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Disappearing act

The bizarre absence of certain gene classes in eukaryotes is key to understanding their
evolution and complex links with prokaryotes.

James A. Lake

Eukaryotic evolution is something of
a Gordian knot. Using single genes to
unravel it won't work, as the genomes of
eukaryotes (animals, plants, fungi and
protists) are derived from those of several
prokaryotes (eubacteria and archaebac-
teria). So the focus has shifted towards
analysing flows of gene populations, and
even of entire prokaryote genomes, into
eukaryotes. These more holistic studies are
revealing the complex genetic and evolu-
tionary connections between eukaryotes
and prokaryotes.

Until recently, everyone assumed, based
on a single ribosomal RNA gene, that
eukaryotes descended from archaebac-
teria — extremophilic prokaryotes distinct
from ‘true’ bacteria, or eubacteria. Now we
know that’s not the case. More than two-
thirds of the nuclear genes of the yeast
Saccharomyces cerevisiae, for instance, are
derived from eubacteria, and the balance
from archaebacteria. What we know of
gene losses and gains also indicates that the
eukaryotic genome probably resulted from
the fusion of archaebacterial and eubacte-
rial genomes, effectively turning the tree of
life into a ring of life. But how did evolu-
tion come up with the strange distribution
of eubacterial and archaebacterial genes we
see in eukaryotes today?

In prokaryotes there are two major gene
classes: operational and informational.
Operational genes are involved mainly in
day-to-day processes of cell maintenance,
and code for amino-acid and nucleotide
biosynthesis as well as related functions.
Informational genes feature primarily in
transcription, protein synthesis, DNA
replication and other processes to convert
information from DNA into proteins.

Because eukaryotes are derived from
archaebacteria and eubacteria, one might
expect to find an archaebacterial and a
eubacterial copy of each nuclear gene.
But strangely, archaebacterial operational
and eubacterial informational genes are
almost completely absent from eukary-
otes, even though the first eukaryote
contained two sets of informational and
operational genes.

This well-documented correlation
between phylogenetic origin and gene
disappearance is paradoxical because
no one understands how these classes of
genes left the scene. I call this correlation,
which provides an important clue to the
early evolution of eukaryotes, the Janus

paradox. Like the two faces of the Roman
god Janus, thought to represent the Moon
and the Sun, the phylogenetic origins of
informational and operational genes in
eukaryotes are as different as night and
day. Finding a gene distribution such as
this is the statistical equivalent of finding
that a coin tossed at night (Janus’s archae-
bacterial face) always comes
up heads (informational
genes), and tossed dur-
ing the day (Janus’s
eubacterial face) always
comes up tails (opera-
tional genes).

But before we look
at possible causes of
the Janus paradox,
we need to under-
stand the interactions
between operational
and informational
genes. In some ways,
gene transfers between
prokaryotes mimic pat-
terns of telephone use.
Some people only call
their family and friends,
for instance. This is similar
to the pattern of transfer of informational
genes between closely related prokaryotes.
Others add distant associates to their basic
phone lists — analogous to the broader
transfer of operational genes between
prokaryotes. The ‘complexity hypoth-
esis’ attributes the reduced transfer rate
seen in informational genes partly to the
observation that their proteins are often
deeply integrated into large complexes
such as the ribosome. So to function,
transferred informational genes must fit
into complex pre-existing structures, effec-
tively restricting their transfers to closely
related prokaryotes (family and friends).
Transferred operational genes, as mem-
bers of smaller, less complex structures, fit
in more easily, allowing them to function
when transferred over larger phylogenetic
distances (family, friends and associates).

Combining two genomes into one
nucleus would not have been simple. We
know, for example, that two sets of ribo-
somal RNA operons — genes controlled
asa unit — cannot coexist in the same cell.
Recent attempts to fuse a cyanobacterial
genome into the genome of a host Bacillus
subtilis, a common soil bacterium, were
successful only when the cyanobacterial
ribosomal RNA operons were removed
from the fusion chromosome. We also
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Putting the pieces together

know from experiments on reconstituting
ribosomal subunits that, consistent with
the complex interactions within the ribo-
some, even a single damaged protein can
completely inactivate protein synthesis.

This suggests a possible explanation for
why the eubacterial informational genes
disappeared. Because two types of ribos-
omal genes cannot exist in the
same nucleus, the archaebac-

terial ribosome may simply

have been the lucky survi-
vor when one of the com-
ponents in the eubacterial
ribosome was inactivated.
Once this chance inacti-
vation occurred, it was
probably only a matter
of time until all eubacte-
rial informational genes
were eliminated, given
the extensive interactions
between the ribosome
and informational
proteins.
Unfortunately, I
have no good sug-
gestion for why the
archaebacterial oper-
ational genes were eliminated. I hope that
this will motivate some readers to think
of hypotheses and experiments. It could
be that somehow, the ready availability of
operational genes within the eubacteri-
ally derived cellular organelles led to the
preponderance of eubacterial operational
genes.

Whatever explanations of the Janus
paradox are unearthed, it will be exciting
to follow the quest. How the eukaryotic
cell came to be is one of the greatest enig-
mas in biology. It is a story so complex
that no single gene can tell it. Only entire
genomes can. [ ]
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