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1 Introduction

Haplotypes, closely linked alleles on a chromosome that are inherited as a unit, play key
roles in decifering the genetic basis of complex disease. Haplotypes provide information on
ancestral chromosome segments that may harbor alleles that influence disease phenotypes.
Here we present an algorithm called HaploBuild that, in conjuction with the program haplo-
type FBAT (Family Based Association Tests) [1], can construct nonconsecutive haplotypes
of any length that are statistically associated with a trait from a set of high density single
nucleotide polymorphisms (SNPs) or microsatellite genetic markers.

2 Algorithm and Results

Haplobuild finds haplotypes that are strongly associated with a trait using a three step ap-
proach. (1) Given a set of genetic markers, all two marker haplotypes within a specified
physical distance are tested for association with a trait using haplotype FBAT. Haplotypes
showing statistically significant association (Z-statistic derived p≤.05, not adjusted for mul-
tiple comparisons) are saved for further analysis. (2) Each two marker haplotype found in
step 1 is used to create the root node of a tree and each genetic marker within a specified
distance is added one at a time to create a three marker haplotype that is tested for trait
association using haplotype FBAT. The three marker haplotypes with haplo-specific pvalues
lower than their parent node (in this case the root node) are added to the tree. Each round
of recursion adds child nodes to the tree increasing the number of markers in a haplotype
as long as the pvalue is decreased. The completed tree is an directed acyclic graph with
nodes containing specific information about the haplotype that generated the node (i.e ge-
netic marker names, Z-statistic score, etc) and each edge is labeled with the haplo-specific
pvalue for that node. Therefore, leaf nodes respresent haplotypes that contain the maximum
number of genetic markers within a specified physical distance that improved trait associ-
ation (decrease in pvalue) and a traversal of the tree from the root to a leaf node shows
the construction of a haplotype. (3) After all trees are constructed an empirical pvalue is
calculed for each haplotype contained in every leaf node. Empirical pvalues are calculated by
permutating the trait phenotype and then re-testing the association between the haplotype
and the permutated phenotype.

HaploBuild was used to find statistically significant haplotypes between the phenotype
body mass index (BMI) and 458 SNPs and microsatellites densely genotyped on chromosome
7q31-34 in 91 families comprising 742 individuals. To ensure minimal recombination occured
between markers within a haplotype, any two markers within a haplotype had to be ≤50kb
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apart from each other. This restriction resulted in 168 trees being built resulting in 990
haplotypes containing three to nine markers. To test the statistical significance of these 990
haploypes, 10,000 permutations were conducted to compute an empirical pvalue. Of the
990 haplotypes 824 remained significant with an empirical pvalue ≤.05. Figure 1 plots the
-log(empirical pvalue) versus the region 7q31-34. From this figure it is interesting to note the
haplotype clusters that result when trees converge to the same haploypes regardless of the
two marker haplotype that was used to initiate the tree. Furthermore, there is a definitive
group of statistically significant haplotypes (arrow Figure 1) that were not seen in the linkage
[2].

Figure 1: Haplotypes (pluses) are plotted as the -log(empirical pvalue) versus their position in the
chromosome 7q31-34 region. The sign of the Z-statistic was added to each haplotypes -log(empirical
pvalue). Therefore a positive (negative) -log(empirical pvalue) is indicitive of a high-risk (protective)
haplotype. LOD scores using the same markers is plotted as a dashed line.
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