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Microbial Fingerprinting - A current 
vogue in Microbial Forensics
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ABSTRACT
Classification and Identification of the microorganisms are of utmost importance in the field of environmental, industrial, medical 
and agricultural microbiology, microbial ecology and microbial forensic studies. Conventional phenotype-based methods come 
across many challenges and shortcomings which limit their usability. Molecular techniques offer better arrangements in recog-
nizing and portraying microorganisms. A few DNA fingerprinting strategies have been produced and are being used as of now. 
In principle, most of these methods are based on PCR and restriction site analysis. Some of these methods are still not cost-
effective in use and require huge set-up cost. Continuous research is going on around the world to improve the methodology and 
applicability of these methods as well as to make them economic and in routine use in forensic investigations..
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INTRODUCTION

Microbiology is the investigation of tiny life forms, or any 
living life form that is either a solitary cell (unicellular), a 
cell group, or has no cells by any stretch of the imagina-
tion (acellular). Numerous microorganisms (organisms) are 
pathogenic and cause illness while different microorganisms 
are not a threat to human wellbeing. Microorganisms can 
aimlessly and unlawfully be utilized as operators of natu-
ral fighting, bio-violations and agro fear based oppression. 
Worried to this, Microbial Forensics rose as interdisciplinary 
field of microbiology dedicated to the improvement, assess-
ment, approval, and utilization of strategies to distinguish 
and completely portray microbial specimens containing a 
natural specialist or its segments1. The principle objective of 
criminological microbiologist is to distinguish feasible path-
ogens and recognize their DNA marks to decide the root of 
likely source. In the late years, another logical train microbial 
fingerprinting has been set up under microbial legal sciences 
with a specific end goal to fortify the law implementation 
reaction particularly in a bioterrorism occasion 2. Microbial 
fingerprinting strategies are a class of methods that separate 
microorganisms or gatherings of microorganisms in light of 
novel attributes of a general part or area of a bio particle 
(e.g., phospholipids, DNA, or RNA). Microbial fingerprint-
ing strategies give a general profile of the microbial group, 
and some can be utilized to distinguish subsets of the micro-

organisms exhibit. This survey article means to reveal some 
insight into this new train and the strategies utilized as a part 
of microbial fingerprinting.

Different Microbial Fingerprinting Methods 
(MPMs)
Microbial fingerprinting strategies can give a full examina-
tion of the microbial group. It doesn’t require much learn-
ing about which microorganisms are of the premium. The 
hereditary techniques permit distinguishing proof of primary 
individuals from the microbial group to the family or even 
class level. It indicates distinctive microorganisms or gath-
erings of microorganisms in view of one of a kind attrib-
utes of a mutual thing or area of a bio atom, (for example, 
phospholipids, DNA, or RNA). Microbial Fingerprinting 
Methods are applicable to give a general perspective of the 
microbial group. It shows microbial differing qualities and 
tells about sorts of metabolic procedures happening on the 
site. It likewise distinguishes a subset of the microorganisms 
introduces in the specimen. Advance, it can recognize the 
microbial greenery of the specific topographical area which 
is particular to that area. This is relevant and important be-
cause every microorganism has its own signature flora that 
can determine the surrounding environment of an individual 
during the criminal investigation. Some of the methods used 
for microbial fingerprinting are as follows:
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PLFA Analysis
Phospholipids are an essential auxiliary segment of the layers 
of every living cell and separate quickly upon cell demise. In 
this manner, the mass of PLFAs in an example is an immedi-
ate measure of the feasible biomass in the specimen. While 
all cell layers contain phospholipids, not all life forms or 
gatherings of creatures contain the same PLFA sorts in simi-
lar extents. A few classes of creatures deliver one of a kind 
or “mark” sorts of PLFA3. Measuring these PLFA assembles 
in this manner makes a profile or unique finger impression 
of the reasonable microbial group and gives knowledge into 
a few essential microbial utilitarian gatherings (e.g., iron-and 
sulfate-decreasing microscopic organisms).

PLFA examination is like an evaluation of other concoction 
mixes present as blends (e.g., unstable natural mixes) in eco-
logical examples: (1) extraction, (2) detachment by gas chro-
matography with fire ionization discovery, and if important, 
(3) affirmation of recognizable proof by mass spectroscopy. 
PLFA investigation can likewise be joined with stable iso-
tope testing (SIP) to show that biodegradation is happening 
by measuring consolidation of the steady isotope mark into 
biomass. PLFA examination is economically accessible.

DGGE Analysis
DGGE is a nucleic corrosive (DNA or RNA)–based strat-
egy used to create a hereditary unique mark of the microbial 
group and possibly distinguish overwhelming microorgan-
isms. DGGE profiles are frequently used to look at contrasts 
or changes in microbial group differing qualities and struc-
ture between tests, after some time or space or in light of 
treatment. DGGE typically includes a four-stage handle: (1) 
DNA or RNA extraction, (2) intensification, (3) detachment 
and representation, and (4) grouping recognizable proof. The 
enhancement step utilizes polymerase chain response (PCR) 
to produce a large number of duplicates of a variable locale 
inside an objective quality. The DNA course of action of this 
variable region is different for each kind of minute living 
being. Thus, the PCR step makes a mix of the quality bits 
every addressing a creature bunches appear in the primary 
example. The third step of DGGE uses an electric current 
(electrophoresis) and a denaturing system to separate this 
mix in light of the DNA gathering, making a profile, or ex-
ceptional check, of the microbial gathering. Figure 1 exhibits 
an ordinary acrylamide gel picture: a subset of the individual 
“gatherings” are isolated (physically cut) from the gel, the 
DNA progression is settled for each removed band, and the 
ensuing DNA plan is stand out from a database to perceive 
the microbial people identifying with each band 4. Promote 
understanding is construct to a great extent in light of con-
necting site conditions and exercises to general attributes of 
the microorganisms that were recognized in the specimen. 
DGGE is economically accessible.

Figure 1: DGGE bands, with diagnostic sequences and iden-
tifications of the microorganisms responsible for a given band.

T-RFLP Analysis
T-RFLP has also been employed to characterize microbial 
communities 5. Similar to DGGE, T-RFLP is a nucleic acid 
(DNA or RNA)–based technique that provides a fingerprint 
of the microbial community and can be used to identify 
specific microbial populations. T-RFLP is a four-step pro-
cess: (1) DNA or RNA extraction, (2) PCR amplification, 
(3) enzyme digestion, and (4) fragment identification. After 
isolation of the aggregate group DNA or RNA, PCR ampli-
fication with a fluorescent labelled PCR primer is utilized 
to make different duplicates of an objective quality, and the 
PCR items are then processed with confinement proteins that 
cut the DNA particle at known arrangements. The span of 
each subsequent terminal confinement piece is characteristic 
of a particular microorganism. T-RFLP offers greater sensi-
tivity than DGGE (i.e., it may detect microorganisms that 
are present at lower numbers in a sample). T-RFLP is com-
mercially available 6.

Other DNA based Advanced Microbial Finger-
printing Methods

Restriction endonuclease analysis of chromo-
some (REAC)
REAC includes disconnection of chromosomal DNA, pro-
cessing with at least one limitation compounds took after 
by their determination into detectable banding examples or 
“unique mark” after electrophoresis on agarose or polyacryla-
mide gel. Many pieces running from 0.5-5 kb long are cre-
ated. The groups acquired are recolored in situ or denatured 
inside the gel, smeared onto a reasonable layer (nitrocellu-
lose/nylon) and after that recolored. The subsequent example 
of groups, mirroring the cutting destinations of the specific 
catalysts in the chromosome, is exceedingly normal for the 
given strain and is alluded to as the strain’s “unique mark”. 
Strains are separated in light of their fingerprints. Separates 
indicating one band contrast in the unique mark are consid-
ered subtypes of each other. Designs having at least 2 band 
contrasts are for the most part described as various strains. 
The varieties in the fingerprints acquired by these techniques 
represent even the minor changes in the hereditary substance 
of an organism like point transformation, additions, erasures, 
site particular recombination and change. In this manner, 
REAC is an exceedingly delicate method and even a soli-
tary occasion bringing about an adjustment in DNA can be 
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followed, along these lines it is a critical apparatus for epi-
demiological examination for strain writing. REAC helped 
in following the flare-up of Pseudomonas aeruginosa mas-
titis among Irish Dairy groups 7. One noteworthy favorable 
position of this technique is that it includes the entire chro-
mosome, so the strains are thought about on an expansive 
premise and no earlier learning of grouping information is 
required. Utilizing REAC all strains can be written. In any 
case, at times fingerprints are extremely mind boggling and 
hard to translate. Nearness of plasmid DNA in the response 
blend can at times meddle with the outcomes. As of late a 
few PC based examination strategies have been produced 
that make correlation of REAC examples simple and develop 
databases for identity searches and epidemiological typing 6.

Restriction endonuclease analysis of plasmid 
DNA (REAP)
This strategy can be utilized for those microorganisms which 
harbor plasmids. Plasmids can be recognized promptly by 
basic lysis system took after by the agarose gel electrophore-
sis of the lysate 8. The numbers and the sizes of the plasmids 
present are utilized as the premise of strain recognizable 
proof. This strain writing method has been utilized effective-
ly for investigation of episodes of nosocomial diseases and 
group procured contaminations brought about by different 
types of gram-negative microbes 9-10. A few strains of micro-
scopic organisms convey just a solitary huge plasmid, in the 
scope of 100-150kb. Due to the trouble to separate plasmids 
in this range, a limitation endonuclease processing step is 
added to expand the unfair force of agarose gel electropho-
resis. At present, this technique is fundamentally utilized for 
staphylococcal secludes, which regularly convey different 
plasmids and for chose types of Enterobacteriacea, which 
frequently have extensive unmistakable plasmids 11.

Random amplified polymorphic DNA (RAPD)
This strategy depends on self-assertive intensification of pol-
ymorphic DNA groupings. Enhancement is completed uti-
lizing single or different, non-particular preliminaries whose 
successions are arbitrary and not intended to be reciprocal 
to a specific site in the chromosome. These preliminaries tie 
at different ‘best-fit’ groupings on the denatured DNA un-
der low stringency conditions and stretch out productively to 
give short amplicons. In consequent cycling, conditions are 
made more stringent so preparation keeps on binding to best-
fit successions and create results of settled lengths. Their 
(items) electrophoresis and recoloring produces the unique 
mark. RAPD has the fundamental preferred standpoint that 
no earlier grouping data is required. Additionally, the whole 
genomic succession is investigated for correlation. Since the 
preparation are not coordinated against a specific hereditary 
locus, a few preparing occasions can come about because 
of varieties in trial conditions, making thorough institution-

alization of the technique basic. The significant detriment of 
this strategy is absence of between research facility repro-
ducibility. A little change in convention, preparation, poly-
merase or DNA extraction may give distinctive outcomes. 

RAPD has been utilized for writing of various microscopic 
organisms utilizing 10-mer preparation (oligonucleotides 
comprising of 10 nucleotides). It was completed for Campy-
lobacter coli and C. jejuni 12, Listeria monocytogenes 13, 
Staphylococcus haemolyticus 14, Vibrio vulnificus 15. In V. 
vulnificus writing, prejudicial force of RAPD was highlight-
ed; a distinction in band examples was acquired amongst ex-
emplified and non-embodied isogenic morphotypes. Another 
adaptation of RAPD is AP-PCR i.e. self-assertively prepared 
PCR in which PCR is completed with subjective prepara-
tion. Here, PCR is completed utilizing >20-mer preparation 
rather than 10-mer (RAPD). Different subtle elements of the 
technique stay comparative16-18. As of late, to advance unwa-
vering quality and reproducibility of subjectively prepared 
PCR, different methods have been suggested by Tyler et al. 
(1997) 19.

Multilocus sequence typing (MLST)
MLST depends on the direct sequencing of ~500 nucleotides 
of various housekeeping qualities. The grouping of each of 
these quality sections is considered as a one of a kind allele, 
and dendrograms are built from the pair wise distinction in 
the multilocus allelic profiles by bunch examination. As this 
technique records the varieties that amass gradually, MLST 
is a reasonable strategy to concentrate long haul and world-
wide the study of disease transmission or development of 
organisms. Likewise, MLST is appropriate for the develop-
ment of worldwide databanks assessable to various research 
facilities for result examination and arrangement 20. As of 
late MLST has turned into a best quality level method for 
grouping of Neisseria meningitides 20. MLST has likewise 
been set up for Streptococcus pneumonia 21-22 and is in ad-
vance for Streptococcus pyogenes, Haemophilus influenzae 
and Campylobacter jejuni. As of late Cocolin et al. (2000) 23 
have utilized a comparable method for recognizing 39 strains 
of Lactobacillus species confined from normally aged Italian 
frankfurters. A little section from 16S rRNA was increased 
through PCR. Tannock et al. (1999) 24 distinguished Lactoba-
cillus secludes from gastrointestinal tract, silage and yogurt 
by opening up and sequencing spacer district in the vicinity 
of 23S rRNA qualities (The successions got were contrasted 
and the reference strains in databases, for example, Genbank 
and a likeness of at least 97.5% was considered to give ID). 
The 16S-23S intergenic spacer area sequencing has been 
utilized for recognizable proof of Clostridium difficile and 
Staphylococcus aureus 25. Albeit costly and work concen-
trated, none of the DNA fingerprinting procedure depicted 
above is as dependable or as reproducible as MLST. Once 
the cost and the trouble of the huge scale sequencing have 
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been lessened by innovative improvements, MLST will turn 
into the technique for decision in numerous research centers 
far and wide.

Low-Molecular-Weight (LMW) RNA fingerprint-
ing
A hereditary fingerprinting strategy that has been utilized for 
over 10 years is profiling of low-atomic weight (LMW) RNA 
(5S ribosomal RNA {rRNA}and exchange RNA {tRNA} 26. 
The method 26 is clear; add up to RNA is extricated from 
a natural specimen, and isolated by high-determination po-
lyacrylamide gel electrophoresis. The division profiles of 
the 5S rRNA and tRNA (the 16S r RNA particles are too 
large to enter the gel) can be pictured by silver recoloring or 
via autoradiography if the RNA was radioactively named. 
Accordingly, the profiles are checked, and put away in an 
electronic database for correlation. LMW RNA profiling 
has been utilized to screen bacterial populace elements in 
an arrangement of freshwater mesocosms after expansion of 
non-indigenous microorganisms and culture medium 27. The 
approach was likewise used to explore the assorted qualities 
and movement of bacterial populaces in a stratified water 
segment of the focal Baltic Sea 28. (Höfle and Brettar, 1996). 
Bidle and Fletcher (1995) 29 utilized LMW RNA profiling to 
think about free-living and molecule related bacterial groups 
from various profundities and distinctive destinations in an 
estuary straight. Favorable position of the LMW RNA fin-
gerprinting method is the nonappearance of an in vitro en-
hancement venture to deliver adequate material to be broke 
down, in light of the fact that such an intensification step may 
make mistakes 30. Another positive point is that individual 
groups can be sequenced 31 or profiles can be hybridized with 
particular tests to evaluate the personality of the group indi-
viduals. In any case, just constrained phylogenetic data can 
be acquired from the little 5S rRNA (max. 131 nucleotides) 
and tRNA (max. 96 nucleotides). Another frail point is the 
quick debasement of RNA, which may shape extra groups 
in the profiles making the translation of results troublesome.

Importance of Data Generated from 
Microbial Fingerprinting Methods
Information produced from MPMs is utilized to comprehend 
which microorganisms are available and how they are asso-
ciated with their natural conditions. MPMs can likewise be 
utilized to track the general changes in the microbial group 
after some time or in light of remediation exercises. The sub-
sequent fingerprints can be coupled to factual examination 
and different sorts of estimations. Tests after investigation 
are contrasted with reference groups, which are nearer to ref-
erence band are deciphered as being biologically comparable 
while that are far separated are translated as containing huge 
contrasts.

CONCLUSION

From the previous record, plainly in the most recent dec-
ade or something like that, few DNA-based fingerprinting 
strategies have been produced to help with the distinguishing 
proof and portrayal of the organisms. Despite the fact that the 
traditional phenotypic strategies like serotyping would keep 
on being utilized for quite a while to come, atomic proce-
dures will be progressively utilized as a part without bounds. 
Additionally look into on the techniques of DNA fingerprint-
ing strategies would uncover the pitfalls to which these are 
inclined and would absolutely be refined, making them more 
powerful and pertinent in the greater part of the world where 
research facilities are malpractice. A few of these techniques 
will then empower production of huge reference libraries or 
databases of the typed organisms for correlation, fast recog-
nizable proof, portrayal and characterization of new discon-
nects over the world.
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