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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 1. Heatmap displays of LD index, 2, among the HLA a
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(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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Figure 2. Haplotype structure of HLA alleles for cases of

. 19 : Table. Associations of the haplotype consisting of HLA alleles associated between UC cases and CD cases (Table 4 in [1])
ulcerative colitis (UC) and Crohn’s disease (CD) along

with controls (CTRL). The vertical stacked bar indicates Frequency” Lt o vs control oD ve control
each Of the 4 H|LA genes,, and the queues Of the bars Haplotype UC (n = 372) CD (h = 372) Control (n = 905) OR (95% CI)® P valueb OR (95% CI)P P valueP OR (95% CI)b P valueP
correspond to their physical order in the MHC region. A faplotype for Qw1202, 85201
tile of a bar indicates an HLA allele, and a segment Cw#1202 B#5201 DRB1%1502 0.27 0.054 0.12 658 (460 —9.42) 11X 10733 265(2.14—329) 40X 10721 040(028—057) 1.1X 1077
connects 2 a”eles on adJacent genes The he|ght Of the Cwx1202 B=xb5201 — 0.025 0.022 0.013 1.51(0.76 —2.97) 15 224 (1.21 — 4.14) .0080 149 (0.79 — 2.81) 21
. . . — — DRB1 #1502 0.011 0.00b6 0.012 2.64 (0.81 — 8.65) .030 1.10 (0.49 — 2.40) b4 042 (0.15— 1.19) 067
tile and the thickness of the segment correspond to the _ _ _ 0.69 0.92 0.85
allele frequency of the HLA allele and haplotype frequency Haplotype for Cw*1402, B+5101 )
. . Cwx1402 B=b101 0.050 0.11 0.072 0.42(0.28 —9.42) 18 X10™°> 0.67(0.46 — 0.98) .039 1.62(1.21—2.17) 0010
between the 2 HLA alleles, FGSDGCUVGW- The existence of _ B+5101 0.013 0.016 0.017 0.78(0.33 —1.81) .57 0.78 (0.38 — 1.61) 48 1.01(051—1.98) .90
the common haplotype consisting of Cw*1202, B*5201 - - 0.94 0.87 0.91
and DRB1*1502 is clearly shown, whose frequency decays NOTE. HLA alleles other than Cw %1202, B+5201, DRB1 %1502, or w1402, Bx5101 are pooled and denoted as "~
frOm in Qrde.r Of UC (.:aseS.’ the COHtrOlS’ and CD CaseS, ?I;:;?t:s;jitiutie(i?%erc]);c}lrl:guz]n?yei:r’]tigscz-ntrols are indicated.
representmg ITS OppOSIte dlreCtlonS Of effECtS on UC aﬂd bObtained by the comparison of haplotype frequencies between each of the haplotype and the haplotype with the highest frequency.
CD (see [1] for more details).
. BLELERE. I I R Method Horizontalization Criterion
,,. I I A Zjj : indicator vector of haplotype i at locus j A 5:11 S}L
. — - pj: scale parameters of alleles at locus j B ' ' '
h h ¢; : 1th horizontal line oL oL
]
_— A = ! . 511 0 ﬁl
7t; © 1th haplotype frequency B = , B= :
pl(]) . Ith allele frequency at locus j 0 SLL L
(jk) ( <k ;Uk) \
! ! I ! Pr, haplotype frequency of [th allele at 11 1A,
; » A A A » N N R locus j and mth allele at locus k and 5 = (;‘k) (].;()
M O~ ~0 u — — ) —_— L e 1 " S ) S )
3 % g 3 g E g E % % % % 3 § g g § 5 32 % % . X % Aj: number of possible alleles at locus \ 741 AjAg )
> 3 2 288 g8 28 €858 ¢ 37 8 § 18§ 8 3 G _ G0 G, (0
% 2 D % E_,, s B E E 2 2 9 % @ % % E 2 »n D E P ith haplotype - Ta where Stm = P P Pm
Yij = 2ij B
\\\ \ \\ \\ \/ \\\\ / \ / //// Optimization Problem
46[]:3'3-: 45]:':"3k 2 .
. . . e i 7Ci (Y7 — G4 — min
Figure 3. Haplotype structure among SNPs (light blue) and allele-specific CNPs (navy) ! Y Z iy g/ Gi) (&), 1B
on chromosome 19 Alleles of each SNP locus are indicated by “A” and “B”, and the L i g/ , S
common deletion at CNP locus is indicated by “O". Note that allele-specific CNPs were yis " [Yij S.T. Z(yij — gj) — const
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