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Introduction

Imputation is a robust approach to infer the genotypes at un-genotyped loci and has been
adopted so as to minimize costs of genotyping in livestock breeding including Sheep. Since 2015, a
new low-density array of about 16,000 SNPs is available in Sheep and its imputation accuracy on
the medium-density 50K SNPs array was tested and confirmed to be efficient in different
population (Ventura et al., 2016), including French dairy Sheep breeds (Larroque et al., 2017).
Low-density arrays were created by selecting markers from medium-density arrays. The selected
SNPs were chosen in order to obtain SNPs evenly spaced across the genome based on their physical
distances, but also based on their allele frequency or proximity to genes of particular relevance
(Zhang and Druet, 2010 ; Dassonneville et al., 2012 ; Boichard et al., 2012). However, imputation
of SNP genotype selected based on physical distances could be less efficient in regions of high
recombination rate such as chromosome ends (Boichard et al., 2012 ; Petit et al., 2017). Imputation
in highly recombinant regions could be improved by selecting genotyped SNPs based on genetic
distances rather than physical distances. In this work, we test this hypothesis by exploiting a
recently published sheep recombination map (Petit et al., 2017). To do so, we virtually created low-
density SNP panels where SNPs were either selected from physical or genetic distance information,
and of varying density: 16,000 SNPs (16K), 10,000 SNPs (10K), 3,000 SNPs (3K) and 300 SNPs
(300). We then compared the imputation accuracy for these panels. In particular, we evaluate if
using genetic distance could allow to reduce the number of SNPs in low-density panels without
degrading imputation accuracy.

Materials and Methods

Study population

We exploited a large population of 8,085 related rams from the Lacaune breed Sheep
genotyped with the medium density Illumina Ovine Beadchip® including 54,241 SNPs (50K
array). Quality control of the SNP data was performed as in by Larroque et al. (2017): a call freq
better than 0.97, a respect of Hardy Weinger equilibrium and a correction for the filiation. After
these quality controls, a total of 5,864 animals were kept. They were separated into two groups:
4,718 Lacaune composed the training set (born between 1996 and 2011) and 1,146 animals
composed the validation set (born in 2012).

Creation of low-density SNPs sets

Using the genetic recombination map of Petit et al. (2017), we created 8 different SNPs sets
(4 different densities for each SNP selection methods based either on physical distances or on
genetic distances) (Figure 1). Markers were chosen for their higher MAF and in order to maximize
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equivalent distances between 2 adjacent SNPs. We then imputed the 8 low-density SNPs sets on the
50K array, using FIMPUTE 2.2 (Sargolzaei et al., 2014), and we computed for each chromosome
and each imputed SNP, the concordance rate (CR), determined as the proportion of correctly
imputed markers out of all markers that were inferred after imputation.

Figure 1: Criteria to create 300, 3K, 10K, 16K SNPs sets based on physical or genetic distances

Creation of low-density SNPs sets

As chromosomes ends recombine more than the middle, the impact of recombination on
imputation accuracy was evaluated by splitting chromosomes into two types of segments: the
middle and the ends. For each chromosome, the beginning and the end were determined using the
Sheep recombination map of Petit et al. (2017). To identify the limit between the ends and the
middle of the chromosomes, the inflection points of the recombination rate was considered (Petit et
al., 2017) (Annex 1). We calculated the mean CR for each chromosome, at the ends and on the
middle, and compared the accuracy of different panels using Student t-tests.

Results and Discussion

Comparison of concordance rates for the 4 SNPs sets selected using physical or genetic
distances

At chromosome ends, selection based on genetic distances allows to increase significantly
the CR from 0.954 to 0.968 with the 3K SNPs set and from 0.988 to 0.991 with the 10K SNPs set
(Table 1). Especially for chromosomes 11, 14 and 24 (Figure 2, for the 10K SNPs panel, and
Annex 3 for the 3K SNPs panel). Moreover, these chromosomes are the ones which recombine the
most (Petit et al., 2017); the better imputation accuracy is likely due to an higher number of
markers selected using genetic distances instead of physical distances. Especially, we observed that
there were more selected markers on genetic distances for the smaller chromosomes, because the
extremities were larger for these chromosomes. For the 300 and the 16K SNPs sets, the CR is not
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significantly different between SNPs selection based on physical distances and on genetic distances,
even in the chromosomes extremities (Table 1, Annexes 2&4).

Table 1: Comparison of mean CR for each SNPs set and each part of the chromosomes

*: significant difference for a threshold of 5 % between mean CR for the SNP selection using genetic/physical
distances. (): total number of selected markers.

For the middle of the chromosomes, there were few significant differences between markers
selected on physical distances and on genetic distances (Table 1, Figure 1, Annex 2-4).
Thus, it seemed that there is an optimum for the use of the genetic distances around several
thousand of SNP (only 3K or 10K situations were tested here). With a 300 SNPs set, markers are
too spread out for imputation purposes and with a 16K SNPs set marker density is high enough so
that SNP selection criterion (physical or genetic distances) has no influence on imputation accuracy.
For intermediate densities, using of genetic distances for SNP panel selection improve the
imputation accuracy especially in the extremities of the chromosomes. These regions which
recombine about 30 % more than the rest of the genome (Petit et al., 2017) while representing
about 20% of the genome and are very important for the genetic shuffling because of the high
recombination rate.
This study had to be pursued to explore more SNP densities and data types (different pedigree
relationship, breed origin between reference and training populations, e.g. Ventura et al. (2016).
Furthermore, it could be interesting to explore the impact of a SNP selection based on linkage
disequilibrium, especially to create high density arrays, in order to possibly improve imputation
accuracy in individuals with more distant genetic relationships (Keating et al.,2008).

Conclusion

The aim of this study was to compare the imputation accuracy of eight SNPs sets, created
either using physical distances, or genetic distances. The use of genetic map instead of physical
map to increase the imputation accuracy is mainly useful for 3K and 10 SNP sets.



4

Figure 2: Mean concordance rate (CR) in the middle of the chromosomes (A), at the extremities (B)
and the number of selected markers (C) for the 10K SNPs sets selected on physical distances (in
blue) or on genetic distances (in red)
*: significant difference between mean CR of markers selected on genetic and physical distances (p-value < 0.05).
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Annex

Annex 1: Identification of inflexion point to identify extremities and middle of chromosomes
Using the recombination map of Petit et al. (2017), the separation of the chromosomes corresponds to the inflection of
the rcombination rate in the beginning (of about 10 Mb) and at the end (of about 10 Mb before the end). Here is an
example for the chromosome 24.
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Annex 2: Mean concordance rate (CR) in the middle of the chromosomes (A), at the extremities (B)
and the number of selected markers (C) for the 300 SNPs sets selected on physical distances (in
blue) or on genetic distances (in red)
*: significant difference between mean CR of markers selected on genetic and physical distances (p-value < 0.05).
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Annex 3: Mean concordance rate (CR) in the middle of the chromosomes (A), at the extremities (B)
and the number of selected markers (C) for the 3K SNPs sets selected on physical distances (in
blue) or on genetic distances (in red)
*: significant difference between mean CR of markers selected on genetic and physical distances (p-value < 0.05).
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Annex 4: Mean concordance rate (CR) in the middle of the chromosomes (A), at the extremities (B)
and the number of selected markers (C) for the 16K SNPs sets selected on physical distances (in
blue) or on genetic distances (in red)
*: significant difference between mean CR of markers selected on genetic and physical distances (p-value < 0.05).
physical distances.


