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ABSTRACT

Genetic association analysis has become increas-
ingly more important in mapping genes for human com-
plex diseases, partly due to the availability of more
densely spaced single-nucleotide-polymorphism (SNP)
markers. Using single marker for association analy-
sis may not be powerful if the marker is not very in-
formative. It is currently a common practice to com-
bine several marker for constructing haplotypes by
a computer program. In our work with the North Amer-
ican Rheumatoid Arthritis Consortium (NARAC ), we
have observed that different computer programs may
lead to different reconstructed haplotypes. This oc-
curs more often if parents in a pedigree are not typed.
We studied the relationship between the accuracy in
the reconstructed haplotype with the percentage of
the untyped persons in a pedigree. This study points
to a practical implication that typing parents are im-
portant for reconstructing haplotypes.



Why Construct Haplotypes

• Current genotyping technology is unable to tell whether
an allele is paternally derived or maternally derived
(“phase” of an allele).

• Knowing the parental orgin of alleles of several neigh-
boring markers (“haplotypes”) may make the genetic
association analysis more transparent, more effective.

How To Construct Haplotypes

• By computer programs



Two Different Situations Where

Computer Programs Are Used To

Construct Haplotypes

1. Unrelated Samples: Each genotype is

obtained from an unrelated person in a pop-

ulation.

2. Related Samples: Each genotype is ob-

tained from a person in a pedigree.



In situation #1, haplotype reconstruction is

probability-based. Consequently, it is good in

estimating haplotype frequencies, whereas not

as good in reconstructing individual haplo-

types.

In situation #2, because relatives’ genotypes

impose a constraint on the possible haplo-

type one may have, the individual haplotype

reconstruction is more reliable.



We have observed that even

for the pedigree data (situation

#2), individual haplotype

reconstruction by computer

programs may not be reliable if

there are enough untyped

persons in the pedigree.



DATA and METHOD

• Pedigrees: 469 pedigrees collected by the North
American Rheumatoid Arthritis Consortium (NARAC),
most of them two-generation pedigrees with two or
more affected children.

• Markers: 54 markers located on MHC/HLA region
on chromosome 6.

• Computer programs:
(1) GENEHUNTER: one maximum-likelihood haplo-
type reconstruction is provided; (2) SIMWALK2: the
most likely haplotype reconstruction is provided, but it
is based on a Monte-Carlo simulation. Different ran-
dom seed in principle may lead to different outputs.

• Reliability of a haplotype reconstruction is based
on the comparison of the haplotype constructed by the
two computer programs. For a reliable reconstruction,
two programs should lead to the same haplotype out-
put.
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Fig.1 Comparison of haplotypes reconstructed by two
computer programs, SIMWALK2 and GENEHUNTER,
on the level of marker allele. Each point represents
a pedigree and the height of the point (y value) is
the fraction of matched alleles in the two recon-
structed haplotypes, averaged over all persons in
the pedigree . Types of pedigree are indicated by the
proportion of persons genotyped (x value). For ex-
ample, if x=0.5, half of the persons in the pedigree
are typed, with most of them being two-sib-two-parent
pedigrees and the two siblings are typed whereas the
two parents are not. Small noise is added to the x

value to separate overlapping dots. The number of
pedigrees in each type is labeled by the N value on
the top.
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Fig.2 Comparison of haplotypes reconstructed by two
computer programs, SIMWALK2 and GENEHUNTER,
on an individual level . Four types of pedigree geno-
typing status are in four panels (2 out of 4 persons in
the family typed, 3 out of 5, 3 out of 4, and all typed).
For each type of pedigree, the number of pedigrees
that have 0, 1, 2... persons with consistently re-
constructed haplotypes is displayed in a bar plot,
where “consistently reconstructed” means 49 out of
54 marker alleles being identical.



Conclusion and practical implications

Using a large number of pedigree data, we have shown
that haplotype reconstruction is less reliable if there
are “enough” untyped persons in the data. Little atten-
tion was paid to this observation in the genetic analy-
sis community. People may take for granted the recon-
structed haplotype generated by a computer program.

We have also shown more specifically that, if two chil-
dren are typed but two parents are not, the haplotype
reconstruction by computer programs is not reliable.
In this situation, (1) it is important to get one parent
typed; (2) or, if parents’ DNAs are not available, skip
this pedigree; (3) or, switch to genotype-based asso-
ciation analyses.
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