Supplemental Table S1. List of genes associated with nicotine dependence (NDgenes)
	 Entrez ID
	Gene symbol
	Gene name
	Reference*

	88
	ACTN2
	actinin, alpha 2
	17407593

	150
	ADRA2A
	adrenoceptor alpha 2A
	17612790

	322
	APBB1
	amyloid beta (A4) precursor protein-binding, family B,
 member 1 (Fe65)
	18777128

	408
	ARRB1
	arrestin, beta 1
	17579607

	409
	ARRB2
	arrestin, beta 2
	17579607

	627
	BDNF
	brain-derived neurotrophic factor
	16152573; 17186223;21436384; 24057800

	885
	CCK
	cholecystokinin
	11509018; 15740988

	929
	CD14
	CD14 molecule
	12011764

	1012
	CDH13
	cadherin 13
	17407593; 19009022

	1103
	CHAT
	choline O-acetyltransferase
	20147892; 20383528

	1124
	CHN2
	chimerin 2
	23941981

	1128
	CHRM1
	cholinergic receptor, muscarinic 1
	16874522

	1129
	CHRM2
	cholinergic receptor, muscarinic 2
	19644963

	1133
	CHRM5
	cholinergic receptor, muscarinic 5
	17608938

	1134
	CHRNA1
	cholinergic receptor, nicotinic, alpha 1 (muscle)
	19307444

	1135
	CHRNA2
	cholinergic receptor, nicotinic, alpha 2 (neuronal)
	19307444; 24253422

	1136
	CHRNA3
	cholinergic receptor, nicotinic, alpha 3 (neuronal)
	17135278; 18227835;20712524; 21312287;21511889; 21810735;22223462; 22336398;23689675; 25632390

	1137
	CHRNA4
	cholinergic receptor, nicotinic, alpha 4 (neuronal)
	15154117; 15790597;19259974; 19290018;20584212; 21445957;21740768; 22309839;23037950; 23350800;23553665; 24057800

	1138
	CHRNA5
	cholinergic receptor, nicotinic, alpha 5 (neuronal)
	17135278; 17158188;18227835; 19706762;20840187; 21430647;21618602; 21810735;21858091; 22012472;22102629; 22223462;22336398; 23334941;24682045; 25632390;25652844

	1139
	CHRNA7
	cholinergic receptor, nicotinic, alpha 7 (neuronal)
	15100704; 19307444

	1140
	CHRNB1
	cholinergic receptor, nicotinic, beta 1 (muscle)
	16874522; 19259974;19307444; 20584212

	1141
	CHRNB2
	cholinergic receptor, nicotinic, beta 2 (neuronal)
	17226798; 23037950;24057800; 25640319

	1142
	CHRNB3
	cholinergic receptor, nicotinic, beta 3 (neuronal)
	17135278; 17158188;18704094; 19259974;20584212; 22309839;22524403; 23319001;24401102; 24675634

	1143
	CHRNB4
	cholinergic receptor, nicotinic, beta 4 (neuronal)
	22042774; 22336398;25632390

	1144
	CHRND
	cholinergic receptor, nicotinic, delta (muscle)
	19259974

	1146
	CHRNG
	cholinergic receptor, nicotinic, gamma (muscle)
	19259974

	1179
	CLCA1
	chloride channel accessory 1
	17158188

	1268
	CNR1
	cannabinoid receptor 1 (brain)
	18606954

	1312
	COMT
	catechol-O-methyltransferase
	16395295; 17885625;20188797; 21312287;23288874

	1385
	CREB1
	cAMP responsive element binding protein 1
	17592483

	1394
	CRHR1
	corticotropin releasing hormone receptor 1
	25802844

	1501
	CTNND2
	catenin (cadherin-associated protein), delta 2
	19009022

	1548
	CYP2A6
	cytochrome P450, family 2, subfamily A, polypeptide 6
	11768189; 15940289;16402086; 16452582;21205058; 22342802

	1555
	CYP2B6
	cytochrome P450, family 2, subfamily B, polypeptide 6
	17223085; 25489907

	1565
	CYP2D6
	cytochrome P450, family 2, subfamily D, polypeptide 6
	11303596

	1571
	CYP2E1
	cytochrome P450, family 2, subfamily E, polypeptide 1
	12777962; 12795339

	1586
	CYP17A1
	cytochrome P450, family 17, subfamily A, polypeptide 1
	15654505

	1621
	DBH
	dopamine beta-hydroxylase (dopamine beta-monooxygenase)
	10975602; 22513716

	1644
	DDC
	dopa decarboxylase (aromatic L-amino acid decarboxylase)
	15879433; 16740595;17184203; 22309839

	1656
	DDX6
	DEAD (Asp-Glu-Ala-Asp) box helicase 6
	20158304

	1672
	DEFB1
	defensin, beta 1
	17407593

	1742
	DLG4
	discs, large homolog 4 (Drosophila)
	17164261

	1759
	DNM1
	dynamin 1
	18987626

	1812
	DRD1
	dopamine receptor D1
	18092181; 22495174

	1813
	DRD2
	dopamine receptor D2
	8072432; 8845863;9498485; 15955630;20712524; 22309839;22382052; 22990224;25139281; 25273375

	1814
	DRD3
	dopamine receptor D3
	17407504; 18348205;22309839; 24927283

	1815
	DRD4
	dopamine receptor D4
	9521442; 9641486;19827313; 21127031

	1816
	DRD5
	dopamine receptor D5
	22309839

	2052
	EPHX1
	epoxide hydrolase 1, microsomal (xenobiotic)
	15654505

	2066
	ERBB4
	erb-b2 receptor tyrosine kinase 4
	23752247

	2099
	ESR1
	estrogen receptor 1
	15654505

	2259
	FGF14
	fibroblast growth factor 14
	17407593

	2272
	FHIT
	fragile histidine triad
	19009022

	2326
	FMO1
	flavin containing monooxygenase 1
	21540762

	2550
	GABBR1
	gamma-aminobutyric acid (GABA) B receptor, 1
	19763258

	2555
	GABRA2
	gamma-aminobutyric acid (GABA) A receptor, alpha 2
	18482426; 19207358;19672139

	2557
	GABRA4
	gamma-aminobutyric acid (GABA) A receptor, alpha 4
	17158188; 18482426;19207358

	2564
	GABRE
	gamma-aminobutyric acid (GABA) A receptor, epsilon
	18482426

	2781
	GNAZ
	guanine nucleotide binding protein (G protein), alpha z polypeptide
	24667010

	2898
	GRIK2
	glutamate receptor, ionotropic, kainate 2
	19009022; 24986733

	2908
	NR3C1
	nuclear receptor subfamily 3, group C, member 1 (glucocorticoid receptor)
	17407502

	2913
	GRM3
	glutamate receptor, metabotropic 3
	19009022

	2917
	GRM7
	glutamate receptor, metabotropic 7
	17407593

	2932
	GSK3B
	glycogen synthase kinase 3 beta
	24427901

	3094
	HINT1
	histidine triad nucleotide binding protein 1
	20514075

	3350
	HTR1A
	5-hydroxytryptamine (serotonin) receptor 1A, G protein-coupled
	23216389

	3355
	HTR1F
	5-hydroxytryptamine (serotonin) receptor 1F, G protein-coupled
	17763112

	3356
	HTR2A
	5-hydroxytryptamine (serotonin) receptor 2A, G protein-coupled
	15211639; 25366721

	3359
	HTR3A
	5-hydroxytryptamine (serotonin) receptor 3A, ionotropic
	23290502; 24590108

	3553
	IL1B
	interleukin 1, beta
	25858413

	3763
	KCNJ6
	potassium channel, inwardly rectifying subfamily J, member 6
	17158188; 25346042

	3786
	KCNQ3
	potassium channel, voltage gated KQT-like subfamily Q, member 3
	17407593

	4128
	MAOA
	monoamine oxidase A
	10975602; 16859748;17885625

	4129
	MAOB
	monoamine oxidase B
	15955630; 16859748;17885625

	4139
	MARK1
	MAP/microtubule affinity-regulating kinase 1
	20158304

	4216
	MAP3K4
	mitogen-activated protein kinase kinase kinase 4
	22309839

	4292
	MLH1
	mutL homolog 1
	16771955

	4684
	NCAM1
	neural cell adhesion molecule 1
	25273375

	4781
	NFIB
	nuclear factor I/B
	17407593

	4852
	NPY
	neuropeptide Y
	22584873

	4886
	NPY1R
	neuropeptide Y receptor Y1
	22309839

	4887
	NPY2R
	neuropeptide Y receptor Y2
	20811389

	4915
	NTRK2
	neurotrophic tyrosine kinase, receptor, type 2
	16713586; 18534558;21618602; 24057800

	4968
	OGG1
	8-oxoguanine DNA glycosylase
	15654505

	4988
	OPRM1
	opioid receptor, mu 1
	16887046; 16960700

	5066
	PAM
	peptidylglycine alpha-amidating monooxygenase
	17081504

	5087
	PBX1
	pre-B-cell leukemia homeobox 1
	19009022

	5137
	PDE1C
	phosphodiesterase 1C, calmodulin-dependent 70kDa
	17407593; 19009022

	5144
	PDE4D
	phosphodiesterase 4D, cAMP-specific
	17407593

	5592
	PRKG1
	protein kinase, cGMP-dependent, type I
	17407593

	5726
	TAS2R38
	taste receptor, type 2, member 38
	16298720; 18524836;18834969

	5728
	PTEN
	phosphatase and tensin homolog
	16331670

	5789
	PTPRD
	protein tyrosine phosphatase, receptor type, D
	17407593

	5797
	PTPRM
	protein tyrosine phosphatase, receptor type, M
	19009022

	5890
	RAD51B
	RAD51 paralog B
	19009022

	6263
	RYR3
	ryanodine receptor 3
	19009022

	6531
	SLC6A3
	solute carrier family 6 (neurotransmitter transporter), member 3
	9925041; 14685824;15381926; 16569110;25526961

	6532
	SLC6A4
	solute carrier family 6 (neurotransmitter transporter), member 4
	15654505; 15806583;15863794; 18188666;23290502; 24590108;24968820

	6571
	SLC18A2
	solute carrier family 18 (vesicular monoamine transporter), member 2
	15988470

	6649
	SOD3
	superoxide dismutase 3, extracellular
	22536871

	7054
	TH
	tyrosine hydroxylase
	14739699

	7166
	TPH1
	tryptophan hydroxylase 1
	15635702; 17986837

	7182
	NR2C2
	nuclear receptor subfamily 2, group C, member 2
	22488850

	8048
	CSRP3
	cysteine and glycine-rich protein 3 (cardiac LIM protein)
	19009022

	8973
	CHRNA6
	cholinergic receptor, nicotinic, alpha 6 (neuronal)
	18704094; 19259974;20584212; 24253422;24401102; 24675634

	9177
	HTR3B
	5-hydroxytryptamine (serotonin) receptor 3B, ionotropic
	23290502; 24590108

	9369
	NRXN3
	neurexin 3
	19658047; 22716474

	9378
	NRXN1
	neurexin 1
	17158188; 18270208;20414139

	9467
	SH3BP5
	SH3-domain binding protein 5 (BTK-associated)
	22488850

	9547
	CXCL14
	chemokine (C-X-C motif) ligand 14
	19009022

	9568
	GABBR2
	gamma-aminobutyric acid (GABA) B receptor, 2
	19763258; 22309839

	9844
	ELMO1
	engulfment and cell motility 1
	17407593

	10086
	HHLA1
	HERV-H LTR-associating 1
	17407593

	10257
	ABCC4
	ATP-binding cassette, sub-family C (CFTR/MRP), member 4
	17407593

	10395
	DLC1
	DLC1 Rho GTPase activating protein
	25555482

	10411
	RAPGEF3
	Rap guanine nucleotide exchange factor (GEF) 3
	15274052

	10512
	SEMA3C
	sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3C
	17407593

	10718
	NRG3
	neuregulin 3
	23999525

	10752
	CHL1
	cell adhesion molecule L1-like
	19009022

	11337
	GABARAP
	GABA(A) receptor-associated protein
	17164261

	23174
	ZCCHC14
	zinc finger, CCHC domain containing 14
	22377092

	23189
	KANK1
	KN motif and ankyrin repeat domains 1
	22377092

	23230
	VPS13A
	vacuolar protein sorting 13 homolog A (S. cerevisiae)
	17158188

	23473
	CAPN7
	calpain 7
	22488850

	27241
	BBS9
	Bardet-Biedl syndrome 9
	17407593

	27255
	CNTN6
	contactin 6
	17407593; 19009022

	28232
	SLCO3A1
	solute carrier organic anion transporter family, member 3A1
	22377092

	29119
	CTNNA3
	catenin (cadherin-associated protein), alpha 3
	17158188; 19009022

	29922
	NME7
	NME/NM23 family member 7
	19009022

	50807
	ASAP1
	ArfGAP with SH3 domain, ankyrin repeat and PH domain 1
	19009022

	50833
	TAS2R16
	taste receptor, type 2, member 16
	18834969

	51194
	IPO11
	importin 11
	23216389

	53353
	LRP1B
	low density lipoprotein receptor-related protein 1B
	19009022

	53358
	SHC3
	SHC (Src homology 2 domain containing) transforming protein 3
	17179996

	54715
	RBFOX1
	RNA binding protein, fox-1 homolog (C. elegans) 1
	17407593; 19009022

	54970
	TTC12
	tetratricopeptide repeat domain 12
	17085484; 25273375

	55691
	FRMD4A
	FERM domain containing 4A
	22006218

	57113
	TRPC7
	transient receptor potential cation channel, subfamily C, member 7
	17158188

	57188
	ADAMTSL3
	ADAMTS-like 3
	22536871

	57568
	SIPA1L2
	signal-induced proliferation-associated 1 like 2
	17407593

	57578
	UNC79
	unc-79 homolog (C. elegans)
	20158304

	57633
	LRRN1
	leucine rich repeat neuronal 1
	17407593

	59340
	HRH4
	histamine receptor H4
	17407593

	60412
	EXOC4
	exocyst complex component 4
	22006218

	60495
	HPSE2
	heparanase 2 (inactive)
	19009022

	64145
	RBSN
	rabenosyn, RAB effector
	22488850

	64432
	MRPS25
	mitochondrial ribosomal protein S25
	22488850

	64478
	CSMD1
	CUB and Sushi multiple domains 1
	17407593; 19009022;24986733

	64682
	ANAPC1
	anaphase promoting complex subunit 1
	22377092

	64839
	FBXL17
	F-box and leucine-rich repeat protein 17
	17158188

	79068
	FTO
	fat mass and obesity associated
	17158188

	79658
	ARHGAP10
	Rho GTPase activating protein 10
	20158304

	79875
	THSD4
	thrombospondin, type I, domain containing 4
	19009022

	80206
	FHOD3
	formin homology 2 domain containing 3
	19009022

	83938
	C10orf11
	chromosome 10 open reading frame 11
	19009022

	84152
	PPP1R1B
	protein phosphatase 1, regulatory (inhibitor) subunit 1B
	17171661

	84953
	MICALCL
	MICAL C-terminal like
	17407593

	92291
	CAPN13
	calpain 13
	19009022

	112398
	EGLN2
	egl-9 family hypoxia-inducible factor 2
	24045616

	114784
	CSMD2
	CUB and Sushi multiple domains 2
	19009022

	114876
	OSBPL1A
	oxysterol binding protein-like 1A
	17407593

	116443
	GRIN3A
	glutamate receptor, ionotropic, N-methyl-D-aspartate 3A
	20084518

	117583
	PARD3B
	par-3 family cell polarity regulator beta
	19009022

	121278
	TPH2
	tryptophan hydroxylase 2
	17986837

	123688
	HYKK
	hydroxylysine kinase
	21810735

	129787
	TMEM18
	transmembrane protein 18
	24084939

	137868
	SGCZ
	sarcoglycan, zeta
	19009022

	158038
	LINGO2
	leucine rich repeat and Ig domain containing 2
	17407593; 19009022

	219402
	MTIF3
	mitochondrial translational initiation factor 3
	24084939

	255239
	ANKK1
	ankyrin repeat and kinase domain containing 1
	17085484; 18058350;18188666; 18354387;22382052; 25139281;25273375

	257194
	NEGR1
	neuronal growth regulator 1
	24084939

	285195
	SLC9A9
	solute carrier family 9, subfamily A (NHE9, cation proton antiporter 9), member 9
	17407593

	387129
	NPSR1
	neuropeptide S receptor 1
	17407593

	389610
	XKR5
	XK, Kell blood group complex subunit-related family, member 5
	17407593

	401478
	LOC401478
	uncharacterized LOC401478
	19009022

	729330
	OC90
	otoconin 90
	17407593

	100303453
	TSNAX-DISC1
	TSNAX-DISC1 readthrough (NMD candidate)
	25555482


* References are designated by PMIDs, which are the identifiers of PubMed. PMIDs in each gene term are equal and there’re not priorities in the permutation of the corresponding PMIDs of specified genes.

Supplemental Table S2. Enriched pathways in nicotine dependence identified by the conventional ORA

	Enriched pathways
	Overlap size
	pvlaue
	FDR
	Genes Included

	Neuroactive ligand-receptor interaction
	41
	2.95×10-36
	8.73×10-34
	ADRA2A, CHRM1, CHRM2, CHRM5, CHRNA1, CHRNA2, CHRNA3, CHRNA4, CHRNA5, CHRNA6, CHRNA7, CHRNB1, CHRNB2, CHRNB3, CHRNB4, CHRND, CHRNG, CNR1, CRHR1, DRD1, DRD2, DRD3, DRD4, DRD5, GABBR1, GABBR2, GABRA2, GABRA4, GABRE, GRIK2, GRIN3A, GRM3, GRM7, HRH4, HTR1A, HTR1F, HTR2A, NPY1R, NPY2R, NR3C1, OPRM1

	Cocaine addiction
	14
	3.94×10-17
	5.82×10-15
	BDNF, CREB1, DDC, DLG4, DRD1, DRD2, GRIN3A, GRM3, MAOA, MAOB, PPP1R1B, SLC18A2, SLC6A3, TH

	Dopaminergic synapse
	17
	1.69×10-13
	1.67×10-12
	ARRB2, COMT, CREB1, DDC, DRD1, DRD2, DRD3, DRD4, DRD5, GSK3B, KCNJ6, MAOA, MAOB, PPP1R1B, SLC18A2, SLC6A3, TH

	Serotonergic synapse
	15
	4.97×10-13
	3.68×10-11
	CYP2D6, DDC, HTR1A, HTR1F, HTR2A, HTR3A, HTR3B, KCNJ6, MAOA, MAOB, RAPGEF3, SLC18A2, SLC6A4, TPH1, TPH2

	cAMP signaling pathway
	18
	2.04×10-12
	1.21×10-10
	ABCC4, BDNF, CHRM1, CHRM2, CREB1, DRD1, DRD2, DRD5, GABBR1, GABBR2, GRIN3A, HTR1A, HTR1F, NPY, NPY1R, PDE4D, PPP1R1B, RAPGEF3

	Cholinergic synapse
	13
	1.07×10-10
	5.27×10-9
	CHAT, CHRM1, CHRM2, CHRM5, CHRNA3, CHRNA4, CHRNA6, CHRNA7, CHRNB2, CHRNB4, CREB1, KCNJ6, KCNQ3

	Morphine addiction
	12
	1.40×10-10
	5.91×10-9
	ARRB1, ARRB2, DRD1, GABBR1, GABBR2, GABRA2, GABRA4, GABRE, KCNJ6, OPRM1, PDE1C, PDE4D

	Alcoholism
	15
	4.57×10-10
	1.69×10-8
	BDNF, CREB1, DDC, DRD1, DRD2, GRIN3A, MAOA, MAOB, NPY, NTRK2, PPP1R1B, SHC3, SLC18A2, SLC6A3, TH

	Taste transduction
	11
	7.97×10-10
	2.62×10-8
	GABBR1, GABBR2, GABRA2, GABRA4, HTR1A, HTR1F, HTR3A, HTR3B, PDE1C, TAS2R16, TAS2R38

	Amphetamine addiction
	10
	1.46×10-9
	4.31×10-8
	CREB1, DDC, DRD1, GRIN3A, MAOA, MAOB, PPP1R1B, SLC18A2, SLC6A3, TH

	Nicotine addiction
	8
	5.98×10-9
	1.61×10-7
	CHRNA4, CHRNA6, CHRNA7, CHRNB2, GABRA2, GABRA4, GABRE, GRIN3A

	Tyrosine metabolism
	6
	1.35×10-6
	3.32×10-5
	COMT, DBH, DDC, MAOA, MAOB, TH

	Drug metabolism - cytochrome P450
	7
	6.63×10-6
	1.51×10-4
	CYP2A6, CYP2B6, CYP2D6, CYP2E1, FMO1, MAOA, MAOB

	Calcium signaling pathway
	10
	1.66×10-5
	3.52×10-4
	CHRM1, CHRM2, CHRM5, CHRNA7, DRD1, DRD5, ERBB4, HTR2A, PDE1C, RYR3

	GABAergic synapse
	7
	3.31×10-5
	6.54×10-4
	GABARAP, GABBR1, GABBR2, GABRA2, GABRA4, GABRE, KCNJ6

	Tryptophan metabolism
	5
	5.25×10-5
	9.72×10-4
	COMT, DBH, DDC, MAOA, MAOB, TH

	Estrogen signaling pathway
	7
	7.08×10-5
	1.23×10-3
	CREB1, ESR1, GABBR1, GABBR2, KCNJ6, OPRM1, SHC3

	Phenylalanine metabolism
	3
	6.49×10-4
	0.011
	DDC, MAOA, MAOB

	Prolactin signaling pathway
	5
	8.59×10-4
	0.013
	CYP17A1, ESR1, GSK3B, SHC3, TH

	Metabolism of xenobiotics by cytochrome P450
	5
	9.14×10-4
	0.014
	CYP2A6, CYP2B6, CYP2D6,CYP2E1, EPHX1

	Bacterial invasion of epithelial cells
	5
	1.23×10-3
	0.017
	ARHGAP10, CTNNA3, DNM1, ELMO1, SHC3

	Histidine metabolism
	3
	1.83×10-3
	0.025
	DDC, MAOA, MAOB

	Endometrial cancer
	4
	1.97×10-3
	0.025
	CTNNA3, GSK3B, MLH1, PTEN

	Retrograde endocannabinoid signaling
	5
	3.83×10-3
	0.047
	CNR1, GABRA2, GABRA4, GABRE, KCNJ6


