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As early Homo sapiens spread out from 
Africa starting around 60,000 years ago, 
they encountered environmental chal-
lenges that they could not overcome 
with prehistoric technology. 

Many scientists thus expected that sur-
veys of our genomes would reveal con-
siderable evidence of novel genetic mu-
tations that have recently spread quickly 

-

ural selection—that is, because those 
who carry the mutations have greater 
numbers of healthy babies than those 
who do not. 
But it turns out that although the ge-

nome contains some examples of very 
strong, rapid natural selection, most of 
the detectable natural selection appears 
to have occurred at a far slower pace 
than researchers had envisioned. 

I N  B R I E F

How 
Evolving 

We Are 
New analyses suggest that recent human 
evolution has followed a di!erent course 

than biologists would have expected 
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THOUSANDS OF YEARS AGO HUMANS MOVED FOR THE  
 first time into the Tibetan plateau, a vast ex-
panse of steppelands that towers some 14,000 
feet above sea level. Although these trailblaz-
ers would have had the benefit of entering a 
new ecosystem free of competition with oth-
er people, the low oxygen levels at that alti-

tude would have placed severe stresses on the body, resulting in 
chronic altitude sickness and high infant mortality. Earlier this 
year a flurry of genetic studies identified a gene variant that is 
common in Tibetans but rare in other populations. This variant, 
which adjusts red blood cell production in Tibetans, helps to ex-
plain how Tibetans adapted to those harsh conditions. The dis-
covery, which made headlines around the world, provided a dra-
 matic example of how humans have undergone rapid biological 
adaptation to new environmental circumstances in the recent 
past. One study estimated that the beneficial variant spread to 
high frequency within the past 3,000 years—a mere instant in 
evolutionary terms. 

The Tibet findings seemed to bolster the notion that our 
species has undergone considerable biological adaptation of 
this sort since it first left Africa perhaps 60,000 years ago (esti-
mates range from 50,000 to 100,000 years ago). The transition 
to high altitude is just one of many environmental challenges 
Homo sapiens encountered  
as it migrated from the hot 
grasslands and shrublands of 
East Africa to frigid tundras, 
steamy rain forests and sun-
baked deserts—practically ev-
ery terrestrial ecosystem and 
climate zone on the planet. To 
be sure, much of human adap-
tation was technological—to 
combat the cold, for instance, 
we made clothing. But prehis-
toric technology alone could 
not have been enough to over-
come thin mountain air, the 
ravages of infectious disease 
and other environmental ob-
stacles. In these circumstanc-
es, adaptation would have to 
occur by genetic evolution 
rather than through techno-
logical solutions. It was reasonable to expect, then, that surveys 
of our genomes would reveal considerable evidence of novel ge-
netic mutations that have spread recently throughout di0erent 
populations by natural selection—that is, because those who 
carry the mutations have more healthy babies who survive to 
reproduce than those who do not.

Six years ago my colleagues and I set out to look for the im-
prints of these profound environmental challenges on the hu-
man genome. We wanted to figure out how humans have evolved 
since our predecessors set out on their relatively recent global 
journey. To what extent do populations in disparate parts of the 
world di0er genetically because natural selection recently 
adapted them to di0erent environmental pressures, as in the 
case of the Tibetans? What proportion of these genetic di0er-
ences stems instead from other influences? Thanks to advances 

in technologies for studying genetic variation, we were able to 
begin to address these questions. 

The work is still under way, but the preliminary findings have 
surprised us. It turns out that the genome actually contains few 
examples of very strong, rapid natural selection. Instead most of 
the natural selection visible in the genome appears to have oc-
curred over tens of thousands of years. What seems to have hap-
pened in many cases is that a beneficial mutation spread through 
a population long ago in response to a local environmental pres-
sure and then was carried into faraway locales as the population 
expanded into new territories. For example, some gene variants 
involved in determining light skin color, an adaptation to re-
duced sunlight, are distributed according to ancient migration 
routes, rather than just latitude. That these ancient selection sig-
nals have persisted over millennia without new environmental 
pressures overwriting them indicates that natural selection of-
ten operates at a far more leisurely pace than scientists had envi-
sioned. The rapid evolution of a major gene in the Tibetans, it 
appears, is not typical.  

As an evolutionary biologist, I am often asked whether hu-
mans are still evolving today. We certainly are. But the answer to 
the question of how we are changing is far more complicated. 
Our data suggest that the classic natural selection scenario, in 
which a single beneficial mutation spreads like wildfire through 
a population, has actually occurred relatively rarely in humans 
in the past 60,000 years. Rather this mechanism of evolutionary 
change usually seems to require consistent environmental pres-
sures over tens of thousands of years—an uncommon situation 
once our ancestors started globe-trotting and the pace of techno-
logical innovation began accelerating. 

Already these findings are help ing to refine our understand-
ing not only of recent human evolution but also of what our 
collective future might hold. For a number of the challenges 
currently facing our species—global climate change and many 
infectious diseases, for example—natural selection probably oc-
curs too slowly to help us much. Instead we are going to have to 
rely on culture and technology.

FINDING THE FOOTPRINTS
JUST 10 YEARS AGO it was extremely di2cult for scientists to trace 
our species’ genetic responses to our environment; the needed 
tools just did not exist. All that changed with the completion 
of the human genome sequence and the subsequent catalogu-
ing of genetic variation. To understand exactly what we did, it 
helps to know a bit about how DNA is structured and how small 
changes can a0ect its function. The human genome sequence 
consists of about three billion pairs of DNA nucleotides, or “let-
ters,” that serve as an instruction manual for how to assemble a 
human [see box on next page]. The manual is now known to 
contain a parts list of about 20,000 genes—strings of DNA let-
ters that spell out the information required to build proteins. 
(Proteins, which include enzymes, do much of the work in cells.) 
About 2 percent of the human genome encodes proteins, and a 
roughly similar amount seems to be involved in gene regulation. 
Most of the rest of the genome has no known role.

Overall the genomes of any two people are extremely similar, 
di0ering in only about one out of every 1,000 nucleotide pairs. 
Sites where one nucleotide pair substitutes for another are re-
ferred to as single-nucleotide polymorphisms, or SNPs (pro-
nounced “snips”), and the alternative versions of the DNA at 

The genome 
actually contains 

few examples  
of very strong, 
rapid natural 

selection. Instead 
most of the 

visible natural 
selection appears 
to have occurred 

over tens of 
thousands  

of years.

© 2010 Scientific American



October 2010, ScientificAmerican.com 43

each SNP are called alleles. Because most of the genome does not 
encode proteins or regulate genes, most SNPs probably have no 
measurable e0ect on the individual. But if a SNP occurs in a re-
gion of the genome that does have a coding or regulating func-
tion, it may a0ect the structure or function of a protein or where 
and how much of the protein is made. In this way, SNPs can con-
ceivably modify almost any trait, be it height, eye color, ability to 
digest milk, or susceptibility to diseases such as diabetes, schizo-
phrenia, malaria and HIV.

When natural selection strongly favors a particular allele, it 
becomes more common in the population with each genera-
tion, while the disfavored allele becomes less common. Eventu-
ally, if the environment remains stable, the beneficial allele will 
spread until everyone in the population carries it, at which 
point it has become fixed in that group. This process typically 
takes many generations. If a person with two copies of the ben-
eficial allele produces 10 percent more children and someone 
with one copy produces 5 percent more, on average, than some-

one without the beneficial allele, then it will take that allele 
about 200 generations, or roughly 5,000 years, to increase in 
frequency from 1 percent of the population to 99 percent of it. 
In theory, a helpful allele could become fixed in as little as a few 
hundred years if it conferred an extraordinarily large advan-
tage. Conversely, a less advantageous allele could take many 
thousands of years to spread. 

It would be great if in our e0orts to understand recent human 
evolution, we could obtain DNA samples from ancient remains 
and actually track the changes of favored alleles over time. But 
DNA usually degrades quickly in ancient samples, thereby hin-
dering this approach. Thus, my research group and a number of 
others around the world have developed methods of examining 
genetic variation in modern-day humans for signs of natural se-
lection that has happened in the past.

One such tactic is to comb DNA data from many di0erent peo-
ple for stretches that show few di0erences in SNP alleles within a 
population. When a new beneficial mutation propagates rapidly 

Illustration by Emily Cooper

R E A D I N G  T H E  G E N O M E 

Selection Signal
Scientists can infer that natural selection has acted on a region of 
DNA if they observe a lack of variability in that region. The genomes 

-
tive versions of nucleotides at each SNP are called alleles. When a 

nearby alleles travel along with the favored one and thus become 
more common in the population as well. The resulting reduction of 
SNP variation in this part of the genome in a population is termed a 
selective sweep.

DNA Gene or regulatory sequence

Alleles

Variation point (SNP)

DNA before a selective sweep in a population DNA after a selective sweep

Favored allele

SNP

When natural  selection acts on one SNP, nearby alleles 
move with it as a block to the next generation.

Linked allele Linked allele

Nucleotide pair

Single nucleotide

Individual 1

Individual 2
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R E S U L T S 

Surprising Findings from 
Population Studies

to high frequency as a result of strong natural selection acting quickly 
to adapt people to local environmental pressures (right). A new analy-
sis of hundreds of other apparent signals of natural selection (such as 

-

just three geographical patterns (bottom map): either they occur at 
high frequency in all populations outside of Africa but not within 
Africa (orange arrow); or they are common throughout West Eurasia—
an area composed of Europe and West and South Asia—but rare else-
where (red arrow
and the Americas (yellow arrow) but occur only at low frequency in 
West Eurasia. These patterns suggests that ancient migrations have 

A gene known as LARGE that 
participates in the body’s response to 
infection with the Lassa fever virus  
has undergone strong, recent natural 
selection in a population in Nigeria, 
where the pathogen is endemic. 

The gene for the lactase enzyme 
that digests the sugar in milk has 
undergone rapid evolution among 
dairy-farming populations in Europe, 
the Middle East and East Africa over 
the past 5,000 to 10,000 years. 
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An example:  a variant of the so-called SLC24A5 gene that lightens 
skin color. It is an adaptation to reduced sunlight, so one would 
expect similar, high frequencies of the allele in populations that live at 
northerly latitudes—the French and the Han Chinese, for instance. 
But examining populations around the world for SNP variation in the 
genome region containing this gene reveals a mismatch between 
expectation and reality. Each of the multicolored boxes shown repre-
sents SNP variation in this chunk of the genome in a given popula-
tion; the lower the variation, the larger the red patch. The boxes 
reveal strong selection for this allele in the French and other West 
Eurasian populations but not in the Han and other East Asian popula-

sweep—indicating that it arose and spread long ago in an ances-
tral population in the Middle East whose members then car-
ried the allele with them as they migrated north and 

on the gene since then, or the Han box would 
also have a large patch of red. 

Fast, recent natural selection accounts for some genetic patterns     but . . .

Maps by Emily Cooper
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through a group because of natural selection, it takes a surround-
ing chunk of the chromosome with it in a process called genetic 
hitchhiking. As the frequency of the beneficial allele increases in 
the group over time, so, too, do the frequencies of nearby “neu-
tral” and nearly neutral alleles that do not a0ect protein struc-
ture or amount appreciably but ride along with the selected al-
lele. The resulting reduction or elimination of SNP variation in 
the region of the genome containing a beneficial allele is termed 
a selective sweep. The spread of selected alleles by natural selec-
tion can also leave other distinctive patterns in the SNP data: if 
an existing allele suddenly proves particularly helpful when a 
population finds itself in new circumstances, that allele can 
reach high frequency (while remaining rare in other popula-
tions) without necessarily generating a hitchhiking signal. 

Over the past few years multiple studies, including one my 
colleagues and I published in 2006, have identified several hun-
dred genome signals of apparent natural selection that occurred 
within the past 60,000 years or so—that is, since H. sapiens left 
Africa. In a few of these cases, scientists have a pretty good grasp 
on the selective pressures and the adaptive benefit of the favored 
allele. For example, among dairy-farming populations in Europe, 
the Middle East and East Africa, the region of the genome that 
houses the gene for the lactase enzyme that digests lactose (the 
sugar in milk) shows clear signs of having been the target of 
strong selection. In most populations, babies are born with the 
ability to digest lactose, but the lactase gene turns o0 after wean-
ing, leaving people unable to digest lactose as adults. Writing in 
the American Journal of Human Genetics in 2004, a team at the 
Massachusetts Institute of Technology estimated that variants of 
the lactase gene that remain active into adulthood achieved high 
frequency in European dairy-farming groups in just 5,000 to 
10,000 years. In 2006 a group led by Sarah Tishko0, who is now 
at the University of Pennsylvania, reported in Nature Genetics 
that they had found rapid evolution of the lactase gene in East 
African dairy-farming populations. These changes were surely 
an adaptive response to a new subsistence practice.

Researchers have also found pronounced signals of selection 
in at least half a dozen genes involved in determining skin, hair 
and eye color in non-Africans. Here, too, the selective pressure 
and adaptive benefit are clear. As humans moved out of their 
tropical homeland, they received reduced ultraviolet radiation 
from the sun. The body requires UV radiation to synthesize vita-
min D, an essential nutrient. In the tropics, UV radiation is strong 
enough to penetrate dark skin in amounts needed for vitamin D 
synthesis. Not so in the higher latitudes. The need to absorb ade-
quate amounts of vitamin D almost certainly drove the evolution 
of lighter skin color in these locales, and changes in these genes 
that bear signals of strong selection enabled that adaptive shift.

Selection signals also show up in a variety of genes that con-
fer resistance to infectious diseases. For instance, Pardis Sabeti 
of Harvard University and her colleagues have found a mutation 
in the so-called LARGE gene that has recently spread to high fre-
quency in the Yoruba of Nigeria and is probably a response to 
the relatively recent emergence of Lassa fever in this region.

MIXED SIGNALS
THOSE EXAMPLES and a small number of other cases provide 
strong evidence of natural selection acting quickly to promote 
helpful alleles. For most of the rest of the hundreds of candi-
date signals, however, we do not yet know which circumstances 

A rare variant of a gene called 
hypoxia-inducible factor 2-alpha has 
spread to high frequency in Tibetans 
over the past few thousand years, 

living at altitudes up to 14,000 feet 
above sea level by adjusting red blood 
cell production. 

Among women who inhabit the 
Bolivian Altiplano, which rises some 
12,000 feet above sea level, the uterine 
artery undergoes accelerated growth 
during pregnancy compared with the 
growth seen in women from low-lying 
regions—an adaptation that has 
evolved within the past 10,000 years. 
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. . . slow selection, coupled with ancient migrations, explains more of them
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favored the spread of the selected allele, nor do we know what 
e0ect the allele exerts on the people who harbor it. Until re-
cently we and others interpreted these candidate signals to 
mean that there have been at least a few hundred very rapid se-
lective sweeps within the past 15,000 years in several human 
populations that have been studied. But in newer work my col-
leagues and I have found evidence suggesting that instead most 
of these signals are not actually the result of very recent, rapid 
adaptation to local conditions at all.

Working with collaborators at Stanford University, we stud-
ied a massive SNP data set generated from DNA samples ob-
tained from about 1,000 individuals from around the world. 
When we looked at the geographical distributions of selected 
alleles, we found that the most pronounced signals tend to fall 
into one of just three geographical patterns. First there are the 
so-called out-of-Africa sweeps, in which the favored allele and 
its hitchhikers exist at high frequency in all non-African popu-
lations [see box on preceding two pages]. This pattern suggests 
that the adaptive  allele appeared and began to spread very 
shortly after humans left Africa but while they were still re-
stricted to the Middle East—thus perhaps around 60,000 years 
ago—and was subsequently carried around the globe as hu-
mans migrated north and east. Then there are two other, more 
restricted, geographical patterns: the West Eurasian sweeps, in 
which a favored allele occurs at high frequency in all of the pop-
ulations of Europe, the Middle East, and Central and South 
Asia, but not elsewhere; and the East Asian sweeps, in which 
the favored allele is most common in East Asians, as well as 
usually Native Americans, Melanesians and Papuans. These 
two patterns probably represent sweeps that got under way 
shortly after the West Eurasians and East Asians split o0 and 
went their separate ways. (It’s not known precisely when this 
occurred, but probably around 20,000 to 30,000 years ago.) 

These sweep patterns reveal something very interesting: an-
cient population movements have heavily influenced the distri-
butions of favored alleles across the globe, and natural selection 
has done little to fine-tune those distributions to match modern 
environmental pressures. For example, one of the most impor-
tant players in the adaptation to lighter skin color is a variant of 
the so-called SLC24A5 gene. Because it is an adaptation to re-
duced sunlight, one might expect its frequency in the popula-
tion to increase with latitude and its distribution to be similar 
in people from North Asia and Northern Europe. Instead we see 
a West Eurasian sweep: the gene variant and the hitchhiking 
DNA that travels with it are common from Pakistan to France 
but essentially absent in East Asia—even in the northern lati-
tudes. This distribution indicates that the beneficial variant 
arose in the ancestral population of the West Eurasians—after 
they diverged from the ancestors of the East Asians—who car-
ried it throughout that region. Thus, natural selection drove the 
beneficial SLC24A5 allele to high frequency early on, but ancient 
population history helped to determine which populations to-
day have it and which do not. (Other genes account for light 
skin in East Asians.)

A closer look at the selection signals in these and other data 
reveals another curious pattern. Most of the alleles with the 
most extreme frequency di0erences between populations—
those that occur in nearly all Asians but no Africans, for exam-
ple—do not exhibit the strong hitchhiking signals one would 
expect to see if natural selection swiftly drove these new alleles 

to high frequency. Instead these alleles seem to have propagat-
ed gradually during the roughly 60,000 years since our species 
set out from Africa.

In light of these observations, my collaborators and I now 
believe that textbook selective sweeps—in which natural selec-
tion drives an advantageous new mutation rapidly to fixation—
have actually occurred fairly rarely in the time since the H. sapi-
ens diaspora began. We suspect that natural selection usually 
acts relatively weakly on individual alleles, thus promoting 
them very slowly. As a result, most alleles experiencing selection 
pressure may attain high frequency only when the pressure per-
sists for tens of thousands of years. 

ONE TRAIT, MANY GENES
OUR CONCLUSIONS MAY SEEM PARADOXICAL: if it usually has taken 
50,000, not 5,000, years for a helpful allele to spread through a 
population, how would humans ever manage to adapt quickly 
to new conditions? Although the best understood adaptations 
arise from changes in a single gene, it may be that most adapta-
tions do not arise that way but rather stem from genetic vari-
ants having mild e0ects on hundreds or thousands of relevant 

genes from across the genome—
which is to say they are poly-
genic. A series of papers pub-
lished in 2008, for example, 
identified more than 50 di0er-
ent genes that influence hu-
man height, and certainly many 
more remain to be found. For 
each of these, one allele increas-
es average height by just three 
to five millimeters compared 
with the other allele.

When natural selection tar-
gets human height—as has oc-
curred in the pygmy popula-
tions that live in rain forest 
habitats in Africa, Southeast 
Asia and South America, where 

small body size may be an adaptation to the limited nutrition 
available in these environments—it may operate in large part 
by tweaking the allele frequencies of hundreds of di0erent 
genes. If the “short” version of every height gene became just 10 
percent more common, then most people in the population 
would quickly come to have more “short” alleles, and the popu-
lation would be shorter overall. Even if the overall trait were 
under strong selection, the strength of selection on each indi-
vidual height gene would still be weak. Because the selection 
acting on any one gene is weak, polygenic adaptations would 
not show up in genome studies as a classic signal of selection. 
Thus, it is possible that human genomes have undergone more 
adaptive change recently than scientists can yet identify by ex-
amining the genome in the usual way.

STILL EVOLVING?
AS TO WHETHER HUMANS ARE STILL EVOLVING, it is di2cult to catch 
natural selection in the act of shaping present-day populations. 
It is, however, easy to imagine traits that might be a0ected. In-
fectious diseases such as malaria and HIV continue to exert po-
tent selection forces in the developing world. The handful of 

It is possible 
that human 
genomes have 
undergone more 
adaptive change 
recently than 
scientists can  
yet identify by 
examining the 
genome in  
the usual way.
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known gene variants that provide some measure of protection 
against these scourges are probably under strong selective pres-
sure, because people who carry them are more likely to survive 
and live to have many more children than those who do not. A 
variant that shields carriers from the vivax form of malaria has 
become ubiquitous in many populations in sub-Saharan Africa. 
The variants that protect against HIV, meanwhile, could spread 
throughout sub-Saharan Africa in hundreds of years if the virus 
were to persist and continue to be thwarted by that resistance 
gene. But given that HIV is evolving faster than humans are, we 
are more likely to overcome that problem with technology (in 
the form of a vaccine) than with natural selection.

In the developed world relatively few people die between 
birth and adulthood, so some of the strongest selection forces 
are probably those acting on genes that a0ect the number of chil-
dren each person produces. In principle, any aspect of fertility or 
reproductive behavior that genetic variation a0ects could be the 
target of natural selection. Writing in the Proceedings of the Na-
tional Academy of Sciences USA in 2009, Stephen C. Stearns of 
Yale University and his colleagues reported on the results of a 
study that identified six di0erent traits in women that are associ-
ated with higher lifetime numbers of children and that all show 
intermediate to high heritability. Women with larger numbers of 
children, the team found, tend to be slightly shorter and stouter 
than average and to have later age at menopause. Hence, if the 

environment stays constant, these traits will presumably become 
more common over time because of natural selection: the au-
thors estimate that the average age at menopause will increase 
by about one year over the next 10 generations, or 200 years. 
(More speculatively, it is plausible that genetic variation influ-
encing sexual behavior—or use of con tra ceptives—would be sub-
ject to strong selection, although just how strongly genes a0ect 
complex behaviors such as these remains unclear.)

Still, the rate of change of most traits is glacially slow com-
pared with the rate at which we change our culture and technol-
ogy and, of course, our global environment. And major adap-
tive shifts require stable conditions across millennia. Thus, 
5,000 years from now the human milieu will no doubt be very 
di0erent. But in the absence of large-scale genomic engineer-
ing, people themselves will probably be largely the same. 
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