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Linkage Disequilibrium (LD)
Non-independence of alleles at different loci
p
Pr{X, =x,..., X, =2,} # HPI‘{X@ =x;}
1=1

Power of association study (Pritchard et al. 2001,
McVean 2007 )

Historical and biological processes such as
mutation, recombination and natural selection
(Peterson et al. 1995, Hudson 2001)

Population admixture (Pritchard et al. 1999)



Pairwise LD statistics for biallelic loci
(Devlin et al 1995, Jorde 2000)

 Covariance
D = Cov(Xi,X>)
= Pr{X;=1,Xo=1} —pips
(p; = Pr{X; =1}, i=1,2)

o Correlation coefficient (Hill and Robertson 1968)

D2
p1(1 = p1)p2(1 — p2)
e Lewontin’s D' (Lewontin 1964)

D

D= min{p; (1 — p2), (1 — p1)p2} (D>0)

r? = Corr(Xl,Xg)2 =




LD Statistics and the Number of Haplotypes

e r2=1, D' =1 (Absolute LD)
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HaploView (Barrett et al., 2005)

e Heat map display
e Pairwise LD statistics (r> and D)

Chromosomal Locations of SNP Loci

(red: D’=1; white: D’=0)



Inference of Pairwise LD statistics

* SNP genotype of diploid organisms

G = X;+ X,, (Xy: father’s allele, X,,,: mother’s allele )
* Hardy-Weinberg Equilibrium (HWE)

X, Xm "< Bin(1, p)
 Maximum Likelihood Estimation

Hy = (X}, X)), Hy = (X0, X2)

Hy, Hy, = Bin(1; p1,p2, D)

L(p1,p2: Dlg1,-- .. 9n) = H Pr(G; = gi|p1,p2, D) — max



Textile Plot (kumasaka and Shibata 2008)

Visualising high dimensional data as it is without
any aggregation

Accepts any data types
Horizontalisation criterion

Genetic point of view:

— Direct association between SNP genotypes
— LD statistics and Haplotype structure

— Approximation of correlation matrix

— Deviation from Hardy-Weinberg equilibrium



Horizontalisation Criterion

* Degree of horizontalness

e Minimisation problem
e Linearity and orthogonality
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Line Crossings between adjacent SNPs
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Line Crossings between adjacent SNPs
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HapMap European-American samples on Chromosome 1
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LD between Distant SNPs ?




Dispersion from Heterozygote under HWE
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Vi X 1 1 =1,...,p
Vp;i (1= pj)
n; : Jjth element of eigenvector for correlation matrix R

associated with the largest eigenvalue A

p; : marginal probability of SNP j



Dispersion from Heterozygote under HWE
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Dispersion from Heterozygote under HWE




Dispersion from Heterozygote under HWE
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3280 SNPs in MHC (major histocompatibility complex) region on Chromosome 6
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Inflation of Linkage Disequilibrium

High density of markers
1

0, = =[1—(1—26)"] (91:9, lim enzl)

2
Dt — (1 - Qn)tD()

Natural selection
Bottleneck and Genetic drift

n— 00 )

— HWE is violated.

Population mixture and admixture |
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All heterozygotes are located in the middle of homozygotes,
if any pair of SNP genotypes are observed under HWE.



Population Mixture
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Concluding Remarks

Direct assciation between SNP genotypes at different loci
Various types of LD and haplotype structure
Potential usefulness for disease association study

Population stratification and admixture
Coalescent tree or Ancestral Recombination Graph (ARG)
LD mapping of common complex diseases gene
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