Assis. Prof. Dr. Labeed Al - Saad



Bioinformatics

The objectives

- - = ]
Disease Diagnosis +
|

Genetic Predisposition -’

Fundamental Concepts ?“ ~.
|

Genomics

~

-—ud =

Bioinformatics - -

Computational Tools ..|

Sequence Alignment -
|

Data Visualization -'

~ -
A /

=
7e

Genomic
Data
Analysis

I
\
7 ~

Z{ Challenges and Ethics

Data Privacy

il )

Ethical Considerations

,” Types of Genomic Data
!

DNA Sequences

——ﬂ-

~ RNA Sequences

‘3 Bioinformatics Methods

- Medical Applications

|
1 - - =
~ Personalized Medicine

Dr. labeed Al-Saad
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Introduction

Genomic data analysis is a cornerstone of modern bioinformatics, enabling researchers and
clinicians to decode the genetic basis of diseases, develop personalized treatments, and
advance intelligent medical systems. With the advent of high-throughput sequencing
technologies, vast amounts of genomic data are generated daily, necessitating sophisticated
computational methods for storage, processing, and interpretation.
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Overview of Genomic Data — Genomic Data

What is Genomic Data?
Genomic data refers to the complete set of DNA (or RNA in some viruses) sequences of

an organism. It includes:
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Public
Databases

Repositories for
genomic information
and data.

Clinical Labs

Facilities that
perform genomic
sequencing for
patients.

Bioinformatics

)

Research
Consortia

Collaborative groups
focused on genomic
research projects.
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Gene Ontology (GO) is a structured, standardized vocabulary that describes the functions of genes and gene products (e.g., proteins,
RNA) across all organisms.

KEGG (Kyoto Encyclopedia of Genes and Genomes) Pathway Analysis is a bioinformatics method used to interpret high-throughput
biological data (e.g., transcriptomics, proteomics) by mapping genes/proteins onto manually curated molecular pathways.

Dr. labeed Al-Saad




Tailoring treatments
based on genetic
profiles.

Precision
Medicine

Polygenic risk
scores (PRS) for
assessing risks.

Disease Risk
Prediction

Identifying driver
mutations in cancer.

Cancer
Genomics

Predicting drug
responses based on
genetics.

Pharmacogenomics
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Key Steps in Genomic Data Analysis- Challenges & Ethical Considerations

Data privacy
compliance

Data privacy compliance is
ethically significant despite
low complexity.

Low Complexity

Basic data
handling

Basic data handling involves
low complexity and minimal
ethical impact.

High Ethical Impact

Low Ethical Impact

Genetic
discrimination

Genetic discrimination poses
complex ethical challenges
due to high complexity.

High Complexity
Algorithmic bias
mitigation

Algorithmic bias mitigation
requires complex solutions
with low ethical impact.
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Balancing Genomic Data's Potential and
Challenges
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Comprehensive Questions

1.What are the main types of genomic data, and how do they differ in their applications?
2.Explain the key steps involved in preprocessing raw sequencing data before analysis.
3.Compare and contrast two widely used alignment tools (e.g., BWA vs. Bowtie).

4.How does variant calling contribute to disease diagnosis? Provide an example.

5.Discuss the role of functional annotation in interpreting genomic variants.

6.What are polygenic risk scores, and how are they used in predictive medicine?
7.Describe a case where genomic data analysis improved cancer treatment strategies.
8.What are the major computational challenges in handling large-scale genomic datasets?
9.How can biases in genomic datasets affect clinical decision-making?

10.Discuss the ethical implications of sharing genomic data in public databases.
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