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Spoligotyping is a major tool for molecular typing of Mycobacterium tuberculosis complex organisms. For
epidemiological purposes, strains are considered clonal only when their spoligotyping patterns are identical.
We report a change in the spoligotyping profiles of truly isogenic strains (a clinical isolate and a subculture
derived in the laboratory) caused by deletion of a direct variable repeat. Without the information about the
relationship between them, a link between these strains would have gone unnoticed. Evolutionary events should
be taken into account in the interpretation of spoligotyping results and in the design of databases.

The direct variable repeat (DVR) spacer oligonucleotide
typing technique (spoligotyping) (17) detects DNA polymor-
phism within the direct repeat (DR) locus of Mycobacterium
tuberculosis complex organisms. The DR locus contains multi-
ple DVRs that consist of well-conserved 36-bp DRs inter-
spersed with spacer sequences (spacers) 34 to 41 bp long (14).
The order of the DVRs is strongly conserved in the various
isolates (29). Polymorphism in this region appears to comprise
mainly the presence or absence of single, discrete DVRs or
stretches of contiguous DVRs (13, 29). Differentiation of
strains is based on the presence or absence of the spacers in a
hybridization pattern (spoligotype), and this has been ex-
ploited for the study of the epidemiology of tuberculosis. Al-
though its level of discrimination is much lower than that
obtained with the restriction fragment length polymorphism
associated with IS6110 in most strains (strains carrying five or
more IS6110 copies), the performance of the technique regard-
ing the degree of differentiation and reproducibility is good
(17, 18). Furthermore, the polymorphism obtained by spoligo-
typing of the IS6110 low-copy-number M. tuberculosis complex
isolates proved to be superior to the polymorphism obtained by
IS6110-associated restriction fragment length polymorphism
(2, 10, 11, 18, 34).

This technique has gained widespread acceptance because it
is a simple, rapid, and robust method. Results can be expressed
in a simple digital format and are easier to compare and store
in comparison with those of other available techniques. Thus,
it has been extensively applied, alone or in conjunction with
other techniques, for tracking epidemics (1, 4, 12, 16, 20, 26,
27, 34); for the description of highly prevalent families such as
the Beijing family (30), multidrug-resistant strain W-Beijing
(3), and Western Cape F11 (32); and to study global epidemi-
ology (8). A search in June 2004 of the PubMed website of the
National Center for Biotechnology Information (http:
//www.ncbi.nlm.nih.gov/entrez) retrieved 186 papers on this
topic since 1996. Furthermore, it has allowed the construc-

tion of databases with spoligotypes collected worldwide for the
comparison of large numbers of strains with simple soft-
ware, i.e., the database at http://www.pasteur-guadeloupe.fr/tb
/spoldb3.htm, Institute Pasteur, Guadeloupe (8), and the specific
database on its close relative M. bovis at http://www.Mbovis.org,
hosted by the University of Sussex, Falmer, United Kingdom.

Three types of mechanisms have been hypothesized to be
responsible for M. tuberculosis complex strain DR polymor-
phism: homologous recombination between DRs, rearrange-
ments driven by the insertion element IS6110, which is present
in the DR region of most M. tuberculosis complex strains (13),
and successive deletion of a single DVR or multiple discrete
DVRs from an archetypal DR region (29).

We report a change in the spoligotyping profile of M. tuber-
culosis isogenic strains (a clinical isolate and a subculture)
obtained in the laboratory. This change was caused by the
deletion of a single spacer and the adjacent DR.

M. tuberculosis strains. An M. tuberculosis complex isolate
(98/426) was cultured from the mediastinal lymph node col-
lected at the post mortem examination of a dog with respira-
tory distress that did not respond to conventional treatments
(31). Granulomatous lesions from the lymph node were ho-
mogenized with sterile distilled water and decontaminated
with 0.35% hexadecylpyridinium chloride for 30 min (5), cen-
trifuged at 1,068 � g for 30 min, and cultured onto Coletsos
and 0.2% (wt/vol) pyruvate-enriched Löwenstein-Jensen me-
dia (bioMérieux España and Biomedics, Madrid, Spain).
Tubes were incubated at 37°C and checked for growth weekly.
The isolate was identified as M. tuberculosis by staining for
acid-alcohol fastness, colony morphology, and PCR amplifica-
tion of the Mycobacterium genus-specific 16S rRNA fragment
and MPB70 sequence (35).

Isolate 98/426 was subcultured on Coletsos (Biomedics) from
1998 to 2003 as a part of the culture collection kept in our labo-
ratory. The original isolate, designated isolate a, was subcultured,
resulting in the first subculture, designated subculture b. Subse-
quently, subculture b was subcultured and the same procedure
was repeated periodically during the aforementioned period of
time. Bacterial growth was recovered from the tubes (although
cells were not recovered from every subculture), suspended in
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sterile purified water, heat inactivated, and kept frozen at �25°C
for use as the M. tuberculosis control in routine molecular tests. A
series of DNAs was therefore available in chronological order,
designated a (clinical isolate, 6/1998), b (first subculture, 6/1999),
c (a subculture from 2/2000), d (9/2000), e (1/2001), f (4/2001), g
(1/2002), and h (1/2003, last subculture).

Spoligotyping. PCR amplification and hybridization were
performed as described by Kamerbeek et al. (17), with only
minor changes to obtain good hybridization patterns under our
laboratory conditions. Amplification of the DR locus was per-
formed with heat-treated cell suspensions. Crude supernatants
of M. tuberculosis 98/426 and a clinical isolate of M. bovis and
purified sterile water were included as controls in every batch
of tests. The test was carried out with membranes obtained
from Isogen Bioscience BV, Maarssen, The Netherlands.

A change (1 to 0) in spacer 2 in the traditional spoligotyping
result (genome spacer 3 according to the numbering system of
van Embden et al. [29]) was observed in batches g and h (Fig. 1)
in comparison with results that had been obtained with batches a
to f. The rest of the spacers remained unchanged. During this
period of time, several membranes had been used; therefore,
these results were corroborated in the same membrane.

Detection of the DVR deletion. To study the reason for this
change in the spoligotyping profile, the following primers tar-
geting adjacent spacers were designed to amplify a fragment of
the 5� region of the DR locus: sp1 (forward) (5� AAC CAT
AGA GGG TCG CCG 3�) and sp4 (reverse) (5� GAT GAT
TGG TCG GCG TAT 3�), which are based on the known
sequences of spacers 1 and 4, respectively. DNA amplifications
were performed in 25-�l reaction volumes containing 2.5 �l of
10� standard reaction buffer including 2 mM MgCl2 (Biotools,
B&M Labs), 200 mM each deoxynucleoside triphosphate
(dNTP mix; Biotools), 0.5 U of DNA polymerase (Biotools),
and 50 ng of each oligonucleotide primer (Roche Molecular
Biochemicals, Roche Diagnostics). Amplification was per-
formed with 35 cycles of 30 s at 94°C, 2 min at 65°C, and 3 min
at 72°C; the initial denaturation and final extension steps were
extended for 10 min. Sterile water was included as a negative
control. Amplification products were checked on a 2% agarose
gel and examined under UV light after staining with ethidium
bromide. The amplification products obtained with original
isolate a (1998) and DNA batch h (2003) were purified with the
QIAquick PCR purification kit (QIAGEN GmbH, Hilden,
Germany) and sequenced with the DyeDeoxy (dRhodamine)
Terminator cycle sequencing kit in an automatic ABI Prism
373 DNA sequencer (Applied Biosystems) (CIB Sequencing
Facilities, Madrid, Spain).

When DNA was amplified by PCR with primers sp1and sp4,
a product of the expected 259 bp was observed in original
isolate a and subculture b; two products (a 259-bp product and
a smaller fragment) were detected in DNA batches c to f, while
batches g and h yielded only the smaller PCR product (Fig. 2).

The sequences from the amplification products of subcultures
a and h, 259 and 187 nucleotides, respectively, were aligned
with the M. tuberculosis DR cluster DNA (accession no.
Z48304; Kamerbeek et al. [17]) from the GenBank database
(http://www.ncbi.nlm.nih.gov/GenBank). Sequence analysis
showed a deletion of spacer 2 and an adjacent DR, but from
the sequencing data it cannot be deduced whether the previous
or the subsequent one was lost (Fig. 3).

We suppose that the deletion event happened in a single cell
that subsequently multiplied successfully. Both populations coex-
isted during a period of time, and the spoligotyping pattern de-
tected in the X-ray film is in the superimposed images of both
profiles, with spacer 2. Finally, only the spoligotyping profile from
the deleted strain can be detected. We cannot explain the mech-
anism causing the mutated population to overgrow the parental
strain. It is tempting to speculate that the deletion gave the strain
a growth advantage. The DVR belongs to the clustered regularly
interspaced short palindromic repeats (CRISPR) family of se-
quences that are widely distributed among prokaryotic species
(15, 22). A comparison of genes that flank the CRISPR loci has
shown homology among four genes designated CRISPR-associ-
ated genes (cas); two of them, cas1 and cas2, have been found in
the M. tuberculosis complex (15). However, except for their in-
volvement in replicon partitioning in the archaeon Haloferax
mediterranei (21), it is unclear whether the CRISPR loci and cas
genes have a biological function (15, 22). Because the purpose of
the subsequent subculturing was to obtain a large amount of
mycobacterial cells, it was performed by loading the loops gener-
ously before inoculating the new medium, but we cannot dismiss
the possibility of random selection of a single colony of the mu-
tated strain.

Contamination of the cultures was ruled out, as great pre-
cautions were always taken when subculturing this M. tubercu-
losis strain. The few other M. tuberculosis strains that we have
isolated in our laboratory have different spoligotypes (data not
shown). The original isolate, a, and the last DNA batch, h,

FIG. 1. Spoligotyping pattern of original strain 98/426 (a) and the pattern that resulted from batch g, showing the difference in the results
obtained for spacer 2.

FIG. 2. PCR amplification of DNA batches a to h of M. tuberculosis
strain 98/426 with primers sp1 (forward) and sp4 (reverse). Lanes s,
100-bp ladder (Biotools, B&M Labs) used as a DNA molecular size
marker; lane n, negative control. The 259-bp band indicates the pres-
ence of the original sequence of the DR; the 187-bp band corresponds
to the sequence without DVR 2 (deleted).
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were also studied by mycobacterial interspersed repetitive unit
(MIRU)–variable-number tandem repeat (VNTR) analysis
aimed at loci QUB11a (positions 2163333 to 2163531), QUB26
(positions 4052968 to 4053547) (25), ETR-A (positions
2165204 to 2165611), ETR-B (positions 2461280 to 2461550)
(9), 4, 26, 40, 10, 16, 31, 2, 23, 39, and 27 (28), which showed
identical profiles for these 14 loci (Fig. 4 and 5).

Spoligotyping has rapidly become an accepted standard
technique for molecular epidemiology of M. tuberculosis com-
plex infections. DR spacer markers are stable enough for spo-
ligotyping to be used as a tool for molecular epidemiology;
thus, for epidemiological purposes, strains are considered
clonal only when their spoligotyping profiles are identical. Lit-
tle is know about the microevolutionary events associated with
the DR locus and their influence on the interpretation of
spoligotyping. The pace of the “molecular clock” associated
with this genetic marker seems to be extremely slow, as mul-
tiple M. tuberculosis isolates from the same patients corre-
sponding to relapses or infections at different sites showed
identical spoligotypes (6, 10, 11, 23, 26).

Some recent studies have focused on the processes in-
volved in the genetic changes that may produce polymor-
phism in the DR region by comparison of M. tuberculosis
strains that have some features in common or isolates from
a strain family, although they are not strictly isogenic. Oc-
casional insertion element-driven polymorphisms have been
described: IS6110-mediated deletion in the DR region lead-

ing to the loss of large blocks of DVRs adjacently situated
(24), insertion of IS6110 into the DR sequence that results
in asymmetrical disruption that does not serve as a PCR
target (19, 24, 29, 33), and insertion of IS6110 into the
spacer sequence that prevents hybridization (33). Loss of an
intact, discrete DVR or a set of contiguous DVRs has also
been described in presumably isogenic pairs of strains or
related strains (7, 26, 29, 33).

To our knowledge, this is the first report of a change in the DR
region in truly isogenic strains (subculture derived in the labora-
tory). This change has been caused by deletion of a DVR, yielding
a different spoligotyping pattern. Our observation corroborates
the hypotheses suggested by Van Embden et al. (29) of deletion
of a single DVR or multiple discrete DVRs as a mechanism
underlying M. tuberculosis strain-to-strain variation.

These two strains would not have been grouped together in the
same cluster under the current criteria for interpretation of spo-
ligotyping data. This means that a link between these isogenic
strains would have gone unnoticed. It is likely that these deletion

FIG. 3. Alignment of the sequences of a fragment of the 5� region of the DR locus. The first nucleotide corresponds to position 872 (accession
no. Z48304). Annealing sites for the primers are underlined, and the DRs are shaded. Dashes indicate deletions. The true positions of the DR and
the adjacent T (in italics) from subculture h cannot be deduced from the sequencing data (bases 916 to 951 and 952 and bases 988 to1023 and 1024,
respectively).

FIG. 4. MIRU-VNTR analysis of batches a and h of M. tuberculosis
strain 98/426 with the primers described by Skuce et al. (25). Ampli-
fication products were checked on a 2.5% agarose gel, run for 120 min
at 45 V, and examined under UV light after staining with ethidium
bromide. From left to right, loci QUB-11a, QUB-26, ETR-A, and
ETR-B are shown. Lanes s, 100-bp ladder (Biotools, B&M Labs) used
as a DNA molecular size marker; lane n, negative control.

FIG. 5. MIRU-VNTR analysis of batches a and h of M. tuberculosis
strain 98/426 with the primers described by Supply et al. (28). Amplifica-
tion products were checked on a 2.5% agarose gel, run for 90 min at 45 V,
and examined under UV light after staining with ethidium bromide.
Panels: A, loci 4, 16, 10, and 31 (left to right); B, loci 26 and 40; C, locus
39; D, loci 2, 23, and 27. Lanes s, 100-bp ladder (Biotools, B&M Labs)
used as a DNA molecular size marker; lane n, negative control.
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events also happen in vivo, although different molecular clocks
may exist. Bringing our observation into the perspective of epi-
demiology highlights two aspects: (i) the information derived
from spoligotyping must always be integrated with detailed and
precise information such as that provided by classical epidemiol-
ogy and contact tracing and (ii) the need to take into account the
evolutionary events in the DR region for the interpretation of
spoligotyping results and for the design of databases.
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