
Review article

n engl j med 363;16 nejm.org october 14, 2010 1551

Genomic Medicine
W. Gregory Feero, M.D., Ph.D., and Alan E. Guttmacher, M.D., Editors

Ancestry and Disease in the Age  
of Genomic Medicine

Charles N. Rotimi, Ph.D., and Lynn B. Jorde, Ph.D.

From the Center for Research on Genom-
ics and Global Health, National Human 
Genome Research Institute, National Insti-
tutes of Health, Bethesda, MD (C.N.R.); 
and the Department of Human Genetics, 
University of Utah Health Sciences Cen-
ter, Salt Lake City (L.B.J.). Address reprint 
requests to Dr. Rotimi at the National In-
stitutes of Health Center for Research on 
Genomics and Global Health, 12 South Dr., 
MSC 5635, Bethesda, MD 20851-5635, or 
at rotimic@mail.nih.gov.

N Engl J Med 2010;363:1551-8.
Copyright © 2010 Massachusetts Medical Society.

Human genetic data are accumulating at an ever-increasing 
pace, and whole genome sequences of individuals from multiple popula-
tions are now publicly available.1-3 The growing inventory of human ge-

netic variation is facilitating an understanding of why susceptibility to common 
diseases varies among individuals and populations. In addition, we are gaining 
insights that may improve the efficacy and safety of therapeutic drugs. Such knowl-
edge is relevant to fundamental questions about our origins, differences, and simi-
larities. Here, we provide a brief review of the current knowledge of human genetic 
variation and how it contributes to our understanding of human evolutionary his-
tory, group identity, and health disparities.

Gene tic Va r i ation in Indi v idua l s a nd Popul ations

Human genetic variation contributes substantially to the physical variation we ob-
serve among individuals. The two most important components of human genetic 
variation are single-nucleotide polymorphisms (SNPs) and copy-number variants. 
SNPs are single DNA nucleotide base pairs that differ among individual DNA se-
quences. (For example, one individual will have an A-T at a specific position in the 
haploid DNA sequence, whereas another will have a C-G.) Copy-number variants are 
larger contiguous blocks of DNA sequence (usually exceeding 1000 bp) that vary in 
copy number among individuals. (For example, a block of DNA could be duplicated 
in one person but deleted in another.) Millions of SNPs have been discovered in hu-
mans, and at the single-nucleotide level any two humans differ at about 1 in 1000 bp.4 
Copy-number variants are less common, but because they comprise much larger 
segments of DNA, they contribute an additional 0.4% difference in DNA sequence 
between any two individuals.5,6 Any two humans would be about 99.5% identical in 
DNA sequence, reflecting a relatively recent, common origin of our species.

Humans have about half the amount of genetic variation that is observed in 
central African chimpanzees7 and gorillas8 and about one tenth the amount of 
variation seen in the fruit fly Drosophila pseudoobscura.9 The fact that we have less 
variation than many gorilla and chimpanzee populations, despite our much larger 
current population size, reflects prehistoric bottlenecks in human population 
size.10 Some mammals, such as cheetahs, have also undergone population bottle-
necks and have even less genetic diversity than humans.11

Most common SNPs (i.e., those for which the prevalence of the less common 
allele is greater than 5%) are shared among populations from different conti-
nents.12 This commonality reflects continued migration and gene flow among 
human populations throughout history, in addition to our recent common origin. 
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Many studies have shown that the great majority 
of genetic variation (around 85 to 90%) can be 
found within any human population (e.g., sam-
ples of persons from Great Britain and from 
Ghana); only an additional 10 to 15% of varia-
tion is gained when considering the entire hu-
man population.13,14 This is another measure of 
the genetic similarity among persons of differ-
ent ancestries.

Occasionally, a SNP or a copy-number variant 
is relatively common in one population but ab-
sent (or nearly so) in another. This is sometimes 
due to the recent emergence of a variant that has 
not yet had time to spread to other populations 
— such as a SNP that causes hereditary hemo-
chromatosis and is common in Europe but very 
rare elsewhere.15 In other cases, the difference 
in prevalence is caused by natural selection in a 
specific local environment. For example, heredi-
tary lactase persistence is unusual in most hu-
man populations, but it is prevalent in European 
and African pastoral populations, where milk 
consumption beyond childhood has had a selec-
tive advantage.16 Convincing evidence of positive 
selection has also been seen in genes that affect 
skin pigmentation,17 resistance to malaria,18,19 
and resistance to Lassa fever.20

In comparisons of the prevalence of a SNP or 
copy-number variant among populations, a strong 
correlation between geographic location and ge-
netic similarity is generally observed.12,13,21 This 
is hardly surprising, because populations that 
are geographically close to one another are likely 
to share a common ancestry and to exchange 
migrants. Population-level studies have also shown 
that African populations have relatively greater 
genetic diversity than other populations and that 
the variation found outside Africa tends to be a 
subgroup of African genetic variation.22 These 
patterns, which are observed even when compar-
ing a relatively small number of SNPs or copy-
number variants (100 or so), support a common 
African origin of our species.23

If larger numbers of polymorphisms are ana-
lyzed, individual ancestry can be approximately 
inferred. Early studies succeeded in correctly 
classifying most sampled individuals into their 
continent of origin.24-26 More recently, by analyz-
ing up to 1 million SNPs at a time, investigators 
have been able to infer individual ancestry more 
precisely, often assigning ancestry to specific geo-
graphic regions.12,27,28 Because the prevalence of 

most SNPs differs by only a little among popula-
tions, fine-scaled inferences about ancestry are 
possible only when large numbers of SNPs are 
assayed or when SNPs that are already known to 
show large frequency differences among popula-
tions are selected.29 Few if any SNP variants are 
present in all members of one population but 
absent in all members of another. Thus, it is 
possible to make approximate conclusions about 
an individual’s ancestry from a panel of SNPs 
(with some cautions30-32), but it is not possible 
to determine with any certainty an individual 
SNP genotype on the basis of one’s ancestry.33

Although individual ancestry can be inferred 
approximately from genetic data, our growing 
understanding of these data shows that popula-
tion categories are not discrete, readily discern-
ible entities. Many populations, such as African 
Americans and Hispanic Americans, have com-
plex recent ancestral histories. African Americans, 
on average, are estimated to have approximately 
20% European ancestry,34 but this proportion 
varies substantially among different African-
American populations within North America.35-37 
More important, genetic analyses of individual 
ancestry show that some self-identified African 
Americans have large proportions (more than 
50%) of European genetic ancestry, whereas 
some self-identified European Americans have 
substantial recent African genetic ancestry.37,38

Moreover, perception of population differ-
ences partly depends on the human populations 
that have been genetically sampled. The current 
extent of population sampling is, at best, incom-
plete. The greater the number of human popula-
tions genotyped and the smaller the average 
level of between-population variation,39 the more 
difficult it is to delineate population boundaries. 
Definitions of populations or ethnic groups are 
complex and sometimes overlap or are mutually 
contradictory, incorporating cultural, linguistic, 
biologic, and geopolitical factors.40 These defini-
tions vary within countries, as they have through-
out time, with racial or ethnic categories having 
changed every 10 years in the U.S. Census.41

Population categories, including race and eth-
nic group, are clearly inadequate to describe fully 
the pattern and range of variation among indi-
viduals. A more accurate assessment of disease 
risk may be obtained by genotyping disease-
associated genetic variants in individuals, rather 
than using population affiliation as a surrogate.
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Gene tic Va r i ation a nd Dise a se 
Dispa r i ties

Disease prevalence, severity, and resistance vary 
considerably among ethnic groups as a conse-
quence of inherited factors and noninherited 
causes, such as poverty, unequal access to care, 
lifestyle, and health-related cultural practices.42-44 
Well-known examples include the elevated preva-
lence of Tay–Sachs disease among persons of 
Ashkenazi Jewish ancestry44 and sickle cell dis-
ease, thalassemia, and glucose-6-phosphate de-
hydrogenase deficiency in some populations of 
African descent.18,44-46 However, Tay–Sachs dis-
ease is observed in non-Jewish populations and 
has a relatively high prevalence in parts of French-
speaking Canada.47 Similarly, hemoglobinopa-
thies are found in many global populations.44 
Labeling of these diseases as occurring only in 
black populations can reduce the likelihood of 
diagnosis in other populations.

Because diseases vary in prevalence among 
populations, it is to be expected that the fre-
quencies of genetic variants that contribute to 
their causation also vary. A comparison of the 
prevalence of risk variants associated with sus-
ceptibility to 26 diseases in 11 populations from 
across the world in the International HapMap 
Project showed significant differences in the prev-
alence of such variants among populations.48 
Some variants showed a difference in prevalence 
by factors of 20 to 40 (Table 1). This variation is 
important in the context of genomewide asso-
ciation studies, in which the SNPs in the ge-
nomes of thousands of affected case subjects 
and unaffected control subjects are genotyped, 
with the aim of identifying SNPs that are associ-
ated with disease — and ultimately, identifying 
variants that directly confer susceptibility to 
disease. Such studies have identified more than 
800 unique SNP-trait associations, significant at 
P<5×10–8, that contribute to common diseases, 
such as age-related macular degeneration, diabe-
tes, and Crohn’s disease.49 However, nearly 90% 
of all genomewide association studies have been 
carried out in populations of European ancestry. 
Remarkably, only one genomewide association 
study (the MalariaGen Project) has involved a 
large collection of samples from African sub-
jects,50 and only a handful have involved African 
Americans and other groups of non-European 
ancestry.51

Clearly, the catalogue of worldwide variation 
in disease-causing SNPs is incomplete, and it 
will be important to conduct genomewide asso-
ciation studies in many additional populations. 
Such studies may be particularly informative in 
African populations because of their complex 
history and high level of genetic diversity. Be-
cause of this diversity, most available SNP micro-
arrays may not adequately capture disease-related 
variation, as shown in two studies describing 
the complete sequences of the genomes of two 
groups (Khoisan and Bantu) in southern Africa.3 
It has been estimated that a genomewide asso-
ciation study of an African population would re-
quire approximately 1.5 million SNPs to achieve 
the same resolution as a study of a European 
population using 0.6 million SNPs.50,52 Further-
more, high levels of diversity within and among 
African populations increase the likelihood of 
false positive associations, owing to population 
stratification.50,52 Perhaps more important, hetero-
geneity in haplotype structure among various 
African ethnic groups is likely to lead to reduced 
statistical power to detect true positive signals by 
means of a genomewide association study, espe-
cially in multisite projects such as MalariaGen.50

Whole-genome sequence analysis avoids the 
difficulties associated with SNP ascertainment 
in specific populations. Whole-genome sequenc-
es will reveal collections of rare variants that 
may account for substantial disease susceptibil-
ity53 but are more likely to be population-specif-

Table 1. Median and Range of Minor-Allele Frequency for Loci Identified
by Genomewide Association Studies in 11 HapMap Populations Worldwide.*

Disease No. of Loci Minor-Allele Frequency

Median Range†

Type 2 diabetes 41 0.365 0.099–0.564

Crohn’s disease 45 0.381 0.137–0.769

Systemic lupus erythematosus 21 0.338 0.106–0.896

Psoriasis 15 0.336 0.096–0.681

Breast cancer 17 0.243 0.120–0.707

Prostate cancer 25 0.362 0.144–0.915

* The 11 HapMap global populations were persons of African ancestry in the 
Southwest region of the United States; Utah residents with northern and 
western European ancestry; Han Chinese in Beijing; Chinese in metropolitan 
Denver; Gujarati Indians in Houston; Japanese in Tokyo; Luhya in Webuye, 
Kenya; persons of Mexican ancestry in Los Angeles; Masai in Kinyawa, Kenya; 
Tuscans in Italy; and Yoruba in Ibadan, Nigeria.

† Data show considerable differences in population frequency of loci for the six 
selected diseases.
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ic. This further emphasizes the need for whole-
genome data collection in a wide variety of 
human populations, an effort that has been ini-
tiated as part of the ongoing 1000 Genomes 
Project.54

M a pping of Common Dise a se 
Genes

The use of ancestry in mapping of genes that 
contribute to common diseases, such as prostate 
cancer, chronic kidney disease, and hepatitis C 
virus (HCV) infection, illustrates how genomic 
science may inform our understanding of the 
causes of disease and health disparities. It is well 
established that Americans of African ancestry 
have a significantly higher risk of chronic kidney 
disease and kidney failure than do European 
Americans.55,56 An increase in the risk of kidney 
failure56 by a factor of 3.6 can be attributed in 
part to socioeconomic factors, such as inadequate 
access to health care, and clinical factors, such 
as a higher incidence of hypertension and diabe-
tes (which may, in turn, be influenced by socio-
economic factors). Even after adjustment for these 
factors, however, substantial risk remains,57,58 
suggesting a genetic influence. Two independent 
studies have tested this hypothesis with the use 
of a gene-mapping technique that incorporates 
genetic admixture in African Americans. Multi-
ple common SNPs in the gene that encodes non-
muscle myosin heavy chain type II isoform A 
(MYH9) were associated with an increase in the 
risk of focal segmental glomerulosclerosis and 
end-stage renal disease by a factor of 2 to 4 in 
persons without diabetes.58-60 Genetic variation 
in MYH9 accounted for a large proportion of the 
excess risk of both disorders that was observed 
in African Americans, as compared with Euro-
pean Americans.58-60

Prostate cancer is a second example of a com-
mon disease that varies considerably among 
populations; its prevalence in the United States 
is greatest among African-American men.61,62 
The rate of death from prostate cancer is in-
creased by a factor of 2.4 among African-Ameri-
can men, as compared with European-American 
men.61 Again, disparities in treatment and ac-
cess to adequate health care contribute to this 
difference,62 but there is increasing evidence 
that genetic variation makes a significant contri-
bution. Several independent studies have identi-

fied and replicated a locus on chromosome 8q24 
that is associated with prostate cancer in men 
from different ancestral backgrounds, including 
European, African, Latino, and Japanese men.63-67 
The effect of SNPs associated with prostate can-
cer on chromosome 8q24 varies according to an-
cestry, with population attributable risks ranging 
from 32% among European Americans to 46% 
among Hispanic Americans and 68% among 
African Americans.67 (The population attribut-
able risk is defined as the proportion of cases 
that would not occur if the risk factor were 
eliminated.) These SNPs, if shown in follow-up 
studies to be causal, may explain a substantial 
proportion of the observed disparity in prostate-
cancer incidence.

On the one hand, these results provide com-
pelling reasons to use information about indi-
vidual and group ancestry in investigations of 
the causes of disease. On the other hand, conti-
nental ancestry, race, and ethnic group may be 
inadequate descriptors for the reasons we have 
discussed. We present two examples in which 
direct genetic testing may provide a better and 
more accurate alternative than such traditional 
descriptors.

The first example concerns population screen-
ing for the HLA-B*5701 allele to prevent the 
abacavir hypersensitivity syndrome (AHS). About 
4 to 8% of patients with human immunodefi-
ciency virus infection who are treated with aba-
cavir have serious, potentially life-threatening 
AHS.68,69 A double-blind, prospective, random-
ized study involving 1956 patients from 19 coun-
tries showed that screening for the HLA-B*5701 
allele substantially reduced the incidence of 
AHS.70,71 However, there is considerable inter-
population variation in the frequency of this al-
lele, ranging from 0 to approximately 20% (Fig. 
1).72 As a result, the prevalence of AHS varies 
considerably, a variation that has implications 
for the utility and cost-effectiveness of screening 
in different population groups.68,73 For example, 
with an overall AHS incidence of 5 to 8% in 
populations of European ancestry, only about 14 
European patients would have to be screened, on 
average, to prevent one case of AHS. The inci-
dences of AHS and HLA-B*5701 are much lower 
in some other populations, leading some observ-
ers to recommend screening for HLA-B*5701 in 
European populations but not in some Asian or 
African populations.74,75
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A better understanding of the global distribu-
tion of the HLA-B*5701 variant leads to the 
conclusion that such recommendations may be 
problematic. Among five U.S. ethnic groups that 
participated in the International HapMap Proj-
ect, the highest prevalence of HLA-B*5701 
(17.6%) was seen not among Americans of Euro-
pean ancestry but among Gujarati Indians in 
Houston (Fig. 1). A similar estimate of 20% was 
observed in a sample of persons from India.72 
Substantial differences in allele prevalence were 
seen in two African HapMap populations: the 
prevalence in the Kenyan Masai group was 
13.6%, a proportion that is more than double 
that in European samples (3.4% among Tuscans 
and 5.8% among residents of Utah with Euro-
pean ancestry); the frequency of the allele was 
zero among the Yoruba in Nigeria. This range in 
prevalence in the samples from African popula-
tions overlaps the ranges in Europeans and for 
the most part those in other groups. Labels such 
as “black” or “African” therefore obscure bio-
medically relevant variation and could lead to 
less vigilance among physicians for AHS in sus-
ceptible patients. For these reasons, the Food 
and Drug Administration’s recommendation to 
screen all groups, regardless of population iden-
tity, for HLA-B*5701 before abacavir administra-
tion is prudent and justified.76

A second example is provided by population 
differences in the spontaneous clearance of HCV 
infection and the response to treatment of the 
virus. HCV infection may spontaneously resolve 
(viral clearance), persist without complications, 
or cause cirrhosis and hepatocellular carcino-
ma.77,78 Spontaneous clearance of the infection 
has been reported to occur in 36.4% of persons 
of non-African ancestry, as compared with only 
9.3% in persons of African ancestry.78 A ge-
nomewide association study of persons chroni-
cally infected with hepatitis C and treated with 
pegylated interferon (peginterferon) alfa and 
ribavirin showed a strong association between 
SNP rs12979860 on chromosome 19q13 and a 
sustained virologic response.79 This SNP, close to 
the gene encoding interferon lambda-3 (IL28B), 
accounted for more than a doubling in the dif-
ference in response to drug treatment for hepa-
titis, and the effect was similar in patients with 
European ancestry and in those with African 
ancestry.79 A follow-up study showed that the 
C/C genotype of SNP rs12979860 was strongly 

associated with resolution of HCV infection 
among persons of either European ancestry or 
African ancestry.80 The frequency of the advan-
tageous allele varies considerably among global 
populations, reaching more than 90% in East 
Asia but having an intermediate prevalence in 
Europe and a low prevalence in Africa (Table 
2).79,80 This difference in allele frequency ex-
plains about half the variation in response rates 
between patients of African-American ancestry 
and those of European ancestry.79,80

These examples indicate how an understand-
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Figure 1. Variation in the HLA-B*5701 Locus in 11 HapMap Samples.

Screening for the HLA-B*5701 (rs2395029) allele substantially reduces the 
incidence of abacavir hypersensitivity in patients being treated for human 
immunodeficiency virus infection. Shown are the prevalences (with 95% 
confidence intervals) of the HLA-B*5701 variant in five U.S. ethnic groups 
(Panel A) and in six global ethnic groups (Panel B). This variant has a prev-
alence of 13.6% among the Masai in Kenya but a prevalence of 0% among 
the Yoruba in Nigeria, which indicates that the use of racial or continental 
labels such as “black” or “African” can sometimes obscure important, bio-
medically relevant variation.
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ing of the disease-related effects of specific ge-
netic variants provides the basis for direct ge-
netic testing in individuals and alleviates reliance 
on population categories to improve disease di-
agnosis and treatment.

R educing Dispa r i ties  
in the Genomic Er a

Genomics, like most human tools, is a double-
edged sword. This is especially true in the con-
text of understanding and eliminating health 
disparities.43,46,81 Unquestionably, genomics pro-
vides novel insights into the causes of and sus-
ceptibility to disease and adverse reactions to 
drugs.68-73,76,82,83 If used carelessly, however, ge-
nomics and associated technologies may exacer-
bate disparities at multiple levels because of un-
equal application among human populations; 
reinforcement of racial stereotyping, identified 
by the Institute of Medicine as a primary factor in 
the unequal treatment of minority patients42; 

overshadowing of perhaps more important deter-
minants of disparities, including poverty, racism, 
unequal access to health care, and cultural prac-
tices; exacerbation of existing disparities in ac-
cess to care owing to increased costs that are 
likely to be associated with genetic tests and pro-
cedures; and conflation of genetic variation at 
the population level with that among individuals. 
However, it is worth mentioning that most of 
these potential drawbacks do not rest on genom-
ic and related technologies themselves but on the 
interpretation of genomic data within the socio-
political and economic context of societies.

Genomic data present a new array of oppor-
tunities and challenges. Data collection should 
be extended to as many diverse populations as 
possible. To achieve this goal, innovative fund-
ing mechanisms and additional commitments 
from genome scientists will be required. It is 
also critical to assess nongenetic factors, which 
vary substantially among populations and may 
interact in important ways with genetic risk fac-
tors. Analyses of these effects and interactions 
can be especially powerful in the context of 
large, long-term prospective studies.84 Finally, to 
make the best use of genomic data, it will be 
essential to educate students, practitioners, and 
the public about the beneficial applications of 
genomics, as well as its limitations. Such mea-
sures may help to reduce disparities in health.
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Table 2. Mean and Range of the Frequency of the C Allele for Single-Nucleotide 
Polymorphism (SNP) rs12979860 in African, European, and East Asian 
Populations.*

Population Group
No. of 

Individuals
No. of 

Populations Frequency

Mean Range

Africa 428 10 36.2 23.1–54.8

Europe 761 13 68.35 52.8–85.7

East Asia 380 8 94.93 90.0–100.0

* SNP rs12979860 is 3 kb upstream from IL28B, which encodes interferon 
lambda-3. The C/C genotype of SNP rs12979860 strongly enhances resolution 
of hepatitis C virus infection among individuals of either European or African 
 ancestry.78,79
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