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Abstract

Background—Despite the profound clinical significance and strong heritability of alcohol use 

disorder (AUD), we do not yet have a comprehensive understanding of the naturally occurring 

genetic variance within the human genome that drives its development. This lack of understanding 

is likely to be due in part to the large phenotypic and genetic heterogeneities that underlie human 

AUD. As a complement to genetic studies in humans, many laboratories are using the invertebrate 

model organisms (iMOs) Drosophila melanogaster (fruit fly) and Caenorhabditis elegans 

(nematode worm) to identify genetic mechanisms that influence the effects of alcohol (ethanol) on 

behavior. While these extremely powerful models have identified many genes that influence the 

behavioral responses to alcohol, in most cases it has remained unclear whether results from 

behavioral–genetic studies in iMOs are directly applicable to understanding the genetic basis of 

human AUD.

Methods—In this review, we critically evaluate the utility of the fly and worm models for 

identifying genes that influence AUD in humans.

Results—Based on results published through early 2015, studies in flies and worms have 

identified 91 and 50 genes, respectively, that influence 1 or more aspects of behavioral responses 

to alcohol. Collectively, these fly and worm genes correspond to 293 orthologous genes in 

humans. Intriguingly, 51 of these 293 human genes have been implicated in AUD by at least 1 

study in human populations.

Conclusions—Our analyses strongly suggest that the Drosophila and C. elegans models have 

considerable utility for identifying orthologs of genes that influence human AUD.
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The Invertebrate Model organisms (iMOs) Drosophila melanogaster (fruit fly, hereafter 

Drosophila or fly) and Caenorhabditis elegans (nematode worm, hereafter C. elegans or 
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worm) have become major experimental platforms for identifying genes, genetic pathways, 

and mechanisms related to the effects of alcohol on the nervous system and behavior. The 

extent to which genetic findings from iMOs are directly relevant to the genetics of human 

alcohol use disorder (AUD), however, has not been fully resolved. Despite an important but 

somewhat limited number of individual reports of orthologous genes influencing both 

alcohol-related behavior in iMOs and AUD in humans (e.g., Lasek et al., 2011b; Mathies et 

al., 2015; Morozova et al., 2009; Schumann et al., 2011), fundamental differences between 

invertebrate and human studies raise reasonable questions regarding the overall translational 

potential of genetic information from worms and flies. In this review, we comprehensively 

address this key issue.

BRIEF OVERVIEW OF THE GENETICS OF HUMAN AUD

Humans have deliberately produced and consumed ethanol (EtOH, hereafter alcohol) for 

10,000 to 12,000 years (Dietrich et al., 2012). The original motivations for producing 

alcohol were probably quite varied and could have included the need for clean sources of 

hydration, a mechanism to bring individuals together for cultural festivals, and a form of 

payment for laborers (Dietrich et al., 2012). Although moderate alcohol consumption is 

associated with some health benefits (Spanagel, 2009), heavy consumption of alcohol 

contributes to a number of serious diseases and other societal problems that together lead to 

>5% of the global burden of disease and almost 6% of all deaths worldwide (WHO, 2014).

Individuals with AUD can exhibit a number of negative behavioral and physiological 

alcohol-related phenotypes that include alcohol abuse and alcohol dependence (NIAAA, 

dynamic). A diagnosis of AUD is warranted when an individual meets any 2 of 11 alcohol 

use-related criteria in the Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5) 

within a single 12-month period (American Psychiatric Association, 2013). Nearly 11% of 

all individuals in the United States will meet the criteria for AUD within the previous year 

(Edenberg and Foroud, 2013) and the lifetime risk for developing AUD approaches 25% 

(Haeny et al., 2014; Nery et al., 2014), although the lifetime risk of alcohol consumption 

leading to obvious harmful dysfunction might be much lower (Wakefield and Schmitz, 

2014). Regardless of the analysis method, however, it is clear that AUD has an enormous, 

negative impact on human health across the globe.

The heritability of AUD is ~50% (Verhulst et al., 2014), suggesting that an in-depth 

understanding of the underlying genetic causes of AUD could greatly facilitate risk 

diagnosis and possibly successful treatment of affected individuals. Although genetic 

linkage, association, and other types of studies have generated suggestive evidence 

implicating a large number of genes in AUD or related disorders, to date, only genes 

encoding several major enzymes involved in the metabolic disposition of alcohol (ADH1A, 

ADH1B, ADH1C, and ALDH2) have been causally associated with AUD in multiple studies 

(Edenberg and Foroud, 2013, 2014; Rietschel and Treutlein, 2013). Thus, despite the 

significant negative health consequences of AUD and its heritability, we do not yet have a 

detailed understanding of the genes that drive alcohol abuse and other disorders related to 

problematic alcohol consumption.

Grotewiel and Bettinger Page 2

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INVERTEBRATE MODEL IN ALCOHOL RESEARCH

Flies and worms are the main iMOs currently being used to investigate the genetics of 

alcohol-related behavior. Fundamental advantages of these 2 iMOs include relatively low 

costs, high-throughput genetic analyses, and suites of powerful tools to manipulate the 

functions of individual genes along with a host of molecular and bioinformatic resources 

that facilitate genomic analyses. Importantly, there is considerable conservation between 

gene products in the iMOs and humans. In particular, much of the major molecular 

machinery that supports nervous system function, including several neurotransmitter 

systems, is structurally and functionally similar in iMOs and humans (Heberlein et al., 2004; 

Kaletta and Hengartner, 2006; Rodan and Rothenfluh, 2010a; Scholz and Mustard, 2011).

Behavioral responses to acute alcohol exposure in iMOs and humans are also conserved 

overall (Devineni and Heberlein, 2013; Rothenfluh et al., 2014). Low doses of alcohol elicit 

locomotor or psychomotor stimulation, while moderate doses of alcohol produce sedation in 

flies, worms, and humans. Tolerance to alcohol (a blunted effect of the drug after prolonged 

or repeated exposure) is also observed in both iMOs and humans. A number of assays for 

measuring the effects of alcohol on behavior have been described for both flies and worms.

In flies, alcohol sedation and/or the effects of alcohol on postural control can be assessed by 

exposing flies to alcohol vapor (which progressively increases their internal alcohol as 

occurs in humans when drinking alcohol) and then monitoring the ability of flies to move or 

remain standing over time (e.g., Bhandari et al., 2009; Lasek et al., 2011a; Maples and 

Rothenfluh, 2011; Rothenfluh et al., 2006; Sandhu et al., 2015; Schumann et al., 2011; Wen 

et al., 2005). Additionally, recovery from alcohol sedation is also a useful behavioral end 

point in flies (e.g., Cowmeadow et al., 2005; Ogueta et al., 2010). The locomotor stimulating 

effects of alcohol in flies can be assessed by exposing flies to alcohol vapor in conjunction 

with computer-based data analysis of video recordings of individual fly movement (Wolf et 

al., 2002). Furthermore, flies will preferentially consume food containing alcohol, allowing 

measurement of both volume and frequency of alcohol consumption (Devineni and 

Heberlein, 2009; Ja et al., 2007; Pohl et al., 2012; Shohat-Ophir et al., 2012; Xu et al., 

2012), and this preference for alcohol can be modified by experience (Peru Y Colón de 

Portugal et al., 2014). Alcohol can act as a rewarding substance in flies (Kaun et al., 2011). 

Fly larvae can develop cognitive dependence on EtOH which can be measured as a decrease 

in learning ability in alcohol-dependent larvae that are undergoing withdrawal from alcohol 

(Robinson et al., 2012). Rapid tolerance to alcohol can be measured by assessing the ability 

of the drug to sedate flies during 2 alcohol exposures separated by a recovery period (flies 

are more resistant during the second exposure due to adaptations in the nervous system) 

(e.g., Bhandari et al., 2009; Chan et al., 2014; Cowmeadow et al., 2005; Scholz et al., 2000). 

Readers are directed to several comprehensive reviews on Drosophila as a model for alcohol 

behavior for additional details and discussion (Devineni and Heberlein, 2013; Kaun et al., 

2012; Morozova et al., 2012; Robinson and Atkinson, 2013; Rodan and Rothenfluh, 2010b; 

Rothenfluh et al., 2014; Scholz and Mustard, 2011).

The behavioral effects of alcohol in worms are most often assessed by exposing the animals 

to alcohol and then tracking their locomotion either on an agar surface (crawling) or in a 
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liquid medium (swimming) (e.g., Alaimo et al., 2012; Davies et al., 2003; Morgan and 

Sedensky, 1995; Speca et al., 2010). Tissue alcohol concentrations, which are substantially 

lower than exogenous concentrations, continue to rise slowly over the course of at least 50 

minutes of exposure (Alaimo et al., 2012). Additional behavioral assays determine the 

effects of alcohol on egg-laying or hypercontraction of the body wall muscles (Davies et al., 

2003; Hawkins et al., 2015). Worms develop acute functional tolerance to alcohol over the 

course of a 30-minute continuous exposure, which is observed as a decrease in locomotor 

sedation caused by alcohol despite increasing tissue alcohol concentrations (e.g., Davies et 

al., 2004; Jee et al., 2013; Mathies et al., 2015; Raabe et al., 2014). In addition, worms can 

develop chronic tolerance to alcohol, which is observed by withdrawal-induced clumping 

behavior after 20 hours of exposure (Davies et al., 2004), by withdrawal-induced tremor 

after 4 hours of exposure (Jee et al., 2013) or by withdrawal-induced increases in omega 

turns without accompanying reversals after 6 to 48 hours of exposure (Mitchell et al., 2010). 

Like flies, worms can also express complicated behavioral changes in response to alcohol; 

they can learn state dependently (Bettinger and McIntire, 2004) and can develop a 

preference for alcohol when they are exposed to it for 4 hours in the presence of a food 

source (Lee et al., 2009).

Studies in flies and worms have contributed substantially to our understanding of 

molecular–genetic mechanisms that influence the effects of alcohol on the nervous system 

and behavior. To compile all genetic manipulations (and therefore genes) that are important 

for alcohol-related behavior in flies and worms, we performed extensive searches of 

PubMed through 2014 (using combinations of the search terms EtOH, alcohol, Drosophila, 

C. elegans, names of individual investigators, etc.) and supplemented these searches with 

lists of genes obtained from several recent reviews (Davies and Bettinger, 2014; Kaun et al., 

2012; Morozova et al., 2012; Rodan and Rothenfluh, 2010a; Rothenfluh et al., 2014) in 

addition to a recent publication from one of the authors (Mathies et al., 2015). Together, 

studies in flies and worms have identified 91 and 50 genes, respectively, that influence 

behavioral responses to alcohol (Tables 1 and 2). The 50 worm genes are orthologous to 50 

genes in flies (identified by DIOPT scores ≥3 [Hu et al., 2011] and BLASTP searches 

[Altschul et al., 1997]). Of these 50 genes, only 7 (Adh, Clic, Dop1R1, iav, NPFR, Sir2, and 

slo) have been reported to influence behavioral responses to alcohol in flies. Similarly, the 

91 fly genes that influence alcohol-related behavior are orthologous to 92 worm genes and 

only 8 of these (exc-4, exl-1, dop-4, npr-1, osm-9, sir-2.1, slo-1, and sodh-1) have been 

reported to be important for alcohol-related behaviors in worms. Presumably not all genes 

have been tested in both invertebrate models, and therefore, the overlap between genes in 

flies and worms described here probably underestimates the true genetic congruence in these 

2 species.

The large number of genes influencing alcohol response behaviors uniquely contributed by 

flies and worms highlights the combined analytical power of these iMOs for further 

understanding molecular–genetic mechanisms underlying behavioral responses to alcohol. 

The uniquely contributed genes represent a potentially rich resource for exploring conserved 

gene function in the context of acute behavioral responses to alcohol. Importantly, it is 

possible that some molecular–genetic processes may be more amenable for study in one 
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model versus the other. The overlap of genes that influence alcohol response behaviors in 

both iMOs is also informative; the genes identified in both flies and worms encode a diverse 

set of proteins that mediate membrane flux of potassium (slo family) and other cations (iav/

osm-9 family). Additionally, these gene products participate in histone deacetylation (Sir2 

family), alcohol metabolism (Adh/sodh-1 family), and dopamine signaling (Dop1R1/dop-4 

family) or have incompletely characterized functions (Clic family). Readers are referred to 

several excellent recent reviews for additional details on the molecular function of the genes 

in flies and worms (Davies and Bettinger, 2014; Kaun et al., 2012; Morozova et al., 2012; 

Rodan and Rothenfluh, 2010a; Rothenfluh et al., 2014).

GENETICS OF ALCOHOL BEHAVIOR IN INVERTEBRATE MODEL 

ORGANISM AND HUMAN AUD

The large number of genes identified in iMO studies (Tables 1 and 2) highlight the power of 

the fly and worm model systems for investigating fundamental molecular-genetic 

mechanisms that influence behavioral responses to alcohol. The utility of the iMOs for 

identifying orthologs of individual genes or conserved genetic pathways involved in human 

AUD, however, has not been systematically evaluated. In fact, as counterpoints to the 

conservation in behavioral responses to alcohol and the molecular underpinnings of nervous 

system function in humans and iMOs discussed above, there are a number of notable 

differences between studies in invertebrates and humans that could, in principle, lead to 

disparate findings across species. For example, studies in humans examine naturally 

occurring genetic variation that has undergone natural selection during evolution and 

(typically) determine how that variation is associated with problems related to chronic 

alcohol exposure that often lasts for years. Studies in iMOs are often just the opposite. 

Genetic variance in iMOs is usually generated in the laboratory, although naturally 

occurring genetic variation in EtOH responsiveness in worms and flies has been assessed in 

some studies (Davies et al., 2004a; Morozova et al., 2009). Most studies in iMOs have used 

genetic manipulations that are the most severe that still allow the organism to live and 

perform basic tasks like locomotion, and—since they are maintained in a laboratory setting

—these genetic manipulations largely escape the forces of evolution. Alcohol exposure in 

iMOs is also typically acute (lasting minutes to hours). The alcohol-related behaviors 

routinely assessed in iMOs (sedation, tolerance, locomotor activation) are fundamentally 

distinct from and simpler than the phenotypes analyzed in humans (alcohol abuse, alcohol 

dependence, alcohol craving, etc.) because iMO phenotypic end points are devoid of human 

social influences and occur in response to forced exposure to alcohol. Consequently, the 

experimental questions that are addressed in iMOs and humans are substantially different. 

Studies in humans typically address questions such as: What are the naturally occurring 

genetic variants that are associated with an AUD, or an endophenotype of an AUD, in 

response to chronic, voluntary alcohol intake in a defined population? In contrast, studies in 

iMOs typically investigate questions such as: What are the genes required for normal 

behavioral responses to forced acute alcohol exposure?

The intrinsic differences between studies in iMOs and humans raise the question of the 

utility of using flies and worms for identifying individual genes and genetic pathways 
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relevant for AUD. In this review, we address this issue by assessing the overlap—at the 

level of individual genes— between genetic results from studies on alcohol-related 

behaviors in iMOs and studies on AUD in humans. Additionally, we determine whether 

behavioral–genetic studies on alcohol in iMOs have identified conserved genetic pathways 

relevant to human AUD.

To assess the overlap between genetic findings in iMOs and humans at the level of 

individual genes, it was necessary to use common gene symbols for all orthologs, regardless 

of origin. We therefore identified human orthologs of fly and worm genes that influence 

alcohol-related behavior using DIOPT (Hu et al., 2011), FlyBase (Wilson et al., 2008), 

OrthoDB (Kriventseva et al., 2015), BLASTP (Altschul et al., 1997), and g:Profiler 

(Reimand et al., 2011) in addition to our recognition of well-established biochemical 

activities of gene products (e.g., the alcohol dehydrogenase [ADH]-encoding genes). Genes 

predicted to be conserved between iMOs and humans by these approaches were visually 

inspected and unconvincing orthologs (i.e., genes whose gene products were judged to be 

poorly conserved between humans and iMOs) were ignored. In practice, orthologs with 

fairly conservative scores (≥3) in DIOPT (which in turn uses several bioinformatic 

databases) were considered convincing.

The collection of genes that influence alcohol-related behavior in flies and worms (Tables 1 

and 2) correspond to 293 unique orthologous genes in humans (hereafter iMO–human genes 

or orthologs; Table 3). Twenty-two of the iMO–human genes are derived from studies in 

both flies and worms, while 182 and 89 of the iMO–human genes are exclusively from 

studies in flies and worms, respectively. The identification of orthologs in some cases can be 

somewhat challenging (cf. Hu et al., 2011), and therefore, the list of genes in Table 3 should 

be viewed as highly representative of the current sum of iMO–human orthologs as opposed 

to being definitive for the inclusion or exclusion of any single potential iMO–human gene.

Unfortunately, there is no consensus set of human AUD genes that can be used to determine 

which of the iMO–human genes (Table 3) have been implicated in human AUD. Thus, the 

293 iMO–human genes were queried against a set of 732 human genes compiled from (i) 

several comprehensive reviews on the genetics of AUD (Edenberg and Foroud, 2013, 2014; 

Palmer et al., 2012; Rietschel and Treutlein, 2013; Schuckit, 2014) and (ii) genes in the 

HuGe Navigator (Yu et al., 2008) identified by the search terms “alcoholism.” A small 

number of these 732 human genes have established roles in AUD, whereas the remaining 

genes have been implicated in AUD by smaller scale studies, single studies only, etc. 

Although very few of the 732 genes were implicated by studies that observed formal 

statistical significance of association with AUD, we included all 732 genes in our analyses 

in an attempt to capture the broad landscape of genetic findings from studies in humans.

Of the 293 iMO–human genes (Table 3), 83 were found among our compiled set of 732 

human AUD genes. Based on literature reviews, only 51 of these had been implicated in 1 or 

more aspects of AUD (Table 4). The remaining 32 genes were among the HuGe Navigator 

“alcoholism” genes, but had no experimentally supported connection to AUD and were 

ignored. Hereafter, the 51 genes in Table 4 are referred to as iMO–human-AUD genes 

because (i) their respective orthologs influence behavioral responses to alcohol in iMOs and 
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(ii) they have been implicated in human AUD. As expected, ALK, AUTS2, GPC5, LMO1, 

and several SWI/SNF orthologs—genes previously described within single reports as 

modulators of alcohol behavior in iMOs and human AUD—were among the 51 iMO–

human-AUD genes. Seven of the iMO–human-AUD genes were derived from studies in 

both flies and worms, while 23 and 21 were orthologs of genes identified exclusively in fly 

and worm studies (Table 4).

Assuming an ideal set of circumstances, a quantitative statistical assessment could be 

performed to determine whether the 51 iMO–human-AUD gene set is larger than would be 

expected by chance. For example, given 293 iMO–human genes and 732 human genes in the 

query sample, and assuming 21,000 total human genes (Harrow et al., 2012), one would 

expect 293/21,000 × 732 ≈ 10 genes in the iMO–human-AUD set by random chance alone. 

As the observed iMO–human-AUD set contains 51 genes, this would correspond to an 

approximately 5-fold overrepresentation. Unfortunately, analyses of this type are not strictly 

valid for several reasons. First, the sets of 293 iMO–human and 732 human alcoholism-

related genes queried for overlap are not independent, which is evidenced by published 

connections between studies in iMOs and humans for several individual genes (the ADH 

family, AUTS2, ALK, GPC5, GABBR1, NPY, etc.). Second, not all of the genes appearing in 

the HuGe Navigator have been associated with alcoholism, alcohol dependence, or other 

forms of AUD. Specifically, we found that of 83 genes in the HuGe Navigator evaluated as 

part of this review, 32 had neither a statistically significant nor a nominally significant 

association with AUD. Thus, based on our experience, approximately 40% of the 

“alcoholism” genes in the HuGe Navigator are not associated with AUD, leaving the 

number of genes with a reported connection to AUD in the navigator closer to 

approximately 450. Finally, genes tested in iMOs, but found to not have connections to 

alcohol response behaviors, are typically not reported, adding further uncertainty to 

statistical analysis of the number of genes in Table 4. These intrinsic features of the 

published data make a formal statistical analysis of the overlap impossible.

A small number of the 51 iMO–human-AUD genes (Table 4) have well-established roles in 

1 or more features of AUD. Human ADH1A, ADH1B, ADH1C, ALDH2, ALD-DH18A1, and 

ALDH4A1, genes that encode key alcohol-metabolizing enzymes, are associated with 

alcohol dependence, alcohol intake, and other related phenotypes in numerous human 

studies (Table 4). The human genes CHRNA3, DRD1, GAD1, NPY, and SLC18A2 have also 

been implicated in AUD by multiple studies in humans (Table 4). Given that these human 

genes are the most or among the most widely accepted for having roles in AUD, it is 

noteworthy that the invertebrate orthologs of all of these genes influence behavioral 

responses to acute alcohol exposure (Tables 1 and 2). The remaining 40 iMO–human-AUD 

genes have been implicated in human AUD by smaller scale or single studies (Table 4). 

Although it is not clear at this time whether these 40 genes have bona fide roles in human 

AUD given the lack of replication of the associations in independent populations, the results 

from studies on the invertebrate orthologs of these genes suggest that additional human 

studies are warranted.

A major potential limitation to the approach used to identify the 51 iMO–human-AUD genes 

(Table 4) is that it is based on overlap at the level of individual orthologs of iMO and human 
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genes. This approach almost certainly would miss key signaling or biochemical pathways in 

which, for example, a gene encoding a ligand was investigated in iMOs and the gene 

encoding the orthologous receptor for that ligand was found to be associated with human 

AUD. In such a case, the iMO data would provide strong evidence for a role of the 

biochemical process in alcohol-related behavior relevant to human AUD, even in the 

absence of directly implicating the particular orthologous human gene. Thus, as a 

complement to our analysis of the overlap between individual iMO and human genes, we 

visually compared the predicted or known biochemical functions of the iMO genes (Tables 1 

and 2) with the functions of genes described in several comprehensive reviews on the 

genetics of AUD (Edenberg and Foroud, 2013, 2014; Palmer et al., 2012; Rietschel and 

Treutlein, 2013; Schuckit, 2014). As is true for individual genes, the most compelling 

evidence for a pathway important in iMOs and humans is for the alcohol-metabolizing 

machinery of ADH and ALDH. In addition, several other cellular processes also have strong 

support in iMOs and humans including signaling via dopamine, NPY, growth factors, and 

potassium channels (Tables 1 and 2). Thus, the 51 iMO–human-AUD genes in Table 4 

probably under represent the functional overlap of findings from alcohol studies in iMOs 

and humans.

SUMMARY AND PERSPECTIVES

The large number of genes that influence alcohol-related behaviors identified in iMOs 

(Tables 1 and 2) demonstrates the analytical power of flies and worms for investigating 

molecular–genetic mechanisms underlying nervous system responses to alcohol. This 

analysis provides strong support for the use of iMOs as key experimental platforms for 

identifying and subsequently investigating novel genes that modulate alcohol-related 

behavior. Importantly, our analysis also demonstrates that studies in both flies and worms 

have independently contributed to our understanding of genetic mechanisms that influence 

behavioral responses to alcohol. Several major open questions remain regarding the function 

of many iMO genes identified to date: (i) Which of the genes influence developmental 

versus adult physiological processes relevant to alcohol-related behavior? (ii) Are there 

interactions between the gene-driven developmental and adult physiological processes that 

influence alcohol-related behavior? (iii) Do subsets of genes act in an integrated fashion to 

influence behavioral responses to alcohol? (iv) Do the genes alter alcohol-related behavioral 

responses via a common set of neuronal or other cellular mechanisms? (v) What are the 

major areas of the nervous system in which the genes function and what neurotransmitter 

systems are modulated by the genes? (vi) Do the genes influence alcohol-related behavior by 

functioning in non-neuronal cells? (vii) Do the genes influence multiple behavioral 

responses to alcohol similarly? (viii) Are the gene products direct pharmacological targets of 

alcohol? (ix) What is the complete complement of genes that is required for normal 

behavioral responses to alcohol? Flies and worms have contributed substantially to the field, 

yet much work remains to be done in iMOs on the genetics of alcohol-related behavior.

The numerous orthologs of genes that influence both human AUD and alcohol-related 

behaviors in iMOs support the concept of conservation of gene function in alcohol responses 

in humans and iMOs. Thus, additional genetic information gleaned from the fly and worm 

models should have translational utility for understanding AUD in humans. Given the 
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intrinsic and unavoidable differences between studies in iMOs and humans (see Genetics of 

Alcohol Behavior in Invertebrate Model Organisms and Human AUD), it is reasonable to 

expect that not all alcohol behavior genes identified in iMOs will be associated with human 

AUD. Nevertheless, orthologs of alcohol behavior genes in iMOs (Table 3) might be prime 

candidates for targeted investigations in studies on human AUD. Conversely, additional 

orthologs of genes identified in studies on human AUD could be investigated in iMOs to 

better understand (i) the fundamental alcohol behavioral consequences of altered gene 

function and (ii) the genetic pathways and gene networks that function in concert with the 

originally identified human AUD gene. An understanding of these 2 aspects of gene 

function in iMOs might ultimately provide a more comprehensive appreciation of molecular 

and cellular mechanisms underlying human AUD. Consequently, the integration of 

information from behavioral–genetic studies on alcohol in iMOs with genetic findings from 

humans has the potential to lead to a much deeper understanding of AUD, its diagnosis, and 

its treatment.
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