
Furthermore, a role for the 3D positioning of 
chromosomes in cancer has previously been 
demonstrated for another common type 
of cancer-related genome rearrangement, 
known as a chromosome translocation5. 
Such rearrangements occur when chromo-
some fragments generated by two breaks in 
DNA are incorrectly rejoined to form hybrid 
chromosomes. Live-cell tracking showed that 
translocations preferentially form between 
chromosomes that are close together in the 
nucleus at interphase5. It thus seems that the 
3D location of chromosomes can contribute 
to cancer-promoting genome rearrangement 
in multiple ways. 

Finally, it is well established that the types 
of genomic rearrangement and the chromo-
somes involved in nuclear defects often vary 
between tumours in different tissues. This 
phenom enon is caused, in part, by growth 
selection — the preferential proliferation of 
cells that have growth advantages as a result 
of the specific genetic rearrange ments they 
contain6. Klaasen and colleagues’ work sug-
gests that, in addition, the 3D position of 
chromosomes might contribute to such tissue  
specificity of genomic rearrangements in 
cancer, by affecting which chromosomes are 
involved in aneuploidy. This idea is consist-
ent with the observation that the arrange-
ment of chromosomes in 3D space is often 
tissue-specific2,3. How much of the observed 
tissue specificity of genome rearrange ments 
is due to growth selection compared with mis- 
segregation driven by chromosome location is 
an intriguing and important question. Regard-
less of the answer, Klaasen and colleagues’ 
study demonstrates yet another functional 
role of 3D genome organization in cells and 
tissues. 
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The year 2020 will remain a defining one of 
recent history — for, not one, but two, reasons. 
While the world’s attention was focused on 
the emergence, spread and evolution of the 
SARS-CoV-2 virus, by January 2021, atmos-
pheric scientists had reported another stark 
fact: 2020 was the second-warmest year 
on record globally, and the warmest ever 
recorded in the Northern Hemisphere (see 
go.nature.com/3wywzmd). Could these two 
distinct crises of our time — pathogen emer-
gence and anthropogenic climate change — be 
linked? Carlson et al.1 conclude on page 555 
that they could. Theirs is one of the first sys-
tematic analyses to explore the implications of 
climate change for cross-species virus  sharing 
— a key step in pathogen emergence.

Most pandemics are driven by zoonoses:  
diseases that leap from animal populations 
into humans. As the COVID-19 pandemic 
exemplifies, pinning down the location and 
timing of such a jump is extremely difficult. 
Identifying the possible role of climate change 
in driving a specific emergence event is there-
fore all but impossible. The deep complexity 
of the biological, social and environmental 
processes that might link climate change to 
pathogen emergence, as well as the difficul-
ties in gathering data on pathogen emergence 
in general2, has limited research in this area. 
Consider the scales involved: greenhouse-gas 
emissions drive temperature changes at the 
planetary scale, whereas the microbiological 
processes that govern pathogen evolution 
occur at nanometre or even smaller scales, in 
an individual host.

Carlson and colleagues provide a robust, 
quantitative advance in this complicated but 
crucial research area. Rather than tackling 
the intractable, vast, multiscale chain from 
climate change to pathogen emergence, the 
authors focus on a subset of steps, specifically 
looking at how climate change will alter the 
geographical ranges of 3,870 species of wild 
mammal by 2070. To summarize, they find that 
changing environments will drive mammals to 
enter new areas, interact with species that they 

have not encountered before — and ultimately 
share viruses, with a probability that previous 
work3 indicates will depend on factors such as 
evolutionary relatedness.

The authors predict that most mammalian 
species will have a range that overlaps with that 
of at least one previously unfamiliar species, 
and that more than 300,000 new cross-species 
encounters will occur globally — especially in 
tropical Africa and southeast Asia. This will lead 
to a doubling in the number of cross- species 
contacts, the authors calculate. Carlson et al. 
also find that even modest changes to the 
climate will lead to new virus-sharing events 
(around 15,000), and that some might already 
be happening: their model predicts that most 
new encounters will have occurred between 
2011 and 2040.

Given the wide range of uncertainties 
involved, the authors stop short of quantify-
ing the likelihood of pathogen emergence into 
human populations, and remain focused on 
wildlife. They do, however, project the future 
overlap between virus-sharing events and the 
distribution of human populations, finding 
that new cross-species encounters are more 
likely to occur in human-inhabited or agricul-
tural areas, especially highly populated ones 
— a hint at the implications for zoonoses. 

Carlson et al. argue that virus sharing 
between wild mammal species is an important 
outcome in its own right, with consequences 
for wildlife and general ecosystem health. How-
ever, given recent global events, the spectre 
of emergence and the implications for future 
pandemics loom large. It remains unclear how 
changes to this wildlife–virus evolutionary 
soup will shape prospects for the next event 
similar in nature to an outbreak of SARS-CoV-2 
or Ebola. This is an inevitable area for caution 
given the state of the science, but the question 
is tantalizing because this is where the key 
 public-health questions lie.

The treatment of uncertainty is exemplary 
in the current study. Exploring uncertainty 
in climate-change projections is the bread 
and butter of atmospheric scientists. But it 

Climate change

Heating and stirring 
the global viral soup
Rachel E. Baker & C. Jessica E. Metcalf

Simulations show that rising global temperatures and changes 
in land use will drive new encounters between mammalian 
species. This could lead to an increase in virus-sharing events 
that might threaten both wildlife and humans. See p.555
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range of the black flying fox, or black fruit 
bat (Pteropus alecto), in Australia has moved 
southwards6, most probably in response to 
climate change. This bat happens to harbour 
Hendra virus, which can infect horses and 
also people who have contact with infected 

horses6,7. Human-to-human transmission 
has not yet been recorded for Hendra virus, 
and this is one more biological hurdle that a 
virus must leap to be a real threat to people. 
Nevertheless, this is one small snapshot of 
the types of change predicted by Carlson and 
colleagues’ work. Improved global surveil-
lance will prove crucial for broadening the 
picture8.
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has been less robustly investigated in work 
on the effects of a changing climate, and the 
literature shows a bias towards results that 
apply only to the most extreme warming 
scenarios. However, Carlson et al. present 
results across the full spectrum of possible 
climate (and land-use) futures, and at different 
time points, revealing interesting and subtle 
predictions regarding the possible timing of 
future changes. They suggest, for example, 
that  climate-mitigation measures will not 
reduce the probability of increased virus 
sharing, but will influence the pace of sharing.

The scope of biological limitations explored 
is also ambitious. Stark results emerge when 
it is assumed that the geographical ranges of 
mammals depend only on climate factors, 
meaning that mammals could migrate to a 
suitable climate irrespective of distance or 
topology. However, this is probably biologi-
cally unrealistic (as the authors note): small 
flightless mammals, for instance, might not be 
able to jump continents if the climate becomes 
inhospitable. Carlson and colleagues’ results 
are more modest when biological limits on 
species dispersion are considered.

The dispersal-limited models also under-
score the importance of a particular mamma-
lian order: bats could be a key driver of altered 
virus sharing under climate change (Fig. 1). The 
animals have long held the spotlight in the 
zoonoses theatre because of their ability (albeit 
contested4) to harbour and transmit emergent 
pathogens5. But Carlson et al. reveal another 
reason to focus on them. As winged mammals, 
bats might be particularly well positioned to 
respond to changing environmental condi-
tions, by literally taking flight and migrating 
elsewhere. 

Interestingly, this behaviour has already 
been recorded. Over the past century, the 

Figure 1 | Projected virus-sharing events between bats and primates. Carlson et al.1 model how climate 
change will alter the geographical ranges of wild mammals. Altered geography can lead to new encounters 
between mammalian species, posing a risk that viruses will be transmitted between them for the first 
time. This heatmap indicates the regions in which new virus-sharing events between bats and primates are 
predicted to occur by 2070. The results are an average, taken from nine models of future climate change. 
(Figure adapted from Fig. 3d of ref. 1.)
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Viral sharing events

At the microscopic scale, thermal fluctua-
tions drive the random motion of objects and 
spontaneous binding and unbinding events. 
However, microscopic motors are needed to 
accelerate and direct motion and to power 
assembly processes in micro- and nanotech-
nology. On page 492, Pumm et al.1 describe a 
remarkable nanoscale system that serves this 
purpose: a rotary motor assembled from DNA 
structures, powered by electricity.

Electrical power is increasingly supplanting 
fossil fuels in a wide variety of applications, and 
electric motors are rapidly taking market share 
from their most widely used competitors — 
combustion engines and muscles. Electricity is 
also likely to be the preferred power source for 
generating mechanical work at the micro- and 

nanoscale, necessitating the development of 
high-performance electrical nanomotors. A 
milestone on this path was the construction of 
a nanoscale metal rotor spinning on a carbon 
nanotube axle2, reported in 2003. The rotor 
was driven by the coordinated application of 
voltages to three electrodes.

In the two decades since then, DNA has 
emerged as a versatile material from which to 
construct nanoscale objects, and tremendous 
advances have been made in constructing ever 
larger and more complex structures from DNA 
in aqueous environments3. In 2006, the DNA 
origami technique — in which short, ‘staple’ 
strands of DNA fold a long DNA strand into 
complicated 2D or 3D structures — revolution-
ized the field, and is now a standard tool for 

Nanotechnology 

A microscopic electric 
motor made of DNA
Henry Hess

The race is on to develop nanometre-scale motors for future 
tiny machines. The latest entry is a multi-component motor 
that self-assembles from DNA, harnesses Brownian motion to 
spin a rotor, and can wind up a molecular spring. See p.492
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