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non-psychiatric trait domains combined. Asterisks indicate significance (** p < 0.005, * p < 0.05, 
Wilcoxon test, only comparisons significant at FDR < 0.05 across all annotations are marked). (E) 
Heritability enrichment analysis in fetal human-gained frontal cortex enhancers and promoters at 12p.c.w. 
for each trait analyzed. Psychiatric traits are colored in yellow. Asterisks show significance at FDR < 0.05 205 
across all genomic annotations and traits analyzed in this study. A dashed line is drawn at x=1 (no 
heritability enrichment). Error bars show confidence intervals in all panels. 

 

Our results demonstrate that epigenetic elements that gained novel function in the fetal 
brain since human divergence with rhesus macaque are likely involved in the development of 210 
several skeletal, dermatological, respiratory, and cardiovascular traits at 7 p.c.w. suggesting 
pleiotropic effects across the brain-body axis from our early evolution and life history. Prior  
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87&&38'0/2'"/' #&/,6"4'%&#",/8'2&3-&.&2'"/' ,%'"/.%,#%&88&2'7".5'+0%"0/.8'9%,6',.5&%'5,6"/"28)' (C) 
Heritability enrichment analysis in ancient selective sweeps. (top) Heritability enrichment in the 
psychiatric trait domain relative to all non-psychiatric trait domains combined. (bottom) Heritability 
enrichment in each trait analyzed. Psychiatric traits are colored in yellow. Asterisks show significance at 
FDR < 0.05 across all genomic annotations and traits analyzed in this study. A dashed line is drawn at 220 
x=1 (no heritability enrichment). (D) Heritability enrichment in genomic segments depleted in or 
introgressed with variants from other hominids. (top) Heritability enrichment in different trait domains. 
Asterisks show significance at FDR < 0.05 across all genomic annotations and trait domains analyzed in 
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this study. (bottom) Heritability enrichment in the psychiatric trait domain relative to all non-psychiatric 
trait domains combined. Asterisks indicate significance (** p < 0.005, * p < 0.05, Wilcoxon test, only 225 
comparisons significant at FDR < 0.05 across all annotations are marked). Heritability enrichment 
estimates in all panels are from the joint analysis with all genomic annotations in the baselineLDv2.2 
model (8, 15, 16, 20). Error bars show confidence intervals in all panels. 

 
work also found that the same fetal human-gained epigenetic elements active at 7 p.c.w. explain 230 
a significant proportion of the heritability of the size (in surface area) of multiple brain regions 
(26). We observe that such fetal human-gained epigenetic marks are enriched in heritability for 
psychiatric trait architecture at a later developmental stage (8.5p.c.w, 12 p.c.w.), especially those 
epigenetic marks observed in the frontal cortex known to be involved in executive control, 
attention, memory, and motivation that are often disrupted in mental illness (23). As such, these 235 
human-gained epigenetic marks appear to be pleiotropically involved in psychiatric and non-
psychiatric traits, with such pleiotropic effects extending over developmental time. 

Further, variants that lead to autism and schizophrenia today are mainly enriched in 
genetic regions that underwent selective sweeps since the time of our divergence with 
Neanderthals/Denisovans. Our results are in line with prior work that shows that autism 240 
associated variants are enriched for incomplete-selection, and schizophrenia associated variants 
are enriched in regions under selection detected using the Neanderthal selective sweep (NSS) 
score (27, 28). However, a limitation of our approach is that we study heritability enrichment 
only directly in the genomic regions of interest such as HARs which make up a small proportion 
of common SNPs limiting detection power. Previous work analyzing genes near HARs found an 245 
enrichment of schizophrenia-associated loci, also suggesting a role of this earlier period of 
human evolutionary history in the development of the genetic architecture of schizophrenia (29). 
HARs have also been implicated in creating genetic disposition for autism (30). Lastly, 
psychiatric traits as a group are more enriched in heritability in regions of the genome that 
became deserts of ancestry from other hominids. All these results point in the same direction. 250 
Psychiatric variation today is partly and significantly caused by regions of our genome, whether 
epigenetic or genetic, that played a role in human-specific evolution, in the divergence from 
ancestral lineages towards our present-day state. Specifically, a strong effect is noted in that 
genetic loci that affect autistic variation today were under selection in the lineage that led to 
present-day humans from our common ancestor with Neanderthals and Denisovans. 255 

Our results imply that selection pressures on such traits may have changed over time, 
and/or that such traits have been pleiotropic with other traits beneficial to the human experience 
today or in our evolutionary past. Indeed, it has been shown that polygenic scores for 
schizophrenia predict creativity (31), and that creativity and psychopathology appear to have an 
inverted-U shaped relationship (32), potentially due to overlapping mental processes involved in 260 
both creativity and psychosis proneness (33). For example, genetic correlation between several 
mental disorders and the personality dimension of openness has been demonstrated (34), and 
recent research in psychology suggests that “creative cognition draws on both the executive 
functioning that is tied to Intellect and the associative divergence that comes with Openness (35–
37). Being susceptible to schizophrenia spectrum disorders may enhance Openness, increasing 265 
the likelihood of ideas that are original. To develop ideas that are creative, however, one also 
needs protective intellectual factors (and autistic-like traits) to steer the chaotic storm (33).” It 
has also been hypothesized that autistic-like and schizotypal traits lead to different mating 
strategies, and may have been maintained in part by sexual selection through mate choice (38). 
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Our analyses support the call for a shift in vocabulary presented in the introduction to one 270 
of “dimensions”, “variability” and “prevention” from one of “disorder,” “risk” and “cure.” (1–6) 
They certainly call for research into understanding the nature and etiology of mental illness 
presentation today through the perspective of them being central to becoming and being a human 
being, and imply that dimensions of such traits are present across human variation today. They 
also invite inquiry into understanding differences in lifestyle or interactions with the environment 275 
that may have caused such genetic variants to be under positive selection in the past and to 
elevate the rate at which psychiatric conditions such as autism are manifested today, calling for 
research incorporating a deep evolutionary lens (1–6).  
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