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EDITORIAL

Role of Epigenesis in Criminology

Amarendra N. Singh

ABSTRACT
Introduction: Waddington in 1942 coined the term 'epigenesis' to describe the interaction of genetics and environmental fac-

tors. The underlying mechanism of epigenesis thus involves noninterpreted genes induced by environmentally modified gene 
expression without altering the DNA sequences. These changes may remain through cell divisions for the remainder of the cells' 
lives or may last for multiple generations. In criminology, the influence of outside factors on genetic material from the beginning 
of life throughout the lifespan is observed, thus showing the involvement of the ongoing epigenetic processes. The molecular 
basis of epigenesis is complex and multiple inherited systems may play a role in forming cell memory. In most criminal 
behaviour, the etiological window can be revealed by epigenetic research activities. 

Objective: To describe and discuss the contributions of epigenesis towards causation and prevention in criminal behaviour.
Method: The bio-psycho-social processes of epigenesis throws light on the mechanism of putative causes of criminal 

behaviour. The majority of chronic criminals have been raised in poverty and in an abused and neglected environment, with low 
central and peripheral nervous system arousal. Thus, epigenetic change makes them prone to commit crime due to behaviour 
variables.

Results: Epigenetic changes are becoming more important for understanding criminal behaviour and crime. Published work 
and present research work described in this paper confirm the role of epigenesis in etiology and prevention of criminal 
behaviour.

Conclusion: More research is needed for producing clear and evidence-based answers about the role of epigenesis in crimi-
nology.
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INTRODUCTION

Waddington in 19421) coined the term epigenesis to describe the 
interaction of genetics and environmental factors. Changes by this 
genetic mechanism are developed due to outside influences including 
environmental factors rather than genetically determined, and those that 
are outside conventional genetics1-5). These changes may remain through 
cell divisions through the remainder of cell life or may also last for mul-
tiple generations5,6). The underlying mechanism of epigenesis thus 
involves non-interpreted genes induced by environmentally modified 
gene expression without altering the DNA sequence as shown in Figure 
1.

The regulation of gene expression has been suggested as one of the 
important molecular mechanisms of adaptation or maladaptation in the 
brain, thereby causing alteration of behaviour in humans. MRNA has 
been seen in specific regions of human or animal brains for altered 
behaviour by the above mechanism5). 

Phenotype established between genes and environmental factors by 
using the process of plasticity provides mismatched and maladapted 
responses which play an important role in producing criminal behaviour 
and also psychiatric or physical disorders5.7-12). 

It is worth noting that psychiatric disorders in many cases produce 
criminal behaviour and activities. The role of genome imprinting and 
other related processes like transgeneration, also play a participating 
role in causing alteration in behaviour leading to criminal activities. 

In criminology, the influence of external factors on genetic material 

starts from the very beginning of life and continues throughout the lifes-
pan, thereby confirming the process of ongoing epigenesis13,14). In animal 
studies, the epigenetic regulation starts during embryogenesis and con-
tinues during placental development. Studies in humans have shown the 
importance of epigenetic regulation of placental genes playing an 
important role in maternal fetal interactions. Maternal adversity like low 
social status, malnutrition, parents' violence towards each other, pres-
ence of maternal physical or psychiatric disorders (including stressful 
events) starts epigenetic changes in prenatal status and continues whole 
life including childhood, adolescence, adulthood and the rest of life8,15-23). 
Early maltreatment of the growing child by abuse or neglect affects the 
development of central and peripheral nervous systems. According to 
Kruk (2012)16) in cases of single poor isolated mothers, 85% of youth 
were in prison and had absent fathers. 71% of high school drop-outs 
were fatherless. 90% were homeless and runaway children as well as 
fatherless. Fatherless children showed higher levels of depression, sui-
cide, delinquency, prostituting, teen pregnancy, poor self-concept, illicit 
smoking, abuse, and were more likely to be victims of exploitation and 
abuse. Many earlier studies18,19) have confirmed poor nurturing causing 
abnormal epigenetic changes which were responsible for the occurrence 
of criminal activities17,19,21). Nurturing deficiency usually continues life-
long though it starts in the mother's womb, and continues in childhood, 
adulthood and for life. These events become the source of changing to a 
mismatched epigenetic process20). Depending on mismatched and abnor-
mal changes, response of epigenesis towards criminal activities 
becomes part of the whole life span. The degree of mismatch response 
of epigenesis is also responsible for susceptibility of chronic disorders 
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of psychiatric or physical nature in general and for criminal involvement 
in particular5,6). 

Overview of Epigenetic Changes

The following important mechanisms of epigenesis are involved in 
producing criminality. They are:

1. DNA methylation and chromatin remodeling 
2. Histone modification (conversion of cystone to 5methylcystone 

or addition of methyl group to DNA
3. MicroRNA dysregulation, sumolyation, actylation, phosphoryla-

tion and ubiquitylation may also take part. 

DISCUSSION

Epigenetic changes produced by positive effect, reversible inactiva-
tion of gene due to change in genome involvement and parental imprint-
ing and paramutation, have a role in producing criminality. The imprint-
ing process where one of the alleles of typical gene pair is silenced by 
the epigenetic process causes either abnormal response like criminal 
behaviour, or disease5). Parental imprinting and paramutation also play 
part in producing criminality. 

Psychiatric disorders and substance abuse disorders (drug and alco-
hol addictions) play a significant part in producing criminality. The 
underlying basis of these disorders lies in the fact that phenotypes estab-
lished between genes and environmental factors utilizing the process of 
developmental plasticity produce mismatched5,7) phenotype thus causing 
the above disorders. See Figure 2 below:

The degree of mismatch determines the individual's susceptibility to 
have chronic disease and/or cause criminality. The degree of mismatch 
also guides the severity of the disorders. Classical examples of mis-
match are observed by changes in the environment such as improved 
socio-economic conditions, which markedly increase the production of 
diabetes and cardiac disorders4,5). 

Criminality produced through significant epigenetic changes are 
caused through the disorders present in a) mother and then b) in grow-
ing child throughout the entire life. 

a) Mothers's disorders start their impact in the womb during the pla-
centa development phase and continue through the entire pregnancy. 
These disorders are as follows:

1) Fetal alcoholic syndrome and alcoholism8,22): Mothers who use 
heavy regular alcohol while pregnant and particularly between 
fertilization and uterine implantation (between 3-8 weeks) pro-
duce fetal alcohol syndrome in their children. Presence of low 
IQ, impulsiveness, ADHD, poor social and emotional develop-
ment are seen in children. All of these conditions are related to 
criminal behaviour. In fetal alcohol syndrome, adverse epigene-
tic changes occur through DNA methylation, chromatin remodel-
ing and histone modification. Adverse epigenetic changes pro-
duce changes in transcription-expression and altered genes.

2) Drug abuse: Mothers who are drug abusers during pregnancy 
produce negative epigenetic changes in their children. These 
changes become a vehicle for criminal activities in children8,23).

3) Maternal smoking: The regular and increased habit of smoking 

while pregnant produces risk in fetal intermittent hypoxia, and 
abnormal epigenetic changes occur through MRNA, DNA meth-
ylation and are responsible for criminal behaviour activities8,24,25).

4) Absence of breast feeding: Breast feeding of children in normal 
mothers produces protective and positive changes. However, in 
socially deprived drug abusers and/or alcoholic mothers this 
becomes the source of producing criminal behaviour by epigene-
tic changes of DNA methylation and histone modification process.

a) The disorders described below have a significant impact through 
epigenetic changes in the growing child of producing criminality by: 

1. Personality and Behaviour Disorders: Alteration in human 
behaviour occurs usually by changes in MRNA level in specific regions 
of the human brain26,8,5). Methylation and histone modification due to 
epigenetic changes also play important part in psychopathy, criminal 
behaviour and sociopathic behaviour leading to precipitate the criminal 
act26). 

Environmental factors including socio-economic impact are very 
important in producing etiological causes of personality and behaviour 
disorders. Thus, MRNA level, histone and methylation level changes 
play the part in production of personality and behaviour disorders.

The level of changes are the vehicle on which mild, moderate, or 
severe personality and behaviour disorders occur. The level of changes 
in personality and behaviour disorder are also responsible for the grada-
tion of criminal act.

2. Drug and Alcohol Abuse: Criminal behaviour and activities seen 
in this disorder is complicated by production of psychosis in some of 
the patients and their clinical picture also differs from main personality 
and behaviour disorders. The epigenetic changes in region of human 
brain are varied and widespread. Important epigenetic changes by drug 
addiction particularly from cocaine occurs through histone modification, 
DNA methylation, Chromatin remodelling, and MRNA dysregulation. 
Even after treatment relapse in drug addiction changes occur in gene 
expression at MRNA level. C-Fos, Bdnf and GR genes also take part. 
Chromatin remodelling becomes the regulator during the process. THC 
or Cannabis induces expression of histone deacetylase23,27). In alcoholism 
epigenetic changes begin in chromatin remodelling and subsequently 
changes take place in histone modification and DNA methylation.

3. Psychosis and Schizophrenia: In schizophrenia and psychotic 
disorders epigenetic changes are mainly due to complex interactions 
between risk alleles and environmental risk factors. In response to posi-
tive or negative environmental stimuli epigenetic alteration at the reilin 
promotor plays an important part in the epigenetic process. Histone 
post-transcriptional modification, regulation of chromatin structure, 
micro RNA regulation of signalling pathways including those involved 
in DNA methylation, are main pathways of epigenesis in schizophre-
nia5.28,29). 

4. Mood Disorders: The recent implication for epigenetic involve-
ment includes the changes in the brain-derived neurotropic factor gene 
(Bdnf) by downregulating itself. Treatment with antidepressants or elec-
troconvulsive treatment Bdnf is upregulated in the brain confirming the 
improvement in mood disorders5,29,30). Glucocorticoid receptor (GR) 
plays an important part in pathogenesis of depression and increased his-
tone acetylation allows DNA dimethylases greater access to GR promo-
tor through chromatin processes. 

5. Post-Traumatic Stress Disorder: In this disorder the recent 
research has confirmed that trauma happening after birth produces 
changes in gene expression through epigenetic changes. Most of these 
changes occur with DNA methylation and histone modification also 
plays some part5,31). 

CONCLUSION

In criminology, the influence of outside factors including environ-
ment, diet, social picture and/or stressful life produces changes in genet-
ic material starting from the mother's womb through the full life span of 
a person. These genetic changes happen through epigenesis. The major 

Figure 1. Interaction of Biopsychosocial and Environmental 
Factors Affecting Brain-Body Function and Causing 
Symptoms, Disease or Both

Figure 2.
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target for epigenetic modification is epigenetic gene regulation which 
are also numerous and produces complex behaviour, including criminal 
behaviour. These changes occur in the human brain and plasticity plays 
important role. In most criminal behaviour, the etiological window can 
be revealed through epigenetic research activities. The bio-psycho-so-
cial-ecological processes of epigenesis throws light on the mechanism 
of putative causes of criminal behaviour. The majority of chronic crimi-
nals have been raised in poverty and in abused neglected environment 
with low central and peripheral nervous system arousal. Epigenetic 
changes depend less on genes, and more on environmental factors, 
social stress and life experiences. These modifications start while the 
child is in the mother's womb and continue throughout the lifespan. 
Poor nurturing situations and a poor environment become the source of 
epigenetic changes which precipitate criminal activities or behaviour. 

Epigenetic changes thus create individuals who are prone to commit 
crime and demonstrate behaviour disorders. Recent research has sug-
gested that low activity genotype of enzyme MAOA-L may increase the 
risk of aggression and antisocial behaviour. This genotype evidence can 
thus become a forensic test for understanding the behaviour changes in 
criminals by epigenesis33). 

In recent years epigenetic changes are becoming more important for 
understanding criminal behaviours and crime. Newer and enhanced 
research in epigenetic changes has now become necessary for under-
standing its therapeutic and preventative roles. Epigenetic changes can 
be reversed or stopped so that instead of criminality, normal behaviour 
can occur. 

Understanding epigenetic processes will also help in producing phar-
macotherapies for treatment and management of criminal behaviour and 
activities. Drugs have been produced through the epigenetic process in 
cancer, for example, Decitabine has been approved by the FDA. Recently 
Japanese scientists have also suggested drugs produced by the epigenetic 
process for the treatment of depression based on histone deacetylase 
inhibitors5,29). Newer pharmacotherapies produced by the epigenetic pro-
cess can be utilized for treatment, management and prevention. Thus, 
pharmacotherapies can be used to treat either, abnormal epigenetic chang-
es which are producing criminality, or they can be utilized to prevent 
abnormal epigenetic changes prior to the occurrence of symptoms. 
Hence, instead of criminality, normal behaviour can occur. Therefore, 
pharmacotherapies can be applied to either treatment or prevention. 

FUTURE  DIRECTIONS

Epigenetic changes in fetal environment due to maternal stress and 
illness can produce changes after birth which will continue throughout 
the whole life span. These changes go on through DNA methylation, 
chromatin remodeling, histone modification and MRNA dysregulation 
by altering the process of altered gene transcription and expression. 

These expressions have a very important role in understanding 
criminal behaviour and criminal activities. Research activities to 
increase the understanding of gene expression "chip arrays" is presently 
going on. Further research will be very helpful in understanding crimi-
nal behaviour and criminality by revealing the chip sequencing. The 
chip sequencing will furthermore help in understanding transcriptional 
mechanism more than what we know at the moment. 

Future directions should first be towards enhancing the understand-
ing of epigenetic role in etiology of criminal behaviour and activities. 
The second more important step will be finding the pharmacotherapies 
for controlling and curing the criminal behaviour and activities. Lastly, 
the best hope should be to stop the epigenetic processes which are caus-
ing criminal activities thus, prevention will be achieved successfully.

Epigenesis is described as the science of change34). Thus, the science 
of change should be directed towards changing the etiology and stop-
ping the process of criminal behaviour and activities, to achieve treat-
ment, management and prevention. 
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