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User-specified gene set selected for the drug
ketamine:

Literature-based search string;

Clinical trial results;

Results from DrugBank;

Results from Ingenuity Pathway Analysis (IPA™), List of genes and regulatoty
KEGG; RNAs located within ketamine's
Results from Novoseek; i> supra-network;
MeSH (National Library of Medicine; )
PubChem: My My 1 1

FDA drug databases and black label warnings;
Results from integrated from GeneCards,
GeneHancer;

UCSC Genome Browser (table version);
Ensembl;

Gene Ontology.

\ 4

Convert all molecule names into Human Gene
Nomenclature Committee gene symbols

v

Set of all gene symbols in ketamine supra-pathway

!

Compute Jaccard distance and organize into initial
functional subsets (clusters)

v

Iteratively re-organize clusters into ketamine sub-networks
using entropy minimization methods

v

Ketamine sub-networks comprising gene sub-sets discretized from
the larger supra-network that demonstrate the largest intra-network
difference as determined by tests of statistical significance
(gene sub-set number threshold > 10)

FIG. 12
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Diseases Annotation p-value of overlap
Epilepsy or neurodevelopmental disorder 2.19E-31
Cognitive impairment 5.29E-25
Mood disorders 1.35E-21
Migraine 1.78E-19
Mania 4.26E-19
FIG. 19A
Upstream Regulator p-value of overlap
valproic acid 5.20E-114
trichostatin A 3.21E-35
nicotine 9.9/E-21
curcumin 6.15E-20
lithium chloride 6.66E-15
clozapine 3.99E-11
morphine 5.32E-11
resveratrol 5.52E-11
lithium 1.02E-10
carbamazepine 5.93E-10
FIG. 19B
Network topology
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Symbol Entrez Gene Name
ACSLT acyl-CoA synthetase long chain family member 1
AKT] AKT serinsfthreonine kinass 1
ANK3 ankyrin 3
ATF3 activating transcription factor 3
ATF4 activating transcription factor 4
BDNF brain derived neurotrophic factor
BONF-AS | BONF antisense RNA
BMP2 bone morphogeanetic protein 2
CACNA1C | calcium voltage-gated channel subunitalpha 1 C
CAMKZA | calciumfcaimodulin dependent protein kinase ll sipha
CARM1 coactivator associated arginine methvitransferase 1
CASP3 caspase 3
CCL2 G-C motif chemokdine ligand 2
CHGB chromogranin B
CRHR1 corticofropin releasing hormone receptor 1
CXCR4 C-X-C motif chemokine receplor 4
DNAJCS | Dnad heat shock protein family Hspd40) member C3
DRD1 dopamine receptor D2
EGR1 early growth response 1
£P300 E1A binding protein 5300
FGF7 fibroblast growth faclor 7
FGFY fibroblast growth factor 9
FOXC1 forkhead hox C1
FRSZ fibroblast growth factor receptor substrate 2
GABBR1 | gamma-aminobutyric acid type B receplor subunit 1
GABRBZ | gamma-aminobutyric acid type A receptor bela2 subunil
GABRGZ | gamma-aminobutyric acid type A receptor gamma2 subunit
GAP43 growth associated protein 43
GDNF glial cell derived neurotrophic factor
GFAP giial fibrillary acidic protsin
GRIAT glutamate ionotropic receplor AMPA type subunit |
GSK3B glycogen synthase kinase 3 beta
HES1 hes family bHLH transcription factor 1
HIF1A hypoxia inducible factor 1 subunit alpha
HOXAZ homeobox A2
HOXB1 homeaobox B
HOXB4 homeobox B4
D2 inhibitor of DNA biding 2
iINA internexin nsuronal intermediate filament protein alpha
KiT KiT profo-gncogens, receptor tyrosing kinase
L1CAM L1 cell adhesion moleculs
MAPKIO | mitogen-activated protein kinass 10
MECP?2 methyi-CpG binding orotein 2
MEF2C myocyte enhancer factor 20
MEF2D myocyte enhancer factor 2D
MEIST Meis homeobox 1
MYTIL myelin franscription factor 1 like FIG. 25A
NCAM1 neural cell adhesion molecule 1
NEFH neurofilament heavy
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NEFL neurofifament light
NEFM neurofiiament medium
NES nastin
NEUROD1 | neuronal differentiation 1
NEUROG3 | neurogenin 3
NFEZLZ2 | nuclesr factor, ervthroid 2 like 2
NOTCHT | notch receptor 1
NROB2 nuclear receplor subfamily 0 group B member 2
NR1D1 nuclear receplor subfamily 1 group D member 1
NRBAT nuclear receptor subfamily & group A member 1
NRNT neuriiin 1
NTF3 neuratrophin 3
OLIG2 oligodendrocvie transcription factor 2
FPAXE paired box 6
PLXNA4 | plexin Ad
FPOMC proopiomelanocortin
POUSF1 1 POU class 5 homeobox]
PRARD Peroxisome proliferator activated receptor deita
PROX1 prospero homeohox 1
PRRX1 paired related homeobox 1
RBFOXT | RNA binding fox-1 homolog 1
RUNX1 runt related franscription factor 1
SCNIA sodium voltage-gated channsl alpha subunif 1
SERPINET | serpin family E member 1
SIRT1 airtuin 1
SMAD4 SMAD family member 4
SNCA synuclein alpha
SNCB synuclein beta
SOX11 SRY-box 11
S0x2 SRY-hox 2
SP2 Sp2 franscription faclor
SP3 Sp3 franscription factor
SPH Spi-1 proto-oncogens
STAT1 signal transducer and activator of transcription 1
STATS signal transducer and activator of franscription 3
SV24 synaptic vesicle glveoprotein 2A
SvaB synaptic vesicle glvcoorotein 28
SYN1 synapsin |
SYNGAP1 | synaptic Ras GTPase activating protein 1
SYT1 synaptotagmin 1
iBR1 T-box, brain 1
TH tyrosine hvdroxyiase
THRB thyroid hormone recepior bata
TOP2A DNA fopoisomerase | alpha
TUBB2B  |1tubulin beta 2B class lib
TUBB3 tubulin beta 3 class [l
ViP vasoachve intestinal peptide
WANT1 Wnt family member 1
WNT5A | Wnt family member 5A FIG. 258
XIAP X-linked inhibitor of apoptosis
XBP1 A-box binding profein 1
YWHAH | tyrosine 3-monooxygenase/tryplophan S-monooxygenase activation protein efa
ZEBT zinc finger E-box binding homeobox 1
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Symbol | Enirez Gene Name
ABCD2 ATP binding cassette subfamily D member 2
ACTC1 actin alpha cardiac muscle 1
ALR1B1 | aldo-keto reductase family 1 member B
AKR1C3 | aldo-keto reductase family 1 member C3
AKR1C4 | aldo-keto reductase family 1 member C4
ANXA2 annexin A2
ATAD2 ATPase family AAA domain containing 2
ATF3 activating transcription factor 3
ATF4 activating transcription factor 4
ATF6 activating transcription factor 6
ATM ATM serine/threonine kinase
ATP1A3 | ATPase Na+/K+ transporting subunit alpha 3
BAZ1A bromodomain adjacent to zinc finger domain 1A
BAZ2B bromodomain adjacent to zinc finger domain 2B
BCL2A1 | BCL2 related protein A1
BCL2L11 | BCL2 like 11
BRDT bromodomain testis associated
CA4 carbonic anhydrase 4
CADM3 | cell adhesion molecule 3
CARM1 coactivator associated arginine methyltransferase
CCR1 C-C motif chemokine receptor 1
CDK5R1 1 cyclin dependent kinase 5 regulatory subunit 1
CEBPA CCAAT enhancer binding protein alpha
CHAF1B | chromatin assembly factor 1 subunit B
CHGA chromogranin A
CLMN calmin
DCT dopachrome fautomerase
DLG3 discs large MAGUK scaffold protein 3
DOCK10 | dedicator of cytokinesis 10
EDNRB endothelin receptor type B
ELK1 ETS transcription factor ELK1
ENPP5 econucleotide pyrophosphatase/phosphodiesterase 5 (putative)
EP300 E1A binding protein p300
ETV6 ETS variant 6
FLT3 fms related tyrosine kinase 3
FSCN1 fascin actin-bundling protein 1
GAD2 glutamate decarboxylase 2
GALC galactosylceramidase
GLUL glutamate-ammonia ligase
GRINZB__ | glutamate ionotropic receptor NMDA type subunit 2B
GRM1 | glutamate metabofropic receptor 1
GRM? glutamate metabotropic receptor 7
GSK3A glycogen synthase kinase 3 alpha
' HMOX1 1 heme oxygenase 1
HNRNPA1 | heterogeneous nuclear ribonucleoprotein A1
HOMER1 | homer scaffold protein 1
HS6ST1 | heparan sulfate 6-O-sulfotransferase 1
IAPP islet amyloid polypeptide precursor

FIG. 26-1
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ICAM1 intercellular adhesion molecule 1
ITPKA inositol-trisphosphate 3-kinase A
KAT2A lysine acetyltransferase 2A
KCNJ11 potassium voltage-gated channel subfamily J member 11
KCNJ3 potassium voltage-gated channel subfamily J member 3
KCNQ5 potassium voltage-gated channel subfamily Q member 5
KIT KIT proto-oncogene, receptor tyrosine kinase
KMT2A lysine methyltransferase 2A
LIN7B lin-7 homolog B, crumbs cell polarity complex component
LMO1 LIM domain only 1
MAPKS mitogen-ectivated protein kinase 8
MAST1 microtubule associated serine/threonine kinase 1
MBOAT1 membrane bound Q-acyltransferase domain containing 1
MICA MHC class | polypeptide sequence A
MTA1 metastasis associated 1
MTHFR methylenetetrahydrofolate reductase
MYCN MYCN proto-oncogene, bHLH transcription factor
NFYA nuclear transcription factor Y subunit alpha
NGEF neuronal guanine nucleotide exchange factor
NME1 NME/NM23 nucleoside diphosphate kinase 1
NOS3 nitric oxide synthase 3
NR3C1 nuclear receptor subfamily 3 group C member 1
OPRK1 opioid receptor kappa 1
OPRM1 opioid receptor mu 1
PPRC1 peroxisome proliferator-activated receptor gamma, coactivator-related 1
PREG1 PEAK1 related, kinase-activating pseudokinase 1
PRKCD protein kinase C delta
PRKCZ protein kinase C zete
PRKD1 protein kinase D1
PRMT8 protein arginine methyltransferase 8
PSMD1 proteasome26S subunit, non-ATPase 1
PSMD14 proteasome26S subunit, non-ATPase 14
RAB3A RAB3A, member RAS oncogene family
RARA retinoic acid receptor alpha
RUNX1 runt related transcription factor 1
ROR1 receptor tyrosine kinase like orphan receptor 1
RXRA retinoid X receptor alpha
SERPINH1 i serpin family H member 1
SIRT4 sirtuin 4
SIRT7 sirtuin 7
SLC12A5 | solute carier family 12 member 5
SLC7A8 solute carrier family 7 member 8
SYP synaptophysin
TBL1X transcription beta like 1 X-linked
TF transferrin
TFEB transcription factor EB FIG
THBS1 thrombospondin 1 .
UBD ubiquitin D
YY1 YY1 transcription factor
ZNF296 zinc finger protein 296
ZNF585A | zinc finger protein 585A
ZNRF1 zinc and ring finger 1
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Symbol | Entrez Gene Name

AR androgen receptor

CYP2B6 | cytochrome P450 family 2subfamily B member 6
CYP2C8 | cytochrome P450 family 2subfamily C member 8
CYP2C9 | cytochrome P450 family 2subfamily C member 9
ESR1 estrongen receptor 1

UGT1A1 | UDP glucuronosyltransferase family 1 member A1
UGT1A3 | UDP glucuronosyltransferase family 1 member A3
UGT1A4 | UDP glucuronosyltransferase family 1 member A4
UGT1A6 | UDP glucuronosyltransferase family 1 member A6
UGT2B17| UDP glucuronosyltransferase family 2 member B17
UGT2B7 | UDP glucuronosyltransferase family 2 member B7

FIG. 27
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Diseases Annotation p-value
Schizophrenia 3.45E-41
Refractory depression 1.33E-40
Bipolar disorder 8.44E-40
Postoperative delirium 4.47E-39
Postoperative pain 3.20E-38
FIG. 29A
Upstream Regulator p-value
ketamine 6.26E-33
morphine 1.97E-17
nicotine 6.62E-17
cocaine 6.92E-17
haloperidol 1.32E-14
FIG. 29B
Network topology
Topology 2
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The ketamine glutamate receptor sub-network
GWAS SNP |Populations| Gene(s) | Reported frait gf}v%?ﬂtg d E;Ff;p(;er, nﬁﬁasﬁ%fém PMID
SI051730  [ASN.EUR | SR |smoking status | 6E-121 | Newron | 1E-27Nudkeus | 50775
CHRNAS5, | Schizophrenia, 1E-27: Nucleus
w1284 (AN | cidley PN |6E13 [Neuon |ISBRILCRNS | snoasoe
SHO0HM (AN | CACNAIC | SRERPRENe g0 | DRalr | TR CaUete | poq3ese
57192140  |EUR GRINA |Smokingstatus (215 |BPolar 1 TE19:Fromtal | 3963554
SHGHHS EUR  |GRINA | hio.pasaq |1E-0 |BRORr |1EASFronkl 04575
STON2T9 |ASN.EUR |CACNB2 | SRESPINE  o-14 | Newron | 1510 Frontl | 30pgepep
sIH2gn0 [EUR | LNCOTMTO | Sheprens ge.gp | Bpokr - \1E1Z Cingte | pqs3655
sodls (AN [HONP | ERRENS gt | TR \MEGFronl | ongetas
62367520 [ER  |HCNf |Smokngstatus |1E-10 |BIPORM | 1E-0:Fromtal |j07g3656
FIG. 33A
The ketamine neuroplasticity sub-network
GWAS SNP (Populations| Gene(s)  |Reported trait Eﬁ,%?ggd E&Ptayrg;er, Hzgasr?(gfa:in PMID
TMPRSS5, |Recurrent 1E-04:
161902811 |EUR DRD?  |depression (F33) [4E-39 |Neuron |yioocompus |30718901
Alcohol use . 1.00E-06:
TMPRSSS, | Bipolar : -
* | disorder, alcohol | 1E-13 Nucleus 29942085
rs4936277  |EUR DRD2 dependence neuron | xR
S8 ER (DO |gevendon(rag [2528  |Newon |15t CnGuate | 5074g0p,
SITUY [ER |TOR  |Re o [2E2r Newon [IEICFOnlsg7qgeny
s7932640 |EUR | GRMS 5:;,”;;{:}” 3y |2625  |Newon | IE-OF Cingulte | 357490y
Major depression ' 10:
13436618 [AFR | SEMASA | andaicoraiem | |26-11  (BRClar | 1E-10: Nuckeus | g7
Recurrent . 1E-14: Cingulate
ST7ST66 ER|ROBOZ |G gy |ZE08 | Neuron |G CNOUEE | 5045085
Response to A4 O
400237 |EUR  |ROBOZ  [ielaminen  [8E06* [Newon |1E-1h CMGUR | 30552316
depression
FIG. 33B
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Symbal ‘Entrez Gene Name
ARC activity regulated cytoskeleton associated protein
ASCLT §achaete-scute famity bHLH {ranscription factor 1
BDNF 'brain derived neurctrophic faclor
BONF-AS 'BONF antisense RNA
CAMKZA caicium/calmodulin dependent protein kingse i alpha
CDENTA  cyclin dependeant kinase inhibiter 1A
CREM L cAMP responsive element modulator
cux2 cut like homeobox 2
DEC ' DCC netrin 1 receptor
DRD?2 ‘dopamine receptor D2
EEF2K eukaryotic slongation factor 2 kinase
FMR1 fragile X mental retardation 1
GDAPILY ganglioside induced differentiation associated protein 1 fike 1
GRMS glutamate metabotropic receplor 5
HOMERT homer scaffold protsin 1
HTR18 5-hydroxytryplamine receptor 1B
HTR2A 5-hydroxytryptamine receptor 2A
KLF§ Kruppe! like factor 6
ILINTC Hin-7 homolog G, crumbs celf polarity complex component
LOCT05373108
MEF2D myooyte enhancer factor 2D
MYO6 ‘yosin Vi
MYTIL 'myelin transcription faclor 1 like
NEUROD1 ‘neuronal differentiation 1
NEUROD?2 neuronal differentiation 2
NHLHZ nescient helix-loop-helix 2
NMB ‘neuromedin B
NSMF NMDA receptor synaptonuclear signaling and neuronal migration factor
NTRK2 ‘neurotrophic receptor tyrosing kinase 2
PTEN ' phosphatase and tensin homolog
PTGS2 prostaglandin-endoperoxide synthase 2
RACH | Rac family small 3TPase 1
RASGRF2 'Ras protein specific guanine nucleotide releasing factor 2
RHOA iras homolog family member A
ROBQ2 Froundabout guidance receptor 2
RP11 380A181 |
SEMA3A L semaphorin 3A
SHANK? - SH3 and multiple ankyrin repeat domains 1
SHANKZ | SH3 and multipte ankyrin repeat domaing 2
SHANK3 .. SH3 and multiple ankyrin repeatdomains 3
SLC22A15 Fsolute carrier family 22 member 15
SLC6AZ solute carrier family 6 member 2
SLIT1 siit guidance figand 1
SLIT2 sl guidance figand 2
SNAPZS Fsynaptosome associated protein 25
SYN1 | synapsin |
SYN2 'synapsin |l
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Symbol Entrez Gene Name

ACHE acetyicholinesterase (Cartwright blood group)
ATFTIP activating transcription factor 7 interacting protein
ATF71R2 activating transcription factor 7 inleracting protein 2
ATP1AY ATPase Na+/K+ transporting subunit alpha 1
BORLST BLOC-1 related complex subunit 7

BRD4 bromodomain containing 4

CACNAIC calcium voltage-gated channel subunit alphat €
CACNB? calciuny voltage-gated channel auliary subunit beta 1
CACNB2 calcium voltage-gated channel auxiliary subunit beta 2
CACNG2 caicium voltage-gated channel auxiliary subunit gamma 2
CHRM2 cholinergic receptor muscarinic 2

CHRNA3 cholinergic receptor nicotinic alpha 3 subunit

CHRNAS cholinergic receptor nicotinic alpha 5 subunit
CHRNA7 cholinergic receptor nicotinic alpha 7 subunit

CNR1 cannabinoid receptor 1

DLE3 dises large MAGUK scaffold protein 3

DG4 discs large MAGUK scaffold protein 4

DNMTY DNA methyltransferase 1

EHMT? euchromatic histong lysine methyltransferase 1
GABRAZ2 gamima-aniinobulyric acid type A receptor alpha? subunit
GABRAS gamma-aminobutyric acid type A receplor alphab subunit
GADY glutamate decarboxylass 1

GLRA1 glycine receptor alpha 1

GLRAZ glycine receptor alpha 2

GLRB alycing receptor beta

GRIA1 glutamate ionotropic receptor AMPA type subunit 1
GRIAZ glutamate ioniofropic recéptor AMPA type subunit 2
GRIA4 glutamate ionotropic receptor AMPA type subunit 4
GRIN1 glutamate ionotropic receptor NMDA type subunit 1
GRIN2A glutamaie ionotropic receptor NMDA type subunit 2A
GRIN2B glutamaie ionotropic receptor NMEA type subunit 2B
GRIN2C glutamate ionotropic receptor NMDA fype subunit 2C
GRINZD [giutamate ionotropic receptor NMDA type subunit 2D
GRIN3A glutamate ionotropic receptor NMDA type subunif 3A
GRIN3B glutamate ionotropic receptor NMDA type subunit 3B
HCN1 hyperpotarization aclivated cyclic nucleotide gated potassium channgl 1
HDACS histone deacetylase §

MBD1 methyl-CpG binding domain protein 1

MPHOSPHSE M-phase phosphoprotein 8

NCAM1 neural cell adhesion molecule 1

NOST nilric oxide synthase 1

NOS2 nitric oxide synthase 2

NOS3 hitric oxide synthase 3

NGQO7T MNAD{P)H guinone dehydrogenase 1

OPRK1 opioid receptor kappa 1

OPRM1 oploid receptor mu 1

ROBO2 roundabout guidance receptor 2

SETDET SET domain bifurcated hislone lvsine methyitransferase 1
SHANK2 SH3 and multiple ankyrin repeat domains 2

SIGMAR1 sigma non-opioid intracefiular receptor 1

SLCEA9 solute carrier family 6 member 9

TASOR transcription activation suppressor

TOGARAM2 TOG array regulator of axonemal microtubules 2
TRIM28 tripartite molif containing 28

ZNF274 zine finger protein 274

FIG. 35
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Symbol Entrez Gene Name

ANAPC?2 anaphase promoting complex subunit 2

CYP2AS (includes others) eytochrome P450 family 2 subfamily A member 6
CYP2B& cyiochrome P450 family 2 subfamily B member 6
CYP3A4 cytochrome P450 family 3 subfamily A member 4
DLG4 discs large MAGUK scaffold protein 4

EEF2K eukaryotic elongation factor 2 kinase

ESR1 estrogen receplor 1

GRIAT glutamate ionotropic receptor AMPA type subunit 1
GRIA4 glutamate ionotropic receptor AMPA type subunit 4
GRIN1 glutamate ionotropic receptor NMDA type subunit 1
GRINZB glutamate ionotropic receptor NMDA type subunit 2B
MYOB myosin Vi

ROBO2 roundabout guidance receptor 2

SHANKZ SH3 and multiple ankyrin repeat domains 2
TCERG1 transcription elongation regulator 1

FIG. 36
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Ketamine activation:
Anterior cingulatecortex (ACC)
Frontal cortex (FC)

No Ketamine activation:
Somatosensory cortex (SS)
Occipital cortex (OC)
Corpus callosum (CC)

>y

GENES

ACHE
ANAPC2
ARC
ASCL1
ATF7IP
ATF7IP2
ATP1A1
BONF
BORCS7
BRD4
CACNAIC
CACNB!
CACNB?
CACNG2
CAMK2A
CDKN1A

CHRNA3
CHRNAS
CHRNA7
CNR
CREM
cux2
CYP2A

CYP3A

FC_1 85 OC |CC JGENES

ACC] FC [ SSTOCTCC |

pee

KEY
Il >2log1g TPM

] >1-2log1p TPM

DNMT
DRD?
EEFK
EHMT1
ESR1
FMR1
GABRA2
GABRAS
GAD1
GDAPIL1

GLRA1

>-1logqo TPM

GLRA2
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Diseases Annotation p-value
Cognitive impairment 9.45E-20
Mood disorders 7.93E-18
Drug-induced tremor 2.46E-16
Drug-induced weight gain 1.08E-15
Schizophrenia 1.00E-12
FIG. 42A
Upstream Regulator p-value
Lithium chloride 2.04E-23
Lithium 4.20E-19
Fluoxetine 2.94E-14
Haloperidol 2.59E-12
Valproic acid 1.04E-11
FIG. 42B
Network topology
Topology 4
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FIG. 42C
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Symbol Entrez Gene Name
BCLZ BCLZ apoptosis regulator
BRD2 bromodomain containing 2

HDACS histone deacetylase 3

KMT2A lysine methyliransferase 2A

KMT2D lysine methyltransferase 2D

SBSN suprabasin

TRIM26 tripartite motif containing 26

FIG. 44
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Symbeol Entrez Gene Name
AKR1C3 aldo-keto reductase family 1 member C3
ANKS ankyrin 3
AP3B2 adapior related protein complex 3 subunit beta 2
BAX BCLZ associated X, apoptosis regulator
CAPRINZ caprin family member 2
CASP3 caspass 3
CASP8 caspase 8
CCNH cyclin H
CDKN1A cyclin dependent kinase inhibitor 1A
CEBPA CCAAT renhancer binding protein alpha
CPER1 cytoplasmic polyadenviation element binding protein 1
CTNNBT catenin beta 1
CYCs cylochrome ¢, somatic
DDX11 DEADIH-box helicass 11
DKK1 diokkopf WNT signaling pathway inhibitor 1
DLG4 discs large MAGUK scaffold protein 4
Dii4 delia like caronical Notch ligand 4
EMON endomucin
FOS FOS proto-oncogene, AP-1 transcription factor subunit
FSCONT fascin actin-bundiing protein 1
GRIAZ glutamate ionotropic receptor AMPA type subunit 1
HDGFL3 HDGF like 3
P08 importin 8
ITIH3 inter-alpha-trypsin inhibitor heavy chain 3
L1ICAM L1 cell adhesion molecule
MADTLY mitofic arrest deficient 1 like 1
MAPKT mitogen- activated protein kinase 1
MAPT microtubule associated protein tau
MEF2C myocyte enhancer factor 20
MNKX2-1 NK2Z homeobox 1
NOTCH1 notch receptor 1
NR1D1 nuclear recepior subfamily 1 group I member 1
NTN1 netrin 1
NTRKZ neurctrophic receptor tryosine kinase 2
PARPT poly {ADP-ribose) polymerase 1
POUSET PCU class 5 homeobox 1
PPARGCIA PPARG coactivator 1 alpha
PPPIRY protein phosphatase 1 regulatory inhibitor subunit 1
RASGRFF2 Ras protein specific guanine nuclectide releasing factor 2
R(52 regulator of G protein signaling 2
SESTDT SEC14 and spectrin domain containing 1
SHISAS shisa family member 9
SRR serine racemase
TNIK TRAFZ and NCK interacting kinase
UBD ubigquilin D
VCAN versican
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Symbot Entrez Gene Name

ARNTL aryl hydrocarbon receptor nuclear translocator like

CACNA1TC | calcium voltage-gated channel subunit alpha 1C

CACNGZ | calcium voltage-gated channel auxillary subunit gamma 2

CHRNA2 | cholinergic receptor nicotinic alpha 2 subunit

CLOCK clock circadian regulator

DLG3 discs large MAGUK scaffold protein 3

EPHXZ2 epoxide hydrolase 2

GABBR1 | gamma-amincbutyric acid type B receptor subunit 1

GRIA4 glutamate ionotropic recepior AMPA type subunit 4

GRWD1 glutamate rich WD repeat containing 1

GSK3A glycogen synthase kinase 3 alpha

GSK3B glycogen synthase kinase 3 beta

IMPAZ inositol monophosphatase 2

LMANZL | lectin, mannose binding 2 like

NCS1T neuronal calcium sensor 1

NR3C1 nuclear receptor subfamily 3 group C member 1
PERT pericd circadian regulator 1

PERZ period circadian regulator 2

PCDH12 | protocadherin 12

RELLZ RELT like 2

TSPAN3  |tetraspanin 3

FIG. 46
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Symbol Entrez Gene Name
CHACT ChaC glutathione specific gamma-glutamyleyclotransferase 1
CREB1 CAMP responsice element binding protein 1
EIF4EBP2 | eukaryotic translation initiation factor 4E binding protein 2
HTR1A S-hydroxytryptamine receptor 1A
MC4R melanocortin 4 receptor
OXT oxytocin/neurophsin | prepropeptide
PDE3A phosphodiesterasse 3A
PVT1 Pvt1 oncogene
STAT3 signal transducer and activator of transcription 3
FIG. 47
Symbol Entrez Gene Name
AXINT axin 1
AXINZ axin 2
HMGZ204 | high mobility group 20A
LINGO1 leucine rich repeat and lg domain containing 1
MYC MYC proto-oncogene, bHLH transcription factor
PTGS2 prostaglandin-endoperoxide synthase 2
SLC1AZ2 | solute carrier family 1 member 2

FIG. 48
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Diseases Annotation p-value
Epilepsy 1.95E-21
Fibromyalgia 9.75E-21
Bipolar 1 disorder 2.62E-19
Mania 3.12E-19
Treatment-resistant schizophrenia 9.83E-46
FIG. 49A
Upstream Regulator p-value
Lamotrigine 1.08E-10
Carbamazepine 3.51E-08
Mirtazapine 1.06E-07
Fluoxetine 7.11E-06
Haloperidol FIG. 49B 1.01E-05
Network topology
Topology 2

FIG. 49C
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Svmbol Entrez Gene Name

AEAT 4-aminobutyrate aminotransferase

AR androgen receptor

ARMCS armadillo repeat cotaining 8

ASTNZ astrotactin 2

BONF brain derived neurotrophic factor

CACNATE | calcium voltage-gated channe! subunit alpha 1 E
CADM1 cell adhesion molecule 1

CAMKZB | calcium/calmodulin dependent protein kinase |l beta
CCND1 cyclin D1

CDA cylidine deaminase

CDCSL call division cycle 5 like

CEBPA CCAAT enhancer binding protein alpha

CSNKZB | casein kinase 2 beta

CuL1 cullin 1

CuUxz cut like homeobox 2

CYP251 cytochrome P450 family 2 subfamily S member 1

DCX doublecortin

DLGT dises large MAGUK scaffold protein 1

DLG4 discs large MAGUK scaffold protein 4

DLGS discs large MAGUK scaffold protein 5

DRD2 dopaming receptor D2

EFHC1 EF-hand domain containing 1

EPB41L3 | erythrocyte membrane protein band 4.1 like 3

EPHB1 EPH receptor B1

ERBIN erbb? interacting protein

GABRA1 gamma-aminobutyric acid type A receptor alphat subunit
GABRB? | gamma-aminobutyric acid type A receptor beta? subunit
GABRB3 | gamma-aminobutyric acid tvpe A receptor beta3 subunit
GABRGZ2 | gamma-aminobutyric acid type A receptor gamma?2 subunit
GID4 GID complex subunit 4 homolog

FIG. 53-1
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HACET HECT domain and ankyrin repeat containing E3 ubiquitin protein ligase 1

HTR1A 5-hydroxytryptamine receptor 1A

HTRZA 5-hydroxytryptamine recepfor 2A

ISOC? isochorismatase domain containing 2

KCNCD potassium voltage-gated channel subfamily C member 2

KCNJ? potassium inwardly rectifying channel subfamily C member 2

LINTA lin-7 homolog A, crumbs cell polarity complex component

LINTB lin-7 homolog B, crumbs cell polarity complex component

LINTC lin-7 homolog C, crumbs cell polarity complex component

MBP myelin basic protein

MEIST Mois homeobox 1

MPR2 membrane palmitoylated protein 2

MPPE membrane palmitoylated protein 6

NET1 neuroepithelial cell transforming 1

NFZ neurofibromin 2

NGB neuroglobin

OSM oncostatin M

PAQRS progestin and adipoQ receptor family member B

PAX8 paired box 6

PLK1 polo like kinase 1

PRI prolactin

SCN1A sodium voltage-gated channel alpha subunit 1

SONDA sodium voltage-gated channel alpha subunit 2

SCN2B sodium voltage-gated channel beta subunit 2

SHANK3 SH3 and multiple ankyrin repeat domains 3

SLC2041 solute carrier family 20 member 1

SQSTM1 sequestosome 1

SYT2 synaptotagmin 2

TP53 fumor protein p53

TRH2 tryptophan hydroxylase 2

TP3 tropomyosin 3

¥R A-DOX Dinding protein

YWHAG tyrosine 3-monooxygenase/tryptopphan 5-monooxygenase activation
protein gamma

FIG. 5§3-2
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Symbol Entrez Gene Name
ABCB1 ATP binding cassette subfamily B member 1
ABRA actin binding Rho activating protein
ADAT2 adenosine deaminase IRNA specific 2
APP amyloid beta precursor protein
Ctioris4 chromosoms 11 open reading fame 54
CALML4 calmodulin like 4
CFDP1 oranicfacial development protain 1
CLTC clathnin heavy chain
CRAMP1 cramped chromatin regulator homnelog 1
DHRSX dehydrogenasefreductase X-linked
DNAJB14 Dna. heat shock protein family (Hsp40) member B14
DNAJBY DnaJ heat shock protein family (Hspd0) member B7
DNAJC4 Dnad heat shock protein family (Hsp40) member C4
DNAJCEE DnaJ heat shock protein family (Hspd0) member C5 beta
FAMB3A family with sequence similarity 53 member A
FHIT fragile histidine triad diadenosine triphosphatase
GUSE glucuronidase beta
HDACS histone deacalyiase @
HIF1A hypoxia inducible factor 1 subunit alpha
HLA-A major histocompatbility complex, class | A
HLA-B major histocompatbility complex, class |, B
HNF4A hepatocyte nuclear factor 4 alpha
HNRNPL heterogeneous nuclearmoonucleoproteinl
HTT huntingtin
IFNATAFNA1T3| interferon alpha 1
iFYAG interferon alpha 6
IFO8 importin 8
KONJ2 potassium inwardly rectifving channel subfamily J member 2
MAPK10 mitogen-activated protein kinase 10
MCTP2 multiple €2 and transmembrane domain containing 2
MEF20 myocyte enhancer factor 2C
NDUFB2 NADHeubiquinone oxidoreductase subunit B2
NDUFV2 NADHcubiguinone oxidoreductase core subunit V2
PNPLAT patath like phospholipase domain cortaining 7
PTCHDS patched domain containing 3
RAB1§ RAB18, member BAS oncogene family
RNF14 ring finger protain 14
SYT2 synaptotagmin 2
TMCC1 transmembrane and coiled-coil domain family 1
ZDHHC14 zine finger DHHC-type containing 14
ZNF236 zing finger protein 236
ZNF3858 zinc finger protein 3858
ZNF449 zine finger protein 449
ZNF706 zing finger protsin 706
ZNF839 zinc finger protein 839

FIG. 54
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Symbol Entrez Gene Name

SLC22A1 solute carrier family 22 member 1

UGTI1AT UDP glucuroncsyltransferase family 1 member Af
UGTIA3 UDP glucuroncsyltransferase family 1 member A3
UGT1A4 UDP glucuroncsyltransferase family 1 member A4
UGT1A6 UDP glucuroncsyliransferase family 1 member AS
UGT2B7 UDP glucuroncsyliransferase family 2 member B7

FIG. 55
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Diseases Annotation p-value
Psychosis 2.66E-57
Agitation 1.01E-49
Bipolar spectrum disorder 5.99E-48
Non-affective psychosis 3.33E-47
Treatment-resistant schizophrenia 9.83E-46
FIG. 56A
Upstream Regulator p-value
Clozapine 8.85E-110
Haloperidol 1.45E-42
Chlorpromazine 6.59E-20
Ollanzapine 2E-19
Risperidone FIG. 56B 545E-13
Network topology
Topology 2
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Symbol | Entrez Gene Name

BRD2 | bromodomain containing 2
EHMTZ2 |euchromatic histone lysine methyliransferase 2
HDAC?Z | histone deacetylase 2
HDAC3 | histone deacetylase 3
KDMTA |lysine demethylase 1A
KDM6A | lysine demethviase 8A
KMTZ2A | lysine methyliransferase 2A
KMTZ2D | lysine methyitransierase 2D
MYT1 | myelin transcription factor 1
S0OX2 | SRY-box franscription factor 2
WDRS5 | WD repeat domain 5

FIG. 59
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FIG. 60-1

Bymbol Entrez Gens Name

ADHT alcohol dehydrogenase 7 {class 1Y), mu or sigma polypeptide
ADRAIA adrenoceplor alpha 1A

ADRA1B adrenoceptor alpha 1B

ADRAID adrenoceptor alpha 1D

ADRAZA adrenoceptor alpha 2A

ADRAZE adrenoceptor alpha 28

ADRAZC adrencceplor alpha 20

AGER advanced glycosylation end-product specific receptor
BCAST breast carcinoma amplified sequence 1

BCLS BCLY transcription coactivator

BCLSL BCLS like

BONF brain derived newrotrophic factor

Cilorfos chromosome 11 open reading frame 98

CACNBZ calcium voltage-gatad channel auxillary subunit befa 2
CASKINZ CASK interacting prolein 2

CASP3 caspase 3

CERS4 {eramide synthase 4

CHRM1 cholinergic receptor muscarinic 1

CHRM3 cholinergic recepior muscarinic 3

CHRM4 cholinergic recepior muscarinic 4

CHRM5 cholinergic receplor muscarinic 5

COL1641 1 collagen type XV! alpha 1 chain

COMT calechol-O-methiltransferase

CYTH4 oyichesin 4

DLGAPT DLG associated protein 1

DLGAPZ DLG associated protein 2

DRO1 dopamine receptor D1

DRDZ dopamine receptor D2

DRD3 dopamine receptor D3

DRD4 dopamine receplor D4

DRDS dopamine receplor D5

DVL3 dishevelled segment polarity protein 3

EFHDA EF-hand domain family member D1

EGR1 sarly growth response 1

ESR? sstrogen receplor 2

EVX1 aven-skipped homeobox 1

FAMS0A family with seguence similarity 50 member A

FARP1 FERM, ARH/RhoGEF and pleckstrin domain protein 1
FOS Fos proto-oncogens, AP-1 transcription factor subunit
FOXAL forikhead box At

GATAZ {3ATA binding protein 3

GRIAT glutamate ionetropic receptor AMPA type subunit 1
GRIAZ glulamate ionotropic receptor AMPA type subunil 2
GRINZB glutamate ionofropic receptor NMDA tvpe subunit 2B
HOMER1 homer scaffold protein 1

HRH1 histamine receptor H1

HTR1A 5-hydroxytryplamine receplor 1A
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HRT18 B-hydroxytryptamine receplor 1B
HRT1D 5-hydroxytryptamine receplor 1D
HRTZA B-hydroxytrypiamine receplor 2A
HRTZB 5-hydroxytryptamine receptor 2B
HRT3A B-hydroxytryptamine receptor 3A
HRT3B 5-hydroxytryptamine receplor 38
HRT5A 5-hydroxyiryptamine receptor 5A
HRTS B-hydroxytryptamine receptor 6
KCONC2 potassium vollage-gated channel subfamily C member 2
KONH2 potassium voltage-gated channel subfamily H member 2
KIRREL3 | Kkirre like nephrin family adhesion molecule 3
LEFP leptin
MEIS2 Meis homeobox 2
MICA MHC class | polypeptide-related sequence A
MISP3 MISP family member 3
MTERF4 mitochondrial transcription termination factor 4
MTNRIB | melaionin receptor 1B
NOTCH4 | nolch receplor 4
NR4AT nuclear receptor subfamily 4 group A member 1
NR4AZ nuclear receptor subfamily 4 group A member 2
NR4AS nuclear receptor subfamily 4 group A member 3
NERXNT neurexin 1
NSUNS NOPZ2/Sun RNA methyltransferase 5
NTRKZ2 neurotrophic receptor tyrosine kinase 2
PCDH18 protocadherin 19
PRDM15 | PR/SET domain 15
PRDM16 | PR/SET domain 16
PRKAAT Protein kinase AMP-activated catalvtic subunit alpha 1
PRL profactin
PRR12 profine rich 12
PVALB parvalbumin
RGS14 regulator of G protein signaling 14
RIC3 RIC3 acstylcholing receptor chaperone
SDK1 sidekick cell adhesion molecule 1
SGKT serurm/glucocorticoid regulated kinase 1
SHANK1 SH3 and multiple ankyrin repeat domains 1
SLITRKT | SLIT and NTRK like family membsr 1
SNN Stannin
SOX2 SRY-hox franscription factor 2
SREBF1 sterol regulatory slement binding transcription factor 1
SREBF2 sterol regulatory slement binding transcription factor 2
SYP synaptophysin
TACT tachykinin precursor 4
UCP1 uncoupling protein 1
WNTEA Wit family member 5A
ZNF618 zinc finger protein 618
ZNFBS2 zing finger protein 652
£NF787 zine finger protein 787
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Symbol Entrez Gene Name

ACAC2Z acetyl-CoA carboxylase alpha

ACATZ acelyl-CoA acetyitransferase 2

AGER advanced glycosylation end-product specific receptor
AKT1 AKT serinefthreonine kinase 1

ARRB2 arrestin beta 2

AXINT axin 1

B4GALT4 beta-1,4 galactosvitransferase 4
C140RF93 | chromosome 14 open reading frame 93
C4A/C4B complement C4B (Chido blood group)
CASP3 caspass 3

COND1 gyclin D1

CDH13 cadherin 13

CDHZ4 cadherin 24

CIDEA cell death inducing DFFA like effector a
CLICT chioride infraceliular channs! 1

CPTIC carnitine palmitoyitransferase 1C
CSNKIAT casein kinase 1 alpha 1

CSNKZB casein kinase 2 bela

CTNNAZ catenin alpha 2

CTNNB1 catenin beta 1

DHCR7 7-dehydrocholesterol reduclase

DI02 iodothyronine deiodinase 2

DIO3 iodothyronine deiodinase 3

EPHBZ EPH recepior B2

ERMN armin

EZHZ enhancer of zeste 2 polycomb repressive complex 2 subunit
FASN fatty acid synthass

FDPS farnesy! diphosphate synthase

FOS Fos proto-oncogene, AP-1 transcription factor subunit
GATAS GATA binding protein 3

GPANKT G-pateh domain and ankyrin repeats 1
GPR1 (3 protein-coupled receplor 1

GSK3A glycogan synihass kinase 3 alpha

GSK3B glycogan synthase kinase 3 bela

H2-M2 histocompatibility 2, M region locus 2

HCPS HLA complex P5

HLA-B maior histocompatibility complex, ¢class L B
HLA-C maijor histocompatibility complex, class |, C
HLA-DRBEBT | maior histocompatibility complex, class I, DR beta 1
HMGOR 3-hydroxy-3-methyiglutaryl-CoA reductase 1
HMGCST 3-hydroxy-3-methviglutaryl-CoA synthase 1
HRH3 histamine receptor H3

FIG. 611
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HREH4 histamine receptor H4
HIRIF 5-hydroxyiryptamine recepior 1F
HTR2C S-hydroxyiryptamine receplor 20
HTR3A S-hydroxyiryptamine receplor 3A
HTR4 5-hydroxyiryptamine receptor 4
HIR7? 5-hydroxyiryptamine receptor 7
IFNG interferon gamma
INSR insulin receptor
LDIR iow density lipoprotein receptor
LRRC42 leucine rich repeat containing 42
MO4R melanocortin 4 receplor
MICA MHC class | polypeptide-related sequence A
MOVIO Mov10 RISC complex RNA helicase
NANOG Nanog homeobox
NCF1 neutrophil cytosolic factor 1
NFKB1 nuclear factor kappa B subunit 1
NTS neurotensin
PBX2 PBX homeobox 2

profein-L-iscaspartate (D-aspartate) C-methyitransferase

PCMTDZ domain containing 2
PEATS proiiferation and apoptosis adaptor protein 15
FPPARD peroxisome proliferator activaled receplor delta

PPARGC1A | PPARG coactivator 1 alpha

PPPIRSE protein phosphatase 1 requiatory subunit 9B

PRDMI16 PR/SET domain 16

PRKACE protein kinase cAMP-aclivated catalylic subunit bela

PRKARZA protein kinase cAMP-dependent type I regulatory subunit alpha
PRKAR2B protein kinase cAMP-dependent type il requlatory subunit beta
PRKCH protein kinase C lola

RAD23A RAD23 homolog A, nucleotide excision repair protein

RNFS ring finger protein 5

RPSE ribosomal protein S8

SCED sterol-C5-desaturase

SCD stearovl-CoA desaturase ﬁ G ﬁ 1 mﬁ

SELENGW selenoprolein W
SFMBT2 Som like with four mbt domains 2

SLC1AZ solute carrier family 1 member 2

SEATA4S spernatogenssis associated 46

TALT TAL bHLH transcription factor 1, ervihrold differentiation faclor
TAP1 transporier 1, ATP binding cassette subfamily B member
TAP?2 transporter 2, ATP binding cassetler subfamily B member
TBX21 t-box transcription factor 21

TEXS festis expressed 8

VPS54 VP854 subunit of GARP complex

XRCC4 X-ray repair cross complementing 4

ZNF343 zine finger protein 343

ZNF&18 zine finger protein 818
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Symbol | Entrez Gene Name

CYP1A1 | cytochrome P450 family 1 subfamily A member 1

CYP1AZ | cytochrome P450 family 1 subfamily A member 2

CYP2C18 | cytochrome P450 family 2 subfamily C member 19

CYP2C8 | cytochrome P450 family 2 subfamily C member 8

CYP2CS | cytochrome P450 family 2 subfamily C member 8

CYP206 | cytochrome P450 family 2 subfamily D member 8

CYP2E1 | cytochrome P450 family 2 subfamily E member 1

CYP3A4 | cytochrome P450 family 3 subfamily A member 4

UGT1A4 | UDP glucuronosyliransferase family 1 member A4

UGT1A7 | UDP glucuronosyliransferase family 1 member A9

UGT2B10 | UDP glucuronosyltransferase family 2 member B10

FIG. 62
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Warfarin pharmacogenomic network
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