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Supplemental protocol :

DArTseq™ represents a combination of DArT complexity reduction methods and next
generation sequencing platforms (Sansaloni et al, 2011; Kilian et al, 2012; Courtois et al,
2013; Raman et al. 2014; Cruz et al. 2013). Therefore, DArTseq™ represents a new
implementation of sequencing of complexity reduced representations (Altshuler et al, 2000)
and more recent applications of this concept on the next generation sequencing platforms
(Baird et al, 2008; Elshire et al, 2011). Similarly, to DArT methods based on array
hybridisations the technology is optimized for each organism and application by selecting the
most appropriate complexity reduction method (both the size of the representation and the
fraction of a genome selected for assays). Based on testing several enzyme combinations
for complexity reduction the PstI-SphI method was selected for Xiphias. DNA samples were
processed in digestion/ligation reactions principally as per Kilian et al (2012) but replacing a
single PstI-compatible adaptor with two different adaptors corresponding to two different
Restriction Enzyme (RE) overhangs. The PstI-compatible adapter was designed to include
Illumina flowcell attachment sequence, sequencing primer sequence and “staggered”,
varying length barcode region, similar to the sequence reported by Elshire et al, 2011).
Reverse adapter contained flowcell attachment region and SphI-compatible overhang
sequence.

Only “mixed fragments” (PstI-SphI) were effectively amplified in 30 rounds of PCR using the
following reaction conditions:

Figure S1: Specification for the temperature cycle for the PCR

After PCR equimolar amounts of amplification products from each sample of the 96-well
microtiter plate were bulked and applied to c-Bot (Illumina) bridge PCR followed by



sequencing on Illumina NovaSeq6000. The sequencing (single read) was run for 100
cycles.
Sequences generated from each lane were processed using proprietary DArT analytical
pipelines. In the primary pipeline the fastq files were first processed to filter away poor
quality sequences, applying more stringent selection criteria to the barcode region compared
to the rest of the sequence. In that way the assignments of the sequences to specific
samples carried in the “barcode split” step were very reliable.

Filtering was performed on the raw sequences using the parameters described in Table S1.

Table S1: Parameters used to filter the raw sequencing data

Filter Filter Parameters
Barcode region Min Phred pass score 30, Min pass percentage 75
Whole read Min Phred pass score 10, Min pass percentage 50

Approximately 2,500,000 sequences per barcode/sample were identified and used in marker
calling. Finally, identical sequences were collapsed into “fastqcoll files”. The fastqcoll files
were “groomed” using DArT PL’s proprietary algorithm which corrects low quality base from
singleton tag into a correct base using collapsed tags with multiple members as a template.
The “groomed” fastqcoll files were used in the secondary pipeline for DArT PL’s proprietary
SNP and SilicoDArT (presence/absence of restriction fragments in representation) calling
algorithms (DArTsoft14). For SNP calling all tags from all libraries included in theDArTsoft14
analysis are clustered using DArT PL’s C++ algorithm at the threshold distance of 3, followed
by parsing of the clusters into separate SNP loci using a range of technical parameters,
especially the balance of read counts for the allelic pairs. Additional selection criteria were
added to the algorithm based on analysis of approximately 1,000 controlled cross
populations. Testing for Mendelian distribution of alleles in these populations facilitated
selection of technical parameters discriminating well true allelic variants from paralogous
sequences. In addition, multiple samples were processed from DNA to allelic calls as
technical replicates and scoring consistency was used as the main selection criteria for high
quality/low error rate markers.

Calling quality was assured by high average read depth per locus, average across all
markers was over 10 reads/locus. Approximately 10% of the samples had technical
replicates which were used to estimate reproducibility of reported markers (>99%). The
Average Reproducibility was calculated as a fraction of allele calls which are consistent
among the technical replicates (libraries) generated from the same DNA samples in a fully
independent manner. Reproducibility fraction was calculated for each of the two alleles and
averaged for the marker.
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Supplemental table 1 : Sample selection from IOSSS project.

Location IOSSS code Year Number of fish

Australia SW 2009 16

Glorioso Islands GL 2006 27

Madagascar

IA 2009 - 2010 122

IB 2009 69

IC 2009 142

ID 2009 58

XA 2009 248

Mayotte
TD 2009 66

TF 2010 82

Mozambique Channel TB 2010 27

Reunion Island

IE 2010 57

IF 2010 36

XB 2010 90

XC 2010 108

Seychelles

SA 2010 - 2011 88

SB 2009 71

TE 2011 55

Sri Lanka
FA 2009 - 2010 13

FB 2010 48

South Africa

BB 2009 46

BC 2009 - 2010 35

BE 2009 - 2010 76

Thailand
AA 2010 - 2011 40

AC 2009 - 2010 74



Supplementary table 2 : DArT metadata.

Information Meaning

SNP Mutational change and its position in the sequence tag referenced from zero

SNP Position Position (zero is position 1) in the sequence tag of the defined SNP variant
base

Trimmed Sequence The sequence containing the SNP or SNPs (the sequence tag) trimmed of
adaptors

Call Rate Proportion of samples for which the genotype call is nonmissing (that is not
“-”)

OneRatioRef Proportion of samples for which the genotype is 0

OneRatioSNP Proportion of samples for which the genotype is 2

FreqHomRef Proportion of samples homozygous for Reference allele

FreqHomSNP Proportion of samples homozygous for the Alternate (SNP) allele

FreqHets Proportion of samples which score as heterozygous that is scored as 1

PICRef Polymorphism information content (PIC) for the reference allele

PICSnp Polymorphism information content (PIC) for the SNP

AvgPIC Average of the polymorphism information content (PIC) of the Reference and
SNP alleles

AvgCountRef Sum of the tag read count for all samples, divided by the number of samples
with non-zero tag read count, for the Reference allele row

AvgCountSnp Sum of the tag read count for all samples, divided by the number of samples
with non-zero tag read count, for the Alternate (SNP) allele row

RepAvg Proportion of technical replicate assay pairs for which the marker score is
consistent



Supplementary table 3 : Filtering workflow.

* Only apply to the dataset with neutral loci

Parameters Threshold Loci filtered Individuals filtered

Total samples submitted : 2068

Total samples submitted : 2068 2068

Technical replicates / / 189

Total sample files remaining / / 2227

Samples not sequenced / / 30

Non-swordfish samples / / 8

Final swordfish samples/files for downstream processing : 2030

Population structure bioinformatic process (2030 individuals & 86 409 SNPs)

Sequencing depth (dartR) Between 20 and 145 43 110 /

Linkage disequilibrium (dartR) > 1 22 640 /

Reproducibility (dartR) 0.95 65 /

Call Rate by locus (dartR) 0.99 7 634 /

Call Rate by individual (dartR) 0.95 / 2

Minor Allele Frequency (MAF) (dartR) 0.05 10 480 /

DNA quality and contamination (kinference) / / 327

Monomorphic loci / 0 /

Under selected loci (outflank) 0.05 74* /

Delete IOSSS group with not enough
individuals < 10 fish / 12

HWE equilibrium
The minimum number of populations where the same locus has to

be out of H-W proportions to be removed (1/4)
alpha = 0.05 37 / 33* /

ALL = 2,443 SNPs (OUTLIERS + NEUT)

Final dataset for population structure : 1 694 fish OUTLIERS = 70 SNPs

NEUT = 2,373 SNPs (neutral SNPs)*



Supplementary table 4 : Confidence interval at 95% for FST value calculated using 10 000
bootstrap samples for the three dataset. The yellow cells indicate the lower limit and blue
cells indicate the upper limit.



Supplementary table 5 : Outliers SNPs and their biological functions



Supplemental Figure 1: Goodness of fit (Bayesian Information Criteria) for the different
numbers of clusters assessed according to the K-means clustering method using the adegenet
package for (A) the dataset with only neutral loci and (B) the dataset with loci under potential
selection.

Supplemental Figure 2: DAPC cross-validation plot with the number of PCs retained in
each DAPC.

To carry out a DAPC the number of retained PCs must be determined. The number of PCs
can have a substantial impact on the results of the analysis. Cross-validation (carried out with
the function xvalDapc) provides an objective optimization procedure for identifying the
‘goldilocks point’ in the trade-off between retaining too few and too many PCs in the model.



In cross-validation, the data are divided into two sets: a training set (typically comprising
90% of the data) and a validation set (which contains the remainder (by default,10%) of the
data). With xvalDapc, the validation set is selected by stratified random sampling. This
ensures that at least one member of each group or population in the original data is
represented in both training and validation sets. DAPC is carried out on the training set with
variable numbers of PCs retained, and the degree to which the analysis is able to accurately
predict the group membership of excluded individuals (those in the validation set) is used to
identify the optimal number of PCs to retain. At each level of PC retention, the sampling and
DAPC procedures are repeated n.reptimes. When xval.plot is TRUE, a scatter plot of the
DAPC cross-validation is generated. The number of PCs retained in each DAPC varies along
the x-axis, and the proportion of successful outcome prediction varies along the y-axis.
Individual replicates appear as points, and the density of those points in different regions of
the plot is displayed in blue. Based on the model validation literature, it is recommended to
use the number of PCs associated with the lowest root mean squared error (RMSE) as the
‘optimum’ n.pca in the DAPC analysis. In our case, the optimum n.pca was obtained at 200
PCA axes.



Supplemental Figure 3: DAPC for samples from swordfish (X. gladius) adults during
reproductive period (November - April) for (A) Neutral SNPs and (B) Neutral + SNPs with a
selection signature.



Supplemental Figure 4 : Heatmap representations of the pairwise fixation index (FST) between the different sampling areas for adult swordfish

(X. gladius) sampled during their reproduction period (November - April) for (Left) ALL dataset (Top right) NEUT dataset and (Bottom right)

OUTLIERS dataset.



Supplemental Figure 5 : Principal component analysis (PCA) according to the first two

axes, with samples grouped by their sampling areas for dataset with neutral and outliers loci



Supplemental Figure 6 : Linkage Disequilibrium (LD) across each chromosome calculating r² between each pair of SNPs. The LD plot was not
made for the 24th chromosome due to a lack of data.


