


Time is 
short, and 
there’s a lot 
to do when a 
decade is all 
we have.”

effort, although monitoring of progress is extensive. A 
UN-affiliated organization called the Sustainable Develop-
ment Solutions Network produces an annual report that 
shows how well countries are performing on the SDGs, and 
on page 74 of this issue, researchers from the United States 
and China describe how progress can be more accurately 
recorded (Z. Xu et al. Nature 577, 74–78; 2020) (see also 
page 8). But it’s not compulsory for countries to report 
how they are doing. 

To be achieved, the SDGs need to become mandatory — 
not necessarily in the legal sense, but in the sense that 
nations have to know that there’s no alternative but to make 
them happen. One analogy is the way in which countries 
report their economic data. There’s no international law 
that says every country must report data, such as on con-
sumer spending, that go into calculating its gross domestic 
product (GDP). But for more than 50 years, these data have 
been collected at a granular level and are now reported 
every quarter by national statistics offices. Every agency 
of government understands that a nation’s economy must 
always be seen to be growing, and so the data underlying 
the GDP must also always be increasing. That’s why there’s 
a massive national effort to make sure that everyone works 
towards what could be called the ‘GDP goals’. The SDGs are 
unlikely to be achieved unless they, too, sit at the apex of a 
similar national effort.

At the same time — and as is often pointed out — some 
GDP goals are in opposition to sustainability efforts such 
as the SDGs. Take new sources of fossil-fuel energy. They 
provide much-needed power for communities lacking 
basic needs and contribute positively to economic growth. 
But they also have a negative impact on the environ ment 
and on human health. Yet it’s only the positive economic 
impact that counts in official data, and that is one 
reason — although not the only one, by far — why it’s proving 
so difficult to shift power to renewable-energy platforms. 
One solution might be to factor the cost of degrading the 
environment into national accounting — although there is 
as yet little consensus on how this would be done. 

Tighter focus

One research-led effort where there is more consensus 
is the Global Sustainable Development Report (GSDR). 
Due to be published every four years, it is commissioned 
by the UN secretary-general and written by a team of 
15 authors nominated by UN member states, but working 
independently with the wider scientific community. The first 
report was published last September, and the UN will appoint 
authors for the second one, due in 2023, later this month. 

The first report’s authors are aware that the SDGs lack a 
mandatory reporting mechanism, and that in some cases 
the goals are competing with GDP goals. And they have 
come up with an innovative solution. They recommend that 
nations consider redistributing the 17 SDGs into 6 ‘entry 
points’. These are: human well-being (including eliminating 
poverty and improving health and education); sustainable 
economies (including reducing inequality); access to food 
and nutrition; access to — and decarbonizing — energy; 
urban development; and the global commons (combining 

Get the Sustainable 
Development Goals 
back on track

Most of the goals will be missed. Here’s how to 

put them back on the right path. 

I
n 2015, world leaders met in New York at a landmark 
conference of the United Nations. Their aim: to end 
poverty, stop environmental destruction and boost 
well-being. In the world of multilateral diplomacy, 
such meetings are not uncommon, but they tend to 

focus on individual areas, such as climate change or food 
security. The 2015 summit was different because heads 
of state and governments pledged concrete action across 
an integrated set of economic, environmental and social 
issues. They signed up to the Sustainable Development 
Goals (SDGs), a package of 17 goals and associated targets 
for ending hunger, eliminating extreme poverty, reducing 
inequality, tackling climate change and halting the loss of 
biodiversity and ecosystems — all by 2030. 

With that deadline now a decade away, the world is set 
to miss most of the SDGs. Just two of them — eliminating 
preventable deaths among newborns and under-fives, 
and getting children into primary schools — are closest 
among all the goals to being achieved. By contrast, the 
goal to eliminate extreme poverty will not be met because 
some 430 million people are expected still to be living in 
such conditions in 2030.

Targets to end hunger and to protect climate and bio-
diversity are completely off track. Whereas some of the 
richer countries are making a degree of progress in the 
SDGs overall, two-thirds of poorer ones are not expected 
to meet those that relate even to their most basic needs. 

The SDGs are extremely valuable, and five years is 
too short a time to see real progress towards economic 
transformation, which must happen if the goals are to be 
achieved in full. But at the same time, the SDGs have had a 
considerable positive impact — including in research and 
higher education. Institutions globally are signing up to 
supporting the SDGs, and staff and students are taking  
on responsibilities, from eliminating single-use plastic, 
to switching to renewable energy. The goals’ cross-cutting 
nature has fuelled research, too, providing scientists with 
opportunities in the fields of the environment, engineer-
ing, health policy, development economics and beyond. 

But these bright spots cannot mask what is still a bleak 
trend. The UN secretary-general, António Guterres, puts  
the halting progress down to a lack of funding — especially 
from the governments of developed countries. The goals 
come with a price tag of between US$5 trillion and $7 tril-
lion per year, and the shortfall has been put at $2.5 trillion. 

But there’s a larger obstacle. The goals are still a voluntary 
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It’s possible 
to measure 
progress 
towards the 
Sustainable 
Development 
Goals, and to 
reveal where 
countries fall 
short.”

presented so that progress (or lack of it) can be seen easily. 
For decades, researchers and policymakers have been 

searching for a measure that everyone can agree on. But 
most efforts, from the Human Development Index to the 
Genuine Progress Indicator, end up lacking some aspect 
of those three characteristics. 

The need is becoming more urgent now that the inter-
national community is set on its 2030 deadline to meet 
the United Nations’ 17 Sustainable Development Goals 
(SDGs), which aim to end poverty and hunger, tackle 
climate change and more. 

The UN publishes an annual report that ranks countries 
on their progress towards each goal, with a score out of 100. 
It shows how nations are doing relative to each other and 
whether they’re on track to meeting the goals (most are 
not — see page 7). But the report doesn’t record local-level 
data, and inter-year comparisons are hard.

For example, Denmark — the top-ranked country in the 
2019 report, with an impressive aggregate score of 85.2 — 
still has some way to go in reaching Goal 14, which measures 
the health of the marine environment (‘life below water’). 
But those who want to know whether Denmark’s score 
has improved over time are forced to comb through PDFs 
of the previous years’ reports, and these include nothing 
comparing different parts of the country. 

But help could be at hand. In Nature this week, a team led 
by researchers from Michigan State University in East Lansing 
and China Agricultural University in Beijing show how it’s 
possible to use the SDG reporting framework to construct 
an index that allows progress to be compared across regions 
and over periods of time (Z. Xu et al. Nature 577, 74–78; 2020). 

The team chose China as its case study, and the results 
show that the country’s overall SDG score increased from 
45.5 in 2000 to 55.4 in 2015. Each of its 31 provinces also 
increased its score. Nationally, the trend is in the right 
direction, although the rate of progress so far is not enough 
to meet the 2030 target. Moreover, China’s scores have 
fallen in four goals — life below water, responsible produc-
tion and consumption, gender equality, and climate action. 

Can such an approach to data gathering be scaled up? 
Yes, but it needs a large literature base to draw on, and 
public authorities must be willing to recognize the value 
of such an effort — and must know how to use it. 

China’s government is aware of the environmental and 
social risks of rapid industrialization, and the country has an 
active community of researchers and policymakers working 
on sustainability measures. The authors of the paper went 
to national data sources such as the National Bureau of Sta-
tistics of China, as well as specialized sources that hold data 
on health, energy and population — all of which are acces-
sible for research. But that is expensive on a global scale. 
In many low- and middle-income countries, especially, the 
infrastructure to collect such data still needs to be built. 

This work is a milestone, nonetheless, because it shows 
how it’s possible to measure detailed progress towards 
the SDGs, and to reveal where countries fall short. With 
17 goals and just 10 years in which to achieve them, the 
world needs better measures to see both how far we have 
come, and how far we have to go.

biodiversity and climate change).
This is a sensible recommendation. A focus on a smaller, 

more integrated set of goals could help to reduce instances 
in which implementing one of the SDGs has the potential 
to hinder another. Take the case of wind energy. This has a 
part to play in meeting the climate action SDG, but if wind 
farms are sited in the wrong places, or if the turbines are the 
wrong height, they can potentially harm bird populations, 
which would affect the SDG on protecting biodiversity 
and ecosystems. Under the GSDR proposals, climate and 
biodiversity would sit under one category for action. If 
properly implemented, this would mean that decisions 
on new energy sources would need to consider the impli-
cations for biodiversity — reducing the numbers of wind 
power plants that end up in inappropriate locations. 

So how could the GSDR’s recommendations be imple-
mented? So far, it’s not clear that they have reached the 
ministries of finance and economics, and the central 
banks, where they need to be heard. Last month, Guterres 
appointed the departing Bank of England governor Mark 
Carney as UN climate envoy. That is a positive move 
because Carney’s office has the potential to expand the 
report’s footprint by creating a formal link between the 
GSDR team and economic policymakers. 

As the 15 scientists tasked with preparing the next report 
take their posts, they must also urge Guterres to give them 
the resources to raise the profile of their work further, so 
that it becomes as well known and influential as the UN 
reports on climate and biodiversity.

The SDGs were launched in a 2015 UN report called 
Transforming our World. That’s because a world without 
hunger and disease, with meaningful jobs and a clean 
environment, requires transformational change. But, on 
present trends, there are few signs that such change will 
be achieved by 2030. That’s a reason to redouble policy 
efforts guided by evidence. Real change won’t come until 
the research–policy interface is strengthened. Time is 
short, and there’s a lot to do when a decade is all we have.

 Index of 
improvement

A US–Chinese team shows how sustainability 

metrics can be improved.

H
ow can a country tell that it’s making progress 
on sustainability? How can it work out, from 
year to year, whether its environment is 
improving, along with the economy and 
well-being? 

This is incredibly difficult. A successful measure must 
have at least three characteristics: it needs to be based on 
a comprehensive set of reliable data; it must be accessible 
to non-specialists; and it has to be updated regularly and 
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By Simine Vazire  

A toast to the  
error detectors 

Let 2020 be the year in which we value those 

who ensure that science is self-correcting.

L
ast month, I got a private Twitter message from 
a postdoc bruised by the clash between science 
as it is and how it should be. He had published a 
commentary in which he pointed out errors in a 
famous researcher’s paper. The critique was accu-

rate, important and measured — a service to his field. But it 
caused him problems: his adviser told him that publishing the 
criticism had crossed a line, and he should never do it again. 

Scientists are very quick to say that science is self-correct-
ing, but those who do the work behind this correction often 
get accused of damaging their field, or worse. My impression 
is that many error detectors are early-career researchers who 
stumble on mistakes made by eminent scientists, and naively 
think that they are helping by pointing out those problems 
— but, after doing so, are treated badly by the community.

Stories of scientists showing unwarranted hostility to 
error detectors are all too common. Yes, criticism, like sci-
ence, should be done carefully, with due diligence and a 
sharp awareness of personal fallibility. Error detectors need 
to keep conversations focused on concrete facts, and should 
be open to benign explanations for apparent problems. 

Even when criticism is done well, error detectors are often 
subjected to personal attacks. Junior scientists are accused of 
bullying their seniors. In one case, early-career researchers 
who showed that a famous scientist had engaged in extensive 
self-citation and recycled his own publications were accused 
of being vigilantes and mounting a witch hunt. Scientists who 
found flaws in high-profile nutrition research that required 
retractions were accused of cyberbullying and, bizarrely, of 
holding a grudge against school-lunch programmes. And 
those are just a few incidents that became public.

Researchers are often warned against pointing out errors 
— and sometimes kindness is used as justification. They 
are told to focus on improving their own research, or to 
state only the positive aspects of that done by others. If you 
don’t have anything nice to say, don’t say anything at all. 

There are several problems with these arguments. First, we 
scientists present ourselves as a community of individuals 
committed to scrutinizing each other. Historian of science 
Naomi Oreskes, in urging non-scientists to trust science, 
argues that “scientists have a kind of culture of collective dis-
trust”. We cannot tell people to trust us because we monitor 
each other, and then appeal to kindness to halt that scrutiny. 

Second, when we suggest that those working on error 
detection and correction are being unkind, we are the ones 
being unkind. Imagine that you are a trainee. You feel that 
science values self-correction, and that it’s not about any 
one person’s ego, but the collective motivation to find new 

knowledge, to check everything thrice or more, to discard 
false hypotheses and so to move ever closer to truth. Thus, 
when you find an error, you trust that it’s okay to point it 
out. And then you find yourself accused of being a destruc-
tive, sanctimonious second-stringer — all for applying the 
‘scientific values’ that you’d been taught. 

Yes, error detectors can make research less comfortable 
— but that discomfort is healthy. We should feel responsible 
for minimizing errors in our work, and worried that we 
might have missed some. 

Scientific criticism must not be conflated with bullying. It’s 
not fair to victims of actual bullying to use the term so loosely 
and inappropriately. Instead, we need mechanisms to pro-
tect those who engage in scientific criticism. These mecha-
nisms would make science fairer and more inclusive. Advisers 
can get away with awful behaviour — bullying, harassment 
and other abuses of power — because their trainees are so 
dependent on them for funding, recommendations and 
other opportunities. Universities need to hold themselves 
and senior faculty members accountable for preventing 
abuse, including intimidation and bullying of error detectors. 

We should do more to make criticism an established part of 
science. Universities need policies that assess inappropriate 
responses to criticism. Responsible research training should 
include sessions on how to assess whether apparent anom-
alies could be substantive problems, how to communicate 
concerns and how to respond when issues arise. Funders and 
research-evaluation committees should find ways to support 
and recognize all the work that error detection requires.

Furthermore, journals need to make clearer and firmer 
commitments to self-correction. In my opinion, they have a 
responsibility to share replication attempts for the work that 
they publish, including creating explicit criteria to enable 
publication of high-quality replications. Consider the Social 
Science Replication Project (C. F. Camerer et al. Nature Hum. 

Behav. 2, 637–644; 2018), which focused on systematically 
repeating 21 experiments published in Science and Nature. It 
was an author, not either journal, who said that both journals 
had rejected the submission and shared the reasons given 
for doing so. As a former editor-in-chief of Social Psycho-

logical and Personality Science, I was shocked at how easy it 
would be to reject or hide criticism of the editorial process. 
There should be greater transparency and other measures 
of accountability over editors, senior authors and reviewers. 

It’s time to be kinder to those doing the criticizing, and 
to demand more accountability and humility from those 
in power. Instead of punishing people who flag errors, we 
should scramble to hire them, give them prizes and award 
them grants so they can keep improving science. The least we 
can do is provide a space for fact-based criticism that is safe 
from intimidation and retaliation. It’s only thanks to error 
detectors that we can proclaim that science is self-correcting.

Scientific 
criticism 
must not be 
conflated 
with 
bullying.”
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By Dyani Lewis

L
ate last year, the Galiwin’ku community 
of Elcho Island off the coast of northern 
Australia celebrated the return of more 
than 200 vials of blood that were col-
lected from their ancestors half a cen-

tury ago, before modern research principles 
on informed consent existed. Unbeknownst 
to the Galiwin’ku community, the blood vials 
had been in freezers at the Australian National 
University in Canberra ever since.

Many Indigenous Australian communi-
ties believe that the remains of their people, 
including blood and hair, must return to their 

ancestral home, or Country, to be at peace. 
Having the vials returned “meant a lot to us”, 
says Ross Mandi Wunungmurra, chair of the 
Yalu Aboriginal Corporation, the community 
organization that helped negotiate the return. 
Mandi is one of several hundred living mem-
bers of the community whose blood was also 
collected after a typhoid outbreak in 1968.

Before the samples from deceased people 
were repatriated, their relatives gave permis-
sion for DNA to be extracted from the blood. 
People who are still alive offered fresh samples. 
The genetic information will be stored in the 
biobank of the National Centre for Indige-
nous Genomics (NCIG), which the Australian 

National University (ANU) established specif-
ically to manage its historical samples.

The return was part of a groundbreaking 
attempt by the NCIG to right the research 
wrongs of the past. It comes against a back-
drop of global uncertainty about what institu-
tions should do with such historical samples, 
which might contain genetic or other informa-
tion that is valuable to science, but which were 
gathered before the establishment of mod-
ern research principles governing the ethical 
collection and storage of such samples. When 
the Galiwin’ku samples were collected, Aus-
tralia’s government had only recently recog-
nized Indigenous people as citizens, and racist 

Ross Mandi Wunungmurra helped to negotiate the return of blood samples to his community.

The return is part of a groundbreaking approach that could inspire other  
institutions grappling with how to use historical samples ethically in research. 

AUSTRALIAN BIOBANK 
REPATRIATES HUNDREDS OF 
INDIGENOUS BLOOD SAMPLES
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Regulation of α-synuclein by chaperones in 
mammalian cells

Björn M. Burmann1,2,3,9*, Juan A. Gerez4,9, Irena Matečko-Burmann1,3,5, Silvia Campioni4,7, 
Pratibha Kumari4, Dhiman Ghosh4, Adam Mazur1, Emelie E. Aspholm2,3, Darius Šulskis2,3, 
Magdalena Wawrzyniuk6,8, Thomas Bock1, Alexander Schmidt1, Stefan G. D. Rüdiger6,  
Roland Riek4* & Sebastian Hiller1*

Neurodegeneration in patients with Parkinson’s disease is correlated with the 
occurrence of Lewy bodies—intracellular inclusions that contain aggregates of the 
intrinsically disordered protein α-synuclein1. The aggregation propensity of 

α-synuclein in cells is modulated by speci�c factors that include post-translational 

modi�cations2,3, Abelson-kinase-mediated phosphorylation4,5 and interactions with 

intracellular machineries such as molecular chaperones, although the underlying 

mechanisms are unclear6–8. Here we systematically characterize the interaction of 

molecular chaperones with α-synuclein in vitro as well as in cells at the atomic level. 

We �nd that six highly divergent molecular chaperones commonly recognize a 

canonical motif in α-synuclein, consisting of the N terminus and a segment around 

Tyr39, and hinder the aggregation of α-synuclein. NMR experiments9 in cells show 

that the same transient interaction pattern is preserved inside living mammalian cells. 

Speci�c inhibition of the interactions between α-synuclein and the chaperone HSC70 

and members of the HSP90 family, including HSP90β, results in transient membrane 

binding and triggers a remarkable re-localization of α-synuclein to the mitochondria 

and concomitant formation of aggregates. Phosphorylation of α-synuclein at Tyr39 

directly impairs the interaction of α-synuclein with chaperones, thus providing a 

functional explanation for the role of Abelson kinase in Parkinson’s disease. Our 

results establish a master regulatory mechanism of α-synuclein function and 

aggregation in mammalian cells, extending the functional repertoire of molecular 

chaperones and highlighting new perspectives for therapeutic interventions for 

Parkinson’s disease.

We characterized the interactions of an array of molecular chaperones 

with α-synuclein on the basis of previous findings that have shown that 

molecular chaperones share common patterns of client recognition10,11. 

The array included human HSC70 and HSP90β, and bacterial chap-

erones SecB, Skp, SurA and Trigger Factor, all of which have strongly 

diverse architectures10. All of these chaperones interfered functionally 

with the aggregation of α-synuclein in a thioflavin T assay6,8,12, show-

ing effects already at a stoichiometry of 1:20 (chaperone:α-synuclein) 

and even stronger effects at 1:10 ratios (Fig. 1a–c). The known HSP90 

inhibitors geldanamycin and radicicol (referred to hereafter as drugs) 

decreased the chaperoning effect of HSP90β (Fig. 1c), consistent with 

the known mechanism of these drugs13,14. We determined the segments 

of α-synuclein that interact with the individual chaperones at the atomic 

level by measuring the attenuation of the NMR signal intensity and 

chemical-shift perturbations using two-dimensional [15N, 1H]-NMR 

spectroscopy. For all 6 chaperones, the effects were most pronounced 

for 12 amino acid residues at the N terminus and for 6 residues around 

Tyr39, indicating that a direct—albeit transient—intermolecular interac-

tion occurs via these 2 segments, which are therefore identified as the 

canonical chaperone-interaction motif of α-synuclein (Fig. 1d–g and 

Extended Data Figs. 1, 2). Inhibition of HSP90β using drugs partially 

impaired the interaction with α-synuclein. For HSC70, the interac-

tion was observed in the ADP-bound (HSC70ADP) and the ATP-bound 

(HSC70ATP), but not the apo, state (Fig. 1g and Extended Data Fig. 3), 

consistent with previous reports6,15,16 (Supplementary Discussion). 

Notably, for all six chaperones, the interactions were observed at 

protein concentrations of 100 µM, which suggests that these interac-

tions are unlikely to arise from nonspecific effects of macromolecular 

crowding. We investigated such nonspecific effects using high con-

centrations of either bovine serum albumin (BSA) or ubiquitin. The 
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also accounts for recent reports that impairment of mitochondria may 
constitute an important factor in Parkinson’s disease29–31.

Reporting summary

Further information on research design is available in the Nature 

Research Reporting Summary linked to this paper.

Data availability

The data that support the findings of this study are available from the 

corresponding authors upon request.

Online content

Any methods, additional references, Nature Research reporting sum-

maries, source data, extended data, supplementary information, 

acknowledgements, peer review information; details of author con-

tributions and competing interests; and statements of data and code 

availability are available at https://doi.org/10.1038/s41586-019-1808-9.
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