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ABSTRACT
The causes of differences in sexual orientation are poorly understood. Although
behavior genetic analyses have found that homosexuality is familial, candidate gene
studies reveal no mechanisms that influence the development of the trait. Previous studies
of a region of the X chromosome have shown a statistically significant excess of allele
sharing at loci on Xq28 between pairs of homosexual brothers, but the locus explains
only a portion of variance in the trait. Thus, there are potentially other loci throughout
the genome that could influence the development and expression of sexual orientation.
This thesis contains two reports on male homosexuality. The first considers
whether differences in the gene encoding the aromatase enzyme (CYP19), a known factor
in mammalian neural masculinization, influence sexual orientation in men. Results of the
analyses suggest that variation in CYP19 does not wield such influence and likely
undermines the candidacy of this pathway of development of male homosexuality.
The second report and major portion of the thesis, consists of a full genome scan
of a large collection of sibships containing brothers concordant for homosexuality. An
allele-sharing linkage methodology is used to analyze the data. In the analyses, sexual
orientation is considered both as a dichotomous phenotype as well as a quantitative trait
and the Kinsey scales of sexual orientation are used to define the phenotype. The sample
population consists of 144 sibships that comprise either two gay brothers (135 sibpairs)
or three gay brothers (9 sibtrios). With available parents and heterosexual siblings, a total
of 456 individuals are included in the study. The results suggest that several loci could
influence this complex trait, although no conclusive evidence for a particular locus is
obtained. Among the conclusions of the report is that a new candidate gene on 9q22, 17β-Hydroxysteroid Dehydrogenase III (HSD17β3), may influence the development of
homosexuality in some men. Other analyses justify continued interest in the Xq28 region
but also indicate that separate developmental pathways might influence the trait as well.
Dissertation Author:
Michael G. DuPree
Advisors:
Jeffrey Kurland
Ken Weiss
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INTRODUCTION: The Research Focus of the Dissertation

1

The underlying reasons why individuals desire same-sex partners for casual sex or
lifetime companionship simply are not known, despite decades of debate within and
between various branches of the sciences and liberal arts. Currently, there are nearly as
many models for just how gay people come to be gay people as there are disciplines that
concern themselves with the phenomenon. There is a tendency to reduce the debate to
an opposition of nature and nurture. This is an unfortunate oversimplification. The
proper approach to the study of sexual behavior should not lose sight of the simple fact
that genes and hormones and neurons do not function in a vacuum any more than do
social influences.
“Non-biological” arguments for a predominately or exclusively environmental
influence on the development of homosexual behavior in humans began in earnest
between the 1940s and 1960s and centered around family environment explanations.
Various psychoanalytic theories have been used to buttress these courses of thought, most
notably the work of Sigmund Freud and his American successors Lionel Ovesey, Irving
Bieber, and Charles Socarides.
The American Psychiatric Association removed homosexuality from the 1980
edition of its Diagnostic and Statistical Manual of Mental Disorders (DSM-III)
(Association 1980). Before this occasion several strains of thought had pervaded the
psychological treatment of homosexual individuals. A major preoccupation with
theorists attempting to tease apart the possible developmental environmental influences
on adult sexual orientation was the prospect of inadequate parenting (Moore 1945;
Bakwin and Bakwin 1953; West 1959; Storr 1964; Bene 1965). Other theorists
emphasized the impact of an unusually high concentration of female family members on
the developing psyches of homosexual men (West 1977; Turner 1995). Some hypotheses
conceived of homosexuality as caused by confusion during the time an individual learns
appropriate sex roles (East 1946; Kagan 1964).
In the middle of the 19th century, Anton Berthold began to describe the role of the
testes and their secretions in the determination of male-like behaviors (Berthold 1849).
The more complete illumination of endocrinologically driven mating behaviors occurred
in due course (Freeman et al. 2001), providing the fundamental model for biological
theories on homosexuality to the present day. A great many of these models for the
development of male homosexuality have supposed unusual patterns in circulating levels
of sex hormones or an overly feminizing or under-masculinizing uterine environment
(Hirschfield 1920; Forel 1924). Since the 1980s, the consensus has been that there are no
appreciable or consistent distinctions between homosexuals and heterosexuals in terms of
circulating sex hormones (Tourney and Hatfield 1973; Barlow et al. 1974; Parks et al.
1974; Pillard et al. 1974; Livingstone et al. 1978; Jaffee et al. 1980).
Other researchers have focussed on differences in brain architecture or
neurological function between heterosexuals and homosexuals. Differences have been
found to exist in the interstitial nucleus of the anterior hypothalamus (Levay 1991) and
the anterior commissure (Allen and Gorski 1992). Other differences have been found to
exist between homosexuals and heterosexuals of both sexes in aspects of functional
asymmetry. In one study, gay men and lesbians did not show the association between
hand preference and magnitude of perceptual asymmetry that is common among
heterosexuals. The results indicate different patterns of functional cerebral asymmetry
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and specifically, less association between the motoric and linguistic components, a
neurological characteristic likely present from birth (McCormick and Witelson 1994).
McFadden and colleagues reported that homosexual and bisexual females have clickevoked otoacoustic emissions that are intermediate to those of heterosexual females and
heterosexual males. The group hypothesized that the auditory systems of homosexual
and bisexual females, and the brain structures responsible for their sexual orientation,
have been partially masculinized by prenatal exposure to high levels of androgens
(McFadden and Pasanen 1998).
Scientists who have studied homosexual individuals for the past century have
noted a certain familial concentration of homosexual behavior (von Krafft-Ebing 1901;
Hirschfield 1920). More recently anecdotal observation and speculation have been
replaced with the statistical techniques of modern behavior genetics and the experimental
capabilities of molecular biology. Is there indeed evidence that homosexuality is
heritable?
There is in fact a great deal of evidence that homosexuality is somehow passed
down in families. Several studies have shown a higher concentration of homosexuality in
families of homosexual probands than in families of non-homosexual probands. Pillard,
Poumadere, and Carretta showed that 25% of the brothers of the gay men in their sample
in a 1981 study were also gay (Pillard et al. 1982). In yet another study Pillard and
colleagues found that among the brothers of predominantly homosexual male probands
22% were also predominantly gay. By contrast, only 4% of the brothers of
predominantly heterosexual male probands were gay, a frequently cited rate of
homosexuality in the general population (Pillard and Weinrich 1986). Other recent
studies have found that the rates of brothers of gay men reporting a homosexual identity
themselves were somewhat less (around 9%) (Bailey et al. 1999). Nevertheless, these
studies are not sufficient to demonstrate that homosexuality is genetic rather than
transferred down generations in some other way.
Family studies, as is implied, can be adequate indications that a trait is familial,
i.e., it tends to show up in families when it does make an appearance, but they are illprepared to disentangle genetic from environmental influences. First-degree relatives
share both genes and environment. Thus, family studies are necessary for the indication
that homosexuality is genetic but they are not sufficient to demonstrate such influence, at
least not conclusively. A great many traits (and diseases) run in families, yet this is not
enough to conclude that genetic factors are involved.
More support can be offered for genetic influence on a trait when twin studies
come into play. In twin studies, concordance rates among monozygotic (MZ, i.e.,
identical) and dizygotic (DZ) twin pairs are compared. Simply put, if both MZ and DZ
twin pairs have similar high concordance rates, a shared environmental influence is
indicated as the major factor of susceptibility. If both concordance rates are low,
different (nonshared) environmental influences are suggested. A genetic influence is
hypothesized if MZ concordance rates are significantly higher than that found for the
same trait in DZ twins. Since MZ twins share twice as many genes as DZ twins (the
same as any two full siblings), MZ twins could be expected to be twice as similar
phenotypically than DZ twins to the extent that a trait is under genetic influence.
Notably, greater phenotypic similarity between MZ twin pairs relative to DZ twin pairs
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results in a heritability1 estimate greater than zero, thereby suggesting a genetic
contribution to the trait. Naturally, however, there is the ever-present specter of the
assumption of equal environments between twins and nontwins (and between MZ and DZ
twins).2
A number of studies in male twins have found high rates of concordance for
homosexuality (Eckert et al. 1986; Bailey and Pillard 1991; Buhrich et al. 1991; Whitam
et al. 1993). Bailey and Pillard (1991) report that 52% of the MZ co-twins of gay men in
their sample were also gay, while only 22% of the DZ co-twins were gay. (Bailey and
Pillard 1991). Whitman and colleagues reported higher concordance rates among both
MZ twins (65%) and DZ twins (30%) (Whitam et al. 1993). However, a recent estimate
of MZ concordance in a large Australian twin sample of only 20% is starkly lower
(Bailey et al. 1999).3
Although there are many ways to estimate heritability, by far the most common
among studies of homosexuality employs the comparison of MZ and DZ twin
concordance rates. Estimates for the heritability of homosexuality fall between about
30% and 75% (see(Pillard and Weinrich 1986; Bailey and Pillard 1991). These figures
can be taken to indicate that a significant proportion of phenotypic variance in
homosexuality is due to genetic factors. However, the number and nature of these
genetic factors is far from known and such estimates should be viewed with appropriate
caution.
Efforts to determine specific genetic influences on the development of
homosexuality are not numerous. Molecular genetic studies have been limited to the X
chromosome, and largely because of the realization by Hamer and colleagues that there is
frequently a disproportionate number of homosexual uncles and cousins on the maternal
side of the pedigrees of gay male probands rather than the paternal side (Hamer et al.
1993). Four studies have looked at the X chromosome for linkage to homosexuality.
Hamer et al (1993) analyzed 40 pairs of gay brothers and found 82% allele sharing on
Xq28 (p = 0.00001). In a follow-up study published two years later, the same research
team studied an independent collection of gay brothers (N = 32) and confirmed the
original finding with the result of 67% allele sharing (p = 0.04) in the same region (Hu et
al. 1995). In 1998 another group essentially duplicated the findings of Hu et al (1995)
and reported 66% allele sharing in the Xq28 region (Sanders 1998). Finally, a slightly
more recent study reported a negative finding of linkage on Xq28 (Rice et al. 1999).
Unfortunately, a great deal of controversy has clouded the issue of linkage of
homosexuality to loci on the X chromosome.
1

Heritability (in the broad sense) is an estimate of the relative contributions of genetic and non-genetic
factors influencing a phenotype. More technically, it is the ratio of variance that is attributable to the sum
of the genetic differences among individuals to total phenotypic variance in a trait. A value of zero
indicates that all phenotypic variation can be attributed to non-genetic factors. A value of one suggests
genetic control. See Khoury et al Khoury MJ, Beaty TH, Cohen BH (1993) Fundamentals of Genetic
Epidemiology. Oxford University Press, New York for the classic discussion.
2
Many studies address this assumption and very usually find support for its validity. It should never be
taken for granted, however. See Hettema JM, Neale MC, Kendler KS (1995) Physical similarity and the
equal-environment assumption in twin studies of psychiatric disorders. Behav Genet 25 for a sound review.
3
The authors reported their suspicion of a significant ascertainment bias in as much as the study
recruitment announcement revealed the nature of the study (Bailey JM, Martin NG (1995) A twin registry
study of sexual orientation: Poster Presentation at the International Academy of Sex Research, 21st Annual
Meeting., Provincetown, Massachusetts).
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The original publication of the Hamer group in 1993 provided initial evidence that
a locus on Xq28 influences male sexual orientation in some men (Hamer et al. 1993).
The X linkage hypothesis was conceived when the researchers found, in the course of a
broader research plan,4 evidence that gay male probands had more gay male relatives on
their mother’s side of the family than through their father’s side of the family. If one is
interested in an X-linkage hypothesis one looks in families where there is no contrary
evidence of X-linkage. Since an X-linked gene is passed to males only through their
mothers, if one is interested in testing the existence of X-linked homosexuality, one looks
in families where there is no evidence that the trait might have been passed on to sons
through their father. Since women inherit an X chromosomes from both of their parents,
if one is interested in X-linkage to male homosexuality one also does not include females
in a study, simply because a female that shares alleles with a brother may have received
the alleles from the paternal source, just by chance. The difference cannot always be
determined with accuracy. It is thus scientifically safer to exclude the possibility.
The observation of concentration of male homosexuality on the maternal side of
the family in some of their index subjects led the Hamer group to revise their protocol
and begin to recruit pairs of gay brothers. The sibpair method offers a number of
theoretical as well as practical benefits and the Hamer group chose this method for a
number of reasons. It is non-parametric in the sense that it does not depend upon the
estimation of certain genetic parameters like gene penetrance or population frequency;
and no specific mode-of-inheritance is specified upon which the model would be
dependent. Secondly, the method is capable of detecting linkage even in the face of
environmental influences on the trait and, in the case of sex-linked genes, even if there
are autosomal loci that influence the trait as well as a locus on the X chromosome.5 In
addition, the Hamer group chose the sibpair design because in traits where familiality is
limited or unknown, siblings (as opposed to more distant relatives) are a more powerful
source of potentially shared alleles at loci that might influence the trait.
Hamer and colleagues found, in a selected population of families in which there
were two homosexual brothers and no evidence of transmission of the trait through
fathers to sons or to females, 82% allele sharing on Xq28. Rice and colleagues reported
that they were unable to replicate the Xq28 linkage in what they claimed to be a
comparable sample of gay sibpairs (Rice et al. 1999). Thus the controversy. The fact is,
however, that the Rice sample is a very different study entirely. The principle error of the
Rice group is that they genotyped a subset of their sample that was peppered with
families where there was evidence of paternal transmission. A more subtle error was in
the way the group assessed the sexual orientation of their participants. In the Rice study
“[s]exual orientation was confirmed for all subjects at the time of blood sampling by the
direct questioning of a gay interviewer (Rice et al. 1999).” As Hamer points out in a
recent Technical Comment to Science, the publisher of the original study in 1993, “the
validity and reliability of this method of phenotype classification are unknown (Hamer
1999).” This assessment is amazingly self-restrained.
4

The original study protocol is NIH#92-C-0078: Genetic Factors and Interrelationships for Sexual
Orientation, HIV Progression and Kaposi’s Sarcoma, Alcoholism and Related Psychopathology, and
Histocompatibility Antigens (see Hamer D, Copeland P (1994) The Science of Desire: The Search for the
Gay Gene. Simon & Schuster, New York, p. 40).
5
There are no known Y-linked “disease” genes.
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In addition to family, pedigree, and linkage studies, candidate genes offer the
opportunity to test specific hypotheses about the etiology of a trait. However, to date,
only a single candidate gene study for homosexuality has been published. Based on the
hypothesis that a mutation in the androgen receptor gene could have a subtle impact on
the development of sexual orientation, several research groups have been interested in
potential differences between heterosexual and homosexual men at the genetic locus of
the receptor. One such group showed that concordance rates for androgen receptor
alleles were not significant in pairs of homosexual brothers and that coding region
sequence variation within the androgen receptor gene was not common in their sample of
homosexual men (Macke et al. 1993).
The intent of this thesis research was to test a particular hypothesis for a candidate
gene and then turn to consider whether there are additional loci in the human genome that
potentially influence male sexual orientation. Before discussing this intention, it should
be mentioned at the outset that the reasons for excluding female homosexuality were
conceptual and economic and reflect no prejudice otherwise. The project made use of
DNA samples that had been collected for previous studies by other researchers. These
samples are rare and they are aging. It seemed of some importance to attempt to utilize
them in an appropriate way before they were no longer available to anyone. Furthermore,
given the commitment of time and resources already required to conduct a proposed full
genome screen on the extant samples, adding to them with as many more samples from
females would have required an unreasonable commitment of additional resources for
graduate level work.
Secondly, and more importantly, placing females and males together in a single
study of homosexuality invites thorny interpretive difficulties. It is not logical to assume
that female homosexuality and male homosexuality are mirror image phenomena. Quite
unlike most gay men, women who have experienced even numerous homosexual
relationships will often not classify themselves as lesbian. For this reason, among other
perhaps less facultative qualifications, researchers have often noted the dissimilarity
between the distribution of “categories” of sexual orientation in females compared to its
distribution in males (Burr 1996). In women there is substantial middle ground between
a lesbian self-identity and a heterosexual self-identity and sexual orientation among
women seems to be a much more dynamic phenomenon (Pattatucci and Hamer 1995).
It seems likely, given family and pedigree data on female sexual orientation, that
very different sets of causal factors influence sexual orientation in women. Pillard and
Weinrich (1986) found in their study that the sisters of gay men are not more likely to be
lesbian than the sisters of straight men. Several studies have found that the sisters of
lesbian women are more likely to be lesbian themselves than in comparison groups of
heterosexual women (Bailey and Benishay 1993; Bailey et al. 1993; Pattatucci and
Hamer 1995).
The first part of the dissertation is a candidate gene study that was performed in
the summer of 1997 at the National Institutes of Health. It is only the second candidate
gene study for homosexuality ever published. The hypothesis for the candidacy of the
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gene refers to the notion that there could be differences in brain chemistry between
males, with likely origins in prenatal or neonatal life, that influence the early
development of sexual orientation through childhood and later somehow play a more
activational role during puberty and adulthood.
It is known that testosterone has an organizing influence on neuroanatomy and
neural function, largely acting through the targeting and binding of androgen receptors in
neural nuclei. It has been established that some of the organizational events occur after
testosterone is converted into estradiol (an estrogen) via aromatization in specific neural
tissues. The estradiol then binds to its own receptors and triggers a cascade of
organizational and presumably activational events.
Before the study on the gene for the enzyme aromatase was begun a recent study
had shown that no sequence variants in the androgen receptor gene appeared to have an
effect on sexual orientation (Macke et al. 1993). It thus seemed that aromatase warranted
study as the next possible step in the prenatal endocrine influence paradigm. The study
presented here was a linkage test for allele sharing at a polymorphic locus near the gene
for the aromatase enzyme.6 We employed a collection of 144 gay brother pairs and used
Mapmaker/Sibs (Kruglyak and Lander 1995a) to test for linkage to sexual orientation as a
dichotomous trait. Negative linkage results and exclusion analyses are discussed in the
chapter.
The failure of the aromatase linkage study added to a growing lack of confidence
in the designation of other candidates along the pathway that potentially contributed to
sexual orientation. With the androgen receptor and aromatase both tested, it seemed that
the candidacy of potential neuroendocrinological effects were going to depend on even
more subtle mechanisms of influence. Given the expense of the number of candidate
studies implied by this realization,7 and with no real reason for hope that a gene of major
effect would stand out of the chorus, further consideration of candidate genes seemed
unwarranted in light of the lack of compelling models. Instead, circumstances indicated
that the logical next step in the research should make use of the new technology of the
genome scan.
The recent availability of a broad range of markers for chromosomal studies made
possible the systematic screening of the genome for susceptibility loci for traits and
diseases. In addition, high throughput technologies were becoming more readily
available for the processing of these markers. For this thesis research use was made of a
battery of such markers (dinucleotides repeat systems in most cases) from PE Biosystems
(Foster City, CA) in a single capillary gel electrophoresis genetic analysis platform. The
research design was to scan the genomes of each of our DNA samples from the
aromatase study and analyze the data by a sibpair allele sharing method. Among the
limitations of the laboratory portion of the research was that the markers were to be
individually amplified with the DNA samples before running in the capillary
electrophoresis system. Allowing for a small initial error rate, this would have required
hundreds of thousands of PCR reactions.

6

In fact, the gene tested (CYP19AROM) is one of the two components of the enzyme complex  the other
being a ubiquitous flavoprotein known as NADPH Cytochrome P450 Reductase. The details are provided
in the text of the chapter.
7
The elements of steroid biosynthesis are numerous and the processes involved are notoriously complex.
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The large requirement in PCR reactions alone made the study unfeasible with the
resources available at the time, most especially the limitation in the supply of DNA. It
was thus necessary to develop a procedure that would allow the successful coamplification of the markers in considerably fewer reactions. A multiplex procedure was
developed and tested whereby several markers with the same fluorophore label could be
reliably amplified in a single reaction. The third chapter of this dissertation is a report on
the development of this simple procedure, one that we shared with several other labs and
is now in wide use.
The fourth chapter of the dissertation is the initial publication of the results of the
full genome screen for male sexuality. We genotyped a total of 456 subjects at 403
polymorphic microsatellite markers that span the genome at intervals of ~ 10cM. We
used the exact same sample that had been used in the candidate study of aromatase (i.e.,
135 male sibling pairs and 9 male sibling trios where each member of the sibship is selfidentified as homosexual). The project thus reflects a shared trait sibpair design and
linkage analyses were performed using Mapmaker/Sibs. Analyses include a full
exploration of sexual orientation as a qualitative (dichotomous) trait for each
chromosome, as well as a quantitative analysis of the Kinsey subscales of sexual
orientation for each chromosome.
An issue that complicates the analysis of the genome screen presented in this
thesis is the origin of the samples used in the study. As mentioned above, the samples
represent a rare collection of nearly 150 gay male sibling pairs, each member of which
was extensively interviewed and screened not only for obvious facets of sexual
orientation, but for more subtle aspects as well. The original protocols included
explorations of feelings at the time of puberty, sex in high school, and the time at which
the (gay) participant admitted his sexual orientation to himself, among numerous other
elements of sexual experience.
A portion of these sibling pairs, when the collection was more limited, were
selected for the linkage study on the X chromosome for reasons described above and in
the chapters to follow (Hamer et al. 1993). The collection grew and another study, a
replication of the first linkage study, used a different selection of sibpairs from the many
that had been collected (Hu et al. 1995). These studies demonstrated increased allele
sharing on the Xq28 region of the X chromosome in a portion of the sibling pairs that
comprise each of the studies.
The thesis project presented here contains the entire collection of 144 sibpairs,
which in turn contains the Hamer-Hu selected samples for X-linkage studies (40 sibpairs
in the first study and 33 in the second). Since the Hamer-Hu selections were based on a
lack of paternal evidence of trait transmission there could be genetic effects represented
in the portion of the sample where maternal transmission seemed most likely, most
obviously including the Xq28 concordance inclination, that differ in the remaining
families of the collection. Thus, the analyses of the genome screen project are performed
on the full data set as well as on the data sets once the Hamer-Hu samples are removed.
The results of comparisons are included in the chapter and are discussed in some detail.
The genome screen project is the first ever conducted for homosexuality.
Because of the limitations of such studies at the time it was begun, it is considered a
“modest resolution” scan, i.e., performed at junctures of about every 10 cM. This is a
weakness, although such a resolution is common for a first-pass effort. Nevertheless, the
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scan has the power to detect loci of even moderate effect, as is discussed in the genome
screen chapter as well as the conclusion chapter. Our findings are only suggestive of
genetic linkage at a number of loci, potentially indicating that several genes contribute to
male sexual orientation. In the presentation, we name two new candidate genes of at
least moderate interest. We conclude that there is likely a genetic influence on
homosexuality that is distinct from that associated with previous linkage results to
regions on the X chromosome. However, our findings also suggest a complex role for
the X chromosome and support a continued interest in this region as well.
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ABSTRACT
The intricacy of mammalian sex differentiation is a rich source of potential
candidates for a major biological influence on sexual orientation in humans. Sex steroids
are necessary for normal sexual behavioral differentiation in a broad range of species.
Estrogens, notably estradiol, actively participate in the sexual differentiation of the brain.
The enzyme aromatase as the catalyst in the conversion of androgens to estradiol is of
particular importance in behavioral masculinization and sex partner preference (Pinckard
et al. 2000). Both aromatase cytochrome P450 and NADPH-cytochrome P450 reductase,
the two essential components of the enzyme complex, are highly conserved among
mammals and vertebrates (Conley and Hinshelwood 2001). To investigate whether
differences in the gene encoding the aromatase enzyme influence sexual orientation in
men, we conducted linkage and exclusion analyses of the aromatase cytochrome P450
gene on chromosome 15 in a large sample of homosexual brothers. Results of the
analyses suggest that variation in the gene for this subunit of the aromatase enzyme
complex is not a major factor in the development of sexual orientation in men.
INTRODUCTION
In many species the developing male brain sexually differentiates under the
influence of hormones secreted by the fetal testes (Wilson et al. 1981). The presence of
androgen during a species-dependent critical period of development masculinizes the
fetal brain and modulates behavioral sexual differentiation (Goy and McEwen 1980).
Behavioral masculinization in a number of species seems specifically dependent upon
aromatization of androgens to estradiol (Beyer et al. 1976; Lephart 1996; Hutchison
1997; Pinckard et al. 2000).
The activity of the aromatase enzyme complex in brain masculinization has been
observed in numerous species. It is especially well described, for example, in the
Japanese quail (Balthazart et al. 1992), in the zebra finch (Adkins-Regan et al. 1997), in
the rat (Luttge and Whalen 1970; Arai 1972), and in rams (Resko et al. 1996). In fact, the
genes for both of the two essential components of the aromatase enzyme complex,
aromatase cytochrome P450 and NADPH-cytochrome P450 reductase, are highly
conserved among mammals and vertebrates (Conley and Hinshelwood 2001). Generally
speaking, throughout the mammalian class aromatization of fetal androgens to estradiol
plays a critical role in brain masculinization and is prerequisite for adult male sexual
behavior (Pilgrim and Reisert 1992).
In humans the role of sex hormones in the development of sexual orientation is
not certain. Gonadal hormones exert a direct influence over sexual behavior in humans
(Giordano and Giusti 1995; Davis 1998; Graziottin 1998), but their contribution to
psychosexual development, cognitive sexual functions, and sexual orientation is
speculative (Friedman and Downey 1993; Zhou et al. 1995; McFadden and Pasanen
1998). There are a number of potential candidates for a genetic contribution to sexual
orientation among the subtleties of the prenatal and neonatal neuroendocrine
developmental environment. Few genetic research efforts have explored these possible
contributions.
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One reasonable approach would be to consider the elements along the
testosterone-aromatase-estradiol axis since the role of this pathway in sexual behavioral
masculinization in numerous species is well established. Importantly, the levels of sex
hormones in circulation may not be as critical to differences in sexual orientation as the
receptors for sex hormones or their metabolites. There could be differences in gene
structure or regulation at any one of a number of sites along the biochemical cascade that
subtly moderates psychosexual development in currently unknown ways.
A relationship between sexual dimorphism in brain tissue and differences in
sexual behavior has become a key working model of developmental neurology and
behavioral endocrinology (MacLusky and Naftolin 1981; Naftolin and MacLusky 1982).
Neuroananatomical differences are well known to exist between women and men (Swaab
and Fliers 1985; Allen et al. 1989; Allen and Gorski 1990; Allen and Gorski 1991) and
have been noted between homosexual and heterosexual men as well (Levay 1991; Allen
and Gorski 1992). Although the significance of such findings is controversial, it is
hypothesized that the dimorphism could be related to sexual orientation (Levay 1996).
Estradiol influences morphological development in the brain and underlies neural
sex dimorphism by effecting neuritic outgrowth, synaptogenesis, and a variety of other
cellular level processes (Toran-Allerand 1984; Tobet and Hanna 1997; Cooke et al.
1998). In humans, CYP19 mRNA, the gene encoding the cytochrome P450 component
of the aromatase enzyme complex, is expressed in multiple areas of the brain, notably the
temporal and frontal neocortex, the hippocampus, and hypothalamus (Stoffel-Wagner et
al. 1999; Hayes et al. 2000). The hypothesis that a feminine differentiation of the
hypothalamus is a major cause of homosexuality in men is of long standing (Dorner
1976; MacLusky and Naftolin 1981).
An atypical pathway in the biosynthesis or metabolism of estradiol is a logical
element of a model of the development of sexual orientation that incorporates the role of
estrogen. Since the aromatase enzyme is the rate-limiting factor in the conversion of
testosterone to estradiol, it follows that the enzyme is a potential candidate for an effect
during development that is reflected in adult sexual orientation. To test whether variation
in the gene for the cytochrome P450 subunit of the aromatase enzyme complex plays a
role in the development of sexual orientation in men, we examined allele sharing at the
CYP19 locus in a large sample of gay sibling pairs. Our linkage and exclusion analyses
strongly suggest that the gene for this component of the aromatase complex does not play
a role in male sexual orientation.
MATERIALS AND METHODS
SUBJECTS
The present analysis includes subjects that were recruited for two other research
efforts that specifically concerned homosexuality. In addition to the details offered
below, the sample ascertainments for the two previously published studies combined for
this analysis are reported in depth elsewhere (Hamer et al. 1993; Hamer and Copeland
1994; Hu et al. 1995). An NCI Clinical Review Subpanel approved the protocols and
each participant signed an informed consent form prior to interview, questionnaire
completion, or donating blood for DNA extraction. Following informed consent, sexual
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orientation was assessed through a structured interview or by a questionnaire that
contained multiple items concerning adult sexual behavior.
Various recruitment protocols were used to obtain the subjects for the original
publications. For an initial pedigree study, Hamer and colleagues (1993) studied a
sample 76 homosexual male index subjects who were recruited through the outpatient
HIV clinic at the National Institutes of Health Clinical Center, the Whitman-Walker
Clinic in Washington, D.C., and local homophile organizations. The research group in
advance of the study did not know family histories of the original index subjects. The
subjects volunteered for research on “human sexual development” that included a
complete assessment of sexual orientation in addition to examining behaviors that may
have placed them at higher risk for HIV infection. No mention of “biology” or
“genetics” was made to the men in order to avoid attracting men with numerous gay
relatives. The approved protocol was entitled “Genetic factors and interrelationships for
sexual orientation, HIV progression and Kaposi’s Sarcoma, alcoholism and related
psychopathology, and histocompatibility antigens” (Hamer and Copeland 1994).
To focus on genetic linkage, in the second phase of the study the group examined
38 pairs of homosexual brothers who had been recruited through advertisements in local
and national homophile publications. This aspect of the study was designed to observe
allele sharing on the X chromosome in pairs of gay brothers specifically in families
where there was no evidence of non-maternal transmission of homosexuality. Two
sibpairs that had been part of the original index group were added to this group of 76
men. A total of 236 subjects were included in the first study, including the index
subjects, the gay brother pairs, and parents and available heterosexual siblings.
Immediately after publication of the first study, Hamer and colleagues set out to
test the hypothesis of X-linkage and male homosexuality in a new set of selected gay
male sibpair pedigrees (Hu et al. 1995). It was also their intention to study segregation in
the region of Xq28 (the region of interest in the initial study) in the heterosexual brothers
of homosexual male sibpairs.
The protocol was designed to study male sexual orientation in families with two
gay brothers and female sexual orientation in families with two lesbian sisters. The
group decided to use this strategy, as opposed to analyzing families with both male and
female homosexuals, because they would be able to detect sex-common loci even if male
and female homosexuality involved sex-specific alleles or different environmental
factors. Thus, the basis entrance criterion was the presence of two same-sex, non-twin
siblings with a predominant or exclusive homosexual orientation. Ultimately, the male
sibpair study included 33 gay male sibpair pedigrees that were unrelated to each other or
to the sample for the initial study. For this study, 113 individuals were eventually used in
the analyses for publication.
In the present linkage study we included 73 sibpairs from the two previous reports
on the genetic influences on male homosexuality (Hamer et al. 1993; Hu et al. 1995) as
well as subjects who were ultimately not selected for genotyping in the first two studies
because of evidence of non-sex-linked transmission. The current dataset consists of 135
pedigrees that contain a gay male sibling pair and 9 pedigrees that contain a gay male
sibling trio. In 58 pedigrees, one or more parents were available for genotyping (40%).
In 31% of the families an additional heterosexual male or female sibling was also
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available for genotyping. Only natural parents and full siblings of probands were
included in the study and no two families in the study are related.
The mean (± SD) age of the gay men is 36.98 (± 8.64) years; for their
heterosexual brothers it is 37.34 (± 9.14) years  a mean difference of 0.36 years
(p = 0.831). A comparison of education levels between the homosexual and heterosexual
brothers shows great similarity as well. In our data set an educational level about
midway between a college degree and some graduate education is average.
To assess sexual orientation status in this sample we employed the Kinsey scale
(Kinsey et al. 1948), a seven-point system of measurement ranging from 0 to indicate
exclusive heterosexuality (with no homosexual behavior or fantasy) to 6, indicating
exclusive homosexuality (with no heterosexual behavior or fantasy). A Kinsey 3
represents equal heterosexual and homosexual behavior and fantasy. Each member of the
sibships included in the analysis is a self-acknowledged gay man. Men of ambiguous,
i.e., noncommittal, sexuality (either in self-identification or as determined by our inability
to substantiate their sexual orientation by other aspects of the phenotype measurement
protocol) were not included. The measurement protocol consisted of allowing the subject
to identify himself on four subscales of the Kinsey system: sexual orientation selfidentification, sexual attraction, sexual fantasy, and actual sexual behavior. The subjects’
four responses were averaged to obtain the overall Kinsey scores.
The analysis of the Kinsey subscales of sexual orientation for the 297 homosexual
and 30 heterosexual subjects of this study shows remarkable consistency between the
Kinsey components of the trait. Table 2.1 is the correlation coefficients matrix between
our assignment of sexual orientation as a qualitative phenotype (shaded area of first
column), the Kinsey subscales of homosexual attraction, and the Kinsey average derived
from the four subscales. The subscales are in the center area of the table.
Of the homosexual males in this sample, 96% identified themselves as either a
Kinsey 5 or 6. Of their heterosexual male siblings, 93% identified themselves as either a
Kinsey 1 or 0. The mean (± SD) Kinsey self-identification for the gay men is 5.73 (±
0.49); and 0.42 (± 0.46) for their heterosexual brothers. In the gay group, the other

Table 2.1
Kinsey measurements of attraction, fantasy and behavior mirrored these results closely
with means (± SD) of 5.59 (± 0.61), 5.75 (± 0.54), and 5.60 (± 0.75), respectively. In the
heterosexual group, the means (± SD) for the Kinsey subscales of attraction, fantasy, and
behavior were 0.059 (± 0.22), 0.16 (± 0.36), and 0.13 (± 0.32), respectively. The mean (±
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SD) Kinsey average (mean value of the four Kinsey subscales) for the group of gay men
is 5.65 (± 0.46) and 0.13 (± 0.23) for their straight brothers. The bimodality of
sexual orientation in the present sample is similar to that found by other researchers
(Pillard and Weinrich 1986; Bailey and Pillard 1991) and the data fully support the
treatment of homosexuality as a dichotomous trait for the purposes of this analysis
(Figure 2.1).

Figure 2.1
GENOTYPING
All members of the sample were genotyped for a polymorphic (TTTA)n repeat
(Polymeropoulos et al. 1991) in the human aromatase cytochrome P-450 gene on
chromosome 15q21.2 (Chen et al. 1988). DNA was extracted from peripheral blood by a
commercial service (Genetic Design, Greensboro, NC). PCR reactions were performed
on 100ng of genomic DNA using 12.5 pmoles of each oligonucleotide primer (Bioserve
Biotechnologies, LTD., Laurel, MD) in the presence of dCTP32 . Standard amplification
conditions were used (Weber and May 1989). PCR products were denatured for 5
minutes, run on a 6% polyacrylamide gel in an electrophoreses apparatus, dried in a gel
vacuum system, and exposed for 20 to 60 minutes on Kodak film before processing. The
most intense band(s) for each allele were used for size determination and were referred to
a DNA fragment-sizing ladder for consistent comparison. We report the presence of a
total of eight alleles at the CYP19 locus, three more than previously enumerated
(Polymeropoulos et al. 1991). Observed frequencies for the eight alleles were as follows:
0.003, 0.048, 0.358, 0.022, 0.007, 0.091, 0.12, and 0.35, respectively. Heterozygosity for
the polymorphism in our data is 0.723.
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RESULTS
Initially, a single-point linkage analysis was performed on sexual orientation as a
dichotomous trait at the CYP19 locus with the functions designed for this purpose in
MAPMAKER/SIBS (Kruglyak and Lander 1995a). The analysis was conducted on all
independent sibpairs (the first sib paired with sibs 2...n) with the Haldane mapping
function (Haldane 1919). To increase the power of the test for linkage by using a
multipoint analysis, we incorporated data for the same sibling pairs on fifteen additional
markers, which flank the CYP19 locus and span the entirety of chromosome 15.
The data for the additional marker loci were from a concurrent genome screen
project. Each marker of the series is a dinucleotide repeat polymorphism that is part of
the ABI Prism Linkage Mapping Set Version 2 (Foster City, CA). Thorough details for
these marker loci and the genome screen are offered in Chapter Four.
With the additional loci a complete multipoint linkage and exclusion analysis of
the region can be considered. Figure 2.2 shows information content mapping for the
entire chromosome and indicates the extent to which the data extract the full identity-bydescent (IBD) allele sharing status across chromosome 15 with this series of markers, i.e.,
the extent to which IBD allele sharing is calculable given the data and marker

Figure 2.2
heterozygosities. Full extraction (100%) is possible with fully informative families at
polymorphic loci where the distribution of IBD allele sharing is completely
unambiguous. At CYP19, the locus of interest here, the extraction is > 87%. The
19

information content mapping in this analysis is limited by the unavailability of parental
data for 60% of the pedigrees, by missing data, and by the imperfect heterozygosities of
the marker loci in the analysis. For this region our data completion rate averages 93%
over the 16 markers and the average heterozygosity is 0.78.
The commonly used criterion for significant linkage is a LOD score of 3.0 or
greater; for exclusion of linkage a LOD score should be –2.0 or less (Terwilliger and Ott
1994). Figure 2.3 shows our exclusion analysis under the assumption of no dominance
variance (see below for discussion) for chromosome 15 at three different values of λS, the
relative risk ratio for a sibling (Risch 1990b). This ratio is defined as prevalence in

Table 2.2
siblings of individuals who possess a trait divided by the trait’s prevalence in the general
population. Estimates of the prevalence of homosexuality in (non-twin) siblings range
widely from 9% to 22% (Bailey and Pillard 1995). In the general population, prevalence
estimates also vary dramatically. The generally accepted range is 5% to 10% of males in
western societies (Singer and Deschamps 1994), although considerably more men
report some homosexual experience over their lifetimes (Kinsey et al. 1948; Laumann et
al. 1994). A more recent study estimates the relative risk to be between 3.0 and 4.0
(Bailey et al. 1999).
We employ a range of relative risk values in the analysis from 2.0 to 4.0, thereby
including the possibility that the relative chance of being gay to a male sibling of a
homosexual is exactly double that of a male in the general population. In Table 2.2 the
shaded area represents the values of the sibling risk ratio that fall within our exclusion
analysis range. The matrix illustrates the breadth of possible interpretations of a sibling
risk ratio and underscores the caution with which prevalence estimates and risk ratios
should be viewed. In figure 2.3 it is obvious that high values of a sibling risk ratio for the
phenotype of homosexuality are increasingly less likely to reflect reality if a locus on
chromosome 15 plays any role. This is simply due to the fact that as the prevalence of
the phenotype in sibships increases it follows that allele sharing at a locus that contributes
to the trait should be commensurately higher.
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In this analysis we assume no dominance variance since the great majority of
complex traits in humans show very little or no dominance effect (Risch 1990b). When
there is no dominance effect at a locus, actual genotype values mirror expected genotypic
values, i.e., the effects of genes for a phenotype add up linearly according to gene dosage.
Under dominance, the genetic effect is due rather more to particular combinations of
alleles of differential influence. Dominance is intralocus interaction. Our analysis of the
region produced allele sharing proportions at the CYP19 locus of 0.246, 0.50, and 0.254
for 0, 1 and 2 alleles, respectively. These results are not statistically different from the
expected Mendelian sharing proportions of 25%, 50%,

Figure 2.3
and 25%, respectively (χ2 = 3.2 × 10-7, df = 2). In our analysis we found virtually no
difference in the results when we explored the possibility of a dominance effect, even
though dominance is a less restrictive assumption.
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DISCUSSION
Our study of CYP19 does not indicate linkage between male homosexuality and
the aromatase enzyme. One of the more striking features of the result of our linkage
analysis is the extent of exclusion of the candidate locus and a large area flanking it. The
exclusion LOD of the CYP19 locus at a sibling risk ratio of 2.0 is ~ –4.5. The LOD score
dramatically decreases as the risk ratio increases. The depression at CYP19 is part of a
large negative region of about 30 cM both toward the centromere and proximal to the
telomere of the chromosome.
Allele sharing at these loci do not deviate significantly from the Mendelian
expectation of 25%, 50%, and 25% for 0, 1, and 2 alleles, respectively. Our observation
of the lack of deviation at these loci could be stochastic; there are many such regions
across the genome and a genome screen may locate many of them. However, an analysis
of the chromosome without the CYP19 locus reveals the same pattern, and it becomes
apparent that the successive observation of loci that bear the Mendelian expectation
accounts for the dramatic depression in the exclusion score. As the region of segregation
proportions that meet expectation becomes larger it is increasingly less likely that a gene
within that region has an influence on the phenotype under consideration.
One aspect of the potential role of aromatase in the development of
homosexuality that is not covered by our linkage analysis is a consideration of the
NADPH Cytochrome P450 Reductase (P450 reductase) subunit of the aromatase enzyme
complex. The aromatase enzyme is active on the endoplasmic reticulum and catalyzes
the final steps of the conversion of androgens to estrogens. It derives its reducing
equivalent from nicotinamide adenine dinucleotide phosphate (NADPH) via the
ubiquitous flavoprotein NADPH cytochrome P450 reductase. This flavoprotein is also
firmly embedded in the membrane of the endoplasmic reticulum (Waterman 1995).
In the animal kingdom, there seems to be only a single form of P450 reductase.
In humans the P450 reductase gene is located on chromosome 7q11.23 which was not
included in this assay. However, the exclusion analysis of chromosome 7 conducted for
the genome screen excludes the region of the gene as well as a broad area surrounding it.
Given the nature of the activity of the flavoprotein it is unlikely that organisms could
tolerate genetically significant differences in the coding regions of the gene. We
therefore declined further investigation of a potential role for P450 reductase in the
development of homosexuality.
Clinical features of genetically male patients with androgen insensitivity or
deficiency syndromes have led researchers to consider a more subtle role of the androgen
receptor gene in sexual orientation. Such subtleties could include differences in target
tissue specific activity, notably the hypothalamus that could be the result of variation at
the genetic level. However, variations in the gene coding sequences for the androgen
receptor likely do not contribute to sexual orientation (Macke et al. 1993). This study
considers the next link in the testosterone-aromatase-estradiol axis and conducted a
linkage analysis of CYP19 IN a sample of gay male sibships.
Estrogen deprivation resulting from congenital estrogen resistance and aromatase
deficiency (Morishima et al. 1995) are known in humans. In addition, research has been
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carried out on both estrogen receptor and aromatase gene knockouts in mice (Fisher et al.
1998; Couse and Korach 1999). Aromatase deficiency can result from an autosomal
recessive mutation in CYP19, a single base-pair change that results in an amino acid
substitution or premature stop codon (Simpson 1998; Simpson 2000). In otherwise
normal 46,XY individuals the usual male sexual differentiation and pubertal maturation
occur, although the mutation results in tall stature and linear growth that continues into
adulthood, with delayed bone age and a lack of epiphyseal fusion, among other
characteristics typical of the male phenotype of estrogen resistance (Faustini-Fustini et al.
1999). In both mouse and man sterility has been observed as well (Carreau 2000).
Carani and colleagues have studied the effects of aromatase deficiency on the
psychosexual development and behavior of a male patient and report his heterosexual
sexual orientation and male gender identity (Carani et al. 1997; Carani et al. 1999). Other
studies involving estrogen resistance and aromatase deficiency also report heterosexual
identification in male subjects (Smith et al. 1994; Morishima et al. 1995; Bilezikian et al.
1998). These medical studies represent an extremely small sample of men but should be
considered heavily in light of our specific linkage study in self-identified male
homosexuals. The exclusion of a broad genomic area encompassing CYP19 from genetic
linkage to the Kinsey measurements of psychosexual self-perception as well as behavior
make it quite unlikely that the cytochrome P450 component of the aromatase enzyme
complex plays a role in the development of sexual orientation in men.
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A MULTIPLEX PCR PROTOCOL FOR A COMMERCIAL
COLLECTION OF MICROSATELLITE MARKERS
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INTRODUCTION
The attraction of genome-wide linkage studies in human genetics has been
enhanced with the recent availability of commercial primer collections designed for such
analyses. The sets offer thorough marker coverage of the chromosomes and facilitate
large projects by their use with other technological improvements that significantly
increase throughput. We developed a multiplex PCR procedure for one such set of
markers for linkage mapping available from PE Biosystems (Foster City, CA, USA).
The advantage of multiplex PCR procedures is the opportunity to obtain
numerous genotypes with minimal DNA. Using the ABI Prism Linkage Mapping Set
version 2 (PE Biosystems), we developed a procedure to amplify multiple loci with
fluorophore-labeled primers in single multiplex PCR reactions. The procedure
significantly reduced the amount of DNA and reaction reagents needed to obtain the
same data with single-primer reactions. In our case, most of the DNA was not supported
by cell lines and was irreplaceable, necessitating the development of this protocol for the
conduct of a genome screen project. The method resulted in a significant reduction in
DNA and PCR reagents required for the genome screen (up to 500% and 80%,
respectively).
MATERIALS AND METHODS
To ensure adequate genome coverage in the genome screen project we chose to
use the second-generation linkage mapping set of fluorescent primers (LMS-2) from PE
Biosystems. The markers span the entire genome at a mean (± SD) distance between
markers of 10.12 (± 1.24) cM and with a median distance of 10.08 cM. In only four
circumstances are intermarker distances equal to or greater than 15 cM. The coverage is
that of a medium density analysis and is appropriate for a first-pass genome screen for a
complex behavioral phenotype. More complete details of the mapping set are offered in
chapter four where we address the genome screen itself.
PCR products were processed on either the ABI-310 single capillary platform or
the 3100 multi-capillary platform gel electrophoresis instrument (PE Biosystems). Raw
electrophoresis data were analyzed with GeneScan software (PE Biosystems). Discrete
alleles were assigned with the Genotyper software (PE Biosystems).
LMS-2 consists of 401 forward (fluorescent labeled) and reverse primer pairs
dispersed over 28 panels. The panels represent a collection of microsatellite markers that
cover all 22 autosomes and the X chromosome and consist of 10 to 20 markers each. The
markers are labeled with one of three fluorophores (6-FAM, HEX, or NED) which
appear in blue, green, and yellow, respectively, with GeneScan software. The multiplex
procedure takes advantage of the facts that the markers have very different expected size
ranges and that they are dyed with different fluorophores. The size differences allow the
combination of the primers into a single reaction (data do not overlap) and the different
dyes allow the combination of the PCR products into a single capillary gel
electrophoresis (CGE) sample (overlapping data are different colors).
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The manufacturer recommends separate amplification of the 401 primer pairs.
Thus, the total number of PCR reactions required with use of the marker collection is N
DNA samples × 401 primer pairs. We developed a procedure whereby all the markers
within any particular LMS-2 panel were amplified in three reactions for each DNA
sample, regardless of the number of markers in the panel. With this protocol, the full
mapping set can be amplified using 3 reactions × 28 panels = 84 PCR reactions total per
sample DNA. This 80% reduction in the number of amplifications resulted in significant
savings of DNA, primer, other reagents, and time.
For each panel of markers we conducted three series of experiments to obtain
reliable multiplex PCR conditions. In the first series we verified the reliability of the
PCR reaction and amplification conditions for each of the primers of the panel
independently with a control DNA sample (Centre d’Etudes Polimorphisme Humane 
CEPH 1347-02).8 The control was used throughout the project to monitor consistent
product migration between CGE runs.
In a second series of experiments, we combined all primers of the same
fluorescent dye in the panel into a single multiplex PCR reaction (three multiplex
reactions per sample DNA) using the CEPH control and seven additional random DNA
samples from the Généthon collection of CEPH DNAs. 9 The results of this second series
of experiments were analyzed with a standardized algorithm to optimize multiplex
conditions in subsequent multiplex reactions. The goals were to develop a simple
multiplex reaction protocol that consistently optimized allele recognition by the analysis
software and to avoid the necessity of a repeat amplification for a particular marker.
In the final series of experiments multiplexed PCR products were combined to
form a single pooled ABI sample for each DNA sample. This final product was the
sample we processed through the CGE system. Similarly, the goal was to optimize the
signal strength of each of the pooled PCR products so that no particular component (any
one of the dye-family multiplex PCR products) had to be singularly processed through
the CGE system.
The data from all ABI310 or ABI3100 sample runs were observed with GeneScan
and Genotyper software packages. GeneScan directly quantifies the signal strength of the
fluorophore-labeled PCR products as they migrate past the laser and chemoluminescence
detection lens of the CGE system. Genotyper allows the operator to convert the raw data
into discrete allele classification formats with which databases can be created for linkage
and other statistical analyses. With the Genotyper software, we constructed panelspecific macros that imported the data from Genescan and classified the electrophoretic
data by size range and fluorphore label. We then created macros that assigned discrete
separation definitions to peaks within these size and labeling parameters, thereby binning
individual alleles into genotypic categories. The categories were then applied
consistently to all subsequent run data. Consonant migration over the life of the project
was checked by observing the consistency of assignment for the control (CEPH) PCR
products.
8

PE Biosystems product literature for the Linkage Mapping Sets contains expected allele size(s) for CEPH
individual 1347-02 at each marker locus in the sets.
9
The identities of the test samples were not relevant since the only goal was to study the viability of any
DNA sample in the combined reaction. CEPH samples were used simply because they are easily obtained
and can be used without concern for supply depletion.
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The assessment of the results of the multiplex procedure consisted of several
steps. Initially, it was necessary to confirm the amplification of individual marker loci in
the solo-primer reactions (experiment series I). Similarly, it was then necessary to
confirm the amplification of the marker loci in each multiplex reaction (experiment series
II). We then observed allele shape quality, allele size, and signal strength for each
marker for each multiplex reaction of each DNA sample of the test experiment. Finally,
we determined the reliability of the multiplex-pooled CGE samples and adjusted pooling
concentrations where necessary (experiment series III).
EXPERIMENT SERIES I
The initial experiment with a marker panel consisted of an independent PCR
reaction for each primer with a CEPH control DNA sample and several additional
random CEPH samples. The control sample (CEPH 1347-02) was subsequently used in
all remaining experiments with the panel (and throughout the project) to insure consistent
migration and therefore data reliability. The experiment resulted in separate sample tubes
for the CGE platform, which represented the individual primers from the panel amplified
for each control DNA. The solo-primer reactions were used to verify the reliability of the
reaction and PCR amplification conditions for each of the primers of the panel, and to
establish the expected genotypes of control DNA samples at these loci.
An 11.25µL total reaction volume consisted of 0.25mM dNTP (Pharmacia
Biotech, Little Chalfont, Bucks, UK), 1X buffer (10mM Tris-HCl, pH 8.3: 50mM KCl:
1.5mM MgCl2), 0.675 units AmpliTaq Gold DNA Polymerase (PE Biosystems), 1.0mM
MgCl2, ≅ 9.0pmol primer, and ≅ 60ng DNA. The PCR conditions consisted of an initial
denaturation at 95˚C for 12 minutes; 10 cycles of denaturation, annealing and extension
at 94˚C for 15 seconds, 55˚C for 15 seconds, and 72˚C for 30 seconds, respectively;
followed by 20 cycles of denaturation, annealing and extension at 89˚C for 15 seconds,
55˚C for 15 seconds, and 72˚C for 30 seconds, respectively; followed by a 10 minute
extension at 72˚C.
To form CGE samples for each sample DNA from the solo-primer experiment,
we combined 1.5µL of PCR product with 13µL of an injection mix containing a 400bp
sizing standard (ROX400HD, PE Biosystems) and high-grade formamide (Boehringer
Mannheim, Indianapolis, IN, USA) at 1:12. The run samples were capped and spun
down in a mini-centrifuge (National Labnet, Woodbridge, NJ, USA) for three seconds,
denatured for 5 minutes at 95°C, and chilled immediately on ice for an additional 5
minutes. A sample sheet was created to reflect the sample content (sample DNA
identifier plus specific marker). Each sample was processed through the ABI310 or
ABI3100 for a 24 minute run time at 60°C, exposed to the electrode for 5 seconds.
The solo-primer reaction PCR products were expected to produce very large
peaks (several thousand fluorescent units). Observed with GeneScan analysis software,
these peaks occurred in appropriate size ranges for the marker loci, thereby confirming
amplification. Genotypes for the CEPH control were obtained by analysis with
Genotyper software and were recorded in the macro for subsequent analyses of run data
from project samples.
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EXPERIMENT SERIES II
After verifying primer viability in independent reactions, we explored multiplex
conditions in a second series of experiments. We first conducted three completely
equivalent multiplex PCR reactions (one for each of the three dye families of primers in
the panel) with several DNA samples from the Généthon CEPH collection in addition to
the original CEPH control. With the PCR products, we created a CGE sample from the
multiplexed FAM-6 primer reaction for each DNA sample, from the multiplexed HEX
primer reaction for each DNA sample, and from the multiplexed NED primer reaction for
each DNA sample. These samples were used to verify the amplifiability of each primer
in the dye-common (multiplex) reactions and to observe fluorescent signal strength at the
amplified loci for each DNA sample.
For the multiplex PCR reaction, we maintained the total reaction volume of
11.25µL. The reaction components were identical to the solo-primer reactions
(experiment I) except in primer representation. In the first exploratory multiplex
reaction, each primer of a dye family within the panel was represented equally at ≅
4.5pmol. Master mixes were made for each of the three multiplex reactions containing all
reagents. The mixes were dispersed over reaction tubes (USA Scientific, Ocala, FL,
USA) to which 60ng of DNA were added before the PCR on a PTC-100 (MJ Research,
Waltham, MA, USA).
ABI samples from the multiplex PCR reaction products were made and
subsequently handled in the same manner as were those for the solo-primer products
(above). The CGE sample sheet in this case reflected the DNA sample name and the dye
family of the PCR reaction. The samples were processed through the ABI310 or
ABI3100 CGE system for 24 minutes at 60°C, exposed to the electrode for 10 seconds
(double that for the solo-primer samples).
Analysis of the multiplex samples consisted of confirming marker amplification,
assessing allele shape quality, sizing the alleles, and recording fluorescent signal strength
for the highest allele at each locus for each DNA sample. Marker genotypes of the
multiplexed samples were required to be identical to those observed in the solo primer
reaction samples.10 Allele shape further verified proper amplification at a locus and was
examined at the outset of experimentation with each new marker panel. Details regarding
such issues are available in the ABI Prism Linkage Mapping Set Version 2 User’s
Manual and Genotyper User’s Manual.
Allele sizing was accomplished with GeneScan and Genotyper software analyses.
In Genotyper, data were analyzed with a macro that we created to bin the alleles within
specified size ranges appropriate to the marker locus. The poor performance of all
markers in a dye-specific multiplex reaction indicated compromised amplification: the
failure of a reaction reagent, inadequate cycling conditions, or inadequate DNA
concentration. Appropriate standard adjustments were made accordingly and the new
sample was processed through the CGE system for verification. The poor performance of
a particular primer usually indicated its inadequate representation in the reaction.
10

For various reasons, ambiant conditions around the CGE platform, variation in electric current, etc., some
minor differences in sizing between runs for even the same sample DNA was expected. We limited the
variation to < 0.25 bp. We did not experience inordinate variation in the runs, an observation made by
other researchers using the same CGE platforms (PE Biosystems, internal data).
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Adequate primer concentrations in the reactions were most efficiently established by
analyzing fluorescent signal strength at each locus.
Signal strength quantification was used to establish multiplex conditions for
subsequent experiments. Robust signal strength for each primer in the multiplex product
verified that the marker alleles could be observed when all markers dyed with the same
fluorophore are combined in a common reaction. The primary goal of the multiplex
procedure was to develop a PCR reaction containing the necessary and sufficient volume
of each primer that produced a reliable signal at each locus when they were processed
through the CGE system together.
The reliable sizing of an allele in part depended upon a minimum value of
fluorescent signal. Technically, values as low as 50 fluorescent units (rfu) can provide
useful data: more reliably, the value should be above 200 rfu. In our experience, ideal
signal strength is between 1000 and 1500 rfu for multiplex PCR products. For a higher
standard, the volume of primer required for a reaction is much greater while the resulting
signal strength is unnecessary for reliable analysis. When signal strength approaches
8000 rfu, the position is saturated and appears to “wash out.” We found the data to be
unreliable in such circumstances.
To assess signal strength each primer was considered separately in the analysis
and the signal value of the highest allele at each locus of the dye-specific multiplex
samples was recorded for each DNA sample. The use of several CEPH samples in
addition to the specific CEPH control offered a range of values and thereby greatly
enhanced the analysis. Average signal strength was calculated for each locus.
To create a useful index for inter-sample comparison, we set 1000 rfu as the ideal
signal strength for each principal allele of all markers contained in a dye-specific reaction
(all the FAMs, etc.). This ideal strength was then divided by the average signal strength
observed at each locus. The resulting value was multiplied by the concentration of each
particular primer that was used in the initial multiplex reaction to determine the target
concentration for that particular primer in the next multiplex reaction. Thus, a primer that
achieved an initial rfu of 1000 was kept at the same concentration. We found that there
was a direct and fairly linear relationship between the concentration of most of the
primers in the multiplex reaction and their peak fluorescent signal strengths in the
Genescan analysis.
As an example, consider three DNA samples each processed under identical
conditions through a CGE system. The samples are dyed with a common fluorophore.
Let the average signal strength for the first marker from all the samples from a CGE run
be 2999 fluorescent units, e.g., [(3575 rfu + 2823 rfu + 2298 rfu) / 3]. The target signal
strength is 1000 rfu. The target 1000 rfu divided by the averaged signal strength, 2999, is
0.33. The concentration of any primer in the initial multiplex experiment (discussed
above) is 4.5pmol or 0.5µL in the 11.25µL total volume. To achieve a signal of about
1000 rfu in the next multiplex experiment, the concentration of this marker should be
4.5pmol × 0.33 = 1.5pmol or ≅ 0.17µL of the total volume.11 We found that the PCR
11

We do not recommend reducing the reaction concentration of any one primer below 0.9pmol or
increasing its concentration above 9.0pmol without further experiments to confirm the effect of the
adjustment. In our experience, primers that did not amplify under multiplex conditions at a concentration
of 9.0pmol usually would not do so at higher concentrations. On the other hand, we did encounter primers
in the mapping set that amplified at concentrations below 0.9pmol.
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reactions were quite sensitive to the concentrations this value implies and that final
primer concentrations within and between the marker panels varied quite widely.
Nevertheless, a stable amplification protocol for most marker panels of LMS-2 was
usually reached within two experiments.
We found that one of the more useful features of Genotyper software was that
samples could be analyzed for several types of data. We wrote macros that used the
software to automatically construct a table where the fluorescent peak height at each
locus for each DNA sample (as opposed to allele determination) was recorded. The table
was then exported to EXCEL, where we constructed another macro that automatically
analyzed the data with the simple algorithm we describe above. The derivation of
approprate concentrations of primers in the next experiment could be achieved in
minutes.
GeneScan software was used as an additional aid to determine optimal marker
representations in the multiplex reactions because it allowed visualization of the results of
experiments. Screen display frames in a GeneScan analysis can be loaded with the
results of multiple samples, allowing one to view a composite image of samples of the
same type (same dye and locus). The image provides a rough idea that primer
amplifications are each producing sufficient signal strength for a reliable CGE run.
EXPERIMENT SERIES III
The ultimate purpose of the CGE platform is to process all the markers of a panel
in the same sample tube, regardless of fluorescent dye, for any given individual DNA
sample. In our protocol, this is accomplished by pooling the three multiplex reaction
products. After multiplex conditions were obtained with the second series of
experiments, a third series was conducted to optimize the combination of the three
multiplex products for each DNA sample in a single (pooled) ABI-310 sample. Thus,
pooled samples yielded genotypes for a DNA sample at all of the marker loci of an LMS2 panel. The goal of this series of experiments was to achieve a pooled multiplex PCR
product sample which yielded fluorescent signal peaks of 500 rfu to 1000 rfu when
displayed by Genescan software at most marker loci of the panel.12
To create the initial pooled PCR product samples (once the multiplex conditions
were optimized), we combined 3µL of each multiplex reaction product per sample DNA.
Of the 9µL-pool, 1.5µL is combined with 13µL of the injection mix (discussed above) to
form the CGE sample. The samples were capped, spun down, denatured and quick
chilled as above. The sample sheet reflected a DNA sample identifier only (since each
sample tube contained all loci from the marker panel). The samples were processed on
the ABI310 or ABI3100 CGE system for a 24 minute run time at 60°C, exposed to the
electrode for 5 to 10 seconds.13
12

The rfu expectation for this series of experiments is much lower than the Series I experiment expectation
because the PCR products in the pool are diluted (by each other).
13
In our experience, sufficient electrode exposure for pooled samples tended to vary between marker
panels and was easily optimized as the sample runs of a panel progress. However, resolution of larger
fragments tended to decrease as exposure time to electrode increased (above about 13 seconds).
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In the initial protocol for this series of experiments we used an equal
concentration of each dye family in the pool. However, quite often FAM-6 products
produced very strong signals and required less representation. This was somewhat less
true of HEX products, on average. NED products tended to require the highest
representation. In rare cases, one of the products performed better after dilution with
ddH20 before the pooled sample was made. Occasionally, the final pool itself required
dilution. We did not consider it to be necessary to achieve absolute equivalence of signal
strength between the three dye families in a pooled sample although equivalence makes
for a certain ease of comparison.
DISCUSSION
We found that the Perkin-Elmer Linkage Mapping Set version 2 primers common
to a specific panel and dyed with the same fluorophore were reliably amplified together
with the protocol we outline here. The products were successfully pooled to form equally
reliable CGE samples. In the event that a pooled sample for a specific DNA sample
failed, usually we were able to capture missing data simply by running a sample
containing only the dye-specific multiplex product (always reserved). In such cases, we
increased sample exposure time to the electrode.
A few of the marker panels did not perform well when all three multiplex
products were pooled. We found that pooling only two of the multiplex PCR products
and running the third independently resulted in considerably fewer repeats. Finally, we
emphasize the fact that the quality of DNA extraction and actual sample DNA
concentration weigh heavily in the performance of multiplex reactions and can be a
source of remarkable variation in the results of experiments. In our case, the fact that the
DNA samples had been in storage for nearly a decade was the single most persistent
source of difficulty.
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A FULL GENOME SCREEN
FOR MALE HOMOSEXUALITY
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ABSTRACT
Behavior genetic analyses have found that male homosexuality is familial (Pillard
and Weinrich 1986; Bailey and Pillard 1991; Bailey and Bell 1993; Hamer et al. 1993).
Studies in male twins have found high rates of concordance for homosexuality (Eckert et
al. 1986; Bailey and Pillard 1991; Buhrich et al. 1991; Whitam et al. 1993). Overall
heritabilities of about 31% to 74% for males are the published estimates (Pillard and
Weinrich 1986; Bailey and Pillard 1991). However, the causes of differences in human
sexual orientation are poorly understood.
To date, molecular genetic evidence for linkage to homosexuality is limited to
studies of the X chromosome. Hamer and colleagues showed a statistically significant
excess of allele sharing at loci on Xq28 between pairs of homosexual brothers (Hamer et
al. 1993; Hu et al. 1995). The evidence suggests a modest level of influence for any gene
in the region (Bailey et al. 1999; Hamer 1999). There are potentially many more loci
throughout the genome that could be affecting the development and expression of the
trait. A systematic genome scan using allele sharing linkage methods offers the potential
to identify novel pathways and mechanisms that underlie the development of a complex
phenotype. We therefore undertook a full genome screen of a combined collection of
144 sibships containing brothers concordant for homosexuality.
We genotyped a total of 456 subjects at 403 polymorphic microsatellite markers
that span the genome at intervals of ~ 10cM. The combined sample contains 135 male
sibling pairs and 9 male sibling trios where each member of the sibship is self-identified
as homosexual. Linkage analyses were performed using Mapmaker/Sibs 2.0 (Kruglyak
and Lander 1995a). The project is a first-pass genome screen at a modest resolution.
Our findings are suggestive of genetic linkage but are not conclusive.
INTRODUCTION
Homosexuality has been known throughout recorded human history and figures
prominently in numerous cultural traditions (West 1967; Boswell 1980). It is likely to
exist in most if not all human societies, although cultural definitions and valuations of
homosexual behavior vary widely (Greenberg 1988; Cantarella 1992; Boswell 1994). It
is also ubiquitous in the animal kingdom and has been observed by biologists for several
generations (Bagemihl 1998). In non-human primates, homosexual behavior is
particularly well studied and documented (Nadler 1990).
The prevalence of homosexual men in the general population is not known and
estimates of prevalence in several societies (western) vary considerably. The quality of
such reports is inconsistent as well and estimates are often bedeviled by statistical
problems like self-reporting biases, inappropriate sample selection or inclusion criteria,
and inadequate sample size (Singer and Deschamps 1994). In addition, there is a large
difference in prevalence estimates depending upon degrees of differentiation between
homosexual acts per se and self-identity. Overall, between 5% and 10% of participants in
most studies report a homosexual self-identity, although considerably more men report
some homosexual experience over their lifetimes (Kinsey et al. 1948; Laumann et al.
1994).
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A number of studies indicate that male homosexuality is familial (Pillard and
Weinrich 1986; Bailey and Pillard 1991; Bailey and Bell 1993; Hamer et al. 1993; Hu et
al. 1995). Estimates of the recurrence rates in non-twin brothers of homosexual male
probands are remarkably variable and range from about 9% to 22% (Bailey and Pillard
1995). Based on two independent samples, Bailey, et al (1999) estimate the recurrence
rate in brothers of homosexual probands to be between 7% and 10%, figures that are
consistent with the median of a range of estimates from a prior literature review by the
same authors (Bailey and Pillard 1995).
Several studies have found considerably higher rates of concordance for
homosexuality in male monozygotic and dizygotic twins (Kinsey et al. 1948; Eckert et al.
1986; Bailey and Pillard 1991; Buhrich et al. 1991; Whitam et al. 1993; Bailey and
Pillard 1995; Blanchard and Bogaert 1996; Bailey et al. 2000). The most recent estimate
for concordance for homosexuality between twins, about 20%, is that of a large and
systematic study using the Australian Twin Registry (Bailey et al. 2000).
Although family studies have indicated patterns in the prevalence of
homosexuality in both males and females, a mode of inheritance is illusive. Family
pedigree studies for male homosexuality where gay men have more homosexual male
relatives through their maternal line suggest X-linkage. Hamer and colleagues showed a
statistically significant excess of allele sharing at loci on Xq28 (82%: p = 0.00001)
between pairs of homosexual brothers (Hamer et al. 1993). The group replicated the
result two years later, reporting 67% (p = 0.04) allele-sharing on Xq28 (Hu et al. 1995).
An independent group found a very similar 66% (p = 0.04) allele sharing in the same
region (Sanders et al. 1998).
In addition to the work of Hamer and colleagues on the X chromosome, two
candidate gene studies have been conducted that hypothesized a specific mechanism of
endocrinological influence on male homosexuality. Macke and colleagues showed that
concordance rates for androgen receptor alleles are not significant in pairs of homosexual
brothers and that coding region sequence variation within the androgen receptor gene is
not common in homosexual men (Macke et al. 1993). DuPree et al (2002) found that the
rate of allele sharing between pairs of gay brothers at a polymorphic locus near the
aromatase cytochrome P-450 gene, the product of which is an essential component of the
aromatase enzyme complex, is statistically equivalent to a null hypothesis of no linkage
(DuPree et al. 2002). No other candidate gene studies are known.
The evidence of a locus that contributes to male homosexuality on Xq28 suggests
a modest level of influence for any gene in the region (Bailey et al. 1999; Hamer 1999).
Potentially many more loci throughout the genome could be affecting the development
and expression of male homosexuality. We undertook a full genome screen at a 10cM
resolution in search of loci that potentially contribute to male sexual orientation. Of the
456 individuals included in the study, there are 297 self-identified homosexual men. We
conducted linkage analyses on sexual orientation as a dichotomous trait (suggested by our
own data) as well as on the Kinsey components of sexual orientation  selfidentification, attraction, fantasy, and behavior  as quantitative variables (Kinsey et al.
1948).
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METHODS
SAMPLE COLLECTION
The present linkage study includes 456 individuals from 135 pedigrees, each of
which consists of a least a gay male sibling pair. Nine families contain at least a sibling
trio of gay males. In 32 families we have genotypes for both parents (22%). In 26
additional families we have data for a single parent only (18%). Thirty-one percent of the
families contain an additional heterosexual male or female sibling. Only natural parents
and full siblings of probands are included in the study and no two families in the study
are related.
The present analysis includes subjects that were recruited for two previous
research efforts that specifically concerned homosexuality: 40 sibpairs from Hamer et al
(1993) and 33 sibpairs from Hu et al (1995). For these two projects, sibpairs were
selected for study that did not indicate a pattern of paternal transmission of male
homosexuality within the family. In the present effort we consider the entire pool of
sibling pairs in our database.
The sample ascertainments for the two previously published studies combined for
this analysis are reported in depth elsewhere (Hamer et al. 1993; Hamer and Copeland
1994; Hu et al. 1995). An NCI Clinical Review Subpanel approved the protocols and
each participant signed an informed consent form prior to interview, questionnaire
completion, or donating blood for DNA extraction. Following informed consent, sexual
orientation was assessed through a structured interview or by a questionnaire that
contained multiple items including various aspects of sexual behavior. The Kinsey scales
of sexual attraction, fantasy, behavior and self-identification were used to quantify
participant responses (Kinsey et al. 1948) regarding adult sexuality.
Forty sibpairs of the present study come from the second phase of the project
published in 1993 (Hamer et al. 1993). The probands from this phase of that research
project were recruited through advertisements in local and national homophile
publications. This aspect of the research was designed to observe allele-sharing on the X
chromosome in pairs of gay brothers whose families did not show evidence against sexlinked inheritance.
After publication of the first study, Hamer and colleagues tested the hypotheses of
X-linkage to male homosexuality in a new set of gay male sibpair pedigrees (Hu et al.
1995). This study included 33 sibpair families that were unrelated to each other or to the
sample for the initial study. The protocol also called for the examination of allele sharing
between the gay brothers and their heterosexual male siblings.
In the present linkage study we included a total of 73 sibpairs from the two
previous reports on the genetic influences on male homosexuality (Hamer et al. 1993; Hu
et al. 1995). In addition, 71 sibships are included presently who failed to meet the
inclusion criteria of the previous projects. The current collection of pedigrees is
comprised of 135 sibpair families and 9 sibtrio families, summing to 456 individuals
including relatives of the gay siblings who were available for participation.
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Hamer and colleagues found a significant excess of allele sharing on Xq28 in
their first publication and confirmed the linkage in a subsequent publication. Thus, in a
subset of the selected pedigrees, there appears to be a gene or genes at the end of the long
arm of the X chromosome that influences homosexuality. In the remainder of this
presentation we refer to these samples collectively as the Hamer-Hu collection.
It is not known whether there are multiple subtypes of homosexuality, nor
whether there are multiple genes that could be influencing the expression or regulation of
this trait. It is possible, therefore, that in families where homosexuality is transmitted on
Xq28, this particular region is the gene of major effect and other genes play a less
significant role. It is also possible that this circumstance represents, in fact, a completely
phenotypically separate sub-phenomenon of which we have no present understanding.
SUBJECTS
Of the full collection of 144 pedigrees, 8 sibships are Hispanic or Latino (5.1%)
and 1 pair of brothers is African-American. The lack of diversity in the data set simply
reflects the fact that so few African-American or Hispanic men volunteered for the
research. Although there is limited research in this area, there is no evidence that
fundamental differences in the nature or practice of homosexuality between Hispanics,
African Americans, and Caucasians exist (Francis et al. 1995). Adolescent males,
regardless of ethnicity, experience the same identity milestones at roughly the same
points in development and become romantically and sexually involved with other males
at more or less the same junctures (Dube and Savin-Williams 1999).
Although genetic heterogeneity can be of concern when an ethnically diverse
sample is considered, due to the very small representations of non-Caucasians in our data
we saw no practical purpose in excluding these few families. The possible effect on
allele frequency determination, for example, is negligible. Furthermore, our attempts to
find effects of ethnicity in the data set revealed no correlations for any of the traits related
to sexual orientation.
The mean (± SD) age of the gay men is 36.98 (± 8.64) years; for their
heterosexual brothers it is 37.34 (± 9.14) years  a mean difference of 0.36 years
(p = 0.831). A comparison of height and weight reports suggests that although height is
virtually identical between the samples, the gay males tend to be slightly more than ten
pounds lighter on average (2-tailed p = 0.119). A comparison of education levels
between the homosexual and and heterosexual brothers shows that in both groups the
men are college educated with some post-baccalaureate education.
A comparison between the samples used in the first two publications (Hamer-Hu)
and the remaining 71 sibships used in this study revealed no significant differences in any
of these variables. We conducted T-tests for independent sample means on age, height,
weight, eye color, hair color, education and other variables and found no significant
differences for any parameter.
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ASSESSMENT OF SEXUAL ORIENTATION
Sexual orientation is a sustained erotic attraction to members of a particular sex or
gender, i.e., the sex, male or female, of the erotic-love-affection partners a person prefers
(Diamond 1995; Pillard and Bailey 1995). The measurement of sexual orientation in
individuals is heavily influenced by the work of Alfred Kinsey and colleagues. The
Kinsey group devised a seven-point scale ranging from 0 to indicate exclusive
heterosexuality (with no homosexual behavior or fantasy) to 6, indicating exclusive
homosexuality (with no heterosexual behavior or fantasy). A Kinsey 3 represents equal
heterosexual and homosexual behavior and fantasy.
Each member of the sibships included in the analysis is a self-acknowledged gay
man. The subsequent assessment of sexual orientation is based on several aspects of the
research instrument. These areas concern sexuality as measured by the Kinsey sub-scales
of self-identification, attraction, fantasy and behavior.

Figure 4.1
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The analysis of the Kinsey subscales of sexual orientation for the 326 principal
subjects of this study shows remarkable consistency between the traditional Kinsey
components of the trait. Of the homosexual males in this sample, 96% self-identified as
either a Kinsey 5 or 6. Of their heterosexual male siblings, 93% self-identified as either a
Kinsey 1 or 0. Figure 4.1 shows the distribution of the trait in the combined male sibling
sample. The mean (± SD) Kinsey self-identification for the gay men is 5.73 (± 0.49) and
0.42 (± 0.46) for their heterosexual brothers. The other Kinsey measurements of
attraction, fantasy and behavior mirrored these results closely with means (± SD) of 5.59
(± 0.61), 5.75 (± 0.54), and 5.60 (± 0.75), respectively, in the gay group. In the
heterosexual group, the means (± SD) for the Kinsey subscales of attraction, fantasy, and
behavior were 0.059 (± 0.22), 0.16 (± 0.36), and 0.13 (± 0.32), respectively. The mean
(± SD) Kinsey average (mean value of the four Kinsey subscales) for the group of gay
men is 5.65 (± 0.46) and 0.13 (± 0.23) for their straight brothers. The clear bimodality of
sexual orientation in the present sample is similar to that found by other researchers
(Pillard and Weinrich 1986; Bailey and Pillard 1991).
In addition to questions directly related to Kinsey scoring, several questions were
asked of participants concerning other aspects of their sexuality during their
development. There was no difference between the heterosexual and homosexual groups
in the age at which they experienced their first crush (“thoughts about another person that
you can now identify as at least partially sexual”)  about nine and a half (t-test for
equality of means p = 0.983, two-tailed). Straight men seemed to remember that the age
of their first crushee was slightly less than ten years, whereas the recollections of gay
men gave an average age of crushee of just over twelve years. The difference is not
statistically significant in our sample and a t-test for mean differences in age of puberty
between the two groups of the men who responded to the question does not suggest any
association in that regard.14
Not surprisingly, the average sex of the first crushee for straight men was female
and male for the gay men. However, over 30% of the gay men responded that a girl had
been the object of their first crush. Although none of the straight men responded that
their first crush had been on a boy, a sixth of this group did not respond to the question.
We were also interested in the age of initial sexual contact and the sex of the first
sexual partner. We asked each participant “[a]t what age did you first have sexual
(genital) contact with another person, including ‘fooling around’ or ‘playing doctor’?”
and “[w]hat was the gender of your first sexual contact?” The mean age of first contact
among the gay men of our sample is just under twelve years and just under eleven years
for the heterosexual men. However, both figures have large standards of deviation
because of the spread of the data. Among the gay men of our sample, for instance, over
15% report genital contact by the age of six and 15% report their first sexual encounter to
have occurred in or after their eighteenth year. All the heterosexual individuals in our
study reported that their first sexual encounter occurred by the age of 17. Figure 4.2
shows the distribution of age of initial sexual contact by sexual orientation.

14

Unlike other researchers (Kinsey et al. 1948; Blanchard and Bogaert 1996), we found no statistically
significant difference in age of puberty in our sample (mean difference = 0.331 years, p = 0.238, twotailed).
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The sex of the first sex partner among most gay men in our sample was male
(75%), although 17.4% report that their first experience was with a female. Among the
straight men of the sample, 56.7% report that their first sex was with a female and 26.7%
report that their first experience was with a male. In our data there is a small correlation
of 0.231 (p = 0.001) between the sex of a participant’s first crush and the sex of his first
sexual encounter, although there is an equally small negative correlation between the
Kinsey average and sex of initial sexual contact (r = -0.208, p = 0.003). In addition, only
one of twenty-one heterosexual respondents to a query concerning sexual activity in high
school reported sex with another male. Only thirteen of the twenty-one reported having
sex in high school at all. Among the gay men, 48% (82 of 170 valid responses) reported
not having sex at all in high school. Of those that did, 66% chose males as sexual
partners, 20% chose females, and 14% had encounters with both sexes. Interestingly,
there is no correlation (r = - 0.081) between sex of partner of initial contact and sex of
partners of encounters in high school in the gay sample (p = 0.298, two-tailed).

Figure 4.2
A final issue that prefigures rather often in studies of sexual orientation is the age
at which gay men acknowledge their sexual identity first to themselves and then to their
larger social environments. Mirroring the established finding (Bell et al. 1981), the
gaymen in our data set acknowledged their sexual orientation to themselves on average
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by age eighteen (Figure 4.3). Among our gay participants, the mean (± SD) of the age
of “coming out” or acknowledgement of sexual orientation to one’s social environment is
23.65 (± 6.57) years. There is no statistically significant difference in the gay group
regarding age of self-acceptance and sex of partner of first sexual encounter (t-test for
equality of means, mean = -0.21 years, p = 0.852). On average, the gay men of our
study who had sex in high school with males tended to acknowledge their sexual
orientation to themselves about a year and a half earlier than gay men who recalled
having sex in high school with females instead. In addition, men who had sex with other
males in high school also tended to “come out” over two years earlier than the men who
had sex with females in high school. These associations are not statistically significant,
however.
As was the case with the more general demographic variables, we found no
differences between the Hamer-Hu samples and the present sample populations with
regard to measurements of sexual orientation or in measurements more comprehensive of
sexual experience. The groups are remarkably homogeneous. Considering gay and
straight men in each sample (i.e., the means of the data for a particular variable represent

Figure 4.3
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both homosexual and heterosexual brothers), the sample means of the subscales of SelfId, Attraction, Fantasy, and Behavior for the Hamer-Hu samples were 5.26, 5.17, 5.31,
and 5.11, respectively. For the non-Hamer-Hu subjects the means were 5.22, 5.09, 4.9,
and 5.14 for the same variables, respectively. T-tests for equality of means showed no
significant differences.
In addition to the Kinsey scales, we also considered whether there are differences
between the Hamer-Hu collection and the sample population without these subjects in
terms of other variables related to sexual experience. Again, we found no differences.
For example, and with the reminder that the means include both heterosexual and
homosexual men, the age at first crush for the Hamer-Hu collection is 9.8 years and 9.4
years for the remaining individuals. Age of first sexual experience between the samples
was about 12 years and 11.5 years, respectively. The average age of puberty in the
samples was 12.7 years and 12.8 years, respectively. The only interesting difference we
noted was in self-acknowledgement of their sexual orientations within the gay men of the
samples. The Hamer-Hu sibships self-identified somewhat earlier than the remainder
group at 17.3 years and 18.8 years, respectively, although the difference is only at a
suggestive level of significance (p = .07).
GENOTYPING
Microsatellite Markers
DNA samples were used that had been collected for two previous projects (Hamer
et al. 1993; Hu et al. 1995). Extractions were performend by Genetic Design
(Greensboro, NC) and the DNA samples were kept in -70°C storage at the National
Institutes of Health, Laboratory of Biochemistry in Bethesda, Maryland. Four hundred
and three highly informative microsatellite markers were genotyped for each DNA
sample.
The majority of the markers (397) were from the ABI PRISM Linkage Mapping
Set version 2 (PE Biosystems, Foster City, CA). One of the markers (D2S2313) from
this set was replaced by a marker from an updated version of the marker collection
(D2S151: ABI PRISM Linkage Mapping Set version 2.5) while the study was in process.
All 398 markers from the ABI Linkage Mapping resources are dinucleotide repeat
systems.
Data on five markers were added that had been used to genotype the same series
of DNA samples in other ongoing linkage projects: D2S1326 (or GATA 26BO4,
localized to 2q22.1), DRD5.PCR1 (localized to 4p16.1), THO1 (localized to 11p15.5),
CA25PCR1 (aka CHRNA7, localized to 12p13.31), and HPRT.PCR3 (localized to
Xq26.3). Localizations were performed by use of the Wellcome Trust Sanger Institute
Ensembl Genome Browser world-wide website (http://www.ensembl.org). Of these five
markers, DRD5 and CHRNA7 are dinucleotide repeats systems and HPRT, TH, and
D2S1326 are tetranucleotide systems.
The informativeness of the microsatellite markers is important since allele
frequencies are integral to the calculation of identity by descent allele-sharing between
relatives and the likelihood surface of that sharing over the entire genome.
Heterozygosity is the probability that a randomly selected individual from a population
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under random mating is heterozygous at a locus and is a standard index of
informativeness for marker systems (Sham 1998). The heterozygosity of each of the
markers genotyped was calculated from the actual data.
The mean (± SD) heterozygosity from the actual data is 0.7870 (± 0.070); the
expected heterozygosity from the manufacturer’s literature is 0.7874 (± 0.062). A
paired-samples T test procedure for the heterozygosity values (by locus) yields a paired
difference in the mean (± SD) of 0.00037 (± 0.039), with a correlation coefficient of
0.831.15 Only 2.2% of the markers fell below a heterozygosity of 0.6. Of the remaining,
50.6% had a heterozygosity of 0.80 or better. Eight markers (2%) had a heterozygosity
of 0.90 or better. Only 54 (14%) of the independent heterozygosity calculations for
markers from the Linkage Mapping Set differ from the figures published by the
manufacturer by 5% or more. For 29 of these 54 markers, the heterozygosity derived
from our data is higher than that published by PE Biosystems. Data is presented in Table
4.1 on the twelve markers for which heterozygosity calculations in our data set differed
most significantly from that of published sources.
The markers used in the study span the entire genome at a mean (± SD) distance
between markers of 10.12 ± 1.24 cM and with a median distance of 10.08 cM. In only
four circumstances are intermarker distances equal to or greater than 15 cM. The
coverage is that of a medium density analysis.

Table 4.1
Another issue concerning the markers is the availability of data at individual loci,
i.e., the relative completeness of the genotype data over the sample population. Several
factors typically influence the degree to which reliable data can be collected at individual
loci, not least of which are the quality of the DNA samples themselves and the reliability
15

The lower and upper bound for a 95% confidence interval for the paired difference is (-0.00421 and
0.00347, t = - 0.188, df = 402, 2-tailed significance level of p = 0.851.
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of the reagents in the PCR reaction. In our experiments the most influential factors were
the age of some of the DNA samples and the viability of individual primer pairs in the
multiplex PCR reaction conditions (see below). Given these constraints, our data set is
fairly complete. The sample mean (± SD) rate of data completion at individual marker
loci is 95.3% (± 3.3%). For 283 loci (70% of the microsatellite collection) in this study,
data is better than 95% complete. In only 4 cases is data completion less than 80%. We
were unable to acquire reliable data for only one marker of the Linkage Mapping Set
(D1S196). Table 4.2 contains completion data for the several loci where amplifications
were less than 85% successful. Figure 4.4 shows the distribution of data completeness
over the entire collection of 403 marker loci.

Table 4.2

Figure 4.4
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GENETIC ANALYSIS
Semiautomated analysis of microsatellite genotypes was conducted in the
Laboratory of Biochemistry Section on Gene Structure and Regulation of the National
Cancer Institute, Bethesda, Maryland. An 11.25µL total reaction volume consisted of
0.25mM dNTP (Pharmacia Biotech, Little Chalfont, Bucks, UK), 1X buffer (10mM TrisHCl, pH 8.3: 50mM KCl: 1.5mM MgCl2), 0.675 units AmpliTaq Gold DNA
Polymerase (PE Biosystems), 1.0mM MgCl2, and ~ 60ng DNA. Primer concentrations
were determined by experimentation with multiplex amplification and varied according
to their membership in particular ABI PRISM Linkage Mapping Set panels. Details of
this multiplex procedure are available in the preceding chapter. The PCR conditions
were an initial denaturation at 95˚C for 12 minutes; 10 cycles of denaturation, annealing
and extension at 94˚C for 15 seconds, 55˚C for 15 seconds, and 72˚C for 30 seconds,
respectively; followed by 20 cycles of denaturation, annealing and extension at 89˚C for
15 seconds, 55˚C for 15 seconds, and 72˚C for 30 seconds, respectively; followed by a 10
minute extension at 72˚C.
Amplification of the primers in each panel of markers from the mapping set were
performed for each fluorophore type with the sample tube containing all of the primers of
that specific fluorescent dye (FAM-6, HEX, or NED) for that panel. Primer
concentrations were determined empirically and varied considerably within and between
reactions. After amplification, in most cases PCR products were pooled for each DNA
sample before loading into an ABI PRISM 310 or 3100 platform for capillary gel
electrophoresis. Details of the protocol for this procedure are offered in the preceding
chapter.
We began the linkage study with experiments on the X chromosome because of
our prior interests in this region. After completing data collection on the X chromosome
we proceeded with the genome screen from the smallest to the largest chromosomes.
We processed all of the data for chromosomes 12 through 22 and the X on the ABI
PRISM 310 single capillary gel electrophoresis platform. The data on chromosomes 1
through 11 were collected on the ABI PRISM 3100 16-capillary system once this
platform was made available for public use.
PCR products were sized with the GeneScan version 3.1.2 program (PE
Biosystems, Foster City, CA) and genotypes were studied and assigned with the
Genotyper version 3.6 program (PE Biosystems, Foster City, CA). A PCR product from
a DNA reference sample (Centre d’Etudes du Polymorphisme Humain [CEPH] 1347-02)
was included in each run to monitor sizing conformity.
ASSIGNMENT OF GENOTYPES AND CONSIDERATIONS OF ALLELE
FREQUENCIES
Extensive error-checking procedures were used to minimize data errors. Allele
assignment by Genotyper was checked and confirmed manually for all genotypes. In
equivocal cases raw data from the GeneScan analysis was inspected for clarification of
genotypes. The CEPH control sample was used to confirm the consistency of allele
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binning and assignment. Size data were converted into discrete allele numbers and
samples that did not follow Mendelian patterns of inheritance were identified by an
internally designed algorithm (Sirota and Cherman 2000) and removed from the data set.
Four individuals whose DNA did not conform to Mendelian inheritance patterns were
removed from the data set: one individual was a female member of a sibship of three
whose full relatedness was highly unlikely. In one case an entire sibship of three was
removed because the inheritance patterns between them throughout the genome were
inconsistent with their reported relationships.
Allele frequencies were calculated from all scored genotypes in the data set. Our
internally computed heterozygosities conform remarkably to the manufacturer’s
published figures and the observed mean heterozygosity (0.787) is equivalent to that
indicated by the manufacturer. However, it should be noted that the use of internally
derived allele frequencies can lead to spurious results, especially inasmuch as an
underassessment of the frequency of an allele can result in an overestimation of IBD
status within fraternal pairs (Hauser et al. 1996). We therefore tested the robustness of
linkage results by equalizing to 0.1 the frequencies of any alleles for marker loci of less
than 0.1 in the actual data. The results were unaffected in each case (data not shown).
The estimation of allele frequencies with data on related individuals in a study such as
this where parental DNA is only partially available and that includes the use of highly
informative markers, given the sample size and ignoring the relationships of the
individuals, is a reasonably accurate and unbiased estimation of the population frequency
(Broman 2001).
ANALYSIS OF PHENOTYPES: SEXUAL ORIENTATION AS A DICHOTOMOUS
TRAIT (QUALITATIVE APPROACH)
Loci contributing to sexual orientation as a dichotomous trait or to the Kinsey
components of sexual orientation were sought by a genomewide qualitative and
quantitative maximum-likelihood multipoint linkage analysis using Mapmaker/Sibs.
Multi-point linkage analyses were carried out on all independent sibpairs (the first sibling
paired with siblings 2...n). Data were produced for scans at constant increments of 1 cM
with the Haldane mapping function (Haldane 1919).
Mapmaker/Sibs employs a hidden-Markov-model algorithm to compute the
probability distribution of inheritance vectors at each location in the genome. The
probabilities of sharing 0, 1, or 2 alleles by descent at any marker position is then
calculated for each sibpair. With the IBD distribution it is possible to perform maximum
likelihood generalizations for a sibpair method for qualitative (and quantitative) traits.
For qualitative trait analyses, the approach generalizes the Risch single-point LOD score
method (Risch 1990b; Risch 1990a). Mapmaker/Sibs provides multipoint information
content mapping and a useful exclusion mapping function in addition to maximum
likelihood LOD score calculations.
Mapmaker/Sibs offers a choice between the Haldane and Kosambi map functions.
The Kosambi function (Kosambi 1944) is not mulitlocus feasible for more than three loci
because it assumes a set of recombination values that does not occur in nature. On the
other hand, the Haldane function (Haldane 1919) assumes the absence of interference, an
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assumption that would be unrealistic if our data concerned experimental organisms. In
humans, however, conclusive support for interference is difficult to obtain (Ott 1991).
Taking advantage of the breadth of analyses offered by the Mapmaker/Sibs
program, we performed exclusion mapping, maximum likelihood mapping, and
information content mapping for each chromosome on sexual orientation as a qualitative
trait. In all analyses, unless otherwise specified, we assume no dominance variance.
Exclusion mapping in Mapmaker/Sibs is used to identify and exclude regions of a
chromosome that are not likely to have significant influence on the trait being mapped.
The program performs the analysis by comparing the likelihood under Bayes theorem of
observed sharing proportions of 0, 1, and 2 alleles between “affected” siblings (z0, z1, z2)
to the likelihood under the Mendelian expectation of α0 = ¼, α1 = ½, and α2 = ¼. The
observed sharing proportions are directly related to the sibling risk ratio λS, the
prevalence of the trait in siblings of affected individuals divided by the prevalence of the
trait in the general population (Risch 1990b). Under no dominance variance16 the
expected observations of allele sharing at a hypothesized sibling risk ratio λS is:
Z0 = α0 / λS;
(1)
Z1 = α1λS / λS; and
(2)
Z2 = α2 ((2λS – 1)/ λS)
(3)
Under dominance17 the relationship is somewhat more complex (Kruglyak and Lander
1995a).
Qualitative analysis in Mapmaker/Sibs is an affecteds-only analysis and affection
status is coded into the genotype input file. The program considers the number of sibs
sharing 0, 1, and 2 alleles and weighs the count against the specified dominance or no
dominance model. The no dominance variance model restricts the sharing proportion of
one allele between siblings to 0.5, as is seen above, and is more conservative in this
sense. Of course, the likelihood of the model falls appropriately if the observed sharing
proportions do not conform to the model’s expectations. The dominance variance model
is less restrictive in the sense that it does not require that the sharing of one allele be
exactly 50% in the data.
ANALYSIS OF PHENOTYPES: THE KINSEY SCALES OF SEXUAL
ORIENTATION (QUANTITATIVE APPROACH)
The study of qualitative phenotypes can be enhanced by investigating related
quantitative traits. Quantitative Trait Locus (QTL) linkage analysis in sibling pairs is
based on the principle that greater sharing of genetic marker alleles identical by descent
(IBD) will be associated with smaller intrapair phenotypic differences in the vicinity of a
locus that influences the phenotype (i.e., whether the variance of the phenotypic
difference between siblings decreases as allele sharing increases). Thus, QTL mapping in
16

The no dominance variance assumption allows a simplification of the sharing proportions to simply λS.
The relations presented here hold provided that multiple loci are involved in the trait and that they interact
multiplicatively. The λ values are defined as the component of the relative risk attributable to the locus.
17
Under dominance variance λS = λO, where λO is the relative risk ratio for an offspring,
and λM – 1 = 2 (λS – 1), where λM is the relative risk ratio for a monozygotic twin (see Kruglyak and
Lander 1995a for details).
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humans corresponds to a test of whether σ20 > σ21 > σ22, where σ2 ι denotes the variance of
the phenotypic difference when ι alleles are shared (Kruglyak and Lander 1995a).
Multipoint linkage analyses were performed on phenotypic data on each of the four
Kinsey subscales of sexual orientation  self-identification, attraction, fantasy, and
sexual behavior. In addition, a quantitative analysis was performed on a composite of the
Kinsey subscales (Kinsey Average).
The Mapmaker/Sibs program uses three basic approaches to test whether
2
2
σ 0 > σ 1 > σ22 : the traditional Haseman-Elston QTL regression analysis, maximum
likelihood (ML) quantitative trait locus (QTL) variance estimation, and nonparametric
QTL analysis. The Haseman-Elston analysis (Haseman and Elston 1972) linearly
regresses the squared trait difference on the inferred complete probability distribution
(Lander and Green 1987) of allele-sharing by descent at each point along the genome.
Mapmaker/Sibs uses an expectation-maximization algorithm to perform the regression on
the actual distribution of νι , the number of alleles shared at each locus.
ML QTL variance estimation derives direct ML estimates of the variance of the
phenotypic difference based on those differences observed for each value νι when the
latter are not known with certainty (Kruglyak and Lander 1995a). The Mapmaker/Sibs
program incorporates methods for coping with missing genotypes and phenotypes for the
variance estimations and lends the ML QTL variance estimation analysis an attractive
technical advantage over traditional linear regression approaches. However, ML QTL
variance estimation is most appropriate when the data is normally distributed (Saccone et
al. 1999). We thus did not perform ML QTL variance estimation on the Kinsey data. The
analysis is not appropriate in this case because of the very high concordance in the
phenotypes between the gay brothers (91% of the sample) and the subsequent poorness of
fit of the data to a normal distribution.
The nonparametric approach makes no assumptions about the distribution of
phenotypic effects and is instead based on a Wilcoxon rank-sum test (employing the
ranks of the phenotypic difference within sibling pairs) developed for genomewide QTL
mapping by L. Kruglyak and E. Lander elsewhere (Kruglyak and Lander 1995b). The
nonparametric approach is best for sample sizes rather larger than what we are able to
offer here. Our use of the analysis was therefore quite limited because of problems of
interpretation and we do not include nonparametric results in our presentation.
RESULTS
QUALITATIVE ANALYSIS OF SEXUAL ORIENTATION
The several measurements of sexual orientation in our respondents clearly
indicated the validity of considering sexual orientation as a dichotomous trait (see Figure
4.1). Thus, a discrete phenotype was defined and each male member of every sibship
given a rating of either homosexual or heterosexual for the purposes of qualitative
linkage analyses. The assignment of sexual orientation status was based on the full range
of participant responses regarding his self-identity, attractions to other individuals,
fantasies, and actual sexual behavior.
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In our analysis of sexual orientation as a dichotomous trait we located several loci
that achieved a LOD score > 1 (10 to 1 odds in favor of linkage). Only two peaks in the
entire genome screen gave LOD scores > 2.0. On chromosome 2 we observed a peak
LOD score of 2.02 (p = 0.0095) over D2S2216 (Figure 4.5). The region is fairly narrow
and the LOD score drops precipitously to 1.54 just 2cM to the left of the marker and to
1.56 5cM toward the telomere. In the presence of true linkage, IBD sharing is expected
to decline more gradually over flanking marker loci, resulting in a relatively broad LOD
score distribution (Risch and Merikangas 1996). At this locus, z2 = 0.344, where z2 is the
probability of the homosexual brothers sharing two alleles. At a λs > 2.5 (λs denoting the
relative chance a sibling of a homosexual male is also gay compared to the chance he
would be gay if drawn from the general population), and at the standard exclusion
criterion of LOD < -2.00, over 78% of chromosome 2 can be excluded from linkage to
sexual orientation dichotomously defined (not shown).

Figure 4.5

51

On chromosome 7 (Figure 4.6) we observed two peaks of interest, a broad peak
over D7S513 with a LOD > 1.62 (p = 0.024) and another peak over D7S798 that reached
a LOD = 2.08 (p = 0.0083). In both cases our data for the locus is 98% complete and the
information content, an estimate of the inheritance information extracted by the marker,
is 0.8 and 0.82 for the loci, respectively. The sharing proportions are z2 = 0.338 at
D7S513 and z2 = 0.376 at D7S798. The exclusion analysis shows that even at a λs = 4.0
the two regions of the chromosome cannot be excluded from linkage (Figure 4.7). In the
figure, expected sharing at two alleles (Z2) is presented in the legend over the
hypothesized (tested) sibling risk ratio for each line.

Figure 4.6
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Figure 4.7
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Four other chromosomes yielded areas with LOD scores greater than 1.0. On
chromosome 8, a minor peak over D8S505 was found with a LOD = 1.08 (p = 0.083).
An area on chromosome 9 (Figure 4.8), between D9S167 and D9S283 gave a LOD >
1.87 (p = 0.013). This particular finding is discussed at length below. At D16S503 a
peak occurred with LOD = 1.71 (p = .02).

Figure 4.8
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The present study included only 19 markers for the entire X chromosome (Figure
4.9). Only two markers were used in the Xq28 region, near the beginning of the band.
Qualitative analyses at these loci indicate a clear tendency toward linkage in the region,
although no conclusions are warranted here. Since the region was linked in male
homosexuality in previous reports, a further study including many more markers in this
region is currently underway.
On the X chromosome in this analysis, the sharing proportion (Z1) maxima
(shown on the graph), averaging about 59%, were reached between the markers DXS986

Figure 4.9
and DXS990 on Xq21.31 and Xq21.33, respectively. The markers are about 7.7 cM apart
and the maximum LOD was proximal to DXS986 and reached a peak of 0.89 (p = .128).
At these loci the heterozygosities in our data set were 0.69 and 0.74. The data is better
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than 95% complete. The results of the qualitative analysis of sexual orientation for all 23
chromosomes are presented as a whole in the Appendix.

SAMPLE SUBSET CONSIDERATIONS
After our analysis of the chromosomes for linkage to sexual orientation as a
dichotomously defined phenotype with the complete sample, we set out to check whether
some of the results were being influenced by the combination of the Hamer-Hu select
pedigrees and the remaining sibships. Here we discuss only the results where suggestive
differences were noted. In Figure 4.10 we show a comparison of results from qualitative
analyses on chromosome 2 with a) our sample population with the Hamer-Hu sibships
removed, b) the Hamer-Hu sibships alone, and c) the result of the analysis for the
combined sample previously discussed.

Figure 4.10
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The peak on chromosome 2 seems to indicate that the LOD of 2.02 is the result of
a relatively equal contribution to overall allele sharing from the two different samples.
Conversely, on chromosomes 7 and 9 (Figures 4.11 and 4.12) the results are strikingly
different. The large peak at the end of the chromosome over D7S798 reached with the
full sample seems to exist without the relative contribution of the Hamer-Hu sibships.
The peak at the other end of the chromosome over D7S513 seems more unique to the
Hamer-Hu samples. Similarly, on chromosome 9 (Figure 4.12) the peak in the center of
the region over D9S167 and D9S283 seems particular to the sample without the original
Hamer-Hu sibships.

Figure 4.11
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Figure 4.12
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Our analysis of the X chromosome is presented in Figure 4.13. Very clearly the
full sample analysis result masks the increase of the LOD score toward Xq28 on the
graph. The sibships without the Hamer-Hu families do not evidence the sharing increases
indicative of linkage on Xq28 as strongly as the latter. In fact, the peak LOD score (1.21)
reached with the sibship collection that does not contain the Hamer-Hu families occurs at
DXS986 on Xq21.31. In this region allele sharing between these gay brothers is over
65%. This could suggest an additional locus on the X chromosome that influences sexual
orientation quite separately from the gene or genes on Xq28.
The Hamer-Hu sample collection analyzed alone showed that a peak of a
minimum LOD of 1.27 occurs at the end of the region covered by our marker screen.
This is the beginning of the Xq28 region. The sharing proportion for one allele (z1)in this
subset is 67%, as was similarly reported in the second X linkage study (Hu et al. 1995).

Figure 4.13
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QUANTITATIVE ANALYSIS OF KINSEY PHENOTYPES
Where the qualitative analyses here include “affecteds” only, quantitative
analyses are based on the comparisons of phenotypic differences between “affecteds” and
“unaffecteds.” Therefore, this analysis is seriously limited by the relatively small number
of heterosexual members of sibships.
Quantitative analyses on all Kinsey subscales and the Kinsey average were
conducted by traditional Haseman-Elston QTL regression analysis. Eight loci in the
genome yielded LOD scores greater than 1.0. The best LOD score found for the Kinsey
Average specifically, 2.00 (p = .01), was observed on chromosome 3 over D3S1601 and
D3S1311 (Figure 4.14). Further analysis of the Kinsey subphenotypes revealed that the
largest component of the LOD for the Kinsey average was the phenotype attraction, LOD
= 2.43 (p = .0037). The other components, self-identification, fantasy, and sexual activity
showed LODs of 1.62, 1.36, and 1.76, respectively (not shown).

Figure 4.14

60

We observed a LOD = 1.92 on chromosome 9 over D9S167. Further investigation
revealed that self-identification and attraction were the major factors of the LOD score
peak with individual LODs of 2.03 and 1.96, respectively. We show these data in Figure
4.15 (the Kinsey subscales of Fantasy and Behavior are omitted for clarity. We discuss
the ninth chromosome at some length below.

Figure 4.15
In addition to the peaks on chromosomes 3 and 9 there were six other minor
peaks. On chromosome 5 a peak occurred between D5S422 and D5S400 of LOD = 1.66.
A peak LOD of 1.59 was observed on chromosome 7 over D7S513, as was observed in
the qualitative analysis. Smaller peaks were found on chromosomes 1 and 14 with LODs
of 1.22 and 1.05, respectively. Unlike in the qualitative analysis of chromosome 2, the
quantitative analysis yielded no peaks of even suggestive linkage.
Our analysis of the X chromosome with the full data set on the Kinsey subscales
revealed two seemingly minor peaks. The first, with a peak LOD of 1.21 occurs on
Xq27.3. The second, slightly smaller peak of LOD 1.15 occurs after DXS1073 on Xq28.
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For both peaks, Attraction was the most influential of the subscales although their roles in
the overall score are relatively equal.

SAMPLE SUBSET CONSIDERATIONS
In addition to the analysis of the entire sample set we were also interested in
quantitative analyses with the sibship collection after the Hamer-Hu families were
removed. Hamer-Hu families were analyzed separately as well for possible effects that
were hidden in the full data set. Figure 4.16 is a composite image of the results for
Kinsey Average analyses on chromosome 1. Intriguingly, the previously unremarkable
peak near the end of the region becomes pronounced when the Hamer-Hu set is removed
from the analysis, LOD 2.01 (p = .0098). It can be seen in the graph that sharing at this
locus in the Hamer-Hu families does not contribute to the LOD score.

Figure 4.16
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Results for chromosomes 5, 7, and 14 were less compelling. In Figure 4.17 are
presented the analyses of chromosome 5. As was seen with the qualitative analyses on
chromosome 2, there seems to be a relatively equal contribution to the full sample LOD
of 1.66 (p = .022) at the end of the region between D5S422 and D5S400. The results
from the samples do not suggest linkage individually.

Figure 4.17
Chromosome 3 peaked in the combined sample at the end of the region over
D3S1311 at about LOD 2.43 (p = .0037). The area where the LOD is > 2.0 is well over
10 cM in length. It represents the best LOD score obtained in the genome screen for
qualitative or quantitative approaches and it does so with the quantitative Kinsey variable
Attraction. When we split the sample population into its Hamer-Hu and nonselected
components, the peak seemed very clearly to be a product of allele sharing from the
sample as a whole (Figure 4.18).
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Although chromosome 7 had offered a possibly interesting region in the
qualitative phase of the analysis, the minor peak produced on the chromosome in the
quantitative phase does not appear to present much of interest. In neither sibship sample
series was the result remarkable. The peak reached by the combined sample on
chromosome 14 was similarly uninteresting and probably belongs to the category of the
many loci that peak very near a LOD of 1.00 in a full genome screen.

Figure 4.18
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The analysis of chromosome 9 reveals one of the few times when the locus of
interest occurs in both the qualitative and quantitative approaches to the data.Further
investigation of the region by splitting the sibship collection reveals that the LOD score
of 1.92 for the Kinsey Average achieved with the full sample actually rises to 1.97 when
the Hamer-Hu pedigrees are removed. Notably, the peak shifs 2 cM toward the telomere
(see Figure 4.19). The Hamer-Hu families seem to have no effect on the LOD score.
We then set out to discern the degree to which the Kinsey subscales of SelfIdentification and Attraction were continuing to weigh in the creation of the peak and
what effect the removal of the Hamer-Hu subset might have on this portion of the

Figure 4.19

65

analysis. The proportion of the contribution of Kinsey Self-Identification to the peak
remained as expected, but the shift in peak position was no longer there (Figure 4.20).
We then examined Kinsey Attraction more closely. The peak position shifts significantly
to the right, moving from a situation over D9S167 much closer to D9S283, peaking 2 cM

Figure 4.20
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just beyond it toward the telomere. The peak near D9S283 is located on 9q22 and in very
close proximity to the HSD17β3 gene (17β-Hydroxysteroid Dehydrogenase-3), a
potential neuroendocrinologically interesting candidate locus for an influence on sexual
orientation (Figure 4.21).

Figure 4.21
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In the data set that does not contain the Hamer-Hu sibships, under a no dominance
variance model18 the proportion of siblings sharing two alleles (z2) between D9S167 and
D9S283 is as high as 40% but appears to be about 37% at the HSD17β3 locus itself
(Figure 4.22).

Figure 4.22

18

Under dominance the sharing proportion at this locus equals that under the no dominance variance
model.
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The X chromosome analysis of the samples that had not been selected for the
Hamer/Hu studies revealed that these samples nearly completely lack random excess
allele sharing on the Xq28 region. Figure 4.23 suggests that the peak that can be
observed in the region of Xq28 (the very end of the graph) was due entirely to the
Hamer-Hu sibships. The result bears out two peaks, one reaching a LOD of 1.29 between
DXS8043 and DXS8091 and the second situated after DXS1073 and peaking at LOD
1.24. The marker DXS8043 lies on the Xq27.3 region while the other two are in Xq28.
The sample collection without the Hamer-Hu subset showed a completely different and
smaller peak about 10 cM wide between HPRT and DXS1227 on Xq27.2.

Figure 4.23
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DISCUSSION
Candidate gene studies of homosexuality have not yielded any evidence that the
hypothesized loci influence the development of sexual orientation. The recognition of a
pattern of sex-linked inheritance for homosexuality in the families of some homosexual
men led to the study of the X chromosome for genetic linkage to sexual orientation.
Evidence of such linkage has been published (Hamer et al. 1993; Hu et al. 1995). The
locus in this region only explains a portion of the variance and many more genes could
play a role in the development of the trait. The present study is a linkage analysis of
sexual orientation that covers the entire genome at a moderate resolution of 10cM in
search of additional loci that might influence the phenotype.
The qualitative analyses and quantitative analyses provided by Mapmaker/Sibs
and presented in this study are very different approaches to the data. The analysis of
male sexual orientation as a dichotomous trait is justified by previous research and by our
own assessment of several measures of sexuality in 327 men. In qualitative analyses,
only the gay individuals (“affected” sibpairs) are considered by the Mapmaker/Sibs
program. In quantitative analyses, the phenotypes of both the gay and straight men are
taken into account and the phenotypic differences between the homosexual and
heterosexual brothers account for the positive association of a locus to sexual orientation.
The expectation is that such phenotypic differences are correlated with allele sharing
between two brothers who closely share the phenotype or with a lack of allele sharing
when they do not share the phenotype.
The quantitative analyses we present here are based on a rather limited number of
“informative” pedigrees, i.e., those that contain siblings with enough phenotypic
differences to measure. Interesting results over a locus simply do not occur if there is no
phenotypic difference to measure. Thus, there is no reason to expect that a quantitative
analysis should necessarily reflect results realized by a qualitative analysis. However,
when these do mirror one another there is reason for interest, especially if the power of
the sample is limited to detect linkage in the first place.
The unavailability of parents in our study constrains the degree to which we can
determine the IBD distribution with certainty because allele frequency estimations are not
optimal and meiotic phase cannot be determined at every locus in every pedigree. More
importantly, our quantitative analyses suffer in terms of power to detect linkage because
of the unavailability of siblings with sufficient phenotypic differences to measure the
effect at a locus. Our sample is simply incapable of detecting every genetic effect in the
genome on the trait.
QUALITATIVE ANALYSES OF THE FULL SAMPLE
A qualitative analysis on each of the chromosomes for loci where siblings
concordant for homosexuality share alleles more often than is expected under simple
Mendelian transmission revealed only two peaks with a LOD score of better than 2.0.
The peak on chromosome 2 is narrow and may not indicate true linkage. The other locus
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of possible interest occurs on chromosome 7 near the telomere, reaching a LOD of 2.08.
Exclusion analyses for these regions suggest that the loci on chromosome 7 could not be
excluded from linkage even at a λS of 4.
For each locus of reasonable interest found in our screen we performed a search
using The Wellcome Trust Sanger Institute Ensembl Genome Browser
(www.ensembl.org) and Online Mendelian Inheritance in Man (www.ncbi.nlm.nih.gov)
for genes that could be regarded as potential candidates for an influence on sexual
orientation that might involve a reasonable neurological or endocrinological mechanism.
A search for such candidates from our qualitative analyses near the locus on chromosome
2 (D2S2216) and the two loci on chromosome 7 (D7S513 and D7S798) did not bring to
light any interesting relationships.
We also detected in our qualitative analysis a peak on the center of chromosome
9 that had a LOD of about 1.87 resting between D9S167 and D9S283. On first glance the
locus seemed relatively uninteresting but proved to be near HSD17β3 on 9q22, a
potential candidate for genes influencing sexuality. Our analyses of chromosomes 16
yielded a locus that reached a peak LOD of 1.71, although the web search revealed
nothing of interest.
QUALITATIVE ANALYSES OF SAMPLE SUBSETS
A comparison of the qualitative analyses results once the Hamer-Hu subset were
separated out showed interesting differences in the contributions the samples made to the
overall LOD scores. On chromosome 2 this difference was limited and it appeared that
the two sample populations were making roughly equal showings in the LOD score
reached when the full sample was considered. This was also true for the locus we
detected on chromosome 16. On chromosomes 7 and 9 the situation is quite different.
The analyses of chromosomes 7 and 9 for the full sample revealed peaks at either
end of chromosome 7 and one in the center of chromosome 9 in both cases reflecting the
results of the qualitative analyses. An analysis of these regions after removing the
families that had been selected previously because of evidence of sex-linked transmission
suggested that the two groups of families were making separate and distinct contributions
to the peaks. This result could be interpreted to mean that in families where there is an
association of a homosexual behavioral phenotype to Xq28 different sets of genes act
together to influence the development of the trait than in families that do not show
evidence of sex-linked transmission. This is not to rule out linkage to other loci on the X
chromosome; it simply suggests that Xq28 is probably not the locus that affects
development in those families.
Our analysis of the X chromosome itself seems to bear out such complexities. In
the initial analyses the full sample did not seem to indicate linkage to Xq28. This was not
wholly unexpected since the markers used in the previous publications were not
employed in the genome screen and we elected to not enrich the assay on the Xq28
region with marker loci by adding to the marker panel for the X chromosome from PE
Biosystems. Hamer and colleagues used eight markers in the region in the first study
(Hamer et al. 1993) that are further down the long arm of the chromosome than the two
markers for the region in the present study.
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The segregation of the Hamer-Hu sibship collection in our analysis of the X
chromosome seems to elucidate why no linkage had been indicated in the full sample
analysis. The families that were not selected for evidence of sex-linked transmission do
not contribute to the increased sharing of alleles between sibpairs on Xq28. The nonHamer-Hu sibpairs do, however, indicate that there may be linkage to a gene on Xq21
that influences the development of homosexuality. The allele sharing at the Xq21 locus
(DXS986) is 65%. It is the same locus that was born out in the qualitative analysis,
although the LOD score for the latter was only 0.89.
The obvious question arises as to why sibpairs would not be selected for a study
of X-linkage to homosexuality if, in fact, a gene on the X chromosome appears to
influence the trait in their families as well. Finding a gene on the X chromosome does
not mean that it is the only gene influencing a trait. If another gene on the X
chromosome influences non-Xq28 homosexual phenotypes, it is not required to be
singularly necessary and sufficient to cause a family pedigree to reflect exclusively sexlinked transmission. Autosomal loci could affect a trait that confound a simple model of
transmission (like X linkage). A gene on X might contribute to homosexuality in a way
that our current parsing of the phenotype does not comprehend. This would explain why
such families would be excluded from studies of homosexuality that specifically ascertain
samples to test for X-linkage.
QUANTITATIVE ANALYSES OF THE FULL SAMPLE
Quantitative analyses of our data consisted of a consideration of linkage to each
of four Kinsey subscales of sexual orientation and to an index derived by averaging
scores for each subscale for each subject. In this phase of our study during our
consideration of the full sample we noted loci on chromosomes 1, 5 and 14 that were of
minor interest. The best LOD score of the study, without regard to analytical approach,
occurred on chromosome 3 at D3S1311 and increased from a LOD of 2.0 when we
analyzed the Kinsey average to a LOD of 2.43 when we focussed specifically on the
subscale of Attraction.
A web scan for genes of interest in this region revealed only a single potential
candidate, although we hesitate to make too much of the result. A drosophila homolog,
HRY, is located in this region known as the 'hairy' gene. In Drosophila it seems to
encode a basic helix-loop-helix protein that functions in at least 2 steps during Drosophila
development: first, during embryogenesis, when it partakes in the establishment of
segments; and second, during the larval stage, when it functions to determine the pattern
of sensory bristles on the adult fly. Interestingly, the mammalian homolog has been
found to be essential to neurogenesis, myogenesis, hematopoiesis, and sex determination
(OMIM). HRY is a candidate of low to moderate interest.
A comparison of the qualitative and quantitative results of our analyses (before
separating out the Hamer-Hu sibships) shows that at only two loci do the qualitative and
quantitative approaches to the data both suggest linkage. Most of the loci that had
appeared in the qualitative analysis phase of the study did not appear in the quantitative
phase. Over D7S513 on 7p21.2 we located a peak of minor interest with both our study of
sexual orientation as a dichotomous trait and when we looked at the Kinsey average as a
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quantitative variable. No candidate genes at this locus were obvious in the data bases we
surveyed.
More promisingly, both qualitative and quantitative analyses of chromosome 9
suggested a locus in the center of the region that warranted closer investigation. The
qualitative analysis revealed a locus near D9S167 that peaked at LOD 1.87 (p = .013).
The quantitative analysis of the Kinsey average showed a peak over the same locus of
LOD 2.0, which upon further analysis reached LOD 2.03 (p = .009) with the specific
Kinsey factor Self-Identification and a LOD of 1.96 with the subscale Attraction. These
LOD scores are only suggestive of genetic linkage, although an analysis of the
chromosomal region of the locus revealed the situation of the 17-β-Hydroxysteroid
Dehydrogenase III (HSD17β3) gene 12 Mb toward the telomere.
Although we know of no association between male homosexuality and 17-βHydroxysteroid Dehydrogenase deficiency, the known role of the gene in sexual
maturation is somewhat interesting in this regard. The enzyme converts androstenedione
to testosterone in fetal testes; known defects in the conversion process result in genetic
males with female external genitalia. The defects are substitution mutations that impair
the activity of the enzyme. Other types of variation in the gene could result in phenotypic
differences that are behavioral in nature and that could not be characterized as physical
impairments.
Our results on the X chromosome during the qualitative phase of the analysis with
the full sample set had not suggested a peak of importance on Xq28. We did see some
improvement in the results when the Hamer-Hu sibships were analyzed separately in the
qualitative phase. The quantitative analyses with the full collection of sibships produced
two peaks very near and on the region of Xq28. Again, these results did not appear to be
strongly corroborating the earlier linkage to male homosexuality in the region. This
apparent lack of compelling evidence was ascribed to the fact that we did not saturate the
end of the chromosome with multiple markers.
QUANTITATIVE ANALYSES OF SAMPLE SUBSETS
The separation of sample subsets for the quantitative analyses yields some of our
most interesting results. The small peak on chromosome 1 that we had noted in our full
sample analysis of the region became quite pronounced when we removed the Hamer-Hu
collection from the analysis. The LOD score peaks at 2.01 between D1S2842 and
D1S2836 on 1q43-44. No obvious candidates emerged from a database analysis.
The result on chromosome 9 provides the first candidate gene for homosexuality
supported by molecular evidence since the publication that Xq28 influenced some portion
of phenotypic variance in the trait. Our results do not provide definitive evidence,
however, that the locus on chromosome 9 influences male homosexuality. The sharing
proportions that we observed at the peak over HSD17β3, notably z2 = .367, suggests a
sibling risk ratio λS of 1.88. For the λS to be as high as 3.00, we would have had to
observe sharing for two alleles to be 42%.
The lack of influence of the Hamer-Hu subset on the overall LOD scores for the
peaks we noted on chromosome 9 suggests that there may be very different genetic
influences on the development of homosexuality between gay men. The fact that the
peak shifted significantly toward a locus of such potential candidacy for such an
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influence is compelling. The results from the loci on chromosome 9 and other regions,
coupled with the effects of parsing our data set into families that reflect sex-linked
transmission and those that do not, suggest that there are complex and plural genetic
influences on male sexual orientation.
The loci that we bring to light here as potential candidates for linkage to male
homosexuality are only suggestive of linkage. We would only cautiously intimate that
the Hamer-Hu subset belongs to a phenotypic category that is influenced by both Xq28
and a gene on these chromosomes that does not play such a role in non-Xq28-linked
phenotypes. It is nevertheless a hypothesis for further study and analysis. On
chromosome 9, the argument for a candidate gene of influence on homosexuality is
perhaps strongest because of the possible linkage to HSD17β3. We also suggest further
study on the potential contribution of HRY on chromosome 3 to sexual orientation as
well as continued interest in the complex role of the X chromosome.
It seems most reasonable to suspect that multiple genes with small to moderate
effects contribute to sexual orientation just as is likely in all complex behavioral traits. It
is also likely that multiple environmental influences play critical roles in the overall
“phenotype” of a homosexual or heterosexual orientation as well as in the innumerable
particularities of individual behavioral expressions of the phenotype.
Here we present several loci for pursuit of the genetic contribution. It remains to
be demonstrated how the candidate loci and heretofore undiscovered regions interact to
influence this fascinating complex behavioral trait. Our genome screen of a reasonable
sample of gay brothers indicates with some degree of certainty that, whatever the details,
the relationships are sure to be subtle.
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One of the wonderful challenges of modern science, modern biology, modern
human genetics, remains the dissection and understanding of complex traits and
disorders. In as sense, most characteristics of a biological organism are complex. The
millions of minutia that are required for digestion, for example, are astounding. But this
is not what we mean by complexity here.
A great many characteristics of this same organism, let alone diseases and specific
traits per se, result from a complicated interaction between environmental factors and
susceptibility alleles of multiple trait-influencing genes. Among the assumptions of
modern genetics is that such factors only cause the trait or disease when the right
combination kicks in and a certain threshold of susceptibility is reached. Further
complicating the picture is that most often traits and diseases tend to run in families, yet
there is no discernible Mendelian mode of inheritance. We can top off the complexity by
recognizing that most susceptibility alleles only confer a certain level of “risk” for a trait
or disease, i.e., they are insufficient (and sometimes disturbingly unnecessary) to
singularly cause a disease.
Technology in the field of genetics moves at a pace that could be described as
nothing short of astounding. By way of example, when we began the genome screen
thaat is discussed in this thesis the technology of capillary gel electrophoresis was still a
new fandangled thing. The manuals were dense and unfriendly and not many people
were expert enough in the techniques that support the procedure to be of much help when
things went wrong. Nevertheless, in the last year and a half of the project the technology
had been ramped up to include simultaneous multiple capillary migration and analysis.
And the technology was reasonably available.
With this system we used, like thousands of other labs on the planet, dinucleotide
repeat polymorphisms to scan the full genomes of our study participants. But during the
course of the project, single nucleotide polymorphisms (SNPs) started to become the rave
and the technology began to turn in a direction that would allow the use of these markers
to unravel complex diseases. Questions about the wisdom of SNP technology aside for
the moment (Kruglyak 1999; Weiss and Terwilliger 2000), new approaches that only
partially incorporate SNP technologies are already making their way into laboratories.
Among the current trends is to conduct expression studies using the rapidly
improving microarray technologies in conjunction with genetic mapping data from
human as well as animal models to identify suitable candidate regions. After identifying
the candidate genes it remains to identify and type SNPs in such targeted regions,
followed closely by either scanning coding sequences for functional coding SNPs or by
focusing on a single gene and systematically scanning its entire genetic sequence for any
and all polymorphisms.
*****
For the studies presented in this thesis we used the traditional sibpair method of
linkage analysis. But linkage analysis has certain limitations when it comes to searching
for complex trait or disease loci. It seems that it usually only succeeds when a traitinfluencing locus, or a variant at that locus, contributes at least a moderate effect on
overall trait disposition (Johnson and Todd 2000). It has been shown that if a number of
loci each with a small effect on a trait are implicated, linkage is difficult to detect and
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more so to replicate given likely heterogeneity both within and between studies
(Thomson 1994). What was the real chance that we’d find a locus in the genome that
influences male sexual orientation?
The sample population used in this thesis was slightly higher than N = 450. The
sample consists of 144 sibships that contain a minimum of two brothers concordant for a
homosexual sexual orientation. Even with a sample as relatively rare as this might seem,
its power to detect linkage is probably limited to about 80%, given a recombination of 0
and a λS (sibling risk ratio) of not less than 2.5 (Risch 1990b). We had 90% power to
detect a locus with a λS = 3.0. Recent recommendations for the λS in studies of male
homosexuality are that it rests somewhere between 3 and 4 (Bailey et al. 1999). We
caution that this might be an overestimate. At a λS = 3.5, we would have had power to
detect linkage that neared 100% at a locus with the standard criterion of p = .001, i.e., a
LOD score > 3.0, given a recombination19 of 0 and a fully informative20 marker.
Naturally, the latter conditions do not hold, thereby reducing the power commensurately,
but not by so much that the sibling risk ratio would be so completely underestimated.
This is to say that if the λS really is as high as 3 or 4, fewer sibpairs should be required to
detect linkage at a standard threshold of significance. The fact that such loci were not
detected in our sample could indicate that the estimate of the λS is too high.
If we allow that the λS actually is as high as 3.5 or 4 for male homosexuality, then
we must consider the probable terms of genetic interaction that might influence the trait
(to the degree that it is genetically influenced). Let us suppose for the moment that the
candidate locus that we propose on chromosome 9 does, in fact, influence the
development of homosexuality. We calculated the λS at this locus to be 1.88. Let’s say
we’re wrong by 25% and that the λS is really only 1.4 or so. This would mean, under the
overall λS = 3.5, that the product of the specific risk ratios at the remaining susceptibility
loci is 2.5, and is over 3.0 in the case of an overall λS > 4.0, assuming that the trait is
actually due to a number of susceptibility genes that interact multiplicatively. If there are
genes of major effect in the genome for this trait, we should have been able to detect
them even at a 10 cM screen resolution. What is the meaning of the fact that we did not?
Among the possible indications of this failure to detect linkage is that our screen
really is not dense enough to detect any susceptibility loci. This is unlikely. The markers
we used were of reasonable heterozygosity and the information content calculations we
performed with Mapmaker/Sibs showed, with few exceptions, that our coverage, given
the extent of data completion, was adequate. Although there was about a 20% probability
that we would not detect linkage at loci with a λS of no less than 2.5 just by chance, the
much larger probability is that a locus of major effect would have been caught with our
sieve.
Another possibility is that our sample was phenotypically too heterogeneous. Our
examination of the sexual histories of the men that comprise our study does not warrant
this conclusion a priori. In rather standard ways, we show that the men both within
sibpairs and between sibpairs are remarkably similar in terms of various parameters that
make up sexuality as we currently understand it. However, it is not impossible that there
19
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are layers of subtlety in the overall trait, that is to say our “catch all term” for the
phenomenon  homosexuality, that we do not even suspect, that we do not separate out
because we don’t know they exist. And we obviously cannot know the degree to which
such possible subtle layers are genetically influenced in any detectable way. But given
the current tools of the trade as they are, assuming some degree of conformity in the
phenotypes of the participants as we observe them is by no means a stretch.
What seems to be indicated by our inability to detect a major locus for male
homosexuality is this: there is no major locus for homosexuality. It is most likely the
case, and as has been suspected for a long time now, that to the degree that
homosexuality is genetically influenced, the loci that comprise that influence are
probably numerous, act variably multiplicatively, and act in ways that allow for an
extraordinary degree of personal conscious “supervision” for lack of a better term. This is
not to say that gay men and women simply choose their homosexuality: far from it. It is
no more the case than is a straight man or woman choosing to be heterosexual.
How might different genes work and what might it mean that there are possibly
many genes? In the lack of evidence to the contrary, there is no reason to assume that
any specific gene in a given finite set of genes acts necessarily and predictably similarly
in every person that has this trait. This is to broach the subject of penetrance, of course,
and in regard to which we can add nothing of substance to the ongoing scientific
discussion of the origins of sexual orientations. There is simply no reason to make
further assumptions without further evidence.
There is also no reason to assume that epistasis has no hand in the genetic
influence on homosexuality. Gene interaction can occur between alleles at the same
locus as well as between different loci altogether. In some cases the interaction can seem
suppressive in nature. This is the puzzle maker’s dream. If homosexuality represents
such interaction, a solution to the complexities is simply not forthcoming.
The results of the genome screen presented here, in tandem with the continued
failure of seemingly very logical candidate gene approaches (including the aromatase
gene), seem to indicate etiologic heterogeneity in homosexuality. This is to say that the
phenotype we see, and call homosexuality, has many causes. Are there non-genetic
versions (we call these phenocopies) of homosexuality? Unknown. Are the causes both
genetic and environmental? Unknown, but probably.
Perhaps the biggest question is this  and it also goes to the heart of some of the
criticisms of the scientific effort to study homosexuality  how many homosexualities
are there? Are there two, one male-male the other female-female? Are there three, these
two plus a different sort for people who feel like they live in an incorrectly sexed body?
Are there four, perhaps; these three plus a sort for people who just like to put on the
traditional clothing of the opposite sex and try to attract people of their own sex? Perhaps
there are five types; some of the guys and girls like to put on leather chaps and make lots
of noise with Harley Davidson motorcycles. Maybe in the pleistocene these genes
influenced behaviors in their bearers that harnessed the power of draft animals for
agricultural labor or that invented the many construction uses of leather! Maybe. Maybe
there are 5% of 6.5 billion types of homosexuality  a sizeable army of 325 million
friends of Dorothy.
It might well be that some forms of homosexuality are etiologically considerably
simpler than other forms. Like some of the results of former studies as well as our
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genome screen seem to indicate, perhaps there’s some gay phenotype that depends on
whether you inherit a certain haplotype from your mother at the tip of your X
chromosome. Perhaps there’s a separate type that rather indicates an early influence of
subtle neurohormonal effects caused by a cascade of genes acting at different times in
development. Perhaps there are several such mechanisms that influence the overall fact
of sexual orientation but that have nothing to do with individual sexual behavioral
preferences. And perhaps once in a while these genes don’t follow the normal pathway
and a fellow ends up...straight.
To really get at some of these questions is a tall order. To this writer’s knowledge
there is no sampling of gay men in existence that is capable of teasing apart such
subtleties. What would such an undertaking require? In addition to an enormous amount
of money, researchers might have to be prepared to reconsider the ways in which they
think about homosexuality as a natural phenomenon. They might need to rethink, just for
a moment, about what a homosexual phenotype really looks like: cross the line in the
sand, step out of the box. Such a reconsideration might draw from observations of
homosexual contact in non-human nature. When we see homosexuality stripped of some
of the incalculably variable cognitive elements of individual human expression (not to
mention love and the need to be loved) what is there? What are the proximal reasons for
instantiations of these behaviors once they’re identified? Do such mechanisms, if they
may be called such, lend themselves to reasonable evolutionary biological hypotheses?
What is the range of the motives for the homosexual behaviors observed in the wild?
What subtle objectives are indicated by the outcomes of encounters?
Some will say that “we’ve” already looked at these things, that we all know about
the cute lesbian sea gulls and the bonobos and the blue gil sunfish. Yes, we have. But
we have not looked closely enough. And researchers into human sexual orientation do
not really take the more general biological data into account when they sit down to tea
and dream of phenotypes and haplotypes. Nor, therefore, do they really consider the
potentially interesting intersection between natural observation and what little
anthropological data exist.
Just as an example of the way such thinking might proceed is a consideration of
different forms of homosexuality based on  what humans recognize as  the relative
social statuses of participants (Greenberg 1988; LeVay and Nonas 1995; Levay 1996).
The classification scheme usually parses out four categories: transgenerational (age
disparate), transgenderal (one of the individuals is markedly cross-gendered), egalitarian
(socially similar or “companionate”21), and class disparate.22 It is not so hard to imagine
that divisions in sexual attraction such as these represent something much more
fundamental about sexuality than do the broad categories of the Kinsey scale. Maybe the
Kinsey scale would be best employed as a set of “entrance criteria,” a way to keep the
hay out of the box of needles.
21

Simon Levay’s term, Queer Science, p. 58.
Greenberg attributes the creation of the first three categories to Gorer G (1966) The Danger of Equality
and Other Essays. Cresset, London, and its perpetuation to Trumbach R (1977) London's sodomites:
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Adam BD (1979) A Social History of Gay Politics. In: Levine MP (ed) Gay Men: The Social History of
Male Homosexuality. Harper and Row, New York, pp 285-300, and Murray SO (ed) (1987) Cultural
Diversity and Homosexualities. Irvingtonw, New York.
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The four “relationship types” mentioned above, and like writers who deploy them
usually point out (Greenberg 1988), are perhaps too crude for fine-frequency tuning, with
edges that lack a certain incisiveness. But it might be the beginning of a new way to
think about how to go about understanding some of the seemingly cognitive or facultative
elements of our sexual expression, even our individual sexual identities. These elements,
these identities, have little meaning out of social context. But when you pull them out of
the context to get a good look (something that mad scientists like to do) what do you see?
At root, you see biology. And this is true of all sexual expression. This need not in any
way devalue the cognitive overlays; it glorifies them (if you must).
The uses of such categorizations of relationship types lie in the fact that they
perhaps reflect some of the functions of sexual behavior in other species. We would
expect to find that the companionate forms are the more common. Well, it’s what we’re
used to in post-Victorian anglocentric civilizations. Could it make any sense at all that
transgenderal forms actually mirror amazingly ancient alternative mating strategies? Is it
not tantalizingly conceivable that transgenerational forms of relationships are the modern
human equivalent of intrasex competition?
Here’s a simple fact. If there are genes for homosexuality and heterosexuality and
non-traditional sexualities (whatever that means) in the human genome, they’re not going
to look like a curtain call from a performance of A Chorus Line. Their presence there will
reflect something much older than a modern socially-informed attraction to Brad Pitt or
Segornie Weaver. This means that while applying tools like Kinsey scales of selfidentification, attraction, fantasy, and behavior, is necessary, it likely is not sufficient.
We’re not getting to the quick of the matter. We must thing back into the sordid,
deliciously lustful past….and with the eyes of Darwin.
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