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DESCRIPTION
The human brain is a complex organized organ responsible for a 
wide range of cognitive functions, including perception, memory, 
language, and decision-making. Understanding the genetic basis 
of cortical organization and development is a fundamental 
challenge in neuroscience. The human cortex, the outermost 
layer of the brain, is a highly convoluted structure characterized 
by a complex arrangement of neurons and glial cells. It plays a 
central role in higher-order cognitive processes and is involved in 
various neurological and psychiatric disorders when its 
organization is disrupted. The development and organization of 
the cortex are not only the result of genetic factors but also 
involve complex interactions with environmental influences. 
Genome-Wide Association Studies (GWAS) have emerged as a 
powerful tool for discovering the genetic basis of complex traits 
and diseases. In the context of neuroimaging phenotypes, GWAS 
involves the systematic examination of genetic variants across the 
entire genome to identify associations with specific brain 
features. Several large-scale GWAS have been conducted to 
explore the genetic contributions to various aspects of cortical 
organization, including surface area, thickness, and volume.

GWAS have consistently demonstrated that cortical traits, such 
as surface area, thickness, and volume, are heritable to varying 
degrees. Heritability estimates for these traits typically range 
from 20% to 70%, indicating that genetic factors play a 
substantial role in shaping individual differences in cortical 
structure. GWAS have identified specific genetic loci associated 
with cortical traits. These loci contain genes that influence 
various aspects of brain development and function. For example, 
the gene TMEM106B has been linked to cortical thickness, 
while the gene Cell Adhesion Molecule (CADM2) has been 
associated with cortical surface area. Cortical traits are often 
influenced by multiple genetic variants, each with a small effect 
size. This polygenic structure suggests that no single gene has a 
dominant influence on cortical organization. Instead, it is the 
collective action of many genes that shapes the cortical 
phenotype. Some genetic variants associated with cortical traits 
also overlap with risk factors for neuropsychiatric disorders, such

as schizophrenia, bipolar disorder, and autism spectrum disorder. 
GWAS have provided insights into the genetic regulation of 
cortical development over the lifespan. They have shown that 
different genetic factors may influence cortical traits at different 
stages of development, focusing the dynamic nature of brain 
development. To detect genetic associations with sufficient 
statistical power, large sample sizes are required. Neuroimaging 
datasets with thousands of participants are necessary to discover 
delicate genetic effects on cortical organization.

Cortical traits are highly heterogeneous across individuals, and 
genetic associations may vary across different populations and 
imaging protocols. Accounting for this heterogeneity is essential 
to ensure the validity of findings. While GWAS can identify 
genetic loci associated with cortical traits, understanding the 
biological mechanisms underlying these associations remains a 
significant challenge. Most GWAS are cross-sectional, providing 
an enlargement of cortical organization at a single time point. 
These multi-omics approaches allow for a more comprehensive 
exploration of the molecular mechanisms underlying cortical 
traits. Transcriptomic data provide information about gene 
expression patterns in the brain. Epigenetic modifications, such 
as DNA methylation and histone modifications, play a vital role 
in gene regulation.

Integrating epigenomic data with neuroimaging can reveal how 
epigenetic changes influence cortical development. Studying the 
proteome and metabolome of the brain can offer insights into 
the functional consequences of genetic variations on cortical 
organization. These approaches provide a bridge between genetic 
variation and functional outcomes.

Advanced machine learning techniques, such as deep learning, 
can help integrate multi-omics data and identify complex 
relationships between genetics, epigenetics, and neuroimaging 
phenotypes. Understanding the functional consequences of 
genetic variants associated with cortical traits is critical for 
elucidating their roles in brain development and function. 
Functional Magnetic Resonance Imaging (fMRI) and other 
functional neuroimaging techniques can be used to assess how 
genetic variants influence brain connectivity and functional
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Understanding the genetic basis of cortical organization can 
contribute to the emerging field of precision medicine, where 
treatment approaches are modified to an individual's genetic profile.

CONCLUSION
Genome-wide analyses of neuroimaging phenotypes have 
provided valuable insights into the genetic basis of human 
cortical organization and development. Challenges remain in 
terms of sample size, heterogeneity, and functional interpretation 
of findings, but ongoing advances in technology and 
methodology continue to direct progress in the field. 
Additionally, the implications of genetic insights for 
neuropsychiatric disorders emphasize the potential for these 
findings to have a transformative impact on clinical practice and 
drug development.
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networks. Genetic variants associated with cortical traits can be 
linked to cognitive and behavioral outcomes through 
neuropsychological assessments and behavioral experiments. 
Many of the genetic variants associated with cortical traits are 
also associated with an increased risk of conditions like 
schizophrenia, bipolar disorder, and autism spectrum disorder.

Understanding the shared genetic architecture between cortical 
organization and these disorders could approach for more 
targeted interventions and treatments. Genetic markers associated 
with altered cortical organization could be used for risk 
prediction in neuropsychiatric disorders. Early identification of 
at-risk individuals may enable early intervention and customized 
treatment. The identification of specific genes and pathways 
involved in cortical development may inform the development 
of novel therapeutic targets for neuropsychiatric disorders. 
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