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Alcohol GABA and opioid agonist; NMDA antagonist
Cocaine Blocks re-update of dopamine

Amphetamines Stimulate dopamine (and NE) release

PCP, ketamine (Psychedelics) NMDA antagonist

Opioids Mu, delta, kappa opioid agonists

Cannabis CB1 and CB2 agonist

MDMA Serotonin release and reuptake inhibition; mild

dopamine and NE reuptake inhibition

LSD 5HT2a agonism leading to increased glutamate
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1 An enzyme called aminoal tRNA synthetase (nat shown)
attaches amino acids to their corresponding tRNA
molecules using energy from ATP. Each amino acid has
its own tRNA molecule with the anticodon for that
amir

RNA (iransier RNA)
molecules

7 When the ribosome reaches a stop codon,
lypeptide.

51h§lilsltRNAdmps off its amina it releases the finished pol
-add,

off and leaves to pick

up another amino acid. The second
moves over to make room for another tRNA.

4 Other tRNAs with anticodon
matching the mRNA codons
fallinto place in the ribosome.

Large ribosomal subunit

Initiator tRNA-

3 It moves along the mRNA
until it finds a start codon.
There, the first tRNA and
the large ribosomal
subunitjoin it.

Anticodon

2 Asmall ribosomal subunit
attaches tself to the 5' en:
of an mRNA strand.

‘Small ribosomal subunit

/
Polypeptide (amino acid chain)

6 tRNA after tRNA drop
off their amino acids.
form a chain of
amina acids linked by
peptide bonds.
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Fig.2| The genomic architecture of SUDs. The
genetic contributiontoindividual substance use
disorders (SUDs) is attributable to variants that
influence general addiction liability and substance-
specific variants™, General addiction liability is

driven by variants influencing traits that correspond
to the three stages of the neurobiological model of
addiction: reward and risk-taking, negative affect

and urgency, and executive functioning. By contrast,
variants in receptors that respond to the psychoactive
components of individual substances or those in genes
metabolizing individual drugs directly influence each
SUD in a substance-specific manner. Furthermore,
genetic variants that influence other psychiatric
disorders may also independently influence SUDs.
Reciprocally, the genetics underlying general
addiction liability may impact risk of other psychiatric
disorders. Small effects of substance-specific

genetic variants on other psychiatric disorders

are also predicted. Inaddition to these genetic
pathways, prolonged substance use and SUDs may
phenotypically influence risk-taking, negative affect,
executive functioning, and psychiatric health and
well-being (double headed dashed red arrows depict
phenotypic associations). Of note, alcohol, nicotine,
cannabis, cocaine and opioid use disorders are shown
as there are current large genome-wide association
studies of these SUDs; however, the genetics of many
other SUDs could be similarly classified.
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dies that examine specific genes thought to be associated
Studies (GWAS): studies that look at markers across the
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Table 1| Non-synonymous sentinel variants

Phenotype Gene rsiD Chr Position REF ALT AF Bata P N Q

CigDay (SmkCes) CHRNAS rs16969968= 15 78882925 G A 0.34 0075  12x10-m 33070 0.34
Cighay HISTIHZBE rs7 7166641 f 26,184,102 G A 027 001 29x10° 335553 078
CigDay (AgeSmk) GRE4 rs1024323 4 3,006,043 c T 038 0012 87x10™" 337334 017
Smklnit REV3L rsd 6277 6 M,695,887 G A 081 -001e 45x10°7 1232091 067
Smklnit (DmkWk)  BDONF rs6265 n 27,679,916 c T 020 -00l6 28x10-® 1,232,091 043
Smklnit RHOTZ rs1139857 6 720986 G A 023 -0012 18x10-® 1232091 08
Smklnit (DmkWk)  ZNFFE9 rsbI62772 7 99,081,730 A G 015 -0.015 21%707" 1,232,091 052
Smklnit BRWDT rsd 818005 A 40,574,305 A G 058 -00W0 39x10°% 1232091 075
Smiklnit ENTPD& rs6050446 20 25195509 A G 097 0035 88x107° 1,225,969 033
Smklnit RPSEEA4 rs17857342 n 64,138,905 T G 038 -00W0 S8x10-® 1232091 018
Smiklnit FAMIEZA rs14705174 1 179,783167 G T 002 0037 23x10-0 1,232,091 059
Smklnit PRRCZE rs34553878 9 124907263 A G on 0016 1.2x10-* 1232091 028
Smiklnit ADANTS rsd 5444697 1 155033918 c T 0. 0010 53x107° 1232091 046
Smklnit MMEZ2L rsS481410" f reTING G A 076 000 11107 1232091 004
Smiklnit QSERT rsb2618653 n 32956492 c T 004 -0020 21x10-% 1,232,091 100
DrnkWk ADHIB rs1225584 4 100233319 T C 096 006a0  22x10-=¢ 941,280 Q.05
DrnkWk GCKR rs1260326 2 27,730,940 T C 0.60 0008  Bax10-* 941,280 010
DrnkWk SLC394E rs13107325 4 103,188,709 c T 007 -000%  15x10°F 941,280 033
DrnkWik SERFINAT rs2892%474 4 948445947 c T 002 -0012 13x10°" 941,280 0.50
DrokWhk (Smklnit} ~ ACTRIB rs11692465 2 98,275,354 G A 009 0008  25x10-° 937516 0.40
DrnkWik TNFSFI2-13  rs3803800 17 7462969 A G 079 0004  15x10-" 941,280 oa7
DrnkWhk HGFAC rs3748034 3446,091 G T 014  -0005 17x10-# 941,280 0.65

Thee sentined variant in approximately 4% of kool was non-synonymous. Shaan here are all nan-synomymous sentinel wariants, and all non-synonymous varnants in near-perfect LD with 2 sentined variant. If
the listed gene was also associated (through single wvaniant or gene-based test) with another phenctype, that phenctype is listed in parentheses. Several genes have been implicated in previous studies of
sulrstance use/addiction, ncluding CHENAS, BONF, GCER, and ADHIE. Phenctype abbreviations are defined in Fig. 1. Che, chromasome; REF, reference allele; ALT, alternate allele; AF, allele frequency of ALT;
@ Cochrane's § statistic Pwalue. “These variants were not themssfes sentine), but were in nesr-perfect LD with a sentinel wariznt 7 = 099, from the 1000 Genomees Eurapean population). The scals of
Beta is an the wnit of the standard deviation of the phenotype. For binary phenotypes the standard deviation was cakulated from the weighted average prevalence across alll studies included in the meta-
bysis (avallabde in Supph ary Table 7).
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are brain disorders and involve brain regions
motivation, inhibitory control, and memory

s affect different receptors in these regions
e over time with exposure to drugs and with

are heritable, but probably due to multiple
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