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Abstract

In this study, 62 Mycobacterium tuberculosis strains were characterized by fast ligation-mediated PCR (FLiP) and, previously performed,
IS6110 restriction fragment length polymorphism (RFLP). FLiP proved a reproducible and specific method for differentiation between
M. tuberculosis strains. The discriminatory power of FLiP was close to that of the reference 1S6110 RFLP suggesting its usefulness in study-

ing the genetic diversity of M. tuberculosis strains.
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Mycobacterium tuberculosis is the causative agent
of tuberculosis (TB) that remains a major infectious
disease and causes high morbidity and mortality world-
wide (World Health Organization, 2010). To increase
our understanding of the epidemiology of TB, molecu-
lar typing methods based on various genetic markers
have been developed in recent years (Cave et al., 2005).
The current international standard for epidemiological
typing of M. tuberculosis is restriction fragment length
polymorphism (RFLP) method based on the variability
at a genomic location and the number of copies of the
insertion element IS6110 between strains (van Embden
etal., 1993). The 1S6110 RFLP provides best resolu-
tion at the population level (Mathema et al., 2006).
However, it suffers from some limitations including
its labor intensiveness and the requirement of a large
quantity (at least 2 pg) of purified genomic DNA (Behr
and Mostowy, 2007). In this context, alternative PCR-
based methods, including fast ligation-mediated PCR
(FLiP) (Reisig et al., 2005), seem particularly promis-
ing. FLiP is a modified mixed-linker PCR, a rapid typ-
ing method based on the PCR amplification of RFLP
fragments containing the 3’ end of IS6110 (Haas et al.,
1993). It favorably compared with eight other novel
typing methods for M. tuberculosis complex according
to discriminatory power and reproducibility (Kremer
etal., 2005), and was suggested as a first-line test prior

to high-throughput analysis or standard 1S6110 RFLP
as well as a secondary typing technique for other, non-
IS6110-based methods (Reisig et al., 2005).

In the present study, we applied FLiP analysis for
differentiation of 62 M. tuberculosis strains, previously
characterized by the reference IS6110 RFLP (Krawczyk
etal., 2011), and compared the discriminatory ability of
both methods used. Also, the specificity of FLiP ampli-
cons was determined.

The 62 M. tuberculosis strains analyzed here were
obtained in 2006-2008 from TB patients hospitalized
in L6dz, Poland. All strains were previously character-
ized by IS6110 RFLP analysis using the internation-
ally standardized protocol (van Embden etal., 1993;
Krawczyk etal., 2011). Purified chromosomal DNA
from RFLP typing was available for further investiga-
tion by FLiP. The analysis was performed as originally
described by Reisig et al. (2005).

The fingerprint patterns obtained by both IS6110-
based methods were analyzed by using BioNumerics
software, version 5.0 (Applied Maths, Sint-Martens-
Latem, Belgium). Dendrograms were generated based
on the unweighted pair group method with arithmetic
averages (UPGMA) and Dice similarity coefficient.

The Hunter-Gaston Discriminatory Index (HGDI)
(Hunter and Gaston, 1988) was used as a numerical index
for the discriminatory power of each typing method.
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FLiP amplification products obtained with DNA of
the strain M. tuberculosis 391/7 were blunted and cloned
into pJET1.2 (Fermentas Life Sciences). The recombined
vectors carrying inserts of different sizes were selected
for sequencing. Both strands of the cloned FLiP amplifi-
cation products were sequenced by Genomed S.A., War-
saw, Poland. The obtained sequences were compared
with those deposited in the GenBank database by using
BLAST (http://www.ncbi.nlm.nih.gov/BLAST/).

FLiP is a relatively novel DNA typing method for
M. tuberculosis complex strains (Reisig et al., 2005).
Based on the original mixed-linker approach (Haas
etal., 1993), it is a simplified and faster method which
allows IS6110 strain typing within 6.5 h, starting from
purified mycobacterial DNA or crude cell lysates. Kre-
mer et al. (2005), in an extensive interlaboratory study
comparing nine recently described PCR-based assays,
concluded that VNTR (variable numbers of tandem
repeat) and FLiP are both rapid, highly reliable, and
discriminative epidemiological typing methods for
M. tuberculosis. However, despite its potential to reli-
ably differentiate between strains, FLiP has not been
widely used since its publication.

In this context, the present study reports a molecu-
lar characterization of M. tuberculosis isolated in £.6dz,
Poland through genotyping by FLiP in comparison with
previously performed IS6110 RFLP typing (Krawczyk
etal.,2011). The copy number of IS6110, determined by
the reference method in each of the 62 strains, ranged
from 6 to 14 (Fig. 1A). The majority, 40 (64.5%) of the
strains contained 8-10 copies, with a mean of 9 bands
that is consistent with our previous study of M. tuber-
culosis in £6dz (Dela et al., 2006). In contrast, the num-
ber of bands in the FLiP patterns varied from 3 to 8,
with an average of 6 bands (Fig. 1B). The vast major-
ity, 56 (90%) of the patterns contained 1-8 bands less
compared to the IS6110 RFLP profiles of the respec-
tive strains. These results indicate that the number of
bands in the FLiP DNA fingerprints may not necessar-
ily reflect the number of IS6110 copies in the strains
tested. The observed differences could either be caused
by the visual interpretation of the patterns, by failure
of the polyacrylamide gels to sufficiently separate the
PCR fragments, or by difficulties of the PCR itself.
Nevertheless, FLiP typing proved highly reproducible
confirming previous observations (Kremer et al., 2005).
The reproducibility of FLiP was assessed by including
triplicate DNA samples of M. tuberculosis H37Rv and
16 test strains (data not shown).

FLiP typing differentiated 35 patterns among the
62 M. tuberculosis strains analyzed (Fig.1B). Of the
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35 patterns, 21 were unique, whereas the remaining
14 cluster patterns included 41 (66%) strains. One clus-
ter occurred in nine strains with identical FLiP DNA
fingerprints, three clusters comprised five, four and
three strains, respectively, and 10 clusters were found
in two strains each. The IS6110 RFLP typing differenti-
ated 36 patterns among this strain set. The level of dif-
ferentiation of FLiP was slightly lower compared to that
of IS6110 RFLP and there were some discordant results
between the two methods. IS6110 RFLP differentiated
strains (50/8 and 674/7) in the FLiP cluster F3 (Fig. 1).
Also, strains 120/7 and 724 had slightly different IS6110
RFLP patterns compared to three or two other strains
in the respective clusters F1 and F4. On the other
hand, four strains clustered by IS6110 RFLP in two
patterns R2 and R3 were found slightly (strains 490/7
and 704, cluster R2) or totally (strains 305/7 and 37/7,
cluster R3) different in the FLiP analysis (Fig. 1). Strains
in cluster R3 were previously differentiated also by
spoligotyping (Krawczyk et al., 2011). Moreover, FLiP
discriminated the strains in cluster R1. However, only
strain 152/7 was unique, while the strain 513 clustered
together with eight others (Fig. 1B, pattern F2). Unfor-
tunately, it was not possible to verify the aforemen-
tioned discordant patterns due to the lack of sufficient
epidemiological data associated with them.

Clustering results from both IS6110-based typing
methods applied in the present study were compared to
determine their discriminatory power. FLiP typing gave
resolving power close to that of the reference method
(HGDI=0.966 and 0.971, respectively). The intrinsi-
cally lower band numbers of FLiP patterns might con-
tribute to the slightly lower resolution of this method
as compared with the reference IS6110 RFLP. A broad
review of literature, with regard to degree of differen-
tiation of various molecular methods used in the epi-
demiology of M. tuberculosis, demonstrated a higher
discriminatory power for FLiP (HGDI =0.9945) in com-
parison with the mean value for IS6110 RFLP obtained
in various studies (HGDI = 0.9515 or 0.9808, when the
lowest value obtained was rejected) (Rozo-Anaya and
Ribon, 2010). However, this could be due to the appli-
cation of FLiP only in one study (Reisig et al., 2005),
while there is a bulk of published IS6110 RFLP data,
including some studies where a low number of strains
was analyzed, that resulted in lower HGDI and reduced
the overall mean value for the reference method.

It has been shown, that in PCR-based DNA finger-
printing patterns some of the products could result
from nonspecific amplification (Kremer et al., 2005).
Reisig etal. (2005) demonstrated the specificity of

Fig. 1. IS6110 RFLP (A) and FLiP (B) patterns of the 62 M. tuberculosis strains and the corresponding dendrograms. The numbers of
strains and selected patterns are indicated at the sides of the lane maps displaying the DNA fingerprints of the analyzed strains. The
similarity among the patterns is indicated as a percentage above the dendrograms.
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Mtb391/7| GGTCTCAGATCAGAGAGTCTCCGGACTCACCGGGGCGCTTCATAGCTATGCGCCCTTTGAGAACGTACATTTGTGATTGCGGTTCGCATTTAGGAGCCCGG
GGTCTCAGATCAGAGAGTCTCCGGACTCACCGGGGCGCT TCATAGCTATGCGCCGTTTGAGAACGTACATTTGTGATTGCGGTTCGCATTTAGGAGCCCGG
1S6110-3'| GGTCTCAGATCAGAGAGTCTCCGGACTCACCGGGGCGGTTCAG————

MtbT46

Fig. 2. Alignment of partial DNA sequence of an exemplary FLiP-amplified product in M. tuberculosis 391/7, a GenBank-derived
sequence of M. tuberculosis T46 cont. 1.52, and the 3’ end of 1S6110. Nucleotides common to both M. tuberculosis strains are written in
bold (B). A, 3’ end of IS6110.

FLiP-amplified patterns by hybridization of DNA frag-
ments with the diagnostic oligonucleotide, containing
part of the IS6110 sequence. In the present study, FLiP
fragments from the pattern of M. tuberculosis 391/7,
representing the largest cluster of strains, were cloned
into a plasmid vector pJET1.2 and their DNA sequences
were determined. After comparison of the sequences
obtained with those available in the GenBank data-
base, all fragments were shown to contain the 3’ end
of IS6110 - that harbors the transposase gene - and
M. tuberculosis-specific nucleotide sequence (Fig.2),
demonstrating the specificity of FLiP and its potential
application in mapping genomic locations of IS6110 in
M. tuberculosis strains.

In summary, FLiP proved a reproducible and spe-
cific method for differentiation of M. tuberculosis
strains, showing a discriminatory power comparable
to that of the IS6110 RFLP. Based on the previous and
present results, FLiP analysis seems a valuable adjunct
to the reference method. However, to further confirm
its usefulness in typing M. tuberculosis, its evaluation on
a larger number of strains from various geographical
regions would be necessary.
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