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Testing times

The unfolding Volkswagen saga highlights the need for better funding of regulatory science —
and should prompt regulators to keep a closer eye on whether their rules are working.

German car maker Volkswagen to sell 11 million vehicles con-

taining software that cheats emissions tests, many will ask why
the regulators failed to notice and halt the practice. The answer is not
complicated. Regulated industries exert massive, discreet pressure on
regulators such as the US Environmental Protection Agency (EPA), to
stop them doing their jobs properly.

The research community has an opportunity here. It must use the
Volkswagen crisis to highlight a broader problem: how regulatory
science is funded, conducted and used. Long a poor relation of more
prestigious investigations, this brand of applied science plays a crucial
but much-neglected part in enforcing rules and saving lives.

It was a small academic team led by Daniel Carder, an engineer at
West Virginia University’s Center for Alternative Fuels, Engines and
Emissions at Morgantown, that did the real-world 2012 emissions tests
which brought the Volkswagen case to light. The work was paid for by
a small grant from the International Council on Clean Transportation
(ICCT) in Washington DC, a non-profit outfit of the type that many in
the scientific and political establishments are inclined to disdain.

The ICCT was set up in 2001 “as a counterweight to the influence of
the global automobile and energy industries in policy debates” and is
staffed by several former employees of the EPA, the regulator respon-
sible for policing car emissions in the United States. The EPA has a
research and development budget of US$537 million this year. The
US National Institute of Environmental Health Sciences, part of the
National Institutes of Health, has a budget of $665 million. The budget
of the European Union’s Joint Research Centre — which, to be fair,
had already published work highlighting flaws in emissions-testing
regimes — is about €330 million (US$371 million).

Why, then, does it take a $50,000 grant from an obscure non-profit
organization to expose what seems to be a systematic and widespread
effort by Volkswagen, going back at least to 20092

Almost every public discussion about industry regulation and the
regulatory science that supports it concerns ‘regulatory reform’ a
euphemism, in far too many cases, for the relentless process whereby
those who are regulated push back against the regulator.

With exquisite timing, for example, Jeb Bush, the former gover-
nor of Florida and possible Republican nominee for next year’s US
presidential election, published an opinion piece on 22 September —
perhaps written before the Volkswagen scandal broke — promising to
regulate the regulators. He singled out EPA rules on clean water and
carbon dioxide for repeal. “We are a nation of free men and women
who are capable of achieving far more than liberals and regulators
believe possible;” Bush grandly declared.

It would be wrong, however, to suggest that only conservatives
such as Bush encourage regulators to be bullied. Everyone has been
atit. In Europe, for example, successive governments in France, the
United Kingdom and Germany have each been lobbying the European

g mong the questions raised by the scandal that allowed the

Commission for years, to block the planned introduction of more-
realistic emissions tests for diesel engines.

Since the findings went public, it has emerged that the EU Joint
Research Centre had already conducted tests that produced damning
indictments of the existing regulations — if not of the vehicle companies.
The EU is now moving ponderously towards more rigorous, on-road
testing of car emissions, due to be introduced in 2016.

Who is best placed to conduct important

“The EPAiisnot regulatory science? It is not going to be done
ensuring the by the regulated industries or by academics
efficacy of its who want to pursue friendly relations with
ownregulations. those industries. (One positive side effect of
That can and the scandal could be to highlight the extent to

which even companies with good public repu-
tations, such as Volkswagen, carry agendas.)

Work that second-guesses the regulators is also unlikely to be sup-
ported by ‘pure’ science agencies, such as the US National Science
Foundation. These agencies tend to avoid regulatory science because
itis politically risky, as well as being prone to dismissal by programme
managers as routine, or uninteresting.

There are two possible solutions. Basic-research agencies could
open up more funding calls devoted expressly to regulatory science.
Most politicians would resist that, but given recent events, some might
support it. And regulators themselves need to ask tougher questions
about how their rules are being implemented. The serendipitous nature
of the Volkswagen case — in which the problem was brought to the
attention of California and federal regulators by the Carder team’s inves-
tigation — suggests that, for whatever reason, the EPA is not ensuring
the efficacy of its own regulations. That can and should change.

This unfolding saga should, at least, lend regulators more heft and
political support in the never-ending battle with their crafty and
well-resourced charges. m

should change.”

Variety of life

An effort to sequence thousands of people’s
genomes reaches the end of the beginning.

laws,” said the nineteenth-century US poet Ralph Waldo
Emerson. “She hums the old well-known air through
innumerable variations.”
Modern science has a good grip on most of those very few laws that
drive life forward, most tellingly on how genetic material copies itself

CC P ] ature is an endless combination and repetition of very few
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from parent to offspring. The innumerable variations however? Not
so much. They are, after all, innumerable.

That does not mean that science is not trying, and on
pages 68 and 75 of this issue, Nature publishes the latest progress
reports from this colossal effort. The papers mark the completion
of the 1000 Genomes Project, the largest work yet to sequence the
genetic information of hundreds of individuals in an attempt to tune
into Mother Nature’s hum of human variation. It completes a set of
genomic reference tools — resources of genetic data produced by
international collaborations — that dates back 25 years to the start
of the Human Genome Project.

The bigger job, of tracking the relationships between genetic vari-
ation and human disease to help to develop effective treatments, is
not finished, and may never be. But it is important from time to time
to acknowledge and celebrate landmarks of achievement along the
way. This week marks one such landmark.

The data sets produced by the 1000 Genomes Project are already
in use. The genetic details of the volunteers provide a publicly
owned and openly available asset in the era of big data, and offer a
foundation for further study. Applications range from hunts for the
genetic roots of human illness to analyses of population genetics and
evolutionary history.

As technology continues to improve, so does the ability to capture
genetic variation worldwide. The research published this week
demonstrates that neatly. For a start, the eponymous 1,000 genomes
analysed have extended to more than 2,500. The data now come
from 2,504 individuals, across 26 distinct populations. From Chinese
immigrants in downtown Denver, Colorado, and the Luhya tribe in
Kenya to Punjabis in the dusty streets of Lahore, Pakistan, much of
human life and diversity is here. The genetic data have been analysed
more thoroughly than was possible before, which throws more light
on rarer forms of variation.

The take home message: although most common genetic variants are
shared across populations, rarer variants are often restricted to closely
related groups. Many more rare variants are still to be identified.

The improved precision provided in this latest data set has also

enabled a more comprehensive map of structural variation across
the human genome. For the first time, this includes analysis of eight
structural-variation classes.

What now? Sequencing projects should continue to cast the net
wide, and extend it further, to seek volunteers from regional and
ethnic groups that are currently under-represented in global genetic
databases. Meanwhile, the astonishing increase in genetic sequenc-

ing ability — even when compared with

“The final goal when the 1000 Genomes Project began in
remains tomake 2007 — has shifted the research bottleneck
this flood of from generation of data to analysis and
population-level interpretation. Two challenges are to make
geneticresearch  sense of the non-coding regions of DNA
relevant to and to tease out the links between genetic
personal variation and clinical symptoms.

health.” To exploit the gathered genetic infor-

mation, more projects need to link and
cross-reference it to clinical information and well-characterized
phenotype data sets. On page 82, the UK10K Consortium publishes
an early example of the latter: the first large-scale demonstration of
whole-genome sequencing linked to complex traits.

As links to health records are established — and some, such as
the UK Biobank study and the US Precision Medicine Initiative, are
already on the books — it is crucial that public trust is secured. The
ways in which scientists collect, store and share sensitive personal
information must continue to evolve to ensure adequate safeguards.
The Global Alliance for Genomics and Health has offered promising
alternatives and a model to follow.

The final goal remains to make this flood of population-level
genetic research relevant to personal health. Emerson would
have approved. He was a proponent of individualism, a political
philosophy that emphasizes the moral worth of the individual. He
celebrated the non-conformist. And when it comes to the few laws
that dictate the repetition of genetics, it is not just the 2,504 people
whose variation is detailed this week who are the non-conformists.
We all are. m

Goals galore

The latest global targets from the United Nations
must be translated into realistic policies.

in New York over the past weekend. The United Nations’

17 Sustainable Development Goals cover topics ranging from
poverty reduction to environmental sustainability, and are accom-
panied by 169 detailed targets that are intended to help governments
and aid organizations to focus resources. It is a noble initiative, in
principle, and the world would undoubtedly be a better place by its
target year of 2030 if these goals were met. But despite the promotional
efforts — one of the main side events over the weekend culminated
in pop diva Beyoncé and the rock band Pearl Jam performing Bob
Marley’s Redemption song’ in New York’s Central Park — it remains
unclear what impact the goals will have on global affairs.

One problem is that there is a sense of déja vu here. Back in 1992,
the world set out a 351-page manifesto for human justice and envi-
ronmental sustainability at the Earth Summit in Rio de Janeiro, Brazil.
Eight years later, the UN adopted the eight Millennium Development
Goals, which included halving extreme poverty rates and achieving
universal primary education by 2015.

The aspirational agenda is still clear, but so too are the barriers
to investment — they include corruption, political instability, poor

The nations of the world approved a new development agenda
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education systems, malfunctioning regulatory systems and the lack
of a skilled workforce.

The real challenge is to identify and implement realistic policies that
will get us where we say we want to be, and this is where academics
must engage. The next step for the Sustainable Development Goals is
to identify a range of health, economic and environmental indicators
that can be used to track progress.

That debate is expected to extend into next year, and researchers
should work to ensure that governments are collecting and reporting
data. Scientists and policymakers must also redouble efforts to iden-
tify effective — and politically viable — strategies in which to invest
alimited supply of money. Increasingly, development economists are
doing just that, complete with rigorous testing, but there is scope for
much more research in this important field.

The first and perhaps biggest opportunity to address some of these
issues in a significant way will come when global leaders converge on
Paris for the UN climate summit this December. Attempts to develop
a telling international climate regime have languished for a quarter
of a century, but there are signs of life, and governments around the
world — rich and poor alike — are beginning to engage. The world is
unlikely to see a single solution emerge, but the summit could produce
a framework that will push all governments to invest in the policies, as
well as in the science and technology .

Trillions of dollars of investment over the
coming decades, public and private, are on the
table. Directing that money to the right tech-
nologies and the right places would go a long
way towards improving lives. m
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