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Pacific Halibut (Hippoglossus stenolepis)
Widely distributed in the North 
Pacific
• Spawning occurs offshore
• Pelagic eggs and larvae
• Juveniles use shallow areas 

on continental shelf
• Move offshore at age ~2 – 3
• Seasonal migrations between 

spawning grounds (winter) 
and feeding areas (summer).

Managed as a single stock in 
IPHC Convention Waters 



Population Genomics
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Define population structure 
(Area 4B - Western Aleutian Islands)

Samples Collected From 
Spawning Groups

• N=50 per collection (600 total)

• Low-coverage whole-genome 
resequencing (lcWGR)
• 3x coverage targeted
• Millions of single nucleotide 
polymorpisms (SNPs)

Establish Genetic Baseline

• A reference genome is needed
• A reference transcriptome is also 

needed to identify functionally 
important coding genes in the 
genome



Sequencing of the Pacific halibut genome

Pacific halibut
female (ZW)

Illumina and 
Nanopore

sequencing
(short and long

reads)

Hi-C sequencing

Draft
genome

Blood samples

Scaffolding

Chromosome
contact map

Assembly

Polished
genome

assembly



Pacific halibut genome: assembly data
Complete assembly Chromosomes only

Assembly metrics Number of scaffolds 52 24
Total size of scaffolds 602,147,347 600,901,890
Longest scaffold 32,845,235 32,845,235 
Shortest scaffold 582 11,267,222
Mean scaffold size 11,579,757 25,037,579
Median scaffold size 184,878 25,468,064
N50 scaffold length 27,288,303 27,288,303
L50 scaffold count 11 11
% of assembly in chromosomes - 99.78 %
% of assembly in unanchored
scaffolds

- 0.22 %

Assembly completeness Complete BUSCOs (C) 3,580 (98.4%)
C and single-copy BUSCOs 3,540 (97.3%)
C and duplicated BUSCOs 40 (1.1%)
Fragmented BUSCOs 17 (0.5%)
Missing BUSCOs 43 (1.1%)



Pacific halibut genome: assembly data
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Pacific halibut genome: assembly data

Assembly metrics Pacific halibut Atlantic halibut Greenland halibut
Genome size (Mb) 602.1 596.8 598.5

Chromosome-level scaffolds 
mapped to total assembly (%) 99.8 99.8 96.3

N50 (Mb) 27.3 26.3 25.0
Complete BUSCO (%) 98.5 96.9 96.5

Comparative genome metrics with other related species:



Pacific halibut genome: NCBI annotation
Accession: GCF_022539355.2

27,944 
annotated 

genes 

https://www.ncbi.nlm.nih.gov/genome/gdv/browser/genome/?id=GCF_022539355.2


Pacific halibut genome: first applications
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Range 
Expansion

Analysis of Population 
Structure

Mixed Stock Analysis

Develop Marker Panel

Objectives Core Methods Research Outcomes

Low coverage whole 
genome resequencing

• Population structure
• Genetic baseline

Genotyping-in-thousands 
by sequencing (GT-seq)

• Genomic marker identification
• Development of GT-seq panel

• Stock composition at latitudinal extremes of range
• Genetic differentiation in latitudinal extremes

• Proportion of genetic baselines contributing to 
mixed fishery samples

• Stock composition differences from separate 
fishery samples

Task 1

Task 2

Task 3

Task 4

Assignment testing and 
cluster analyses

NPRB Project # 2110

Analysis of Population 
Structure

Develop Marker Panel

Range 
Expansion



Minimap2

Align raw reads to 
genome

Picard

Remove PCR 
duplicates

Bamutil

Clip overlapping 
read pairs

GATK

Indel realignment

Samtools

Filter low quality 
alignments

Analysis Ready 
Alignments

Sequence read alignment workflow for lcWGR Downstream Analyses

Population Structure
• Pairwise genetic distance (FST) (angsd)
• Isolation by distance (angsd, R)
• Clustering

• Admixture (ngsadmix)
• e.g. PCA then K-means (pcangsd, R)

Diversity Metrics
• Allele frequencies, heterozygosity (angsd)
• Hardy-Weinberg Equilibrium (angsd)

Genomics
• SNPs under selection/outlier detection 

(angsd, pcangsd)
• Structural variation (ngsLD)

Trimmomatic

Remove adapters and 
low quality bases

angsd

SNP detection & 
genotyping
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Population Genomics – Analysis Workflow



Pacific halibut genome: first applications
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Range 
Expansion

Analysis of Population 
Structure

Mixed Stock Analysis

Develop Marker Panel

Objectives Core Methods Research Outcomes

Low coverage whole 
genome resequencing

• Population structure
• Genetic baseline

Genotyping-in-thousands 
by sequencing (GT-seq)

• Genomic marker identification
• Development of GT-seq panel

• Stock composition at latitudinal extremes of range
• Genetic differentiation in latitudinal extremes

• Proportion of genetic baselines contributing to 
mixed fishery samples

• Stock composition differences from separate 
fishery samples

Task 1

Task 2

Task 3

Task 4

Assignment testing and 
cluster analyses

NPRB Project # 2110

Develop Marker Panel



Application of Genetic Baseline
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Development of genetic marker panel (~500 SNPs)
Identify the population of origin for samples 
collected outside of spawning season

• Genotyping-in-thousands by 
sequencing (GT-seq)

• Compare stock composition at 
latitudinal extremes of the species’ 
range

• Develop a tool to monitor responses 
to climate change



Pacific halibut genome: first applications
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Range 
Expansion

Analysis of Population 
Structure

Mixed Stock Analysis

Develop Marker Panel

Objectives Core Methods Research Outcomes

Low coverage whole 
genome resequencing

• Population structure
• Genetic baseline

Genotyping-in-thousands 
by sequencing (GT-seq)

• Genomic marker identification
• Development of GT-seq panel

• Stock composition at latitudinal extremes of range
• Genetic differentiation in latitudinal extremes

• Proportion of genetic baselines contributing to 
mixed fishery samples

• Stock composition differences from separate 
fishery samples

Task 1

Task 2

Task 3

Task 4

Assignment testing and 
cluster analyses

NPRB Project # 2110

Range
Expansion



Climatic Change – Eastern Bering Sea
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• Patterns of sea ice extent and bottom 
temperatures (cold pool) have shifted 
from historic patterns.

• Observed changes in groundfish 
distribution

• Walleye pollock
• Pacific cod

Modified from: Stevenson & Lauth 2019

• Northward shift of the Pacific halibut 
stock distribution in the Eastern Bering 
Sea (since 2012)



Generation of transcriptomic resources

Pacific halibut
males and 
females

RNA 
sequencing
(RNAseq)

+
Tissue

individual de 
novo assembly

White muscle
Red muscle
Heart
Liver
Ovary
Testis
Heak kidney
Spleen
Gill
Pituitary
Brain
Retina

Tissue samples

Tissue-specific
transcriptomes

(12)

Reference 
transcriptome

Combined
assembly



Transcriptomic resources: Ovary (example)



Tissue-specific transcriptomes: metrics
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Tissue-specific transcriptomes
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Conclusions
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• We have generated the first chromosome-level high-quality assembly of the
Pacific halibut genome. 

• A full annotation of the Pacific halibut genome is available at NCBI and 
contains 27,944 genes.

• The generated genomic resource will be instrumental for future research on
population genomics informing management and conservation strategies for
Pacific halibut. 

• We have also generated the first transcriptomic resources for the species, 
with tissue-specific transcriptomes as well as a combined assembly that
constitutes the reference transcriptome.

• The combination of the reference genome and transcriptome will be 
instrumental for assigning functional significance to the identified genetic
variation in the Pacific halibut population.
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