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Supplementary material
Method for calculation of dominance effects and broad heritability
Please see main manuscript for complete description of statistical methods. Sections below only discuss aspects of analysis concerned with dominance effects and broad heritability. 
The total variance of a phenotype can be decomposed into additive genetic factors (A), non-additive genetic factors (D; dominance genetics, interactions between alleles in a locus), shared/common environmental factors influencing both twins (C; e.g. socioeconomic status of the parent) and non-shared environmental factors affecting one twin but not the other (E; e.g. individual unique traumatic experiences). E also includes measurement error. Because of their genetic similarity, MZ twins have a perfect correlation of 1.0 for A, D and C, but no correlation for E. DZ twins, however, correlate 0.5 for A and 0.25 for D (like full siblings), and 1.0 for C but no correlation for E.

In addition to the univariate and bivariate ACE, AE, and E models presented in the main article we fitted ADE models. Below we present the results from ADE model fitting for univariate analyses of alcohol dependence (Supplementary Table S1) and impulsivity (Supplementary Table S2), as well as for the bivariate analysis (Supplementary Table S3). Further, in case of a best-fitting ADE model in the univariate analysis, we calculated the broad heritability G, i.e. how much of the phenotypic variance was explained by both additive and non-additive genetic factors. And, in case of a best-fitting ADE model in the bivariate analysis, we calculated the broad genetic correlation (rG), i.e. the overlap between both additive and non-additive genetic factors in each phenotype. Results that differed from results presented in the main article (i.e. the best fitting model includes non-additive factors) were compared in terms of (broad) heritability, non-shared environment, (broad) bivariate heritability, bivariate non-shared environment, phenotypic correlations, and (broad) genetic correlations.
Supplementary Table S1. Univariate ADE model fitting of alcohol dependence
	ALCOHOL DEPENDENCE
	
	
	
	

	Model
	AIC
	Diff-LL
	Diff-df
	p

	ADE
	
	
	
	

	Full sex-limitationa
	-25590.93
	24.10
	17
	0.12

	Common effects sex-limitationb
	-25592.30
	24.71
	18
	0.13

	Null modelc
	-25591.01
	30.00
	20
	0.07


The ADE models did not provide a statistically significantly better fit compared to the best fitting model presented in the main manuscript. 

Supplementary Table S2. Univariate ADE model fitting of impulsivity
	IMPULSIVITY
	
	
	
	

	Model
	AIC
	Diff-LL
	Diff-df
	p

	ADE
	
	
	
	

	Full sex-limitationa
	5400.047
	35.04083
	25
	0.090

	Common effects sex-limitationb
	5398.047
	35.04083
	26
	0.11

	Null modelc
	5423.096
	66.08994
	29
	0.00


The best fitting model was the ADE common effects-model, which indicates quantitative, but no qualitative sex differences. For males, additive genetic factors, dominance genetic factors and non-shared environmental factors explained 22% [0%–39%], 14% [0%–40%] and 64% [59%–70%] of the variance respectively. For females the corresponding estimates were 7% [0%–24%], 29% [11%–38%] and 65% [61%–69%]. 

The broad heritability G (A + D) was 36% in both males [30%-41%] and females [31%-39%], with greater additive genetic effects in males and more dominance effects in females. 

Thus, the overall interpretation and estimates are very similar to the best-fitting model presented in the main manuscript: For males, additive genetic factors and non-shared environmental factors explained 35% [30%–40%] and 65% [60%–71%] of the variance respectively. For females the corresponding estimates were 34% [30%–38%] and 66% [62%–70%]. 
Supplementary Table S3. Bivariate ADE model fitting of alcohol dependence and impulsivity
	ALCOHOL DEPENDENCE AND IMPULSIVITY
	
	
	

	Model
	AIC
	Diff-LL
	Diff-df
	p

	ADE
	
	
	
	

	Full sex-limitationa
	-20296.54
	72.98
	57
	0.08

	Common effects sex-limitationb
	-20298.54
	72.99
	58
	0.09

	Null modelc
	-20273.51
	114.02
	66
	0.00


The best fitting model was the ADE common effects-model, allowing quantitative but not qualitative sex differences. Due to the dependence between A and D factors in estimation, where lower values for A can be counterbalanced by higher values of D and vice versa, we expected wide confidence intervals for these factors. Indeed, the estimates for rA, rD and rE were 0.57 [-1.00-1.00], -1.00 [-1.00-1.00] and 0.07 [-0.05-0.19] for males while in females the corresponding estimates were -0.13 [-1.00-1.00], 1.00 [1.00-1.00] and 0.15 [0.02-0.27]. Hence we considered the genetic effects simultaneously in the broad heritability G (A+D). The estimate of rG was 0.40 [0.23-0.59] in males and 0.21 [0.08-0.32] in females, suggesting a statistically significant genetic overlap between alcohol dependence and impulsivity. The phenotypic correlation between alcohol dependence and impulsivity was 0.20 [0.15 – 0.25] for males and 0.17 [0.12 – 0.22] for females. The broad bivariate heritability, i.e. the fraction of phenotypic covariance explained by genetic factors (A+D), was 81% [47%–119%] and 58% [23%–92%] for males and females, respectively. 
Thus, the overall interpretation and estimates are very similar to the best-fitting AE Full Sex-limitation model presented in the main manuscript: The estimates for rA and rE were 0.40 [0.23-0.58] and 0.07 [-0.05-0.19] for males while in females the corresponding estimates were 0.20 [0.07-0.33] and 0.16 [0.04-0.28]. The bivariate heritability, i.e. the fraction of phenotypic covariance explained by genetic factors (A), was 80% [47%–117%] and 53% [19%–86%] for males and females, respectively
Psychometric properties of the SSP scale of impulsivity

The research field of impulsivity is associated with several difficulties. First of all impulsivity is a heterogeneous trait consisting of several lower-order constructs, and different research groups focus on different self-report measures and behavioural tests that are not necessarily inter-correlated (Dick et al. 2010). We used the Swedish universities Scale of Personality (SSP) subscale of impulsivity, which has been shown to have satisfactory internal consistency and face validity (Gustavsson et al. 2000). Furthermore, in our sample the Cronbachs alpha of the SSP impulsivity scale was 0.82 indicating good internal consistency. In a clinical sample of AD patients (n=56; Khemiri et al. unpublished data) the SSP impulsivity subscale was significantly correlated (r=0.55; p<0.001) with the Barratt Impulsivity Scale-11 (Patton et al. 1995), a widely used impulsivity self-rating instrument. Furthermore, in a psychometric validation study the SSP subscale of impulsivity has been shown to correlate with the Revised NEO Personality Inventory (NEO-PI-R) Neuroticism facet Impulsiveness (Aluoja et al. 2009). Taken together the measure of impulsivity used in the present study has acceptable psychometric properties including reliability and validity. Future studies are also needed to investigate whether other measures of impulsivity, e.g. tasks of delay discounting or response inhibition such as the stop signal task, show different or similar genetic overlap with AD.
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