Dean et al. BMC Genomics (2026) 27:339 BMC Genomics
https://doi.org/10.1186/512864-026-12703-0

Check for
updates

The tiger who came to T2T: Telomere-to-
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nanopore simplex reads
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Abstract

Background Chromosome-level de novo genome assemblies are vital for many aspects of biological research.
Despite technological progress, achieving telomere-to-telomere assemblies remains challenging. Long-read data are
critical for a contiguous genome assembly, since repeat regions cannot be assembled without them. Researchers
typically generate substantial quantities of data from multiple sequencing platforms to achieve accurate and
contiguous telomere-to-telomere (T2T) assemblies. This makes the process costly and complicated. Recent advances
in algorithms designed to optimise assembly with long-read data have the potential to rectify this issue. Using only
Oxford Nanopore Technology (ONT) simplex long-read data from the Sumatran tiger (Panthera tigris sumatrae), we
evaluate leading methods for error correction of long-reads (NextDenovo, HERRO and hifiasm ONT) and various
assembly approaches.

Results We show that correcting errors in ONT long-reads during assembly greatly improves the quality and
contiguity of the resulting assembly, suggesting these methods will make high quality genome assemblies more
achievable with less data. We also present the first, almost complete, T2T, de novo genome assembly for the Sumatran
tiger, with a single technology.

Conclusions This assembly is a novel resource for genomic research and conservation efforts.
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Background

Obtaining chromosome-level de novo genome assem-
blies greatly enhances studies of evolutionary biology
and population genomics and is critical for conservation.
Constructing telomere to telomere (T2T) assemblies still
typically involves data from multiple sequencing plat-
forms and thus remains costly, time consuming and com-
plicated [1]. Long-read data are critical for T2T genome
assembly because reads must be long enough to span
long repetitive regions in a genome, to assemble through
them. Oxford Nanopore Technology (ONT) is currently
the leading sequencing technology for generating the lon-
gest continuous sequencing reads, with individual reads
having the potential to exceed 4 Mb in length. It is the
only technology capable of generating reads long enough
to span certain centromeric repeat regions and segmental
duplications [2]. However, standard simplex (R10) ONT
long reads still have a relatively high error rate (est. 2%
[3]) and so have historically not been accurate enough
for stand-alone genome assembly. Typically, ONT reads
are generated alongside Pacific Biosciences High Fidelity
(PacBio HIFI) long reads (10-20 kb in length) or Illumina
short reads (150-300 bp in length), both of which have
an error rate close to 0.1% [4, 5]. ONT duplex reads can
achieve read lengths similar to ONT simplex reads, but
with an error rate which is on-par with that of Pac-Bio
HIFI and Illumina sequencing, which makes them prom-
ising for the possibility of single-sequencing-technology
genome assembly [6]. However, duplex sequencing is
challenging to implement and requires large quantities of
input DNA, so is probably not a viable mass- solution.

A recent, and promising advance in assembly meth-
ods is the inclusion of algorithms designed to accommo-
date the profile of long-read data [7]. One such method
is HERRO, a deep-learning model that uses informative
positions that vary between haplotypes or segments in
duplications to improve the accuracy of simplex ONT
reads by up to 100 fold [8]. HERRO is, however, compu-
tationally expensive and requires GPU processing, which
makes it less universally accessible. Another method for
correcting then assembling ONT reads is NextDenovo
[9], which uses read overlap and the k-mer score chain
(KSC) algorithm [10] to correct errors in long reads
before assembling them. NextDenovo is also compu-
tationally intensive, although it does not require GPU.
Another very recently developed method for error cor-
rection is Hifiasm (ONT), which utilises read phasing
to identify and correct sequencing errors, and is con-
siderably more computationally efficient than HERRO
or NextDenovo [11]. These methods have the potential
to reduce the need for multiple sequencing technolo-
gies, and thus the sequencing cost of generating T2T
assemblies. We tested the efficacy of these tools to gener-
ate a de novo genome assembly using data from a single
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sequencing technology — ONT R10 long reads. We vali-
date the resulting assemblies using high accuracy ONT
duplex reads, existing Felidae genome assemblies and
previously published Hi-C data. Our results show that
assembly with error corrected simplex ONT reads is a
substantial improvement on assembly without error cor-
rection and comparable to assembly with data from mul-
tiple sequencing technologies.

We use the ONT data to construct highly contiguous
telomere to telomere chromosome-level genome assem-
blies of the Sumatran tiger (Panthera tigris sumatrae).
The Sumatran tiger is endemic to the Indonesian island
of Sumatra and although population estimates are ongo-
ing, current assessments suggest fewer than 500 individ-
uals likely remain in the wild [12]. There is some debate
over whether the Sumatran tiger should be classified as
a unique subspecies or whether it should fall under the
broader subspecies Panthera tigris sondaica. Morpho-
logical evidence tends to point to the latter [13], whereas
genomic evidence suggests the Sumatran tiger forms a
distinct and monophyletic clade that should be recog-
nised as a subspecies in its own right [14]. We chose to
use the more specific nomenclature for future compat-
ibility. Panthera tigris is classified as endangered at the
species-level [15], and given the estimated size of the wild
population in Sumatra, the Sumatran tiger would likely
be critically endangered as a subspecies. We hope that
this work will provide a crucial resource for conservation
efforts.

Results

Chromosome-level genome assembly

We generated 158 Gb ONT simplex R10 data (~64X
coverage), which comprised 10,102,284 raw reads with
an N50 of 42 Kb from four ONT simplex flowcells. We
also ran three duplex flowcells, which generated a total
of 27 Gb duplex data (~11X coverage), comprising
2,870,273 raw duplex reads with an N50 of 19 kb. See Fig-
ure S1 for read length histograms.

We generated a benchmark tiger assembly using hifi-
asm with uncorrected simplex reads to compare with
other assembly methods. We compared this assembly
to most contiguous published domestic cat assembly
(AnAms1.0 [16]) and the only other published Panthera
tigris assembly (P.tigris_Ptil_mat1.1, a haplome assembly
generated from an F1 liger [17]). The benchmark assem-
bly was considerably more fragmented (Table 1, Fig. 1,
Figure S2) and incomplete (Table 2 and Table S1) than
the domestic cat and tiger haplome assemblies, as well as
the other assemblies we generated.

We tested assembly including the duplex reads along-
side simplex reads. This was an improvement on the
benchmark hifiasm assembly, but it remained more
fragmented and incomplete than the other assemblies
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Table 1 Assembly contig statistics
Assembly Total length Number of N50 N90 Longest Shortest  GC Qv Esti-
(bp) contigs contig (bp)  contig content score  mated
(bp) (%) error
rate
Domestic cat reference 2,462,412,258 401 21,291,731 5,730,844 75,246,234 100,606 41.87 458 0.00003
Tiger Haplome 2,/407,136,734 115 74,391,967 28,206,420 166,184,669 101,836 41.64 47.5 0.00002
Hifiasm 1,694,903,205 4,023 655,267 170,157 6,150,673 100,064 40.97 33.0 0.00050
Hifiasm duplex 2498525531 856 6,795,188 1,633,985 25,894,061 100,247 4177 3838 0.00013
Flye 2,/403,159,788 89 64,883,702 20,032,933 197,106,460 102,535 41.66 443 0.00004
NextDenovo 2412775875 40 139,803,469 59,657,662 204,184,323 184,266 41.66 44.0 0.00004
HERRO-RAFT-hifiasm 2451760258 94 139,794,700 28,923,347 220,606,598 110,731 41.80 49.2 0.00001
Hifiasm ONT 2,/462,500,948 55 142,172,726 51,966,967 238,981,921 111,431 4191 479 0.00002

All assembly statistics are shown for un-scaffolded assemblies (i.e. for published assemblies, scaffolds are broken at Ns into contigs), filtered to remove
fragments <100 kb. bp base pairs. Published QV score and estimated error rates, also calculated using Merqury, are shown for the domestic cat reference [16] and

for the tiger haplome [17] for comparison

(Table 1, Table 2, Table S1, Fig. 1, Fig. 2). Next, we tested
assembly with Flye, which is designed for long error-
prone reads. Flye generated a reasonably good assem-
bly with only the uncorrected simplex reads. The Flye
assembly was very similar to the published tiger hap-
lome assembly in most of the measures we used to assess
genome quality, and was let down largely by shorter
contig lengths (Table 1) and consequently, a lack of T2T
chromosomes at the contig-level (Table 3). Finally, we
tested three assembly methods that involved pre-assem-
bly error correction of the simplex reads: one using Next-
Denovo, one following a RAFT-HERRO-hifiasm pipeline
(see methods for more details) and one using Hifiasm
ONT. Primary assemblies were used for comparisons
and details on partially phased haplotype assemblies are
given in Table S2. The assemblies generated using error
corrected simplex reads were by far the most contigu-
ous, with Hifiasm ONT achieving the highest contig N50
and longest contig, and NextDenovo achieving the low-
est number of contigs (Table 1). The RAFT-HERRO-
hifiasm and Hifiasm ONT assemblies had the most genes
successfully transferred from the domestic cat assembly
(Table 2), and both, as well as the NextDenovo assembly,
had nine chromosomes assembled as gapless T2T contigs
(Fig. 1, Table 3). The previously published tiger haplome
assembly had a single chromosome that was assembled
T2T as a single contig, and the domestic cat assembly
had none (Table 3). Following homology-based scaf-
folding, the RAFT-HERRO-hifiasm and Hifiasm ONT
assemblies had 17 of the 19 tiger chromosomes as T2T
scaffolds, which is a substantial improvement on the cur-
rent tiger haplome assembly (Table 3).

The NextDenovo, RAFT-HERRO-hifiasm and Hifiasm
ONT assemblies also covered the largest genome fraction
of the domestic cat assembly (Table 2), probably because
they successfully assembled more of the complex repeat
regions. These repeat regions are likely also the reason
these assemblies have more misassemblies, mismatches

and indels than the other assemblies when compared to
the domestic cat (Table 2). When compared to the tiger
haplome assembly, the HERRO-RAFT-hifiasm assembly
covered the largest genome fraction, closely followed by
the NextDenvovo and Hifiasm ONT assemblies (Table 2).
Flye had the least misassemblies and mismatches, but
this is again likely because it did not cover some of the
most complex parts of the genome.

HiC scaffolding of the hifiasm ONT assembly alongside
comparison to the domestic cat assembly confirmed that
we successfully recovered all 19 of the cat chromosomes
(Figure S3, Figure S4). HiC scaffolding also suggested that
the hifiasm ONT assembly did not contain any signifi-
cant large misassemblies (Figure S3). The two scaffolding
methods (HiC and homology-based) produced largely
syntenic assemblies, with some small differences in
duplicated regions and one large translocation on chro-
mosome E1 (Figure S5).

Assemblies generated with hifiasm were substan-
tially more computationally efficient than any other
approaches we tested, and despite the absence of error
correction with Flye, this was one of the least computa-
tionally efficient methods (Table S3).

Genome annotation

De novo annotation of the hifiasm ONT assembly pre-
dicted a total of 23,737 complete genes with at least
two exons and at least 200 amino acids in the resulting
protein. This is slightly more than the number of genes
that were successfully lifted over from the domestic cat
assembly (Table 2), and similar to the number of genes
identified in the domestic cat [16]. Of the 23,737 inferred
proteins, 20,511 had blast hits in the SWISS-PROT data-
base, 14,074 were significantly assigned a KO identifier
and 14,935 were assigned GO terms by interproscan. A
total of 3085 of the inferred proteins remained without
functional annotation (see Supplementary_data_file_1.
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Fig. 1 Locations of telomeric repeat sequences and gaps in the assemblies generated in this study. All assemblies were scaffolded based on homology

to the published tiger assembly. Unplaced contigs were removed for clarity

tsv for a detailed summary of all predicted genes / pro-
teins and functional annotations).

Structural rearrangements

We identified various potential structural rearrange-
ments between the domestic cat and tiger genomes and
between our Sumatran tiger assembly and the published

tiger haplome assembly. Our Hifiasm ONT assembly cor-
roborates the potential existence of two large inversions
between domestic cats and tigers, one at the end of chro-
mosome D4 and one at the beginning of chromosome E2
(Fig. 2). The putative inversion on chromosome D4 con-
tained the genes UAP1L1, MAN1B1 and DPP7 and the
one on chromosome E2 contained two unnamed genes
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Table 2 Comparison of assemblies to published reference genomes
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Genome statistics relative to the domestic cat reference assembly (AnAms1.0)

Assembly Genome fraction NGA50 Misassemblies (#) Mismatches per Indels per Liftoff

(%) 100 kb (#) 100 kb (#) genes suc-

cessfully
transferred

Tiger Haplome 92.80 263,698 23,267 2,145.03 331.77 20,833
Hifiasm 63.79 89,082 17,039 2,144.62 371.53 14,572
Hifiasm duplex 90.10 251,333 25,155 2,15544 343.68 20,274
Flye 92.80 265,614 23,138 2,143.84 33146 20,830
NextDenovo 92.83 264,291 23,749 2,145.36 331.64 20,837
HERRO-RAFT-hifiasm 92.84 263,677 25234 2,150.70 33157 20,854
Hifiasm ONT 92.83 264,529 25,595 2,149.62 332.07 20,850
Genome comparison to the tiger haplome assembly (P.tigris_Pti1_mat1.1)
Assembly Genome fraction (%) NGA50 Misassemblies (#) Mismatches per 100 kb (#) Indels per 100 kb (#)
Domestic cat reference 95.55 285,739 23,860 2,146.71 332.58
Hifiasm 68.83 284,461 2,013 164.17 105.31
Hifiasm duplex 96.82 2,136,330 3,405 146.97 65.74
Flye 99.62 3,329,921 2,017 119.07 51.27
NextDenovo 99.72 3,321,613 2398 120.5 5352
HERRO-RAFT-hifiasm 99.73 3,372,831 3,269 134.48 49.22
Hifiasm ONT 99.71 3,365,310 3,335 13554 51.83

Genome fraction: The percentage of total bases in the reference genome that are aligned to the compared assembly. NGA50: length of aligned blocks such that

longer or equal length blocks covers 50% of the reference genome. #: number

(AnAmsE2_06200 and AnAmsE2_06210 in the domestic
cat genome annotation). We also identified a number of
potential structural rearrangements unique to the Suma-
tran tiger (Fig. 2, see Figure S6 for structural rearrange-
ments across all chromosomes). In particular, a large
potential rearrangement on Chromosome E1 (Fig. 2).

Discussion

We show that error correction of raw reads makes it
possible to construct a reference-quality, near T2T, de
novo genome assembly using only a single, widely avail-
able sequencing technology; ONT simplex long-read
sequencing. The development of error correction meth-
ods targeted specifically at Nanopore data (which con-
tains non-random sequencing errors that violate the
assumptions of many existing error correction methods)
is a significant advancement in reducing the cost, com-
plexity and computational requirements of generating
T2T assemblies [11]. This approach has allowed us to
construct a more complete assembly, with fewer gaps and
more chromosomes with one or both telomeres than has
previously been published. This Sumatran tiger assembly
provides a valuable resource for conservation efforts and
will facilitate further investigation into the population
dynamics and adaptations of this tiger sub-species. We
hope that this could inform more targeted conservation
strategies. For example, providing a basis for identify-
ing deleterious alleles, maintaining genetic variation and
informing mate selection in captive populations.

Structural rearrangement of the genome is responsible
for many adaptive differences between closely related
species [18—20]. We identified two large putative inver-
sions between the domestic cat assembly and the tiger
haplome assembly on chromosomes D4 and E2. Our
Hifiasm ONT tiger assembly shares the tiger orientation
in both cases, corroborating the existence of the putative
inversions and suggesting that these could be key regions
involved in differentiating tigers from domestic cats. The
D4 putative inversion contained three genes MAN1BI,
DPP7 and UPA1L1. MAN1BI is involved in the degrada-
tion of glycoproteins. Mutations in MAN1B1 can cause
severe disability in humans [21], and mutations in the
same gene family are linked to lysosomal storage disease
in domestic cats, which has similar symptoms and even-
tually leads to death [22]. Little is known about the func-
tion of DPP7 in cats, but in humans it plays an important
role in immune function, deactivating lymphocyte cells
and preventing apoptosis [23]. UAPIL1 also inhibits
apoptosis in humans [24, 25]. This suggests that the puta-
tive inversion contains genes involved in critical cellular
processes and so could be responsible for some of the
functional differences between these species. The inver-
sion on chromosome E2 also contained genes, but the
function of these genes is currently unknown. This pro-
vides a starting point for identifying differences between
cat species and provides an interesting avenue for further
investigation. We also detected structural rearrange-
ments between the published tiger haplome assem-
bly and our Hifiasm ONT assembly, which could be
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indicative of genomic divergence between the two tiger
individuals that were sequenced, but could also reflect
assembly error and so would need further investigation
to draw conclusions from.

Conclusions

Error correction of ONT long-read data greatly improves
the quality of genome assembly that is possible using this
single sequencing technology alone. This should make
achieving highly contiguous genome assemblies simpler
and more cost and computationally efficient.

Methods

Sample preparation and sequencing

To generate a reference-quality genome assembly for
the Sumatran tiger, we used a residual blood sample that
was initially collected by a qualified veterinarian, purely
for clinical purposes, and subsequently donated to the
University of Nottingham for genome sequencing. The
blood sample was collected from an adult female Suma-
tran tiger at Twycross zoo, Warwickshire, UK on 7th
January 2020. The tiger was anaesthetised for a root canal
filling with 270 mg ketamine and 4.5 mg medetomidine
via intramuscular injection via a dart rifle and then main-
tained with isoflurane in oxygen via an endotracheal tube
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Table 3 Number of scaffolds / contigs in each assembly with
both, one or no telomeres

Assembly Both One No telo-
telomeres telomere meres
Domestic cat reference 3(0) 7(13) 9(388)
Tiger Haplome 13(1) 4 (28) 2 (55)
Hifiasm 3(0) 7(13) 9 (3948)
Hifiasm duplex 6 (0) 11(23) 2(833)
Flye 17.(1) 2(34) 0(48)
NextDenovo 15(9) 4(16) 0(14)
HERRO-RAFT-Hifiasm 17(9) 1017) 1(18)
Hifiasm ONT 17 (9) 2(18) 0(10)

Nb. All assemblies were filtered to remove scaffolds / contigs that were not
assigned to a chromosome prior to telomere assessment. Scaffold counts are
given first, with contig counts in parentheses

during the procedure. Bloods were collected from the
left jugular vein for standard biochemistry and haema-
tology testing. Following the procedure, the anaesthesia
was reversed with atipamezole intramuscular injection.
Residual blood was stored in EDTA at -80 °C before being
shipped on ice to the University of Nottingham for DNA
extraction and sequencing.

The tiger was captive bred in France, born on 13th Jan-
uary 2017 and was subsequently donated to Twycross
zoo. Informed consent was provided by Twycross zoo for
use of the sample in this study. Following arrival of the
sample at the University of Nottingham, it was stored
at -20 °C for approximately a week before DNA extrac-
tion. High molecular weight genomic DNA was extracted
from the blood sample using the Monarch HMW DNA
Extraction Kit for Cells and Blood (NEB; T3050L), using
the Frozen Blood Extraction section of the instruction
manual (NEB; www.neb.com/T3050). Samples were pre-
pared for sequencing using Oxford Nanopore’s ligation
sequencing kit v14 (ONT; SQK-LSK114) or Ultra-long
DNA Sequencing kit (ONT; SQK-ULK114). Sequencing
was performed using four standard (simplex) Prometh-
ION flow cells (ONT; FLO-PRO114M) and three high-
duplex PromethION flow cells (ONT; FLO-PRO114HD)
on the PromethION 24 platform. All DNA extraction and
sequencing was performed by the University of Notting-
ham’s next generation sequencing facility, Deep Seq.

Read processing and assembly

For future compatibility, raw fast5 reads were converted
to pod5 format using the convert function of ONT’s
pod5 software. Pod5 files have been deposited in the
European Nucleotide Archive (ENA) under the proj-
ect PRJEB74210, accession numbers: ERR12834989
— ERR12834997. Base calling was performed using
the super accurate basecaller (SUP) model version
dna_r10.4.1_e8.2_400bps_sup@v4.1.0 in Dorado v0.5.3,
in basecaller mode for simplex runs and duplex mode
for duplex runs. The 5mCG_5hmCG flag was used to
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perform simultaneous methylation calling for all reads.
Duplex reads were extracted from the resulting duplex
bam files by filtering for the dx:i:1 tag using samtools
v1.18 [26]. Bam files were then converted to fastq format
using the bam2fastq tool in samtools. All reads from the
simplex runs were merged into a single fastq.gz file for
testing the efficacy of genome assemblers with simplex
only reads. A second merged file including the extracted
duplex reads as well as simplex reads was generated for
comparison.

Genome assembly

We first generated a benchmark assembly using hifi-
asm v0.24.0 [27-29], without the new ONT mode,
using only the simplex reads. To see how much of an
improvement could be made by adding duplex reads,
we repeated this assembly with both the simplex and
duplex reads as input. To see if new methods could
improve on these assemblies, whilst using data from just
a single sequencing technology, we tested various other
tools using just the simplex reads. Firstly, we generated
an assembly with Flye v2.9.3 [30], which is designed for
genome assembly with long, error-prone reads. Uncor-
rected, simplex reads were passed directly to Flye using
the —nano-hq flag, the minimum overlap between reads
was set to 10,000 (—min-overlap 10,000) and five rounds
of polishing were performed (—iterations 5). For all
other parameters, the default settings were used. Sec-
ondly, we generated an assembly with NextDenovo [9],
which is designed specifically to correct, then assemble
long, error prone reads. NextDenovo was run with the
uncorrected simplex reads as input and default settings
for all parameters. Thirdly, we tested assembly using the
HERRO-RAFT-hifiasm pipeline, as described in [31].
Briefly, this involved performing error correction of the
simplex reads using HERRO [8]. HERRO was run using
singularity v3.8.5, using the model: model_v0.1.pt. Error
corrected reads and coverage estimates were generated
from the HERRO corrected reads using hifiasm with the
—write-ec flag. All vs. all overlaps were then obtained by
running hifiasm again with the —dbg-ovec flag, on the
error corrected fasta file output from the first run. Reads
were then fragmented to preserve contained reads using
RAFT [31], with the error corrected fasta output from
the first run of hifiasm and the all vs. all overlaps paf file
as input. Final assembly was then performed using the
fragmented reads output by RAFT, with hifiasm v0.24.0,
without ONT mode, and with a single round of correc-
tion (-r 1, rather than the default -r 3, as recommended
in [31]) and default settings for all other parameters. We
did also try assembly with the (HERRO) error corrected
simplex, plus duplex reads in hifiasm, but this was signifi-
cantly worse than with the error corrected simplex reads
alone so is not shown. Finally, we generated an assembly
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using hifiasm in ONT mode (using the —ont flag). This is
a beta testing mode, specifically designed to correct and
then assemble ONT simplex reads [32]. We used uncor-
rected simplex reads as input and default settings for all
other parameters.

Basic assembly stats were calculated using n50 v1.5.8
[33]. Quality values (QV) and error rates were estimated
using merqury v1.3 [34]. The k-mer database required for
merqury was built using the duplex reads, since there is
no available short-read data for this individual. The differ-
ent assemblies were compared using QUAST v5.3.0 [35],
with the most recent domestic cat assembly, AnAms1.0
(accession: GCA_013340865.2) [16], as the reference.
We also ran QUAST a second time using the published
tiger haplome assembly P.tigris_Ptil_matl.1, accession:
GCA_018350195.2) [17] as the reference. Assembly com-
pleteness was assessed using BUSCO v5.5.0 [36] with the
—mode genome setting and with the carnivora_odb10
(2024—-01-08) lineage dataset, which contained 14,502
single-copy genes. Telomeric repeat regions were identi-
fied using the TeloExplorer tool from the quartet toolkit
v1.2.5 [37].

We tried polishing the hifiasm ONT assembly with the
duplex reads using medaka v2.1.1 [38], but the polished
assembly had a significantly lower QV score compared to
the unpolished assembly so we do not include it here.

Scaffolding
In order to directly compare our assemblies to published,
scaffolded tiger haplome (P.tigris_Ptil_matl.1, acces-
sion: GCA_018350195.2) and domestic cat assemblies,
and to determine the number of true chromosome level
T2T contigs, we performed homology-based scaffolding
for each assembly using the most closely related available
assembly (the tiger haplome [17]) in RagTag v2.1.0 [39].
Homology-based scaffolding can introduce refer-
ence bias and has the potential to mask or erase struc-
tural variations and individual differences. Therefore, to
further assess the quality of our hifiasm ONT assembly,
we scaffolded this assembly using published Hi-C data
(accession: SRR8616865) [40]. Hi-C reads were mapped
to our assembly using bwa-mem v0.7.19 [41] with -SP5
flags and reads with a mapping quality < 30 were removed
using samtools v1.21 [26]. Scaffolding was then con-
ducted using YaHS v1.2.2 [42]. Scaffolds were prepared
for visualisation using juicer pre and visualised using
juicer v1.6 [43]. Scaffolds were aligned and renamed
relative to the domestic cat assembly (AnAms1.0) using
RagTag v2.1.0 [39]. Because the HiC data was from a dif-
ferent Panthera tigris individual, which could also lead
to potential scaffolding issues, we also investigated the
synteny between the hifiasm ONT assembly scaffolded
with HiC data and the same assembly scaffolded based
on homology to the tiger haplome assembly. The two
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assemblies were aligned using minimap2 version 2.28
[44] and genomic rearrangements were detected using
SyRI version 1.7.1 [45]. Plotsr version 1.1.0 [46] was then
used to visualise synteny.

Genome annotation

Utilising annotations from a well annotated assembly of
a closely related species is likely to give more complete
results than de novo annotation of a novel assembly
without gene expression data [47]. Therefore, we used
liftoff v1.6.3 [48] to transfer annotations from the most
recent version of the domestic cat assembly, AnAms1.0
[16] to each of our assemblies and to the tiger haplome
assembly, which currently lacks a full genome annotation
[17]. We used these liftoff annotations to construct syn-
teny plots using the GENESPACE library v1.3.1 [49] in R
v4.4.1 [50], and to identify genes present in putative chro-
mosomal inversions. Additionally, to provide a compre-
hensive genome annotation for future research purposes
we also performed de novo annotation of the hifiasm
ONT assembly. We used Augustus v3.2.3 [51], with the
species model set to human (the closest available dataset
to tiger), the gene model set to complete, and no in frame
stop codons allowed to predict gene structures. We then
predicted functional domains and GO term annotations
using interproscan v 5.59-91.0 [52], KEGG pathways
using KofamScan v1.3.0 and used blastp v2.16.0 [53] to
search predicted proteins against the swissprot database.
Finally, we combined all annotation information into a
single gff file and summary table using a custom python
script (available on github: https://github.com/lldean18/
OrgOne_scripts/tree/main/sumatran_tiger).

Structural rearrangement

The domestic cat, tiger haplome and hifiasm ONT tiger
assembly were aligned using minimap2 version 2.28 [44]
and genomic rearrangements were detected using SyRI
version 1.7.1 [45]. Plotsr version 1.1.0 [46] was then used
to visualise structural rearrangements and regions of
conserved synteny between the assemblies.
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