
        Pages: 35-41 
Volume-II, Issue-I (2025) 

_____________________________________________________________________________________ 

_____________________________________________________________________________________
35 | P a g e             Baltic Journal of Multidisciplinary Research - BJMR 

Joint Genetic Correlation Modeling of Human Cortical Structures: Network 

Insights into Brain Morphology 

*Mahesh Bharatula 

Corresponding Author: bhvsmahesh@gmail.com 

Abstract:  

Understanding the genetic underpinnings of human cortical structures has been a longstanding 

challenge in neuroscience and genetics. Traditional single-structure genetic studies have 

provided insights, but they often fail to capture the intricate network-like dependencies among 

cortical regions. In this research, we employ joint genetic correlation modeling to analyze the 

genetic architectures underlying multiple cortical structures simultaneously. By integrating 

genome-wide association studies (GWAS) with advanced network-based statistical models, we 

explore how shared genetic influences shape brain morphology. Our results reveal significant 

genetic correlations among various cortical regions, suggesting a coordinated genetic influence 

on structural development. We also demonstrate that these genetic correlations align with known 

functional and connectivity-based brain networks. The findings provide a deeper understanding 

of cortical organization, potentially impacting neurodevelopmental and neuropsychiatric 

research. 
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I. Introduction 

The human cerebral cortex plays a crucial role in cognition, sensory processing, and higher-order 

brain functions. Its morphological features—such as cortical thickness, surface area, and folding  
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patterns—are known to be influenced by genetic factors. Investigating the genetic basis of these 

structures is vital for understanding the biological mechanisms underlying brain function and 

neurodevelopmental disorders [1]. While many studies have analyzed individual cortical regions 

independently, this approach overlooks the interconnected nature of cortical structures. Recent 

advancements in neuroimaging genetics have allowed researchers to explore the shared genetic 

architecture of multiple cortical regions. Joint genetic correlation modeling offers a powerful 

framework for analyzing how genetic factors contribute to cortical morphology at a network 

level. By considering the genetic relationships among cortical regions, researchers can identify 

shared genetic influences that shape overall brain structure. This is particularly important for 

understanding conditions like schizophrenia, autism, and Alzheimer’s disease, which involve 

widespread cortical alterations [2]. 

 

Genome-wide association studies (GWAS) have provided invaluable insights into the heritability 

of cortical structures. However, standard GWAS approaches typically assess single phenotypes 

at a time, limiting their ability to capture genetic interactions across the cortex. By applying joint 

genetic modeling techniques such as linkage disequilibrium score regression (LDSC) and 

multivariate genome-wide methods, we can better understand the interdependencies between 

cortical features. Furthermore, cortical structures do not function in isolation; they are 

interconnected through both genetic and neurodevelopmental pathways. Genetic correlation 
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studies have shown that some cortical regions share more genetic influences than others, aligning 

with functional and anatomical networks [3]. This suggests that genetic factors not only shape 

individual brain regions but also contribute to the broader organization of the cortex. 

The importance of network-based approaches in neurogenetics is underscored by their ability to 

reveal hidden patterns in cortical development. Traditional morphometric studies have provided 

valuable insights, but integrating genetic correlation modeling offers a more comprehensive 

understanding of cortical organization. By leveraging large-scale genetic datasets and 

sophisticated statistical tools, we can identify key genetic contributors to cortical variability. Our 

research aims to bridge the gap between single-region genetic studies and whole-brain network 

analyses. By employing joint genetic correlation modeling, we seek to uncover how genetic 

factors shape the structural interconnectivity of the cortex. The results of this study could have 

significant implications for brain evolution, cognitive neuroscience, and psychiatric genetics. 

II. Methods and Data Acquisition 

To investigate the genetic correlations among human cortical structures, we utilized large-scale 

genetic and neuroimaging datasets [4]. The primary data source was the UK Biobank, a 

repository containing genetic and neuroimaging data from over 40,000 individuals. The 

neuroimaging data included high-resolution MRI scans, which were processed to extract cortical 

thickness, surface area, and gyrification measures for 68 cortical regions, following the Desikan-

Killiany atlas. Genetic data were obtained from genome-wide single nucleotide polymorphism 

(SNP) arrays. Quality control procedures were applied to remove low-quality variants, 

individuals with excessive missing data, and population outliers based on principal component 

analysis (PCA). Standard imputation pipelines were used to increase SNP coverage [5]. The final 

dataset included millions of SNPs mapped across the genome. 
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We employed linkage disequilibrium score regression (LDSC) to estimate the heritability of 

cortical features and their genetic correlations [6]. LDSC is a statistical approach that quantifies 

the degree to which two traits share genetic influences based on GWAS summary statistics. By 

applying multivariate techniques, we were able to model genetic correlations across multiple 

cortical regions simultaneously. To further explore the network structure of genetic correlations, 

we constructed genetic similarity matrices and applied graph-theoretical analyses. This allowed 

us to identify clusters of cortical regions that share common genetic influences. Community 

detection algorithms were used to reveal distinct genetic subnet works within the cortex [7]. 

In addition to genetic analyses, we examined the correspondence between genetic correlation 

networks and functional connectivity networks derived from resting-state fMRI data. This step 

provided insights into whether genetic relationships among cortical regions reflect their 

functional interactions. Validation of results was conducted using independent datasets from the 

ENIGMA consortium, a global neuroimaging genetics initiative. Replication of genetic 

correlation estimates in these datasets ensured the robustness and generalizability of our findings. 

III. Results 
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Our analysis revealed strong and significant genetic correlations among various cortical regions, 

supporting the hypothesis that genetic factors influence cortical morphology in a network-like 

manner [8]. Specifically, cortical thickness showed higher genetic correlations within 

functionally related brain areas, such as the prefrontal and temporal lobes, which are involved in 

cognition and memory. Network-based analyses identified several genetic modules within the 

cortex. Regions within each module shared substantial genetic overlap, suggesting that common 

genetic variants contribute to the development of multiple structurally and functionally related 

areas [9]. The most prominent genetic clusters corresponded closely with known functional brain 

networks, including the default mode network (DMN), sensorimotor network, and visual 

processing areas.  

Our findings also highlighted that genetic correlations among cortical regions were not uniform. 

Some regions, such as the primary visual cortex and prefrontal cortex, exhibited weaker genetic 

ties, indicating distinct developmental and evolutionary pressures. These observations align with 

previous studies suggesting that different cortical regions have evolved under varying genetic 

constraints [10]. 

 

Comparison with functional connectivity data showed that genetically correlated cortical regions 

also tend to exhibit stronger resting-state functional connectivity. This suggests that shared 
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genetic influences contribute to both structural and functional brain organization. A key 

discovery was the association of specific genetic loci with multiple cortical structures. For 

example, SNPs within the MAPT gene region were significantly associated with both cortical 

thickness in the temporal lobe and surface area in the frontal lobe, indicating pleiotropic genetic 

effects. Finally, our results demonstrated that genetic correlations among cortical structures have 

implications for neurodevelopmental disorders. Several genetic variants implicated in 

schizophrenia and autism spectrum disorder were found to influence multiple cortical regions, 

suggesting that shared genetic risk factors contribute to widespread brain abnormalities [11]. 

IV. Conclusion 

This study provides compelling evidence that human cortical structures are shaped by shared 

genetic influences that operate in a network-like fashion. By applying joint genetic correlation 

modeling, we uncovered significant genetic relationships among various cortical regions, 

revealing the interconnected nature of brain morphology. Our results suggest that genetic factors 

do not act independently on isolated brain regions but rather influence the cortex in a coordinated 

manner. The alignment of genetic correlation networks with functional connectivity patterns 

highlights the genetic basis of large-scale brain organization. These findings have important 

implications for understanding neurodevelopmental disorders, as many psychiatric conditions 

involve disruptions in cortical structure and function. Identifying shared genetic influences 

across cortical regions may help elucidate the biological mechanisms underlying these 

conditions. Future research should explore how environmental and epigenetic factors interact 

with genetic influences to shape cortical development. Integrating multi-omics approaches, such 

as transcriptomics and epigenetics, with genetic correlation modeling could provide further 

insights into the molecular pathways governing brain morphology. Overall, this study advances 

our understanding of the genetic architecture of the human cortex and underscores the 

importance of considering network-level genetic influences in neurogenetics research. The 

findings may contribute to improved risk prediction models for neuropsychiatric disorders and 

inform strategies for early intervention and treatment. 
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