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ABSTRACT 

 

Hypothyroidism, a disorder characterized by insufficient thyroid hormone 

production, can cause significant health issues. This study aimed to elucidate the 

complex genetic networks underlying hypothyroidism. We integrated multiple 

bioinformatics approaches to identify crucial genes and pathways involved in this 

condition. Initial dataset compilation from the Alliance of Genome Resources, 

DisGeNET, and NCBI-GEO yielded 1018 genes associated with hypothyroidism. 

After filtering, 152 unique genes were analyzed using the DAVID tool for functional 

enrichment analysis. Subsequently, the STRING database was employed for 

protein-protein interaction network construction, revealing 129 nodes and 960 

edges. Network visualization and analysis in Cytoscape, using the MCODE plugin, 

identified two significant subnetworks. Cluster two demonstrated disruption of 

thyroid hormone production and signaling pathways, warranting further 

investigation. The ClueGO plugin was used for functional enrichment analysis within 

this subnetwork. Finally, the cytoHubba plugin pinpointed ten hub genes potentially 

central to hypothyroidism pathogenesis: TG, IFNG, TSHR, SLC5A5, SLC16A2, 

TSHB, THRB, DIO2, IYD, and THRA. These findings offer valuable insights into the 

molecular mechanisms of hypothyroidism. The identified hub genes could serve as 

promising targets for diagnostic and therapeutic interventions. Further research is 

needed to validate these findings and explore their clinical implications. 

 

Keywords: Hypothyroidism, gene identification, bioinformatics, network analysis, 

Cytoscape, DAVID, STRING, MCODE, ClueGO, cytoHubba, hub genes. 
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CHAPTER 1 

INTRODUCTION 

 

Hypothyroidism, a condition characterized by inadequate thyroid hormone 

production, represents a significant global health concern. Its prevalence increases 

with age and is substantially higher in women than in men(Chiovato et al., 2019). 

The clinical manifestations of hypothyroidism encompass a wide spectrum, ranging 

from subtle symptoms to overt metabolic derangements.  Common presentations 

include fatigue, weight gain, cold intolerance, depression, cognitive impairment, and 

an increased risk of cardiovascular disease(Garber et al., 2012). 

The etiology of hypothyroidism is multifaceted, with both genetic and environmental 

factors playing crucial roles.  Hashimoto's thyroiditis, an autoimmune condition 

where the body attacks the thyroid gland, is a leading cause of 

hypothyroidism(Chaker et al., 2022). Other contributors include iodine deficiency, 

medical treatments such as radioactive iodine therapy or certain medications, and 

genetic predisposition (Wiersinga, 2014). 

Current standard treatment for hypothyroidism involves lifelong thyroid hormone 

replacement therapy with levothyroxine (Lu et al., 2024).  While effective for the 

majority of patients, a subset of individuals may experience persistent symptoms or 

difficulties in achieving optimal thyroid hormone levels despite treatment.  

Furthermore, current therapies primarily address the resultant hormonal deficiency 

rather than targeting the underlying causes of thyroid dysfunction(Chiovato et al., 

2019). 

A growing body of research aims to elucidate the intricate genetic architecture of 

hypothyroidism. Genome-wide association studies (GWAS) have identified several 

susceptibility loci, suggesting a polygenic contribution to disease development.  

However, a comprehensive understanding of the complex network of genes and 

pathways involved in hypothyroidism remains elusive(Chiovato et al., 2019; Garber 

et al., 2012).  

https://paperpile.com/c/HfKTmD/6QAG
https://paperpile.com/c/HfKTmD/yXua
https://paperpile.com/c/HfKTmD/i6OV
https://paperpile.com/c/HfKTmD/GtAL
https://paperpile.com/c/HfKTmD/M1DH
https://paperpile.com/c/HfKTmD/6QAG
https://paperpile.com/c/HfKTmD/6QAG
https://paperpile.com/c/HfKTmD/6QAG+yXua
https://paperpile.com/c/HfKTmD/6QAG+yXua
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Delineating the key molecular players in hypothyroidism pathogenesis holds 

immense potential for transforming various aspects of disease management.  

Identifying individuals at high risk based on genetic profiles could facilitate early 

diagnosis and potential preventive interventions (Dai & Sternberg, 2004).  

Additionally, the discovery of novel genetic targets could revolutionize treatment 

paradigms, leading to the development of targeted therapies that modulate the 

underlying disease mechanisms rather than solely providing hormone replacement 

(Effraimidis & Wiersinga, 2014). 

1.1 BACKGROUND 

A Master Regulator The thyroid gland, a butterfly-shaped organ located at the base 

of the neck, holds immense responsibility for regulating numerous vital bodily 

processes. Its primary function involves the production of thyroid hormones, 

triiodothyronine (T3) and thyroxine (T4), which act as master switches, influencing 

metabolism, energy expenditure, growth, development, and the function of virtually 

every organ system(Chiovato et al., 2019). 

A State of Hormonal Imbalance Hypothyroidism arises when the thyroid gland fails 

to produce sufficient levels of thyroid hormones. This disrupts the delicate hormonal 

balance, leading to a widespread slowdown of physiological functions and 

manifesting a diverse range of clinical symptoms.  

The prevalence of hypothyroidism is substantial, particularly increasing with age 

and showing a greater propensity to affect women. 

(Chiovato et al., 2019; Qiu et al., 2021) From Subtle to Severe The clinical 

presentation of hypothyroidism is often insidious, with symptoms that may overlap 

with other conditions, posing a diagnostic challenge. Common manifestations 

include fatigue, weight gain, cold sensitivity, constipation, dry skin, hair loss, muscle 

weakness, depression, impaired memory, and in severe cases, slowed heart rate 

and mental processes . 

Left untreated, hypothyroidism can significantly increase the risk of cardiovascular 

disease, infertility, and cognitive decline. 

https://paperpile.com/c/HfKTmD/NLuw
https://paperpile.com/c/HfKTmD/UDIE
https://paperpile.com/c/HfKTmD/6QAG
https://paperpile.com/c/HfKTmD/6QAG+2h5K
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1.2 EXISTING PROBLEMS 

Diagnosis: While blood tests can detect hypothyroidism, identifying the underlying 

cause (such as autoimmune disease, iodine deficiency, or medication side effects) 

can be more complex. This can delay appropriate treatment. 

Subclinical Hypothyroidism: This milder form of hypothyroidism often has subtle 

symptoms, making diagnosis and decisions about treatment challenging. 

Treatment Variability: Individuals respond differently to thyroid hormone 

replacement therapy, requiring careful dosage adjustments and monitoring. 

Persistent Symptoms: Despite treatment, some individuals continue to experience 

symptoms like fatigue, potentially indicating a need for combination therapies or 

further investigating underlying causes. 

Unanswered Questions: Addressing the Root Cause The current treatment 

paradigm primarily focuses on addressing the hormonal deficiency in 

hypothyroidism. However, understanding the root causes triggering thyroid 

dysfunction remains an area of active investigation. Both genetic predisposition and 

environmental triggers, such as iodine deficiency, autoimmune processes, or 

exposure to certain toxins, have been implicated in the development of 

hypothyroidism. 

1.3 TREATMENT 

Levothyroxine: The standard treatment is levothyroxine, a synthetic thyroid 

hormone replacement. Dosage is individualized based on regular blood tests. 

Combination Therapies: In some cases, combining levothyroxine with liothyronine 

(T3) may be considered, but this approach remains somewhat controversial. 

Addressing Underlying Causes: Treatment may also involve addressing iodine 

deficiency or managing autoimmune conditions like Hashimoto's thyroiditis. 
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1.4 BOTTLENECK AREAS 

Bioinformatics Tools: Depending on the complexity of the analysis, the 

computational power needed to process and visualize large networks could become 

a bottleneck. Using efficient tools and potentially cloud-based resources can 

mitigate this. 

Hub Gene Validation: Once hub genes are identified, experimental validation (e.g., 

through gene expression studies or functional assays) is essential. This step can 

be time-consuming and resource-intensive. 

Translating Network Insights to Clinical Practice: While identifying key genes 

and networks is valuable, developing diagnostic tools or targeted therapies based 

on this information involves a long and complex process of validation, safety testing, 

and clinical trials. 

Beyond Hormone Replacement: the Search for Targeted Therapies The current 

reliance on thyroid hormone replacement underscores the need for therapies that 

directly target the underlying molecular pathophysiology of hypothyroidism. 

Identifying key genes and pathways involved in thyroid dysfunction holds the 

potential to unlock novel therapeutic targets.  

Personalized Medicine: The Future of Hypothyroidism Treatment Response to 

levothyroxine treatment can vary between individuals. Some factors contributing to 

this variability include differences in drug absorption, metabolism, and underlying 

genetic polymorphisms. Understanding the genetic factors influencing drug 

response could pave the way for personalized medicine in hypothyroidism. 

Pharmacogenomic approaches could enable tailoring of treatment regimens and 

dosage based on a patient's unique genetic profile, optimizing therapeutic 

outcomes. 
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CHAPTER 2 

REVIEW OF LITERATURE 

The primary purpose of a literature review is to provide a comprehensive 

understanding of the existing knowledge on a particular topic or subject. It helps to 

identify gaps in the current knowledge, highlight areas for further research, and 

establish a theoretical framework for the study. 

A literature review typically involves a thorough search of relevant literature and 

research databases, followed by a careful analysis of the findings. The review may 

be conducted as part of a larger research project, or as a standalone piece of work, 

such as a dissertation or thesis. 

The following are the various references reviewed for the purpose of the current 

study. 

     In the research paper of Hypothyroidism in Context: Where We've Been and 

Where We're Going by Flavia M, Allan C and Luca C mentioned, Hypothyroidism is 

a prevalent condition that affects a significant portion of the population worldwide. 

While iodine deficiency remains a major cause, Hashimoto's disease (chronic 

autoimmune thyroiditis) is the leading cause in iodine-sufficient regions. Diagnosis 

relies on biochemical testing, with overt primary hypothyroidism defined by elevated 

TSH and decreased T4 levels. Symptoms are often non-specific and can negatively 

impact quality of life.  

     Levothyroxine, a synthetic T4 replacement, is the primary treatment for 

hypothyroidism.  Despite its widespread use, some individuals continue to 

experience symptoms, highlighting the need for treatment optimization (Hennessey, 

2023) . Future research should focus on accurate prevalence assessment, 

individualizing levothyroxine dosing, exploring treatment durations, and carefully 

investigating the potential benefits of combination therapy with T3 (Kishore et al., 

2020; Sue & Leung, 2020).  Addressing these challenges will enhance our 

understanding of hypothyroidism and lead to improved, patient-centered treatment 

approaches. 

https://paperpile.com/c/HfKTmD/XCR7
https://paperpile.com/c/HfKTmD/XCR7
https://paperpile.com/c/HfKTmD/VWIm+n9j4
https://paperpile.com/c/HfKTmD/VWIm+n9j4
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     In Identification of Hub Genes and Pathways Associated with Oxidative 

Stress of Cartilage in Osteonecrosis of Femoral Head Using Bioinformatics 

Analysis - Osteonecrosis of the femoral head (ONFH) is a debilitating bone disease 

where oxidative stress plays a critical role in pathogenesis. Bioinformatics analyses 

have significantly advanced our understanding of the genes and pathways 

implicated in oxidative stress-induced damage in ONFH (Shi et al., 2022).  

Key findings include the identification of  hub genes (such as JUN, FOXO3, CASP3, 

JAK2, RELA, EZH2, ABL1, PTGS2, FBXW7, and MCL1) that exhibit high 

connectivity and may be central to the disease process. These genes are closely 

associated with signaling pathways like MAPK, PI3K-AKT-mTOR, and FOXO which 

regulate cellular stress response, inflammation, and survival. 

Transcription factors like TFAP2A, GATA2, SP1, and E2F1 have been implicated in 

regulating hub gene expression, offering potential targets for modulating oxidative 

stress in ONFH.  Bioinformatics approaches involve accessing gene expression 

datasets from repositories like GEO, performing differential expression analysis, 

utilizing tools like DAVID and GSEA for functional enrichment analysis, constructing 

protein-protein interaction networks with STRING and Cytoscape, and predicting 

transcription factors through NetworkAnalyst (Shi et al., 2022). These analyses offer 

promising avenues for biomarker development and therapeutic targeting, requiring 

further experimental validation and exploration of potential drugs to  mitigate 

oxidative damage and improve ONFH management. 

     Integrative Analyses of Genes Associated with Hashimoto’s Thyroiditis - 

Hashimoto's thyroiditis, a common autoimmune disorder, has complex origins that 

remain to be fully understood. To investigate its molecular mechanisms, this study 

combined and analyzed two datasets from the GEO database (Qiu et al., 2021; Shi 

et al., 2022). Differentially expressed genes (DEGs) between Hashimoto's patients 

and healthy individuals were identified, followed by functional enrichment analysis. 

Key findings include 182 DEGs, predominantly upregulated, enriched in pathways 

related to sensory perception and olfactory function. Protein-protein interaction 

(PPI) analysis revealed hub genes like KRTAP family members, HTR5A, KNG1, 

DRD3, HTR1D, TAS2R16, INSL5, TAS2R42, and GRM7.  Further investigation 

https://paperpile.com/c/HfKTmD/nhUr
https://paperpile.com/c/HfKTmD/nhUr
https://paperpile.com/c/HfKTmD/nhUr+2h5K
https://paperpile.com/c/HfKTmD/nhUr+2h5K
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highlighted OTUD4, LLPH, and ECHDC1 as important hub genes potentially 

regulated by miRNAs. These bioinformatics findings offer insights into Hashimoto's 

thyroiditis pathogenesis and could pave the way for the exploration of new 

therapeutic targets, ultimately leading to improved disease management. 

     Integrative analysis of key candidate genes and signaling pathways in 

autoimmune thyroid dysfunction related to anti-CTLA-4 therapy by 

bioinformatics - CTLA-4 inhibitors, while effective in treating cancer, can trigger 

autoimmune thyroid dysfunction (IRAEs). This study sought to identify key genes 

and pathways involved in this adverse event. Integrated differentially expressed 

genes (DEGs) were pinpointed using GEO datasets and text mining. Functional 

analysis revealed relevant GO terms and KEGG pathways in both hypothyroidism 

and hyperthyroidism groups.  PPI network analysis identified top hub genes: ALB, 

MAPK1, SPP1, PPARG, and MIF for hypothyroidism and ALB, FCGR2B, CD44, 

LCN2, and CD74 for hyperthyroidism. These findings offer potential biomarkers for 

diagnosing and managing IRAEs in cancer patients undergoing CTLA-4 inhibitor 

therapy (Zhang et al., 2020). 

     Bioinformatics analysis of key genes and pathways in Hashimoto 

thyroiditis tissues - Hashimoto thyroiditis (HT), a prevalent autoimmune disease 

with rising incidence, can lead to thyroid dysfunction and increased cancer risks.  

Current treatments are limited due to the complex immune processes involved in 

HT (Effraimidis & Wiersinga, 2014). This study analyzed the dataset GSE29315 to 

address this knowledge gap. A total of 85 differentially expressed genes (DEGs) 

were found, mainly involved in immune and inflammatory responses, as well as 

cytokine interaction and cytotoxicity pathways. Ten hub genes were identified, 

including IFN-γ, IFN-α, and those in the IL6/JAK/STAT3 pathway, suggesting their 

potential role in HT development. This bioinformatics analysis highlights the value 

of exploring DEGs and pathways for understanding HT pathogenesis and identifying 

potential targets for prevention and treatment (Zheng et al., 2020) . 

 

 

 

 

https://paperpile.com/c/HfKTmD/tZtx
https://paperpile.com/c/HfKTmD/UDIE
https://paperpile.com/c/HfKTmD/8aeG
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CHAPTER 3 

AIM AND SCOPE 

 

3.1 AIM 

This project aims to comprehensively identify and visualize crucial genes involved 

in hypothyroidism, exploring their functional relationships and potential as 

therapeutic targets.  

 

Further, project aims to systematically identify the key genes and pathways that 

drive hypothyroidism. By integrating data from multiple sources and employing 

powerful bioinformatics tools, this study seeks to illuminate the underlying 

mechanisms of the disease and pave the way for improved diagnostics and 

treatments. 

 

3.2 SCOPE 

 

The scope of this project utilizes a multi-database approach to gather 

comprehensive gene expression data related to hypothyroidism,  including public 

repositories like NCBI GEO, DisGeNET, and the Alliance of Genome Resources.  

Data mining and filtering strategies will be employed to identify genes consistently 

associated with hypothyroidism across these databases. Tools like DAVID will 

analyze these genes to reveal their biological functions, pathways, and potential 

roles in the disease.  

The STRING database will construct a protein-protein interaction (PPI) network to 

visualize gene connections.  This PPI network will be imported into Cytoscape 

software, where plugins like MCODE will identify key subnetworks potentially 

involved in hypothyroidism.  

CytoHubba will pinpoint hub genes exhibiting high connectivity, highlighting their 

potential importance.  The identified subnetworks and hub genes will be carefully 

analyzed for their functional significance in hypothyroidism, offering insights into 

potential novel therapeutic targets or diagnostic biomarker. 
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CHAPTER 4 

METHODOLOGY 

 

4.1 GENE DATA SETS 

Gene datasets were downloaded from multiple databases, and the vast data was 

filtered according to our parameters using Microsoft Excel. 

 

4.2 DATABASES 

4.2.1 ALLIANCE OF GENOME RESOURCE - www.alliancegenome.org 

The Alliance of Genome Resources is a consortium that brings together major 

model organism databases and the Gene Ontology resource. Their goal is to create 

a central platform for researchers to explore genes across humans and well-studied 

model organisms (Kishore et al., 2020). This platform will integrate data from various 

sources using common formats, making it easier to compare and analyze 

information. 

Key points: 

●  Launched in 2016, the Alliance provides a central portal for accessing data 

on model organisms, gene ontology, and human data. 

● All data types are open and freely available. 

The Alliance aims to expand coverage to include more model organisms and data 

types relevant to non-model-organism research, ultimately supporting discoveries 

in human health and disease.  

For my project, I utilized the Alliance of Genome Resources database to identify 

genes implicated in hypothyroidism. This powerful resource integrates data from 

various model organisms and Gene Ontology, providing a comprehensive platform 

for genetic research. By leveraging the Alliance's curated datasets and tools, I was 

able to efficiently download a list of relevant genes, which will contribute significantly 

to my ongoing analysis of the genetic basis of hypothyroidism. 

 

https://paperpile.com/c/HfKTmD/VWIm


10 
 

4.2.2 DISGENET –  https://www.disgenet.org/ 

DisGeNET emerges as a valuable tool for researchers investigating the genetic 

basis of human diseases. It addresses critical challenges in the field, such as 

fragmented data, inconsistent formats, and limited accessibility.  

DisGeNET is a powerful platform for exploring genes associated with human 

diseases. It stands out due to its comprehensive data collection, seamless 

integration of data from multiple sources, and use of standardized vocabularies for 

consistency (Piñero et al., 2021). DisGeNET's prioritization tools help researchers 

identify the most relevant genotype-phenotype associations.  The platform's user-

friendly web interface, along with access through Cytoscape, SPARQL, and 

programming tools, ensures accessibility for various research needs. Researchers 

can utilize DisGeNET to investigate disease mechanisms, analyze disease genes, 

inform drug discovery processes, and computationally validate findings. 

To investigate the genetic underpinnings of hypothyroidism, I employed the 

DisGeNET database (Piñero et al., 2017). This comprehensive resource integrates 

curated data on gene-disease associations from various sources, including expert 

repositories, GWAS catalogs, and scientific literature. Using DisGeNET's search 

and filtering tools, I was able to identify and download a list of genes potentially 

involved in hypothyroidism. This dataset serves as a crucial foundation for further 

analysis within my project. 

4.2.3 NCBI – GEO – http://www.ncbi.nlm.nih.gov/geo/ 

The GEO database stands as a pivotal public repository for researchers exploring 

high-throughput gene expression data and other functional genomics datasets. 

Since its inception in 2000, GEO has continuously evolved alongside rapidly 

advancing technologies. It now encompasses diverse data types extending beyond 

gene expression, such as those relating to genome methylation, chromatin 

structure, and genome-protein interactions. 

GEO's value lies in its adherence to community-derived reporting standards. This 

ensures the inclusion of essential components like raw data, processed data, and 

descriptive metadata, guaranteeing the reproducibility and reliability of studies. 

https://paperpile.com/c/HfKTmD/ISyR
https://paperpile.com/c/HfKTmD/oZ7i
http://www.ncbi.nlm.nih.gov/geo/
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Beyond simply storing vast amounts of data, GEO empowers researchers with a 

suite of user-friendly web-based tools. These tools facilitate targeted searches for 

datasets relevant to specific interests, along with powerful visualization and analysis 

capabilities. 

I utilized the Gene Expression Omnibus (GEO) database to analyze the dataset 

GSE176153. This dataset contains gene expression profiles from four 

hypothyroidism samples and four normal thyroid samples. My analysis of this GEO 

dataset will provide valuable insights into the molecular differences between 

hypothyroidism and healthy thyroid function. 

4.3 FILTERING THE GENES 

To identify robust candidate genes implicated in hypothyroidism, I conducted a 

rigorous analysis across multiple gene-disease association databases.  I began by 

querying the Alliance of Genome Resources, NCBI GEO, and DisGeNET, yielding 

a comprehensive initial list of 1018 potential genes.  To increase confidence in the 

results,  I applied a cross-database filtering strategy using Excel. This approach 

focused on finding genes present in all three databases.  The analysis successfully 

narrowed the list down to 152 high-confidence candidate genes strongly associated 

with hypothyroidism.  These validated genes offer a focused starting point for further 

investigation into the molecular mechanisms of hypothyroidism and potential 

therapeutic targets. 

Total genes: 

Alliance of genome resource : 154 

NCBI – GEO : 250 

DisGenet - 614 
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4.4 FUNCTIONAL ENRICHMENT ANALYSIS (DAVID TOOL) 

DAVID, a widely used tool for gene list analysis, received major updates in 2021 

(Sherman et al., 2022).  A key enhancement was the expansion of its knowledge 

base to cover more organisms (increasing taxonomy coverage from 17,399 to 

55,464) (Lu et al., 2024).  All existing gene annotations were updated in line with 

this expanded coverage, significantly augmenting the resources within the 

knowledgebase. 

Additionally, DAVID incorporated several new types of annotations: 

● Small molecule-gene interactions (PubChem) 

● Drug-gene interactions (DrugBank) 

● Tissue expression data (Human Protein Atlas) 

●  Disease associations (DisGeNET) 

● Pathway information (WikiPathways and PathBank) 

Following comprehensive gene filtering, I have imported a refined list of 152 genes 

into the DAVID tool. These genes will now undergo functional enrichment analysis 

to uncover their potential roles in biological processes, pathways, and diseases. 

4.5 GENE NETWORK ANALYSIS 

The network analysis was based only on the filtered genes taken from all three 

databases. STRINGdb, Cytoscape and NetworkAnalyst tools were considered for 

Network analysis of the genes. Their Networks and interactions have been 

visualized to better understand disease development. 

4.5.1 STRINGdb: https://string-db.org/ 

Understanding the intricate network of protein-protein interactions (PPIs) is crucial 

for deciphering cellular function. While a wealth of PPI information exists, it often 

remains fragmented across various sources. The STRING database offers a 

solution by systematically collecting and integrating both physical and functional 

PPIs from diverse sources. These sources include text mining of scientific literature, 

computational predictions, curated databases, and interaction experiments. 

STRING critically evaluates and scores interactions, even transferring knowledge 

https://paperpile.com/c/HfKTmD/cmiI
https://paperpile.com/c/HfKTmD/M1DH
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to less-studied organisms (Szklarczyk et al., 2023).  Key features of STRING v12.0 

include the ability to analyze novel genomes, enhanced co-expression prediction, 

confidence scoring of experimental interactions, and advanced functional 

enrichment analysis capabilities. STRING provides a comprehensive and powerful 

resource for researchers exploring the complex world of protein interactions and 

their implications for cellular processes.  

The 152 genes were analyzed for Protein network interactions using STRINGdb. 

The interactions and the genes involved in the development of the disease and their 

interactions were visualized. 

The STRING network was downloaded in a .TSV file and was imported into 

Cytoscape for Network visualization , identification of subnetworks and functional 

and pathway analysis using MCODE and CLUEGO , identification of the hubs 

present in the network using Cytohubba. 

4.6 CYTOSCAPE - NETWORK ANALYST 

The network analysis was based only on the filtered genes. STRINGdb, Cytoscape 

and NetworkAnalyst tools were considered for Network analysis of the genes 

(Doncheva et al., 2019). Their Networks and interactions have been visualized to 

better understand disease development. After creating a protein-protein interaction 

network in the STRING database, I exported it to Cytoscape for in-depth 

visualization (Shannon et al., 2003).  Using Cytoscape's Network Analyzer,  

calculate key network metrics including Betweenness Centrality, Closeness 

Centrality, and node degree (Doncheva et al., 2019, 2023). Additionally, determine 

the number of undirected edges in the network. These analyses will help identify 

highly connected genes (hubs) within the protein network, which may play crucial 

roles in biological processes (Bindea et al., 2009; Majeed & Mukhtar, 2023). 

 

 

 

 

https://paperpile.com/c/HfKTmD/olhp
https://paperpile.com/c/HfKTmD/XtDx
https://paperpile.com/c/HfKTmD/efq5
https://paperpile.com/c/HfKTmD/XtDx+Z3SK
https://paperpile.com/c/HfKTmD/isay+oVTv
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4.7 SUB - NETWORK ANALYSIS USING MCODE 

MCODE (Molecular Complex Detection) is a popular Cytoscape plugin designed to 

identify densely connected clusters within large protein-protein interaction (PPI) 

networks. These clusters often correspond to functional biological modules or 

molecular complexes (Franz et al., 2023). MCODE is valuable for bioinformatics 

research because it emphasizes interconnectedness within biological networks, 

allows for analysis of complex networks, and offers a user-friendly interface within 

Cytoscape (Bader & Hogue, 2003). 

4.8 FUNCTIONAL AND PATHWAY ANALYSIS USING CLUEGO 

ClueGO is a Cytoscape plugin that streamlines the analysis of large gene sets. It 

integrates Gene Ontology (GO), KEGG pathways, and other ontologies to visualize 

functional relationships between genes (Bindea et al., 2009). ClueGO identifies 

overrepresented biological processes and pathways within your data, providing 

clarity and biological insights. Key features include informative network 

visualizations, rigorous statistical analysis, customization options, and integration 

with CluePedia for detailed pathway analysis. Overall, ClueGO transforms complex 

gene lists into meaningful interpretations, offers visually appealing networks for 

exploration, and provides a user-friendly experience within Cytoscape. 

4.9 IDENTIFICATION OF HUBGENES USING CYTOHUBBA 

Networks provide a powerful way to represent biological data like protein 

interactions, gene regulation, and cellular signaling. By analyzing a node's 

properties within a network, we can identify crucial elements within these biological 

systems. cytoHubba, a Cytoscape plugin, was developed to facilitate this process 

(Chin et al., 2014) .  It offers 11 different methods for ranking nodes based on their 

network features.  One novel method, MCC, demonstrates superior performance in 

predicting essential proteins within yeast PPI networks. cytoHubba's user-friendly 

interface and comprehensive analysis options make it a valuable tool for exploring 

biological networks.  This type of network analysis can lead to valuable insights 

about essential regulatory networks and potentially identify new protein drug 

targets. The plugin's popularity is evident from its significant download statistics. 

https://paperpile.com/c/HfKTmD/3fqg
https://paperpile.com/c/HfKTmD/AeX2
https://paperpile.com/c/HfKTmD/isay
https://paperpile.com/c/HfKTmD/TlnV
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CHAPTER 5 

RESULTS AND DISCUSSION 

5.1 FUNCTIONAL ENRICHMENT ANALYSIS 

I conducted functional enrichment analysis on my refined list of 152 genes using the 

DAVID online tool. This analysis focused on illuminating the biological processes, 

cellular components, molecular functions, and KEGG pathways associated with 

these genes.  These results will provide valuable insights into the potential roles 

these genes play in hypothyroidism. 

5.1.1 BIOLOGICAL PROCESS 

 

Fig 5.1: Genes associate in Biological Process 

 

 

Fig 5.2: Combined Plot of Biological Process  

Within the biological processes identified, "Thyroid Hormone Biosynthesis" stands 

out as the most significant.  Six genes are involved in this pathway, demonstrating 
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a Fold Enrichment of 123.37. This exceptionally high Fold Enrichment, coupled with 

a very low P-value (2.77E-10), indicates a strong statistical association between 

these genes and the biological process of Thyroid Hormone Biosynthesis. 

5.1.2 MOLECULAR FUNCTION 

Fig 5.3:  Genes associate in Molecular Function 

 

  

Fig 5.4: Combined Plot of Molecular Function 
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Oxidoreductase Activity: This function had the highest abundance, with 21 genes 

involved.  It exhibited a Fold Enrichment of 4.19, suggesting these genes are 

overrepresented compared to what would be expected by chance. The associated 

P-value of 7.36E-08 indicates statistical significance. 

Hormone Activity: The second highest, with 13 associated genes, showed an even 

stronger enrichment signal (Fold Enrichment of 16.18) and a highly significant P-

value (1.84E-11). 

Overall, while both functions appear relevant, the results point to a particularly 

strong association between 'Hormone Activity' and the genes analyzed. This aligns 

with the study's focus on hypothyroidism, which directly involves hormone 

dysfunction. 

5.1.3 KEGG PATHWAY 

 

 

Fig 5.5: Genes Associate with KEGG Pathway 
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Fig 5.6: Combined plot of KEGG Pathway 

My KEGG pathway analysis revealed three pathways significantly associated with 

my gene set. These pathways, directly related to thyroid function, are: 

● Thyroid Hormone Signaling Pathway: 13 genes were implicated, with a Fold 

Enrichment of 8.44 and a P-value of 3.26E-08. 

● Thyroid Hormone Synthesis: This pathway showed the highest Fold 

Enrichment (12.57) and a very significant P-value (1.92E-09), with 12 

associated genes. 

● Autoimmune Thyroid Disease: 8 genes were involved with this pathway, 

demonstrating a Fold Enrichment of 11.86 and a P-value of 3.99E-09. 

 All three pathways are important, the analysis suggests that disruption of thyroid 

hormone synthesis may be the most pronounced aspect in this particular case of 

hypothyroidism.  Understanding these differences can help prioritize areas for 

deeper investigation. 
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5.1.4 CELLULAR COMPONENT 

 

Fig 5.7: Genes Associated with Cellular Component 

 

  

Fig 5.8: Combined plot of Cellular Component 

  

This analysis revealed that the cellular component "Secreted" is overrepresented in 

my gene set, with 43 associated genes. This finding aligns with the role of the thyroid 

gland, which secretes hormones essential for regulating metabolism and other 

bodily functions. Disruptions in the secretion of thyroid hormones are central to 

hypothyroidism. Understanding the genes and factors regulating the "Secreted" 

component could reveal bottlenecks in hormone production or release that 

contribute to the disease. 
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5.2 STRING - PROTEIN NETWORK 

To gain a deeper understanding of the molecular mechanisms underlying 

hypothyroidism, I used the STRING database to build a network of 152 relevant 

genes.  This analysis focused on pinpointing genes directly involved in the disease 

and examining how they interact within broader biological pathways. 

Network Stats 

number of nodes: 133 

number of edges: 960 

average node degree:    14.4 

avg. local clustering coefficient: 0.597  

expected number of edges:       333 

PPI enrichment p-value:  < 1.0e-16 

PPI enrichment p-value:< 1.0e-16 indicates that proteins have more interactions 

among themselves than expected for a random set of proteins of the same size and 

degree distribution drawn from the genome. Such enrichment indicates that the 

proteins are partially biologically connected as a group. It is used to understand the 

underlying molecular mechanisms of the disease. 
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Fig 5.9: PPI – Network using String Database 

5.2.1 COUNT OF GENES INVOLVED IN HYPOTHYROIDISM 

 

Fig 5.10: Disease - gene association 
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5.2.2 GENES INVOLVED IN HYPOTHYROIDISM 

 

Fig 5.11: Network Showing the Highlighted Genes Involved in 

Hypothyroidism 

5.2.3 NETWORK SHOWING THE HIGHLIGHTED GENES INVOLVED IN THE 

PATHWAY OF HYPOTHYROIDISM 

 

Fig 5.12: Network Showing The Highlighted Genes Involved In The Pathway 

of hypothyroidism 
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5.3 CYTOSCAPE  

The network was loaded, and basic functions of interactions and node and edge 

editing, and the layout of the network were modified(Franz et al., 2023; Nishida et 

al., 2014). Visualised network from the string database was exported to Cytoscape 

for visualization and identification of the sub networks and hubs present in the 

network using Mcode and Cytohubba,  plug-in present in Cytoscape.  

 

Figure 5.13 PPI - Network using Cytoscape 

 

Figure 5.14 Stats using Analyzer 

https://paperpile.com/c/HfKTmD/7DMB+3fqg
https://paperpile.com/c/HfKTmD/7DMB+3fqg
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Fig 5.14: Top genes identified using Analyzer 

5.3.1 MCODE-Identification of subnetwork 

I started by building a protein-protein interaction network in the STRING database. 

This network was then exported to Cytoscape for in-depth visualization (Nishida et 

al., 2014).  Using Cytoscape's MCODE plugin, I searched for highly connected 

subnetworks (clusters) within the larger network.  MCODE successfully identified 

two significant clusters: 

Cluster 1: 

24 nodes (proteins) 

382 edges (interactions between the proteins) 

MCODE score: 16.609 

https://paperpile.com/c/HfKTmD/7DMB
https://paperpile.com/c/HfKTmD/7DMB
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Fig 5.15: MCODE Subnetwork - Cluster 1 

 

 

Fig 5.16: Genes/Proteins associated in Cluster 1 

Key Players in Hypothyroidism: The high MCODE scores highlight these genes as 

potentially central to the disease process. 
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Diverse Functions: The genes have various functions like metabolism (INS, IGF1), 

inflammation (TNF, IL6), and cell signaling (BDNF, NGF). This suggests that 

hypothyroidism might involve disruptions in multiple biological pathways. 

Potential Therapeutic Targets: Understanding the interactions within this cluster 

could reveal targets for drug interventions to treat hypothyroidism. 

Cluster 2: 

27 nodes (proteins) 

166 edges (interactions) 

MCODE score: 6.385 

 

 

 

Fig 5.17: MCODE Subnetwork - Cluster 2 
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Fig 5.18: Genes/Proteins associated with Cluster2 

These genes and their high MCODE scores suggest that they form a tightly 

connected subnetwork within the larger protein-protein interaction network.  This 

subnetwork likely plays an important role in biological processes relevant to 

hypothyroidism. 
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5.3.2 CLUEGO – FUNCTIONAL ENRICHMENT ANALYSIS OF SUBNETWORKS 

5.3.2.1 BIOLOGICAL PROCESS OF CLUSTER 1 

 

Fig 5.19: Result Of ClueGO plugin 

 

Fig 5.20: Network Highlights Biological Process In Cluster 1 
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5.3.2.2 KEGG PATHWAY OF CLUSTER 1 

 

Fig 5.21: Result of KEGG Pathway using ClueGO 

 

 

Fig 5.22: Network Highlights KEGG Pathways In Cluster 1 
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Fig 5.23: Result of KEGG Pathway Analysis using ClueGO 

 

 

5.3.2.3 BIOLOGICAL PROCESS OF CLUSTER 2 

 

Fig 5.24:  Result Of ClueGO plugin for Cluster 2 
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Fig 5.25: Network Highlights Biological Process In Cluster 2 

 

 

Fig 5.26: Result of Biological Process For Cluster 2 
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5.3.2.4 KEGG PATHWAY OF CLUSTER 2 

 

Fig 5.27: Result of KEGG Pathway using ClueGO 

 

 

Fig 5.28: Result of KEGG Pathway analysis For Cluster 2 
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RESULT: 

Both clusters likely play a role in the complex picture of hypothyroidism but in 

different ways: 

Cluster 1: May represent the broader systemic effects of hypothyroidism or 

underlying inflammatory processes contributing to the disease. 

Cluster 2: Likely reflects the disruption of thyroid hormone production and signaling 

pathways, which is central to hypothyroidism. 

5.3.3 CYTOHUBBA – IDENTIFICATION OF HUB GENES 

Genes having more interactions with other genes are defined as hub genes. Genes 

with greater degree scores have more interactions with other genes. 

 

 

Fig 5.29: HubGenes and score 

● TG (Thyroglobulin): This is the primary protein in the thyroid gland. It's the 

building block for thyroid hormones (T3 and T4). 

● IFNG (Interferon Gamma): A cytokine (immune signaling molecule) that can 

play a role in autoimmune thyroid disorders like Hashimoto's thyroiditis that 

can cause hypothyroidism. 
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● TSHR (Thyroid Stimulating Hormone Receptor): The receptor on thyroid cells 

that binds to TSH (Thyroid Stimulating Hormone), the signal from the pituitary 

gland that tells the thyroid to make hormones. 

● SLC5A5 (Sodium/Iodide Symporter): Crucial for transporting iodine into 

thyroid cells, which is essential for making thyroid hormone. 

● SLC16A2 (MCT8): A transporter responsible for moving thyroid hormones 

into and out of cells. It plays a significant role in how thyroid hormones work 

throughout the body. 

● TSHB (Thyroid Stimulating Hormone Beta Subunit): One part of the TSH 

complex, the hormone that stimulates the thyroid gland. 

● THRB (Thyroid Hormone Receptor Beta): The receptor for thyroid hormones. 

Thyroid hormones bind to this receptor to regulate gene expression and 

cellular function. 

● DIO2 (Type 2 Deiodinase): This enzyme converts the less active thyroid 

hormone (T4) into the more active form (T3). 

● IYD (Iodotyrosine Deiodinase): Involved in recycling iodine within the thyroid 

gland for the efficient production of thyroid hormones. 

● THRA (Thyroid Hormone Receptor Alpha): Another type of thyroid hormone 

receptor, playing a role in regulating metabolism and development. 

Causes of Hypothyroidism:  

● Mutations in TG could lead to poor thyroid hormone production. 

● IFNG's presence suggests a potential autoimmune component. 

● Problems with SLC5A5 might indicate iodine deficiency. 
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CHAPTER 6 

SUMMARY AND CONCLUSION 

 

6.1 SUMMARY 

This bioinformatics project aimed to illuminate the genetic underpinnings of 

hypothyroidism. Starting with a refined list of 152 genes, I employed the DAVID tool 

to conduct functional enrichment analysis.  Key biological processes identified 

included thyroid hormone biosynthesis, oxidoreductase activity, and hormone 

activity. The KEGG pathway analysis revealed significant associations with thyroid 

hormone signaling, thyroid hormone synthesis, and autoimmune thyroid disease. 

Enrichment analysis of cellular components highlighted the "secreted" category, 

aligning with the thyroid gland's role in hormone production. 

To explore gene interactions, I constructed a protein-protein interaction (PPI) 

network using STRING. The network's high PPI enrichment p-value (<1.0e-16) 

suggests a strong biological interconnectedness among the proteins involved.  The 

PPI network was transferred to Cytoscape for further analysis. Using the MCODE 

plugin, I identified two significant clusters of densely connected genes. Cluster 1 (24 

nodes, 382 edges) included genes involved in diverse functions like metabolism, 

inflammation, and cell signaling. Cluster 2 (27 nodes, 166 edges) was enriched in 

pathways related to thyroid hormone production and signaling. Further analysis with 

ClueGO confirmed the biological processes and pathways associated with both 

clusters, underscoring their potential relevance to hypothyroidism. 

Finally, I used the CytoHubba plugin to pinpoint hub genes within the PPI network.  

The top hub genes identified were TG, IFNG, TSHR, SLC5A5, SLC16A2, TSHB, 

THRB, DIO2, IYD, and THRA. Based on the overall analysis, Cluster 2, along with 

its hub genes, appears to be most directly linked to the disruption of thyroid hormone 

pathways central to hypothyroidism. 

These findings offer valuable insights into the complex genetic landscape of 

hypothyroidism, pinpointing key genes, pathways, and potential therapeutic targets. 

Future work should focus on experimental validation of these findings and  

investigation of the identified genes and pathways as possible targets for new 

diagnostic tools and precision-based treatments for hypothyroidism. 
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6.2 CONCLUSION 

This bioinformatics project successfully identified key genes and pathways 

potentially involved in the pathogenesis of hypothyroidism.  The analysis revealed 

significant dysregulation in genes related to thyroid hormone production and 

immune response. Hub genes, such as [TG, IFNG, TSHR, SLC5A5, SLC16A2, 

TSHB, THRB, DIO2, IYD, and THRA], were found to be central within the PPI 

network.  Further investigation of these targets could lead to the development of 

new diagnostic approaches and targeted therapies for hypothyroidism. Future 

studies should focus on experimental validation and exploring the therapeutic 

potential of the identified pathways. 
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