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Behavior is influenced by two 
things:

1. Genetics 2. Environment

http://medgen.med.miami.edu/news/2012/02/human-genetics-and-genomics-seminar-series2 http://www.todayschristianwoman.com/articles/2012/mayjune-issue/meeting-god-of-nurture.html



Neurotransmitters Associated 
with Social Behavior



ÅProduced in the hypothalamus
ÅAfter secretion, is stored or circulated through 

the bloodstream

ÅEqual concentrations in men and women
ÅPosterior pituitary

ÅPlasma

ÅOxytocin receptors are found in many 
parts of the brain and spinal cord
ÅIncluding the amygdala, ventromedial 

hypothalamus, septum, nucleus accumbens, 
and brainstem

ÅAssociated with bonding, trust, and 
empathy

Oxytocin

http://www.creationofman.net/chapter3/chapter3_5.html



ÅFound in the midline of the 
brain stem and the 
gastrointestinal tract

ÅImportant in regulation of 
sleep, mood, eating, 
attention, and appetite

ÅAssociated with 
psychopathy, personality 
traits, depression, and 
social adversity

Serotonin

https://en.wikipedia.org/wiki/Serotonin



Oxytocin receptor 
(OXTR) expressed in 

the serotonergic raphe 
nuclei

Oxytocin and Serotonin 

ÅRaphe serotonin neuron-specific oxytocin 
receptor knockout

ÅIndicates there is a mechanism by which the two 
neurotransmitters together influence behavior

Pagani et al.



Neurotransmitters
(Oxytocin & Serotonin)

Social Behaviors

Aggressive
Behavior

Antisocial 
Behavior



ÅImpact on the criminal justice system
ÅUnited States of America has the highest incarceration rate in the world

ÅOver 2,000,000 people currently incarcerated

ÅImpact on the health field
ÅTwo of the leading causes of mental health referrals

Å1 in 5 Americans experience mental illness (National Alliance on Mental 
Illness)

ÅOver 40% of individuals in prison suffer from mental health 
problems (Bureau of Justice Statistics)

Impact of Aggressive and 
Antisocial Behavior



ÅSingle base variations located 
at a specific location on the 
genome

ÅMost abundant type of 
polymorphism

ÅPrevious studies have linked 
polymorphisms associated 
with these neurotransmitters 
to behavior

Single Nucleotide Polymorpisms
(SNPs)

https://wp.nyu.edu/genome_diversityspring2015/?p=108



Methods for 
Analyzing SNPs



Single Base Extension (SBE)

http://lifesequencing.blogspot.com/2012/09/aplicacoes-da-tecnica-de-snapshot.html

LIMITATIONS



Massively Parallel Sequencing:

Ion Chef & Ion Personal Genome Machine (PGM)

https://www3.appliedbiosystems.com/cms/groups/applied_markets_marketing/documents/generaldocuments/cms_094273.pdf

Custom Primer Panel

48 SNPs

on 16 genes



CNR1: cannabinoid receptor 1

FAAH: fatty acid amide hydrolase 

DRD2: dopamine receptor 2

DRD4: dopamine receptor 4 

OPRM1: opioid receptor mu 1

ADH/ALDH: alcohol dehydrogenase and aldehyde dehydrogenase (alcohol metabolism)

GABRA2: gamma-aminobutyric acid type A receptor alpha2

BDNF: brain-derived neurotrophic factor 

5HT2A: serotonin

COMT: catecohol-O-methyl transferase

TPH: tryptophan hydroxylase

OXT: oxytocin

OXTR: oxytocin receptor

MAOB: monoamine oxidase B

MAOA: monoamine oxidase A

DBH: dopamine beta-hydroxylase

Genes
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ÅAllows for the simultaneous analysis of a high number of SNPs in a 
large number of individuals
ÅIntroducing a barcode allows for samples to be pooled and sequenced 

simultaneously

ÅHigh throughput sequencing is more cost and time effective than 
previous methods

Advantages of MPS

https://www3.appliedbiosystems.com/cms/groups/applied_markets_marketing/d
ocuments/generaldocuments/cms_094273.pdf



ÅExplore the use of MPS in the behavioral genetics field

ÅTo create a large primer panel of behavioral SNP markers

ÅDetermine if it would yield the same results as conventional 
methods

ÅAnalyze SNP markers associated with oxytocin and serotonin to 
determine if there is an association between genotype and behavior

Goals



Å100 buccal swabs from Sam 
Houston State University 
students
ÅApproved by Institutional Review 

Board

ÅEach individual completed a 
survey designed to assess 31 
behavioral categories including 
empathy, aggression, and 
psychopathy

Samples

http://www.hometrainingtools.com/swab-applicator-sterile



Survey

Iƻǿ ƻŦǘŜƴ ƘŀǾŜ ȅƻǳΧNEVER
HARDLY 

EVER
SOMETIMES OFTEN

ALWAYSOR 
ALMOST NEVER

Yelled at others when they have 
annoyed you

Ç Ç Ç Ç Ç

Had fights with others to show who 
was on top

Ç Ç Ç Ç Ç

Reacted angrily when provoked by 
others

Ç Ç Ç Ç Ç

Taken thingsfrom other students Ç Ç Ç Ç Ç

Had temper tantrums Ç Ç Ç Ç Ç

Vandalizedsomething for fun Ç Ç Ç Ç Ç



Behaviors Analyzed

ÅAntisocial behavior

ÅSevere 1 antisocial 

behavior

ÅSevere 2 antisocial 

behavior

ÅProperty crimes + 

antisocial behavior

ÅViolent antisocial behavior

ÅMinor antisocial behavior

ÅDrug 1 + antisocial 

behavior

ÅDrug2 + antisocial 

behavior

ÅSociability

ÅStalking perpetrator

ÅIntimate partner violence

ÅPerception that criminal 

behavior is wrong

ÅDepression

ÅStress

ÅAggression

ÅReactive aggression

ÅProactive aggression

ÅEmpathy

ÅPsychopathy

ÅEgocentricity

ÅCallous unemotional traits

ÅAntisocial lifestyle



Results
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Data

OXTR (oxytocin receptor)



ÅTwo oxytocin SNPs
Års877172 and rs4813625

Å92 samples compared
ÅOut of those called, 100% were 

concordant

SBE vs. MPS

rs4813625
SBE

rs4813625
MPS

CC CC

CC CC

GC GC

GG GG

GC GC





rs6314
(serotonin)

rs4813625

(oxytocin)

rs877172
(oxytocin)

rs6311
(serotonin)

rs25531
(serotonin)



Significant 
Associations



Individuals with the GA genotype 
were more likely to show these 

types of behavior than individuals 
with the genotype AA 

rs25531 (serotonin)

Behavior p value ʲ SE Exp(B)

Drug 2 +Antisocial Behavior 0.006 1.658 0.604 5.250

Drug 1 + Antisocial Behavior 0.015 1.418 0.582 4.127



Individuals with the CC and CA 
genotype were more likely to 

exhibit this type of behavior than 
individuals with the genotype AA 

rs877172 (oxytocin)

Behavior p value ʲ SE Exp(B)

PropertyCrime+ Antisocial Behavior 0.017 -1.109 0.465 0.330



ÅMPS results were concordant with SBE data

ÅIndicates this large panel of behavioral SNP markers may be used to 
analyze multiple types of behavior at once

ÅSignificant associations were found for types of antisocial 
behavior in rs25531 and rs877172 

ÅIndicates that these SNPs may contribute to antisocial behavior, drug 
use/distribution, and property crimes

Conclusions



ÅResults provide some evidence that OXT and 5-HT can influence 
behavior

ÅLarge panel may be used in early prevention or treatment of 
psychiatric disorders which have a large impact on the medical 
field and criminal justice field 

ÅCan help predict adult mental health problems including depression, 
anxiety, and emotional stability

ÅCan help explain how to treat central imbalance of these 
neurotransmitters

Conclusions



Work to 
be Completed



ÅTest the influence of central oxytocin on aggression and 
sociability using behavioral tests in mice (C57)

ÅControl group: artificial cerebrospinal fluid

ÅTest group: oxytocin

Behavioral Assessment

http://rci.rutgers.edu/~jmcgann/research.html


