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Limiting factor for molecular biology was 
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

http://bix.ucsd.edu/bioalgorithms/slides.php


Polymerase chain reaction
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Reaction





PCR

1)  Put reaction mix and DNA 

template in tubes or on plate

2)  Put tubes or plate on 

thermocycler and select program

3)  Visualise products with gel 

electrophoresis or on sequencer



Insitu hybridisation
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Biotin

TTTT GGG GAA AA CCCC T

A C CATTGC G G GCAT GGGAAA ATTTC C CC GT T G G TTGCAT

Denatured genomic DNA in tissue section

Labelled probe hybridises to DNA

Fluorescein 
labelled antibody 
binds to label on 
DNA probe



A C CATTGC G G GCAT GGGAAA ATTTC C CC GT T G G TTGCAT

Target sequence

ÅDNA

ÅRNA



Biotin

TTTT GGG GAA AA CCCC T

Probe

ÅDNA

ÅLabelled

ïRadioactivity

ïFluorescein

ïBiotin

ïAlkaline 
phosphatase



RNA insitu 
hybridisation 
for blottin





Direkze, N. C. et al. 
Cancer Res 2004;64:8492-8495



Hepatocytes from non-hepatic adult stem cells.  Alison MR et al. Nature. 2000;406(6793):257.



DNA Microarrays

Tagged probes become hybridized to 

ǘƘŜ 5b! ŎƘƛǇΩǎ ƳƛŎǊƻŀǊǊŀȅΦ

May, 11, 2004 31

Millions of DNA strands 
build up on each location.

http://www.affymetrix.com/corporate/media/image_library/image_library_1.affx



DNA Microarray

Affymetrix

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

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



Photolithography

Å Light directed oligonucleotide synthesis. 
Å A solid support is derivatized with a covalent linker molecule terminated      

with a photolabile protecting group. 
Å Light is directed through a mask to deprotect and activate selected sites,   

and protected nucleotides couple to the activated sites. 
Å 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

An Introduction to Bioinformatics Algorithms www.bioalgorithms.info



Affymetrix GeneChip® Arrays

A combination of photolithography and combinatorial chemistry to manufacture 
GeneChip® Arrays. With a minimum number of steps, Affymetrix produces arrays with thousands of 
different probes packed at extremely high density. Enable to obtain high quality, genome-wide data 
using small sample volumes. 



mRNA Expression

ÅExtract RNA from tissue of interest (e.g tumour).

ÅMake complimentary DNA using RT-PCR.

ÅLabel DNA with fluorescent marker.

ÅMix equal amounts of labelled test DNA and control 
DNA.

ÅHybridise, 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. 

http://www.affymetrix.com/corporate/media/image_library/image_library_1.affxMay 11,2004 14



Expression profiles of common tumours (data 
taken from publicly available databases)

Breast, Colon,  Kidney,  Lung, Ovary, Endometrium, Bladder, Thyroid and Prostate

.



Cancer of unknown 
primary study

Results from FFPE 

samples are compared 

to fresh frozen database.

16/17 samples are 

identifiable.

Breast

Endometrium

Kidney

Lung

Prostate



Tissue handling for molecular biology
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Fixed tissues

ÅMercuric based fixatives  X

ÅBouins   ? X

ÅAlcohol-based fixatives  Õ

ÅFormalin fixed tissues Õ



DNA superstructure

Lodish et al. Molecular Biology of the Cell(5th ed.). W.H. Freeman & Co., 2003.



DNA

ÅFormalin fixed tissues:

ïDNA recovered is shorter

ïKeep PCR products <500 base pairs



RNA

ÅBest to use fresh or snap frozen tissue

ÅFormalin-fixed tissue:

ïRNA recovery is possible.

ïMicroarrays - choose array for formalin 
fixed tissues. 



Fixed tissues

ÅFISH:  background 
tissue 
autofluorescence.



Current use of molecular biology in 
diagnostic pathology



Molecular biology in routine histopathology

ÅInsitu hybridisation

ïHER2.

ïEBER, CMV, HPV

HER2

EBER



FISH for HER2

Non-amplified 1.03 Amplified 4.78



Molecular biology in routine histopathology

ÅInsitu hybridisation

ïTranslocations in tumours  

e.g.  EWS-C[Lм ƛƴ 9ǿƛƴƎΩǎ ǎŀǊŎƻƳŀ



ÅPCR

ïT cell receptor.

ïImmunoglobulin 

ïInfective agents (e.g. TB)

Molecular biology in routine histopathology



Molecular biology in routine histopathology

ÅPCR

ïTranslocations in 
tumours  EWS-FLI1 
ƛƴ 9ǿƛƴƎΩǎ ǎŀǊŎƻƳŀ



ÅPCR

ïTissue identity (mixed up 
samples etc)

Molecular biology in routine histopathology



Case report ςMr A

ÅHistory of severe alcoholic 
steatohepatitis.

ÅTransjugular liver biopsy

ÅHistology showed:
ïSteatohepatitis (fatty liver).

ïAdenocarcinoma



Case report ςMr A

ÅPatient discussed at MDT 
meeting.

ïNon-targeted liver biopsy

ïNo clinical suspicion of cancer

ÅHistology reviewed.





Thin core

Fat cores



Thin core

Fat cores

Transjugular biopsies ςthin cores



AFatty Liver


