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Abstract
The ﬁeld of microbial phylogenetics has questioned the feasibility of using a tree-like structure to the describe microbial evolution.
This debate centres on two main points. First, because microorganisms are able to transfer genes from one to another in zero
generations (horizontal gene transfer, or HGT), the use of molecular characters to perform phylogenetic analyses will yield an
erroneous topology and HGT clearly makes the evolution of microorganisms non tree-like. Second, the use of concatenated gene
sequences in a total evidence approach to phylogenetic systematics is a veriﬁcationist endeavour, the aim of which is to bolster
support. However, the goal of the total evidence approach to phylogenetic research is based in the idea of increasing explanatory
power over background knowledge through test and corroboration, rather than to bolster support for nodes in a tree. In this
context, the testing of phylogenetic data is a falsiﬁcationist endeavour that includes the possibility of not rejecting the null hypothesis
that there is no tree-like structure in molecular phylogenetic data. We discuss several tests that aim to test rigorously the hypothesis
that a tree of life exists for microorganisms. We also discuss the philosophical ramiﬁcations of background knowledge and
corroboration in microbial studies that need to be considered when suggesting that HGT confounds the tree of life.
 The Willi Hennig Society 2009.

Recent attempts to fell the tree of life
Recently, whole genome prokaryotic and tree of life
(ToL) phylogenetics has been viewed as a ‘‘useless and
inscrutable endeavor’’ because of the prevalence of
horizontal gene transfer (HGT) (Doolittle and Bapteste,
2007; Boucher and Bapteste, 2009; Doolittle and
Zhaxybayeva, 2009; Lopez and Bapteste, 2009). [The
above phrase comes from a review of one of the current
authorsÕ papers that reconstructs the tree of life using a
concatenated amino acid matrix. The reviewer was a
microbialist.] In an earlier paper, Bapteste et al. (2008)
articulated this idea, claiming: ‘‘it is safer to assume a
comb-like topology of life’’. This ‘‘safe’’ topology would
be a polytomy, reﬂecting the apparent lack of resolution
at deep nodes in the ToL due to the inability (because of
HGT) of the data at hand to resolve a bifurcating
relationship. These and other publications (Creevey
et al., 2004; Dagan and Martin, 2007) have led to the
attitude amongst many microbiologists that the tree of
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life has been felled, and has been called the ‘‘microbialist’’ viewpoint by (Dagan and Martin, 2007).
In promulgating this argument, several authors have
made the claim that phylogenetic tree building is
veriﬁcationist. Speciﬁcally, Dagan and Martin (2007)
suggest that the assumption of a tree-like structure of
the relationships of life is a positivist philosophical
construct. Bapteste and Boucher (2009) and Bucknam
et al. (2006) also erect arguments that lead to the
conclusion that the construction of the ToL is veriﬁcationist. Although Dagan and Martin (2007) do not
oﬀer a philosophical argument for this viewpoint,
Bucknam et al. (2006) do. With speciﬁc reference to
Carnap (see below), they suggest that ‘‘total evidence
methods have a deﬁned epistemological background:
they belong to the veriﬁcationist toolkit’’ (Bucknam
et al., 2006, p. 7; emphasis added). The alternative
approach is the falsiﬁcationist approach as articulated
by Popper in several publications. We agree with
Bucknam et al. (2006) that the falsiﬁcationist approach
is the most appropriate one for phylogenetics. However,
we take issue with their interpretation of what is and
what is not falsiﬁcationist in phylogenetic analysis.
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As an example of their notion of falsiﬁcationism,
consider the following statement from Bucknam et al.
(2006, p. 7): Ô… instead of aiming to conﬁrm clades via a
progressive increase in their bootstrap support when
more data is added, a falsiﬁcationist would more likely
be interested ﬁrst by the rejection of impossible groupings, underlining what can not be a natural group.Õ
We agree with their assessment of the search for
progressive increases of support as being veriﬁcationist.
Dagan and Martin (2007, p 84) also make this observation
by stating that recent studies that use concatenation
approaches to construct a ToL (e.g. Ciccarelli et al., 2006)
work ‘‘by accumulating data that are compatible with the
null hypothesis of a common tree without having a chance
to refute it’’, an approach that is indeed veriﬁcationist, if
the initial null hypothesis is that a ToL exists. Bucknam
et al. (2006) developed two interesting new approaches
[progressive reconstruction analysis (PRA) and concaterpillar analysis (CA)] to reassess the validity of concatenation in ToL inference. However, some, such as
Bapteste et al. (2008), see the null hypothesis of phylogenetic systematics as a lack of phylogenetic structure in the
data, or a bush (a safe phylogeny) which, if not rejected,
could be explained as all organisms being studied being
genetically identical, that all organisms are genetically
distinct, or that reticulate dissemination of genetic information is the rule.
Notwithstanding, Dagan and Martin (2007) interpretation that the goal of total evidence or concatenation is to
obtain higher and higher bootstrap support is mistaken.
We suggest that the validity of a tree-like structure to
represent evolutionary history cannot be tested by any
method that purports to test whether the preponderance
of data supports this tree over that tree. This leads us to
the observation that the microbialist philosophical argument ignores one of the great principles of the philosophy
of science as outlined by Popper (2002), namely corroboration. We also suggest that background knowledge as
articulated by Popper is an important aspect of phylogenetic science that has not been discussed in any detail by
authors addressing the HGT problem. Here we attempt to
clarify, based on four approaches, some of the philosophical problems brought on by attempts to fell the ToL.
First, we ask, ‘‘can we test for a ToL using tree thinking?’’
Next we attempt to clarify what concatenation does in a
philosophical context and third we examine the background knowledge inherent in ToL studies. Finally, we
examine the principle of corroboration as a guiding light
to a falsiﬁcationist, bifurcating ToL.

Three phylogenetic tests for the existence of a vertical
ToL
We agree that to deny the existence of HGT and its
potential eﬀects on vertical evolution would be

frivolous. However, although some studies have demonstrated large amounts of HGT amongst organisms, to
date there have been very few rigorous attempts to test
the hypothesis that a vertical ToL (vToL) exists. The
jump from the existence of a large amount of HGT to
the lack of a vToL is usually made in an anecdotal
fashion. We suggest that a proper assessment of the
futility of a vToL should include tests of the following
hypotheses that will address the reason for the current
lack of support at the base of the ToL. First, a rigorous
test of whether or not a supermatrix composed of
information using as much sequence as possible (regardless of HGT) will give a resolved tree needs to be
accomplished. Second, if a resolved tree is produced, a
rigorous test of whether the nodes in the tree are robust
lends credence to the phylogeny; however, see Kluge
(1998) for arguments against the utility of support
measures in phylogentic analysis, an especially interesting concept when considering noisy data (like the ToL).
Any analysis that passes these ﬁrst two tests could be
said to have uncovered a most corroborated signal
(sensu Lienau et al., unpublished data) for the massively
concatenated supermatrix of all available sequence data.
The revelation behind this signal would be antecedent to
the most important test, as passing the ﬁrst two tests as
discussed above does not in and of itself test the
existence of a vToL. A ﬁnal and most rigorous test of
whether or not the relationships implied by the resultant
tree are representative of organismal branching patterns
is needed. These tests are meant to assess whether the
polytomy at the base of the ToL is hard (adding data
gives no resolution) or soft (adding data gives resolution), and if resolution is achieved (whether it is
believably supported).
For the ﬁrst test, if a poorly resolved tree results from
such an analysis, then we would have to conclude, as
have Bapteste et al. (2006), that large amounts of
sequence information add little to a ToL hypothesis
and we would consider the hard polytomy hypothesis.
In this case, we would be forced to admit to the
approach as misleading and not useful until more data
could be added.
But when is enough, enough? That is, it is interesting
and timely, given the amount of molecular data that is
just becoming available to microbial phylogeneticists, to
speculate just what criteria would suﬃce to test the hard
polytomy hypothesis rigorously enough for it to be
accepted as well corroborated. Furthermore, we have to
consider what a hard polytomy hypothesis would mean
in a biological sense for diﬀerent group of microbes.
First, gathering and testing of data never ends, which
is why a scientist can say, ‘‘I ainÕt often right, but IÕve
never been wrong’’ (from Scarlet Begonias by Hunter
and Goscia, 1974; Dodd, 2007). However, given a static
taxonomic sample, for genome sequences one can make
the reasonable claim that fully sequenced genomes
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represent the total evidence available for testing a
relationship of a ﬁxed number of taxa. Taxonomic
ranges, of course, can never be known, as there may
always be new discoveries just around the corner that
change the entire relationship scheme of a phylogeny.
One reasonable way to approach this problem is
through the examination of the universality and precision used to make ToL hypotheses (Lienau and DeSalle,
2009). By using more universal taxa choices a systematist can make the best statement possible about the
phenomenon being studied.
If this is the case in microbial genomic phylogenetics,
the interpretation of the hard polytomy can be made in
diﬀerent ways for diﬀerent groups given background
knowledge about the biology of the group. A wellcorroborated hard polytomy hypothesis in bacterial and
archaeal phylogentics might best be explained by the
hypothesis that horizontal rather than vertical gene
transfer is the dominant role of genetic transmission in a
particular group or time of bacterial or archeael
evolution. Our results (Lienau et al., unpublished data)
suggest that the polytomy observed in many bacterial
phylogenies is actually a soft one.
In contrast, unpublished results from phage phi
phylogenetics (our group) using the picornoviruses
(W.C. Wheeler, personal communication) show that
even when all available data are used, a birﬁcating
relationship for all taxa in a group is sometimes not the
most plausible hypothesis. In the case of these viruses, it
is most parsimonious to invoke an evolutionary scenario
that involves multiple origins of entities, like so much
dandruﬀ from their hosts.
However, if a resolved tree results, then the second test
would be whether or not the inferences in the resultant
tree are robust. If the inferences are not robust then again
the inclusion of large amounts of data would add little to
resolving the ToL and such an approach would be less
than desired. If, however, the tree is robust then the third
and ﬁnal test would be necessary. This third test involves
assessing whether or not the tree generated from a
supermatrix with as much sequence information as
possible is accurate or biologically meaningful.
In a series of studies using whole genome information
on over 150 organisms, our group has consistently
shown that the ToL hypothesis passes tests one and two.
Although the kinds of resolution and degree of support
in these studies is complex (Lienau et al., 2006), it is
clear that a well-resolved and robust phylogenetic
hypothesis results when concatenated gene presence ⁄ absence and raw amino acid characters are analysed in a parsimony framework (Lienau, 2007). Hence
the third type of test of the ToL is necessary and such a
test or tests cannot aﬀord to be circular or weakly
constructed. One way to approach this problem would
be to take a well-corroborated set of hierarchical
relationships based on taxonomy, or ‘‘stand on the
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shoulders of giants’’ and test the congruence of the databased hypothesis. Using the multitude of information
gathered by previous studies to test genomic ToL
hypotheses provides an independent assessment of the
worth of those hypotheses. This approach is usually a
good place to start and is one we have taken to assess
the accuracy of gene presence ⁄ absence (Lienau et al.,
2006) amino acid data (Lienau et al., unpublished data)
and combined gene presence ⁄ absence and amino acid
sequence (Lienau et al., unpublished data) data. Using
the results of other data provides the opportunity to test
the results of a phylogentic analysis from another point
of view (see ‘‘Corroboration: vantage points and the
bold ToL’’ below). If a conﬂict occurs between the two
analyses a scientist must decide which of the analyses
provides a more rigorous test of relationships. If results
concur, corroboration is increased. There are also
situations in which conﬂicting results from multiple
previous analyses may be resolved by new data in a
manner that explains the conﬂicting results in a new,
previously unanticipated way. For instance, in one of
our ToL analyses based on information imbedded in
over 300 000 amino acid sequences, we classify the
Epsilonproteobacteria, along with thermophilic bacteria
as a group sister to the Firmicutes, a result that resolves
many previously conﬂicting phylogenetic analyses
(Lienau et al., unpublished data).

Concatenation, simultaneous analysis and total evidence
Kluge (1989) ﬁrst suggested the term total evidence
and referred to CarnapÕs deﬁnition, as discussed by
Bucknam et al. (2006). Kluge (2004) also recognized
that Carnap was a veriﬁcationist and inductivist. In a
subsequent paper, Grant and Kluge (2004) quote
Carnap to clarify their own use of the total evidence
term. While Carnap suggests that total evidence is the
‘‘rule of the methodology of induction’’ (from Kluge,
2004, p. 207), Kluge points out that the logic behind his
own use of the term is as far from induction—veriﬁcation as it possibly can be. Speciﬁcally, ‘‘Kluge did argue
for his concept of total evidence in terms of maximizing
explanatory power’’ (Kluge, 2004, p. 207).
In a review of data combination methods and theory,
Nixon and Carpenter (1996) recognized potential problems with the total evidence term and the way other
researchers had interpreted it and suggested that the
term ‘‘simultaneous analysis’’ be used instead. Their
argument for the switch is critical to an understanding
of data partitioning and concatenation. They state that
the term total evidence ‘‘is probably not appropriate to
contrast the method of separate analyses of partitioned
data followed by consensus of results with the method of
simultaneous analysis of multiple combined data sets’’
(Nixon and Carpenter, 1996, p. 223). This statement
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follows because both separate analyses of all the
available data partitions and simultaneous concatenated
analyses could be argued to use all available data
(Miyamoto and Fitch, 1995) and hence both would be
total evidence.
Instead Nixon and Carpenter (1996) suggest: ‘‘by
pooling the data and determining the most parsimonious solution for all the data, simultaneous analysis seeks
the cladogram that is best supported and maximally
explanatory for all the data. This approach maximizes
information content and corroboration of the resulting
hypothesis.’’ (p. 225). Data concatenation, the term used
by most genomicists (e.g. Rokas et al., 2003) to describe
data combination, is the process of combining data
prior to simultaneous analysis, partitioned analysis or
core gene analysis (Ciccarelli et al., 2006). Because of the
more precise nature of the term ‘‘simultaneous analysis’’, we prefer it over the terms ‘‘total evidence’’ and
‘‘concatenation’’.
We suggest that microbialists (not to be confused with
the microbiological community as a whole) have confused the logical basis of simultaneous analysis with the
endeavours of concatenating data and assessing support. The view of microbialists that the purpose of
concatenation is to obtain a more and more robust
phylogenetic hypothesis is misleading. Rather, as Kluge
(1989, 2004) points out, total evidence (which we qualify
by suggesting simultaneous analysis be used in this
discussion) is accomplished so that we can obtain the
best explanation for the relationships of organisms we
encounter. Kluge (1989, 2001, 2004) is clear that in the
face of not being able to discover the truth, the much
prized best explanation can only be arrived at when all
possible data at hand are included in an analysis.
Arguing from this viewpoint we do not see phylogenetics, total evidence or simultaneous analysis as veriﬁcationist. Rather, we see simultaneous analysis from the
point of view that phylogenetic systematics as a science
is based on the testing of relationships and evolutionary
history of character transformations, which in turn are
based on the Popperian principals of background
knowledge and corroboration.

Background knowledge: verticality
Another part of the microbialist belief that phylogenetic analysis is veriﬁcationist stems from the argument
that tree thinking is circular. In other words, if we assume
that the relationships of organisms are tree-like and
therefore use tree-building algorithms to analyse data, we
will always get a tree to represent those relationships (but
see the three tests for a vertical tree section above).
However, we must examine the basis for making this
assumption of tree-like diversiﬁcation of organisms. In
essence, this examination becomes a discussion of back-

ground knowledge in phylogenetic analysis. Background
knowledge is an important Popperian principle; without
it, scientiﬁc analyses cannot be anchored in reality.
Despite recent arguments about background knowledge
in phylogenetic analysis, descent with modiﬁcation has
been argued as one of the most basic elements of
background knowledge in phylogenetics (Kluge, 1997).
Only if descent with modiﬁcation is metaphysical and
unfalsiﬁable can we eliminate it as background knowledge (Farris, 1983). If it were unfalsiﬁable, this would
render descent with modiﬁcation to the realm of
metaphysics, and therefore unusable in a scientiﬁc
context. We suggest that 150 years of systematic
research has determined that descent with modiﬁcation
is eminently falsiﬁable and not in the least metaphysical
even in the microbial realm, despite claims of large
amounts of HGT.
Furthermore, there is a diﬀerence between what
Kluge (1999) calls phylogenetic parsimony and operational parsimony. The latter is determining a pattern
without background knowledge, and the former is what
most systematists hope to do with the aid of background
knowledge. Bapteste et al. (2006) confuse ‘‘phylogenetic
tree based analysis’’ with ‘‘operational tree analysis’’
and so their critique about background knowledge is
similarly mistaken.

Background knowledge: horizontality
As already stated, it is frivolous to ignore HGT
completely. It is important to note that HGT does not
necessarily make it impossible to recover vertical
history. We can examine the question of the nature of
prokaryotic evolution from an alternative vantage
point, namely horizontality. That is, we can challenge
the rationale (HGT) for felling (falsifying) DarwinÕs
ToL for prokaryotes. In order for a ToL hypothesis to
be falsiﬁed for any group of organisms, it would have to
be shown that HGT is the dominant force in the
generation of variation in prokaryotic organisms, or
that there are more, overall, horizontal transmission
events of genetic material than the vertical transfer of
genetic information from parent to oﬀspring. Furthermore, those HGT events would have to be directed and
not stochastic in nature.
However, microbialists have not met this burden of
proof. Microbiologists (not to be confused with microbialists) have observed that the horizontal transfer of genes
in the laboratory (transformation) occurs much less
frequently than the vertical transfer of genes (i.e. cell
division). Although a recent estimate of the percentage of
horizontally transferred genes in the genomes of microorganisms reached an average of 80% in some lineages
(Dagan and Martin, 2007), most estimates of the composition of bacterial genomes indicate that the majority of
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genes have been inherited vertically (Beiko et al., 2005;
Gressmann et al., 2005; Choi and Kim, 2007; Fall et al.,
2007; Lercher and Pal, 2008; Tamames and Moya, 2008)
and, at least in one case, HGT events often seem to be
ancient (Comas et al., 2007). Furthermore, recent experimental evidence suggests that barriers to HGT, even
among closely related genera, such as the gammaprotebacterial groups Shewanella and Escherichia, prevent over
75% of genes tested from being transferred (Sorek et al.,
2007). Therefore, we suggest that it is reasonable to
assume that, for almost all speciation events, the vast
majority of genes that are passed into new species are
inherited by vertical descent. Even taking into account the
likelihood that the ToL contains HGT hubs (Gogarten
and Townsend, 2005) such as Fusobacterium (Mira et al.,
2004), and that there may be massive directed HGT events
(as discussed in Lienau et al., unpublished data), the most
corroborated phylogenetic signal (MCS) that is common
to all characters should be interpreted as the vToL until
evidence shows otherwise, especially when one considers
that horizontally transferred genes are inherited vertically
after transfer.

Corroboration: vantage points and the bold ToL
‘‘A science needs points of view, and theoretical
problems.’’ (Popper, 2002, p.88).
It is the seeming inability (because of HGT) of most
phylogenomic studies to test reliably the vToL hypothesis that poses the greatest problem to microbial ToL
analyses. We propose that the application of Karl
PopperÕs philosophy of science, ‘‘Logic of Scientiﬁc
Discovery’’(Popper, 2002), to ToL phylogenetic analyses through a simultaneous analysis approach (Kluge,
1989, 1998; Kluge and Wolf, 1993) can illuminate
methods that may be able to solve this problem. A
recent ToL study that invoked PopperÕs philosophy
(Bucknam et al., 2006) searched for clades that were not
supported by their data, a method based on RieppelÕs
(2003) assertion that phylogenetic analyses are not
subject to the asymmetrical types of tests that can only
falsify, but to symmetrical tests that ‘‘support a certain
hypothesis of relationships or falsify [it]’’.
We suggest, by contrast, that because falsiﬁcation is
never absolute, no test is truly asymmetrical, or deﬁnitive, but can only lend temporary preference to certain
hypotheses over others. This comparison and tentative
acceptance of hypotheses (including phylogenies) is
PopperÕs unending ‘‘game’’ of science in which a ‘‘…
theory [that] withstands severe tests and is not superceded by another theory in the course of scientiﬁc
progress … has Ôproved its mettleÕ or … is corroborated’’
(Popper, 2002). In other words, science is the continuing
espousal and critical test of bold, falsiﬁable hypotheses.
A hypothesis is bold, or more testable, when it is
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universal (says a lot about nature), precise, (predicts
speciﬁc outcomes of potential tests), and contains more
information than, or directly conﬂicts with, background
knowledge. In addition to boldness, hypotheses need
ample and relevant evidence to provide rigorous tests of
their predictions to become corroborated scientiﬁc
theories.
The ‘‘safe’’ rake-like ToL hypothesis is not bold,
because it does not give information over background
knowledge. This is because the hypothesis that there is
no ToL has not been adequately tested. The HGT
problem makes it more diﬃcult to test hypotheses of
evolutionary history for prokaryotes because it is
diﬃcult to assess the reliability of the evidence at hand
concerning organisms.
Popper wrote that evidence is conjectural: ‘‘Every test
of a theory, whether resulting in its corroboration or
falsiﬁcation, must stop at a basic statement which we
decide to accept.’’ (Popper, 2002, p. 86; emphasis added).
PopperÕs concept of evidence as basic statements about
reality, or conjectures, that we tentatively accept as fact
for the purposes of doing science provides a good solution
to the HGT problem; when we accept that evidence is
conjectural we can arrange our observational statements
in such a way as to test our speciﬁc question. Phylogenetic
character observations may be arranged in many diﬀerent
ways, some relevant to test some groupings, and others
relevant to test other groupings. For instance, in ToL
analyses gene presence ⁄ absence data may be able to levy
more severe tests on ancient relationships, while translated gene sequence data may be better suited for testing
more recent relationships. With speciﬁc regard to the
HGT problem, we have utilized an empirical approach to
determine the vantage points of observation (similarity
threshold values for making homology statements) that
yield gene presence ⁄ absence (Lienau et al., 2006) and
amino acid sequence (Lienau et al., unpublished data)
ToL matrices that retain as much information as possible
while producing highly consistent, totally resolved and
reasonably well-supported phylogenies that are, for the
most part, consistent with accepted classiﬁcation systems
and other recent ToL studies.

Conclusion
We hold that, in the absence of a better-supported
hypothesis of the nature of relationships of all life, we
should retain DarwinÕs tree of forms that have
descended from common ancestors through the process
of natural selection, even for prokaryotes. We base this
conclusion on four arguments that outlined herein.
First, we present a series of tests that strongly suggest
that a bifurcating ToL is an empirical reality. This ﬁrst
point in and of itself is not suﬃciently convincing. We
therefore argue three philosophical points relevant to
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systematic analysis. First, we point out that the microbialist view of the philosophical basis of total evidence is
ﬂawed. Total evidence (or better simultaneous analysis)
exists as means to better explanatory power. Second, we
argue that the background knowledge that microbialists
want to disregard is an important and viable part of
phylogenetic analysis that cannot be discarded because
it is neither metaphysical nor untestable. Finally, we
argue that microbilists have either missed or disregarded
one of PopperÕs guiding lights of scientiﬁc endeavour,
namely corroboration.
We do, however, understand that a tree can be used
without allusion to the passage of time as an unrooted
network that describes the graded similarity that may or
may not represent the prokaryotic world. We admire
the boldness (based on diﬀerences in background
knowledge) of the hypothesis that prokaryotic evolution
proceeds in a manner drastically diﬀerent than do other
forms of life. However, ‘‘playing it safe’’, by postulating
only a rake as our hypothesis of the evolutionary history
of prokaryotic forms, or simply saying ‘‘these organisms
are related’’ but not in what speciﬁc way, gives us no
more information than background knowledge without
the advent of DarwinÕs tree, which is the assumption
that genetic material is transferred from one cell to
another (vertically or horizontally).
To account for the existence of HGT in the ToL, we
have recently argued that the ToL may most conveniently be interpreted as a scaﬀold that represents the
MCS of life (Lienau et al., unpublished data). The
decision as to whether the MCS represents vertical
history in all nodes is dependent upon interpretation
and further testing. In this forum, we have discussed
phylogenetic methods of testing if the MCS represents
vertical or horizontal history. However, all of these
methods of testing verticality rely on pitting one tree or
classiﬁcation system against another in order to see if
there is topological and or statistical consensus.
In contrast to the Bapteste et al. (2006) and Bucknam
et al. (2006) conclusion that the lack of resolution in ToL
studies is evidence that there is no bifurcating history of
life for prokaryotes, or a hard polytomy, we assert that
whenever the result of lack of resolution occurs it is best
explained by a soft polytomy, or lack of resolution, due
the paucity of data used in ToL analyses. This is not a
diﬃcult position to defend, given that the vast majority of
information available at the genomic level for most of the
studies claiming rake-like structure was not used. We
point out that the rush to fell DarwinÕs ToL has been
based on less than whole genomes (the ‘‘1%’’ of Dagan
and Martin, 2007), and that the number of genomes has
more than tripled since these conclusions were published.
Furthermore, we ﬁnd that the assertion that HGT is the
major force behind the generation of variation in
prokaryotic organisms to be weakly supported at best,
and have pointed out several studies that support the

opposite conclusion, that vertical dissemination of
genetic material is the major force in prokaryotic evolution. Even if the degree of horizontal transfer is as high as
some have suggested (Dagan and Martin, 2007), such
HGT needs to be shown to obliterate the majority of
phylogenetic signal in genomic information. We suggest
that such a demonstration has not been oﬀered. Based on
these arguments and on our own success in recovering
fully resolved and reasonably well-supported ToL
hypotheses using more than two orders of magnitude
more sequence data than that used to support the idea
that there is no ToL for prokaryotes, we suggest that the
axe being brought to bear on DarwinÕs tree is nowhere
near sharp enough to cut it down.
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