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Abstract- Epigenetic modifications are alterations to DNA that impact how cells read genes and control
their expression or activity but do not alter the sequence of DNA’s building blocks. These changes can
be hereditary or can be reversible. This field is being worked on extensively. Violent and stressful
environments have long-term, potentially generational effects on brain development and genes. Factors
that influence epigenetic changes are diet, lifestyle, smoking, alcohol, environmental pollution and
psychological stress. The bio-psycho-social processes of epigenesis illuminate the mechanism of potential
causes of criminal behaviour. Most long-term offenders were raised in low-income, maltreated, and
neglected environments. In this regard, research on the epigenetic effects of crime holds great promise

for improving our knowledge of crime and violence and bringing forth fresh ideas for crime prevention.
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1. INTRODUCTION genes, it becomes evident that criminal behaviour
1.1 Background remains intricately linked with  genetics.
Voracek and Loibl (2008) [1] explore the growing Moreover, the emergence of epigenetics presents
research trend towards the interactionist an opportunity to deepen our understanding of
viewpoint. They argue that while genes may still this connection. As we uncover new insights into
be considered a predisposing factor for criminal the interplay between genetics and criminal
behaviour, research efforts should not be behaviour, there is a pressing need for further
abandoned. This perspective is supported by analysis to elucidate the relationship between
Farrington and Vazsonyi, who suggest that research in epigenetics and its implications for
insights from behavioural genetic studies could criminal  behaviour, which is increasingly
inform the development of targeted preventive recognized as a product of gene-environment
interventions. However, they acknowledge the interactions [2].

challenge of distinguishing between genetic and

. . . M behaviourists beli that ti
environmental influences on behaviour. Thus, by any  behaviourists beheve ab geneucs are

. . . link iminal behavi h ’
shifting the focus from genetic determinism to inked to criminal behaviour and that a person’s

. . . DNA i if th ill
understanding how the environment influences can determine if they will become a

criminal. Such biological determinism entitles
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them to believe that they have no means of
escaping their genetic destiny because the person
has inherited genes from their parents, which will
code for crime-related behaviours. However,
others still maintain that criminal behaviour is
the

people have while growing up.

caused by environmental factors and
experiences
According to Simons et al., genetic explanations
will not understand the causes of criminal
behaviour without studying how environmental
stimuli turn genes on or off, so this viewpoint is
becoming even more relevant. The subject of
epigenetics has arisen from this concept of gene
to environment effects on behaviour. Epigenetics
is the scientific study of changes in the expression
DNA, which are caused by

influences other than an alteration

of a person’s
in their
underlying genetic code and is a mechanism
through which it is thought that [2].

1.2 EPIGENETICS
The influence of genetics on criminal behaviour
has long been a topic of discussion. Previous

studies have primarily concentrated on

pinpointing particular genes linked to criminal

tendencies.  Nevertheless, recent epigenetic

advancements propose a more intricate

connection between genetics and behaviour.

which

expression without modifying the DNA sequence,

Epigenetic mechanisms, control gene
are vital in mediating the impact of both genetic
and environmental factors on behaviour. Walsh
appropriately acknowledged this in his work. The
emphasis in epigenetics lies on DNAm, not DNA
highlighting  the of

factors on physiological and

sequence, influence
environmental
behavioural changes. The epigenetic model of
aggressive behaviour and crime proposes that
living in crime hotspots affects DNAm profiles
interacting  with

associated with violence,
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developmental brain mechanisms to lead to
aggression and criminal activities potentially.
Despite genetic similarities, DNA methylation
(DNAm) plays a key role in this context .“ In the
it

hardware elements are activated. “The genetic

end, is the software that dictates what

code, the hardware, is useless without epigenetic

factors” [1].

1.3 ALLOSTASIS
Along with this, there is a process known as

Allostasis, which recognizes the role of the brain

in  interpreting stress and  coordinating
physiological changes through the wuse of
hormones, neurotransmitters, and  other

signalling mechanisms, as opposed to the rigid

set-point concept of homeostasis.

1.4 PURPOSE OF STUDY

This research investigates epigenetic
modifications’ role in modulating gene expression
and subsequent behavioural outcomes. By

examining how environmental factors interact
with genetic predispositions through epigenetic
mechanisms, the study aims to elucidate the
through  which
environment interactions contribute to criminal
the

between micro-geographic regions of criminal

nuanced  pathways gene-

behaviour.  Understanding correlations
activity and DNAm variation is crucial for
comprehending the impact on aggression and
violent behaviour patterns. This knowledge holds
significance for advancing fundamental research
in criminology and genetics and for the practical
application of research in preventing criminal
behaviour [1|. Most present-day criminologists
in the

environment correlation and gene—environment

are well-versed principles of gene—
interaction. Nonetheless, the current focus on
gene—environment effects are moving away from

inherent genetic distinctions between individuals
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and towards gene regulation contingent on
environmental factors. This evolving perspective
underscores the importance of factors such as
gene transcription and translation and the timing
and location of these biological processes over the

particular allele of a gene [6].

2. EPIGENETIC REGULATION
The
epigenetic mechanisms
DNA  methylation

acetylation, although there are several others.

regulation of genetic activity through

involves two primary
processes: and histone
DNA methylation can be permanent or semi-
permanent, maintained during cell replication.
On the other hand, histone acetylation is a
transient modification. DNA methylation occurs
when the enzyme DNA methyltransferase adds a
methyl group (CH3) to a cytosine base, one of
the building blocks of DNA. The initial step in
protein synthesis, where the DNA code is read,
occurs in the cell nucleus and is carried out by
the enzyme RNA polymerase (RNAP). Upon
receiving a signal to produce a protein, RNAP
moves along the DNA strand, interpreting the
instructions for that specific protein and creating
a complementary mRNA strand. This mRNA
molecule exits the nucleus and enters the cell’s

protein manufacturing machinery.
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+ Development (in utero, childhood) ——
+ Environmental chemicals ,

+ Drugs/Pharmaceuticals

« Aging n
« Diet A

EPIGENETIC CHANGES
MAY RESULT IN
+ Cancer
* Autoimmune disease
* Mental disorders
* Diabetes

CHROMATIN @ Aceigroup

CHROMOSOME 2B METHYL GROUP

HISTONE TAIL

HISTONE TAIL

DNA accessible, gene active

DNA methylation and chemical
modification of histone tails alter the
spacing of nucleosomes and change
gene i

Histones are proteins around
which DNA winds for compaction
and gene requlation.

gene inactive

Figure 1. DNA methylation
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The presence of a methyl group attached to the

cytosine base, known as a ‘“repressor complex,”
hinders the reading of the genetic code, resulting

in no transcription and no protein synthesis.

Prenatal

Inherited Genotype

(Risk or susceptible alleles)

Fetal Environment
(Maternal stress, drinking, smoking)

Epigenetic € ges
DNA methylation, histone acetylation
(Altered gene transcrij n/expression)

Postnatal D Experiences
(Poverty, exposure 1o toxic substances, abuse, neglect)

etic Modificatio
n of BDNF gene and
olated to BAS and BIS

Allostatic Load
(Down-regulation of the ANS)

(Down-regulation of the HPA axis)

Figure 2. A diathesis-stress model of epigenetic
and allostatic trials leading from conception to

criminal traits

The impact of an epigenetic alteration on an
organism’s well-being depends on the targeted
genes. Conversely, acetylation has an opposing
effect. It involves the action of enzymes called
histone acetyltransferases (HATs), which transfer
an acetyl group (CH3CO) to the lysine tail of the
histone protein. This acetyl group reduces the
affinity of lysine for the negatively charged
phosphate backbone of DNA. Consequently, the
electrostatic charge is diminished, leading to the
relaxation of chromatin structure and enabling
the RNA polymerase (RNAP) to transcribe the
gene. Once the transcription is complete, another
set of enzymes called histone deacetylases
the the

electrostatic attraction and repressing chromatin

removes acetyl groups, restoring

activity.
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3. ALLOSTASIS

Allostasis, defined as “stability through change,”
refers to the mechanisms that enable a bodily
system to adapt to potentially harmful stimuli by
recalibrating its set points. Adverse experiences,
such as abuse and neglect, exert a profound
influence on the functioning of crucial
neurophysiological systems, prompting them to
modify their set points through the activation of
allostatic processes. While these adjustments are
initially advantageous in the short term, the
cumulative toll of long-term adaptation results in
allostatic load. Allostatic load can be understood
as the failure of a system to habituate to
repeated significant

stressors, leading to

pathophysiological consequences, including
changes in regional methylation, alterations in
neural wiring within the brain, dysfunction of the
immune system, psychiatric disorders, and other

adverse conditions [6].

4. FACTORS INFLUENCING EPIGENETIC
CHANGES AND THEIR IMPACT ON
CRIMINAL BEHAVIOR

The fundamental principle, acknowledged by
geneticists and biosocial criminologists, highlights
the intricate interplay between genetics and the
environment:  Genetic

predispositions  can

influence how individuals respond to their
surroundings, just as environmental factors can

impact the expression of genetic traits [7].
The influencing factors are mentioned below:

1. Maternal smoking- The act of maternal
smoking has been correlated with heightened
levels of methylation of BDNF, a protein
essential for the maintenance and promotion
of growth in certain neurons. Various cohort
studies have consistently shown a significant
maternal

relationship  between smoking
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during pregnancy and the propensity for
criminal behaviour in offspring who were
exposed to tobacco while in the womb, even
when accounting for other potential risk
factors. An analysis of multiple studies
uncovered odds ratios ranging from 1.5 to 4.0
for individuals exposed to fetal tobacco
versus those who were not exposed,
indicating a notable increase in the likelihood
of engaging in antisocial behaviour across
different settings and irrespective of other

contributing factors [6].

. Lead exposure- The exposure of children to

lead can negatively affect their brain health,
specifically in IQ reduction. Studies have
shown that for every one-unit lead increase in
milligrams per deciliter, there is an average
decrease of 0.5 IQ points [8]. Expanding on
Lead Study findings, a
sample of 250

the Cincinnati

separate individuals was
examined to explore the relationship between
childhood blood Pb

confirmed criminal arrests.

concentrations and

Notably,

accounting for relevant covariates, the study

after

revealed a substantial 50% elevation in the
likelihood of being arrested for a violent
crime with every 5 mg/dl increase in Pb
levels [7].

. Drug addiction- The Arrestee Drug Abuse

(ADAM) (2010)
conducted by the Office of Drug Control

Policy revealed significant findings regarding

Monitoring Program

drug abuse among arrestees in 10 major cities
in 2009. The study reported that an alarming
percentage, ranging from 60% to 85%, of
individuals who were apprehended had tested
positive for the presence of illicit drugs. This
evidence underscores the prevalent issue of

drug abuse within urban communities and
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emphasizes the need for effective strategies to
address this problem [4].

Activation of the hypothalamic-pituitary-adrenal
(HPA) axis can be induced by drugs through the
release of cortisol, which in turn affects the
mesolimbic dopamine (DA) system responsible
for mediating rewards [4]. Thus, in a rather
paradoxical manner, drugs of abuse possess the
ability to simultaneously stimulate the HPA axis,
thereby intensifying the perception of reward
while also serving as self-medications to alleviate
stress. Individuals residing in highly stressful
environments may find themselves trapped
within an intricate and detrimental cycle of HPA
axis activation, wherein the initial boost in
pleasure prompts further substance abuse as a
means to alleviate the adverse effects of HPA
axis activation, such as fear and anxiety. This
subsequent substance abuse then triggers the
HPA axis once again, perpetuating the entire

This  self-
impairs the

brain’s normal stress response and other crucial

process in a continuous loop.

perpetuating cycle significantly

signalling  mechanisms, particularly = within

specific amygdala subdivisions.

Consequently, this impairment results in a state
of heightened anxiety and internal stress, further
exacerbating the negative consequences of the
vicious circle [3]. A reciprocal and reinforcing
the
stressful criminogenic environments and drug
This the
conventional typically
[3].

and transcription

loop characterizes relationship between

abuse. interaction goes beyond

modelling effects

emphasized in social science research

Multiple

factors are involved in drug addition, with more

genes, enzymes,
than 100 genes known to be changed with
repeated cocaine exposure [5]. The utilization

and abuse of drugs, as well as addiction, are
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undoubtedly influenced by cultural norms and
societal shifts, as indicated by research findings.
However, it is crucial to acknowledge that while
these cultural norms and societal shifts affect
everyone to varying degrees, their impact is not
uniform across individuals. Only a minority of
individuals who lack genetic susceptibility, which
appears to be associated with general antisocial

behaviour, are susceptible to addiction.

Nonetheless, addiction can manifest through
various biological pathways, all of which interact
with the of the

influenced by environmental experiences

brain,
[2].
Numerous studies in the literature consistently
the
prevalence of breastfeeding among individuals
with socioeconomic (SES).
Consequently, children SES

backgrounds are at a higher risk of being

adaptable nature

demonstrate a significant decline in

lower status
from  low
deprived of crucial evolutionary environmental
enrichment (EE) input, which is essential for

their development [9].

5. IMPLICATION AND FUTURE DIRECTION
into the

criminal behaviour has significant implications

Incorporating epigenetics study of
for both research and criminal justice policy. By
the

genetics, epigenetics, and environmental factors,

elucidating complex interplay between
we can develop more comprehensive models of
the aetiology of criminal behaviour. This, in
turn, may inform the development of targeted
interventions to prevent or mitigate the risk of

antisocial conduct.

6. DISCUSSION

Early studies on the genetics of criminal
behaviour focused primarily on identifying
candidate genes associated with aggression,

impulsivity, and antisocial traits. However, the
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results of these studies have been inconsistent,
with no single gene emerging as a reliable
of the

deterministic view that criminal behaviour is

predictor criminality. = Moreover,
solely determined by genetic factors fails to
account for the significant role of environmental
influences. In the past, many criminologists have
steered clear of investigating genetics, assuming
that

Traditional

our genetic structure is unalterable.

theories have consistently
like

Inherited Genotype (Risk or susceptible alleles),

underscored the significance of factors

Fetal Environment (Maternal stress, drinking,
(DNA
leading

smoking), Epigenetic Changes

methylation, histone acetylation to
altered gene transcription/expression), Prenatal
and Postnatal Developmental Experiences
(including poverty, exposure to toxic substances,
abuse, neglect), Further Epigenetic Modifications
(such as methylation of BDNF gene and other
genes related to BAS and BIS), Allostatic Load
(resulting in down-regulation of the ANS and
HPA the

Strengthening of Criminogenic Traits.

and
These

traits encompass low levels of cognitive and ANS

axis), and Development

arousal, high levels of risk-taking and sensation-
seeking, low anxiety and fear, low empathy, low
1Q, low self-control, low conscientiousness, low
high of

and as

agreeableness, levels negative

emotionality callousness, well as
inclinations towards drug abuse and alcoholism.
Research indicates that a significant proportion
of chronic offenders hail from areas with elevated
poverty [6]. It is important to highlight that
many individuals raised in lower socioeconomic
status backgrounds have successfully integrated
into society as productive and socially
responsible members. Additionally, a considerable
portion of offenders fall under the category of
The

adolescent-limited offenders. concept of
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epigenetic influences is more likely to pertain to
exhibit
throughout their

criminal
Just like
genetic predispositions do not solely determine
the

individual develops also plays a crucial role.

individuals who persistent

behaviour lives.

one’s fate, environment in which an

Protective and risk factors exist within all
communities, with a supportive and caring family
environment being the most effective protective
factor [11].

CONCLUSION

In conclusion, this study has delved into the
intricate  relationship ~ between  epigenetic
modifications and criminal behaviour, shedding
light on the multifaceted interplay between
genetics, environment, and behaviour. We have
gained insights into how external factors can
influence gene expression and subsequent
behavioural outcomes by exploring epigenetic
DNA methylation and

histone acetylation. The significance of epigenetic

mechanisms such as
research in understanding criminal behaviour
cannot be overstated. Moving beyond traditional
genetic determinism and considering the dynamic
interaction between genes and environment, we
can develop a more nuanced understanding of the
aetiology of criminal behaviour. Epigenetics
provides a framework for comprehending how
early life experiences, environmental exposures,
and social factors can shape gene expression
patterns and contribute to developing antisocial

traits.

Moreover, this research highlights the importance
of continued investigation and collaboration in
epigenetics and criminology. As technology
advances and methodologies evolve, there is a
growing mneed for interdisciplinary approaches
that integrate genetics, neuroscience, psychology,

and sociology. By embracing this collaborative
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ethos, we can further unravel the complexities of
criminal behaviour and develop more effective
The

implications of epigenetic research extend beyond

prevention and intervention strategies.
academia, with significant implications for policy,
By

incorporating epigenetic insights into criminal

practice, and future research endeavours.
justice policies and interventions, we can work
towards addressing the root causes of crime and
fostering healthier, more resilient communities.
this the

potential in

In study underscores
of

understanding
and holds
evidence-based approaches to crime prevention
As

epigenetic modifications’ role in shaping human

summary,
transformative epigenetics
of

promise for

advancing our criminal

behaviour informing

and intervention. we continue exploring
behaviour, let us remain committed to pursuing

knowledge and justice.
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