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Why use a molecular test to diagnose an Why use a molecular test to diagnose an 
infectious disease?infectious disease?

� Need an accurate and timely diagnosis

– Important for initiating the proper treatment

– Important for preventing the spread of a contagious disease



Leading uses for nucleic acid based testsLeading uses for nucleic acid based tests

� Nonculturable agents
– Human papilloma virus
– Hepatitis B virus

� Slow-growing agents
– Mycobacterium tuberculosis

� Highly infectious agents that are dangerous to 
culture
Brucella species



Leading uses for nucleic acid based testsLeading uses for nucleic acid based tests

� In situ detection (at the site of infection) of infectious agents
– Helicobacter pylori (Common gut microbe)
– Toxoplasma gondii (one of the agent of STDs)

� Agents present in low numbers
– HIV in antibody negative (Immunodificient) patients
– CMV in transplanted organs

� Organisms present in small volume specimens
– Intra-ocular fluid
– Forensic samples



Leading uses for nucleic acid based testsLeading uses for nucleic acid based tests

� Differentiation of antigenically similar agents
– May be important for detecting specific virus genotypes associated 

with human cancers (e.g. Papilloma viruses)

� Antiviral drug susceptibility testing
– May be important in helping to decide anti-viral therapy to use in 

HIV infections (qPCR and viral load estimation)

� Non-viable organisms
– Organisms tied up in immune complexes (e.g. Absense of Rabies 

antibodies in first month of infections)



Leading uses for nucleic acid based testsLeading uses for nucleic acid based tests
� Molecular epidemiology

– To identify point sources for hospital and community-
based outbreaks to locate site of emergence of 
infectious agent 

e.g. Bird flu 2006 in India

Location : Navapur village, Nandurbar district, 

Maharashtra state, India, in 2006

e.g. Swine flu 2009 in India

Location Pune Maharashtra state, 
India, in 2009

e.g. Unknown virus (?)

Location Saharanpur Uttar 
Pradesh, India, in 2004 (?)



Leading uses for nucleic acid based testsLeading uses for nucleic acid based tests

Pathogenesis studies
– To predict virulence (i.e. Capacity of organism 

to produce pathogenesis in the host)
– e.g. Drug sensitive or resistant 

• PCR amplification and sequencing studies of 
particular RdRp, RdDp, DdDp enzymes

� Culture confirmation
- (TB culture Vs TB PCR)



What are the different types of nucleic What are the different types of nucleic 
acid molecular techniques that are used?acid molecular techniques that are used?

� Direct probe testing (i.e. DNA 
hybridization)
– not as sensitive as amplification methods

� Amplification methods
� Used to improve the sensitivity of the 

nucleic acid testing technique
– Target amplification e.g. PCR



Target amplificationTarget amplification

� Target amplification requires that the DNA 
to be tested will be targeted to 
amplification, i.e., the number of copies of 
the DNA is increased.

� To understand this we must first review the 
activity of the enzyme, DNA polymerase, 
that is used to amplify the DNA.



Polymerase template and Polymerase template and 
primer requirementsprimer requirements

� DNA polymerase cannot initiate synthesis 
on its own.  
– It needs a primerto prime or start the reaction.
– The primer is a single stranded piece of DNA 

that is complementary to a uniqueregion of the  
sequence to be amplified.



Polymerase template and Polymerase template and 
primer requirementsprimer requirements

5’ Phosphate 
of the 
incoming  
dNTP 

3’ OH of 
the primer

Forms the phosphodiester bond to continue 
replicating parent strand



DNA synthesisDNA synthesis

� Synthesis can occur only in the 5’ to 3’
direction.



DNA synthesisDNA synthesis

� Remember that DNA replication is 
semiconservative:



Target amplification Target amplification –– The The 
PCR reactionPCR reaction

� Polymerase chain reaction – used to amplify 
something found in such small amounts that 
without PCR it would be undetectable.  
– Uses two primers, one that binds to one strand of a 

DNA molecule, and the other which binds to the other 
strand of the DNA molecule, 

– all four nucleotides and 
– a thermostable DNA polymerase. 
– The primers must be uniqueto the DNA being 

amplified 



PCRPCR
� The PCR reaction has three basic steps

– Denature – when you denature DNA, you separate it into single 
strands (SS). 

� In the PCR reaction, this is accomplished by heating at 950 C for 15 
seconds to 1 minute.

� The SS DNA generated will serve as templates for DNA synthesis.

– Anneal – to anneal is to come together through complementary 
base-pairing (hybridization).

� During this stage in the PCR reaction the primers base-pair with their 
complementary sequences on the SS template DNA generated in the 
denaturation step of the reaction.  



Primer annealing: Very crucial step Primer annealing: Very crucial step 

• The reaction temperature is lowered to 50-
65°C for 20-40 seconds allowing annealing 
of the primers to the single-stranded DNA 
template. -----------------------------------------
-----------------------------------------------------
-----------------------------------------------------
------



How to calculate Annealing  How to calculate Annealing  
temperature and Tmtemperature and Tm

Tm = 4(G+C)+2(A+T)

In standard PCR, annealing temperature is always below the Tm 
(3-5 degrees)



PCRPCR
– Extension – during this stage of the PCR reaction, the DNA 

polymerase will use dNTPs to synthesize DNA 
complementary to the template DNA.

� To do this DNA polymerase extends the primers that annealed in the 
annealling step of the reaction.

� The temperature used is 720 C since this is the optimum reaction 
temperature for the thermostable polymerase that is used in PCR. 

� Why is a thermostable polymerase used?

� The extension time is usually 15 seconds to 1 minute.

The combination of denaturation, annealing,   
and extension constitute 1 cycle in a PCR reaction.



PCRPCR

� Most PCR reaction use 25 to 30 of these 
cycles to amplify the target DNA up to a 
million times the starting concentration.



PCRPCR



PCR reactions in the labPCR reactions in the lab

� E.g. Two different PCR reactions in the lab.

PCR of conserved region primers-----------------------
------------------------------------------------------------
------------------------------------------------------------
------------------------------------------------------------
------------------------------------------------------------
------------------------------------
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� For the second type of PCR reactions, we can use 
primers that are unique to the genes that encode 
particular gene.
-----------------------------------------------------------------------
-----------------------------------------------------------------------
---------------------



PCR reactions in the labPCR reactions in the lab

� The sequence of the amplified DNA will be 
determined by DNA sequencing

� The identity of the unknown will be determined by 
searching the DNA sequence databases by BLAST 



What are the advantages of using a What are the advantages of using a 
molecular test?molecular test?

� High sensitivity
– Can theoretically detect the presence of a single 

organism

� High specificity
– Can detect specific genotypes
– Can determine drug resistance
– Can predict virulence (e.g. new mutations in H1N1 virus)

� Speed
– Quicker than traditional culturing for certain organisms



What are the advantages of using a What are the advantages of using a 
molecular test?molecular test?

� Simplicity
– Some assays are now automated



What are the disadvantages of What are the disadvantages of 
using a molecular test?using a molecular test?

� Expensive
� So specific that must have good clinical data to 

support infection by that organism before testing 
is initiated.

� Will miss new organisms unless sequencing is 
done (e.g. in very few laboratories with good 
DNA sequencing set up) to find out new strains 
(not practical in a clinical setting).



What are the disadvantages of What are the disadvantages of 
using a molecular test?using a molecular test?

� Too sensitive?  
� Are the results clinically relevant?

� Before giving reports, correlate it with clinical 
studies

� What is Diagnosis ? and detection ?



PCR laboratoryPCR laboratory

Variations of PCR  

Different types of PCR being carried out 

at ATG LAB

Standard PCR,                                                   
Nested PCR,                                                     
Reverse Transcriptase PCR,                                      
Allele specific PCR,                                            
Gradient PCR,                                                   
Asymmetric PCR,                                                 
Hot start PCR,                                                  
Touch down PCR

What was earlier pilot model in 1986 and later ?



Most ancient PCR instrumentMost ancient PCR instrument

Primer 
annealing 

Primer 
Extension 

Denaturation 



Born on  Dec. 28 1944 

Dr. Mullis received a Nobel Prize in 
chemistry in 1993, for his invention of 
the polymerase chain reaction (PCR). 

The process, which Dr. Mullis 
conceptualized in 1983, is hailed as 
one of the monumental scientific 
techniques of the twentieth century. 

A method of amplifying DNA, PCR 
multiplies a single, microscopic strand 
of the genetic material billions of times 
within hours. The process has multiple 
applications in medicine, genetics, 
biotechnology and forensics. 

Kary Banks MullisKary Banks Mullis



Science.Science. 1985 Dec 20;230(4732):13501985 Dec 20;230(4732):1350 --4.4.

Enzymatic amplification of betaEnzymatic amplification of beta--globinglobin genomic sequences and genomic sequences and 
restriction site analysis for diagnosis of sickle cell anemia.restriction site analysis for diagnosis of sickle cell anemia.

Saiki RKSaiki RK , , ScharfScharf SS, , FaloonaFaloona FF, , Mullis KBMullis KB , , Horn GTHorn GT , , ErlichErlich HAHA, , ArnheimArnheim NN..

Two new methods were used to establish a rapid and highly sensitTwo new methods were used to establish a rapid and highly sensitive prenatal diagnostic test for sickle cell ive prenatal diagnostic test for sickle cell 
anemia. The first involves the anemia. The first involves the primer-mediated enzymatic amplification of specific betaof specific beta--globinglobin target target 
sequences in genomic DNA, resulting in the exponential increase sequences in genomic DNA, resulting in the exponential increase (220,000 times) of target DNA copies. In the (220,000 times) of target DNA copies. In the 
second technique, the presence of the beta A and beta S alleles second technique, the presence of the beta A and beta S alleles is determined by restriction is determined by restriction endonucleaseendonuclease
digestion of an enddigestion of an end--labeled labeled oligonucleotideoligonucleotide probe hybridized in solution to the amplified betaprobe hybridized in solution to the amplified beta--globinglobin sequences. sequences. 
The betaThe beta--globinglobin genotype can be determined in less than 1 day on samples contaigenotype can be determined in less than 1 day on samples containing significantly less than 1 ning significantly less than 1 
microgram of genomic DNA.microgram of genomic DNA.

PCRsPCRs earlier name :earlier name : primer-mediated enzymatic amplification



PCR laboratory: PCR laboratory: Instrumentation

Thermalcycler

Biorad GradientThermalcylcer At ATG LABATG LAB
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