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A genomewide testing for Hardy-Weinberg disequilibrium based on cases
only has recently been proposed us a low-cost approach to mapping disease-
susceptibility gene(s). Sample size calculation for such an approach had been
carried out assuming one of the typed markers is the disease-susceptibility
locus itself. In this paper, the author presents a general approach. It is found
that the sample size needed increases strikingly when (1) the allele frequency
of the marker deviates increasingly from that of the disease-susceptibility
locus; and (2) the degree of linkage disequilibrinum deviates increasingly from
ifs maximum.
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Introduction

To fine map a disease-susceptibility
locus, Feder et al. [L] proposed an
innovative approach to test for deviation
from Hardy-Weinberg equilibrium (HWE)
among affected individuals. (A bi-allelic
marker with alleles A and a is in HWE when
its genotype frequencies are g2[AA],
2q(1-g) [Aa], and (1~¢)? [aa] where, g is the
frequency of A-allele in the population. A
population is in HWE when all the markers
are in HWE.) In a recent paper [2], I adopted
the method as a genome-wide screening
tool. The method is a ‘case-only’ approach
that can dispense with a control group

entirely. It was pointed out that “{t]he
method is especially suited for use in a large
referral center, where genotyping is done
routinely for affected individuals but where
a control group, either the population
control or the parental control, is difficult to
obtain” {2].

Sample size calculation for such a case-
only Hardy-Weinberg disequilibrium test
{(HWT) had been carried out in a genome-
wide scan scenario, assuming one of the
typed markers is the disease-susceptibility
locus itself [2]. In the future when the cost
of genotyping single nucleotide
polymorphisms (SNPs) [3, 4] goes down,
we may use a very dense set of markers to
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scan the genome. This will guarantee at least
one of the typed markers to be very close to
the disease-susceptibility locus and hence to
be in strong linkage disequilibrium with it.
However, the closest marker is in general
not the disease-susceptibility locus itself.
Therefore, the previous calculation is a
special case at best. In this paper, I will
present a general approach for sample size
calculation,

Methods and Results

Hardy-Weinberg disequilibrium test

Supposed that a gene bank for a disease
has been established in a particular
population, which consists of marker
genotypes across the whole genome for a
total of n affected individuals. Denote the
marker that is closest to the disease-
susceptibility locus as the ‘M’ marker, with
alleles ‘M’ and ‘m’. The number of cases
with genotype MM is denoted as n;;, number
with genotype Mm as #n;,, and number with
genotype mim as #ay (#y+Ro+np=n). The
HWT statstic is as followed [2]:

_ "/;ﬁM
P,(1-B,)

where Py =piy +P12/2 = ny/ntngo/(2n) is the
allele frequency of M in the sample, and D,
=[Py~ 2Py (1-PpV/2 = pyy oy ~Plaf4 is
the sample estimate of the Hardy-Weinberg
disequilibrium coefficient regarding the M
marker. Under HWE (that is, under Hy: Dy, =
), HWT is asymptotically distributed as a
standard normal.

Power formula

Let the disease-susceptibility locus be
denoted as the ‘S’ locus, with alleles ‘S’ and
‘s’. The locus has penetrances of f,(S8),
f1(Ss), and fy(ss), respectively. Assume the
source population from which the affected
individuals arise to be a population in HWE.

The frequencies of the S allele and the M
allele in the source population are denoted as
gs and g,,, respectively. In the affected
population, the genotypic frequencies of the
M marker are [5]:
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where the 17= g,(f, —f1)+(1 — g)(f; —fy) is the
allelic effect (of the S-allele over the s-allele)
in the source population, the T=4# - 2f] + fi
is a parameter measuring the deviation from
an additive relation in the penetrances, the o
is the linkage disequilibrium parameter
between the S locus and the M marker, and
the ¢ =g2fy + 2¢, (1 —gq,) fi + (1 — g2 is the
disease prevalence in the source population.
From these equations, the frequency of the M
allele in the affected population is

]
Pu=Pn +&=QM+T’_’

2 ¢

and the Hardy-Weinberg disequilibrium
coefficient in the affected population is

) 2 62( - 2)
D, =P11P22_%= Jg?z L .
Using the multivariate delta method [6],
it can be shown that the distribution of the
HWT has a mean of
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and a variance of
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Let z, denote the x-quantile of a standard
normal distribution. Then

Power of the HWT

- Pr(Z < G- = ﬂ)+ Pr(Z 5 “Gain ~ H}
o o )

with Z being a standard normal-distributed
random variable.

Sample size calculation

To calculate sample size, one can solve
the above power formula using a bisection
methed (a root-finding method) [7]. Note that
the sample size depends on the genotype
relative risks: W, =f3 /fg. Wo =15 ffy, the allele
frequencies in the source population: g,, gy,
and the linkage disequilibrium parameter 6,
in addition to the o-level and power.

To illustrate, I consider the following
modes of inheritance: (1) the ‘additive’
model (y; = 4 and ¥, = 4 + 4, according to
Camp's definition [8]), (2} the recessive
model (y; = 1 and y, = 4), and (3) the
dominant model (y; =y, = 4). Note that the
HWT cannot detect gene that displays a
multiplicative mode of inheritance (yr, = %)
[2]. The test was two-sided with o-level set at
10-7 {for a genomewide scan). The g, was
fitted at 0.4. The g,, was set at 0.4, 0.3, 0.2,
and 0.1, respectively. The proportion of
maximum & between the disease and the
marker loci was set at 1.0, 0.9, 0.8, and 0.7,
respectively. The sample sizes necessary to
achieve 80% power for the (two-sided) HWT
were calculated. To check the precision of the
approach, 100,000 simulated datasets at the
calculated sample sizes were generated. For
each round of simulation, the HWT was
calculated, and the true power was estimated
as the proportion of simulations rejecting the
null hypothesis at o =107,

The table presents the calculated sample

Table. Sample size necessary {number of affected individuals needed) to achieve 80% power (&
= 10-7) for the Hardy-Weinberg disequilibrium test under various modes of inheritances.
Shown in parenthesis are the empirical powers for the HWT based on 100,000

simulations.
Proportion of maximum &
|44~ 4s 1.0 0.8 07
Additive model
0.0 1550(.80) 2485(.80) 4139(.80) T265(.80)
0.1 5644(.80) 8516(.80) 13439(.80) 22473(.80)
0.2 21323(.80) 31202(.80) 47823(.80) T7789(.80)
0.3 128349(.80) 184297(.80) 277303(.80) 442972(.80)
Recessive model
0.0 352(.79) 553(.80) 906(.80) 1571(.80)
0.1 1176(.80) 1769(.80) 2787(.80) 4655(.80)
- 0.2 4301(.80) 6304(.80) 0682(.80) 15788(.80)
0.3 25537(.80) 36761(.80) 55476(.80) 88928(.80)
Dominant model
0.0 349(.81) 541(.81) 876(.80) 1502(.80)
0.1 1063(.81) 1594(.80) 2507(.81) 4189¢.80)
0.2 "~ 3598(.80) 5312(.80) 8828(.80) 13546(.80)
0.3 20106(.80) 29396(.80) 45086(.80) T3504(.80)
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sizes necessary to achieve 80% power for an
effect at a single locus by the HWT under
various conditions. The empirical powers
based on simulations (in parenthesis) match
very well with the expected value of 0.80,
indicating that the present method is quite
accurate. From the table, we also see that the
sample size needed increases strikingly when
(1) the allele frequency of the marker
deviates increasingly from that of the
disease-susceptibility locus; and (2) the
degree of linkage disequilibrium deviates
increasingly from its maximum.

Discussion

The square of HWT is the usual
goodness-of-fit statistics [2]. Under the null,
it is distributed as a chi-square distribution
with one degree of freedom. To approximate
its power, one may turn to a noncentral chi-
square distribution. However, simulation
studies showed that power approximation
using such an alternative approach is less
than perfect (results not shown). The reason
is simple: the noncentral chis-quare
distribution has only one parameter—the
noncentrality parameter, whereas the normal
distribution, upon which the present
approach is based, can have two—the ¢ and
the o2.

Those gene hunters searching for
disease-susceptibility genes must not be
discouraged by the present finding that the
required sample size becomes considerably
larger as the degree of linkage
disequilibrium becomes lower. Recently, the
human genome has been found to have a
block-like  structure  of  linkage
disequilibrium [9-12]. Within a haplotype
block, it 1is found that meiotic
recombinations are suppressed and that
markers display nearly complete linkage
disequilibrium with one another. Based on
this recent discovery, Weinberg and Morris
[13] provided guidelines for choosing
genomewide SNP markers to reduce the

cost of genotyping and the sample size
needed.
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