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NEW CLUES FOR LIFE FOUND  

ON SATURN’S ICY MOON

DETECT ALIEN WORLDS: BIG 

SCIENCE WITH A SMART SCOPE

The growing evidence  
that asteroids delivered  
life to planet Earth

A DECADE OF REUSABLE 
ROCKETS: WHAT’S GONE 

RIGHT (AND WRONG) 
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Nick Spall examines the evidence  
that life on Earth came from outer space  
– and how close science is to proving it

asteroids
bring life to

Did
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Did asteroid strikes sow the 

ƅUVW�VSDUNV�RI�OLIH�RQ�D�ZRUOG�

VWLOO�WDNLQJ�VKDSH"�:H�H[SORUH�

WKH�SDQVSHUPLD�K\SRWKHVLV
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W
e humans are always 

wondering whether 

we’re alone in 

the Universe. 

But what if we 

are one of a long line of species 

that were around long before 

our planet even existed? This 

intriguing idea, that life didn’t 

originate on Earth but arrived 

from elsewhere in the Galaxy, 

has always been controversial, but 

it’s one that keeps resurfacing. In 

fact, it’s only gaining credence as we 

uncover more potential signs of life on 

RWKHU�SODQHWV��,I�ZH�GR�ƅQG�SURRI�WKDW�OLIH�

exists elsewhere, the question that then arises 

is: did that life evolve separately on each planet, 

or did it travel there from an earlier source? And 

if we can entertain the idea that that could have 

happened elsewhere, why not on Earth?

The ‘panspermia’ theory asserts that the building 

blocks of life, or even life itself, were delivered to 

Earth by piggybacking on a comet or asteroid, 

kickstarting the evolutionary process that culminates 

in life existing and, ultimately, you reading this article. 

It’s an idea that’s had much derision in the past, so 

why do so many serious scientists still entertain it 

as possible fact? What makes it so attractive? Let’s 

have a look at the evidence that supports it…

Organics everywhere
The panspermia theory isn’t new. Over 50 years 

ago, the work of the late Sir Fred Hoyle and 

Chandra Wickramasinghe argued that microbial life 

permeates the Galaxy on a vast cosmic scale. Their 

hypothesis, extending the thinking of 19th-century 

scientists, including Lord Kelvin and Svante Arrhenius, 

was that life may be distributed from world to world 

by meteors, asteroids, dust and comets.

One of the main reasons that the theory has  

been gaining traction recently is that we are now 

ƅQGLQJ�WKH�EXLOGLQJ�EORFNV�RI�OLIH� 

– the organic molecules that are 

used to create living creatures – in 

all kinds of places: on asteroids, 

on comets, on Mars, on Saturn’s 

moons and in Earth’s upper 

atmosphere. And these aren’t 

UDUH�ƅQGLQJV�Ś�LQ�IDFW��WKH\ŝUH�

increasingly common. 

In November 2019, the 

Japanese robotic spacecraft 

Hayabusa2 took samples from 

asteroid 162173 Ryugu. Analysis of 

the samples revealed the presence of 

organic compounds such as uracil – one 

of four components in RNA (a molecule 

similar to DNA that plays a similar role in 

replication in viruses and animal cells) – and vitamin 

B3. These samples were carefully protected in sealed 

capsules, so there was little chance of contamination 

from Earth.

Similarly, in October 2020, NASA’s OSIRIS-REx 

probe took samples from asteroid 101955 Bennu. 

Analysis revealed the presence of carbon- and 

nitrogen-rich compounds, including 14 of the 20 

amino acids that make up proteins found in Earth 

RUJDQLVPV��WRJHWKHU�ZLWK�DOO�ƅYH�RI�WKH�EXLOGLQJ�

blocks that make up DNA and RNA – that’s pretty 

much everything needed for life to reproduce. 

Of course, simply detecting such molecules on 

asteroids isn’t enough. They must be organised in 

a way that they can interact with each other. And 

we need to be able to rule out the possibility that 

they formed through purely chemical, non-biological 

processes (a concept known as abiogenesis). 

Whether from a life source or not, these molecules 

could still have kickstarted life on our planet. But for 

that to be possible, we’d need to show they could 

remain viable after their journey through the harsh 

conditions of space, with its high ultraviolet radiation, 

vacuum and hostile temperatures – not to mention 

being smashed into Earth at immense speeds. 

S NASA’s OSIRIS-

REx mission used 

a Touch-and-Go 

(TAG) manoeuvre 

to collect a sample 

from near-Earth 

asteroid Bennu

Hayabusa2’s sample of 

asteroid Ryugu revealed 

organic molecules like 

uracil and vitamin B3

Bennu samples contain

key ingredients for 

 life, strengthening the 

case for panspermia
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However, experiments on the International Space 

Station (ISS) as part of the EXPOSE project have now 

shown that, if protected with suitable meteorite-like 

material, biological samples could withstand and 

survive the rigours of entry into Earth’s atmosphere. 

It also found that bacterial spores and even seeds 

could survive in the harsh vacuum of space.

Did life come from Mars?
Some scientists have suggested that life on 

our planet might have been seeded from 

our nearby neighbour, Mars. In the BBC TV 

series Seven Days on Mars, Professor Brian 

Cox noted: “We know that material moves 

from Mars to Earth and from Earth to 

Mars. It is entirely possible that life began 

on Mars and was transferred to Earth.” 

This idea is known as lithopanspermia, 

the hypothesis that extremophile-type microscopic 

life could survive in debris blasted into space from 

planetary collisions with asteroids and comets.

In 2024, NASA’s Perseverance rover discovered 

‘leopard spots’ on a reddish rock in Jezero Crater, 

hinting at possible microbial life from Mars’s wetter, 

warmer past. These sediments date to about 4 billion 

years ago – around the same time that life is thought 

to have begun on Earth. Rock core samples are 

waiting in tubes for a sample-return mission to 

bring them back to Earth for analysis. Only 

then will we know whether these molecules 

formed biologically or through inorganic 

processes alone – and perhaps whether 

Earth’s life story began on Mars.

There’s been speculation about other 

locations in our Solar System that could be 

our source of life, including Saturn’s moons. 

Convincing tests of the panspermia 

theory face the need for hard evidence 

– actual incoming material, perhaps in 

the form of dormant spores, bacteria or 

viruses. One way to investigate this would 

be a dedicated exobiology spacecraft 

equipped with a collector system.

These organics-seeking missions 

would need to travel far beyond Earth 

orbit into relatively deep space, where 

organic particles are less likely to come 

from atmospheric activity, spacecraft 

contamination or fuel dumping. 

To avoid the same criticisms that the 

Indian Space Research Organisation’s 

(ISRO) 2001 balloon experiment faced 

– when some claimed that the high-

altitude particles collected were merely 

molecules that originated on Earth – a 

long-distance orbit might extend out to 

1.6 million km (1 million miles) from Earth.

The spacecraft could deploy a wide, 

cone-shaped collector device that would 

be extended after launch and lined with 

aerogel to avoid destructive impacts on 

fragile organic material.

The samples could then be sealed in 

tubes of a similar design to those used 

in ISRO’s balloon sampler mission and 

returned to Earth using OSIRIS-REx-

type re-entry capsules. And perfect 

sterilisation of the spacecraft would, 

of course, be vital to ensure results 

remained uncontaminated.

Scooping up spacedust for clues of life
Could a robotic mission capture biological ‘seeds’ arriving from space?

Sampling particles from deep 

space could prove whether the 

panspermia theory is true

Samples taken near 

‘leopard spot’ rocks on 

Mars recently revealed 

signs of past microbial life 

ISS experiments proved  

life can survive in space 

when shielded inside 
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In the high atmosphere of Venus, controversial 

studies have questioned if there is a possible 

organic origin to the phosphine gas there, 

which on Earth has a biological source.

Is all life the same?
If evidence of past or present life 

is ever found anywhere else in the 

Universe, whether through exploratory 

sampling missions or remote spectral 

analysis, the key test will be whether  

it has the same constituents as  

Earth’s biochemistry. 

As Professor Ian Crawford of 

Birkbeck University of London explains: 

“If panspermia has been operating, it will 

predict that all life found throughout the Solar 

System will have a common origin and thus share 

key biochemical characteristics – such as the same 

genetic code. On the other hand, if life did not travel 

between planets, we would expect that any life we 

ƅQG�ZRXOG�EH�TXLWH�GLIIHUHQW�IURP�RXU�RZQ�Š

One complication is the possibility that we 

have already contaminated space with life 

from Earth. In 2017, Russian cosmonauts 

collected samples from the exterior of 

the ISS – 400km (250 miles) above the 

planet – that were claimed to contain 

ŜVSDFH�EDFWHULDŝ��7KHVH�ƅQGLQJV�DUH�

still being debated, but it seems likely 

they originated on Earth. 

Then, in 2023, Chinese astronauts 

aboard the Tiangong Space Station 

discovered a previously unknown strain 

of bacteria living on its hardware. Similar 

to a bacterium found in soil and food on 

our planet, it was likely to have originated 

back on Earth but had adapted to deal with 

the rigours of living in space. These adaptations 

included genes for oxidative stress response and 

radiation damage repair, as well as the ability to form 

ELRƅOPV�E\�EUHDNLQJ�GRZQ�JHODWLQH�WR�H[WUDFW�FDUERQ�

and nitrogen – strategies that help it survive in a 

resource-limited environment.

“The case for panspermia is building”
Professor Chandra Wickramasinghe on the latest evidence that life originated in space

“In my view, and 

those of researchers 

like Fred Hoyle, 

life permeates the 

Universe and had 

LWV�RULJLQV�HDUO\�RQ�

at the centre of the 

Galaxy. Fred and I 

made the case for 

WKH�H[LVWHQFH�RI�FRPSOH[�RUJDQLF�EXLOGLQJ�

EORFNV�LQ�FRPHWV�DQG�LQWHUVWHOODU�FORXGV�

EDFN�LQ�WKH�����V�DQG�ŝ��V��:H�ZHUH�

proved correct. 

7KH�FDVH�IRU�SDQVSHUPLD�LV�EXLOGLQJ��

7KH�,652ŝV������EDOORRQ�H[SHULPHQWV�

FROOHFWHG�VDPSOHV���Ś��NP����Ś���PLOHV��

DERYH�WKH�(DUWK��7KHVH�VKRZHG�QHZ�

VWUDLQV�RI�EDFWHULD�QHYHU�VHHQ�EHIRUH�

7KH�VXUYLYDELOLW\�RI�EDFWHULD�DQG�

YLUXVHV�LQ�VSDFH��DV�ZHOO�DV�SODQW�VHHGV�

DQG�HYHQ�FRPSOH[�OLIH�OLNH�WDUGLJUDGHV��

KDV�EHHQ�SURYHQ�YLD�WKH�UHFHQW�(;326(�

WHVWV�RQ�WKH�,66��9LUXVHV�VXFK�DV�WKH�

ZRUOGZLGH�����Ś���ƆX�SDQGHPLF�PD\�

KDYH�DUULYHG�IURP�VSDFH�Ś�LOOQHVVHV�IURP�

WKDW�RXWEUHDN�RFFXUUHG�DFURVV�WKH�ZRUOG�

RQ�YLUWXDOO\�WKH�VDPH�GD\��ZHOO�EHIRUH�

intercontinental jet travel.

&XUUHQW�VFLHQWLƅF�YLHZV�RQ�WKH�

DELRJHQHVLV�RULJLQ�RI�OLIH�RQ�(DUWK�LV�

VWURQJO\�LQƆXHQFHG�E\�:HVWHUQ�EDVHG�

FXOWXUDO�DQG�WKHRORJLFDO�YLHZV��(DVWHUQ�

EDVHG�FXOWXUHV�KDYH�OHVV�RI�D�SUREOHP�

LQ�WKLV�UHJDUG��'HVSLWH�RYHU����\HDUV�

RI�H[SHULPHQWV�WR�SURYH�VSRQWDQHRXV�

JHQHUDWLRQ��XVLQJ�WKH�EHVW�HTXLSSHG�

ELRFKHPLFDO�ODERUDWRULHV�LQ�WKH�ZRUOG�� 

QR�HYLGHQFH�IRU�VXFK�D�SURFHVV�KDV� 

EHHQ�GLVFRYHUHG�

As for proof of panspermia, whilst  

&DUO�6DJDQ�VDLG�Ŝ([WUDRUGLQDU\�FODLPV�

UHTXLUH�H[WUDRUGLQDU\�HYLGHQFHŝ��,�

ZRXOG�DVN��ZKHUH�LV�WKH�HYLGHQFH�WKDW�

extraterrestrial life and panspermia  

GR�QRW�RFFXU"Š

S Chinese 

astronauts found 

a new bacterial 

strain aboard the 

Tiangong Station

Phosphine gas in Venus’s toxic 

clouds remains a mystery – is it 

chemistry or a sign of life?
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Nick Spall is a science  

writer who specialises in 

DYLDWLRQ��VSDFHƆLJKW� 

and astronomy
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'HVSLWH�RXU�EHVW�HIIRUWV�WR�VWHULOLVH�VSDFHFUDIW� 

E\�HQGLQJ�WKHLU�PLVVLRQV�LQ�D�ƅHU\�DQG�

GHVWUXFWLYH�SOXQJH�LQWR�D�SODQHWŝV�

DWPRVSKHUH��LWŝV�SRVVLEOH�WKDW�VRPH�OLIH�

KDV�VOLSSHG�WKURXJK�WKH�QHW�DFFLGHQWDOO\�

Ś�HYHQ�FRPSOH[�OLIH�IRUPV��7DNH�

WDUGLJUDGHV��RWKHUZLVH�NQRZQ�DV�

ZDWHU�EHDUV��7KHVH�DUH�VRPH�RI�WKH�

PRVW�UHVLOLHQW�FUHDWXUHV�RQ�SODQHW�

(DUWK��7KH\�FDQ�VXUYLYH�KLJK�OHYHOV�

of radiation, extreme cold, complete 

YDFXXP�DQG�HYHQ�D�FRPSOHWH�ODFN�RI�

ZDWHU��$QG�WKRXVDQGV�RI�WKHP�ZHUH�SDUW�

RI�WKH�FDUJR�RQ�DQ�,VUDHOL�VSDFH�PLVVLRQ�

WKDW�FUDVK�ODQGHG�RQ�WKH�0RRQ��

,WŝV�OLNHO\�WKH\�ZHUH�NLOOHG�LQ�WKH�FUDVK��EXW�

VRPH�DUJXH�WKDW�VKRXOG�WKH�FRQWDLQHU�WKH\�ZHUH�

VWRUHG�LQ�KDYH�VXUYLYHG�WKH�GHVFHQW��WKH\�FRXOG�EH�

ZDLWLQJ�LQ�WKHLU�GRUPDQW�VWDWH�IRU�WKHLU�FKDQFH�WR�

FRORQLVH�WKH�0RRQ�

 

What if we found proof? 

1HZ�ƅQGLQJV�DERXW�SRVVLEOH�DOLHQ�OLIH�UHJXODUO\� 

make the headlines, thanks to data from missions 

FXUUHQWO\�H[SORULQJ�RXU�6RODU�6\VWHP�DQG�WKH�

UHVHDUFK�RQ�GLVWDQW�H[RSODQHWV�E\�VSDFH�WHOHVFRSHV�

VXFK�DV�WKH�-:67��+RZHYHU��XQWLO�ZH�FDQ�SK\VLFDOO\�

FROOHFW�VDPSOHV�RI�DFWLYH�RU�KLVWRULF�OLIH�DQG�UHWXUQ�

WKHP�WR�(DUWK��VROLG�SURRI�RI�LWV�H[LVWHQFH�

UHPDLQV�HOXVLYH��$QG�LI�OLIH�ZHUH�WR�EH�IRXQG��

ZH�ZRXOG�WKHQ�KDYH�WR�WHVW�LWV�'1$�RU�

RNA composition to see if it arose 

independently or shares a common 

SDQVSHUPLD�RULJLQ�ZLWK�(DUWK�OLIH�

(YHQ�LI�DFWLYH�PLFURVFRSLF�OLIH�RI�

D�GLIIHUHQW�QDWXUH�WR�(DUWKŝV�LV�HYHU�

discovered, panspermia exponents 

ZRXOG�LQHYLWDEO\�DUJXH�WKDW�RWKHU�OLIH�

HOVHZKHUH�LQ�WKH�*DOD[\�FRXOG�ZHOO�

EH�WKH�VDPH�DV�(DUWKŝV��,W�PD\�WDNH�

FHQWXULHV�WR�UHDFK�DQ\�UHDO�FRQFOXVLRQ�

:KDWHYHU�WKH�RXWFRPH�RI�WKH�GHEDWH��WKH�

GLVFRYHU\�RI�OLIH�HOVHZKHUH�ZLOO�KDYH�D�SURIRXQG�

LPSDFW�RQ�RXU�VFLHQFH��FXOWXUH�DQG�SKLORVRSK\��$V�

$UWKXU�&�&ODUNH�IDPRXVO\�VDLG��ş7ZR�SRVVLELOLWLHV�

H[LVW��HLWKHU�ZH�DUH�DORQH�LQ�WKH�8QLYHUVH��RU�ZH�DUH�

QRW��%RWK�DUH�HTXDOO\�WHUULI\LQJ�Š�

S Tiny but tough 

tardigrades survive 

conditions that 

mimic deep space

From exoplanet surveys to  

icy moon missions, the quest  

continues to reveal whether  

life shares a common origin
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