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Abstract

Fishery managers have struggled for decades to rebuild stocks of Atlantic cod, Gadus
morhua, in the northwest Atlantic, and the resolution of current fine-scale population structure
will surely help those efforts. Using ddRAD sequencing, we analyzed 248 adult and 215 juvenile
cod collected from areas bordering the Canada-U.S. boundary in 2017-2018. Chromosomal
inversions from LG 2 and 7 contribute the largest amount of variance to the data set. A
southwesterly decrease in the proportion of LG 1 inversion haplotypes may indicate gene flow
from areas north of 45°N. Samples from both the northern Gulf of Maine and Bay of Fundy were
genetically distinct from all other samples, suggesting that local spawning groups may still be
active. Genetic similarities between cod from Browns Bank and eastern Georges Bank indicate
that transborder gene flow is ongoing. These results will help to better define the stocks in order
to guide the implementation of management strategies in the U.S. and Canada, which should

consider rebuilding, exhausted and genetically isolated populations.
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1. Introduction

Fisheries management units should reflect the biological population structure of the target
species. Inaccurate spatial delineation of fisheries management units can influence the accuracy
and reliability of fisheries-dependent data collection, stock assessments and fisheries
management (Berkeley et al. 2004, Link et al. 2011, Ciannelli et al. 2013). These issues can lead
to overly optimistic catch targets and further exacerbate efforts to rebuild depleted stocks (Kerr
et al. 2014; Zemeckis et al. 2014a; Wiedenmann and Jensen 2017). Uncertainties in assessment
models (Wang and O’Brien 2013; Wang 2016) and a lack of understanding concerning the
biological units and their interaction are also likely contributing factors to stock recovery
following collapse (Kerr et al. 2014; Smedbol and Stephenson 2001). These challenges are
further complicated when there is a mismatch between ecological and institutional boundaries
where fisheries target populations that saddle the Economic Exclusion Zones of two or more
states (Munro 1979; Song et al. 2017). The first step towards effective management of
transboundary resources is the accurate characterization of their spatial dynamics so that the
ecology of target species can be considered in subsequent multi-government co-management
strategies.

Atlantic cod (Gadus morhua) in the broader Gulf of Maine region (GMR; heretofore used
to define the waters of Southern New England, Gulf of Maine, Georges Bank, Western Scotian
Shelf and the Bay of Fundy or Northwest Atlantic Fisheries Organization (NAFO) Divisions
4X5YZ, Fig. 1) have been heavily exploited by Canada and the U.S. for centuries. Current
management units in the GMR were established in the 1970s (Serchuk and Wigley 1992) using
information based on traditional fishing areas (Halliday and Pinhorn 1990), movement patterns

(Schroeder 1930; Wise 1963), parasite infestation patterns (Sherman and Wise 1961), analysis of
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growth rates (Penttila and Gifford 1976; Penttila et al. 1989) and differences in spawning time
(Colton et al. 1979). In Canada, cod in the Bay of Fundy and Western Scotian Shelf (NAFO
Division 4X) are assumed to be two stock components, with a mixing area on Browns Bank, and
some movement taking place between adjacent management areas; however it is managed as a
single stock (Clark and Emberley 2010). Since 1972, the cod resources of the U.S. have been
managed and assessed as two separate units: Gulf of Maine and Georges Bank stocks (NAFO
Divisions 5Y for Gulf of Maine and 5Z and subarea 6 for Georges Bank) (Serchuk and Wigley
1992, NESFC 2013). This stock model was supported by the assumption that stocks are
separated by the deep-water channels between banks and this conveniently aligned with
traditional fishing areas (Halliday and Pinhorn 1990); however, there is evidence to suggest that
the current two-unit model does not accurately represent the underlying biological population
structure. A 2012 workshop on cod population structure concluded that cod in U.S. waters
consist of three stocks: 1) Offshore - Eastern Georges Bank (with some connectivity with the
Scotian Shelf); 2) Inshore - Northern, Spring-Spawning Complex; and 3) Inshore — Southern,
Winter-Spawning Complex (Annala 2012). Management strategies for Georges Bank differ
between the two governments. U.S. fisheries managers consider all of Georges Bank as a single
stock for domestic cod fishery management, while the Canadian government recognizes two
separate stocks that occupy western and eastern Georges Bank (Hunt 1990; O’Boyle and
Overholtz 2002; Wang et al. 2009). Under the assumption of no appreciable net exchange of cod
between eastern Georges Bank and adjacent areas, only the eastern portion of Georges Bank has
been used as a transboundary management unit area, managed jointly between Canada and the

U.S. (Transboundary Resources Assessment Committee; Wang et al. 2009).
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Biologically meaningful population structure in marine species can be subtle, due to the
high dispersal ability of various life stages and large population sizes (Waples 1998); however,
molecular tools can provide essential information for the identification of demographically
independent populations (Begg et al. 1999a; Hauser and Carvalho 2008; Funk et al. 2012).
Recent results generated by both genetics and tagging studies suggest that the current
management units for cod in the GMR should be reconsidered (Kovach et al. 2010; Tallack
2012; Cadrin et al. 2014; Clucas et al. 2019a,b). Significant differences in the frequency of
alleles of a chromosomal inversion (LG 1) defines a barrier between cod from north and south of
a thermal gradient located around 45°N (Puncher et al. 2019). This biogeographic break has been
detected among several other species (Stanley et al. 2018). Multiple genetics studies have
revealed temporal isolation of allochronic spawning components in the western Gulf of Maine
(Wirgin et al. 2007, Kovach et al. 2010, Clucas et al. 2019a) as well as genetic heterogeneity on
a range of spatial scales throughout the GMR (Ruzzante et al. 1998; Lage et al. 2004; Wirgin et
al. 2007; Kovach et al. 2010; Clucas et al. 2019a,b). Differences in the allele frequencies of three
chromosomal inversions (LG 2, 7, 12) underpin most of the genetic differentiation within the
GMR (Barney et al. 2017; Clucas et al. 2019a); however, neutral markers outside of these
chromosomal inversions indicate panmixia within U.S. waters (Kovach et al., 2010; Barney et
al., 2017; Clucas et al. 2019a,b). Some of these studies used genomic markers capable of
detecting fine-scale population structure; however, the small sample sizes used (between 31 and
306 individuals) have limited the capacity for capturing the genetic variation throughout the
entire region (Barney et al. 2017; Clucas et al. 2019a,b).

To date, no genetic study has comprehensively investigated the fine-scale population

structure for groups of Atlantic cod inhabiting the waters adjacent to the Canada-U.S. border
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(including the Bay of Fundy, Browns Bank, and western Scotian Shelf). This has been identified
as a knowledge gap by others (Annala 2012; Zemeckis et al. 2014a, Clucas et al. 2019b). Larval
transport surveys (Townsend and Pettigrew 1996), hydrographic studies (Bisagni and Smith
1998) and mark-recapture data (Tallack 2012) suggest that transborder exchange across the U.S.
and Canada border is common, particularly among younger life stages; however, molecular
evidence of the extent of gene flow between these management zones is lacking. The spatial
dynamics and ecological niches occupied by juvenile and adult cod differ and knowledge of both
is important for the development of comprehensive management strategies (Dalley and Anderson
1997). A second knowledge gap identified within the region is the origin of cod from the inshore
waters of the northern Gulf of Maine, which have only recently been genetically characterized
(Clucas et al. 2019b). The origin of juveniles from this region is still undetermined and it is
unclear whether they share any kinship with groups in Canadian waters.

Our objective was to investigate the current population structure of Atlantic cod in the
broader GMR using data gathered from the entire cod genome. We extensively sampled
spawning adults and juveniles from both U.S. and Canadian waters, with several multi-year
samples, to determine the extent of transborder population connectivity. Our results will provide
both governments with important elements for defining stocks, which will then make it possible
to develop robust and effective management strategies.

2. Materials and methods
2.1 Sample collection and processing

Between the spring of 2017 and early 2018, fin clips were collected from 248 adult cod in

spawning condition (mean length=65.1+11.8 cm; most identified as ripe and spawning) that were

caught with bottom trawl, gillnet or rod-and-reel throughout the GMR (Fig. 1 and Supplementary
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File 1-Table S1). Muscle tissue and fin clips were also collected from 215 juvenile cod
throughout the region (mean length = 21.1£11.5 cm, median length=22.5 cm; Supplementary
File 1-Table S2; Fig. 1). Tissue was collected from an additional 70 cod (Supplementary File 1-
Table S3 and Fig. 1) captured north of 45°N in the northeastern Gulf of St. Lawrence (ripe and
spawning) and St. Anns Bank (mean length=44.6+6.9 cm, maturity unknown) and included in
the analysis as outgroups according to previous research (Bradbury et al. 2013; Puncher et al.
2019). The sexual maturity of each adult fish was determined using the methods established by
Morrison (1990). Immediately after collection, all tissue samples were preserved in 95% ethanol
(denatured). DNA isolations were conducted using the DNeasy blood and tissue kit (Qiagen,
Valencia, CA, U.S.), following the manufacturer’s guidelines.

Multiple pooled libraries of 60 uniquely barcoded individuals were prepared in the
Canadian Rivers Institute Genomics Laboratory at the University of New Brunswick using a
double digest restriction-site associated DNA sequencing (ddRAD) protocol modified from
Poland et al. (2012; see Puncher et al. 2019). In contrast with Poland et al. (2012), DNA
fragment size selection (377-523bp) was performed before PCR amplification using a Sage
Pippin Prep platform rather than afterwards. DNA fragments were amplified with the
[lluminaF PE and IlluminaR PE primers, for 12 cycles using an annealing temperature of 65°C.
Amplicons were column purified using the NucleoMag NGS Clean-Up and Size selection kit by
Macherey Nagel (Diiren, Germany). Quality and fragment size range was confirmed with an
Agilent® 2100 BioAnalyzer (Waldbronn, Germany) before undergoing paired-end sequencing of
125 bp with an Illumina® HiSeq™ 2500 (San Diego, U.S.) at Génome Québec.

2.2 Processing of sequence data
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Cutadapt was used to remove remnants of the 3° adapter from raw read sequences
(Martin 2011). Processing of raw sequence reads and SNP selection was performed using
STACKS v. 1.47 (Catchen et al. 2013) and the workflow scripts developed by Eric Normandeau
(available on github: https://github.com/enormandeau/stacks workflow). Ambiguous and low-
quality inferred base-pair sequence reads (phred score <33) were discarded and all remaining
sequence reads were de-multiplexed using process_radtags. Sequences were then aligned to the
gadMor?2 reference genome (Torresen and Nederbragt 2016; Terresen et al. 2017) using BWA-
mem v. 7.15 (Li and Durbin 2009). Any sequences that aligned to more than one location on the
genome were discarded. A value of -40 was used as the maximum likelihood statistical model for
the identification of variants. A catalog of loci was constructed based on sequence identity,
genomic location and one allowed mismatch between stacks. Loci with stack depths of less than
5 and representation among less than 70% of all individuals were then removed. Loci with
inbreeding coefficient (Fs) values of less than -0.3, and minor allele frequencies (MAF) of less
than 0.01 (calculated using VCFTools v. 0.1.15; Danecek et al. 2011) were removed. The first
variant of each locus was selected and in each run of populations only loci present among 80%
of individuals were considered for final analyses. STACKS populations was rerun multiple times
with individuals collected from different combinations of sampling locations in order to
maximize the number of SNPs available for the analysis for each data set (north and south of
45°N, south of 45°N, western Gulf of Maine, juveniles and adults).

2.3 Data analysis
2.3.1 Population statistics
Calculations of expected and observed heterozygosity (averaged across all polymorphic

loci and allowing for 10% missing data) and allele frequencies for each sampling location were
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conducted using Arlequin v.3.5.2.2 (Excoffier and Lischer 2010). The R package Adegenet
(Jombart 2008) was used to analyze differences between observed and expected heterozygosity
values from each sampling location and all non-inversion loci, by way of a Bartlett test. Using
the same non-inversion data set, estimations of Fig were calculated using Genepop v.1.0.5
(Rousset 2008) in R v.3.4.4. Linkage disequilibrium analysis was conducted using all non-
inversion loci using Genepop v.4.2 and the following Markov chain parameters: 10K
dememorization, 1000 batches and 10K iterations per batch. A three-locus dataset representing
the possible genotypes (NN, IN, II) for each of the three major chromosomal inversions (LG 2, 7
and 12) was generated and analyzed (LG 1 was mostly homogenous throughout the GMR and
thus not considered). Tests for heterozygote deficiency and excess and linkage disequilibrium of
these concatenated inversion genotypes were conducted using Genepop. Tests for Hardy
Weinberg Equilibrium (HWE) among sampling locations using the same data set were conducted
in Arlequin.

Estimates of effective population size for each adult sample with more than 15
individuals were calculated using the linkage disequilibrium method with random mating
(Waples 2006; Jones et al. 2016), as implemented in NeEstimator v.2.1 (Do et al. 2014). Loci
from LG 1, 2, 7 and 12 were removed and only loci with minimum allele frequencies >0.05 were
used for the analysis of each sample separately.

To assess whether any one sample contained a high number of closely related individuals,
relationship tests based on maximum likelihood estimates of relatedness were conducted with
ML-Relate (Kalinowski et al. 2006). Each sampling location was assessed individually using
allele frequencies from the entire data set.

2.3.2 Population structure
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Various data sets were generated to optimize the number of SNPs available for
comparisons between sampling locations as well as explore the influence that chromosomal
inversions, outliers and neutral SNPs have on the detection of population structure in the GMR
and adjacent areas (Table 1). Principal component analysis (PCA) and discriminant analysis of
principal components (DAPC) were performed using the R package Adegenet v.2.1.1 (Jombart
2008). The genetic clusters identified by these two approaches were then compared and Fgr
values were generated for each locus. A Manhattan plot was then used to identify loci associated
with chromosomal inversions, as expected from previous work (Puncher at al. 2019). Bayesian
clustering analysis was performed using STRUCTURE v.2.3.4 (Pritchard et al. 2000) with 100K
burn-in, 500K iterations, 5 independent replicates for each simulation of K (1-10) and no priors
given. All STRUCTURE runs were performed with ParallelStructure v.1.0 (Besnier and Glover
2013) in R v.3.4.4 and assessed using Structure Harvester (Earl and von Holdt 2012). Factorial
Correspondence Analysis (FCA; Benzecri 1973) was performed using GENETIX v. 4.05
(Belkhir et al. 1996-2004) without sampling location or “population” used as a prior. In an effort
to avoid errors associated with sample size (MacCallum et al. 2001), samples with less than 15
individuals were excluded from FCA. Pairwise Fgr comparisons between samples containing
more than 15 individuals were conducted using Arlequin v.3.5.2.2 (Excoffier and Lischer 2010)
and a sequential Bonferroni correction was implemented to account for multiple tests (Holm
1979).

RADpainter (Malinsky et al. 2018) was used to infer a co-ancestry matrix using
haplotype linkage information derived from the haplotypes generated by populations in
STACKS. R script and functions used for plotting results from fineSSTRUCTURE were modified

from Lawson et al. (2012) and used to create a heat map showing inferred co-ancestry (derived
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183  from an algorithm summing nucleotide similarities between individuals) averaged among each
184  sample rather than inferred ancestral group.

185  2.3.3 Genome architecture, SNP identification and gene annotation

186 Global Fgt values for each locus were calculated by comparing the genetic clusters

187  generated during the aforementioned PCA and DAPC analysis, using the R package pegas

188  (Paradis 2010). Manhattan plots were generated using these Fst values and the R package

189  ggplot? v.3.0.0 (Wickham 2009).

190 Outlier loci were detected in BayeScan v.2.1 (log;o(PO)>0; Foll and Gaggiotti 2008)
191  using 1000 prior odds. Tests for Hardy Weinberg Equilibrium (HWE) were conducted for each
192  of the outlier loci using Genepop v.4.2 (Raymond and Rousset 1995; Rousset 2008) with 10K
193  dememorization steps, 1000 batches and 10K iterations/batch. Outlier loci were compared to the
194  cod genome using a BLAT (Kent 2002) search through ENSEMBL (Zerbino et al. 2018) and
195  sequence matches were considered valid when the aligned query and subject sequences were
196  >95% identical. The gene ontology of each gene-associated SNP was investigated via the

197  European Bioinformatics Institute (https://www.ebi.ac.uk) and Uniprot (https:// www.uniprot.org)

198  websites.

199 3. Results

200 3.1 Sequencing

201 Following alignment, filtering by an initial minimum stack depth of 2 and a single

202  mismatch, cstacks constructed a catalog of 1,918,084 candidate loci. Filtering by Fis, MAF, and

203  minimum genotyping among individuals and populations left 20,695 variants. After selection of
204  the first SNP at each locus and filtering by a minimum stack depth of five, 2,718 SNPs remained

205  for the analysis of all sampling locations in the GMR and 4,942 SNPs were available to compare

URL: http://mc.manuscriptcentral.com/tafs Email: journals@fisheries.org


https://www.ebi.ac.uk
https://www.uniprot.org/

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

Transactions of the American Fisheries Society Page 14 of 130

pooled samples from north and south of 45°N. Six adults and twenty juveniles were removed
from the data set due to low sequence read coverage. The average genotyping rate among the
remaining individuals and loci was 94.9+7.0%.

3.2 Population statistics

Fs values were lowest among adults from Browns Bank in 2018 (0.030) and highest
among spring spawning adults from the western Gulf of Maine captured in 2018 (0.084; Table
2). A Bartlett test showed that observed heterozygosity values were significantly lower than
expected heterozygosity across all sampling locations (p-value<0.0001; Table 2). A plot of
allelic diversity and sample size indicated a correlation between the two (R?>=0.98) with a
possible asymptote resolving at around 40 individuals, although more data points are required to
accurately define this asymptote (Fig. S1).

The relationship with highest likelihood identified among all pairs of individuals from
each location was “unrelated”, with no half siblings, full siblings or parent and offspring
detected.

3.3 Population structure

The results of all population structure analyses are described below and summarized in
Table 1.

3.3.1 Whole dataset

A PCA of samples from the GMR, using all 2,718 loci, including loci on inversions
carrying linkage groups, revealed nine genetic clusters distributed among two principal
components that account for 3.3% of the variation in the dataset (Fig. 2).The distribution of
individuals among these clusters appears random and independent of sampling location and

clusters can be attributed to the influence of loci contained in chromosomal inversions on LG 2,

10
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229 7 and 12. Therefore, loci contained in the LG 2, 7 and 12 inversions were removed from the

230  dataset, due to their saturating influence on the power to detect indicators of population structure
231 (see Section 3.3.2; Fig. S2). PCA analysis of the remaining 2,376 SNPs showed a clear isolation
232 of 33 divergent individuals. Loading analysis showed that 87/88 loci responsible for this

233 separation are from LG 1, along with a single SNP located in LG 18. A data set comparing 70
234 individuals from sampling locations north of 45°N with all GMR samples identified an LG 1

235  haplotype which is ubiquitous among cod found north of 45°N (Fig. 3) among the divergent

236  individuals. These LG 1 heterozygotes accounted for 2.79% of juveniles and 10.88% of adults
237  and appeared in highest concentrations in samples from Canada, eastern Georges Bank and

238  spring spawning adults from the western Gulf of Maine (Table 3).

239 3.3.2 Non-inversion loci

240 A PCA comparing all samples from the GMR with two samples from north of 45°N

241  using 4,942 non-inversion SNPs showed an incomplete separation of the two main regions (Fig.
242 S3). A pairwise Fsr comparison of all samples from these two regions provided an Fgr value of
243 0.0032 (p-value<0.0001).

244 Four different approaches were used to test for genetic differences amongst samples from
245  the GMR using a dataset of 2,247 non-inversion SNPs (Table 1). Pairwise Fgr comparisons using
246  the same data set revealed significant differences between adults from the Great South Channel
247  and spring spawning adults from the western Gulf of Maine (Fsr = 0.0035; p-value=0.0005),

248  adults from eastern Georges Bank and winter spawning adults from the western Gulf of Maine
249  (Fs7=0.0046; p-value=0.0007), inshore juveniles from the northern Gulf of Maine and winter

250  spawning adults from the western Gulf of Maine (Fst = 0.0032; p-value = 0.0005)

11
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(Supplementary File 2). All other pairwise comparisons were non-significant, and no linkage was
detected among non-inversion loci.

Estimated co-ancestry using haplotypes (Fig. 4A) varied within and between samples.
Estimates of co-ancestry are linked with variation in genetic diversity; individuals with high
estimated co-ancestry generally have lower genetic diversity. Within sample estimated co-
ancestry (squares composing the increasing diagonal) was lowest (black square) for the spring
spawning adults from the western Gulf of Maine. Within sample co-ancestry was also low for
Bay of Fundy adults and eastern Georges Bank juveniles (pink squares). Squares on either side
of this diagonal (co-ancestry between samples) show that estimated co-ancestry was the highest
between spring spawning adults from the western Gulf of Maine and adults from the Bay of
Fundy (pink). Estimated co-ancestry was lowest between the western Gulf of Maine spring
spawning component and 1) adults and juveniles from the Great South Channel and 2) adults and
juveniles from eastern Georges Bank.

The plotted FCA shows a separation of the adults from the Bay of Fundy (2017) and
juveniles from inshore northern Gulf of Maine from all other samples along the primary axis
(Fig. 4B). A secondary FCA using randomized groups of individuals with the same sample sizes
showed panmixia, confirming the validity of this test and the genetic differentiation of these two
groups. A PCA using the same dataset showed complete panmixia (Fig. S4).

3.3.3 Inversion loci

Pairwise Fgr comparisons of all sampling locations using only loci from the four LGs
revealed significant differentiation between spring spawning adults from the western Gulf of
Maine and all other samples, except adults from the Bay of Fundy (Fsr= 0.014; p-value =

0.0033) and juveniles from Nantucket Shoals (Fst= 0.022; p-value = 0.0031), after corrections

12
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274 for multiple tests were implemented. Several other pairwise comparisons were significant

275  (juveniles from eastern Georges Bank vs. adults from Great South Channel, adults from Browns
276  Bank vs. spring spawning adults from western Gulf of Maine, adults from Browns Bank vs.

277  juveniles from eastern Georges Bank, adults from Bay of Fundy vs. juveniles from eastern

278  Georges Bank) with Fgt values ranging from 0.013 to 0.25 (see Supplementary File 2 for

279  additional details). The proportion of individuals assigned to the various genotypes of each

280 inversion was variable among each sampling location (Figs. S5 and S6); however, no significant
281  patterns were evident (no linkage between inversions) and all southern locations conformed with
282  HWE for each inversion. Both of the northern sampling locations (St. Annns Bank and

283  northeastern Gulf of St. Lawrence) contained only one haplotype of LG 2 and 7 and contained
284  far fewer homozygotes with one allele of the LG 12 inversion (Fig. S6).

285 Patterns of differentiation were similar to those described above, when LG 2, 7 and 12
286  inversions were each treated as single concatenated loci, each with three possible genotypes;

287  however, Fgr values were an order of magnitude higher. All samples were significantly different
288  from spring spawning adults from western Gulf of Maine (Fsr values ranging from 0.104 to

289  0.251). The following pairs were also significantly different: adults from Bay of Fundy vs. 1)
290  adults from Great South Channel, 2) inshore juveniles from northern Gulf of Maine, 3) juveniles
291  from eastern Georges Bank and 4) adults from Great South Channel vs. juveniles from eastern
292  Georges Bank (see Supplementary File 2 for additional details).

293 Manhattan plots based on the clusters in Fig. 2 showed that most of the variation in the
294  dataset comes from LG 2 and 7, with some additional variation produced by LG 12 and 18 (Fig.
295  S2). PCA and DAPC analysis of LG 12 loci showed that adults from the eastern Georges Bank,

296  adults from Great South Channel, adults from southern New England, juveniles from western
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Scotian Shelf and juveniles from Great South Channel contained no homozygotes for one
inversion type (Figs. S5D and S6). A pairwise Fst comparison of the two allochthonous
spawning groups in the western Gulf of Maine revealed a much lower level of differentiation
across the entire genome with a concentration of differentiation among the same inversions and
three loci from LG 18 (Fig. 8). The only significant departure from HWE was a deficiency of LG
12 heterozygotes detected among spring spawning cod in the western Gulf of Maine (p-value =
0.0002). A comparison of samples collected from north and south of 45°N showed similar
signatures of differentiation at LG 2, 7 and 12 as well as LG 1, the last of which has the highest
Fsr values of all four inversions (Fig. S7).
3.4 Estimates of effective population size

The lowest estimates of effective population size were found among adults from the
adjacent locations of Browns Bank (N.=44.7, 95% CI=43-46.5) and eastern Georges Bank
(Ne=1,649.2, 95% CI=577.7-; Table 4). The sample from the northeastern Gulf of St. Lawrence
had the highest N, (N.=98,038.6, 95% CI=3114.1-0). The winter spawning cod from the western
Gulf of Maine had the highest N, calculated among southern samples (N.=6,183.6, 95%
CI=1307.9-0).
3.5 SNP identification/gene annotation

BayeScan identified 58 outlier loci from LG 2 (n=26) and LG 7 (n=32) when comparing
the genetic clusters illustrated in the PCA using all loci and samples from the GMR (Fig. 2).
Twenty-two of these aligned with annotated genes (Supplementary File 3). A comparison
between samples caught north and south of 45°N revealed a total of 115 outliers on LG 1 (24),

LG2(22),LG7(21),LG 12 (17),LG 13 (1)and LG 18 (1), 40 of which are located within
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annotated genes. Details of the outlier SNPs, their flanking region sequences and the genes with
which they are associated can be found in Supplementary File 3.
4. Discussion

Herein we provide evidence that population structure of Atlantic cod in the GMR is more
complex than depicted by the current management units and that transborder exchange of
Atlantic cod between the Canada and U.S. is ongoing. This is the first study to show that the
inshore juveniles from the northern Gulf of Maine are unlikely to be recruits from adjacent
Canadian waters and that cod in the Bay of Fundy appear to be isolated from the rest of the
GMR. Most of the genetic heterogeneity observed in the Gulf of Maine is contained within two
modular chromosomal inversions (LG 2 and 7), effectively creating a two locus, 9-genotype
pattern. Recent studies that have conducted similar analyses were unable to resolve this pattern,
due to smaller sample sizes (Clucas et al 2019a,b).
4.1 Population structure
4.1.1 Transborder exchange

Our genetic data suggest that mixing between all three management units occurs during
certain times of the year, corresponding with decades of accumulated tagging data (Wise 1963;
Tallack 2012). While we detected the greatest amount of divergence between samples collected
north and south of 45°N, the presence of some northern-type inversion haplotypes among
southern individuals is evidence that these populations are not completely isolated. We found
alleles common among cod caught north of 45°N (Puncher et al. 2019), among a small fraction
of cod captured in the GMR. The proportion of individuals carrying a copy of the LG 1
chromosomal inversion decreased in a south westerly direction, with the highest proportion

appearing among samples from the Bay of Fundy, Browns Bank, eastern Georges Bank, western
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Scotian Shelf, and spring spawning cod in the western Gulf of Maine (Fig. 3). Another genetic
study has found that the proportion of F1 hybrids between the northern and southern types can be
high (>50%) particularly on Georges Bank (Bradbury et al. 2014). They also found that the
proportion of northern-type individuals among samples declined to the south and west. Evidence
of this transmigration from the north has existed since the late 19™ century, when hooks used by
French fishermen on the Grand Banks off Newfoundland were found in cod caught off the coast
of Massachusetts (Bigelow and Schroeder 1953). As such, cod from the entire Northwest
Atlantic Ocean may be regarded as two large meta-populations divided by a porous temperature-
related barrier (e.g. Stanley et al. 2018).

The paucity of LG 1 heterozygotes and absence of homozygotes with two copies of the
inverted LG 1 chromosome in the southern populations may be indicative of gene flow from the
north and some form of either selection against a recessive allele in southern waters or genotype-
dependent migration to the north. This scenario would follow a continuum model of ongoing
genetic exchange along an environmental gradient (Barton 1999; Savolainen et al. 2013). A
similar latitudinal gradient of LG 1 alleles maintained by gene flow from the north and
countervailing selection and/or loss by genetic drift in the south can be found among the
Northeast Arctic and Norwegian coastal cod (Samuk 2016; Kirubakaran et al. 2016).
Alternatively, reductions in cold-water habitats in the Gulf of Maine resulting from a changing
climate (Fogarty et al. 2008; Pershing et al. 2015) may be causing decreased fitness among
inverted LG 1 haplotypes, which may have been far more numerous in the region in the past. As
such, spawning locations in Canadian waters and spring spawning events (lower temperatures
than during winter spawning) in the western Gulf of Maine (Howe et al. 2002) may represent the

last refugia for individuals with these genetic traits.
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365 While previous research has graphically represented the differentiation of cod from north
366  and south of 45°N using singular data points for samples containing dozens of individuals

367  (Clucas et al. 2019b), this approach may be under-representing the gene flow between the two
368  regions. Our analysis demonstrates that variation within samples can be high and the overlap of
369  genotypes at neutral loci is substantial (Fig. 4B), despite statistically significant signals of

370  differentiation.

371 A complete lack of genetic differentiation between spawning cod from Browns Bank in
372  Canadian territories and the transboundary zone of eastern Georges Bank across all analyses

373  conducted suggests that gene flow between the two locations and thus across management areas
374  is ongoing. This is supported by previous research that found close genetic affinities between the
375  two locations using microsatellites (Lage et al. 2004). Genetic homogeneity of cod from Browns
376  Bank and Georges Bank is likely a result of the exchange of both adults and larvae across the
377  Northeast Channel. Tagging studies have shown that cod tagged and released on Georges Bank
378  disperse north and east to Browns Bank and the western Scotian Shelf, and less frequently

379  westward to the Great South Channel and Nantucket Shoals (Hunt et al. 1999; Clark and

380 Emberley 2010; Tallack 2012). Since the Northeast Channel is a mere 260m deep and cod can be
381  found in 450m of water (Rose 2007), exchange between these two adjacent locations is likely.
382  Intermittent and curvilinear tongues of cold water from the Scotian Shelf episodically deliver
383  masses of water containing plankton and small fish to Georges Bank by way of elliptical

384  cyclonic eddies that sweep across the Northeast Channel (Townsend and Pettigrew, 1996;

385  Bisagni and Smith, 1998; Smith et al. 2003). Larval dispersal studies provide evidence that

386  larvae from Browns Bank are both retained on the bank and advected shoreward toward the

387  southwestern tip of Nova Scotia into potential nursery grounds along the coast or entrained into
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currents sweeping northward along the western Scotian Shelf (Campana et al. 1989; Suthers and
Frank, 1989). The episodic nature of this exchange, which appears to be dependent upon
variations in current speed and direction, could provide an explanation for why some researchers
have found differences in the frequency of a handful of microsatellites isolated from cod
collected at these locations (Ruzzante et al. 1998). For example, in the coastal waters of Iceland,
analysis of larvae and juvenile cod have shown a great deal of temporal variation in the
contribution of different spawning areas to sampling locations (Marteinsdottir et al. 2000).
4.1.2 Bay of Fundy

The differentiation of the Bay of Fundy spawning adults from all other locations using
analyses based on inversion (pairwise Fgr comparisons) and non-inversion loci (FCA), and
haplotypes (estimated co-ancestry) suggests genetic divergence of this population from the rest
of the GMR. The relatively high levels of co-ancestry among individuals from the Bay of Fundy
also indicates reproductive isolation. Ames (2004) identified the Bay of Fundy cod as a separate
self-reproducing subpopulation that is isolated from the adjacent subpopulation spanning the
northeastern coast of Maine. Historical spawning aggregations in the southeastern Bay of Fundy
occurred during the fall (McKenzie 1934), temporally isolating that population from cod in
adjacent waters of northeastern coast of Maine that spawn in the spring and winter (Ames 2004).
Higher levels of genetic divergence between these areas has also been observed among several
other marine fish species and is likely a result of complex hydrography within the bay
(Hasselman et al. 2013; McBride et al. 2014, Leblanc et al. 2020). Given the apparent isolation
of the Bay of Fundy cod and the population’s current status as a depleted stock (DFO 2017), it is

of utmost importance that its conservation be prioritized.
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410 Tagging studies have revealed that the Bay of Fundy may contain more than one

411  subpopulation, with a more migratory group occupying the northwestern side of the bay (coastal
412 New Brunswick; NAFO Division 4Xs) and another more stationary group occupying coastal
413  Nova Scotia (NAFO Division 4Xr) (Mackenzie 1956; Hunt and Neilson 1993). The pronounced
414  genetic differentiation of the spawning adults from the Bay of Fundy, which was collected from
415  NAFO Division 4Xr is likely representative of this more stationary group. Therefore, our results
416  should not be considered as representative of the entire Bay of Fundy, as connectivity between
417  cod from other areas within the Bay of Fundy and areas farther south is likely more extensive.
418  4.1.3 Northern Gulf of Maine

419 Our analysis of genetic differentiation using both neutral and putatively adaptive

420 inversion loci suggests that the non-spawning cod of the northern Gulf of Maine may have mixed
421  origins or represent a rebuilding spawning group in the area. Pairwise Fsy comparisons using
422  neutral loci showed significant differentiation of northern Gulf of Maine juveniles from western
423  Gulf of Maine winter spawning adults (Fsr = 0.003, p-value <0.001). In contrast, Clucas et al.
424  (2019b) found these two groups to have some of the highest genetic similarity among neutral loci
425  in their study comparing samples from nearby waters. However, our results showing significant
426  differentiation of northern Gulf of Maine juveniles and spring spawning adults from the western
427  Gulf of Maine, using inversion loci (FST = 0.037, p-value < 0.001), agree with the results of
428  Clucas et al. (2019b). Although not directly indicative of population structure, our FCA of non-
429  inversion loci showed the greatest genetic divergence between the northern Gulf of Maine and
430  Bay of Fundy samples. Likewise, a pairwise Fst comparison of these two samples indicated

431  significant differentiation when using simplified inversion genotypes (FST = 0.060, p-value <

432 0.001). Combined, these results are likely an indication that the juveniles from the inshore
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northern Gulf of Maine are not recruits from nearby spawning areas but remnants of once-
thriving aggregations that have since become commercially depleted (Ames 2004; Ames and
Lichter 2013). Although adult cod from adjacent areas are known to enter the area, they do so
during the feeding season and are unlikely to be joining local spawning groups (Perkins et al.
1997; Clark 2005). Here we present evidence that spawning may be ongoing in the region.
4.1.4 Western Corridor (West of 68°W)

Our results provide additional evidence of allochronic differentiation of spawning cod in
the western Gulf of Maine and genetic differentiation of spring spawning cod in this area from
all other sampling locations. This seasonal and geographic differentiation of spawning groups
has been documented by several previous studies (Wirgin et al. 2007; Howell et al. 2008;
Kovach et al. 2010; Barney et al. 2017; Clucas et al. 2019a,b). The highest levels of divergence
were found among outlier loci contained in LG 2, 7, 12, confirming the results of Clucas et al.
(2019a,b).

Analysis of non-inversion loci revealed a high degree of co-ancestry among spring
spawning cod from the western Gulf of Maine (haplotype analysis and Fig values). Pairwise
comparisons indicated genetic differentiation of this population from nearby Great South
Channel (Fsy = 0.004, p-value < 0.001), while the winter spawning cod from the same area
showed a close affinity with all samples from areas south of Cape Cod (Southern New England,
Great South Channel and Nantucket Shoals). These results contribute to a growing body of
evidence of a migration corridor between the western Gulf of Maine and areas to the south from
both genetic (Lage et al. 2004; Wirgin et al. 2007; Kovach et al. 2010; Barney et al. 2017; Clucas
et al. 2019a,b) and tagging studies (Bigelow and Schroeder 1953; Serchuk and Wigley 1992;

Tallack 2012). The adult sample from the Great South Channel is likely to represent migratory
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456  winter spawning adults from the western Gulf of Maine, given that it was collected during the
457  fall, outside of the spawning season. Individual-based modeling experiments have also

458  demonstrated the potential for eggs and larvae spawned in the western Gulf of Maine to be

459  transported to Cape Cod and southern New England (Huret et al. 2007; Churchill et al. 2011),
460  providing an explanation for the close affinity between these samples.

461 The clustering of juveniles from the Great South Channel with samples from eastern

462  Georges Bank and Browns Bank in the FCA, combined with their lack of differentiation from
463  pairwise Fsr comparisons, has also been observed by Clucas et al. (2019b). These results may be
464  an indication of the dispersal capacity of eggs and larvae along the southern edge of Georges
465  Bank. Life-stage recruitment models have shown a south-westward transport of eggs and larvae
466  from the Northeastern Peak in April and May and movement of juveniles from eastern Georges
467  Bank to western Georges Bank and the Great Southern Channel facilitated by a well-defined

468  clockwise tidal rectified circulation gyre on Georges Bank (Lough and Bolz 1989; Lough et al.
469  2006; Lough and O’Brien 2012; Boucher et al. 2013).

470 Further discussion of the potential impacts of climate change on population dynamics and
471  the distribution of linkage group genotypes is featured in the supplementary materials.

472 4.2 Effective population size

473 The lowest effective population sizes were found among samples from the closely related
474  adjacent locations of Browns Bank and eastern Georges Bank (43-46.5 and 577.7-,

475  respectively) relative to the rest of the region (>1,000-). Stock assessments have already

476  identified cod resources in both areas to be severely depleted (e.g., Clark and Emberley 2010;
477  Wang 2016; Clark and Trinko-Lake 2019). Our results suggest that the effects of this depletion

478  are now manifest in the genome. In general, our estimates of N, for most sampling locations in
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the GMR (aside from Browns Bank and eastern Georges Bank) are similar to some of those
generated by Kess et al. (2019) for Northern cod, demonstrating a consistency of results between
studies.

Some caveats should be defined, and caution taken before interpreting these results.
Estimates of effective population size are sensitive to sample size and sampling errors (Waples
2006). Given that the relationship between sample size and the average number of alleles per
locus in our dataset has revealed an ideal sample size >40, it is unlikely that we have captured
the full diversity of each sampling location. Problems can also arise when samples contain
individuals from more than one population (Soulé 1987; Waples 2002). However, our FCA and
PCA plots show single panmictic clusters without divergent individuals for each of these
samples. Since our samples contain individuals with a range of sizes, albeit common
reproductive status, we are likely including individuals from multiple cohorts. Overlapping
generations present a challenge for estimates of N, (Soulé 1987) because fitness can change from
one cohort to another due to variability in offspring survivorship, fecundity and spawning
frequency (Kjesbu 1996). Finally, unequal sex ratios among samples can also have an influence
(Soulé 1987) given that number of progeny per individual differs between the sexes (i.e.
sweepstake spawning; Ruzzante et al. 1996). With these caveats in mind, our N, estimates should
be viewed with caution and interpreted as a call for potential concern for some depleted
populations and as an indicator that larger-scale studies are required.

5. Conclusions

We have provided evidence suggesting that the biological units in the GMR are different

from current management units, that transborder gene flow persists, and that adaptive selection

on supergenes defines the majority of genetic variation in the Bay of Fundy and western Gulf of
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Maine Atlantic cod. Maintenance of these genetic differences among spawning groups within the
GMR is likely a result of spawning site fidelity (Zemeckis et al. 2014b), temporal barriers to
gene flow (e.g. Savolainen et al. 2013), adaptive selection (e.g. Kawecki and Ebert 2004;
Arnason et al. 2009), and/or genotype dependent habitat use (e.g. Grabowski et al. 2011; Pavey
et al. 2015). This concept of several demographically independent subpopulations connected by
ongoing gene flow aligns with the definition of a metapopulation in the GMR which has been
proposed by several previous studies (Ames 2004; Kovach et al. 2010; Zemeckis et al. 2014a).

Failure to account for stock complexity can lead to overestimation of productivity and
maximum sustainable yield, as well as an increase in the susceptibility of a stock to depletion
(Kerr et al. 2014). The U.S. government has a responsibility to ensure compliance with the
Magnuson-Stevens Act which requires that conservation and management measures be based
upon the best scientific information available. In the context of the new Fisheries Act of Canada,
introduced in 2019, these results are very important since it will be necessary to define stocks
properly. Mismatch between biological population structure and management unit boundaries
could compromise and directly impact stock rebuilding efforts for both the Canadian and U.S.
cod stocks in the GMR. Given that the current management units do not accurately represent the
biological structure of cod populations in the GMR and have failed to provide a functional
framework by which reliable and accurate assessments can be conducted, the need for a
reconsideration and modification of these management units has become abundantly clear. The
results from this study will help guide stock assessments and fisheries management in the U.S.
and Canada and could significantly improve models of population dynamics, ultimately

benefitting cod stock management.
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Table 1. Summary of data sets used to optimize the number of SNPs available for comparisons between sampling locations as well as

explore the influence that chromosomal inversions, outliers and neutral SNPs have on the detection of population structure in the
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GMR and adjacent areas.
Individuals SNPs Focus Results Associated
figure
463 cod from GMR divided All loci General population 9 genetic clusters. No apparent Fig. 2
into 8 groups/samples =2,718 structure in GMR using all  influence of sampling location.
available loci.
533 cod from the Western 291 loci from LG 1 Identification of LG 1 All 33 divergent individuals are Fig. 3
Atlantic from north and south inversion genotypes among GMR heterozygous for the LG1 inversion.
of 45°N. cod. Indication of selection in GMR.
533 cod from the Western Non-inversion loci Neutral population Some overlap of populations in Fig. S3
Atlantic pooled into groups =4,942 structure of pooled samples PCA. Significant pairwise
from north and south of 45°N. from north and south of differentiation (Fsr- 0.0032, p-value
45°N. <0.0001).
299 cod from GMR (only Non-inversion loci Neutral population FCA shows separation of several Fig. 4,
samples with more than 15 =2,247 structure within the GMR.  samples from a larger panmictic Supplementary

individuals included)

cluster. Heat map of haplotypes and
pairwise Fsr comparisons reveal
several significant regional

differences. PCA suggests panmixia.

File 2, Fig. S4

463 cod from GMR divided 124 loci from LG 1 Influence of LG 1 on 2 well defined clusters Fig. S5A
into 8 groups/samples. inversion population structure. corresponding to the allelic states

(homozygous inverted/colinear,

heterozygous)
463 cod from GMR divided 113 loci from LG 2 Influence of LG 2 on 3 well defined clusters Fig. S5B
into 8 groups/samples. inversion population structure. corresponding to the allelic states

(homozygous inverted/colinear,

heterozygous)
463 cod from GMR divided 112 loci from LG 7 Influence of LG 7 on 3 well defined clusters Fig. S5C
into 8 groups/samples. inversion population structure. corresponding to the allelic states

(homozygous inverted/colinear,

heterozygous)

1
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463 cod from GMR divided 117 loci from LG 12 Influence of LG 12 on 3 poorly defined clusters Fig. S5D
into 8 groups/samples. inversion population structure. corresponding to the allelic states

(homozygous inverted/colinear,

heterozygous)
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Table 2. Basic diversity indices for 221 adult and 209 juvenile Atlantic cod collected from eight sampling locations in the Gulf of

Maine Region and genotyped at 2,247 SNPs (inversion loci from LG 1, 2, 7 and 12 have been removed). Average number of alleles

Transactions of the American Fisheries Society

per locus, observed (H,) and expected (H.) heterozygosity, and inbreeding coefficient (Fis) are provided.

Sample Life Stage Year N  No. alleles H, H, Fis

Browns Bank Adults 2018 28 1.74 0.103+0.131  0.105+0.127  0.030
Bay of Fundy Adults 2017 33 1.80 0.108+0.129  0.111+0.127  0.045
Bay of Fundy Adults 2018 11 1.53 0.105+£0.140  0.105+0.135  0.052
Western Gulf of Maine (spring) Adults 2017 30 1.79 0.106+0.126  0.110+£0.128  0.055
Western Gulf of Maine (spring) Adults 2018 10 1.53 0.102+0.142  0.105+0.136  0.084
Western Gulf of Maine (winter) Adults 2017 31 1.78 0.103+£0.124  0.109+0.126  0.064
Eastern Georges Bank Adults 2017 17 1.66 0.108+0.139  0.110+£0.131  0.045
Western Georges Bank Adults 2017 11 1.54 0.104+0.144  0.105+£0.136  0.059
Great South Channel Adults 2017 36 1.85 0.106£0.124  0.111+0.125  0.060
Southern New England Adults 2018 14 1.58 0.104+£0.142  0.105+£0.125  0.049
Scotian Shelf Juveniles 2018 9 1.49 0.103+0.145 0.105+0.138 0.075
Browns Bank Juveniles 2017 2 1.20 0.104+0.235  0.081+£0.163  0.058
Western Scotian Shelf Juveniles 2017 11 1.55 0.106+0.140  0.107+£0.136  0.063
Bay of Fundy Juveniles 2017 9 1.51 0.108+0.150  0.107+£0.138  0.048
Bay of Fundy Juveniles 2018 14 1.60 0.105+0.138  0.109+0.136  0.073
Offshore northern Gulf of Maine Juveniles 2017 6 1.42 0.108+0.161  0.105+£0.146  0.066
Inshore Gulf of Maine Juveniles 2017 51 1.88 0.102+0.118  0.109+£0.124  0.075
Western Gulf of Maine Juveniles 2017 3 1.28 0.111£0.209  0.096+£0.160  0.047
Western Gulf of Maine Juveniles 2018 12 1.57 0.103+0.138  0.106+£0.133  0.069
Western Gulf of Maine Juveniles 2018 10 1.53 0.109+0.149  0.108+0.141  0.040
Eastern Georges Bank Juveniles 2018 39 1.84 0.102+0.121  0.109+0.125 0.071
Cape Cod Juveniles 2017 9 1.47 0.101+£0.148  0.100+0.138  0.059
Nantucket Shoals Juveniles 2017 18 1.65 0.103+£0.134  0.107+£0.131  0.066
Great South Channel Juveniles 2018 16 1.65 0.107£0.138  0.110+0.132  0.054
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Table 3. Proportion of analyzed Atlantic cod from the Gulf of Maine Region identified as LG 1 heterozygotes. Season during which

the samples were collected are provided. Samples are arranged in order of decreasing latitude.

Sample Location Life Stage Year Season Fraction Percentage
Scotian Shelf Juvenile 2018 Summer 1/10 10.0%
Browns Bank Adults 2018 Winter 2/30 6.7%
Browns Bank Juvenile 2018 Summer 0/2 0.0%
Western Scotian Shelf Juvenile 2017 Summer 2/13 15.4%
Bay of Fundy Adults 2017 Spring 6/39 12.8%
Bay of Fundy Juvenile 2017 Summer 1/10 10.0%
Bay of Fundy Adults 2018 Spring 3/14 21.4%
Bay of Fundy Juvenile 2018 Summer 1/15 6.7%
Offshore northern Gulf of Maine Juvenile 2017 Summer 0/6 0.0%
Inshore northern Gulf of Maine Juvenile 2017 Fall 0/51 0.0%
Western Gulf of Maine Adults 2017 Spring 10/40 25.0%
Western Gulf of Maine Adults 2017 Winter 1/32 3.1%
Western Gulf of Maine Juvenile 2017 Spring 0/3 0.0%
Western Gulf of Maine Adults 2018 Spring 0/10 0.0%
Western Gulf of Maine Juvenile 2017 Spring 0/12 0.0%
Western Gulf of Maine Adults 2017 Winter 0/10 0.0%
Eastern Georges Bank Adults 2017 Spring 4/21 19.0%
Eastern Georges Bank Juvenile 2017 Spring 0/30 0.0%
Eastern Georges Bank Juvenile 2017 Winter 1/10 10.0%
Western Georges Bank Adults 2017 Spring 0/6 0.0%
Western Georges Bank Adults 2017 Winter 0/5 0.0%
Great South Channel Adults 2017 Fall 1/37 2.7%
Great South Channel Juvenile 2017 Spring and Winter 0/8 0.0%
Cape Code Juvenile 2017 Spring 0/9 0.0%
Nantucket Shoals Juvenile 2017 Spring 0/18 0.0%
Southern New England Adults 2017 Winter 0/14 0.0%
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Table 4. Estimates of effective population size (N.) calculated using the linkage disequilibrium method with random mating (Waples,
2006; Jones et al., 2016) and 2,247 SNPs. Only samples with more than 15 adults were considered. For each sample, only loci with

minimum allele frequencies >0.05 were used from among the loci outside of the four major linkage groups. The 95% confidence

interval for each estimate is also provided.
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Sample Location Year n # loci Ne 95% CI

Browns Bank 2018 28 829 44.7 43-46.5

Bay of Fundy 2017 33 819 2,897.2 1178.2-Infinite
Western Gulf of Maine (spring) 2017 30 952 2,386.5 1079.2-Infinite
Western Gulf of Maine (winter) 2017 31 875 6,183.6 1307.9-Infinite
Eastern Georges Bank 2017 17 906 1,649.2 577.7-Infinite
Great South Channel 2017 36 841 2,456.2 1164.3-Infinite
Northeastern Gulf of St. Lawrence 2018 50 836 98.,038.6 3114.1-Infinite
St. Anns Bank 2017 20 931 2,507.6 782.8-Infinite
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Figure 1. Bathymetric map showing locations in the Gulf of Maine region from which tissue
samples were collected from 248 mature (circles) and 215 juvenile (triangles) Atlantic cod,
Gadus morhua. Lime green and dark olive in the Western Gulf of Maine represent spring and
winter spawning cod, respectively. Light and dark shaded shapes in the same location represent

samples collected in 2017 and 2018, respectively. SNE = Southern New England; wGOM =
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western Gulf of Maine; CC = Cape Cod; NanS = Nantucket Shoals; GSC = Great South
Channel; wGB = western Georges Bank; eGB = eastern Georges Bank; BrB = Browns Bank; SS
= Scotian Shelf; wSS = western Scotian Shelf; INNGOM = inshore northern Gulf of Maine;
OffNGOM = offshore northern Gulf of Maine; BoF = Bay of Fundy; SAB = St. Anns Bank;
NeGSL = northeastern Gulf of St. Lawrence. Biological data and geographic coordinates of each
individual is available in Table 1. Blue dotted lines depict NAFO Division boundaries and the
solid black line demarcates the international boundary between USA and Canada. This figure
was developed using R package marmap (Pante and Simon-Bouhet 2013) and data sourced from

GEBCO (General Bathymetric Chart of the Oceans, <http://www.gebco.net>).
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Figure 2. Principal component analysis of 463 Atlantic cod genotyped at 2,718 SNPs. Colours
correspond with those in Figure 1. Eigenvalues of the analysis are displayed in inset. The
percentage of variance explained by each axis is provided in parentheses. Arrows indicate the

linkage groups contributing variation to each axis.
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Figure 3. Top: STRUCTURE plot of LG 1 genotypes (291 SNPS) of Atlantic cod caught south
(n=463) and north (n=70) of 45°N with 33 divergent individuals caught in the Gulf of Maine
region, assuming K=2. Bottom: Proportion of LG 1 homozygotes (black and grey) and
heterozygotes (white) from each sampling location. Samples were collected from 16 locations (1
= northeastern Gulf of St. Lawrence; 2 = St. Anns Bank; 3 = Scotian Shelf; 4 = Browns Bank; 5
= Eastern Georges Bank; 6 = Western Scotian Shelf; 7 = Bay of Fundy; 8 = Inshore Northern
Gulf of Maine; 9 = Offshore Northern Gulf of Maine; 10 = western Gulf of Maine spring
spawning cod; 11 = western Gulf of Maine winter spawning cod; 12 = Cape Cod; 13 = Western

Georges Bank; 14 = Great South Channel; 15 = Nantucket Shoals; 16 = Southern New England).
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Figure 4. Neutral population structure of 175 adult and 124 juvenile Atlantic cod collected from
7 sampling locations during 2017-2018 (only samples with more than 15 samples are included).
A) Heat map showing mean estimated co-ancestry of samples using haplotypes generated from
2,247 non-inversion SNPs. Juvenile samples are indicated by -J. B) Factorial correspondence
analysis showing multivariate relationships among samples. Genotypes were generated using a
panel of 2,247 non-inversion SNP. Only the first two factors are shown, with the percentage of
variance provided in parentheses. Juveniles and adults are represented by triangles and circles.

Colour scheme follows that of Figure 1.
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Table S1. Biological details of 248 mature cod caught in the Gulf of Maine Region bety

Individual code Sample Code Area NAFO zone
GM4X18M2072 BrBA18 Browns Bank 4x
GM4X18M2073 BrBA18 Browns Bank 4x
GM4X18M2074 BrBA18 Browns Bank a4x
GM4X18M2075 BrBA18 Browns Bank 4x
GM4X18M2076 BrBA18 Browns Bank 4X
GM4X18L2077 BrBA18 Browns Bank ax
GM4X18L2078 BrBA18 Browns Bank 4x
GM4X18L2079 BrBA18 Browns Bank 4x
GM4X18M2080 BrBA18 Browns Bank 4X
GM4X1852081 BrBA18 Browns Bank 4x
GM4X18L2082 BrBA18 Browns Bank 4X
GM4X18L2084 BrBA18 Browns Bank 4x
GM4X18M2085 BrBA18 Browns Bank 4x
GM4X18L2086 BrBA18 Browns Bank 4x
GM4X1852087 BrBA18 Browns Bank 4x
GM4X18M2088 BrBA18 Browns Bank 4x
GM4X18M2090 BrBA18 Browns Bank 4x
GM4X18M2091 BrBA18 Browns Bank 4x
GM4X18M2093 BrBA18 Browns Bank 4x
GM4X18M2094 BrBA18 Browns Bank ax
GM4X18M2095 BrBA18 Browns Bank 4x
GM4X18M2096 BrBA18 Browns Bank 4X
GM4X18M2098 BrBA18 Browns Bank ax
GM4X1852099 BrBA18 Browns Bank 4x
GM4X18M2100 BrBA18 Browns Bank 4X
GM4X18M2102 BrBA18 Browns Bank 4X
GM4X18M2103 BrBA18 Browns Bank 4x
GM4X18M2104 BrBA18 Browns Bank 4X
GM4X18M2089 BrBA18 Browns Bank 4xX
GM4X18M2092 BrBA18 Browns Bank 4X
|
GM4X17M558 BoFA17 Bay of Fundy 4x
GM4X17L559 BoFA17 Bay of Fundy 4x
GM4X17M560 BoFAl7 Bay of Fundy 4x
GM4X17M561 BoFAl17 Bay of Fundy 4x
GM4X17M562 BoFA17 Bay of Fundy 4x
GM4X17M563 BoFAl7 Bay of Fundy 4x
GM4X17M564 BoFAl17 Bay of Fundy 4x
GM4X17M566 BoFA17 Bay of Fundy 4x
GM4X17L567 BoFA17 Bay of Fundy 4x
GM4X17M568 BoFAl17 Bay of Fundy 4x
GM4X17M569 BoFAl17 Bay of Fundy 4x
GM4X17M570 BoFA17 Bay of Fundy 4x
GM4X17M571 BoFA17 Bay of Fundy 4x
GM4X17M573 BoFAl17 Bay of Fundy 4x
GM4X17M574 BoFA17 Bay of Fundy 4x
GM4X17M575 BoFA17 Bay of Fundy 4x
GM4X17M576 BoFAl17 Bay of Fundy 4x
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GM4X17M578 BoFA17 Bay of Fundy 4x
GMA4X17L579 BoFA17 Bay of Fundy 4X
GM4X17L580 BoFA17 Bay of Fundy 4X
GM4X17L581 BoFA17 Bay of Fundy 4x
GM4X17M582 BoFA17 Bay of Fundy 4x
GM4X17M583 BoFA17 Bay of Fundy aX
GM4X17M584 BoFA17 Bay of Fundy 4x
GM4X17L585 BoFA17 Bay of Fundy 4x
GM4X17M586 BoFA17 Bay of Fundy 4X
GM4X17L587 BoFA17 Bay of Fundy 4X
GM4X17M588 BoFA17 Bay of Fundy 4x
GM4X17M590 BoFA17 Bay of Fundy 4x
GMA4X17L592 BoFA17 Bay of Fundy aX
GM4X17L593 BoFA17 Bay of Fundy 4X
GM4X17M594 BoFA17 Bay of Fundy ax
GMA4X17L607 BoFA17 Bay of Fundy 4X
GM4X17L565 BoFA17 Bay of Fundy 4X
GM4X17M577 BoFA17 Bay of Fundy 4X
GM4X17M589 BoFA17 Bay of Fundy 4X
GM4X17L591 BoFA17 Bay of Fundy 4X
GM4X175597 BoFA17 Bay of Fundy 4X
GM4X17L600 BoFA17 Bay of Fundy 4X
|
GM4X18M2118 BoFA18 Bay of Fundy 4Xs
GM4X18M2119 BoFA18 Bay of Fundy 4Xs
GM4X18L2120 BoFA18 Bay of Fundy 4Xs
GM4X18M2121 BoFA18 Bay of Fundy 4Xs
GM4X18L2122 BoFA18 Bay of Fundy 4Xs
GM4X18M2123 BoFA18 Bay of Fundy 4Xs
GM4X18M2125 BoFA18 Bay of Fundy 4Xs
GM4X18M2127 BoFA18 Bay of Fundy 4Xs
GM4X18L2128 BoFA18 Bay of Fundy 4Xs
GM4X18M2130 BoFA18 Bay of Fundy 4Xs
GM4X18M2131 BoFA18 Bay of Fundy 4Xs
GM4X18M2124 BoFA18 Bay of Fundy 4Xs
GM4X18M2126 BoFA18 Bay of Fundy 4Xs
GM4X18M2129 BoFA18 Bay of Fundy 4Xs
|
GM5Y17L804 wGOMA17_S Western Gulf of Maine 5Y
GM5Y175805 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M806 wGOMAL17_S Western Gulf of Maine 5Y
GM5Y17M807 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M809 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17L810 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M811 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M812 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M813 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17L814 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M815 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M817 wGOMA17_S Western Gulf of Maine 5Y
GM5Y175819 wGOMA17_S Western Gulf of Maine 5Y
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GM5Y175820 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M821 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M824 wGOMA17_S Western Gulf of Maine 5Y
GM5Y175826 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M827 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M828 wGOMA17_S Western Gulf of Maine 5Y

GM5Y17L829 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M831 wGOMA17_S Western Gulf of Maine 5Y

GM5Y171L832 wGOMA17_S Western Gulf of Maine 5Y

GM5Y17L833 wGOMA17_S Western Gulf of Maine 5Y

GM5Y17L835 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M836 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M837 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M839 wGOMA17_S Western Gulf of Maine 5Y
GM5Y175840 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M841 wGOMA17_S Western Gulf of Maine 5Y

GM5Y17L842 wGOMA17_S Western Gulf of Maine 5Y
GMb5Y17L785 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M808 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17L816 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M818 wGOMA17_S Western Gulf of Maine 5Y
GMb5Y17L822 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M823 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M825 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17L830 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17M834 wGOMA17_S Western Gulf of Maine 5Y
GM5Y17L838 wGOMA17_S Western Gulf of Maine 5Y

|
GM5Z18M2186 wGOMA18 S Western Gulf of Maine 5Y
GM5Y18M2187 wGOMA18_S Western Gulf of Maine 5Y
GM5Y18L2188 wGOMA18_S Western Gulf of Maine 5Y
GM5Y18L2189 wGOMA18 S Western Gulf of Maine 5Y
GM5Y18L2190 wGOMA18_S Western Gulf of Maine 5Y
GM5Y18L2191 wGOMA18_S Western Gulf of Maine 5Y
GM5Y18L2192 wGOMA18 S Western Gulf of Maine 5Y
GM5Y1852193 wGOMA18 S Western Gulf of Maine 5Y
GM5Y1852194 wGOMA18_S Western Gulf of Maine 5Y
GM5Y18M2195 wGOMA18 S Western Gulf of Maine 5Y
|

GM5Y17M1734 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1735 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1736 wGOMA17_W Western Gulf of Maine 5Y
GM5Y1751737 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1738 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1739 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17L1740 wGOMA17_W Western Gulf of Maine 5Y
GM5Y1751741 wGOMA17 W Western Gulf of Maine 5Y
GM5Y17M1743 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1744 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17L1745 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17L1746 wGOMA17_W Western Gulf of Maine 5Y
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GM5Y17M1748 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17L1749 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17L1750 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1751 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17L1752 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1753 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1754 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1755 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1756 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1757 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1758 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17L1759 wGOMA17 W Western Gulf of Maine 5Y
GM5Y17L1760 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1761 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17L1764 wGOMA17_W Western Gulf of Maine 5Y
GM5Y18M1765 wGOMA17_W Western Gulf of Maine 5Y
GM5Y18L1766 wGOMA17_W Western Gulf of Maine 5Y
GM5Y18M1767 wGOMA17_W Western Gulf of Maine 5Y
GM5Y18L1768 wGOMA17_W Western Gulf of Maine 5Y
GM5Y17M1763 wGOMA17_W Western Gulf of Maine 5Y
|

GM5217S507 eGBA17 Eastern Georges Bank 5Ze
GM5Z17M515 eGBA1l7 Eastern Georges Bank 5Ze
GM5Z17M517 eGBA17 Eastern Georges Bank 5Ze
GM5Z171L518 eGBA17 Eastern Georges Bank 5Ze
GM5Z17S519 eGBA17 Eastern Georges Bank 5Ze

GM5Z17L729 eGBA17 Eastern Georges Bank 5Ze
GM5Z17M746 eGBA17 Eastern Georges Bank 5Ze
GM5Z17M751 eGBA17 Eastern Georges Bank 5Ze
GM5Z17L754 eGBA17 Eastern Georges Bank 5Ze
GM5Z217L757 eGBA17 Eastern Georges Bank 5Ze
GM5Z17L759 eGBA17 Eastern Georges Bank 5Ze
GM5Z17M767 eGBA17 Eastern Georges Bank 5Ze
GM5717L768 eGBA17 Eastern Georges Bank 5Ze
GM5217M770 eGBA17 Eastern Georges Bank 5Ze
GM5Z17M772 eGBA17 Eastern Georges Bank 5Ze
GM571852182 eGBA17 Eastern Georges Bank 57
GM571852183 eGBA17 Eastern Georges Bank 52
GM5Z217M480 eGBA17 Eastern Georges Bank 5Ze
GM52175490 eGBA17 Eastern Georges Bank 5Ze
GM52171L497 eGBA17 Eastern Georges Bank 5Ze
GM5Z17M756 eGBA17 Eastern Georges Bank 5Ze

|

GM5Z171L798 wGBA17 Western Georges Bank 5Ze
GM5Z217L799 wGBA17 Western Georges Bank 5Ze
GM5Z217M802 wGBA17 Western Georges Bank 5Ze
GM5Z171L803 wGBA17 Western Georges Bank 5Ze
GM5Z17M1789 wGBA17 Western Georges Bank 5Ze
GM5Z17M467 wGBA17 Western Georges Bank 5Ze
GM5Z17L774 wGBA17 Georges Basin (west) 5Ze
GM5Z17M781 wGBA17 Western Georges Bank 5Ze
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GM5Z18L2184 wGBA17 Western Georges Bank 52
GM5Z18M2185 wGBA17 Western Georges Bank 57
GM5Z17M726 wGBA17 Central Georges Bank 5Ze
|
GM5Z17M801 GSCA17 Great South Channel 5Ze
GM5Z171L1790 GSCA17 Great South Channel 5Ze
GM5Z17L1791 GSCA17 Great South Channel 5Ze
GM5Z17L1792 GSCA17 Great South Channel 5Ze
GM5Z17L1793 GSCA17 Great South Channel 5Ze
GM5Z17L1794 GSCA17 Great South Channel 5Ze
GM5Z17M1795 GSCA17 Great South Channel 5Ze
GM5Z17L1796 GSCA17 Great South Channel 5Ze
GM5Z17L1797 GSCA17 Great South Channel 5Ze
GM5Z17L1798 GSCA17 Great South Channel 5Ze
GM5Z17L1799 GSCA17 Great South Channel 5Ze
GM5Z17L1800 GSCA17 Great South Channel 5Ze
GM5Z17L1801 GSCA17 Great South Channel 5Ze
GM5Z17M1802 GSCA17 Great South Channel 5Ze
GM5Z17L1803 GSCA17 Great South Channel 5Ze
GM5Z171L1804 GSCA17 Great South Channel 5Ze
GM5Z17L1805 GSCA17 Great South Channel 5Ze
GM5Z17M1807 GSCA17 Great South Channel 5Ze
GM5Z17M1808 GSCA17 Great South Channel 5Ze
GM5Z17M1809 GSCA17 Great South Channel 5Ze
GM5Z17L1813 GSCA17 Great South Channel 5Ze
GM5Z717L1814 GSCA17 Great South Channel 5Ze
GM5Z17M1815 GSCA17 Great South Channel 5Ze
GM5Z17L1816 GSCA17 Great South Channel 5Ze
GM5Z717L1817 GSCA17 Great South Channel 5Ze
GM5Z171L1818 GSCA17 Great South Channel 5Ze
GM5Z17L1819 GSCA17 Great South Channel 5Ze
GM5Z17M1823 GSCA17 Great South Channel 5Ze
GM5Z17M1825 GSCA17 Great South Channel 5Ze
GM5Z171L1826 GSCA17 Great South Channel 5Ze
GM5Z17L1829 GSCA17 Great South Channel 5Ze
GM5Z717L1831 GSCA17 Great South Channel 5Ze
GM5Z17M1832 GSCA17 Great South Channel 5Ze
GM5Z17L1835 GSCA17 Great South Channel 5Ze
GM5Z17L1836 GSCA17 Great South Channel 5Ze
GM5Z171L1839 GSCA17 Great South Channel 5Ze
GM5217L800 GSCA17 Great South Channel 5Ze
|

GM5Z18M1776 SNEA18 Southern New England 5Zw
GM5218M1777 SNEA18 Southern New England 5Zw
GM5Z18M1778 SNEA18 Southern New England 5Zw
GM5Z18M1779 SNEA18 Southern New England 5Zw
GM5Z218M1780 SNEA18 Southern New England 5Zw
GM5Z18M1781 SNEA18 Southern New England 5Zw
GM5Z18M1782 SNEA18 Southern New England 5Zw
GM5218M1783 SNEA18 Southern New England 5Zw
GM5Z218M1784 SNEA18 Southern New England 5Zw
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GM5Z18M1785 SNEA18 Southern New England 5Zw
GM5Z718M1786 SNEA18 Southern New England 5Zw
GM5Z18M1787 SNEA18 Southern New England 5Zw
GM5Z18M1788 SNEA18 Southern New England 5Zw
GM5218M1789 SNEA18 Southern New England 5Zw
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ween 2017-2018 (see attached excel file).

Capture Method Long Lat Date Length (cm) Weight (kg)
bottom trawl -66.23 42.58 3/21/2018 66 2.656
bottom trawl -66.23 42.58 3/21/2018 66 2.464
bottom trawl -66.23 42.58 3/21/2018 65 2.878
bottom trawl -66.23 42.58 3/21/2018 64 2.612
bottom trawl -66.23 42.58 3/21/2018 64 2.982
bottom trawl -66.23 42.58 3/21/2018 72 3.606
bottom trawl -66.23 42.58 3/21/2018 86 3.024
bottom trawl -66.23 42.58 3/21/2018 89 8.102
bottom trawl -66.23 42.58 3/21/2018 51 1.095
bottom trawl -66.23 42.58 3/21/2018 43 0.896
bottom trawl -66.23 42.58 3/21/2018 78 5.12
bottom trawl -66.23 42.58 3/21/2018 80 5.932
bottom trawl -66.23 42.58 3/21/2018 54 1.46
bottom trawl -66.23 42.58 3/21/2018 68 3.666
bottom trawl -66.23 42.58 3/21/2018 48 1.176
bottom trawl -66.23 42.58 3/21/2018 51 1.382
bottom trawl -66.23 42.58 3/21/2018 50 1.25
bottom trawl -66.23 42.58 3/21/2018 51 1.408
bottom trawl -66.23 42.58 3/21/2018 54 1.898
bottom trawl -66.23 42.58 3/21/2018 57 1.596
bottom trawl -66.23 42.58 3/21/2018 62 2.092
bottom trawl -66.23 42.58 3/21/2018 59 1.892
bottom trawl -66.23 42.58 3/21/2018 51 1.506
bottom trawl -66.23 42.58 3/21/2018 47 1.062
bottom trawl -66.23 42.58 3/21/2018 50 1.15
bottom trawl -66.23 42.58 3/21/2018 51 1.26
bottom trawl -66.23 42.58 3/21/2018 53 1.368
bottom trawl -66.23 42.58 3/21/2018 53 1.348
bottom trawl -66.23 42.58 3/21/2018 60 1.95
bottom trawl -66.23 42.58 3/21/2018 69 2.88

|
bottom trawl -65.63 44.83 3/29/2017 64 2.74
bottom trawl -65.63 44.83 3/29/2017 73 4.44
bottom trawl -65.63 44.83 3/29/2017 68 3.42
bottom trawl -65.63 44.83 3/29/2017 58 2.43
bottom trawl -65.63 44.83 3/29/2017 90 8.55
bottom trawl -65.63 44.83 3/29/2017 85 6.45
bottom trawl -65.63 44.83 3/29/2017 57 1.72
bottom trawl -65.63 44.83 3/29/2017 62 2.79
bottom trawl -65.63 44.83 3/29/2017 73 4.26
bottom trawl -65.63 44.83 3/29/2017 58 2.08
bottom trawl -65.63 44.83 3/29/2017 60 2.25
bottom trawl -65.63 44.83 3/29/2017 65 3.06
bottom trawl -65.63 44.83 3/29/2017 55 1.96
bottom trawl -65.63 44.83 3/29/2017 67 3.16
bottom trawl -65.63 44.83 3/29/2017 65 3.14
bottom trawl -65.63 44.83 3/29/2017 63 2.91
bottom trawl -65.63 44.83 3/29/2017 67 3.31
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bottom trawl -65.63 44.83 3/29/2017 68 3.25
bottom trawl -65.63 44 .83 3/29/2017 72 3.91
bottom trawl -65.63 44.83 3/29/2017 71 4.55
bottom trawl -65.63 44.83 3/29/2017 70 3.7
bottom trawl -65.63 44.83 3/29/2017 62 2.69
bottom trawl -65.63 44.83 3/29/2017 68 3.72
bottom trawl -65.63 44.83 3/29/2017 57 2.44
bottom trawl -65.63 44.83 3/29/2017 79 5.61
bottom trawl -65.63 44.83 3/29/2017 50 1.39
bottom trawl -65.63 44.83 3/29/2017 79 4.53
bottom trawl -65.63 44.83 3/29/2017 51 1.38
bottom trawl -65.63 44.83 3/29/2017 66 3.16
bottom trawl -65.63 44.83 3/29/2017 87 6.99
bottom trawl -65.63 44.83 3/29/2017 75 4.67
bottom trawl -65.63 44.83 3/29/2017 66 2.94
bottom trawl -65.63 44.83 3/29/2017 73 3.9
bottom trawl -65.63 44.83 3/29/2017 73 4.16
bottom trawl -65.63 44.83 3/29/2017 60 1.94
bottom trawl -65.63 44.83 3/29/2017 63 3.04
bottom trawl -65.63 44.83 3/29/2017 76 5.16
bottom trawl -65.63 44.83 3/29/2017 44 0.95
bottom trawl -65.63 44.83 3/29/2017 76 5
|
bottom trawl -66 44.88 5/2/2018 65 2.358
bottom trawl -66 44.88 5/2/2018 61 2.252
bottom trawl -66 44.88 5/2/2018 74 3.382
bottom trawl -66 44.88 5/2/2018 59 2.108
bottom trawl -66 44.88 5/2/2018 70 3.142
bottom trawl -66 44.88 5/2/2018 61 2.312
bottom trawl -66 44.88 5/2/2018 61 2.008
bottom trawl -66 44.88 5/2/2018 64 2.468
bottom trawl -66 44.88 5/2/2018 70 3.068
bottom trawl -66 44.88 5/2/2018 63 2.384
bottom trawl -66 44.88 5/2/2018 56 2.014
bottom trawl -66 44.88 5/2/2018 69 2.902
bottom trawl -66 44.88 5/2/2018 65 2.808
bottom trawl -66 44.88 5/2/2018 60 2.662
|

bottom trawl -70.33 42.43 4/12/2017 48 N/A
bottom trawl -70.33 42.43 4/12/2017 51 N/A
bottom trawl -70.33 42.43 4/12/2017 54 N/A
bottom trawl -70.33 42.43 4/12/2017 62 N/A
bottom trawl -70.42 42.43 4/12/2017 92 N/A
bottom trawl -70.05 43.02 5/9/2017 53.1 N/A
bottom trawl -70.60 42.85 5/16/2017 53.9 N/A
bottom trawl -70.60 42.85 5/16/2017 57 N/A
bottom trawl -70.60 42.85 5/16/2017 81.6 N/A
bottom trawl -70.60 42.85 5/16/2017 50.4 N/A
bottom trawl -70.60 42.85 5/16/2017 81.7 N/A
bottom trawl -70.60 42.85 5/16/2017 68.7 N/A
bottom trawl -70.60 42.85 5/16/2017 48.6 N/A
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bottom trawl -70.45 42.95 6/25/2017 64 N/A
bottom trawl -70.45 42.95 6/25/2017 79 N/A
bottom trawl -70.45 42.95 6/25/2017 55 N/A
bottom trawl -70.63 42.88 6/25/2017 69.6 N/A
bottom trawl -70.47 42.87 5/16/2017 64.8 N/A
bottom trawl -70.47 42.87 5/16/2017 79.3 N/A
bottom trawl -70.47 42.87 5/16/2017 77.7 N/A
bottom trawl -70.56 42.79 6/24/2017 73.7 N/A
bottom trawl -70.56 42.79 6/24/2017 106 N/A
bottom trawl -70.63 42.88 6/25/2017 59.5 N/A
bottom trawl -70.63 42.88 6/25/2017 56.1 N/A
bottom trawl -70.39 42.78 5/16/2017 59 N/A
bottom trawl -70.39 42.78 5/16/2017 72 N/A
bottom trawl -70.47 42.87 5/16/2017 48.7 N/A
bottom trawl -70.47 42.87 5/16/2017 58 N/A
bottom trawl -70.47 42.87 5/16/2017 79.5 N/A
bottom trawl -70.31 42.32 5/4/2017 32.3 N/A
bottom trawl -70.45 42.89 5/11/2017 86 7.27
bottom trawl -70.42 42.43 4/12/2017 54 N/A
bottom trawl -70.60 42.85 5/16/2017 61.9 N/A
bottom trawl -70.60 42.85 5/16/2017 43.8 N/A
bottom trawl -70.45 42.95 6/25/2017 59 N/A
bottom trawl -70.45 42.95 6/25/2017 65 N/A
bottom trawl -70.63 42.88 6/25/2017 45.8 N/A
bottom trawl -70.47 42.87 5/16/2017 58.2 N/A
bottom trawl -70.63 42.88 6/25/2017 71.2 N/A
bottom trawl -70.47 42.87 5/16/2017 61.7 N/A
|
bottom trawl -70.56 42.79 2018/05/11 52 1.45
bottom trawl -70.56 42.79 2018-05-11 56 1.985
bottom trawl -70.56 42.79 2018-05-11 77.5 4.995
bottom trawl -70.56 42.79 2018-05-11 71 4.055
bottom trawl -70.56 42.79 2018-05-11 82.5 5.705
bottom trawl -70.56 42.79 2018-05-11 71.5 3.49
bottom trawl -70.34 42.60 2018-05-11 76 4.83
bottom trawl -70.69 42.43 2018-05-12 49 1.285
bottom trawl -70.69 42.43 2018-05-12 495 1.16
bottom trawl -70.56 42.13 2018-05-12 55.5 1.64
|
bottom trawl -70.46 42.21 12/3/2017 51.6 N/A
bottom trawl -70.46 42.21 12/3/2017 50 N/A
bottom trawl -70.46 42.21 12/3/2017 56.3 N/A
bottom trawl -70.46 42.21 12/3/2017 47.3 N/A
bottom trawl -70.46 42.21 12/3/2017 54.3 N/A
bottom trawl -70.46 42.21 12/3/2017 40 N/A
bottom trawl -70.33 42.71 12/7/2017 71.9 N/A
bottom trawl -70.33 42.71 12/7/2017 48.9 N/A
bottom trawl -69.98 42.84 12/7/2017 61.5 N/A
bottom trawl -70.61 42.31 12/9/2017 455 N/A
bottom trawl -70.54 42.37 12/9/2017 73.9 N/A
bottom trawl -70.54 42.37 12/9/2017 73.9 N/A
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bottom trawl -70.54 42.37 12/9/2017 67.6 N/A
bottom trawl -70.54 42.37 12/9/2017 71.4 N/A
bottom trawl -70.54 42.37 12/9/2017 71.8 N/A
bottom trawl -70.54 42.37 12/9/2017 68.3 N/A
bottom trawl -70.54 42.37 12/9/2017 71.4 N/A
bottom trawl -70.54 42.37 12/9/2017 55.9 N/A
bottom trawl -70.54 42.37 12/9/2017 58.3 N/A
bottom trawl -70.54 42.37 12/9/2017 52.6 N/A
bottom trawl -70.54 42.37 12/9/2017 67.1 N/A
bottom trawl -70.54 42.37 12/9/2017 58.9 N/A
bottom trawl -70.54 42.37 12/9/2017 61.3 N/A
bottom trawl -70.54 42.37 12/9/2017 70.7 N/A
bottom trawl -70.54 42.37 12/9/2017 78 N/A
bottom trawl -70.54 42.37 12/9/2017 56.4 N/A
bottom trawl -70.44 42.86 2017-12-15 72.9 N/A
bottom trawl -70.42 42.57 1/10/2018 59.1 N/A
bottom trawl -70.42 42.57 1/10/2018 80.9 N/A
bottom trawl -70.42 42.57 1/10/2018 44.7 N/A
bottom trawl -70.42 42.57 1/10/2018 74.5 N/A
bottom trawl -70.46 42.80 2017-12-15 66.3 N/A
|
bottom trawl -66.18 41.91 3/27/2017 50 1.275
bottom trawl -66.43 41.97 3/27/2017 65 2.715
bottom trawl -66.43 41.97 3/27/2017 50 1.13
bottom trawl -66.43 41.97 3/27/2017 50 1.13
bottom trawl -66.43 41.97 3/27/2017 47 0.985
bottom trawl -66.48 41.81 4/21/2017 79.5 5.02
bottom trawl -66.48 41.81 4/21/2017 70 2.94
bottom trawl -66.48 41.81 4/21/2017 37.5 0.475
bottom trawl -66.48 41.81 4/21/2017 91.5 7.305
bottom trawl -66.48 41.81 4/21/2017 66 2.44
bottom trawl -66.48 41.81 4/21/2017 70.5 3.06
bottom trawl -67.06 41.94 4/24/2017 525 1.39
bottom trawl -67.06 41.94 4/24/2017 52.5 1.39
bottom trawl -67.06 41.94 4/24/2017 46.5 0.87
bottom trawl -67.15 42.00 4/24/2017 54 1.655
bottom trawl -66.33 41.92 2018/04/23 41.5 0.71
bottom trawl -67.29 41.90 2018/05/04 46.5 0.955
bottom trawl -66.37 41.78 3/26/2017 63 2.185
bottom trawl -66.37 41.78 3/26/2017 82 5.69
bottom trawl -66.37 41.78 3/26/2017 84 5.215
bottom trawl -66.48 41.81 4/21/2017 85.5 6.29
|
bottom trawl -68.37 41.85 1/30/2017 72 3.901
bottom trawl -68.37 41.85 1/30/2017 72 3.901
bottom trawl -68.37 41.8 1/31/2017 69 3.22
bottom trawl -68.68 41.76 1/31/2017 66 2.812
bottom trawl -68.68 41.76 1/31/2017 73 3.311
bottom trawl -68.03 41.80 3/25/2017 51 1.295
bottom trawl -68.52 42.06 4/25/2017 80 6.265
bottom trawl -68.54 41.63 4/17/2017 65 2.925
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bottom trawl -68.16 41.74 2018/05/06 91.5 7.94
bottom trawl -68.48 41.65 2018/05/06 51 1.285
bottom trawl -67.91 41.81 4/25/2017 51 1.24
|
gillnet -69.74 41.71 1/30/2017 74 4,128
gillnet -69.44 41.45 8/15/2017 69 N/A
gillnet -69.44 41.45 8/15/2017 78 N/A
gillnet -69.44 41.45 8/15/2017 70 N/A
gillnet -69.44 41.45 8/15/2017 73 N/A
gillnet -69.41 41.43 8/15/2017 73 N/A
gillnet -69.41 41.43 8/15/2017 76 N/A
gillnet -69.41 41.43 8/15/2017 66 N/A
gillnet -69.41 41.43 8/15/2017 76 N/A
gillnet -69.47 41.48 8/15/2017 73 N/A
gillnet -69.47 41.48 8/15/2017 75 N/A
gillnet -69.47 41.48 8/15/2017 79 N/A
gillnet -69.47 41.48 8/15/2017 74 N/A
gillnet -69.47 41.48 8/15/2017 63 N/A
gillnet -69.47 41.48 8/15/2017 83 N/A
gillnet -69.47 41.48 8/15/2017 73 N/A
gillnet -69.48 41.48 8/15/2017 72 N/A
gillnet -69.48 41.48 8/15/2017 66 N/A
gillnet -69.48 41.48 8/15/2017 66 N/A
gillnet -69.48 41.48 8/15/2017 64 N/A
gillnet -69.44 41.47 8/10/2017 73 N/A
gillnet -69.44 41.47 8/10/2017 82 N/A
gillnet -69.44 41.47 8/10/2017 65 N/A
gillnet -69.44 41.47 8/10/2017 82 N/A
gillnet -69.44 41.47 8/10/2017 88 N/A
gillnet -69.44 41.47 8/10/2017 80.5 N/A
gillnet -69.44 41.47 8/10/2017 81 N/A
gillnet -69.47 41.47 8/10/2017 60 N/A
gillnet -69.47 41.50 8/10/2017 69 N/A
gillnet -69.47 41.50 8/10/2017 75 N/A
gillnet -69.47 41.50 8/10/2017 77 N/A
gillnet -69.47 41.50 8/10/2017 72 N/A
gillnet -69.47 41.50 8/10/2017 67 N/A
gillnet -69.47 41.48 8/10/2017 72 N/A
gillnet -69.47 41.48 8/10/2017 77 N/A
gillnet -69.44 41.47 8/10/2017 72 N/A
gillnet -69.74 41.71 1/30/2017 74 4.13
|
rod and reel -71.28 41.03 1/26/2018 67 N/A
rod and reel -71.28 41.03 1/26/2018 62 N/A
rod and reel -71.28 41.03 1/26/2018 63 N/A
rod and reel -71.28 41.03 1/26/2018 66 N/A
rod and reel -71.28 41.03 1/26/2018 66 N/A
rod and reel -71.28 41.03 1/26/2018 69 N/A
rod and reel -71.28 41.03 1/26/2018 70 N/A
rod and reel -71.28 41.03 1/26/2018 65 N/A
rod and reel -71.28 41.03 1/26/2018 60 N/A
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rod and reel -71.28 41.03 1/26/2018 64 N/A
rod and reel -71.28 41.03 1/26/2018 63 N/A
rod and reel -71.28 41.03 1/26/2018 67 N/A
rod and reel -71.28 41.03 1/26/2018 63 N/A
rod and reel -71.28 41.03 1/26/2018 69 N/A
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Maturity code Spawning season Comments
Ripe Spring
Ripe Spring
Ripe Spring

Spawning Spring
Spawning Spring
Spawning Spring
Ripe Spring
Spawning Spring
Ripening-Ripe Spring
Spawning Spring
Spawning Spring
Spawning Spring
Ripe Spring
Spawning Spring
Ripe Spring
Ripe Spring

Ripe-Spawning Spring

Ripe Spring
Spawning Spring
Spawning Spring
Spawning Spring

Ripe Spring

Ripe-Spawning Spring

Spawning Spring
Spawning Spring
Spawning Spring
Spawning Spring

Ripe Spring
Spawning Spring LG 1 heterozygote
Spawning Spring LG 1 heterozygote

|
Spawning Spring

Ripe Spring
Spawning Spring
Spawning Spring

Ripe Spring
Spawning Spring
Spawning Spring

Ripe Spring
Spawning Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring
Spawning Spring
Spawning Spring
Spawning Spring
Spawning Spring
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Spawning Spring
Ripe Spring
Spawning Spring
Spawning Spring
Spawning Spring
Ripe Spring
Spawning Spring
Spawning Spring
Ripe Spring
Spawning Spring
Spawning Spring
Spawning Spring
Spawning Spring
Spawning Spring
Spawning Spring
Spawning Spring
Spawning Spring LG 1 heterozygote
Spawning Spring LG 1 heterozygote
Spawning Spring LG 1 heterozygote
Spawning Spring LG 1 heterozygote
Ripe Spring LG 1 heterozygote
Ripe Spring LG 1 heterozygote
|
Spawning Spring
Ripe Spring
Spawning Spring
Spawning Spring
Ripe Spring
Ripe Spring
Spawning Spring
Ripe Spring
Spawning Spring
Spawning Spring
Ripe Spring
Spawning Spring LG 1 heterozygote
Spawning Spring LG 1 heterozygote
Ripe Spring LG 1 heterozygote
|
Ripe Spring
Ripe & Spawning Spring
Ripe & Spawning Spring
Ripe Spring
Ripe & Spawning Spring
Ripe Spring
Ripe & Spawning Spring
Ripe Spring
Ripe Spring
Ripe & Spawning Spring
Ripe Spring
Ripe & Spawning Spring
Ripe & Spawning Spring
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Ripe & Spawning Spring
Ripe & Spawning Spring
Ripe & Spawning Spring
Ripe & Spawning Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring
Ripe & Spawning Spring

Ripe Spring

Ripe Spring
Ripe & Spawning Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring LG 1 heterozygote

Ripe Spring LG 1 heterozygote
Ripe & Spawning Spring LG 1 heterozygote
Ripe & Spawning Spring LG 1 heterozygote
Ripe & Spawning Spring LG 1 heterozygote
Ripe & Spawning Spring LG 1 heterozygote
Ripe & Spawning Spring LG 1 heterozygote
Ripe & Spawning Spring LG 1 heterozygote
Ripe & Spawning Spring LG 1 heterozygote
Ripe & Spawning Spring LG 1 heterozygote

|

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring

Ripe Spring

|

Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter

Ripe Winter
Ripe & Spawning Winter

Ripe Winter

Ripe Winter
Ripe & Spawning Winter

Ripe Winter
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Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe Winter
Ripe Winter
Ripe & Spawning Winter
Ripe & Spawning Winter
Ripe & Spawning Winter LG 1 heterozygote
|
Ripe Spring
Ripe Spring
Spawning Spring
Spawning Spring
Spawning Spring
Ripe Spring
Ripe & Spawning Spring
Ripe & Spawning Spring
Ripe Spring
Ripe Spring
Ripe & Spawning Spring
Ripe Spring
Ripe Spring
Ripe Spring
Ripe Spring
Ripe Spring
Ripe Spring
Ripe Spring LG 1 heterozygote
Ripe Spring LG 1 heterozygote
Spawning Spring LG 1 heterozygote
Ripe Spring LG 1 heterozygote
|
Ripe Winter
Ripe Winter
Ripe Winter
Ripe Winter
Ripe Winter
Spawning Spring
Ripe Spring
Ripe Spring
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Ripe Spring
Ripe Spring
Ripe Spring
|
Ripe Winter
Resting Fall
Developing Fall
Resting Fall
Resting Fall
Resting Fall
Resting Fall
Resting Fall
Resting Fall
Resting Fall
Resting Fall
Resting Fall
Resting Fall
Resting Fall
Developing Fall
Resting Fall
Resting Fall
Resting Fall
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Table S2. Biological details of 215 juvenile cod caught in the Gulf of Maine Region between 201

Individual code Sample Code Area NAFO zone
GMA4X171)844 SSJ18 Scotian Shelf 4Xn
GM4X18Y2211 SSJ18 Scotian Shelf 4x
GM4X18Y2212 SSJ18 Scotian Shelf 4X
GM4X18Y2213 §SJ18 Scotian Shelf 4x
GM4X18Y2214 SSJ18 Scotian Shelf 4x
GM4X18Y2215 SSJ18 Scotian Shelf 4X
GM4X18Y2216 SSJ18 Scotian Shelf 4x
GM4X18Y2217 SSJ18 Scotian Shelf a4X
GM4X18Y2218 SSJ18 Scotian Shelf 4X
GM4X17)845 SSJ18 Scotian Shelf 4Xo
|
GM4X17J863 BrBJ17 Northeast Channel 4Xp
GM4X17)864 BrBJ17 Browns Bank 4Xp
|
GM5Y17)1636 wSSJ17 Western Scotian Shelf 5Y
GM5Y17)1637 wSSJ17 Western Scotian Shelf 5Y
GM5Y17J1638 wSSJ17 Western Scotian Shelf 5Y
GM5Y17)1639 wSSJ17 Western Scotian Shelf 5Y
GM5Y17)1640 wSSJ17 Western Scotian Shelf 5Y
GM5Y17)1641 wSSJ17 Western Scotian Shelf 5Y
GM5Y17)1642 wSSJ17 Western Scotian Shelf 5Y
GM5Y17)1643 wSSJ17 Western Scotian Shelf 5Y
GM5Y17)1644 wSSJ17 Western Scotian Shelf 5Y
GM5Y17J1651 wSSJ17 Western Scotian Shelf 5Y
GM5Y17)783 wSSJ17 Western Scotian Shelf 5Y
GM4X17)846 wSSJ17 Western Scotian Shelf 4Xq
GMb5Y18J2167 wSSJ17 Western Scotian Shelf 5Y
|
GM4X17J849 BoFJ17 Bay of Fundy aXr
GM4X17)850 BoFJ17 Bay of Fundy 4Xr
GM4X17)851 BoFJ17 Bay of Fundy 4Xr
GM4X17J852 BoFJ17 Bay of Fundy aXr
GM4X17J853 BoFJ17 Bay of Fundy aXr
GMA4X17)854 BoFJ17 Bay of Fundy 4Xr
GM4X17)855 BoFJ17 Bay of Fundy 4Xr
GM4X171857 BoFJ17 Bay of Fundy aXr
GM4X18 2445 BoFJ17 Blacks Harbour 4Xs
GMA4X17)848 BoFJ17 Bay of Fundy a4Xr
|
GM4X18Y2196 BoFJ18 Bay of Fundy 4Xs
GM4X18J2197 BoFJ18 Bay of Fundy 4Xs
GM4X18J2198 BoFJ18 Bay of Fundy 4Xs
GM4X18J2200 BoFJ18 Bay of Fundy 4Xs
GM4X18J2201 BoFJ18 Bay of Fundy 4Xs
GM4X18J2202 BoFJ18 Bay of Fundy 4Xs
GM4X18J2203 BoFJ18 Bay of Fundy 4Xs
GM4X18J2204 BoFJ18 Bay of Fundy aXr
GM4X18J2205 BoFJ18 Bay of Fundy 4Xs
GM4X18J2206 BoFJ18 Bay of Fundy 4Xs
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GM4X18J2207 BoFJ18 Bay of Fundy 4Xs
GM4X18J2208 BoFJ18 Bay of Fundy 4Xs
GM4X18J2209 BoFJ18 Bay of Fundy 4Xs
GM4X18J2210 BoFJ18 Bay of Fundy 4Xs
GM4X18J2199 BoFJ18 Bay of Fundy 4Xs
|
GM5Y17)1646 OffNGOMJ17 Offshore Northern Gulf of Maine 5Y
GM5Y17)1647 OffNGOMIJ17 Offshore Northern Gulf of Maine 5Y
GM5Y17)1648 OffNGOMJ17 Offshore Northern Gulf of Maine 5Y
GM5Y17)1680 OffNGOMJ17 Offshore Northern Gulf of Maine 5Y
GM5Y17)1681 OffNGOMJ17 Offshore Northern Gulf of Maine 5Y
GM5Y18J2166 OffNGOMIJ17 Offshore Northern Gulf of Maine 5Y
|
GM5Y17)1645 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1649 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1653 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1654 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1656 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1657 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1658 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1659 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1660 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1661 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1662 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1663 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1664 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1665 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1666 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1667 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1668 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1669 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1670 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1671 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1672 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1673 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1674 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1675 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1678 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1679 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1682 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1683 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1687 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1690 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1691 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1693 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1694 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1696 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1698 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1704 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1707 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1708 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
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GM5Y17J1709 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1710 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1711 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1713 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1717 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1719 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1720 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1722 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1723 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1728 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17)1731 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y17J1733 INNGOMJ17 Inshore Northern Gulf of Maine 5Y
GM5Y18J2168 INNGOMIJ17 Inshore Northern Gulf of Maine 5Y
|
GM5Y17J791 wGOMJ17 Western Gulf of Maine 5Y
GM5Y17)792 wGOMIJ17 Western Gulf of Maine 5Y
GM5Y17J793 wGOMIJ17 Western Gulf of Maine 5Y
|
GM5Y18J2169 wGOMJ18 S Western Gulf of Maine 5Y
GM5Y18J2170 wGOMJ18_S Western Gulf of Maine 5Y
GM5Y18J2171 wGOMIJ18_S Western Gulf of Maine 5Y
GM5Y18J2172 wGOMJ18_S Western Gulf of Maine 5Y
GM5Y18J2173 wGOMJ18_S Western Gulf of Maine 5Y
GM5Y18J2174 wGOMJ18_S Western Gulf of Maine 5Y
GM5Y18J2175 wGOMJ18_S Western Gulf of Maine 5Y
GM5Y18J2177 wGOMJ18_S Western Gulf of Maine 5Y
GM5Y18J2178 wGOMJ18_S Western Gulf of Maine 5Y
GM5Y18J2179 wGOMJ18_S Western Gulf of Maine 5Y
GM5Y18J2180 wGOMJ18_S Western Gulf of Maine 5Y
GM5Y18J2181 wGOMJ18 S Western Gulf of Maine 5Y
|
GM5Y18)2397 wGOMJ18 W Western Gulf of Maine 5Y
GM5Y18J2398 wGOMJ18 W Western Gulf of Maine 5Y
GM5Y18J2399 wGOMJ18 W Western Gulf of Maine 5Y
GM5Y18J2400 wGOMJ18 W Western Gulf of Maine 5Y
GM5Y18J2401 wGOMJ18 W Western Gulf of Maine 5Y
GM5Y18J2402 wGOMJ18 W Western Gulf of Maine 5Y
GM5Y18J2403 wGOMJ18 W Western Gulf of Maine 5Y
GM5Y18)2404 wGOMJ18 W Western Gulf of Maine 5Y
GM5Y18J2405 wGOMJ18 W Western Gulf of Maine 5Y
GM5Y18J2406 wGOMJ18 W Western Gulf of Maine 5Y
|
GM5217J)860 eGBJ18 Eastern Georges Bank 5Ze
GM5217J861 eGBJ18 Eastern Georges Bank 5Ze
GM5Z171862 eGBJ18 Eastern Georges Bank 5Ze
GM5718J2105 eGBJ18 Eastern Georges Bank 57
GM5218J2107 eGBJ18 Eastern Georges Bank 5Z
GM5218J2108 eGBJ18 Eastern Georges Bank 5Z
GM5Z718J2109 eGBJ18 Eastern Georges Bank 57
GM5218J2110 eGBJ18 Eastern Georges Bank 5Z
GM5Z718J2111 eGBJ18 Eastern Georges Bank 5Z
GM5Z18J2113 eGBJ18 Eastern Georges Bank 57
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GM5Z18J2116 eGBJ18 Eastern Georges Bank 5Z
GM5Z18J2117 eGBJ18 Eastern Georges Bank 57
GM5718J2134 eGBJ18 Eastern Georges Bank 57
GM5Z18J2136 eGBJ18 Eastern Georges Bank 5Z
GM5Z718J2138 eGBJ18 Eastern Georges Bank 5Z
GM5718J2139 eGBJ18 Eastern Georges Bank 57
GM5718J2140 eGBJ18 Eastern Georges Bank 5Z
GM5718J2141 eGBJ18 Eastern Georges Bank 5Z
GM5Z18J2142 eGBJ18 Eastern Georges Bank 57
GM5718J2143 eGBJ18 Eastern Georges Bank 57
GM5218J2144 eGBJ18 Eastern Georges Bank 5Z
GM5218J2145 eGBJ18 Eastern Georges Bank 5Z
GM5718J2148 eGBJ18 Eastern Georges Bank 57
GM5218J2150 eGBJ18 Eastern Georges Bank 5Z
GM5Z18J2151 eGBJ18 Eastern Georges Bank 5Z
GM5718J2160 eGBJ18 Eastern Georges Bank 57
GM5718J2161 eGBJ18 Eastern Georges Bank 5Z
GM5718J2162 eGBJ18 Eastern Georges Bank 5Z
GM5718J2163 eGBJ18 Eastern Georges Bank 57
GM5718J2164 eGBJ18 Eastern Georges Bank 57
GM5218J2426 eGBJ18 Eastern Georges Bank 5Z
GM5218J2427 eGBJ18 Eastern Georges Bank 5Z
GM5718J2428 eGBJ18 Eastern Georges Bank 57
GM5718J2429 eGBJ18 Eastern Georges Bank 5Z
GM5218J2430 eGBJ18 Eastern Georges Bank 5Z
GM5718J2431 eGBJ18 Eastern Georges Bank 57
GM5718J2432 eGBJ18 Eastern Georges Bank 57
GM5218J2433 eGBJ18 Eastern Georges Bank 5Z
GM5218J2425 eGBJ18 Eastern Georges Bank 52
|
GM5718J2444 wGBJ18 West Georges Bank 57
|
GM5Y17Y648 ccli7 Cape Cod Bay (Southern Gulf of Maine) 5Y
GM5Y17Y649 ccli7 Cape Cod Bay (Southern Gulf of Maine) 5Y
GM5Y17Y651 ccai7 Cape Cod Bay (Southern Gulf of Maine) 5Y
GM5Y17Y653 Cccl17 Cape Cod Bay (Southern Gulf of Maine) 5Y
GM5Y17Y655 ca17 Cape Cod Bay (Southern Gulf of Maine) 5Y
GM5Y17Y656 CcCi17 Cape Cod Bay (Southern Gulf of Maine) 5Y
GM5Y17Y657 cca17 Cape Cod Bay (Southern Gulf of Maine) 5Y
GM5Y18J2132 caiz Cape Cod Bay 5Y
GM5Y18J2133 cai7 Cape Cod Bay 5Y
|
GM5Z17Y696 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y697 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y698 NanSJ17 Nantucket Shoals 57w
GM5Z17Y699 NanSJ17 Nantucket Shoals 5Zw
GM5217Y700 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y701 NanSJ17 Nantucket Shoals 57w
GM5Z17Y702 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y703 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y704 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y705 NanSJ17 Nantucket Shoals 57w
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GM5Z17Y706 NanSJ17 Nantucket Shoals 5Zw
GM5217Y707 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y708 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y709 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y710 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y711 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y713 NanSJ17 Nantucket Shoals 5Zw
GM5Z17Y715 NanSJ17 Nantucket Shoals 5Zw
|
GM5218)2152 GSCJ18 Great South Channel 52
GM5Z18J2153 GSCJ18 Great South Channel 5Z
GM5Z718J2154 GSCJ18 Great South Channel 5Z
GM5218)2155 GSCJ18 Great South Channel 52
GM5Z18J2156 GSCJ18 Great South Channel 5Z
GM5Z18J2157 GSCJ18 Great South Channel 52
GM5Z718J2158 GSCJ18 Great South Channel 57
GM5218J2159 GSCJ18 Great South Channel 5Z
GM5Z18J2434 GSCJ18 Great South Channel 52
GM5218J2435 GSCJ18 Great South Channel 5Z
GM5218)2436 GSCJ18 Great South Channel 52
GM5Z18J2437 GSCJ18 Great South Channel 5Z
GM5Z18J2438 GSCJ18 Great South Channel 52
GM5218)2439 GSCJ18 Great South Channel 52
GM5218J2440 GSCJ18 Great South Channel 5Z
GM5Z18J2441 GSCJ18 Great South Channel 52
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[7-2018
Capture Method Lat Long Date Length (cm) Weight (kg)

bottom trawl 43.48 -63.97 7/6/2017 13 0.16
bottom trawl 43.04 -64.17 7/16/2018 6 0.001
bottom trawl 42.97 -64.84 7/26/2018 7 0.002
bottom trawl 42.97 -64.84 7/26/2018 5 0.002
bottom trawl 42.97 -64.84 7/26/2018 5 0.001
bottom trawl 42.97 -64.84 7/26/2018 4 0.002
bottom trawl 42.91 -64.69 7/27/2018 5 0.003
bottom trawl 42.91 -64.69 7/27/2018 6 0.001
bottom trawl 4291 -64.69 7/27/2018 7 0.002
bottom trawl 43.45 -64.01 7/6/2017 29 2.31

|
bottom trawl 42.79 -66.57 7/15/2017 5 0.001
bottom trawl 42.38 -65.53 7/16/2017 5 0.001

|
bottom trawl 44.01 -67.00 7/11/2017 21 0.25
bottom trawl 44.01 -67.00 7/11/2017 27 0.5
bottom trawl 44.01 -67.01 7/11/2017 39 1.5
bottom trawl 44.01 -67.01 7/11/2017 29.5 0.5
bottom trawl 44.01 -67.01 7/26/2017 39 1.25
bottom trawl 44.01 -67.01 7/26/2017 44 2
bottom trawl 44.01 -67.01 7/26/2017 32 1
bottom trawl 44.01 -67.01 7/26/2017 32 0.75
bottom trawl 44.01 -67.01 7/26/2017 31 0.75
bottom trawl 44.01 -67.01 8/11/2017 29 0.5
bottom trawl 44.37 -66.98 5/8/2017 22.5 0.099
bottom trawl 43.75 -66.82 7/8/2017 29 2.1
bottom trawl 44.08 -66.84 5/9/2018 20 0.058

|
bottom trawl 45.04 -65.29 7/9/2017 5 0.001
bottom trawl 45.04 -65.29 7/9/2017 5 0.001
bottom trawl 45.24 -65.13 7/9/2017 6 0.001
bottom trawl 45.24 -65.13 7/9/2017 5 0.001
bottom trawl 45.24 -65.13 7/9/2017 5 0.001
bottom trawl 45.14 -65.38 7/10/2017 5 0.001
bottom trawl 45.14 -65.38 7/10/2017 5 0.001
bottom trawl 45.14 -65.38 7/10/2017 5 0.001
rod and reel 45.05 -66.8 7/25/2017 25 0.15
bottom trawl 45.04 -65.29 7/9/2017 5 0.001

|
bottom trawl 45.07 -65.58 7/23/2018 5 0.001
bottom trawl 45.07 -65.58 7/23/2018 27 0.192
bottom trawl 45.07 -65.58 7/23/2018 26 0.16
bottom trawl 45.07 -65.58 7/23/2018 25 0.143
bottom trawl 45.07 -65.58 7/23/2018 22 0.094
bottom trawl 45.07 -65.58 7/24/2018 29 0.228
bottom trawl 45.07 -65.58 7/24/2018 22 0.096
bottom trawl 44.71 -66.02 7/24/2018 25 0.146
bottom trawl 44.94 -66.75 9/13/2018 25 0.134
bottom trawl 44.94 -66.75 9/13/2018 27 0.186
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bottom trawl 44.94 -66.75 9/13/2018 32 0.313
bottom trawl 44,94 -66.75 9/13/2018 27 0.2
bottom trawl 44.94 -66.75 9/13/2018 27 0.18
bottom trawl 45.07 -65.58 9/13/2018 26 0.148
bottom trawl 45.07 -65.58 7/23/2018 21 0.076
|
bottom trawl 43.21 -69.01 7/28/2017 51 3
bottom trawl 43.01 -69.01 7/28/2017 36 1
bottom trawl 43.01 -69.01 7/28/2017 30 0.75
bottom trawl 43.01 -68.01 7/28/2017 23 0.4
bottom trawl 43.01 -68.01 7/28/2017 27 0.40
bottom trawl 43.34 -68.44 5/7/2018 19 0.059
|
longline 44.01 -68.01 7/28/2017 47 2.5
longline 44.01 -68.01 7/28/2017 29 0.75
longline N/A N/A 8/15/2017 38 1
longline N/A N/A 8/15/2017 44 1.5
longline N/A N/A 8/25/2017 43 1.75
longline 44.01 -68.01 8/25/2017 32.5 0.75
longline N/A N/A 8/29/2017 56 4
longline 44.00 -68.00 9/2/2017 45,5 2
longline 44.00 -68.00 9/2/2017 46 2.5
longline 44.00 -68.00 9/2/2017 41 1.5
longline 44.00 -68.00 9/2/2017 45 2
longline 44.00 -68.00 9/2/2017 44 2
longline 44.00 -68.00 9/2/2017 27 0.5
longline 44.01 -68.01 9/2/2017 41 1.5
longline 44.01 -68.01 9/2/2017 23 0.5
longline 44.01 -68.01 9/2/2017 42 2
longline 44.01 -68.01 9/2/2017 41 1.5
longline 44.01 -68.01 9/2/2017 29 0.5
longline 44.01 -68.01 9/2/2017 39 1.5
longline N/A N/A 9/9/2017 35 1
longline N/A N/A 9/9/2017 29 0.5
longline N/A N/A 9/9/2017 49 3
longline N/A N/A 9/9/2017 38.5 1.5
longline N/A N/A 9/9/2017 24 0.25
longline N/A N/A 7/20/2017 24 0.6
longline N/A N/A 8/5/2017 35 1.2
longline N/A N/A 8/16/2017 24 0.5
longline N/A N/A 8/16/2017 24 0.40
longline 44.23 -68.46 2017-10-24 13 N/A
longline 44.04 -68.34 2017-10-28 11 N/A
longline 43.66 -69.81 2017-10-11 12 N/A
longline 43.66 -69.81 2017-10-11 13 N/A
longline 43.66 -69.81 2017-10-11 12 N/A
longline 43.66 -69.81 2017-10-11 14 N/A
longline 43.70 -69.87 2017-10-10 12 N/A
longline 44.61 -67.36 11/5/2017 14 N/A
longline 44.25 -67.83 11/1/2017 12 N/A
longline 44.07 -69.04 2017-10-17 13 N/A
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longline 44.07 -69.04 2017-10-17 12 N/A
longline 44.52 -67.52 11/5/2017 13 N/A
longline 44.07 -69.04 2017-10-17 11 N/A
longline 44.07 -69.04 2017-10-17 11 N/A
longline 44.43 -68.18 2017-10-27 14 N/A
longline 44 .59 -67.28 11/4/2017 14 N/A
longline 44.59 -67.28 11/4/2017 14 N/A
longline 44.60 -67.44 11/5/2017 12 N/A
longline 44.60 -67.44 11/5/2017 13 N/A
longline 44.07 -69.04 2017-10-17 12 N/A
longline 44.26 -67.44 11/3/2017 11 N/A
longline 44.49 -67.50 11/4/2017 14 N/A
longline 43.57 -69.83 5/10/2018 18 0.042
|
bottom trawl 42.42 -70.70 5/12/2017 27.5 0.225
bottom trawl 42.42 -70.70 5/12/2017 20 0.07
bottom trawl 42.42 -70.70 5/12/2017 23.5 0.13
|
bottom trawl 42.47 -70.57 5/11/2018 26 0.19
bottom trawl 42.47 -70.57 5/11/2018 215 0.101
bottom trawl 42.47 -70.57 5/11/2018 23 0.109
bottom trawl 42.47 -70.57 5/11/2018 25 0.16
bottom trawl 42.43 -70.69 5/11/2018 18 0.051
bottom trawl 42.43 -70.69 5/11/2018 215 0.092
bottom trawl 42.43 -70.69 5/12/2018 21 0.083
bottom trawl 42.43 -70.69 5/12/2018 24 N/A
bottom trawl 42.43 -70.69 5/12/2018 20 0.078
bottom trawl 42.43 -70.69 5/12/2018 19.5 N/A
bottom trawl 42.43 -70.69 5/12/2018 18 0.054
bottom trawl 42.41 -70.76 5/12/2018 28.5 0.213
|
bottom trawl 42.77 -70.27 11/2/2018 29.5 0.27
bottom trawl 42.78 -70.76 11/2/2018 10.5 0.011
bottom trawl 42.25 -70.61 11/3/2018 27.5 0.216
bottom trawl 42.25 -70.61 11/3/2018 25.5 0.161
bottom trawl 42.25 -70.61 11/3/2018 28.5 0.213
bottom trawl 42.25 -70.61 11/3/2018 29.5 0.244
bottom trawl 42.24 -70.58 11/3/2018 26.5 0.187
bottom trawl 42.24 -70.58 11/3/2018 29 0.251
bottom trawl 42.24 -70.58 11/3/2018 24 0.138
bottom trawl 42.24 -70.58 11/3/2018 14.5 0.026
|
bottom trawl 42.12 -66.99 7/13/2017 28 0.24
bottom trawl 42.03 -66.56 7/13/2017 29 0.264
bottom trawl 41.98 -66.21 7/14/2017 26 0.162
bottom trawl 41.44 -66.19 3/22/2018 21 79
bottom trawl 41.44 -67.08 3/22/2018 29 190
bottom trawl 41.42 -67.15 3/22/2018 28 208
bottom trawl 41.42 -67.15 3/22/2018 18 48
bottom trawl 41.42 -67.15 3/22/2018 20 62
bottom trawl 41.05 -67.35 3/22/2018 23 122
bottom trawl 41.59 -66.09 3/22/2018 20 76
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41.59 -66.09 3/22/2018 16 32
41.55 -66.10 3/22/2018 24 134
41.94 -66.10 4/23/2018 21 0.085
41.92 -66.33 4/23/2018 21 0.08
41.92 -66.33 2018/04/23 17 0.046
41.92 -66.33 2018/04/23 25 0.135
41.92 -66.33 2018/04/23 26 0.145
42.12 -66.51 2018/04/24 25 0.15
42.12 -66.51 2018/04/24 24 0.123
42.12 -66.51 2018/04/24 23.5 N/A
42.12 -66.51 2018/04/24 26 0.153
42.12 -66.51 2018/04/24 27 0.189
42.12 -66.51 2018/04/24 20.5 0.08
42.12 -66.51 4/24/2018 17.5 0.049
42.12 -66.51 4/24/2018 22.5 0.105
41.71 -66.97 5/4/2018 24.5 0.137
41.71 -66.97 5/4/2018 25.5 0.137
41.71 -66.97 5/4/2018 26 N/A
41.90 -67.29 5/4/2018 26.5 0.162
41.90 -67.29 5/4/2018 29 0.254
42.12 -66.48 11/5/2018 11 0.012
42.12 -66.48 11/5/2018 23.5 0.131
42.12 -66.48 11/5/2018 27 0.196
42.12 -66.5 11/5/2018 29 0.245
41.97 -66.14 11/5/2018 29 0.26
41.97 -66.14 11/5/2018 14 0.024
41.97 -66.14 11/5/2018 12.5 0.019
41.97 -66.14 11/5/2018 11.5 0.014
42.12 -66.48 11/5/2018 10.5 0.008
1
41.78 -67.92 10/1/2018 29.5 0.28
1
41.81 -70.48 5/8/2017 3-4 N/A
41.81 -70.48 5/8/2017 3-4 N/A
41.81 -70.48 5/8/2017 3-4 N/A
41.81 -70.48 5/8/2017 3-4 N/A
41.81 -70.48 5/8/2017 3-4 N/A
41.81 -70.48 5/8/2017 3-4 N/A
41.81 -70.48 5/8/2017 3-4 N/A
41.89 -70.41 4/15/2018 4 N/A
41.89 -70.41 4/16/2018 5.5 N/A
1
41.31 -70.60 2017-05-22 5 N/A
41.31 -70.60 2017-05-22 5 N/A
41.31 -70.52 2017-05-22 5 N/A
41.31 -70.52 2017-05-22 4 N/A
41.31 -70.52 2017-05-22 4 N/A
41.31 -70.52 2017-05-22 4 N/A
41.31 -70.52 2017-05-22 5 N/A
41.31 -70.52 2017-05-22 5 N/A
41.31 -70.52 2017-05-22 4 N/A
41.31 -70.52 2017-05-22 3 N/A
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bottom trawl 41.31 -70.52 2017-05-22 4 N/A
bottom trawl 41.31 -70.52 2017-05-22 5 N/A
bottom trawl 41.31 -70.52 2017-05-22 6 N/A
bottom trawl 41.31 -70.52 2017-05-22 5 N/A
bottom trawl 41.31 -70.52 2017-05-22 5 N/A
bottom trawl 41.31 -70.52 2017-05-22 4 N/A
bottom trawl 41.31 -70.52 2017-05-22 5 N/A
bottom trawl 41.31 -70.52 2017-05-22 6 N/A
|
bottom trawl 41.02 -69.32 2018/05/02 26 0.219
bottom trawl 41.11 -69.22 2018/05/02 29 0.245
bottom trawl 41.11 -69.22 2018/05/02 26 0.21
bottom trawl 41.11 -69.22 2018/05/02 28 0.24
bottom trawl 41.11 -69.22 2018/05/02 24.5 0.149
bottom trawl 41.11 -69.22 2018/05/02 20 0.084
bottom trawl 41.07 -69.22 2018/05/03 27.5 0.194
bottom trawl 41.07 -69.22 2018/05/03 25 0.16
bottom trawl 41.372 -69.487 10/1/2018 28.5 0.3
bottom trawl 41.372 -69.487 10/1/2018 18.5 0.07
bottom trawl 41.372 -69.487 10/1/2018 19 0.074
bottom trawl 41.372 -69.487 10/1/2018 12.5 0.015
bottom trawl 41.372 -69.487 10/1/2018 17 0.054
bottom trawl 41.53 -69.568 10/2/2018 29.5 0.275
bottom trawl 41.568 -69.624 10/2/2018 18 0.062
bottom trawl 41.568 -69.624 10/2/2018 19 0.072
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Maturity code Comments
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature

Immature LG 1 heterozygote
|
Immature

Immature
|
Immature

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature LG 1 heterozygote

Immature LG 1 heterozygote
|
Immature

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature

Immature LG 1 heterozygote
|
Immature

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
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Immature
Immature
Immature
Immature

Immature LG 1 heterozygote
|
Immature

Immature
Immature
Immature
Immature

Immature
]
Immature

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
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Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature

Immature
]
Immature

Immature

Immature
|
Immature

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature

Immature
]
Immature

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature

Immature
|
Immature

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
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Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature

Immature LG 1 heterozygote
|

Immature
|

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature

Immature
|
Immature

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
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Immature
Immature
Immature
Immature
Immature
Immature
Immature

Immature
]
Immature

Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
Immature
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Table S3. Biological details of 70 cod caught north of 45°N in the Gulf of St. Lawrence and St

Individual code Sample Code Area NAFO zone Capture Method Lat

GM4R1852300 NEGSLA18 NE-GSL 4Rc bottom trawl 49.32
GM4R18M2301 NEGSLA18 NE-GSL 4Rc bottom trawl 49.45
GM4R18M2302 NEGSLA18 NE-GSL 4Rc bottom trawl 49.45
GM4R1852303 NEGSLA18 NE-GSL 4Rc bottom trawl 48.73
GM4R18M2304 NEGSLA18 NE-GSL 4Rc bottom trawl 48.57
GM4R18M2305 NEGSLA18 NE-GSL 4Rc bottom trawl 48.54
GM4R18M2306 NEGSLA18 NE-GSL 4Rd bottom trawl 47.88
GM4R1852307 NEGSLA18 NE-GSL 4Rd bottom trawl 47.95
GM4R1852308 NEGSLA18 NE-GSL 4Rd bottom trawl 47.95
GMA4R1852309 NEGSLA18 NE-GSL 4Rd bottom trawl 48.14
GM4R1852310 NEGSLA18 NE-GSL 4Rd bottom trawl 48.13
GM4R1852311 NEGSLA18 NE-GSL 4Rd bottom trawl 48.13
GM4R18M2312 NEGSLA18 NE-GSL 4Rd bottom trawl 48.13
GM4R18L2313 NEGSLA18 NE-GSL 4Rd bottom trawl 48.13
GM4R18M2320 NEGSLA18 NE-GSL 4Rd bottom trawl 48.14
GM4R1852321 NEGSLA18 NE-GSL 4Rd bottom trawl 48.34
GM4R18M2322 NEGSLA18 NE-GSL 4Rd bottom trawl 48.34
GM4R18M2323 NEGSLA18 NE-GSL 4Rd bottom trawl 48.34
GM4R18M2324 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GMA4R1852325 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GMA4R18L2326 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R18M2327 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R18M2328 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GMA4R1852329 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R18M2330 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R1852331 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R18M2332 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R1852333 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R18L2334 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R18M2335 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GMA4R1852336 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R18M2337 NEGSLA18 NE-GSL 4Rd bottom trawl 48.33
GM4R18M2338 NEGSLA18 NE-GSL 4Rc bottom trawl 48.52
GMA4R1852339 NEGSLA18 NE-GSL 4Rc bottom trawl 48.72
GM4R1852340 NEGSLA18 NE-GSL 4Rc bottom trawl 48.72
GMA4R18S52341 NEGSLA18 NE-GSL 4Rc bottom trawl 48.92
GMA4R1852342 NEGSLA18 NE-GSL 4Rc bottom trawl 48.92
GM4R18M2343 NEGSLA18 NE-GSL 4Rc bottom trawl 48.92
GM4R18M2344 NEGSLA18 NE-GSL 4Rc bottom trawl 48.92
GM4R18M2345 NEGSLA18 NE-GSL 4Rc bottom trawl 48.92
GMA4R18M2346 NEGSLA18 NE-GSL 4Rc bottom trawl 48.92
GM4R1852348 NEGSLA18 NE-GSL 4Rc bottom trawl 48.92
GM4R1852349 NEGSLA18 NE-GSL 4Rc bottom trawl 48.92
GMA4R18L2350 NEGSLA18 NE-GSL 4Rc bottom trawl 48.92
GM4R1852351 NEGSLA18 NE-GSL 4Rc bottom trawl 48.94
GM4R18M2352 NEGSLA18 NE-GSL 4Rc bottom trawl 48.94
GMA4R1852353 NEGSLA18 NE-GSL 4Rc bottom trawl 49.30
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GM4R18M2355 NEGSLA18 NE-GSL 4Rc bottom trawl 49.30
GM4R18M2356 NEGSLA18 NE-GSL 4Rc bottom traw| 49.30
GMA4R1852357 NEGSLA18 NE-GSL 4Rc bottom trawl 49.30
|
GM4Vv17M1381 SABA17 St Anns Bank 4Vn bottom trawl 46.42
GM4V17M1382 SABA17 St Anns Bank 4Vn bottom trawl 46.42
GM4Vv17M1383 SABA17 St Anns Bank 4Vn bottom trawl 46.42
GM4V1751386 SABA17 St Anns Bank 4Vn bottom trawl 46.42
GM4V17M1391 SABA17 St Anns Bank 4Vn bottom trawl 46.44
GM4V17M1393 SABA17 St Anns Bank 4Vn bottom trawl 46.7
GM4V1751394 SABA17 St Anns Bank 4Vn bottom trawl 46.7
GM4Vv17_1400 SABA17 St Anns Bank 4Vn bottom trawl 46.63
GM4VvV17M1401 SABA17 St Anns Bank 4\V/n bottom trawl 46.63
GM4vV17_1402 SABA17 St Anns Bank 4Vn bottom trawl 46.63
GM4vVv17_1403 SABA17 St Anns Bank 4Vn bottom trawl 46.63
GM4V17_1404 SABA17 St Anns Bank 4Vn bottom trawl 46.63
GM4Vv17_1405 SABA17 St Anns Bank 4Vn bottom trawl 46.63
GM4vV17_1406 SABA17 St Anns Bank 4Vn bottom trawl 46.63
GM4Vv17_1407 SABA17 St Anns Bank 4Vn bottom trawl 46.63
GM4Vv17_1408 SABA17 St Anns Bank 4\V/n bottom trawl 46.63
GM4V1751409 SABA17 St Anns Bank 4Vn bottom trawl 46.63
GM4v17_1410 SABA17 St Anns Bank 4Vn bottom trawl 46.63
GM4Vv1751411 SABA17 St Anns Bank 4\V/n bottom trawl 46.63
GM4vV17_1412 SABA17 St Anns Bank 4Vn bottom trawl 46.63
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.. Anns Bank during 2017-2018

Long
-59.02
-59.01
-59.01
-59.34
-59.67
-59.52
-59.50
-59.50
-59.50
-59.49
-59.34
-59.34
-59.34
-59.34
-59.17
-59.18
-59.18
-59.18
-59.32
-59.32
-59.32
-59.32
-59.32
-59.32
-59.32
-59.32
-59.32
-59.32
-59.32
-59.32
-59.32
-59.32
-59.33
-59.18
-59.18
-59.19
-59.19
-59.19
-59.19
-59.19
-59.19
-59.19
-59.19
-59.19
-59.04
-59.04
-58.82

Date
2018-05-22
2018-05-22
2018-05-22
2018-05-23
2018-05-23
2018-05-23
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-24
2018-05-25

Length (cm)

35.2
54.6
54.2
46.2
51
54.6
54.8
37.1
45.1
43.5
46.5
47.3
60.9
86.1
52.2
48.7
58.9
524
64.2
49.1
72.4
67.1
54.1
40.9
67.9
47.5
53
41
78.7
50.2
47.9
61.6
53.4
44.1
43.5
49.7
48.8
53.1
65.9
60.1
60
49.9
45.3
84.3
39.6
50.3
49.8

Weight (kg)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Maturity code
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning
Ripe & Spawning

Spawning season Comments
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
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-58.82 2018-05-25 53.1 N/A Ripe & Spawning Spring
-58.82 2018-05-25 68.1 N/A Ripe & Spawning Spring
-58.82 2018-05-25 41.9 N/A Ripe & Spawning Spring
|
-59.44 7/23/2017 52 1.33 N/A N/A
-59.44 7/23/2017 53 1.22 N/A N/A
-59.44 7/23/2017 53 1.296 N/A N/A
-59.44 7/23/2017 45 0.766 N/A N/A
-60.17 7/23/2017 50 0.948 N/A N/A
-60.09 7/23/2017 57 1.488 N/A N/A
-60.09 7/23/2017 45 0.946 N/A N/A
-59.66 7/24/2017 44 0.801 N/A N/A
-59.66 7/24/2017 52 1.292 N/A N/A
-59.66 7/24/2017 39 0.535 N/A N/A
-59.66 7/24/2017 35 0.355 N/A N/A
-59.66 7/24/2017 40 0.501 N/A N/A
-59.66 7/24/2017 32 0.315 N/A N/A
-59.66 7/24/2017 44 0.609 N/A N/A
-59.66 7/24/2017 43 N/A N/A N/A
-59.66 7/24/2017 47 0.838 N/A N/A
-59.66 7/24/2017 45 0.717 N/A N/A
-59.66 7/24/2017 34 0.353 N/A N/A
-59.66 7/24/2017 45 0.719 N/A N/A
-59.66 7/24/2017 37 0.437 N/A N/A
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Various matrices of pairwise comparisons of adult and juvenile Atlantic cod.

FST values are under the diagonal while the corresponding p-values are above the diagor
Red font indicates significant p-values (a=0.05) and asterisks indicate significant p-values
Sample codes can be found in Table 1.

Non-inversion loci (2,159 SNPs)

BrBA17 BoFA17 wGOMA17_S wGOMA18_W
BrBA17 0.97703+-0.0014 0.07534+-0.0025 0.01921+-0.0013
BoFA17 -0.00203 0.34511+-0.0042 0.97188+-0.0017
wGOMA17_S 0.00217 0.00088 0.00594+-0.0007
wGOMA18_W  0.00277 -0.0011 0.00289
eGBA17 0.00263 -0.00233 0.00291 *0.00461
GSCA17 -0.00115 -0.0014 *0.00352 0.00222
INNGOMJ17 0.00135 -0.00335 -0.0003 *0.00319
eGBJ18 0.00079 -0.00369 0.00047 0.00115
NanSJ17 -0.00012 -0.00298 -0.00025 -0.0002
GSCJ18 0.00164 -0.00299 0.00188 0.00083

442 loci from LG 1, 2, 7, 12

BrBA17  BoFAl7 wGOMA17_S wGOMA18_W
BrBA17 0.33838+-0.0040 *0.00109+-0.0003  0.17652+-0.0039
BoFA17 0.0005 0.00327+-0.0005 0.00733+-0.0009
wGOMA17_S  *0.01829 0.01401 *0.00000+-0.0000
wGOMA18_W  0.00251 0.01192 *0.03397
eGBA17 0.00567 0.0161 *0.04091 0.0048
GSCA17 0.00774 0.01551 *0.04438 0.00457
INNGOMIJ17 0.00183 0.01097 *0.03694 -0.0014
eGBJ18 *0.01327 *0.02472 *0.04992 0.00172
NanSJ17 -0.00069 0.00841 0.02195 -0.00552
GSCJ18 0.00452 0.01676 *0.0439 -0.00274

LG 2, 7 and 12 genotypes (loci from each LG concatenated into individual super gene m

BrBA17 BoFA17 wGOMA17_S wGOMA18_W

BrBA17 0.25869+-0.0050 *0.00030+-0.0002  0.51341+-0.0047
BoFA17 0.00456 *0.00000+-0.0000  0.00861+-0.0009
wGOMA17_S  *0.12696 *0.10436 *0.00000+-0.0000
wGOMA18_W -0.00471 0.04831 *0.16675

eGBA17 -0.00013 0.05272 *0.21447 -0.01152
GSCA17 0.02349 *0.06355 *0.22959 0.02102
INNGOMJ17 0.00262 *0.05953 *0.19395 -0.01197
eGBJ18 0.04028 *0.11932 *0.25055 0.00638
NanSJ17 -0.00462 0.0474 *0.1327 -0.01515
GSCJ18 0.01486 0.07931 *0.2487 -0.00619
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i following sequential Bonferroni correction (a=0.05/78 = 0.0006).

eGBA17

0.09464+-0.0027
0.99089+-0.0010
0.04089+-0.0019
*0.00069+-0.0003

0.00218
0.00232
0.00111
-0.00012
0.00133

eGBA17

0.09029+-0.0025
0.00822+-0.0009
*0.00010+-0.0001
0.16573+-0.0036

0.00378
-0.00224
0.00716
0.00046
-0.00137

GSCA17
0.89912+-0.0031
0.99604+-0.0006

*0.00050+-0.0002
0.01931+-0.0013
0.10177+-0.0034

-0.00088

-0.00291

-0.00059
0.0005

GSCA17

0.01990+-0.0012
0.00188+-0.0005
*0.00000+-0.0000
0.08623+-0.0027
0.16731+-0.0039

0.00146
*0.01404
0.00642
0.00231

INNGOMIJ17
0.10870+-0.0035
0.99990+-0.0000
0.81942+-0.0035

*0.00050+-0.0002
0.05732+-0.0020
0.96367+-0.0020

-0.00062
0.00254
0.00154

INNGOMIJ17

0.22582+-0.0044
0.00584+-0.0008
*0.00000+-0.0000
0.74141+-0.0044
0.75121+-0.0046
0.26384+-0.0038

0.00109
-0.00269
-0.00645

1arkers representing homozygote types | and Il and heterozygotes)

eGBA17

0.34838+-0.0047
0.02030+-0.0015
*0.00000+-0.0000
0.69548+-0.0048

-0.00791
-0.0139
0.01598
0.00713

-0.02576

GSCA17
0.04316+-0.0021

*0.00109+-0.0003
*0.00000+-0.0000

0.07296+-0.0023
0.56499+-0.0051

0.01652
*0.0752
0.05217
0.01066

INNGOMJ17
0.31462+-0.0052
*0.00050+-0.0002
*0.00000+-0.0000
0.96891+-0.0016
0.85091+-0.0035
0.07940+-0.0026

0.00882
-0.00526
-0.01016

eGBJ18
0.26106+-0.0042
0.99990+-0.0000
0.49718+-0.0051
0.16810+-0.0035
0.29205+-0.0045
0.99990+-0.0000
0.87358+-0.0033

-0.00189
0.0017

eGBJ18
*0.00139+-0.0004
*0.00000+-0.0000
*0.00000+-0.0000
0.23404+-0.0040
0.05217+-0.0023
*0.00040+-0.0002
0.29294+-0.0041

-0.00302
0.00068

eGBJ18

0.00663+-0.0008
*0.00000+-0.0000
*0.00000+-0.0000
0.22146+-0.0043
0.14504+-0.0033
*0.00030+-0.0002
0.16484+-0.0041

0.00184
0.00095
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NanSJ17
0.49906+-0.0046
0.99921+-0.0003
0.81358+-0.0041
0.71023+-0.0047
0.62548+-0.0046
0.87803+-0.0032
0.03079+-0.0017
0.95535+-0.0017

-0.00174

NanSJ17

0.39402+-0.0049
0.04940+-0.0024
0.00307+-0.0005
0.95911+-0.0020
0.38254+-0.0051
0.06890+-0.0026
0.79824+-0.0041
0.77893+-0.0041

-0.00368

NanSJ17
0.46352+-0.0050
0.01980+-0.0014
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GSCJ18
0.22552+-0.0043
0.99931+-0.0002
0.21335+-0.0037
0.40541+-0.0047
0.29809+-0.0046
0.59855+-0.0049
0.19246+-0.0043
0.19681+-0.0040
0.93723+-0.0023

GSCJ18
0.11266+-0.0031
0.00614+-0.0008

*0.00000+-0.0000
0.76131+-0.0045
0.54371+-0.0048
0.25691+-0.0044
0.98178+-0.0014
0.35432+-0.0047
0.73171+-0.0050

GSCJ18
0.12910+-0.0035
0.00168+-0.0004

*0.00099+-0.0003 *0.00000+-0.0000

0.82289+-0.0042
0.29621+-0.0051
0.01188+-0.0010
0.55262+-0.0039
0.31987+-0.0050

0.01147

0.52421+-0.0042
0.91080+-0.0029
0.19008+-0.0034
0.66983+-0.0046
0.35076+-0.0057
0.21255+-0.0039
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Outlier loci identified while comparing samples from north and south of 45°N (115 outliers).
Flanking sequences, linkage group, associated gene and distance from nearest exon are provided.

SNP_ID Locus ID Sequence Linkage group # of matches
8401_74 8401 TGCAGGAGGGACTCCGTGTCAGTGGGATCGAA LGO1 1
8404_40 8404 CGGTTGAATGTAAAGCGTAAAAAAGAAAAGATI LGO1 1
8526_46 8526 CGGATGTCTCGTTAAGAGTAGACACGCTAGTGT LGO1 1
8670_10 8670 CGGACACTTA[C/G]ACACACACTCACATAACTCC LGO1 1
8770_18 8770 TGCAGACTTTAGATAACT[A/T]ATCTAAAGTCTG LGO1 1
8816_43 8816 TGCAGTTGTACAAATCTCAGAATCTAACAGAGG! LGO1 1
8828 _47 8828 CGGGTCCATGAAAGGTTTTACAGCGACATCATG LGO1 1
8869 6 8869 CGGTCT[C/G]TCATCCTCACACACCCCATGCAGA LGO1 1
9246_20 9246 CGGGAGCATGGAGCGCACGT[C/T]GATGTGCG/ LGO1 1
9254 21 9254 TGCAGCTGCACAGTCACCACC[A/TITAGTGGTG! LGO1 1
9403_32 9403 TGCAGCTCTGTGGAGTCGGCGCTGGAAAGCTA[ LGO1 1
9516_28 9516 CGGTAACGTGCTAACACACAGCTTGGTT[A/C]G( LGO1 1
9599 101 9599 TGCAGATTGGATCAAGAACTCGCGTCTGTCCACK LGO1 1
9664_31 9664 TGCAGGAATATCTCTGGTGTTCATACTTCAA[C/T LGO1 1
9712_20 9712 TGCAGCAGCATCAGAGTGCC[C/G]TGCCTCAGT! LGO1 1
9783_57 9783 CGGACATTCAGCCCATCTATATGAACGGGAGAG LGO1 1
9805_14 9805 CGGCTGAACAGCAC[A/G]CACCCAGCCACGCAT LGO1 1
10001_75 10001 CGGCCCACATGGCCCCATAAATACAATCACACA( LGO1 1
10669_42 10669 CGGAGGCTCCTCATAGGGTCTCTCTGCTAGCGA! LGO1 1
11098 84 11098 CGGTGATCGGCAGTCTCAATGCATTAAAACGAG LGO1 1
11099 8 11099 TGCAGGAC[C/TITGGAGAACGCCGCGTCGGGAC LGO1 1
11109 _38 11109 CGGAAGTGATGCCTAAAATATTGGTCTACATCT# LGO1 1
11207_15 11207 TGCAGTCCATGTGTT[C/T]TGGAACACGGAAGT( LGO1 1
11235_14 11235 TGCAGTCCGAGGCT[A/G]TGCCCTGATGCATCC/ LGO1 1
11272 65 11272 TGCAGGGCTCGGCCGTGGCAAGCCAATCACAAT LGO1 1
11419 15 11419 TGCAGGCAATTCAAT[A/T]TCTATGCACTTTTTAC LGO1 1
11420_64 11420 CGGCTTCCTTTTTCTACCGTTTGTAATGGTCTGTC LGO1 1
11440_16 11440 CGGGGAGGAGGAGTAC[A/G]GGAGGGAGGAG LGO1 1
11506_97 11506 CGGGGTTTTAGCCTAGCATCATGGCTATATCAGI LGO1 1
11863_74 11863 TGCAGGGGGTCCTTCACTGGGAAGAAAGAGCC( LGO1 1
11874_56 11874 TGCAGGAGGAGGAGGATGAAGGACAGCATAG/ LGO1 1
11882_18 11882 CGGGAGCCGACGGAGCGA[A/G]AGCAACCGCA LGO1 1
11914 52 11914 TGCAGCACTTGGGAACCAGTGAGAGGCAAGTA( LGO1 1
11916_63 11916 CGGAATACAGAGTGTGATTTATTGAGTAATTCTI LGO1 1
12048 34 12048 CGGTCAACTTTTTGGAGAGTTTCCAGGCGACGG LGO1 1
12289 95 12289 CGGGGATCAAACTAGCAGCCTTGCGGTTGCCAG LGO1 1
12291 68 12291 CGGCCAGGTATTGTATCACTGTGAGGGCATTAG LGO1 1
12318 103 12318 TGCAGAGAAAAAGGCTTTGGAGATTGGTGAGG LGO1 1
12361 5 12361 TGCAG[C/T]JAATAGCCTTGGTCTTTCCTATCGCC( LGO1 0
12438 70 12438 CGGATGTTGTGTTAAGCGTCCTATTTCCATTCCT LGO1 1
12522 47 12522 TGCAGAATCCCTCCATGTGTTGCTTTCAGCACAG LGO1 1
12591 54 12591 CGGGCCTTATAAAGCTTTTAGCCAATCAATGACC LGO1 1
13162 _21 13162 CGGTACAGGTGTGTTGGTACA[G/T]GTTTGTCG( LGO1 1
13163_17 13163 TGCAGTCAGAACAACGG[A/C]JGACCGCGCCCAC LGO1 1
13261_8 13261 TGCAGCGA[A/G]AGCGTACACTAAAGCTGCTTA LGO1 1
13349 15 13349 TGCAGACATCCCAGC[A/G]GTTTCTCCTTGGGTC LGO1 1
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13387_36 13387 CGGCCTCCGCCACACACAGGATAATGAATACGC LGO1
13392_65 13392 TGCAGTCAGCTCTCAGAGGCGGTTCTGCTGCCAI LGO1
13455_47 13455 TGCAGTGTGGCCGCCATCTAGTGGTCACAGAAG LGO1
13752_16 13752 TGCAGGCGAACCAGTC[A/G]CGGGTTTGAAACC LGO1
13761_14 13761 CGGGGTGTTGGGGT[A/TITAATGTTCCTGGTGT/ LGO1
16800_85 16800 TGCAGGGAGTTAGCGTGGAGCAGTAGCCTGTG! LGO1
16823_10 16823 CGGTCTCAAG[A/G]CAAAGCAAAACCATTAATG. LGO1
19807_18 19807 TGCAGCTAATCCACAGCA[C/T]CCACATCCAGTC LGO2
19813_57 19813 TGCAGGAGGAGCTAACACGGTTTAGCTGGGAG LG02
19871_24 19871 TGCAGCAGAGAGACCTCTCACCAGIC/T]GCATG! LGO2
19873_44 19873  CGGTATACCTACTGTTCGTCTCCTATAGCTGCGC LGO2
19947_27 19947  TGCAGCCAACATCCTTTTCTTTATTTT[G/T]TATA LGO2
191552_7 191552 TGCAGAC[A/G]TTGTCTAATTTAAGTGTTTAAAT LGO2
20095_3 20095 CGG[G/T]GCCAACAGGCAGTCGTTAGGGGGCT( LGO2
20097_69 20097 CGGCAGCAGAACCACTGGCCCAAACACCAGACH LGO2
20157_17 20157 CGGAGCCGTTTATTGGG|[C/T]GCTACGAATGTCI LG02
20186_27 20186 CGGTCACATCACTCTTCGGACAGTGTC[C/G]ATA LGO2
20212_107 20212 CGGCGGGGTCTAGGGTGCTGTTGCCTGGGGTT( LGO2
20261_11 20261 CGGGACGCGAG[C/G]CCCGTCTCCAGCAGCCTT, LGO2
20299_6 20299 CGGCAC[G/A]JTTCTTCAACGTGCCGAGTCGGCA! LG02
20384_6 20384 CGGTCG[G/T]TACCAGCTTCTGGAGTTTGTACCA LGO2
20386_6 20386 TGCAGG[A/CIGGTTTCTGAAGACGCTGCGATAA LGO2
20446_52 20446 TGCAGCCAGCATCTGCTCCGAGACAAGGGAACT LG02
20551_56 20551 TGCAGCACGATGGACAGCCGCGCCTCGTTGAAC LGO2
20594_82 20594 TGCAGATTGCAACCCACTGAACAACTGATCTAG( LGO2
20595_87 20595 CGGCCCCGTGGGTTAACATCCACTTCTCCAAAGT LG02
20599_84 20599 CGGCACACTCCTTCAAAGGGCTGAATTAACGGC LG02
20649_77 20649 TGCAGATACCCTGCTTAAGCTGGTGGAAGGAAT LGO2
20650_51 20650 CGGGACCACGGAGGAACACGTGACCTACTGAA" LGO2
58485_12 58485 TGCAGTAATACA[A/CIAGGCCTTACTGGTGGCT/ LGO7
58791_19 58791 TGCAGTTCGTACATGGCCC[G/T]CAGGATGTGA, LGO7
58807_109 58807 CGGATCAGCTCTGCTCTGTACTGGATGTCAAGG LGO7
59020_19 59020 TGCAGTGACCACTACAGGG[A/G]TAGCGGATGC LGO7
59041_20 59041 CGGCCTACACAATTGCTGAA[A/CIATTTAAAAAC LGO7
59289_60 59289 TGCAGTGGTGGACAACAGATACTGGATTAAATC LGO7
59500_16 59500 CGGCTGTAAAGAACAC[C/T]JATGCAGCCAGGGT LGO7
59509_20 59509 CGGGTGTCTGAGGAGTGCAT[G/TICAGTGTGAA LGO7
59567_34 59567 TGCAGAGTGCTCTCCTCATCCTGAAAACCAAGA( LGO7
59606_3 59606 CGG[G/T]TGACACAGGTAATGGAAACCAGAACC LGO7
59687_65 59687 TGCAGTTGGTTCACAGCCCAACATCGTCAGATT/ LGO7
59717_51 59717 TGCAGCTCTACATCCACCCTGACTGTTATACAGG LGO7
59793_7 59793 TGCAGCT[A/G]TTCAATGAATGAAAGAGATCTG LGO7
59955_83 59955 CGGCAATGGCATTGACCTTTCTTTAGCATTCAGC LGO7
60486_57 60486 TGCAGTATTATCTTAGTATTGATTTCAGGCTTGC LGO7
60626_65 60626 CGGGGTATCATCATTAGCATGGCGCTGTAAAGA LGO7
60638_15 60638 CGGCTCCCTTGCCAC[A/G]GTGACAAAAGAACG LGO7
61071_80 61071 TGCAGAGGTTGTACACTCTGTAGTGGTCTTCATC LGO7
61251_14 61251 CGGATATTGACAAT[A/G]ATAGGGAGGCGAAG/ LGO7
61379_55 61379 CGGAGAGCGGGGTCCGTGAGTCCAGCCATGTCI LGO7
61477_64 61477 CGGATATTTCAGAAACACCCCTGGTTACCGCAAT LGO7
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100288_69
100493_22
100700_56
100998_86
101091_5

102733_27
104236_10
106182_7

106360_25
107166_34
107244 _84
107326_23

100288
100493
100700
100998
101091
102733
104236
106182
106360
107166
107244
107326

107525_109 107525

107884 _27
108191 21
108276_69
108521 _45
108914 _46
151378 69

107884
108191
108276
108521

108914
151378
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TGCAGGTGACATCAGACTCAGAATGGGCATTAA
CGGATACATCCGCGGGAAGAAC[G/T]GAAACG(
TGCAGTGGATTATGTAAGTTCAGTCAGGGAACT
TGCAGGAATGCTGGCATACTATGGCCTTCAGTT(
CGGAA[A/G]ATAATGAAATACCGCGTAGGAAGI
TGCAGCGACCCAAGCTAAAGAAAAAATIG/TIAT
CGGTGTAAAC[A/G]ACCGTAGAAAATATCGATT!
TGCAGTG[C/T]TAATGCTTCCCTTTGGCACTGGT!
TGCAGTATAAAACAGGAGAGAAGTG[A/T]ATGC
CGGCTCCTCCTAGCTGAGCGTCGAGGTGTCCCT(
CGGAATATTCCTCCAAGGAAAAACTCAAAGAAA
CGGCCTCCCTATGGTGTGATGTG[A/CJAGTGCA/
TGCAGCGGGGACGTATTTATCCTACGCAAAGAC
CGGACCTCTTGTTACCAAAGTCCGAGT[A/GIGG/
CGGTCCTTACTTAGTGAGACC[A/C]GAGTGTCG/
TGCAGGTATGGCACCGTGCACCACCACAGGGAC
TGCAGATGATTCAGGTGTTCACGTACAGGTCAT(
TGCAGTCCTCCAGTTGAATGAAGTAGGCCTCGG
TGCAGAGACCGCTCACAGTACTTCCTCCTTTGTG
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BLAT results Orientation Associated gene  E - value
GeneScaffold_1613:45984-46088 Forward znf704 1.30E-52
GeneScaffold _1613:40140-40249 Reverse znf704 3.50E-55
GeneScaffold 366:162399-162508 Reverse slc9a8 1.60E-55
GeneScaffold_369:61003-61112 Reverse GGT7 2.70E-56
contig203697:467-576 Forward 5.10E-56
GeneScaffold_747:140513-140622 Forward nup210 1.20E-55
GeneScaffold 747:178619-178728 Reverse FBLN2 3.90E-55
GeneScaffold 747:270296-270405 Reverse \GMOGO0O0000017  5.10E-56
GeneScaffold_4582:158500-158609 Reverse cab 1.60E-53
GeneScaffold 4582:136093-136202 Reverse enola 7.40E-56
GeneScaffold 4584:17954-18063 Forward 5.10E-56
GeneScaffold 4577:149942-150051 Reverse zip64 1.60E-55
GeneScaffold 2189:55039-55148 Reverse nol9 3.30E-55
GeneScaffold 2189:256339-256448 Forward ints11 3.10E-54
GeneScaffold_2187:44141-44250 Reverse pink1 6.20E-56
GeneScaffold 2186:25943-26052 Reverse  si:dkey-205h13.1  1.80E-53
GeneScaffold 2184:94725-94834 Reverse 3.50E-56
GeneScaffold 2185:511258-511367 Forward GMOGO0O0000011  5.10E-56
GeneScaffold_748:425692-425801 Forward ANKS1A 3.90E-56
GeneScaffold 2599:297797-297906 Forward rprdlb 1.40E-55
GeneScaffold 2599:297962-298071 Reverse rprdlb 9.60E-57
GeneScaffold_2593:36782-36891 Forward prkecz 7.70E-50
GeneScaffold_2592:45834-45943 Forward plch2a 8.50E-56
contig97181:424-533 Forward 5.10E-56
GeneScaffold 2600:17972-18081 Reverse plodla 3.00E-56
GeneScaffold_2603:644843-644952 Reverse ssr4 3.00E-55
GeneScaffold 2603:644691-644800 Forward ssr4 3.90E-55
contig155405:298-408 Reverse 8.50E-50
GeneScaffold 2603:349155-349264 Reverse SCN8A 1.80E-54
contig157599:281-390 Forward 7.40E-57
contig346528:39-148 Forward 8.00E-56
contig159396:1098-1207 Forward 3.50E-56
GeneScaffold_1269:906614-906723 Forward ela2 6.50E-56
GeneScaffold_1269:906764-906873 Reverse ela2 1.80E-54
GeneScaffold_1269:1207383-1207492 Forward rimkla 2.40E-56
GeneScaffold_1206:26801-26910 Forward iGMOG00000002  3.90E-56
contig13138:248-357 Forward 2.40E-55
GeneScaffold 1192:71708-71817 Reverse Irrc47 1.10E-55
GeneScaffold_1195:43440-43549 Forward 1.20E-55
GeneScaffold 1198:29022-29131 Forward AJAP1 1.40E-55
GeneScaffold 1210:37546-37655 Reverse SLC35E2A 8.50E-56
GeneScaffold_2001:80975-81084 Forward lama5 2.90E-55
GeneScaffold 2001:81155-81264 Reverse lama5 9.60E-57
GeneScaffold 946:105958-106067 Forward uspi19 3.30E-53
GeneScaffold_1031:157343-157452 Reverse csdel 5.8e=56
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1613:45978-46093;tl=iOQQ5DaSa9PwvttK-5397653-737426059
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000003488;r=GeneScaffold_1032:157918-158038;tl=iOQQ5DaSa9PwvttK-5397653-737426059
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1613:40134-40254;tl=iOQQ5DaSa9PwvttK-5397654-737426298
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000003488;r=GeneScaffold_1032:157918-158038;tl=iOQQ5DaSa9PwvttK-5397653-737426059
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_366:162393-162513;tl=iOQQ5DaSa9PwvttK-5397655-737428539
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_369:60997-61117;tl=iOQQ5DaSa9PwvttK-5397656-737428552
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000007462;r=GeneScaffold_1032:157918-158038;tl=iOQQ5DaSa9PwvttK-5397656-737428552
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig203697:461-581;tl=iOQQ5DaSa9PwvttK-5397657-737429132
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_747:140507-140627;tl=iOQQ5DaSa9PwvttK-5397658-737429238
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000017069;r=GeneScaffold_1032:157918-158038;tl=iOQQ5DaSa9PwvttK-5397658-737429238
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_747:178613-178733;tl=iOQQ5DaSa9PwvttK-5397659-737429891
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_747:270290-270410;tl=iOQQ5DaSa9PwvttK-5397660-737430358
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000017305;r=GeneScaffold_1032:157918-158038;tl=iOQQ5DaSa9PwvttK-5397660-737430358
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4582:158494-158614;tl=iOQQ5DaSa9PwvttK-5397661-737430373
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000003904;r=GeneScaffold_747:178613-178733;tl=iOQQ5DaSa9PwvttK-5397661-737430373
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4582:136087-136207;tl=iOQQ5DaSa9PwvttK-5397662-737430658
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4584:17948-18068;tl=iOQQ5DaSa9PwvttK-5397663-737430885
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4577:149936-150056;tl=iOQQ5DaSa9PwvttK-5397664-737431700
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2189:55033-55153;tl=iOQQ5DaSa9PwvttK-5397665-737433924
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2189:256333-256453;tl=iOQQ5DaSa9PwvttK-5397666-737433957
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2187:44135-44255;tl=iOQQ5DaSa9PwvttK-5397667-737435138
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000015483;r=GeneScaffold_2189:55033-55153;tl=iOQQ5DaSa9PwvttK-5397667-737435138
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2186:25937-26057;tl=iOQQ5DaSa9PwvttK-5397668-737435073
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2184:94719-94839;tl=iOQQ5DaSa9PwvttK-5397669-737435340
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2185:511252-511372;tl=iOQQ5DaSa9PwvttK-5397670-737436288
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_748:425686-425806;tl=iOQQ5DaSa9PwvttK-5397671-737436393
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000009954;r=GeneScaffold_2186:25937-26057;tl=iOQQ5DaSa9PwvttK-5397671-737436393
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2599:297791-297911;tl=iOQQ5DaSa9PwvttK-5397672-737437359
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000015046;r=GeneScaffold_2184:94719-94839;tl=iOQQ5DaSa9PwvttK-5397672-737437359
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2599:297956-298076;tl=iOQQ5DaSa9PwvttK-5397673-737438249
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000015046;r=GeneScaffold_2186:25937-26057;tl=iOQQ5DaSa9PwvttK-5397673-737438249
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2593:36776-36896;tl=iOQQ5DaSa9PwvttK-5397674-737438549
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000001917;r=GeneScaffold_2184:94719-94839;tl=iOQQ5DaSa9PwvttK-5397674-737438549
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2592:45828-45948;tl=iOQQ5DaSa9PwvttK-5397675-737438986
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig97181:418-538;tl=iOQQ5DaSa9PwvttK-5397676-737439306
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2600:17966-18086;tl=iOQQ5DaSa9PwvttK-5397677-737440139
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000003290;r=GeneScaffold_2186:25937-26057;tl=iOQQ5DaSa9PwvttK-5397677-737440139
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2603:644837-644957;tl=iOQQ5DaSa9PwvttK-5397678-737441031
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2603:644685-644805;tl=iOQQ5DaSa9PwvttK-5397679-737441311
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig155405:292-413;tl=iOQQ5DaSa9PwvttK-5397680-737441191
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2603:349149-349269;tl=iOQQ5DaSa9PwvttK-5397681-737441728
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000008271;r=GeneScaffold_2902:58539-58780;tl=iOQQ5DaSa9PwvttK-5397681-737441728
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig157599:275-395;tl=iOQQ5DaSa9PwvttK-5397682-737441626
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig346528:33-153;tl=ixo4hxUt8HfU6SgL-5398343-737441302
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1269:906608-906728;tl=ixo4hxUt8HfU6SgL-5398345-737441412
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000015725;r=GeneScaffold_2902:58539-58780;tl=ixo4hxUt8HfU6SgL-5398345-737441412
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1269:906758-906878;tl=ixo4hxUt8HfU6SgL-5398346-737442056
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000015725;r=GeneScaffold_2902:58539-58780;tl=ixo4hxUt8HfU6SgL-5398345-737441412
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1206:26795-26915;tl=ixo4hxUt8HfU6SgL-5398348-737443417
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1195:43434-43554;tl=ixo4hxUt8HfU6SgL-5398352-737443667
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_946:105952-106072;tl=ixo4hxUt8HfU6SgL-5398357-737444118
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1031:157337-157457;tl=ixo4hxUt8HfU6SgL-5398358-737444108
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1077:101656-101776;tl=ixo4hxUt8HfU6SgL-5398359-737444164
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1869:157543-157663;tl=cohEvY7WWUE6fvBw-5389163-737040198
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000013659;r=scaffold10671:139796-139916;tl=cohEvY7WWUE6fvBw-5389163-737040198
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1869:75182-75302;tl=cohEvY7WWUE6fvBw-5389164-737040200
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1869:75018-75138;tl=cohEvY7WWUE6fvBw-5389165-737041359
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1869:59086-59206;tl=cohEvY7WWUE6fvBw-5389166-737041364
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000013557;r=GeneScaffold_1869:75182-75302;tl=cohEvY7WWUE6fvBw-5389166-737041364
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2486:50814-50934;tl=cohEvY7WWUE6fvBw-5389167-737041472
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000005401;r=GeneScaffold_1869:75018-75138;tl=cohEvY7WWUE6fvBw-5389167-737041472
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2486:50596-50716;tl=cohEvY7WWUE6fvBw-5389168-737041535
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000005401;r=GeneScaffold_1869:75018-75138;tl=cohEvY7WWUE6fvBw-5389167-737041472
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4411:31587-31707;tl=cohEvY7WWUE6fvBw-5389169-737041614
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000008544;r=GeneScaffold_1869:75018-75138;tl=cohEvY7WWUE6fvBw-5389169-737041614
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4340:1388159-1388279;tl=uNv1PjpuCBIBbQl0-5398373-737441086
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000012326;r=GeneScaffold_2219:70093-70213;tl=uNv1PjpuCBIBbQl0-5398373-737441086
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4340:1348165-1348285;tl=cohEvY7WWUE6fvBw-5389170-737041828
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000012326;r=GeneScaffold_1869:75182-75302;tl=cohEvY7WWUE6fvBw-5389170-737041828
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4340:1044738-1044858;tl=cohEvY7WWUE6fvBw-5389171-737041858
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000012253;r=GeneScaffold_1869:75018-75138;tl=cohEvY7WWUE6fvBw-5389171-737041858
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig76816:476-596;tl=cohEvY7WWUE6fvBw-5389172-737041827
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig84704:89-204;tl=uNv1PjpuCBIBbQl0-5398374-737441416
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4232:113618-113738;tl=uNv1PjpuCBIBbQl0-5398375-737441413
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000008601;r=GeneScaffold_1869:75182-75302;tl=cohEvY7WWUE6fvBw-5389173-737058244
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4232:144904-145024;tl=cohEvY7WWUE6fvBw-5389174-737058245
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000008601;r=GeneScaffold_1869:75182-75302;tl=cohEvY7WWUE6fvBw-5389173-737058244
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4232:258986-259106;tl=cohEvY7WWUE6fvBw-5389175-737058348
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000008639;r=GeneScaffold_1869:75182-75302;tl=cohEvY7WWUE6fvBw-5389175-737058348
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4232:313256-313376;tl=jF5udiHu3bOxBCvl-5390163-737141824
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4479:140603-140723;tl=jF5udiHu3bOxBCvl-5390164-737141822
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000011282;r=GeneScaffold_4232:313256-313376;tl=jF5udiHu3bOxBCvl-5390164-737141822
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4479:215022-215142;tl=uNv1PjpuCBIBbQl0-5398376-737442057
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4474:136391-136511;tl=jF5udiHu3bOxBCvl-5390165-737141815
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000001458;r=GeneScaffold_2902:58539-58780;tl=jF5udiHu3bOxBCvl-5390165-737141815
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4475:187415-187535;tl=uNv1PjpuCBIBbQl0-5398377-737442691
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4368:34817-34937;tl=5c3ttoFI0LkIQ2Kv-5397530-737420966
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000006370;r=GeneScaffold_1032:157918-158038;tl=5c3ttoFI0LkIQ2Kv-5397530-737420966
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4378:94579-94699;tl=QaTPN3m5MyuGsI6J-5397541-737424776
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000014543;r=GeneScaffold_1032:157918-158038;tl=QaTPN3m5MyuGsI6J-5397541-737424776
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig170787:811-931;tl=uNv1PjpuCBIBbQl0-5398378-737443110
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4367:21724-21844;tl=uNv1PjpuCBIBbQl0-5398379-737442433
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000001247;r=GeneScaffold_4479:215022-215142;tl=uNv1PjpuCBIBbQl0-5398379-737442433
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig01832:498-618;tl=jF5udiHu3bOxBCvl-5390170-737141947
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4306:48201-48321;tl=jF5udiHu3bOxBCvl-5390172-737142299
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1257:83727-83847;tl=jF5udiHu3bOxBCvl-5390173-737142355
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GeneScaffold_1731:19926-20035 Forward iGMOG00000001  1.20E-54
GeneScaffold_1181:1107-1216 Reverse orcl 9.60E-56
contig97450:19-128 Forward 2.40E-55
GeneScaffold 1032:157924-158033 Forward hdlbpa 1.20E-55
contigh5631:1147-1256 Forward 7.40E-56
GeneScaffold_3026:138830-138939 Reverse itpa 5.10E-56
GeneScaffold 1470:96339-96448 Reverse cachdl 3.00E-54
GeneScaffold_2996:481763-481872 Reverse gmds 5.80E-56
GeneScaffold 2997:125478-125587 Forward prdx6 1.10E-55
GeneScaffold_2815:16833-16942 Reverse 1.80E-55
GeneScaffold 2817:179365-179474 Reverse GMOGO00000004  3.50E-55
GeneScaffold 1780:51732-51841 Forward opal 1.20E-55
GeneScaffold_1780:558762-558871 Reverse negrl 3.30E-55
contig369249:1116-1225 Forward 1.20E-56
GeneScaffold _1669:253991-254100 Reverse 5.80E-56
contig388249:394-503 Forward 1.10E-55
GeneScaffold 1671:1122766-1122875 Forward 5.10E-56
GeneScaffold_1301:106849-106958 Forward GMOG00000000  5.80E-56
contig50121:779-888 Forward 1.20E-53
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1731:19920-20040;tl=jF5udiHu3bOxBCvl-5390175-737142460
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000001485;r=GeneScaffold_1257:83727-83847;tl=jF5udiHu3bOxBCvl-5390175-737142460
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1181:1101-1221;tl=jF5udiHu3bOxBCvl-5390176-737142462
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000017467;r=GeneScaffold_1257:83727-83847;tl=jF5udiHu3bOxBCvl-5390176-737142462
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig97450:13-133;tl=uNv1PjpuCBIBbQl0-5398380-737443641
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1032:157918-158038;tl=uNv1PjpuCBIBbQl0-5398381-737443639
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig55631:1141-1261;tl=uNv1PjpuCBIBbQl0-5398382-737443544
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_3026:138824-138944;tl=jF5udiHu3bOxBCvl-5390177-737142465
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000012348;r=GeneScaffold_1257:83727-83847;tl=jF5udiHu3bOxBCvl-5390177-737142465
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1470:96333-96453;tl=jF5udiHu3bOxBCvl-5390178-737142531
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000013506;r=GeneScaffold_4412:255782-255902;tl=jF5udiHu3bOxBCvl-5390178-737142531
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2996:481757-481877;tl=jF5udiHu3bOxBCvl-5390179-737142532
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000017103;r=GeneScaffold_1257:83727-83847;tl=jF5udiHu3bOxBCvl-5390179-737142532
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2997:125472-125592;tl=jF5udiHu3bOxBCvl-5390180-737142535
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2815:16827-16947;tl=uNv1PjpuCBIBbQl0-5398383-737443906
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2817:179359-179479;tl=uNv1PjpuCBIBbQl0-5398384-737444114
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000004287;r=GeneScaffold_4479:215022-215142;tl=uNv1PjpuCBIBbQl0-5398384-737444114
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1780:51726-51846;tl=uNv1PjpuCBIBbQl0-5398385-737444110
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1780:558756-558876;tl=uNv1PjpuCBIBbQl0-5398386-737444106
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000016002;r=GeneScaffold_4479:215022-215142;tl=uNv1PjpuCBIBbQl0-5398386-737444106
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig369249:1110-1230;tl=uNv1PjpuCBIBbQl0-5398387-737444109
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1669:253985-254105;tl=uNv1PjpuCBIBbQl0-5398388-737444107
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig388249:388-508;tl=jF5udiHu3bOxBCvl-5390182-737142538
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1671:1122760-1122880;tl=jF5udiHu3bOxBCvl-5390183-737142539
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1301:106843-106963;tl=uNv1PjpuCBIBbQl0-5398389-737444165
https://useast.ensembl.org/Gadus_morhua/Gene/Summary?db=core;g=ENSGMOG00000000625;r=GeneScaffold_4479:215022-215142;tl=uNv1PjpuCBIBbQl0-5398389-737444165
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig50121:773-893;tl=Gtw55k0NBsVoPhXx-5380732-736603816
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100 215 Overlapping
100 216

100 216

100 216

100 216 226
100 216 4,247
100 215 10,786
100 214

100 146

100 216 Overlapping
100 214 90

100 211 Overlapping
98.18 205

100 218 808
98.18 208 Overlapping
100 215 1,032
98.18 209 13,084
100 218 18,813
100 218 Overlapping
100 216 59,397
99.09 211

100 213

99.09 210 6,371
100 218 Overlapping
99.09 210 2,328
100 215 2,164
100 213 Overlapping
100 215 Overlapping
100 218 Overlapping
100 214 Overlapping
99.09 212 Overlapping
100 216 Overlapping
100 216 Overlapping
100 213

100 204

100 215 Overlapping
100 215 25,265
100 215

100 216 4,130
100 214 Overlapping
100 215

100 213 Overlapping
100 215
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100 214

100 215 Overlapping
98.18 207

100 218

100 213 3,193
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Description of associated gene

zinc finger protein 704

zinc finger protein 704

solute carrier family 9, subfamily A (NHES8, cation proton antiporter 8), member 8
gamma-glutamyltransferase 7

nucleoporin 210
fibulin 2

carbonic anhydrase VI
enolase 13, (alpha)

zinc finger protein 64 homolog (mouse)
nucleolar protein 9

integrator complex subunit 11

PTEN induced kinase 1
si:dkey-205h13.1

ankyrin repeat and sterile alpha motif domain containing 1A
regulation of nuclear pre-mRNA domain containing 1B
regulation of nuclear pre-mRNA domain containing 1B
protein kinase C, zeta

phospholipase C, eta 2a

procollagen-lysine, 2-oxoglutarate 5-dioxygenase 1a
signal sequence receptor, delta

sodium voltage-gated channel alpha subunit 8

elastase 2
elastase 2
ribosomal modification protein rimK-like family member A

leucine rich repeat containing 47

adherens junctions associated protein 1
solute carrier family 35 member E2A

laminin, alpha 5

laminin, alpha 5

ubiquitin specific peptidase 19

cold shock domain containing E1, RNA-binding

URL: http://mc.manuscriptcentral.com/tafs Email: journals@fisheries.org
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mechanistic target of rapamycin kinase
RNA binding motif protein 15
solute carrier family 6 (neutral amino acid transporter), member 17

pyrroline-5-carboxylate reductase 1b
pyrroline-5-carboxylate reductase 1b
coronin 7

protein Z, vitamin K-dependent plasma glycoprotein a

G protein-coupled receptor 139

phospholipase C, delta 3a

transmembrane protein 98

membrane protein, palmitoylated 3a (MAGUK p55 subfamily member 3)
acid-sensing (proton-gated) ion channel 2

acid-sensing (proton-gated) ion channel 2

NADH:ubiquinone oxidoreductase subunit A4, like
zgc:162613

coronin, actin binding protein, 1A

coronin, actin binding protein, 1A

protein phosphatase 1, catalytic subunit, alpha isozyme a
mediator complex subunit 25

mediator complex subunit 25

zinc finger, ZZ-type with EF hand domain 1

zinc finger, ZZ-type with EF hand domain 1
mediator complex subunit 13a

ubiquitin specific peptidase 25

non-specific cytotoxic cell receptor protein 1
Rho GTPase activating protein 32b

transmembrane protein 218

small fragment nuclease
inversin

transmembrane phosphatase with tensin homology

janus kinase and microtubule interacting protein 2
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origin recognition complex, subunit 1

high density lipoprotein binding protein a

inosine triphosphatase (nucleoside triphosphate pyrophosphatase)
cache domain containing 1

GDP-mannose 4,6-dehydratase
peroxiredoxin 6

optic atrophy 1 (autosomal dominant)
neuronal growth regulator 1
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Outlier loci identified while comparing genetic clusters within the Gulf of Maine Region (58 outliers). and ¢
Flanking sequences, linkage group, associated gene and distance from nearest exon are provided.

SNP_ID Locus ID Sequence Linkage group
19229 18 19229 TGCAGGAGCTGGTTGAAG[C/T]CGTCTAGAGTCG LG02
19230_5 19230 CGGGC[T/A]JACAGGCTCTGGTGGTTGGCTCATGA LG02
19738_34 19738 CGGAACGATACCCTTCAACCTCGGCAGGATGGGT LG02
19807_18 19807 TGCAGCTAATCCACAGCA[C/T]CCACATCCAGTCT LG02
19810_36 19810 CGGGCTAGGCTAGGCTAACATGGTGCGCCATCCC LG02
19813_57 19813 TGCAGGAGGAGCTAACACGGTTTAGCTGGGAGT! LGO2
19871_24 19871 TGCAGCAGAGAGACCTCTCACCAG[C/T]GCATGG LG02
19873_44 19873 CGGTATACCTACTGTTCGTCTCCTATAGCTGCGCG LG02
19914_6 19914 CGGGTG[A/G]CTGACTGATAGGGAACACATGTGI LG02
19947_27 19947 TGCAGCCAACATCCTTTTCTTTATTTT[T/G]TATAT, LG02
20097_69 20097 CGGCAGCAGAACCACTGGCCCAAACACCAGACAC LG02
20157_17 20157 CGGAGCCGTTTATTGGG[C/T]GCTACGAATGTCT( LG02
20185_58 20185 TGCAGGAGTGCCGCGTGGTCCCAGTGAAGTCGTI LG02
20186_27 20186 CGGTCACATCACTCTTCGGACAGTGTC[C/G]ATAC LG02
20212_107 20212 CGGCGGGGTCTAGGGTGCTGTTGCCTGGGGTTG( LG02
20261_11 20261 CGGGACGCGAG[C/G]CCCGTCTCCAGCAGCCTTA LGO2
20384 6 20384 CGGTCG[G/T]TACCAGCTTCTGGAGTTTGTACCAC LG02
20386_6 20386 TGCAGG[A/C]GGTTTCTGAAGACGCTGCGATAAG LG02
20446_52 20446 TGCAGCCAGCATCTGCTCCGAGACAAGGGAACTT LG02
20551_56 20551 TGCAGCACGATGGACAGCCGCGCCTCGTTGAAGC LG02
20594 82 20594 TGCAGATTGCAACCCACTGAACAACTGATCTAGG, LG02
20595_87 20595 CGGCCCCGTGGGTTAACATCCACTTCTCCAAAGTC LG02
20599 84 20599 CGGCACACTCCTTCAAAGGGCTGAATTAACGGCT LG02
20649 77 20649 TGCAGATACCCTGCTTAAGCTGGTGGAAGGAATC LG02
20661_22 20661 CGGCACGCAACAGCCGCAAGGT[G/A]CCTCCGCA LG02
20717_18 20717 TGCAGAGATCGAATCAAC[T/C]CACTTAGGTCGC( LG02
58485_12 58485 TGCAGTAATACA[A/CIAGGCCTTACTGGTGGCTA" LGO7
58575_23 58575 CGGGAAACATACATTGTCACACT[T/G]AAAATAT( LGO7
58743_83 58743 CGGGGAGGATGATCTGGATTCCAGGGGGGAAG# LGO7
58807_109 58807 CGGATCAGCTCTGCTCTGTACTGGATGTCAAGGT! LGO7
59020_19 59020 TGCAGTGACCACTACAGGGATAGCGGATGGAAA, LGO7
59041_20 59041 CGGCCTACACAATTGCTGAA[A/CIATTTAAAAAG( LGO7
59087_13 59087 CGGGACAGAGCAC[T/C]JATATATATCTCCAACCAC LGO7
59500_45 59500 CGGCTGTAAAGAACACTATGCAGCCAGGGTTAAC LGO7
59509 _20 59509 CGGGTGTCTGAGGAGTGCAT[G/T]CAGTGTGAAA LGO7
59567_34 59567 TGCAGAGTGCTCTCCTCATCCTGAAAACCAAGAC] LGO7
59606_3 59606 CGG[G/T]TGACACAGGTAATGGAAACCAGAACC/ LGO7
59687_65 59687 TGCAGTTGGTTCACAGCCCAACATCGTCAGATTA( LGO7
59717_51 59717 TGCAGCTCTACATCCACCCTGACTGTTATACAGGC LGO7
59792_77 59792 CGGAGGGGCTTGGCGTAAACAGGCTCCAGGAGG LGO7
59793 7 59793 TGCAGCT[A/G]TTCAATGAATGAAAGAGATCTGT!I LGO7
59955_83 59955 CGGCAATGGCATTGACCTTTCTTTAGCATTCAGCC LGO7
60065_7 60065 CGGGGCT[C/G]TTCATCAACCTTATGGCTTTGAAA LGO7
60103_93 60103 TGCAGATACTCACGCCTACTCTCTGTAGACTTAGA LGO7
60104_75 60104 CGGAAATTGTTCAAACAAAAACACTTAAGATCAT LGO7
60197_42 60197 TGCAGATAGATTAATCAGTTTGGCAAAGTCAGAA LGO7
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60214 21
60486_57
60626_65
60638_15
60878_19
60879 _25
61073_87
61251_14
61378_95
61379 _55
61477_64
61655_52

60214
60486
60626
60638
60878
60879
61073
61251
61378
61379
61477
61655
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CGGTTGTAACTGACATTTTGC[G/T]GGGAGACAA,
TGCAGTATTATCTTAGTATTGATTTCAGGCTTGCA
CGGGGTATCATCATTAGCATGGCGCTGTAAAGAA
CGGCTCCCTTGCCAC[A/G]GTGACAAAAGAACGG
CGGCAAAAAGAGTAATAAT[C/T]AGACTTTGTCTT
TGCAGGTCAGGGAACTCTTCAGCTG[C/T]CCAAC/
CGGCACTTAATGTATTTGTCGTAGATCTAGATGG(
CGGATATTGACAAT[A/G]JATAGGGAGGCGAAGA(
TGCAGATGACGCAGGCTGTGTATTACCATAGCAT.
CGGAGAGCGGGGTCCGTGAGTCCAGCCATGTCT(
CGGATATTTCAGAAACACCCCTGGTTACCGCAATI
CGGCACACAATCCAAAAATCACGGTTAGAAAAGC

LGO7
LGO7
LGO7
LGO7
LGO7
LGO7
LGO7
LGO7
LGO7
LGO7
LGO7
LGO7



allochthonous spawning groups in the western Gulf of Maine (3 outliers) (log10(P0)>0).

# of matches
1
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BLAT results
GeneScaffold_77:15418-15527

GeneScaffold_77:15579-15688

GeneScaffold_2450:317065-317174

GeneScaffold 2450:68830-68939

GeneScaffold_2450:68659-68768

contig416646:104-178

GeneScaffold 2219:70254-70363

GeneScaffold 2219:70099-70208

contig311041:450-559

GeneScaffold_2217:106567-106676

GeneScaffold 1821:10099-10208

GeneScaffold 1822:61384-61493

GeneScaffold_1822:167744-167853

GeneScaffold 1822:167965-168074

GeneScaffold_1819:69347-69456

GeneScaffold_1844:63670-63779

scaffold10671:139802-139911

scaffold10671:139648-139757

GeneScaffold _1870:97044-97153

GeneScaffold_1869:157549-157658

GeneScaffold 1869:75188-75297

GeneScaffold 1869:75024-75133

GeneScaffold_1869:59092-59201

GeneScaffold 2486:50820-50929

GeneScaffold 2486:16322-16431

GeneScaffold 981:17083-17192

GeneScaffold_4411:31593-31702

GeneScaffold _4407:77382-77491

GeneScaffold_4340:1544936-1545045

GeneScaffold_4340:1348171-1348280

GeneScaffold 4340:1044744-1044853

contig76816:482-591

GeneScaffold_4340:840709-840798

GeneScaffold_4232:113624-113733

GeneScaffold_4232:144910-145019

GeneScaffold_4232:258992-259101

GeneScaffold_4232:313262-313371

GeneScaffold _4479:140609-140718

GeneScaffold 4479:215028-215137

GeneScaffold_4474:136580-136689

GeneScaffold 4474:136397-136506

GeneScaffold 4475:187421-187530

GeneScaffold_4471:8819-8928

GeneScaffold_4473:34697-34806

GeneScaffold 4473:34539-34648

GeneScaffold_4384:60100-60209
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_77:15412-15532;tl=QYeodW7J7oYYleBE-5842958-756675365
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_77:15573-15693;tl=QYeodW7J7oYYleBE-5842960-756675367
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2450:317059-317179;tl=QYeodW7J7oYYleBE-5842963-756675370
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2450:68824-68944;tl=DdBc5tsRumbDoyYt-5389056-737036683
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2450:68653-68773;tl=QYeodW7J7oYYleBE-5842964-756675371
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig416646:100-181;tl=cohEvY7WWUE6fvBw-5389150-737039352
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2219:70248-70368;tl=cohEvY7WWUE6fvBw-5389151-737039356
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2219:70093-70213;tl=cohEvY7WWUE6fvBw-5389152-737039499
https://useast.ensembl.org/Gadus_morhua/Location/View?r=contig311041:444-564;tl=QYeodW7J7oYYleBE-5842967-756675374
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2217:106561-106681;tl=cohEvY7WWUE6fvBw-5389153-737039576
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1821:10093-10213;tl=cohEvY7WWUE6fvBw-5389154-737039575
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1822:61378-61498;tl=cohEvY7WWUE6fvBw-5389155-737039606
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1822:167738-167858;tl=QYeodW7J7oYYleBE-5842969-756675376
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1822:167959-168079;tl=cohEvY7WWUE6fvBw-5389156-737039928
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1819:69341-69461;tl=cohEvY7WWUE6fvBw-5389157-737039930
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1844:63664-63784;tl=cohEvY7WWUE6fvBw-5389158-737040061
https://useast.ensembl.org/Gadus_morhua/Location/View?r=scaffold10671:139796-139916;tl=cohEvY7WWUE6fvBw-5389160-737040071
https://useast.ensembl.org/Gadus_morhua/Location/View?r=scaffold10671:139642-139762;tl=cohEvY7WWUE6fvBw-5389161-737040192
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1870:97038-97158;tl=cohEvY7WWUE6fvBw-5389162-737040191
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1869:157543-157663;tl=cohEvY7WWUE6fvBw-5389163-737040198
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1869:75182-75302;tl=cohEvY7WWUE6fvBw-5389164-737040200
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1869:75018-75138;tl=cohEvY7WWUE6fvBw-5389165-737041359
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_1869:59086-59206;tl=cohEvY7WWUE6fvBw-5389166-737041364
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2486:50814-50934;tl=cohEvY7WWUE6fvBw-5389167-737041472
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_2486:16316-16436;tl=QYeodW7J7oYYleBE-5842970-756675379
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_981:17077-17197;tl=QYeodW7J7oYYleBE-5842973-756675378
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4232:258986-259106;tl=cohEvY7WWUE6fvBw-5389175-737058348
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https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4479:140603-140723;tl=jF5udiHu3bOxBCvl-5390164-737141822
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4479:215022-215142;tl=QYeodW7J7oYYleBE-5842980-756675392
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4474:136574-136694;tl=QYeodW7J7oYYleBE-5842982-756675393
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4474:136391-136511;tl=jF5udiHu3bOxBCvl-5390165-737141815
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4475:187415-187535;tl=QYeodW7J7oYYleBE-5842984-756675395
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4471:8813-8933;tl=QYeodW7J7oYYleBE-5842986-756675396
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4473:34691-34811;tl=8xQmes9QMGMu4vFh-5843222-756737724
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4473:34533-34653;tl=8xQmes9QMGMu4vFh-5843224-756737726
https://useast.ensembl.org/Gadus_morhua/Location/View?r=GeneScaffold_4384:60094-60214;tl=ZsxmvgfZcV9um6FS-5389893-737140755
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1 GeneScaffold 4369:222295-222404 Forward
1 GeneScaffold_4368:34823-34932 Forward
1 GeneScaffold 4378:94585-94694 Reverse
1 contigl70787:817-926 Reverse
1 GeneScaffold 4382:61188-61297 Forward
1 GeneScaffold _4382:61333-61442 Reverse
1 GeneScaffold _4367:21884-21993 Reverse
1 contig01832:504-613 Forward
1 GeneScaffold_4306:48006-48115 Forward
1 GeneScaffold_4306:48207-48316 Reverse
1 GeneScaffold 1257:83733-83842 Forward
1 GeneScaffold_4412:255788-255897 Reverse
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Flanking sequences, linkage group, associated gene and distance from nearest exon are provic

Associated gene E - value %ID Score
2.10E-55 100 213
4.50E-56 100 215
5.10E-56 100 215
grin2aa 1.10E-55 100 214
grin2aa 1.20E-55 99.09 214
3.80E-35 100 146
pycrlb 1.50E-55 99.09 214
pycrlb 1.10E-55 100 214
4.50E-56 100 215
coro7 8.50E-55 100 211
GPR139 6.00E-54 98.18 208
plcd3a 4.20E-55 99.09 212
tmem98 5.80E-57 100 218
tmem98 3.30E-54 98.18 209
mp3aa 1.80E-55 99.09 213
asic2 1.60E-55 99.09 214
9.10E-55 99.09 211
4.30E-54 99.09 209
ndfua4l 1.60E-54 99.09 210
zgc:162613 6.20E-56 99.09 215
corola 1.80E-54 99.09 210
corola 5.80E-56 100 215
ppplcaa 2.70E-55 100 213
med25 5.80E-56 100 215
med25 1.10E-56 100 217
ENSGMOG00000006862 6.40E-53 97.27 205
ENSGMOG00000008544 1.40E-55 100 214
kIfsI 9.10E-55 99.09 211
dhx33 2.10E-56 100 216
zzefl 2.70E-56 100 216
med13a 1.70E-55 99.09 213
5.60E-54 99.09 208
ints2 5.90E-44 100 175
usp25 6.50E-56 100 215
usp25 4.50E-56 100 215
ENSGMOGO00000008639 3.30E-55 99.09 212
nccrpl 4.30E-55 99.09 212
arhgap32b 6.20E-55 99.09 212
5.80E-56 100 215
tmem218 7.40E-57 100 218
tmem218 2.10E-55 100 213
lim2.1 5.80E-56 100 215
dig2 6.50E-56 100 215
ENSGMOG00000001203 1.20E-55 100 214
ENSGMOG00000001203 2.40E-55 100 213
castor2 1.50E-54 99.09 210
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tmem248 2.60E-54 99.09 209
smfn 1.80E-55 100 213
invs 1.40E-55 100 214

9.60E-56 100 214

usp2b 1.60E-55 100 214
usp2b 1.20E-55 100 214
tpte 9.60E-56 100 214
1.40E-53 98.18 207

6.50E-56 100 215

7.40E-57 100 218

jakmip2 2.40E-55 100 213
fstl4 5.60E-54 99.09 208
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Distance from exon (bp)

1,600

1,439

6,711
83,134
81,648

Overlapping
90

Overlapping
Overlapping
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18,813
Overlapping

6,371
Overlapping
2,328
2,164
Overlapping
Overlapping
12,671
Overlapping
Overlapping
Overlapping
2,698
Overlapping
Overlapping

145,963
Overlapping
25,265
Overlapping
4,130
Overlapping
14,556
Overlapping
Overlapping
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38,876

Overlapping
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22,304
Overlapping
Overlapping

Overlapping
Overlapping

3,193
84,353
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Description of associated gene

glutamate receptor, ionotropic, N-methyl D-aspartate 2A, a
glutamate receptor, ionotropic, N-methyl D-aspartate 2A, a

pyrroline-5-carboxylate reductase 1b
pyrroline-5-carboxylate reductase 1b

coronin 7

G protein-coupled receptor 139

phospholipase C, delta 3a

transmembrane protein 97

transmembrane protein 98

membrane protein, palmitoylated 3a (MAGUK p55 subfamily member 3)
acid-sensing (proton-gated) ion channel 2

NADH:ubiquinone oxidoreductase subunit A4, like
zgc:162613

coronin, actin binding protein, 1A

coronin, actin binding protein, 1A

protein phosphatase 1, catalytic subunit, alpha isozyme a
mediator complex subunit 25

mediator complex subunit 26

Kruppel-like factor 5 like

DEAH (Asp-Glu-Ala-His) box polypeptide 33
zinc finger, ZZ-type with EF hand domain 1
mediator complex subunit 13a

integrator complex subunit 2
ubiquitin specific peptidase 25
ubiquitin specific peptidase 25

non-specific cytotoxic cell receptor protein 1
Rho GTPase activating protein 32b

transmembrane protein 218
transmembrane protein 218

lens intrinsic membrane protein 2.1
discs, large homolog 2 (Drosophila)

cytosolic arginine sensor for mTORC1 subunit 2
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transmembrane protein 248
small fragment nuclease
inversin

ubiquitin specific peptidase 2b
ubiquitin specific peptidase 2b

janus kinase and microtubule interacting protein 2
follistatin-like 4

URL: http://mc.manuscriptcentral.com/tafs Email: journals@fisheries.org



Transactions of the American Fisheries Society Page 118 of 130

Outlier loci identified while comparing allochthonous spawning groups in the west
Flanking sequences, linkage group, associated gene and distance from nearest exol

SNP_ID Locus ID Sequence Linkage group # of matchi
151378 69 151378 TGCAGAGACCGCTCACAGTA LG18 1
151385 24 151385 TGCAGCAACTGACCCTGAAA, LG18 1
151395 73 151395 CGGTGCCTCCTCTTGAGCTCA LG18 1
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tern Gulf of Maine (3 outliers).
n are provided.

BLAT results Orientation Associated gene E - value %ID
contig50121:779-888 Forward 1.20E-53 98.18
GeneScaffold 2902:58605-58714 Forward phosphatidylethanolamine 3.50E-56 100
GeneScaffold 2902:75523-75632 Reverse phosphatidylethanolamine 8.20E-55 99.09
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Score Distance from exon (bp)
207
216 1,240
211 18,158
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Description of associated gene

involved in the pathway phosphatidylcholine biosynthesis, which is part of Phospholipid metabolisr
involved in the pathway phosphatidylcholine biosynthesis, which is part of Phospholipid metabolisr
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Supplementary discussion on climate effects

Given that loci from LG 7 and 12 have been associated with different thermal conditions
(Bradbury et al. 2010; Therkildsen et al. 2013; Berg et al. 2017), it is likely that these two
supergenes are driving temperature-related adaptive divergence between these two groups of cod
that spawn during different times of the year and temperature regimes. We identified three loci
from LG 18 with very high Fgr values (0.383-0.424) that differentiate spring and winter
spawning cod in the western Gulf of Maine. Flanking sequences for two of the three LG 18
outliers differentiating these two spawning groups were found to be in close proximity (1,240
and 18,158 bp) to exons coding for phosphatidylethanolamine N-methyltransferase (PEMT).
SNPs found within this gene have also been identified as outliers by previous studies in the
region (Clucas et al. 2019b) as well as during comparisons of behavioural types of cod captured
in the North Sea (Barth et al. 2019). The protein transcribed from this gene is involved in the
biosynthesis of phosphatidylcholine, which influences the fluidity of fish egg membranes (Farkas
et al. 2001). The ability to adjust the fluidity of cell membranes is an important adaptation for
poikilotherms subject to changing thermal conditions. Given that loci from LG 7 and 12 have
been associated with different thermal conditions (Bradbury et al. 2010; Therkildsen et al. 2013;
Berg et al. 2017), it is likely that these two supergenes are driving temperature-related adaptive
divergence between these two groups of cod that spawn during different times of the year and
temperature regimes.

As sea temperatures continue to rise due to anthropogenic climate change, maintenance
of a portfolio of genetic diversity is likely to contribute to the adaptability of Atlantic cod in the
GMR (Schindler et al. 2010). Recruitment is expected to decrease in the GMR, which is

approaching the warm limit of the species’ distribution (mean annual bottom water temperature
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= 12°C) (Planque and Frédou, 1999; Sundby 2000; Drinkwater 2005). Predicted sea
temperatures are likely to decrease survival of early life stages and increase vulnerability to
fishing pressure (Fogarty et al. 2008). It has been suggested that rapidly rising sea temperatures
in the Gulf of Maine has already increased natural mortality and reduced recruitment (Pershing et
al. 2015, 2016), although this has been debated (Palmer et al. 2016; Swain et al. 2016). These
impacts are likely to have a variety of effects on cod occupying different regions during different
seasons in the Gulf of Maine. For example, spring and autumn research surveys have indicated
that cod in the Gulf of Maine occupy cold deep water in the spring and warmer more shallow
water in the autumn (O’Brien et al. 2005). Conversely, Georges Bank cod occupy shallow cold
water in the spring and warm deep water in autumn, while cod in New England remain in the
shallows, where the waters are cool in the spring and warm in autumn (O’Brien et al. 2005).
Given that the chromosomal inversions highlighted in this study are associated with
ecotypes occupying regions with differences in temperature, salinity and oxygen, further
investigation into adaptation capacity and phenotypic plasticity of the various genotypes may
provide insights into the future of Atlantic in the Gulf of Maine. Some researchers have
suggested that cod stocks found in the middle of the species’ latitudinal range tend to be more
sedentary, while stocks found at the northern and southern ends of the range tend to be more
migratory (Collette and Klein-MacPhee 2002). Given the near extirpation of cod from the Mid-
Atlantic Bight region and increasing sea temperatures in the Gulf of Maine, there is potential for
increased mobility and mixing of existing stocks in the region. As with many species of marine
fish worldwide (Hickling et al. 2006; Nye et al. 2009; Last et al. 2011), the distribution of cod in
the GMR is likely to shift as the relative productivity of different spawning groups changes over

time.
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1 Supplementary Figures
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Figure S1. Mean number of alleles per sample plotted against sample size. A coefficient from a

4  logarithmic regression is presented.
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7  Figure S2. Manhattan plots of corrected AMOVA Fgr values for variant loci distributed among
8 23 linkage groups used to genotype 430 Atlantic cod from the Gulf of Maine Region. Fsr values
9 used to generate the plots were calculated while comparing three genetic clusters distributed

10  along the primary (top left), secondary (top right), tertiary (bottom left) axes of the PCA in

11 Figure 2 (top), and three genetic clusters defined by DAPC posterior probabilities (bottom right).
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Figure S3. Principal component analysis of Atlantic cod from south (n=463; cyan) and north
(n=70; black) of 45°N genotyped at 4,942 SNPs (LG 1, 2, 7 and 12 loci removed). Eigenvalues
of the analysis are displayed in inset and the percentage of variance explained by each axis are

provided.
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Figure S4. Principal component analysis of 221 adult and 209 juvenile Atlantic cod genotyped at
2,247 SNPs (inversion loci from LG 1, 2, 7, and 12 have been removed). Colours correspond
with those in Figure 1. Eigenvalues of the analysis are displayed in inset and the percentage of

variance explained by each axis are provided.
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Figure S5. Principal component analysis of 463 Atlantic cod genotyped at four different linkage
groups (A=LG 1,B=LG2,C=LG 7 and D =LG 12). Colours correspond with those in

Figure 1. Eigenvalues of the analysis are displayed in inset and the percentage of variance

explained by each axis are provided.
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Figure S6. Proportion of Atlantic cod caught south (n=463) and north (n=70) from each of 16
sampling location with homozygote (black and grey) and heterozygote (white) genotypes from 4
different chromosomal inversions located on LG 1, 2, 7 and 12. Samples were collected from 16
locations (1* = northeastern Gulf of St. Lawrence; 2 = St. Anns Bank; 3 = Scotian Shelf; 4* =
Browns Bank; 5* = Eastern Georges Bank; 6 = Western Scotian Shelf; 7* = Bay of Fundy; 8* =
Inshore Northern Gulf of Maine; 9 = Offshore Northern Gulf of Maine; 10* = western Gulf of
Maine spring spawning cod; 11* = western Gulf of Maine winter spawning cod; 12 = Cape Cod;
13 = Western Georges Bank; 14* = Great South Channel; 15 = Nantucket Shoals; 16 = Southern

New England). Asterisks indicate samples with more than 30 individuals.
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Figure S7. Manhattan plots of corrected AMOVA Fgr values for variant loci distributed among
23 linkage groups used to compare 84 mature Atlantic cod captured during winter (n=32) and
spring (n=52) spawning events in the Western Gulf of Maine region (outliers in LG 18 are

highlighted in red).
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