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Is Mycobacterium tuberculosis 15,000 Years Old?

Colleagues—One-third of the world’s population is infected
with Mycobacterium tuberculosis, the cause of tuberculosis, and
8 million new cases occur each year [1]. Moreover, nearly 3
million people die annually from tuberculosis, making it the
leading cause of death due to an infectious agent worldwide [1].
Paleopathologic evidence suggests that tuberculosis afflicted hu-
mans as early as 3700 Bc in Egypt and 2500-1500 BC in Europe
and also in pre-Columbian North and South America [2]. The
recent recovery [3] of M. tuberculosis DNA from lung lesions in
a 1000-year-old Peruvian mummy confirms that the disease ex-
isted in the pre-Columbian New World.

Inasmuch as M. tuberculosis has long been associated with
human populations, there is a very large global pool of infected
individuals, and chromosomal heterogeneity based on restric-
tion fragment length polymorphism (RFLP) patterns generated
by probing with mobile elements such as IS6//0 has been re-
ported [4], it is reasonable to expect that substantial levels of
genetic diversity exist among isolates of the species. However,
characterization of eight loci (192,875 nucleotides) from unas-
sociated isolates recovered in North America and Europe re-
vealed almost a complete absence of nucleotide variation (table
1). To rule out the possibility that restricted geographic sam-
pling biased the data set, 350-bp fragments of rpoB, hsp63, gyrA,
aroA (GenBank M62708; positions 714-1063), and recd (Gen-
Bank X58485; positions 1646-1995) and a 1435-bp region of
the katG gene were sequenced from | randomly selected isolate
each from 7 countries (Switzerland, Turkey, Algeria, Somalia,
Papua New Guinea, Vietnam, and Tibet) with well-differen-
tiated human populations. We attempted to increase the likeli-
hood of identifying allelic variation by analysis of a region of
hsp65 that encodes an immunodominant T cell epitope [5] and
an area of recA that codes for a protein intein [6]. A virtual lack
of nucleotide variation was found in the 7 isolates. The only
variation was a missense mutation in katG and | nucleotide
change in rpoB, which are associated with resistance to isoniazid
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(unpublished data) and rifampicin {7, 8], respectively. Telenti et
al. [7] also reported absence of variation in a 41 1-bp segment of
rpoB among 56 rifampin-sensitive isolates cultured from pa-
tientsin 11 countries worldwide, including many not sampled in
our study.

Two hypotheses that can be invoked to explain the unusual
lack of nucleotide diversity in M. tuberculosis from global
sources include low mutation rate as a result of unusual DNA
replication fidelity or repair capability and an evolutionarily re-
cent origin and worldwide spread of a clone in an episode of
periodic selection. The report [9] of a spontaneous mutation
frequency of 1075-10"* determined by drug resistance studies
effectively eliminates the hypothesis of high replication fidelity
or unusual DNA repair capacity. To place the amount of nu-
cleotide variation among M. tuberculosis isolates on an evolu-
tionary time scale, we combined the 752 codons of four genes
(hsp65. rpoB. orfl, and inhA) sequenced in the same 31 strains
and estimated the average number of synonymous substitutions
per synonymous site (K,) [10] across all pairwise comparisons of
these strains. The value of K, = 0.00012 (+ 0.00002) indicates
that on average, M. tuberculosis isolates have only one synony-
mous difference per 10,000 synonymous sites. Sharp [11] exam-
ined 67 homologous genes from Escherichia coli and Salmonella
typhimurium and found an average K, of 0.94. With the diver-
gence time between E. coli and S. typhimurium (as estimated by
Ochman and Wilson [12]) of 120-160 million years, we esti-
mate the synonymous substitution rate to be 0.0058-0.0078 per
site per million years. Under the assumption that M. ruberculosis
accumulates synonymous changes at this rate, the amount of
synonymous divergence among contemporary isolates of this
pathogen is estimated to have occurred in 15,300-20,400 years.
This calculation dates speciation and global dissemination of M.
tuberculosis to roughly the same time as the paleomigration into
the New World. The time frame is also consistent with specula-
tion [13] that the agent of human tuberculosis arose from the
very closely related cattle pathogen Mycobacterium bovis by host
specialization occurring since the domestication of this animal
some 8000-10,000 years ago.

The findings have several implications for M. ruberculosis
pathobiology research. For example, the virtual absence of sub-
stitutions, except those believed to confer drug resistance and
undoubtedly observed due to selective pressure, together with
the subclonal chromosomal heterogeneity based on 1S6//0
RFLPs, suggests that insertion sequence-associated polymor-

Table 1. Eight M. tuberculosis loci analyzed for nucleotide sequence diversity.

Size No. of Synonymous Nucleotides GenBank
Locus (bp) strains substitutions sequenced no.
rpoB 350 200 3 (4 isolates) 83-432 LOS5910
inhA 810 37 0 22-831 U02492
hsp65 366 30 0 453-818 MI15467
orfl 700 31 1 (1 isolate) 1-700 —
gyrA 318 50 0 2384-2701 L27512
rpsL 350 15 0 10-359 X70995
grB 351 15 0 1580-1930 L27512
karG 1435 15 0 2191-3610* X68081

* Does not total 1435 bp because of errors in initially deposited sequence (unpublished data; Cole S, personal

communication).
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phism is accumulating more rapidly than simple nucleotide vari-
ation. Also, restricted allelic diversity means that it is probable
that only nominal amino acid variation will occur in proteins
that are of potential immunoprophylaxis or virulence interest.
To gain further insight into the molecular evolutionary genetics
of M. tuberculosis, it will be necessary to determine the level of
sequence variation present in the other closely allied members
of the M. tuberculosis complex (M. bovis, Mycobacterium afri-
canum, and Mycobacterium microti) and the related slowly
growing pathogen Mycobacterium leprae, for which there is a
report of limited chromosomal diversity based on restriction en-
donuclease analysis [14].
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