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Abstract: Background: Alcohol dependence (AD) is a serious and common public health problem. A large number of
association studies were conducted to identify susceptibility genes of AD, but efforts to generate an integrate view of
accumulative genetic variants and pathways under alcohol drinking are lacking. Methods: We applied enrichment gene
set analysis to existing genetic association results to identify pertinent pathways to alcohol dependence in this study. A
total of 1438 SNPs (P < 1.0 x 10°°) associated to alcohol drinking related-traits have been collected from 31 studies.
Results: The calcium signaling pathway (hsa04020) showed the most significant enrichment of associations (21 genes)
to alcohol consumption phenotypes (P = 5.4 x 10™°), achieving bonferroni P value of 0.8 x 10~ and FDR value of 0.6 x
10, respectively. Interestingly, the calcium signaling pathway was previously found to be essential to regulate brain
function. Genes in this pathway link to a depressive effect of alcohol consumption on the body. Conclusions: Our find-
ings, together with previous biological evidence suggest the importance of gene polymorphisms of calcium signaling
pathway to alcohol dependence susceptibility.
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Figure 1. Reported traits and functional category of collected SNPs

[ 1. Wrseky SNP 1B REYREIMTHRES 2

eme e@mmo 0 000 00 o o

e b0 o s . e .e : ek o . .
r’m—‘ B TSR RSV TR LR WEREIS LI DL ISRET YWL0Y VRTRUROPRE S MR - g5 W W W s v 334

1

2 3 4 5 6

7

T T T T T T T T T T — T T T T
8 9 10 11 12 13 14 15 16 17 18 19 20 22 23

genomic coordinate

Figure 2. Genomic distribution of P values of collected SNPs potentially associated to alcohol-related traits
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Table 1. Top enriched pathways for alcohol related-traits at p values <0.01

* 1 BEESSRERBEAXEENERE p<0.01

KEGG_Pathway term Count % P value Fold Enrichment Bonferroni FDR
hsa04020:Calcium signaling pathway 19 3.15 5.48E-05 2.97 0.007 0.06
hsa04540:Gap junction 10 1.65 4.57E-03 3.09 0.47 5.27
hsa04510:Focal adhesion 16 2.65 5.78E-03 2.19 0.56 6.62
hsa04720:Long-term potentiation 8 1.32 1.08E-02 3.23 0.79 12.13
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Figure 3. Functional interactions among the genes in the calcium signaling pathway
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Table 2. Lists of the 21 enriched genes in Calcium signaling pathway

=2 EESHSERNEEN 21 MSRETRIEXNER

Gene SNP P value SNP Region  Reported traits”
ADCY3  rs17799872 2.10E-03 3'UTR t
rs10775349 6.13E-04 Intronic t
ADCY9
rs9927767 8.42E-04 Promoter t
rs1042717  5.59E-05 Coding t
ADRB2 .
rs1042718  5.71E-05 Coding ¥
CHRMS5  rs8030094  2.00E-04 Intronic b
EGFR rs2877260  4.70E-05 Intronic #
rs11885579  9.38E-04 Intronic t
ERBB4
rs13421680 4.42E-04 Intronic t
GRIN2A  rs7206714  1.69E-05 Intronic t
rs9901283  9.43E-05 3'UTR t
GRIN2C i
rs11652088  7.08E-05 Intronic t
GRIN2D  rs34997741  4.46E-04 Intronic t
rs1391875  6.03E-04 Intronic t
GRM5 i
s6483362 4.53E-06 Intronic t
rs443137 1.80E-05 Intronic t
HRH1 rs433303 1.72E-06 Intronic t
rs9822871 6.31E-05 Intronic t
HTR7 rs11186320 7.92E-04 Intronic t
ITPKB rs1050492  8.29E-04 3'UTR t
NOS1 rs2293050  8.70E-05 Intronic #
PDEIC  rs13223209 8.59E-04 Intronic t
PLCB1 rs2206266  7.10E-04 3'UTR t
PLCG2 rs4312298  7.00E-06 Intronic t
PRKCB rs2238493  9.29E-04 Intronic t
rs4144333 1.96E-05 Intronic t
RYR3 i
rs17236010 9.61E-04 Intronic t
SLC8A1l  rs9789765  4.58E-04 Intronic t
SLC8A3 rs4902778  2.91E-04 Intronic t

*Note: talcohol dependence, falcohol withdrawal symptoms, *Alcoholism (hea-
viness of drinking), “alcohol consumption.
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