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The Minipig Genome Harbors Regions of Selection for Growth
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ABSTRACT: The whole genome resequencing (WGS)
data of 46 normal sized pigs, either domestic or wild, was
compared to WGS from 11 Géttingen Minipigs, 2 Berlin
Minipigs, 2 Xiang pigs and one DNA pool comprising 10
Berlin Minipigs. Expected heterozygosity in the minipigs
and fixation between both groups where used as a measure
to find selective sweeps introduced during the selection for
low body size in the minipig. 166 such candidate regions
were defined and further annotated. Gene Ontology
overrepresentation analysis revealed significant enrichment
of terms related to growth. A large set of contained genes
has been found, which have influence on i.e. growth and
bone development. TGFB and plenty of its altering genes
were identified.
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Introduction

The Gottingen Minipig (GMP) is one of the
smallest pig breeds in the world. It was bred at the
University of Gottingen, Germany, in the 1960°s to fulfill
the rising needs for laboratory animals (Simianer and Kéhn,
2010). The Vietnamese Potbellied Pig, the Minnesota
Minipig and the German Landrace were used as founder
breeds. Intense selection led to a white-coated animal with
less than 45 kg at an age of two years. This constitution
makes it a promising candidate to reveal the genetic basis of
growth and body size when compared to normal sized pig
breeds.

A previous study (Gérke et al., 2012) using 60 k
SNP data revealed that alleles from all founder breeds can
still be found in the genome of the GMP, but the
proportions deviated significantly from the composition
expected from the pedigree. Extreme differences between
expected and observed breed composition in some genomic
regions can be attributed to selection for low body weight
and white skin color. These signatures of selection occur in
regions where genes with known relevance for growth (e.g.
SOCS2, TXN, DDR2 and GRB10) are located. Another
finding was that information derived from the 60 k SNP
markers is not sufficient to make a reliable statement on the
genetic background of small body size in miniature pigs.

Next Generation Sequencing (NGS) technology
provides the possibility to obtain whole genome data from
many individuals at a reasonable price. The porcine
reference genome was published in Archibald et al. (2010)
and first studies (Groenen et al., 2012; Rubin et al., 2010;
2012) suggested that whole genome resequencing is a
viable approach to identify regions under anthropogenic
selection, since this method provides a much more
comprehensive insight into genomic variability based on
SNPs and other types of variation such as structural variants
than do SNP arrays. Even causal mutations have been

derived from this data directly (Andersson et al., 2012;
Imsland et al., 2012). However, minipigs have not been
included in any of these studies so far.

Materials and Methods

Public Data. From the European Nucleotide
Archive (ENA) sequence data from 37 domestic pigs, 11
wild boars from Asia and Europe, respectively, underlying
the study of Rubin et al. (2012) and a Géttingen Minipig
(Vamathevan et al., 2013) were downloaded.

Minipig Sampling. Blood samples were obtained
from 10 individuals from the University owned stock and 2
individuals from the Berlin Minipig housed at the
University of Veterinary Medicine, Hannover. A DNA pool
from 10 Berlin Minipigs was added. All samples were
sequenced with 10X coverage on the NGS-Platform at
Uppsala University.

Basic Data Preparation. Raw sequence data was
aligned to the Sus Scrofa 10.2 reference genome (Archibald
et al., 2010) using BWA (Li and Durbin, 2009), were sorted
by Samtools (Li et al., 2009) and duplicates were marked
with Picard tools (Picard, 2009). Finally SNPs were called
using the GATK (DePristo et al., 2011; McKenna et al.,
2010).

Filtering. First indels and non biallelic SNV were
discarded. In the second step SNP sets were filtered to
remove unreliable SNP calls. Therefore SNPs in clusters
with >5 SNPs in 20 basepairs, with BaseQualityRankSum
<-55 or >5.5, MappingQualityRankSum <-11 or >11,
ReadPosRankSum <-6, FisherStrand values >45, a
Mapping Quality <30, and a Depth of Coverage <90X or
>840X were discarded.

To pass subsequent genotype filtering an
individual needed a genotyping quality >20 and a pool
needed a coverage >4 reads at this position.

In silico pooling. To avoid an over-influence of
highly represented breeds, animals of these breeds were
pooled. For each locus, the mean reference allele frequency
was calculated, and only loci with at least a 50%
genotyping rate were included. Afterwards, two contrasting
groups (minipig vs. normal sized pigs) were formed. The
in-silico pooled minipig group contained the information of
11 Géttingen Minipigs, 2 Berlin Minipigs, the Berlin
Minipig pool and two Xiang pigs from China, which turned
out to actually be minipigs (Zhang et al., 2005)

Genome wide scans. To determine regions where
minipigs are differentiated from the normal sized pigs,



Fsr values (Weir, 1996) were calculated between the two
groups.

In order to find regions in the minipig genome
where selective pressure for low body size massively
shrunk the variability of many loci, expected heterozygosity
Heyp in the minipig pool was calculated and normalized
via a z-transformation.

Both measures were subsequently summarized in
20 kb windows with an overlap of 50 %. Stringent criteria
were used to define clear borders of regions with a certain
pattern of an excessive overrepresentation of high Fg
values or low H,,,, in order not to rely on a simple extreme
value approach.

Every region with low H.,, which overlapped
with a region of high Fg; was considered to be a selective
sweep and intersected with the Ensembl Biomart Pig Gene
set (Flicek et al., 2013). Gene enrichment analysis with
Fisher’s exact test and a y? — test was performed on all GO
terms found in the defined regions.

The aberrant site frequency spectrum method
(Nielsen et al., 2005), implemented in Sweepfinder was
performed to add support to our custom approach.

Results and Discussion

Variant and sweep discovery. After variant
calling and filtering, 35 million SNPs on the 18 autosomes
and the X-chromosome formed the basis for later analyses.
In the minipig a total of 20 million SNPs were found.
Combining reduced heterozygosity and high differentiation
between minipigs and normal-sized pigs revealed 166
candidate selection regions, summing up to 15.7 % of the
pig genome.

Table 1. Growth linked GO terms.

GO P GO Description

0071363 0.018 cellular response to growth factor

stimulus
0001832  0.027  blastocyst growth
0035264 0.053 multicellular organism growth
0003416 0.072 endochondral bone growth
0036120 0.072  cellular response to platelet-derived
growth factor stimulus
0045927 0.072 positive regulation of growth
0008083 0.079 growth factor activity
0030512 0.087 negative regulation of transforming

growth factor beta receptor signaling
pathway

GO: Biomart GO-Term accession, P: Fisher’s exact test p-value
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Figure 1. Fixation index Fst and z-transformed
heterozygosity values with underlying identified sweep
regions and Sweepfinder composite likelihood ratio in
20 k windows, overlapping by 50% in two regions on
chromosome 9 and 6.

Figure 1 shows two sweep regions on chromosome
9 and 6, respectively. It can be clearly observed, that both a
relatively high Fg and a low heterozigosity value are
needed to define a sweep region. Nearly every sweep
detected by Sweepfinder could be confirmed by this
method, but in turn only a part of our candidate regions
were detected by Sweepfinder. Such an example is the
presented sweep on chromosome 9, where Sweepfinder
produces just a weak signal, but a clear pattern can be
observed from the other measures.

Gene overrepresentation analysis for these regions
gave 181 significant GO-Terms at a p-value <5 %. The best
hits regarding the search term ‘growth’ are listed in Table 1.
It should be mentioned, that the first hit was *hormone
activity” followed by ‘response to glucose stimulus’.



Genes connected to these pathways and found in a sweep
region were for example TGFp, which seems to play a key
role for growth, as described by (Enayati and Rahimi-
Mianji, 2009) who detected an influence on the growth of
hens. SMAD7 (Nakao et al., 1997), LEMD3 (Lin et al.,
2005), BAMBI (Sekiya et al., 2004), SKIL (Tecalco-Cruz
et al., 2012), and MSTN (Hickford et al., 2009) are known
to assist TGF. Stratil et al. (2006) found a growth QTL in
the ASPN gene and Labrador et al. (2001) found, that an
elimination in the DDR2 gene leads to dwarfism in mice.

Conclusion

By using variation data from whole genome
resequencing even narrow sweep regions can be detected,
just by the right combination of simple measures. The
contrast of several normal sized and several minipig breeds
increased the chance of finding differentiation associated
with growth and size only. Annotation with Ensembl Genes
and enrichment analysis revealed a sensible set of genes
related to growth. TGFB and Genes which are known to
have influence on it seem to play an important role in the
search for the genetic basis of low body size in pigs.
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