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Importance of haplotype phasing

• Inferring points and number of recombination

• Imputation of low frequency variants

• Study of haplotype structure

 genetic diversity and 
 accuracy in genomic selection

• Computational approaches with phasing software

– sample size, marker density
– genotype accuracy
– relatedness in the sample

2



Objective

• Aim: Assessing haplotype phasing quality for a highly-related 
laying hen population using different phasing software

– FImpute v2.2 (with and without pedigree information)         
(Sargolzaei et al., 2014)

– Beagle v3.3 (without pedigree information) 
(Browning and Browning, 2007)

– Beagle v4.1 
(Browning and Browning, 2007)
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Materials

• Real SNP data from a purebred line of brown layers

• A pedigree of 53’882 individuals across 13 
generations

• 918 genotyped individuals (belonging to gen. 7 to 12)

• SNPs from the 580k Affymetrix Axiom® Genome-
Wide Chicken Array
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Methods – Editing criteria

• Editing was done with Plink (Purcell et al., 2007)

– Individuals with a call rate < 90%, 

– monomorphic SNPs and 

– SNPs not in HWE with p<10-8

were removed.

• 888 individuals remained in the dataset.

• We used chromosomes 1, 7 and 20.
(77’910, 16’059 and 7’004 SNPs)
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Methods - Simulation

• We performed a simulation in order to have known phases 
from real SNP data.

• Simulation in three steps:

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

2. 2’000 randomly sampled from the library and assigned to the 
founders of the pedigree.

3. Founders’ haplotypes were dropped through the pedigree
assuming random crossing-over events but no mutations.
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Methods - Calculations

• Phasing with four approaches:

– FImpute 2.2 (with pedigree information) 

– FImpute 2.2 (without pedigree information)

– Beagle v 3.3 

– Beagle v 4.1

• Comparison of true simulated and in-silico phased 
haplotypes:

– Proportion of equally phased heterozygous SNPs

– Number of breakpoints (change of phase)

– Segment size between breakpoints
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Methods – Calculation of equally phased SNPs
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ABBABBBBABBB

B  BBB B B
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Real phase
simulated files

FImpute
or Beagle 
phased files
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Equally phased = (4/6 )*100= 66%
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Methods – Breakpoint estimation

bkp 2 breakpoints (bkp)= =bkp =

Distance between
breakpoints



Methods – Definition of subsets

• Statistics were obtained for three subsets in order to 
analyze the effect of genotyped parents:

– noP: 231 individuals with no genotyped parents

– oneP: 606 individuals with one genotyped parent

– bothP: 51 individuals with both parents genotyped
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Results
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Median values of proportion of  correctly phased SNPs
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Results

• Number of breakpoints per 1000 SNPs
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Results
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Density plots of segments (kB) between breakpoints for Chr. 7 
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Conclusions

• Phasing quality was in general better with Beagle v4.1

• With at least one parent genotyped, FImpute with pedigree 
information reached similar levels of phasing quality

• Number of breakpoints and segments’size between breakpoints 
varied among the alternatives studied

• FImpute recovered haplotypes with a larger amount of short 
inverted segments

• FImpute computation time was approx. 1/3 in relation to Beagle 4.1
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Methods - Simulation
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Results Chr. 1
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Results Chr. 7
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Results Chr. 20
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