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Introduction

Abstract

Aim of the present study was to discover a small panel of SNPs with the highest discriminatory power to classify sheep to: (i) three neighboring North Aegean islands
(Lemnos, Lesvos and Agios Efstratios) and (i1) two agro-ecological zones (rough and flat landscape) within Lemnos. A total number of 256 ewes belonging to n=15 herds
dispersed on the three islands and the two agro-ecological zones were genotyped with the 50K SNP array. Application of quality criteria at the marker level resulted in
about 37K SNPs retained. Of these markers, we searched for a limited number (n=50 or 100) of strongly differentiated SNPs between groups (islands/zones) defined as
those with highest values for the F; fixation index and combined results of principal components (PCA) and Nonparametric Discriminant Analysis (NPDA) to derive the
classification criterion (DC) across cases. Application of the DC derived on the first two principal components (PCs) constructed on n=100 strongly differentiated SNPs
resulted in a lowest average misclassification error rates (0.019) across the islands, whereas the respective DC derived on the first PC of n=50 strongly differentiated SNPs
could accurately assign individuals to the two agro-ecological zones (average misclassification error rate: 0.012). Current results suggest that the proposed approach could
be implemented to unequivocally determine the origin/habitat of local sheep and possibly their associated specific products.

Results

Application of Discriminant Analysis (DA) on genomic data can
summarize genetic differentiation between groups and allow for
discrimination of individuals into pre-defined groups (supervised
classification). Instead of using raw genomic data, discrimination
between groups could alternatively be achieved by using limited
number of discriminatory variables such as Principal Components
(PCs) of the original genetic data that are uncorrelated and comprise
most of the variation of the original data. Following this rationale, In
the present study, first, we detected a limited number of highly
differentiated SNPs, then we constructed PCs on the highly
differentiated markers and finally we conducted nonparametric DA on
the constructed PCs iIn attempts to classify animals into three
neighboring islands (Lemnos, Lesvos and Agios Efstratios) and two
agro-ecological zones (rough and flat landscape) within Lemnos
Island. Present results are expected to allow for the development of a
method that could explicitly determine the origin of sheep within and
across islands.

Material and methods

Data and guality control

A total number of 268 ewes were genotyped with the medium density

SNP array (Illumina Ovine 50K SNP array). Quality control (QC) was

performed at a sample and at a marker level.

After QC criteria:

« 256 samples (n=197 In Lemnos, n=38 In Lesvos and n=21 In
Agios Efstratios) were remained due to: call rate>0.90.

« 37,201 autosomal SNPs were retained due to: call rate>0.95,
minor allele frequency>0.05, Hardy—\Weinberg equilibrium (HWE)
using a Fisher exact test p-value>10® and SNP pruning due to
linkage disequilibrium (LD) r? levels (r?<0.50, window size: 50
SNPs, increment: 5 SNPs)

QC was performed in SNP & Variation Suite software.

Discriminant analyses

We performed DA between: 1) islands (n=256 samples) and ii) agro-

ecological zones (n=60 samples in rough and n=137 samples in flat

landscape) of Lemnos, respectively. The same analyses were
conducted as described below:

I. We searched for a limited number (n=50 or 100) of strongly
differentiated SNPs between groups (islands/agro-ecological
zones) defined as those with highest fixation index (F<; ) values.

1. We then performed Principal Component Analysis (PCA) on the
various sets of differentiated markers to obtain smaller sets I.e.
PCs that contained most of the variance in the original genetic
data.

1. Finally, we employed Nonparametric Discriminant Analysis
(NPDA) using the k-th nearest-neighbor method on PCs
constructed at step (i) to derive the discriminant (classification)
criterion (DC). In the k-nearest-neighbor method, the DC is based
on non-parametric density estimates per each group and proximity
between groups Is based on the estimated Mahalanobis distances
estimated on the pooled covariance matrix.

Analyses of F; and PCs were performed in SNP & Variation Suite
software while NPDA was carried out in SAS (2013). Results of
NPDA are presented as crossvalidation misclassification error rates
per group (island and/or landscape) and on average.
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Discriminatory power of 50 or 100 markers to assign sheep to islands

Table 1. Misclassification error rates of the discriminant criterion (DC) into islands based on 3 nearest-

neighbors NPDA. DC was derived on first two PCs constructed on 50 or 100 strongly differentiated markers
(SD: standard deviation)

Misclassification error rate

Number of Average Fqr s Ef :
mariers (5D) Agios Efstratios

50 0.211 (0.030) 0.167 0.237 0.048 0.150
100 0.187 (0.032) 0.010 0.001 0.048 0.019
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Figure 1. Geographical map of the studied| |Figure 2. Two-dimensional plot of the first two PCs using 100 most
sheep populations Informative SNPs of n=256 ewes’ genotypes. Note the high overall
success rate of correct discrimination of animals to the three
Islands (see Table 1)

Discriminatory power of 50 markers to assign sheep to agro-ecological zones

Table 2. Misclassification error rates of the discriminant criterion (DC) into two agro-ecological zones
based on 2 nearest-neighbors NPDA. DC was derived on first PC constructed on 50 strongly differentiated
markers (SD: standard deviation)

Misclassification error rate
Number of markers | Average Fg; (SD) rough landscape flat landscape

50 0.249 (0.031) 0.007 0.017 0.012

0.05 -

0.00

landscape

¢ flat
rough
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Figure 3. Two-dimensional plot of the first PC using 50
highly differentiated SNPs of n=197 Lemnos ewes’
genotypes. Note the high overall success rate of correct
discrimination of animals to different landscapes (see
-0.151 Table 2)
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Conclusions

« A number of 100 highly differentiated SNPs was sufficient to determine the origin (island) of the studied
sheep while 50 discriminatory SNPs could effectively classify Lemnos sheep to rough/flat landscape
habitats.

* The current approach could be exploited for the development of a specialized panel of markers that could
be used for traceability purposes of animals across and within islands and possibly the associated specific
products of local sheep.

« Current findings warrant a larger sample size to be verified.
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