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Abstract
Understanding how and why humans are biologically different is indispensable to get
oriented in the ever-growing body of genomic data. Here we discuss the evidence
based on which we can confidently state that humans are the least genetically
variable primate, both when individuals and when populations are compared, and
that each individual genome can be regarded as a mosaic of fragments of different
origins. Each population is somewhat different from any other population, and
there are geographical patterns in that variation. These patterns clearly indicate an
African origin for our species, and keep a record of the main demographic changes
accompanying the peopling of the whole planet. However, only a minimal fraction
of alleles, and a small fraction of combinations of alleles along the chromosome, is
restricted to a single geographical region (and even less so to a single population), and
diversity between members of the same population is very large. The small genomic
differences between populations and the extensive allele sharing across continents
explain why historical attempts to identify, once and for good, major biological
groups in humans have always failed. Nevertheless, racial categorization is all but
gone, especially in clinical studies. We argue that racial labels may not only obscure
important differences between patients but also that they have become positively
useless now that cheap and reliable methods for genotyping are making it possible to
pursue the development of truly personalized medicine.

Introduction

Genetics is a fast-changing field. The first sequence of a
whole human genome was completed in 2003, thanks to
the efforts of 2800 scientists who worked for 13 years (1).
The second and the third complete sequences took 4 years
and, respectively, 31 (2) and 27 scientists (3). In 2010, only
2.3 days were necessary for sequencing a whole genome (4)
while the costs had dramatically dropped, from 2.7 million
to a few thousand dollars. As a result, by 2012 the number
of individual genomes completely typed has exceeded 1000
(4), still growing very fast. In parallel, functional elements in
the genome have been systematically mapped (5) providing
new, precious insights into the processes of gene regulation
and gene-to-gene interaction.
Many scientists believed or hoped that the availability
of this enormous mass of data would immediately improve
our ability to predict phenotypes and design new therapies.
Unfortunately, this has not happened yet. As a matter of fact,
we still fail to understand the causes of most common diseases,
and we only have a vague idea of the genetic bases of normal
variation for non-pathological traits. In a sense, this is hardly
surprising. Indeed, many diseases have complex causes. It is
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out of discussion that genetic factors play a crucial role in their
onset, but there is still a substantial gap between what we can
currently do, estimating the genetic predisposition to develop
a disease, and what we would like to do, i.e. deciphering
the complex network of interactions between genetic and
non-genetic predisposing factors (exposure to chemicals, diet,
lifestyle, etc.), thus coming up with accurate predictions. In the
meantime, however, a much clearer picture of human diversity
has emerged, only partly confirming previous ideas based
on the analysis of small portions of the genome. The new
genomic data have cast a different light on both normal and
pathological variation, and hence understanding exactly what
we know about human genome diversity seems indispensable
for a rational planning of new clinical studies, for interpreting
their results, and for raising public awareness of science.
In this review, we discuss nine key points about human
genome variation. We present results emerging from the study
of different genetic markers and complete genome sequences,
emphasizing the demographic features of human evolution
that can explain the observed patterns. We also stress the
importance of a proper use of this information in clinical
practice, with a particular focus on racial categorizations as a
155
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poor predictor of human biological diversity and its potentially
negative effects upon clinical research.

Individual genetic diversity among humans is
the lowest of all primates

The comparison of genetic variation in great apes and humans
is crucial to deeply investigate the origins and the evolution
of our species, not to mention the fact that it can help
show the molecular bases of common human diseases (6).
Complete genome sequences from primates, now available
(6–8), have confirmed that we are evolutionarily very close
to them and have provided us with quantitative measures of
that closeness. We share with the genome of our closest living
relatives (chimpanzee) more than 98% of the nucleotides,
over an estimated haploid genome length close to 3 billion
nucleotides. Thirty-five million single-nucleotide changes (and
about 5 million insertion/deletion events) have been identified,
corresponding to a mean rate of single-nucleotide substitutions
of 1.23% between copies of the human and chimpanzee
genome. Most of these changes, 1.06% over 1.23%, appear
to be fixed between species, meaning that at these sites all
chimpanzees share one allele, which is different from the one
shared by all humans. However, the main genetic differences
between humans and other Primates do not seem to depend
on point mutations, but on gain or loss of entire genes (9) that
have undergone copy-number changes large enough to suggest
the influence of natural selection. These genomic regions are
likely to be responsible for the key phenotypic changes in
morphology, physiology, and behavioral complexity between
humans and chimpanzees.
What also emerged from this picture is that humans are
genetically less variable than any other primate. At the
beginning of 2013, 65 million nucleotide sites have been
shown to vary in humans (10), and this number is steadily
increasing, as more complete genomes are being sequenced.
Yet, a vast majority of these polymorphisms has a very limited
distribution across the species. By contrast, much larger
differences are observed between pairs of orangutans, gorillas,
chimpanzees, and bonobos (11). The study of the genetic
relationships among three geographically close populations
of common chimpanzees has shown a level of differentiation
higher than that found among continental human populations
(12), and the global genetic diversity of the orangutan
species has been found to be roughly twice the diversity
of modern humans (7), although both chimpanzees and
orangutans occupy a far more restricted geographical range
than we do. Further studies will doubtless expand the list of
polymorphic sites, but on average a pair of random humans
is expected to share 999 of 1000 nucleotides (13, 14). Quite
surprisingly, as we shall see in the following section, this
average similarity reflects only in part the geographic distance
between the subjects being compared.
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Genetic diversity between human populations is
a small fraction of the species’ diversity

Differences among populations are often summarized by F ST ,
that is, the proportion of the global genetic diversity due
to allele-frequency differences among populations (15). F ST
ranges from 0 (when allele frequencies are identical in the
two populations) to 1 (when different alleles are fixed in the
two populations) (for a review see Ref. 16).
Depending on the markers chosen, estimates of F ST among
major geographical human groups range from 0.05 to 0.13
(14). These figures mean that not only is the overall human
genetic diversity the lowest in all primates but also the differences between human populations account for a smaller fraction of that diversity than in any other primate, i.e. between 5
and 13% of the species’ genetic variance (17, 18). The remaining 90% or so represents the average difference between
members of the same population. Different loci differ in their
levels of diversity and so, for example, in 377 autosomal
microsatellites (or STR, Short Tandem Repeat, markers), the
differences among major groups constitute only 3–5% of the
total genetic variance (19). By contrast, considering singlenucleotide polymorphisms (SNPs), the differences between
continents can reach 13% (20). Recent global estimates over
the whole genome from the 1000 Genomes Project suggest
that the human F ST could even be lower. Indeed, in analyses
considering about 15 millions SNPs, 6 millions of them representing newly discovered variants, the mean values of F ST =
0.071 between Europeans and Africans, F ST = 0.083 between
Africans and Asians, and F ST = 0.052 between Asians and
Europeans (4). This level of differentiation is less than onethird of what is observed in gorilla, F ST = 0.38 (21) and
chimpanzee, F ST = 0.32 (6). The fact that human populations
are more closely related than populations of the other primates
suggests that in human evolution processes such as gene flow
and admixture had a comparatively greater role than long-term
isolation and differentiation.
In each individual, chromosomes are mosaics of
DNA traits of different origins

When a mutation generates it, a new allele is in complete linkage disequilibrium with all the alleles that happen to lay on the
same chromosome; with time, levels of linkage disequilibrium
are reduced by recombination, but increase as a consequence
of phenomena such as drift and admixture. The analysis of
millions of SNPs over the genome has confirmed these theoretical expectations. Indeed, the combinations of alleles along
the chromosome, or haplotypes, typically show blocks, namely
regions of several kilobases in linkage disequilibrium, within
which recombination has seldom or never occurred. The list of
observed variants for every block represent the haplotype map
of the human genome. Blocks vary in size across individuals
and populations, depending on the relative historical weight
of recombination (reducing their sizes) and drift or admixture
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(increasing their size). Indeed, one of the clearest pieces of
evidence supporting an African origin of humankind is the
larger block size in Africans than in Europeans and Asians,
a likely consequence of founder effects as small groups of
Africans dispersed in the other continents (22). Information
on the location and size of haplotype blocks is important for
investigating the genetics of common diseases.
To understand how our genealogical history has shaped
us, it is thus necessary to regard each genome as a mosaic
of haplotype blocks, each with its own origin and history,
brought together in the same cell by sexual reproduction.
Although, as we shall see, very few genome fragments are
found in a single continent (and even less so in single
populations), the history of each such fragment can be inferred
by comparing variation in different individuals and sometimes
in different species (23). A spectacular illustration of this
concept, and of how a single individual’s genome may record
a complex history of gene flow, is in Ref. 24.
The length of tracts assigned to distinct ancestries in an
individual may be especially informative about the historical
pattern of migration between populations, as well as about the
time and mode of migration from one ancestral population into
another. When two individuals from different parental populations mate, the first generation offspring inherits exactly
one chromosome from each parental population. In subsequent
generations, though, recombination events in admixed individuals generate mosaic chromosomes, essentially composed of
segments having different ancestries. Intuitively, more recent
admixture gives rise to longer ancestry blocks than older
admixture. Thus, an excess of long blocks would indicate a
recent increase in migration rate, while the opposite pattern
would suggest recently reduced gene flow (25). This way,
using a set of recently developed methods (26–31), it has
become possible to infer with some accuracy the ancestry of
many regions in individual genomes. By and large, these analyses suggest a very widespread impact of genetic admixture,
a likely consequence of the absence of strong mating barriers
between populations.
Allele sharing is the rule across continents

Sharing of polymorphisms across the world is extensive in
humans. Jakobsson et al. (32) analyzed 525,910 SNPs and
396 CNV sites in 29 populations of five continents. They
observed that 81.2% of the SNPs were cosmopolitan, i.e.
occur, at different frequencies, in all continents. Less than
1% were specific to a single continent, and 0.06% were
observed only in Eurasia. Combining the alleles in haplotypes,
the fraction of cosmopolitan variants decreased to 12.4%,
whereas 18% of the haplotypes appeared to be exclusively
African. However, continent-specific haplotypes in the other
four continents summed up to just 11% of the total. This
small fraction of variants restricted to a single continent is in
agreement with the results of a previous study of haplotype
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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blocks. Gabriel et al. (22) sequenced 1.5 million bases of DNA
in African, Asian, and European individuals: less than 2% of
haplotype blocks appeared restricted to Asia, 2% appeared
restricted to Europe, 25% were African specific, and the rest
were shared among continents, with more than 50% occurring
worldwide. Thus, with few exceptions, from the genomic
standpoint, each of us can have either typically African, or
generically human, features.
Several studies confirmed these results (19, 33, 34) and
concurred in indicating that extensive allele and haplotype
sharing across continents is the rule, not the exception, with
variation within Africa exceeding that among other continents
(33, 35–37). Classical population-genetics theory shows that
these patterns of variation characterize species with weak or
no reproductive barriers separating individuals in different
groups (38). In short, it looks as though the rule for human
populations is not to have independently evolved, but rather
to have maintained connections through extensive gene flow.
As a consequence, and as proposed by Frank Livingstone (39)
on the basis of the extremely scanty data available in 1960s,
genetic variation between populations tends to be continuous,
without clear boundaries.
There is a clear geographic structure in human
genome diversity: any population can be shown
to somehow differ from any other population

Although most human variation is found within populations,
the proportion that lies between continents (summarized by
F ST ) is still significantly greater than zero. Thus, it makes
sense to ask whether individuals can be assigned with good
statistical confidence to their population or continent of origin
on the basis of their genotype. The answer may be yes;
there is indeed a relationship between patterns of genetic
variation and geographical ancestry. Several recent studies
have used a likelihood-based approach, implemented in the
software package structure (28), to identify genetic clusters
and evaluate for every individual genotype the membership
to each of the inferred clusters. Rosenberg et al. (19) showed
that 52 globally distributed populations can be clustered into
six groups, five of which correspond to major geographic
regions and one to the Kalash of Pakistan. Similar results
were obtained by Li et al. (40) analyzing 650,000 common
SNPs in the same populations.
However, further attempts to identify major human groups
by clustering genotypes have yielded inconsistent results.
Different numbers of groups and different distributions of
genotypes within such groups, were observed when different
datasets were analyzed (30, 41–44). The inconsistencies in
these results reflect a well-known feature of human diversity,
that is, different genetic polymorphism are distributed over
the world in a discordant manner (44). This variation reflects
in part response to different environmental pressures (Refs
45–47) and in part the different impact of demographic history
157
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upon different genomic regions (Refs 39, 48), but in both cases
leads to differences in the apparent population clusterings. It
comes as no surprise, then, that if we look back at the many
racial catalogs compiled since the 17th century, and at more
recent genomic analyses (compare Refs 19, 32, 34, Figure 1),
the only point they seem to have in common is that each of
them contradicts all the others (49, 50).
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But within-population diversity is very large

Above and beyond the discordant geographic patterns of
population diversity, a second factor makes it difficult, or
impossible, to define, once and for good, the main genetic
clusters of humankind; this factor is the high level of
within-population diversity. Several studies show that the

Figure 1 Comparison of four analyses of the global human population structure. Each individual genotype is represented by a thin vertical line
partitioned into colored components representing inferred membership in K genetic clusters. Black lines separate individuals of different populations.
Populations are labeled below each panel, with their regional affiliations above it. The analyses are based on different markers and samples: (A)
377 Short Tandem Repeat (STR) in 1056 individuals from 52 populations (19); (B) 993 STR and insertion/deletion polymorphisms in 1048 individuals
from 53 populations (34); (C) 525,910 single-nucleotide polymorphisms (SNPs) (left panel) and 396 CNV sites (right panel) in 485 individuals from 29
populations (32).

158

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Tissue Antigens, 2013, 82, 155–164

G. Barbujani et al.

largest fraction of genetic diversity in our species is due
to differences between individuals of the same population,
rather than to differences between populations. The pioneer
analysis of this topic remains Lewontin’s (18) study of protein
polymorphisms from 17 loci in worldwide populations. In
that study, 85.4% of total human diversity appeared due to
individual variation within populations, with barely 6.3%
representing the average difference between major population
groups. This finding was commented with disbelief by some
(51), but has been consistently replicated in protein and then
DNA studies (52). The results of the analysis of 109 nuclear
autosomal restriction fragment length polymorphism (RFLP)
and microsatellite loci were extremely similar to Lewontin’s:
the variance component within population was 84.4% (17).
The observation that each population harbors a large share of
the global human diversity, replicated in ever-larger studies
of nuclear data (19, 39, 53) means that random members of
different continents tend differ, on average, just slightly more
than members of the same community. On the basis of a large
assemblage of microsatellite markers, Rosenberg showed
that the mean proportion of alleles differing in random pairs
of individuals worldwide (0.651) exceeds by 5% the mean
difference for pairs from the same continent (0.618) (34).
Today, developments in DNA sequencing technology allow
us to compare completely sequenced genomes. Ahn et al.
(54) observed that two US scientists of European origin,
namely James Watson (11) and Craig Venter (2), share fewer
SNPs (461,000) than either of them shares with a Korean
scientist, Seong-Jin Kim (569,000 and 481,000, respectively)
(Figure 2). Of course, this does not mean that, on average,
people of European origin are genetically closer to Asians
than to other Europeans. However, it does show that patterns
of genetic resemblance are far more complicated than any
scheme of racial classification can account for. On the basis
of the subjects’ physical aspect, a physician would consider
Venter’s DNA, and not Kim’s, a better approximation to
Watson’s DNA. Despite ideological statements to the contrary
(55, 56) racial labels are positively misleading in medicine,
and wherever one is to infer individual genome characteristics.
Differences between Africans are greater than
between people of different continents

From a genetic standpoint, Africa is not just another continent.
Paleontological data clearly indicate that anatomically modern
Homo sapiens emerged there (57), and genetic evidence corroborates this view, showing that compared with populations
from other continents, African populations have the highest
level of genetic diversity at most loci (reviewed in Ref. 58).
The analysis of high-quality genotypes at 525,910 SNPs in
a worldwide sample of 29 populations, revealed that Africa
shows the largest number of unique alleles, i.e. alleles specific
to a single continent, and that in many cases the alleles found
out of Africa represent a subset of the African alleles (32). In
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Seong-Jin Kim
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Figure 2 Venn diagram of single-nucleotide polymorphism (SNP) alleles
in Seong-Jin Kim’s, Craig Venter’s and James Watson’s genomes.
Figures within the intersections are numbers of shared alleles between
individuals. Modified and redrawn from Ref. 54.

the first survey of the 1000 Genomes project, populations with
African ancestry contributed the largest number of variants
and contained the highest fraction of novel variants roughly
twice as many as in the populations of European ancestry (4).
In a study of 117 megabases (Mb) of exomic sequences, the
average rate of nucleotide substitutions between two huntergatherers from the Kalahari Desert was 1.2 per kb, compared
to an average of 1.0 per kb between European and Asian
individuals (35).

Gene diversity declines as a function of
distance from Africa

Several measures of genetic diversity are patterned in space,
with a maximum in Africa and decreasing values, respectively,
in Eurasia, the Americas, and Oceania (40, 48, 59). On
the contrary, linkage disequilibrium is minimal in African
populations, and increases at increasing distances from there
(32, 60), and the average length of haplotype blocks has
a minimum in Africa around 10 kb and is close to 50 kb
in Eurasia (22). All these findings are consistent with the
expected consequences of an expansion of our species outside
Africa, by means of dispersals of rather small groups of
founders that then rapidly populated all the world (48, 61).
The most likely origin of these migrational processes is East
Africa (61, 62), and in fact, the geographic distance from
East Africa along probable colonization routes is an excellent
predictor of the genetic diversity of human populations (59).
Because only a small part of the African population migrated
159
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out of Africa, only part of Africa’s genetic variation moved
with them, which explains why genetic variation found in nonAfrican populations can largely be regarded as a subsample
of African variation (58, 60). Because the other continents
were peopled at a relatively recent time, only few mutations
are geographically restricted to these continents, i.e. those
mutations that arose after the human expansion out of Africa
(Figure 3).
Racial pharmacogenomics is not a step toward
individual pharmacogenomics

Despite all we have seen so far, the belief that race is a
reasonably good descriptor of human biological diversity is
all but gone, and so is the idea that a racial categorization
of patients is part of a good clinical and scientific practice.
On 3 May 2013, a PubMed search using the terms ‘human
races’ yielded 141,245 items, nearly all of them from medical
journals, and this number increases at a rate of more than 20
articles per day.
The basic tenet underlying these studies is that racial categorization, although occasionally inaccurate, remains indispensable for assessing risk factors in medical and pharmaceutical research. According to Gonzalez-Burchard et al. (55):
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(a) reproductive barriers and endogamy have given rise to
a structured human population; (b) although these barriers
are mainly geographic and social, they caused genetic divergence of racial and ethnic groups; (c) as a consequence, the
human population tree has major branches corresponding to
five major racial groups, as defined in the US 2000 census,
with secondary branches associated with indigenous populations. For all these reasons, ignoring racial background would
create disadvantages to the very people that this approach
means to protect (55).
Statement (a) is obviously correct; mating is not random
across the whole human species, and so genetic differences
exist between populations. What has proved wrong is the
idea that these differences subdivide humankind in a set of
recognizable genetic clusters (statement b), and it seems,
at best, naı̈ve to maintain that these clusters correspond to
those in the US census classification (statement c), if only
because the US census classification changes every decade.
Indeed, between 2000 and 2010, races recognized in the
US census have grown from 5 to infinite (15 plus ‘other
races’), with Hispanics or Latinos classified in a 16th group,
defined as ‘origin’ rather than ‘race’ for reasons that escape
us. Clearly, folk concepts change following social changes

Figure 3 A highly schematic view of the evolution of human biodiversity in the last 100,000 years. Dots of different colors represent different
genotypes, the distribution of which roughly corresponds to archeological evidence on human occupation of different regions. Dots of new colors
appear in the maps in the course of time (e.g. red and violet in Africa at 70,000 BP, Burgundy in India at 10,000 BP), representing the effect of mutation.
Because only part of the African alleles (yellow, orange and light green dots) are carried into Eurasia by dispersing Africans from 60,000 years bp (Refs
48 and 61), diversity in modern Eurasian populations is largely a subset of African diversity. Modified and redrawn from Ref. 14.
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that are unrelated with biology, and hence are unsuitable
for scientific purposes. One may add that differences other
than those recognized in the United States may be relevant
to people of different cultures (63); just as an example, in
apartheid South Africa Japanese were classified as white and
Chinese as colored (see Ref. 50 for more examples).
All this notwithstanding, the scientific debate on race still
becomes heated on occasions. One was the patenting of the
first, and so far only, drug approved by the US Food and Drug
Administration for a specific racial group, BiDil. Taylor et al.
(64) found that adding isosorbide dinitrate and hydralazine
to standard therapy for heart failure increases survival among
black patients with advanced heart failure. Critics remarked
that BiDil was tested only in self-defined black patients,
comparing treatments with the drug and with the placebo, but
not in other groups (65); that the degree of correspondence
between self-identified race and any components of the
patients’ genome was unknown (66, 67); and that social and
economic factors probably contributing to high blood pressure
were overlooked as a result of oversimplified assumptions
about the existence of racial differences (65, 68). By contrast,
supporters of BiDil stressed that, no matter how inaccurate
was the science behind it, BiDil did save lives (69) and,
more recently, that racial medicine might be a useful first
step toward personalized medicine (70). Both sides accused
each other to be blinded by social or political considerations
that have nothing to do with science.
As a matter of fact, patenting of BiDil resulted in the resurrection of the claim that humans are naturally subdivided in
biological races (71), in many cases supported by improper
analyses of data available at the HapMap web site (72). Generated as part of the International HapMap Project (73), this
website contains information on four populations (Nigerian
Yoruba, Americans of European origin from Utah, Chinese
from Beijing and Japanese from Tokyo), chosen because their
well-known differences would facilitate discovery of new
polymorphisms. Certainly, the HapMap samples do not provide, and are not meant to provide, a faithful description of
human genome variation, but this detail, by no means secondary, was often overlooked. As a consequence, many studies based on HapMap data concluded that there are differences
between Africans, Asians, and Europeans, (to nobody’s surprise), but then mistook these results as evidence that indeed
there are three distinct genomic clusters in the human species
(see, among many examples, (74–77)). As we have seen
((32)) that is simply not true.
Still, in clinical as well as in other kinds of studies on
humans, we need names to define populations and subjects.
Lee et al. (78) proposed a set of guidelines on the usage of
terms referring, explicitly or implicitly, to racial or ethnic
categories. After stating that there is no scientific evidence
supporting a biological subdivision of humans in distinct
racial or ethnic groups, they urged researchers to describe
how individuals were assigned category labels and to explain
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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why samples with such labels were included in the study.
They also recommended to abandon the use of race as a proxy
for biological similarity, to focus on the individual rather than
the group, and to avoid deterministic connections between
genes and phenotype, especially when communicating to the
broad non-specialist public. However, only seldom were these
wise recommendations put in practice. Actually, in a large
analysis of medical papers published thereafter, Ali-Khan
et al. (79) found that no authors using categories such as
‘race’, ‘ethnicity’ or ‘ancestry’ cared to discuss the meaning
of these concepts in the studied context.
Recent technical progress has dramatically reduced genotyping costs, making it possible to obtain cheap and extensive information on individual genotypes. In the future, this
large amount of genetic information will likely make it possible to target drugs on specific biomarkers, so that individuals who can benefit from treatment will be identified
unambiguously through their genotype, rather than through
biologically inaccurate and often highly subjective racial or
ethnic definitions. As for the present, Ng et al. (80) examined six drug-metabolizing genes in J. Craig Venter’s and
James Watson’s complete genome sequences. Although both
subjects identify themselves as Caucasians, they show a set
of differences of clinical relevance at loci involved in drug
metabolism. Venter has two fully functional *1A alleles at
the CYP2D6 locus, and an extensive metabolizer phenotype for β-Blockers, antiarrhythmics, antipsychotics and some
antidepressants; conversely, Watson is homozygous for the
CYP2D6*10 allele (common in East Asian populations, but
not among Europeans), and has a decreased metabolizing
activity for the same class of drugs. Doctors would not guess
this and other differences by simply looking at the subjects’
physical aspect. Ng et al. (80) concluded that to attain truly
personalized medicine, the scientific community must leave
behind simplistic race-based approaches, and look instead for
the genetic and environmental factors contributing to individual drug reactions. Far from being a necessary step toward
personalized medicine, racial medicine is clearly showing, on
top of its long-known lack of theoretical bases, its practical
irrelevance.
Conclusions and future outlooks

In clinical as well as in other kinds of studies, we need names
to define populations and subjects. Therefore, the question is
not whether people should or could be categorized, but how
to do it. From a social standpoint, the word race is so loaded
with social and political implications that avoiding it seems
just reasonable. However, from the scientific standpoint, the
problem is not to replace it with a more elegant synonym.
Whatever term one uses to define a group of people, be it
population, ethnic group, or even race, both the authors and
the readers must understand that there is no deterministic
connection between being part of such groups and carrying a
161
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certain genotype or phenotype. Races are a component of our
psychological and social world, and as such their importance
should not be dismissed, but are scientifically ambiguous to
say the least, and in scientific communication ambiguities
should be kept to a minimum.
To reduce the possibility of misunderstandings, Lee et al.
(78) proposed a set of guidelines on the usage of terms
referring, explicitly or implicitly, to racial or ethnic categories.
After stating that scientific evidence does not support a
biological subdivision of humans in distinct racial or ethnic
groups, they urged researchers to describe how individuals
were assigned category labels and to explain why samples
with such labels were included in the study. They also
recommended to abandon the use of race as a proxy for
biological similarity, to focus on the individual rather than
the group, and to avoid deterministic connections between
genes and phenotype, especially when communicating to the
broad non-specialist public. However, only seldom are these
wise recommendations put in practice. Actually, in a large
analysis of medical papers published thereafter, Ali-Khan
et al. (79) found that no authors using categories such as
‘race’, ‘ethnicity’ or ‘ancestry’ cared to discuss the meaning
of these concepts in the studied context.
Despite all these problems, there is no doubt that recent
genomic research has spectacularly improved our understanding of how humans differ, and of the demographic processes
that generated human diversity. However, the attempt to convert that basic knowledge into clinical applications has been
less successful. Genetics developed as a science in which data
were scanty and hard to produce, and sophisticated methods
had to be devised to draw inferences from the limited body of
empirical evidence. Thanks to the new sequencing technologies, data have been generated on a previously unimaginable
scale, but this has somewhat reversed the problem; what we
seem to miss now is an intellectual framework allowing us to
make complete sense of this enormous mass of information.
Genome-wide association studies have shown that genetic differences account for a substantial fraction of variation among
individuals, for both normal and pathological traits; we have
learned that common variants predispose to, but not necessarily cause, common disease; we know less about the possible
effect of rare variants, which need be better investigated, but
are also difficult to recognize. However, so far only seldom
has all this resulted in substantial clinical advance (81). We
often conclude our papers and our talks claiming that we need
more data, but it is not clear exactly what could be achieved
by further expanding datasets already including thousands of
cases and controls. Rather, it seems that now we need better
ideas on how genetic variants and factors in the environment
interact in causing the onset of disease. Only by shifting from
the identification of polymorphisms associated with increased
or decreased disease risk to the development of predictive
models, which could then be tested against the data, genetic
studies will be able to produce progress in disease treatment.
162

For that purpose, a deep understanding of patterns of genome
diversity is a necessary precondition, but just a precondition.
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