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Supplementary Figures and Captions 
 

 
Supplementary Figure 1. Global Genetic Correlations and Dimension Reduction Procedures 
Panel (a). Principal Components Analysis and loadings of cognitive traits on top two extracted PCs. Panel (b). The similarity of each cognitive trait to 
Cognitive Task Performance (CTP) in context of its relationship to the vector of 19 psychopathological traits. Panel (c). The similarity of each cognitive 
trait to NCF given its relationship to the vector of 19 psychopathological traits. Panel (d). Partitioned k-medoid cluster analysis for 18 
psychopathological traits. Cluster 1: PTSD: Post-Traumatic Stress Disorder, Rexp: Re-Experiencing symptoms, MVP: Million Veteran Project, PCL: 
Total PCL Symptom Scores, Anxiety: Anxiety Disorder. Cluster 2: MDD: Major Depressive Disorder (Howard et al., 2019), Tourette’s: Tourette’s 
Syndrome, Anorexia: Anorexia Nervosa. Cluster 3: Dep-Aff: Depressive Affect, Anxiety_QT: Anxiety Disorder Symptom Factor Scores, MDD_MVP: 
Major Depressive Disorder (Million Veteran Project). Cluster 4: Bipolar: Bipolar Disorder.  
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Supplementary Figure 2. Comparing global genetic correlations  
Panels (a) and (b). x-axis genetic correlations estimated by LDSC; y-axis genetic correlations estimated by ρ-HESS . Intercept was set to 0 for both 
reference lines. anxiety_qt: Anxiety Symptom Factor Scores, anxiety_MVP: Anxiety Disorder from Million Veteran Project, asd: Autism Spectrum 
Disorder, ptsd_pcl: Post-Traumatic Stress Disorder - Total PCL scores, ptsd_mvp: Post-Traumatic Stress Disorder case control, both PTSD 
phenotypes were from the Million Veteran Project, adhd: Attention Deficit/Hyperactivity Disorder, mdd_mvp: Major Depressive Disorder from the Million 
Veteran Project, depaff: Depressive Affect, mdd: Major Depressive Disorder (Howard et al., 2019), scz: Schizophrenia (PGC3), tourette : Tourette’s 
Syndrome, anorexia: Anorexia Nervosa, bipolar: Bipolar Disorder. Panel (b). Red highlighted points were anorexia (Anorexia Nervosa) and OCD.  
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Supplementary Figure 3. Manhattan plots for ρ-HESS local genetic correlation output 
Panel (a). Independent LD segments were aligned based on their chromosome and e base-pair positions sequentially. Panel (b). Local genetic 
correlation results and LD independent segments were aligned based on the lowest Z score to highest Z score. Panels (a) and (b): CTP – Cognitive 
Task Performance (in red) and NCF – Non-Cognitive Factor (in turquoise). The y-axis of all traits except for schizophrenia was set to Z score between -
5 to 5. Plots for schizophrenia have y-axis limits between -7.5 and 7.5. Anxiety Symptom: Anxiety Symptom Factor Scores, Anxiety MVP: Anxiety 
Disorder from Million Veteran Project, MDD_MVP: Major Depressive Disorder from the Million Veteran Project, MDD: Major Depressive Disorder 
(Howard et al., 2019),  
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Supplementary Figure 4. Manhattan plots for ρ-HESS local genetic correlation output – MHC region 
Panel (a). Independent LD segments were aligned based on their chromosome and base-pair positions sequentially. Panel (b). Local genetic 
correlation results and LD independent segments were aligned based on the lowest Z score to highest Z score. Panels (a) and (b): CTP – Cognitive 
Task Performance (in red) and NCF – Non-Cognitive Factor (in turquoise). The y-axis of all traits except for schizophrenia was set to Z score between -
5 to 5. Plots for schizophrenia have y-axis limits between -10 and 10. Anxiety Symptom: Anxiety Symptom Factor Scores, Anxiety MVP: Anxiety 
Disorder from Million Veteran Project, MDD_MVP: Major Depressive Disorder from the Million Veteran Project, MDD: Major Depressive Disorder 
(Howard et al., 2019), 
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Supplementary Figure 5. DBSCAN approaches for Iris Dataset.  
(a) Scatterplots for Sepal, Petal, Length and Width features clustered by ground truth categories. (b) Table of DBSCAN fit metrices – 5 model solution 
with 10 input features generated the best DBSCAN clustering. (c) Scatterplots for DBSCAN clusters by clustering features.  
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Supplementary Figure 6. Distributional patterns for local genetic correlation stratified by meta-loci for Cognitive Task Performance 
(a) Meta-loci stratification by genomic coordinates between Cognitive Task Performance and each psychopathological trait. Bipolar: Bipolar Disorder, 
Anorexia: Anorexia Nervosa, Tourette’s: Tourette’s Syndrome, MDD: Major Depressive Disorder (Howard et al., 2019), Dep-Aff: Depressive Affect, 
MDD_MVP: Major Depressive Disorder (Million Veteran Project), Anxiety_QT: Anxiety Disorder (Symptom Factor Scores), PTSD_MVP: Post-
Traumatic Stress Disorder (Million Veteran Project), PTSD_PCL: Post-Traumatic Stress Disoder (Million Veteran Project, Total PCL symptom scores), 
Anxiety_MVP: Anxiety Disorder (Million Veteran Project), ASD: Autism Spectrum Disorder, OCD: Obsessive Compulsive Disorder. (b) Local genetic 
correlation distribution for Cognitive Task Performance within each meta-locus.   

a.
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Supplementary Figure 7. Distributional patterns for local genetic correlation stratified by meta-loci for the Non-Cognitive Factor 
(a) Meta-loci stratification by genomic coordinates between non-cognitive factor and each psychopathological trait. Bipolar: Bipolar Disorder, Anorexia: 
Anorexia Nervosa, Tourette’s: Tourette’s Syndrome, MDD: Major Depressive Disorder (Howard et al., 2019), Dep-Aff: Depressive Affect, MDD_MVP: 
Major Depressive Disorder (Million Veteran Project), Anxiety_QT: Anxiety Disorder (Symptom Factor Scores), PTSD_MVP: Post-Traumatic Stress 
Disorder (Million Veteran Project), PTSD_PCL: Post-Traumatic Stress Disoder (Million Veteran Project, Total PCL symptom scores), Anxiety_MVP: 
Anxiety Disorder (Million Veteran Project), ASD: Autism Spectrum Disorder, OCD: Obsessive Compulsive Disorder. (b) Local genetic correlation 
distribution for non-cognitive factor within each meta-locus.   

a.

b.



 
Supplementary Figure 8. Distribution of local genetic correlation by LD segments between CTP/NCF and Social Deprivation 
(a) Upper panel: distributional patterns of local genetic correlation with social deprivation and cognitive task performance; Lower panel: distribution 
patterns of local genetic correlation with social deprivation and non-cognitive factor. All post-hoc comparisons were Bonferroni adjusted (b) post-hoc 
pairwise t-test comparisons for meta-loci for CTP and NCF. All p-values are two-sided unless otherwise stated.  
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Supplementary Figure 9. Temporal Brain Expression per Meta-locus for Cognitive Task Performance and Non-Cognitive Factor  
(a) temporal brain expression trajectories for Cognitive Task Performance (b) temporal brain expression trajectories for Non-Cognitive Factor. For each 
plot in panels (a) and (b) y-axis represents normalized aggregated gene expression values and x-axis represents time converted to weeks – ranging 
from 8 prenatally to 2117 weeks in adulthood.  
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Supplementary Figure 10. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Axon Development.  
Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated gene expression. 
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Supplementary Figure 10. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Axon Development. 
Note: Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated 
gene expression.



 
Supplementary Figure 11. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Cell Morphogenesis involved in 
Neuron Differentiation.  
Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated gene expression. 
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Supplementary Figure 11. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Cell Morphogenesis 
involved in Neuron Differentiation. 
Note: Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated 
gene expression.



 
Supplementary Figure 12. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Neurogenesis.  
Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated gene expression. 
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Supplementary Figure 12. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Neurogenesis. 
Note: Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated 
gene expression.



 
Supplementary Figure 13. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Neurogenesis.  
Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated gene expression. 
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Supplementary Figure 13. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Neurogenesis. 
Note: Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated 
gene expression.



 

 
Supplementary Figure 14. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Neuron Differentiation.  
Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated gene expression. 
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Supplementary Figure 14. Spatial distribution of gene expression across meta-loci from Allen Brain Atlas for Neuron 
Differentiation. 
Note: Red color within the brain slices suggest up-regulated gene expression in the brain, and blue represents areas with down-regulated 
gene expression.


