
January

Astronomy

Cosmic 
electromagnetic 
bombs laid bare

February

Coronavirus

Inflammation 
insights into  
COVID pneumonia

The most life-threatening 
complication of 
COVID-19 is severe 
pneumonia. Inflammation 
has a central role in this 
process. It has been suggested 
that the inflammation that 
arises from infection with 
SARS-CoV-2 is different from 
the type of inflammation 
caused by other respiratory 
infections. However, there 
was a lack of comprehensive 
data. Grant et al. address this 
knowledge gap by comparing 
immune cells isolated from 
the lungs. Immune cells from 
people with COVID-19 contained 
a greater proportion of T cells 
and monocytes, compared with 
the immune-cell population of 
people whose pneumonia arose 
from a different cause. One of 
the unique characteristics of 
severe COVID-19 pneumonia is 
its particularly long duration. 
The mechanisms that drive 
this sustained response have 
not been fully determined. 
One possibility is a positive 
feedback loop in which infection 
by SARS-CoV-2 leads to the 
production of chemoattractants 
that recruit monocytes and 
T cells to the lungs. 

Kara J. Mould & William J. Janssen 
writing in Nature 590, 553–554 
(2021). 
Original research: Nature 590, 
635–641 (2021).

Giant flares from neutron stars known as magnetars have been 
detected a few times within the Milky Way, but their proximity 
makes them blindingly bright to spaceborne X-ray and γ-ray 
telescopes. Svinkin et al. and Roberts et al. demonstrate a close 
correspondence between these Galactic events and a γ-ray pulse 
detected on 15 April 2020, which Svinkin et al. triangulated to the 
nearby galaxy NGC 253 (the Sculptor galaxy; pictured). From this 
distance, the authors of the two papers identified fine details of the 
γ-ray spectrum and of the time profile of the flare. The Fermi LAT 
collaboration reports that the low-energy γ-rays described in the 
other two papers were followed 19 seconds later by an emission 
of higher-energy γ-rays. Taking stock, the trio of papers reports 
a γ-ray flare that offers direct clues about how magnetic stresses 
relax in and around a neutron star.

Christopher Thompson writing in Nature 589, 199–200 (2021). 
Original research: Nature 589, 207–210 (2021); Nature 589, 211–213 
(2021); Nature Astron. 5, 385–391 (2021).
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April

Ecology

Inventory hints  
at the future of  
African forests

The Central African rainforests 
are the second largest area of 
continuous rainforest in the 
world. Human activities, notably 
logging and over-hunting, 
facilitated by an expanding 
road network, pose a serious 
threat to Central African 
rainforests and their value 
for society. How important is 
climate change, when acting on 
top of these existing human-
generated pressures, for the 
future of these rainforests? 
Réjou-Méchain et al. provide 
an answer, and show that 
expected changes in climate in 
the region pose serious risks to 
the rainforests. Some forests 
in locations that have so far 
been relatively undisturbed by 
humans are more vulnerable to 
climate change than are those 
in areas already affected. For 
those latter areas, the lower tree 
diversity as a consequence of 
human intervention reduces 
the capacity of forests to 
respond to climate change. 
The research offers convincing 
evidence enabling land users 
and managers to take decisive 
actions. 

Marion Pfeifer & Deo D. Shirima 
writing in Nature 593, 42–43 
(2021). 
Original research: Nature 593, 
90–94 (2021).

March

Physics

Ultra-weak 
gravitational 
field detected

The gravitational force is the 
weakest of the four known 
fundamental forces. For 
this reason, and because 
experiments cannot be 
shielded from Earth’s 
gravity, measurements of 
the gravitational field of an 
object are difficult to do in the 
laboratory — even for objects 
that have multi-kilogram 
masses. But Westphal et al. 
now report the detection of 
the gravitational coupling 
between two masses of only 
about 90 milligrams. They used 
a miniature version of a torsion 
balance, which consists of a 
horizontal bar suspended at the 
middle from a vertically hanging 
wire, and with test masses 
attached to the ends. This is 
perfect for detecting small 
forces, such as the gravitational 
pull exerted on the bar by a 
nearby object (the source 
mass). The experiment is the 
first to show that Newton’s law 
of gravity holds even for source 
masses as small as these.

Christian Rothleitner writing 
in Nature 591, 209–210 (2021). 
Original research: Nature 591, 
225–228 (2021).

May

Neuroscience

Neural interface 
translates thoughts 
into type

Willett et al. report 
the development of a 
brain–computer interface 
(BCI) for typing that could 
eventually let people with 
paralysis communicate at 
the speed of their thoughts. 
BCIs restore function by 
deciphering patterns of brain 
activity. The previously most 
successful invasive BCI (iBCI; 
one that involves implanting 
an electrode into the brain) 
for typing allowed users to 
control a cursor to select 
keys, and achieved speeds of 
40 characters per minute. But 
such iBCIs occupy the user’s 
visual attention and do not 
provide notably faster typing 
speeds. Willett and colleagues 
developed a different approach 
that involves decoding letters 
as users imagine writing at their 
own pace. A participant was able 
to type accurately at a speed of 
90 characters per minute — a 
twofold improvement on his 
performance with past iBCIs.

Pavithra Rajeswaran & Amy L. 
Orsborn writing in Nature 593, 
197–198 (2021).  
Original research: Nature 593, 
249–254 (2021).

June

Hydrology

Most rivers and 
streams run dry 
every year
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Surface rivers and streams, hereafter referred to collectively 
as streams, provide important resources for our communities 
and support rich, complex ecosystems. Non-perennial streams, 
which do not flow year-round, are crucial in this context. However, 
because non-perennial streams are less reliable sources of surface 
water than perennial ones, they are less-well studied than their 
perennial counterparts. Messager et al. provide a much-needed 
estimate of the total proportion of the world’s stream network, by 
length, that is non-perennial. The authors report that 51–60% of 
the world’s streams do not flow for at least one day per year, and 
that 44–53% of global stream length is dry for at least one month 
(about 30 days) each year. The researchers’ modelling also shows 
that 95% of the stream network in hot, dry regions runs dry each 
year. Astonishingly, even segments of major rivers are predicted 
to dry up in these arid regions.

Kristin L. Jaeger writing in Nature 594, 335–336 (2021).  
Original research: Nature 594, 391–397 (2021).

July

Computational biology

Protein-structure 
prediction 
revolutionized

In two papers, scientists 
at DeepMind describe a 
machine-learning method, 
AlphaFold2, that predicts 
protein structures with 
near-experimental accuracy, 
and report its application to 
the human proteome — the full 
set of proteins produced by 
our genome. AlphaFold2 is the 
second iteration of a system that 
DeepMind introduced three 
years ago. Crucially, it does not 
impose known rules of protein 
biophysics or try to mimic the 
physical process of protein 
folding, as has previously 
been attempted for protein 
prediction. Instead, it performs 
purely geometric refinements 
learnt from its repeated 
attempts to predict protein 
structures. AlphaFold2 was 
used to predict the structures 
of almost all human proteins 
that independently acquire 
well-defined 3D shapes, for a 
total of 23,391 proteins. The 
accuracy of the predictions is 
sufficiently high to generate 
biological insights and 
hypotheses that can be tested 
experimentally. 

Mohammed AlQuraishi writing 
in Nature 596, 487–488 (2021). 
Original research: Nature 596, 
583–589 (2021); Nature 596, 
590–596 (2021).

August

Human behaviour

Text-message 
nudges encourage 
vaccination

Nudges are subtle changes 
to the way in which choices 
are offered or information 
is framed that can have an 
outsize impact on behaviour. 
Dai and colleagues set out to 
determine whether a single 
text message from a person’s 
health-care provider could 
change COVID-19 vaccination 
rates. Among individuals who 
received a simple text-message 
reminder with a link to a 
website where they could 
schedule a COVID-19 vaccine 
appointment, the vaccination 
rate increased from 13.9% to 
17.1%. Telling text recipients that 
a vaccine dose had already been 
allocated to them increased 
vaccination rates further to 
18.2%. The authors’ findings 
reveal new insights into the 
three key elements that must 
be combined to successfully 
nudge behaviour: interventions 
should aim to make the intended 
behaviour easier; should focus 
on increasing an individual’s 
motivation for the intended 
behaviour; and should prompt 
action. Nudges can be an 
effective tool for changing 
an individual’s behaviour, 
but they must be carefully 
designed. Appropriately 
tailoring interventions to the 
population of interest is likely to 
lead to higher success than is a 
one-size-fits-all approach.

Mitesh S. Patel writing in Nature 
597, 336–337 (2021).  
Original research: Nature 597, 
404–409 (2021).
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 September

Condensed-matter physics

Multiple phases 
in untwisted 
trilayer graphene

Electrons typically propagate 
without interacting in graphene, 
a single layer of carbon atoms 
arranged in a honeycomb 
lattice. But when three sheets 
of graphene are stacked on top 
of one another so that their 
lattices are aligned but offset — 
forming rhombohedral trilayer 
graphene — an electric field can 
be used to induce interactions 
between the electrons. In two 
papers, Zhou et al. report that 
these interactions give rise 
to ferromagnetism, the type 
of magnetism found in iron 
magnets, and superconductivity 
(zero electrical resistance). 
These states have already been 
observed in other trilayer 
configurations known as moiré 
systems, but rhombohedral 
trilayer graphene is more 
structurally stable than these 
materials, and has a simpler 
lattice structure. Rhombohedral 
trilayer graphene is also easier 
to obtain because it exists in 
nature, whereas moiré systems 
need to be engineered.

Thiti Taychatanapat writing in 
Nature 598, 418–420 (2021). 
Original research: Nature 598, 
429–433 (2021); Nature 598, 
434–438 (2021).

October

Planetary science 

Robotic sample 
return reveals 
lunar secrets

Three studies report data on 
the lunar samples brought back 
by China’s robotic Chang’e-5 
mission — the first mission 
to return samples since the 
Soviet Union’s Luna 24 mission 
in 1976. These data extend 
our knowledge of volcanic 
eruptions on the Moon and 
provide information on the 
cause of the volcanism that 
cannot be obtained from orbit. 
The results raise questions 
about the structure and thermal 
evolution of the lunar interior, 
and improve methods for 
estimating the age of planetary 
surfaces throughout the inner 
Solar System. They demonstrate 
that samples returned from 
previously unvisited regions of 
the lunar surface can prompt 
a revision of models of lunar 
evolution that were developed 
on the basis of the Apollo and 
Luna samples. An explanation 
must now be sought for how the 
lunar interior was hot enough 
to drive volcano eruptions two 
billion years ago.

Richard W. Carlson writing 
in Nature 600, 39–40 (2021). 
Original research: Nature 600, 
49–53 (2021); Nature 600, 54–58 
(2021); Nature 600, 59–63 (2021).

December

Palaeontology

Earth’s  
eccentricity 
shapes evolution

Earth’s annual orbit around the 
Sun displays variations in what 
is known as eccentricity — in 
which the planet’s orbit varies 
between a more-circular and 
a more-elliptical path. These 
cycles of eccentricity occur 
approximately every 100,000 
and 400,000 years, and are 
caused by the gravitational pull 
of other planets. Beaufort and 
colleagues have uncovered a 
phenomenon that challenges 
our understanding of the effects 
of Earth’s orbital eccentricity. 
The authors automated the 
process of characterization 
of intricate structures called 
calcite liths, which are produced 
by single-celled phytoplankton 
(pictured). Their work resulted 
in the observation that a high 
eccentricity of Earth’s orbit 
leads to high diversity of 
phytoplankton, and vice versa, 
as observed over the past 
2.8 million years. Exploring the 
rhythm of orbital variations 
across the evolution of the tree 
of life will undoubtedly unveil 
greater detail regarding the 
intricate feedbacks between life, 
the carbon cycle and climate.

Rosalind E. M. Rickaby writing in 
Nature https://doi.org/10.1038/
d41586-021-03549-5 (2021). 
Original research: Nature https://
doi.org/10.1038/s41586-021-
04195-7 (2021).

November

Aerospace engineering

Iodine powers 
low-cost engines 
for satellites

Many satellites have electric 
propulsion thrusters, which 
generate thrust by using 
electrical energy to accelerate 
the ions of a propellant gas. 
However, the choice of gas 
presents a problem. Rafalskyi 
et al. report a successful 
demonstration of an iodine-ion 
thruster in space — offering a 
cheaper and simpler alternative 
to other gases. The design 
removes the need for bulky 
high-pressure tanks and 
complex gas-feed systems, 
providing a thruster that is 
not only remarkably simple, 
light and inexpensive, but also 
efficient. The authors found 
that the electric current in 
the beam of ions ejected from 
the plasma source for iodine 
was nearly 50% stronger than 
the current generated using 
xenon. This propulsion thruster 
could be a game-changer for 
networked systems of small 
satellites, which are more agile 
and resilient than are those 
operating alone.

Igor Levchenko and Kateryna 
Bazaka writing in Nature 599, 
373–374 (2021).  
Original research: Nature 599, 
411–415 (2021).
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