
A new project has carried out 
whole-genome sequencing to enable 
comparative genomics across 29 
mammalian species. The result is  
the mapping of human functional 
elements in unprecedented detail.

Comparative genomics assumes 
that functionally important elements 
are constrained during evolution 
— that is, they are under selective 
pressure to conserve their sequences. 
Lindblad-Toh et al. sequenced the 
genomes of 20 diverse mammalian 
species, adding to nine previously 
sequenced mammalian genomes. 
To detect constrained regions, the 
human genome sequence was com-
pared with the other 28 genomes; 
this provided a greater ability to 
identify constrained regions com-
pared with a previous comparison 
of four mammalian genomes. The 
authors identified >3.5 million con-
strained human elements (compared 
to a few hundred thousand from the 
previous analysis), which constitute 
~4.2% of the human genome.

Most of the newly identified  
constrained elements lie in intronic 
and intergenic regions, emphasizing 
that selection acts extensively  
beyond protein-coding regions.  
The authors identified potential 
regulatory sequence motifs based 

on constrained sequences that were 
repeated throughout the genome. 
Although this approach did not 
identify novel types of regulatory 
motifs, individual elements could 
be more confidently detected and 
at a finer resolution than before. 
For example, some known, longer 
regions of constraint could be 
resolved into shorter, discrete  
elements that correspond to indi-
vidual transcription factor binding 
sites. The accurate detection of  
such sites was confirmed using exist-
ing immunoprecipitation data sets.

The authors assigned ~40,000 
constrained elements as having a 
putative role in RNA secondary 
structure based on their characteris-
tic substitution patterns during evo-
lution (such as compensatory double 
mutations that maintain folding by 
intramolecular hybridization). The 
RNA secondary structures included 
novel hairpin families in 3′UTRs as 
putative regulators of mRNA stabil-
ity, as well as many elements outside 
known protein-coding transcripts.

Almost one million additional 
constrained elements correlated with 
the positions of distinct chromatin 
states that had previously been char-

acterized in 
multiple 

human cell types. These elements 
include candidate enhancer and pro-
moter regions that might play a part 
in orchestrating the local chromatin 
state to regulate gene expression.

In a companion paper, Lin et al.  
described in more detail an 
analysis of overlapping functional 
elements in protein-coding 
DNA. In addition to finding the 
expected avoidance of amino-
acid-changing substitutions, the 
authors showed that more than 
one-quarter of genes also contained 
regions that avoid synonymous 
substitutions, revealing 10,000 
synonymous constraint elements 
(SCEs). By examining the positions 
and sequence contexts of SCEs, 
functions were suggested for some 
of these sites, including roles in 
RNA splicing, microRNA binding 
and nucleosome positioning. 
These findings emphasize the large 
number of genomic regions that 
have overlapping functions in both 
gene regulation and coding for 
proteins, even though synonymous 
variants in coding regions are often 
assumed to be non-consequential.

These studies provide the most 
detailed map so far of constrained 
elements in the human genome. 
However, it is intriguing that ~40% 
of the elements that have been 
identified are yet to be annotated 
with putative functions. Improved 
functional annotation methods will 
be needed to uncover the roles of 
these uncharacterized elements.
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These findings 
emphasize the 
large number of 
genomic regions 
that have 
overlapping 
functions in both 
gene regulation 
and coding for 
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