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Pacific Halibut (Hippoglossus stenolepis)
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Widely distributed in the North
Pacific

* Spawning occurs offshore v o
« Pelagic eggs and larvae LA g it e
« Juveniles use shallow areas ,,(2:4”) -
on continental shelf / rm
* Move offshore at age ~2 — 3 Ff;?"r“v:‘”s°”’ 400 et
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Population Genomics

Establish Genetic Baseline

Define population structure _
* N=50 per collection (600 total)

(Area 4B - Western Aleutian Islands)

» Low-coverage whole-genome
resequencing (ICWGR)
 3x coverage targeted
« Millions of single nucleotide
polymorpisms (SNPs)
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=« A reference genome is needed

» A reference transcriptome is also
1scon - needed to identify functionally
important coding genes in the

lson  gENOME
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Sequencing of the Pacific halibut genome

Pacific halibut  ~ Hi-C sequencing
female (ZW)

L lllumina and
Nanopore
sequencing
(short and long
reads)

Blood samples
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Pacific halibut genome: assembly data

Assembly metrics

Assembly completeness

INTERNATIONAL PACIFID
= HaLIBUT COMMISSION

Number of scaffolds

Total size of scaffolds

Longest scaffold

Shortest scaffold

Mean scaffold size

Median scaffold size

N50 scaffold length

L50 scaffold count

% of assembly in chromosomes

% of assembly in unanchored
scaffolds
Complete BUSCOs (C)

C and single-copy BUSCOs
C and duplicated BUSCOs
Fragmented BUSCOs
Missing BUSCOs

52
602,147,347
32,845,235
582
11,579,757
184,878
27,288,303
11

3,580 (98.4%)
3,540 (97.3%)
40 (1.1%)
17 (0.5%)
43 (1.1%)

24
600,901,890
32,845,235
11,267,222
25,037,579
25,468,064
27,288,303
11
99.78 %
0.22 %
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assembly data

Pacific halibut chromosome size
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Pacific halibut genome

#2971 LSH
€291 1SH
2297 LSH
1297 LSH
02971 1SH
61971 1SH
81971 1SH
L1971 LSH
9197 1SH
G197 1SH
197 1SH
€197 1SH
ZL97 LSH
LD LSH
01971 1SH
691 1SH
8971 1SH
.97 1SH
997 1SH
GO91 LSH
#9717 1SH
€971 1SH
Z971 1SH

1971 LSH
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Pacific halibut genome: assembly data

Comparative genome metrics with other related species:

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




Pacific halibut genome: NCBI annotation

National Library of Medicine

National Center for Biotechnology Information

NIH

Accession:

Please send us Feedback to let us know how we're doing!

Genome Data Viewer
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Share this page

Hippoglossus stenolepis

Assembly: | HSTE1.2 (GCF_022539355.2)
(Pacific halibut)
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v ‘

27,944

)\ annotated

Search assembly € NC_061491.1: 18,600,482 - 19,660,277
Q grid2 |
Examples » ~ | |
L
» Assemblies Gene Transcript Exons: click an exon fo zoom in. mouse over to see details
- Regionv [ 4 | grid2 v[ ]| [ XM 0351670122+] | } ®800000000000000
¥ Ideogram View
-, -m T w
Unplaced/unlocalized scaffolds: 28 9 = nc_oe14911 - <:I IZ> o} | @, A = O SR Tools = #Tra(kx- ‘5' Downlead ~ & 7 -
18,600 K 12,708 K 12,208 K 12,508 K |20 12,190 K 19,298 K 19,208 k 19,988 K 19,590 K 15,608 K
MTr 1 2 3 4 5 6 7 8 (9|10 11 12 13
P T T T
Genes, NCBI Hippoglossus stenclepis Annotation Release 101, 200 x
—_— = =+ mez [+41 H=——— it pdedd [+14] LoC11E1544E (+91 =t
I prfis (+41  rab3c (+41 H ndufafz [+41 +f docks [+41 HHERE KNPa7341270]
napks LOC11E11512E ercchlz (+41 |
g wneasieTezr.2 Hil <P aasezzansz #1_B3s166113.2 - <P Basezzand.1 fance
L A A B Bl o H LOC1S1EIES [+4] arccd wp_pzoezzasc 2 [iHHH xn_perieEcas 2
—
- #P_azsaz1essl H xr_e3siesies.2 pchi
smarcadla (+41 mier3h [+5]
14 15 16 17 18 19 20 21 22 23 24 = L P P 250224961 [HHHI #M.2351s
P T T T T tepan3s
HH_BIEIEEAEE2 | HP_B3EE22347.2 XP_p35021056.1 | 1 935165165 2 hsdl
npegLl |- siddkey-198g11.3 [+H21 pams wp_pasazzaer.2 |
i | I
WP _BEEREETI7A | MM _BIEI6EERE.2 #p pasazzsstl HH anpssieedrez
v
- T .- R plk2b xm_a351sels_§1islﬁl>tli2_‘:?3.53221w1
gTe HRBE4ES7EEEZ | HP_BEEA217TLL [ MM _BIRIEtEEE.E - :
- LOCIB15363 cbud
“R_PEAESTEELZ | HP_E3EA224261 [ HM_BEEIEESSEL
» Tracks and User Data =T smimls
HP_A3SAZIAE9.1 § HHM_A3SIE516E.L

» BLAST WM_E3E1EER1E2 | HP_BIEa2o264.1

atohla

» Tracks by Accession HH_B3GIG6215.2 | KP_B35AZ2186 2

» History

INTERNATIONAL PACIFIC
HALIBUT COMMISSION

fowds
HP_B35622487 2 | HM_B3S1EE596.2

genes


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

Pacific halibut genome: first applications

Objectives Core Methods Research Outcomes
Task 1 Analysis of Population Low coverage whole * Population structure
as Structure genome resequencing * Genetic baseline
- @ NOAA
. ) NPRB Project # 2110 hvdarad
T } INTERNATIONAL PACIFIC .
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Population Genomics — Analysis Workflow%

o

Sequence read alignment workflow for IcEWGR Downstream Analyses

Diversity Metrics “®
+ Allele frequencies, heterozygosity (angsd) P !
» Hardy-Weinberg Equilibrium (angsd) ‘.'ir’. @iy

Remove adapters and
low quality bases

Clip overlapping
read pairs

( )

Align raw reads to
genome

Population Structure
* Pairwise genetic distance (Fg;) (angsd)
* Isolation by distance (angsd, R)
* Clustering
* Admixture (ngsadmix)

Indel realignment

« e.g. PCA then K-means (pcangsd, R
Fllter low qua“ty f AnaIySiS Ready 9 (p g )
alignments Alignments WV,
I A
Genomics ;
» SNPs under selection/outlier detection
Remove PCR SNP detection & (angsd, pcangsd)
duplicates genotyping « Structural variation (ngsLD)
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Pacific halibut genome: first applications

Task 1

Task 2

Objectives

Analysis of Population
Structure

l

Develop Marker Panel

A

o
G
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Core Methods

Low coverage whole
genome resequencing

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

£ NPRB Project # 2110

IPHC

Research Outcomes

* Population structure
* Genetic baseline

¢ Genomic marker identification
Development of GT-seq panel
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Application of Genetic Baseline %‘;n

Development of genetic marker panel (~500 SNPs)

Identify the population of origin for samples
collected outside of spawning season et

"m,ﬂa@i-’ﬁ"i;‘

I

« 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

N "N
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W WA - Washington 407 ¥ .
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Pacific halibut genome: first applications

Objectives Core Methods Research Outcomes
Task 1 Analysis of Population Low coverage whole * Population structure
as Structure genome resequencing * Genetic baseline
Task 2 Develop Marker Panel Genotyping-in-thousands * Genomic marker identification
by sequencing (GT-seq) * Development of GT-seq panel
~ ™
Task 3 Range * Stock composition at latitudinal extremes of range
Expansion * Genetic differentiation in latitudinal extremes
Assignment testing and
___________ cluster analyses | T
* Proportion of genetic baselines contributing to
ixed fish I
Task 4 Mixed Stock Analysis MiXed Tishery samples

* Stock composition differences from separate
fishery samples

LT

L
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Climatic Change — Eastern Bering Sea

- Patterns of sea ice extent and bottom
temperatures (cold pool) have shifted
from historic patterns.

- Observed changes in groundfish
distribution
- Walleye pollock
- Pacific cod

latitude (“N)
58.0 585

575

57.0

56.5

(c) Bering Sea<137m

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

032 WPUE (kg/skate)

T T T T T
1995 2000 2005 2010 2015
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Generation of transcriptomic resources

Pacific halibut
males and
females

Tissue samples
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= White muscle -

Red muscle
Heart

Liver

Ovary
Testis

Heak kidney
Spleen

Gill

Pituitary
Brain
Retina

Combined
Tissue-specific assembly

transcriptomes
(12)

RNA
sequencing
(RNAseq)
+

Tissue
individual de

~ novo assembly

Reference
transcriptome



Transcriptomic resources: Ovary (example)

Transcriptome statistics

* RNA Sequencing

R1 Reads Before = R2 Reads Before R1 Reads After R2 Reads After = R1 Reads Dropped | R2 Reads Dropped
Ovary 21,650,949 21,650,949 21,633,579 21,633,579 17,370 17,370 43,267,158 reads
Testis 19,792,232 19,792,232 19,783,945 19,783,945 8,287 8,287 39,567,890 reads
* De novo transcriptome assembly
Total trinity 'genes’ Total trinity transcripts Percent GC Contig N50 Median contig length Average contig Total assembled bases
Ova ry 48,573 60,084 48.89 2,454 582 1,240.16 74,513,854
Testis 74,363 87,644 47.10 2,004 489 1,01453 88,917,698
* Annotation
l Danio rerio uniprot | estothers total unmapped Danio% uniprot% est others% | unmapped%
Ovary 18,426 4,259 37,267 | 60,084 132 30.67% 7.09% 62.02% 0.22%
Testis 23,644 5,539 58,303 | 87,644 158 26.98% 6.32% 66.52% 0.18%
Transcriptome dataset: a selection of reproductive markers
Sample transcript ID Length (nt) Database Database ID Identity (%) Gene_symbol Annotation Function
TRINITY_DN13531_c0_g1_il 3754 Danio rerio ENSDARP00000004431 89,31 acvrlba activin A receptor, type IBa Oogenesis
TRINITY_DN31883_c0_g1_il 585 Danio rerio ENSDARP00000121689 74,74 adamts2 ADAM llopeptidase with th bospondin type 1 motif, 2 Ovulation
TRINITY_DN14738 c0_gl il 3062 Danio rerio ENSDARPO0000088795 82,07 ar androgen receptor Hormone signaling
TRINITY_DN18096_c0_g1 il 1654 Danio rerio ENSDARPO0000076033 76,81 aqp10b aquaporin 10b Oocyte hydration
TRINITY_DN18849 c1_gl il 1680 Danio rerio ENSDARP00000112455 94,97 bmpla bone morphogenetic protein 1a Oogenesis
TRINITY_DN16877_c1_gl_il 976 Danio rerio ENSDARP00000111604 70,78 cypl9ala  cytochrome P450, family 19, subfamily A, polypeptide 1a Ar (estrogen production)
TRINITY_DN16252_c0_g1 il 2580 Danio rerio ENSDARP00000124026 76,09 ddx4 DEAD (Asp-Glu-Ala-Asp) box polypeptide 4 Oogonia marker
TRINITY_DN23892_c0_g1_il 232 Danio rerio ENSDARP00000073932 71,62 EGFR epidermal growth factor receptor Maturational signaling
TRINITY_DN4356_c0_g1_il 209 Uniprot Q4JK73 66,67 HSD17B11  Estradiol 17-beta-dehydrogenase 11 Steroidogenesis
oVa ry TRINITY_DN21356_c3_gl_i2 4620 Uniprot QSwemM2 80,88 esr2 Estrogen receptor beta Hormone signaling
TRINITY_DN6202_c1_g1 il 287 Danio rerio ENSDARPO0000096529 79,79 fshr follicle stimulating hormone receptor Hormone signaling
TRINITY_DN9106_c0_g1_il 2006 Danio rerio ENSDARP00000061827 80,39 foxI2 forkhead box L2 Female sex differentiation
TRINITY_DN21868_c0_g1_il 306 Danio rerio ENSDARP00000055566 70,83 gnrhrd gonadotropin releasing hormone receptor 4 Hormone signaling
TRINITY_DN16738 c0_gl_il 1391 Danio rerio ENSDARP00000059752 71,32 inhbb inhibin, beta B Oogenesis
TRINITY_DN21305_c0_g1_il1 1466 Uniprot Q90674 62,65 LHCGR Lutropin-choriogonadotropic hormone receptor Hormone signaling
TRINITY_DN12886_c1_gl_il 771 Danio rerio ENSDARP00000109370 82,1 pgr progesterone receptor Maturational signal
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Tissue-specific transcriptomes: metrics

Number of transcripts Fraction of total expression (%)
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Tissue-specific transcriptomes
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Conclusions

» We have generated the first chromosome-level high-quality assembly of the
Pacific halibut genome.

« Afull 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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