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SUPPLEMENTARY MATERIALS AND METHODS

MI1. Information about contributing cohorts

1.1 UK Biobank

The UK Biobank cohortt is a population-based cohort of approximately 500,000 participants that were recruited
in the United Kingdom between 2006 and 2010 (49). Invitations to participate were sent out to approximately
9.2 million individuals aged between 40 and 69 who lived within 25 miles of one of the 22 assessment centers
in England, Wales, and Scotland. The participation rate for the baseline assessment was about 5.5%. From these
participants, extensive questionnaire data, physical measurements, and biological samples were collected at one
of the assessment centers. In this study we used data from 191,737 males and 223,014 females who answered

the questions relating to sexual behavior and whose genotype data passed quality control.

Phenotypes

Same-sex sexual behavior (main phenotype) was determined with the question: "Have you ever had sexual
intercourse with someone of the same-sex?", with the note that ‘sexual intercourse includes vaginal, oral or anal
intercourse.” Cases were participants that answered ‘yes’, and controls participants that answered ‘no’.
Participants who reported to have never had a sexual relationship were set at missing. Data were available for

188,825 males and 220,170 females.

Proportion of same-sex to total number of sexual partners among non-heterosexuals was determined based on
two open questions: ‘About how many sexual partners have you had in your lifetime?” and ‘How many sexual
partners of the same sex have you had in your lifetime?’ The proportion was determined by dividing the number
of same-sex partners by the total number of sexual partners. Participants who reported to have never had a
sexual relationship, who never had a same-sex partner, those with more than 100 sexual partners, or those with

more same-sex than total number of sexual partners were set at missing.

Exclusively same-sex sexual behavior differentiates between participants that had exclusively had sex with
same-sex sexual partners versus those that had exclusively had sex with opposite-sex sexual partners and was
also determined with the question: ‘Have you ever had sexual intercourse with someone of the same-sex?’
Participants that responded affirmative to this question and for which their total number of same-sex sexual

partners was equal or greater to their total number of sexual partners were considered exclusively homosexual,



whereas those who never had sex with a same-sex partner were considered heterosexual. Participants that
reported to have never had a sexual relationship and those with both same-sex and opposite-sex sexual partners
were set to missing. Data were available for 1766 homosexual and 180,431 heterosexual males and 693
homosexual and 214,062 heterosexual females.
Tables S1 and S2 show the prevalence of same-sex sexual behavior in the UK Biobank.

Furthermore, for one sensitivity analysis (Table S22) we divided the sample in three groups based on the
proportion of their sexual partners being of the same-sex: 1) up to one third same-sex partners, 2) between a

third and two third same-sex partners, and 3) more than two third same-sex partners.

Number of children was determined with an open question; for males the question was: ‘How many children
have you fathered?’ and for females the question was: ‘How many children have you given birth to? (Please
include live births only)’. Among females we considered only participants older than 45 years, among males

older than 55 years.

Genotyping and imputation

We used genotype data from the May 2017 release of imputed genetic data from UK Biobank. The quality
control and imputation were done by UK Biobank and have been described elsewhere (49). Briefly, genotyped
variants were filtered based on batch effects, plate effects, departures from HWE, genotype platform, and
discordance across control replicates. Participant samples were excluded based on missing rate, inconsistencies
in reported versus genetic sex, and heterozygosity based on a set of 605,876 high quality autosomal markers.
Imputation was performed using IMPUTE4 with the HRC UK 10K and 1000 Genomes Phase 3 dataset used as
the reference set. Table S6 provides an overview of the quality control measures.

For the X-chromosome, HWE was calculated only in females, and the allele frequency was calculated as
follows: 1) for variants not in the pseudo-autosomal region of X: (N homozygous in males + N heterozygous in
females + 2*N homozygous in females) / (N genotype calls in males + 2*N genotype calls in females) ), and 2)
for variants in the pseudo-autosomal region of X: (N heterozygous in males + 2*N homozygous in males + N
heterozygous in females + 2*N homozygous in females ) / (2*N genotype calls in males + 2*N genotype calls

in females).



Ethnicity definition in UK Biobank

We used K-means clustering (which aims to partition each individual into one of & clusters based on its distance
to the cluster mean points) to identify four clusters on the first 4 PCs of the genetic data provided by UK
Biobank. The first 4 PCs were chosen because the 5" PC shows substantial spread within the self-identified
British population. The four clusters that results from this method were then visually inspected with regard to
the self-identified ethnicity of individuals in each cluster. The clusters could loosely be termed: 1. African
ancestry’; 2. ‘Mixed race’ (predominantly white-black); 3. ‘Asian’ (including self-identified Chinese and South
Asian individuals); and 4. ‘White’. Clusters 1, 2, and 3 were omitted for further analyses. The 4" cluster was the
basis for identifying individuals as “White-European’ in this analysis. The ‘White’ cluster completely contained
the White British subset previously defined by UK Biobank. Individuals in this cluster who self-reported as
different ancestry group were additionally dropped from the analyses set. This resulted in a set of individuals
used in the analysis who were genetically determined to be white-European and who also self-identified as

white.

1.2 23andMe

23andMe Inc. is a personal genetics company founded in 2006 which, as of June 2018, has now genotyped
more than 5 million individuals worldwide. Data for this study were available for approximately 75,000
individuals of European ancestry who provided informed consent and answered surveys online according to a
human subjects protocol approved by Ethical & Independent Review Services, a private institutional review
board. The number of individuals varied per phenotype (see Tables S3 and SS). The mean age of the 23andMe
sample in our study is 51.3 years (SD = 16.0, median = 51).

Phenotypes

A subset of the 23andMe participants completed a ‘Sexual Orientation Survey’ that included seven questions
about sexuality, sexual behavior, and sexual identity:

1) Sexual Identity: How do you label, identify, or think of yourself?

2) Sexual Attraction: To whom are you sexually attracted?

3) Sexual Experience: With whom have you actually had sex?

4) Sexual Fantasies: Whom do you have sexual fantasies about?

5) Gender and Emotional Connection: Whom do you feel more drawn to or close to emotionally?

6) Gender and Socialization: Which gender do you socialize with?



7) Gender and Time Spent/Comfort: In which community do you like to spend your time? In which do you feel
most comfortable?

Questions could be answered on a 7-point Likert scale, ranging from ’Other sex only’ to ’Same-sex only’
(questions 2-7) and from Heterosexual only’ to "Homosexual only’ (question 1), or participants could choose
the option ‘I’d rather not say’. For all phenotypes, only cis-gender individuals were included. That is,
participants who answered the question *what gender do you consider yourself to be’: ‘Transgender female to
male/Other/Transgender male to female’ or ’I'd rather not say’ were not included in the analyses.

The sexual experience question (item 3) was transformed in a dichotomous variable (to be consistent with
the dichotomous variable from UK Biobank) and analyzed as the main phenotype, with participants who
answered 0 (other sex only) being considered as heterosexuals and those who answered 1 (other sex mostly) to
6 (same-sex only) as non-heterosexuals. Additionally, we also analyzed this variable as a continuous trait,
excluding individuals who reported exclusively having had sex with opposite-sex partners (answer 0); this
variable was synonymous to the proportion of same-sex to total number of sexual partners among non-
heterosexuals in the UK Biobank sample. See Tables S3 and S5 for more information about the items and their
genetic correlation with same-sex sexual behavior in the UK Biobank sample. Note that the 23andMe sample
has very higher rates of same-sex sexual behavior (19.5% for males and 17.3% for females) and the distribution
of same-sex to total number of sexual partners is different from that in UK Biobank. The high rate of same-sex
sexual behavior is probably due to self-selection of participants to answering questions on sexual behavior;
individuals who engage in same-sex sexual behavior may be more likely to self-select the ‘Sexual Orientation

Survey’.

Genotyping and imputation

Genotyping was performed on various genotyping platforms: Illumina HumanHap550+Beadchip (560,000
markers), V3 Illumina OmniExpress+Beadchip (950,000 markers) and V4 custom (570,000 markers). Standard
quality control checks were performed prior to imputation: SNPs were excluded if Hardy-Weinberg
Equilibrium (HWE) deviation p < 1x102° and missingness > 5%. Only unrelated individuals of European
ancestry were included in the analyses. Participants were excluded if more than 1.5% of their SNPs were
missing. Genotype data were imputed with Minimac version 3, using the 1000 Genomes phase 1 release
reference set. After imputation, SNPs with low imputation quality or a MAF below 0.01 were excluded. Quality
control was performed for each analysis, and the number of individuals that passed quality control for each

analysis are listed in Tables S3 and SS. Table S6 provides an overview of the quality control measures.



1.3 The National Longitudinal Study of Adolescent to Adult Health (Add Health)

Add Health originated as an in-school survey of a nationally representative sample of US adolescents enrolled
in grades 7 through 12 during the 1994-1995 school year (50). Respondents were born between 1974 and 1983,
and a subset of the original Add Health respondents has been followed up with in-home interviews, which
allows researchers to assess correlates of outcomes in the transition to early adulthood. In Add Health, the mean
birth year of respondents is 1979 (SD = 1.8), and the mean age at the time of assessment (Wave 4) is 29.0 years
(SD = 1.8). All phenotypes included in this study come from Wave 4, the latest wave (2007-2009).

Phenotypes

The following two phenotypes were obtained from Add Health: (1) ever had same-sex intercourse and (2) same-
sex attraction. The first phenotype is synonymous to the primary same-sex sexual behavior phenotype as
defined in UK Biobank and is a binary indicator of whether a respondent has reported ever having had same-sex
intercourse. Data were available for 2,529 females and 2,196 males. The second phenotype is a binary indicator
of whether respondents reported being romantically attracted to members of the same-sex. Data for this

phenotype were available for 2,539 females and 2,216 males.

Genotyping and imputation

Genotyping was performed at Expression Analysis Laboratory in Research Triangle Park, NC, using Illumina’s
Human Omnil-Quad-BeadChip (57). After imputing the genetic data to the Haplotype Reference Consortium
(HRC) (52) using the Michigan Imputation Server (53), only HapMap3 variants were included, which are well
imputed and provide good coverage of common variation across the genome. Analyses were limited to
individuals of European-ancestry and cryptically related individuals and ancestry outliers were dropped from
analyses. Finally, only HapMap3 variants with a call rate above 98% and a minor allele frequency > 1% were

used. Table S6 provides an overview of the quality control measures.



1.4 Molecular Genetic Study of Sexual Orientation (MGSOSQO)

The MGSOSO dataset comprised four separate datasets: 1) 372 previously studied multiplex families (i.e.
reported to have two or more self-identified homosexual brothers) containing 802 genotyped brothers, including
769 homosexual and 33 heterosexual brothers (23); 2) 234 genotyped brothers from 227 additional multiplex
families, containing 221 homosexual and 13 heterosexual brothers, 3) 51 homosexual males without
homosexual brothers (23), largely from community festival venues, and 4) the Molecular Genetics of
Schizophrenia (MGS) collaboration controls dataset (the male, European-ancestry portion retained after QC),
which included 36 homosexual and 1,185 heterosexual males (54, 55). The combined sample of European-
ancestry participants included 1,077 self-identified homosexual and self-identified 1,231 heterosexual men. The

participants were mostly from the US (99%) and were aged between 18 and 91 years (M=48.6, SD=14.5).

Phenotypes

For the participants from multiplex families, as well as the 51 sporadic participants, sexual orientation was
based on their self-reported sexual identity and sexual feelings; for the MGS dataset, only sexual identity was
available. Men with a Kinsey score of 5-6 were considered homosexual, those with a Kinsey score of 0-1
heterosexual, and males answering in the more intermediate (bisexual) ranges (Kinsey 2-4) were excluded. The
utilized Kinsey question/responses for sexual feelings were: ‘Which statement best describes your sexual
feelings during the last year: sexual feelings only toward females (0), most sexual feelings toward females but
an occasional fantasy about males (1), most feelings toward females but some definite fantasy about males (2),
sexual feelings about equally divided between males and females - no strong preference for one or the other (3),
most sexual feelings toward males but some definite sexual fantasy about females (4), most sexual feelings
toward males but an occasional fantasy about a female (5), sexual feelings toward males only (6)’. The question
used to assess identity was: “Do you consider yourself to be heterosexual, bisexual, or gay?’. Participants were
categorized as homosexual or heterosexual based on the query regarding their sexual orientation (identity) (and

sexual feelings if available), and bisexual males were excluded.

Genotyping and imputation

Samples from the MGSOSO participants were genotyped with the Affymetrix 6.0 SNP array at the Broad
Institute, and the remaining samples were genotyped with the Affymetrix 5.0 array at Vanderbilt Microarray
Shared Resource. As part of the QC design to help minimize errors due to platform-specific genotype calling

differences, 34 participants were genotyped on both platforms, with removal of SNPs discrepant for any of the



34 inter-platform duplicates. Further details about the QC steps can be found elsewhere (9). Sample QC
included removal of samples with missingness > 5%, failing checks for duplications and relatedness, and
ancestry outliers via principal components analysis (PCA). SNP QC included removal of SNPs with minor
allele frequency (MAF) < 0.05, missingness > 1%, and HWE deviation of p < 1x10°%. We imputed to 1000
Genomes (56) using the IMPUTE?2 software (57) (removing SNPs with an information score <0.6 and a MAF <
0.05). The final QC’d SNP dataset contained 5,642,880 SNPs (200,367 genotyped and 5,442,513 imputed).

Table S6 provides an overview of the quality control measures.

1.5 The Child and Adolescent Twin Study in Sweden (CATSS)

The Child and Adolescent Twin Study in Sweden (CATSS) is an ongoing longitudinal twin study targeting all
twins born in Sweden since July 1, 1992. Since 2004, parents of twins are interviewed regarding the children's
somatic and mental health and social environment around the twins’ 9th or 12th birthdays (CATSS-9/12). By
January 2010, 8,610 parental interviews concerning 17,220 twins had been completed, with an overall response
rate of 80%. At age 15 (CATSS-15) and 18 (CATSS-18), twins and parents completed questionnaires that, in
addition to assessments of somatic and mental health, include measures of personality development and
psychosocial adaptation. Individuals at age 15 and age 18 were asked questions about their sexual orientation.

Not all twins participated at both ages.

Phenotypes

We considered two questions that were asked to the participants at age 15 and 18: a) What sex do the people
have that you have usually felt sexually attracted to? and b) What sex do the people have that you voluntarily
had sex with? The possible answers were the following: 1) Only girls/women, 2) Mostly girls/women, seldom
boys/men, 3) Both, but girls/women more often than boys/men, 4) Girls/women and boys/men about equally
often, 5) Both, but boys/men more often than girls/women, 6) Mostly boys/men, seldom girls/women, 7) Only
boys/men. Males engaging in same-sex sexual behavior were defined as those that answered 2, 3, 4, 5, 6, or 7
either at age 15 or age 18. Controls were males that answered 1 at age 15 and age 18 (or answered 1 at age 15 or
age 18 and did not participate at the other age). Females engaging in same-sex sexual behavior were defined as
those that answered 1, 2, 3, 4, 5, or 6 either at age 15 or age 18. Controls were females that answered 7 at age 15
and age 18 (or answered 7 at age 15 or age 18 and did not participate at the other age). Same-sex sexual

attraction was defined in a similar way. We also considered same-sex sexual behavior and attraction only using
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the answers collected at age 15. In total, 8109 individuals answered questions about same-sex sexual behavior

and attraction: 3503 only at age 15, 1712 only at age 18, and 2894 at both ages.

Genotyping and imputation

Genotyping was performed in 18 batches at SNP&SEQ Technologies in Uppsala, Sweden. The PsychArray
includes 265,000 proven tag SNPs found on the Infinium Core-24 BeadChip, 245,000 markers from the
Infinium Exome-24 BeadChip, and 50,000 additional markers associated with common psychiatric disorders.
We excluded 3,827 markers with a call rate below 98%, 102 markers with over 10% discordant genotypes
among 37 cross-batch duplicate samples, 323 markers with more than one discordant genotype among 84 pairs
of MZ twins, 2,399 markers that failed HWE test (p-value for testing HWE < 1x107), 6 markers with large
allele frequency differences from the 1000 Genome European reference samples (absolute difference > 10%)
and with mean GenCall scores < 0.5, 35 common variants that were significantly associated with more than 1
genotyping batch (at p < 5e-8), and 1,332 markers on Y-chromosome or mitochondrial markers due to poor
variant calling. We also excluded 4 participants with a call rate < 98%, 7 with unusual heterozygosity
(autosomal inbreeding coefficient F > |0.2]), 14 with possible sample contamination as indicated in the
excessive relatedness with other samples (> 6 standard deviations from the mean of average sample relatedness
in a random set of 1000 samples), 22 samples with sex violation (male with X-chromosome F < 0.5 or female
with X-chromosome F >= 0.5), and 248 participants identified as non-European ancestral outliers (> 6 standard
deviations from the mean values of the first two principal components in 1000 Genome European populations).
We also identified within-pair sample swap if both samples within any opposite-sex dizygotic (DZ) pair or
parent pair failed the sex check; 6 out of 2255 (0.2%) opposite-sex DZ pairs and 2 out of 82 (2%) parent pairs
were corrected. We performed genotype imputation on autosomes using 1000 Genome data (Phase 3 Version 5)
as reference panel. More stringent marker QC was applied prior to genotype imputation, which dropped 97,854
monomorphic or singleton sites, 11,921 indels, 32,388 SNPs with strand-ambiguous alleles (A/T, C/G alleles),
7,543 markers with duplicate positions and 208 markers with alleles inconsistent with the ones in the reference
panel. Based on the remaining 397,633 autosomal markers, phasing was performed using Shapeit2 on each
chromosome, and imputation was performed using Minimac3 on 5SMb chromosomal chunks (with a window of
IMD on either side). After imputation, ~47M markers were available, and over 7M common variants (MAF >
1%) have high imputation quality (imputation R? > 0.8). Table S6 provides an overview of the quality control

measurcs.
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ANALYSES

Our analysis plan was preregistered at the Open Science Framework (https://ost.io/357tn/). The majority of our

analyses followed the original plan, although we have now split the paper in two parts: a paper on the genetics
of same-sex sexual behavior (this paper) and a paper focusing on the evolutionary basis of same-sex sexual
behavior. This second paper also contains the analysis on ‘number of lifetime opposite-sex partners among
heterosexuals’ which was proposed in the preregistered plan.

One analysis that was proposed in the preregistered plan was not included in either papers: we proposed
to explore, as secondary outcome, the ratio between number of same-sex partners and overall lifetime sex
partners. We decided not to include analyses based on this variable for three reasons. First, fewer individuals
had reported their number of sexual partners than that answered the question: ‘Have you ever had sex with
someone of the same sex?’. Secondly, the ratio variable yielded very low heritability (the observed SNP based
heritability was 0.01), which is difficult to interpret given the extreme skew of the variable. Third, the genetic
correlation between the ratio variable and the primary dichotomous outcome was very high. In the full sample,
the genetic correlation was 0.92 (SE = 0.05), in males it was 0.98 (SE = 0.06), and in females it was 0.79 (SE =
0.09), suggesting that we are detecting largely the same genetic signal with both variables. We did, though, add
analyses based on this variable in non-heterosexuals only (i.e. proportion of same-sex to total number of sexual
partners among non-heterosexuals); this was in response to reviewer suggestions to explore the complexity of

same-sex behavior.

M2. Number of children analysis

We estimated the reproductive deficit of individuals that engaged in same-sex sexual behavior as well as that of
several traits that have been linked to lower fertility for comparison. We determined fertility of the following
traits obtained from UK Biobank (along with the UK Biobank variable code):
e Same-sex sexual behavior (as defined in section M1).
e Anorexia: variable 1470; ICD codes F50.0; self-reported diagnosis of anorexia/bulimia/other eating
disorder.

e Autism: ICD codes F84.0 or F84.1 or F84.5 or F84.9. No self-reported information were available.
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e Bipolar: variables 1192 and 20122; ICD codes F30 or F31; self-reported diagnosis of mania/bipolar
disorder/manic depression/and derived bipolar disorder status from questionnaire.

e Depression: variables 1286, 20124, 20125, 20123; ICD codes F32 or F33; self-reported diagnosis of
depression, and derived probable recurrent major depression (moderate or severe), or single episode of
probable major depression.

e Polycystic ovary syndrome: variable 1350; ICD codes E28.2; self-reported diagnosis of polycystic
ovaries/polycystic ovarian syndrome. This trait was female-specific.

e Schizophrenia: variable 1289; ICD codes F20 or F231 or F232 or F25; self-reported diagnosis of

schizophrenia.

Number of children was self-reported in UK Biobank (for males we used variable 2405 and for females variable
2734, see M1.1). Among females we considered only participants older than 45 years, among males older than
55 years. We estimated the fertility ratio using a Poisson regression model where the outcome was the number
of children and the predictors were the different traits defined above as well as year of birth, to adjust for

temporal trends in overall fecundity.

Ma3. Genetic Association analyses

3.1 Genome-wide association analyses (GWASSs)

UK Biobank

For the main association analyses (GWAS of same-sex sexual behavior) we used BOLT-LMM (58), adjusting
for sex, year of birth, year of birth squared, 10 genetic principal components, genetic relatedness and batch
number. Association testing was performed using linear mixed models implemented in BOLT-LMM to account
for cryptic population structure and relatedness. Only autosomal genetic variants which were common (MAF >
1%), passed QC in all 106 batches and were present on both genotyping arrays were included in the genetic
relationship matrix (GRM). The GWASs were also done separately by sex. We also ran a GWAS for
exclusively same-sex sexual behavior, and proportion of same-sex to total number of sexual partners among
non-heterosexuals.

We used the FUMA pipeline (59) to identify independent loci. In particular, we used pre-calculated LD

(linkage disequilibrium) structure based on the European 1000 Genome panel to identify genome-wide
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significant SNPs independent from each other at r? <0.6. Based on the identified independent significant SNPs,
independent lead SNPs are defined if they are independent from each other at 1> <0.1. Additionally, if LD
blocks of independent significant SNPs are closely located to each other (<250 kb based on the most right and
left SNPs from each LD block), they are merged into one genomic locus. Each genomic locus can thus contain

multiple independent significant SNPs and lead SNPs.

23andMe

We tested for association between the sexual experiences phenotypes and all SNPs that passed quality control
by running linear or logistic regression models in a custom, in-house pipeline. The variable was analyzed in two
ways: 1) the main phenotype (same-sex sexual behavior, yes versus no) was analyzed as a dichotomous trait, 2)
the proportion of same-sex to total number of sexual partners among non-heterosexuals was analyzed as a
continuous trait. Associations were corrected for the effects of sex, age, 5 genetic principal components, and
genotype platform. The GWASs were also done separately by sex. We also ran GWASs for the other

phenotypes related to sexuality, sexual behavior, and sexual identity (see M1.2).

3.2 Multi Trait Analysis of GWAS (MTAGQG)

To combine the association statistics from UK Biobank and 23andMe, we ran Multi Trait Analysis of GWAS
(MTAG) (17), a method for the joint analysis of summary statistics from GWASs of different traits. This was
done both for the results of the GWASs for same-sex sexual behavior and for proportion of same-sex to total
number of sexual partners among heterosexuals. Since the genetic correlation between these two traits was in
the order 0.5-0.8, MTAG can provide additional power by relaxing the assumption that the genetic correlation
equals 1, as is done in traditional inverse-variance-weighted meta-analyses. MTAG returns two association
meta-analyses results, one for same-sex sexual behavior from UK Biobank (enriched by the results from
23andMe) and one for the results from 23andMe (enriched by the results from UK Biobank). The set of results
for each trait represents an optimal combination of the information from the single trait summary statistics.
Here, we focused on the UK Biobank phenotype (same-sex sexual behavior) because that was our primary
sample, as described in our pre-registered study plan. Independent genome-wide significant loci identified for
same-sex sexual behavior can be found in Table S7. We applied the conventional p-value threshold of 5x107 as
indication of genome-wide significance.

To mimic what is done in an inverse-variance-weighted meta-analysis we also ran MTAG with a genetic

correlation fixed to 1. Findings between the different approaches (i.e. rg=estimated versus rg=1) were compared.
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This approach resulted in three out of the five loci that were genome-significant with the standard MTAG
approach to drop below the conventional p-value threshold of 5x10 (Table S8).
3.2.1 Transformation of association coefficients to odds ratios
The association results from UK Biobank and 23andMe are based on analyses using BOLT-LMM, which does
not account for dichotomous outcomes and does not use a /ogit link function. This complicates the
interpretation of the coefficients, which should be interpreted as betas similar to those obtained from linear
regression, and not as log(odds ratios). When meta-analyzing the summary statistics from UK Biobank and
23andMe in MTAG, we report the output for the same-sex sexual behavior variable in UK Biobank as enriched
by the results from 23andMe. The coefficients obtained from MTAG are on the standardized scale. Therefore,
we transformed these coefficients to make them comparable with the observations in the UK Biobank and
23andMe samples; we rescaled the beta with the following formula: Bscargp = k(1 — k) Byrag, Where k is the
prevalence of non-heterosexuals (individuals that have had same-sex sexual partners) in UK Biobank and
23andMe.

Next, we transformed Sgcq;5p into odds ratios, which allows us to interpret the magnitude of the

associations. To do that we use the approach proposed in Lloyd-Hones et al. (60).

OR = [k + Bscarep (1 — p)1[1 — k + Bscarep Pl
[k — Bscarep P [1 — k — Bscarep(1 — p)]

Where £k is the prevalence of non-heterosexuals in the UK Biobank and/or 23andMe and p is the allele
frequency for the risk allele used for calculating Ssca;rp- This equation approximates the OR expected when

running a logistic regression on the same phenotype.

3.3 Test for sex differences in SNP effects

We designed a statistical test to evaluate whether there are sex differences in the association between genome-
wide significant SNPs for same-sex sexual behavior. Given the sample size N; for females and N,for males, the
Z-statistics z;and z,from the GWAS for females and males, and cti, the intercept from the LD-score genetic
correlation between sexes, we can obtain Z-statistics for the difference between males and females reweighted

by the corresponding sample size to allow for difference in scales between the two sexes.
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We considered SNPs as ‘sex-differentiated” when the p-value obtained from Zp 5 ;1 for that locus was lower

than 0.01 (0.05/5 genome-wide significant loci).

3.4 Replication analyses

We tried to replicate SNPs that were genome-wide significantly (p < 5x107%) associated with same-sex sexual
behavior in the MTAG analyses (either in the full sample or in the sex-specific analyses) in three independent
replication samples: Add Health, MGSOSO, and CATSS (Table S10).

In Add Health, the association analysis was conducted using logistic regression in unrelated individuals
with the statistical association software Rvtests (67). Covariates used in the association analysis included age,
sex, age-by-sex interaction, and the first 10 principle components of the variance-covariance matrix of the
genetic data.

In MGSOSO, the association analysis was conducted using logistic regression correcting for family
relatedness with the R package Genome-Wide Association analyses with Family (GWAF) (62). The first two
genetic PCs were included as covariates.

In CATSS, the association analysis was conducted using BOLT-LMM to take into account family
relatedness in the dataset, in particular monozygotic and dizygotic twins. Sex, and the 10 first principal

components were included as covariates in the model.

We meta-analyzed the results from these three studies using the following approach:
Zmeta — Zl L'
V2w

where Z; are the Z-scores of the SNP effect for each study and w; the square roots of the effective sample size

for each study, which is calculated as: %

ncases ncontrols

Significance of the SNP effect in the replication samples is based on a Wald test of the parameter as obtained

from the (logistic) regression model.



3.5 Gene-based test of association

Gene-based analysis was done using MAGMA (29) as implemented in FUMA (59) using summary statistics
from the MTAG association analysis of same-sex sexual behavior (sexes combined). In gene-based analyses the
combined effect of SNPs in protein-coding genes are analyzed, taking into account LD between the SNPs and
the size of the gene. MAGMA uses the 1000 Genomes reference-panel (phase 3, 2012) to control for LD. SNPs
were mapped to genes if they were located in or within 10 kb from the gene, such that SNPs could be mapped to
at least one of 17,715 protein-coding genes in the reference panel. The gene-based analysis is based on a
multiple linear principal components regression model, using an F-test to compute the p-value. The significance
threshold was set at a Bonferroni corrected p < 0.05 (0.05/17715=2.8x10°). We used the default MAGMA

parameters for this analysis.

M4. Enrichment analysis of evolutionary constrained genes

We tested if there was signal enrichment in 2,929 genes that are under evolutionary constraint. This previously
defined set of genes includes genes that are depleted of loss-of-function mutations as compared to what
expected under a neutral model and are therefore most likely to contribute to early-onset diseases. The set of
genes is defined as having a probability of being loss-of-function intolerant greater than 0.9 (63). Individuals
with autism, schizophrenia, ADHD, intellectual disability, and lower educational attainment have an increased
rate of rare loss-of-function variants in these genes (64). In addition, signal enrichment from common SNPs
associated with schizophrenia (65) and ADHD (66) has also been observed in proximity of evolutionarily
constrained genes. We evaluated common-variant signal enrichment for same-sex sexual behavior in
evolutionarily constrained genes using two approaches: MAGMA (29) and LD-score regression (45, see section
MG6 for more details on LD-score regression). For MAGMA we used the standard configuration, i.e. the
baseline model adjusting for gene size, log(gene size), gene density, log(gene density), inverse minor allele
count (MAC), and log(inverse MAC). In LD-score regression we constructed a new annotation by considering
all SNPs within +/- 100kb from the transcription start/end site of the 2,929 genes that are under evolutionary
constraint. The baseline model of LD-score regression adjusts for 53 different annotation categories described
in Finucane et al. (25). In addition to this baseline adjustment, we evaluated if the signal enrichment was
independent from brain-tissue specific genes. We therefore conditioned to 12 different annotations derived from

the Genotype-Tissue Expression (GTEx) database: Anterior cingulate cortex (BA24), Caudate (basal ganglia),

17



Cerebellar Hemisphere, Cerebellum, Cortex, Brain Frontal Cortex (BA9), Hippocampus, Hypothalamus,
Nucleus accumbens (basal ganglia), Putamen (basal ganglia), Brain Spinal cord (cervical c-1), and Substantia
nigra. The method used to derive brain-tissue specific genes is described in (67). Briefly, for each gene, we did
a t-test to determine whether gene expression differed between brain-tissue versus all non-brain tissue. The top
10% of the genes ranked by t-statistics were considered as brain-tissue specific genes. MAGMA and LD-score

regression returned comparable results as shown in Table S15.

MS. In-silico follow-up of GWAS results for same-sex sexual behavior

We used a comprehensive approach to try to pinpoint genes that might be tagged by the genome-wide

significant SNPs for same-sex sexual behavior. In particular, we combined the PheWAS results with

information from eQTL and gene-based analysis using MAGMA (as described in section M3).

5.1 Phenome-Wide Association Study (Phe WAS)

To examine whether the SNPs we identified for same-sex sexual behavior are also associated with other
phenotypes, we conducted a phenome-wide association study (PheWAS; 28) for the five genome-wide
significant SNPs for same-sex sexual behavior (as obtained from the UK Biobank and 23andMe MTAG
analysis). We scanned 1352 heritable traits collected in the UK Biobank (http://www.nealelab.is/uk-biobank)
and traits from 3675 publications from the GWAS catalog (https://www.ebi.ac.uk/gwas/) for associations with
these five SNPs. For the UK Biobank traits we tested both the direction and significance of the SNP
associations. The 1352 heritable UK Biobank traits were selected from the full set of 2745 traits as those with a
SNP-based heritability (obtained from LD-score regression) p-value < 0.05. We reported all associations with p-
value < 0.05, after correcting for multiple testing by applying Benjamini & Hochberg FDR correction (68) to
the reported p-values across SNPs and all PheWAS phenotypes.

From the GWAS catalog (69) we extracted results all the SNPs in LD (12 > 0.6; (our five SNPs themselves
were not represented in the GWAS catalog) with the genome-wide significant SNPs for same-sex sexual
behavior. We used the GWAS catalog version €91 from 15-12-2018. We included only results from the GWAS
catalog with a p-value < 5x10°8. Results can be found in Table S16.
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5.2 eQTL mapping

eQTL (Expression quantitative trait loci) can help to link non-coding variants (the majority of the genome-wide
significant results) with those genes of which their expression is likely to be influenced by these SNPs. eQTL
information were obtained by considering all tissues included in GTEx v7 (47). Only eQTLs with an FDR-
corrected p-value < 0.05 were considered. Results of the in-silico follow-up for same-sex sexual behavior (as

well as for number of opposite-sex sexual partners in heterosexuals) can be found in Table S17.

M6. SNP-based heritability

We used LD-score regression to estimate the SNP-based heritability of the traits and to estimate the genetic

correlation between traits.

6.1 SNP-based heritability using LD-score regression

We used LD-score regression (45) to estimate the proportion of variance in liability to same-sex sexual behavior
that could be explained by the aggregated effect of the SNPs (h%snps). The method is based on the idea that an
estimated SNP effect includes effects of all SNPs in LD with that SNP. On average, a SNP that tags many other
SNPs will have a higher probability of tagging a causal variant than a SNP that tags few other SNPs.
Accordingly, for polygenic traits, SNPs with a higher LD-score have on average stronger effect sizes than SNPs
with lower LD-scores. When regressing the effect size obtained from the GWAS against the LD-score for each
SNP, the slope of the regression line gives an estimate of the proportion of variance accounted for by all
analyzed SNPs. We included 1,217,312 SNPs (those available in the HapMap 3 reference panel). Standard LD-
scores were used based on the Hapmap 3 reference panel, restricted to European populations (45). Analyses
were also done separately for each chromosome. To minimize bias in heritability estimation, we also performed

LD-score regression after conditioning on MAF and LD structure.

6.1.1 Accurate estimation of heritability on the liability scale

The UK Biobank is a random, but not necessarily representative, sample of the UK population. It is possible
that same-sex sexual behavior in the UK Biobank sample has a different prevalence from that of the UK
population as a whole. But even when the exact prevalence of a trait is known, or the sample prevalence is equal

the population prevalence, the observed heritability should be transformed to the liability scale. In the liability
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threshold model it is assumed that an observed dichotomous phenotype is the product of a latent liability, and
that this latent liability has a standard normal distribution. In our example, individuals who exceed a threshold
on this liability scale are considered non-heterosexuals while those with a liability score below this threshold are
considered heterosexuals. The transformation was derived by Lee et al. (46):

hz i . — hz L_I()
liability observed (p(¢_1[K])2

Where K is the population prevalence, and the denominator is the squared height of the density of the standard
normal distribution (mean = 0, variance = 1) at quantile K. If the sample prevalence P deviates from the

population prevalence K the approximation equals:

K(1-K)?
hzliability = hzobserved P(1-P) (,0(¢_1[K])2

The sample prevalence can strongly deviate from the population prevalence for several reasons, such as non-
random participation, study ascertainment criteria, or non-random dropout. In that case the approximation above
is sufficient to correct for a prevalence difference between K and P. However, if the observed prevalence
deviates from the population prevalence because participants hide the fact that they have had same-sex
intercourse, and falsely answer the question negatively, they in fact change the composition of the control
population. Given that same-sex sexual behavior is sometimes stigmatized, it is likely that some participants
who have had same-sex partners did not disclose this. Peyrot et al. (70) derived an approximation of the
heritability on a liability scale in the presence of a subgroup (F) that include false negatives (in this case

individuals that disclose they have never had sex with someone from the same sex, when they actually have):

o b K(1-K)?
liability = observed p (1 _ p) (1—F)2 p(¢~1[K])?

This formula enables us to approximate the heritability of same-sex sexual behavior on the liability scale. To
enable transformation to the liability scale we require an educated guess of the population prevalence of same-
sex sexual behavior. Here we rely on the national study of sexual attitudes and lifestyles (NATSAL) (717). The
2013 wave of the NATSAL data collection estimates the prevalence of same-sex sexual experiences with
genital contact at 7.2% between age 45 and 54, 7.3% between age 55 and 64 and at 3.4% between age 65 and

74. The prevalence of non-heterosexual males in the UK Biobank sample equals 4.1%, while the weighted
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average percentage in NATSAL at age 45+ for males is 6.3%. For females, the prevalences in NATSAL are
6.6%, 3.5%, and 0.8% for age groups 45-54, 55-64, and 65-74, respectively. The weighted average prevalence
in NATSAL above age 45 in females equals 4.1%, while the prevalence in UK Biobank equals 2.8%.

Based on these prevalences, and assuming 50% of the difference between the NATSAL sample and UK
Biobank is selection (i.e. those who have had same-sex partners participate less in UK Biobank) and 50% is
misreporting (the participant falsely reports as never having had homosexual sex) the heritability of same-sex
sexual behavior on the liability scale in males equals 9.6% and in females 11.0%. If we take the prevalence in
the UK Biobank sample at face value and assume all responses were truthful we obtain liability-scale
heritability estimates of 8-9% (see Table S11), so quite similar to the estimates above. Higher values (~17% for
males and ~21% for females; Table S11) are obtained when the heritability is estimated directly from the
genotype data using Bolt-LMM. Bolt-LMM estimates the variance parameter ag so that the covariance of the
genetic effect on the phenotype is Cov(g) = agzK where K is the empirical kinship matrix.

23andMe has much higher rates of same-sex sexual behavior (19.5% for males and 17.3% for females).
This high rate of having had same-sex partners is probably due to self-selection of participants to answering
questions on sexual orientation. Assuming a population prevalence of same-sex sexual behavior in the USA of
3.9% for males and 5.1% for females (72), the heritability of same-sex sexual behavior on the liability scale in
males equals 14.3% and in females 9.4%. These estimates are somewhat higher than the estimates in the
observed scale (~11% in males and 8% in females), but lower than when we take the prevalence in 23andMe at

face value (~23% in males and 16% in females) (see Table S11).

6.2 Per-chromosome SNP-based heritability

We used BOLT-LMM to estimate the per-chromosome heritability (h§,) and the corresponding standard error:
se(hg)) for1 = 1...23 chromosomes, where 23 is the X-chromosome. We wanted to test if the observed h{ was
significantly different from what is expected given the chromosomal length (c;). First, we regressed h? = ¢ + «.
We sampled (with replacement) the data 10,000 times, and each time we fitted the linear regression and
predicted the expected heritability h%; for each chromosome as the average across the 10,000 bootstrapped
samples. We also obtained the empirical standard error se(hZ;). We then compared the expected with the

observed heritability for each chromosome as:
hg;—hg,

7= .
\/se(hél)2+se(h]251)2
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6.3. Heritability partitioning per tissue

To examine whether the genetic variants that play a role in same-sex sexual behavior co-localize in the
proximity of genes that are expressed in certain tissues, we used LD-score regression to partition the heritability
by functional annotation in 53 different tissues. We used expression data from the GTEx databases, and an
approach described by Finucane et al. (67). For each gene we did a t-test to determine whether gene expression
differed between that specific tissue versus all other tissues. The analysis were adjusted for 53 different

annotation categories described in Finucane et al. (25).

M?7. Cross-trait LD-score regression to estimate genetic correlations between traits

We used cross-trait LD-score regression to estimate the genetic covariation between traits using GWAS
summary statistics (/6). The genetic covariance is estimated using the slope from the regression of the product
of z-scores from two GWAS studies on the LD-score. The estimate obtained from this method represents the
genetic correlation between the two traits based on all polygenic effects captured by SNPs. Standard LD-scores
were used as provided by Bulik-Sullivan et al. (/6) based on the 1000 genomes reference set, restricted to
European populations.

Cross-trait LD-score regression was used to estimate the genetic correlation between: 1) males and
females, 2) UK Biobank and 23andMe, and 3) same-sex sexual behavior with other relevant traits — i.e. traits
that may capture other aspects of sexuality, sexual behavior, and sexual identity, sex-hormonal and reproductive
traits, sexually dimorphic traits, and mental health traits. For 3) we used summary statistics from well-powered
GWASs for relevant traits, including number of children, age at first birth, various psychiatric disorders,
substance use traits, neuroticism, waist-to-hip ratio, risk taking behavior, and sexual/physical developmental
traits. As we estimated genetic correlations with 28 traits (separately for males and females), we adopted an
alpha level of 8.9x10™*.

Genetic correlations require careful interpretation, especially when dealing with sensitive links such as
those between same-sex sexual behavior and psychiatric disorders. Statistically, a positive genetic correlation
indicates that variants that increase one trait also tend to increase the second. However, various different
(including non-genetic) processes can cause a genetic correlation. For example, it could be that pleiotropic
variants have multiple biological effects, which affect both traits (e.g. if the antagonistically linked sex hormone

and stress hormone systems are involved in development of same-sex sexual behavior and psychiatric disorders,

22



respectively). Alternatively, it could be that the first trait causes the second, possibly mediated by environmental
influences. In this case, any variants that affect the first trait will also affect the second, causing genetic
correlation even though the cause of the correlation may be entirely environmental. In this case, individuals’
same-sex sexual behavior could expose them to prejudice and discrimination which in turn increases risk of
psychiatric disorder, generating a genetic correlation despite the environmental cause. These and other

possibilities are discussed extensively elsewhere (73).

7.1 Comparing genetic correlations with other traits between sexes, UK Biobank and 23andMe. and between

same-sex sexual behavior and proportion of same-sex to total number of sexual partners among non-

heterosexuals

We devised an approach to compare the genetic correlations of same-sex sexual behavior with the other traits
between males and females, between UK Biobank and 23andMe, as well as between the two measures of same-
sex sexual behavior (i.e. same-sex sexual behavior versus proportion of same-sex to total number of sexual
partners among non-heterosexuals). To test whether the genetic correlations were significantly different from
each other we adapted the following approach (with the correlations of 23andMe versus UK Biobank used as
example): The standard error for the genetic correlation between same-sex sexual behavior in UK Biobank and
atraiti (rgygp,) 1s related to the standard error of the genetic correlation between same-sex sexual behavior in
23andMe and a trait i (7 g23qndme,i)> because the measurement error contributed by same-sex sexual behavior is
shared between the two correlations coefficients. Therefore, to provide unbiased standard errors, we compute
the standard error of the difference between rgygp ; and 7g;34name,; by obtaining 200 blocked jackknife
estimates of the genetic correlations obtained using the function --print-delete-vals in LD-score regression. For
example, for trait i, we obtained the standard error of the difference in genetic correlations between same-sex

sexual behavior and trait 7 in 23andMe vs UK Biobank as following:

200
200-1

= |— — — — 2
SErg23andMe vSTrgukpil — 200 2[(r923andMe,i,k rgUKB,i,k) E(r923andMe,i rgUKB,i)]
k=1

Using a Wald test we tested whether the genetic correlations were significantly different between sexes,
between samples (i.e. UK Biobank versus 23andMe), and the different measures of same-sex sexual behavior,
after correcting for multiple testing (number of traits tested). These results are presented in Fig. S2 (for

differences between studies), Table S19 (for differences between sexes) and Table S21 (for differences
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between same-sex sexual behavior and proportion of same-sex to total sexual partners among non-

heterosexuals).

MS8. Comparison of family versus SNP based heritability estimates

8.1 Family-based heritability analysis

We estimated the heritability of same-sex sexual behavior based on known familial relationships in the UK
Biobank. The relatedness between pairs of participants is estimated using KING (44) and made available by UK
Biobank. Based on the fraction of markers for which pairs share zero alleles (Identity by state [IBS]=0) and
kinship coefficients, participants were separated into parent-offspring pairs (6273 pairs), sibling pairs (22,666
pairs) 2™ degree related relationships (11,112 pairs; e.g. half-sibs, uncle-cousin) and 3™ degree relationships
(66,928 pairs of full-cousins). We only included participants of European ancestry.

We modelled the dichotomous same-sex sexual behavior variable as a function of a normally distributed

latent liability. The value of person i on the latent liability equals:

yi=ax A +c*x C; + ex Ej

Where a, ¢, and e are regression parameters and A, C, and E are latent variables representing additive genetic
(A), shared environmental or family environmental (C), and unshared environmental (E) effects. The fixed

effects of sex and year of birth on the liability score were also modelled, but omitted here for clarity.

Assuming unit variance of, and an absence of correlation between, A, C, and E, the total variance of the latent

liability (V) is equal to:

V(y) = a? + c? + e?

We can estimate the regression parameters (e.g. @) or variance components (e.g. a?) directly by specifying the

covariance between pairs or relatives (74).

— 2 2
Covparent—offspring =.5*a"+c

COVsipling =-5* a® + c?
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COV2nd degree = -25 * a’ +c?

COV3th degree =-125* a® +c?

We note the following limitation: some participants have more than one relative in the data, which influences
inference; to correctly infer the variance of the parameters, we used bootstrapping (by resampling pairs).
Running this model on a number of different traits in the UK Biobank showed that in some cases the
model converged at unrealistic estimates, likely due to misspecification. Given that heritability modelling can
be mis-specified in idiosyncratic ways for individual traits, we consider a variety of traits to give a sense of the

overall pattern of family- and SNP-based heritabilities.

8.1.1 Definition of control phenotypes

To put the family-based and SNP-based heritability estimates of our phenotypes in context, we also estimated
both for a diverse set of other phenotypes in the UK Biobank dataset. The phenotypes were selected because
they have been analyzed by large GWASs and because they covered different phenotypic categories (e.g.

common diseases, behavior phenotypes, reproductive traits).

The following phenotypes were selected (variable numbers and more information about the variables can be
found in the UK Biobank data showcase (http://biobank.ctsu.ox.ac.uk/crystal/):

o Age at menarche: variable 2714 (Age when periods started - menarche), only including females and
responses lower than 8 and higher than 18 years old were set at missing.

o Age at menopause: variable 3581 (Age at menopause - last menstrual period), only including
females, and only females who responded to variable 2724 (Had menopause) that they have had the
menopause (response=1).

o Number of children: for females we used variable 2734 (Number of live births), for males we used
2405 (Number of children fathered). We excluded values lower than 0 for both variables and we
included only females aged > 45 years old and males aged > 55 at recruitment.

o Standing height: variable 50 (Standing height).

o Body mass index (BMI): variable 21001 (Body mass index - BMI).

o Risk taking: variable 2040 (risk taking) only if values were > 0.

o Neuroticism score: variable 20127 (Neuroticism score).

o Alcohol intake frequency: variable 1558 (Alcohol intake frequency) if values were > 0.
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o Fluid intelligence score: variable 20016 (Fluid intelligence score).

o Birth weight: variable 20022 (Birth weight).

o Handedness: variable 1707 (Handedness - chirality/laterality), we only considered left vs right and
excluded individuals reporting other options.

o Overall health rating: variable 2178 (Overall health rating) if values were > 0.

o Ever smoked: variable 20160 (Ever smoked).

o Diabetes: we used the definition described by Eastwood et al. (75).

o Myocardial infarction: variable 42000 (Date of first myocardial infarction), individuals reporting the
date of myocardial infarction were considered as cases, all others as controls.

o Educational attainment: variable 6138 (Qualifications); we defined as cases those individuals that

went to college or have a university degree and controls all the others. We considered only values >
0.

Results can be found in Tables S4 and S23 and Fig. 3.

M9. Polygenic prediction in Add Health, MGSOSO and CATSS

We performed polygenic score analyses to test whether we could use the SNP effects from our GWASs to
predict same-sex sexual behavior in three independent replication samples. Furthermore, we used the polygenic
scores to predict number of opposite-sex partners in heterosexuals in the Add Health sample. Based on the
results from our GWASs we generated polygenic scores for same-sex sexual behavior in the Add Health,
MGSOSO, and CATSS samples. Polygenic scores in the target sample were generated by calculating the mean
causal effect size of each marker using the SNP effect sizes from our GWAS meta-analysis. Specifically, an
individual’s polygenic score is a weighted sum of their genotypes at J loci, where §; denotes the polygenic
score of individual 7, B;is the estimated additive effect size of the effect-coded allele at variant j, and g;; is the

genotype of individual 7 at variant j (coded as having 0, 1, or 2 instances of the effect-coded allele):
J
gi = Z .éjgi j
j=1
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The polygenic scores were constructed in LDpred (24), a method shown to have greater prediction accuracy
than the conventional risk prediction approach involving LD pruning followed by p-value thresholding. LDpred
takes into account the genetic architecture by accounting for LD among the SNPs in creating the polygenic
scores. We used a Wald test to evaluate the significance of the polygenic scores on the outcomes.

For the Add Health sample, we used the genotyped data from the Add Health prediction cohort to create
the LD reference file. After imputing the genetic data to the Haplotype Reference Consortium (HRC) using the
Michigan Imputation Server (53), we used only HapMap3 variants with a call rate > 98% and a minor allele
frequency > 1% to construct the polygenic scores. We limited the analyses to European-ancestry individuals.
Polygenic scores were calculated with an expected fractions of causal genetic markers set at 100%. In total, we
used 1,177,001 HapMap3 variants to construct the polygenic scores in Add Health. We then used Plink (76) to
multiply the genotype probability of each variant by the corresponding LDpred posterior mean over all variants.
In total, we created three polygenic risk scores, using the summary statistics of: 1) same-sex sexual behavior
(males and females combined), 2) same-sex sexual behavior (females), and 3) same-sex sexual behavior
(males). We then determined the association of the polygenic score for same-sex sexual behavior with ever had
a same-sex partner and same-sex attraction. Prediction accuracy was based on an ordinary least squares
regression of the outcome phenotype on the polygenic score and a set of standard controls, which include birth
year, seX, an interaction between birth year and sex, and the first 10 genetic principle components. Variance
explained by the polygenic risk scores was calculated in regression analyses as the R? change (or Nagelkerke’s
pseudo-R? change for the dichotomous variables), i.e. the R? of the model including polygenic risk scores and
covariates minus the R? of the model including only covariates. 95% confidence intervals around all R* values
are bootstrapped with 1000 repetitions each.

In the MGSOSO sample, polygenic scores for same-sex sexual behavior and number of sexual partners in
heterosexuals were created in LDpred in the same way as for the Add Health sample, using summary statistics
from 2,882,852 SNPs that overlapped between the UK Biobank and MGSOSO datasets. The association
between derived polygenic scores and homosexuality in the MGSOSO dataset was tested using generalized
estimating equations (GEE) with a block diagonal working correlation matrix (with kinship coefficients) to
adjust for family relationships; analyses were performed in PROC GENMOD in SAS 9.3 (SAS Institute, Cary,
NC). The top 10 genetic PCs, age, and age-squared were included as covariates.

In CATSS we used the same approach as described for Add Health. In total, 1,009,809 SNPs were used to
construct the polygenic scores in CATSS. The association between derived polygenic scores and same-sex

sexual behavior and attraction in the CATSS dataset, both at age 15 and 18, was tested using logistic regression
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with robust standard errors to account for the familial relationship in the data (monozygotic and dizygotic

twins). The top 10 genetic PCs, age and sex were included as covariates. Results can be found in Tables S12-

S14.
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Figure S1 Deficit of number of children (as a ratio to that of general population) among UK Biobank participants who

have engaged in same-sex sexual behavior compared with those who have not, in comparison to the corresponding deficit
among UK Biobank participants with disorders that have been linked with reduced fertility. Estimates are obtained from a

Poisson model adjusted for year of birth. Notice that UK Biobank participants with severe disorders are less likely to
participate to the study, so this represents an underestimation of the fertility deficit among individuals with psychiatric
disorders. See (77) for nation-wide representative results. Bars represent 95% confidence intervals. PCOS = polycystic
ovary syndrome.
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Figure S2. Genetic correlation between same-sex sexual behavior and several traits of interest, separately for UK Biobank
and 23andMe. For each trait, we tested if the correlation coefficients (reported above each dot) were significantly different
in UK Biobank versus 23andMe; the p-value for this test is noted between brackets above the UK Biobank point estimate.
Bars represent 95% confidence intervals. The red asterisks indicate traits for which the genetic correlations are
significantly different between 23andMe and UK Biobank after adjusting for the number of traits tested.

Male Female
1 1
1 1
' 0.32(017) 'o(0.87)
2D:4D digit ratio , 007 * , 005
! 017(0.15) ! 0.22(0 51)
ADHD 1 :'_'_ 032 :'_'_.’in, 1
—0113(0.026) 1 0.02(0.00041)
Age at first birth (Females) -0.3 X -0.39 *I
—0.16(0.58) 1 0.05(0.012)
Age at first birth (Males) 4 o= -0. X
—p.09(0.88) -0.03(0.97)
Age at menarche 1 40.07 0.04
1 |
0.02(0.097) ~0,13(0.19)
Age at menopause —n,#é | 003
1 1
0.05(0.16) 0.13(0.91)
Alcohol use *'Fm 012
' _0.01(0.78) -n,sa(n,nlhmd)
Anorexia 4 70.05 . 0.36
-024(0.17) ! 0.33(0.4)
Anxiety - . 013 -
I 0.14(0.28) ! 0.27(0.37)
Autism A 03 S
I 1
1 0.11(0.071) 1 0.42(0.16)
Bipolar disorder 4 - I.1 : 021"
10(0.17) 1 0.04(0.73)
Birth weight - -a11 170!
1 1
| 0.45(1.4%107°) | 0.76(0.029)
Cannabis use 4 | 009 * | 047
1 1
—0.02(0.1) —0.01(0.34) Grou
Height 4 -G12 008 p
: 0.25(0.2) : 0.16(0.23) -+— UK Biobank
Loneliness 4 AL 1 0.2 23andMe
! 0.20(0.9) ! 0.42(0.78)
Major depressive disorder { ' 03 ' *0as
! 0.16(0.7) ! 0.26(0.37)
Neurcticism : EE : ot
1 0.02(0.94) 1 0.06(0.59)
Number of children (Females) 4 oot | 014
|
1 007(021) 1 0.19(0.17)
Number of children (Males) 1 1 25 1 043
1 - 1
| 053(76x107%) | 0.64(0.92)
Number of sex partners 1 022 1 0.62
1 1
023(0.071) 0.34(0.49)
Openness to experience 4 : 103 : 023
' 0.31(0.0026) ' 038(0.97)
Risk behaviour 4 , O | -
! 02(00083) ! 019(0.56)
Schizophrenia 4 ' 0D : LEE
1 0.02(0.06) 1 0.03(0.14)
Self-rated health 4 |. 022 : 023
1 0.19(0.98) 1 0.45(0.58)
Smoking: ever smoking II' *519 : —dT
40.07(0.82) -032(0$1)
Subjective well-being 4 ~01 -0
1 1
0(0.63) | 0.07(068)
Waist-to—hip ratio (Females) - 1 008 [
1 1
—0,13(0.25) 0.05(0.9)
Waist-to—hip ratio (Males) - ¥, 003 D
1 1
1 1
1 1
1 1

-0.7-05-0.3-0.1 01 03 05 07 09

-07-05-0.3-0.1 0.1 03 05 0.7 0.9

Genetic correlation

31



Figure S3. SNP-based heritability estimates (p-value) on the observed scale for each chromosome, ordered by the
chromosome length as percentage of total genome. The dotted line represent the linear regression line fitted using the
plotted values. See Supplementary Material and Methods M6.2 for an explanation on how the per-chromosome
heritability was obtained and how we tested whether the heritability was significantly different from what is expected
based on chromosome length.
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Figure S4. Q-Q plots for the genetic associations results for same-sex sexual behavior for the X chromosome. Results
were reported separately for the male-specific (A), female-specific (B), and sexes-combined analyses (C). No genome-
wide significant SNPs were identified.
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Figure S5. Results of the LD-score based tissue enrichment analysis. The x-axis represents the -log10(p-value) of the
heritability enrichment for each tissue (y-axis), using the GWAS results for same-sex sexual behavior.
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Figure S6: Locus-zoom plots for genome-wide significant loci for same-sex sexual behavior. Each dot is a SNP and the dot’s color represents the degree of

linkage disequilibrium (LD) with the top lead SNP (in blue). Genes spanning the locus are reported below the x-axis. Panel A: locus 12:81989337-82068452, panel

B: locus 7:114940147-115314917, panel C: locus 4:36963942-37032454, panel D: locus 11:59040414-59233752, panel E: locus 15:56999901-57583301.
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Figure S7: Phenotypic (A) and genetic (B) correlations between different sexuality, sexual behavior, and sexual identity questions in 23andMe. Results are
presented separately for the male-specific (1), female-specific (2), and sexes combined analyses (3).

Variables are measured on a Likert scale and include: 1) Sexual partners: With whom have you actually had sex?; 2) Sexual Attr: To whom are you sexually
attracted?; 3) Sexual identity: How do you label, identify, or think of yourself?; 4) Sexual fantasies: Whom do you have sexual fantasies about?; 5) Emotional attr:
Whom do you feel more drawn to or close to emotionally?; 7) Community pref: In which community do you like to spend your time? In which do you feel most

comfortable?; 6) Gender socializing: Which gender do you socialize with?
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Table S1. Number of individuals included in the UK Biobank GWASSs for same-sex sexual behavior.

Phenotype

N. Males

N. Females

Non-heterosexuals

Heterosexuals

Non-heterosexuals

Heterosexuals

Total

Same-sex sexual behavior

7831

180994

6063

214107

408995
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Table S2. Descriptive statistics for same-sex sexual behavior in UK Biobank (for individuals with genetic data and of

European ancestry).

Number of opposite-sex partners (mean (SD); median)
Number of same-sex partners (mean (SD); median)

12.91 (132.58); 2
65.42 (433.74); 4

12.13 (46.15); 5
3.35 (10.43); 2

Males Females Total
Individuals with genetic data that passed quality control 207140 245444 452584
Answered sex-related questions 191737 223014 414751
Had sex at least once 189909 220975 410884
Never had same-sex partners* 180994 214107 395101
Number of opposite-sex partners (mean (SD); median) 8.42 (38.19); 4 4.50 (7.97); 3 6.28 (26.45); 3
Had same-sex partners** 7831 6063 13894

12.53 (100.58); 4
34.66 (309.69); 2

Removing those with over 100 sexual partners in total

Never had same-sex partners 180431 214062 394493
Number of opposite-sex partners (mean (SD); median) 7.41(10.97); 4 4.44 (6.06); 3 5.78 (8.76); 3
Had same-sex partners 7359 6029 13388
Number of opposite-sex partners (mean (SD); median) 7.91 (14.44);2 10.62 (14.80); 5 9.28 (14.68); 4
Number of same-sex partners (mean (SD); median) 11.76 (19.90); 3 3.12 (4.50); 2 7.31(14.87); 2
Data on those with exclusively same-sex partners
Exclusively had same-sex partners 1766 693 2459
Number of same-sex partners (mean (SD); median) *** 21.09 (26.11); 10 5.51(6.23); 4 16.70 (23.45); 6

* Of the 395,101 who reported not to have had a same-sex partner, 36,067 did not provide information on number of sexual partners.

** Of the 13,894 who reported to have had same-sex partnership, 2,779 and 2,150 did not report information on total number of
sexual partners or number of same-sex partners, respectively (or they reported more same-sex partners than total number of sexual

partners and were omitted).
*** Excluding individuals with over 100 sexual partners in total.
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Table S3. Number of individuals for the phenotypes included in the GWASs from 23andMe.

With whom have you actually had sex? N. Males N. Females N. Total *

Other sex only 29897 27493 56017

Other sex mostly 2095 3582 5550

Other sex slightly 210 760 959

Equal 174 348 511

Same sex slightly 297 228 519

Same sex mostly 1799 608 2376

Same sex only 2768 414 3136

Derived phenotype ** N. Males N. Females N. TOTAL *
Non-heterosexuals  Heterosexuals | Non-heterosexuals Heterosexuals | Non-heterosexuals Heterosexuals

Same-sex sexual behavior -
dichotomized as in UK 29821 5736 27343 12933 55594
Biobank ***

* Notice that the Total N is not equal to the sum of males and females because the removal of related individuals has been done
within each sex for the sex-specific analysis.

** The values for this analysis do not match the values in first Table because removal of related individuals is analysis-specific.

**%* Defined as: Other sex only versus Other sex mostly, Other sex somewhat more, Both sexes equally, Same sex somewhat more,

Same sex mostly, Same sex only.
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Table S4. Heritability estimates based on the family-based heritability analysis using in UK Biobank data for same-sex

sexual behavior.

Variance component Males* Females* Combined
Proportion of Standard Proportion of Standard Proportion of Standard
Variance (%) * | error * Variance (%) error Variance (%) error
V(a) - additive genetic 37.1 14.7 46.6 18.3 324 10.9
V(c) - shared/family environmental 0 1.3 2.9 53 2.8 2.9
V(e) - unshared environmental 62.9 14.3 50.5 14.6 64.8 8.9
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Table S5. Genetic correlations (r,) between questions related to sexuality, sexual behaviour, and sexual identity in

23andMe and same-sex sexual behavior in UK Biobank.

Variable in 23andMe Response categories Sex N * Genetic correlation with same-sex sexual
behavior in UK Biobank **%*
g 95% ClIs p-value
Whom do you feel more | - Other sex only Females 33996 | 0.36 0.08-0.63 1.0E-02
drawn to or close to - Other sex mostly
. N '
emotionally? Other sex somewhat more Males 38178 0.45 0.17-0.74 1 6E-03
- Both sexes equally
- Same sex somewhat more
- Same sex mostly Combined | 70486 | 0.53 0.32-0.74 5.3E-07
- Same sex only
Which gender do you - Other sex only Females 34122 0.05 -0.23-0.33 7.3E-01
socialize with? - Other sex mostly
* Other sex somewhat more Males 38264 | 0.04 0.36-0.44 | 84E-01
- Both sexes equally
- Same sex somewhat more
- Same sex mostly Combined | 70692 | 0.06 -0.17-0.29 6.0E-01
- Same sex only
In which community do | - Heterosexual only Females 34096 0.37 -0.03-0.76 7.2E-02
you like to spend your - Heterosexual mostly
time? In which do you - Heterosexual somewhat more
feel most comfortable? - Both orientations equally Males 382121 0.35 0.02-0.68 4.0E-02
- Homosexual somewhat more
- Homosexual mostly Combined | 70616 | 0.59 0.31-0.87 4.4E-05
- Homosexual only
Whom do you have - Other sex only Females 33840 | 0.98 0.37-1.59 1.6E-03
sexual fantasies about? - Other sex mostly
- Other sex somewhat more Males 38195 | 0.63 0.36-0.89 3.1E-06
- Both sexes equally
- Same sex somewhat more
- Same sex mostly Combined | 70357 | 0.83 0.60-1.05 3.5E-13
- Same sex only
How do you label, - Heterosexual only Females 34136 1.33 0.08-2.59 3.9E-02
identify, or think of - Heterosexual mostly
yourself? : Hgterosexual somewhat more Males 38272 | 0.64 0.38-0.89 1 1E-06
- Bisexual
- Homosexual somewhat more
- Homosexual mostly Combined | 70716 | 0.79 0.57-1.01 1.2E-12
- Homosexual only
To whom are you - Other sex only Females 34129 1.02 0.31-1.73 4.8E-03
sexually attracted? - Other sex mostly
* Other sex somewhat more Males 38261 | 0.59 0.33-0.84 4.9E-06
- Both sexes equally
- Same sex somewhat more
- Same sex mostly Combined | 70699 0.75 0.54-0.96 2.7E-12
- Same sex only
With whom have you - Other sex only Females 33433 | 0.97 0.28-1.67 5.8E-03
actually had sex? - Other sex mostly
* Other sex somewhat more Males 37240 | 058 0.32-0.83 9.0E-06
- Both sexes equally
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- Same sex somewhat more Combined | 69068 0.70 0.49-0.91 3.1E-11
- Same sex mostly
- Same sex only

With whom have you Other sex mostly, other sex Females 33079 | 0.79 0.35-1.23 4.2E-04
actually had sex? somewhat more, both sexes
D}chotomlzed asin UK | equally, same sex somewhat Males 37062 | 0.70 0.44-0.95 | 4E-07
Biobank ** more, same sex mostly, same sex

only

versus Other sex only Combined | 68527 | 0.87 0.67-1.06 2.3E-18

* Note that the N in the combined analysis is not equal to the sum of males and females because the removal of related
individuals has been done within each sex for the sex-specific analysis.

** This is the variable used for the main GWAS analysis.

*** For females, genetic correlations were estimated using the female-specific GWAS results from UK Biobank; for males
the male-specific results.
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Table S6. Sample quality control for genome-wide association study cohorts.

Study Genotyping array Ancestry  Pre-imputation QC exclusion criteria Imputation Imputation Post imputation Association Covariates
fame MAF Call Hardy Individual Other exclusion criteria software ;eference filtering analysis
. .. ata methods
rate Weinberg missingness
equilibrium
UK UK Biobank Axiom European <0.0001  <95% p < 1x10"? <95% Inconsistencies reported IMPUTE4 Haplotype INFO score < 0.8 linear mixed Sex
Biobank Vs genetic sex Reference models in
UK BiLEVE Axiom Consortium, MAF <0.01 BOLT-LMM  year of birth
(Affymetrix) Controlled for batch and UKI10K &
plate effects 1000 VEP annotated year of birth"2
Genomes Missense and PTV
Discordance across Phase 3 10 genetic
controls MAF > 1x10°° principal
components
Allele frequency HWE p-value < 1x10°
differences with EXAC 10 Batch number
23andMe Illumina European NA <95% p <1x10% <98.5% Significantly different Minimac 1000 Average imputation 1> linear or Sex
MAF from 1000 Genome  version 3 Genomes <0.5 logistic
HumanHap550+Beadchip (p < 1x10°%) phase 1 regression in Age
V3 Illumina Minimum imputed r> <  a custom, in-
0.3 house 5 genetic
OmniExpress+Beadchip pipeline principal
V4 custom batch effect p < 1x10 components
50
Genotype
MAF <0.01 platform
Add Human Omnil-Quad- European < 0.01 <98% p<1x10° <95% Related individuals Michigan Haplotype MAF < 0.05 Logistic Sex
Health BeadChip Imputation Reference regression in
Allele frequency Server Consortium Ruvtests Age
discrepancy between the (Minimac)
meta-analysis and Age-by-sex
prediction cohort > 15%
10 genetic
Limited to HapMap3 prinicpal
SNPs components
MGSOSO  Affymetrix 6.0 European < 0.05 <99% p < 1x10° <95% SNPs that were discrepant  IMPUTE2 1000 Information quality Logistic Correcting for
between arrays Genomes score < 0.6 regression family
phase 1 with the R relatedness
Individuals failing checks MAF <0.05 package
for duplications and Genome- 3 genetic
relatedness Wide principal
Association components
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analyses with
Family

CATSS

PsychArray

European

NA

<98%

p < 1x10°

<98%

Samples with >10% Shapeit 2

discordant genotypes for phasing

among cross-batch &

duplicate samples Minimac3
for

SNPs with more than one imputation
discordant genotypes
among MZ twins

Allele frequency
differences from the 1000
Genome European
reference > 10% &
GenCall scores < 0.5

Batch effects
Autosomal inbreeding
coefficient F > (0.2]

Excessive relatedness
Sex violation

1000
Genomes
phase 3

Strand-ambiguous
alleles

SNPs with alleles
inconsistent with
reference panel

linear mixed
models in
BOLT-LMM

Correcting for
family
relatedness

Sex
10 genetic

principal
components
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Table S7. Independent genome-wide significant association signals for same-sex sexual behavior, based on the meta-analyzed UK Biobank and 23andMe samples (using
MTAG).

Males Females Males and females combined
p-value
Sex Locus rsID Chr  Position Effect Reference Effect allele  Independent  Beta Derived  SE p-value  Beta Derived SE p-value  Beta Derived  SE p-value difference
allele allele frequency SNPs OR * (OR) OR * (OR) OR * (OR) between males
and females
Males 11:59040414- rs34730029 11 59128042 G T 0.73 rs34730029 0.0155 1.08 0.0028 2.2E-08  0.0036 1.02 0.0028 1.9E-01 0.0098 1.06 0.0019 3.7E-07 2.2E-03**
59233752
15:56999901- rs28371400 15 57188761 T A 0.83 1528371400 0.0180 1.10 0.0032 2.7E-08  -0.0006 1.00 0.0032  8.5E-01 0.0092 1.05 0.0023 4.2E-05 4.5E-05%*
57583301
Females 4:36963942- rs13135637 4 36996064 C A 0.33 rs13135637 -0.0023 0.99 0.0026 3.8E-01 -0.0143 0.91 0.0026  4.2E-08 - 0.96 0.0018 1.9E-05 1.3E-03**
37032454 0.0078
Males and 7:114940147- rs10261857 7 114959247 G A 0.37 rs10261857 0.0115 1.06 0.0026 7.1E-06  0.0103 1.06 0.0025 5.3E-05  0.0105 1.06 0.0018 3.0E-09 7.2E-01
females 115314917 16968125
combined rs4377898
1510275935
12:81989337- rs11114975 12 82064386 C T 0.90 rs11114975 0.0150 1.08 0.0040 2.0E-04  0.0160 1.11 0.0040  6.4E-05  0.0153 1.09 0.0028 4.5E-08 8.7E-01
82068452

* More information can be found in the Supplementary Materials and Methods M3.2.1. Briefly, we transformed the beta from MTAG on the original scale and used the
formula from (60) to obtain the corresponding OR. Since the transformation depends on the prevalence of the trait, same betas can result in different ORs depending on
whether the analysis was done in males, females, or the combined sample.

** A locus is defined as sex-differentiated if the p-value for the difference test between males and females is smaller than 0.01.
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Table S8. Independent genome-wide association signals for same-sex sexual behavior, based on the meta-analyzed UK Biobank and 23andMe samples. MTAG results are
shown based on an analysis with the genetic correlation between samples estimated from the data versus fixed to 1.

Sex Locus rsID UK Biobank 23andMe MTAG (estimated rg) MTAG (fixed rg=1)
Beta SE (Beta)  p-value Beta SE (Beta) p-value Beta SE (Beta) p-value Beta SE (Beta)  p-value
11:59040414-59233752 rs34730029  0.0037  0.0007 2.9E-07 0.0566 0.0214 8.0E-03 0.0155  0.0028 2.2E-08 0.0135 0.0025 5.7E-08
Males 15:56999901-57583301 rs28371400  0.0049  0.0009 8.1E-09 0.0447 0.0242 6.4E-02 0.0180  0.0032 2.7E-08 0.0153 0.0029 1.4E-07
Females 4:36963942-37032454 rs13135637  -0.0021  0.0005 5.7E-05 -0.0876  0.0227 1.1E-04 -0.0143  0.0026 4.2E-08 -0.0135  0.0024 3.1E-08
Males and ~ 7:114940147-115314917  rs10261857  0.0027  0.0004 1.2E-10 0.0229 0.0144 1.1E-01 0.0105  0.0018 3.0E-09 0.0100 0.0017 5.6E-09
ii)rrnnegﬁfed 12:81989337-82068452 rs11114975  0.0035 0.0007 1.2E-07 0.0530 0.0238 2.5E-02 0.0153  0.0028 4.5E-08 0.0146 0.0027 6.2E-08
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Table S9. Cross-sex genetic correlations (r,) for same-sex sexual behavior and proportion of same-sex to total partners
among non-heterosexuals as obtained from LD-score regression.

Genetic correlation between males and females

Phenotype Study sample Ig SE (rg) p-value (testif rgis  p-value (test if rg is
significantly significantly
different from 0) different from 1)

Same-sex sexual behavior UK Biobank 0.653 0.135 1.28E-06 9.96E-03

Same-sex sexual behavior 23andMe 0.335 0.127 8.50E-03 1.68E-07

Same-sex sexual behavior UK Biobank + 0.625 0.077 3.72E-16 1.03E-06

23andMe (MTAG)

Proportion of same-sex to total partners UK Biobank 0.120 0.256 6.39E-01 5.87E-04

among non-heterosexuals

Proportion of same-sex to total partners 23andMe -0.242 0.319 7.46E-02 9.88E-05

among non-heterosexuals

Proportion of same-sex to total partners UK Biobank + 0.410 0.187 2.85E-02 1.60E-03

among non-heterosexuals 23andMe (MTAG)
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Table S10. Replication analysis of genome-wide significant SNPs for same-sex sexual behavior in MGSOSO, Add Health, and CATSS. The betas are on different scales and
not directly interpretable, therefore we meta-analyzed the Z statistics.

Sex rsID Chromosome | Position Effect allele | Reference Effect allele | Beta Z-score p-value Effective
allele frequency sample size
MGSOSO (sexual identity, males only)
Males rs34730029 11 59128042 G T 0.76 0.185 2.39 0.02 2298
Males rs28371400 15 57188761 T A 0.81 0.170 2.00 0.05 2298
Females rs13135637 36996064 C A NA NA NA NA NA
Males and Females Combined rs10261857 114959247 G A 0.39 0.044 0.66 0.51 2298
Males and Females Combined rs11114975 12 82064386 C T 0.90 0.275 2.52 0.01 2298
Add Health (ever had a same-sex partner)
Males rs34730029 11 59128042 G T 0.73 0.004 0.13 0.90 493
Males rs28371400 15 57188761 T A 0.82 0.093 2.37 0.02 493
Females rs2588543* 37000406 C T 0.32 0.015 0.49 0.62 1314
Males and Females Combined rs10261857 7 114959247 G A 0.38 0.007 0.34 0.73 1848
Males and Females Combined rs11114975 12 82064386 C T 0.90 0.020 0.60 0.55 1848
CATSS (ever had a same-sex partner, either at age 15 or 18)
Males rs34730029 11 59128042 G T 0.72 0.002 0.31 0.76 265
Males rs28371400 15 57188761 T A 0.83 0.008 0.91 0.36 265
Females rs13135637 36996064 C A 0.32 -0.002 -0.24 0.81 475
Males and Females Combined rs10261857 7 114959247 G A 0.40 0.003 0.59 0.55 741
Males and Females Combined rs11114975 12 82064386 C T 0.89 0.013 1.63 0.1 741
Meta-analysis MGSOSO + Add Health + CATSS
Males rs34730029 11 59128042 G T - - 2.22 0.027 -
Males rs28371400 15 57188761 T A - - 2.96 0.003 -
Females rs13135637 36996064 C A - - 0.30 0.765 -
Males and Females Combined rs10261857 7 114959247 G A - - 0.89 0.371 -
Males and Females Combined rs11114975 12 82064386 C T - - 2.73 0.006 -

* 152588543 is a proxy for rs13135637 (= 0.995), which was not available in this study.
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Table S11. SNP-based heritability estimates (h?) for same-sex sexual behavior. Shown are estimates based on the general univariate model, the allele frequency/LD stratified
analysis from LD-score regression, and estimates obtained from BOLT-LMM. Results are reported both on the observed scale and on the liability scale. The K (prevalence)
parameter is inferred from the observed prevalence in the UK Biobank and 23andMe. See Suppl. Material and Methods M6.1.1 for additional information about prevalence
assumptions.

Observed scale
Males Females Males and females combined *
Phenotype Study sample h? [95% Cls] p-value h? [95% Cls] p-value | h? [95% Cls] p-value
LD-score regression - Univariate
Same-sex sexual behavior - mixed model UK Biobank 0.0158 [0.0103-0.0213] 1.67E-08 0.0127 [0.0074-0.0180] 2.55E-06 0.0118[0.0091-0.0145] 3.50E-17
Same-sex sexual behavior - logistic regression UK Biobank 0.0163 [0.0100-0.0226] 3.51E-07 0.0142 [0.0071-0.0213] 8.00E-05 0.0118[0.0085-0.0151] 3.89E-12
Same-sex sexual behavior - logistic regression 23andMe 0.1137 [0.0829-0.1445] 4.42E-13 0.0763 [0.0412-0.1114] 2.02E-05 0.0634 [0.0462-0.0806] 5.82E-13
Same-sex sexual behavior - MTAG UK Biobank + 0.0278 [0.0221-0.0335] 9.14E-22 0.0193 [0.0146-0.0240] 8.86E-16  0.0190[0.0161-0.0219] 9.05E-37
23andMe
LD-score regression - MAF and LD-stratified
Same-sex sexual behavior - mixed model UK Biobank 0.0177 [0.0095-0.0259]  2.51E-05 0.0171 [0.0083-0.0259] 1.45E-04 0.0124 [0.0085-0.0163] 5.65E-10
Same-sex sexual behavior - logistic regression UK Biobank 0.0196 [0.0098-0.0294] 8.85E-05 0.0228 [0.0106-0.0350] 2.36E-04 0.0131[0.0082-0.0180] 1.61E-07
Same-sex sexual behavior - logistic regression 23andMe 0.1190 [0.0671-0.1709] 7.10E-06 0.0835 [0.0231-0.1439] 6.71E-03  0.0613 [0.0335-0.0891] 1.58E-05
Same-sex sexual behavior- MTAG UK Biobank + 0.0302 [0.0220-0.0384] 6.46E-13 0.0196 [0.0127-0.0265] 2.14E-08 0.0195[0.0150-0.0240] 2.29E-17
23andMe
BOLT-LMM
Same-sex sexual behavior - mixed models UK Biobank 0.0325[0.0236-0.0415] | 9.77E-13 | 0.0306 [0.0228-0.0383] ‘ 1.16E-14 ‘ 0.0229 [0.0188-0.0269] | 7.80E-29
Liability Scale (h? liability=h? observed*K*(1-K)/z?) **
Males Females Males and females combined *
Phenotype | Study sample h? [95% Cls] p-value h? [95% Cls] p-value | h?[95% CIs] p-value
LD-score regression - Univariate
Same-sex sexual behavior- mixed model | UK Biobank 0.0804 [0.0525-0.1083] 1.67E-08 0.0859 [0.0501-0.1217] 2.55E-06 0.0681 [0.0522-0.0839] 3.50E-17
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Same-sex sexual behavior - logistic regression UK Biobank 0.0829 [0.0510-0.1148] 3.51E-07 0.0960 [0.0483-0.1437] 8.00E-05 0.0681 [0.0489-0.0873] 3.89E-12
Same-sex sexual behavior - logistic regression 23andMe 0.2336 [0.1704-0.2968] 4.42E-13 0.1646 [0.0889-0.2403] 2.02E-05 0.1328 [0.0967-0.1690] 5.82E-13
Same-sex sexual behavior - MTAG UK Biobank + 0.1414 [0.1125-0.1703] 9.14E-22 0.1305 [0.0987-0.1623] 8.86E-16  0.1096 [0.0927-0.1266] 9.05E-37
23andMe
LD-score regression - MAF and LD-stratified
Same-sex sexual behavior - mixed model UK Biobank 0.0900 [0.0482-0.1319]  2.51E-05 0.1156 [0.0560-0.1753] 1.45E-04 0.0715[0.0489-0.0942] 5.65E-10
Same-sex sexual behavior - logistic regression UK Biobank 0.0997 [0.0499-0.1496] 8.85E-05 0.1542 [0.0720-0.2363] 2.36E-04 0.0756 [0.0473-0.1038] 1.61E-07
Same-sex sexual behavior - logistic regression 23andMe 0.2455[0.1384-0.3527] 7.10E-06 0.1822 [0.0505-0.3140] 6.71E-03  0.1285[0.0702-0.1869] 1.58E-05
Same-sex sexual behavior - MTAG UK Biobank + 0.1536[0.1117-0.1955] 6.46E-13 0.13250.0861-0.1789] 2.14E-08 0.1125[0.0865-0.1385] 2.29E-17
23andMe
BOLT-LMM
Same-sex sexual behavior - mixed model UK Biobank 0.1655[0.1201-0.2110]  9.77E-13 0.2066 [0.1542-0.2591] 1.16E-14 0.1318[0.1087-0.1550] 7.80E-29

* Estimates combining males and females are biased downwards because of the relatively low genetic correlation between the sexes

** K for males in UK Biobank = 0.041
K for females in UK Biobank = 0.028

K for the combined sample (males + females) in UK Biobank = 0.034

K for males in 23andMe = 0.195
K for females in 23andMe = 0.173

K for the combined sample (males + females) in 23andMe = 0.189
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Table S12. Association between polygenic scores for same-sex sexual behavior built from the MTAG summary
statistics from UK Biobank + 23andMe and same-sex sexual identity in MGSOSO.

Males
Score (log-odds) 0.132%*
Standard Error 0.041
p-value 1.20E-03
Incremental pseudo AR? 0.42%
95% CI - low 0.10%
95% CI - high 0.86%
N 1,077 non-heterosexuals and 1,231 heterosexuals

Analysis includes the control variables age, age’, and the first 10 genetic PCs. The 95% ClIs for the pseudo-R’ were
bootstrapped with 1,000 repetitions each.
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Table S13. Associations of polygenic scores for same-sex sexual behavior built from the MTAG summary statistics
from UK Biobank + 23andMe with same-sex sexual experience and same-sex attraction in the Add Health sample.
Sex-specific analyses are done using the corresponding sex-specific results from UK Biobank + 23andMe.

Males and Females

Ever same-sex sex

Same-sex attraction

Score (log-odds) 0.08 0.15*
Standard Error 0.057 0.063
p-value 0.206 0.017
Mean/Prevalence 10.98% 7.13%
Standard Deviation — —
Incremental AR? 0.2% 0.4%
95% CI - low 0.0% 0.0%
95% CI - high 0.5% 1.0%
N 4725 4755
Females
Score (log-odds) 0.10%* 0.13*
Standard Error 0.051 0.059
p-value 0.049 0.027
Mean/Prevalence 15.34% 10.12%
Standard Deviation — —
Incremental AR? 0.3% 0.3%
95% CI - low 0.0% 0.0%
95% CI - high 0.7% 0.8%
N 2529 2539
Males
Score (log-odds) 0.13 0.17
Standard Error 0.086 0.131
p-value 0.131 0.196
Mean/Prevalence 5.97% 3.70%
Standard Deviation — —
Incremental AR? 0.4% 0.6%
95% CI - low 0.0% 0.0%
95% CI - high 1.3% 1.4%
N 2196 2216

Notes: Analyses include the control variables sex, age, sex*age, and the first 10 PCs of the genetic relatedness matrix.

Incremental AR’ indicate incremental pseudo-R’ values. The 95% Cls for these pseudo-R’ were bootstrapped with
1000 repetitions each.

* Estimates were significant at p<0.035.
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Table S14. Associations of polygenic scores for same-sex sexual behavior built from the MTAG summary statistics

from UK Biobank + 23andMe with different questions in CATSS. Sex-specific analyses were done using the

corresponding sex-specific results from UK Biobank + 23andMe. Participants were interviewed at 15 and 18 years

old, we considered their responses either at 18 and 15 or only at 15 years old.

Males and Females

Ever had same-sex sex

Same-sex attraction

Ever had same-sex

Same-sex attraction

(15 or 18 years old) (15 or 18 years old) sex (15 years old) (15 years old)
Score 0.20%* 0.15%** 0.00 0.17%**
Robust Standard Error 0.079 0.031 0.146 0.043
p-value 0.013 3.5E-06 0.98 6.4E-05
Prevalence 5% 16% 4% 11%
Incremental AR? 0.6% 0.5% 0.0% 0.6%
95% CI - low 0.0% 0.2% 0.0% 0.1%
95% CI - high 1.9% 1.0% 1.4% 1.3%
N 3892 8093 1614 6381
Females
Score 0.15 0.14%** -0.10 0.12*
Robust Standard Error 0.096 0.037 0.152 0.050
p-value 0.126 1.7E-04 0.49 0.015
Prevalence 6% 23% 5% 16%
Incremental AR? 0.3% 0.5% 0.0% 0.3%
95% CI - low 0.0% 0.1% 0.0% 0.0%
95% CI - high 1.7% 1.1% 2.4% 1.1%
N 2153 4196 810 3185
Males

Score 0.13 0.15%* -0.03 0.25%**
Robust Standard Error 0.127 0.057 0.242 0.075
p-value 0.310 0.007 0.90 9.3E-04
Prevalence 0% 9% 2% 6%
Incremental AR? 0.2% 0.4% 0.2% 0.9%
95% CI - low 0.0% 0.0% 0.0% 0.2%
95% CI - high 2.0% 1.2% 4.4% 2.4%
N 1739 3897 801 3196

Analyses were controlled for age effects and the first 10 genetic PCs. Incremental R’ values are displayed for
continuous phenotypes, incremental pseudo-R’ values for binary phenotypes. The 95% Cls for the incremental R’

values were bootstrapped with 1000 repetitions each. Score: standardized beta coefficients are listed for continuous
variables, log-odds for binary variables. Significance levels for score effects are indicated as follows: *** p<0.001,

% p<0.01, * p<0.05.
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Table S15. Signal enrichment analysis for same-sex sexual behavior (in 2,929 highly constrained genes), using

MAGMA and LD-score regression.

CONDITIONED ON BASELINE*

(males and females combined)

MAGMA LD-score regression
Phenotype Beta SE p-value Tau coefficient SE p-value
Same-sex sexual behavior 0.030 0.017 3.71E-02 1.08E-09 5.32E-10 2.07E-02

(males and females combined)

CONDITIONED ON BASELINE + BRAIN-SPECIFIC GENES

MAGMA LD-score regression
Beta SE p-value Tau coefficient SE p-value
Same-sex sexual behavior 0.023 0.018 9.47E-02 1.14E-09 5.08E-10 1.27E-02

* MAGMA conditions at baseline on gene size, log(gene size), gene density, log(gene density), inverse MAC,
log(inverse MAC). LD-score regression conditions at baseline on 53 annotation categories, described in (25).



Table S16. Results of the phe WAS (from the Neale Lab database, http://www.nealelab.is/uk-biobank*, top panel) and GWAS catalog (bottom panel) for the SNPs that are
genome-wide significantly associated with same-sex sexual behavior (MTAG analysis of UK Biobank + 23andMe). We only present traits with a heritability p-value < 0.05.

Benjamini &

Direction of effect

115314917

Sex Locus SNP ID Chr Position Effect Reference Phenotype Description phenotype Beta SE p-value Hochberg - compared to
allele alelle number R
adjusted p-value GWAS results

Combined 7:114940147- rs10261857 7 114959247 G A 5134 6mm strong meridian (left) 2.025E-02 5.578E-03 2.82E-04 3.05E-02 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 2110 Able to confide -2.142E-02 4.637E-03 3.84E-06 1.07E-03 opposite
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 20117 2 Alcohol drinker status: Current -2.137E-03 6.056E-04 4.18E-04 4.00E-02 opposite
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 6146_2 Attendance/disability/mobility allowance: 1.799E-03 5.013E-04 3.33E-04 3.32E-02 same
115314917 Disability living allowance

Combined 7:114940147- rs10261857 7 114959247 G A 2335 Chest pain or discomfort 3.617E-03 8.939E-04 5.21E-05 8.29E-03 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 1239 Current tobacco smoking 7.026E-03 1.335E-03 1.40E-07 7.23E-05 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 20489 Felt loved as a child -1.450E-02 4.144E-03 4.65E-04 4.32E-02 opposite
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 1031 Frequency of friend/family visits 9.574E-03 2.703E-03 3.98E-04 3.86E-02 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 4570 Friendships satisfaction 1.220E-02 3.132E-03 9.83E-05 1.43E-02 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 1170 Getting up in morning 6.857E-03 1.841E-03 1.96E-04 2.42E-02 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 2844 Had other major operations 6.569E-03 1.559E-03 2.52E-05 4.82E-03 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 1707 3 Handedness (chirality/laterality): Use both 1.104E-03 3.150E-04 4.56E-04 4.30E-02 same
115314917 right and left hands equally

Combined 7:114940147- rs10261857 7 114959247 G A 6141 1 How are people in household related to -6.325E-03 1.070E-03 3.41E-09 3.80E-06 opposite
115314917 participant: Husband, wife or partner

Combined 7:114940147- rs10261857 7 114959247 G A 2149 Lifetime number of sexual partners 9.936E-03 2.085E-03 1.87E-06 6.60E-04 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 2188 Long-standing illness, disability or infirmity 5.426E-03 1.148E-03 2.27E-06 7.58E-04 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 1787 Maternal smoking around birth 5.406E-03 1.209E-03 7.77E-06 1.92E-03 same
115314917

Combined 7:114940147- rs10261857 7 114959247 G A 1418_1 Milk type used: Full cream 2.451E-03 5.946E-04 3.75E-05 6.61E-03 same
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Combined

Combined

Combined

Combined

Combined

Combined

Combined

Combined

Combined

Combined

Combined

Combined

Combined

Combined

Combined

Combined

Females

Females

Females

Females

7:114940147-
115314917
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115314917
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7:114940147-
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37032454
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37032454
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37032454

4:36963942-
37032454

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs10261857

rs11114975

rs11114975

rs13135637

rs13135637

rs13135637

rs13135637

114959247

114959247

114959247

114959247

114959247

114959247

114959247

114959247

114959247

114959247

114959247

114959247

114959247

114959247

82064386

82064386

36996064

36996064

36996064

36996064

709

2405

399

728

2237

6138 1

2090

20116 2

201160

5084

1080

4288

400

189

6160 3

20084 _485

1558

4290

20453

20016

Number in household

Number of children fathered

Number of incorrect matches in round

Number of vehicles in household

Plays computer games

Qualifications: College or University degree

Seen doctor (GP) for nerves, anxiety, tension

or depression

Smoking status: Current

Smoking status: Never

Spherical power (right)

Time spent using computer

Time to answer

Time to complete round

Townsend deprivation index at recruitment

Leisure/social activities: Religious group

Vitamin and/or mineral supplement use:

Calcium

Alcohol intake frequency.

Duration screen displayed

Ever taken cannabis

Fluid intelligence score

-9.107E-03

-1.665E-02

-1.319E-02

-8.522E-03

4.387E-03

6.547E-03

4.951E-03

3.748E-03

-4.468E-03

-1.870E-02

7.913E-03

-1.729E-02

-1.148E-02

8.398E-03

-5.287E-03

8.594E-03

1.366E-02

2.189E-02

-1.458E-02

-1.715E-02

1.623E-03

2.920E-03

2.409E-03

2.071E-03

1.218E-03

1.135E-03

1.150E-03

7.414E-04

1.207E-03

5.160E-03

2.140E-03

4.131E-03

2.332E-03

2.429E-03

1.348E-03

2.303E-03

3.672E-03

4.130E-03

4.058E-03

4.358E-03

2.02E-08

1.19E-08

4.35E-08

3.87E-05

3.17E-04

8.02E-09

1.66E-05

4.29E-07

2.14E-04

2.91E-04

2.18E-04

2.84E-05

8.53E-07

5.44E-04

8.73E-05

1.91E-04

2.00E-04

1.15E-07

3.27E-04

8.30E-05

1.50E-05

9.96E-06

2.91E-05

6.64E-03

3.26E-02

7.66E-06

3.58E-03

1.91E-04

2.47E-02

3.09E-02

2.47E-02

5.13E-03

3.57E-04

4.99E-02

1.30E-02

2.40E-02

2.43E-02

7.02E-05

3.31E-02

1.26E-02

opposite

opposite

opposite

opposite

same

same

same

same

opposite

opposite

same

opposite

opposite

same

opposite

same

opposite

opposite

same

same
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Females
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Males
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1rs28371400
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36996064

36996064

36996064

36996064

59128042

59128042

59128042

59128042

59128042

57188761

57188761

57188761

57188761

57188761

57188761

57188761

57188761

57188761

57188761

57188761

4291

20018

6138 1

1080

20160

1249

20116_0

20116_1

1488

23124

23120

23123

23119

23099

21001

23104

1408

1687

2277

1747 4

Number of attempts

Prospective memory result

Qualifications: College or University degree

Time spent using computer

Ever smoked

Past tobacco smoking

Smoking status: Never

Smoking status: Previous

Tea intake

Arm fat mass (left)

Arm fat mass (right)

Arm fat percentage (left)

Arm fat percentage (right)

Body fat percentage

Body mass index (BMI)

Body mass index (BMI)

Cheese intake

Comparative body size at age 10

Frequency of solarium/sunlamp use

Hair colour (natural, before greying): Dark

brown

6.937E-03

8.188E-03

-4.532E-03

-1.162E-02

6.195E-03

-1.497E-02

-6.141E-03

4.556E-03

-1.148E-02

-1.158E-02

-1.249E-02

-1.073E-02

-1.108E-02

-8.942E-03

-1.162E-02

-1.154E-02

-1.365E-02

-8.114E-03

5.172E-03

-6.586E-03

1.726E-03

2.208E-03

1.168E-03

2.206E-03

1.290E-03

3.419E-03

1.309E-03

1.253E-03

2.690E-03

3.072E-03

3.071E-03

2.361E-03

2.370E-03

2.362E-03

3.091E-03

3.115E-03

3.348E-03

2.131E-03

1.115E-03

1.509E-03

5.86E-05

2.09E-04

1.04E-04

1.38E-07

1.56E-06

1.20E-05

2.72E-06

2.77E-04

1.97E-05

1.64E-04

4.74E-05

5.50E-06

2.95E-06

1.53E-04

1.71E-04

2.13E-04

4.59E-05

1.40E-04

3.51E-06

1.28E-05

9.12E-03

2.47E-02

1.48E-02

7.23E-05

6.15E-04

2.86E-03

8.67E-04

3.04E-02

3.98E-03

2.15E-02

7.73E-03

1.47E-03

8.98E-04

2.05E-02

2.20E-02

2.47E-02

7.67E-03

1.91E-02

1.02E-03

2.86E-03

opposite

opposite

same

same

same

opposite

opposite

same

opposite

opposite

opposite

opposite

opposite

opposite

opposite

opposite

opposite

opposite

same

opposite
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Males 15:56999901- rs28371400 15 57188761 T A 2395 1 Hair/balding pattern: Pattern 1 -1.713E-02 2.139E-03 1.14E-15 2.54E-12 opposite
57583301

Males 15:56999901- rs28371400 15 57188761 T A 2395 4 Hair/balding pattern: Pattern 4 9.197E-03 1.772E-03 2.11E-07 1.01E-04 same
57583301

Males 15:56999901- rs28371400 15 57188761 T A 46 Hand grip strength (left) 9.137E-03 2.156E-03 2.25E-05 4.43E-03 same
57583301

Males 15:56999901- rs28371400 15 57188761 T A 47 Hand grip strength (right) 7.973E-03 2.160E-03 2.24E-04 2.49E-02 same
57583301

Males 15:56999901- 1rs28371400 15 57188761 T A 30100 Mean platelet (thrombocyte) volume -3.232E-02 3.167E-03 1.87E-24 1.25E-20 opposite
57583301

Males 15:56999901- rs28371400 15 57188761 T A 30080 Platelet count 2.846E-02 3.066E-03 1.64E-20 5.50E-17 same
57583301

Males 15:56999901- 128371400 15 57188761 T A 30090 Platelet crit 1.441E-02 3.014E-03 1.75E-06 6.52E-04 same
57583301

Males 15:56999901- rs28371400 15 57188761 T A 30110 Platelet distribution width -2.087E-02 3.135E-03 2.83E-11 4.73E-08 opposite
57583301

Males 15:56999901- 128371400 15 57188761 T A 23128 Trunk fat mass -1.132E-02 3.132E-03 3.02E-04 3.15E-02 opposite
57583301

Males 15:56999901- rs28371400 15 57188761 T A 23127 Trunk fat percentage -1.080E-02 2.835E-03 1.40E-04 1.91E-02 opposite
57583301

Males 15:56999901- rs28371400 15 57188761 T A 2267 Use of sun/UV protection 1.180E-02 2.700E-03 1.24E-05 2.86E-03 same
57583301

Males 15:56999901- rs28371400 15 57188761 T A 48 Waist circumference -1.228E-02 2.738E-03 7.28E-06 1.87E-03 opposite
57583301

Males 15:56999901- rs28371400 15 57188761 T A 23100 Whole body fat mass -1.079E-02 3.044E-03 3.94E-04 3.86E-02 opposite
57583301

GWAS Catalog
Sex Locus SNP ID Chr Position Effect Reference Phenotype description Reference
allele allele

Combined 7:114940147- rs10261857 7 114959247 G A Tonsillectomy (78)
115314917

Combined 7:114940147- rs10261857 7 114959247 G A Tonsillectomy (79)
115314917

Males 11:59040414- rs34730029 11 59128042 G T Odorant perception (& beta;-ionone) (80)
59233752

Males 15:56999901- 1528371400 15 57188761 T A Platelet count 81)

57583301




Males 15:56999901- 1$28371400 15 57188761 T A Platelet distribution width 81)
57583301

Males 15:56999901- 1528371400 15 57188761 T A Mean platelet volume 81)
57583301

* All summary statistics from the Neale Lab database are also available at GWAS Catalog (https://www.ebi.ac.uk/gwas/downloads/summary-statistics)

60



Table S17. In-silico biological follow-up. Identification of target genes for each genome-wide significant SNP associated with same-sex sexual behavior. Different types of
information were used (eQTL, MAGMA) to identify potential candidate target genes.

Sex

Locus

Plausible

gene(s)

Literature

Gene-based test
(MAGMA)

Males and
females
combined

Males

Females

7:114940147-115314917

12:81989337-82068452

11:59040414-59233752

15:56999901-57583301

4:36963942-37032454

FOXP2

PPFIA2

ORS5A1

TCF12

The FOXP2 locus is in juxtaposition. The FOXP2 locus is associated with mathematical
ability (82), self-reported educational attainment (82) and BMI (83). FOXP2 encodes a
member of the forkhead/winged-helix (FOX) family of transcription factors. This gene is
required for proper development of speech and language regions of the brain during
embryogenesis, and may be involved in a variety of biological pathways and cascades that
may ultimately influence language development (RefSeq). Mutations of FOXP2 are
associated with developmental verbal dyspraxia [OMIM: 602081].

rs11114975 is an intron variant of PPFIA2. The PPFIA2 locus is associated with
Schizophrenia (84). The protein encoded by this gene is a member of the LAR protein-
tyrosine phosphatase-interacting protein (liprin) family. Liprins interact with members of
LAR family of transmembrane protein tyrosine phosphatases, which are known to be
important for axon guidance and mammary gland development. It has been proposed that
liprins are multivalent proteins that form complex structures and act as scaffolds for the
recruitment and anchoring of LAR family of tyrosine phosphatases. This protein has been
shown to bind the calcium/calmodulin-dependent serine protein kinase (MAGUK family)
protein (also known as CASK) and proposed to regulate higher-order brain functions in
mammals (RefSeq). Deletions of PPFIA2 were reported to be associated with Intellectual
disability (85).

SNP in LD (rs6591536: r>=0.70) with a SNP that has been associated with sensitivity with
f-ionone (30). B-ionone is also an aroma produced by carotenoid degradation in cigarettes
(86). Studies in mice and fruitflies have shown a relationship between sex hormone
signaling and olfactory circuits (87). rs6591536 genotype also influences emotional
associations and explains differences in food and product choices (30).

The TCF12 and the ZNF280D locus are in proximity. TCF12 is a member of the basic
helix-loop-helix (bHLH) E-protein family that recognizes the consensus binding site (E-
box) CANNTG. This encoded protein is expressed in many tissues, among them skeletal
muscle, thymus, B- and T-cells, and may participate in regulating lineage-specific gene
expression through the formation of heterodimers with other bHLH E-proteins (RefSeq).
TCF12 is the primary heterodimerization partner for TCF21, binding the same primary
sequence as TCF21. TCF21 transcription factor alone and in combination with TCF12,
have been shown in vivo to be a downstream targets of the SRY gene (responsible for the
initiation of male sex determination in humans) during male sex determination (33). This
result has been independently confirmed by Xu et al. (88).

An adjacent locus (LOC105374400 / LOC100508631) is associated with self-reported
educational attainment (82).

ORS5A1, OR4D6 and
OR5AN1

eQTL,; Expression quantitative trait loci.
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Table S18. Results of the gene-based test of association for same-sex sexual behavior (performed in MAGMA).

See external file S18.xlsx
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Table S19. Genetic correlations (rg) of same-sex sexual behavior (MTAG results of UK Biobank + 23andMe) with a range of traits as estimated using LD-score regression.

Genetic correlation with same-sex sexual behavior
(males)

Genetic correlation with same-sex sexual behavior
(females)

p-value for difference

in rg between males

Phenotype Reference N g Standard Error  p-value Ig Standard Error  p-value and females™*
20,183 cases,
ADHD (66) 0.272 0.060 6.29E-06 0.253 0.059 1.90E-05 7.98E-01
35,191 controls
Age at first birth (89) 189,656 0.235 0.059 5.93E-05 -0.146 0.063 2.01E-02 2.87E-01
(females)
Age at first birth (males) (89) 48,408 -0.193 0.062 1.68E-03 -0.090 0.080 2.60E-01 3.26E-01
Age at Menarche (90) 87,802 -0.086 0.044 5.32E-02 -0.049 0.050 3.31E-01 5.64E-01
Age at Menopause 1) 69,360 -0.079 0.061 1.93E-01 -0.069 0.064 2.75E-01 9.09E-01
Alcohol use (92) 112,117 -0.025 0.057 6.66E-01 0.149 0.065 2.22E-02 2.95E-02
Anorexia (93) 17,767 -0.020 0.095 8.33E-01 -0.085 0.100 3.96E-01 5.85E-01
Anxiety (94) 18,186 -0.050 0.142 7.27E-01 0.251 0.179 1.61E-01 1.63E-01
Autism (95) 18,381 cases, 0.098 0.069 1.59E-01 0.210 0.068 2.06E-03 1.96E-01
uts 27,969 controls ’ ’ ’ ’ ’ ’ ’
. 11,974 cases,
Bipolar (96) 51,792 controls 0.019 0.076 8.08E-01 0.340 0.077 1.09E-05 1.05E-03
Birth Weight 97) 143,677 -0.046 0.048 3.31E-01 0.035 0.050 4.88E-01 2.05E-01
. ~69,878 cases,
Cannabis use (98) 0.308 0.058 1.09E-07 0.671 0.062 1.20E-27 1.47E-06
92,204 controls
Height 99) 253,280 -0.075 0.033 2.27E-02 -0.043 0.039 2.73E-01 5.05E-01
http://www.ne
Loneliness alelab.is/uk- 355,583 0.218 0.053 3.83E-05 0.220 0.053 3.61E-05 9.81E-01
biobank
Major depressive 59,851 cases,
disorder (MDD) (100) 113,154 controls 0.328 0.055 1.83E-09 0.438 0.059 1.04E-13 1.51E-01
Neuroticism (101) 170,911 0.159 0.052 2.20E-03 0.220 0.067 1.08E-03 4.52E-01
Number of Children 89) 225,230 0.013 0.076 8.63E-01 0.086 0.085 3.12E-01 4.90E-01
(females)
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Number of Children

(89) 103,909 0.178 0.091 4.96E-02 0.296 0.107 5.87E-03 3.74E-01
(males)
Number of sex partners @n 370,711 0.407 0.040 3.33E-24 0.681 0.053 1.00E-37 3.13E-05
Openness to experience (102, 103) 76,551 0.135 0.060 2.37E-02 0.312 0.066 2.72E-06 4.06E-02
UK-Biobank
Risk behavior (ran GWAS ~440,000 0.224 0.047 1.77E-06 0.402 0.052 9.54E-15 6.60E-03
ourselves)
Schizophrenia (104) 36,989 cases, 0.129 0.038 7.83E-04 0.173 0.046 1.65E-04 4.25E-01
113,075 controls ’ ’ ’ ’ ’ ’ ’
Self-rated Health* (105) 111,749 0.126 0.059 3.30E-02 0.108 0.062 7.93E-02 8.38E-01
Smoking: ever smokin (106) 41,969 cases, 0.205 0.073 4.93E-03 0.446 0.082 4.58E-08 2.02E-02
oking: ever smoking 32,066 controls . . . . . . .
Subjective well-being (101) 298,420 -0.091 0.075 2.22E-01 -0.286 0.079 2.69E-04 4.16E-02
Waist-to-hip ratio (107) 42,734 0.029 0.074 6.98E-01 0.048 0.085 5.74E-01 8.60E-01
(females)
Waist-to-hip ratio (males) (107) 34,635 -0.049 0.080 5.42E-01 0.019 0.094 8.40E-01 5.50E-01
2D:4D finger ratio (108) 12,579 0.237 0.099 1.71E-02 0.002 0.139 9.87E-01 1.45E-01

* Note that self-rated health in this GWAS has been coded such that a higher score indicates worse health.
** Traits for which the genetic correlations with same-sex sexual behavior differ significantly between sexes (after correcting for multiple testing) are highlighted in grey.




Table S20. Genetic analyses of the proportion of same-sex to total partners among non-heterosexuals: SNP-based
heritability (A), genetic correlation with same-sex sexual behavior within (B) and across samples (C).

A) SNP-based heritability of proportion of same-sex to total partners among non-heterosexuals.

Study sample Sex h? Standard error p-value

Males 0.218 0.080 6.36E-03

UK Biobank Females 0.267 0.087 2.06E-03
Combined 0.138 0.042 1.03E-03

Males 0.216 0.070 2.16E-03

23andMe Females 0.102 0.075 1.73E-01

Combined 0.086 0.034 1.14E-02

Males 0.404 0.092 1.11E-05

UK Biobank + 23andMe (MTAG) Females 0.324 0.086 1.60E-04
Combined 0.273 0.047 6.08E-09

B) Genetic correlations (r,) of proportion of same-sex to total partners among non-heterosexuals with same-sex sexual

behavior within cohorts.

Genetic correlation with same-sex sexual behavior

Study sample Sex g Standard error p-value

Males 0.036 0.174 8.36E-01

UK Biobank Females -0.336 0.184 6.78E-02
Combined -0.285 0.154 6.51E-02

Males 0.015 0.150 9.18E-01

23andMe Females -0.441 0.335 1.89E-01

Combined -0.150 0.186 4.20E-01

Males 0.028 0.104 7.88E-01

UK Biobank + 23andMe (MTAG) Females -0.309 0.156 4.76E-02
Combined -0.185 0.083 2.56E-02

C) Genetic correlations (rg) of proportion of same-sex to total partners among non-heterosexuals with same-sex sexual

behavior across cohorts.

Genetic correlation with same-sex sexual behavior

Sex g Standard error p-value

Males 0.726 0.279 9.40E-03

UK Biobank vs 23andMe Females 0.518 0.346 1.34E-01
Combined 1.260 0.382 1.00E-03
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Table S21. Genetic correlations (rg) of same-sex sexual behavior (MTAG results of UK Biobank + 23andMe) and proportion of same-sex to total number of sexual
partners among non-heterosexuals (MTAG results of UK Biobank + 23andMe) with a range of traits as estimated using LD-score regression.

MALES

Genetic correlation with same-sex sexual behavior

Genetic correlation with proportion of same-sex

to total sexual partners

p-value for difference

Phenotype ** e Standard Error p-value g Standard Error p-value in rgt*
ADHD 0.272 0.060 6.29E-06 -0.089 0.073 2.26E-01 2.20E-04
Age at first birth (females) -0.235 0.059 5.93E-05 0.114 0.081 1.60E-01 3.75E-04
Age at first birth (males) -0.193 0.062 1.68E-03 0.201 0.101 4.70E-02 9.75E-04
Age at Menarche -0.086 0.044 5.32E-02 0.027 0.062 6.68E-01 1.35E-01
Age at Menopause -0.079 0.061 1.93E-01 0.041 0.086 6.34E-01 2.41E-01
Alcohol use -0.025 0.057 6.66E-01 -0.097 0.091 2.83E-01 4.79E-01
Anorexia -0.020 0.095 8.33E-01 -0.006 0.127 9.60E-01 9.32E-01
Anxiety -0.050 0.142 7.27E-01 -0.057 0.215 7.93E-01 9.79E-01
Autism 0.098 0.069 1.59E-01 -0.245 0.101 1.48E-02 6.11E-03
Bipolar 0.019 0.076 8.08E-01 -0.014 0.102 8.93E-01 8.03E-01
Birth Weight -0.046 0.048 3.31E-01 -0.033 0.086 6.98E-01 8.94E-01
Cannabis use 0.308 0.058 1.09E-07 -0.433 0.095 5.53E-06 5.10E-11
Height -0.075 0.033 2.27E-02 -0.111 0.051 2.96E-02 5.65E-01
Loneliness 0.218 0.053 3.83E-05 -0.106 0.084 2.07E-01 7.99E-04
Major depressive disorder (MDD) 0.328 0.055 1.83E-09 -0.222 0.079 4.75E-03 3.34E-09
Neuroticism 0.159 0.052 2.20E-03 0.014 0.073 8.52E-01 9-93E-02

66



Number of Children (females) 0.013 0.076 8.63E-01 -0.108 0.118 3.59E-01 4.09E-01
Number of Children (males) 0.178 0.091 4.96E-02 -0.644 0.155 3.17E-05 3.85E-06
Number of sex partners 0.407 0.040 3.33E-24 -0.404 0.078 1.92E-07 2.35E-18
Openness to experience 0.135 0.060 2.37E-02 -0.433 0.112 1.18E-04 5.30E-06
Risk Behavior 0.224 0.047 1.77E-06 -0.245 0.078 1.83E-03 2.60E-08
Schizophrenia 0.129 0.038 7.83E-04 -0.031 0.061 6.12E-01 3.24E-02
Self-rated Health* 0.126 0.059 3.30E-02 -0.029 0.080 7.19E-01 1.25E-01
Smoking: ever smoking 0.205 0.073 4.93E-03 -0.209 0.109 5.64E-02 1.32E-03
Subjective well-being -0.091 0.075 2.22E-01 0.019 0.096 8.45E-01 3.37E-01
Waist-to-hip ratio (females) 0.029 0.074 6.98E-01 0.012 0.113 9.13E-01 9.06E-01
Waist-to-hip ratio (males) -0.049 0.080 5.42E-01 0.052 0.116 6.57E-01 4.80E-01
2D:4D finger ratio 0.237 0.099 1.71E-02 0.218 0.143 1.28E-01 9.08E-01
FEMALES
Genetic correlation with same-sex sexual behavior Genetic correlation with proportion of same-sex to total .
sexual partners p-value for difference

Phenotype ** g Standard Error p-value g Standard Error p-value in rgt*
ADHD 0.253 0.059 1.90E-05 -0.003 0.097 9.74E-01 2.52E-02
Age at first birth (females) -0.146 0.063 2.01E-02 -0.146 0.099 1.42E-01 9.98E-01
Age at first birth (males) -0.090 0.080 2.60E-01 -0.070 0.117 5.48E-01 8.92E-01
Age at Menarche -0.049 0.050 3.31E-01 -0.186 0.074 1.19E-02 1.32E-01
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Age at Menopause

Alcohol use

Anorexia

Anxiety

Autism

Bipolar

Birth Weight

Cannabis use

Height

Loneliness

Major depressive disorder (MDD)
Neuroticism

Number of Children (females)
Number of Children (males)
Number of sex partners
Openness to experience

Risk Behavior

Schizophrenia

Self-rated Health*

Smoking: ever smoking

-0.069

0.149

-0.085

0.251

0.210

0.340

0.035

0.671

-0.043

0.220

0.438

0.220

0.086

0.296

0.681

0.312

0.402

0.173

0.108

0.446

0.064

0.065

0.100

0.179

0.068

0.077

0.050

0.062

0.039

0.053

0.059

0.067

0.085

0.107

0.053

0.066

0.052

0.046

0.062

0.082

2.75E-01

2.22E-02

3.96E-01

1.61E-01

2.06E-03

1.09E-05

4.88E-01

1.20E-27

2.73E-01

3.61E-05

1.04E-13

1.08E-03

3.12E-01

5.87E-03

1.00E-37

2.72E-06

9.54E-15

1.65E-04

7.93E-02

4.58E-08

-0.211

-0.032

0.026

0.279

-0.159

0.031

-0.171

-0.430

-0.024

-0.075

-0.142

0.026

0.016

-0.047

-0.251

-0.278

-0.217

0.075

0.184

-0.069

0.103

0.108

0.149

0.306

0.104

0.111

0.077

0.094

0.055

0.092

0.090

0.087

0.131

0.156

0.070

0.104

0.079

0.065

0.101

0.123

4.14E-02

7.67E-01

8.60E-01

3.61E-01

1.25E-01

7.77E-01

2.61E-02

5.11E-06

6.57E-01

4.12E-01

1.15E-01

7.68E-01

9.03E-01

7.65E-01

3.00E-04

7.31E-03

6.01E-03

2.51E-01

6.84E-02

5.73E-01

2.50E-01

1.46E-01

5.09E-01

9.34E-01

3.16E-03

1.97E-02

3.41E-02

6.16E-22

7.99E-01

4.42E-03

4.08E-08

9.88E-02

6.64E-01

7.62E-02

9.70E-26

4.71E-06

3.03E-10

2.49E-01

5.20E-01

8.05E-04
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Subjective well-being
Waist-to-hip ratio (females)
Waist-to-hip ratio (males)

2D:4D finger ratio

-0.286

0.048

0.019

0.002

0.079

0.085

0.094

0.139

2.69E-04

5.74E-01

8.40E-01

9.87E-01

-0.014

0.058

0.179

-0.010

0.106

0.121

0.140

0.153

8.95E-01

6.32E-01

2.01E-01

9.49E-01

4.94E-02

9.41E-01

3.47E-01

9.51E-01

* Note that self-rated health in this GWAS has been coded such that a higher score indicates worse health.

* References and sample sizes of the GWASs can be found in Table S19.
*** Traits for which the genetic correlations with same-sex sexual behavior differ significantly between the two variables (after correcting for multiple testing) are

highlighted in grey.
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Table S22. Genetic correlation (rg) between different degrees of same-sex sexual behavior (defined by the ratio of number
of same-sex sexual partners over total number of lifetime sex partners) and exclusively same-sex sexual behavior.

. Genetic correlation with exclusively same-sex sexual behavior
Proportion of same-sex sexual partners / total

lifetime sexual partners

rg [95% Cls] p-value
Less than 1/3 same-sex partners 0.129 [-0.198 - 0.457] 4.39E-01
Between 1/3 and 2/3 same-sex partners 0.795[0.049 - 1.540] 3.66E-02
More than 2/3 same-sex partners 0.945[0.797 - 1.094] 8.27E-36
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Table S23. Family-based versus SNP-based heritability (h?) estimates for same-sex sexual behavior as well as a variety of
other traits measured in UK Biobank.

Family-based heritability SNP-based heritability
Phenotype h?* estimate SE h? estimate SE
Same-sex sexual behavior 0.324 0.109 0.095 0.009
Age at menarche 0.513 0.018 0.215 0.009
Age at menopause 0.440 0.050 0.108 0.008
Number of children 0.253 0.017 0.041 0.002
Standing height 0.933 0.011 0.463 0.020
Body mass index 0.581 0.013 0.217 0.007
Risk taking 0.270 0.025 0.089 0.004
Neuroticism 0.282 0.015 0.104 0.004
Alcohol intake frequency 0.435 0.013 0.073 0.003
Fluid intelligence score 0.489 0.042 0.204 0.008
Birth weight 0.632 0.022 0.091 0.005
Handedness 0.213 0.035 0.032 0.004
Overall health rating 0.271 0.019 0.084 0.003
Ever smoked 0.428 0.016 0.107 0.004
Diabetes 0.630 0.052 0.185 0.011
Myocardial infarction 0.268 0.106 0.122 0.009
Educational attainment 0.683 0.029 0.229 0.007
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