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Figure 1 Parameter space for sib-pair allele sharing. H0 is the
null hypothesis (no linkage) point , , . When con-1 1 1z p z p z p0 1 24 2 4
cordant sib pairs are studied, points to the left of the dashed line are
in the direction of linkage, and points to the right are in the direction
opposite to linkage; when discordant sib pairs are studied, the converse
is the case. The smaller hatched triangle represents the parameter space
for concordant sib pairs when there is simple monogenic inheritance.
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Reporting of Linkage Results

To the Editor:
In a recent report in the Journal, Province (2001, p. 661)
correctly points out that a bias occurs if Fisher’s method
of combining P values is used naively to pool the results
of “many of the very popular nonparametric (i.e., model
free) linkage methods (in particular, variance components,
affected sib pair, and extremely discordant sib-pair link-
age).” Indeed, Morton (2000, p. 9) has stated that “meth-
ods that force lods to be non-negative values create a
serious bias that should be avoided as far as possible.”
The earliest variance-component linkage method is that
formulated by Haseman and Elston (1972), and the same
methods as were described in that paper to estimate the
proportion of alleles that a sib pair share identical by
descent can be used, in the so-called mean test, to test for
linkage on the basis of data on either affected sib pairs
or extremely discordant sib pairs. This has long been im-
plemented in the computer program SIBPAL. This pro-
gram automatically computes one-tailed P values that are
uniformly distributed between 0 and 1, under the null
hypothesis of no linkage, and so do not suffer the bias
that occurs whenever LOD scores truncated at 0 are re-
ported. It has been argued elsewhere (Elston1998; Nyholt
2000) that it would be preferable to summarize the results
of linkage analysis in terms of P values rather than in
terms of LOD scores, and the problem discussed by Prov-
ince is a further reason for doing so. Although the bias
can be obviated in the manner described by Province, a
more accurate pooling of linkage results would be ob-
tained if every study in which there is evidence against
linkage is assigned the relevant P value between and 1,1

2

rather than assigning to all such studies an average value.
Pooling of P values in this manner was done by Wilson
and Elston (1995) in a meta-analysis of linkage results
for alcoholism. All that would be required for this method
of pooling to become standard, if we are willing to make
the asymptotic assumption to convert LOD scores to P
values, is for software that currently truncates LOD scores
at 0 to calculate and quote negative LOD scores, corre-
sponding to negative variance components and/or recom-
bination fractions , when this is appropriate.11 2

Consider, for example, the sib-pair methods based on
maximizing a LOD score over allele-sharing probabilities
zi, where zi is the probability that a sib pair shares i alleles
identical by descent at a genomic location. Because

, the parameter spacez p 1 � z � z 0 � z ,z ,z � 12 0 1 0 1 2

can be represented by the triangle depicted in figure 1, in
which the smaller hatched triangle represents the possi-
ble parameter values for affected sib pairs when there is
simple monogenic inheritance (Holmans 1993). When a

complex disease is being studied, linkage can be missed
if the maximization for affected sib pairs is restricted to
this smaller hatched triangular area (Dizier et al. 2000);
on the other hand, maximizing the LOD score over the
whole parameter space depicted in figure 1 can lead to a
positive LOD score when there is evidence against link-
age. The dashed line in figure 1 divides the parameter
space into two parts, corresponding to the proportion of
alleles shared by a pair of sibs being either or11 (z 1 z )2 02

. Maximization should be over the entire pa-1! (z ! z )2 02

rameter space, but the resulting maximum LOD score
should be made negative if the result is in the direction
opposite to linkage (see fig. 1). In this particular case,
because 11 df is involved, the conversion of a maximum
LOD score to a P value is not simple, even if based on
asymptotic considerations. In other situations (e.g., see
Kong and Cox 1997; Whittemore and Tu 1998 ), when
only 1 df is involved, the conversion is simple if we are
prepared to make asymptotic assumptions. In any cases
of doubt, a permutation test (sampling from the entire
permutation distribution, if necessary, for computational
feasibility) can be performed. As pointed out elsewhere
(Elston et al. 1996) ∼10,000 sib pairs are required if, in
an affected-sib-pair study, a quoted P value of 10�4 is to
be within 20% of the true value when we rely on as-
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Table 1

Combined MTHFR C677T/A1298C Genotype or Allele Frequencies
in a Hispanic Population of Mexican Descent, Composed of
Patients with SB, Their Parents, and Controls

GENOTYPE

OR ALLELE

OBSERVED FREQUENCY IN

Patients
(n p 302)

Mothers
(n p 281)

Fathers
(n p 143)

Controls
(n p 82)

MTHFR C677T/
A1298C
genotype:

CT/CC .003 .000 .007 .012
TT/AC .020 .028 .021 .024
TT/CC .000 .004 .000 .000

MTHFR allele:
677C .493 .477 .549 .527
677T .507 .523 .451 .473
1298A .854 .856 .815 .811
1298C .146 .144 .185 .189

ymptotic assumptions to calculate it. In any case, it would
seem preferable for analysts to quote one-sided P values
rather than to have to resort to the average bias-con-
trolling procedure suggested by Province—although this
should not be taken to imply that either P values or LOD
scores are completely satisfactory summary statistics.
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Examinations of Methylenetetrahydrofolate Reductase
C677T and A1298C Mutations—and In Utero
Viability

To the Editor:
The recently published study by Isotalo et al. (2000) an-
alyzed the methylenetetrahydrofolate reductase (MTHFR)
C677T and A1298C mutations in neonatal and fetal
groups, to determine whether particular MTHFR ge-
notype combinations are associated with decreased in
utero viability. Isotalo et al. (2000) observed all possible
genotype combinations in the fetal group, but combined
677CT/1298CC and 677TT/1298CC genotypes were
not observed in the neonatal group. Therefore, they hy-
pothesized that decreased viability exists among fetuses
carrying the 677CT/1298CC and 677TT/1298CC geno-
types, with a possible selection disadvantage in fetuses
with an increased number of mutant MTHFR alleles.
They also did not observe the 677CT/1298CC and
677TT/1298CC genotypes in a population consisting of
healthy adult controls.

We have tested for the MTHFR C677T and A1298C
mutations in a Hispanic population of Mexican descent,
to determine risk for spina bifida (SB) (Volcik et al. 2000).
Although we observed all possible MTHFR 677/1298 ge-
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