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Introduction

The main advantages of single nucleotide polymembki (SNPs) compared to
microsatellites are the ability for standardizatiand the low mutation rate (Fries and
Durstewitz, 2001). Many studies compared microbtsl and SNPs for whole genome
scans in humans, but the situation in livestocladatmains to be studied. Because of the
differences in population structure, mainly duentach smaller effective population sizes
and directional selection in livestock populatiomss difficult to translate the results one to
one from human to livestock. Differences in diffeiation power of microsatellites and
SNPs are thus expected.

In humans the number of SNPs with an equivalemrimétion content of one microsatellite
locus varies between 2.7 (Chakraborty et al., 19995 (Thalamuthu et al., 2004), 4.29
(Krawczak, 1999), or 5.56 (Glaubitz et al., 2008)poultry, Schopen et al. (2008) found,
that the number of needed SNPs to compensate envergsatellite was not constant. With
12 microsatellites they needed 2.3 SNPs for eachosatellite. They ascertained that more
SNPs would be required for an increasing numbemicfosatellites. Herraez et al. (2005)
found that 2.65 SNPs matched one microsatelliteadoway cattle.

The aim of this study was to assess the number NiPsSneeded to reach the same
differentiation power than 29 microsatellites. Foat purpose, we first realized a Principal
Component Analysis (PCA) and plotted each individoaa frame defined by the two first
components. We then used Euclidean distances ebit&iom the first two coordinates of the
individuals in the PCA-analysis to compare theatéhtiation power for both marker types.

Material and methods

Biological material: Eight different chicken breeds, Broiler Dam LineXB), Brown Egg
Layer (BEL), Green legged Partidge (GLP), GodollbxNGOD), Orlov (ORL), Padova
(PAD), Rhode Island Red (RIR) and White Egg LayefL ], were used to compare the
application of microsatellites and single nucleetfblymorphisms (SNPs). Eight unrelated
animals were chosen for each breed. Genotypes aweriéable for 29 microsatellites and
2,931 SNPs. The chicken microsatellites are froen RAO-panel for poultry. All selected
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SNPs were genotyped using the Illumina GoldenGataya SNPs were distributed at
random over the whole genome.

Statistical analysis Principal components analysis (PCA) was useedace the number of
variables to a small number of principal componefit® used the statistic program R
version 2.9.1 and the package ade4 (Chessel 2084) to implement the PCA for different
subsets: all microsatellite markers, all SNPs, arous subsets of SNPs. These different
subsets were obtained in the following way. We ehasrandom 29, 100, 150, 200, 300,
400, 500, 1,000, 1,500, 2,000 or 2,500 of the 238Ps and repeated this step 100 times for
each number of SNPs except the complete set. Ftr @fathe subsets, we calculated the
pairwise Euclidean distances based on the firstgrmciple components, which reflects the
genetic difference between all animals. The digdretween animaljsand] were:

dy 5= 0G =X (v -y )
Then, the distance of all animals within a breaas:
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The distance between the animals of two bréedsli’ :
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Finally, the proportion of the total distance caméal over all breeds (PtDoB) was:
8
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This parameter reflects the level of differentiatiche smaller it is, the better is the
differentiation. This value was also computed fgraaticular subset of SNPs containing the
50 SNPs flanking the 25 microsatellites from whiieé position on the genome was known.
In order to check for the presence of a structnréhé fixed data sets (all microsatellites, 50
flanked SNPs and all SNPs), we did a permutatish (feoerge and Churchill, 1996) with
10,000 replicates by assigning randomly each iddizi to a population and deduced the
significance of the PtDoB value corresponding tgpee | error rate of 5%.

Results and discussion

The first two principal components for the micradiites described 24.2% of the variance
(14.2% and 12.0%) for the microsatellites and 23(&%4% and 8.2%) for the complete set
of the SNPs (2,931 SNPs). Figure 1 illustratesréisailts for these two subsets (1A and 1D)
as well as for one of the replicates with 29 SNEB) (and one of the replicates with 500
SNPs (1C). The more SNPs were used in the PCAydtter was the differentiation (Figure

1B, 1C, 1D): increasing the number of SNPs redubedlistances of the animals within the
breeds. The PCA with the SNPs provided here a rbdifierentiation of the eight breeds

than the microsatellites, even with the same nuroberarkers (Figure 1As Figure 1B).

The mean PtDoB values + the standard error fromréplcates for the different subsets are
plotted in Figure 2. The highest (worst) PtDoB-waluas achieved with the microsatellites.
Thus the observed values were lower with all sétSMPs even with the same number of
SNPs (SNP29). The more SNPs were used, the snaatiethe PtDoB values and thus the
better the observed differentiation. The value ibleié with the microsatellites exceeds the
upper boundary of the confidence intervals (untier iypothesis of a normal distribution,



i.e. two standard deviations) of all replicatedad&tigure 2 also shows no difference between
the 50 SNPs flanking the microsatellites and thesets of 50 randomly chosen SNPs, so an
impact of the chromosomal position of the microliéédoci can be excluded.
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Figure 1: Plot of the first two components (PC1, P@) of the PCA analysis for different
subsets, using (A) the complete set of 29 microshites, (B) 29 SNPs at random, (C) 500
SNPs at random and (D) the complete set of 2,931 B&l

Table 1: Results of the permutation tests for the non-randonmarker sets.

Data set Observed PtDoB 5% threshold Mean PtDogeval
29 microsatellites 0.0554 0.1061 0.1111
50 SNPs 0.0330 0.1055 0.1112
2,931 SNPs 0.0062 0.1043 0.1111




Results from the permutation tests indicated thettet was a structure in all data sets, even in
those where it was not obvious when looking atlogs of the PCA analysis (e.g. for the 29
microsatellites, i.e. Figure 1A). Results are pnése in Table 1.
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Figure 2: Calculated Part of the total distance cotained over all breeds (PtDoB) for
different subsets (Mean * standard deviations foreplicated samples)

Conclusion

In this dataset the 29 microsatellites did not eva better differentiation than the same
number of SNPs. The differentiation between bréegsoved massively with an increasing
number of SNPs. The results indicate that studisgd on high throughput SNP genotyping
will substantially improve the breed differentiatieven with moderate numbers of SNPs.
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