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Missing data 

We apply the statistical strategy proposed by Anderson and Novembre (2003) for haplotype data.  

Suppose that the i th chromosome is missing data at the j th SNP.  We fill in the missing data at 

,i jY on the basis of a “window” of size w , as follows: 

1. Identify all sets of w  SNPs not missing in chromosome i such that each member of the set is 

separated from the j th SNP by no more than 1w− sites not missing in chromosome i .  There 

will be, at most, 1w+ such set (in cases in which j is near one of the ends of the string of SNPs 

in the data set there could be fewer than 1w+ ).  Denote the sites of the SNPs in such a set 

as J + (so there are 1w+  or fewer J + ).  These J +  are “windows” of non-missing sites 

around j .  Denote as 1K  the set of all chromosomes with allelic value 1, at site j , and for which 

all sites in J + have the same alleles that on chromosome i .  Let 2K be defined similarly for 

chromosomes with the allelic value 2 at j .  For any chromosome k , let kp denote the number of 

non-missing sites it has in J + , and define 1P as 
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2. For each of the 1w+ (or fewer) sets J + , calculate the pair 1 1 2
1 /( )Q P P P= + and 

2 1 2
2 /( )Q P P P= + , and denote by * *

1 2( , )Q Q the pair of those quantities that 

maximizes 1 2| |Q Q− over the different sets J + . 

3. Fill in the hole ,i jY with a 1 for probability *
1Q and 2 for probability *

2Q . 



The above process scans all the “windows” of size 1w+ (or fewer) for one with the most strong 

evidence to assign the missing data with 1 or 2.  However, this method is recently proposed and fairly 

simple which needs further improving.  

We also code the EM algorithm to handle the missing data by estimating the possible haplotypes 

frequencies and picking the ones with the largest posterior probabilities. Users can choose either one of 

these two methods. 

 

Details about Haplotype block definition of Estimated pairwise LD confidence limits 

Estimated pairwise LD confidence limits (Gabriel et al., 2002) with minor modifications by Wall and 

Pritchard (2003).  Assuming that true allele frequencies equal the sample allele frequencies, for each pair 

of sites, confidence limits are determined by calculating the likelihood of the observed data as a function of 

| ' |D : (| ' |) Pr( | ' |)l D data D= . The upper bound
(| '|) 0.95
min (| ' |)U l D

C D
≥

= , the lower 

bound
(| '|) 0.05
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= .  Each pair of SNPs is classified into one of three categories: “strong LD” 

if 0.7 and 0.98L UC C≥ ≥ ; “historical evidence of recombination” if 0.9UC < ; “other” else.  A 

region is defined as a block if it meets both the following: (1) the endpoint SNPs are in “strong LD” and (2) 

the number of pairs in “strong LD” is at least 19 times the number in “historical evidence of 

recombination”.  SNPs are not permitted to be members of more than one block. For diploid genotype 

data, (| ' |) Pr( | ' |)l D data D= is calculated as following (Hudson, 2001).  
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the frequency of the haplotype with iA and jB at two loci., which can be counted given 
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following: 

11 1 2 2 1 1 10.01 min( , )p k p p p p p p= × +i i i i i i  or 

11 1 1 2 2 1 10.01 min( , )p k p p p p p p= − × +i i i i i i  and 12 1 11p p p= −i , 21 1 11p p p= −i , 

22 1 1 111p p p p= − − +i i . So Pr( | ' | 0.01 )dn D k= can be counted for 0,1,...100k = . 

Table 1: Notation for numbers of observed two-locus diploid genotypes 

 
1 1/B B  1 2/B B  2 2/B B  

1 1/A A  1n  2n  3n  

1 2/A A  4n  5n  6n  

2 2/A A  7n  8n  9n  

For haplotype data, we use the following equation to calculate the likelihood of the observed data, 
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same with genotype data. (Handbook of Statistical Genetics, Balding et al., 2001).  

 

Pairwise |D’| pattern 

htSNPer also provides LD pattern of pairwise |D’| since it is directly related with block definitions of 2, 

3 and 4.  For genotype data, we apply EM algorithm to estimate the four haplotype frequencies of 

pairwise loci (Hudson, 2001).  

 



BB-based greedy algorithm 

htSNPer also provides a BB-based greedy algorithm which is based on the GBB algorithm.  The only 

difference is that in branching step greedy algorithm only explores the child with 1{ , }T SNP R∪ , 

which adds the most important SNP to T , and discards all the other children nodes. 

This greedy algorithm doesn’t guarantee to find the minimal set of htSNPs, but much faster than GBB 

algorithm. 
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