Aggressive Behaviour and Autism Spectrum
Disorder — Focusing on the Genetic Landscape

Decoding the Genetic, Epigenetic, and
Neurobiological Landscape
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The Duality of Aggression

Establishing the Clinical Phenotype in ASD

Proactive & Survival Aggression Reactive & Pathological Aggression in ASD
An innate biological imperative Impaired processing of individual and environmental stimuli
driven by competition for food, leading to severe, dysregulated responses.
territory, and mating. Adaptive
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and evolutionarily conserved. Biatalonce.
Affects ~28%

of children, and up to 56.5%
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Self-Injurious Behavior (SIB):
Persistent, harmful responses | \
to external or internal stressors.
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The Triad of Disruption

A Systems Biology Framework for ASD Aggression

The Blueprint

Genetic vulnerabilities,
structural mutations, and
neuropeptide dysregulation.

Aggression in ASD cannot be understood
through a single lens. It is a fundamental

disruption of these three interacting systems.

Altered
Aggressive
Phenotype

The Environment

The Network

Neurobiology, brain circuitry,
and monoamine
neurotransmitter imbalance.
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Epigenetic modulators, exposures,
and psychosocial stressors.
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The Monoamine Connection

Neurotransmitter Imbalance and Genetic Vulnerability
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SLC6AS3: Transporter
mutations cause social
deficiency, anxiety, and

stereotypical behavior.
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=~ Prefrontal interaction between dopaminergic and serotonergic systems, compounded
by GABA impairments, creates the excitatory baseline for reactive aggression.
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Anatomy of the ‘Fight or Flight’ Response

Mapping the Stress Response Architecture

Prefrontal Cortex :@}

Site of cognitive processing of external stimuli;
modulates instrumental vs. reactive responses.
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Amygdala | @‘\'

Hyper-reactivity is genetically modulated by serotonergic
(HTR1A-3A, SLC6A4) and dopaminergic (DAT1, DRD2) pathways.
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Brainstem & HPA Axis

Autonomic dysregulation leads to sympatho-adrenomedullary
activation, anxiety, and severe behavioral disorders.
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The Genetic Landscape Matrix

Part 1; Structural & Metabolic Genes

Gene Biological Function Genetic Alteration ASD Behavioral Phenotype
Neurotransmitter Promoter polymorphism | Impaired social cognition,
MAOA : T : :
metabolism (Low Activity) Increased aggression
: Loss of function / Language/social delay,
ENTNAE Il 2 elRE IO EIRG Transcript disruption epilepsy, hyperactivity
SHANK 1, 2, | Postsynaptic L)ﬁ@&) Powrtregulatad Severe social anxiety, mild
density scaffold -7 : : self-injurious behavior
3 : = | expression / Deletions .
proteins : / (SIB), aggression
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The Genetic Landscape Matrix
Part 2: Neuropeptide Regulators

Gene Biological Function Genetic Alteration | ASD Behavioral Phenotype
OXTR Regulates SNPs (rs3536969C, Decreased plasmatic

(Oxytocin) | - excitatory-to-inhibitory r$2254298) ' | oxytocin, social withdrawal,
y GABA switch ' childhood aggression

|

Sympathetic . Defensive territorial
AVPR1A / 1B | nervous system G = Promoter region ' behaviors, premature

modulator UEREL ' amygdala activation
.?Apglé]' Emotion & Paln o | Altered expression Pﬁ.';'t sersntolwty thriz.shold
' Receptors I f‘ levels SIS CIE LA
HTR1E aggression
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The Translational Model
Why Danio rerio (Zebrafish)?

Monoaminergic Pathways
Highly conserved serotonin (iph2) and dopamine (s/c6a3) systems.

Neuroendocrine Stress AXxis i
Shared anatomical pathways for processing aversive stimuli.

Zebrafish exhibit complex, measurable behavioral responses to
competition and stress, mirroring mammalian ASD pathways.
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Mapping the Behavioral Lexicon
Quantifying Aggression in the Aquatic Model

y /—Q Dominance Behaviors

Fin raising and chasing. Strongly
associated with territoriality and
social hierarchy.

Reactive Aggression

Mouth opening, biting, and
charging. The most definitive
markers of aggressive behavior.
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Freezing and zig-zag swimming.
Maps to .Sever? anxiety and activates the central nervous system
autonomic panic responses. equivalently to mammalian models.

Note: Sensory perception of aversive stimuli
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Genetic Knockouts in Action

Synthesizing Table 2 Mutant Models

~ D
Gene: shank3b Deficient
Aggression Social Interactions Locomotion
Down Down Down

Gene: Irrtm411 Knockout
Aggression

Anxiety

(Highly expressed in anterior telencephalon)

Gene: slc6a3 Knockout (CRISPR)
Anxiety

Locomotion

Social Interactions

Gene: oxtr / oxtrl Knockout
Social Preference Aggression Anxiety
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Unchanged

Unchanged
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Environmental
Insult

Early exposure to
Valproic Acid (VPA)

Neurobiological
Mechanisms

Altered gene
expression (shank3a
down, adsl up)

Oxidative Stress
(ROS & H202 elevated,
apoptosis)

Neuroinflammation
(Microglia activation,
IL-6, TNF-a)

The Epigenetic Cascade
Environmental Disruption via Valproic Acid (VPA)

Circuit
Dysfunction

Excitatory / Inhibitory
Imbalance

Glutamate Up /
GABA Down

Behavioral
Outcomes

Elevated Cortisol

Anxiety-like
behaviors

Social deficits

Altered aggressive
behavior
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Epigenetic Modulators

Environmental Pressures on the Genetic Blueprint

Valproic Acid (VPA)

 Downregulates shank3a and shank3b.

« Upregulates chd8 and ctnnb.
* Result: Anxiety and cognitive deficits.

Alcohol Exposure

« Downrequlates slc6a3 and comta.

» Upregulates slc6ada.

* Result: Decreased aggression, severe
social impairment.

Exogenous Oxytocin (Intervention)

* Restores and upregulates shank3a,
shank3b, and oxtr expression.

phenotypes.

* Result: Rescues social and aggressive
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Reversing the Phenotype

Mechanistic Proof via Exogenous Oxytocin

VPA-Exposed Larvae The Oxytocin Rescue
, o .
4 - \it—==4 hevh X S TN R
Reduced shank3 4 &7 e } 2D D
Y expression. | A T
Rescues and
Impaired social uprequlates shank3
communication. expression.
© ;O
A / @i
Aggressive behavior v Elevated autonomic \{ \ Restores social
toward mirrors. . anxiety. N\ _#/ aggressive behavioral | communication
*’ % phenotypes. K// baselines. )

Core Insight: Reversing the epigenetic expression physically reverses the
complex behavior, proving the neural circuit is actively manipulable.
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Synthesis
The Unified Mechanism of ASD Aggression

The Environment

Epigenetic triggers (VPA, stress, toxicity)
apply systemic pressure.

The Blueprint

Pressure acts upon vulnerable genetic
targets (SHANK3, SLC6A4, OXTR).

The Network

Triggers the ultimate driver:
The Excitatory / Inhibitory
(Glutamate/GABA) Imbalance.
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Translational Horizons
Defining the Future of ASD Research

Systemic Dysregulation

Aggression in ASD is not a single
point of failure. It is a fundamental
Excitatory/Inhibitory imbalance
caused by the collision of genetic
vulnerability and environmental
stress.

Network Interventions

The success of exogenous oxytocin
in reversing shank3 deficits proves
that interconnected biological
networks offer highly specific,
targeted therapeutic potential.

The Translational Bridge

With 70% genetic homology, the
Zebrafish (Danio rerio) is no longer
just an alternative model; it is the
critical bridge for moving from
genetic theory into clinical reality for
neurobehavioral disorders.
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