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Importance of haplotype phasing CiBreedX

er for Integrated Breeding Rese.

e Inferring points and number of recombination
e Imputation of low frequency variants

e Study of haplotype structure

— genetic diversity and
— accuracy in genomic selection

e Computational approaches with phasing software

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



Objective CiBreedX

er for Integrated Breeding Rese.

e 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)



Materials CiBreediX

er for Integrated Breeding Rese:

e Real SNP data from a purebred line of brown layers

e A pedigree of 53’882 individuals across 13
generations

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

e SNPs from the 580k Affymetrix Axiom® Genome-
Wide Chicken Array




Methods — Editing criteria CiBreedX

er for Integrated Breeding Rese.

e Editing was done with Plink (purcell et al., 2007)

— Individuals with a call rate < 90%,

— monomorphic SNPs and

; 580k Affymetrix SNPs per chromosome

— SNPs not in HWE with p<102®
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e 888 individuals remained in the dataset.
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Methods - Simulation CIBreedﬁk

er for Integrated Breeding Rese.

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

e 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.



Methods - Calculations CIBreedﬁk

er for Integrated Breeding Rese.

e Phasing with four approaches:

— FImpute 2.2 (with pedigree information)

— FImpute 2.2 (without pedigree information)
— Beaglev 3.3

— Beagle v 4.1

e 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



Methods — Calculation of equally phased SNPs  CiBreedX
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Methods — Breakpoint estimation CiBreed)X
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Methods — Definition of subsets CIBreedA

er for Integrated Breeding Rese.

e 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

10



CiBreed)X

R es u Its Center for Integrated Breeding Research

Median values of proportion of correctly phased SNPs
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Results
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e Number of breakpoints per 1000 SNPs
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Results

Density plots of segments (kB) between breakpoints for Chr. 7
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Conclusions CiBreedX

er for Integrated Breeding Rese.

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

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

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

e FiImpute recovered haplotypes with a larger amount of short
inverted segments

e FImpute computation time was approx. 1/3 in relation to Beagle 4.1
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Methods - Simulation CIBreedA
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Methods - Simulation

CiBreed)X

Center for Integrated Breeding Research

= ool =T vl vv B =
oo P w oy w

I
5

oo
bR =R ve Aol =R ve R

O O

—0 0

U

5o

500 0 6o o

AA
AA
BB
BA
AA

BA
AA

AB
AB
AA
BB
BA
AA
BB

True simulated diplotypes

5 0

BB
BB
AB
AA
BA
AR
BA

5o

AA
BB
AB
BA
BB
AA

AB
AA
BA
BB
AR
BA

A
AA
BA
AA
AA
AA
BB

50

BB
AA
BB
AA
BA
AA

BA
AA
AB
BB
AB
BB

AB
AR
BA
AA
BA
AR
BB

o o

BB
AA
BA
AA
AA
AA
BA

Assign random haplotypes to founders

Drop through real pedigree

- no mutations

- random crossing overs
(Poisson-distribution recombination,
uniform distribution)

»

8 1 é Phasing with

ig é - Flmpute v2.2(w or w/out Pedigree)
01 o, - Beaglev3.3

Lo O - Beaglev4d.l

0 2 1

Simulated genotypes 17



Results Chr. 1

CiBreed)X

Center for Integrated Breeding Research

Equally phased Breakpoints Correctly Switched segment size
hased
Phasing ~ Window 100 200 400 100 200 400 p[%] SNP Bases
software Subset Mean Median Mean  Median
None-P 9622 9487 92.96 1.99  3.99 7.97 0.15 12129  18.09 0.66 0.18
One-P  99.63 9940 9921 0.13 026 0.52 72.92 86.22 63.30 0.57 0.43
Flmpute  Both-P 9985 99.79  99.77 012 023 0.46 88.04 25.15 11.75 0.20 0.12
Total 98.81 9830 97.66 0.56 1.13 225 54.63 108.01  57.42 0.66 0.40
None-P  97.35 9560 92.84 0.62 1.25 2.50 0.21 19155  17.75 1.05 0.19
Flmpute  One-P  97.67 9653  94.99 0.88 1.77 3.54 8.11 65.14 13.01 0.42 0.12
no Both-P 9978 9956 99.41 006  0.12 0.24 78.63 43.71 24.09 0.44 0.32
pedigree Total 97.58 9629  94.45 0.83 1.67 3.34 6.16 10223  17.18 0.61 0.15
None-P 9897 98.14 96.52 0.11 0.22 0.44 11.60 1742.95 128582  9.39 7.44
One-P  99.06 9825 96.66 006 0.12 0.23 11.70 1929.92 1490.39  10.46 8.59
Beagle3  Both.P  99.06 9821  96.63 0.05  0.10 0.20 11.18 1965.24 1533.07 10.85 9.00
Total 99.04 9824  96.65 007  0.14 0.28 12.08 1911.22 147092  10.33 8.45
None-P  99.85 99.62  99.23 0.04  0.08 0.17 88.45 1830.57 154596  9.70 8.28
Beasle 4 One-P 9997 99.83 99.56 0.01 0.02 0.05 96.64 2006.97 1803.10  10.80 9.75
cagle
g Both-P  99.99 9990  99.70 0.01 0.01 0.02 98.82 209493 2011.04 11.67 11.26
Total 99.94 99.79  99.49 0.02  0.04 0.07 94.93 1946.97 1719.76  10.44 9.28
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Equally phased Breakpoints Correctly Switched segment size

Phasing  Window 100 200 400 100 200 400 p}Ef;: ; d SNP Bases
software Subset Mean Median Mean Median
None-P 9573  94.16 92.05 215  4.32 8.64 4.54 98.30  69.59 3.62 2.44
One-P 9956 9935 99.10 0.12 024 048 75.46 2370 21.48 2.92 2.68
Flmpute  Both-P 9983 9981  99.78 009 018 036 88.82 5.70 491 1.17 1.05
Total 98.64 98.09 9736 059 1.18 236 57.70 45.05 35.96 3.39 2.72
None-P 9435 9195 88.71 262 530  10.64 10.46 60.00  41.89 2.85 1.87
FImpute =~ One-P 9560 93.90 91.66 213 431 8.63 25.91 4145  29.01 225 1.54
no Both-P 9923  98.83 9831 026  0.52 1.01 67.65 4260  37.04 3.98 3.56
pedigree Total 9534  93.49  91.02 2.23 4.50 9.03 22.49 45.97 32.07 2.41 1.63
None-P 9888  98.04 96.22 011 022 044 24.12 44442 43280 23.04 2237
One-P 9902 9827 96.58 006 012 023 27.37 44992 44099 2672 2626
Beagle3  BotP 9903 9835 96.70 0.05  0.10 020 24.90 439.99 43521 2753 2731
Total 99.00 9823  96.52 007 014 028 26.98 44707 43771 2596  25.45
None-P 9970  99.53  99.09 0.04 008 0.6 76.91 4042  37.20 8.43 7.73
Beagle 4 One-P 9984 9975 99.52 001 002 0.5 85.84 2185  21.32 8.62 8.39
Both-P 9989  99.86  99.71 001  0.01 0.02 89.41 1.80 1.82 1.92 1.92
Total 99.81  99.70  99.43 002  0.04 0.7 84.09 25.55  24.44 8.50 8.11
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Equally phased Breakpoints Correctly Switched segment size
hased
Phasing  Window 100 200 400 100 200 400 p[;ff SNP Bases
software Subset Mean Median Mean Median
None-P 9603 9447 9232 1.91 3.88 7.98 27.84 81.52 62.54 5.70 4.63
One-P 9957 9940 99.20 0.11 0.22 0.44 84.25 50.16 44.68 3.51 3.22
Flmpute  Both.p 09983 99.78  99.75 0.07 0.16 0.33 93.12 11.42 9.82 0.50 0.44
Total 98.75 9824  97.57 0.52 1.05 2.15 70.55 70.89 57.91 4.93 4.23
None-P 96,17 9445 9220 1.51 3.03 6.06 41.91 83.80 63.17 5.95 4.69
Flmpute One-P 9731 96.11 94.52 1.03 2.06 4.13 52.60 91.44 71.79 6.36 5.22
no Both-P 9900 9845 97.90 0.26 0.53 1.05 72.30 7481 62.19 5.66 4.87
pedigree Total 97.10 9579  94.08 1.12 2.24 4.48 50.57 90.36 70.61 6.31 5.16
None-P  99.18 9849  97.09 0.10 0.19 0.39 64.74 316.55 306.15  22.37 21.77
One-P 9933 9866 97.41 0.05 0.10 0.19 66.61 309.11  302.72  23.96 23.56
Beagle3  BothP 9938 9870 9759 0.04 0.07 0.14 69.74 307.13  306.06  25.87 25.82
Total 9930 9863 9735 0.06 0.12 0.24 66.35 311.58  303.97 23.64 23.18
None-P 9973 9952  99.15 0.04 0.07 0.15 87.68 122.67 113.62 9.69 9.26
Beagle 4 One-P 9985 9972 9947 0.01 0.03 0.05 92.27 136.08  129.12 8.71 8.33
Both-P 9989 9979  99.60 0.01 0.01 0.03 93.91 50.46 50.46 3.79 3.79
Total 99.83 9968 99.41 0.02 0.04 0.07 91.37 128.57  120.96 8.90 8.51
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