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Basic molecular genetic 
techniques in Molecular 
pathology 



Molecular pathology is an emerging discipline 
within pathology which is focused in the study 
and diagnosis of disease through the examination 
of molecules within organs, tissues or bodily 
fluids. Molecular pathology shares some aspects 
of practice with both anatomic pathology and 
clinical pathology, molecular biology, 
biochemistry, proteomics, and genetics, and is 
sometimes considered a "crossover" discipline. It 
is multi-disciplinary in nature and focuses mainly 
on the sub-microscopic aspects of disease. A key 
consideration is that more accurate diagnosis is 
possible when the diagnosis is based on both the 
morphologic changes in tissues (traditional 
anatomic pathology) and on molecular testing.[2] 

https://en.wikipedia.org/wiki/Molecular_pathology


It is a scientific discipline that encompasses 
the development of molecular and genetic 
approaches to the diagnosis and 
classification of human diseases, the design 
and validation of predictive biomarkers for 
treatment response and disease 
progression, the susceptibility of individuals 
of different genetic constitution to develop 
disorders. 



Usage of Techniques of Molecular 
pathology 
Molecular pathology is commonly used in 
diagnosis of cancer and infectious diseases. 
Techniques are numerous but include 
quantitative polymerase chain reaction 
(qPCR), multiplex PCR, DNA microarray, in situ 
hybridization, DNA sequencing, antibody 
based immunofluorescence tissue assays, 
molecular profiling of pathogens, and analysis 
of bacterial genes for antimicrobial resistance. 



MPE 
Integration of "molecular pathology" and “ 

epidemiology “ led to an interdisciplinary 

field, termed “ molecular pathological 

epidemiology " (MPE), which represents 
integrative molecular biologic and 
population health science. 





Current applications of molecular techniques in 
microbiology 
 - Diagnosis of non-culturable agents: e.g. Human papilloma virus, Hepatitis B 
virus etc. 
 - Fastidious, slow-growing agents: e.g. Mycobacterium tuberculosis, Legionella 
etc. 
 - Highly infectious agents that are dangerous to culture: e.g. Francisella, 
Brucella, Coccidioidis immitis etc. 
 - In situ detection of infectious agents: e.g. H. pylori, Toxoplasma gondii etc. 
 - Organisms when present in small volume in the specimen: e.g. detection of 
HIV  - in antibody negative patients, intra-ocular fluid, forensic samples etc. 
 - For monitoring of viral load (for disease prognosis and treatment response): 
e.g. cytomegalovirus, Hepatitis B and C virus, HIV etc. 
 - Differentiation of antigenically similar agents: e.g. for detecting specific virus 
genotypes associated with human cancers ( Papilloma viruses) 
 - Antiviral/ antibacterial drug susceptibility testing: e.g. HIV to assess drug 
resistance, Determination of resistant genes like Mec A gene, Van genes 
 - For the purpose of molecular epidemiology: e.g. Identify point sources for 
hospital and community-based outbreaks and to predict virulence 
 - For confirmation of culture 



Molecular Methods are Broadly Classified as 
1- Hybridisation methods- better for 
identification, not as sensitive as amplification 
methods 
2- Amplification methods- improve the 
sensitivity due to amplification step. 
3- Sequencing and enzymatic digestion of 
nucleic acids 



Learning Objectives 

• Describe three clinical molecular techniques (PCR, 
FISH, Southern, western, northern blotting and 
microarrays), and provide examples of their 
application in clinical medicine 

• Specify the limitations of molecular techniques 

• Understand the importance of tissue banking in 
Molecular Medicine and clinical research, and 
discuss its ethical implications 









Polymerase chain reaction (PCR) 
Polymerase chain reaction is an in vitro method 
of nucleic acid synthesis, in which a specific 
DNA-fragment (or fragments) is amplified. PCR 
involves the initial denaturation of the target DNA, 
followed by the annealing of target-specific 
oligonucleotide primers to each strand of DNA, 
and finally the extension of the primers by 
polymerase enzyme to produce a copy of the 
selected region. By repeating this cycle of 
denaturation, primer annealing and extension, 
there is an exponential amplification of the target.  



• PCR was first conceived in 1983 by Kary Mullis, a molecular 
biologist who received a Nobel Prize for the discovery 10 years 
later  

• A PCR (Polymerase Chain Reaction) is performed in order to 
make a large number of copies of a gene. Otherwise, the 
quantity of DNA is insufficient and cannot be used for other 
methods such as sequencing. 

 
• A PCR is performed on an automated cycler, which heats and 

cools the tubes with the reaction mixture in a very short time. 
 
• Performed for 30-40 cycles, in three major steps: 

1)denaturation, 2)annealing, and 3)extension. 
  

 



Applications of PCR 
• 1) Diagnosis of Disease: Linkage analysis, detection of mutant 

alleles, diagnosing infectious agents, epidemiological studies 

• 2) Forensics: paternity testing, DNA typing for identification, criminal 
investigations. 

• 3)Recombinat DNA engineering 

• 4) DNA sequence determination 

• 5) new gene isolation 

• 6) Anthropological studies: population genetics, migration studies. 

• 7) Evolution studies 

• If you need to look at 100 genes is PCR a good approach? 











The ladder is a mixture of fragments with known size to compare with 
the PCR fragments. Notice that the distance between the different 
fragments of the ladder is logarithmic. Lane 1 : PCR fragment is 
approximately 1850 bases long. Lane 2 and 4 : the fragments are 
approximately 800 bases long. Lane 3 : no product is formed, so the 
PCR failed. Lane 5 : multiple bands are formed because one of the 
primers fits on different places.  

 



















Molecular Beacons hybridize to their specific target 
sequence causing the hairpin-loop structure to open 
and separate the 5’ end reporter from the 3’ end 
quencher. As the quencher is no longer in proximity to 
the reporter, fluorescence emission takes place. The 
measured fluorescence signal is directly proportional 
to the amount of target DNA. 



FRET probes 

• Two most popular 
alternatives to SYBR 
green are TaqMan® 
and Molecular 
Beacons. 

• Both technologies 
depend on 
hybridization probes 
relying on 
fluorescence 
resonance energy 
transfer.( FRET) and 
quantization 

















RT-PCR 
 An RT-PCR (Reverse transcriptase-polymerase chain reaction) is a highly 

sensitive technique for the detection and quantitation of mRNA (messenger 
RNA).  

 The technique consists of two parts: 
           1) The synthesis of cDNA (complementary DNA) from RNA by    
               reverse transcription (RT)  
           2) The amplification of a specific cDNA by PCR. 
      Compared to Northern blot analysis and RNase protection assay used to 

quantify mRNA, RT-PCR can be used from much smaller samples. It is 
sensitive enough to enable quantitation of RNA from a single cell.  

 Real-time RT-PCR is the method of choice for quantitating changes in gene 
expression. Furthermore, real-time RT-PCR is the preferred method for 
validating results obtained from array analyses and other techniques that 
evaluate gene expression changes. 





Techniques: Southern Blot 

• Southern Blotting (named after Ed Southern, the inventor) is the 
detection of specific sequences of DNA on a gel by hybridisation with a 
labelled DNA probe.  

    
• DNA is first transferred out of a gel by capilliarity (the "blot") to a thin 

membrane which can be incubated with a probe and washed.  
 

• By hybridising at different temperatures, and washing to different ionic 
strengths ("stringencies") it is possible to tune the process to pick up 
sequences that are either similar, or exactly identical, to the probe.  
 



Techniques: Southern Blot 

• Applications: 
 
• 1) To confirm the presence of a gene, often in conjunction with PCR. 
• 2) To test for the presence of a specific allele of a gene (i.e. human 

disease genetics). 
• 3) To estimate gene complexity, before you have the gene sequence. 
• 4) To detect Restriction Fragment Length Polymorphism (RFLP) and 

Variable Number of Tandem Repeat Polymorphism (VNTR).  The 
latter is the basis of DNA fingerprinting.  
 



Techniques: Southern Blot 

• Other uses for Southern blotting: 
 

• It is the standard way to screen either a genomic or cDNA library 
("plaque lifts"). Similarly, it can be used to identify a bacterial colony 
carrying a desired plasmid / insert ("colony lifts").  

 
• If genomic DNA is cut with several restriction enzymes, and the gel 

probed for a specific gene, the number of bands in each lane gives an 
indication as to whether there are single or multiple copies of the gene 
in the genome.  
 



Techniques: Southern Blot 



Techniques: 
Southern Blot 



Techniques: Northern Blots 

 Northern blots are similar to Southern, except that RNA 
from different tissues is run out on a gel, and probed with 
a DNA or RNA probe corresponding to a particular gene. 

 
 Northern blotting is used for detecting and quantitation of 

RNA fragments, instead of DNA fragments.  The 
technique is exactly like Southern Blotting.  It is called 
"Northern" simply because it is similar to "Southern", not 
because it was invented by a person named "Northern".  

 RNA samples are first separated by size via 
electrophoresis in an agarose gel under denaturing 
conditions. The RNA is then transferred to a membrane, 
crosslinked and hybridized with a labeled probe.  

 



Techniques: Western Blot 
• Western blot analysis can detect one protein in a mixture 

of any number of proteins while giving you information 
about the size of the protein. 

• Allows investigators to determine with a specific primary 
antibody, the relative amounts of the protein present in 
different samples.  

 Western blots are analogous to Northern and Southern, 
except that proteins are run out in an SDS polyacrylamide 
gel, and are detected with specific antibodies. 

 In clinical settings, Western Blotting is routinely used to 
confirm serious diagnosis suggested by ELISA such as 
HIV seroconversion  

 



DNA sequencing 
In DNA sequencing the nucleotide sequence of DNA is determined. In 
sequencing, appropriate treatments are used to generate DNA fragments that 
end at the four bases: adenine (A), guanine (G), cytosine (C) and thymine (T). 
Then the fragments are subjected to polyacrylamide gel electrophoresis so that 
molecules with one nucleotide difference in length are separated on the gel.  
Two different procedures have been developed to accomplish sequencing, 
called the Maxam-Gilbert and the Sanger dideoxy procedures. In the Maxam-
Gilbert procedure (Figure 1) the DNA fragment is labelled with 32P at its 5' 
end. Then chemicals are used that break the DNA preferentially at each of the 
four nucleotide bases under conditions in which only one break per chain is 
made. Thus four separate test tubes are prepared, one for each base (A, T, G, 
C). After gel electrophoresis and autoradiography only the fragments 
possessing 5'-terminal 32P-phosphate group show up on the gel (Figure 2). This 
chemical method is only seldom used because it is time-consuming and 
requires handling of toxic chemicals.  







Sanger dideoxy procedure 
In the enzymatic Sanger dideoxy procedure (Figure 3) the sequence is 
determined by making a copy of the single-stranded DNA, using DNA 
polymerase. This enzyme uses deoxyribonucleoside triphosphates 
(dNTPs) as substrates and adds them to a primer. The primer is 
hydrogen bonded to the 3' end of the DNA to be sequenced. The DNA 
with the primer is divided into four separate reaction mixtures. Each 
reaction mixture contains all four dNTPs and in addition, one of the four 
dideoxy analogs (dideoxyribonucleoside triphosphates ddNTPs) of the 
deoxyribonucleoside triphosphates. Because in the dideoxy sugar the 3'-
hydroxyl has been replaced by a hydrogen, continued extension of the 
chain cannot occur. The dideoxy analog thus acts as specific chain-
termination reagent. Fragments of variable length are obtained 
depending on the ddNTP in the mixture. The formed nucleic acid 
fragments are visualizes by using either a labelled (radioactive or 
fluorescent) primer or dNTPs. 





A major advantage of the Sanger method is that it can 
be used to sequence RNA as well as DNA. To sequence 
RNA, a single-stranded DNA copy is made (using the 
RNA as the template) by the enzyme reverse 
transcriptase. By making the single stranded DNA by the 
presence of ddNTPs, various-sized DNA fragments are 
generated suitable for Sanger-type sequencing. 



Automated Sequencing 



A 
C 
C 
C 
T 
G 
C 
G 
 



FISH 

• Fluorescence In-Situ Hybridization is a method used to identify specific 
parts of a chromosome. For example, if you know the sequence of a 
certain gene, but you don't know on which chromosome the gene is 
located, you can use FISH to identify the chromosome in question and the 
exact location of the gene.  

• If you suspect that there has been a translocation in a chromosome, you 
can use a probe that spans the site of breakage/translocation. If there has 
been no translocation at that point, you will see one signal, since the probe 
hybridizes to one place on the chromosome. If, however, there has been a 
translocation, you will see two signals, since the probe can hybridize to 
both ends of the translocation point. 

• To use FISH efficiently, you have to know what you're looking for, i.e. you 
usually suspect a particular defect, based on the appearance of certain 
chromosomes, etc. 

 

 



FISH 

Method 
 
• Make a probe complementary to the known sequence. When making the 

probe, label it with a fluorescent marker, e.g. digoxigenin, by 
incorporating nucleotides that have the marker attached to them.  

• Put the chromosomes on a microscope slide and denature them.  
• Denature the probe and add it to the microscope slide, letting the probe 

hybridize to its complementary site.  
• Wash off the excess probe and look at the chromosomes in a 

fluorescence microscope. The probe will show as one or more 
fluorescent signals in the microscope, depending on how many sites it 
can hybridize to.  
 



FISH  

Applications 
 

• Diagnosis in clinical and cancer cytogenetics.  

• Interspecies studies of evolutionary divergence.  

• Analysis of aberrations in animal models of human diseases.  

• Many more applications. THINK 

 

 

 



Interphase/Metaphase FISH 



Multicolour-FISH, chromosome paints 



FISH 

















Limitations of Techniques 
• False positives/negatives 

• Expense 

• Complicated, require high expertise and 
standardization  

• Can’t do them without tissues. Thus clinicians have 

to collect and make databases. “tissue banking” 

• Remember consent forms. Ethical issues raised by 
testing.  



Thank you 
• Concentrate on the basic information 

• Any questions? 


