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Gregor Johann Mendel theory of The Genomics ReVOIUtlon

inheritance, 1866 - pea plants How did it begin?
If ‘:'?'r ot Y
More on the discovery of DNA,; e
DNA proofed to be the hereditary the genetic code 1950's

material - Griffith, Avery, Hershey,
and Chase. Watson and Crick -
DNA structure. Meselson and
Stahl - Genetic coding

* Recombinant DNA technology
* Polymerase Chain Reaction |[1970's/1980's
* Automated DNA sequencing

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 TeChnOIOgy
Stanford microarray Technology

Bacterial Genome - Celera,1995
Yeast Consortium Genome - 1996
Arabidopsis thaliana Initiative - 2000
Human Genome published - 2001

*The Human Genome Project |1990's

(100 trillion cells & 3.1 billion NUs.) Applications L}ll}\l't;\\&
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First letter

Basic Molecular Biology - Genomics and Proteomics (Functional
Annotation)

The Genetic Code

Second letter

Codon 1

Codon 2

Codon 3

Codon 4

Codon 5

Codon 6

Codon7
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Codons and Reading Frames

Primary protein structure
is saquence of a chain of aming acids

Pleated sheet Alpha helix

Secondary protein structure
ocours whan tha saguance of amino acids
ara linksd by hydrogen bonds

Protein Functions g
L N

structural support

Fleated sheat

Tertiary protein structure

ocours whan cartain attractions are presant
betwesn alpha helices and plestad sheats

storage of amino acids
transport of other substances
coordimation of an organism’s actrvities

ﬁum-nary protein structure
neisting of mors than one

response of cell to chemical stimuli
movement

protection agamst disease

selective acceleration of chemical reactions



summary

Daughter cells
Resting Phase G,
Cellleaves cycle

Gapl G, e
The Cell Cycle
(Animal Cells)
plﬁ]A}{ynthesis Phase O Wt renone

Myosin Il and actin filament ring

contract todeav
Cortrace fing

ecellintwo

Anaphase

’ A

Chromosomes break at centromeres,
and sister chromatids move
to opposite ends of the ce

Metaphase

Cell — Prokaryotic and Eukaryotic cells
Bactiwial DNA

Plasmids

Nucleus — Functional unit of cell

Chromosomes — 22 pair somatic and 1 pair

of sex

Gene — Functional unit of DNA sequences —
Intron and EXxtron

genome /2

Nucleotides (DNA and RNA) sequences - -

Chromosomes line up along
metaphase plate (imaginary plane

Mitotic Phase M-Phase

Prometaphase

‘and Translation to Protein — Proteomics

thromosomes
Genomics

Transcription (MRNA) - Transcriptomics

~Structural and Functional Annotations — R

<
Proteins act alones

Metabolism & Metabolites - Metabolomics Rk

perform many cellular

functions

Health and Diseases — Surveillance,
Epidemiology, Public Health.

Genes contain
instructions
for making
pl’anlﬂS




Chromosomes

@ Methylation
A Phosphorylation
[l Acetylation

* Ubiquitination
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Epigenetic DNA sequence
modifications variations

Gene ‘ > Gene
regulation | regulation




Molecular Technology

v'  Advance 1n molecular technology allow development of
thorough put methods for clinical application

~ Cytogenesis - Chromosomal pattern and modes of inheritance
~ Genomics - DNA sequence and genetic expression
- Proteomics - AAs sequence and functional notation of the genes

= Metabolomics - Metabolites and end products of macromolecules
metabolism

v An amazing understanding of the fate of cells in health and diseases



Technigues and Methodology in Genetics - Cytogenesis

dChromosomal Pattern — Numbers and Structures: Electron
mICroscopy

JConventional Staining — Modified Giemsa Stain.

dImmunohistochemistry — Fluorescence Staining: Advance
Microscopy.

Single and Life Cells Imaging Techniques — 3D scanning
mIicroscopy
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Molecular Diagnosis - Cytogenesis

Comparison of the sex chromosomes

Male
Y

Female no faca@l nair

[
Alternate alleles
. available.

[T W~

— S0 breast
geveiopment

Alternate alleles <
available.

vary long
arms

> No alternate
alleles available.

e jpns-ceveloped
]
(eales

very long legs

FISH - Y = yellow, X = blue Klinefelter Syndrome (47,XXY)



Karyotyping and Phenotyping

J Chromosomal
Aberrations:

O Two major categories:

¢ Constitutional
“* Acquired

A) Constitutional
aberrations:

% A cytogenetic
abnormality which
occurs from birth.

% Include aneuploidy
(extra or missing

» 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

chromosomes) and gss%gggucroceg; cancer
structural aberrations P '
(deletions, duplications,

translocations, Example:

inversions, marker . .
chromosomes). » Philadelphia

Chromosome

EXalTiples. > lnversion

Down syndrome - Trisomy 21
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[-globin gene cluster
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Gene
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DNAase »
(random cut) o

- Dig-dUTP (or Biotin-dUTP)
I& - dCTP + dATP + dGTP

NICK
TRANSLATION

IEERNRENE

Denaturation\
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i

FISH (Fluorescent In Situ Hybridization)

Hybridization
(on slides)

Fixed Cells
(on slides)
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Technigues and Methodology in Genomics

(dNano Imaging Technology — Life examination of DNA and cell divisions :high
resolution microscopy

(JGene Amplification — Thermocycler — First Generation PCR
(1Gene Expression — RT-PCR and dPCR
JGene Expression — Immunofluorescence

(INucleotides Sequencing (Sanger, NGS, GWAS) — Genomics or Exons



GENE AMPLIFICATION, DETECTION & EXPRESION

Polymerase Chain Reaction (PCR)

¢ 6 )

PCR Components

= -
oy

:

A T l 95°C - Strands separate 1. Denaturing
DNA Sample Primers Nucleotides mm
>
pomee o ———— —— —— ]
. l 55°C - Primers bind template 2. Annea"ng
Taq polymerase  Mix Buffer PCR Tube / . l I I I I Il
e

———

3. Extension

l 72°C - Synthesise new strand

=

PCR Cycle

Thermal Cycler

i

PCR Process (ONE Cycle)

Real Time PCR - Polymerase Chain Reaction (PCR)

! careful assay design

__7/_!_\;\_{\_____

total RNA amount

I amplification efficiences
for relative quantification

| DNase treatment

1. step: reverse transcription
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l 2. step: real-time PCR reaction l

\ forward primer
O -

labelled probe

\ forward primer
©

labelled probe

reverse primer reverse primer



o

Use of PCR, RT-PCR and dPCR Technology

Application of Gene (DNA/RNA) allow Analysis:
o Mutation, polymorphism etc.

Identification of DNA/RNA sequence - detection
o HBV/HCV, SARS-COV 2 etc

Observation of Gene expression -up/down regulation
o P53 tumour suppression gene in cancer

Development of biomarkers for diagnosis & prognosis
» BRCAI1 and BRCA2 mutation

Identification of candidate gene for drug target
. Dopamine D2R Gene for Schizophrenia

Variant tracing for diseases spread - public health/epid.
o SARS CQOV 2 - Delta, Omicron, etc

Management of Diseases and Therapeutic Monitoring
o AR-gene polymorphism and A replacement

16



Advance Genomics Methods

3 Seqence Vew Widows Heb | . Seqguencing -Detecting and monitoring changes
in Genomic DNA -Sanger/NGS/GWAS

e Genetic mutation
e Gene deletions
e Slicing and Hybridization

|

Eﬁ

4

- Polymorphism .8 el EHBEE JFQ

1|
Repetition in nucleotide b MHMMN

arrangement i ‘

i

M_ MM &3 UM

. Microarray-Analysis of gene expression
e Comparative Genomics
e Evaluation of Gene Expression (up/down
regulation of genes)




Techniques and Methodology Iin Proteomics

Blotting Technology — Western, Southern and Northern Blotting
(JEvaluation of Proteins — ELIZA and Immunochemistry
JAdvance Microscopy

JGene Expression — Immunofluorescence

JAdvance Proteiomics



Basic Genomics and Proteomics Methods

Types of blotting tecniques

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.

19



Detection of DNA and RNA

Place DNA fragments
on an agarose gel and
separate by electrophoresis

Detection (the method
depends on the type of
probe you use) reveals a
band where your probe
bound to the target
sequence.

e

7~

-Detection and identification of RNA

cDemonstration of Gene expression

\

“Blot" DNA fragments from
agarose gel onto membrane

Add a labeled probe to the
membrane (In buffer solution).

-Detection and identification of specific

DNA sequence (Gene)
ample | _
RNA Extraction
% Labeled -
a -
m probes _.,._‘_’—"

-

membrane)

Electrophoresis
YV
RHA separated by size
\'_ —_\
—  — -'

Visualization of

Northern blotting labeled RNA on X-ray

(transfer of RNA to r film
|

/’

RNA fixed to

Membrane hybridized
with labeled probes

or heat 20



Western Blotting Technique

Antigen samples

Blotting tank
Proteins transferred to
nitrocellulose sheet (blot)

=
57?3 rated

ins
prote

Separation gel

Jo ks
Labeled ‘%.
antibody

= Develop and fix staining of blot

= | autoradiograph /
~~
-

/

Antigen bands Autoradiography
visualized



Detection and Expression of Protein
Western Blotting Workflow

Select the method

Method selection depends
largely on the starting sampie
(liguid protein sample or gel)

1

Wi

Select the equipment

Consider the experimental approach, sample
format, and desired resolution and throughput

Western Blot Detection Reagents

-
)

l'.z

B
.

Selecting the appropriate membrane and transfer
buffer is critical o successful protein transfer.

. Consider the size and charge of the proteins, the transfer

method, and the binding properties of the membrane

- J

Western Blot Automated Processing

Set up the transfer apparatus. For electrophoretic
transfer, select the transfer conditions: use the highest
electric field strength (V/cm) possible within the heat
dissipation capabilities of the system

B

J

v

Detect and image the protein

The choice of staining or detection technique
is determined by sensitivity requirements and the
imaging equipment available

-

Western Blot Imaging and Analysis




Advance Proteomics and Metabolomics

. Protein Separation Technique NMR - Spectroscopy = ==
1D Slab Gel Electrophoresis

2D Gel Electrophoresis (SDS-PAGE/IEF)

-Capillary Electrophoresis

cChromatography (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
Applications:
- 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



Clinical Application of Multiomics Technology



Molecular Diagnosis of Infectious Diseases

Structure of a virus

Viral genome
Protein coat

Nucleocapsid

Nucleic acid
genome

4 Modelling of
Virus Genome

lipid layer

' y ’/ p17 matrix antigen

P

HIV-RNA

' T reverse
transcriptase

HIV



Envelope Protein (E)

Spike Protein (S)

266

SARS COV 2 GENOME - DIAGNOSTIC MARKERS

Hemagglutinin-esterase

Membrane Protein (M)

Nucleocapsid Protein (N)

ACE Il receptor

13,468

21,563

Viral RNA

The viral genome encodes for structural and functional
proteins (ORF1ab, N, E, S and RdRp genes) that can be
detected in nucleic acid-based detection testing using
respiratoy swabs.

IgG

1gG antibodies, which provide long term immunity to the
virus, are associated with viral neutralizing activity and are
used in serology-based detection testing to identify active
or past infections.

IgM

IgM antibodies, which provide an early immune response
to the viral infection, are used in serology-based detection
testing using blood samples to indentify recent infections.

29,674

I [

ORF1b

ORF1a

]|

RdRp

E
I

|

3|

IgA

IgA antibodies play an important role in mucosal
immunity and virus neutralization. They can be detected
as an early diagnosis marker.

Antigen

Antigens, typically the neucleocapsid protein (N), are
detected in upper respiratory swabs using lateral flow
assays to identify recent infections.

N+ Partial ORFlab Gene Target Failure with Omicron BA.2.12.1

26
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CONVENTIONAL VACCINE
Advantages:

Almost eradicated polio and prevent diseases
like measles, mumps and rubella

Disadvantages:

(1). Injection of weakened pathogens is
assoclated 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.

28



o » GENOMICS VACCINE < Genomic vaccine is DNA sequence
T ;

Nt @ s code for antigenic protein of pathogen.
@ - gg:;":’r:slclmmm Plasmid DNA
@ bt e . O . % As DNA s inserted Into cells it is

Transfection Transfection of
ARG~ Nl translated to form antigenic protein
which is foreign to cells, hence immune

smaiecs FESPONSE Are raised against this proteins.

Antigens
o0
0

— e e

OO

et -%dmmﬁo;:o "This genomic vaccine fools the
Immune system into thinking it has

Innate Immunity

Antigen expressing APCs
travel to draining lymph
nodes

MHC

class I
CDS8* T cell D

MHC been infected by the real pathogen.

'@@ _A;b_sd( Protection Is produced without risk of

<\ infection, and it may be more effective

CD4* T eell B cell
— — —— than conventional vaccines," said
CD8 Tcell  CD4*Tcell B cells activation
stimulation via MHC  stimulation via MHC J 0 h N StO n.

class I complex  class I complex

 In this way, DNA vaccine provide
Immunity against that pathogen.




Adrensteukodystrophy (ALD) »
Fatal nerve disease Human Genome Pro-ect
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Y-CHROMOSOMES AND SPERMATOGENIC FAILURE
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Androgen Insensitive Syndrome
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Molecular Diagnosis - Genomics

Androgen Gene and Androgen Receptor (AR) Mutation and Polymorphisms

Xq11-12
5 -
AR-gene | — I — A — -
CAGIGEN),
1 919
AR-protein
S N-terminal domain (NTD)=c----- - e = - Ligand-binding domain (LBD) -’

- Transactivation domain - Dimerization

- Coregulator binding

DNA-binding domain (DBD)
- Dimerization

- Nuclear localization

- Coregulator binding

- Nuclear localization
- Coregulator binding

1. Genetic organization of the 4R gene on the X-chromosome and major functional domains of the encoded protein.

—

Male genitals, infertility

Male genitals, mildly'under-masculinized’,
solated hypospadias

Predominantly male genitals, severely 'under-masculinized’
(undescended testes, and/or bifid scrotum)

Ambiguous genitals, severely 'under-masculinized’ (phallic
structure that is indeterminate between a penis and a clitoris)

Female genitals (including separate urethral and
vaginal orifices, mild clitoromegaly)

Female genitals with pubic/underarm hair

Female genitals with little or no pubic/underam hair

http://www.asiaandro.com; aja@sibs.ac.cn

Transactivation s
el \79 adl 463
Polyglutamine (polyQ) Polyglycine (polyG)
(CAG)N (GGN)n

Androgen - Testosterone (M), Estrogen (F)
Androgenicity - Male reproduction; physical dev. of sex
organs, spermatogenesis etc Cell growth, cell cycles etc




CAG-GGN Haplotype (GGN repeats)

J. Endocrinol. Invest. 32: 797-804, 2009

Examples of Clinical Applications of Genomics and Proteomics - Infertility and Prostate Cancer

Nigerian men
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Variation in CAG and GGN repeat lengths and
CAG/GGN haplotype in androgen receptor gene
polymorphism and prostate carcinoma in Nigerians

CAG repeats
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Androgen receptor gene CAG and GGN polymorphisms in infertile

Chi-sq = 11.84 (p = 0.2925)
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= G Differential Gene Expression in PCa and BHP
N Fold p-value
ﬁ L=  Genes change
BCL2 2.71 0.000**
ﬁ{ - BOK -2.38 0.000*
- D= mcu 1.73 0.023*
! - BAD -1.56 0.035*
ﬂ & NOD1 204  0.000%*
. CASP2 -1.81 0.035*
CASP10 1.64 0.043*
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