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From single-cell protozoans to multicellular animals

An evolutionary transition that changed life on earth
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The quest for the origins of something (whether life, animals or language) has an almost addictive appeal, and this is certainly true for research into the origins of multicellular
animals. Around 520 million years ago the first multicellular animals suddenly appeared on earth. Our knowledge of how it happened is limited, but the acquisition of
multicellularity allowed the development of a wide range of evolutionary novelties, among them specialised cells for performing particular tasks.

Biologists have recently identified some very simple organisms which are the closest living
relatives of today's multicellular animals. We did this by sequencing some of the genes shared
by both groups - that is, discovering the order in which the genes appear - and then comparing
them. This allowed us to examine the evolutionary history and relationship between them, a
study known as phylogeny. Thanks to the efforts of several labs the closest single-celled
relatives of today's larger animals have been identified. And what are they? They are minute,
little-known, single-celled creatures known by such weird names as choanoflagellates,
ichthyosporeans, Ministeria and Capsaspora.

Now we have linked today's animals with their tiny relations, a new, bigger goal has been set:
the deciphering of the complete genome sequence of these single-celled creatures. Once this is
deciphered and compared, it might be possible to identify the genetic 'toolkit' for multicellularity,
that is, the basic genes that allow organisms to enjoy a multicellular lifestyle.

To achieve this, an international consortium known as UNICORN was formed. Led by Professor
Michael W. Gray at Dalhousie University, Canada, the project is endorsed by the US National
Human Genome Research Institute (NHGRI), and includes research groups from the UK, USA,
Canada and our group from the University of Barcelona. Our target is to obtain the complete
genome sequence of a dozen of the closest extant single-celled relatives of animals. Millions of
sequences are being generated, and as the data are analysed, some significant insights are
emerging.

Remarkably, many of the genes involved in multicellular functions, such as those concerned
with adhesion and communication between cells, are already present in the single-celled animal
relatives. For example, our group recently showed that the cell-adhesion machinery mediated
by the proteins known as integrins, which were believed to be an animal innovation (and which
is absent in plants, fungi and algae), is present in Capsaspora. We do not know what this cell-
adhesion machinery is doing in a unicellular organism - after all, there are no other cells to
attach to - but this finding means that animal ancestors became multicellular by using much of
the gene machinery already present in their genomes, and by adapting their functions to the
new multicellular lifestyle. But how did they adapt those ancestral genes into new, more
complex, roles? As usual, more work needs to be done, and my team at the University of
Barcelona is actively researching in that direction.

To understand what happened 520 million years ago is no easy task, but the prize is worth the
effort. As Simon Conway-Morris wrote in Crucible of Creation (Oxford University Press, 2000)
"... when animals appeared the world changed, in some ways, for ever'. Our research aims to
decipher and understand the genetic mechanisms responsible for that important moment in the
history of life, and provide biological insights into the origin of key proteins in animal
development. But, most significantly, it will improve our understanding of a fundamental
biological question, which itself deserves to be fully answered and understood.
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