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Supplementary Notes

Materials and Methods

Genotyping and Quality Control

Grady Trauma Project (GTP) sample:

SNPweights softwarel7 was used to assign ancestry, focusing on African-American
ancestry only. PLINK ' was used to perform quality control analyses (e.g., to remove
SNPs with a call rate < 95%); individuals with missingness > 2% or heterozygosity >
|0.2|, those failing sex checks, and duplicates and relatives were also removed. We then
removed SNPs with a call rate < 0.98, with differential missingness between cases and
controls < 0.02 or significant deviation from Hardy-Weinberg proportions (p<I1x107 in
controls and p<1x10" in PTSD cases). Imputation to the 1000 Genomes phase 1
reference was performed within the PGC pipeline'® using SHAPEIT for phasing®' and
IMPUTE2 for imputation.** Principal-component analysis (PCA) was conducted on high-

quality SNPs with low LD passing filters and then used to remove outlier subjects.

Analysis of possible variant function

eQTL analysis using the Braineac Database

To investigate the effect of the GWS SNPs (HTR2B rs17440378 and PSMD1
1s35750632) on gene expression level, we conducted an expression quantitative trait
locus (eQTL) analysis using the Braineac database from the UK Brain Expression

Consortium (UKBEC) (www.braineac.org). This database contains information collected

from 10 brain regions of 134 neuropathologically normal individuals: cerebellar cortex,



frontal cortex, hippocampus, medulla, occipital cortex, putamen, substantia nigra,

temporal cortex, thalamus, and intralocular white matter.

e¢QTL analysis using the GTEx Database

We also conducted an eQTL analysis for both HTR2B rs17440378 and PSMD1
rs35750632 using the Genotype-Tissue Expression (GTEx) Project database. We
performed a single-tissue eQTL analysis and a multi-tissue comparison between the
variant of interest and the target gene. The data used for the analyses described here were

obtained from the GTEx portal (www.gtexportal.org)

Chromatin regulation analysis using HaploReg v4.1

We used HaploReg v4.1 (http://archive.broadinstitute.org/mammals/haploreg/haploreg

.php) to explore chromatin states, protein binding, and regulatory motif alterations within
the GWS SNPs (HTR2B*rs17440378 and PSMD1 *rs35750632). This database contains
127 reference epigenomes from ENCODE 2012 and Roadmap Epigenomics. We used the
following datasets: ChromHMM states corresponding to enhancer or promoter elements,
from the 15-state core model and 25-state model incorporating imputed data; histone
modification ChIP-seq peaks using the gappedPeak algorithm for H3K27ac, H3K9ac,
H3K9mel, and K3K9me3; and DNase hypersensitivity data peaks using the narrowPeak
algorithm. To examine the effect of GWS variants on regulatory motifs, we used the
position weight matrix (PWM)-scanning process. For the analysis, we selected an LD

threshold (r*) of 0.8 and used the AFR 1000G Phase 1 population for LD calculation.



Polygenic risk score analysis

PRS analysis was conducted as previously reported *. Data were clumped by linkage
disequilibrium with 7* < 0.2 in a 200 kb window. The PRS was calculated based on a set
of top SNPs (P-values 0.00001, 0.0001, 0.001, 0.005, 0.01, 0.05, 0.1, and 0.5) and
multiplying the dosage of the risk alleles weighted by the effect sizes. The association
between CRA and the PRS of each individual was analyzed in a logistic regression model
embedded in GEE to correct for correlations among related individuals: CRA ~ PRS +
age + sex + 3 PCs. The Yale-Penn 1 and Yale-Penn 2 datasets were analyzed separately
and then combined by meta-analysis using METAL software. P-values smaller than 0.01

(0.05/5) were considered significant after multiple correction.

Htr2b knockout mice, THC administration and behavioral phenotyping

Aggressive behavior was investigated using the resident-intruder test adapted from
Koolhaas and colleagues > and performed 1 hour after i.p. injection. Briefly, experimental
mice were put in isolation for 10 days to induce aggression. An unfamiliar mouse of the
same sex and strain, used as an intruder, was introduced in the cage for 30 minutes.
Intruders were balanced based on the total number of encounters, so that each
experimental resident mouse was not exposed to the same intruder. The behavioral
parameters scored for both frequency and duration included: 1) social investigation
behavior (anogenital sniff, nose sniff, body sniff, allogrooming), 2) aggressive behavior
(aggressive grooming, offensive posture, attack, tail rattling, and digging), 3) locomotor

activity (number of crossings).



Results

Manhattan plots are shown in Supplementary Figure 1. To determine whether both GWS
SNPs reflect the same association signal, we conducted a conditional analysis by
adjusting each for the other GWS variant. Adjusting for one variant in the conditional
analysis eliminated the association for the other (Pconditionat = 0.34 for rs17440378;

Pconditional = (.23 for I'S35750632)

Post-hoc analysis of association between HTR2B*rs17440378 and aggression or

substance-dependence traits

To investigate the specificity of the SNP association with CRA, we examined the
association of HTR2B*rs17440378 with other aggression-related and substance
dependence traits (lower panel, Supplementary Figure 4). No association was observed
for an aggression-related disorder or substance dependence. We also tested the
association of HTR2B*rs17440378 with aggression under the influence of other drugs,

such as alcohol, cocaine, and opioids; there was no significant association found.

eQOTLs analysis using the Braineac Database

Using the Braineac Database, we identified several rs17440378 eQTLs for HTR2B across
all 10 of the brain regions analyzed (exprID = 2603401, aveALL p = 7.3 x 10
(Supplementary Table 4). The highest expression of HTR2B (exprID = 2603401) is in the
medulla (z = 119) and substantia nigra (n = 101) (Supplementary Figure 5). eQTLs for

HTR2B*rs17440378 were also identified at genes across multiple brain regions: PSMDI,



DIS3L2, SP140, B3GNT7 (SupplementaryTable 4). No eQTLs were identified for

rs35750632 in any of the brain regions examined.

eQOTLs analysis using the GTEx Database

We used the GTEx database to identify additional eQTLs for HTR2B*rs17440378 from
8,232 human samples in multiple tissues. We found 19 eQTLs for HTR2B*rs17440378 in
HTR2B, C20rf72, ARMCY, RP11-223110.1, AC017104.6, and B3GNT7 (Supplementary
Table 5). The most significant result was the eQTL in C20rf72 (p = 3.8 x 10™'*, Effect
size = 1.0). A multi-tissue eQTL comparison analysis between C2orf72 and
HTR2B*rs17440378 eQTL showed a suggestive association in the putamen (n = 82, § =
0.28, p = 1.0 x 10?) and in peripheral tissues (Supplementary Figure 6). A multi-tissue
eQTL comparison between HTR2B and HTR2B*rs17440378 revealed associations in the
cerebellum (n = 103, B =-0.37, p = 5.0 x 10”®) and in peripheral tissue (Supplementary

Figure 7). No eQTLs for rs35750632 were identified in any tissue.

Chromatin regulation analysis using HaploReg v4.1

We used HaploReg v4.1 to examine the regulatory role of GWS SNPs and variants with
¥* > 0.8. For HTR2B*1rs17440378, we identified multiple enhancer histone marks in
embryonic stem cells (ESC), induced pluripotent stem cells (iPSC) and the anterior
caudate and cingulate gyrus, among other tissues (Supplementary Table 6). Several
regulatory motifs are altered by rs17440378, including Gfi-1, Nkx2-6, and Nkx3-4
(Supplementary Table 7A). Another variant in high LD with rs17440378 (+* = 0.85, D’ =

0.96), rs55637820, showed several enhancer histone marks in gastrointestinal tissue,



pancreatic tissue, brain tissue (anterior caudate); it also alters 11 regulatory motifs

(Supplementary Table 7B).

For 1s35750632, we identified two promoter histone marks in gastrointestinal tissue and
enhancer histone marks in epithelial tissue, adipose tissue, gastrointestinal tissue, and

blood cells. Twelve regulatory motifs were altered by this genetic variant (Supplementary

Table 7C).
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Figure S1. Manhattan plots from cannabis-related aggression genome-wide

association study.
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African Americans (AAs) and European Americans (EAs). Y-axis shows —logo(P-value)
and x-axis the 22 chromosomes. Each dot represents a SNP. Dotted line depicts P value

cutoff of 5.0 x 107,



Figure S2. QQ plot from genome-wide association study (GWAS) in African

Americans (AAS).
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Figure S3. QQ plot from genome-wide association study (GWAS) in European

Americans (EAs).
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Figure S4. Cannabis-related aggression (CRA) stratified by rs17440378 genotype in
African Americans (left) and European Americans (right).

Prevalence of CRA stratified by genotype for the GWS risk variants in African
Americans (AAs) and European Americans (EAs). Cannabis-related aggression (CRA) is
shown in percentage (%) stratified by genotype of the top SNP, rs17440378, in AAs and
EAs.
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Figure S5. Gene expression patterns of HTR2B in human brain samples stratified by

rs17440378 genotype using Braineac UK database.
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Figure S6. Multi-tissue eQTL comparison between C2orf72 and rs17440378 eQTL

using GTEx database.
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Figure S7. Multi-tissue eQTL comparison between HTR2B and rs17440378 eQTL

using GTEx database.
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Figure S8. Effects of THC (10 mg/kg) on locomotor activity in Htr2b” and WT mice.

In agreement with our previous data, Hir2b" mice showed hyperactivity in basal
condition (SAL group). THC (10 mg/kg, i.p.) treatment significantly decreased
locomotion in both H#r2b" and WT (Htr2b™"") mice. Genotype effect: *** = P < 0.001.

Treatment effect: *** and ** = P <0.001 and 0.01, respectively.
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Table S1. Top Findings in African-Americans (p < 5.0 x 107).
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Table S2. Top Findings in European-Americans (p < 5.0 x 107).
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Table S3. Top 10 eQTLs of rs17440378 in human brain samples (aveALL) using Braineac UK database.

Gene Marker rsID exprlD Chr Start Stop ave CRBL FCTX | HIPP MEDU | OCTX PUTM SNIG | TCTX THAL WHM
Symbol ALL T
HTR2B | chr2:231979355 rs17440378 | 2603401 2 231972876 | 231989824 | 7.30 | 4.20E- | 5.40E | 2.90E 7.40E- 3.40E- 3.70E- | 5.00E 1.20E- 6.70E- 2.80E-
E-04 01 -01 -01 01 01 02 -04 01 02 02
HTR2B | chr2:231979355 rs17440378 | 2603400 2 231972876 | 231989824 | 1.10 6.10E- | 4.60E | 1.10E 3.60E- 2.40E- 6.30E- | 9.50E 7.30E- 6.60E- 7.40E-
E-03 01 -01 -01 01 01 02 -03 02 01 04
PSMDI1 | chr2:231979355 rs17440378 | 2531767 2 231921607 | 232037527 | 4.50 5.70E- | 6.30E | 2.80E 9.50E- 2.00E- 6.00E- | 2.70E 1.50E- 7.60E- 4.00E-
E-03 02 -02 -01 01 01 02 -02 02 02 01
DIS3L2 | chr2:231979355 rs17440378 | 2532218 2 232825975 | 233209416 | 7.60 5.50E- | 8.60E | 1.90E 1.20E- 2.50E- 7.90E- | 2.20E 1.10E- 5.60E- 5.10E-
E-03 01 -01 -01 01 01 01 -01 01 03 01
HTR2B | chr2:231979355 rs17440378 | t260339 2 231972876 | 231989824 | 1.70 | 2.70E- | 4.10E | 3.60E 1.60E- 1.20E- 2.10E- | 5.20E | 2.90E- 3.50E- 1.60E-
5 E-02 01 -01 -01 01 01 02 -02 01 01 02
SP140, chr2:231979355 rs17440378 | 2531249 2 231090446 | 231177928 | 2.00 | 2.80E- | 5.10E | I.10E 7.60E- 4.70E- 8.00E- | 1.20E 8.60E- 5.20E- 9.70E-
SP140L E-02 01 -02 -02 01 01 01 -02 01 02 02
B3GNT | chr2:231979355 rs17440378 | 2531915 2 232259841 232273503 | 2.70 | 4.30E- | 8.90E | 4.00E 3.70E- 2.80E- 5.30E- | 2.80E 8.70E- 4.60E- 8.70E-
7 E-02 02 -01 -01 01 01 01 -01 01 01 01
HTR2B | chr2:231979355 rs17440378 | 2603398 2 231972876 | 231989824 | 3.80 9.70E- | 9.90E | 1.60E 8.20E- 2.70E- 2.90E- | 9.80E 3.00E- 6.50E- 2.50E-
E-02 01 -01 -01 01 01 02 -02 01 01 03
HTR2B | chr2:231979355 rs17440378 | 2603403 2 231972876 | 231989824 | 3.80 | 4.40E- | 6.50E | 4.80E 1.70E- 1.90E- 5.20E- | 2.80E 9.30E- 3.60E- 2.00E-
E-02 01 -02 -01 01 01 01 -01 01 01 02




Table S4. eQTLs of rs17440378 in human brain samples using GTEx database.

Gencode Id Gene SNP Id P-Value Effect Tissue
Symbol Size
ENSG00000204128.5 C2orf72 rs17440378 | 3.80E-18 1 | Thyroid
ENSG00000204128.5 C2orf72 rs17440378 1.70E-13 0.96 | Esophagus - Muscularis
ENSG00000135931.13 | ARMC9 rs17440378 | 2.30E-11 0.61 | Artery - Aorta
ENSG00000261829.1 RP11-223110.1 | rs17440378 | 7.40E-11 0.73 | Thyroid
ENSG00000135931.13 | ARMC9 rs17440378 | 6.40E-09 0.34 | Artery - Tibial
ENSG00000135914.5 HTR2B rs17440378 | 1.20E-08 0.56 | Esophagus -
Muscularis
ENSG00000135931.13 | ARMC9 rs17440378 | 7.20E-07 0.5 | Pancreas
ENSG00000204128.5 C2orf72 rs17440378 | 0.000001 0.54 | Adipose - Subcutaneous
ENSG00000204128.5 C2orf72 rs17440378 | 0.0000016 0.73 | Esophagus - Gastroesophageal
Junction
ENSG00000204128.5 C2orf72 rs17440378 | 0.0000018 0.32 | Stomach
ENSG00000135914.5 HTR2B rs17440378 | 0.0000048 0.42 | Lung
ENSG00000135914.5 HTR2B rs17440378 | 0.0000063 0.51 | Esophagus - Gastroesophageal
Junction
ENSG00000204128.5 C2orf72 rs17440378 | 0.0000064 0.27 | Colon - Transverse
ENSG00000204128.5 C2orf72 rs17440378 | 0.0000083 0.65 | Adipose - Visceral
(Omentum)
ENSG00000224376.1 AC017104.6 rs17440378 | 0.0000094 0.49 | Artery - Aorta
ENSG00000204128.5 C2orf72 rs17440378 | 0.000015 0.3 | Skin - Sun Exposed (Lower
leg)
ENSG00000204128.5 C2orf72 rs17440378 | 0.000016 0.39 | Lung
ENSG00000156966.6 B3GNT7 rs17440378 | 0.000027 -0.28 | Colon - Transverse
ENSG00000135914.5 HTR2B rs17440378 | 0.000038 0.56 | Artery - Aorta




Table SS. Histone marks for 17440378 using HaploReg v4.1 database.

Chromati | Chromati
Epigenome n states n states H3K4me | H3K4m | H3K27 | H3K9
ID (EID) Group Description as-S) (25-S) 1 e3 ac ac
IMR90 fetal
lung fibroblasts H3K4mel
E017 IMR90 Cell Line Enh
17 EnhW | H3K4mel
E002 ESC ES-WA7 Cells 2 Enh
H3K4mel
E001 ESC ES-13 Cells Enh
17 EnhW | H3K4mel H3K27
EO15 ESC HUES6 Cells 2 Enh ac_Enh
17 EnhW | H3K4mel H3K27
E014 ESC HUES48 Cells 7 Enh 2 Enh ac_Enh
17 EnhW | H3K4mel H3K27
E016 ESC HUES64 Cells 7 Enh 2 Enh ac_Enh
H3K4mel H3K27
E003 ESC H1 Cells Enh ac_Enh
ES-UCSF4 H3K4mel
E024 ESC Cells Enh
H3K4mel H3K9
E020 iPSC iPS-20b Cells 7 Enh Enh ac_Pro
H3K4mel
E019 iPSC iPS-18 Cells Enh
17 EnhW | H3K4mel
E018 iPSC iPS-15b Cells 2 Enh
hESC Derived
CD56+
Mesoderm H3K27
E013 ES-deriv Cultured Cells ac_Enh
Adipose
Derived
Mesenchymal
Stem Cell H3K4mel H3K9
E025 Mesench Cultured Cells Enh ac_Pro
Mesenchymal
Stem Cell
Derived
Adipocyte H3K4mel
E023 Mesench Cultured Cells _Enh
Foreskin
Fibroblast
Primary Cells H3K4mel
E055 Epithelial | skin01 Enh
Foreskin
Melanocyte
Primary Cells H3K4mel
E061 Epithelial | skin03 Enh
Brain Anterior H3K9
E068 Brain Caudate ac_Pro
Brain Cingulate H3K4mel
E069 Brain Gyrus Enh
H3K9
E063 Adipose Adipose Nuclei ac_Pro
Sm. Duodenum H3K27
E078 Muscle Smooth Muscle ac_Enh
E076 Sm. Colon Smooth H3K4mel H3K27




Muscle Muscle _Enh ac_Enh
Sm. Rectal Smooth H3K4mel H3K27
E103 Muscle Muscle Enh ac_Enh
H3K4mel | H3K4me H3K9
E086 Other Fetal Kidney Enh 3 Pro ac_Pro
H3K9
E088 Other Fetal Lung ac_Pro
H3K4mel
E087 Other Pancreatic Islets Enh
A549 EtOH
0.02pct Lung
ENCODE | Carcinoma Cell H3K4mel
El114 2012 Line Enh
HMEC
Mammary
ENCODE | Epithelial H3K9
E119 2012 Primary Cells ac_Pro
NHLF Lung
ENCODE | Fibroblast H3K4mel
E128 2012 Primary Cells _Enh




Table S6. Regulatory motifs of rs17440378 using HaploReg v4.1 database.

A.rs17440378
Position Weight Matrix ID
(Library from Kheradpour and Kellis, 2013) Strand Ref Alt
Gfil 1 + 12.1 11.6
Nkx2 6 + 9.8 11.6
Nkx3 4 + 12.2 11.8
B. rs55637820
Position Weight Matrix ID
(Library from Kheradpour and Kellis, 2013) Strand Ref Alt
Egr-1 disc2 + 12.9 0.9
Ets_known3 - 13 1
GATA disc3 + 13.2 5.3
GATA_known8 - 1.4 133
Irf disc5 - 13 1
Nrf-2 1 - 14.2 2.2
PU.1 disc3 - 12.8 0.8
Pax-5_disc4 + 13.8 10
Rad21 disc5 - 11.5 0.5
Rad21 disc6 - 11 0.3
SP1 disc3 - 15.5 11.9
C. rs35750632
Position Weight Matrix ID
(Library from Kheradpour and Kellis, 2013) Strand Ref Alt
AP-1 discl0 + 0 11.5
Glis2 - 11.7 12.6
MAZR + 7.8 18.9
NF-I 1 + 4.1 12.3
RREB-1 2 - -1.7 1.8
SP1 knownl + 9.3 11.4
UF1H3BETA + -13.8 -1.9
WT1 - 7.3 11.2
ZBTB7A known2 - 14.1 13.3
ZNF219 - 9.8 11.6




Zfp281

9.3

12.9

Zfp740

13.4

13.1




Table S7. Polygenic risk score (PRS) results for extraversion and cannabis-related aggression

Yale Penn 1 Yale Penn 2 Meta

PT #SNPs Beta SE P-value #SNPs Beta SE P-value Direction Beta SE P-value
0.00001 5 0.210 0.29 4.74E-01 4 0.044 0.36 9.03E-01 ++ 0.144 0.23 5.28E-01
0.0001 19 0.224 0.29 4.40E-01 14 0.480 0.41 2.37E-01 ++ 0.312 0.24 1.88E-01
0.001 1366 0.713 0.32 2.51E-02 863 0.603 0.37 1.02E-01 ++ 0.666 0.24 5.63E-03
0.005 5313 0.708 0.32 2.59E-02 3111 0.424 0.36 2.33E-01 ++ 0.582 0.24 1.40E-02
0.01 9470 0.382 0.33 2.42E-01 5406 0.392 0.35 2.60E-01 ++ 0.387 0.24 1.04E-01
0.05 35173 0.399 0.27 1.38E-01 19139 0.077 0.36 8.30E-01 ++ 0.284 0.22 1.88E-01
0.1 60510 0.267 0.28 3.39E-01 32152 -0.095 0.35 7.86E-01 +- 0.127 0.22 5.63E-01
0.5 182633 0.249 0.29 3.83E-01 89487 -0.308 0.36 3.87E-01 +- 0.032 0.22 8.87E-01




