Conservation Genetics Resources
https://doi.org/10.1007/s12686-023-01329-z

METHODS AND RESOURCES

®

Check for
updates

An amplicon genotyping panel suitable for species identification and
population genetics in sauger (Sander canadensis) and walleye (Sander

vitreus)
Jared J. Homola' - Wesley A. Larson? - Paul Albosta®

Received: 27 February 2023 / Accepted: 27 October 2023

This is a U.S. Government work and not under copyright protection in the US; foreign copyright protection may apply 2023

Abstract

Sauger (Sander canadensis) and walleye (Sander vitreus) are closely related North American fish species that are often
managed by fishery agencies throughout their ranges. However, genotyping resources for sauger are presently limited to
a small set of microsatellite loci. We evaluated whether primers in an existing walleye genotyping-in-thousands panel
could amplify single nucleotide polymorphism loci (SNPs) in sauger. We identified 71 primer pairs that amplify 118
SNPs in both species. Allele frequency differences were large enough to confidently distinguish the species and identify
hybrids. Additionally, we identified 41 loci with observed heterozygosity>0.1 in sauger; these markers may be useful
for simple population genetic analyses and parentage analysis when few contributors are present and for differentiating

highly structured populations.
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Sauger (Sander canadensis) and walleye (Sander vitreus)
are closely related North American freshwater fish species.
While both species have supported substantial recreational
and commercial fisheries in parts of their ranges (Pegg et
al. 1996; Radomski 2003; Schmalz et al. 2011), they are
increasingly targets of restoration due to abundance declines
associated with habitat fragmentation, overharvest, and cli-
mate change (Hoff 2001; Jaeger et al. 2005; Gillenwater et
al. 2006; Hansen et al. 2017; Hartman et al. 2019). Given
the species’ dual roles as targets of both rehabilitation and
harvest, they are often closely managed by natural resource
agencies (e.g., Loukmas 2013; Gelwicks et al. 2014).
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Amplicon genotyping panels provide a cost-efficient
means of collecting genetic data at hundreds of loci that can
inform research of conservation interest (Meek and Larson
2019). A genotyping-in-thousands (GT-seq; Campbell et al.
2015) panel was recently developed for walleye with loci
selected to both quantify population structure and inform
parentage analyses (Bootsma et al. 2020). This panel con-
sists of 436 primer pairs that generate ~ 140 bp amplicons,
permitting genotyping on single-end 150 bp sequencing
platforms. Given their taxonomically close relationship and
capacity to hybridize (saugeye; Graeb et al. 2010; Quist et
al. 2010), we expected a subset of loci from the existing
walleye panel to amplify and be polymorphic in sauger. A
genotyping panel applicable to both species could have con-
servation and management applications, including species
identification, identification of saugeye (Sander canadensis
X vitreus), and assessment of stocking success via parent-
age-based tagging.

To identify loci with utility for both sauger and wall-
eye, we first genotyped 351 sauger from Wisconsin’s Lake
Winnebago using a 400-locus subset of the Bootsma et al.
(2020) walleye GT-seq panel with demonstrated consistent
amplification. Genomic DNA was extracted from ethanol-
preserved fin clips using a chelating resin-based procedure
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(Campbell et al. 2015; Bootsma et al. 2020). PCR amplifi-
cations used 1.5 pl of the primer pool at 0.5 uM per primer
pair and involved initial denaturing at 95 °C for five min,
five touchdown amplification cycles (95 °C for 30 s, 5%
ramp down, 57 °C for 2 min, 72 °C for 30 s), 10 additional
amplification cycles (95 °C for 30 s, 65 °C for 30 s, 72 °C
for 30 s), a final extension at 72 °C for 5 min, and a 4 °C
hold. A barcoding PCR was then performed by combining
5 ul 2x Qiagen Multiplex PCR Plus master mix with 1 pl
of 10 uM Illumina TruSeq i7 barcoding primer, 2 pl of 5
pM TIllumina TruSeq i5 barcoding primer, and 2 pl 3:40
diluted PCR product. Barcoding amplifications involved
initial denaturing at 95 °C for 5 min, 10 amplification cycles
(95 °C for 10's, 65 °C for 30 s, 72 °C for 30 s), a final exten-
sion at 72 °C for 5 min, and a 4 °C hold. PCR product was
then normalized with SequalPrep normalization kits with an
elution volume of 20 pl per well, followed by pooling 10 pl
per well. The plate-specific 960 pl pools were concentrated
to 100 ul with a QIAquick PCR purification and gel extrac-
tion kit. Eluates were purified with 0.9x AMPure XP beads
and eluted in 40 pul TLE. We then performed a final purifica-
tion via gel extraction. Libraries were quantified with Qubit
high sensitivity assays and sequenced using MiSeq 2 X 150
runs. Sequence reads were then genotyped using GTscore
v1.3 (McKinney et al. 2020).

Genotypes were filtered to remove SNPs with >10%
missing data and individuals with >50% missing data.
We used two walleye datasets to make comparisons to the
sauger data; each genotyped according to Bootsma et al.
(2020). First, we calculated locus-specific observed and
expected heterozygosity and minor allele frequency using
data from 254 walleye from a single population in Fox Lake,
Wisconsin. Second, we used a random subsample of 351
walleye (i.e., the same number of sauger analyzed) drawn
from a larger dataset of 45 walleye populations across Min-
nesota and Wisconsin to demonstrate differences in allele
frequencies between the two species using a principal com-
ponent analysis (PCA). Using multiple walleye populations
allowed inter-specific variation to be assessed relative to
intra-specific variation. Additionally, we used the hybrid-
ize function of the Adegenet (Jombart 2008) R package to
simulate sauger x walleye genotypes to evaluate the panel’s
capacity to detect saugeye. PCA was performed on species-
specific allele frequency data using the dudi.pca function of
the R package ade4 (Dray and Dufour 2007; Thioulouse et
al. 2018). Individuals with > 5% missing data were removed
from the PCA to limit bias caused by the necessary substi-
tution of missing data with the average values of observed
data.

Seventy-two primer pairs amplified 118 SNPs that were
shared among sauger and walleye (1-7 SNPs per amplicon;
Table 1). Two overamplifying loci (83,046 and 85,954) were
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identified, which could be removed from the genotyping
panel to improve evenness of sequencing depth across loci
(Table 1). Locus-specific measures of genetic diversity often
differed substantially between the species (Table 1). Inter-
specific allele frequency differences resulted in adequate
power to distinguish the species and their hybrid along the
first principal component axis (Fig. 1), with additional axes
summarizing intraspecific variation (maximum 2.2% varia-
tion explained). These 118 SNPs may help inform future
conservation genetic analyses of sauger, with the added ben-
efit of enabling direct comparison to walleye.
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Fig. 1 Density plot of principal component analysis (PCA) axis 1 indicating divergence in allele frequencies between sauger (Sander canadensis),

walleye (Sander vitreus), and simulated saugerxwalleye at 118 SNP loci
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