
Compresssion based on 
Haplotype Blocks 



Hypothesis – Haplotype Blocks? 

n The genome consists largely of  blocks of  
common SNPs with relatively little recombination  
 within the blocks  

q Patil et al., Science, 2001;  
q Jeffreys et al., Nature Genetics, 2001; 
q  Daly et al., Nature Genetics, 2001 
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Haplotype Block Structure 
LD-Blocks, and 4-Gamete Test Blocks 



n  Hudson and Kaplan 1985 

     A segment of SNPs is a block if between every pair of SNPs at 
most 3 out of the 4 gametes (00, 01,10,11)  are observed. 

 

0 0 1 
0 1 1 
1 1 0 
1 1 1 

0 0 1 
0 1 1 
1 1 0 
1 0 1 

BLOCK VIOLATES THE BLOCK DEFINITION 

Four Gamete Block Test 



Finding Recombination Hotspots: 
Many Possible Partitions into Blocks 

A C T A G A T A G C C T 
G T T C G A C A A C A T 
A C T C T A T G A T C G 
G T T A T A C G A C A T 
A C T C T A T A G T A T 
A C T A G C T G G C A T 

All four gametes are present: 



A C T A G A T A G C C T 
G T T C G A C A A C A T 
A C T C T A T G A T C G 
G T T A T A C G A C A T 
A C T C T A T A G T A T 
A C T A G C T G G C A T 

Find the left-most right endpoint of 
any constraint and mark the site 

before it a recombination site. 
Eliminate any constraints crossing 

that site. Repeat until all constraints are gone. 

The final result is a minimum-size set 
of sites crossing all constraints. 



Dynamic programming framework 

Partitioning a chromosome into blocks  
n Zhang et al. (PNAS, 2002). 
n Zhang et al. RECOMB, 2003  
n H. I. Avi-Itzhak et al. PSB, 2003 
n Sebastiani et al. PNAS 2003 
n Patil et al., PNAS 2002. 

Parametric in block test  
n Solve a dynamic program  

q Optimal block partition requires  
the minimal number of blocks. 
q Within blocks one can select the SNPs 
that maximize entropy, diversity or  
r2 correlation 

 
 



Data Compression 
 
ACGATCGATCATGAT 
GGTGATTGCATCGAT 
ACGATCGGGCTTCCG 
ACGATCGGCATCCCG 
GGTGATTATCATGAT 
 

A------A---TG-- 
G------G---CG-- 
A------G---TC-- 
A------G---CC-- 
G------A---TG-- 

Haplotype Blocks based on LD 
(Method of Gabriel et al.2002) 

Selecting Tagging SNPs in blocks 



SNP-Selection Axioms: 
LD consistency and Block-freeness 
    
 
   The highly concordant results of the block detection 

methods make the interior of LD blocks adequate for 
sparse SNP selection. However, block boundaries defined 
by these methods are not sharp, with no single “true” 
block partition. SNP selection should avoid dependence of 
particular definitions of “ haplotype block.” 
  



A New Measure 

 
 
 
Informativeness 



A New SNP Selection Measure: 
Informativeness  
                            It satisfies the following six Axioms: 
 
1.  Multi-allelic measure 

2.  LD consistency:  compares well with measures of LD  

3.  Block-freeness: independence on any particular block definition 

4.  Hypothesis-free associations: optimization achieves maximum 
haplotype resolution 

5.  Algorithmically sound: practical for genome-wide computations 

6.  Statistically sound: passes overfitting and imputation tests 
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I(s1,s2)  = 2/4 = 1/2                     

Informativeness 



1 0 0 0 0 

0 1 0 0 1 
0 1 1 0 0 

1 0 1 1 1 
s1          s2             s3            s4            s5     

I({s1,s2}, s4)  = 3/4                     

Informativeness 



1 0 0 0 0 

0 1 0 0 1 
0 1 1 0 0 

1 0 1 1 1 
s1           s2              s3            s4           s5     

I({s3,s4},{s1,s2,s5}) 
             = 3                     

        S={s3,s4} is a 
    Minimal Informative Subset  

Informativeness 



Minimum Set Cover 
=  
Minimum Informative Subset 
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Graph theory insight 

Informativeness 



Minimum Set Cover  {s3, s4} 
=  
Minimum Informative Subset 
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SNPs Edges 
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Informativeness 

Graph theory insight 



Connecting Informativeness with 
Measures of LD 



The Minimum Informative SNPs 
in a Block of Complete LD 



(k,w)-MIS Problem 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.



(k,w)-MIS: O(nk2w) solution 

 1  1  0  1  1 0 0 

 1  0   1  1 0 0  1 As  

As
1  

 0  1  0  1  1 0 0 As
0

 

1 0 1 0 ?  ?  ?  ?  ? ? ? ?   Opt 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. 
Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.



Validation 
Tests on Publicly-Accessible Data 

n  We performed tests using two publicly available 
datasets: 
   LPL dataset of Nickerson et al. (2000):  
     142 chromosomes typed at 88 SNPs 
  Chromosome 21 dataset of Patil et al. (2001):  
       20 chromosomes typed at 24,047 SNPs 
 

n  We also performed tests on an AB dataset 
         Most of Chromosome 22  
            45 chromosomes typed at 4102 SNPs 



Two different runs of the Gabriel el al Block Detection method + 
Zhang et al SNP selection algorithm  Our block-free algorithm 

A region of Chr. 22 
45 Caucasian samples 



Block free tagging 
Minimum informative SNPs 

Perlegen Data Set Chromosome 21:  
20 individuals, 24047 SNPs 

Block Free method 
Block Method 
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Block free tagging 
Minimum informative SNPs 
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Block-free 21 

Block-free 15 

With blocks 

Lipoprotein Lipase Gene, 71 individuals, 88 SNPs 



Correct imputation 
block vs. block free 

Zhang et al. 

Block Free 

Perlegen dataset 

#SNPs typed 

# correct 
imputations 



Leave one out 

Block free 

Perlege dataset 

#SNPs 

Informativeness 

Correlations of  informativeness with 
imputation in leave one out studies 



 
 
 
Conclusions 



Conclusions 

n  Existing LD based measures are not adequate for SNP 
subset selection, and do not extend easily to multiple 
SNPs 

n  The Informativeness measure for SNPs is Block-free, 
and extends easily to multiple SNPs. 

n  Practically feasible algorithms for genome-wide studies 
to compute minimum informative SNP subsets  

n  We are able to show that by typing only 20-30% of the 
SNPs, we are able to retain 90% of the 
informativeness. 


