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More on the discovery of DNA; 

1900, 1920-1950, 1953, 1958

DNA proofed to be the hereditary 

material - Griffith, Avery, Hershey,

and Chase. Watson and Crick - 

DNA structure. Meselson and

Stahl - Genetic coding

Gregor Johann Mendel theory of 

inheritance, 1866 - pea plants

Molecular Technology - 1970 -1986

Arber and Smith - restriction enzymes 

DNA seq. and Genomic seq. of E.coli 

by Frederick Sanger. Mullis PCR techn. 

and automated by Hood et al. Brown  

Stanford microarray Technology

Bacterial Genome - Celera,1995 

Yeast Consortium Genome - 1996 

Arabidopsis thaliana Initiative - 2000

Human Genome published - 2001

(100 trillion cells & 3.1 billion NUs.)

Basic Sciences

Technology

Applications

Evolution of the Applications of Life Sciences in Modern Medicine





Basic Molecular Biology - Genomics and Proteomics (Functional 
Annotation)



Cell – Prokaryotic and Eukaryotic cells

Nucleus – Functional unit of cell

Chromosomes – 22 pair somatic and 1 pair

of sex

Gene – Functional unit of DNA sequences –

intron and Extron

Nucleotides (DNA and RNA) sequences -

Genomics

Transcription (mRNA) - Transcriptomics

and Translation to Protein – Proteomics

Structural and Functional Annotations –

Metabolism & Metabolites - Metabolomics

Health and Diseases – Surveillance,

Epidemiology, Public Health.

Summary







Techniques and Methodology in Genetics - Cytogenesis

Chromosomal Pattern – Numbers and Structures: Electron 
microscopy

Conventional Staining – Modified Giemsa Stain.

Immunohistochemistry – Fluorescence Staining: Advance 
Microscopy.

Single and Life Cells Imaging Techniques – 3D scanning 
microscopy
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Gender Identification





Karyotyping and Phenotyping

 Chromosomal 
Aberrations:

Two major categories: 

Constitutional

Acquired

A) Constitutional 
aberrations: 

 A cytogenetic 
abnormality which 
occurs from birth.

 Include aneuploidy
(extra or missing 
chromosomes) and 
structural aberrations
(deletions, duplications, 
translocations, 
inversions, marker 
chromosomes).

Examples:

 Trisomy 21

 Klinefelter’s 
syndrome

 Turner’s syndrome

 Edward Syndrome

 DiGeorge 
Syndrome

 XYY  

B) Acquired aberrations:

An acquired cytogenetic
abnormality is a genetic
change associated with a
neoplastic or cancer
disease process.

Example:

 Philadelphia 
Chromosome

 Inversion
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(β6(A3)Glu → Val)

[GAA] = [GTA]

(A = T → A = T)





Techniques and Methodology in Genomics

Nano Imaging Technology – Life examination of DNA and cell divisions :high 
resolution microscopy

Gene Amplification – Thermocycler – First Generation PCR

Gene Expression – RT-PCR and dPCR

Gene Expression – Immunofluorescence 

Nucleotides Sequencing (Sanger, NGS, GWAS) – Genomics or Exons



GENE AMPLIFICATION, DETECTION & EXPRESION 

Polymerase Chain Reaction (PCR)
Real Time PCR - Polymerase Chain Reaction (PCR)
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Use of PCR, RT-PCR and dPCR Technology 

Application of Gene (DNA/RNA) allow Analysis:

Mutation, polymorphism etc.

Identification of DNA/RNA sequence - detection

HBV/HCV, SARS-COV 2 etc

Observation of Gene expression -up/down regulation

P53 tumour suppression gene in cancer

Development of biomarkers for diagnosis & prognosis

BRCA1 and BRCA2 mutation

Identification of candidate gene for drug target

Dopamine D2R Gene for Schizophrenia

Variant tracing for diseases spread - public health/epid.

SARS COV 2 - Delta, Omicron, etc

Management of Diseases and Therapeutic Monitoring

AR-gene polymorphism and A replacement



Advance Genomics Methods

Sequencing -Detecting and monitoring changes

in Genomic DNA -Sanger/NGS/GWAS

●Genetic mutation

●Gene deletions

● Slicing and Hybridization

Microarray-Analysis of gene expression

● Comparative Genomics

● Evaluation of Gene Expression (up/down 

regulation of genes)

Polymorphism

Repetition in nucleotide

arrangement  



Blotting Technology – Western, Southern and Northern Blotting

Evaluation of Proteins – ELIZA and Immunochemistry 

Advance Microscopy

Gene Expression – Immunofluorescence 

Advance Proteiomics

Techniques and Methodology in Proteomics



Basic Genomics and Proteomics Methods
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Blotting is the molecular

biology technique that

allows transfer of products

of a PCR reaction from a

gel strip onto a matrix or

specialized chemically

reactive paper (cellulose or

xray film) for further

separation and/or studies.



Detection of DNA and RNA 

◦Detection and identification of specific

DNA sequence (Gene)

◦Detection and identification of RNA

◦Demonstration of Gene expression

Northern Blotting
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Western Blot Detection Reagents

Western Blot Automated Processing

Western Blot Imaging and Analysis

Detection and Expression of Protein
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Advance Proteomics and Metabolomics

Protein Separation Technique

◦1D Slab Gel Electrophoresis

◦2D Gel Electrophoresis (SDS-PAGE/IEF)

◦Capillary Electrophoresis

◦Chromatography (HPLC ,SEC, IEC, RP, Affinity, etc.)

Protein Chips (Protein microarray)

allows quick and easily survey of the entire proteome of a cell within an organism

oApplications:

- identifying biomarkers for diseases,

- investigating protein-protein interactions, 

- testing for the presence of a protein e.g Hb

Protein Identification Techniques

◦Edman AAs sequencing
◦Micro-sequencing
◦Mass spectroscopy

Mutation leading to AAs changes responsible for most inherited diseases

Three-dimension structure (3D) - AAs structural annotation 

NMR - Spectroscopy

Crystallography



Clinical Application of Multiomics Technology



Modelling of

Virus Genome

HIVInfluenza Virus

Dengue Virus

Molecular Diagnosis of Infectious Diseases
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SARS COV 2 GENOME - DIAGNOSTIC MARKERS

Partial ORF1ab Gene Target Failure with Omicron BA.2.12.1





28
Advantages:

Almost eradicated polio and prevent diseases

like measles, mumps and rubella

Disadvantages:

(1). Injection of weakened pathogens is

associated with risk of developing the disease;

For example, in 1955 some people given the

new polio vaccine contracted polio from the

immunization.

(2). Conventional vaccines are also fairly costly

to produce.

(3). Require cold storage - hence affected by

cold chain and making them unavailable to

developing countries where they are often

needed most.

CONVENTIONAL VACCINE
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❖ Genomic vaccine is DNA sequence

code for antigenic protein of pathogen.

❖ As DNA is inserted into cells it is

translated to form antigenic protein

which is foreign to cells, hence immune

response are raised against this proteins.

❖ "This genomic vaccine fools the

immune system into thinking it has

been infected by the real pathogen.

Protection is produced without risk of

infection, and it may be more effective

than conventional vaccines," said

Johnston.

❖ In this way, DNA vaccine provide

immunity against that pathogen.

GENOMICS VACCINE
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 Advances in Genomics allows

genetics mapping of diseases.

 Genetics variation of this

diseases

influence Individual phenotypic

variation and tracing.

 This Genetics variation influence

responses to treatments

 Individual Genotype variation

allow for precision diagnosis

and

annotated personalized

phenotype

Evolution of Genomics Medicine



26 / 770 patients (3.4 %)

Odds ratio: 1.91 (0.63-6.54)

26 / 770 patients (3.4 %)

Odds ratio: 1.91 (0.63-6.54)

Y- C H R O M O S O M E S  A N D  S P E R M AT O G E N I C  FA I L U R E

SRY

AZF

Microdeletions of 

the Y chromosome

sY127 sY134
sY254

sY255

sY86

sY84

Akinloye et al, 2011



Androgen Insensitive Syndrome





Case Studies
Genes

Fold 

change

p-value

BCL2 2.71 0.000**

BOK -2.38 0.000*

MCL1 1.73 0.023*

BAD -1.56 0.035*

NOD1 -2.04 0.000**

CASP2 -1.81 0.035*

CASP10 1.64 0.043*
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Differential Gene Expression in PCa and BHP




