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Bacterial phospholipase C has been reported to play a role in the pathogenesis of many bacteria. In order
to gain a better understanding of the potential role of Mycobacterium tuberculosis phospholipase C in the
pathogenesis of human tuberculosis, we investigated the genetic diversity of the four M. tuberculosis phospho-
lipase C-encoding genes (plcA, plcB, plcC, and plcD) resulting from the IS6110 insertion and associated
deletion, among 106 clinical isolates obtained from Turkey, by using PCR, Southern hybridization, and DNA
sequencing. Two sequenced M. tuberculosis strains, H37Rv and CDC1551, were used as the references in the
comparison. Sixty-six (62.3%) of the 106 isolates had an intact plcD gene, and 40 (37.7%) showed an inter-
ruption of the gene. Of the latter 40 isolates, 19 (47.5%) had an IS6110 insertion with no associated deletion
in the plcD gene, 2 (5%) had an IS6110 insertion and an associated deletion within the plcD gene, 15 (37.5%)
had an IS6110 insertion in the plcD gene that was associated with a partial deletion of the plcD gene and its
right forward adjacent region, and 4 (10%) had a complete deletion of the plcD gene. The proportions of the
isolates with an interrupted plcA, plcB, or plcC gene were 3.8, 1.9, and 3.8%, respectively. The data indicate that
there is a much higher frequency of IS6110 insertion and deletion in the plcD gene than in the plcA, plcB, and
plcC genes of M. tuberculosis.

Tuberculosis remains a leading infectious killer worldwide
(14). In order to develop a better vaccine and more efficient
therapeutic agents for tuberculosis prevention and control, it is
essential to gain a better understanding of the pathogenicity
and the virulence of Mycobacterium tuberculosis.

Bacterial phospholipase C (PLC) cleaves phospholipids and
has been reported to play a role in the pathogenesis of many
bacteria, including Clostridium perfringens, Listeria monocyto-
genes, and Pseudomonas aeruginosa (11). The activities of the
two PLCs of L. monocytogenes, PLCA and PLCB, appear to
overlap during the course of the intracellular infection (10).
PLCA is thought to have a role in lysing the primary phago-
some, and mutations in the gene encoding PLCA result in a
decreased ability of L. monocytogenes to replicate in mouse
peritoneal macrophages (1, 5, 10). The PLCs of P. aeruginosa,
PLCH and PLCN, are thought to be particularly important in
pathogenesis in the lungs because of their ability to degrade
phosphatidylcholine in the lung surfactant, and a moderate
reduction in alveolar epithelial injury was seen when rabbit
lungs were infected with a PLC double mutant of P. aeruginosa
(9, 12).

Two PLC-encoding genes, designated plcA and plcB, were
identified in M. tuberculosis by Leão et al. before the comple-
tion of the M. tuberculosis strain H37Rv genome sequencing.
The enzymes encoded by these two genes of M. tuberculosis,
PLCA and PLCB, are similar to PLCN and PLCH of P. aerugi-
nosa, respectively (7). The sequencing of the genome of M.

tuberculosis H37Rv identified two additional M. tuberculosis plc
genes, plcC and plcD (2). Three of the four genes, plcA, plcB,
and plcC, are clustered together on the chromosome, while
plcD is located in a different genomic region (2, 3). Previous
studies using small sets of clinical isolates have demonstrated
the variations in the plc genes of M. tuberculosis due to the
IS6110 insertion and associated deletion (6, 13).

It was recently demonstrated that all four plc genes of M.
tuberculosis are functional and that all are involved in PLC
activity. The plcABC triple mutants and plcABCD quadruple
mutants were found to be attenuated for growth in the lungs
and spleens of mice, and the expression of the different plc
genes is important for virulence at the different time points of
the infection (8).

In order to gain a better understanding of the potential role
of M. tuberculosis PLC in the pathogenesis of human tubercu-
losis, we investigated insertion- and deletion-associated genetic
diversity in the four plc genes of M. tuberculosis among 106
clinical isolates obtained from Malatya, Turkey.

MATERIALS AND METHODS

M. tuberculosis isolates. The study sample included a total of 106 M. tubercu-
losis clinical isolates obtained from 106 patients with active tuberculosis who
were diagnosed at the Healthcare Centers of Malatya in eastern Turkey between
1 January and 31 December 2000. The isolates were identified as M. tuberculosis
by conventional mycobacteriology speciation methods, including nitrate reduc-
tion, the niacin accumulation test, the BACTEC p-nitro-�-acetylamino-�-hy-
droxypropiophenone test (Becton Dickinson), and growth characteristics (4).
DNA fingerprinting data of the study isolates were obtained from a molecular
epidemiological database available at the Department of Clinical Microbiology,
Inonu University, Malatya, Turkey. Of the 106 isolates, 75 (70.8%) had a unique
IS6110 fingerprint, while the other 31 (29.2%) belonged to 12 different IS6110
fingerprint clusters, each of which included two to five isolates. Thus, the 106
isolates were considered to represent a total of 87 different strains.

* Corresponding author. Mailing address: Epidemiology Depart-
ment, School of Public Health, University of Michigan, 109 S. Obser-
vatory St., Ann Arbor, MI 48109-2029. Phone: (734) 763-4296. Fax:
(734) 764-3192. E-mail: zhenhua@umich.edu.

533



PCR of plcD. A PCR assay designated plcD-PCR1 was conducted to investi-
gate the genetic diversity of the plcD gene due to the IS6110 insertion. The
primers used in plcD-PCR1 were plcD1-F and plcD1-R (Table 1). M. tuberculosis
CDC1551, which has an intact plcD gene (3), was used as a positive control, and
M. tuberculosis H37Rv, which has a truncated plcD gene (2), was used as a
negative control. A BD Advantage-GC 2 PCR kit (BD Biosciences Clontech,
Palo Alto, Calif.) was used. Each standard 50-�l reaction mixture consisted of 10
�l of 5� reaction buffer, 5 �l of GC-Melt, 20 pmol of each primer in 2 �l, 1 �l
of a 50� deoxyribonucleoside triphosphate mix, 1 �l of a 50� BD Advantage 2
polymerase mix, 2 �l of DNA solution containing 20 ng of DNA template, and
27 �l of PCR-grade water. The thermocycling program used for the plcD-PCR1
assay was 1 cycle at 94°C for 1 min; 26 cycles at 94°C for 30 s, 68°C for 30 s, and
72°C for 2.5 min; and a final cycle at 72°C for 10 min.

PCR of plcABC. The sequence alterations in the plcA, plcB, and plcC genes
resulting from the IS6110 insertion and the insertion-associated deletion were
investigated using PCR assays designated plcA-PCR, plcB-PCR, and plcC-PCR,
respectively. The primer pairs used in these three assays were plcA-F and plcA-R,
plcB-F and plcB-R, and plcC-F and plcC-R, respectively (Table 1). The PCR
reagents were from the BD Advantage 2 PCR kit (BD Biosciences Clontech).
Each standard 50-�l reaction mix was the same as that used for plcD-PCR1,
except that no GC-Melt was used and 5 �l of 10� reaction buffer was used. The
thermocycling program used for the plcA-PCR, plcB-PCR, and plcC-PCR assays
was the same as that used for the plcD-PCR1 assay.

Southern hybridization. For the isolates that failed to produce a detectable
product in plcD-PCR1, Southern hybridization using the plcD probe was per-
formed to determine whether the plcD gene was present and whether the neg-
ative result was due to a disruption of the plcD-PCR1 priming sites. The genomic
DNA of these isolates was restricted with the restriction endonuclease PvuII.
The restriction fragments were separated by 1.0% (wt/vol) agarose gel electro-
phoresis and then transferred onto a Hybond-N� nylon membrane (Amersham
Pharmacia Biotech UK Limited, Little Chalfont, Buckinghamshire, United King-
dom), which was then hybridized with the plcD probe labeled using an enhanced-
chemifluorescence random-priming labeling and amplification kit according to
the manufacturer’s instructions (Amersham Pharmacia Biotech UK Limited).
Due to the sequence homology between the plcD and the plcA, -B, and -C genes,
the plcD probe was also expected to hybridize with the plcA, -B, and -C genes.
The plcD-specific bands were determined by excluding the bands attributable to
plcD probe hybridization with the plcA, -B, and -C genes, based on the expected
size of the plcABC-hybridizing bands and the results of the plcA-PCR, plcB-PCR,
and plcC-PCR assays. A hypothetical map of the IS6110 insertions and associ-
ated deletions was constructed after analysis of the sizes of the plcD-specific
bands.

PCR of the plcD gene-adjacent region. Based on the results of the Southern
hybridization, we hypothesized that the negative PCR results for many of the
isolates were due to a large deletion of the region adjacent to the plcD gene,
including the plcD1-R primer site. To test this hypothesis, we investigated the
right forward adjacent region of the plcD gene in these isolates by using a PCR
assay designated plcD-PCR2. The primers used in the plcD-PCR2 assay were
plcD2-F and plcD2-R (Table 1). The MasterAmp Extra-Long PCR kit (Epicen-
ter, Madison, Wis.) was used for this PCR assay. Each standard 50-�l reaction

mixture consisted of 25 �l of 2� Premix 7 (containing PCR buffer and deoxyri-
bonucleoside triphosphate) from the kit, 20 pmol of each primer in 2 �l, 2.5 U
of MasterAmp Extra-Long DNA polymerase in 1 �l, 100 ng of DNA template in
10 �l, and 10 �l of PCR-grade water. The thermocycling program used for the
plcD-PCR2 assay was 1 cycle of 94°C for 3 min; 31 cycles of 94°C for 1 min, 68°C
for 1 min, and 72°C for 14.5 min; and 1 final cycle of 72°C for 10 min. All the PCR
assays were performed using a 96-well Perkin-Elmer thermocycler, P-E 960
(Applied Biosystems, Foster City, Calif.). PCR products were examined by 0.8%
(wt/vol) agarose gel electrophoresis performed in 1� Tris-borate-EDTA buffer.

Automated DNA sequencing. PCR products of the plcD-PCR1, plcA-PCR,
plcB-PCR, and plcC-PCR assays that were larger than that of the positive control
and the PCR products of the plcD-PCR2 assay were sequenced to determine the
site of IS6110 insertion and the length of any associated deletion. PCR products
were purified using a QIAquick PCR purification kit according to the manufac-
turer’s instructions (QIAGEN, Inc., Valencia, Calif.). Sequencing was performed
in Applied Biosystems DNA sequencers (models 3700 and 3730) at the Sequenc-
ing Core of the University of Michigan. Sequence analysis was done using the
National Center for Biotechnology Information BLAST program (www.ncbi
.nlm.nih.gov/BLAST).

Definitions. Isolates with an interruption in a given plc gene by IS6110 inser-
tion and an associated deletion were identified as a mutant type of this particular
gene; isolates for which the PCR results were identical to that of CDC1551 were
designated a wild type.

RESULTS

Diversity of the plcD gene. The 106 isolates fell into five
different groups based on the sizes of their plcD-PCR1 prod-
ucts. Sixty-six (62.3%) of the 106 isolates had a PCR product of
1.9 kb, which is identical in size to the product of CDC1551.
The other 40 (37.7%) of the 106 isolates either had a PCR
product that was larger than that of CDC1551 or failed to
produce a PCR product. Of these 40 isolates, 19 (47.5%) had
a PCR product of 3.2 kb, a size equal to that of an intact plcD
gene (1.9 kb) plus that of a copy of IS6110 (1.3 kb); 2 (5.0%)
had a PCR product of a size (2.7 or 2.1 kb) that indicated a
partial deletion of the plcD gene and an insertion of a copy of
IS6110; and 19 (47.5%) were negative for the plcD-PCR1 assay
(Table 2). Of the 12 clusters of isolates, 10 were found to have
identical plcD genotypes for all the isolates in the same clus-
ters, while two clusters showed different plcD genotypes for the
different isolates belonging to the same clusters.

Diversity of plcABC. Compared with the plcD gene, the plcA,
plcB, and plcC genes were found to have much less IS6110
insertion-mediated diversity among the isolates studied. The

TABLE 1. Oligonucleotide primers used in different PCR assays

PCR assay Primer Sequence Positiona

plcD-PCR1 plcD1-F 5�-TCG CCC GGA CAG GTC AAC AAG GTG-3� 107 bp to left
plcD1-R 5�-CGC GCG CCG CCG CGC CGA AAT-3� 240 bp to right

plcA-PCR plcA-F 5�-TCG AAC GCC GGG AGA TTA CC-3� 28 bp to left
plcA-R 5�-GCA GGA AGG CAG GGC AAG TG-3� 17 bp to right

plcB-PCR plcB-F 5�-TCC GGC GAA TGC ACC TTG GCT CAC-3� 82 bp to left
plcB-R 5�-CGG CAG GCA GGC GGA ATC AGA ACA-3� 138 bp to right

plcC-PCR plcC-F 5�-GGG CGG CAA AGG CGG ACC AAG AG-3� 224 bp to left
plcC-R 5�-AAG CCG AAA TAC ACG AGG GAG AGC-3� 55 bp to right

plcD-PCR2 plcD2-F 5�-GTC CAC TGT CGC CCG GAC AGG TCA ACA AGG TGT-3� 115 bp to left
plcD2-R 5�-CGC TGG TAC ACC TGG GGA ATC TGG TGA CGT AGA-3� 18.2 kb to right

a Position in relation to the start site of the plcD gene sequence for the plcD-PCR1 and plcD-PCR2 assays and the start site of the plcA, plcB, and plcC gene sequences
for the plcA-PCR, plcB-PCR, and plcC-PCR assays, respectively.
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proportions of the mutant types of the plcA, plcB, and plcC
genes found in this set of isolates were 3.8% (four isolates),
1.9% (two isolates), and 3.8% (four isolates), respectively.
These mutant types included those having PCR products larger

than that of CDC1551 and those types that were PCR negative.
The frequency of each genotype of the individual plc gene
determined based on the number of isolates was very similar to
that calculated based on the number of strains. Of the 12
clusters of isolates, 11 were found to have identical plcABC
genotypes for all the isolates in the same clusters, while one
cluster showed different plcABC genotypes for the two differ-
ent isolates representing this strain (Table 2).

Southern hybridization. The 19 isolates that were negative
for plcD-PCR1 fell into six different groups based on the re-
sults of Southern hybridization with the plcD probe. As shown
by the hypothetical map of IS6110 insertions and associated
deletions, 15 (78.9%) of the 19 isolates appeared to have a
deletion of one of the plcD-PCR1 primer sites associated with
the IS6110 insertion, and 4 (21.1%) of the 19 isolates did not
have any plcD-specific bands, suggesting a deletion of the en-
tire gene (Fig. 1).

Diversity of the plcD-adjacent region. Fifteen (78.9%) of the
19 isolates that failed to produce a product in plcD-PCR1
generated a detectable product in plcD-PCR2. Based on the
results of plcD-PCR2, these 19 isolates were grouped into five
groups. The size of the plcD-PCR2 products ranged from 3.5 to
5 kb, much smaller than the expected size of 20 kb. This
observation confirmed the prediction of the Southern hybrid-
ization that a large region to the right of the plcD gene was
deleted in these isolates. Of the 19 isolates, 9 (47.4%) had a
3.5-kb PCR product, 4 (21.1%) had a 4.0-kb PCR product, 1
(5.3%) had a 3.0-kb PCR product, and 1 (5.3%) had a 5.0-kb
PCR product. The other four (21.1%) isolates were negative
for plcD-PCR2. These four isolates were also found to lack the

TABLE 2. PCR results of four plc genes of 106 clinical isolates of
M. tuberculosis from Malatya, Turkey

Gene PCR
grouping

Size of PCR
product (kb)c

No. (%) of
isolates

(n � 106)

No. (%)
of strains
(n � 86)b

plcA plcA-I 1.6a 102 (96.2) 84 (97.6)
plcA-II 3.0 2 (1.9) 1 (1.2)
plcA-III Negative 2 (1.9) 1 (1.2)

plcB plcB-I 1.8a 104 (98.1) 85 (98.8)
plcB-II Negative 2 (1.9) 1 (1.2)

plcC plcC-I 1.8a 102 (96.2) 83 (96.5)
plcC-II 3.0 3 (2.8) 3 (3.5)
plcC-III Negative 1 (0.9)

plcD plcD-I 1.9a 66 (62.3) 50 (58.8)
plcD-II 3.2 19 (17.9) 17 (20.0)
plcD-III 2.7 1 (0.9) 1 (1.2)
plcD-IV 2.1 1 (0.9) 1 (1.2)
plcD-V Negative 19 (17.9) 16 (18.8)

a Size identical to that of the PCR products of the positive control strain
CDC1551.

b The frequency of each plcABC genotype among the strains was determined
based on a total of 86 strains, as two isolates of one strain were found to have
different plcABC genotypes. The frequency of each plcD genotype among the
strains was calculated based on the data for 85 of the 87 strains, as two strains
showed a plcD genotype different from that of the clustered isolates.

c Negative, no PCR product.

FIG. 1. Representative patterns of Southern hybridization of the 19 isolates that were negative by the plcD-PCR1 assay. (A) plcD Southern
hybridization. Lane 1 contains the molecular size standard, lane 2 contains CDC1551, and lanes 3 through 7 indicate the five different banding
patterns having bands that are plcD specific. The sizes of the plcD-specific bands in lanes 3 through 7 are shown in panel C. In lane 8, no
plcD-specific band was detected. (B) PvuII restriction map of the plcD gene region and the expected restriction fragment size for CDC1551.
(C) Hypothetical map of IS6110 insertion and associated deletion generated based on the analysis of the observed plcD band size. Triangles
represent the positions of the IS6110 insertions predicted by Southern hybridization, and lines extending from the triangles represent the predicted
deletion of unknown length. The arrows on the bottoms of the triangles represent the PvuII restriction site that is contained within the IS6110
sequence.

VOL. 43, 2005 DIVERSITY OF M. TUBERCULOSIS PHOSPHOLIPASE C GENES 535



plcD gene by Southern hybridization. Sequence analysis of the
15 isolates that were positive by plcD-PCR2 confirmed the
hypothetical map of IS6110 insertion and deletion generated
based on the results of Southern hybridization, except for one
isolate, for which the location of IS6110 as determined by
DNA sequencing slightly differed from the prediction of
Southern hybridization. This isolate was represented in lane 6
of Fig. 1, but upon sequencing, it was found to belong to the
group represented in lane 7 of Fig. 1. Eight different plc gene
profiles were revealed based on the combined results of all the

PCR assays, the Southern hybridization, and the DNA se-
quencing (Table 3).

Sequence analysis of plc genes. The PCR products of plcD-
PCR1 and plcD-PCR2 that had altered sizes compared with
those of the PCR products of CDC1551 were sequenced to
confirm the insertion of IS6110 and to determine the location
of the insertion and the size of any associated deletion. Of the
36 isolates sequenced, 19 (52.8%) had an IS6110 insertion
within the plcD gene with no deletion, 2 (5.6%) had an IS6110
insertion and a partial deletion of the plcD gene, and 15
(41.7%) had an IS6110 insertion within the plcD gene followed
by a partial deletion of the plcD gene and a large deletion of
the plcD gene-adjacent region. Deletions of the region adja-
cent to the right side of the plcD gene ranged from 16.0 to 18.2
kb. Four (10%) of the 40 isolates with a mutant-type plcD gene
were not sequenced because they did not contain the plcD
gene, as suggested by the results of Southern hybridization.
Characterization of the IS6110-mediated mutations for these
four isolates was based only on Southern hybridization.

The insertion of IS6110 was found in seven different posi-
tions within the plcD gene, designated positions I through VII
(Fig. 2). Seventeen (47.2%) of the 36 isolates had an IS6110
insertion at position I, 1,096 bp to the right of the start of the
plcD gene; 10 (27.8%) had the insertion at position II, 603 bp
to the right of the start of the plcD gene. Of the 36 isolates, two

TABLE 3. Grouping of 106 clinical isolates of M. tuberculosis
according to genotypes based on their four plc genes

Group
No. (%)

of isolates
(n � 106)

Genotype of isolate(s)a

plcD plcA plcB plcC

PLC-I 65 (61.3) WT WT WT WT
PLC-II 1 (0.9) WT Mutant WT WT
PLC-III 32 (30.2) Mutant WT WT WT
PLC-IV 3 (2.8) Mutant WT WT Mutant
PLC-V 1 (0.9) Mutant Mutant WT WT
PLC-VI 2 (1.9) Neg WT WT WT
PLC-VII 1 (0.9) Neg Neg Neg WT
PLC-VIII 1 (0.9) Neg Neg Neg Neg

a WT, wild type; Neg, negative.

FIG. 2. Gene map of the plcD gene region of CDC1551 and map of IS6110 insertion and deletion identified among the study isolates by DNA
sequencing of PCR products. Triangles represent IS6110 insertions, and open brackets extending from the triangles represent deletions. The
positions of the IS6110 insertion were labeled with Roman numerals from I to VII, indicating locations of 1,096, 603, 231, 154, 720, 115, and 792
bp to the right of the plcD gene start site, respectively.
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each (5.6%) had an IS6110 insertion at positions III, IV, V, or
VI, 231, 154, 720, or 115 bp to the right of the start site of the
plcD gene, respectively. One (2.8%) of the 36 isolates had an
IS6110 insertion at position VII, 792 bp to the right of the start
of the plcD gene (Fig. 2).

Both of the plcA-PCR products that were larger than that of
CDC1551 had an IS6110 insertion 137 bp to the right of the
start of the plcA gene. Of the three plcC-PCR products that
were larger than that of CDC1551, two had an IS6110 insertion
132 bp to the left of the plcC gene start site and one had an
IS6110 insertion 102 bp to the right of the plcC gene start site.
The IS6110 insertion in the former two isolates did not inter-
rupt the plcC gene.

DISCUSSION

Because of the demonstrated role of PLC in the pathogenicity
of an increasing number of pathogenic bacteria, including M.
tuberculosis, and the highly conserved nature of the genomic se-
quence of M. tuberculosis, the diversity of the plc genes among
clinical isolates is of interest. Our study investigated a collection of
106 clinical isolates containing predominantly unique strains and
found their plcD genes to be highly varied due to the IS6110
insertion and associated deletion, especially in comparison with
the plcA, -B, and -C genes. Although the genetic diversity of the
plcABC gene region resulting from the IS6110 insertion is limited
among clinical isolates, an increased level of genetic diversity was
observed among the isolates when the plc gene profile of each
individual isolate was examined based on the genotypes of all four
of the plc genes. Since the protein product of each plc gene has
been demonstrated to contribute to the overall PLC activity of M.
tuberculosis, examining the genetic diversity of all four of the
genes of each isolate allows for a better estimation of the poten-
tial diversity in PLC activity among clinical isolates (8). Further
studies that consider all four plc genes of each isolate would be
more informative of the contributions of each of the four PLCs.

Forty (37.7%) of the 106 isolates and 37 (42.5%) of the 87
strains investigated in our study were found to have an inter-
rupted plcD gene, supporting the previous findings that the
plcD gene region is a highly varied region and a hot spot for
IS6110 insertion and associated deletion (6). Ho et al. investi-
gated the genetic diversity of the 20-kb region of M. tubercu-
losis that contains the plcD gene and its right forward adjacent
genes, and they found that 5 (22.7%) of 22 clinical isolates
from the United Kingdom had an IS6110 insertion within the
plcD gene (6).

The plcABC gene region was found to have very limited
IS6110 insertion-mediated genetic diversity among clinical iso-
lates, especially in comparison with the plcD gene. This finding
contrasts with the findings of a recent study of the genetic
diversity of all four of the plc genes of M. tuberculosis by
Viana-Niero et al. (13), which found that 12 (48%), 10 (40%),
13 (52%), and 15 (60%) of the 25 isolates included in their
study had polymorphisms in the plcA, plcB, plcC, and plcD
genes, respectively, according to the PCR assays used. How-
ever, given the differences in the natures and sizes of the study
samples between the two studies, it was not unexpected that
different findings were obtained from the two different studies.
In the earlier study, the isolates examined were chosen based
on the results of PCR of the mtp40 sequence, which is located

within the plcABC gene region and contains part of plcA and
plcB. Twelve (48%) of the 25 isolates selected had a polymor-
phism in the mtp40 region, which may result in a much higher
percentage of isolates with mutation of the plcABC genes than
what might be found in the general population of M. tubercu-
losis (13). In contrast, the present study used a collection of
clinical isolates that represented all the culture-proven tuber-
culosis cases diagnosed at the Healthcare Centers of Malatya
in eastern Turkey over a 1-year time period. In addition, it is
also possible that the genetic diversity of each of the genes was
underestimated in the present study because the study was
focused on describing and comparing insertion and deletion-
related polymorphisms in the four plc genes and not on inves-
tigating small deletions or single-nucleotide polymorphisms in
these genes.

Although the present study cannot lead to any conclusion
about the pathogenicity of M. tuberculosis in relation to the
interruption of the plc genes by IS6110 insertion or deletion,
this study provides the first compelling evidence that there is a
much higher rate of IS6110 insertion and deletion in the plcD
gene than in the plcA, -B, and -C genes of M. tuberculosis.
Understanding the genetic diversity of all four of these genes in
the general population of M. tuberculosis is important because
it is uncertain how much the activity of these four PLCs can
complement each other during the course of the disease. Fu-
ture studies will need to address how the variations of these
genes among clinical isolates relate to the pathogenicity and
virulence of M. tuberculosis by correlating genetic polymor-
phisms of the isolates with clinical and epidemiological data of
the patients from whom the isolates were obtained. Identifica-
tion of genes that show genetic polymorphisms having a strong
association with the important clinical and epidemiological
characteristics of the patients can provide information useful
for a rational selection of genes for future in vitro and in vivo
functional analysis and allow for a more focused search for
virulence factors of M. tuberculosis, which will ultimately con-
tribute to the development of better vaccines and therapeutic
agents for tuberculosis prevention and control.
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