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	ABSTRACT
The advancement in technology enhance the way of analyzing the nature in more precise and significant way. Among these technologies Artificial intelligence is one the revolutionized technology.  The current study was conducted to overview the role of AI in genetics. The AI revolutionized the field of genetics in term of data analysis, future research direction and advance applications in clinical and medical genetics. Basically, the advance sequencing techniques generate huge amount of data, the analysis of these data is slightly difficult hence due to AI application now it is easy to align the data. Further variant identification, functional genomics and molecular medicine the AI play a vital role. AI also enhance the way to edit genome such as CRISPR cas9, designing guide RNA and minimizing off-targeted effect.   Furthermore, AI also play critical role in the analysis of complex diseases by analysing genomic, transcriptomic and proteomic data. Moreover, the AI system will enable real time monitoring of gene editing, protection of genomic data, synthesis of biological organism for industrial and medical purposes. Overall, the AI will enhance the genomic research in term of risk prediction, identification of variants, gene editing and molecular medicine. 


Introduction 
The incorporation of Artificial Intelligence (AI) into genetics is a field that is quickly expanding, despite being relatively new. Breakthroughs in genomic technologies, such as NGS, have led to a vast amount of genetic data being generated [1, 2, 3, 4]. This large amount of data requires advanced computational tools that can process, analyze, and interpret complex genomic information. Conventional bioinformatics methods, although useful, frequently face challenges in handling the large size and intricacy of current genetic data sets [5]. AI, with a focus on machine learning (ML) and deep learning (DL) algorithms, has become a viable solution for addressing these issues [6]. AI's usage in genetics covers a range of areas, including detecting genetic variations and forecasting their effects, as well as enhancing the precision of gene-editing tools such as CRISPR. The rise of precision medicine, which customizes medical treatments based on individual genetic makeup, has underscored the importance of AI. AI has the ability to quickly examine genomic information to pinpoint mutations that cause diseases, estimate how drugs will work, and evaluate the likelihood of developing illnesses like cancer, heart disease, and diabetes [9, 10, 11, 12].
The use of AI in genetics is changing the field, providing new chances for data-driven discoveries, better clinical results, and innovative biotechnological uses [19]. Genetics has transitioned into the age of large data due to the increase in high-throughput technologies such as next-generation sequencing (NGS), resulting in extensive genomic data that necessitates sophisticated computational methods for analysis [20]. Conventional bioinformatics software, although useful, frequently encounter challenges when dealing with the intricate, extensive, and integration requirements of contemporary genetic studies. AI has become a powerful tool in addressing these challenges by learning patterns, making predictions, and optimizing processes [21]. AI is becoming more and more integrated into important areas of genetics, such as genome sequencing, identifying variants, and predicting diseases [22, 23]. AI algorithms, for instance, are utilized to identify and analyze genetic mutations that could lead to illnesses, enabling more precise diagnostics and customized treatment methods. The importance of AI in precision medicine is highlighted by its ability to provide personalized healthcare by analyzing individual genetic information, forecasting how patients will react to medications, and assisting in making more precise treatment choices [25]. This capacity is already creating a difference in areas like cancer genomics, as AI tools are aiding in the identification of biomarkers and offering potential therapeutic approaches.
Additionally, AI is improving gene-editing techniques such as CRISPR-Cas9 by refining guide RNA creation to enhance editing precision and decrease off-target impacts [26]. Furthermore, AI is enabling the merging of multi-omics data, enabling researchers to merge data from genomics, transcriptomics, proteomics, and epigenomics, leading to a deeper understanding of complex diseases [27]. In the future, AI in genetics has great potential, with possibilities such as monitoring gene-editing in real time, creating synthetic organisms, and developing population genetics models driven by AI for insights into human evolution and global health strategies [28]. Although AI shows potential, its growing usage also brings up ethical issues, specifically concerning data privacy, genetic modification risks, and potential biases in AI algorithms. These obstacles underscore the importance of implementing thoughtful governance to guarantee that AI in genetics is both ground-breaking and fair. This article examines the present use of AI in genetics and provides insights into its potential future uses, highlighting its significant influence on research, medical treatment, and the field of biotechnology.
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Figure 1: The illustration showing the role of Artificial Intelligence (AI) in genetics, highlighting key areas such as genome sequencing, gene editing, precision medicine, and multi-omics integration
The present role of artificial intelligence in the field of genetics.
Understanding how genetic information impacts health, disease, and individual responses to treatment is reliant on processing and interpreting genomic data. Due to advances in genome sequencing technologies, there has been an increase in genomic data, requiring sophisticated techniques for handling, examining, and understanding this extensive and intricate information. In Figure 2, we delve into the important stages and obstacles involved in processing and analyzing genomic data.

Acquisition of Genomic Data
The process of obtaining genomic data starts with sequencing technologies that convert the DNA sequence into digital data [29]. This is achievable through Whole Genome Sequencing (WGS), which offers the full DNA sequence of an organism's genome. Whole Exome Sequencing (WES) concentrates solely on the exonic (protein-coding) parts, which make up roughly 1% of the genome. Targeted Sequencing focuses on particular genes or regions of interest, like those found in cancer panels. RNA Sequencing (RNA-Seq): Examines the transcriptome, which includes all RNA transcripts generated by the genome, in order to comprehend gene expression. These methods for sequencing produce huge amounts of data that need sophisticated tools and methods to analyze [30].
Processing of Genomic Data in its Raw State
After generating sequencing data, various preprocessing steps are needed to guarantee quality and accuracy prior to analysis [31]. This procedure usually involves Quality Control (QC): FastQC and Trimmomatic are tools that examine the raw reads for mistakes, quality of the sequence, and possible contamination. Sequenced reads are aligned to a reference genome by tools such as BWA or Bowtie, to ascertain their specific location in the genome. Variant Calling involves identifying differences such as mutations, insertions, deletions, or structural variants between an individual's genome and the reference genome. GATK and FreeBayes are often utilized tools for this particular task. Normalization: Guaranteeing uniformity in data, especially in handling various sequencing batches or datasets. Genomic data is vast, and compression methods like CRAM format assist in maintaining storage needs while preserving essential information [31].
Annotation of data
Following preprocessing, genomic variants must be annotated in order to comprehend their potential effects. Annotation includes: Functional Annotation determines the biological functions of the genomic areas impacted (e.g., which genes or regulatory elements are influenced by a mutation). Clinical Annotation: Connects discovered variants with recognized clinical conditions or traits [32]. ANNOVAR, SnpEff, and ClinVar databases offer connections between genetic variations and illnesses. Pathway and Network Analysis aids in comprehending the interactions between various genes and their products (proteins), typically utilizing platforms such as Reactome or KEGG. Annotation is important for connecting genetic variations to potential biological and clinical importance, aiding in prioritizing variants for further study [33].
Analysis of Genetic Information
Converting variant and annotation information into actionable insights for research or clinical purposes is necessary in the interpretation of genomic data. Analysis can center on various aspects, such as detecting mutations that can lead to diseases like cancer or inherited conditions. Pharmacogenomics involves investigating how a person's genetic makeup impacts how they react to medications, such as determining the impact of certain gene variants like CYP2D6 or TPMT on drug processing. Combining numerous genetic variants to create a score that predicts the likelihood of developing a complex disease like cardiovascular disease or diabetes is known as Polygenic Risk Scores (PRS) [48]. Studying how genetic predispositions and environmental factors (like diet and lifestyle) work together to cause disease is called gene-environment interactions.
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Figure 2: The role of AI in Genetic Analysis. 
Tools in bioinformatics for interpreting genomic data.
Bioinformatics tools and platforms play a vital role in incorporating and analyzing genomic data. Certain important categories involve: Variant interpretation tools such as VEP (Variant Effect Predictor) and SnpEff forecast the effects of variants on protein function [40]. Tools for pathway enrichment, such as DAVID or Gene Ontology tools, pinpoint pathways affected by genetic variants in a significant manner. AI and machine learning algorithms are being more frequently utilized to uncover patterns in genomic data that may be overlooked by humans, forecasting disease susceptibility, treatment reactions, or unidentified genetic correlations [41]. These instruments aid researchers and clinicians in identifying significant patterns in large genomic datasets and connecting them to phenotypes, drug reactions, or potential therapeutic objectives (Table 1).
Table 1. AI-powered software is transforming genetic analysis by enhancing the accuracy, speed, and depth of data interpretation. These tools are used in various applications such as variant detection, functional annotation, drug discovery, and predicting disease risks based on genetic data. 
	Serial No
	Name Software 
	Function 

	1
	DeepVariant (Google AI)
	Purpose: Variant calling, detecting mutations, insertions, and deletions in genomes


	2
	GATK (Genome Analysis Toolkit)
	Purpose: Variant discovery and genotyping.

	3
	Mendel AI
	Purpose: Automated diagnosis and interpretation of genetic data.

	4
	Eagle Genomics
	Purpose: Multi-omics data integration and analysis.

	5
	GenePattern
	Purpose: Functional genomics and integrative data analysis.

	6
	SOPHiA GENETICS
	Purpose: Data-driven medicine, genomic data analysis, and clinical diagnostics.

	7
	AlphaFold (DeepMind)
	Purpose: Protein structure prediction based on genetic sequences.

	8
	VariantWire
	Purpose: Genomic data annotation and interpretation.

	9
	CADD (Combined Annotation Dependent Depletion)
	Purpose: Variant effect prediction.

	10
	PheWAS (Phenome-Wide Association Study) Tools
	Purpose: Identifying genotype-phenotype relationships.



Challenges in the Processing and Analysis of Genomic Data
The size and intricacy of data: Genomic datasets are huge, and effectively processing them needs significant computational power [42]. In addition, understanding the significance of changes - especially in areas that are not well-understood such as exons - continues to be difficult. Integrating genomic data with other kinds of data such as proteomics, metabolomics, and clinical data poses a major challenge for obtaining more thorough insights. The protection of genomic data is crucial due to its highly personal nature, especially in healthcare environments, where preventing unauthorized access is essential [43]. Standardization remains a priority in developing uniform genomic data formats and analysis pipelines to maintain consistency and reproducibility in both research and clinical settings [43]. Variants of Unknown Significance (VUS): Numerous identified variants do not have a recognized effect on health, which complicates interpretation [43]. Continued research and sharing of data are needed to enhance our comprehension of these variations.
Advanced personalized medical treatment techniques
AI is changing personalized or precision medicine by customizing healthcare according to a person's genetic information [44]. AI can use genetic profiles to forecast how patients will react to certain drugs, which can enhance treatment effectiveness by minimizing trial-and-error methods. AI models are being utilized in Cancer Genomics to forecast the outcomes and reaction to treatment in cancer patients by analyzing genetic mutations, like those present in tumor cells [46]. This involves discovering potential biomarkers for immunotherapy.
CRISPR and genetic editing technology
AI greatly enhances gene-editing methods, especially in the CRISPR-Cas9 system, which has transformed genetic manipulation. AI tools use predictive off-target effects to enhance the precision of genome editing with CRISPR by designing more efficient guide RNAs, leading to increased accuracy. Improving Gene Therapy: AI algorithms can simulate different factors impacting gene delivery and editing effectiveness, aiding in creating gene therapies with less unexpected outcomes
Prediction of diseases using artificial intelligence
AI models have the ability to analyze extensive genetic information in order to forecast an individual's likelihood of genetic illnesses. Polygenic Risk Scores (PRS): AI assists in computing PRS by combining numerous genetic variations to evaluate the likelihood of developing complex illnesses such as cardiovascular disease, diabetes, and schizophrenia. These scores play a crucial role in early detection and treatment. AI can support genetic counselors in giving more precise risk evaluations for hereditary conditions, aiding in family planning or disease prevention strategies [50].
Integrating multiple omics datasets.
AI enables the merging of genomic, transcriptomic, proteomic, and epigenomic data to achieve a comprehensive comprehension of biological systems. AI supports in unraveling the intricate connections between genes and the environment causing diseases such as cancer, neurodegenerative disorders, and autoimmune diseases by combining different 'omics' layers for complex disease analysis [51].
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Figure 3: AI is catalyzing advancements in genetics by making data analysis faster and more precise, enabling better predictions, and enhancing therapeutic and diagnostic applications. Its integration with genetics promises groundbreaking advancements in human health, agriculture, and environmental sustainability.
Future direction 
Artificial intelligence is becoming essential for the analysis of intricate genomic data. AI is capable of discovering new connections between different variations and illnesses, streamlining annotation procedures, and forecasting the effects of variations more precisely. Future trends in genomics will include integrating genetic information with proteomics, metabolomics, transcriptomics, and microbiome data to gain a comprehensive understanding of biology and disease. Breakthroughs in cloud computing and faster gene sequencing technologies will allow for immediate analysis of genetic data, especially in clinical situations like customized cancer therapy or quick identification of genetic disorders in infants.
AI will advance the development of CRISPR and other gene-editing tools by improving the accuracy of edits and reducing off-target effects. Future AI-powered systems could potentially enable continuous monitoring of gene-editing results, improving safety levels in clinical use [53]. Anticipating Future Impact: AI has the potential to forecast the lasting outcomes of genetic modifications, aiding in the prediction of potential side effects or the emergence of unexpected characteristics over multiple generations [55]. AI will continue to combine genetic data with environmental, lifestyle, and medical data to provide customized healthcare services in the future. AI-driven health monitoring systems could utilize genetic data to continually evaluate an individual's disease risk, enabling early interventions before symptoms appear. AI algorithms will help quickly interpret genetic tests, allowing for immediate genetic analysis at doctor appointments.
The ability of AI to analyze huge datasets will play a crucial role in the fields of population genetics and evolutionary studies, particularly with the increasing availability of genomic data from various populations worldwide. AI models could potentially provide more precise interpretations of human evolutionary history through the examination of ancient DNA and its comparison with present-day populations. The use of AI in public health can help identify genetic patterns linked to disease outbreaks, assisting in predicting pandemics and shaping global health strategies. AI will play a key role in designing synthetic organisms by aiding scientists in comprehending and controlling genetic networks in order to develop fresh biological systems. AI in Bioengineering: AI will assist in the creation of tailored organisms for activities like developing biofuels, medications, and agricultural improvements. It will enable quick development and experimentation with artificial gene networks [58].
With the increasing popularity of genetic editing, artificial intelligence can also assist in overseeing and upholding ethical standards [59]. AI technology in the field of bioethics can aid in forecasting and simulating the societal effects of genetic advancements, offering support to decision-makers and moral thinkers in addressing intricate issues concerning genetic privacy, human enhancement, and gene therapy [60]. The potential of AI and quantum computing working together is promising in genetics, especially for analyzing intricate biological data like protein folding, genetic regulation networks, and evolutionary dynamics [61]. Quantum Genomics: By processing large datasets quickly, quantum AI has the potential to revolutionize the understanding of genetic disorders, enhancing drug design and evolutionary research.
Brief overview
AI is causing a significant change in genetics by transforming the analysis, interpretation, and application of genetic data in research and clinical environments. With the rapid growth of genomic data from technologies like NGS, traditional bioinformatics methods are finding it challenging to handle the increasing complexity and volume. AI, especially with the use of machine learning (ML) and deep learning (DL) methods, is increasingly necessary for efficiently handling this large quantity of data. At present, AI is making great strides in enhancing genome sequencing, identifying genetic variants, and annotating functionality. It is also improving precision medicine by customizing healthcare according to personal genetic information, anticipating how patients will react to medications, and offering knowledge about disease susceptibility. AI has advanced gene-editing technologies such as CRISPR-Cas9 by enhancing guide RNA design and reducing off-target effects. Using artificial intelligence to combine various types of biological data (genomics, transcriptomics, proteomics, etc.) is allowing for a deeper comprehension of intricate diseases like cancer and diabetes. In the future, AI offers the potential for further progress in personalized medicine, gene therapy, and synthetic biology, allowing for instant monitoring of gene-editing results, the creation of artificial organisms, and the creation of genetic models for public health purposes. Nevertheless, ethical concerns regarding genetic data privacy, AI algorithm bias, and the social impacts of gene-editing technologies have arisen alongside technological advancements, emphasizing the importance of cautious governance. AI is set to play a key role in the future of genetics, leading advancements that will transform genomics, personalized medicine, and bioengineering for many years to come.
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