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Human genome
A 3000,000,000 DNA base pairs per cell.
A 1.5% of DNA codes for proteins (exons).

A Average gene 125,000 base pairs.
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Limiting factor for molecular biology wak
ability to amplify target DNA



An additional source of useful molecular biology explanation in addition to
that which is presented in the following slides with can be found at:

http://bix.ucsd.edu/bioalgorithms/slides.php#Ch3
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2) Put tubes or plate on

1) Put reaction mix and DNA
thermocycler and select program

template in tubes or on plate

3) Visualise products with gel
electrophoresis or on sequencer
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Fluorescein
labelled antibody
binds to label on
DNA probe

Biotn Labelled probe hybridises to DNA

Denatured genomic DNA in tissue section



Target sequence

A DNA
A RNA




Probe

A DNA
A Labelled

I Radioactivity

I Fluorescein

I Biotin

I Alkaline
phosphatase
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Figure 1 Photomicrographs
showing the presence of the
Y chromosome, detected by 6
immunolocalization of a -
fluorescein  isothiocyanate
(FITC)-labelled  Y-chromo-
some probe using an
anti-fluorescein  antibody
conjugated to horseradish
peroxidase, and visualized
using diaminobenzidine as a
brown chromogen. The
presence of the Y chromo-
some is indicated by a dis-
tinct brown dot, typically
located at the nuclear
periphery. a, Hepatocytes
were identified by their large
round nuclei and cytoplas-
mic granules and were Y-
chromosome-positive in
male controls. b, The Y
chromosome  was  also
detected in the bile ducts (D)
in male controls. ¢, A Y-
chromosome-negative  bile : ’
duct surrounded by numerous Y-positive inflammatory cells in a female liver transplanted into a male. d, Immunodetection of two Y-chromo-
some-positive cells (arrows) located in a hepatocyte plate delineated by cytokeratin-8 immunostaining (red) from a female patient who had
received male bone marrow. e—g, Y-chromosome detection in female livers transplanted into male recipients; e, two Y-chromosome-positive
hepatocytes (arrows) in a hepatocyte plate bordering a sinusoid (S); note the brown dot, demonstrating that the Y chromosome is readily dis-
tinguishable from the blue nucleolus; f,d, consecutive sections of a group of four hepatocyte nuclei, showing f, one Y-chromosome-positive
hepatocyte (arrow, and inset at 2-fold magnification), and g, their cytokeratin-8 immunoreactivity. Scale bars, 10 m.

Hepatocytes from norhepatic adult stem cells. Alison M& al. Nature. 2000;406(6793):257.
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Actual size of
GeneChip* array

Y/ [y

500,000 locations on each GeneChip® array

Actual strand = 26 base pairs " RNA fragment hybridizes with DNA on GeneChip

Millions of DNA strands Tagged probes become hybridized to
build up on each location. GKS 5b! OKALIQA YA

May, 11, 2004 http://www.affymetrix.com/corporate/media/image_library/image_library 1.affx 31



An Introduction to Bioinformatics Algorithms www.bioalgorithms.info

DNA Microarray

GTGG GGCATGACAT
CTC AAATCGCTGT
ATT AGGGCTGTTC
GA GCGAGTGGGT
GCG CTGGCTGTAT
CA CACAAGGATT
CA TTTAACATCC

CAAAC CCGGAACGGC

GTTGACAAAG CGTGGAGACA

\

Microarray

Affymetrix

Microarray is a tool for H
analyzing gene expression that
consists of a glass slide.

Microscope slide

Each blue spot indicates the location of a PCR
product. On a real microarray, each spot is about
100um in diameter.

May, 11, 2004 www.geneticsplace.com 32



An Introduction to Bioinformatics Algorithms www.bioalgorithms.info
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A Light directed oligonucleotide synthesis.

A A solid support is derivatized with a covalent linker molecule terminated
with a photolabile protecting group.

A Lightis directed through a mask to deprotect and activate selected sites,
and protected nucleotides couple to the activated sites.

A The process is repeated, activating different set of sites and coupling

different based allowing arbitrary DNA probes to be constructed at
each site.

May, 11, 2004 33
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GeneChip®
Microarray

Affymetrix GeneChip® Arrays
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A combination of photolithography and combinatorial chemistry to manufacture

GeneChip® Arrays. With a minimum number of steps, Affymetrix produces arrays with thousands ¢
different probes packed at extremely high density. Enable to obtain high quality, gewmheedata

using small sample volumes.



MRNA EXxpression

A Extract RNA from tissue of interest (e.g tumour).
A Make complimentary DNA usingRTR.
A Label DNA with fluorescent marker.

A Mix equal amounts of labelled test DNA and control
DNA.

A Hybridise, wash and then scan on reader.



Affymetrix GeneChip® Arrays

Data from an experiment showing the
expression of thousands of genes on
a single GeneChip® probe array.

May 11,2004 http://www.affymetrix.com/corporate/media/image_library/image_library 1.affx 14



Expression profiles of common tumoydata
taken from publicly available databases)

Breast, Colon, Kidney, Lung, Ovary, Endometrium, Bladder, Thyroid and Prostate
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Results from FFPE
samples are compared
to fresh frozen database.

16/17 samples are
identifiable.



Tissue handling for molecular biology



What tissues can we use for molecula
biology techniques?

A Fresh tissue
A Frozen tissue

A Formalin fixed
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Fixed tissues

A Mercuric based fixative
A Bouins %
A Alcohotbased fixatives

A Formalin fixed tissues



DNA superstructure

Metaphase
chromosome
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Lodish et alMolecular Biology of the C€8" ed.). W.H. Freeman & Co., 2003.



DNA

A Formalin fixed tissues:

I DNA recovered is shorter

I Keep PCR products <500 base pairs



RNA

A Best to use fresh or snap frozen tissue

A Formalinfixed tissue:

I RNA recovery is possible.

I Microarrays- choose array for formalin
fixed tissues.



Fixed tissues

A FISH: background
tissue
autofluorescence.




Current use of molecular biology In
diagnostic pathology



Molecular biology In routine histopathology
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FISH for HER2

Non-amplified 1.03 Amplified 4.78




Molecular biology In routine histopathology

A Insitu hybridisation

I Translocations In tumours

e.g. EWL
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Molecular biology In routine histopathology

M 1 2 3 C

APCR

I T cell receptor.

I Immunoglobulin

I Infective agents (e.g. TB)




Molecular biology In routine histopathology

T
-
% ° &£
4 n v o ‘a v o
Q vy 5D - U w @ [ 7]
x C © b W © - O
& £ = o= Ls ® =
[+ Q Q
= o 3 L3 g® g3
o S e 2@ o& oo
N o 2 R o .2
bp (7} o - Q- (=N} o -

300 -

I Translocations In
tumours EWSLI1 190
AY 9gAYdQa

50~

Figure 2 Representative RT-PCR results. RT-PCR analysis of FFPE
tissue for EWS-FLI1 fusion transcripts showed a 342bp band
indicative of an EWS exon 7 to FLI1 exon 5 fusion in a paraspinal
soft tissue mass from a 17-year-old girl, a 277 bp band, indicative
of an EWS exon 7 to FLI1 exon 6 fusion in a thoracic epidural
space mass from a 13-year-old boy, a 150 bp band indicative of an
EWS exon 7 to FLI1 exon 8 fusion in the pelvic mass of a 13-year-
old boy, and a 150bp band indicative of an EWS exon 7 to FLI1
exon 8 fusion in the presacral soft tissue mass of a 20-year-old
man.




Molecular biology In routine histopathology

APCR

I Tissue identity (mixed up
samples etc)



Case report Mr A

A History of severe alcoholic
steatohepatitis.

A Transjugular liver biopsy

A Histology showed:
| Steatohepatitis (fatty liver).
I Adenocarcinoma




Case report Mr A

APatient discussed at MDT
meeting.

I Nontargeted liver biopsy
I No clinical suspicion of cancer

AHistology reviewed.







Fat cores




Fat cores

Transjugular biopsiesthin cores




Fatty Liver




