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Abstract

Objectives European whitefish (Coregonus lavaretus L) is a freshwater salmonid that inhabits cold regions of central
and north Europe and Siberia. It is an important aquaculture species in Finland, selectively bred since 1999. The
breeding programme has applied genomic selection that uses SNP markers and phenotypic data to improve traits
such as growth, product quality, and fish health. Salmonids are known for chromosomal rearrangements, and the
current C. lavaretus reference genome that is based on an individual from Switzerland may deviate from the Finnish
one. Therefore, we have assembled a genome for the Finnish European whitefish. This allows us to better assess the
genetic basis of fish traits and to enhance the accuracy of genomic selection.

Data description The genome of European whitefish was sequenced using a combination of lllumina and PacBio
technologies and assembled using wtbg2 and HiRise software. The assembly has a size of 2.94 Gb and comprises
6,706 scaffolds with the scaffold N50 of 1.36 Mb.
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Objective Coregonus is a diverse circumpolar genus of Sal-

Modern breeding programmes are based on genomic
selection in which the genetic superiority of individuals
is estimated using thousands of DNA markers and phe-
notypic data on traits. Such data can be used to study
the structure of a genome and genomic determination of
traits using genome-wide association studies, for which a
reference genome is needed.
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monidae that has been used to study adaption, genome
duplication and its re-diploidisation, and genetic deter-
mination of fish characteristics [2, 6, 7, 9, 14]. Euro-
pean whitefish, Coregonus lavaretus L., is also farmed
for human consumption. In Finland, it is the second
most important farmed fish species with 0.6—1 million
kg farmed annually. A national selective breeding pro-
gramme has been ongoing since 1999 to improve produc-
tion, quality and health traits [3, 10, 11, 17].

Single nucleotide polymorphisms (SNPs) have been
identified by genotyping-by-sequencing [8] and used
to estimate genomic breeding values, genetic variation
and quantitative trait loci (QTLs) for growth and resis-
tance against Saprolegnia fungus in the national breeding
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Table 1 Overview of data files
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Label Name of data file File types Data repository and identifier (DOI
(file extension) or accession number)
Data file 1 Genome assembly of European whitefish  Fasta file (fasta.gz) European Nucletotide Archive (http://id
from Finland entifiers.org/ena.embl:PRJEB69218) [15]
Data file 2 Summary of genome assemblies Portable document format (.pdf) Figshare (https://doi.org/10.6084/m9.fi
gshare.28284377.v11) [16]
Data file 3 Smudgeplot of European whitefish Portable document format(.pdf) Figshare (https://doi.org/10.6084/m9-fi

genome

gshare.28284377.v11) [16]

programme [3]. To assign the markers to chromosomes,
the only available draft genome of the European whitefish
sampled in Switzerland was used [6, 7]. European white-
fish genome is highly diverse across populations due to
historical isolation and adaptation to different ecologi-
cal niches [6, 14]. Therefore, the Swiss Alpine whitefish
genome might not accurately represent the Finnish pop-
ulation due to the distinct evolutionary paths post-glaci-
ation, potentially leading to variations across populations
in gene content, repeat elements, and structural varia-
tions [5].

In this study, we generated a genome assembly specifi-
cally for the Finnish whitefish breeding programme. The
draft genome will play an important role in improving the
accuracy of selective breeding and the analysis of genetic
determination of fish traits. Moreover, sequencing of sev-
eral fish across the Coregonus species complex will enable
comparing genomes in the future.

Data description

One mature female fish from the year class of 2019 was
sampled from the Finnish national breeding programme
maintained by Luke (Natural Resources Institute Fin-
land) at the Enonkoski research station. This anadromous
strain was originally collected in the late 1990’s from the
Kokemidenjoki river (N 61° 32,757’; E 21° 42,951°). Since
then, the cultivated stock has been kept closed with-
out supplementing with new fish from the wild for four
generations.

Tissue homogenates were prepared using liver (25 mg),
muscle (26 mg) and fin (23 mg) tissues, followed by pro-
cessing with the Nanobind kit (PacBio) to extract high
molecular weight DNA. The liver sample was choosen
for sequencing due to its higher DNA yield compared to
other two tissues. The extracted liver DNA was quanti-
fied, cleaned, and sheared to 14—16 kb fragments for the
preparation of two PacBio libraries. Six SMRTcells from
these libraries were sequenced on the PacBio Sequel II,
generating approximately 152.8 Gb of raw data. We used
BLAST v2.9.0 [13] and in-house scripts to remove rem-
nant barcodes and PacBio adapter sequences. Addition-
ally, long subread data (15 Kb, 25 Kb, 40 Kb) was created
by trimming 25 bp from both ends, and removing bar-
code and adapter sequences using cutadapt v4.1 [12] and
blast v2.9.0, respectively. Omni-C libraries were prepared

separately using the DNA extracted from fin, muscle and
liver samples, following the Dovetail Omni-C kit Non-
mammalian Sample Protocol version 1.2B — Animal Tis-
sues (Cantata Bio). These libraries were sequenced on
an Illumina NovaSeq 6000 instrument using paired-end
strategy (NovaSeq S4 300 cycle partial lane with 2 x 150
bp reads) producing 357 GB of raw data. We removed
20 bp from the 5’ end of both reads using cutadapt v4.1,
resulting in 310 Gb of clean Omni-C data.

We used hifiasm v0.19.5-r592 [4] to generate two
genome assemblies. The main assembly (Table 1, Data file
1) includes both PacBio and OmniC sequence data, while
an alternative assembly is based on PacBio sequence
data only. The main assembly has a size of 2,940,286,296
bp and consists of 6,706 scaffolds, with an average scaf-
fold length of 438,456 bp and the largest scaffold being
15,615,918 bp. The scaffold N50 and N90 values are
1,358,293 bp and 158,098 bp, respectively (Table 1, Data
file 2). Similarly, the BUSCO (Benchmarking Universal
Single Copy Orthologs) evaluation [19] using eukary-
ote database (eukaryote_odb10, n=255) indicated 98.8%
(n=252) of complete BUSCOs with 2 fragmented and
1 missing BUSCOs. Out of 252 complete BUSCOs 164
were duplicated indicating heterozygosity of the assem-
bly. The alternative assembly is slightly shorter but over-
all statistics are similar to the main assembly (Table 1,
Data file 2). The genome assembly is publicly available in
European Nucleotide Archive (ENA) at http://identifiers
.org/ena.embl:PRJEB69218 [15]. Ploidy assessment using
smudgeplot v0.4.0 [18] on PacBio Hi-Fi data indicated
that 63% of the European whitefish genome is tetraploid
or highly similar diploid paralogs for which genotyping
can produce a maximum of four alleles (Table 1, Data file
3). The whole genome of the ancestor of salmonids was
duplicated via autopolyploidization~80-100 million
years ago, after which the genome has undergone a re-
diploidization process which is not completed in Euro-
pean whitefish.

Limitations

One of the main limitations of our study is that the cur-
rent assembly is at the scaffold level, and additional
experiments are required to obtain karyotype informa-
tion to assign scaffolds to chromosomes. Additionally,
the assembly lacks genome annotation, which is critical
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for identifying gene locations, regulatory elements, and
functional genomic regions. Furthermore, the inclu-
sion of Omni-C libraries did not improve the quality of
the assembly. The genome of European whitefish is more
complex than other diploid species due to the presence
of several duplicated regions [3, 7], which adds an extra
layer of difficulty to achieving a high-quality assembly.
These duplications complicate the assembly process, as
the accurate phasing of duplicated regions is challeng-
ing with current technologies. This may indicate the
need for further optimization of long-read sequencing,
and the use of additional complementary methods, such
as phased assembly techniques or haplotype-resolved
sequencing, to fully resolve these complex regions and
produce a more complete and reliable genome assembly

[1].
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