
MOLECULAR TYPING TECHNIQUES 

◄ 

RATIONALE 
Used for: 

 Identify the origin of a nosocomial infection 

 Identify transmission of disease between individuals 

 Recognise emergence of a hypervirulent strain 

 Recognise the emergence of a drug resistant strain 

 Track the microevolution of a commensal or infecting strain 

 Determining the population structure of a pathogen 

 

Need to ask if the method selected has the resolving power to address the question posed. 

 

See review of typing methods for nosocomial outbreaks, and Molecular typing methods in hospital 

infection CMR 2006 

 

BIOTYPING 
This was what was used before nucleic acid based techniques. Biotyping measures phenotypic 

differences. Still useful to distinguish genera and species. Furthermore, antibody based tests 

(serotyping) could be used to discriminate among groups within the species, as can phage typing 

among bacterial species.  

 

However, phenotype does not always reflect genotype due to difference in gene expression. 

Furthermore, the above techniques don’t always provide the discrimatory power required to address the 

question at hand. One exception is multilocus enzyme electrophoresis (MLEE) which is a robust 

fingerprinting method. While it is really a phenotypic method, it reflects the structures of proteins that 

are usually reflections of the sequences of the genes that encode them. It resolves polymorphisms 

through differences in the electrophoretic mobilities of the protein products of different alleles of the 

same gene. Mobiliy depends on the charge of the protein, which varies both according to its sequence 

(primary structure), but also the secondary, tertiary and quaternary structure which may conceal or 

reveal charged amino acid residues. Silent mutations in nucleotide sequence will not be recognised, and 

some non-silent mutations will not produce a change in mobility. Only about 15% of the amino acid 

changes in an average protein can be resolved by MLEE, but this is sufficient to provide the required 

genetic difference. After protein purification of the lysate, it is run on a gel, and the enzyme detected as 

a band by adding a substrate on which the enzyme acts. Need to analyse several enzymes (10-20) to 

make up the data set. Things to take into account include whether the organisms is haploid or diploid 

and whether the enzyme is monomeric or multimeric. 

 

REQUIREMENTS FOR AN EFFECTIVE GENETIC FINGERPRINTING METHOD 
 Needs to provide data that reflects the genetic distance required to answer the question. Need 

to be able to classify the strains as indistinguishable, highly related, moderately related or 

unrelated. 

 Needs to be resistant to high frequency changes. Need to select the target sequences 

carefully.  

 Needs to be fast, feasible, affordable and amenable to computer assisted analysis. 

 

RFLP ANALYSIS WITHOUT HYBRIDISATION 
One of the earliest methods for bacteria and fungi. Takes advantage of the fact that as divergence 

occurs, restriction sites change, leading to changes in the number and length of DNA sequences creased 

by a restriction digest. The pattern produced is the RFLP pattern. Good for bacteria, used with pulsed 

field gel electophoresis (PFGE) – in PFGE the organisms are lysed after being embedded in agarose 

gel, the digestion is applied, and the DNA cut out of the gel and placed in a well, for electorphoresis. 

This gets around large fragments being broken by shearing. The current is switched in a pre-determine 

pattern (pulse-field) so that small fragments migrate faster than large ones (see PFGE). See lab manual. 
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Figure 13. Molecular strain typing by pulsed-field gel electrophoresis (PFGE). For PFGE, organisms 

embedded in agarose are lysed in situ, and the chromosomal DNA is subsequently digested with a 

restriction enzyme or enzymes. Because the enzymes used for PFGE are rare cutters (i.e., cleave 

infrequently), large (macrorestriction) fragments are generated. Pieces of the agarose containing 

chromosomal DNA fragments are inserted into the wells of an agarose electrophoresis gel. Restriction 

fragments are separated by electrophoresis using an apparatus that produces orthogonal electrical fields 

that switch the direction of current in a predetermined pulsed-field pattern. The result is a DNA 

restriction pattern of discrete bands on the gel with smaller fragments migrating faster through the gel 

than larger ones. The patterns of different microbial isolates are compared with each other to determine 

relatedness. 

 

Somewhat less effective (but still used) for fungi. 

 

Guidelines for interpretation have been published. Single mutation can lead to creation of new bands, 

so 2-3 bands difference still represents closely related organisms. 
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Process is extraction of total cellular DNA, digestion with (usually) one endonuclease, separation on an 

agarose gel, and staining with ethidium bromide. Selection of a good endonuclease to provide a 

suitable pattern for the organism is important.  

 

Difficult for eukaryotic organisms, since the amount of DNA produces so many fragments that they 

are hard to resolve. Often the most prominent bands are multicopy bands of ribosomal and 

mitochondrial DNA which are too stable to provide differences, since they are clustered in one are of a 

chromosome. 

 

More successful for prokaryotes. Generally, infrequent cutters are used, and there is better resolution 

of the bands. 

 



Computerised methods for reading the patterns are available, but they are more successful with less 

complex patterns. 

 

A variation of this is restriction fragment end labelling where instead of using ethidium bromide and 

an agarose gel, the fragments are labelled with the Klenow fragment of DNA polymerase I. The 

fragments are separated using electophoresis through a polyacrylamide-urea gel (usually used for DNA 

sequencing). 

 

RFLP WITH HYBRIDISATION PROBE 
This converts the RFLP pattern to a more limited or specific pattern: here southern blots (onto 

nitocellulose or nylone membrane) of the PFGE product are hybridised with a nucleic acid probe. The 

probes need to bind to more than one of the fragments – thus they usually recognise a repetitive 

sequence (repetitive element probes), or a combination of unique and repetitive sequence (complex 

probes). 

 

In standard RFLP patterns, all fragments are visualised, and if lots of bands are present (as there often 

are), they may be hard to resolve. So use southern blotting of the gel, and subsequent identification 

only of bands containing sequence that the probe(s) recognise.  

 

Selecting a probe is the most crucial step in the process. rDNA probes (ribotyping) are often used for 

bacteria, since the multicopy genes are dispersed throughout the chromosome. Variation arise due to 

changes in the resitriction enzyme sites, and also in the probe binding sites. 

 

Another multicopy target method is using the probe is that directed against IS6110 (also known as 

IS986) of Mycobacterium tuberculosis. IS6110 is a transposable insertion sequence. Each MTB strain 

has 1-19 copies (most have 8-15) and they are dispersed throughout the chromosome, thus producing a 

relative complex pattern, when digested with PvuII. See article. 
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Other repetitive sequences include poly(GT) in Candida, CARE2 in Candida.  

 

If repetitive sequences doesn’t work, resort to complex probes. 

 

See CMR review on ribotyping 

 

Ribotyping uses conserved ribosomal genes (rRNA genes) as a target for phylogenetic analysis.  Uses 

restriction pattern analysis hybridised with labelled cDNA probes targeted to E. coli rRNA genes.  Less 

discriminating than PFGE in bacterial strain variation but useful for species differentiation that are hard 

to discriminate by phenotypic means (e.g. C. botulinum groups).   

 

RANDOM AMPLIFICATION OF POLYMORPHIC DNA (RAPD) 
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Also known as arbitrarily primed PCR. This takes advantage of PCR to amplify a variety of sequence 

fragments from the genome by using primers. In RAPD, the primers used are arbitary. It can be very 

effective. 

 

Problem is with reproducibility between labs, mainly due to the fact that small changes in PCR 

procedure (eg: a different brand of Taq) can result in quite different band patterns. 

 

Here using random primers of approximately 10 bases, amplicons from throughout the genome are 

amplified, and the products separated on an agarose gel and visualised by ethidium bromide staining. 

Polymorphisms arise due to changes in distance between primer hybdridisation sites, or loss of sites 

due to insertions, deletions or recombinations. Usually get a mixture of major and minor bands. Only 

major bands are usually read, since these are more reproducible. May only get two band for a primer 

pair. Thus it is suggested that 8 primer pairs be used, each producing at least two strong reproducible 

bands, giving a total of 16 bands for analysis.  

 

 
Figure 14. Molecular typing by randomly amplified polymorphic DNA (RAPD) analysis. Random 

primers are used to amplify various fragments of the DNA sequence. Amplicons are separated by 

agarose gel electrophoresis and stained with ethidium bromide to enable visualization of the DNA 

fragments. The different patterns are compared with each other to determine relatedness of strains. 
 

 

 

AMPLIFIED FRAGMENT LENGTH POLYMORPHISM (AFLP) 
This is a modification of RAPD where a restriction cut is made first. Then double-stranded 

oligonucleotides are added that adhere to the ends of the restriction fragments (restriction enzymes that 

produce fragments with cohesive ends are deliberately chosen). The oligos are then used as targets for 

PCR amplification of the fragments using more stringent PCR conditions to make it more reproducible 

than RAPD. 

 

 



 
Figure 15. Molecular strain typing by amplified fragment length polymorphism (AFLP) analysis. DNA 

restriction fragments are ligated to adapter molecules. Amplification of the restriction fragments occurs 

by using primers complementary to the adapter/restriction site sequences. Electrophoresis of the 

amplified restriction fragments is performed to generate specific patterns (fingerprints) that are 

visualized by analyzing fragment patterns on a gel. The different patterns are compared with each other 

to determine relatedness of strains. 

 

PCR BASED METHODS USING SPECIFIC SEQUENCES 
May be used in combination with RFLP. May target repetitive sequences such as microsatellites and 

spacer regions. 

 

In inter-repeat PCR, the variable-length segments between consecutive repeat elements are amplified 

(rather than the repeat element themselves) – primers agains the repeat elements are used to amplify the 

‘spacer regions’ between them. The fragments amplified are separated by agarose gel electophoresis, 

and viewed with ethifdium bromide. The number of bands depends both on the number of the repeat 

sequences in the genome, but also their closeness (they have to be close enough so that the sequence 

can be amplified - <5,000 bp). Has been used for Cryptococcus or Candida or Leishmania (using the 

M13 core sequence or the microsatellite primers (CTG)5 and (GACA)4). In bacteria, commonly used 

primers target inverted repeat elements, BOX and ERIC. In M tuberculosis, a method known as 

spoligotyping is used, amplifying spacer regions between the ‘DR’ repeat loci. However, rather than 

separation on a gel, the products are hybridised to a series of oligonucleotides corresponding to 43 

known inter-DR regions (see article). 
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In VNTR typing variable-number of tandem repeat elements or microsatellites are used. Here primers 

flanking the outside regions of the tandem repeat loci are used to amplify each tandem repeat, and gel 

electophoresis produced. The position of the band from each tandem repeat amplified indicates the 

number of repeats at that locus, which varies between strains. In the case of M. tuberculosis typing, 

VNTR is used for MIRU (mycobacterial interspersed repeat units) – using 12 different VNTR loci, 

each of which has 2 to 8 different known repeat lengths, producing up to 16 million different 

combinations. (see article and picture, above). 

 

KARYOTYPING USING PFGE 
Here, separate chromosomal sized DNA fragments: may be used in combination with ‘infrequent 

cutters’. Only works of eukaryotic organisms. 

 

SEQUENCED-BASED METHODS (MLST) 
Looking at changes in sequence at a single locus is good to determine phylogenetic trees to see 

relatedness of species and genera, but changes occur too infrequently to look for strain typing. To use 

sequence based methods for strain typing, need to look at multiple loci and pool the data (multilocus 
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sequence typing, MLST). Has been applied to a number of bacteria, including N. meningitidis and S. 

aureus. See article. Housekeeping genes are usually used, since sequence variation accumulate slowly. 

 

WHOLE GENOME SEQUENCING 
 

Increasingly used - much increased level of data (e.g. 6-7 megabases analysed, compared to MLST 

which might use 2-3000 bps) 

e.g. Canonical SNP assays – develop phylogeny trees, but only suitable for certain organisms (e.g. 

highly recombinant organisms such as B. pseudomallei) 

 

Statistical analysis (as for human population genetics) used for recombinant organisms (and 

eukaryotes) 

 

VERIFYING THE EFFICACY OF A TYPING METHOD 
Need to make sure the correct level of resolution for the question posed. Can choose a method that has 

already been evaluated for that question, or verify a method. Verification can be done by comparing 

with an unrelated method to see if the same results. 

 

Verification should use isolates with known levels of relatedness: 

 Identical – eg: multiple clones from a freshly plates isolate 

 Highly similar, but non-identical – eg: isolates recovered over short intervals with presumed 

common origin – eg: same individual but different body parts, or same individual over time, 

etc. 

 Moderately related – eg: isolates from the same geographical local 

 Unrelated – eg: from different geographically separated locales. 

A group of such isolates is the test collection. The test collection is used to make a dendrogram of 

relatedness for the two methods – if they both give the same answer (and if the answers match what is 

known about the collection) then the methods are verified. 

 

Such cross-verification is only possible for micro-organisms with a clonal population structure. 
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