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Mycobacterium tuberculosis cultures were subjected to DNA fingerprinting with IS6110- and polymorphic
GC-rich sequence (PGRS)-containing probes. The PGRS banding patterns remained highly stable during
multiple cultures of specimens from one disease episode (0.5% changed) and during transmission in patients
with close contact (1.9% changed). Characteristic PGRS-restriction fragment length polymorphism motifs for
different strain groupings may indicate distant evolutionary events leading to the differentiation of M. tuber-
culosis strain lineages.

The IS6110 insertion sequence is used internationally to type
Mycobacterium tuberculosis strains by restriction fragment
length polymorphism (RFLP) analysis (16). Additional meth-
ods, based on genomic repeat elements, have been developed
to enhance strain differentiation. These methods include spo-
ligotyping (5), mycobacterial interspersed repetitive unit-vari-
able-number tandem-repeat analysis (14), and Southern hy-
bridization to the polymorphic GC-rich sequence (PGRS)
regions (1, 19).

The combination of data from different probes to increase
the accuracy of M. tuberculosis strain differentiation is common
but often limited to subsets of samples (4, 19), especially
strains with fewer than six IS6110 insertions (7, 9). The differ-
ential power of molecular markers varies (6) and is dependent
on the evolutionary rate of each marker (15, 21), in that the
changes of slowly evolving markers indicate historic genetic
events, while changes in rapidly evolving markers may indicate
more recent events. Identification of the mechanisms relating
to the success of this pathogen (such as lineage-specific patho-
genesis) as well as the investigation of recent evolutionary
events may be applied in the design of treatment and preven-
tion strategies.

Studies to calculate the evolutionary rate of IS6110 (3, 8, 21,
23) have suggested different rates, although evolutionary
events were mostly observed during the early disease phase
and are likely to have occurred during exposure to a new host
environment. The IS6110 probe is therefore likely to reflect
recent epidemiological events. Also, the presence and obser-
vation of evolved strains after disease transmission represent
recent events and will affect the calculation of transmission
rates (20). Data on the stability of other markers include the
data for the 12 mycobacterial interspersed repetitive unit-vari-
able-number tandem-repeat regions which were shown to be

stable over time (12). Similarly, spoligotype patterns were
shown to be stable in patient serial culture isolates (13). The
evolutionary rate of the PGRS regions is largely unknown,
although there is limited evidence of PGRS pattern stability
and a slower evolutionary rate than IS6110 (22).

This study aims to determine the stability of the PGRS-
containing domains in M. tuberculosis cultures from patients
for whom multiple cultures from one disease episode were
available and from patients for whom cultures were obtained
during early infection. The study forms part of an ongoing
molecular epidemiology study (ethically approved by the Insti-
tutional Review Board of Stellenbosch University, Faculty of
Health Science, and the local health committee) of tuberculo-
sis in Cape Town, South Africa (18).

M. tuberculosis strains from patients with culture-confirmed
tuberculosis and residing in two neighboring urban communi-
ties (3.4 km2) with a total population of 38,656 (Statistics South
Africa, census 1996) were analyzed. These communities have a
low socioeconomic status and a low human immunodeficiency
virus infection rate (human immunodeficiency virus seropreva-
lence in women attending antenatal clinics in Western Cape
Province rose from 1.2 to 5.2% from 1994 to 1998 [Directorate
of Health Systems Research and Epidemiology, Western Cape
Department of Health, 1999]) but a very high incidence of
tuberculosis of 761/100,000 per year (17). The RFLP proce-
dure with probe IS6110 was used (16), and the patterns were
analyzed with the GelCompar II software. PGRS-containing
RFLP patterns were generated with probe MTB484(1) in com-
bination with HinfI digestion (19) for at least one culture from
all patients in the study. MTB484(1) contains both (GTG)n

and PGRS repeats (GenBank accession numbers AF23598,
AF025399, AF025400, AF025401, and AF025402) and hybrid-
izes to a number of related sequences containing these repeats.
MTB484(1) generated complex patterns of 30 to 40 bands (of
various intensities) of approximately 5 to 0.3 kbp. It was ob-
served, as previously suggested (6), that the distribution of
PGRS banding-pattern motifs was characteristic for different
IS6110-defined strain groupings. The patterns remained stable
during multiple cultures generated from a single disease epi-

* Corresponding author. Mailing address: P.O. Box 19063, Tyger-
berg 7505, South Africa. Phone: 27 21 9389073. Fax: 27 21 9389476.
E-mail: mr6@sun.ac.za.

† Present address: Department of Immunology and Infectious Dis-
eases, Harvard School of Public Health, Boston, Mass.

1302



sode and after disease transmission. The limited number of
PGRS-RFLP changes observed was characterized by band
shifts and additional bands (Fig. 1). The possibility of partial
digestion was eliminated because the changes remained after
proteinase K repurification and redigestion (HinfI and AluI) of
the DNA (19).

From the beginning of the study in July 1992 to the end of
1998, 1,788 cultures representing 938 episodes in 895 patients
(70% of all culture-confirmed cases) attending the two com-
munity health clinics serving the study communities were an-
alyzed. The IS6110 probe identified 355 strains with six or
more copies of IS6110 (high-copy-number strains) and 10

strains with five or fewer copies (low-copy-number strains).
The PGRS-containing probe identified 223 banding patterns in
the group of 355 high-copy-number strains and 40 in the low-
copy-number strains, an additional fourfold resolution for the
low-copy-number strains.

The PGRS-RFLP stability of multiple cultures collected
during single disease episodes for which both IS6110 and
PGRS data were available was investigated. Cases with simul-
taneous changes in IS6110 and PGRS were excluded to elim-
inate the possibility of insertion sequence-mediated mutation
of the PGRS region. Data for both probes for serial cultures
were available for 220 of 384 (57%) patients. An additional
band was observed in the PGRS pattern in only 1 of 220 (0.5%)
patient cultures, but the pattern reverted in a further follow-up
culture. In comparison, the IS6110 patterns changed in 4% of
patients with multiple cultures (21). The time range for serial
isolates was 0 to 847 days (6 days for the changed strain).

To determine the stability of the PGRS domains after trans-
mission, M. tuberculosis patients infected by close-contact
transmission were identified. Close-contact transmission was
defined as disease caused by strains with identical IS6110 band-
ing patterns in patients residing at the same address or within
two closely situated houses (on the same side of the street). It
was assumed that transmission took place due to the identified
close contact only if the secondary-case strain had not been
cultured previously from a patient resident elsewhere in the
community during the ongoing molecular epidemiological
study (20). Of the 106 events of transmission due to close
contact, 79 (74.5%) occurred without any changes in the PGRS
domains. Simultaneous changes in IS6110 and PGRS were
observed in 8.5% (9 of 106) of close-contact transmission
events (as above, these were excluded from the analysis), and
in 16 of 106 (15.1%) events, the changes were associated only
with IS6110. In 1.9% (2 of 106) of the events, changes (a band
shift and a faint additional band) were observed in PGRS
regions. The intervals between the isolation of the initial strain
and the appearance of the changed isolate were 9 and 12
months.

Many recent studies have measured the differential resolu-
tion of a molecular marker by the number of subgroups de-
fined, without considering the evolutionary rate (6, 10). This
study demonstrated that M. tuberculosis PGRS-containing do-
mains change at a lower rate than does IS6110 and are highly
stable. PGRS-RFLP data are therefore unlikely to significantly
affect the calculation of recent transmission in molecular epi-
demiology studies. This finding was predicted by mathematical
analysis, where it was shown that secondary probing against the
PGRS regions will not significantly influence the calculation of
recent transmission unless low-copy-number strains are abun-
dant and highly clustered (10). The inability to distinguish
recent events may lead to underestimation of transmission
rates, especially when strain patterns occur throughout the
study region (11). The greater resolution of PGRS probes for
the low-copy-number strains is likely to be a consequence of
the inability of IS6110 to undergo change in these strains
rather than of a higher rate of PGRS-associated changes. The
value of PGRS-containing probes will therefore lie in the con-
firmation of strain relatedness within strain lineages and their
use in combination with other molecular markers in differen-
tiating low-copy-number strains.

FIG. 1. PGRS banding patterns of strain sets (A to C) with
changes. Arrows indicate either an additional band (sets A and B) or
a band shift (set B). Characteristic banding-pattern motifs for different
strain sets can be observed. Molecular sizes are indicated (in base
pairs).
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Given the characteristic RFLP motifs of the PGRS-contain-
ing probes, correlation between strain lineages may allow iden-
tification of the evolutionary events leading to the differentia-
tion of strain lineages. Furthermore, strains may appear
unrelated with the IS6110 marker but share a characteristic
PGRS pattern, which may indicate that they belong to a com-
mon lineage. This was observed for strains shown to belong to
the Beijing strain lineage, although this was not indicated by
their IS6110 patterns (our unpublished data). PGRS-contain-
ing domains may therefore indicate phylogenetic relatedness
but are not an indicator of recent evolutionary events.

The PGRS-containing genomic regions of M. tuberculosis
have been shown to be associated with a subgroup of the PE
(Pro-Glu) gene family (2). The evolution of these genes has
been implicated in antigenic variation and evasion of the host
defense system (2). However, this study implies that the inter-
face between the bacillus and the host immune system only
rarely induces genomic changes which can be observed by
PGRS-RFLP analysis, although it does not exclude changes on
a level undetected by such analysis.

This project was financially supported by the GlaxoSmithKline Ac-
tion TB Initiative.
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