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THERE was very little to go on - just the tiniest fragment of a finger bone. What's more, it was clear that whoever it had
once belonged to was long dead. This was the coldest of cold cases. Yet, there was also a suspicion that the remains,
discovered in a cave high up in the Altai Mountains of southern Siberia, had a story to tell. So Michael Shunkov from
the Russian Academy of Science bagged and labelled the shard, and sent it off for analysis.

At his lab in the Max Planck Institute [#x2028]for Evolutionary Anthropology in Leipzig, Germany, Svante Pääbo was
just about to finish the first sequencing of a Neanderthal genome when the package arrived. He was perfectly placed to
confirm Shunkov's suspicion. By comparing ancient DNA from the bone fragment with his sequence, Pääbo would
surely show that it belonged to a Neanderthal. But they were all in for a surprise. The Siberian genome was quite unlike
the Neanderthal's. And it didn't match that of any modern human. It was something completely new. Here was
evidence that a previously unimagined species of humans had existed some 50,000 to 30,000 years ago - around the
time when our own ancestors were painting their masterpieces in the Chauvet cave in France. [#x2028]"It was really
amazing," says Pääbo.

Six years on, the new species has a moniker - Denisovan, after the cave where its remains were discovered. Our picture
of these mysterious people is still being painstakingly pieced together. That first sliver of bone, together with a couple
of teeth, is all we have to go on - there is still no body - but what these meagre remains have revealed is remarkable. The
more we find out, the more we are forced to reconsider our own species. Far from being confined to Siberia, the
Denisovans were more widespread than the Neanderthals with whom early Homo sapiens also shared the world. And
they are not merely a historical curiosity - their genes live on today in some of us. The Denisovans challenge our
conceptions of what it means to be human (see "Humanity in 96 genes", page 37).

The Denisova cave is named after a hermit called Denis who lived there in the 18th century. Human habitation there
stretches back much further, however, as Russian palaeontologist Nikolai Ovodov discovered in the 1970s when he
visited, looking for remains of cave bears, and found ancient stone tools. Excavations have since unearthed several
hundred artefacts revealing a human presence, on and off, lasting at least 125,000 years. Human fossils are rare, but by
2008, when Shunkov's team discovered the Denisovan bone fragment, archaeologists were convinced that the cave had
been home to Neanderthals as well as early modern humans. The surprise addition of Denisovans to that mix makes the
site a treasure trove for anyone interested in human origins. But there is a problem. The main inhabitants were not our
ancestors, but hyenas, cave lions and cave bears. "Hyenas dig around and make dens, so they mix everything around,"
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says Bence Viola, also at the Max Planck Institute in Leipzig. That makes it impossible to say when each group of
hominins arrived and left, whether they overlapped, or which sets of tools belonged to whom.

Nifty finger work

Fortunately there is an alternative to the traditional archaeological approach. The past decade has seen an explosion of
research on ancient DNA, much of it spearheaded by Pääbo, as geneticists figure out how to read ever-older genomes.
Although DNA gradually breaks down, it does so in predictable ways, [#x2028]so we can work back and figure out
what the original sequence was. DNA preserves best in cold areas, so in that respect the Denisova cave was ideal; it
took just 30 milligrams of crushed bone to reveal an entirely new species.

Once Pääbo and his colleagues had uncovered the Denisovans, their first challenge was to figure out how the group
fits into the human family tree. Their initial study, published in early 2010, sequenced the mitochondrial genome, a
short packet of genes held in the sausage-shaped mitochondria that power animal cells. It suggested that Denisovans
were quite distant relatives of ours, the two lines having separated long before the Neanderthals branched off ( <a
href="http://dx.doi.org/10.1038/nature08976">Nature, vol 464, p 894). But mitochondrial DNA can be misleading
because it is inherited only from one's mother. To get a better picture they needed to sequence the genome inside a cell
nucleus.

This proved surprisingly straightforward. "Unlike the Neanderthal sequence, where [#x2028]we had to sweat blood, the
Denisovan genome was of relatively high quality," says David Reich of Harvard Medical School in Boston. Within
months, he and Pääbo had a draft sequence. It showed that the Denisovans were actually a sister group to Neanderthals
( <a href="http://dx.doi.org/10.1038/nature09710">Nature, vol 468, p 1053). Our best estimates now suggest that their
common ancestor branched off from our lineage around 600,000 years ago. Then Denisovans split from Neanderthals
some 200,000 years later, perhaps parting ways in the Middle East, [#x2028]with Neanderthals heading into Europe and
Denisovans into Asia. Given how recent the Denisova cave specimen is, it's quite plausible that the Denisovans were
around for some 400,000 years. Modern humans have so far only managed 200,000.

With the bone sliver proving so enlightening, the hunt was on for more remains. In 2010, DNA analysis of a
forgotten tooth found in the Denisova cave in 2000 revealed it too was Denisovan. Suddenly there were two fossils.

Archaeologists love teeth because they can reveal so much about an animal's body and habits, especially its diet. The
specimen, a third molar - a wisdom tooth from the back [#x2028]of the mouth - should have been a vital clue, but it was
singularly baffling. At almost 1.5 centimetres across, it is a whopper. That marks it as primitive: our apelike ancestors
had larger teeth because they needed to grind up tough food like grasses. But by 50,000 years ago humans were eating
softer foods, and their teeth had shrunk. The Denisovan tooth looks like a throwback. "It's probably the biggest in the
last 2 million years," says Viola. Still, hominins with unusual teeth do sometimes crop up, and wisdom teeth are the
most variable in the jaw, so this enormous gnasher could simply have been an anomaly.

Then, in August 2010, Denisova's archaeologists found another large tooth. Viola, who was present, thought it belonged
[#x2028]to a bear but genetic analysis showed it to be Denisovan. It too was a wisdom tooth, although from a different
individual, strengthening the case that the first was not unusual. "It probably means Denisovans in general had weird
and big teeth," says Viola.

That hints at a fibrous, plant-based diet, [#x2028]but evidence for this idea is still lacking. Sometimes ancient teeth have
the remains of food preserved on their surfaces. Not in this case - Viola has tried to recover plant microfossils and DNA,
to no avail. His team has now taken moulds of both teeth and plans to reconstruct the scratches or "microwear" caused
by chewing, which should provide a better idea of what the Denisovans ate.

You can infer a lot about lifestyle from diet, such as whether people hunted, dug for roots and tubers, and had learned to
use fire for cooking. The teeth surely have more to tell. Meanwhile, the nuclear genome has already revealed another
secret about the Denisovans - one that changes everything.
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When Pääbo and Reich published the first Neanderthal genome, the big news was that on average 1.7 per cent of the
DNA in modern people other than Africans comes from Neanderthals. In other words, our ancestors interbred. Did they
also interbreed with Denisovans? To find out, the geneticists looked at the few parts of the genome that vary from
person to person, searching for individuals who carry Denisovan versions of these sections. Most of the people the
sampled had no sign of Denisovan DNA, even if they were from mainland Asia, where our ancestors might have been
expected to run into Denisovans. However, as part of the Neanderthal study, the researchers had sequenced the genome
of someone from Papua New Guinea. "That was a fortuitous choice," says Reich. "When you analysed the Papuan
sequence, bang: you got this huge signal." More comparisons showed that other Melanesian people also carried
Denisovan DNA, with an average 4.8 per cent of their genome coming from Denisovans.

Clearly interbreeding did occur. But if Denisovans lived in southern Siberia, how [#x2028]on earth did their DNA wind
up in Melanesia, thousands of kilometres away across open sea? The most obvious explanation is also the most
startling: Denisovans ranged over a vast swathe of mainland Asia and also crossed the sea to Indonesia or the
Philippines. That means they had a bigger range than the Neanderthals. Alternatively, perhaps they interbred with
modern humans on mainland Asia, and the descendants of such encounters later moved south-east, leaving no trace on
the mainland. That would mean the Denisovans weren't as widespread as all that.

To figure out which was correct, Reich teamed up with Mark Stoneking at the Max Planck Institute in Leipzig to
sequence the genomes of indigenous peoples from Asia, Indonesia, the Philippines, Polynesia, Australia and Papua New
Guinea. They reasoned that if the interbreeding had happened on mainland Asia before people populated the islands,
then people on all those islands should carry some Denisovan genes. But if Denisovans had reached the islands and
interbred with humans already there, some isolated populations might be Denisovan-free. They found the latter pattern.
"Island South-East Asia 45,000 years ago was a patchwork of populations, with and without Denisovan ancestry," says
Reich. "That means it's unlikely the admixture happened on the mainland."

So the genetics is telling us that the Denisovans mated with early modern humans somewhere in what is now
South-East Asia. [#x2028]If that is true, these people were formidable colonisers. From their origins at the split with
Neanderthals, they appear to have made it out of the Middle East, spreading both north into Siberia and east to
Indonesia and on to Melanesia. On their way, they would have had to cross one of the greatest natural barriers on Earth:
the Wallace line. It runs through the Lombok Strait, a deep sea channel separating the Indonesian islands of Bali and
Lombok, and is traversed by a powerful current.

It is tempting to conclude that the Denisovans must have been skilled seafarers, perhaps piloting dugout canoes, but the
crossings may have been accidental, says ChrisStringer of the Natural History Museum in London. He points to the
Asian tsunami of 2004. "People were found on rafts of vegetation after a week at sea, 150 kilometres from where they
started." Stringer proposes that some Denisovans lived in mangrove swamps close to the shore where seafood was
plentiful but where they were also vulnerable to tsunamis, which could have carried them together with buoyant swamp
plants out to sea and, by chance, to another island. "OK, they've got to do it several times to go from Sulawesi to Flores.
But given hundreds of thousands of years, it's possible." Only if Denisovans clearly moved rapidly from island to island
is there any reason to suppose they used watercraft, he says.

During the last ice age, between 110,000 and 12,000 years ago, <a
href="http://dx.doi.org/10.1126/science.1244869">South-East Asia would have been an especially good place to live.
Instead of lush forests, there were open grassy spaces. The ice at the poles locked up lots of water, lowering sea levels
by tens of metres. As a result, Sumatra and Borneo were part of the mainland (see diagram, page 36). "At times of low
sea level there was a whole continent exposed in South-East Asia which, when the conditions were relatively cool,
would have been dry and ideal for hunter-gatherers," says Stringer. He thinks we have had the story of the Denisovans
backwards: they may be named for a cave in Siberia, but that was not their usual abode. "South-East Asia was their
centre, and they pulsed," he says. "When conditions were good they expanded north, and when conditions were bad
those populations would have died out or disappeared." The remains at Denisova are so sparse because Denisovans
were hardly ever there. "Siberia may be the outer limit of their range." Indeed, the DNA in modern Melanesians,
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although clearly Denisovan, is different from the Siberian samples, suggesting that the northerners were outliers. What's
more, a higher-quality version of the Denisovan genome published in 2012 reveals variants of genes that, in humans,
are associated with dark skin, brown hair and brown eyes - consistent with the features of Melanesians today.

If the Denisovans' heartland was in South-East Asia, then that is where we should look for fossils. It may not even be
necessary to dig for new evidence; many hominin specimens from this region have never been analysed. Good
Denisovan fossils could be sitting in museum drawers, mislabelled as other species. But proving this will be a challenge
because DNA breaks down quickly in a hot, humid climate. Still, Pääbo is setting up a new lab in Beijing, China, where
researchers will attempt to extract ancient DNA from Asian fossils. [#x2028]"Our big hope is China," says Viola.
However, he is also looking in colder countries including Uzbekistan and Kyrgyzstan.

So far, all these leads have drawn a blank. One problem, of course, is that we won't know what a Denisovan looks like
until we find one. In theory, the genome could provide clues, but in practice even simple things like height are
controlled by hundreds of genes. One clue has come from a surprising source. In late 2013, Pääbo's team obtained DNA
from <a
href="http://www.newscientist.com/article/mg22029462.600-oldest-human-genome-dug-up-in-spains-pit-of-bones.html">a
specimen of Homo heidelbergensis found in a cave in northern Spain. At 400,000 years old, it is the oldest hominin
genome ever read, and it was similar to that of Denisovans. As well as supporting the idea that H. heidelbergensis was
the common ancestor of Denisovans and Neanderthals, this specimen, and those found with it, may hint at the stature of
their descendants. "These are big and robust guys, with body mass estimates around 100 kilograms," says Viola, which
suggests that Denisovans were also large.

We don't know when the Denisovans became extinct, but some 400,000 years of evolution, as well as breeding with
humans, may have changed their physical appearance. To confuse things further, it turns out that they also interbred
with Neanderthals long after the split from their possible common ancestor H. heidelbergensis. Pääbo and Reich
recently compared DNA from a Neanderthal toe bone, found in the Denisova cave, with DNA from other Neanderthals,
Denisovans and modern humans. At least 0.5 per cent ofthe Denisovan genome came from Neanderthals. The
Denisovans also interbred with an unknown group, perhaps the last remnants of H. heidelbergensis.

The revelations are likely to keep coming. Earlier this year, it emerged that the genes weinherited from Neanderthals
affect skin and hair, and make people more vulnerable tocertain diseases including type 2 diabetes. Now Reich's team is
busy sequencing the genomes of more Melanesian people to figure out precisely which of their genes come from
Denisovans. As well as indicating what these do today, it may reveal some of the ways in which the Denisovans were
adapted to their Asian environment, including the local diseases to which they had developed resistance.

That first finger-bone fragment has divulged a wealth of genetic information, but there are key questions it cannot
address. For instance, were Denisovans relatively simple-minded like their H. heidelbergensis ancestors, or did they
have the higher mental abilities of Neanderthals and early modern humans? DNA analysis cannot answer that, because
we don't understand the genetic changes that made modern humans. But a skull with a big or small braincase would tell
us. So the biggest challenge remains the same: to find a body. "Denisovans are a genome in search of a fossil," says
Reich. n

Michael Marshall is the environment news editor at New Scientist

We have shared the planet with them for most of our existence, yet until recently we didn't even know they existed.
Who were the Denisovans, asks Michael Marshall[#x2028]

Mystery relations

The ancestors you never heard of: meet the Denisovans

While early humans were painting cave walls in Europe, another hominin species was thriving in Asia, yet we have
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only just started uncovering their trail

"If Denisovans lived in southern Siberia, how on earth did their DNA wind up in Melanesia?"

Humanity in 96 genes

The discovery that our ancestors lived alongside Denisovans and that some Denisovan genes linger on in modern
humans challenges the way we see ourselves. It is now clear that modern humans are the product of a patchwork of
species that evolved separately and then interbred. But studying the Denisovans should also help us answer a profound
question: what makes us human?

Our closest living relatives are chimpanzees. We have evolved a great deal since the time of our common ancestor over
six million years ago, but we do not know which genetic changes happened when we were still apelike, and which
pushed us over the threshold into becoming fully human. To find out, we need to see how we differ from extinct species
of hominins that existed as we were taking those steps in our evolution. "Neanderthals and Denisovans together are our
closest evolutionary relatives," says Svante Pääbo at the Max Planck Institute for Evolutionary Anthropology in
Leipzig, Germany. "They are the ones we [#x2028]need to look at."

a crib card for humanity

By comparing human, Neanderthal, Denisovan and chimp DNA, Pääbo has found 96 functional mutations - ones that
alter the protein produced by [#x2028]a gene - that are unique to modern humans. In most cases we do not know what
they do, but three are involved in cell division in the brain, suggesting they may have played a role in boosting our
brainpower. In effect, Pääbo has identified a crib list of genes that were crucial in the very last stage of our evolution.
And as we come to understand what differences they make to our psychology, physiology and biochemistry, we will get
new insights into our evolution.

If the unexpected discovery of the Denisovans tells us anything, it's [#x2028]that there is still a lot to learn about human
evolution. Despite decades of research, we had missed an entire species that lived relatively recently and was
geographically widespread. Given that, it is a safe bet that we can expect plenty more surprises in the years to come.

Two weirdly large teeth and a scrap of finger bone are all the Denisovan we possess

A Neanderthal toe bone (above) reveals interbreeding with Denisovans

"There is still no body. Denisovans are a genome in search of a fossil"

Denisova cave in Siberia is a treasure trove for hominin hunters
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