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Oxytocin plays an important role in social behavior and is
associated with empathy, bonding, and trust. Previous studies have
found that both gene expression and environment impact the
development of certain behaviors. Furthermore, behavior is
influenced by neurotransmitters and the expression of their
receptors. While the relationship between genotype and gender has
been explored, there is limited information on the influence of
ethnicity on genotype. This study analyzed four single nucleotide
polymorphisms associated with the oxytocin receptor in the three
main ethnic groups within the United States. It was concluded that
genotypic differences between ethnic groups resulted in phenotypic
or behavioral differences. More specifically, it was found that
oxytocin receptor polymorphisms for rs53576 and rs1042778 affect
behaviors such as aggression and empathy.

Behavioral genetics is the study of how the environment and
genetic factors play a role in human behavior. Previous studies have
shown that these factors can influence the development of certain
behaviors in young adults (1). Behavior is also influenced by
neurotransmitters and the expression of their receptors in the brain.
Understanding the complex mechanisms of neurotransmitters and
their interaction is the base knowledge for the design of
antidepressants and drugs of abuse (2).

One key neurotransmitter that affects social behavior is
oxytocin. Oxytocin is synthesized in the hypothalamus and after
secretion, is stored or circulated throughout the blood stream (3-4).
Although it is a key component in the birthing process, equal
concentrations are found in the posterior pituitary and plasma in
both men and women (5). Oxytocin is involved in social memory,
affiliation, aggression, learning and memory, as well as anxiety and
depression (4-7). The function of oxytocin in humans can be
assessed by studying polymorphisms within the oxytocin receptor
(OXTR) gene. The OXTR gene has many polymorphic sites
making genotyping with single nucleotide polymorphisms (SNPs)
ideal. SNPs are single base variations found at specific locations on
the genome and considered to be the most abundant type of
polymorphism in humans (8-9).

Polymorphisms within OXTR markers have been linked to
different emotional and behavioral traits, such as psychopathy,
aggression, and empathy. While genotypic differences between
males and females have been reported, the influence of ethnic
background on genotype still remains unknown (10).

This study analyzed four OXTR SNPs (rs11476, rs53576,
rs6770632, and rs1042778) for the three main ethnic groups in the
United States in order to determine if there is an association
between genotype and behavior. Furthermore, this study aimed to
identify any differences in allele frequencies observed between the
three main ethnic groups.

Sample Collection: Buccal swabs were collected from Sam Houston
State University students who agreed to participate in a survey aimed at
collecting information about the students’ behavior. It consisted of 31
sections, including psychopathy, empathy, and antisocial behavior. All
protocols used were approved by the Institutional Review Board at Sam
Houston State University.

DNA Extraction and Quantification: DNA was extracted on the
QIAcube (Qiagen, Hilden, Germany) using the QIAamp® DNA
Investigator Kit (Qiagen) as per manufacturer’s instruction. DNA
quantitation was performed on a StepOne™ PCR System (ThermoFisher,
Waltham, MA), using SYBR® Green Master Mix (ThermoFisher) and
D21S11 primers.

DNA Amplification: PCR primers were designed using the software
Primer3Plus and AutoDimer. Samples were amplified using the Type-it ®
Microsatellite PCR Kit (Qiagen) with a DNA target of 0.2ng. PCR
amplification was performed on the GeneAmp® PCR System 9700
(ThermoFisher).

Genotyping: Single base extension (SBE) was performed using the
SNaPshot® Multiplex Kit (ThermoFisher) according to manufacturer’s
instructions. Purified SBE products were run on a 3500 Genetic Analyzer
(ThermoFisher). Allele calling was performed using GeneMapper®
Software v4.1 (ThermoFisher).

DNA Analysis: Allele frequencies were estimated by allele counting
using the PowerStats v1.2 software. Hardy-Weinberg equilibrium and
linkage disequilibrium were assessed using the software Genetic Data
Analysis. Gender differences in allele frequencies were estimated with
Fisher’s exact tests using GenePop‘007 software. Haploview v4.2 was
used to perform single marker and haplotype analysis and permutation p-
values. Logistic regression analysis was performed using SPSS software
version 22. For this, selection of risk alleles was performed according to
Malik et al. (11).

• SNP allele frequency data was in agreement with previously reported data
• Statistically significant differences were detected in allele frequencies for three of the SNP markers when the ethnic groups were

compared
• Logistic regression analysis revealed statistically significant differences in rs53576 and rs1042778 SNP markers for empathy and

aggression
• Genotypic differences between the ethnic groups resulted in phenotypic or behavioral differences

1. Caspi A, McClay J, Moffitt TE, Mill J, Craig IW, et al. Role of Genotype in the Cycle of Violence in 
Maltreated Children. Science. 2002;297(5582):851-4.

2. Nesse RM, Berridge KC. Psychoactive Drug Use in Evolutionary Perspective. Science. 1997;278(5335):63-6
3. Brownstein MJ, Russell JT, Gainer H. Synthesis, transport, and release of posterior pituitary hormones. 

Science. 1980;207(4429):373-8.
4. Ross HE, Young LJ. Oxytocin and the neural mechanisms regulating social cognition and affirmative 

behavior. Frontiers in Neuroendrocrinology. 2009 10//;30(4):534-47.
5. Gimpl G, Fahrenholz F. The Oxytocin Receptor System: Structure, Function, and Regulation. Physiological 

Reviews. 2001;81(2):629-83.
6. Lee H-J, Macbeth AH, Pagani JH, Scott Young 3rd W. Oxytocin: The great facilitator of life. Progress in 

Neurobiology. 2009 6//;88(2):127-51
7. Jacob S, Brune CW, Carter CS, Leventhal BL, Lord C, Cook Jr EH. Association of the oxytocin receptor gene 

(OXTR) in Caucasian children and adolescents with autism. Neuroscience Letters. 2007 4/24/;417(1):6-9
8. Carlson CS, Eberle MA, Rieder MJ, Yi Q, Kruglyak L, Nickerson DA. Selecting a Maximally Informative 

Set of Single-Nucleotide Polymorphism for Association Analyses Using Linkage Disequilibrium. The 
American Journal of Human Genetics. 2004 1//;74(1):106-20.

9. Syvanen A-C. Accessing genetic variation: genotyping single nucleotide polymorphisms. Nat Rev Genet. 
[10.1038/35103535]. 2001 12//print;2(12):930-42.

10. Wu N, Li Z, Su Y. The association between oxytocin receptor gene polymorphism (OXTR) and trait empathy. 
Journal of Affective Disorders. 2012;11(2):214-21.

11. Malik Al, Zai CC, Abu Z, Nowrouzi B, Beitchman JH. The role of oxytocin and oxytocin receptor gene 
variants in childhood-onset aggression. Genes, Brain and Behavior. 2012;11(5):545-51.

I N T R O D U C T I O N

A C K N O W L E D G E M E N T S

Figure 1: Major allele frequencies comparison for the three major ethnic groups. *p<0.05,
**p<0.0008.

Figure 2: Comparison of male and female major allele frequencies for the four OXTR SNPs.

Figure 3: Logistic regression results for OXTR rs53576 and aggression. Figure 4: Logistic regression results for OXTR rs1042778 and aggression.

Figure 6: Logistic regression results for OXTR rs1042778 and empathy.Figure 5: Logistic regression results for OXTR rs53576 and empathy.
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