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Introduction

Climate change has increasingly become an issue to the aquaculture industry in Aotearoa
New Zealand (NZ). The recurrence of marine heatwaves in the past years had resulted in
repeated, and at times consecutive, mortalities in more farming areas, with major impacts
recorded in vulnerable species including Chinook salmon (Broekhuizen et al., 2021). As sea
surface temperatures in the country are predicted to continue to increase in the future (Law et
al., 2018), adaptive measures to ensure the sustainability of Chinook salmon production are
necessary. One avenue to counteract the impacts of climate change in aquaculture is to
genetically improve the thermotolerance of farmed species through selective breeding.
However, to fast-track genetic improvement, a detailed analysis of the genomic architecture
is warranted to identify informative markers and causative variants for effective selection.
The comprehensive study of genomic architecture requires a high-quality annotated genome
assembly to aid in genotyping, genome-wide association studies (GWAS) and multi-omic
assessment of thermotolerance. Unfortunately, performing these tests using the current
Chinook salmon reference genome is difficult for NZ populations as the existing genomic
resource possesses numerous missing regions, posing limitations for genetic variant
detection. In addition, the divergence of NZ Chinook salmon relative to their Pacific
Northwest counterparts (~45% Principal Component 1; unpublished results) also suggests
that it should be considered a distinct population.

In this study, a draft genome assembly for NZ farmed Chinook salmon was developed to
support GWAS and detection of potential key genetic variants shaping thermotolerance. A de
novo assembly approach, complemented with various scaffolding methods, was employed
based on long-read sequencing data to generate a high-quality assembly.

Materials & Methods

Sample Information. A presumed healthy diploid female Chinook salmon sample (wet
weight: 767 g) was obtained from a commercial breeding population to develop the genome
assembly. The fish was selected for in-depth tissue sampling following recovery from a
thermotolerance trial conducted at Cawthron Institute’s Finfish Research Centre (FRC) in
Nelson, NZ. The fish were reared under the same system as Symonds et al. (2025). The trial
followed the requirements of the Nelson Marlborough Institute of Technology Animal Ethics
Committee (AEC-2024-CAW-02).

Nucleic Acid Extraction and Sequencing. A total of 12 tissues were collected for genome
assembly and annotation. Initially, high molecular weight DNA (HMW DNA) were extracted
from muscle and kidney using the PacBio® Nanobind PanDNA extraction kit (PacBio, CA,
USA) and sent to Australian Genome Research Facility (AGRF) in Brisbane, Australia for
library construction (SMRTbell® prep kit 3.0) and whole genome sequencing using the
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Pacific Biosciences (PacBio) Revio system. The High-Fidelity (HiFi) reads generated from
this process were used to produce the preliminary assembly.

Short (Illumina) and long (Oxford Nanopore Technology, ONT) reads were also obtained to
aid in genome polishing and scaffolding, respectively. For this, additional HMW DNA were
extracted using the Monarch HMW DNA extraction kit (New England Biolabs, MA, USA)
following the manufacturer’s protocol. Short reads were generated by sending HMW DNA to
the Bioeconomy Science Institute — AgResearch (BSI - AgResearch) for library preparation
and Illumina NovaSeq6000 (2x150 PE) sequencing. ONT sequencing was performed with
PromethION (R.10.4.1, ONT) flow cells, using libraries prepared with SQK-LSK114 and
SQK-ULK114 kits, at the Otago Genomics and Bioinformatics Facility (OGBF), University
of Otago.

The quality and concentrations of extracted DNA was assessed using Nanodrop 1000
(Thermo Fisher Scientific, MA, USA) and Qubit 4 fluorometer with dsDNA Broad-Range
Assay Kit (Thermo Fisher Scientific, MA, USA). DNA size and Integrity Number (DIN)
were checked using the TapeStation 4150 system with Genomic DNA ScreenTape Assay
(Agilent, CA, USA). All the remaining tissues will be used for additional RNA and DNA
extractions to generate transcriptome and methylome data for subsequent genome annotation.

Genome characterization and assembly. Prior to genome assembly, the genome size of NZ
Chinook salmon was initially estimated through flow cytometry and bioinformatic analyses.
To obtain replicate measurements, blood samples from three fish, taken from the same
population as the assembly sample, were collected and sent to FlowJoanna Laboratory in
Palmerston North, NZ. Using a BD FACSVerse™ flow cytometer (BD Sciences, CA, USA),
relative DNA contents were determined by comparing the propidium iodide fluorescence
intensity of the samples against a chicken erythrocyte nucleus. GenomeScope and
Smudgeplot were used for the bioinformatic analysis of genome size and ploidy structure,
respectively.

The assembly pipeline, with detailed descriptions of tools and parameters, is listed in
https://github.com/jbarinez/Otsch_assembly. Removal of adapters and filtering of PacBio
HiFi reads were done using HiFiAdapterFilt and Fastplong, respectively. For ONT reads,
Dorado was used for basecalling and quality control steps were accomplished using
Porechop ABI and Fastplong.

Using the filtered PacBio HiFi reads, a preliminary (primary) assembly was generated with
HiFiasm. However, since the resulting assembly size was above empirical genome size
values, purge dups was also used to remove residual errors and false haplotypic duplications.
Presence of contaminations in the assembly was checked using BlobTools. As initial results
revealed the absence of major contaminants, subsequent scaffolding was performed using
LongStitch (with seven rounds of scaffolding) and RagTag (using the reference genome).

The quality of the draft assembly was assessed in terms of contiguity, completeness and
accuracy. Gfastats was used to generate summary metrics while Benchmarking Universal
Single-Copy Orthologs (BUSCO) and Merqury were used to measure completeness. Quality
value (QV) scores were also checked using Merqury to evaluate assembly accuracy.
Visualization of assembly statistics and BUSCO results was achieved through creating a snail
plot using the BlobToolKit. Lastly, comparison of the draft assembly, relative to the current
reference genome and Earth Biogenomes Project (EBP) v6.0 (6.C.Q40) quality standards,
was also undertaken to “ground-truth” assembly quality.

Results & Discussion

After adapter removal and filtering, the retained PacBio HiFi and ONT reads achieved a
combined coverage of ~66x (Table 1). The small number of ONT reads retained after
filtering can be explained by the smaller fraction of longer reads sequenced due to
consequential death of unoccupied nanopores during sequencing.
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Results from flow cytometry showed a higher estimated genome size (2.87-2.89 Gb) (Table
2) than GenomeScope (2.03 Gb) (Figure 2b). This observed difference can be explained by
the limited ability of GenomeScope to resolve repeats, which were likely collapsed during the
analysis. The complex ploidy structure of Chinook salmon (Figure 2c) also supports earlier
reports on rediploidization and residual tetrasomy in salmonids (Gundappa et al., 2022).

Table 1. Sequencing data before and after quality control

!Total remaining bases ’Estimated

Data Raw reads Filtered reads e il () I ——
PacBio HiFi 9,399,940 9,392,196 174 62

ONT 4,585,203 521,418 12 4

Total 13,985,143 9,913,614 186 66

!Gb = gigabases; 2Computed based on an estimated genome size of 2.80 Gb

Table 2. Total DNA content and estimated genome size for three individual NZ-farmed
Chinook salmon based on flow cytometry.

Total diploid DNA  2Total diploid DNA 3Estimated haploid
Sample

content (pg) content (Gb) genome size (Gb)
1 5.90 5.77 2.89
2 5.86 5.73 2.87
3 5.88 5.75 2.88

Ipg = picogram; 2Gb = gigabases, 1 pg of DNA = 978 million bases; *Half of total diploid DNA content (Gb)

The draft genome assembly possessed a size of 2.52 Gb with a scaffold N50 of 75.51 Mb
(Figure 2a). Completeness scores were high, which ranged from 90.31% for Merqury (Table
3) to 95.3% for BUSCO (Figure 2a). The QV score of 49.99 suggests that the genome was
assembled with good accuracy.

Table 3. Comparison of updated Chinook salmon genome assembly with reference genome
and Earth Biogenomes Project (EBP) standards.

Metrics EBP standards  'Otsh v2.0 2XX NZ Chinook salmon
Total length (Gb) - 2.29 2.52

No. of contigs - 9,999 2,506

Contig NG50 (Mb) >1 2.79 2.27

Scaffold NG50 (Mb) >10 62.52 70.23

QV score >40 - 49.99

No. of unplaced scaffolds - 7,630 134

Merqury completeness >90 - 90.31

'0tsh_v2.0 GCA _018296145.1 (current reference genome) with contig and scaffold NG50 estimated using an
expected genome size of 2.3 Gb; 2Draft assembly developed in this study with contig and scaffold NG50
estimated using an expected genome size of 2.9 Gb (based on NZ Chinook salmon flow cytometry result).

Relative to the current reference genome, a higher contiguity (scaffold NG50) was
demonstrated by the draft Chinook salmon assembly (Table 3). All other metrics satisfied the
quality standards of EBP. However, other scaffolding methods can still be explored to reduce
the number of unplaced scaffolds in the final assembly

Conclusions and Future Directions

The combination of long read-based de novo assembly and different scaffolding approaches
produced a high-quality draft genome assembly for NZ farmed Chinook salmon. The
contiguity of the assembly was higher compared to the current reference genome and overall
metrics satisfied the EBP quality standards. However, as many scaffolds were still
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unassigned into chromosomes, other scaffolding techniques, such as Hi-C data, will be
explored in the future. Genome annotation will also be done to complement GWAS and help
uncover the genomic architecture of thermotolerance in Chinook salmon.
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Figure 2. Characteristics of the draft Chinook salmon genome assembly. (a) Snailplot
showing key assembly statistics and BUSCO completeness; (b) Profile of the genome based
on a k-mer size of 51 from GenomeScope; and (c¢) Ploidy structure inferred from
Smudgeplot.

Acknowledgements

This work was funded by the NZ Government Ministry for Business Innovation and
Employment (contract CAWX2304). The contributions of the following groups were highly
appreciated: (1) New Zealand King Salmon and FRC staff for providing samples; (2)
GenomNZ and Animal Genomics Laboratories staff of BSI - AgResearch for performing
HMW DNA extraction and Illumina sequencing; (3) IDEA Lab members and OGBF
personnel for assisting with HMW DNA extraction, ONT sequencing and bioinformatic
analyses.

References

Broekhuizen N., Plew D.R., Pinkerton M.H., et al. (2021) N. Z. J. Mar. Freshw. Res., 55(1), 46—64.
https://doi.org/10.1080/00288330.2020.1868539

Gundappa M.K., To T.-H., Grenvold L., et al. (2022) Mol. Biol. Evol., 39(1), msab310.
https://doi.org/10.1093/molbev/msab3 10

Law C.S., Rickard G.J., Mikaloff-Fletcher S.E., et al. (2018) N. Z. J. Mar. Freshw. Res., 52(3), 309-335.
https://doi.org/10.1080/00288330.2017.1390772

Symonds J.E., Scholtens M.R., Dodds K.G., ef al. (2025) Proc. 26th Assoc. Advmt. Anim. Breed. Genet.,
Queenstown, New Zealand



https://doi.org/10.1080/00288330.2020.1868539
https://doi.org/10.1093/molbev/msab310
https://doi.org/10.1080/00288330.2017.1390772

