION
P48 platform. Raw sequencing data was processed with Porechop (version 0.2.4, https://github.com/rrwick/
Porechop) to remove the adapter sequences and Filtlong (version 0.2.1, https://github.com/rrwick/Filtlong)

SCIENTIFIC DATA | (2026) 13:33 | https://doi.org/10.1038/s41597-025-06345-2 2


https://doi.org/10.1038/s41597-025-06345-2
https://github.com/PacificBiosciences/ccs
https://github.com/rrwick/Porechop
https://github.com/rrwick/Porechop
https://github.com/rrwick/Filtlong

www.nature.com/scientificdata/

Library type Platform Library size | Datasize (Gb) | Average depth (X) | Average Length
Short reads DNBSEQ-T7 350bp 76.96 116 150bp
HiFi reads PacBio Revio 20-30kb 137.54 208 21.07kb
Ultra-long reads | PromethION P48 | — 85.72 130 80.39kb
Hi-C DNBSEQ-T7 350bp 158.46 240 150bp
Table 2. Sequencing data generated for T. anak genome assembly.
Tool K-mer size | K-mer count | K-mer depth (X) | Genome size (bp) | Heterozygous ratio (%) | Duplication ratio (%)
GCE 19 65,901,988,063 | 102.8 641,069,923 0.24 16.50
Genomescope | 19 65,763,346,432 | 102.4 642,220,180 0.23 16.32

Table 3. Genome survey of the female T. anak.

3

to filter low-quality reads with parameter “~min_length 30000-min_mean_q 90”, resulting in 85.72 Gb of
high-quality ultra-long reads with an average length of 80.39kb (Table 2).

For Hi-C sequencing, fresh liver tissue was collected for library preparation as previously described',
with minor modifications. Briefly, chromatin was cross-linked with 1% formaldehyde, digested with Dpnl],
end-repaired with biotin-14-dCTP, and proximity-ligated using T4 DNA ligase. After reversing cross-links and
purifying DNA, the DNA was sheared to fragments of 300-700 bp and enriched using streptavidin magnetic
beads. The Hi-C library was constructed using with MGIEasy Universal DNA Library Preparation Kit v.1.0
(MGI, China) and sequenced on DNBSEQ-T?7 platform. Raw sequencing data was processed with fastp and
HICUP (version 0.8.0, http://www.bioinformatics.babraham.ac.uk/projects/hicup/) to remove the adapter
sequences and low-quality reads, resulting in 158.46 Gb of clean reads (Table 2).

Genome assembly. Prior to the genome assembly of T. anak, a genome survey was conducted using MGI
short-read sequencing data. Clean reads were used to perform k-mer (k= 19) frequency analysis using Jellyfish
(version 2.2.10)!. The genome size and heterozygosity rate were subsequently estimated using GCE (version
1.0.2)'> and GenomeScope (version 2.0)"*. Based on the k-mer analysis, the genome size of the female T. anak was
estimated to be approximately 641-642 Mb, with a heterozygosity rate of 0.23-0.24% (Table 3).

We firstly assembled high-quality PacBio HiFi, ONT ultra-long, and Hi-C reads into initial contigs using Hiflasm
(version 0.19.9-r616)'* with default parameters. To obtain a chromosome-level genome of T. anak, the primary
contigs were scaffolded jointly on the haplotype-resolved assemblies using Hi-C data. Specifically, ALLHiC (version
0.9.8)"3, using BWA-MEM for Hi-C reads alignment (version 0.7.17, https://github.com/lh3/bwa), was employed as
primary scaffolding tool to cluster, order, and orient the contigs into 48 chromosomal groups. To assist in manual
correction, Juicer (version 1.6)'¢ and 3D-DNA (version 180419)"7 were subsequently used to convert interaction
data into specific binary files, which were visualized and manually curated in Juicebox (version 1.11.08)'%. Finally, we
generated two sets of haplotype-resolved chromosome-level genome assemblies, comprising a total of 48 chromo-
somes (derived from 76 contigs) and 131 unanchored scaffolds, with gaps between adjacent contigs filled by 100 ‘N’
strings (Table S1). The two haplotype genomes were designated hapA (chr##A) and hapB (chr##B).

To achieve high-accuracy T2T gap-free genome assemblies, we performed telomere repair, gap closure, and
genome polishing based on the chromosome-level assemblies. Specifically, telomeric regions were refined by
aligning ONT reads to the genome using Winnowmap2 (version 2.03)'° with parameter “k =15, -MD”, extract-
ing reads mapped to the terminal 50 bp of each chromosome, identifying those enriched in canonical telomeric
repeats (TTAGGG), and generating consensus sequences with Medaka (version 1.5.0, https://github.com/nano-
poretech/medaka) for end replacement of each chromosome based on high-identity (identity > 80%) MUMmer
(version 4.0.0)%° alignments. Then, using Winnowmap2, gaps were manually filled with aligned other primary
assembly versions, followed by ONT and HiFi reads. Finally, the gap-filled genome was polished using HiFi
reads with one round of Racon (version 1.4.3)! followed by two rounds of NextPolish2 (version 0.2.1)?%. The
final assemblies of the two haplotypes successfully anchored 663.78 Mb (hapA) and 661.09 Mb (hapB) onto 24
chromosomes, with all chromosomes in both assemblies achieving T2T continuity (Fig. 2, Table 4).

Telomeric and centromeric regions analysis. The identification of telomeric and centromeric regions
was conducted using the quarTeT (version 1.2.1)? toolkit. For telomeric region prediction, the TeloExplorer
module was used to scan each chromosome end for canonical telomeric repeats. All chromosomal telomeres of
both haplotype genomes were successfully predicted by identifying >100 tandem repeats of the canonical 6-bp
motif “TTAGGG” at both ends of the chromosomes (Fig. 2, Tables S2, S3). The detection of canonical telomeric
repeats at both ends of all 24 chromosomes (48 telomeres in total) confirms the completeness of chromosome
ends and supports the gap-free status of the assemblies.

For centromeric region prediction, the CentroMiner module was employed. Putative centromeres were success-
fully predicted on 19 chromosomes in both haplotypes, while 5 chromosomes lacked definitive centromeric signals
(Fig. 3, Table S4). These undetected centromeres may correspond to non-canonical satellite repeat regions, which
often consist of complex insertions involving multiple satellite families, long terminal repeat (LTR) retrotransposons,
or other unidentified transposable elements that are beyond the resolution of tandem repeat-based prediction tools.
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Fig. 2 Genome assemblies of two haplotyped-resolved assemblies of T. anak. (a) Hi-C contact map of

two haplotype genome assemblies at a bin size of 500 kb, showing clear chromosome-scale scaffolding and
interaction signals. (b) Circos plot of genomic features across both haplotype assemblies. Tracks from outer

to inner rings represent: gene density (blue), repeat density (purple), LTR element density (brown), DNA
transposon density (red), and GC content (turquoise). Central ribbons represent syntenic relationships between
homologous chromosomes of the two haplotypes.

hapA hapB

Chromosome | Length (bp) | Contigcount | Chromosome | Length (bp) | Contig count
chrlA 33,660,645 |1 chr1B 33,989,672 1
chr2A 32,138,037 1 chr2B 32,289,251 1
chr3A 31,121,134 1 chr3B 31,202,316 1
chr4A 30,299,816 1 chr4B 30,606,125 1
chr5A 29,901,177 1 chr5B 29,823,040 1
chr6A 30,089,921 1 chr6B 30,392,677 1
chr7A 30,576,200 1 chr7B 30,488,657 1
chr8A 29,296,395 1 chr8B 29,462,823 1
chr9A 30,066,504 1 chr9B 30,078,004 1
chr10A 31,227,825 |1 chr10B 30,403,299 1
chrl1A 28,619,965 1 chr11B 29,019,421 1
chr12A 27,969,050 1 chr12B 27,955,638 1
chr13A 27,786,543 1 chr13B 27,729,805 1
chr14A 27,445,644 1 chr14B 26,761,531 1
chr15A 27,125,868 1 chr15B 27,185,147 1
chrl6A 26,873,307 1 chr16B 27,032,510 1
chr17A 26,809,404 1 chr17B 26,570,194 1
chr18A 25,872,604 1 chr18B 25,908,249 1
chr19A 24,409,635 1 chr19B 24,354,897 1
chr20A 25,134,363 1 chr20B 24,228,454 1
chr21A 22,612,460 1 chr21B 22,797,979 1
chr22A 21,722,837 1 chr22B 21,289,241 1
chr23A 21,874,324 1 chr23B 21,469,620 1
chr24A 21,141,965 1 chr24B 20,052,046 1
total 663,775,623 | 24 total 661,090,596 | 24

Table 4. Assembly statistics of two haplotype-resolved genomes of T. anak.

Repeat element and non-coding RNA annotation. To comprehensively annotate repetitive ele-
ments in the T. anak genome, both dispersed and tandem repeats were identified using a combination of de
novo and homology-based approaches. For dispersed repeats, a de novo repeat library was first generated
using RepeatModeler (version 2.0.4)**. To enhance the sensitivity and accuracy of LTR elements annotation,
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Fig. 3 Presentation of telomeres and centromeres of two haplotyped-resolved assemblies of T. anak.

LTR_FINDER (version 1.07)* and LTRharvest (version 1.62)%¢ were used, with results integrated and
de-redundantized using LTR_retriever (version 2.9.0)?”. The merged LTR sequences and RepeatModeler
library formed a comprehensive de novo library. Unknown elements were further classified using TEclass
(version 2.1.3)?%. This de novo library was combined with RepBase database (version 20181026, https://
www.girinst.org/repbase/), and repetitive elements were annotated using RepeatMasker (version 4.1.5)%.
Additionally, RepeatProteinMask, a protein-based module of RepeatMasker, was used to detect TE-related
coding regions. All outputs were merged and filtered to produce the final set of dispersed transposable
elements. For tandem repeats, Tandem Repeats Finder (version 4.09)*° and MISA (version 2.1)3! were
employed for identification. Finally, a total of 161.26 Mb (24.29%) and 152.64 Mb (23.09%) of dispersed
repetitive sequences, and a total of 26.68 Mb (4.02%) and 25.99 Mb (3.93%) of tandem repetitive sequences
were detected in the hapA and hapB assemblies, respectively. Among them, DNA transposons accounted
for 11.56% and 10.77%, long interspersed nuclear elements (LINEs) for 3.92% and 3.35%, short interspersed
elements (SINEs) for 0.17% and 0.17%, LTRs for 8.23% and 8.75%, respectively (Table 5).

Non-coding RNAs (ncRNAs) were identified using a combination of structure- and homology-based
approaches. Transfer RNAs (tRNAs) were predicted based on conserved secondary structure features using
tRNAscan-SE (version 2.0.12)*. Other classes of ncRNAs, including ribosomal RNAs (rRNAs), small nuclear
RNAs (snRNAs), microRNAs (miRNAs), and small nucleolar RNAs (snoRNAs), were identified using
INFERNAL (version 1.1.2)* against the Rfam database. Finally, a total of 2,742 miRNAs, 1,373 tRNAs, 4,842
rRNAs, and 1,569 snRNAs were identified in hapA (Tables S5), and 2,353 miRNAs, 1,404 tRNAs, 3,607 rRNAs,
and 2,278 snRNAs were detected in hapB (Table S6).

Gene prediction and functional annotation. Gene structure prediction was performed on the
repeat-masked genome by integrating evidence from transcriptome-based, homology-based, and ab initio
approaches. For transcriptome-based prediction, RNA-seq data from nine different tissues were aligned to
the genome using HISAT2 (version 2.1.1)*, followed by transcript assembly with StringTie (version 2.2.1)%*.
Protein-coding regions were then predicted from assembled transcripts using TransDecoder (version 5.7.0,
https://github.com/TransDecoder/TransDecoder). For homology-based prediction, protein sequences
from five related species—Danio rerio, Oryzias latipes, Seriola dumerili, Seriola lalandi dorsalis, and a pre-
viously assembled T. anak genome (GCF_046630095.1)—were downloaded from the Ensembl and NCBI
databases, and aligned to the genome using TBLASTN (version 2.7.1), and gene structures were inferred
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hapA hapB

Type Count Length (bp) | Proportion (%) | Count Length (bp) | Proportion (%)
DNA 648,911 76,747,842 | 11.56 700,427 71,222,790 10.77
LINE 140,911 26,049,468 | 3.92 133,836 22,176,835 3.35
SINE 12,049 1,139,888 0.17 12,326 1,129,155 0.17
LTR 443,810 54,611,647 | 8.23 468,853 57,863,351 8.75
Unknown 12,228 1,471,346 0.22 13,500 1,602,169 0.24
Total dispersed repeats | 1,436,197 | 161,257,482 | 24.29 1,481,047 | 152,641,844 | 23.09
Microsatellite 635,867 13,356,781 | 2.01 636,057 13,400,163 2.03
Minisatellite 95,074 6,311,938 0.95 95,091 6,365,852 0.96
Satellite 4,925 9,296,875 1.40 4,393 8,509,322 1.29
Total tandem repeats 735,866 26,683,897 | 4.02 735,541 25,991,287 3.93

Table 5. Statistics of repetitive sequence.

Average gene | Average CDS | Average exons per | Average exon | Average intron
Assembly | Gene number | length (bp) length (bp) gene length (bp) length (bp)
hapA 23,118 15,976.35 1,852.99 10.83 244.09 1,356.69
hapB 23,119 16,021.66 1,847.47 10.84 247.17 1,355.50

Table 6. Statistics of the predicted protein-coding genes of T. anak.

hapA hapB

Type Count | Proportion (%) | Type Count | Proportion (%)
All 23,118 | 100.00% All 23,119 | 100.00%
Annotation | 23,069 | 99.79% Annotation | 23,068 99.78%
KEGG 16,089 | 69.60% KEGG 16,042 | 69.39%
Pathway 9,128 39.48% Pathway 9,098 39.35%
Nr 22,922 | 99.15% Nr 22,917 | 99.13%
Uniprot 22,908 | 99.09% Uniprot 22,902 | 99.06%
GO 21,391 | 92.53% GO 21,385 | 92.50%
KOG 91 0.39% KOG 87 0.38%
Pfam 21,908 | 94.77% Pfam 21,914 | 94.79%
Interpro 22,923 | 99.16% Interpro 22,929 ]99.18%

Table 7. Statistics of functional annotation.

with Exonerate (version 2.4.0, https://github.com/nathanweeks/exonerate). For ab initio gene prediction,
Augustus (version 3.5.0)*” and GlimmerHMM (version 3.0.4)% were employed on the repeat-masked
genome. All prediction results were integrated using MAKER (version 3.01.03)* to generate the final gene
models.

Functional annotation of protein-coding genes was performed using both sequence similarity and motif/
domain-based approaches. For similarity-based annotation, protein sequences were aligned against the UniProt,
NR, and KEGG databases using Diamond (version 2.1.8)*°, and KOBAS (version 3.0)*! was used to assign KEGG
Orthology (KO) terms and associated pathway information. Gene Ontology (GO) annotations were derived
based on UniProt mappings. For motif and domain annotation, InterProScan (version 5.55-88.0)* was used to
identify conserved protein motifs and domains.

Asaresult, 23,118 and 23,119 protein-coding genes were predicted in the hapA and hapB assemblies, respec-
tively, of which 23,069 (99.79%) and 23,068 (99.78%) genes were annotated by at least one functional database
(Tables 6, 7).

Data Records

The two telomere-to-telomere haplotype-resolved genome assemblies of T. anak have been deposited in
the European Nucleotide Archive (ENA), an INSDC member repository, under the BioProject accession
PRJEB100546. The corresponding assembly accession numbers are GCA_977005155.1 (haplotype 1)** and
GCA_977005145.1 (haplotype 2)*. In addition, for broader accessibility, the same genome assemblies together
with their annotation data have been co-deposited in the Genome Warehouse (GWH) database of the National
Genomics Data Center (NGDC, https://ngdc.cncb.ac.cn) under BioProject PRJCA042885 with accession numbers
GWHGEPT00000000.1*° and GWHGEPU00000000.1%, and are also available on Figshare*. The raw sequencing
data used for genome assembly and annotation, including PacBio HiFi, ONT ultra-long, Hi-C, MGI, and RNA-seq
reads are available in the NGDC Sequence Read Archive (SRA) database with accession numbers CRA027715%,
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Continuity Accuracy Completeness
Mapping rate (%)

Assembly Contig N50 (Mb) | Gap count | GCIscore | QV scores | (NGS/ONT/HiFi) | BUSCO scores | Telomere count
hapA 28.62 0 94.44 70.45 99.75/100.00/99.97 | 98.9% 48

hapB 29.02 0 85.16 68.66 99.73/100.00/99.96 | 99.0% 48

Luo et al, 2024 2.99 — — >30 99.11/-/- 97.8% —

(female)

Luo et al., 2024 (male) | 0.67 — — >30 99.20/-/- 98.3% —

Guo et al., 2024 23.11 32 — — 99.57/-/- 97.8% —
GCF_046630095.1 26.5 — — — -/-1- 99.5% —

Table 8. Comparative quality assessment of the two haplotype-resolved assemblies and three previously
published assemblies of T. anak.

Data Overview

To place the T. anak genome in a broader evolutionary context, we surveyed publicly available teleost
genomes to illustrate the utility of our assemblies for future comparative and phylogenomic studies. These two
haplotype-resolved, gap-free genomes will serve as valuable references for evolutionary biology, molecular
breeding, and comparative genomics.

Technical Validation

Quality evaluation of the initial assembly. A high-quality initial assembly is essential for success-
ful T2T genome construction. Therefore, we evaluated multiple assembly workflows to identify the opti-
mal version as the reference backbone for assembly refinement. These workflows were based on different
combinations of input sequencing data and assemblers. Two data combinations were used: (1) PacBio HiFi
reads and Hi-C data; and (2) PacBio HiFi, ONT ultra-long reads, and Hi-C data. Each data combination
was assembled using both Hifiasm and Verkko (version 2.2)*, resulting in four initial assemblies: Hifiasm
(HiFi+ Hi-C), Hifiasm (HiFi+ ONT + Hi-C), Verkko (HiFi + Hi-C), and Verkko (HiFi+ ONT + Hi-C). To
comprehensively evaluate the quality of the four initial assemblies, we assessed several key metrics, includ-
ing contig N50 and total contig number calculated using Assembly-stats (version 1.0.1, https://github.com/
sanger-pathogens/assembly-stats), k-mer-based consensus quality value (QV) estimated with Merqury (ver-
sion 1.3)*°, and Benchmarking Universal Single-Copy Orthologs (BUSCO) completeness scores estimated
with BUSCO (version 5.7.1)°!. The detailed results are summarized in Table S7. Among the four assemblies,
the Hifiasm (HiFi + ONT 4 Hi-C) assembly exhibited the highest overall quality, with the longest contig
N50 of 27.62 Mb, the fewest contigs (205), the highest QV score of 61.07, and high BUSCO completeness
scores (C:98.9% [S:0.2%, D:98.7%]). Based on these comprehensive evaluations, this assembly was selected
as the reference backbone for subsequent T2T genome construction.

Quality evaluation of the final assembly. A comprehensive quality evaluation (covering conti-
nuity, accuracy, and completeness) was performed on the final genome assembly. Assembly continuity was
assessed using three key metrics: (1) contig N50 values, (2) gap number, and (3) Genome Continuity Inspector
(GCI, version 2.28-r1209)%* scores. The assembled haplotypes exhibited high continuity, with total lengths
of 663.78 Mb (hapA) and 661.09 Mb (hapB), and contig N50 values of 28.62 Mb and 29.02 Mb, respectively
(Table 8). Both haplotypes were completely gap-free (0 gaps detected) (Table 8). GCI analysis revealed overall
continuity scores of 94.44 (hapA) and 85.16 (hapB), with the majority of individual chromosomes achiev-
ing 99.99 (Table 8, Table S8). The slightly lower GCI score observed for hapB likely reflects differences in
repeat-rich regions between the two haplotypes.

Assembly accuracy was assessed also using other three complementary metrics: (1) QV scores, (2)
high-accuracy sequencing reads mapping rates, and (3) Hi-C interaction patterns. The k-mer QV scores
reached up to 70.45 for hapA and 68.66 for hapB (Table 8). MGI short reads, ONT reads, and HiFi reads
were aligned to the genome assemblies, with mapping rates of >99.7%, 100.0% and >99.9%, respectively
(Table 8). The Hi-C heatmaps demonstrated strong chromosomal interaction signals and clear diagonal
patterns (Fig. 2a).

Assembly completeness was assessed based on BUSCO scores and telomere region analysis. BUSCO
evaluation with the “actinopterygii_odb10” reference dataset demonstrated high completeness, showing
98.9% complete BUSCOs for hapA and 99.0% for hapB (Table 8). Additionally, telomere analysis successfully
detected all chromosomal telomeres through identification of >100 repeats of the 6-bp “TTAGGG” motif
(Fig. 3, Table 8). These results collectively highlight the high quality of our two haplotype-resolved genome
assemblies.

Contamination assessment. To ensure the reliability and purity of the genome assemblies, multi-
ple strategies were used to assess potential contamination. First, 10,000 randomly selected MGI short reads
were aligned to the NCBI NT database (version 202407) using BLAST (version 2.11.0+, parameters: -evalue
le-5, -max_target_seqs. 1). Apart from hits classified as “Unknown’, all matched sequences belonged to the
Metazoa clade, indicating no detectable exogenous contamination. In addition, we further assessed potential
contamination using the NCBI Foreign Contamination Screen for Genomes (FCS-GX, version 0.5.5)> with
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default parameters. This analysis identified no putative contaminant divisions, and the contamination sum-
mary reported zero contaminated sequences and bases, confirming that the genome assembly is free from
detectable contamination.

Data availability

The telomere-to-telomere haplotype-resolved genome assemblies of T. anak are available in the ENA under
BioProject PRJEB100546 (GCA_977005155.1 and GCA_977005145.1). The same assemblies and annotations
are also available in the GWH at NGDC under BioProject PRJCA042885 (GWHGEPT00000000.1 and
GWHGEPU00000000.1). Raw sequencing data are deposited in the NGDC SRA database with accession
number CRA027715, and all supporting data are available from Figshare (https://doi.org/10.6084/
m9.figshare.29526377.v3).

Code availability

No custom scripts were developed for this study. All analyses were conducted using publicly available
bioinformatics software, with parameters applied according to recommended practices or specified where
necessary. Full details of the tools and configurations are provided in the Methods section.
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