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Introduction

The step from genotyping results to phased haplotypes represents a quality improvement in
the genetic information that has many applications, e.g. imputation of low frequency variants
or inferring points of recombination (Browning & Browning, 2012). Length and distribution
of haplotype blocks and the number of independent chromosome segments are population
specific and key parameters to assess genetic diversity and expected accuracy in genomic
selection programs (Daetwyler et al., 2013).

The haplotype phases can be obtained by experimental methods (laboratory-based) or
by computational approaches with phasing software. The cost of laboratory methods is still
too high to be routinely applied in genetic programs. Due to this condition, many
computational methods have been developed. A review of different computational methods
was done by Browning & Browning (2012), pointing out that factors affecting phasing
accuracy are sample size, marker density, genotype accuracy, relatedness in the sample and
the degree of ethnic stratification. The results evidenced that there is not a single solution in
phasing methods, and phasing accuracy is a multifactorial variable.

This study aims at assessing haplotype phasing quality for a highly-related laying hen
population using two different phasing programs, FImpute and Beagle. Beagle (Browning and
Browning, 2007) creates local cluster of haplotypes in a way that haplotypes in the same
cluster have similar probabilities for further allele markers. FImpute is a phasing and
imputation software (Sargolzaei et al., 2014) specially developed for livestock scenarios,
which relies in IBD haplotypes to reconstruct the phase.

Material and methods

This study used pedigree information and real SNP data of a purebred line of commercial
brown layers. The pedigree contained information of 53’882 individuals from 13 different
generations. The SNP data contained information of 918 individuals (belonging to
generations 7 to 12), genotyped with the Affymetrix Axiom® Genome-Wide Chicken Array
on around 580k SNPs.

Editing criteria

The genomic data was edited with Plink (Purcell et al., 2007). Individuals with a call rate <
90% were discarded. Monomorphic SNPs and SNPs which were not in Hardy-Weinberg
equilibrium with p<10-8 were removed. After editing, 888 individuals remained in the dataset.
We analyzed chromosomes 1, 7 and 20 with 77’910, 16’059 and 7’004 SNPs, respectively,

mailto:nicolas.frioni-garcia@uni-goettingen.de
mailto:nicolas.frioni-garcia@uni-goettingen.de
mailto:nicolas.frioni-garcia@uni-goettingen.de
mailto:nicolas.frioni-garcia@uni-goettingen.de
mailto:nicolas.frioni-garcia@uni-goettingen.de


which were considered to be representative for the entire genome.

Methodology

A simulation procedure was performed in order to have known haplotype phases for the 888
individuals. The simulation can be summarized in three steps:

1. From the 888 individuals’ genotypes, haplotypes were derived in-silico to create a library
of haplotypes.

2. From this haplotype library, 2’000 haplotypes were randomly sampled and assigned to the
founders of the pedigree.

3. Haplotypes from the founders were dropped through the pedigree assuming random
crossing-over events but no mutations.

The simulation process was repeated ten times to obtain ten replicates per
chromosome. Homozygosity levels in the real data were used as a reference to adjust
simulation parameters in order to have an in silico created population as similar as possible to
the real data. After the simulation, the 888 individuals presented known haplotype phases.
From this point, we created new files with the haplotypes transformed to genotype format
(0,1 or 2), to destroy the phase, and processed them with FImpute v 2.2 (Sargolzaei et al.,
2014) and Beagle v 3.3 and 4.1 (Browning and Browning, 2007).

Finally, we created three subsets in order to analyse the effect of genotyped parents on
the phasing quality. The first subset (noP) contained 231 individuals whose parents had no
genotyping information, the second subset (oneP) 606 individuals with one genotyped parent
only and the third subset (bothP) 51 individuals with both parents genotyped.

Phasing quality parameters, estimated for the three subsets, were the proportion of
equally phased heterozygous SNPs, the number of breakpoints between correctly and
incorrectly phased parts of the chromosome and the distance between two consecutive
breakpoints measured in kb.

Results and discussion

Phasing quality

Results for phasing quality measures were obtained for simulated genomic data of 888
individuals and ten replicates for chromosomes 1, 7 and 20. For every subset, independently
from the software applied, the chromosome size (number of SNPs) affected the results
obtained (Table 1).

Chromosome 1 phased with Beagle 3 presented the lowest values for proportion of
SNPs equally phased, but with the same program values reached 99% for chromosome 20. In
FImpute this trend is also observed and stronger in the subset with individuals with no parents
genotyped when FImpute is applied without pedigree information.

Table 1 Median values of proportion of heterozygous SNPs correctly phased and breakpoints



for FImpute and Beagle in different subsets and chromosomes.

Phasing program Subset Proportion equally phased Number of breakpoints

Chr 1 Chr 7 Chr 20 Chr 1 Chr 7 Chr 20

FImpute
with pedigree

noP1 84 87 94 271,4 38,6 7,1

oneP1 99 100 100 6,0 0,0 0,0

bothP1 99 100 100 1,2 0,0 0,0

FImpute
without pedigree

noP 62 75 95 103,8 63,3 3,1

oneP 91 86 98 122,7 48,7 2,2

bothP 99 99 99 6,8 1,4 0,3

Beagle v3.3 noP 63 80 99 9,7 1,9 0,4

oneP 63 80 99 9,5 1,7 0,3

bothP 64 83 99 8,7 1,4 0,3

Beagle v4.1 noP 93 100 100 1,4 0,0 0,0

oneP 99 100 100 1,0 0,0 0,0

bothP 99 100 100 0,1 0,0 0,0
1 noP = individual without any genotyped parent; oneP = individual with sire or dam
genotyped; bothP = individual with both parents genotyped.

Overall, Beagle 4 produced the best results: If at least one genotyped parent for an
individual was available the proportion of equally phased SNPs was between 99 and 100%.
Only when no genotyped parent of an individual was available the values were slightly lower
(93%) for chromosome 1. FImpute with pedigree information produced similar results, but
only when parents in the dataset were genotyped. This can be expected as FImpute’s main
strength compared to Beagle is to use the information of parents and close relatives to
estimate probabilities of allele inheritance (Sargolzaei et al., 2014).

With FImpute a small number of breakpoints (0 to 6) was obtained when pedigree
information was included and genotyped parents were available. When no parent was
genotyped, the number of breakpoints was much higher and reached a median value of 271.
The number of breakpoints with Beagle, for both versions used, was low in all scenarios (0 to
9.7).

In Figure 1, it can be seen that for FImpute the majority of the segment sizes are below
10’000 kb, producing a narrow peak. This peak is higher when FImpute was applied without
pedigree information, which is in accordance with the number of breakpoints presented in
Table 1. Segments’ median value obtained with FImpute with pedigree was 3’179 kb, while
without pedigree it was 2’250 kb.

In Beagle, the segment sizes vary more with larger sizes in comparison to FImpute, but
with a different profile between version 3.3 and 4.1. Beagle 4.1 presents a segment size more
concentrated below 10’000 kb whereas version 3.1 presented a higher number of bigger
segments. The median value for Beagle 3 was 9’254 kb, while for version 4.1 was 6’997 kb.

The number of breakpoints was in relation with the haplotype segment size between
breakpoints. FImpute yielded many smaller segments, while fewer segments of larger size
were obtained with Beagle.



Conclusions

For the laying hen population analyzed, quality of phasing was in general best with Beagle
v4.1. When at least one parent of the individual to be phased is also genotyped, FImpute with
pedigree information reaches similar levels of phasing quality.

Number of breakpoints and segments between breakpoints varied among the
alternatives studied. In comparison to Beagle, FImpute recovers haplotypes with a higher
amount of shorter inverted segments. Nevertheless, these inverted segments, when produced
by Beagle 4.1 or FImpute with pedigree information, do not seem to compromise the overall
phasing quality to a critical extent.
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Figure 1: Density plots of segment size (kb) between breakpoints for Chr. 7 obtained from
FImpute with pedigree and without pedigree information (left) and from Beagle 3 and 4
(right) over all replicates and all subsets.


