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Eukaryotic genes in Mycobacterium tuberculosis?
Possible alternative explanations
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Estimates concerning the incidence of interspecies gene
transfer vary considerably. In 2002, Trends in Genetics
reported an analysis of the pathogenic bacterium Mycobacterium tuberculosis indicating that 19 genes that are
currently resident in this species were acquired from
various eukaryotes. We have re-examined these data using
a combination of larger databases and more detailed
phylogenetic analyses. We found that for all 19 genes
alternative hypotheses must be considered.
There have been many claims of horizontal gene
transfer (HGT) events [1,2] that have subsequently been
shown to be artifacts of the analysis method used [3– 5]. In
the absence of more direct evidence, the most convincing
method of generating hypotheses of HGT involves the
construction and analysis of phylogenetic tree topologies.
There are alternative approaches such as those that
analyze the results of BLAST [6] database searches.
However, these approaches have been shown to occasionally rely on ad hoc assumptions concerning the completeness of database coverage and the constancy of the rate of
evolution and do not adequately account for gene loss [5].
Corresponding author: James O. McInerney (james.o.mcinerney@may.ie).
http://tigs.trends.com

In addition, estimates indicate that only a small proportion
of the diversity of prokaryotes is known [7], which makes
the task of HGT inference more difficult.
Gamieldien and co-workers recently proposed that 19
genes in Mycobacterium tuberculosis were acquired from
eukaryotes [8]. The authors carried out a series of analyses
and, on the basis of either BLAST results that only
returned tubercule bacilli and eukaryotic homologues or
phylogeny reconstruction, hypotheses of HGT were
constructed.
We wished to explore whether or not there were
methodological biases that might have caused Gamieldien
et al. to reach their conclusions. Specifically, we wished to
examine issues related to the incompleteness of data
sampling, methods for constructing HGT hypotheses and
possible alternative explanations of the data.
Sequence analysis
The 19 reported HGT genes were selected and their
protein homologues were identified with BLASTP [6],
using the default values and setting a cut off E-value of
1027. The databases that were used for this analysis
included Swiss-Prot Release 41.4 (124 464 entries) and
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Table 1. Alternative explanations for the presence of proposed eukaryotic genes in Mycobacterium tuberculosisa

a

Gene

Product

Alternative explanation

Rv1373
Rv3451
Rv3452
Rv1758
Rv1984c
Rv0386

Hydroxysteroid sulfotransferase
Cutinase
Cutinase
Cutinase
Cutinase
Adenylyl cyclase

Rv0891c

Adenylyl cyclase

Rv1358

Adenylyl cyclase

Rv1359

Adenylyl cyclase

Rv2488c

Adenylyl cyclase

Rv2577

Purple acid-phosphatase

Rv3548
Rv0148

17-b hydroxyestradiol dehydrogenase
17-b hydroxyestradiol dehydrogenase

Rv1106c
Rv2790c

Steroid dehydrogenase
Sterol carrier protein

Rv2483c
Rv0764c
Rv2590

Lysophosphatidic acid acetyltransferase
Cytochrome-P450 lanosterol demethylase
Long-chain fatty-acid CoA ligase

Rv1834

Epodide hydrolase

Closest relatives are found in g-proteobacteria
No intermixing of prokaryotic and eukaryotic genes
No intermixing of prokaryotic and eukaryotic genes
No intermixing of prokaryotic and eukaryotic genes
No intermixing of prokaryotic and eukaryotic genes
Form monophyletic group with other bacteria, including aproteobacteria and actinobacteria
Form monophyletic group with other bacteria, including aproteobacteria and actinobacteria
Form monophyletic group with other bacteria, including aproteobacteria and actinobacteria
Form monophyletic group with other bacteria, including aproteobacteria and actinobacteria
Form monophyletic group with other bacteria, including aproteobacteria and actinobacteria
Forms monophyletic group with genes from four other
bacteria (gram positive and gram negative)
Resides in clade consisting of many other bacterial sequences
Groups with a Caulobacter crescentus sequence near a clade
comprising bacteria and eukaryotes
Groups with Mycobacterium leprae and Nocardia genes
Groups with another tuberculosis gene outside a clade of
eukaryotes
Groups with many other prokaryotic sequences
Resides outside eukaryotic clade
Fusion protein with complex history; it is not clear if this is the
result of HGT
Groups with other prokaryotes to the exclusion of the
eukaryotes

Abbreviation: HGT, horizontal gene transfer.

Rv1373
MT1418
Xanthomonas campestris
100

Xanthomonas axonopodis
Spodoptera frugiperda
Homo sapiens

100

Homo sapiens

100
34
100

100

Homo sapiens
Mus musculus
Mus musculus

99
34
100

Mus musculus
Homo sapiens
Gallus gallus

99

100

72
100

77

Cavia porcellus
Sus scrofa
Homo sapiens

100

Homo sapiens
Canis familiaris
Rattus norvegicus

100
100

Rattus norvegicus
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Figure 1. Phylogenetic tree for the hydroxysteroid sulfotransferase gene. The Mycobacterial genes are Rv1373 and MT1418. The numbers on the internal branches are clade
credibility values (i.e. the degree of confidence) obtained from the majority rule consensus method in Phylogenic Analysis Using Parsimony (PAUPp) [13]. A value of 100
indicates complete confidence.
http://tigs.trends.com
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TrEMBL Release 23.6 (828 210 entries). Homologous
sequences were retrieved from the database and aligned
using CLUSTALW 1.81 [9], using the default values. These
alignments were corrected for obvious ambiguities using
SeAl version 2.0.a9 (http://evolve.zoo.ox.ac.uk/software/
Se-Al/main.html)†.
Robust hypotheses of phylogenetic relationships were
generated using the corrected alignments the Jones amino
acid substitution model [10] and the Bayesian framework
implemented in the MrBayes 2.01 software (MB) [11].
Following 500 000 generations of Markov Chain Monte
Carlo (MCMC) sampling of tree space with trees saves
from every hundredth sample, the burn-in phase [12] of
499 trees was discarded and we generated majority rule
consensus trees from the remaining trees using Phylogenetic Analysis Using Parsimony (PAUPp) [13]. Clade
credibility values were obtained from the majority rule
consensus method implemented in PAUPp. We also
examined neighbor-joining [14] trees and found that
these did not differ significantly.
Alternative hypothesis
All phylogenetic trees and greater detail on the results are
available at: http://bioinf.may.ie/comparative/trees/. We
find that in no case is the hypothesis of HGT better than
an alternative hypothesis (Table 1). Specifically, many of
the original hypotheses are the result of incomplete
sampling: for example, the M. tuberculosis gene family
published by Gamieldien et al. (Figure 1). In our analysis,
there are four available bacterial genes from three
different species, both gram positive and gram negative,
and there is a single internal branch that separates them
from the eukaryotes. Although it is unusual to see such
sparseness in the distribution of this gene, it is much too
premature to suggest that this is the result of an
interdomain HGT event.
Conclusion
We believe that it is not sufficient to propose HGT on the
basis of E-values obtained from BLAST hits or on the basis
that there are no other bacterial orthologues available.
The only hypotheses of HGT that are likely to remain
strongly supported are those where a sequence is found in
the genome of a species, and phylogenetic analysis of a
large number of orthologues of this gene places it within a
group of sequences from distantly related species. Further
statistical support of the significance of this relationship is
also needed.
Several issues confound the identification of HGT
events. First, only a tiny portion of all bacterial genomes
has been sequenced. Second, protein family evolution is
notoriously difficult to interpret and conflicting or unexpected phylogenetic trees do not always imply HGT.
Reconciling species and gene phylogenies can often be

† These alignments and additional information are available on request from the
authors.
http://tigs.trends.com
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carried out without having to invoke HGT as an
explanation [15]. Paralogy, gene loss, incomplete sampling
and our naivety concerning the nature of life on earth all
contribute to our lack of understanding of the complicated
pattern of gene family evolution. Reconstructing the
evolutionary history of gene families is fraught with
difficulties and until we have a better grasp of the
evolutionary history of life on this planet, hypotheses of
HGT must be constructed with extreme caution.
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