










• Strain comparisons

• Hybridization

• Selective Breeding

• Quantitative Trait Loci (QTL) 
studies 

• Mutagenesis

• Genetic engineering

• Family studies

• Heritability estimation
• Twin and adoption studies

• Candidate gene association 
studies

• Genome-wide association 
studies

GOAL:  To understand how genetic differences are related 
to individual differences in behavior

Use DNA
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If genetically different strains of mice are raised in identical conditions, 
any differences in a trait are due to genetic differences (i.e. h2 = 1)

Forced swim test

Control 
Environment



If genetically identical (i.e. isogenic) mice are raised in different conditions, 
behavioral differences are due to environmental differences (h2 = 0)

Control 
Genetics







Turkeheimer, (2000)



Polygenic effects are 
hypothesized to be 
additive, with certain 
variants increasing (i.e. 
upper case letters) trait 
expression, others 
decreasing (i.e. lower 
case).

As the number of gene 
variants impacting the 
trait grows, the more the 
trait distribution 
approximates normality.
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• If certain genetic variants 
are found more 
frequently in people with 
the disease than in 
healthy controls, those 
variants are "associated" 
with the disease. 

• A “Manhattan” plot 
presents significance 
levels of associations 
across chromosomes





Selective breeding

Mutagenesis (e.g. “knock out”)

10% ethanol
10% ethanol + 0.2% saccharine

Yoneyama, et al., (2008)

Strain comparisons

Two-bottle choice



Genetic and environmental 
variance components for 
alcohol use disorders in 
twin studies by sex  
(Verhulst, et al., 2015)

Heritability estimate =  0.49 
[95% CI 0.43–0.53]

Therefore, genetic 
similarity is statistically 
associated with 
behavioral similarity.



Ethanol Acetaldehyde Acetate
ADH ALDH



Ethanol Acetaldehyde Acetate
ADH ALDH



Brooks, et al., 2009

Before Drinking After Drinking

http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1000050




Ethanol Acetaldehyde Acetate
ADH ALDH



Manhattan Plot for the GWAS on Alcohol use disorder across five populations 
(N= 55,985 cases and N=224,014 controls; Kranzler, et al., (2019) [preprint])

EA: European American; 
AA: African American; 
LA: Hispanic or Latino; 
EAA: East Asian American;
SAA: South Asian American











The mechanism by which the APOE e4 allele is related to the risk of LOAD is not well understood

Note: e-2 
allele reduces 
risk even 
further

Raber et al. Neurobiol. Aging 25, 641–650 (2004)

rs429358 rs7412 Name Frequency Risk

C T e1 Rare ?

T T e2 8.4% Decrease

T C e3 77.9%

C C e4 13.7% Increase

Risk for late onset 
Alzheimer’s disease is 
associated with APOE
genotype 



APOE

GWAS meta-analysis for AD risk (N = 455,258; Jansen, et al., (2019)) identified 29 
risk loci



3xTg-AD









Lesch, et al., (2012)



Adult male Tph2 Knock out (KO) mice (n = 26) attack  more quickly and more 
often when compared with adult male wild-type mice (WT, n=17) in the 
resident–intruder test (Angoa-Perez, et al., (2012)).





Zhang-James, et al., (2018)

Networks were identified by ingenuity 
pathway analysis’ network generation 
algorithm using direct relationships from the 
Ingenuity® Knowledge Base










