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• SNPs are the most common form of germline variation. 

• Occur when a single nucleotide differs between paired 
chromosomes in an individual, or between individuals in a 
population.  

• ~25 million SNPs in the human genome with a minor allele 
frequency of  >1%. 

• Only a (very small) subset have pathogenic potential. 
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Haplotype inference 

• Problem: 

– Most of experimental methods of sequencing or 
genotyping, only provide genotype information at 
each locus: the unordered  pair of alleles at the locus. 

 

 

• A haplotype is a sequence of alleles that are on 
the same physical chromosome (i.e. that are 
inherited from the same parent). 



Haplotype inference 

• Understanding the interplay of genetic variation and disease, 
 

• Imputation  of untyped genetic variation, 
 

• Detecting genotype error, 
 

• Inferring human demographic history,  
 

• Inferring points of recombination,  
 

• Detecting recurrent mutation, 
 

• Signatures of natural selection 



The phase problem with double (multiple) heterozygous sites: 
which alleles are on the same chromosome? 

Solutions  

-Labor intensive molecular / cellular techniques 

-Long range PCR, Cell fusion  

 

-Statistical methods (work well, example: Phase algorithm or 

Expectation-Maximization methods embedded in gen-epi 

software) 

 

-Segregation analysis by typing the parents  
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Haplotype inference 

                              

  Son        ATCA[G/C][C/G][A/C][T/A]CA[G/C]A...... 

 

 True haplotypes        ......ATCAGCATCAGA....... 

           ......ATCACGCACACA....... 

 

 



Number of Haplotypes 

• Possible haplotypes  = 32 

 

    m = loci unphased             2m haplotypes 
 

 

Now imagine ------->      m = 2.5 M or even 5 M 



Haplotype Phasing 

•  Unrelated individuals can be phased by considering 
sets of common haplotypes that can explain the 
observed genotype data.  The number of unrelated 
individuals present in a sample is a crucial factor in 
determining how well the phase can be estimated: the 
more individuals, the better the estimation.  

 

•  Related individuals, by contrast, can be phased by 
considering haplotypes that are shared identical-by-
descent between individuals within families. This 
within-family information on identity-by-descent (IBD)  



 
One way to improve the power of GWAS is to infer 

haplotype phase and use a haplotype-based method for 
association testing, in addition to applying single-marker 

association testing methods  
(Browning and Browning 2007). 





Data Imputation 

• Imputation (Statistics) 
 
– Is the substitution of some value for missing data. Once all missing 

values have been imputed, the dataset can then be analyzed using 
standard techniques for complete data.  

 
• Imputation (Genetics) 

 
– Is the estimation of missing genotype values by using the genotypes at 

nearby SNPs and the haplotype frequencies seen in other individuals.  
 

Genotype imputation is now an essential tool in the analysis of 
genome-wide association scans. This technique allows geneticists to 
accurately evaluate the evidence for association at genetic markers 

that are not directly genotyped. 





Figure 1. Schematic drawing of imputation Scenario A. 



PRE-IMPUTATION FILTERING OF STUDY 
GENOTYPES 

• Remove low-quality variants and individuals 

 

• Take care of their positions on the chromosome 

 

• Strand alignment between study and reference 
data 

 

• Choose reference panels that match the ancestry 
of their study samples 











Table 1. Running times and memory requirements for various algorithms in Scenario A. 
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