
Research Focus

Supertrees and symbiosis in eukaryote genome
evolution

Christian Esser and William Martin

Institute of Botany III, University of Düsseldorf, D-40225 Düsseldorf, Germany

Update TRENDS in Microbiology Vol.15 No.10
If we took all of the single copy genes in all sequenced
genomes, made phylogenetic trees from them individu-
ally, and then made the supertree of those trees, what
would we get? Recently, David Pisani and colleagues did
that experiment and their results are likely to spark much
discussion. Their prokaryote tree looks very familiar, but
the genome history of eukaryotes appears dominated by
genes of cyanobacterial (plastid) and a-proteobacterial
(mitochondrial) origin, while the host component bra-
nches within the archaebacteria.
The origin of eukaryotes; the debate
Flames of debate now rage amidst the issues of deep
microbial phylogeny and the position of eukaryotes
therein. One camp is saying that the tree of life is a tree
[1] and that the tree looks like the tree of rRNA sequences
[2]. In this scenario, the eukaryotes are a deeply-branching
primordial lineage that is the sister of the archaebacteria
[3] and eukaryote specific proteins and introns in eukar-
yote genes provide evidence in favour of that view [4]. A
second camp is saying: that the tree of life is a hypothesis
that we should be testing [5]; that there has been sub-
stantial transfer of genes among lineages during microbial
evolution [6]; that eukaryote genomes are chimaeras con-
taining eubacterial and archaebacterial components [7,8];
and that the endosymbiotic origin of mitochondria was
possibly causal to that chimaerism, in the wake of which
introns and eukaryote specific genes could have arisen [9].
Still others are saying that the prokaryote–to–eukaryote
transition requires even more chimaerism and endosym-
biosis than the second camp suggests [10–12].

In principle, these ideas can all be tested with molecular
data from genomes. But there are some hefty caveats,
among them the uncertainty associated with making trees
[13] and alignments [14] from deeply diverged sequences.
But even if those problems were solved, very few genes are
shared by all genomes, especially among prokaryotes.
Hence the strategy of concatenating hundreds of sequences
into a grandmaster alignment, as is common practice for
the study of eukaryote phylogeny [15], is not an option if
many genomes from all walks of microbial life are involved.
This is where supertrees, which Pisani et al. [16] used to
explore the issue of deep phylogeny, open new avenues of
pursuit.
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Enter supertrees
Supertree methods make trees from trees. They take
phylogenetic trees as their input. Those input trees stem,
in turn, from alignments of different genes. As their output,
supertree methods summarise the various input trees as a
single tree.Consensusmethodsdomuch the same thing, but
in consensus methods the treesmust all contain exactly the
same taxa. In supertree methods, the taxa sets of different
treesneednot be the same, they just need to overlap [17–19].
Given some overlap among taxon sets, supertree methods
puzzle all of the input trees together so as to display the
branches that are compatible among the input trees. In
otherwords, supertrees combinemany smaller, overlapping
phylogenetic trees into a single, more comprehensive tree
[18]. Supertree approaches are still comparatively young,
and they hold promise for datasets harbouring incompletely
or sparsely distributed patterns of gene presence and
absence, as with real microbial genome data.

Pisani et al. [16] made phylogenetic trees for 5741 genes
that are present as single copy genes among 165 sequenced
genomes, includingmore than a dozen eukaryotes. The use
of single copy genes only was designed to help avoid
problems associated with comparing possible paralogs
within large gene families. They then pruned this dataset
by looking only at the most conserved regions of the
alignments, then only at the alignments that had clearly
nonrandom phylogenetic signals, and then only at those in
which the amino acid composition of the sequences was not
significantly skewed. The supertree of prokaryotic trees
that passed those hurdles harboured no major surprises:
almost all of the major groups that modern prokaryotic
systematics recognises were recovered.

Surprise!
The surprise was the position of the eukaryotes, which
came to branch with, of all things, the cyanobacteria. This
surprise, however, is hardly nonsense because it can be
understood with the help of endosymbiotic theory: the
plastids of plants descend from cyanobacteria and plants
have acquired many of their nuclear genes from the cya-
nobacterial ancestor of plastids [16]. Because supertree
methods greedily recover the strongest phylogenetic sig-
nals in the data, and because there was no strong signal
that placed the eukaryotes anywhere else in the supertree,
the cyanobacterial signal in the plants predominated. That
signal was only one of several conflicting signals in the
data, and in the absence of stronger signals speaking to the
contrary, it was strong enough to place the eukaryotes
within the cyanobacterial group.
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To remove the cyanobacterial signal, Pisani et al. [16]
simply removed the trees that supported that grouping.
When they did that, the eukaryotes then came to branch
within the a-proteobacteria. That result would be
altogether inexplicable were it not for endosymbiotic
theory, some versions of which predict a strong genetic
contribution from the genome of the a-proteobacterial
ancestor of mitochondria to the complement of eukaryote
nuclear genes. The a-proteobacterial signal too was only
one of several conflicting signals in the data, and in the
absence of stronger signals speaking to the contrary, it was
again strong enough to place the eukaryotes among the a-
proteobacteria as a group. That result will probably come
as a surprise to many, but for those who view eukaryotes
from the perspective of endosymbiosis, it is readily inter-
pretable: mitochondria were quantitatively important in
shaping the contours of eukaryotic genomes.

Of course, the a-proteobacterial signal was just the
strongest of several competing eubacterial signals in
the decyanobacterialised eukaryotic data. At face value,
the evidence from the individual trees might suggest the
existence of gene contributions to the eukaryote common
ancestor from all major groups of eubacteria sampled [16],
including spirochaetes and d-proteobacteria, as some cur-
rent symbiotic views would predict [10,11]. But no current
view predicts both signals, and that puts a bit of a strain on
theories making either prediction. So there is ample room
for more debate on such issues. There also looms the issue
that prokaryotes have been exchanging their genes over
time [5–7], so that it is hard to say exactly what collection of
genes the ancestor of mitochondria possessed at the time
that it became an endosymbiont [20].

When the eubacterial genes were stripped out of the
supertree data, then the eukaryotes came to rest with the
Thermoplasmatales, a group of archaebacteria belonging
to the euryarchaeotes. Dennis Searcy [21] has written
about Thermoplasma as a candidate lineage for the host
that acquired mitochondria for a couple of decades. The
Thermoplasma genome sequence gave no direct hints to
support that view [22], but also did not consider supertree
analyses, so the new result is of interest [16] because it
suggests that the host lineage of eukaryotes arose from
within the archaebacteria, rather than as a sister to them.
That is a topic of current debate [23], as is the issue of how
much the supertree data favour the grouping of eukaryotes
with the Thermoplasma lineage, because other recent
whole genome analyses have found evidence to suggest
that eukaryotes group with the crenarchaeotes (a grouping
known as the eocyte tree [7]). Other analyses have found
whole genome signals that link eukaryotes to members of
the euryarchaeotes, but not to the Thermoplasma lineage
[12].

Geologists are also telling us something important
Finally, Pisani et al. [16] discuss their findings in light
of models for the origin of mitochondria that involve
anaerobic or sulfur-based metabolic symbioses at mito-
chondrial origin. Is there any connection between super-
tree inferences and ancient environments? It is a
possibility. While biologists have been debating the shape
of microbial evolution, geologists have been developing a
www.sciencedirect.com
fundamentally new model of ocean geochemistry [24–27].
Briefly, it suggests that �2.3 billion years ago, the O2 that
was accumulating in the atmosphere started to oxidise and
erode continental sulfide deposits, thus large amounts of
sulfate were carried into the oceans, so that the substrate
required for sulfate-reducing prokaryotes was provided
[27]. Marine sulfate reducers became significant on a
global scale and they produced sulfide. That means that
the photic zone (marine surface water) produced oxygen
during that period, but below the photic zone, the oceans
were anoxic and sulfidic [24,25]. Two recent reports pro-
vide evidence that indicate the end of this period occurred
only�580million years ago [26,27]. With geologists telling
us that the oceans were anoxic and sulfidic during the time
2.3–0.58 billion years ago, we should perhaps keep ancient
environments in mind when considering microbial evol-
ution and the place of eukaryotes in it. After all, if mito-
chondria arose more than 1.4 billion years ago [23,24], it
means that the ancestor of mitochondria, if it was an
average a-proteobacterium of its day, was probably well
suited to anoxia and sulfide by virtue of the collection of
genes in its genome.

Conclusions and future perspectives
The new report is hardly the last word in the debate on the
origin of eukaryotes andmitochondria, it is merely the first
word from the supertree corner, which uses hundreds of
genome sequences. Supertrees constructed by Pisani et al.
[16] placed the position of eukaryotes in the tree of life in
unexpected places that do, however, make sense in light of
some formulations of endosymbiotic theory. If we want to
give the tree of life hypothesis [5] an honest test, we have to
listen to what all genes have to say, not just the ones that
tell us a familiar story.
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The elusive activity of the Yersinia protein kinase A
kinase domain is revealed
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Yersinia spp. pathogens use their type III secretion
system to translocate effectors that manipulate host
signaling pathways during infection. Although molecu-
lar targets for five of the six known Yersinia effectors are
known, the target for the serine/threonine kinase
domain of Yersinia protein kinase A (YpkA) has remained
elusive. Recently, Navarro et al. (2007) demonstrated
that YpkA phosphorylates Gaq, and inhibits Gaq-
mediated signaling. Inhibition by YpkA could contribute
to one of the most documented symptoms of Yersinia
pestis infection, extensive bleeding.
Yersinia and type III secretion
Yersinia pestis was the cause of the Black Death in the
Middle Ages, killing over one-third of the population of
Europe [1]. Today, this pathogen is becoming an increasing
concern, as it represents a potential threat as a biological
weapon. Moreover, other Yersinia spp. (Y. enterocolitica
and Y. pseudotuberculosis) are responsible for causing
severe disease in humans [1]. These pathogens, like many
other gram-negative bacteria, encode a type III secretion
system (T3SS) and a repertoire of effectors. These secretion
systems are macromolecular structures that span the bac-
terial inner and outer membranes, and allow for direct
translocation of effectors from the bacterial cytosol into the
host cell [2–4]. Translocation of these effectors function to
disrupt and manipulate the host, to create an environment
that is conducive to bacterial survival. Consequently, T3SS
significantly contributes to virulence [1,4]. The role of each
effector and the effect it has on host cells is dependent on
both its catalytic activity and host cell target. In this
article, we review recent studies from Navarro et al. [5]
that identify a eukaryotic target for the serine/threonine
kinase domain of the Yersinia protein kinase A [YpkA
(YopO in Y. enterocolitica)].

The Yersinia spp. pathogens use their repertoire of
T3SS effectors to actively block phagocytosis, induce apop-
tosis and disrupt the host immune response. These phe-
notypes are mediated by the biochemical activities of the
translocated effectors, called Yersinia outer proteins (Yop).
Two effectors, YopJ and YopM, are responsible for the
ability of Yersinia to modulate host cell signaling. YopJ
functions as an acetyltransferase and inhibits all mitogen-
activated protein kinase (MAPK) pathways and the NFkB
pathway. YopJ acetylates crucial serine and threonine
residues on the activation loop of the MAPK kinase
(MAPKK) superfamily of kinases, thereby preventing their
activation, subsequent downstream signaling and pro-
motion of apoptosis [4,6–8]. In addition, YopM contains
a leucine rich repeat that scaffolds nuclear kinases that
results in inappropriate activation of signaling pathways
downstream of the YopJ block [9,10]. Yersinia also actively
manipulates the actin cytoskeleton by way of four of its
T3SS effectors. YopH is a tyrosine phosphatase that depho-
sphorylates proteins associated with focal adhesions that
results in the collapse of these structures [11–13]. YopE is a
GTPase activating protein (GAP) for Rho-like G-proteins
that induces hydrolysis of GTP to GDP that results in their
inactivation and subsequent depolymerization of actin
[14]. YopT, although not expressed in all virulent Yersinia
strains, is a cysteine protease that cleaves off the lipid
modification on Rho-like G-proteins that results in their
inhibition owing to mislocalization, which further contrib-
utes to the inhibition of phagocytosis [15].
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