
Introduction
Linkage disequilibrium (LD) mapping using multi-allelic
genetic loci (such as HLA alleles) is occasionally required to
identify susceptibility haplotypes for complex diseases [1].
Here we propose a new visualization technique to map LD
with multi-allelic loci. A statistical method to infer
underlying haplotypes between these loci is developed
and the multiple correspondence analysis (MCA, also
known as homogeneity analysis) is further applied, which
provides an optimal default of the inferred haplotypes on
a display. The method is also general and applicable for
single-nucleotide polymorphisms and allele-specific copy
number polymorphisms, or mixture of those in a single
display.
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Figure 2. Haplotype structure of HLA alleles for cases of
ulcerative colitis (UC) and Crohn’s disease (CD) along
with controls (CTRL). The vertical stacked bar indicates
each of the 4 HLA genes,, and the queues of the bars
correspond to their physical order in the MHC region. A
tile of a bar indicates an HLA allele, and a segment
connects 2 alleles on adjacent genes. The height of the
tile and the thickness of the segment correspond to the
allele frequency of the HLA allele and haplotype frequency
between the 2 HLA alleles, respectively. The existence of
the common haplotype consisting of Cw*1202, B*5201
and DRB1*1502 is clearly shown, whose frequency decays
from in order of UC cases, the controls, and CD cases,
representing its opposite directions of effects on UC and
CD (see [1] for more details).

Figure 3. Haplotype structure among SNPs (light blue) and allele-specific CNPs (navy)
on chromosome 19 Alleles of each SNP locus are indicated by “A” and “B”, and the
common deletion at CNP locus is indicated by “O”. Note that allele-specific CNPs were
genotyped by using PlatinumCNV software [3].

Table.  Associations of the haplotype consisting of HLA alleles associated between UC cases and CD cases (Table 4 in [1])

Results

Figure 1. Heatmap displays of LD index, r2 , among the HLA alleles for cases of ulcerative colitis (UC) and Crohn’s disease
(CD) along with controls (CTRL). The block with different color divided by the black solid lines indicates each of the 4 HLA
genes; HLA-C (red), HLA-B (yellow), HLA-DRB1 (green) and HLA-DPB1 (blue). The darker the color shading is the stronger the
strength of LD is.
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Optimization Problem
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