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The role of genetics in male sexual orientation was investigated by pedigree and linkage 
analyses on 1 14 families of homosexual men. Increased rates of same-sex orientation were 
found in the maternal uncles and male cousins of these subjects, but not in their fathers or 
paternal relatives, suggesting the possibility of sex-linked transmission in a portion of the 
population. DNA linkage analysis of a selected group of 40 families in which there were two 
gay brothers and no indication of nonmaternal transmission revealed a correlation between 
homosexual orientation and the inheritance of polymorphic markers on the X chromosome 
in approximately 64 percent of the sib-pairs tested. The linkage to markers on Xq28, the 
subtelomeric region of the long arm of the sex chromosome, had a multipoint lod score of 
4.0 (P = 1 0-5), indicating a statistical confidence level of more than 99 percent that at least 
one subtype of male sexual orientation is genetically influenced. 

H u m a n  sexual orientation is variable. AI- 
though most people exhibit a heterosexual 
preference for members of the opposite sex, 
a significant minority display a homosexual 
orientation. This naturally occurring varia- 
tion presents an opportunity to explore the 
mechanisms underlying human sexual de- 
velopment and differentiation. 

The role of genetics in sexual orienta- " 

tion has been previously approached by 
twin, adoption, and nuclear family studies. 
From the rates of homosexuality observed 
in the monozygotic and dizygotic twins, 
ordinary siblings, and adoptive (adopted in) 
brothers and sisters of homosexual men (1, 
2)  and women (3, 4), overall heritabilities 
of 31 to 74 percent for males and 27 to 76 
percent for females were estimated. How- 
ever, the precise extent of genetic loading is 
unclear because svstematic data on relatives 
raised apart (adoited out) are not available 
and because the number and nature of the 
putative inherited factors are unknown. 
The observation that male homosexuals 
usually have more gay brothers than gay 
sisters, whereas lesbians have more gay 
sisters than gay brothers, suggests that the 
factors responsible for this familial aggrega- 
tion are at least partially distinct in men 
compared to women (3, 5). 

Recent neuroanatomical studies have re- 
vealed differences between heterosexual 
and homosexual men in the structure of 
three regions of the brain; namely, the third 
interstitial nucleus of the anterior hypothal- 
amus (6), the anterior commissure (7), and 
the suprachiasmatic nucleus (8). The role 
of gonadal steroids in the sexual differenti- 
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ation of the mammalian brain is well estab- 
lished (9), but thus far the role of hormonal 
variations in normal human sexual devel- 
opment is unknown (1 0). Nonbiological 
sources of variation in human sexual ex- 
pression have been under consideration in 
diverse disciplines including psychiatry, 
psychology, religion, history, and anthro- 
pology (1 1). 

The goal of our work was to detemline 
whether or not male sexual orientation is 
genetically influenced. We used the standard 
techniques of modem human genetics, 
namely pedigree analysis and family DNA 
linkare studies. Recent advances in human - 
genome analysis, in particular the develop- 
ment of chromosomal genetic maps that are 
densely populated with highly polynlorphic 
markers, make it feasible to apply such 
methods to complex traits, such as sexual 
orientation, even if these traits are influ- 
enced by multiple genes or environmental or 
experiential factors, or some combination of 
these (12). Our data indicate a statistically 
significant correlation between the inheri- 
tance of genetic markers on chromosomal 
region Xq28 and sexual orientation in a 
selected group of homosexual males. 

Clinical Center, the Whitman-Walker 
Clinic in Washington, D.C., and local 
homophile organizations. One or more rel- 
atives from 26 of these families also partic- 
ipated in the project (total n = 122). The 
sample for the sib-pair pedigree study con- 
sisted of 38 pairs of homosexual brothers, 
together with their parents or other rela- 
tives when available, who were recruited 
through advertisements in local and nation- 
al homophile publications. Two additional 
families who were originally in the random- 
ly ascertained pool were added to this group 
for the DNA linkage study (total n = 114). 
Subjects signed an Informed Consent, ap- 
proved by the NCI Clinical Review sub- 
panel, prior to donating blood and complet- 
ing an interview or questionnaire covering 
childhood gender identification. childhood - 
and adolescent sexual development, adult 
sexual behavior, the Kinsey scales, handed- 
ness, alcohol and substance use, mental 
health history, medical genetics screen, HIV 
status, and demographics (13, 14). The 
participants were white non-Hispanic (92 
percent), African American (4 percent), 
Hispanic (3 percent), and Asian (1 percent) 
and had an averare educational level of 15.5 - 
? 2.4 (mean + SD) years and an average 
age of 36 + 9 (mean ? SD) years. 

Sexual orientation was assessed by the 
Kinsey scales, which range from 0 for ex- 
clusive heterosexualitv to 6 for exclusive 
homosexuality (1 3). Subjects rated them- 
selves on four asuects of their sexualitv: 
self-identification, attraction, fantasy, and 
behavior. Of the homosexual subiects. >90 " ,  

percent self-identified as either Kinsey 5 or 
6 whereas >90 percent of their nonhomo- 
sexual male relatives self-identified as either 
0 or 1 (Fig. 1). The sexual attraction and 
fantasy scales gave even greater dispersions 
between the groups, with 295  percent of 
the participants either less than Kinsey 2 or 
more than Kinsey 4. Only the sexual be- 
havior scale gave a small overlap between 

identification Attraction Fantasy Behavior 

Kinsey score 

Fig. 1. Distributions of Kinsey scores in study participants. (E) Homosexual probands and relatives 
(n = 144). (B) Nonhomosexual relatives (n  = 22) 
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the two groups largely because of adolescent 
and early adult experiences. Therefore, for 
our study, it was appropriate to treat sexual 
orientation as a dimorphic rather than as a 
continuously variable trait. Similar bimodal 
distributions of Kinsey scores in males have 
been reported by others (1, 2).  

The age of phenotypic expression of 
homosexuality was assessed by asking the 
subjects at what age they were first attracted 
to another male, when they acknowledged 
their sexual orientation to themselves, and 
when thev acknowledeed their orientation u 

to others. Most of the subjects experienced 
their first same-sex attraction bv aee 10. , - 
which was prior to the average age of 
puberty at 12 years (Fig. 2). Self-acknowl- 
edgement occurred over a broad range of 
ages between 5 and 30 years, with the 
greatest increase occurring between years 
11 and 19. The mean age for public ac- 
knowledeement was 21 vears. which is sim- - , , 

ilar to the average age for "coming out" 
reported by others (15). Since the average 
age of our subjects was 36 & 9 years, we did 
not correct for age-dependent phenotypic 
expression in subsequent analyses. 

Pedigree analysis. Traits that are genet- 
ically influenced aggregate in families and, 

Table 1. Rates of homosexual orientation in the 
male relatives of homosexual male probands. 
The 76 random probands were ascertained 
without the investigator's knowledge of family 
history of sexual orientation. The 38 sib-pair 
probands were selectively ascertained be- 
cause they had a homosexual brother and no 
indication of transmission through fathers or to 
females. The population frequency of male ho- 
mosexuality was estimated from the data for the 
uncles and male cousins of lesbian probands 
(16). **P < 0.001 compared to population 
frequency. *P < 0.01 compared to population 
frequency. 

Homo- Per- 
Relationship sexual1 

total cent 

Random probands (n  = 76) 
Father 0176 
Son 016 
Brother 1411 04 
Maternal uncle 7196 
Paternal uncle 211 19 
Maternal cousin, aunt's son 4152 
Maternal cousin, uncle's son 2151 
Paternal cousin, aunt's son 3/84 
Paternal cousin, uncle's son 3/56 

Sib-pair probands (n = 38) 
Maternal uncle 6158 
Paternal uncle 1166 
Maternal cousin, aunt's son 8/62 
Maternal cousin, uncle's son 0143 
Paternal cousin, aunt's son 0169 
Paternal cousin, uncle's son 5193 

Population frequency 
Uncles and couslns of 14/71 7 

female probands 

in the case of dominant or sex-linked in- 0.001). Among more distant relatives, only 
heritance, are transmitted from one gener- two groups had significantly higher rates of 
ation to the next. Family histories were homosexual orientation than the popula- 
collected from 114 homosexual male tion incidence. namelv maternal uncles and 
probands who were asked to rate their the sons of maternal aunts. Both of these 
fathers. sons. brothers. uncles. and male maternallv related classes of relatives had 
cousins as either definitely homosexual rates of ~ 7 . 5  percent, which were signifi- 
(Kinsey 5 or 6, acknowledged to the cantly higher than the background rate (P 
proband or another family member) or not < 0.01). By contrast, fathers and all other 
definitely known to be homosexual (hetero- types of paternally related relatives had 
sexual, bisexual, or unclear). The reliability rates that were lower or not significantly 
of the probands' assessment of their family different from the background. Background 
members' sexual orientation was estimated rates of homosexualitv were also observed 
by conducting interviews with 99 relatives in the female relatives of the homosexual 
of the index subiects. All (69169) of the male ~robands ( exce~ t  for sisters, who had . . 
relatives identified as definitely homosexual a 5.4lpercent rate versus a 1 percent back- 
verified the initial assessment, as did most ground rate) and in the male relatives of 
(27130) of the relatives considered to be lesbian probands (except brothers, who had 
nonhomosexual; the only possible discrep- a 4.7 percent rate) (1 6). 
ancies were one individual who considered Althoueh the observed rates of homo- - 
himself to be asexual and two subjects who sexual orientation in the maternally derived 
declined to answer all of the interview uncles and male cousins of trav men were - ,  

questions. Hence describing individuals as higher than in female and paternally related 
either homosexual or nonhomosexual, male relatives, they were lower than would 
while undoubtedly overly simplistic, ap- be expected for a simple Mendelian trait. 
pears to represent a reliable categorization Furthermore, there was a substantial num- 
of the  ovulation under studv. ber of families in which lesbians or ~ a t e r -  

L L 

On the basis of a separate study in which nally related gay men were present. This 
the uncles and male cousins of lesbians were could be explained if some instances of 
interviewed (1 6), we estimated that the homosexuality were male-limited and ma- 
population prevalence of male homosexual- ternally inherited whereas others were ei- 
ity is 2 percent (141717). Although this rate ther sporadic, not sex-limited, or not ma- 
is lower than the popularly accepted figures ternally transmitted. To test this, we re- 
of 4 to 10 percent for male homosexuality, cruited 38 families in which there were two 
probably due to the more stringent definition homosexual brothers, no more than one 
applied here, it was considered more accu- lesbian relative, and no indication of direct 
rate for this analysis since the sampling, father-to-son transmission of homosexuality 
interview format. and definition of homo- (that is. neither the father nor son of a 
sexual orientation were identical to those proband was gay). We hypothesized that 
used in the male studv. Similarlv low rates this selected ~ooulation of families would 

A 

for the population incidence of homosexual- be enriched for the putative maternally 
ity have been reported when recent sexual transmitted genetic factor and therefore 
behavior was used as the criterion (1 7). display further increases in the rates of 

The pedigree analysis for the male rela- homosexuality in maternally derived uncles 
tives of the 76 randomly ascertained homo- and male cousins. Indeed, the rates of 
sexual male probands indicated (Table 1) homosexuality in the relatives of these se- 
that the hiehest rate of homosexual orien- lected sib-vair ~robands were increased u 

tation was in brothers, who had a 13.5 from 7.3 to 10.3 percent for maternal un- 
percent chance of being gay, representing a cles and from 7.7 to 12.9 percent for the 
significant 6.7-fold increase over the esti- sons of maternal aunts (Table 1). By con- 
mated background rate of 2 percent (P < trast, the rates of homosexuality in the 

Fig. 2. Age of phenotypic loo 
expression for homosexual 
study participants. (A) Age 80 - 
of first same-sex attraction. 

5 

z 
ment to others, cumulative 
percent. (B) Age of puber- 20 5 
ty, percent. (0) Age of par- 
ticipants, number at each 
age. There were an addi- 
tional 25 participants over 0 5 10 15 20 25 30 35 40 

age 44. Age (years) 
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other types of male relatives were un- 
changed or decreased compared to the ini- 
tial study. The differences between the 
random and sib-pair populations were not 
significantly different (P > 0.1) ; however, 
the differences between all maternal rela- 
tives as compared to all nonmaternal rela- 
tives were significant within both the ran- 
domly ascertained group (P < 0.05) and 
the sib-pair group (P < 0.001). 

Several examples of the apparent mater- 
nal transmission of male homosexual orien- 
tation are shown in Fig. 3. Families 
DH99002 and DH99017, which were ran- 
domly ascertained, are characterized by a 
single gay man in each of three maternally 
related generations. In family DH321, 
which was recruited as part of the sib-pair 
study, a pair of homosexual brothers have a 
maternally related gay nephew and uncle. 
Family DH210, which was ascertained as 
part of a separate study, contains seven 
homosexual males, all related through the 
sequential marriage of two sisters to the 
same husband in eeneration 11. In several 

u 

families, maternally related half-brothers or 
half-cousins shared a homosexual orienta- 
tion (16). The striking feature of these 

DH210 

I 73 
-- 

Ii 

Ill 

IV JC C 

Fig. 3. Family ped~grees dlsplaylng apparent 
maternal transmiss~on of male homosexual~ty 
Famllles DH99002 and DH99017 were from the 
randomly ascertained group of probands Fam- 
llles DH321 and DH210 were selected because 
many members were homosexual (W) Homo- 
sexual males (0) Nonhomosexual males (0) 
Nonhomosexual females 

multiplex pedigrees is the absence of trans- 
mission through the paternal line and the 
paucity of female homosexuals. 

These results demonstrate increased 
rates of homosexual orientation not only in  
the brothers of gay men, as has been previ- 
ously reported (1, 2 ) ,  but also in maternal 
uncles and the sons of maternal aunts (1  8). 
Because uncles and cousins share inherited 
information wlth the index subjects, but are 
raised in  different households bv different 
parents, this observation favored an inter- 
pretation based on genetics rather than the 
rearing environment and suggested that 
linkage studies might be fruitful. 

X chromosome linkage. One explana- 
tion for the maternal transmission of a 
male-limited trait is X chromosome link- 
age. Since males receive their single X 
chromosome exclusivelv from their moth- 
ers, any trait that is influenced by a n  
X-linked gene will be preferentially passed 
through the mother's side of the family. 
DNA linkage analysis provides the means 
to distineuish X-linked inheritance from " 
competing hypotheses such as maternal ef- 
fects, imprinting, decreased reproductive 
rates of expressing males, or differential 
knowledge concerning maternal versus pa- 
ternal familv members. If the X chromo- 
some contains a gene that increases the 

probability of an individual's being homo- 
sexual, then genetically related gay men 
should share X chromosome markers close 
to that gene. If no such gene exists, then n o  
statistically significant correlations between 
sexual orientation and X chromosome 
markers will be observed (1 9). 

W e  performed the linkage analysis on 
the selected population of families de- 
scribed above in which there were two 
homosexual brothers. This sib-pair experi- 
mental design has several theoretical and 
practical benefits (20): (i) it is nonparamet- 
ric and independent of gene penetrance and 
frequency; (ii) it is capable of detecting a 
single linked locus even if additional genes 
or environmental conditions are required to 
express the trait; (iii) it is more powerful to 
study siblings than more distant relatives for 
traits displaying limited familiality; (iv) 
"false negatives" (individuals who have or 
will have a homosexual orientation but 
choose to identify themselves as heterosex- 
ual) are irrelevant to the analysis because 
they are not studied; (v) "false positives" 
(individuals who have a heterosexual orien- 
tation but choose to identify themselves as 
homosexual) are expected to be rare; (vi) 
the sib-pair method is more stable to errors 
in  genotyping and to mistakes or alterations 
in  phenotype than are large pedigree meth- 

Table 2. Summary of linkage results. Linkage analysis was performed on 40 male homosexual 
sib-pairs; 22 X chromosome markers were used (30). The five marker loci on distal Xq28 are in 
boldface. 

Sib-pairs: 
Locus Location AL* HETt z15 2lnL(z,)li PI 

[Dl [Sl [-I 

*AL IS the number of different alleles observed in 62 to 150 independent chromosomes, tHET is the calculated 
heterozygosity; HET = 1 - Z(', where ( = frequency of the ith allele. $[Dl is the observed number of 
concordant-by-descent palrs; [S] is the observed number of concordant-by-state pairs; [-] is the observed 
number of discordant pairs, noninforma:ive pairs are not included In this analysis. §z, is the estimated 
probability that two homosexual brothers share the marker locus by-descent (31). llL(z,) is the ratio of the 
lhkeihoods of the observed data at z, versus the null hypothesis of z, = I12 (31). 1P (one-sided) was 
calculated by taking 2nL(z,) to be distributed as a chi-squared statist~c at one degree of freedom; ns, P > 
0.05. #Only the maternal, X-linked contribut~on was considered for this sex-l~nked locus (23). 
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ods: and (vii) it was more ~ractical to . , 

obtain the cooperation of nuclear sib-pair 
families than of multigenerational families. 

The sample for the linkage analysis con- 
sisted of 40 pairs of homosexual brothers 
(38 from the sib-pair pedigree study and 2 
from the random sample) together with 
their mothers or other siblings if available. 
DNA was prepared from all available mem- 
bers of these families and typed for a series 
of 22 markers that span the X chromosome. 
Each sib-pair was scored as either concor- 
dant-bv-descent (D) if the mother was . , 
known' to be heterozygous and both sons 
inherited the same allele, concordant-by- 
state (S) if the mother was unavailable and 
both sons shared the same allele, discordant 
(-) if the two sons carried difTerent alleles, 
or noninformative (n) if the mother was 
homozygous for the marker. For families in 
which DNA from the mother was not 
available, the data for the concordant-by- 
state pairs were corrected for the possibility 
that the mother was homozygous for the 
marker by taking into account the popula- 
tion frequency of the allele coinherited by 
the two sons (19, 20). Using a likelihood 
ratio test, we then calculated for each locus 
the probability (z,) of the brothers sharing 
the marker by-descent and the statistical 
significance (P) of deviations from the val- 
ue of z, = 112 expected under the null 
hypothesis of no linkage. 

The X chromosome markers used for 
linkage analysis were simple sequence re- 
peats, variable number of tandem repeats, 
and restriction fragment length polymor- 
phism~, all of which were detected by the 
polymerase chain reaction (PCR) (Table 
2). Heterozygosities, which were deter- 
mined by analyzing 62 to 150 independent 
X chromosomes from the sib-pair and relat- 
ed populations, ranged from 0.35 to 0.87. 

An example of genotype determination 
with a (GT),GC(GT),-repeat marker, 
DXS1108, is shown in Fig. 4. Despite the 
presence of shadow bands, the individual 
alleles were readily distinguishable, and 
concordant and discordant sib-pairs could 
be clearly differentiated. As expected for 
this X-s~ecific marker. the alleles inherited 
by the sons were derived exclusively from 
the mother. By contrast, the marker 
DXYS154, which lies on the tip of Xq in a 
region of subtelomeric homology and genet- 
ic exchange between the X and Y chromo- 
somes, displayed alleles contributed by both 
the father and the mother (2 1 ) .  As exDect- . ,  
ed for this tightly sex-linked marker, almost 
all of the male siblings inherited the same Y 
chromosome allele from their fathers (22); 
therefore, only the contribution from the 
maternal X chromosome was considered in 
the analysis of this locus (23). . 

The linkaee analvsis included a statisti- 
.2 

cal analysis of the pair-by-pair data (Tables 
2 and 3) and multipoint mapping analysis of 
the X chromosome (Fig. 5). The main 
outcome was the detection of linkage be- 
tween homosexual orientation and markers 
in the distal portion of Xq28. Each of the 
five markers in this region gave values of z, 
> 0.8, and for the three most heterozygous 
loci the data were significant at P < 0.0003 
(Table 2). The five terminal loci on Xq28 
are clustered within 2.8 to 4.3 cM (2 1, 24), 
and within our collection of 40 families 
exhibited no unequivocal intramarker re- 
combination events (25). Therefore, the 
entire distal region of Xq28 could be con- 
sidered as a single extended locus with a 
haplotype heterozygosity of 0.99; this trans- 
formation of the data increases the power to 
detect linkage by decreasing the uncertain- 
ties due to nongenotyped and noninforma- 
tive mothers. Of the 40 sib-pairs, 33 were 

Fig. 4. Linkage analysis of OH130 DHOSO DM040 D H l m  DH505 DH1261 DH020 
the (GT),GC(GT),-repeat 
locus DXS1108. Genotypes 
were determ~ned by PCR 
amplification with the use of , - - -  --- - --- 
the DXS1108 [SDF2] prim- 
ers (21) in the presence of 
[a-32P]dCTP. A portion from 
each reaction was electro- 
phoresed through a 6 per- 
cent denaturing acrylamide 4 
gel and exposed to x-ray 
film for 2 hours (30). The top 
diagrams show the family 
pedigrees (same symbols 
as in Fig. 3). The lower num- 
bers show the allele assian- 
ments and the determina- 
tion of status as concor- 2 2 2 2 6 3 3 2  6 3  3 3 1 1 1 4 4 6 6 2 6 2 2  

6 3 3 3 6 dant-by-descent (D), nonin- I , , I I  , I I I , 
formative (n), concordant- D D n D S S  - by-state (S), or discordant 
(1). Five out of the six alleles observed for this marker are displayed in these pedigrees. 

concordant for all markers within this re- 
gion, whereas 7 pairs were discordant at one 
or more loci (Table 3). This analysis gives a 
value of z, = 0.82 at a significance of P = 
1.2 x 

Evaluation of the data by multipoint 
mapping with the LINKMAP routine of the 
computer program LINKAGE 5.1 support- 
ed the linkage between homosexual orien- 
tation and distal Xa28. The model used for 
analysis was an X-linked, male-specific gene 
with a mutation rate of 0. The population 
frequency of the homosexuality-associated 
allele was assumed to be 0.02, and pene- 
trances were set at 0 for all females. 0 for 
males lacking the trait-associated allele, 
and 0.5 for males having the trait-associat- 
ed allele; heterosexual brothers were not 
included in the analysis. The peak mul- 

Table 3. Pair-by-pair linkage analysis. The re- 
sults of the X chromosome linkage analysis for 
each homosexual male sib-pair family are 
shown. The marker loci are described in Table 
2. Each sib-pair was scored as concordant-by 
descent (D), concordant-by-state (S), discor- 
dant (-), or noninformative (n). The first 33 
families are concordant for the distal portion of 
Xq28 (loci R-S, boldface); the last 7 are discor- 
dant. 

DH070 DDD--nD-DDDDnDnDnDDDDDa 
DH471 ---D----nn--DDDDDbanDD 
DH060 nDn------n-DDDnDnDnDDD 
DH151 -~n----- DnDDnDnnnD 
DH170 n---nDDDnDDn---nnDDDDa 
DH441 DD---n--nnD-n--nnDnnnn 
DH301 DDDSSDSDSDS----- SBBBDB -..- - - 
DH411 SSSSSSSSSSSSSSSSSBBB~~ 
DH1281 S---SSSSSSSSSSSSSBBB88 
DH231 ---- SSSSSS-SSSSSSBBBBS 
DH1391 SS-S-SSSSSSSSSSSSBBBBS 
DH3 3 1 ----- SSSSSSSSSSSSBBBBB 

SSS---SSSSS-SSSSSBBB88 
SS--S--SSSS-SSSSSBBSBB 
SSS-SS-S---SSSSSSBBSSS 
--SSS-S--S-SSSSSSBBSBS --------- S-SSSSSSBSSBB 
--SS----S--SSSSSSBsSSB 
SsS----SS---SSsSsBsB88 
SS---SS-SS-S---SSBBB88 
SS----S-S-S---S-SSBSSB 
---S-SSSSSSS----SBBBBg 
SSS-SSSSSS------ SBBBBS 
s-SSsSSSssssS----BBSBB 
n-nnnn-nnDDD--n-n-nnnn ----- nDD----n--nn-n--n 
--DDnDD---DD---nnn-n-- 
SDDnnDDnnnn-S--S--nSn- 
SsSSSSSSS-ssss-ss-SSS- 
--SSsSSSSSSsS--ss----- 
SS----S--SS-S-----S--- 
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tipoint lod score was 3.96 to 4.02 (Fig. 5), 
depending on whether compressed or full 
allele information was used; because the 
lod score is the logarithm to the base 10 of " 
the odds ratio, this corresponds to an odds 
ratio of =10,000: 1. The apparent location 
of the peak was 8 cM distal of DXYS154. 
However, this is likely to be an overesti- 
mate due to the well-known phenomenon 
of biased recombination fraction estima- 
tion in the case of comvlex traits where 
the analysis model differs from the true 
model (1 9). Therefore. the data were . , 

reanalyzed under two alternative models 
(Fig. 5B). When the frequency of the trait- 
associated allele was increased from 0.02 to 
0.1, as suggested by Risch and Giuffra (26), 
the peak lod score decreased to 3.9 and the 
distance from DXYS154 decreased to 5 cM. 
When the venetrance of the non-trait- 
associated allele was increased from 0 to 
0.05, giving a substantial level of pheno- 
copies, the peak lod score of 3.9 fell directly 
over DXYS154, and the lod scores through- 
out distal Xq28 were greater than 3.5. 
Given that DXYS154 lies within 1 Mb of 
the telomere (27). these latter models 

\ , ,  

probably yield more accurate estimates of 
the locus position. More precise mapping 
will require more distal markers, a larger 
number of families, and additional infor- 

mation concerning the trait varameters. " 

There was no significant evidence for 
linkage between sexual orientation and loci 
lying outside of Xq28. Most of the markers 
on the remainder of the long arm, and all of 
the markers on the short arm, gave values 
of s, that were statistically indistinguishable 
from the null hypothesis (P > 0.05) (Table 
1). Although there was a moderate excess 
of concordant pairs at the markers DXS456, 
DXS297, and DXS548 (0.002 5 P I 
0.02), it is unlikely that these loci play a 
significant role in sexual orientation be- 
cause they were adjacent to markers that 
gave negative results. Furthermore, mul- 
tipoint mapping gave lod score less than 
-2 throughout the region between the 
KAL locus at Xp22.3 and the DXS994 
locus at Xq26 and around the fragile X 
locus at Xq27.3. However, a much larger 
sample would be required to stringently 
eliminate these regions from playing a role 
in sexual development in a small propor- 
tion of families. 

Contribution of genetics to male sexual 
orientation. The proof for the involvement 
of genes in a human behavioral trait must 
ultimately consist of the chromosomal map- 
ping of the loci and isolation of the relevant 
DNA sequences. Such molecular studies 
are essential to separate the role of inheri- 

Map distance 

Fig. 5. (A) Multipoint mapping of the sexual orientation-related locus on the X chromosome. The 
data from the linkage study [Table 2; (30)] were analyzed by the LINKMAP routine of LINKAGE 5.1 
implemented on a VAX 6620 computer at the Biomedical Supercomputing Center, Frederick Cancer 
Research and Development Center. The analysis was done with compressed alleles on five 
overlapping sets of six fixed loci compared to one test locus. Five recombination fractions between 
each pair of loci were evaluated. The program parameters were as follows: population frequency of 
trait-associated allele = 0.02, penetrance for all females = 0, penetrance for males lacking the 
trait-associated allele = 0, penetrance for males having the trait-associated allele = 0.5, and 
mutation rate = 0. The maximum lod score was not significantly altered by varying the penetrance 
for males having the trait-associated allele between 0.05 and 1, by setting the mutation rate to 0.01, 
nor by changing the distances between the fixed marker loci. (B) The data for Xq28 were evaluated 
with the use of the full allele information under the following models: V---V, frequency of 
trait-associated allele = 0.02, penetrance of non-trait-associated allele = 0 (standard conditions); +-+, frequency of trait-associated allele = 0.1, penetrance of non-trait-associated allele = 0; 
A---A, frequency of trait-associated allele = 0.02, penetrance of non-trait-associated allele = 0.05. 

tance from environmental, experiential, so- 
cial, and cultural factors. DNA linkage 
studies of families in which the trait appears 
to be genetically segregating represent the 
first step in this approach. 

We have now produced evidence that 
one form of male homosexuality is prefer- 
entially transmitted through the maternal 
side and is genetically linked to chromo- 
somal region Xq28. In a selected popula- 
tion of families in which there were two 
homosexual brothers and no transmission 
through fathers or to females, 33 of 40 
sib-pairs had coinherited genetic informa- 
tion in this subtelomeric region. Observ- 
ing such an association by chance alone 
has a type I error rate of approximately 
0.001 percent for a single tested region of 
the genome (haplotype P = 1.2 x lop5),  
and therefore an error rate of less than 
0.03 percent for a collection of 22 inde- 
pendent markers (P = 22 x 1.2 x lop5 = 
0.0003). Similarly, multipoint linkage 
mapping gave a peak lod score of 4.0, 
which is associated with an overall type I 
error level of 0.5 percent, even for a 
complete genome search (1 2, 19). Thus, 
both forms of analysis indicate that the 
linkage results are statistically significant 
at a confidence level of >99 percent. As 
with all linkage studies, replication and 
confirmation of our results are essential. 
The observed excess coinheritance of 
Xq28 markers by homosexual brothers is 
not due to segregation distortion because 
normal, Mendelian segregation has been 
demonstrated for manv different Xa28- 
linked traits and polymorphic markers 
(28). Rather, it appears that Xq28 con- 
tains a gene that contributes to homosex- 
ual orientation in males. 

There were seven pairs of brothers who 
did not coinherit all of the Xq28 markers. 
Such discordant  airs could arise because 
of homozygosity of the mother at the 
sexual orientation-related locus, recombi- 
nation between the locus and a marker 
gene, genetic heterogeneity, or nonge- 
netic sources of variation in sexual orien- 
tation. We estimate that the last two 
categories comprise approximately 36 per- 
cent of the sib-pair population (29). At 
present, we can say nothing about the 
fraction of all instances of male homosex- 
uality that are related or unrelated to the 
Xa28 candidate locus because of the selec- 
tion for genetically loaded families that is 
imposed by linkage methods. We also 
have no information about the role, or 
lack thereof, of the Xq28 region in multi- 
plex families containing multiple gay men 
or lesbians (or both) (29), nor about the 
vresence or absence of the homosexualitv- 
associated allele in brothers or other male 
relatives who identifv as heterosexual. 
Given the overall cokplexity of human 
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sexuality, it is not surprising that a single 
genetic locus does not account for all of 
the observed variability. Sib-pairs that are 
discordant at Xq28 should provide a useful 
resource for identifying additional genes or 
environmental, experiential, or cultural 
factors (or some combination of these) 
that influence the develo~ment of male 
sexual orientation. 

Our experiments suggest that a locus 
(or loci) related to sexual orientation lies 
within approximately 4 million base pairs 
of DNA on the tip of the long arm of the 
X chromosome. Although this represents 
less than 0.2 percent of the human ge- 
nome, it is large enough to contain several 
hundred genes. The fine mapping and 
eventual isolation of this locus will require 
either large numbers of sib-pairs, more 
extended families, or the complete DNA 
sequence of the region. Once a specific 
gene has been identified, we can find out 
where and when it is expressed and how it 
ultimately contributes to the development 
of both homosexual and heterosexual ori- 
entation. The Xq28 region is character- 
ized by a high density of genetic loci (28) 
and contains both repeated DNA se- 
quences (27) and a pseudoautosomal re- 
gion of homology and genetic exchange 
between the X and Y chromosomes (2 1).  
Recombination between tandemly repeat- 
ed sequences, or between active and inac- 
tive loci on the X and Y chromosomes. 
could generate DNA sequence variants at 
a high rate and thereby account for the 
genetic transmission of a trait that may 
reduce reproduction. 

The subjects for our linkage study were 
males who self-identified as predominantly 
or exclusivelv homosexual within the con- 
text of modem American society; such 
studies could be broadened to include indi- 
viduals who identify as bisexual or ambisex- 
ual. The role of the Xq28 candidate locus, 
and of other chromosomal regions, in fe- 
male sexual orientation remains to be test- 
ed. Although nuclear family studies suggest 
that the overall heritability of sexual orien- 
tation is similar in men and women (2, 4), 
their pedigree segregation patterns appear 
to be distinct (1 6). 

Our work represents an early application 
of molecular linkage methods to a normal 
variation in human behavior. As the human 
genome project proceeds, it is likely that 
many such correlations will be discovered. 
We believe that it would be fundamentally 
unethical to use such information to try to 
assess or alter a ~erson's current or future 
sexual orientation, either heterosexual or 
homosexual. or other normal attributes of 
human behavior. Rather, scientists, educa- 
tors, policy-makers, and the public should 
work together to ensure that such research is 
used to benefit all members of society. 
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