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APPENDICES   
Appendix I 

QIAamp DNA Mini Kit 

Principle 

 The QIAamp DNA Mini Kit is designed for the purification of high-quality 

genomic DNA from various sample types, including blood, tissue, and cells. The 

process utilizes a silica membrane technology, which allows DNA to bind under 

specific conditions while contaminants are washed away. The purified DNA is then 

eluted in a suitable buffer or water for downstream applications such as PCR, 

sequencing, or other molecular analyses. 

Materials 

 Buffer AVL: Lysis buffer containing proteinase K (if necessary). 

 Buffer AW1 and AW2: Wash buffers used to remove contaminants. 

 Buffer AE: Elution buffer for purified DNA. 

 QIAamp Mini spin column with a silica membrane for DNA binding. 

 Ethanol (absolute) 

 Centrifuge for spinning the columns 

 Pipettes and tips 

 Sample collection tubes 

Methodology 

 To begin the DNA purification process using the QIAamp DNA Mini Kit, the 

sample was first collected and prepared to ensure it was suitable for extraction. Next, 

Buffer AVL was added to the sample, along with Proteinase K if required, to facilitate 

cell lysis and protein digestion. The mixture was incubated at 56°C for 10 to 30 

minutes to ensure thorough lysis. Following this incubation, ethanol was added to the 

lysate to promote DNA binding to the silica membrane. The resulting lysate was then 

loaded onto the QIAamp Mini spin column and centrifuged to allow the DNA to bind 

to the membrane. Subsequently, the column was washed with Buffer AW1 and AW2 

to remove impurities. Finally, the purified DNA was eluted by adding Buffer AE to the 

column, allowing it to sit at room temperature briefly before centrifuging to collect the 

high-quality genomic DNA, ready for further molecular analysis. 
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Appendix II 

NanoDropTM 1000 Spectrophotometer (Thermo Fisher Scientific) 

Principle: 

 The NanoDrop™ 1000 Spectrophotometer operates on the principle of 

measuring absorbance of light by a sample at specific wavelengths. It employs a 

small volume of liquid (typically 1-2 µL) placed between two optical fibers, which 

minimizes sample consumption and allows for high-precision measurements. The 

device uses a photodiode array to capture the spectrum of light absorbed by the 

sample, providing a rapid analysis of nucleic acids, proteins, and other 

biomolecules. 

Materials: 

 NanoDrop™ 1000 Spectrophotometer 

 Sample cuvettes or pipettes for loading samples 

 Deionized water or buffer solutions for blanking and cleaning 

 Nucleic acid or protein samples for analysis 

Methodology: 

 To perform a measurement using the NanoDrop™ 1000 Spectrophotometer, 

the instrument was first calibrated and set up properly. A small drop of deionized 

water or the appropriate buffer solution was placed on the measurement pedestal to 

create a baseline for absorbance. The arm of the spectrophotometer was closed to 

initiate the blanking process, establishing a zero point for subsequent measurements. 

After blanking, the water or buffer was removed, and a small volume (1-2 µL) of the 

sample solution was applied directly onto the pedestal. The arm was closed again, and 

the appropriate measurement program was selected on the instrument's software, 

depending on whether nucleic acids, proteins, or other samples were being measured. 

The NanoDrop™ 1000 then automatically measured the absorbance across a range of 

wavelengths and displayed the results, including concentration and purity ratios 

(A260/A280, A260/A230) on its screen. After measurements, the optical surfaces of the 

spectrophotometer were thoroughly cleaned with a lint-free cloth and deionized water 

to ensure that no residues affected future analyses. 
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Appendix III 

Agarose gel electrophoresis 

Agarose Gel Electrophoresis is a fundamental technique in molecular biology for 

separating and analysing nucleic acids and proteins. 

Principle: 

 Agarose gel electrophoresis separates DNA and RNA by size and charge. 

When an electric field is applied, the negatively charged molecules move toward the 

positive side. Smaller molecules move faster, so they separate. The DNA is stained 

with dyes like ethidium bromide or SYBR Green and viewed under UV light. 

Materials: 

 Agarose powder 

 Buffer solution and Running buffer (e.g., TAE or TBE buffer) 

 Gel casting tray & Gel comb 

 Electrophoresis apparatus 

 DNA ladder 

 Staining dye (e.g., ethidium bromide, SYBR Green) 

 UV transilluminator (for visualization) 

Methodology: 

 To perform agarose gel electrophoresis, a 0.8-2% agarose gel was first 

prepared by dissolving the appropriate amount of agarose powder in a buffer 

solution, heating it until fully melted, and then allowing it to cool slightly before 

pouring it into a gel casting tray with a comb inserted to form wells. Once the gel 

solidified, the comb was carefully removed, and the gel was placed into the 

electrophoresis chamber, filling it with running buffer to cover the gel. DNA 

samples were then prepared by mixing them with a loading dye, which helped 

visualize the sample during loading and electrophoresis. The samples were loaded 

into the wells of the gel, alongside a DNA ladder for size reference. The 

electrophoresis apparatus was connected to a power supply, the voltage was set 
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according to the gel size and buffer system, and the gel was run for 30 minutes to 

several hours, depending on the desired separation. After electrophoresis was 

complete, the gel was carefully removed and stained with a DNA-binding dye for 

visualization. Using a UV transilluminator, the gel was observed to analyze the 

separated DNA fragments, comparing them to the DNA ladder to determine their 

sizes. Finally, the results were documented. 
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Appendix IV 

Twist Library Preparation EF Kit with Amp Mix 

Principle: 

 The Twist Library Preparation EF Kit with Amp Mix is designed for efficient 

preparation of DNA libraries for high-throughput sequencing. This kit utilizes 

enzymatic reactions for fragmenting and ligating DNA, allowing for the creation of 

libraries that can be effectively amplified and sequenced. The process includes the 

end repair of DNA fragments, A-tailing, adapter ligation, and PCR amplification, 

enabling the generation of sequence-ready libraries with high yield and quality. 

Materials: 

 Twist Library Preparation EF Kit components: (End repair enzyme mix, A-

tailing enzyme mix, Adapter ligation enzyme mix, PCR amplification mix (Amp 

Mix), Wash buffer, Elution buffer), Input DNA sample (genomic, amplicon, or other 

sources), Thermal cycler, Magnetic bead purification system (optional, for library 

cleanup), and Bioanalyzer or qPCR system (for library quality control) 

Methodology: 

 To prepare a DNA library using the Twist Library Preparation EF Kit with 

Amp Mix, the input DNA was first quantified and diluted to the recommended 

concentration. End repair was performed by mixing the input DNA with the end 

repair enzyme mix in a microcentrifuge tube, followed by incubation at the specified 

temperature for the recommended time to ensure complete repair of DNA ends. 

The A-tailing enzyme mix was then added to the reaction to attach an "A" base to 

the 3' ends of the DNA fragments. After a brief incubation, adapter ligation was 

carried out by adding the adapter ligation enzyme mix and appropriate adapters to 

the mixture, followed by incubation to facilitate the ligation of adapters to the A-

tailed fragments. After ligation, the ligated library was purified using a magnetic 

bead purification system to remove any unligated adapters and enzyme 

components. The library was then amplified using the provided PCR amplification 

mix (Amp Mix) in a thermal cycler, with the number of cycles adjusted based on 

the desired yield. Once PCR amplification was complete, a final purification step 
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was performed to clean the amplified library and remove excess primers and 

dNTPs. The quality and quantity of the prepared library were then assessed using 

a Bioanalyzer or qPCR system to confirm it met the criteria for high-throughput 

sequencing. The resulting library was ready for use in subsequent sequencing 

reactions to generate high-quality data for genomic analysis. 
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Appendix V 

Illumina NovaSeq 6000 

Principle: 

 The Illumina NovaSeq 6000 is a high-throughput sequencing platform that 

uses sequencing by synthesis (SBS) technology. Fluorescently labeled 

nucleotides are added to a growing DNA strand during sequencing. The system 

uses a flow cell with multiple lanes to sequence multiple samples at once, making 

it fast and cost-effective. It can generate millions to billions of reads in a single run 

and is used for applications like whole-genome sequencing, targeted sequencing, 

and RNA sequencing. 

Materials: 

 Illumina NovaSeq 6000 sequencer 

 NovaSeq 6000 Reagent Kits, (Sequencing reagents (for SBS), Flow cells 

(SP, S1, S2, or S4)) 

 Library preparation kits (specific to the application) 

 Analysis software (such as BaseSpace Sequence Hub or local analysis 

pipelines) 

 Wash solutions and buffers 

Methodology: 

 To perform sequencing on the Illumina NovaSeq 6000, the DNA or RNA 

library was first prepared according to the guidelines of the chosen library 

preparation kit, ensuring it was of high quality and concentration. Once the library 

was ready, its quality and quantity were assessed using a Bioanalyzer or qPCR to 

ensure it met the input requirements for sequencing. The prepared library was then 

loaded onto the designated flow cell, with the appropriate flow cell type selected 

based on the desired output and application. The flow cell was inserted into the 

NovaSeq 6000 sequencer, and the sequencing run was initiated by selecting the 

desired sequencing mode and read length in the control software. 
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The sequencing process began with the bridge amplification of the library 

fragments on the flow cell surface, creating clusters of identical DNA molecules. 

Following amplification, sequencing by synthesis was performed, where 

fluorescently labeled reversible terminator nucleotides were sequentially added, 

and the incorporated bases were detected using a high-resolution imaging system. 

This process was repeated for a set number of cycles, generating millions of short 

reads of DNA sequences. 

 After the sequencing run was complete, raw data in the form of image files 

was generated, which were then processed and converted into sequence data 

(FASTQ format) using the onboard analysis software. Finally, the sequencing 

results were analyzed for various applications, such as variant calling, gene 

expression analysis, or metagenomics, using appropriate bioinformatics tools. The 

NovaSeq 6000's ability to handle large-scale sequencing projects efficiently made 

it a powerful tool for researchers in genomics and personalized medicine. 
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Appendix VI 

Burrows-Wheeler Transform (BWT) algorithm 

Principle: 

 BWA is a software tool for mapping high-throughput sequencing data 

against a reference genome. It uses the Burrows-Wheeler Transform (BWT) 

algorithm to efficiently align sequences. 

Materials: 

 Reference genome (FASTA format) 

 Sequencing data (FASTQ format) 

 Computing resources (e.g., Linux, RAM) 

Methodology 

The Burrows-Wheeler Transform (BWT) methodology began with taking an 

input string, typically appended with a unique end-of-string marker like "$" to 

ensure all rotations were distinct. The core process involved generating all possible 

cyclic rotations of the input string, which were then stored in a matrix. This matrix 

was subsequently sorted lexicographically, meaning it was ordered based on 

dictionary order of the rows. 

The BWT output was constructed by taking the last column of the sorted 

matrix, which contained characters that represented the transform of the original 

string. The beauty of BWT lay in its ability to group similar characters together, 

making it highly efficient for compression when followed by techniques such as 

Run-Length Encoding (RLE) or Move-to-Front (MTF) encoding. Importantly, BWT 

was fully reversible: the inverse BWT could reconstruct the original string using the 

last column and a lexicographically sorted version of that column, allowing full 

retrieval of the original data. 

This methodology was particularly powerful in bioinformatics, where BWT 

was used to store and search large genomic datasets efficiently, as it provided a 

highly compressed form of the data while allowing fast pattern searches. 
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Appendix VII 

Sequence Alignment/Map 

Principle: 

 SAM is a text-based file format for storing sequence alignment data, 

allowing efficient storage and retrieval of alignments. 

Materials: 

 Sequencing data (FASTQ), Reference genome (FASTA), Alignment 

software (e.g., BWA, Bowtie, STAR), SAMtools software, and Computing 

resources (e.g., Linux, RAM) 

Methodology: 

 The Sequence Alignment/Map (SAM) format was a widely used method for 

storing and representing aligned sequence data, particularly in next-generation 

sequencing (NGS) workflows. The SAM format was text-based and facilitated the 

storage of large volumes of sequence alignment data by efficiently representing 

sequences that had been aligned to a reference genome. The methodology began 

with the alignment of short reads, generated from sequencing platforms, to a 

reference genome using algorithms such as Burrows-Wheeler Aligner (BWA) or 

Bowtie. These alignment tools generated a map of where each read aligned within 

the reference genome, and this information was captured in SAM format. 

The SAM file consisted of a header section and an alignment section. The 

header contained metadata, such as the reference genome, sequence identifiers, 

and details about the alignment process. The alignment section recorded the 

essential information for each aligned read, including the read’s name, the 

reference sequence it aligned to, its position, mapping quality, and a CIGAR string 

that described how the read aligned (e.g., matches, insertions, or deletions). Each 

line in the alignment section corresponded to one read and included details like 

the read sequence and quality scores. 
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SAM could also be converted into Binary Alignment/Map (BAM) format, 

which was a compressed binary version of SAM. This transformation allowed for 

efficient storage and faster retrieval of alignment data. The SAM/BAM format was 

critical in bioinformatics for downstream analysis, such as variant calling, where 

differences between the aligned reads and the reference genome were identified. 

Through its structured and efficient representation of aligned sequence data, SAM 

enabled large-scale genomic analyses with precision and speed. 
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Appendix VIII 

Sorting Intolerant From Tolerant 

Principle: 

 SIFT predicts the effects of amino acid substitutions on protein function 

using sequence homology and machine learning. 

Materials: 

 Protein sequence (FASTA format) 

 SIFT software (available online or as a standalone tool) 

Methodology: 

 The SIFT (Sorting Intolerant From Tolerant) algorithm was a computational 

method used to predict the potential impact of amino acid substitutions on protein 

function. It was primarily employed to assess whether a particular missense mutation 

(an amino acid change) was likely to be damaging or tolerated within the context of the 

protein's structure and function. The methodology behind SIFT was based on the 

evolutionary conservation of amino acids in protein sequences. It operated under the 

principle that functionally important amino acids tended to be conserved across different 

species, while less critical positions could tolerate more variability. 

 The SIFT algorithm worked by aligning the query protein sequence with 

homologous sequences from related species and generating a multiple sequence 

alignment. This alignment was used to determine how conserved each amino acid 

position was across evolution. SIFT assigned a score to each possible amino acid 

substitution based on how often that substitution occurred in the alignment. Scores 

ranged from 0 to 1, where substitutions with scores below a threshold (typically 

0.05) were predicted to be deleterious, meaning they were likely to affect protein 

function, while scores above this threshold were considered tolerated. 

 By leveraging evolutionary information, SIFT provided insights into the 

functional impact of mutations identified in genetic studies, such as those related 

to disease pathogenesis or personalized medicine. The algorithm was commonly 

used in genomic research to prioritize variants for further study and to help guide 

decisions about which mutations may warrant experimental validation. 
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Appendix IX 

PolyPhen-2 HDIVAR 

Principle: 

 PolyPhen-2 HDIVAR predicts the functional impact of human genetic 

variants, particularly missense mutations, using structural and comparative 

evolutionary considerations. 

Materials: 

 Protein sequence (FASTA format) 

 3D protein structure (PDB format) 

 Multiple sequence alignment (MSA) tools (e.g., PSI-BLAST) 

 PolyPhen-2 HDIVAR software (available online or as a standalone tool) 

Methodology: 

First, the algorithm compared the amino acid sequence of the mutated 

protein with homologous sequences from different species to evaluate 

evolutionary conservation. Highly conserved regions were considered functionally 

important, and any substitution in these regions was more likely to disrupt protein 

function. Next, PolyPhen-2 HDIVAR assessed the structural context of the 

mutation by examining the three-dimensional structure of the protein (if available) 

or by using structural models. It looked at how the mutation affected important 

features like protein folding, stability, or interaction with other molecules. 

PolyPhen-2 then combined this information with data on known pathogenic 

variants to generate a score ranging from 0 to 1. Scores closer to 1 indicated that the 

mutation was likely to be damaging, while scores closer to 0 suggested it was benign. 

The HDIVAR model specifically focused on high-diversity human variation and was 

trained on known disease-causing mutations from the Human Gene Mutation 

Database (HGMD), making it suitable for identifying clinically relevant variants. 

This methodology enabled researchers and clinicians to predict the functional 

impact of genetic variants and prioritize them for further experimental validation or 

clinical interpretation, particularly in the context of hereditary diseases. 
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Appendix X 

Likelihood Ratio Test 

Principle: 

 The LRT (Likelihood Ratio Test) is a statistical method used to compare the 

fit of two competing models: one that includes additional parameters and another 

that is simpler. The test evaluates whether the more complex model significantly 

improves the fit of the data compared to the simpler model. The null hypothesis in 

the LRT assumes that the simpler model is sufficient, while the alternative 

hypothesis suggests that the additional parameters improve the model's 

explanatory power. The test statistic follows a chi-square distribution, and a 

significant p-value indicates that the more complex model is a better fit for the data. 

Materials: 

 dbSNP database for variant cross-referencing 

 Statistical software for LRT calculations 

Methodology: 

 The LRT (Likelihood Ratio Test Prediction) method evaluated the potential 

functional impact of genetic mutations by comparing two evolutionary models: the 

neutral evolution hypothesis (H0), which assumed no selection pressure on the 

codon, and the negative selection hypothesis (H1), which suggested the codon 

evolved under selective pressure, indicating the mutation was deleterious. The 

process began by aligning homologous sequences and using a statistical framework 

to calculate the likelihood of the observed mutation data under both models. A 

Likelihood Ratio (LRT) score was computed by taking the difference between the 

likelihoods of H0 and H1, which was then multiplied by 2. The resulting score helped 

determine whether the mutation was neutral (high score), deleterious (low score), or 

unknown (inconclusive score). Mutations with lower LRT scores were more likely to 

be deleterious, implying they could contribute to diseases. The tool classified 

mutations into three categories: Deleterious (D), Neutral (N), or Unknown (U), 

providing insights into the mutation's potential functional consequences. This method 

was particularly useful in identifying harmful mutations that could affect protein 

function and contribute to disease progression, especially in cancer research. 
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Appendix XI 

Mutation Taster 

Principle: 

 MutationTaster predicts the functional impact of genetic variants, including 

point mutations, insertions, and deletions, on protein function. 

Materials: 

 Genetic variant information (e.g., chromosome, position, reference allele, 

alternate allele) 

 Genome assembly (e.g., hg19, hg38) 

 MutationTaster software (available online or as a standalone tool) 

Methodology:  

First, it examined evolutionary conservation, comparing the mutated 

sequence with orthologous sequences from different species to determine if the 

affected region was functionally important. Highly conserved sequences were 

more likely to be crucial for normal biological function, and mutations in these 

regions were more likely to have deleterious effects. 

Next, MutationTaster evaluated the potential effect of the mutation on 

protein-coding regions. It assessed whether the variant led to nonsense mutations 

(which could introduce premature stop codons), missense mutations (which 

resulted in amino acid changes), or frameshift mutations (which could disrupt the 

entire downstream protein sequence). It also considered how the mutation might 

affect splice sites, regulatory regions, or other non-coding elements that were vital 

for gene expression and function. 

To enhance accuracy, MutationTaster incorporated known pathogenic 

variants from databases such as ClinVar and the Human Gene Mutation Database 

(HGMD). It used this information, along with in silico models and data on protein 

structure, to provide a score that categorized the variant as either disease-causing 

("pathogenic") or benign. Additionally, it provided detailed reports explaining the 
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reasoning behind its predictions, making the tool valuable for clinical diagnostics 

and genetic research. 

This comprehensive approach allowed MutationTaster to offer a robust 

assessment of variant pathogenicity, aiding in the identification of mutations that 

were likely to contribute to genetic diseases. 

 

 

 

  



Appendices 

 

Genomic and epidemiological profile of cervical cancer patients - identifying risk factors, pathways 
and novel variants through integrated survey and whole exome sequencing strategies 

222 
 

Appendix XII 

(Functional Analysis through Hidden Markov Model) 

Principle  

 FATHMM (Functional Analysis through Hidden Markov Models) predicts the 

functional impact of genetic variants, particularly non-synonymous single-

nucleotide polymorphisms (nsSNPs), by leveraging evolutionary conservation and 

functional domain analysis.  

Materials 

 Protein sequences: In FASTA format for alignment and analysis. 

 FATHMM software or web server: Accessible online or as standalone 

software. 

Methodology  

 FATHMM was a computational tool designed to predict the functional impact of 

non-synonymous genetic mutations, particularly those in coding regions of the genome. It 

utilized a hidden Markov model (HMM) to analyze the mutation's potential effect on protein 

function. The methodology began by aligning the sequence of the mutated gene with 

multiple homologous sequences to assess evolutionary conservation. The model 

considered the sequence's evolutionary context, focusing on how mutations affected the 

protein's functional domains and structure. The FATHMM algorithm then computed a 

score (FATHMM_score), which ranged from 0 to 1, where lower scores indicated a higher 

likelihood of the mutation being deleterious (D) and higher scores suggested a tolerated 

mutation (T). This model was trained on a large dataset of known disease-associated 

mutations to refine its predictions. By analyzing mutations in the context of protein 

evolution and structure, FATHMM helped prioritize mutations that were more likely to 

contribute to disease, such as cancer or genetic disorders, for further experimental 

validation. 
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Appendix XIII 

Radial Support Vector Machine 

Principle: 

 RadialSVM (Radial Support Vector Machine) Protein Variation Effect 

Analyzer predicts the functional impact of missense mutations in proteins by 

combining evolutionary conservation, structural data, and physicochemical 

properties. 

Materials 

 Protein sequences: In FASTA format, representing the wild-type and mutant 

proteins. 

 Protein structural data: From databases like Protein Data Bank (PDB) 

 RadialSVM software: Available online or as a standalone tool for variant 

analysis. 

 Training data: Datasets of known deleterious and neutral mutations, such 

as those from ClinVar or HGMD, for model validation. 

Methodology  

The RadialSVM Protein Variation Effect Analyzer utilized sequence 

homology and machine learning techniques to predict the functional impact of 

protein-coding variants. The analysis began with preparing input data, including 

wild-type and mutant protein sequences in FASTA format. Homologous 

sequences were collected from publicly available databases and aligned using 

multiple sequence alignment tools to assess evolutionary conservation. Variants 

in conserved regions were flagged as potentially impactful due to their significance 

in maintaining protein functionality. 

Key features, such as physicochemical properties, structural characteristics, 

and conservation scores, were extracted from the aligned sequences. These features 

were then used as input for a support vector machine (SVM) model with a radial 

basis function (RBF) kernel. The trained SVM model classified variants as 
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deleterious (D) or neutral (N) based on a dataset of known mutations. Each variant 

was assigned a RadialSVM score, with higher scores indicating a greater likelihood 

of being deleterious. The analysis provided insights into the potential functional 

impacts of variants, aiding in identifying mutations that could significantly disrupt 

protein function or stability. 
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Appendix XIV 

Logistic Regression 

Principle: 

 Logistic Regression (LR) is a statistical method used to predict binary or 

categorical outcomes based on one or more independent variables. It models the 

relationship between the independent variables and the probability of a particular 

outcome using a logistic function (sigmoid curve). The algorithm calculates the 

odds ratio for the presence of the outcome and transforms it into a probability, 

enabling predictions of classes such as "deleterious" versus "neutral" mutations in 

biological studies. 

Materials: 

 Logistic regression library or algorithm (e.g., sklearn in Python) 

 Preprocessed and normalized input data 

 Cross-validation tools for model evaluation 

Methodology: 

The logistic regression analysis began with data preparation, ensuring the 

dataset contained well-labeled features as independent variables and a binary 

outcome as the dependent variable. The data was split into training and testing 

subsets for model development and validation. Features were standardized or 

normalized to ensure equal contributions from all variables to the model. 

The logistic regression model was constructed using the training dataset, 

with coefficients for each feature calculated to maximize the likelihood of correctly 

classifying the outcomes. The logistic function transformed the linear combination 

of features into probabilities. A threshold (e.g., 0.5) was applied to these 

probabilities to classify the outcomes as either "deleterious" or "neutral." 

The model was then tested on the validation dataset to evaluate its 

predictive accuracy, sensitivity, and specificity. Performance metrics, such as the 

area under the receiver operating characteristic (ROC) curve, were used to assess 
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the model's discriminative power. Hyperparameters were tuned to optimize the 

model, and cross-validation was employed to ensure robustness against 

overfitting. Once validated, the model was applied to new data to predict the 

functional impact of genetic variants, providing a probabilistic framework for 

mutation classification. 
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Appendix XV 

In silico PCR 

Principle: 

 In silico PCR, as implemented in the UCSC Genome Browser, is a 

computational technique used to simulate the polymerase chain reaction (PCR) 

process. It allows researchers to predict the amplification of DNA sequences based 

on input primer sequences and a reference genome. The tool identifies regions in 

the genome where the primers anneal and calculates the expected product size. 

This approach is particularly valuable for validating primer specificity and designing 

PCR experiments without requiring laboratory trials. 

Materials: 

 Primer sequences: Forward and reverse primers in 5' to 3' orientation. 

 Reference genome: UCSC Genome Browser reference genome assembly 

(e.g., hg38 for humans). 

 Access to UCSC In Silico PCR tool: Available online through the UCSC 

Genome Browser platform. 

 File formats: Optional input/output files in text format for primer sequences 

and results. 

Methodology: 

 The process began by accessing the UCSC In Silico PCR tool on the UCSC 

Genome Browser platform. The forward and reverse primer sequences were 

entered into the designated fields, ensuring their accuracy in the 5' to 3' orientation. 

Additional parameters, such as the maximum product size and allowed 

mismatches, were configured to customize the search. Upon initiation, the tool 

compared the primers to the selected reference genome using sequence 

alignment algorithms. It identified exact or near-exact matches for the primers and 

determined whether they were correctly oriented to amplify a specific genomic 

region. 
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 The tool outputted the genomic coordinates of the amplified region, the size 

of the PCR product, and the sequence of the amplified fragment. Researchers 

analyzed the output to verify primer specificity, ensuring the primers amplified only 

the target region without nonspecific binding elsewhere in the genome. If the 

predicted amplicon matched the desired region and the product size was within 

the expected range, the primers were deemed suitable for experimental use. The 

results could also be visualized in the UCSC Genome Browser to assess the 

genomic context. This computational approach streamlined primer design and 

validation, saving time and resources in experimental PCR setup. 
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Appendix XVI 

Touchdown PCR 

Principle: 

 Touchdown PCR is a modified PCR technique that increases specificity by 

gradually decreasing the annealing temperature during cycling, allowing for more 

specific binding of primers to the target sequence. 

Materials: 

 DNA template 

 Primers (forward and reverse) 

 PCR buffer 

 dNTPs 

 Mg2+ 

 Taq DNA polymerase 

 Thermal cycler 

Methodology: 

Touchdown PCR was employed as a variation of the standard polymerase 

chain reaction (PCR) to enhance specificity and efficiency by gradually lowering 

the annealing temperature during the initial cycles. The methodology began with a 

high annealing temperature, typically a few degrees higher than the calculated 

melting temperature (Tm) of the primers. This elevated temperature facilitated the 

binding of primers exclusively to the most perfectly matched target sequences, 

reducing the likelihood of non-specific binding. 

As the PCR progressed, the annealing temperature was progressively 

decreased in small increments, usually by 0.5–1°C per cycle, until it reached a 

lower temperature closer to the optimal Tm for primer binding. This gradual 

reduction enabled the selective amplification of specific products as the reaction 

proceeded, effectively promoting the amplification of the correct target sequence 

while minimizing non-specific sequences or primer-dimers. 
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Touchdown PCR proved particularly useful when working with complex or 

problematic templates, where specificity was critical, or when primers exhibited a 

tendency to bind to non-target sequences. By initiating the reaction with stringent 

conditions and relaxing them over time, the method maximized the yield of the 

desired product while minimizing the formation of unwanted by-products. This 

made it a powerful technique for applications such as cloning, sequencing, and 

genotyping. 
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Appendix XVII 

Sanger sequencing 

Principle: 

 Sanger sequencing, also known as dideoxy chain termination, is a DNA 

sequencing method that uses dideoxynucleotides (ddNTPs) to terminate DNA 

synthesis at specific points, creating fragments of varying lengths. These 

fragments are then separated by size using electrophoresis, allowing for the 

determination of the DNA sequence. 

Materials: 

 DNA template 

 Primers (forward and reverse) 

 dNTPs (dATP, dCTP, dGTP, dTTP) 

 ddNTPs (ddATP, ddCTP, ddGTP, ddTTP) 

 DNA polymerase (e.g., Taq or Sequenase) 

 Buffer 

 Electrophoresis equipment (e.g., ABI 3730) 

 Sequencing software 

Methodology: 

Sanger sequencing, also referred to as the chain-termination method, was 

widely used to determine the nucleotide sequence of DNA. The process began 

with the amplification of the target DNA through standard PCR, followed by a 

sequencing reaction. In this reaction, the amplified DNA was combined with a 

primer, DNA polymerase, regular deoxynucleotides (dNTPs), and fluorescently 

labeled dideoxynucleotides (ddNTPs). The ddNTPs were crucial for chain 

termination, as they lacked the 3’-hydroxyl group required to form a 

phosphodiester bond with the subsequent nucleotide. 

During DNA synthesis, DNA polymerase incorporated nucleotides into the 

growing DNA strand. When a ddNTP was integrated, it halted DNA elongation, 

resulting in fragments of varying lengths. Each fragment ended with a ddNTP 
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labeled with a fluorescent dye specific to one of the four nucleotides (A, T, C, or 

G). These fragments were then separated by size using capillary electrophoresis. 

As the fragments passed through the capillary, a laser excited the fluorescent tags, 

and a sensor detected the emitted signals, identifying the sequence based on the 

fluorescent colors. 

The detected data were translated into a chromatogram, visually 

representing the sequence of nucleotides. Sanger sequencing provided highly 

accurate sequences of up to 900 base pairs, establishing itself as the gold 

standard for validating genetic mutations, confirming PCR products, and 

conducting small-scale sequencing projects. Although newer high-throughput 

sequencing methods have emerged, Sanger sequencing remained a reliable and 

cost-effective approach for targeted sequencing and the verification of genetic 

variants. 
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All the Supplementary Tables are provided as soft copy in the enclosed  

CD-ROM. 

Supplementary File 1: Detailed Mutational Data of Squamous Cell Cervical Cancer 

Samples (CC1-CC5). 

Supplementary File 2: Data for Filtering Process Steps and High-Confidence 

Mutation Identification. 

Supplementary File 3: Novel Variants Identified in Squamous Cell Cervical Cancer 

(Unreported in dbSNP and ClinVar). 
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ANNEXURES 

Annexure I 

Cervical Cancer Awareness and Socioeconomic Questionnaire 

கர்ப்பப்பப வாய் புற்றுந ாய் விழிப்புணர்வு மற்றும் சமூக 
பபாருளாதார பின்னணி 

Patient name  : _________  

ந ாயாளியின் பபயர் : _________  

 

Section 1: Demographic Information / பிரிவு 1: அடிப்பபைதகவல் 

1. Age / வயது 

☐ ≤20 years / ≤20 ஆண்டுகள் 

☐ 21–30 years / 21-30 ஆண்டுகள் 

☐ 31–40 years / 31-40 ஆண்டுகள் 

☐ 41–50 years/ 41-50 ஆண்டுகள் 

☐ ≥51 years / ≥51 ஆண்டுகள் 

2. Place of Residence / வசிக்கும் இைம் 

☐ Rural / கிராமப்புறம் 

☐ Urban /  கர்ப்புறம் 

Section 2: Education and Socioeconomic Status / பிரிவு 2: கல்வி 
மற்றும் சமூகப் பபொருளொதொர நிலை 

3. What is your highest level of education completed? / உங்களின் மிக 
உயர்ந்த கல்வி  ிபை என்ன? 

☐ No formal education / முபறயான கல்வி இல்பை 

☐ Primary education / ஆரம்பக் கல்வி 

☐ Secondary education / இபை ிபைக் கல்வி 

☐ College or higher / கல்லூரி அல்ைது அதற்கு நமல் 
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4. What is your current marital status? / உங்கள் தற்நபாபதய 
திருமண  ிபை என்ன? 

☐ Married / திருமணமானவர் 

☐ Unmarried / திருமணமாகாதவர் 

5. What is your family's annual income? / உங்கள் குடும்பத்தின் 
ஆண்டு வருமானம் என்ன? 

☐ Below ₹60,000 / ₹60,000க்கு கீநழ 

☐ ₹60,000 to ₹1,20,000 / ₹60,000 முதல் ₹1,20,000 வபர 

☐ ₹1,20,000 to ₹5,00,000 / ₹1,20,000 முதல் ₹5,00,000 வபர 

☐ Above ₹5,00,000 / ₹5,00,000க்கு நமல் 

6. What is your current profession? / உங்கள் தற்நபாபதய பதாழில் 
என்ன? 

☐ Student / மாணவர் 

☐ Housewife / இல்ைத்தரசி 

☐ Employed / நவபை பசய்பவர் 

Section 3: Awareness of Cervical Cancer and HPV 

பிரிவு 3: கர்ப்பப்பப வாய்ப் புற்றுந ாய் மற்றும் HPV பற்றிய 
விழிப்புணர்வு 

 

7. Have you heard about cervical cancer? / கர்ப்பப்பப வாய்ப் 
புற்றுந ாய் பற்றி நகள்விப்பட்டிருக்கிறரீ்களா? 

☐ Yes / ஆம் 

☐ No / இல்பை 

8. Do you know about the Human Papillomavirus (HPV)? / மனித 
பாப்பிநைாமா பவரஸ் (HPV) பற்றி உங்களுக்குத் பதரியுமா? 

☐ Yes / ஆம் 

☐ No / இல்பை 
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9. What is your primary source of information about cervical cancer? / 

கர்ப்பப்பப வாய்ப் புற்றுந ாபயப் பற்றிய உங்கள் 
முதன்பமயான தகவல் என்ன? 

☐ Television / பதாபைக்காட்சி 

☐ Newspaper/Magazines / பசய்தித்தாள்/பத்திரிக்பககள் 

☐ Medical practitioner / மருத்துவ பயிற்சியாளர் 

☐ Friends/Neighbors/Relatives /  ண்பர்கள்/உறவினர்கள் 

☐ Internet / இபணயம் 

☐ Education (School/College/University) / கல்வி 

☐ I don’t know / எனக்குத் பதரியாது 

 

Section 4: Knowledge of Cervical Cancer Screening and Vaccination 

பிரிவு 4: கர்ப்பப்லப வொய்ப் புற்றுநநொய் பரிநசொதலை மற்றும் 
தடுப்பூசி பற்றிய புரிதல் 

10. நபப் பெஸ்ட் (கர்ப்பப்லப வொய்ப் புற்றுநநொய்க்கொை 
ஸ்கிரீைிங் பசயல்முலற) பற்றி உங்களுக்குத் பதரியுமொ? 

☐ Yes / ஆம் 

☐ No / இல்பை 

11. Do you know about the HPV vaccine? / HPV தடுப்பூசி பற்றி 
உங்களுக்குத் பதரியுமொ? 

☐ Yes / ஆம் 

☐ No / இல்பை 

12. Have you received the HPV vaccine? 

☐ Yes / ஆம் 

☐ No / இல்பை 
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13. Do you think it is important to undergo a cytological examination (e.g., 
Pap test) for cervical cancer screening? 

☐ Yes / ஆம் 

☐ No / இல்பை 

 

Section 5: Knowledge of Cervical Cancer Symptoms 

பிரிவு 5: கர்ப்பப்லப வொய்ப் புற்றுநநொய் அறிகுறிகள் பற்றிய 
புரிதல் 

14. Which of the following symptoms do you associate with cervical 

cancer? / பின்வரும் அறிகுறிகளில் எது கர்ப்பப்லப வொய்ப் 
புற்றுநநொயுென் பதொெர்புலெயது? 

☐ Itching in the genital area / பிறப்புறுப்பு பகுதியில் அரிப்பு 

☐ Pain in the pelvis / இடுப்பு பகுதியில் வைி 

☐ Irregular and painful menstrual periods / ஒழுங்கற்ற மற்றும் 
வைிமிகுந்த மாதவிைாய் 

☐ Pain or bleeding during or after sexual activity / பாைியல் 
பசயல்பாட்டின் நபாது அல்ைது அதற்குப் பிறகு வைி 
அல்ைது இரத்தப்நபாக்கு 

☐ Discomfort during urination / சிறு ீர் கழிக்கும் நபாது 
அபசௌகரியம் 

☐ Unusual or smelly vaginal discharge / பவள்பள பவளிநயற்றம் 

☐ I don’t know / எனக்குத் பதரியாது 

 

Section 6: Knowledge of Risk Factors for Cervical Cancer 

பிரிவு 6: கர்ப்பப்பப வாய்ப் புற்றுந ாய்க்கான ஆபத்து காரணிகள் 
பற்றிய அறிவு 
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15. Which of the following do you think are risk factors for cervical 
cancer?  

பின்வருவனவற்றில் எது கர்ப்பப்பப வாய்ப் புற்றுந ாய்க்கான 
ஆபத்து காரணிகள் என்று  ீங்கள்  ிபனக்கிறரீ்கள்? 

☐ Being overweight / அதிக எபையுைன் இருப்பது 

☐ Early pregnancy / மிக இளம் வயதில் கர்ப்பம்  

☐ Early start of sexual activity / சிறு வயதிநைநய பாைியல் 
பசயல்பாடு 

☐ Genetic factors / மரபணு காரணிகள் 

☐ Having a weakened immune system / பைவனீமான 
ந ாபயதிர்ப்பு 

☐ HPV infection / HPV பதாற்று 

☐ Long-term use of oral contraceptives / வாய்வழி 
கருத்தபைகளின்  ீண்ைகாை பயன்பாடு 

☐ Marriage at an early age / சிறு வயதிநைநய திருமணம் 

☐ Multiple sexual partners / பை பாைியல்  ண்பர்கள் 

☐ Repeated pregnancy  

☐ Smoking 

☐ I don’t know 
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Consent Form 

 

We are conducting a study on Cervical Cancer Awareness and 

Socioeconomic Factors to better understand the levels of knowledge, 

awareness, and socioeconomic influences related to cervical cancer. Your 

participation will help us identify gaps and areas for improvement in public health 

interventions. Participation in this study is completely voluntary, and you may 

choose to withdraw at any time. All the information you provide will remain 

confidential and will be used solely for research purposes. There are no risks 

associated with participation, and no identifiable personal information will be 

shared. By proceeding with the questionnaire, you acknowledge that you have 

understood the above and agree to participate in this study. 

கர்ப்பப்பப வாய்ப் புற்றுந ாய் பதாைர்பான அறிவு, விழிப்புணர்வு 
மற்றும் சமூகப் பபாருளாதார தாக்கங்களின் அளவுகபள  ன்கு 
புரிந்துபகாள்ள, கர்ப்பப்பப வாய்ப் புற்றுந ாய் விழிப்புணர்வு மற்றும் 
சமூகப் பபாருளாதாரக் காரணிகள் குறித்த ஆய்பவ  ைத்தி வருகிநறாம். 
பபாது சுகாதாரத் தபையடீுகளில் முன்நனற்றத்திற்கான 
இபைபவளிகபளயும் பகுதிகபளயும் கண்ைறிய உங்கள் பங்நகற்பு 
எங்களுக்கு உதவும். இந்த ஆய்வில் பங்நகற்பது முற்றிலும் 
தன்னார்வமானது, எந்த ந ரத்திலும்  ீங்கள் திரும்பப் பபறைாம்.  ீங்கள் 
வழங்கும் அபனத்து தகவல்களும் ரகசியமாக இருக்கும் மற்றும் 
ஆராய்ச்சி ந ாக்கங்களுக்காக மட்டுநம பயன்படுத்தப்படும். பங்நகற்புைன் 
பதாைர்புபைய ஆபத்துகள் எதுவும் இல்பை, நமலும் அபையாளம் 
காணக்கூடிய தனிப்பட்ை தகவல்கள் எதுவும் பகிரப்பைாது. 
நகள்வித்தாபளத் பதாைர்வதன் மூைம், நமற்கூறியவற்பற  ீங்கள் 
புரிந்துபகாண்டுள்ளரீ்கள் என்பபத ஒப்புக்பகாள்கிறரீ்கள் மற்றும் இந்த 
ஆய்வில் பங்நகற்க ஒப்புக்பகாள்கிறரீ்கள். 

If you consent to participate, please check the box below: 

☐ I agree to participate in this study / இந்த ஆய்வில் பங்நகற்க 
ஒப்புக்பகாள்கிநறன். 
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Annexure III 

Cervical Cancer: Socio-Demographic, Clinical Profile, and Treatment Experiences 

கர்ப்பப்பப வாய்ப் புற்றுந ாய்: சமூக-மக்கள்த ாபக, மருத்துவ விவரம் 

மற்றும் சிகிச்பச அனுபவங்கள் 

Section 1: Socio-Demographic Information/பிரிவு 1: சமூக-மக்கள்த ாபக  கவல் 

1. What is your age group? / 1. உங்கள் வயது என்ன? 

☐ Below 30 years / 30 ஆண்டுகளுக்கு கீழ் 

☐ 30–39 years / 30-39 ஆண்டுகள் 

☐ 40–49 years / 40-49 ஆண்டுகள் 

☐ 50–59 years / 50-59 ஆண்டுகள் 

☐ 60–69 years / 60-69 ஆண்டுகள் 

☐ 70–79 years / 70-79 ஆண்டுகள் 

☐ 80 years or older / 80 வயது அல்லது அதற்கு மேற்பட்டவர்கள் 

2. What is your current residence? / 2. உங்கள்  ற்நபாப ய குடியிருப்பு என்ன? 

☐ Urban / நகர்ப்புறம் 

☐ Rural / கிராேப்புறம் 

3. What is your occupation? / 3. உங்கள் த ாழில் என்ன? 

☐ Daily wage laborer / தினசரி கூைி பதாழிைாளி 

☐ Involved in agriculture / விவசாயம் 

☐ Working in textiles / ஜவுளி 

☐ Healthcare worker / சுகாதார பணியாளர் 

☐ Homemaker / இல்ைத்தரசி 

☐ Teacher / ஆசிரியர் 

☐ Other (please specify): __________ / மற்றபவ: _________________ 

Section 2: Medical and Health History  

பிரிவு 2: மருத்துவம் மற்றும் சுகா ார விவரம் 

4. Do you have any family members who have been diagnosed with cancer?/ 

புற்றுந ாயால் பா ிக்கப்பட்டுள்ள குடும்ப உறுப்பினர்கள் யாராவது 

இருக்கிறார்களா? 

☐ Yes / ஆம் 

☐ No /  இல்பை 
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5. Have you undergone any surgeries in the past? (Select all that apply) / 5.  ீங்கள் 

கடந்  காலத் ில் ஏந னும் அறுபவ சிகிச்பச தசய் ிருக்கிறரீ்களா? 

(தபாருந்தும் அபனத்ப யும் ந ர்ந்த டுக்கவும்) 

☐ No previous surgeries/ முந்பதய அறுபவ சிகிச்பசகள் இல்பை 

☐ Cataract surgery / கண்புபர அறுபவ சிகிச்பச 

☐ Hysterectomy/ கருப்பப  ீக்கம் 

☐ Other (please specify): __________ / மற்றபவ 

☐ Not applicable / பபாருந்தாது 

6. Have you had any exposure to radiation in your previous treatments? / உங்கள் 

முந்ததய சிகிச்தசகளில் கதிர்வசீ்சுக்கு ஏமதனும் வவளிப்பாடு இருந்ததா? 

☐ Yes / ஆம் 

☐ No / இல்தல  

7. Do you have any other medical conditions (comorbidities)?  உங்களுக்கு நவறு 

ஏநதனும் மருத்துவ நிலைலமகள் (கூட்டு நநொய்கள்) உள்ளதொ? 

☐ Yes / ஆம், if yes , what it is ?/ ஆம் எனில், அது என்ன ________ 

☐ No / இல்தல 

8. What is your current menstrual status?/ உங்கள்  ற்நபாப ய மா விடாய் 

 ிபல என்ன? 

☐ Post-menopausal/ மாதவிைாய்  ின்ற பின் 

☐ Pre-menopausal/ மாதவிைாய்  ிற்கும் முன் 

Section 3: Symptoms and Presenting Complaints 

பிரிவு 3: அறிகுறிகள்  

9. Which of the following symptoms have you experienced? (Select all that apply) / 

பின்வரும் எந்  அறிகுறிகபள  ீங்கள் அனுபவித் ரீ்கள்? (தபாருந்தும் 

அபனத்ப யும் ந ர்ந்த டுக்கவும்) 

☐ Abdominal pain / வயிற்று வைி 

☐ Abnormal vaginal discharge (leucorrhea) / அசாதாரண நயானி பவளிநயற்றம் 

(லுநகாரியா) 

☐ Unintentional weight loss / எதிர்பாராத எபை இழப்பு 

☐ Vaginal bleeding after menopause / மாதவிைாய்  ின்ற பிறகு பிறப்புறுப்பு 

இரத்தப்நபாக்கு 

☐ Other abnormal vaginal bleeding / பிற அசாதாரண நயானி இரத்தப்நபாக்கு 
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☐ Loss of appetite / பசியின்பம 

☐ Back pain / முதுகு வைி 

☐ Abdominal swelling / வயிற்று வகீ்கம் 

☐ Painful urination (dysuria) / வைிமிகுந்த சிறு ீர் கழித்தல் 

☐ Changes in bowel habits / குைல் பழக்கவழக்கங்களில் ஏற்படும் மாற்றங்கள்  

☐ Other (please specify): __________ / மற்றபவ 

 

Section 4: Diagnosis Information (To be filled by Medical Practitioners or Nurses) 

10. What type of cervical cancer have you been diagnosed with? (Select one) 

☐ Squamous cell carcinoma 

☐ Adenocarcinoma 

☐ Non-keratinizing carcinoma 

☐ Invasive carcinoma 

☐ Large cell carcinoma 

☐ Other (please specify): __________ 

☐ Not available 

 

Section 5: Treatment Experience (To be filled by Medical Practitioners or Nurses) 

11. Have you received any treatment for your cervical cancer? 

(To be filled by Medical Practitioners or Nurses) 

☐ Yes 

☐ No (If no, please proceed to the conclusion) 

12. What type of treatment have you undergone? (Select one) 

☐ Monotherapy (single treatment) 

☐ Combination therapy (multiple treatments) 

 

13. If you selected Monotherapy, please specify the type of treatment: 

☐ Chemotherapy 

☐ Radiotherapy 

 

14. If you selected Combination Therapy, please indicate the treatments you have 
received: 

☐ Cisplatin with conventional therapy 

☐ Carboplatin with intensity-modulated radiotherapy (IMRT) 

☐ Paclitaxel with carboplatin and electron beam radiotherapy (ECRT) 

☐ Other (please specify): __________ 
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Consent Form 

We are conducting a study titled "Cervical Cancer: Socio-Demographic, 

Clinical Profile, and Treatment Experiences" to understand the socio-demographic, 

clinical, and treatment-related factors associated with cervical cancer. This research aims 

to contribute to improving awareness, early detection strategies, and healthcare 

outcomes. 

Your participation in this study is completely voluntary. You may refuse to answer 

any question or withdraw at any time without any consequences. The information you 

provide will remain strictly confidential and will be used solely for research purposes. No 

identifying details will be shared publicly or with third parties. The questionnaire will take 

approximately 10–15 minutes to complete, and there are no risks or discomforts involved 

in participating. 

By proceeding with this questionnaire, you confirm that you have read and 

understood the purpose of this study and the information provided. You agree to 

participate voluntarily and allow your responses to be used for research purposes. 

கர்ப்பப்தப வாய்ப் புற்றுமநாயுடன் வதாடர்புதடய சமூக-ேக்கள்வதாதக, 

ேருத்துவ ேற்றும் சிகிச்தச வதாடர்பான காரணிகதளப் புரிந்து வகாள்ள, "கர்ப்பப்தப 

வாய்ப் புற்றுமநாய்: சமூக-ேக்கள்வதாதக, ேருத்துவ விவரம் ேற்றும் சிகிச்தச 

அனுபவங்கள்" என்ற ததலப்பில் ஒரு ஆய்தவ நடத்துகிமறாம். இந்த ஆராய்ச்சி 
விழிப்புணர்தவ மேம்படுத்துதல், முன்கூட்டிமய கண்டறிதல் உத்திகள் ேற்றும் 

சுகாதார விதளவுகதள மேம்படுத்துவதத மநாக்கோகக் வகாண்டுள்ளது. 

இந்த ஆய்வில் உங்கள் பங்மகற்பு முற்றிலும் தன்னார்வோனது. நீங்கள் எந்த 

மகள்விக்கும் பதிலளிக்க ேறுக்கலாம் அல்லது எந்த மநரத்திலும் எந்த 

விதளவுகளும் இல்லாேல் திரும்பப் வபறலாம். நீங்கள் வழங்கும் தகவல் 

கண்டிப்பாக ரகசியோக இருக்கும் ேற்றும் ஆராய்ச்சி மநாக்கங்களுக்காக ேட்டுமே 

பயன்படுத்தப்படும். அதடயாளம் காணும் விவரங்கள் எதுவும் வபாதுவில் அல்லது 

மூன்றாம் தரப்பினருடன் பகிரப்படாது. மகள்வித்தாள் முடிக்க மதாராயோக 10-15 

நிேிடங்கள் எடுக்கும், மேலும் பங்மகற்பதில் எந்த இடர்களும் அல்லது 

அவசௌகரியங்களும் இல்தல. 

இந்தக் மகள்வித்தாதளத் வதாடர்வதன் மூலம், இந்த ஆய்வின் மநாக்கம் 

ேற்றும் வழங்கப்பட்ட தகவதலப் படித்துப் புரிந்துவகாண்டீர்கள் என்பதத 

உறுதிப்படுத்துகிறரீ்கள். நீங்கள் தானாக முன்வந்து பங்மகற்க ஒப்புக்வகாள்கிறரீ்கள் 

ேற்றும் உங்கள் பதில்கதள ஆராய்ச்சி மநாக்கங்களுக்காகப் பயன்படுத்த 

அனுேதிக்கிறரீ்கள். 

 

Participant Name / பங்நகற்பொளர் பபயர் :_________________________ 

Signature/ லகபயொப்பம் :_________________________ 

Date / நததி: _________________________ 
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Abstract
Purpose Women lack knowledge about HPV infection, vaccines, screening modalities, symptoms, and risk factors which

is a major contributor in delayed diagnosis of cervical cancer and short life expectancy. This study aimed to examine the

knowledge level about HPV infection, cervical cancer, and preventive measures such as HPV vaccination among women in

Tamil Nadu, India.

Methods This was a web-based cross-sectional survey using predesigned questionnaire. Totally, 2100 women registered.

Their responses were analyzed with a simple Fisher exact test.

Results More than 50% of people were not aware of HPV infection, cervical cancer, and HPV vaccines, even women who

have a better educational background.

Conclusion This study highlights the necessity to spread awareness about cervical cancer and the significant risk factors,

symptoms, and preventive methods of cervical cancer.

Keywords Cervical cancer � HPV infection � Human papilloma virus � Sexually transmitted diseases � Awareness

Introduction

Globally, cervical carcinoma is a significant problem in

women’s health. In 2018, nearly 5.7 lakh cases, and 3.11

lakh people died due to cervical cancer. In Eastern, Wes-

tern, Middle, and Southern Africa, cervical cancer was the

leading cause of cancer-related death in women. Eswatini

has the highest rate of cervical cancer, with approximately

65% of women diagnosed with the disease before 75 years.

In 146 (79%) of 185 countries, cervical cancer was one of

the top three cancers that affected the population under

45 years [1]. Cancer is the second leading cause of death in

India, after cardiovascular diseases (CVD). India’s five

most common cancers among women are breast, cervical,

oropharyngeal, lung, and colorectal. India has the highest

number of fatalities from cervical cancer. Even though

various measures for cervical cancer screening are avail-

able, only a few women are aware of this disease. Health

education is needed to educate the public about the ill

effects of cervical cancer in India [2]. Women in India

experience a 1.6% cumulative risk of acquiring cervical

cancer and a 1.0% cumulative death incidence. India

accounts for approximately one-third of all cervical cancer

fatalities worldwide [3]. Cervical cancer is the second most

common cancer affecting women in Tamil Nadu, with 80%

of women in the low socioeconomic classes, especially in

rural areas [4].

HPV infections are also most prevalent among young

adults, yet progressing into cervical cancer commonly

takes a long time for high-risk HPV infections. HPV is the

causative agent of cervical cancer and is a sexually trans-

mitted disease [5]. The most collective reason for the

higher proportion of death due to cervical cancer in India

was the shortage of responsiveness to screening programs,

warning signs, risk factors, and protective methods. The

communal clinical characteristic spectrum of cervical car-

cinoma was an abdominal ache, untiring back pain,
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bleeding before and after intercourse, urinary haste, white

vaginal deport, malodorous vagina, etc. [6]. Many studies

clearly explain the connection between HPV infection and

cervical carcinoma [7]. All over the world, 70% of the

cases of cervical carcinoma were related to HPV infection.

Further, the risk factors for cancer in cervix cells were

numerous sexual partners, sexual contact at an early age,

sustained use of oral contraceptive pills, first pregnancy at

an early age, repeated pregnancy, manifold abortions, and

smoldering [8]. Although the HPV infection was addressed

as the leading risk factor for the progress of cervical can-

cer, immunization with the HPV vaccine may be one of the

modalities to overcome the risk of acquainting cancer of

the cervix.

Early detection and precision treatment may decrease

the deaths due to cervical cancer. Many reports have

revealed that if cervical cancer is detected and cured at

reasonable periods, the survival rate of an individual is

assured [9]. This decline in the incidence of cervical cancer

is due to socio-demographic shifts, such as better educa-

tion, increased marital age of women, delayed first puberty,

and fewer children. As there has been deficient coverage,

especially in rural India, the contribution of screening is

likely to be limited [10]. On the other hand, in developing

countries like India, maximum cases were detected at the

final stages, which shortened the survival percentage of

individuals. The diagnosis was prevalent at a later stage

mainly due to the lack of awareness about HPV infection,

vaccination, and access to screening modalities [11].

Unfortunately, in India, the execution of screening series

for cervical cancer is quite not conceivable due to lack of

awareness, false impression about gynecological syn-

dromes, and lack of national screening plans for cervical

cancer [12]. The present work focused on assessing the

awareness about HPV infection, vaccine, cervical cancer

risk factors, symptoms, and screening strategies for women

from rural and urban areas of Tamil Nadu, South India.

Materials and Methods

Study Design and Study Population

This survey was conducted from May 2020 to November

2020, and the majority of the participants were college

students. The study group was females in 17 to 54 years

age group, and free of cervical cancer. The subjects were

enrolled online through popular social media sites such as

mail, WhatsApp, and targeted email lists. Twenty-two

hundred fifteen people completed the eligibility screening;

70 were ruled ineligible, and 2145 agreed to participate.

Finally, 2100 (response rate = 94.8%) participants were

enrolled in the study.

Compared to offline surveys, online surveys were

paperless, provided participants with privacy, and made it

easy to compile the results. Participants completed an

online questionnaire using Google Forms, which was

divided into sections as socio-demographic profile,

knowledge of HPV infection, knowledge of HPV vaccines,

understanding of the clinical manifestation of cervical

cancer, and knowledge about risk factors. Consent was

obtained from the study participants, and the data were

collected. We requested and encouraged other women in

their family also to participate in the survey. The partici-

pants were assured that all information collected during the

survey were kept confidential and utilized only for the

study. To enhance comprehensibility among the survey

respondents, each element in the method was introduced in

English accompanied with local language (Tamil)

description.

Data Collection

The survey was created with the help of a Google Form.

A Google Limited Liability Company (LLC) tool allows

users to provide information via a personalized survey or

quiz. The collected data was automatically integrated into a

dynamic Google excel sheet linked to the survey form. We

ensured that all registered participants completed the

questionnaire.

Statistical Analysis

Responses about the survey from the particular question

were noted. The documented data were evaluated using

Microsoft Excel and GraphPad Prism 8 software. The

consolidated information was expressed in percentage and

means. Fisher’s exact test was used to compare the

numerical analysis of the results between rural and urban

regions. A P value less than 0.05 was considered as sta-

tistically significant.

Results

Socio-demographic Characteristics of Enrolled
Individuals (n = 2100)

For this study, the participated individuals were catego-

rized into two groups based on those living in community,

i.e., rural (800) and urban (1300). Table 1 displays the

socio-demographic characteristic spectrum of study people.

The mean age of rural participants was 30 and urban par-

ticipants was 35 years. Among the total of 2100 partici-

pants, 800 were from rural and 1300 were from the urban

regions. Out of which, 584 (73%) and 829 (63.76%)
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participants were within the age group below 20 years

from rural and urban regions, respectively. Majority of the

participants from both rural and urban had a college-level

education (98.1% and 98.5%, respectively) and were

unmarried (89.6% and 88.69%, respectively). Nearly half

of the women in both rural and urban group had their

annual income between 60,000 and 1,20,000 (45% and

50.5% respectively) (Table 1).

Knowledge About HPV Infection, HPV Vaccines,
and Cervical Cancer

The registered participants from both urban and rural areas

had possessed partial knowledge about cervical cancer

(63.1% and 71.3%, respectively). Familiarity about human

papilloma virus among female in rural and urban com-

munity was quite good (74.5% and 70.38%, respectively).

Awareness about Pap test was not satisfactory among

individuals who resided both in rural and urban areas

(18.6% and 27.23%, respectively). Majority of people were

not getting the proper information about Pap test (81.37%

and 72.76%). Attaining information about HPV vaccines

and their benefits was very low in both community group

peoples (26.75% and 19.76%, respectively). HPV vacci-

nation rate was very low in women who lived in rural and

urban regions (11% and 14.7% respectively). 35.75%

people were not familiar with the cervical cancer in rural

area, while 18.8% people not familiar in urban area.

Participants in urban region (26.6%) were better

informed about the HPV infection through educational

source which was comparatively higher than respondents

from rural background (17.5%). About 16.87% of women

in rural and 22.6% of women in urban received the infor-

mation related to cervical cancer through media. Sharing

and acquiring knowledge about cancer in cervix through

social media; medical practitioners; and friends and rela-

tives was very low in both rural and urban regions

(Table 2).

Regarding attitude of women, only 33.23% of women

belonging to urban areas were ready to undergo cytological

screening. In rural region, 37.8% of individuals were

willing for cytological screening. Nearly above half of the

women belonging to rural and urban area were not ready

for cytological screening (62.1% and 66.76%,

respectively).

Knowledge About Clinical Spectrum of Cervical
Cancer

The frequently experienced symptoms in rural females

were painful and irregular periods (16.87%); pain/bleeding

during or after sexual activity (7%); unusual/smelly dis-

charge from vagina (4.87%); and pain in pelvis (4.6%). The

commonly admitted signs and indications of cervical can-

cer in urban women were painful and irregular menstrua-

tion (20.5%); pain/bleeding during or after sexual activity

(9.4); and unusual/smelly discharge from vagina (6.1%).

Women who lacked awareness about cervical cancer are

unable to identify its symptoms at the initial stage. Among

the women of both communities, more than half of them

were not familiar with the symptoms associated with the

progression of cervical cancer as shown in Fig. 1.

Knowledge About Risk Factors

Proficiency about the risk factors associated with the cer-

vical cancer was assessed in women from both communi-

ties. In rural community, the most common risk factors

were HPV infection (22.87%) and multiple sexual partners

(7.25), whereas in urban area, it was HPV infection

(24.38%); multiple sexual partners; having weak immune

system (4.69%); smoking (4.46%); and long-term use of

oral contraceptives (3.3%). Being overweight, early preg-

nancy, marriage at early age, and repeated pregnancy were

addressed as a least known possibility factors of cervical

cancer in rural and urban women. About 48.87% women

Table 1 Socio-demographic characteristic spectrum of study people

(n = 2100)

Variable Rural (%) n = 800 Urban (%) n = 1300

Age

B 20 73 63.769

21–30 21.6 27.92

31–40 3.375 4.5

41–50 1.5 2.6

C 51 0.5 1.2

Education

No formal education 0.125 0.07

Primary 0.5 0.6

Secondary 1.25 0.7

College 98.1 98.5

Marital status

Married 10.37 11.3

Unmarried 89.6 88.69

Family annual income (in Rupees)

Below 60,000 39.3 25.3

60,000 to 1,20,000 45 50.5

1,20,000 to 5,00,000 12.25 17.9

Above 5,00,000 3.37 6.2

Profession

Student 86 85.2

Housewife 3.87 3.1

Working 10.12 11.6
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Table 2 Knowledge about

cervical cancer, HPV, and HPV

vaccines (n = 2100)

Variable Rural % Urban% P value

Knowledge about cervical cancer 0.0001*

I know 63.1 71.3

I don’t know 36.87 28.69

Knowledge about HPV 0.0454*

I know 74.5 70.38

I don’t know 25.5 29.6

Knowledge about Pap test 0.00001*

I know 18.6 27.23

I don’t know 81.37 72.76

Knowledge about HPV vaccine 0.0002*

I know 26.75 19.76

I don’t know 73.25 80.23

Receiving HPV vaccine 0.0144*

Yes 11 14.7

No 89 85.23

Source of information about cervical cancer

Television 11 9.9

Newspaper/magazines 3.75 5.1

Medical practitioner 5.37 7.3

Friends/neighbors/relatives 9.75 9.5

Internet 16.87 22.6

Education 17.5 26.6

I don’t know 35.75 18.8

Do you think that you should undergo cytological examination 0.034*

Yes 37.8 33.23

No 62.1 66.76

Fig. 1 Assessment of symptoms of cervical cancer in rural and urban women (n = 2100)
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from rural and 43.46% from urban women were not aware

about the risk factors (Fig. 2).

Discussion

Worldwide, cervical carcinoma is one of the most common

cancers that affect women. More than 67,000 cervical

cancer deaths occur every year in India due to the absence

of knowledge about cervical cancer progression, screening

plans, and preventive measures [13]. Embedding awareness

and knowledge programs with intervention strategies for

cervical cancer or HPV screening and HPV vaccination

would also help Indian women reduce HPV infection and

control cervical cancer [14].

The earlier reported study focuses on rural women with

primary education at the school level and lacks awareness

about cervical carcinoma [4, 15]. In rural and urban areas

of India, several studies have been conducted to assess

young women’s awareness of cervical cancer and HPV

[16–20]. There is a lack of awareness and knowledge about

cervical cancer among young undergraduates and post-

graduate students from rural and urban areas [14, 21–23].

Some of the reasons for India’s low HPV vaccination rate

could be attributed to various factors such as income,

sociocultural, and spiritual prejudices. And our study also

clearly suggests that a fundamental lack of awareness even

among educated women is the leading cause of this type of

cancer. In the present survey, we have collected informa-

tion from around 2100 women both from rural and urban

areas, which revealed the latest responsiveness level about

cervical carcinoma, its screening methods, clinical spec-

trum, and possible factors in the rural and urban region of

Tamil Nadu, India. In our study population, maximum

participants (86% and 85.2%, respectively) were students

with college-level education. Despite having a college-

level education, only half of the participants knew about

cervical carcinoma (63.1% and 71.3%). These results were

found to be significant in both communities (p\ 0.05).

Attentiveness about cervical cancer in both communities

was not satisfactory. They were hesitant to come forward

for primary screening, diagnosis, and cancer treatment in

cervix cells. As per the report of a prior study in rural areas

of India, about 38% of individuals were familiar with

cervical cancer [24]. A survey about cervical cancer

awareness among nursing staff in central India stated that

86% of them knew cervical carcinoma. A study conducted

in the Pondicherry region revealed that the awareness rate

was 45% and 3% for cervical cancer and HPV vaccines

[19, 25]. 48% of graduated students from different fields

were not even familiar with cervical carcinoma and HPV.

90% of graduated students did not have basic information

Fig. 2 Knowledge about risk factors associated with cervical cancer in rural and urban female (n = 2100)
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about cervical cancer and the major risk factors. A similar

trend was observed in developed countries like the USA

and UK [26–28]. This highlights the fact that even people

with primary education have less knowledge and awareness

about cervical carcinoma and immunization protocols.

As per the suggestion of direct detection, the prevalence

and death rate would be reduced with cytological screening

such as Pap smear test. The decrease in cervical cancer

occurrence and successive reduction in death rate can be

achieved through screening programs with Pap smear test,

which is considered secondary protective measures for

early diagnosis in the USA and Canada. Various studies

conducted in Greece, Taiwan, and Bhutan declared that the

awareness level of cervical carcinoma was 94%, 80%, and

53%, respectively [29–31]. In our present study, most of

the individuals were not willing for cytological screening

for early detection, which might be due to less knowledge

about the significance of the Pap test. Another observation

was that the familiarity with the warning signs and indi-

cations associated with cervical cancer. But people were

not aware that these clinical spectrums were connected

with cervical cancer or some other cancer. The maximum

documented symptoms in this study population were

irregular and painful menstrual period, pain/bleeding dur-

ing or after sexual activity, unusual/smelly discharge from

the vagina, and pain in the pelvis. Many women consider

signs such as pelvic pain, vaginal discharge, and

malodorous vagina which was normal. So, there was no

necessity to worry about the symptoms, as mentioned

earlier.

From the results of this present study, HPV infection,

multiple sexual partners, smoking, a weak immune system,

and genetic factors were documented as possible factors

among the rural community for cervical cancer. On the

other hand, HPV infection, multiple sexual partners, a

weak immune system, smoking, long-term use of oral

contraceptives, early start of sexual activity, and early

pregnancy were considered predominant cancer in urban

areas. A study done in Thailand pointed out that first sexual

intercourse at a young age (81.8%) and having multiple

sexual partners (85.6%) were possible factors for cervical

cancer [32]. Koshy et al., (2017) reported that 3% of the

females were aware of a maximum of the possible factors

involved in cervical cancer, while half of the participants

did not know about even one possibility factor of cervical

cancer. Kadian et al. (2020) found that most women in

North India were not aware of HPV infection that was a

significant risk factor for cancer progression. About 60% of

women have not heard of cervical carcinoma in Tamil

Nadu [4]. In another study conducted in 2020, 85% of

women had poor knowledge of cervical cancer, and fewer

than 25% were aware of cervical cancer signs, risk factors,

or preventive strategies [15]. Knowledge level regarding

cervical cancer was the same Worldwide

[5, 19, 26–28, 33–35].

In contrast to other countries, no national HPV immu-

nization initiatives have been introduced in India, where

the majority of the population is positive for high-risk

oncogenic HPV types, specifically HPV type 16 [36–38].

PATH, in collaboration with the Indian Council of Medical

Research, conducted a small HPV vaccine immunogenicity

experiment in the Indian states of Andhra Pradesh and

Gujarat, but these were halted due to entirely irrelevant

mortalities, clinical, safety, and ethical challenges. As a

result, HPV vaccination in India is limited to medical

centers, and vaccine normalization is primarily limited

among the educated population. Studies have found that the

majority of participants or their parents are initially

reluctant to have their daughters immunized, leading to a

shortage of knowledge about the HPV vaccine, its effec-

tiveness and safety, as well as sociocultural, financial, and

spiritual concerns [17, 39, 40].

The outcome of this study showed that the knowledge

on HPV vaccination was very insignificant among both

rural and urban women. Proper medical supervision and

awareness programs are almost non-existent in our study

population. In advance, HPV vaccine introduction in the

National Immunization Program, there is a necessity to

reduce the price and time of vaccine use [41]. As a result,

an initial assessment is required to increase awareness and

understanding of HPV-related cancers and their prevention

through immunization in adolescent and teenage girls, de-

stigmatize HPV infection, and ensure the successful exe-

cution of screening and vaccination programs to minimize

cervical cancer death rates and burden. It may also help

prevent high-risk HPV-related diseases like head and neck

cancer, esophageal cancer, and other common cancers in

India. Accordingly, a good vaccination program series

constructed depending upon the local epidemiological

HPV profile will minimize the cervical cancer problem in

women of Tamil Nadu, India. Cervical cancer is a pre-

ventable malignancy with little attention and care taken by

women.

Conclusion

Cervical cancer is easily preventable with suitable vacci-

nation and continuous screening. So, every woman should

be aware and educate themselves and their family members

with nurses and medical care officers; conferences and

talks about HPV-related diseases in educational institution

should be organized; social workers like Anganwadi and

ASHA workers; NGOs and women representatives should

create awareness. The present study is the first large-scale

survey report of urban and rural educated women which
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highlights that there is a requisite to organize repetitive

screening test and awareness program for HPV vaccination

for reducing burden of cervical cancer. It could be a pre-

ventive measure compared to other strategies, and endea-

vor should be arranged to practice it properly and reduce

the death rate gradually.
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Abstract
Purpose Cervical cancer is one of the most widespread gynaecological tumours in women, and the molecular pathogenesis

and chances of recurrence of the illness are still not clear. It is critical to identify new biomarkers to detect cervical cancer

sooner to minimize women’s incidence and mortality rates.

Methods Differentially expressed genes were screened from the GSE64517 transcriptome profile. A protein–protein

interaction network analysis was used to find the hub genes associated with this condition. Experimental data from TCGA

cervical cancer patients was used to confirm the statistical significance of important genes.

Results Totally twenty differentially expressed genes were retrieved. Their biological functions, connections, and their

expression in cervical cancer were analysed virtually.

Conclusion This study suggested that IGF2BP3 and PTPRZ1 could be targeted for cervical cancer treatment.

Introduction

Globally, cancer is the leading cause of death. Cervical

cancer (CC) is the most common malignant tumour among

women and it is the fourth most frequent gynecological

cancer, with 604,000 cases and 342,000 deaths reported in

2020 [1]. India and China account for more than one-third

of the global CC burden, with an incidence rate of 97,000

and 106,000 new cases and 60,000 and 48,000 deaths,

respectively. Worldwide, the average age of diagnosis and

death from CC is 53 and 59 years, respectively [2]. CC is

one of the three leading malignancies afflicting women

under 45 years old in 146 of the 185 countries analysed [3].

Over time, cervical cancer develops gradually. The

cervix cells undergo changes called dysplasia until cancer

occurs inside the cervix, in which irregular cells will

become cancer cells and begin to expand and spread more

widely into the cervix and the surrounding areas [4].

Human papillomavirus (HPV) infection, many sexual

partners, cigarette smoking, long-term use of contraceptive

pills, and first sexual practices at an early age are all pos-

sible causes for cervical cancer [5]. With chemotherapy,

radiotherapy and surgery, numerous approaches are used to

treat cervical cancer. The efficacy of chemotherapy and

radiotherapy is particular to cancer cells, and the entire

normal cells can be killed [6].

Even though early detection can minimize CC mortality,

most CC cases are identified at a later stage. Invasive CC

identified early has 92% chance of a 5-year survival rate

[7]. The high morbidity rate of CC is due to its late diag-

nosis and lack of effective treatment when the disease has

progressed. Hence, it is a dire need to find molecular

markers and processes for early identification and devise

novel treatment techniques for effective CC management.

Researchers have used large-scale genome-wide analy-

ses in normal and cancer samples to find and establish the

molecular complexity driving cancer cells’ biological

behaviour and transform this information into molecular

markers [2]. Despite this, current molecular marker iden-

tification studies require additional validation because the

markers discovered may be inconsistent due to the

heterogeneity of tumour cells and the highlighted regula-

tory systems in CC. As a result, re-analysing the data could
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reveal new information on the regulatory processes and

signalling pathways linked to CC. One of the key causes of

poor survival in CC is treatment resistance [7]. Many prior

cancer in silico research has proven to be very valuable

and reliable, implying that integrated bioinformatic analy-

sis can be utilised to aid in the discovery of new

biomarkers, networks, and mechanisms involved in car-

cinogenesis. Part of the sample data from the GSE64217

transcriptome profile was analysed by the Yao and Liu,

2018 [8]. Their study focused on normal (GSM1566485,

GSM1566488) and cervical intraepithelial neoplasia

(GSM1566486, GSM1566489) sample data only. They

have reported that EGR1 was connected to cervical

intraepithelial neoplasia.

In this study, we have selected normal (GSM1566485,

GSM1566488) and cervical cancer tissue sample

(GSM1566487, GSM1566489) data from GSE64217

dataset for the identification of differentially expressed

genes related to cervical cancer. To the best of our

knowledge, this is the first study conducted with cervical

cancer tissue and normal sample expression profile data

from the GSE64217 dataset.

Methodology

Microarray Data

The cervical cancer gene expression data (GSE64217) was

downloaded from Gene Expression Omnibus. It contains

two normal and two cervical cancer samples. GPL10558

Illumina Human HT-12 V4.0 expression bead chip was

employed for this study.

Screening of Differentially Expressed Genes
(DEGs)

GEO2R (ncbi.nlm.nih.gov/geo/geo2r) was used to distin-

guish differentially expressed genes in cervical cancer and

healthy cervical samples. To establish a balance between

detecting statistically important genes and decreasing false

positives, the adjusted P-values (adj.P) and Benjamin and

Hochberg false discovery rates were used. DEGs with a log

fold-change more than and less than 2 and an adj.P-value

less than 0.05 were considered statistically significant.

Functional Annotation and Pathway Enrichment
Analysis

PANTHER bioinformatics software was used to perform

Gene Ontology enrichment analysis for the chosen DEGs.

Biological process, cellular component, and molecular

functions were identified in the Gene Ontology categories

for the top 20 significant genes. P 0.05 was used as the

significant level [9].

Protein–protein Interaction of Selected DEGs

Using network analyst and the IMEx interactome, the

protein–protein interaction networks of newly found dif-

ferentially expressed genes were created. Network Analyst

can access a large, high-quality PPI database due to Inna-

teDB, a member of International Molecular Exchange

project [10]. The selected differentially expressed genes

were used for constructing the protein–protein interaction.

Validation with TCGA Samples

The top ranked significant gene expression profile was

validated and compared with samples in the TCGA data-

base using UALCAN [11]. The expression of selected

genes was validated on the basis of cervical cancer stages.

The TCGA database contained the expression information

of normal, stage 1, stage 2, stage 3 and stage 4 in the

sample size of 3, 161, 69, 46 and 22, respectively. The

statistically significant genes were selected and identified

as a therapeutic target.

Survival Analysis

The overall analysis of selected genes in cervical cancer

was analysed with survival data of 304 cervical cancer

samples in KM plotter database. Log-rank P\ 0.05 was

considered as significant [12].

Statistics

The adj.P-value was corrected for multiple comparisons to

retrieve the significant differentially expressed genes using

the Benjamini and Hochberg’s false discovery rate. The

mandatory statistical analysis was done for all the outputs

obtained.

Results

Identification of Differentially Expressed Genes

In GSE64517 dataset, 29,406 microarray probe identifiers

were retrieved. In that, the missing values and values

without gene names were removed and significant genes

were retrieved. Among them, 970 were up-regulated genes

and 621 genes were down-regulated (Fig. 1). The top 10

significant upregulated (Table 1) and down-regulated

(Table 2) genes were screened for further study.

40 Page 2 of 8 Indian Journal of Gynecologic Oncology (2022)20:40

123



Gene Enrichment Analysis

Gene enrichment analysis was done using PANTHER to

determine to overlap of the biological function. The top-

most significantly supplemented DEGs in the molecular

functions are binding, catalytic activity, molecular function

regulator, structural molecular activity, and transporter

activity (Fig. 2). The biological processes are biological

regulation, cellular process, development process, immune

system process, interspecies interaction between organ-

isms, localization, metabolic process, multicellular organ-

ismal process and response to stimulus (Fig. 3); the cellular

components are cellular anatomical entity, protein-con-

taining complex and intracellular (Fig. 4).

Protein–Protein Interaction

Using selected twenty DEGs, protein–protein interaction

network was assembled using Network Analyst. The sub-

network possessed 13 seeds, 261 nodes (proteins) and 283

Fig. 1 Differentially expressed genes (red – up regulated genes; blue

– down regulated genes)

Table 1 Significant up regulated genes

adj.P.Val P value T logFC Gene symbol Gene title

0.00659 1.4E-06 81.8983 8.163822 HP Haptoglobin

0.00659 1.75E-06 76.54745 10.34803 SCGB3A1 secretoglobin family 3A Member 1

0.00659 3.08E-06 64.50635 7.637129 SAA2 Serum amyloid A2

0.00659 3.73E-06 60.86968 5.978707 PIGR polymeric Immunoglobulin receptor

0.00659 4.1E-06 59.1231 6.401727 TGM3 Transglutaminase 3

0.00659 4.43E-06 57.7909 6.419478 PIANP PILR alpha associated Neural protein

0.00659 0.00000472 56.6914465 5.82025006 SAA4 serum amyloid A4, constitutive

0.00659 5.27E-06 54.82307 5.865289 C1orf194 Chromosome 1 open reading frame 194

0.00659 5.71E-06 53.49634 5.339603 WFDC2 WAP four-disulfide core Domain 2

0.00659 6.12E-06 52.393 5.523774 CCNA1 Cyclin A1

Table 2 Significant down regulated genes

adj P value P value T logFC Gene symbol Gene title

0.00659 7.44E-06 - 49.3822 - 4.85925 SERPINB7 Serpin family B member 7

0.00659 8.81E-06 - 46.9139 - 4.63112 FBN2 Fibrillin 2

0.00659 8.93E-06 - 46.7099 - 5.63316 MMP12 Matrix metallopeptidase 12

0.00659 1E-05 - 45.1254 - 4.40051 CA2 Carbonic anhydrase 2

0.00659 1.01E-05 - 45.0582 - 4.39883 IGF2BP3 Insulin like growth factor 2 mRNA binding protein 3

0.00659 1.39E-05 - 40.8554 - 4.02718 HORMAD1 HORMA domain containing 1

0.00659 1.71E-05 - 38.4027 - 3.84693 APOC1 Apolipoprotein C1

0.00659 1.71E-05 - 38.3732 - 4.76296 PNCK Pregnancy up-regulated nonubiquitous CaM kinase

0.00659 1.76E-05 - 38.0267 - 4.62014 PTPRZ1 Protein tyrosine phosphatase, receptor type Z1

0.00659 1.77E-05 - 37.9648 - 4.80722 KRT1 Keratin 1
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Fig. 2 Molecular Function of

DEGs

Fig. 3 Biological Process of

DEGs

Fig. 4 Cellular Component of

DEGs
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edges (interactions) (Fig. 5). CCNA1 (degree central-

ity = 80; betweenness centrality = 19,252.94), KRT1 (de-

gree centrality = 58; betweenness

centrality = 16,536.16), IGF2BP3 (degree centrality = 57;

betweenness centrality = 12,249.35), HP (degree central-

ity = 20; betweenness centrality = 4048.443)

and PTPRZ1 (degree centrality = 15; betweenness cen-

trality = 3779) were the top-ranking nodes in the combined

datasets derived from subnetwork topology measures. The

selected DEGs genes involved KEGG pathways are tabu-

lated (Table 3).

Validation of DEGs with TCGA Samples

The top-ranking nodes CCNA1, KRT1, IGF2BP3,

HP and PTPRZ1 were validated with the TCGA samples

using ALCAN. The selected gene expression was validated

for different cervical cancer stages. From

that, IGF2BP3 and PTPRZ1 were statistically significant

for normal vs stage1, normal vs satge2, normal vs stage3,

normal vs stage4 (Table 4).

Survival Analysis of IGF2BP3 and PTPRZ1

The prognostic significance of PTPRZ1 was virtually

examined for cervical cancer patients’ survival time. The

KM plotter demonstrated that PTPRZ1 might be used to

distinguish between high and low-risk cervical cancer

patients. In cervical cancer samples, the level

of PTPRZ1 mRNA was considerably lower (Fig. 6). Fur-

thermore, lower expression levels of PTPRZ1 have been

linked to a poor prognosis for relapse-free survival in

women with cervical cancer. However, IGF2BP3 was not

linked to overall survival in cervical cancer patients.

Fig. 5 Protein—Protein Interaction of DEGs

Table 3 Pathway associated with DEGs

Pathway P value Adj P value

Cell cycle 2.10E-23 6.69E-21

Cellular senescence 6.64E-13 1.06E-10

Small cell lung cancer 1.37E-12 1.45E-10

Viral carcinogenesis 1.23E-11 9.75e-10

Chronic myeloid leukemia 9.49E-10 5.76E-08

Pathways in cancer 1.09E-09 5.76E-08
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Discussion

Cervical cancer is the worst type of cancer, affecting the

cell lining of the cervix, which undergoes a series of

alterations. Because precancerous cells can turn cancerous,

early diagnosis of cervical cell alterations and appropriate

therapy can help prevent cervical cancer from progressing.

Researchers have recently been attempting to decipher the

molecular mechanism of the disease. Medications, surgery,

and radiation therapy have all been widely used to treat

cervical cancer in the past [13]. As a result, studies to

establish processes underlying the disease’s aetiology and

linked genes on cervical cancer growth are critical. We

employed microarray-based transcriptome analysis to find

dysregulated genes in cervical cancer. Microarray has been

widely utilised to research genetic abnormalities in cancer

and uncover disease-specific prognostic biomarkers and

therapeutic targets; hence, we used a microarray-based

transcriptome framework to analyse dysregulated genes in

cervical cancer.

Other studies have also mined the GSE64217 dataset

[14–17]. The previous study with the GSE64217 dataset

covered Cervical intraepithelial neoplasia (CIN) and nor-

mal samples alone [8]. The GSE64217 dataset had not yet

been examined with cervical cancer patients and normal

samples. Therefore, the GEO2R was used to perform the

analyses of GSE64217 dataset to determine any potentially

relevant factors.

The study’s findings showed that twenty significant

genes were differentially expressed (10 upregulated and 10

downregulated genes) between patients’ samples compared

to the normal cervix. The key candidate genes were sig-

nificantly enriched in different biological processes,

molecular functions and cellular components which were

analysed using PANTHER. Protein–protein interaction of

selected genes showed 283 interactions with 261 proteins

for 13 seeds (our selected genes of interest). Through

pathway analysis, Network Analyst showed that selected

DEGs were associated with the following pathways: cell

cycle, cellular senescence, small cell lung cancer, viral

carcinogenesis, chronic myeloid leukaemia and pathways

in cancer. Based on the degree and betweenness centrality,

we have selected the top 5 genes namely CCNA1, KRT1,

IGF2BP3, HP and PTPRZ1.

Further, we have validated the expression of five genes

with TCGA samples. Significant expression was observed

for IGF2BP3 and PTPRZ1. Both the genes showed similar

kind of results for normal vs all the four stages of cervical

cancer. Many studies have been published on the clinical

significance of IGF2BP3 and PTPRZ1 in human cancer

Table 4 Clinical validation of

selected genes with TCGA

samples

Comparison Statistical significance

CCNA1 KRT1 IGF2BP3 HP PTPRZ1

Normal-vs-Stage1 9.68E-01 1.12E-01 3.33E-16* 5.99E-01 1.63E-12*

Normal-vs-Stage2 6.63E-01 3.28E-02 1.07E-11* 5.09E-01 3.24E-06*

Normal-vs-Stage3 6.44E-01 9.33E-02 5.82E-07* 4.90E-01 7.74E-07*

Normal-vs-Stage4 6.48E-01 9.09E-02 4.19E-04* 4.15E-01 5.74E-03*

Stage1-vs-Stage2 2.17E-01 2.68E-01 8.79E-01 4.82E-02* 6.47E-01

Stage1-vs-Stage3 1.96E-01 1.70E-01 4.54E-01 5.46E-02 5.95E-01

Stage1-vs-Stage4 2.94E-01 3.55E-01 3.72E-01 4.69E-01 9.90E-01

Stage2-vs-Stage3 8.19E-01 3.30E-01 4.05E-01 9.99E-01 9.72E-01

Stage2-vs-Stage4 9.84E-01 7.96E-02 3.80E-01 3.29E-01 8.04E-01

Stage3-vs-Stage4 8.54E-01 1.17E-01 8.25E-01 3.29E-01 7.40E-01

* Statistically significant

Fig. 6 Survival analysis of PTPRZ1 with cervical cancer patients
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[18]. But very limited study was reported so far regarding

the clinical importance of IGF2BP3 and PTPRZ1 in cer-

vical cancer. Zhu et al., 2021 reported that decreased

expression of DARS-AS1 could prevent the development of

cervical cancer cells by downregulating IGF2BP3 [19]. It

means that IGF2BP3 overexpression may play a role in

cervical cancer carcinogenesis. Meng et al. 2000, found

that the secreted growth factor pleiotrophin (PTN), which

is one of PTPRZ1’s key ligands, enhanced tumour devel-

opment and angiogenesis by signalling through ligand-de-

pendent receptor inactivation of PTPRZ1 [20]. Ma et al.,

2011 reported that the expression of PTPRZ1 in cervical

carcinoma was substantially higher than in normal cervical

epithelium. These are the findings supports our results

that PTPRZ1 may be involved in the formation or pro-

gression of cervical cancer. Although -

IGF2BP3 and PTPRZ1 has been found to have a role in

tumour cell invasion, migration, and adhesion [21], few

investigations on its role in tumour growth have been

performed. Very few studies were reported about the role

of IGF2BP3 and PTPRZ1 in cervical cancer. Collectively,

our result shows that IGF2BP3 and PTPRZ1 expression is

linked to cervical cancer.

Conclusion

IGF2BP3 and PTPRZ1 could be targeted because they

interact with proteins contributing to cervical cancer.

Because of the heterogeneity in the size and information

accessible in the datasets, the current study had a few

limitations related to varying sample sizes and the corre-

spondence data updated in the online databases. The

expression levels of IGF2PB3 and PTPRZ1 mRNA have

been discovered to be diagnostic for cervical cancer

prognosis. Larger sample sizes are required to confirm

these findings and identify potential cervical cancer diag-

nosis and treatment targets. Overall, we believe tha-

t IGF2BP3 and PTPRZ1 could be exploited as a

diagnostic and therapeutic target for cervical cancer diag-

nosis and treatment. And also, selected DEGs were highly

involved in the cell cycle. So, additional study is needed to

investigate and demonstrate the use of DEGs for cervical

cancer diagnosis, prognosis, and therapy.
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Abstract
Background The majority of cervical cancers have been linked to the infection by human papillomavirus (HPV). There is a 
need to identify genes which play a role in the final manifestation of cervical cancers following HPV infection.
Objective To identify a number of genetic markers associated with cervical cancer that may aid in the disease's diagnosis 
or prognosis using machine learning methods.
Methods To do this, we will assess numerous gene expression profiles with integrative machine learning approaches such 
as random forest (RF) and support vector machine-based recursive feature elimination (SVMRFE). The conceptual analysis 
consists of following steps: (i) gene expression analysis and (ii) machine learning analysis for predicting genes.
Result The selected datasets were GSE75132 and GSE39001 for this study. Accuracy and cross validation were carried for 
both SVM-RFE and RF model for the gene identification purpose. R Bioconductor packages “GEOquery,” “limma,” and 
“umap” were utilized. The selected genes of machine learning methods were combined. The SVM model was the best for 
predicting the gene expression microarray profile based on the accuracy this study was able to get.
Conclusion The SVM model indicated that genes might be used as biomarkers to identify biological processes. The identi-
fied genes were considered as potential gene signatures in cervical cancer detection, and their interactions were studied.

Keywords Cervical cancer · Machine learning · GEO dataset · Biomarkers · Gene expression

Introduction

Cervical carcinoma is the fourth most common cancer in 
women and the leading cause of death from cancer. More 
than 600,000 new cases and 342,000 deaths have been 
reported up until 2020. In twenty-three countries, cervical 
cancer is the most common cancer, and in thirty-six coun-
tries, it is the leading cause of cancer death [1]. Following 
surgery or radiotherapy, some patients experience a reoc-
currence. Patients who relapse have few treatment options 
and a poor prognosis [2]. Cervical cancer treatment has 

been found to be ineffective. As a result, new approaches 
to increasing the efficacy of cervical cancer treatment are 
urgently required.

Microarray is a technique for monitoring the expression of 
a large number of genes in real time. In recent years, it has 
become one of the most important tools for global gene expres-
sion analysis in molecular biology research. Because of the 
large amount of expression data generated by this technology, 
it is now possible to study some complex biological problems, 
and machine learning methods are playing an important role 
in the analysis process. Many machine learning methods have 
been applied to major areas of gene expression analysis, or 
have the potential to be applied in the future. Clustering, classi-
fication, dynamic modeling, and reverse engineering are some 
of these areas. Microarray technology was used to define a 
significant number of gene expressions that could be linked to 
a specific cancer. Meta-analysis is promoted as a way to solve 
of low predictive significance in studies, as well as the ability 
to analyze overlapped genes between datasets, extract optimum 
values across multiple datasets, and identify the most com-
monly expressed genes [3, 4]. Biology research has entered the 
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post-genome era with the completion of the Human Genome 
Project. Despite the fact that biologists have amassed a mas-
sive amount of DNA sequence data, the specifics of how these 
sequences work are still largely unknown. Even the simplest 
organisms’ genomes are extremely complex [5]. A molecular 
biologist’s focus was on a few genes or proteins. The behavior 
of genes can be studied globally using large-scale biological 
information quantification methods such as microarray and 
DNA sequencing. Automatic analysis of the overall relation-
ship hidden behind a large number of genes from their expres-
sion is currently in high demand [6].

Differentially co-expressed gene modules can provide 
information about disease formation, progression, and their 
regulatory patterns [7]. The differential co-expression net-
works were applied in the past to common complex diseases 
such as endometrial cancer, breast cancer, types 1 and 2 
diabetes and ovarian cancer. Support vector machine is used 
in cancer including cervical cancer [8, 9]. Though Random 
Forest is more used in such researches in cervical cancer 
recursive feature elimination is also used [10].

Machine learning may play an important role in the analy-
sis process due to the complex nature of biological data. 
Moreover, until now, the majority of previous studies either 
used statistical analysis methods or machine learning-based 
methods [10–13]. With this background, this study aimed to 
identify key genes from the gene expression dataset.

Methodology

Data Collection

Gene expression data of individual cervical cancer microar-
ray dataset was taken from publicly available source. The 
datasets GSE75132 [14] and GSE39001[15] were selected 
which belongs to homo sapiens. GSE75132 included twenty-
one normal and one cancer samples. GSE39001 included 
twelve normal sample and thirty-nine cancer samples 
expression data. The raw data were retrieved. R Biocon-
ductor packages “GEOquery,” “limma,” and “umap” were 
utilized for this data retravel process.

Data Pre-Processing

For the accurateness and purity of the resultant about more 
than 1000 microprobe identifiers were normalized. Missing 
values were removed.

df [] < −−lapply (df, function(x) {x[is.na(x)]

< −−mean (x, na.rm = TRUE) x}).

Data Identification

The differentially expressed genes between CeCx and nor-
mal cervical samples were partitioned using GEO2R. The 
adjusted P-values (adj.P) and Benjamini and Hochberg 
false discovery rates was used to provide a balance between 
the discoveries of statistically significant genes and limit 
false—positives. Only genes with a log fold-change > 1 and 
adj.P-value of < 0.05 which were regarded as statistically 
significant DEGs were selected [16].

Data Categorization

The upregulated and downregulated genes were identified 
based on log 2 value (greater than log 2 and less than log 2). 
The upregulated and downregulated genes were prepared as 
an input for the variable prediction.

Feature Selection and Machine Learning Methods

Feature selection and machine learning approaches was 
attained identify the common optimum genes. This is also 
to fully utilize the measurements of different machine learn-
ing methods (supervised and unsupervised) by collaborat-
ing them in selecting the significant genes. Support vector 
machine-based recursive feature elimination (SVM-RFE) 
and Random Forest (RF), which embeds variable selection 
as part of their learning process and to evaluate them accord-
ing to the classification of the results of specific machine 
learning methods [17].

GSEA Analysis for Predicted Genes

The predicted genes were subjected for their biological 
function prediction which involved in the cervical cancer 
progression. The predicted output was retrieved as microar-
ray probe identifiers. The probe id was converted into gene 
symbol. The biological process, molecular function and cel-
lular components were reported using DAVID tool.

Results and Discussion

Data Extraction

In our study, two mRNA profiles GSE39001 and GSE75132 
were downloaded from Gene Expression Omnibus. mRNA 
profile GSE39001 included 43 cervical cancer biopsy and 
12 healthy subjects. The mRNA profiles of GSE39001 were 
detected by Affymetrix Human HG-Focus Target Array. 
mRNA profile GSE75132 was downloaded from the Gene 
Expression Omnibus which included one cervical cancer 
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biopsy and twenty-one healthy subjects. The mRNA pro-
files of GSE39001 were detected by Affymetrix Human HG-
Focus Target Array. Hierarchical clustering graph showed 
the connection between the tumor and samples (Fig. 1).

Data Pre-Processing

The raw data was extracted from CEL files. It contains 55 
samples (normal and cancer), and the corresponding expres-
sion of 8793 unique features were retrieved for GSE39001, 
while 22 samples (normal and cancer) and the correspond-
ing expression of 16,383 unique features were retrieved for 
GSE75132. Linear model for microarray (LIMMA) data was 
used to perform the analysis in order to select out the dif-
ferentially expressed genes. LIMMA tests the average dif-
ference in log expression levels of two groups per gene by 
fold change. The control denoted as “0”, the cancer sample 
denoted as “1”. The P value and fold value were assigned 
for the statistical significance and biological significance of 
expression dataset. Here, the P value cutoff is 0.05 and fold 
cut off is 0.5. Raw data was imputed to remove the missing 
values and was normalized. After the normalization step, 
both data-set were merged together as a metadata.

Data Categorization

Significant differential expressed genes were classified into 
upregulated (13) and downregulated genes (169) from the 
meta-data based on the statistical value (p value) and bio-
logical value (fold change) shown in Fig. 2 (volcano plot) 
and Fig. 3 (heatmap). The categorized up and downregulated 
genes were taken as an input for the construction of SVM 
and Random Forest model. The gene count was very low for 
upregulated genes. Hence, the downregulated genes were 
selected for the next process.

Fig. 1  Hierarchical clustering

Fig. 2  Volcano plot for differentially expressed genes
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Machine Learning Model for Predicting Gene

Machine learning approaches were applied in order to iden-
tify the common optimum genes. This is also to fully utilize 
the measurements of different machine learning methods by 
collaborating them in selecting the significant genes. The 
machine learning methods chosen in this study are based 
on the literature review done which obtained good result 
in the related studies. Machine learning methods recursive 
partitioning, and Random Forest (RF) and support vector 
machine (SVM) which embeds variable selection as part of 
their learning process and evaluates them according to the 
classification result of specific machine learning methods. 
The results (selected genes) were determined and counted 
by the frequency of the genes that was being selected by 
machine learning methods.

Random Forest Prediction

Here, the down regulated genes were subjected for the pre-
diction. In the training set 168 gene predictors from 42 sam-
ples were taken. Resampling was done with cross-validation 
of 50-fold and repeated one time. The results of resampling 
across tuning parameters were shown in Table 1.

Fig. 3  Heatmap of DEGs

Table 1  Training set mtry Accuracy Kappa

2 0.9761905 0

168 0.9761905 0

Table 2  Random forest predicted genes for training set with accuracy

Probe set ID Symbol Accuracy

212186_at ACACA 100

202338_at TK1 84.6

219004_s_at MIS18A 80.28

209520_s_at NCBP1 79.01

204170_s_at CKS2 78.12

219148_at PBK 76.23

201930_at MCM6 75.71

208079_s_at AURKA 73.42

219649_at ALG6 73.32

202954_at UBE2C 73.2

207039_at CDKN2A 70.51

204822_at TTK 70.25

209642_at BUB1 70.03

203418_at CCNA2 69.79

205024_s_at RAD51 69.34

204092_s_at AURKA 69.33

204146_at RAD51AP1 69.3

219429_at FA2H 68.98

41037_at TEAD4 66.95

209773_s_at RRM2 63.25

Table 3  Test set mtry Accuracy Kappa

2 0.96 0

168 0.96 0
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Accuracy was used to select the optimal model using 
the largest value. The final value used for the model was 
mtry = 2. Only 20 most important variables shown (out of 

168) in Table 2. In the test set, 168 gene predictors from 
25 samples were taken. Resampling was done with cross-
validation of 50-fold and repeated one time. Table 3 shows 
the outcomes of resampling across tuning parameters. 

Accuracy was used to select the optimal model using 
the largest value. The final value used for the model was 
mtry = 2. Only 20 most important variables shown (out of 
168) in Table 4.

SVM Prediction

In the training set, 48 samples and their 168 genes were 
taken for the prediction. In SVM, the pre-processing was 
done with the parameter of centered (168), scaled (168). 
Resampling was cross-validated (20-fold, repeated 3 
times). Tuning parameter ‘C’ was held constant at a value 
of 1. The predicted variables are tabulated in Table 5.

Compared to Random Forest, the significant accuracy 
was obtained for cancer gene prediction while using SVM 
method. The SVM model predicted genes were analyzed 
for their biological role in cervical cancer.

GSEA Analysis for Predicted Genes

The selected significant genes were subjected for Gene 
Set Enrichment analysis using GSEA. Selected genes 
using SVM model were interacted and involved in the 

Table 4  Random forest predicted genes for test set with accuracy

Probe set ID Symbol Accuracy

205046_at CENPE 100

218350_s_at GMNN 99.94

200613_at AP2M1 96.8

200876_s_at PSMB1 95.8

202338_at TK1 94.67

202613_at CTPS1 91.93

202983_at HLTF 89.24

203576_at BCAT2 84.77

41037_at TEAD4 80.34

219306_at KIF15 79.93

201066_at CYC1 79.79

202954_at UBE2C 79.25

204170_s_at CKS2 78.64

208972_s_at ATP5G1 77.93

203554_x_at PTTG1 76.71

201897_s_at CKS1B 76.51

201252_at PSMC4 75.28

218355_at KIF4A 74.2

205053_at PRIM1 73.63

210125_s_at BANF1 68.06

Table 5  SVM predicted genes 
with accuracy

Training set Test set

Probe Set ID SYMBOL Accuracy Probe Set ID SYMBOL Accuracy

204023_at RFC4 100 210125_s_at BANF1 100

218009_s_at PRC1 99.22 204170_s_at CKS2 99.69

204170_s_at CKS2 99.18 200876_s_at PSMB1 99.43

200853_at H2AFZ 99.06 202954_at UBE2C 99.22

207039_at CDKN2A 97.62 209520_s_at NCBP1 99.21

203209_at RFC5 97.03 201897_s_at CKS1B 98.3

202107_s_at MCM2 96.91 209773_s_at RRM2 98.09

203755_at BUB1B 96.7 202705_at CCNB2 97.98

202705_at CCNB2 95.91 201292_at TOP2A 97.6

201930_at MCM6 95.81 202983_at HLTF 97.46

219148_at PBK 95.78 202107_s_at MCM2 97.29

204962_s_at SLC35F6 95.72 200853_at H2AFZ 96.94

218755_at KIF20A 94.69 202870_s_at CDC20 96.91

201897_s_at CKS1B 94.05 218009_s_at PRC1 96.55

208079_s_at AURKA 93.8 204962_s_at SLC35F6 96.44

202338_at TK1 93.6 200052_s_at ILF2 96.28

204709_s_at KIF23 93.57 201136_at PLP2 95.75

203213_at CDK1 93.4 203213_at CDK1 95.72

203418_at CCNA2 92.74 202338_at TK1 95.66

201202_at PCNA 92.66 209714_s_at CDKN3 95.22
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following functional enrichments, namely, mitotic cell 
cycle phase transition, mitotic cell cycle process, cyclin-
dependent protein serine/threonine kinase activator activ-
ity, cyclin-dependent protein kinase holoenzyme complex. 
The gene–gene interaction analyzed using cystoscope 
(Fig. 4).

Summary and Conclusion

Cancer is a disease with abnormal cell growth and uncon-
trolled multiplication of the cells within the body. Cervical 
cancer is the second most common cancer among Indian 
women accounts with new cases about 96,922 and deaths 
accounts for 60,078 per year in India. The management 
of cervical cancer represents a challenge due to its worse 
prognosis, non-developed treatments, and lack of targeted 
therapy. There are various treatment methods employed that 
are surgery, chemotherapy, and radiation therapy. Following 
surgery or radiotherapy, some patients experience a reoccur-
rence. Patients who relapse have few treatment options and a 
poor prognosis. Cervical cancer treatment has been found to 
be ineffective. As a result, new approaches to increasing the 
efficacy of cervical cancer treatment are urgently required. 
With this background this study aimed to develop a tool 
for predicting key genes from the gene expression dataset. 
Random forest model and SVM model were utilized for the 
prediction of the significant genes in the combined dataset 
(GSE75132 and GSE39001) which were involved in the 
prognosis of cervical cancer. Based on the accuracy obtained 
by this study, the SVM model was best for the prediction of 

gene expression microarray profile. The SVM model pre-
dicted genes were considered as a potential biomarker which 
were involved in the biological process. But this approach 
was carried out with two microarray profile. For the better 
understanding, in-vitro study should be carried out in future.
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