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●
Scientists are often characterized as those 
who like to explain simple things in complex
terms – sometimes so complex that it seems

their own understanding petered out some time ago. But
this is a misrepresentation. It may be that biological
phenomena are ultimately too complex to understand
fully, but the urge to explain complicated systems in
simple terms is an irresistible human, and therefore
scientific, trait. The search for patterns is fundamental 
to research – life’s complicated enough.

● Shared heritage
The evolutionary concept of biological systems implies a
shared genetic heritage. That such a heritage exists, even
between organisms with strikingly dissimilar pheno-
types, has become glaringly obvious in the age of genome
sequencing. This offers a huge simplification to under-
standing gene function across wide ranges of organisms:
the role of a gene in one organism may be deduced from
that of a related gene in another, providing that function
is known. The principle behind this is that conservation
of protein function results in conservation of structural
motifs. This is most readily detected as amino acid
sequence similarity and, depending on mutation rate and
the time that has elapsed since divergence, sometimes as
nucleic acid sequence similarity.

This aid to tracking down gene function
applies to viruses as much as it does to their
hosts. In general, viruses tend to change
faster than their hosts (from one to six orders
of magnitude faster), thus placing a greater
emphasis on amino acid, rather than nucleic
acid, sequence comparisons as the primary 
means of detecting similarity. This, in
addition to the lack of viral fossils (except,
in a special sense, retroviruses) and conse-
quent difficulties in assigning evolutionary
timescales, makes it more difficult to look
as far back in time along viral lineages as is
possible along host lineages. Whichever
computer program is used for detecting
related proteins, all eventually reach a ‘grey
area’ where relationships become tenuous
and their interpretations speculative.
Analyses can be pushed further by search-
ing for motifs conserved between a set,
rather than a pair, of proteins, but even 

then uncertainty dominates at some point.
Given the evolutionary rates of viruses, it is in this ocean
that information on distant origins is located; unfortun-
ately, these are also waters where red herrings abound.

● Captured genes
In responding to selection pressures, it appears that
viruses have utilized all available means for generating
diversity. Their genomes have been subject to gradual

processes of mutation –
nucleotide substitution and
associated small insertions
and deletions, generation 
of domains or entire genes 
de novo, gene duplication
followed by functional
divergence, gene fusion,
gene loss, gene trans-
location, recombination 
or reassortment between
related viruses and capture
of cellular or other viral
genes. It is in the category
where viruses appropriate cellular genes (in large DNA
viruses probably via RNA intermediates), that the search
for genetic origins by detecting similarity has come into
its own. The fact that many ancestral viruses appear to
have captured cellular genes has led to their description
as ‘molecular pirates’. Whether this anthropomorphism,
which envisages a virus as ‘Cut-throat Jake’ or one of his
gang on the lookout for an opportunity to rob the
unsuspecting cell of a handy gene, is more accurate than
that of a virus as a ‘Borrower’ who can pinch a gene and
modify it for another purpose, we do well to remember
that viruses lack motive. Moreover, in that viruses are
constantly intimate with the organism they infect, hosts
are also shaped by their viruses. It is on this stage that the
delicate dance of coevolution succeeds when it results in
survival of virus and host.

Gene capture as a mechanism of adapting to the 
host has been most abundantly seen in the larger DNA
viruses, such as the poxviruses (with their cytoplasmic
lifestyle) and, to a lesser extent, the herpesviruses. This is
likely to have been promoted by the ability of larger 
viral genomes to incorporate significant amounts of
additional sequence and still be packaged into infectious
virus particles, and by the fact that such viruses face a
hostile array of sophisticated cellular defences, particularly
those involved in immunity. Nevertheless, gene capture
has been utilized in many viral lineages and has occurred
throughout viral evolution. Many viruses, for example,
encode a DNA or RNA polymerase and a helicase,
functions that are likely to have been required at early
stages in viral evolution and are assumed to have been
captured. Genes whose products are involved in nucleo-
tide biosynthesis and DNA repair are characteristic of
larger DNA viruses. Examples include thymidine kinase
(of various origins), thymidylate kinase, guanylate
kinase, deoxyuridine triphosphatase, ribonucleotide
reductase, thymidylate synthase, dihydrofolate reduct-
ase, uracil-DNA glycosylase, DNA methyltransferase,
topoisomerase and DNA ligase. Other captured genes
include those encoding subunits of RNA polymerase,
poly(A) polymerase, mRNA capping enzyme, phospho-
lipase, sialidase, haemagglutinin, protease, protein
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kinase, protein kinase inhibitor, protein phosphatase,
semaphorin, profilin, 3β-hydroxysteroid dehydrogen-
ase, glutaredoxin, phosphoribosylformylglycinamidine
synthase and superoxide dismutase.

In addition to genes involved in nucleotide synthesis
and DNA replication or repair, large DNA viruses have
captured genes whose products presumably function in
subverting cellular processes, including modulators of
apoptosis and various zinc-finger proteins with probable
regulatory functions. Poxviruses and certain herpes-
viruses (notably human herpesvirus 8, implicated as the
causative agent of Kaposi’s sarcoma) also have impressive
repertoires of genes whose cellular counterparts are
involved in immune function: chemokines, chemokine
receptors, growth factors, interferon regulatory and
resistance factors, MHC antigens, proteins involved in
the complement pathway and other proteins that may
function in immune recognition in as yet poorly under-
stood ways. 

● Recycling
The picture is one of ready incorporation of potentially
useful cellular genes into the genomes of large DNA
viruses. In attaching a proper sense of timescale to gene
capture processes, however, it is important to bear in
mind that fixation of captured genes into a lineage is very
rare, and that most such events occurred in the distant
past. Divergence of captured genes from their more
slowly evolving cellular parents, in some cases accom-
panied by gene duplication, can lead to functional
diversification. For example, a component integral to 
a cellular process can be released from regulatory
constraints in the viral context or can even be developed
into a means of inhibiting that process. Moreover,
divergence can ultimately result in loss of the original
function and gain of a new one. It appears that this may
be the case for deoxyuridine triphosphatase and
ribonucleotide reductase in the cytomegaloviruses 
(β-herpesviruses) and for superoxide dismutase in the
poxviruses. In this way, as well as by eventual deletion,
captured functions may be lost as requirements
diminish. Thus, the lineage leading to the cytomegalo-

viruses appears to have deleted the thymidine kinase
gene in addition to losing the functions of the deoxy-
uridine triphosphatase and ribonucleotide reductase
genes. Perhaps most impressively, smallpox (variola)
virus has lost several functions in comparison with other
poxviruses, many occurring by simple frame-shift 
mutations in what may be presumed to be recent
evolutionary history. Indeed, the implication that
virulence in smallpox virus may have emerged as a result
of the loss, rather than acquisition, of genes is a
stimulating one.

● Hidden captives?
Captured cellular genes that retain their original
function, albeit sometimes in modified form, are the
most common type of viral gene thrown up by homology
searches. What about other viral genes that lack cellular
homologues, such as those encoding structural compo-
nents of the virion? There are two main possibilities.
Evidence for the first, generation of genes de novo, does
exist for some genes that are small or significantly
overlap other genes. A large leap is required, however, to
accept that a significant number of such genes in the
large DNA viruses arose by this means. It seems more
attractive to suppose that these genes were also captured
from the cellular repertoire and have undergone such
extensive functional revamping that their origins 
are now undetectable. Also, this does not preclude
additional superimposed events such as gene duplication
and divergence. We should expect that possible cellular
origins for these genes will be put to the test with
accumulation of detailed information on viral protein
structures. In this connection, it is instructive to note
that we cannot be complacent about our understanding
of the evolutionary rates of viral genes. Studies of human
herpesvirus 8 have already thrown up an example 
of a gene undergoing positive selection – a situation
which strongly favours mutations that change coding
potential. Evolutionary modes that allow faster rates of
change than those operating generally could have wider
implications in the generation of viral genes.

We rightly marvel at the way in which viruses have
exploited cellular genes in promoting their own survival
and in the clues that homology searches give to how
viruses have evolved. In trying to understand the most
ancient viral origins, a large degree of simplification and
a generous helping of speculation are required. Worthy
as it is, the quest to trace modern viruses to their primary
roots in a convincing way is likely to be arduous and long. 
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