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Rare rewards

A catalogue of genetic information from some 60,000 people reveals unexpected surprises —
and highlights the need to make genomic data publicly accessible to aid studies of rare diseases.

ore than one million people have now had their genome
Msequenced, or its protein-coding regions (the exome). The
hope is that this information can be shared and linked to
phenotype — specifically, disease — and improve medical care. An
obstacle is that only a small fraction of these data are publicly available.
In an important step, we report this week the first publication from
the Exome Aggregation Consortium (ExAC), which has generated the
largest catalogue so far of variation in human protein-coding regions
(see page 285). It aggregates sequence data from some 60,000 people.
Most importantly, it puts the information in a publicly accessible data-
base that is already a crucial resource (http://exac.broadinstitute.org).
There are challenges in sharing such data sets — the project scientists
deserve credit for making this one open access. Its scale offers insight
into rare genetic variation across populations. It identifies more than
7.4 million (mostly new) variants at high confidence, and documents
rare mutations that independently emerged, providing the first estimate
of the frequency of their recurrence. And it finds 3,230 genes that show
nearly no cases of loss of function. More than two-thirds have not been
linked to disease, which points to how much we have yet to understand.
The study also raises concern about how genetic variants have been
linked to rare disease. The average ExAC participant has some 54 vari-
ants previously classified as causal for a rare disorder; many show up at
an implausibly high frequency, suggesting that they were incorrectly
classified. The authors review evidence for 192 variants reported earlier
to cause rare Mendelian disorders and found at a high frequency by

ExAC, and uncover support for pathogenicity for only 9. The implica-
tions are broad: these variant data already guide diagnoses and treatment
(see, for example, E. V. Minikel et al. Sci. Transl. Med. 8,322ra9; 2016 and
R.Walsh et al. Genet. Med. http://dx.doi.org/10.1038/gim.2016.90; 2016).
These findings show that researchers and clinicians must carefully
evaluate published results on rare genetic disorders. And it demonstrates
the need to filter variants seen in sequence data, using the ExAC data
set and other reference tools — a practice widely adopted in genomics.
The ExAC project plans to grow over the next year to include
120,000 exome and 20,000 whole-genome sequences. It relies on the
willingness of large research consortia to cooperate, and highlights the
huge value of sharing, aggregation and harmonization of genomic data.
This is also true for patient variants — there is a need for databases
that provide greater confidence in variant interpretation, such as the
US National Center for Biotechnology Information’s ClinVar database.
Improving clinical genetics will need continued investment in such
databases, more contributions from clinical labs, researchers and clini-
cians, expanding human genetic-reference panels and work to link these
to phenotype data. This often involves re-contacting volunteers and
donors; it will be trialled with an ExAC data subset where consents allow.
More broadly, enabling the sharing of linked genetic and clinical data
in ways that do not violate privacy requires fresh thinking in regulation
and ethics. The US National Institutes of Health and the Global Alliance
for Genomics and Health have begun to tackle this; others should follow.
The ExAC study highlights the potential rewards. m

Evo-devo CRISPR

Modern gene-editing tools are helping to
unpick the origins of evolutionary adaptations.

ever you term the proposal to transform a chicken into a creature
more like its dinosaur ancestor, it is having its scientific moment.

Researchers have succeeded in making the feet, limbs and face of
unhatched chicks a bit more like those of the creatures’ 150-million-
year-old ancestors by tinkering with the molecular pathways that
forge these structures. The goal is to comprehend the molecular
events responsible for one of the most awe-inspiring transitions in
the fossil record.

The field of evolutionary developmental biology — evo-devo — is
full of such creations: from mice with longer, bat-like limbs to fruit
flies with torsos segmented like beetles’ But until now, the brute tools
used to create these creatures have been imperfect.

S ome call it the chickenosaurus, others the dino-chicken. What-

This is about to change. In a paper published online on 17 August, a
team used CRISPR-Cas9 to inactivate the genes involved in zebrafish
development, resulting in fin tips more like the feet and digits of land
vertebrates (T. Nakamura et al. Nature http://dx.doi.org/10.1038/
nature19322; 2016). Other recent CRISPR experiments have tinkered
with butterflies to learn how they see more colours than flies do, and
done away with crustaceans’ claws to understand the origin of these
specialized appendages.

So far, the edits have tended to simply inactivate genes. But evo-devo
scientists will soon start swapping genes between distantly related
beasts to learn the origins of adaptations such as multicellularity and
the anus, to name but two problems troubling the field. Our ability to
access and analyse ancient DNA means that we can now insert genes
from extinct animals into the genomes of their living relatives.

These sorts of experiments could draw evo-devo fancifully close to
de-extinction, the quest to resurrect woolly mammoths and other long-
dead animals. But every upturned urinal is not a Dadaist masterwork,
and the idea behind the experiments is what matters. These ‘hopeful
CRISPR monsters’ could confirm or reject decades-old theories about
key events in evolution, and help us to come up with new ones.

Just think of what we could learn from a bona fide dino-chicken. m
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