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Abstract

General factors capturing the shared genetics in psychiatric (genomic p-factor) and cognitive traits
(genomic g-factor), and more recently in resting-state functional magnetic resonance imaging-derived
brain networks, have contributed to our increased understanding of the etiologies in their respective
domains. Yet it remains unclear whether general factors can capture the three-way genetic overlap of
psychopathology, cognition and brain function. Here we tested for the presence of this genetic overlap
via genetic correlation analyses using summary statistics of genome-wide association studies of the p-
factor (N = 162,151 cases and 276,846 controls), the g-factor (N = 269,867), and the two genomic factors
estimated from the amplitude in resting-state functional magnetic resonance imaging-derived brain
networks (N = 31,688). Unlike hypothesized, only the genetic correlation between the p-factor and the g-
factor was significant. We conclude that specific functional brain network constructs may have more
potential than their derived general dimensions to capture relevant genetic variation for cognition and

psychopathology.
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Introduction

Psychiatric disorders are highly heritable (Antilla et al., 2018). The effects of psychiatric genetic risk
factors on (aberrant) behavior are associated with brain structure and functioning (Meyer-Lindenberg &
Weinberger, 2006). This classic view implies that the underlying genetic mechanisms of brain function,
cognition and psychopathology overlap. Yet, few studies have directly tested this three-way genetic

relationship.

Recent trends in the field of psychiatric genetics have shown that the overlapping genetic influences
tend to drive traits within the domain of psychopathology (Antilla et al., 2018) and the domain of
cognition (Lee et al., 2012). These shared genetic influences can be reliably captured by latent factors of
general genetic effects shared in each domain. This has been demonstrated for psychiatric disorders with
the so-called “genomic p-factor” (Lee et al., 2019; Grotzinger, et al., 2019a), representative of the
general genetic liability for psychopathology, and with the “genomic g-factor” in the case of cognitive
traits (Savage et al., 2018; de la Fuente et al., 2021), which captures a shared genomic component of
different higher-order cognitive functions. In a recent publication, we demonstrated that BOLD
amplitudes across multiple functional brain networks, derived from resting-state functional MRI (rfMRI)
scans, share genetic influences that can also be represented by latent factors (Guimaraes et al., 2021,
“Shared genetic influences on resting-state functional networks of the brain,” BioRxiv,
https://doi.org/10.1101/2021.02.15.431231). Specifically, two genomic factors best summarized the
genetic influences shared across functional networks: one factor (F1) consisted mostly of “multimodal
association” networks (ten multimodal association and two sensory networks), and the other factor (F2)
consisted exclusively of “sensory” networks (six sensory networks). The overrepresentation of
multimodal association networks in F1 and the exclusive association of sensory networks with F2

suggested a genetic divergence in the influence on multimodal association and sensory functions. A
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similar trend was also observed in a previous study using functional connectivity (FC) measures
(Reineberg et al., 2020) and at the phenotypic level using network BOLD amplitudes (Bijsterbosch et al.,

2017).

Literature shows that cognitive performance and psychopathology-related traits are negatively
genetically correlated (Greven et al., 2011), and so are the genomic p- and g-factors (Grotzinger et al.,
2019b). More recently, the p- and g-factors also were found to genetically correlate with FC between
specific functional networks (Zhao et al., 2020, “Common variants contribute to intrinsic human brain
functional networks,” BioRxiv, https://doi.org/10.1101/2020.07.30.229914), suggesting that the function
of multiple networks shares a genetic basis with general cognition and psychopathology. Based on the
previously reported intrinsic relationship between FC and BOLD amplitude (Bijsterbosch et al., 2017),
and together with the evidence that different functional networks genetically overlap in their BOLD
amplitudes and correlations (Elliott et al., 2018; Reineberg et al., 2020), we hypothesized that the genetic
effects linking functional networks to psychopathology and cognition are shared across the BOLD
amplitude of these networks and potentially represented by their general dimensions. Demonstrating
this hypothesis would show that the three-way relationship between psychopathology, cognition and
brain function is based on general genomic effects on brain function, in addition to effects specific to
certain network constructs. Given the increased power to detect genetic overlap provided by general
factors in psychopathology (Grotzinger et al., 2019a) and cognitive ability (de la Fuente et al., 2021), we
expected that similar effects would exist for general factors of brain function. Here, we tested whether
our two genomic functional network factors (Guimaraes et al., 2021, “Shared genetic influences on
resting-state functional networks of the brain,” BioRxiv, https://doi.org/10.1101/2021.02.15.431231)

and the p- (Lee et al., 2019) and g-factors (Savage et al., 2018) are genetically correlated with each other.
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Methods

GWAS samples

To capture the genetic influences of general cognition and psychopathology, we selected previously
reported GWAS summary statistics of the g-factor (N = 269,867) (Savage et al., 2018) and the p-factor
coming from the latest Psychiatric Genomics Consortium cross-disorder analysis (N = 162,151 cases and
276,846 controls) aggregating eight common psychiatric disorders: anorexia nervosa, attention-
deficit/hyperactivity disorder, autism spectrum disorder, bipolar disorder, major depression, obsessive-
compulsive disorder, schizophrenia and Tourette’s syndrome (Lee et al., 2019). For the genetic
influences shared by the activation of multiple functional brain networks, we used the GWAS summary
statistics estimated for the two genomic functional network factors from our previous study (Guimaraes
et al.,, 2021, “Shared genetic influences on resting-state functional networks of the brain,” BioRxiv,

https://doi.org/10.1101/2021.02.15.431231). In brief, we derived these two factors previously using

genomic structural equation modelling (genomic SEM) (Grotzinger et al., 2019a) on the summary
statistics of GWAS of the BOLD amplitudes of 21 rfMRI-derived networks obtained in participants of the

UK Biobank (open.win.ox.ac.uk/ukbiobank/big40/; N=31,688) (Smith et al., 2021).

Statistical Analysis

Genetic correlation analysis. Taking the GWAS summary statistics of p-factor, g-factor and the two
genomic functional network factors, we computed genetic correlations among these general factors
using LD-score regression (LDSC) (Bulik-Sullivan et al., 2015). The bivariate LDSC calculates the genetic
correlations between two traits, by comparing the SNP effect sizes reported for both traits in relation to
each SNP’s linkage disequilibrium (Bulik-Sullivan et al., 2015). Significant genetic correlations were

determined by Bonferroni correction for multiple comparisons (P < 0.05/6 = 0.008).
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Results

The results of the genetic correlation analyses are displayed in Table 1. The genomic p- and g-factors
were negatively genetically correlated at Bonferroni-corrected significance levels (P < 0.05/6 = 0.008),
validating previously reported negative genetic correlations found using different GWAS results
(Grotzinger et al., 2019b). Our predominantly multimodal network factor F1 was not genetically
correlated with the p- or the g-factors. Our sensory network factor F2 exhibited a nominally significant (P

< 0.05) negative genetic correlation with the p-factor, but no such trend was seen with the g-factor.

Discussion and Conclusion

The present study aimed to investigate the three-way genetic relationship of psychopathology, cognition
and brain function via genetic correlations among the p-, g-factors and two factors estimated from
amplitude of rfMRI-derived brain networks. Although we replicated the negative genetic correlation
between the p- and g- factors, our results do not show shared genetic variation of two genomic

functional network factors with either the p- or g-factors.

Our sensory network factor F2 showed a trend for a negative genetic correlation with the p-factor that
was not significant after Bonferroni-correction. In our previous study (Guimaraes et al., 2021, “Shared
genetic influences on resting-state functional networks of the brain,” BioRxiv,
https://doi.org/10.1101/2021.02.15.431231), F2 also showed nominal (P < 0.05) genetic correlation with
autism spectrum disorder (negative correlation) and with Alzheimer’s disease and body-mass index (BMl;
positive correlations). Despite not being a brain-specific trait, BMI has gained relevance in the field of
psychiatric genetics due to its genetic correlations with many of the disorders covered by the p-factor
here (Antilla et al., 2018). An association between F2 and the p-factor would be in line with previously

reported genetic correlations between the p-factor and sensory brain networks that contribute to our
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F2, such as the cerebellar, occipital and sensorimotor networks (Zhao et al., 2020, “Common variants
contribute to intrinsic human brain functional networks,” BioRxiv,
https://doi.org/10.1101/2020.07.30.229914). We speculate that some of the genetic variation driving
activation in sensory networks could potentially contribute to the development of psychiatric
symptomatology. Given this effect was modest and only nominally significant, follow-up studies using
larger and better powered fMRI GWAS are warranted to test this hypothesis and further examine the

nature of this genetic overlap between sensory network activation and psychopathology.

We did not find any genetic overlap between F1 and the p-factor, and between the g-factor and either
F1 or F2. With these results, we failed to prove the three-way genetic relationship of general factors of
brain function, cognition and psychopathology that we hypothesized based on previously reported
genetic correlations of p- and g-factors with FC measures of individual networks (Zhao et al., 2020,
“Common variants contribute to intrinsic human brain functional networks,” BioRxiv,
https://doi.org/10.1101/2020.07.30.229914). Despite the intrinsic relationship between FC and BOLD
amplitude (Bijsterbosch et al., 2017), our results reveal that individual network constructs such as FC
perform better than our genomic factors of BOLD amplitude in capturing genetic variation relevant for
the p- and g-factors. It is also possible that F1 and F2 can detect genetic overlap driven by locally relevant

genetic effects (Werme et al., 2021) that may be canceled when the whole genome is analyzed.

In conclusion, our study suggests that there are no strong genetic correlations of two genomic factors of
functional brain networks with general psychopathology and cognition. Even though the genomic g- and
p-factors were negatively genetically correlated with each other and show better links to psychiatric
disorders, we conclude that the genetic links to brain function are better captured by biologically-specific

representations of the brain such as individual networks, rather than by more general representations.
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Table 1. Correlation matrix showing the genetic correlation results obtained for the p-factor, g-factor and the
two genomic functional network factors.

Pg (SE)
F1 F2 g-factor | p-factor
0.4%** -0.02 0.05
F1 -
(0.09) (0.04) (0.04)
-0.02 -0.11%*
F2 1.44E-05** -
P(pg) (0.06) (0.05)
-0.09**
g-factor 0.62 0.77264 -
(0.03)
p-factor 0.24 0.029* 0.0015** -

Genetic correlations of two genomic functional network factors (F1 and F2) derived from GWAS summary statistics reported by
Smith et al., 2021 (Smith et al., 2021), with a genomic factor capturing general intelligence (g-factor) (Savage et al., 2018) and a
genomic factor capturing general psychopathology effects (p-factor) (Lee et al., 2019). F1 comprises genetic effects shared among
ten multimodal association networks and two sensory networks; and F2 is consisted of six sensory networks (for more details
consult Guimaraes et al.,, 2021, “Shared genetic influences on resting-state functional networks of the brain,” BioRxiv,
https://doi.org/10.1101/2021.02.15.431231). Genetic correlations at nominal and Bonferroni-corrected (P < 0.05/6 = 0.008)
significance are respectively labeled with * and **.
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