
A special report on the human genome

Genomics is raising a mirror to humanity, producing some surprising
reflections
Jun 17th 2010

THE decade since the genome announcement has seen many remarkable results. Vying with Dr
Venter’s synthetic life for the title of the most extraordinary was the announcement on February
12th 2009 (by no mere coincidence Charles Darwin’s 200th birthday) that a second species of
human had had its genome sequenced. Svante Paabo, the inspiration for Michael Crichton’s novel
and film, “Jurassic Park”, told a meeting of the American Association for the Advancement of
Science that his team at the Max Planck Institute in Leipzig had a version of Neanderthal man’s
DNA to compare with that of modern humans.

The actual comparison was not published until six weeks ago, on May 6th. It was, however, worth
waiting for. It showed similarities between the species (in, for example, the FOXP2 gene that
helps govern the ability to speak) as well as differences (in several genes connected with cognitive
ability). These differences are obvious places to start looking for the essence of modern
humanity—the things that distinguish Homo sapiens from other animals, including other types of
human, and thus accounts for the extraordinary flourishing of a species that is now estimated to
make use of 40% of the net primary productivity (the energy captured by photosynthesis and
converted into plant matter) of the planet’s land surface.

Genomics can, however, do more than this. Comparing the genomes of people alive today allows
places where natural selection has been active in the more recent past to be identified. Until now
this has been done using gene chips, but the new power of whole-genome sequencing will enrich
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and complete the picture. Allied with an analysis of how Homo sapiens has spread out of Africa
and around the world, this will give a fine-grained picture of human evolution—and possibly a
controversial one if differences between geographical groups emerge in sensitive areas such as
intelligence and behaviour. Such phenotypic areas are also being investigated in studies looking at
variation within populations, for GWAS is being extended beyond the realm of disease to examine
intelligence, personality type, religiosity and even the ability to make money.

If humanity has a historian-in-chief, his name is Spencer Wells. Dr Wells is the head of the
Genographic Project, run jointly by the National Geographical Society in Washington, DC, and
IBM. In a sense, the project is a type of personal genomics. Volunteers from all over the world
(more than 500,000 of them so far) give samples of cheek cells for genetic analysis. In exchange,
they get a detailed breakdown of the wanderings of their ancestors over the past 150,000 years or
so.

Family tree

For Africans, or those of recent African origin, the pattern is a tree leading out of north-east Africa,
where Homo sapiens seem to have originated, that spreads its branches through the whole
continent. For those without recent African ancestry, the journey then goes through a bottleneck
60,000 years ago (a fact that was first hypothesised in the late 1980s, though it has taken the
Genographic Project’s plethora of data to tie the date down exactly) before fanning out into a tree
that covers the rest of the world.

The bottleneck corresponds to the pioneers who crossed the straits of Bab el Mandeb and
populated the rest of the planet (see map). And until recently there was little interbreeding
between the branches, which has allowed local differences to emerge.
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To start with, the spread of humanity was followed by studying differences in two unusual sorts of
DNA: from cellular structures called mitochondria which have their own genes and are inherited
only from the mother, and from the part of the Y chromosome that passes only from father to son.
Now, though, it is possible to look at changes happening throughout the genome.

Some of these changes will be random. Some, though, will be the product of natural selection,
and Pardis Sabeti of Harvard University thinks she can work out which is which. The blocks of DNA
studied by the HapMap and similar projects are swapped between neighbouring chromosomes
during the process of egg and sperm formation. Dr Sabeti realised that a gene which is being
favoured by selection will drag its neighbours along for the ride, meaning that the block it is in
will be longer than the statistics of random mixing would predict.

Using this and one or two similar statistical tools, Dr Sabeti has identified 200 places in the
human genome that have been subject to recent selective “sweeps”—and she often has a good
idea of the genes that have been doing the sweeping.

Some are not surprising. Genes that regulate skin pigment and hair morphology, both well-known
markers of geographical origin, have undergone significant selection. So have genes regulating
metabolism, probably in response to the shift from hunting and gathering to farming as mankind’s
principal way of life.

Intriguingly, though, several genes connected with sensory perception—hearing and balance, in
particular—have altered. In this case, the changes are most noticeable in some of the Asian
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branches of humanity. Genes involved in the development of the sound-detecting hair cells of the
ears seem especially affected. Whether that means Asians hear things differently from other
people has yet to be established, but it might.

The other sort of genes that have evolved rapidly are those involved in infectious disease. Dr
Sabeti has found evidence that malaria, tuberculosis, measles and polio have all left their
selective imprint as bits of DNA that help confer resistance are favoured. One of the biggest
surprises was that Lassa fever, once regarded as a relatively rare disease, is also on this list. Now,
prompted partly by Dr Sabeti’s work, it is becoming established that Lassa fever is actually very
common in parts of West Africa. A fifth of Nigerians, for example, show signs of having been
infected in the past. That these people have not been killed by an illness originally thought to be
up to 80% lethal suggests the protective effect of the evolutionary change she has uncovered is
strong.

Dr Sabeti has not, so far, found any selected genes that encode controversial traits such as
behaviour and intelligence. That may be because they have not been subject to recent selection. It
may, though, be because few links between these phenotypes and the genes themselves have yet
been made.

That could change soon. As mentioned earlier, for example, the BGI in China plans a study to look
specifically for intelligence genes. And according to Nick Martin of the Queensland Institute of
Medical Research, in Australia, dozens of GWAS investigations of behavioural and cognitive links
are now under way. So as not to be caught with the dark-matter problem that has bedevilled the
study of genetic disease, plans are afoot to consolidate these studies into “meta-analyses” big
enough to detect otherwise-hidden effects. If all goes well, the old arguments about the role of
nature and nurture in human development may soon be seen in a new light.

That will also be true if Fred Gage, of the Salk Institute, in San Diego, is proved right in thinking
that variation in cognitive ability may be genetically determined in a way that is not inherited. Dr
Gage studies LINE-1 elements, bits of DNA known colloquially as jumping genes. These make up
about 20% of the human genome, and most biologists do regard them as junk—or rather as
parasites. Their origin is unknown, though they may be the distant descendants of some type of
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retrovirus (the same class as the AIDS-causing virus, HIV) because they are able to copy
themselves using a retroviral gene called reverse transcriptase. Generally, this is a bad thing for
their hosts. If nothing else, it wastes resources. And if an element happens to copy itself into the
wrong place it can cause an existing gene to malfunction.

Most biologists would have left things at that, accepting that parasitism happens at all other levels
of biology, so why not at the level of the DNA? But Dr Gage wondered if there was more to it. Five
years ago he showed that LINE-1 elements are much more active in the brains of mice than in
their other tissues. And in 2009 he and a colleague, Nicole Coufal, showed the same is true in
people. Using sensitive sequencing methods they discovered that human brain cells have around
100 more LINE-1 elements in them than tissues such as the heart or the liver. That means the
elements are multiplying during the process of brain formation.

Survival of the fittest

Why that is remains an unanswered question. But one possible explanation is this. Each new brain
develops by a process akin to natural selection. Nerve cells grow and develop lots of connections
with each other, and then most of those connections and many of the cells themselves die. Only
the fittest cells and connections survive, leaving a working network.
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In this context a way of generating variations on which selection can operate may actually result
in better networks and thus brains. The random changes brought about by LINE-1 elements
jumping around the genomes of nerve cells can yield such variation. It is a daring hypothesis. But
there is at least one other part of the body—the immune system—that relies on the internal
mutability of the DNA to generate the variety needed for it to recognise all the pathogens that
nature can throw at a body. Though the immune system has come up with a different solution in
detail (particular cassettes of DNA have evolved to shuffle round at this one place in the genome),
the general principle is the same.

If Dr Gage’s hypothesis is correct, it leads to a nice irony. No one doubts that intelligence has a
heritable element. Studies of identical and non-identical twins confirm that. No one doubts that
upbringing and education matter, too. But part of the difference between people’s cognitive
abilities—between being a Darwin and a dunce—might almost literally be a lottery, because it
depends on the random movement of bits of DNA inside an individual’s developing brain.

Special reports
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