
addition to the simulation detailed above, we also consid-

ered a hypothetical study focusing on multiplex families.

We considered two scenarios, one with three children,

two or three of them being affected, and the other with

four children, at least two of them being affected. Either

scenario clearly violated the sampling assumption, but

the violation was not severe because not all families were

forced to have exactly the same number of affected chil-

dren. For both the three-children and the four-children

families, XMCPDT with either true or estimated allele

frequencies gave a p value of less than 0.05 (the nominal),

demonstrating once again its robustness to slight departure

from the assumption (Table 1). These results were based on

100 simulated families with the RecA model1 and 4000 rep-

licated runs. For each run, half of the families were assumed

to have missing parental genotypes. We chose to perform

much longer runs to obtain more accurate estimates of

the actual type I error rates.

In contrast, for datasets with extended pedigrees, X-APL

tends to have inflated type I error rates. The reason might

be that when handling extended pedigrees, X-APL dissects

them into nuclear families and analyzes them as if they

were independent. However, whether this is the main rea-

son remains unclear because explicit explanation on how

extended pedigrees were handled was not available in

Chung et al.1 It is clear, though, that X-APL is a valid test

only for nuclear families, and as such, it should not come

as a surprise that it has inflated type I error rates when

used for analysis of data from extended pedigrees. Perhaps

X-APL and XMCPDT should not be viewed as competing

approaches; rather, they should be viewed as complemen-

tary, utilizing their individual strengths. In particular, X-

APL could be used for analyzing data from nuclear families,

whereas data from extended pedigrees might be better

treated with XMCPDT. For a dataset comprising both types

of family, a combined analysis utilizing the strengths of

both methods would be desirable.
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Table 1. Type I Error Rates for Multiplex Families

Family Typesa

Methodb Three Children Four Children

X-APL 0.056 0.052

XMCPDTT 0.049 0.042

XMCPDTE 0.049 0.041

a Two multiplex family scenarios were considered. Three and four children

refer to families with three and four children, respectively, with at least two

of them being affected.
b XMCPDTT and XMCPDTE refer to XMCPDT with true and estimated allele

frequencies, respectively.
Response to Ding and Lin

To the Editor: In Chung et al.,1 we reported simulation re-

sults showing that when a large fraction of families are miss-

ing parental genotypes, XMCPDT2 can exhibit an inflated

type I error rate. Ding and Lin dismiss the fraction of miss-

ing parental genotypes as an explanation for excess type I

error and instead attribute our observation to violation of

a sampling assumption of XMCPDT. They point out that

our simulations condition on a fixed number of affected

and unaffected offspring and note that this violates the

XMCPDT assumption that family structure is random

with respect to the number of affected offspring. To investi-

gate this further, we performed a simulation study that
530 The American Journal of Human Genetics 82, 524–531, Februa
allowed a variety of nuclear-family structures and varied

the proportion of missing parent genotypes. Replicates

of 300 families, each with three siblings, were generated

via SIMLA3 under an X-linked recessive disease model

(RecF1). To ensure a variety of family phenotypes, we set dis-

ease prevalence to 0.3 and randomly sampled families with

at least one affected sibling. Among 3000 replicates, the av-

erage proportions of families with one affected and two un-

affected siblings, two affected and one unaffected siblings,

and three affected siblings were 48%, 42%, and 10%, respec-

tively. We believe that this simulation model achieves the

family-ascertainment assumption of Ding et al.2

Figure 1 plots the relationship between type I error rate

and the fraction of missing parental genotypes for

XMCPDT, XPDT, and X-APL. Type I error rate increases
ry 2008
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with the fraction of missing parents for XMCPDT but

remains near the nominal level of 0.05 for XPDT and

X-APL. These simulation results show that even in the

presence of a variety of family types, the type I error rate

of XMCPDT can be inflated when there is a large propor-

tion of families with missing parents.

Ding and Lin present simulation results showing that the

type I error rate for X-APL can be inflated for some models.

These results are based on small sample sizes: 100 nuclear

families in one simulation and 81 pedigrees in a simulation

based on Ohio State University multiple sclerosis (OSUMS)

pedigree structures. We have noted elsewhere4 that APL,

a test for autosomal markers that X-APL extends to sex-

linked markers, can have an inflated type I error rate as a

result of deviation of the test statistic from the standard nor-

mal distribution in small samples or in the presence of low

marker-allele frequencies. Hence, it is not surprising that

the small sample sizes used by Ding and Lin produced in-

flated type I error rates for X-APL. Moreover, APL is more

Table 1. Type I Error Rates for X-APL in Small Samples

Model Type I Error Adjusted Type I Errora

100 Aþþb

RecAc 0.056 0.048 (88%d)

RecB 0.058 0.050 (88%)

MultA 0.051 0.041 (88%)

MultB 0.055 0.048 (88%)

60 Aþþ

RecA 0.057 0.031 (8.5%)

RecB 0.058 0.030 (8%)

MultA 0.058 0.036 (9.1%)

MultB 0.059 0.030 (8.4%)

Type I error rates based on 10,000 replicates for 100 Aþþ and 50,000

replicates for 60 Aþþ. Marker-allele frequency was 0.25.
a Type I error is the proportion of data sets with p value < 0.05 where only

statistics with variance > 5 were evaluated.
b Families were ascertained with at least one affected sibling, and each

family has three siblings.
c Disease models defined in Chung et al.1

d Proportion of data sets with variance for the X-APL statistic > 5.

Figure 1. Type I Error Rates for XMCPDT, XPDT, and X-APL
with Different Proportions of Families with Missing Parent
Genotypes
In each sample, we generated different proportions of missing
parents (94%, 92%, 90%, 88%, 85%, 80%, 70%, and 50%) by
randomly removing parental genotypes regardless of family
structure. Marker-allele frequency was 0.25. The marker and
disease loci were tightly linked and in linkage equilibrium.

sensitive to the small sample sizes than PDT (data not

shown). To investigate the effect of small sample size

on X-APL, we simulated 100 and 60 nuclear families

with three siblings, where families were ascertained

with at least one affected sibling and all parent geno-

types were missing. Table 1 shows that type I error rates

for X-APL can be slightly inflated in samples of 100 or 60 nu-

clear families. For the APL statistic, Chung et al.4 noted that

when the bootstrap variance exceeds 5, the level of the test

based on the asymptotic distribution generally holds. Sim-

ulation results in Table 1 illustrate that this guideline can

protect X-APL from being liberal in small samples.

Bearing in mind limitations of sample size and the ex-

tent of missing parental genotypes, we recommend, along

with Ding and Lin that X-APL be used for samples consist-

ing of nuclear families and that XMCPDT or XPDT be used

for samples consisting of extended pedigrees. Moreover,

we endorse their statement that an analysis combining

the strengths of both methods would be desirable.
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