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genomes are the blueprints of all 
living organisms. From a meagre 
500,000 base pairs in the bacterium 

Mycoplasma or a respectable 3.3 billion in 
humans, up to a dazzling 149 billion base 
pairs in the Japanese flower Paris japonica; 
genomes underpin the mystery of life. Eager 
to better grapple with that mystery, most bio
logists will spend time browsing journals for 
papers that present new genome sequences. 
We want to know the size of the genome and 
the number of predicted genes—although 
with every genome published we increas
ingly learn that these numbers do not matter 
much (pertea & Salzberg, 2010). 

in some cases, these aberrations in gene 
numbers can be ascribed to important evo
lutionary events, such as genome dupli
cations. the discovery that most eukaryotic 
genome sequences contain remnants of 
such events is fascinating. We do not know 
why the ancestral vertebrate survived two 
genome duplications, or why fish have expe
rienced an additional duplication on top of 
that. Would complex vertebrates, includ
ing us, have evolved if these two rounds of 
genome duplication had not occurred at the 
dawn of vertebrate evolution? Would our 
fish tanks look boring because many of the 
25,000 species of teleosts would not have 
evolved if the fishspecific genome dupli
cation had not occurred? can we explain 
Darwin’s ‘abominable mystery’ on the ori
gin and diversification of flowering plants 
through genomewide duplications that 
occurred early in their evolution? although 
we cannot be certain of the answers to these 
questions, there is significant circumstantial 
evidence that both biological complex
ity and speciation events might have been 
compromised if genomewide duplication 
events had not occurred.

in order to interpret correctly the timing 
and evolutionary consequences of events 
such as wholegenome duplications, it 
has become clear that we need adequate  

sampling of genome sequences. For exam
ple, soon after the sequencing of large parts 
of the Arabidopsis genome it became obvi
ous that the genome had been duplicated. 
However, the timing and exact number of 
genomewide duplications that had taken 
place could only be unveiled by compari
son with other plant genomes. comparison 
also revealed that the developmental 
genetic ‘tool kit’ of organisms is generally 
much older than expected, and this seems 
to be the case for both plants and animals. 
For instance, the common ancestors of 
land plants seem to have contained most 
of the gene families known to be impor
tant for angiosperm development, whereas 
the metazoan ancestor had a develop
mental tool kit similar to that of modern 
complex bilaterians. interestingly, many 
developmental genes also seem to have 
evolved particularly through largescale  
geneduplication events.

the availability of several complete 
genome sequences and their comparative 
analyses have already improved our under
standing of their composition, structure 
and evolution. However, the challenge of 
understanding the genotype–phenotype 
connection remains. We are getting better 
at determining the ‘parts list’ encoded in 
a genome sequence, including both pro
tein coding and noncoding genes, which 
is a crucial first step (gravely et al, 2010). 
For example, finding a complete set of 
meiotic genes will tell us that the organ
ism is probab ly able to reproduce sexually, 
although this might not have been observed 
in vivo (grimsley et al, 2010). However, we 
cannot yet predict from a genome sequence 
which genes are expressed when, where 
and in which quantities. yet, elucidating the 
regulatory wiring of organisms is crucial to 
understanding how they manage to tune 
and coordinate their cellular functions in 
response to a range of diverse internal and 
external cues (modEncoDE et al, 2010).

We know that organisms use cis
 regulatory motifs in a combinatorial manner 
to generate different expression patterns, and 
there have been several attempts to predict 
gene expression from the type, number and 
organization of regulatory elements in pro
moters. Beer & tavazoie (2004) used a proba
bilistic approach to discern the regulatory 
motifs and combinatorial rules underlying 
gene expression in Saccharomyces cerevi-
siae and Caenorhabditis elegans. nguyen & 
D’haeseleer (2006) developed a computa
tional strategy to analyse systematically how 
genomic context influences the responsive
ness of transcriptionfactorbinding sites. 
others have used thermodynamic models to 
predict expression patterns, calculating the 
probabilities of all possible configurations of 
trans factors (including nucleosomes) on the 
cis regulatory sequence, and summing their 
contributions to gene expression. although 
these and other approaches have been met 
with criticism, we are getting better at pre
dicting gene expression from the genomic 
sequence. Further computational dissec
tion of the genome, informed by omics data 
such as transcriptomics, chipsequencing 
data and epigenomics can be expected to go 
a long way towards unravelling what makes 
an organism tick.
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