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introdution
◮ lous - �xed position in hromosome
◮ allele - variant of gene in lous
◮ haplotype - alleles at multiple loi transmitted together
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haplotype analyzePopular typing methods: ampli�ation, seleted PCR primers
◮ lak of phase information
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null variants in haplotype analyzepresent - absent polymorphisms
◮ ambiguous to the heterozygous status
◮ important in mediine
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probabilisti analyse of population dataSample: n individuals, where G genotypes observed:S = (n1,n2, ...,nG), where G
∑j=0nj = n (1)haplotype frequeny estimation hi (maximum likelihoodapproah):argmaxh1,h2,...,hHP(S |h1,h2, ...,hH) = argmaxh1,h2,...,hH G

∏j=1( rj
∑i=0zmn)nj (2)where zmn =

{ h2m for m = n2 hmhn for m 6= nRobert Nowak Estimate haplotypes for multialleli present-absent loi



haplotype estimation based on population analyzes
◮ no need multi-generation familiesProblem not new:
◮ Arlequin (http://mpg.unibe.h/software/arlequin3/)
◮ PHASE (http://stephenslab.uhiago.edu/software.html)
◮ Haplo-IHP (http://www.soph.uab.edu/Statgenetis/)does not onsidered multialleli loiwith null variants
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omputational di�ultyR = number haplotype pairsR =
12H ∗ (H +1), where H =

k
∏i=1 li (3)G = number genotypes:G =

k
∏i=1 (li −δi )(li +1 −δi)+2δi2 ,δi = { 1 loi with null variants0 otherwise (4)Number haplotype pairs for given genotype j :rj =

{ 2sj−1 ∗3tj for sj > 03tj +12 for sj = 0 (5)Robert Nowak Estimate haplotypes for multialleli present-absent loi



algorithmAlgorithm EM:
◮ iteration:

◮ expetation value ofunknown parameters(step E)
◮ maximisation the goalfuntion (step M)

◮ stop when no hanges inadjoining steps
◮ loal optimizationalgorithm (multiplestarting points)
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implementation NullHap appliation
◮ portable
◮ e�ieny (C++, boost)
◮ open soure (LGPL)http://nullhap.soureforge.net
◮ binaries: Windows 2000/XP/Vista, Linux (Debian)Testing:
◮ generated data sets
◮ real data sets:

◮ HLA (100 individuals, 2 multi-alleli loi, no null variants,soure: Arlequin)
◮ KIR (200 individuals, 10 bialleli loi with null variants, soure:Haplo-IHP) Robert Nowak Estimate haplotypes for multialleli present-absent loi

http://nullhap.sourceforge.net


population size e�et
◮ generate population of n individuals with given haplotypefrequeny
◮ estimate haplotype frequeny by appliationerror =

1N N
∑i=1 |x−x∗|

◮ 2 loi, 6 haplotypes
◮ 3 loi, 24 haplotypes, Pmax = 0.3
◮ 3 loi, 40 haplotypes,Pmax = 0.025Robert Nowak Estimate haplotypes for multialleli present-absent loi



departure of Hardy-Weinberg proportionP(AA) = P2AP(Aa) = PAPaP(aa) = P2a P(AA) = P2A(1− f )+PafP(Aa) = PAPa(1− f )P(aa) = P2a (1− f )+PAff - inbreeding oe�ienterror =
1N N

∑i=1 |x−x∗x |

◮ 2 loi, 6 haplotypes
◮ 3 loi, 24 haplotypes
◮ 3 loi, 40 haplotypesRobert Nowak Estimate haplotypes for multialleli present-absent loi



summaryThe type of analyzed loiprogram name bialleli multialleli null variantsArlequin + + -PHASE + + -Haplo-IHP + - +NullHap + + +Only the NullHap an handlemultialleli loi with null variants.Aknowledgement
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