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nucleotides: lessons from BTAG6 milk yield QTL. Animal Genet. 2008 in press.



2.1.2 Abstract

The problem: During the bovine genome scan we mapped loci for quantitative economical

traits of the Israeli dairy herd. Identification of the underlying genes and their responsible
genetic variation are a complex and expensive missions. Using haplotype based selection,
it is possible to select for the quantitative gene even when the actual underlying variation
has not been identified. Haplotype is a set of single nucleotide polymorphisms (SNPs) on a
single chromatid that are statistically associated. Such genetic markers are wide spread
and are amenable to automation. Haplotypes of genetic markers may be reconstructed
using pedigree data. Although the reconstruction is based on inference of clear and
sequential rules it is too complex for human calculation when dealing with numerous
markers on the population level.

Aims: To implement an algorithm for haplotype reconstruction in software useful for the
dairy herd and to examine algorithms for population-wide linkage-disequilibrium (LD)
mapping that uses the reconstructed haplotypes.

Methods and implementation: DNA was collected from 716 bulls with genetic
evaluations based on their daughter performance. This sire population has complex
pedigree relations that allow inference of the common haplotypes in the Israeli herd. SNPs
were genotyped in critical regions on BTA6 and BTA7. Computer programs were written in
C++ and PERL.

Results: A computer program for large scale haplotype reconstruction was developed and
published: Baruch et al., Efficient inference of haplotypes from genotypes on a large animal
pedigree. Genetics. 2006 172:1757-65. A computer program for the determination of
haplotype using direct sequencing was written and published, as well: Seroussi & Seroussi,
TraceHaplotyper: using direct sequencing to determine the phase of an indel followed by
biallelic SNPs. Biotechniques. 2007 43:452-56.

Conclusions: Reconstruction of haplotypes has been the basis for the LD mapping that
followed. We tested algorithms for studying population wide LD for identification of
quantitative genes and adjusted them for the use in the dairy herd. The program
WHAP/PLINK was found as the best alternative. We implemented the algorithms that were
written and selected in the analysis of real data obtained from parallel efforts aiming at the
identification of quantitative genes on BTA6 and BTA7. Their contribution was exemplified
in the publication that point to the importance of haplotype analysis to the identification of
the quantitative gene on BTAG6: Seroussi, Concordance test emerges as a powerful tool for
identifying quantitative trait nucleotides: lessons from BTAG6 milk yield QTL. Animal Genet.
2008 in press.
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NWIY 775 09N APa 7w 7 nimminoa SNP ano 20 7w 0'9'0179n7 019 N2 27N 7NN TINK |2
% 7w '01an TTAN ;190 7w anT aml niw ' (BTA7_%protein.ped) nniw 676 12 yalp :0'x¥ap
,C LA D'T'OIX7{7120 CWKRD ,WiIwnn 9'017907 DXIN 1T02 0Yno 20 7w o'o'vnar,I'nna 27N (17N
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C. \WHAP>whap --file BTA7 _%PROTEIN --repeat 100

VWHAP! | v2.09 | 26/Cct/05 | S. Purcell, P. Sham |
spur cel | @ngu. ngh. harvard. edu
676 individuals wout parents. 0 individuals with parents. Continuous trait:

624 of 676 individual s/trios are informative

Hap Freq At (B) At(W Null (B) Null (W
11412433323311222432 0. 438 0. 000 0.000 [1] 0.000 0.000 [1]
24212213323231222432 0.161 -0.013 -0.013 [2] 0.000 0.000 [1]
11412233323211242432 0. 128 0. 005 0.005 [3] 0.000 0.000 [1]
24244213323231222432  0.113 0. 061 0.061 [4] 0.000 0.000 [1]
11412433133211222432 0. 058 0. 009 0.009 [5] 0.000 0.000 [1]
11412433323213424244 0. 048 0. 004 0.004 [6] 0.000 0.000 [1]
24212233323211222432 0.022 -0.018 -0.018 [7] 0.000 0.000 [1]
11412433323211242432 0.019 -0.011 -0.011 [8] 0.000 0.000 [1]
24212231321231222432 0.015 -0.011 -0.011 [9] 0.000 0.000 [1]
-1531. 713 -1438. 023
Proportion of hapl otypes covered = 0.959
LRT = 93.690
df =8
p = 8.27e-17
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# Haplotype Freq Effects relative to the common haplotype
Milk Fat % fat Protein | % protein| PDO07 Fertility | Twining | Persistency SCS

1{11412433323311222432| 0.438 0.0 0.000 0.000 0.000 0.000 0.0 0.000 0.000 0.000 0.000
2(24212213323231222432| 0.161 -28.4 -3.605 -0.024 -2.311 -0.013 -113.6 -0.388 0.136 -0.114 0.038
3(11412233323211242432| 0.128 453 3.258 0.016 1.867 0.005 41.5 -0.637 0.243 -0.021 0.006
4|24244213323231222432| 0.113 -65.5 5.202 0.070 4.508 0.061 122.3 -1.062 0.038 -0.455 -0.036
5/11412433133211222432| 0.058 17.1 -0.755 -0.013 1.480 0.009 60.8 0.336 0.285 0.091 -0.048
6(11412433323213424244| 0.048 90.2 0.733 -0.023 3.372 0.004 111.2 -0.087 0.804 -0.043 -0.047
7(24212233323211222432| 0.022 -187.3 -6.554 0.000 -7.744 -0.018 -214.1 0.831 -0.802 -0.495 -0.037
8(11412433323211242432| 0.019 -129.8 -4.741 -0.001 -5.288 -0.011 -211.6 -0.492 -0.265 -0.586 -0.001
9(24212231321231222432| 0.015 38.5 2.551 0.010 0.007 -0.011 37.6 0.531 0.502 0.727 0.023

Probability 0.959* 9.0x10™ 6.3x10" 7.6x10” 1.0x10"" 83x10"7 2.4x10% 82x10"7 4.0x10* 0.34 0.04

* Proportion of haplotypes covered
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