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More than any other species, humans form social ties to individ-
uals who are neither kin nor mates, and these ties tend to be with
similar people. Here, we show that this similarity extends to
genotypes. Across the whole genome, friends’ genotypes at the
single nucleotide polymorphism level tend to be positively corre-
lated (homophilic). In fact, the increase in similarity relative to
strangers is at the level of fourth cousins. However, certain geno-
types are also negatively correlated (heterophilic) in friends. And
the degree of correlation in genotypes can be used to create
a “friendship score” that predicts the existence of friendship ties
in a hold-out sample. A focused gene-set analysis indicates that
some of the overall correlation in genotypes can be explained by
specific systems; for example, an olfactory gene set is homophilic
and an immune system gene set is heterophilic, suggesting that
these systems may play a role in the formation or maintenance of
friendship ties. Friends may be a kind of “functional kin.” Finally,
homophilic genotypes exhibit significantly higher measures of
positive selection, suggesting that, on average, they may yield
a synergistic fitness advantage that has been helping to drive re-
cent human evolution.
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Human social interactions, and the networks they give rise to,
show striking structural regularities (1, 2), even when com-

paring modernized networks with those in hunter–gatherer so-
cieties (3). Indeed, friendship is a fundamental characteristic of
human beings (3–5), and genes are known to play a role in the
formation (6), attributes (7), and structures (8) of friendship ties.
Social ties also evince homophily, the tendency of people to form
connections with phenotypically similar others (9). Evolutionary
models suggest that homophily can evolve under a wide range of
conditions if there is a fitness advantage to same-type inter-
actions (10, 11). And candidate gene studies (12, 13) have
recently identified one gene variant that exhibits positive corre-
lation or similarity between friends (homophily) and another
variant that exhibits negative correlation or dissimilarity (heter-
ophily). It remains unclear, however, whether this phenomenon
extends to multiple genotypes across the whole genome, and it is
not known what role genotypic correlation may have played in
human evolution.
There are (at least) four possible reasons that friends may

exhibit homophily in their genotypes (12). First, correlation in
genotypes may be a trivial by-product of the tendency of people
to make friends with geographically proximate or ethnoracially
similar individuals who also tend to share the same ancestry.
Thus, it is important to use strict controls for population strati-
fication in tests of genetic correlation (below, we rely on the
widely used principal-components method to control for ances-
try). Second, people may actively choose and retain friends of
a similar genotype or they may avoid or terminate friendships
with people who have different genotypes (“birds of a feather
flock together”). This process may take place via a variety of
mechanisms; for example, although it is unlikely that people
would observe the actual genotypes of others around them, they
can observe and prefer certain phenotypes, and these may ob-
viously be influenced by specific genotypes. It is well known that
people prefer to associate with others they resemble phenotypically

(9), but what is not known is how this observation translates to the
single-nucleotide polymorphism (SNP) level. Third, people may
actively choose particular environments, and, in those environ-
ments, they may be more likely to encounter people with similar
phenotypes influenced by specific genotypes. If people then choose
friends from within these environments (even at random), it would
tend to generate correlated genotypes. Fourth, people may be
chosen by third parties or otherwise selected into environments
or circumstances where they then come into contact with similar
people. These four reasons are not mutually exclusive, of course,
and they may operate in parallel; two people may become friends
through both active choice of each other and active or passive
choice of a convivial environment.
In contrast, there are fewer reasons that friends may exhibit

heterophily in their genotypes (12). For example, heterophily is
not likely to arise by population stratification, nor by a simple
process of people choosing, or being drawn to, the same envi-
ronment for the same reason. Instead, there are two other pro-
cesses that might be at work. First, certain environments might
foster interactions between individuals with dissimilar traits.
Second, people may actively choose to befriend people of a dif-
ferent type (“opposites attract”). In fact, such a phenomenon has
been proposed for reproductive relationships, and some experi-
ments suggest that men and women may choose partners with
opposite immune system genotypes (14, 15).
Importantly, all of these processes may be at work simulta-

neously, and humans may select friends and environments based
on a wide variety of traits, some of which result in advantages
when homophily is present (synergy) and others of which may
yield advantages to heterophily (complementarity or specializa-
tion) (3, 11). The people to whom we are connected provide
important capabilities, from the ability to ward off infections, to
the ability to transmit or exploit useful information, to the ability
to reciprocate cooperative exchanges. Consequently, the fitness
advantage of some gene variants might be influenced by their
parallel presence or absence in other individuals to whom a
person is connected.
Evolutionary models show that preferences for both homo-

phily and heterophily can evolve depending on the relative fit-
ness advantages of genotypic similarity and dissimilarity on given
traits (10). However, these models also show that homophily
evolves under a much wider variety of conditions than hetero-
phily—even when the fitness advantage to dissimilarity exceeds
the fitness advantage to similarity (10). The reason is that it is
less costly to find and successfully interact with a similar partner
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in a population of similar individuals than it is to find and suc-
cessfully interact with a dissimilar partner in a population of
dissimilar individuals. For an intuition regarding this observa-
tion, consider populations at fixation. For populations with an
advantage to homophily, all individuals have the same trait at
fixation, and so they all will gain the advantage in every in-
teraction. In contrast, for populations with an advantage to
heterophily, some individuals have one trait and some have an-
other, meaning there are still likely to be at least some same-type
encounters in the population that do not yield the advantage to
dissimilar-type interactions. These theoretical models thus sug-
gest that we should find more genotypes that are positively
correlated between friends than negatively correlated and that
we should, on average, expect friends to exhibit greater genetic
similarity across the genome as a whole (10).
If homophily generally contributes to evolutionary fitness across

a wide variety of traits, then we would also expect to see signs of
positive selection for genes that exhibit positive correlation be-
tween friends. If so, it would suggest that our capacity to make
friends with unrelated strangers may have played a role in human
evolution. This capacity to form friendships and this preference
for homophily [which is also seen in other social animals such as
dolphins (16) and primates (17)] may possibly reflect the extended
workings of a kin detection system (18) such that genetically
similar (but unrelated) friends are a kind of “functional kin.”
Humans may—when choosing friends from among individuals
who are strictly not related to them—come to choose individuals
who do, after all, resemble them on a genotypic level.
Here, we conduct, to our knowledge, the first genome-wide

analysis of correlation in genotypes between friends. We em-
phasize that we are not conducting a genome-wide association
study (GWAS) of a propensity to be friendly (or some similar
complex social trait); rather, we are using GWAS techniques to
identify certain theorized patterns (10) across the whole genome.
Using data from the Framingham Heart Study, we analyzed
466,608 (unimputed) SNPs in 1,932 unique subjects who are in
one or more of 1,367 friendship pairs (see SI Appendix for data
construction and summary). The data we used (which we have
uploaded to a shared data repository at www.ncbi.nlm.nih.gov/
projects/gap/cgi-bin/study.cgi?study_id=phs000153.v6.p5) are
exceedingly scarce; we know of no other dataset of any signif-
icant size that has information on both friendship ties and
common genetic variants across the whole genome (SI Appen-
dix). As a check against false positives, beyond the other pro-
cedures described below, we also performed a split-sample
replication study. We also emphasize that, as in other whole-
genome investigations with circumscribed samples (19, 20), our
interest is not in any particular SNP, but rather in the pattern
across the whole genome.
To assess general, overall homophily within pairs of friends,

we calculated the kinship coefficient (21) (the probability that
two alleles sampled at random from two individuals are identical
by state), a measure that is equal to half the relatedness measure
used in genome-wide complex trait analysis (GCTA) approaches
(22) (although the pairs of friends here are not actually related).
Positive values for this measure indicate that genotypes are
positively correlated, and negative values indicate that two in-
dividuals are not related and, in fact, tend to have opposite gen-
otypes. To measure heterophily, we calculated the empirical
probability that two individuals have opposite genotypes at
a given SNP, measured by the proportion of SNPs for which
neither allele is identical by state.
For comparison, we also calculated these measures for all

nonkin “stranger” pairs using the same set of 1,932 subjects who
are in the friends sample. After removing kin (who can, of course,
be identified using genotyping) and after removing pairs who had
a social relationship (i.e., friends, spouses, etc.), we identified
1,196,429 stranger pairs (SI Appendix). Fig. 1A shows that the

distribution of kinship coefficients for friends is shifted right rel-
ative to the strangers. A simple difference-in-means test suggests
that friends tend to be significantly more genetically “related” than
strangers (+0.0014, P < 2 × 10−16), and, as a benchmark, the size
of the difference roughly corresponds to the kinship coefficient we
would expect for fourth cousins (0.0010). This difference cannot
be explained by the ancestral composition of the sample or by
cryptic relatedness because the same people are used in both the
friends and strangers samples (the only thing that differs is the set
of relationships between them); and we emphasize again that we
can be sure these pairs of friends are not, in fact, distant cousins
because they are strictly unrelated and there is no identity by
descent. Meanwhile, Fig. 1B shows that friends also tend to have
fewer SNPs where the genotypes are exactly opposite (–0.0002,
P = 4 × 10−9). Both of these results indicate that pairs of (strictly
unrelated) friends generally tend to be more genetically homo-
philic than pairs of strangers from the same population, but the
weaker results for opposite genotypes suggest that this general
tendency toward homophily may be obscuring a tendency for some
specific parts of the genome to be heterophilic.
The results so far do not control for population stratification

because we wanted to characterize overall similarity. However, it
is important to remember that some of the similarity in geno-
types can be explained by simple assortment into relationships
with people who have the same ancestral background. The
Framingham Heart Study is composed of mostly whites (e.g., of
Italian descent), so it is possible that a simple preference for
ethnically similar others could explain the results in Fig. 1.
However, in the following results, we applied strict controls for
population stratification to ensure that any correlation we ob-
served was not due to such a process.
To characterize the genotypes that are most likely to be homo-

philic or heterophilic, we conducted a GWAS regressing subject’s
expected genotype on friend’s expected genotype for 1,468,013
common SNPs (minor allele frequency >0.10; see SI Appendix for
imputation and regression details). For this GWAS analysis, we
used both unimputed and imputed SNPs to improve power, but we
emphasize, again, that our interest here is not in any particular
SNP, but rather in the pattern across the whole genome.
Although the individuals in the Framingham Heart Study are

almost all of European ancestry, population stratification has
been shown to be a concern even in samples of European
Americans (23). Relying on a widely used procedure to control
for population stratification, we calculated the first 10 principal
components of the subject–gene matrix with EIGENSTRAT
(24). None of our subjects are classified as outliers, defined as
individuals whose score is at least six SDs from the mean on one
of the top 10 principal components. Nonetheless, consistent with
past approaches (24), we included all 10 principal components
for both the subject and the subject’s friend (20 variables in all)
as controls for ancestry in each regression (SI Appendix).
To eliminate the possibility that the results are influenced by

people tending to make friends with distant relatives, we use only
the 907 friend pairs where kinship was ≤0 (recall that kinship can
be less than zero when unrelated individuals tend to have neg-
atively correlated genotypes). This procedure ensures that pairs
of friends in the GWAS are not actually biologically related at
all. It also allows us to set aside the remaining 458 pairs of
friends for a split-sample replication analysis (discussed below).
However, note that this procedure biases against finding
homophilic SNPs because it means the average correlation be-
tween friends will be weakly negative.
Finally, we guarded against false positives by conducting an

additional “strangers” GWAS for comparison with the “friends”
GWAS. For the strangers analysis, we drew 907 random pairs
from the stranger sample, and, to maintain comparability, we
also restricted these stranger pairs to have a kinship ≤0
(SI Appendix). Importantly, both the friends GWAS and the
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strangers GWAS contained exactly the same people and geno-
types—only the relationships between these people were differ-
ent (friends vs. strangers).
Fig. 2A shows QQ plots of observed versus expected P values

for both GWASs. We would expect some variance inflation be-
cause of the restriction on the kinship coefficient to pairs that
show no positive relatedness; the average correlation in geno-
types resulting from this restriction is slightly negative (mean
kinship = –0.003), which causes an excess number of markers to
show negative correlation and low P values. To establish a base-
line for this effect, we first measured the variance inflation factor
in the strangers GWAS (λ = 1.020) and note in Fig. 2A that there
is a slight upward shift that corroborates this tendency.
In contrast, the friends GWAS is shifted even higher and

yields even lower P values than expected for many SNPs. In fact,
the variance inflation for friends is more than double, at λ =
1.046, despite the fact that the two GWAS were generated using
exactly the same regression-model specification. This shift is
what we would expect if there were widespread low-level genetic
correlation in friends across the genome, and it is consistent with

recent work that shows that polygenic traits can generate in-
flation factors of these magnitudes (25). As supporting evidence
for this interpretation, notice that Fig. 2A shows that there are
many more outliers for the friends group than there are for the
comparison stranger group, especially for P values less than 10−4.
This result suggests that polygenic homophily and/or heterophily
(rather than sample selection, population stratification, or model
misspecification) accounts for at least some of the inflation and
therefore that a relatively large number of SNPs are significantly
correlated between pairs of friends (albeit each with probably
small effects) across the whole genome.
To explore more fully this difference in results between the

friends and strangers GWAS, in Fig. 2B we compare their t
statistics to see whether the differences in P values are driven
by homophily (positive correlation) or heterophily (negative
correlation). The results show that the friends GWAS yields
significantly more outliers than the comparison stranger group
for both homophily (Kolmogorov–Smirnov test, P = 4 × 10−3)
and heterophily (P < 2 × 10−16).
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Fig. 1. Friends exhibit significantly more homophily (positive correlation) than strangers in genome-wide measures. Overlapping density plots show that,
compared with strangers, friends have (A) higher kinship coefficients and (B) lower proportions of opposite genotypes (SNPs for which neither allele is identical by
state) in 1,367 friendship pairs and 1,196,429 stranger pairs observed in the same set of subjects (SI Appendix). On average, friends have a kinship coefficient that is
+0.0014 greater than friends, a value that corresponds to the relatedness of fourth cousins. P values are from difference-in-means tests (SI Appendix).

Fig. 2. Friends exhibit significantly more homophily (positive correlation) and heterophily (negative correlation) than strangers in a genome-wide association
study (GWAS) with strict controls for population stratification. (A) QQ plot of observed vs. expected P values from separate GWAS of genetic correlation
shows more outliers for pairs of friends (blue) than pairs of strangers (red). Null distribution (gray) shows 95% confidence region for values possible due to
chance. The strangers GWAS shows that some inflation is due to restricting observations to unrelated pairs of individuals, which causes genotypes to be
negatively correlated on average. Over and above this baseline, the friends GWAS shows that friend pairs tend to have many markers that exhibit even lower
P values, and this pattern is consistent with traits that are highly polygenic (25). (B) Distribution of t statistics in the friends GWAS divided by the distribution
of t statistics in the strangers GWAS shows that friends tend to have both more heterophilic (negatively correlated) and also more homophilic (positively
correlated) SNPs in the tails of the distribution. P values are from Kolmogorov–Smirnov tests (SI Appendix).
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Although a few individual SNPs were genome-wide significant
(SI Appendix), our interest is not in individual SNPs per se; and
the homophily present across the whole genome, coupled with
the evidence that friends exhibit both more genetic homophily
and heterophily than strangers, suggests that there are many
genes with low levels of correlation. In fact, we can use the
measures of correlation from the friends GWAS to create a
“friendship score” that can be used to predict whether two
people are likely to be friends in a hold-out replication sample,
based on the extent to which their genotypes resemble each
other (SI Appendix). This replication sample contains 458 friend
pairs and 458 stranger pairs that were not used to fit the GWAS
models (SI Appendix). The results show that a one-standard-
deviation change in the friendship score derived from the GWAS
on the original friends sample increases the probability that a
pair in the replication sample are friends by 6% (P = 2 × 10−4),
and the score can explain ∼1.4% of the variance in the existence
of friendship ties. This amount of variance is similar to the var-
iance explained using the best currently available genetic scores
for schizophrenia and bipolar disorder (0.4–3.2%) (26) and
body-mass index (1.5%) (27). Although no other large datasets
with fully genotyped friends exist at this time, we expect that
a future GWAS on larger samples of friends might help to im-
prove these friendship scores, boosting both efficiency and vari-
ance explained out of sample.
We expect that there are likely to be dozens and maybe even

hundreds of genetic pathways that form the basis of correlation in
specific genotypes, and our sample gives us enough power to detect
a few of these pathways. We first conducted a gene-based associa-
tion test of the likelihood that the set of SNPs within 50 kb of each
of 17,413 genes exhibit (i) homophily or (ii) heterophily (SI Ap-
pendix). We then aggregated these results to conduct a gene-set
analysis to determine whether the most significantly homophilic and
heterophilic genes are overrepresented in any functional pathways
documented in the KEGG and GOSlim databases (SI Appendix). In
addition to examining the top 1% most homophilic and most
heterophilic genes, we also examined the top 25% because
highly polygenic traits may exhibit small differences across
a large number of genes (28), and we expect homophily to be
highly polygenic based on prior theoretical work (10).
Table 1 shows that three gene sets are significantly over-

represented in these analyses, after adjusting for multiple testing.
In the 174 most homophilic genes (top 1%), we found that an
olfactory transduction pathway is significantly overrepresented
(P = 4 × 10−5, adjusted P = 0.009), suggesting that friends tend to
have genotypes that yield similar senses of smell. When we in-
creased the threshold to the top 25% of homophilic genes, we

also found that the linoleic acid metabolism system is signifi-
cantly overrepresented (P = 2 × 10−5, adjusted P = 0.005). For
heterophilic genes, a gene set that characterizes certain immune
system processes achieved significance (P = 5 × 10−4, adjusted
P = 0.036), which suggests that friends have different genotypes
for coping with infection, a previously hypothesized possibility
(12). For comparison, we conducted the same gene-set analyses
for strangers, and we did not find any significantly overrepresented
gene sets (SI Appendix), suggesting that the procedure does not
generate false positives. We cannot yet be sure whether this set of
findings means that only a few biological systems are highly cor-
related or that many systems are weakly correlated; future anal-
yses with larger samples may help to resolve this question.
Although it is possible that these identified pathways, and

other pathways yet to be identified, have played an important
role in recent human evolution—and, indeed, prior work shows
strong positive selection “for genes related to immune response,
reproduction (especially spermatogensis), and sensory perception
(especially olfaction)” (29)—the foregoing overrepresentation
analysis does not address whether natural selection has generally
favored genotypic homophily. To test the hypothesis that
homophilic SNPs are generally under recent positive selection,
we used the Composite of Multiple Signals (CMS) score (30).
This score combines signals from several measures of positive
selection to create a single value that indicates the likelihood
that an SNP has been increasing in frequency due to selection
pressure over the last 30,000 y (SI Appendix).
In Fig. 3, we show that, after correcting for correlated out-

comes due to linkage disequilibrium and for varying precision in
the GWAS estimates (SI Appendix), the top 20% most homo-
philic SNPs have significantly higher CMS scores than the other
80% (+0.07, SE 0.02, P = 0.003). For comparison, note that this
effect is about half the size of the difference in CMS scores
between intragenic and intergenic SNPs (+0.15, SE 0.02), which
we would expect to be large given the functional role of variants
within genes relative to those between genes. In contrast, Fig. 3
also shows that CMS scores are not significantly higher for the
most homophilic SNPs in the strangers GWAS (–0.00, SE 0.02,
P = 0.86). This observation suggests that the whole-genome re-
gression model we used does not generate false positives.
Furthermore, we evaluated a model that fits the CMS score to

the level of correlation in each SNP, allowing the linear re-
lationship to be different for homophilic and heterophilic SNPs
(SI Appendix). This model (which also serves as a robustness
check) showed that there is a positive and significant relationship
in the friends GWAS for homophilic SNPs (P = 0.03). As the
level of positive correlation increases, so does the expected CMS

Table 1. Gene-set analysis shows three genome-wide significant gene sets that are overrepresented

Friends results

Set 1 Set 2 Set 3

Correlation type Homophily Homophily Heterophily
Set threshold Top 1% Top 25% Top 25%
Gene set ID KEGG hsa04740 KEGG hsa00591 GO 0002376
Description Olfactory transduction Linoleic acid metabolism Immune system process
No. in threshold set 14 18 353
Total no. measured 355 29 1,198
No. in gene set 461 30 1,562
Percent in threshold set 3.9 62.1 29.5
Percent measured 77.0 96.7 76.7
Z score 5.05 4.64 3.55
Fisher’s test exact P 4 x 10−5 2 x 10−5 5 x 10−4

Benjamini–Hochberg adjusted P 0.009 0.005 0.036

Friend pairs tend to have similar gene variants (homophily) in the olfactory and linoleic acid systems and different gene variants
(heterophily) in the immune system. By comparison, the same analysis with stranger pairs shows no significant gene sets.
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score. There is no relationship for negatively correlated (hetero-
philic) SNPs (P = 0.63). And, for comparison, there is no re-
lationship in the strangers GWAS between genetic correlation and
positive selection for either homophily (P = 0.77) or heterophily
(P = 0.28). In sum, it appears that, overall, across the whole genome,
the genotypes humans tend to share in common with their friends
are more likely to be under recent natural selection than other
genotypes.
It is intriguing that genetic structure in human populations may

result not only from the formation of reproductive unions, but also
from the formation of friendship unions. This observation, in turn,
has relevance for the idea of an evocative gene-environment cor-
relation, proposed more than 30 y ago, which suggests that a per-
son’s genes can lead one to seek out circumstances that are
compatible with one’s genotype (31, 32). Our results suggest that
these circumstances could include not only the physical environ-
ment but also the social environment, and therefore the genotypic
constitution of one’s friends. As Tooby and Cosmides argue, “not
only do individual humans have different reproductive values that
can be estimated based on various cues they manifest, but they also
have different association values” (11). People may seek out par-
ticular, convivial social environments that affect their fitness.
The existence of excess genetic similarity between friends is

also relevant to the growing area of indirect genetic effects (33),
wherein the phenotypic traits of focal individuals are influenced
by the genomes of their neighbors, in a kind of “network epis-
tasis.” (12) In fact, our results support the idea that humans
might be seen as metagenomic not just with respect to the
microbes within them (34), but also with respect to the humans
around them. It may be useful to view a person’s genetic land-
scape as a summation of the genes within the individual and
within the people surrounding the individual, just as in certain
other organisms (33, 35).
Pairs of friends are, on average, as genetically similar to one

another as fourth cousins, which seems noteworthy because this
estimate is above and beyond mean ancestry and background

relatedness. Acquiring friends who resemble oneself genotypi-
cally from among a group of strangers may reflect a number of
processes, including the selection of particular friends or particular
environments. Whatever its cause, however, the subtle process of
genetic sorting in human social relationships might have an im-
portant effect on a number of other biological and social pro-
cesses, from the spread of germs to the spread of information.
Insofar as the process involves the actual selection of friends, it

may reflect the extended workings of some sort of kinship de-
tector postulated in humans (18). One’s friends, in other words,
may evince a kind of functional relatedness (identity by state)—
and may perhaps do so especially for particular biological
systems—rather than evincing an actual relatedness (identity
by descent) as in the case of kin. Forming social ties to functional
kin who perceive or cope with the environment in a similar way
to oneself can result in both individuals benefiting from each
other’s deliberately or accidentally created benefits (“positive
externalities”); for example, if one individual builds a fire be-
cause he feels cold in the same circumstances as the other, both
benefit (11). Genetic correlation between friends may even en-
hance the opportunity for natural selection to operate at the
level of social groups established on a basis other than kinship;
such associations have long been postulated in the theoretical
evolutionary genetics literature, but there is little extant evi-
dence (36, 37).
Kin recognition has been shown in many vertebrates (38), and it

is important for stabilizing cooperation and promoting inclusive
fitness benefits in some species (39). There is suggestive evidence
for some sort of kin detection system in humans as well, such that,
for each individual encountered, an unspecified system may com-
pute and update a continuous measure of kinship that corresponds
to the genetic relatedness of the self to the other individual (18). In
part, this system would be driven by objectives such as behaving
altruistically toward, and avoiding sexual relations with, kin. A
number of mechanisms by which kin detection might take place
have been proposed, including coresidence duration monitoring,
perinatal association, and other cues, such as facial resemblance or
odor. Cues of kinship may foster altruistic impulses and co-
operative exchanges with individuals displaying those cues, and it is
not hard to imagine that such a system might possibly be extended
to preferential (active) friendship formation.
In this regard, our findings regarding homophily on certain

olfactory system features are intriguing and supportive. There is
evidence that olfaction plays a role in human (and other pri-
mate) kin recognition (40, 41) and even some suggestive evi-
dence that people are able to distinguish friends from strangers
based on blind odor tests (42, 43). The olfaction ontology in
which we detect substantial homophily has some genes coding
for odorant receptors; it is possible that individuals who smell
things in the same way are drawn to similar environments where
they interact with and befriend one another. Olfaction is also
connected to other processes, such as emotional contagion and
communication, and to the avoidance of inappropriate inges-
tions; these processes too may benefit from the synergistic pres-
ence of genotypically similar others.
The implications of the finding regarding homophily on genes

related to linoleic acid metabolism are unclear. Linoleic acid is
a precursor for substances involved in a broad range of important
bodily processes (ranging from adipocyte function to bone for-
mation to the regulation of gene expression) (44), and the
component genes in the pathway are related to the metabolism
of cholesterol, steroids, and various ingested substances, al-
though it is intriguing that linoleic acid compounds might be
used by moths as pheromones (45). Possibly, this pathway is
related to the restrained consumption or the specific metabolism
of various foodstuffs, traits for which homophily may be advan-
tageous and heterophily self-injurious.
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The observed heterophily on an immune system ontology has
interesting implications. Prior work has provided evidence of an
active process contributing to genetic heterophily between mates
with respect to the avoidance of similar HLA haplotypes (14, 15,
46) (although these genes are not part of the present gene set).
In the case of friends, there may also be advantages to comple-
mentarity rather than synergy when it comes to immune system
function because surrounding oneself with others who are dis-
similar to oneself in this regard may be an adaptive strategy. If
one is already relatively resistant to a particular pathogen, it
would be best to have friends who were resistant to different
pathogens, thus mitigating the interpersonal spread of both.
Genes affecting the immune system do not necessarily benefit
from interpersonal ties to genotypically similar individuals.
It may be possible to use an approach similar to that outlined

here, but with much larger samples of friendship pairs, and
perhaps coupled with the addition of an equally large number of
spousal pairs, to identify the genetic basis of kin detection. The
extent to which friends and spouses resemble each other could
itself be taken as a phenotype, and one could imagine doing
a GWAS to isolate which regions of the genome contribute to
our ability to pick suitable friends and mates.
Finally, the human evolutionary environment is not limited to

the physical environment (sunshine, altitude) or biological
environment (predators, pathogens) but also includes the so-
cial environment, which may itself be an evolutionary force (47).
Our finding that positively correlated genotypes are under positive

selection suggests that the genes of other people might modify the
fitness advantages of one’s own genes, thus affecting the speed and
outcome of evolution. In particular, communication—whether
involving scent, sight, or sound—may be the key to this synergy.
The human capacity to collaborate not only with kin but also with
unrelated members of our species may have dramatically in-
creased the potential gains from synergy, and this shift not only
would favor interactions with generally similar partners, but also
would affect the overall desire to search out such partners (10, 11).
Therefore, it is possible that we evolved a predilection for homo-
phily once we started to frequently interact socially with unrelated
individuals. Such an effect would especially speed up the evolution
of phenotypes that are intrinsically synergistic, and this observation
may help shed light on the finding that evolution in humans is
accelerating (48).
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