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Chapter 4: Artificial intelligence in
action: Accelerating diagnosis and
treatment plans through genomic
pattern recognition

4.1 Introduction

Acrtificial intelligence (Al) is revolutionizing many industries, grabbing the biggest
headlines in self-driving cars, computer games, and particularly in healthcare. Its
capability to digest vast amounts of raw data has immense transformative potential. In
healthcare, where the volume and variety of data are both huge and complex, Al could
have the biggest impact of any sector. Diagnosis and treatment plan selection in
traditional healthcare are often based on a repertoire of disease patterns regardless of the
underlying condition. Genomic and other high-dimensional data have now added to
these complexities. Al can analyze the extensive raw data of thousands of genetic
mutations quickly and precisely to accurately diagnose a patient and present tailored
treatment options, something unfeasible by human standards. Vital for diseases such as
cancer, rapid and accurate diagnosis dramatically affects patient prognosis. Of similar
importance, such tailored treatment strategies from genomic data can directly affect
costly ongoing medication. This is far removed from traditional blindsided approaches
to disease instigation (Botlagunta, 2024; Kumar, et al., 2025).

Al is fast showing transformative power in healthcare. The present and foreseeable roles
of Al in genomic medicine are explored, focusing on pattern recognition in complex
genomic data and suggesting the crucial need to begin integrating this technology into
the healthcare framework. The current and future roles of Al in disease diagnosis are
explored by initially examining non-genomic clinical practice. Al models are being
designed to emulate clinical decision-making, patterns in electronic health records, and
present clinical imaging datasets far exceeding human capacity. Recognized patterns
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could be generated, deciding on next steps, and streamlining workflows. Widely varying
study design and model complexity have yielded overwhelmingly contradicting
performance metrics in detection accuracy. On the clinical front, much is dependent
upon the interpretation of observed phenomena. In this field, decades of study and
experience can be rapidly outpaced by Al. However, the difficulty of replicating such
knowledge in a machine remains an enigma. Here, a broader exploration of the current
and future role of Al in the clinical landscape is provided. Prediction of regeneration
success in complex multicellular tissues will further expand the clinical remit of Al in
current diagnosis methodologies. Suggesting low-cost future work methodologies
capable of detecting end-line organ failures at a much earlier stage, preventing the need
for transplantation is mentioned. Harmony between the electrocardiogram,
vectorcardiogram, echocardiogram, heart sound recordings, urinalysis, electronic health
record, and a blood pressure monitor to diagnose heart disease has been implemented.

Fig 4.1: Optimization of diagnosis and treatment of hematological diseases via
artificial intelligence

4.2. Overview of Artificial Intelligence in Healthcare

In today’s world, artificial intelligence (Al) underpins a spectrum of IT applications that
can perform a wide variety of “smart” tasks more efficiently than humans in certain
contexts. Al techniques have been applied to a wide variety of medical applications,
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detecting breast cancer, eye illnesses, as well as neurological disorders, at palpably
increased accuracies compared with even the best clinicians. Al is being used in a
majority of countries, including heart ailments such as arrhythmias, which are the
leading cause of death worldwide, claiming around eighteen million persons per year.
Similarly, Al is being progressively applied to cancers, identifying skin carcinoma and
diagnosing cervical, lung, hepatic, and breast cancers with high accuracy; these
malignancies rank among the most prevalent worldwide (Nampalli & Adusupalli, 2024;
Kumar, et al., 2025).

One example of AI’s rapid development in a therapeutic environment is genomics. In
the wake of the Human Genome Project, a revolution in healthcare was presaged.
However, artificial intelligence (deep learning in particular) has only recently permitted
this promise to be partially realised. Today, clinical genomics has matured to the point
where deep learning can usefully be applied to large, complex, and noisy genomic
datasets, extracting patterns that simplify subsequent clinical diagnoses, surveys or
assessments, and treatment planning.

Al is widely considered integral to the near-future transformation of disease treatment:
it is a force for the Fourth Industrial Revolution in healthcare. Though hyped, Al is not
only a fortune cookie promising an era of connected intelligence in which non-biological
systems alter healing; it also consists of off-the-shelf technologies offering compelling
benefits for surveillance, prevention, registration, and therapy. However, Al
concomitantly threatens challenges: the healthcare sector already grapples with ethical,
regulatory, and skills deficits that will be exacerbated as it traverses a profound
digitalisation, risking increasing chasms and disquiet. Addressing this potential, the
objective is to provide an overview of several of the most significant real-world Al
applications in healthcare, sharing an analysis of their impacts, both substantiated and
putative, exemplars of clinic cases, and debate regarding their implications, and positing
an agenda that promises Al realising its transformative potential, while mitigating
attendant upheaval.

4.3. Genomic Pattern Recognition: A New Frontier

We are standing at the doorway of a groundbreaking venture in biotechnology and health
care with the advance of genomic pattern recognition, a novel domain devoted to
identifying complex structures/patterns in genomic data to enhance the disease
diagnostic and treatment plan discovery processes beyond what existing methods have
settled. From identifying the hidden mechanisms and processes that punctuate the course
of complex human disorders, to analyzing massive amounts of patient genome sequences
and their comparison against sub-population-scale comprehensive databases, this
analysis has laid the groundwork for a sequence of technological breakthroughs and for
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addressing open problems. Genomic pattern recognition is especially poised to make a
transformative, significant impact on health care. Crudely stated, it has the potential to
streamline processes involving the huge parallel and binary comparison of long genomic
sequences, and could in that way tackle a bottleneck. For almost 30 years after the
sequencing of the human genome, the costs and timescales associated with DNA
sequencing have plummeted thanks to high-throughput technologies. The fast decrease
in the price per base-pair processed means that a large and ever-growing portion of this
data is devoted to human healthcare, both for diagnosis and therapeutic purposes.
Beyond protein-coding mutations and gene expression, much remains to be discovered
about how genomic information is translated into complex phenotypic traits. As such,
DNA itself encodes essential regulatory information, which is conveyed through
sophisticated epigenetic mechanisms that are only partially understood to this day. With
the aim of bringing the process of scientific discovery to the patient’s bedside and
addressing the crucial issues to the ultimate goal of using genetic information to
personalize treatment plans, precision medicine has recently risen a burgeoning field of
research that most carefully takes into consideration an individual’s genetic information,
environment and lifestyle, so as to devise the most effective treatment plan tailored to
the single subject. This amount of data cannot be modeled, nor even effectively retained
using traditional biological relationships, and is seen as a major impediment toward the
achievement of what is also commonly referred to as transformed medicine.

Fig 4.2: Genomic Pattern Recognition
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4.4. The Role of Al in Genomic Data Analysis

With the exponential growth of genomic sequencing during the past decades,
unprecedented scales of genomic data are emerging that are providing invaluable
resources for multidisciplinary research of bioinformatics and biomedical science.
Genomic data mining is to uncover the patterns and knowledge from these data. Huge
efforts have been invested to process large-scale genomic data derived from genomics
projects. The relationship between data mining and machine learning technologies
derives the name of computational biology or bioinformatics research. The data
processing methodologies can be categorized as data pre-processing, rules/biological
pattern discovery, pattern matching, and biologic function prediction technologies.
Many case studies in recent bioinformatics and cancer research are reviewed after a
comprehensive survey of existing methodologies. Recent studies have shown that
multidisciplinary research, such as genomics studies cooperating with computer science,
statistics, and mathematics, can significantly enhance the research quality and uncover
the biological insights hidden within the data. The cooperation between geneticists and
machine learning researchers sets up a good example.

Acrtificial intelligence plays an ever-increasing role in the analysis of genomic data. Al
algorithms can be deployed to identify the significant patterns and correlations among
vast numbers of genomic sequences that would be otherwise hard to uncover for human
analysts. Al technology has been shown to deliver promising improvements in genome
annotation such as finding genes; as well as identifying transcription regulatory signals
and discrete families of non-coding RNA structures including ribozymes. Especially
with the advent of high-throughput genotyping technology, the challenges in the analysis
of genomic data have exponentially increased, and the role of Al is more important than
ever. Indeed, the combination of Al and genomic studies extols more ambitious
applicative prospects, especially in the arising of well-being initiatives. On the other
side, it will be important to underline and discuss open issues and trade-offs, thus
suggesting current research efforts and promising directions for future investigations.

4.5. Machine Learning Techniques in Genomics

The completion of the Human Genome Project enabled an era of large sequencing and
functional genomics datasets, drawing the genomic sciences toward Big Data. Such
developments in the high-throughput assay technologies have generated important
findings on molecular functions of DNA, mRNA, and proteins within the human cells.
Nevertheless, the ultimate goal of determining how these molecular functions unite to
facilitate the normal development and showcase the pattern of diseases remains far from
being achieved due to at least three reasons: the single-gene disorders, environmental
factors, and interactions. On the other hand, the eQTL mapping facilitates discovery of
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the regulatory variations, revealing remarkably challenging tasks to be addressed. Such
challenging tasks call for the development of rigorous computational methods that
pertain to a postulate relationship of the genetic variations which is unidirectional with
their associations to the gene expressions. In this work, the time-course gene expression
data are readily available for the individual genotypes at the region of interest. However,
the model parameters of the functions that relate these two entities are fully or partially
discovered. It addresses lifestyle exposure by taking cell diverse expression datasets for
transcripts after using maturation pathway from ontological annotation to disease
associated networks for interaction analyses.

It is well accepted that chronic diseases such as chronic obstructive pulmonary disease
(COPD) develop as a consequence of lifestyle exposure in addition to predisposing
genetic effect. Genomic technologies and resources have considerably expanded such
that most complex traits and diseases can be studied at the surface of the genome in
association with the variation in either local or global functional categories until it is too
late.

Fig : Artificial intelligence in healthcare
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4.6. Deep Learning Approaches for Genomic Pattern Recognition

Genomic pattern recognition is essential in diagnosis, personalized treatment plans, and
precision medicine. Distinguishing the focus of deep learning, a powerful approach in
genomic pattern recognition from traditional machine learning, particularly for
genomics, with a detailed comparison. Deep learning is essentially composed of neural
networks with many layers. The combination of several layers allows neural networks
to automatically learn hierarchical features that compose raw data. Learning complex
features at higher layers could lead to a better performance when applied to complicated
data such as raw genomic data. For example, regression or simple rules applied on
measured expression levels of genes cannot distinguish cancer subtypes or disease
history. However, deep learning applied to raw gene expression data as an input can
successfully extract informative features for distinguishing disease states. Learning high
level features instead of handcrafted ones is the key idea in the success of deep learning.

There are three concepts in deep learning not available in traditional machine learning:
architecture, data handling, and kernel. The architecture of deep learning distinguishes
it by having many layers or structures. Deep learning is more adept at tackling large data
than the limitations of traditional machine learning methods, such as too many
handcrafted features, a demand for dimensionality reduction, and a significant
assumption of the data distribution. How neural networks connect with kernel is not
understandable using human intuition. Desirable properties on the behaviors and training
of neural networks, though not fully understood, have been analyzed with kernel
methods. Successful applications using these advanced architectures and detailed
analyses of their implications are discussed in the light of personal medicine decisions.
These applications of successful applications are: (i) gene expression levels are
indirectly predicted from genomic sequences, (ii) deep learning automatically calls raw
genetic variations without complicated feature engineering, and (iii) a graphical
representation of genomic sequences can be learned effectively. Most research on deep
learning applications in genomics follow these successful examples. Meanwhile, new
application domains of deep learning in genomics, even beyond the current successes
but promising and impactful in the future, are discussed. Such discussions help both
genomics researchers to identify the future needs and priorities and computer scientists
to discover the collaboration and research opportunities. Several directions that emerge
are (i) the interpretability of deep learning models is crucial but still limited, (ii) few
approaches have been applied to modeling population structure and mixture, (iii) the
demand for specialized deep learning platforms is increasing but remains unsatisfied in
genomic research, and (iv) the massive amount of datasets and complexity of some
analysis tasks are still very challenging. The trends and developments in ongoing
research and applications are also analyzed.

59



4.7. Conclusion

Artificial intelligence (Al) can greatly assist this process by sifting through the genome
to identify possibilities. This has the potential to markedly speed the diagnostic process,
ensuring that patients receive earlier interventions that target the root cause of their
conditions rather than managing their symptoms. Al technologies excel at identifying
patterns; a notable example is their capacity to identify genomic patterns that
differentiate between benign mutations and those which confer disease risk. Turning to
personalized care, Al can offer clinicians different therapeutic options based on their
patient’s genetic patterns. Used in this way, genomics can inform what therapeutic is
likely to work, which are not viable, and which carry increased risks. In short, decisions
are based on the individual patient’s genome, moving healthcare from a one-size-fits-all
model to a system that is personalized based on genetic information. To be effective, the
genomics community and healthcare professionals need to band together with Al
researchers and technology experts to identify and deliver the necessary building blocks
to make this a reality. This will require close cooperation with bioinformaticians,
statistical geneticists, software engineers, genome scientists, geneticists and clinicians.
Collaboration between these groups will enable targeted investments in Al research and
ensure that the most appropriate data are in place to deliver new models of care. That
being achieved, access to earlier interventions and individually tailored treatments will
be fundamentally altered for the better. However it must be borne in mind the danger of
Al exacerbating social and racial disparities within the community. It should be
remembered that methods are used to assist, not replace, medical professionals.
Although there is huge promise in the potential benefits of Al in genomics, considerable
challenges lie ahead in the safe and equitable introduction of these technologies into
routine clinical care.
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