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Abstract
Introduction: Epidemiological studies of tuberculosis cover a number of medical disciplines, such as clinical medicine, 
pathology, microbiology, medical statistics, as well as biochemistry and genetics. The rapid development of modern techniques 
in molecular biology observed in recent years has also allowed their use in the studies of the epidemiology of tuberculosis. 
These techniques are based on the detection in the mycobacterial genome of characteristic sequences, their organization 
and polymorphism, and also the identification of genes which determine virulence factors and antibiotic resistance.
Objective: Characteristics of the main genotyping methods applied in molecular epidemiological investigations of 
tuberculosis.
Brief description of the state of knowledge: Genome sequencing allows the determination of molecular patterns 
(fingerprinting) of Mycobacterium tuberculosis strains analyzed and their discrimination. This is crucial when defining the 
findings of epidemiological investigations and, above all, recognizing the source of tuberculosis and routes of its transmission.
Before molecular methods for epidemiological investigations had been developed, most of the research was limited to 
discriminating on the basis of biochemical and serological features, phage typing and drug resistance phenotype. With the 
advent of molecular techniques, epidemiologists began using effective markers to track the transmission and to identify 
the phylogenetic characteristics of M. tuberculosis strains.
Summary: The most important criteria for selection of the method of typing are: the nature of the sample, its size, and the 
time at which the material was collected. The methods currently used are characterized by varied discriminatory power, 
the value of which is determined by the degree of clustering/grouping of strains into potential epidemiological groups 
within which the transmission occurred.
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INTRODUCTION

Among many contagious diseases, tuberculosis still 
remains one of the most frequent causes of morbidity and 
mortality worldwide. In properly conducted programmes 
of tuberculosis control it is crucial to use adequate 
microbiological diagnostics which would enable quick 
identification of an ill individual, establishment of an optimal 
therapy in accordance with antibiogram, monitoring of the 
process of treatment, and facilitation of control over the 
spread of the disease.

Due to the threat created by a sputum-positive individual, 
an important task of the medical services is the tracing of 
his/her contacts with the environment in order to identify all 
those who might have been exposed to tuberculosis infection.

For many years, knowledge of the epidemiology of 
tuberculosis has been very limited due to the lack of 
adequate research methods, and the tracing of the routes of 
transmission of tubercle bacilli in the human environment 
was almost impossible. Prior to the implementation of 
molecular methods, epidemiological investigations were 
based on the taking of a thorough medical history and 
comparison of the resistance patterns of the isolated strains of 
Mycobacterium tuberculosis. In the past, due to the low level 

of laboratory diagnostics, lack of knowledge of the genome 
of tubercle bacilli, and lack of molecular methods, only 
hypotheses were posed in epidemiological investigations.

Since the identification in 1882 by Robert Koch of the 
Mycobacterium tuberculosis complex as an etiologic agent 
of tuberculosis, methods which enable the confirmation of 
the presence of tubercle bacilli in patient’s clinical material 
have been improved. Highly sensitive methods have been 
implemented to microbiological diagnostics, simultaneously 
reducing the time of waiting for the result. The application of 
genetic methods resulted in tremendous progress. Genotyping 
allows determination of the molecular patterns (fingerprints) 
of the examined strains of Mycobacterium tuberculosis and 
their differentiation, therefore constituting an objective basis 
for the identification of strains participating in infection, and 
excluding strains not related with transmission of the disease.

Studies of tuberculosis transmission in the human 
environment, and diagnosing cases of an active form of 
tuberculosis (TB) in patients’ surroundings, confirm the 
high risk of infection among those who remain in close 
contact with the patient or are family members. Due to 
the threat of infection resulting from contact with the ill, 
epidemiological investigations should cover all individuals 
suspected of tuberculosis, as well as those with its active form 
confirmed. The tracing of the chain of transmission is aimed 
at the identification of all people who should be covered with 
treatment. Such investigations require multi-stage efforts 
which engage a specialised group of physicians, clinicians, 
microbiologists and geneticists.
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These examinations are extremely difficult, require 
systematic tracing of family contacts, and contacts in the close 
non-family surroundings, determination of the duration of 
exposure, estimation of risk and other characteristics [1].

At present, there are very many methods which enable 
the typing of tuberculosis strains, and there remains only 
the selection of the typing scheme with the consideration of 
mainly the type and size of the population examined, and 
use of the results obtained.

PHENOTYPIC METHODS

Before the development of molecular methods, the majority 
of epidemiological investigations were based on phage typing. 
Considering the arduousness of this method and its low 
sensitivity resulting from the limited number of phages 
specific for mycobacteria, it was not a suitable epidemiological 
tool; however, the method was used for the typing of strains 
forming epidemic foci and investigations of cross-infections 
in laboratories dealing with the microbiological diagnostics 
of tuberculosis.

Initially, strains belonging to the M. tuberculosis complex 
were also differentiated based on biochemical characteristics 
and their different sensitivity to antibiotics. Nevertheless, this 
was not a reliable method of identification of mycobacterium 
bacilli due to the limited number of combinations possible. 
Serologic methods used for typing were useful only in 
diagnostics, and could not be applied for comparing strains 
isolated from various patients. Serologic typing allowed only 
the indication of certain biochemical differences between 
different strains; however, this was not a suitable tool for 
their identification [2, 3, 4].

MOLECULAR METHODS

The occurrence of molecular techniques in the 
epidemiology of tuberculosis provided an opportunity to 
use effective markers for the tracing of the phenomenon 
of transmission of the disease in the human environment, 
and identification of the phylogenetic characteristics of 
M.  tuberculosis strains [5]. The presented study describes 
the most frequently used methods which are most valuable 
in molecular epidemiological investigations of tuberculosis.

Restriction Fragment Length Polymorpohism (RFLP)
Typing of the Mycobacterium tuberculosis strains complex, 

based on the analysis of nucleic acids, allows the indication 
of differences within specific sequences, determination of the 
number of repetitions, and the location of these sequences 
in the genome. Usually, an initial stage of such an analysis is 
the digestion of bacilli chromosome with specific restriction 
enzymes, and subsequent separation of the fragments 
obtained using agarose gel and the determination of their 
size. The simplest variant of the RFLP method does not 
require the stage of hybridization of genome fragments with 
a specific probe. However, the interpretation of the result is 
difficult considering the large number of fragments obtained. 
Then, in electrophoretic separation, complexes are observed 
consisting of bands of a similar size, and this, in consequence, 
makes it impossible to detect significant differences between 
chromosomes [6].

Pulsed Field Gel Electrophoresis (PFGE)
PFGE is a modification of the RFLP method. For restriction 

analysis, enzymes are used which cut the genome at a limited 
number of sites, thus obtaining a few fragments of a large 
size which are then separated under special conditions, i.e. 
in an alternating electric field. The limitations of this method 
consist primarily in a relatively low discriminative potential, 
and the results obtained indicate limited polymorphism 
between chromosomes of different strains [7].

Methods based on repetitive sequences
The presence of repetitive elements and insertion sequences 

in the genome of bacilli is commonly considered as a basic 
criterion for discrimination between strains. In typing the 
strains of the Mycobacterium tuberculosis complex, six 
repetitive DNA fragments are used (Tab. 1) [8].

IS6110 sequence
The IS6110 sequence is most widely used as a probe. This 

is an insertion sequence which belongs to the IS3 family. 
According to the species of bacilli, it possesses a proper 
designation, for M. tuberculosis it is described as IS6110 or 
IS986 (the first designation being preferred and commonly 
applied), while for M. bovis-BCG – as IS987. Insertion element 
IS6110 is 1361bp long and has been identified within the 
genome of all species of the M. tuberculosis complex. The 
differences between these elements in various strains are 
limited to several nucleotides only, with a simultaneous 
variable number of repetitions according to the species and 
strains of bacilli. The majority of M.  tuberculosis strains 
possess in their chromosome 8-15 copies of the IS6110 
sequences, located at various sites of the genome, although 
strains with one copy are equally often isolated, or sometimes 
strains devoid of this element [9, 10].

Due to the high polymorphism of the IS6110 element, 
methods based on this sequence are characterized by a 
considerable discriminative potential, and are commonly 
used in molecular epidemiology.

Despite many advantages, the IS6110-RFLP method has 
certain disadvantages and limitations. The starting material 
for analysis must be an abundant culture of bacilli, from 
which large amounts of genomic DNA of high quality and 
purity must be isolated. The procedure is effort-consuming, 
and the result obtained after several days. In addition, the 

Table 1. Repetitive sequences used in typing of mycobacterum bacilli

Repetitive 
sequence

Scope of occurrence No. of repeats 
in genome

Polymorphism 
level

IS6110  
(IS986, IS987)

M. tuberculosis
M. africanum
M. bovis
M. bovis-BCG

0-20
0-20
1-20
1-2

High
High
High
Lack

IS1081

M. tuberculosis
M. africanum
M. bovis
M. bovis-BCG

5-6
5-6
5-6
5-6

Low
Low
Low
Low

Region DR

M. tuberculosis
M. africanum
M. bovis
M. bovis-BCG

1
1
1
1

High
High
High
Lack

MPTR M. tuberculosis complex ±80 Low

PGRS M. tuberculosis complex 26-30 High

MIRU/VNTR M .tuberculosis complex ±40 High
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method has a considerable limitation when applied for 
the typing of strains which, in the genome, possess 0-5 copies 
of IS6110 sequences. In such cases, a combination of bands 
is obtained which are poorly polymorphic in relation to 
other strains with a low number of IS6110 copies which, 
in turn, decreases discriminative potential of the method 
and decreases its value in typing of such strains. The IS6110-
RFLP also becomes useless in the case of strains in which 
the genome is devoid of the IS6110 element. It is noteworthy 
that some mycobacteria, other than tubercle bacilli (MOTT), 
possess in their chromosome many copies of sequences 
belonging to the IS3 family, which are hybridized with IS6110 
probe, therefore providing a result in the form of bands. 
Thus, it should be assessed earlier by species identification 
whether the strain qualifies for IS6110-RFLP typing [11, 12].

IS1081 sequence
The element IS1081 was described in 1991, and has become 

an alternative genetic marker for strains possessing only 
several copies of sequence IS6110, or are entirely devoid 
of these copies. It was found that typing based on IS1081 
has a low discriminative potential resulting from the low 
transpositional activity of this element. The subsequent 
limitation was associated with the fact that the method 
did not allow identification of the species M.  bovis-BCG 
from among other species belonging to the M. tuberculosis 
complex [13].

Polymorphic GC-rich repetitive sequences (PGRS)
Very abundant repetitive sequences in the genome 

M.  tuberculosis complex are the Polymorphic GC-rich 
Repetitive Sequences (PGRS). PGRS elements are present 
at 26-30 sites on chromosome and consist of many tandem 
repetitions 96 bp in length [14].

Polymorphism of these sequences was used in typing, 
where GC-rich repetitive sequence contained in the 
recombinant plasmid pTBN12 is used as the probe. The 
method is a supplement for analysis of the M. tuberculosis 
complex strains possessing a small number of copies of 
sequence IS6110, or devoid of this sequence.

It is noteworthy that PGRS sequences were also identified 
in the genome of atypical bacilli [15].

GC-rich sequences were also used in the development of 
the method IS6110-Mtb1-Mtb2 PCR. In two independent 
PCR reactions, with different starter sets (1. Mtb1+IS1+IS2, 
2. Mtb2+IS1+IS2), DNA fragments are amplified located 
between the IS6110 sequences and GC-rich regions.

To-date, there are few reports concerning the application 
of this method for genotyping of the mycobacterium bacilli; 
nevertheless, it is estimated that this method has a high 
discriminative potential, comparable to the IS6110-RFLP 
method [16, 17].

Other methods using repetitive elements
Apart from the above-mentioned sequences, other short 

sequences were identified in the M.  tuberculosis complex 
genome, which are used as typing markers. To these sequences 
belong chromosomal DR (Direct Repeat) regions, positioned 
in a variable number of repetitions, so-called hot spot regions 
for integration of the IS6110 insertion sequences. DR regions 
consist of short 36 nucleotides DR fragments divided by 
unique spacers 35-41bp in length. Both the number of copies 
of DR fragments (maximum 50 repetitions), and the presence 

of specified spacers are a changeable feature and constitute a 
basis for indicating differences between strains [18].

Further sequences of a repetitive type are the major 
polymorphic tandem repeat sequences (MPTR). These are 
short 10 nucleotides fragments divided by 5 spacers which 
occur in a variable number of repetitions (maximum 80), 
both in the genome of the M.  tuberculosis complex and 
atypical bacilli. MPTR may be used as an epidemiological 
marker for the identification of bacilli species; however, their 
polymorphism is limited [19].

Methods based on amplification reaction
The RFLP method, which has been considered as a 

golden standard in molecular epidemiology of tuberculosis, 
requires the obtaining of an abundant culture of bacilli, 
and this in turn enforces a long time waiting for the result 
of molecular analysis. For the quickest identification 
of the pathogen possible, methods are applied based on 
PCR reaction. The stage of amplification enables typing in 
situations where culture is not available, but only clinical 
material from a patient (including also bacterioscopy negative 
material) [20].

One of these methods is amplityping. In this reaction, 
hybridization starters with the IS6110 sequence ends are used, 
and DNA fragments dividing these sequences amplified. 
However, this method is useless in the case of analyzing a 
large pool of strains, because of the lack of repeatability of 
results as a consequence of forming a large amount of non-
specific products [21].

The subsequent method indicating polymorphism of 
chromosome segments between IS6110 sequences is MPTR. 
However, due to a limited amount of PCR products obtained, 
this method has a low discriminative potential and is not 
suitable for unequivocal determination of affinity between 
strains.

Among other typing techniques where the IS6110 sequence 
is used as a marker, is a group of methods based on ligation 
of adapters (linkers) to which belong ML PCR (Mixed-linker 
PCR), LM PCR (Ligation-Mediated PCR) and Flip PCR (Fast 
Ligation-Mediated PCR). All these methods proceed along a 
similar scheme and cover the digestion of the genome with 
restrictive enzyme, ligation of the fragments obtained with 
adaptor sequences, amplification of ligation products with 
the use of fluorescence-marked starters complementary to the 
linker and IS6110 sequence, and electrophoretic separation 
of PCR products [22, 23, 24].

Methods based on 16S and 23S rRNA
Spacer regions located between 16S and 23S rRNA 

coding genes are amplified, and the products obtained are 
digested with proper restrictases. Considering the limited 
discriminative potential of the method, its modification was 
introduced, aimed at duplication of accidental fragments of 
the entire chromosomal DNA (RAPD, Random Amplified 
Polymorphic DNA). The RAPD analysis provides a high level 
of discrimination of strains; however, it has a considerable 
limitation in the form of low repeatability of the results 
obtained [25].

Spoligotyping
Spoligotyping is one of the most frequently applied methods 

of typing bacilli of the Mycobacterium tuberculosis complex. 
This method is based on amplification of the chromosomal 
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DR (Direct Repeat) region, consisting of a varied number of 
short DR sequences (36 bp in length) and unique spacers 
35-41 bp in length. The variability of bacilli depends on the 
number, location, and type of spacers.

Typing by the spoligotyping method does not require 
complicated procedures and is not time-consuming. 
Apart from this, it is characterized by high repeatability of 
results and easiness of their interpretation. Despite many 
advantages, this method also possesses certain limitations, 
conditioned primarily by low discriminative potential, 
assessed as weaker than that of the IS6110-RFLP method. 
Here, a much higher genetic stability of DR region is indicated 
as the cause, compared to the IS6110 sequence. Nevertheless, 
the spoligotyping method is recommended for the typing 
of strains with a low number of IS6110 copies (≤ 5) in the 
genome [26, 27].

Spoligotyping requires a small amount of DNA; therefore, 
the starting material for analysis may be clinical material 
from the patient, microscopy smears, as well as fragments 
of tissues fixed in paraffin blocks. Omission of the stage of 
waiting for the result of the bacterial culture considerably 
accelerates the procedure of identification of bacilli, and 
shortens this procedure from several weeks to 2 days.

The advantage of the spoligotyping method is easiness of 
recording of the DNA patterns obtained, their cataloguing, 
and possibility to compare own results with those obtained 
from other laboratories. The central register of spoligotypes 
is an international database SpolDB4, describing 1,939 shared 
types representative of nearly 40,000 strains of M. tuberculosis 
identified in many places worldwide.

At present, the spoligotyping method is applied as a 
screening test in genotyping tubercule bacillus [28].

Methods based on minisatellite variable number 
tandem repeat

Analysis of the Variable Number Tandem Repeat (VNTR) 
is a commonly used method for typing tubercule bacillus. 
Ministalellite regions consist of many repeated sequences of 
the length of several dozen base pairs, and the polymorphism 
of these regions in individual strains of bacilli is a varied 
number of repetitive fragments.

The VNTR method consists in amplification of the specific 
locus and, subsequently, an analysis of the size of PCR 
fragments in agarose gel. The size of the product depends 
on the number of repetitions of the core motif. The size of 
the product depends on the number of repetitions of the 
core motif. The number of repetitions in each loci analyzed 
provides the ultimate numerical code, the so-called VNTR 
code [29].

From among the tandem sequences, an analysis is most 
often based on polymorphism of the motives ETR (Exact 
Tandem Repeat) and MIRU (Mycobacterial Interspersed 
Repetitive Units).

Analysis based on ETR sequence polymorphism (most often 
5 loci are analyzed: ETR-A, -B, -C. –D, -E) is characterized by 
low discriminative potential and, therefore, the results require 
verification based on other genetic markers. For this reason 
a combination is frequently applied, based on the analysis of 
both ETR-VNTR and MIRU-VNTR. Among 41 loci which 
have been identified to-date containing MIRU repeats, 
12 hypervariable loci are most often used for genotyping. 
Nevertheless, some laboratories perform analysis using 15 
loci, while others use 24 loci MIRU [20, 30, 31].

MIRU sequences have several dozen base pairs and 
may occur in a single locus in several or more than 10 
repeats. The number of repeats in subsequently analyzed 
loci is presented in the form of numerical record. MIRU-
VNTR typing possesses a high discriminative potential, 
the results are highly repeatable and easy to interpret. An 
unequivocal record of the genetic pattern of a strain, similar 
to spoligotyping, allows the development of the central 
register of the DNA profiles identified. The discriminative 
value of the method is evaluated as highly as the value of the 
IS6110-RFLP typing, and both techniques are considered as 
perfect supplementations of the spoligotyping method [32].

Single Nucleotide Polymorphism SNP
Analysis of single nucleotide polymorphism (SNP) is 

based of DNA sequencing. Two types of SNP polymorphism 
have been identified: synonimic (sSNP) and non-synonimic 
(nsSNP). The difference between them consists in that sSNP 
does not cause a change in the amino acid, and, therefore, 
is a neutral modification of the genome. In turn, nsSNP 
polymorphism leads to an alternation in the amino acid 
sequence of the protein, and thus may induce a specified 
phenotypic effect.

Analysis of the polymorphism of several dozen selected 
loci allows the identification of nucleotide changes in the 
specified regions of the genome and, in this way, indicates 
the evolutionary direction in the population of bacilli and 
their phylogenetic affinity [32, 33, 34].

Importance of genetic methods in molecular 
investigations in tuberculosis

Methods currently used in molecular investigations are 
being constantly optimized, contributing considerably to 
the detection and tracing of the transmission of tuberculosis 
among humans.

In epidemiological studies of tuberculosis, the IS6110 
RFLP method is considered as the ‘golden standard’ and 
is most frequently applied. This method, of a standardized 
procedure, has a high discriminative capability and high 
stability of genetic patterns. However, it has some limitations. 
It requires a large amount (approx. 2 μg) of DNA for analysis, 
which means the necessity to grow the bacterial culture. The 
method is complicated from the technical aspect, expensive, 
and requires modern computer software for the elaboration 
and comparison of results. In addition, some M. tuberculosis 
complex species show zero or a small number of copies of 
the IS6110 sequence, and require discrimination based on 
alternative methods (Tab.2) [35, 36, 37].

The spoligotyping technique seems to be the most 
interesting and most frequently used alternative method 
This method allow the obtaining of patterns (spoligotypes) 
characteristic of individual strains, and is characterized by 
a high repeatability of results, mainly due to the stability 
of the DR region, which is higher than that for the IS6110 
sequence. Spoligotyping, as a method based on PCR requires 
very small amounts of DNA.

Due to the above, the method may be applied for the 
detection and identification of the M. tuberculosis complex 
directly in clinical material, omitting the stage of culturing. 
The results are obtained within 1-2 days. Opposite to the 
RFLP spoligotyping method, it does not require digestion 
of chromosomal DNA and conducting of electrophoretic 
separations; therefore, it may be performed in a shorter 
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time and at lower costs. However, many comparisons of 
the RFLP method and spoligotyping showed that the RFLP 
method allows a deeper discrimination of the strains of 
M. tuberculosis. Thus, it is postulated that the spoligotyping 
method is used for the preliminary epidemiological of 
the collection of strains, while the RFLP method for the 
discrimination of strains possessing the same spoligotypes. 
This enables possibly the quickest and cheapest identification 
of strains belonging to the same epidemiological group. 
Hybridization patterns obtained by the spoligotyping method 
are also collected in databases and compared, which allows 
identification of the types of spoligotypes, and analysis of 
their spread among the population [38].

In recent years, an increasingly larger number of reports 
have appeared which indicate that the MIRU-VNTR analysis 
is the method which effectively discriminates tubercule 
bacilli. It is based on the identification of minisatellite 
sequences in the genome of M. tuberculosis.

Many analyses confirmed that epidemiological analysis 
of M. tuberculosis strains performed by the MIRU-VNTR 
method is similarly effective as the RFLP analysis, and in the 
case of typing strains containing a small number of IS6110 
copies, it is even more useful than the RFLP. In addition, this 

method is considerably cheaper and less effort consuming, 
compared to the RFLP, and requires only a small amount 
of DNA [30, 39].

Summary

Despite great progress in tuberculosis control, improvement 
in the epidemiological situation in Poland and worldwide, in 
recent years the problem of tuberculosis has persisted and 
requires an improvement in the methods for its control, in 
association with all organizational structures dealing with 
health protection.

At present, molecular typing of M. tuberculosis strains is 
an inseparable element of epidemiological investigations of 
tuberculosis. The described techniques of genotyping enable 
the assessment of variability of the genetic material of strains 
within the examined population, and determination of the 
molecular affinity between strains; thus, the possibility of 
their transmission among abundantly tubercule bacillus 
positive patients.

Due to this, it is possible to establish the routes of 
transmission of the disease, its sources in the environment, 

Table 2. Advantages and limitations of selected genotyping methods [35]

Method of 
typing

Characteristics of method Limitations of method Additional comments

IS6110-
RFLP

Golden standard’ in typing M. tuberculosis complex strains
High variability of DNA patterns obtained for strains with >5 IS6110 
copies
Application in molecular epidemiological investigations,  tracing 
of the direction of evolution of strains and phylogenetic affiliations 
between them

Mycobacterial culture is required for DNA 
isolation
Result after 30-40 days
Useless in analysis of strains with ≤5  
IS6110 copies, and devoid of these 
sequences
Lack of a central database of patterns 
and possibilities to compare results from 
various laboratories

Detects genetic variability between Beijing 
strains
Transposition and/or deletion of IS6110 is only 
one-way and may be the result of evolutionary 
changes 
Presence of so-called ‘hot spots’ of IS6110 
sequence integration

Spoligo-
typing

One of the simplest methods of mycobacterium tuberculosis 
genotyping
Result in the form of a digital record and cataloguing in an 
international database; data may be compared between various 
laboratories 
Effectiveness of the method is observed with the use of cell lysate 
and in typing dead cells (microscopic specimens, paraffin blocks)
Possesses the character of a screening test

Lower discriminative potential than 
IS6110-RFLP and  MIRU-VNTR
Makes it impossible to indicate genetic 
differences between strains of an endemic 
character

Applied most often for evaluation of 
geographical distribution of specified strains 
May indicate false affinity between strains 
resulting from convergent changes 
Analysis of spoligotypes is possible based on 
2 central databases: SPOTCLUST and SpolDB4

MIRU-
VNTR
(12 loci, 15 
loci)

Quick method of high capacity 
Possesses higher discriminative power of DNA patterns than 
spoligotyping
Digital record of the genetic pattern of a strain
Useful in typing a large size population of strains
Effectiveness of the method observed with the use of cell lysate
Possibility of conducting analysis by ‘in-home’ or automatic 
methods 

Discriminative potential of the method 
is close to that of IS6110-RFLP (the more 
loci the higher)
Similar DNA profiles may be observed in 
phylogenetically distant strains 
Analysis of 12 loci may be insufficient for 
the indication of differences between 
endemic strains

Individual loci have their own characteristic 
‘molecular clock’ (genetic variability)

Deligo-
typing

In analysis, deletions of chromosome fragments are detected   
Based on mutiplex PCR, amplification of 43 loci is performed (similar 
to spoligotyping method)
A single deletion enables identification of M. bovis BCG
Application in studies of phylogenesis and evolution of bacilli, in 
epidemiological investigations, and in studies of the relationship 
pathogen-host 

Studies are carried out in order to 
standardize the method

In this method, PCR or DNA microarrays 
techniques are used  
Necessity to discriminate unique deletions 
from repetitive deletions  (unique deletions 
may determine the occurrence of a new 
phylogenetic branch, while repetitive deletions 
may evidence a convergent direction of 
evolution of the strains)

Insertion 
site typing

Due to the very high discriminative potential, precisely indicates 
or excludes affinity between strains 

Requires preliminary determination of 
IS6110 sequence flanking regions 

Useful for comparing DNA patterns of individual 
strains and large size populations 

SNP Method with very high discriminative potential
Possibility of automation of the method 
Applied in phylogenetic studies, in molecular epidemiology, 
in studies of drug resistance of bacilli, and analysis of the host-
pathogen relationship

Analysis covers sequencing of several 
dozen genomic sites

Polymorphism sSNP does not lead to an 
alteration in amino acid and, therefore, may 
be used in studies of genetic affinity of strains
Polymorphism nsSNP leads to an alternation in 
amino acid and this may induce a phenotypic 
effect, e.g. drug resistance 
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and consequently to undertake proper actions in the area of 
treatment of prophylaxis. At present, the use of molecular 
methods in the epidemiology of tuberculosis is a necessity 
in adequately conducted programmes for control of the 
disease worldwide.

Study financed from grant project No. 404 572740
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