transporter by matching the specificity of
the class I molecules and the transporters
that serve them.
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TECHNICAL COMMENTS . . -

Male Sexual Orientation and Genetic Evidence

Dean H. Hamer et dl. report a paired sibling
(sib-pair) analysis linking male sexual orien-
tation with a region of chromosome Xq28
(1). Much of the discussion of this finding
has focused on its social and political rami-
fications. In contrast, our goal is to discuss
the scientific evidence and to highlight in-
consistencies that suggest that this finding
should be interpreted cautiously.

While interpretation of genetic linkage
results for Mendelian traits (such as genetic
markers) by lod score statistics has a sub-
stantial history, including empirical verifi-
cation, this is not so for complex, or non-
Mendelian traits. There are pitfalls in ap-
plying standards derived for Mendelian
traits to complex ones (2). Interpretation of
linkage results for such a trait must, of
necessity, occur in the context of prior
evidence about the genetic basis for that
trait. Family, twin, and adoption studies,
the basic paradigms of genetic epidemiolo-
gy, provide important evidence about the
magnitude and nature of a possible genetic
contribution to a trait. Furthermore, quan-
tifying the magnitude of a genetic effect,
through family and adoption studies, plays a
direct role in the interpretation of linkage

results. This is because there is a simple
correspondence between the familiality of a
trait that results from a gene and the ex-
pected linkage evidence (3). Specifically,
inheritance of alleles identical by descent
(ibd) at an autosomal contributory locus (or
closely linked marker) for an affected (or
trait-concordant) sib pair is directly related
to the ratio (\,) of recurrence for siblings
over population prevalence (3)

2 = 0.25/A,

where 2 is the probability that the sib-pair
share no alleles ibd at the trait locus, and A,
is the sibling recurrence ratio that results
from that locus. For an X-linked locus and
brother pairs, the equivalent formula is

20 = 0.50/\;

Hence, interpretation of ibd data for trait-
concordant brother pairs depends on prior
evidence about plausible values of A, for
such a locus.

Hamer et al. (1) and two other recent
studies (4, 5) suggest ‘the existence of an
increased frequency of homosexual orienta-
tion among the brothers of gay probands;
however, the one study (5) that included
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monozygous (MZ) and dizygous (DZ) co-
twins, as well as adopted (unrelated) and
biological brothers of homosexual pro-
bands, provided inconsistent genetic evi-
dence. While the MZ cotwins showed a
higher rate than DZ cotwins of homosexual
orientation (29/56 or 52%, as opposed to
12/54 or 22%, respectively), which suggest-
ed a genetic contribution, the biological
brothers and adoptive brothers showed ap-
proximately the same rates (13/142 or 9.2%
and 6/57 or 10.5%, respectively). This
latter observation suggests that there is no
genetic component, but rather an environ-
mental component shared in families.
Hence, one’s interpretation of the results of
this study (5) depends on whether one
places greater credibility on the data from
twins or on the data from adopted and
biological siblings. The fact that the study
population was obtained through advertise-
ment may have also led to undetermined
biases.

From these three studies, it is somewhat
difficult to obtain an accurate (or consis-
tent) estimate of N. To calculate N, an
appropriate control group is required. For
controls, Pillard and Weinrich (4) studied
the brothers of heterosexual probands and
obtained a rate of homosexual orientation
of 2/38 or 5.3% for those directly inter-
viewed, compared with a rate of 15/68 or
22% for the brothers of gay probands. From
these data, we obtain a value of N\, =
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0.22/0.053 = 4.1. This value of A, includes
all genetic and nongenetic sources of famil-
ial aggregation.

Bailey and Pillard (5) did not employ a
formal reference group. However, the
adopted brothers of gay probands may, in
fact, be the most appropriate referents
because they have no genetic relationship
to the proband, only an environmental
one. Hence, estimating A, from biological
and adoptive brothers gives a direct assess-
ment of the genetic effect. Contrasting the
biological with the adoptive brothers from
this study (5), we obtain A, = 0.092/0.105
= 0.9. Even if we use the rate from the DZ
twins (who are also genetic brothers) in-
stead of the biological brothers, we obtain
only a modest value of N, = 0.222/0.105
= 2.1.

Hamer et al. (1) obtain a frequency of
homosexual orientation equal to 14/104 or
13.5% for the brothers of gay probands. It
is difficult to derive an accurate comparison
rate from their study. They used the uncles
and male cousins (combined) of lesbian
probands (from another study) as referents,
reporting a rate of 14/717 or 2.0%. How-
ever, a more appropriate reference group
would be the brothers of the lesbians, as
they are matched in terms of generation
and relationship to the brothers of the male
probands. The rate for the brothers of the
lesbians was reported to be 4.7%, giving a
value for A, of 0.135/0.047 = 2.9."

The value of N, estimated from family
studies includes all genetic and shared en-
vironmental factors. Unless all recurrence
in brothers is a result of one genetic locus,
the value of A, for any particular contribut-
ing gene relevant to a linkage study of that
gene will be less than the value of A,
observed. Only the values of A, from the
study of Bailey and Pillard (5), which used
adopted brothers as referents, exclude
shared environmental factors.

Hamer et al. (1) argue that the results of
their family study are consistent with an
X-linked locus contributing to male sexual
orientation. For the study based on single-
ton probands (1), the recurrence rates for
homosexual orientation are 13.5% for sib-
lings, 9/215 or 4.2% for uncles, and 12/243
or 4.9% for cousins. These results are not
consistent with any genetic model, for
which the rates should increase from popu-
lation prevalence to cousins (third-degree
relative) to uncles (second-degree relative)
to brothers (first-degree relative).

Hamer et al. (1) suggest that their results
are consistent with X-linkage because ma-
ternal uncles have a higher rate of homo-
sexual orientation than paternal uncles,
and cousins related through a maternal aunt
have a higher rate than other types of
cousins. However, neither of these differ-
ences is statistically significant. Further,
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small sample sizes make these data compat-
ible with a range of possible genetic and
environmental hypotheses.

The hallmark characteristic of an
X-linked trait is no male-to-male transmis-
sion. Because few homosexual men tend to
have children (8), a study of male homo-
sexual orientation will reveal few opportu-
nities for male-to-male transmission, giving
the appearance of X-linkage. In this con-
text, examining the rate of homosexual
orientation in the fathers of homosexual
men [for example 0/76 (1)] is not meaning-
ful. In the study by Hamer et al., there were
only six sons of homosexual males, clearly
an inadequate number for a meaningful
test. Hamer et al. also present four pedigrees
as being consistent with X-linkage [figure 3
in (I)]. Only one homosexual male in these
four pedigrees has a child (a daughter). In
the context of trait-associated lack of male
reproduction, such pedigrees would be rel-
atively easy to obtain. Thus, the family data
presented in (1) provide no consistent sup-
port for X-linkage or for the subsequent
linkage results.

Hamer et al. (1) present 40 homosexual
brother pairs, of whom 33 are concordant
for Xq28 markers and seven are discordant.
Hence, the proportion of brother pairs shar-
ing no alleles is 7/40 = 0.175. From the
formula given above, this would correspond
to a sibling recurrence ratio resulting from
this locus of A, = 0.50/0.175 = 2.9.

The exponentiated lod score does not
reflect the probability of the observed data
under the null hypothesis, but rather the
relative likelihood of the observed data
under the null (no linkage) hypothesis as
compared with the alternative (linkage)
hypothesis. This ratio depends on the spe-
cific alternative hypothesis (2); for sib-
pairs, this is the value \,. The lod score of
4.0 obtained by Hamer et al. depends on
the assumption of a value of A, = 2.9 for the
X-linked locus (this value was actually es-
timated from the .linkage data). If one
assumes a locus with smaller effect, the lod
score would be lower. Specifically, the lod
score can be given in this case by the
formula

40 log 2 + 33 log (1 — 0.5/\,)
+ 7 log (0.5/A)

because 33 pairs were concordant and seven
discordant. Using a value for A, of 2.9 gives
a lod score of 4.0. However, using a smaller
value of \,, for example 1.5, gives a lod
score of 2.9. As discussed above, the appro-
priate value of A, to use for this linkage
analysis would be of considerable debate,
and the prior evidence suggests a value of
2.9 may be unrealistically large. In any
event, the statistical significance of this
finding depends on this X-linked locus hav-
ing a major effect (that is, A, > 2).

SCIENCE ¢ VOL. 262 ¢ 24 DECEMBER 1993

Also with regard to statistical signifi-
cance, the lod threshold of 3 was defined for
Mendelian traits (such as markers) and has
been verified empirically to produce a false
positive rate of less than 5% (9). No such
empirical studies of lod thresholds for non-
Mendelian traits have been conducted;
however, based on the handful of reports of
linkage for behavioral traits that proved
unreplicable, the empirical false positive
rate for a lod score of 3 would be far greater
than 5%. Under these circumstances, we
would argue that the possibility of a type-1
error should be considered.

Hamer et al. (1) cite several “theoretical
benefits” to the sib-pair approach, suggest-
ing that it may be more robust than tradi-
tional pedigree approaches. As we have
shown above, sib-pair analysis is not as-
sumption free. Lod score analysis with ped-
igrees has also been shown, both theoreti-
cally and empirically, to be robust to such
problems as reduced penetrance, pheno-
copies, and multiple genes (10). On the
other hand, neither approach is robust
enough to withstand violation of the most
important assumption—the existence (or
magnitude, or both) of a major gene.

There is little disagreement that male
homosexual orientation is not a Mendelian
trait. In fact, a priori, one would expect the
role of a major gene in male homosexual
orientation to be limited because of the
strong selective pressures against such a
gene. It is unlikely that a major gene
underlying such a common trait could per-
sist over time without an extraordinary
counterbalancing mechanism.

With regard to sexual orientation, we
recognize that many of the limitations in
data are a reflection of the difficulties in
conducting studies with so many political
and social ramifications. However, this also
means that such studies must be scrutinized
carefully and dispassionately. Linkage re-
sults identifying major genes for complex
traits must be evaluated in the total context
of family, twin, and adoption studies for
that trait and must be consistent with re-
sults obtained from those studies.
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Response: Studies of the role of genetics in
sexual orientation are still at an early stage of
development. The entire modern literature
consists of less than a dozen papers, of which
ours (1) was the only one to examine ex-
tended families or DNA markers. Hence we
thoroughly agree that further empirical study
will be required to corroborate the role of
genes in this complex dimension of human
behavior. However, we suggest that the
analytical approach advocated by Risch et al.
is less than optimal for the initial analysis of
complex traits such as sexual orientation.
The critique by Risch et al. concerns
primarily the relationship between the data
obtained by family studies and those ob-
tained by DNA linkage analysis. Specifical-
ly, Risch et al. posit an inverse proportion-
ality between A, the ratio of recurrence for
siblings versus population prevalence, and
%o, the proportion of sib-pairs that share no
alleles at a candidate locus (2, 3). However
they do not note that this relationship is
true if and only if A, and z, are measured on

the same population. This was not the case
in our study. Although the probands for the
family study were ascertained without re-
gard to family history, the families for the
linkage study were deliberately screened for
absence of direct father-to-son transmission
and of multiple female homosexuals—char-
acteristics that would not be consistent
with sex-limited, X-linked inheritance.
This selection, which was clearly described
in our research article (1), was apparently
successful because it enriched for families
containing gay maternal uncles and mater-
nal cousins through an aunt.

Because our family and linkage studies
were performed on distinct populations, the
recalculation by Risch et al. of our linkage
data is invalid. In fact, all of the recent
successes in the genetic mapping of complex
traits—such as those concerning mental re-
tardation, breast cancer, and Alzheimer’s
disease—have depended on linkage analyses
performed on selected subpopulations. If
these studies had been evaluated with the
formula used by Risch et al., they would have
been incorrectly judged as insignificant.

Risch et al. also state that our pedigree
results are “not consistent with any genetic
model, for which the rates should increase
from population prevalence to cousins
‘(third degree relative) to uncles (second
degree relative) to brothers (first degree
relative.” This statement is incorrect. Risch
et al. are describing the expected order of
rates for an autosomal dominant trait, not
for an X-linked trait for which the expected
order of rates in cousins and uncles is
reversed. The rates for a trait influenced by
an X-linked locus are expected to increase
from population prevalence to maternal
uncles (related to their nephews by 25% of
their X-linked genes) to maternal cousins
through an aunt (related by 37.5% of their
X-linked genes) to brothers (related by 50%
of their X-linked genes). This is precisely
the order that we observed.
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Finally, Risch et al. refer to a possible
“major gene” that “underlies” male sexual
orientation. We did not say that Xq28
“underlies” sexuality, only that is contrib-
utes to it in some families. Nor have we said
that Xq28 represents a “major” gene, only
that its influence is statistically detectable
in the selected population that we studied.
The sib-pair linkage approach is designed to
determine whether or not there is any
correlation between a particular chromo-
somal region and a trait, not to quantify the
role of the locus in the population at large.

As noted by Risch et dl., the question of
the appropriate significance level to apply
to a non-Mendelian trait such as sexual
orientation is problematic. We reported a
lod score of 4.0, which is 10-fold higher
than the conventional cutoff level of 3.0,
but only replication of our result will tell
whether the observed linkage is truly signif-
icant. Ultimately, however, the question of
whether or not sexual orientation is influ-
enced by genes will depend not on linkage
analysis or any other statistical approach,
but on the isolation and characterization of
the relevant loci. The current evidence
suggests that Xq28 will be a useful starting
place for this search.

’ Dean H. Hamer
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