
African human diversity, origins and migrations
Floyd A Reed and Sarah A Tishkoff
The continent of Africa is thought to be the site of origin of all

modern humans and is the more recent origin of millions of

African Americans. Although Africa has the highest levels of

human genetic diversity both within and between populations,

it is under-represented in studies of human genetics. Recent

advances have been made in understanding the origins of

modern humans within Africa, the rate of adaptations due to

positive selection, the routes taken in the first migrations of

modern humans out of Africa, and the degree of admixture with

archaic populations. Africa is also in dire need of effective

medical interventions, and studies of genetic variation in

Africans will shed light on the genetic basis of diseases and

resistance to infectious diseases. Thus, we have tremendous

potential to learn about human variation and evolutionary

history and to positively impact human health care from studies

of genetic diversity in Africa.

Addresses

Department of Biology, University of Maryland, College Park,

MD 20742, USA

Corresponding author: Tishkoff, Sarah A (tishkoff@umd.edu)
Current Opinion in Genetics & Development 2006, 16:597–605

This review comes from a themed issue on

Genomes and evolution

Edited by Chris Tyler-Smith and Molly Przeworski

Available online 23th October 2006

0959-437X/$ – see front matter

# 2006 Elsevier Ltd. All rights reserved.

DOI 10.1016/j.gde.2006.10.008

Introduction
Africa contains a considerable amount of diversity, not

only in regard to genetic diversity but also in regard to

cultural, linguistic and phenotypic diversity [1]. The

continent of Africa has been estimated to contain over

2000 distinct ethno-linguistic groups — speaking lan-

guages that constitute nearly a third of the worlds living

languages (http://www.ethnologue.com/). Primary subsis-

tence patterns within Africa include various modes of

agriculture, pastoralism and some of the last remnants of

the world’s hunter-gatherers. Africans live in climates that

range from those of the world’s largest desert and second

largest tropical rainforest to those of savanna, swamps and

mountain highlands, and these climates have, in some

cases, undergone dramatic shifts in the past 10 000 years

[2]. In addition to high levels of genetic variation within

populations, Africa also has high levels of genetic diver-

gence between populations (reviewed in [1,3]). Patterns
www.sciencedirect.com
of genetic variation in Africa have been influenced by

several short-range, in addition to long-range, migration

events (e.g. the migration of agricultural Bantu-speakers

from West Africa throughout Sub-Saharan Africa within

the past 4000 years; summarized in [1,3]). Africa is the

more recent site of origin of millions of African Amer-

icans, many of whom are now turning to genetic studies to

infer their ancestry. The continent of Africa also has an

extremely high mortality rate from infectious disease,

with malaria and HIV alone responsible for millions of

deaths per year (http://www.cdc.gov/malaria/index.htm)

[4]. Studies of genetic variation in Africans and African

descendants in the Americas might shed light on the

genetic basis of resistance to these infectious diseases,

as well as revealing more about the role of pharmacoge-

netic variation on effectiveness of drugs used to treat

them. Thus, the richness of Africa for human genetic,

anthropological and medical studies is unparalleled.

Here, we review some recent advances in understanding

the demographic and selective history of our species in

Africa, with particular attention paid to the possible role

of inversion polymorphisms and how this might confound

recent inferences. We also discuss the recent interest and

limitations in using genetic studies to infer personal

ancestries and examine the potential impact that studies

in Africa can have on medical intervention and under-

standing the genetic basis of infectious and complex

diseases.

Modern human origins in Africa
Human paleontology has established that humans have

spread at least twice from Africa to Eurasia; early events

involved archaic populations such as Homo erectus and

Homo heidelbergensis, whereas a later event, occurring

within the past 100 000 years, involved the migration

of anatomically modern humans out of Africa and across

the rest of the globe [5]. The transition to modern humans

was unlikely to be sudden; rather, the paleobiological

record indicates an irregular mosaic of modern, archaic

and regional morphological and behavioral traits that

occurred over a substantial period of time and across a

broad geographic range within Africa [5,6]. The earliest

known derived suite of morphological traits associated

with modern humans appears in fossil remains from East

Africa, dated to between 150 and 190 thousand years ago

(kya) [7,8]. However, this does not rule out the existence

of modern morphological traits in other regions of Africa

before 100 kya, in regions where specimens might be less

well preserved and/or where there have not been as

extensive archaeological and paleobiological investiga-

tions. Indeed, a multiregional origin model for modern
Current Opinion in Genetics & Development 2006, 16:597–605
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598 Genomes and evolution
humans within Africa is not as unlikely as it would be for

global populations, considering the greater potential for

migration and admixture within a single continental

region. A more fully modern suite of traits appears in

East Africa and Southwest Asia around 90 kya [9], fol-

lowed by a rapid spread of modern humans throughout

the rest of Africa and Eurasia in the past 40–80 thousand

years (Figure 1) [10�].

Several recent genetic studies have used geographic infor-

mation to determine the region of origin of modern

humans within Africa. These studies have made use of

the growing amount of microsatellite genotyping data

available from the Centre d’Etude du Polymorphisme

Humain (CEPH) human genome diversity panel (HGDP)

[11]. Ray et al. [12�] explicitly modeled geographic dis-

tances, carrying capacities and migration rates across the
Figure 1

The emerging pattern of modern human expansion and admixture based on

the left indicate thousands of years ago. Modern humans are indicated in g

humans in Africa in yellow. After a transitional origin primarily in East Africa

a brief expansion into Southwest Asia �120 kya, modern humans quickly ex

largely replacing archaic humans, and later spread further north in Asia, to E

not include the persistence of isolated archaic humans in some regions suc

between modern and archaic humans.

Current Opinion in Genetics & Development 2006, 16:597–605
Old World to test the ability to discriminate between

single origin and multiple origin with migration models

of human evolution and to infer the region of origin of

modern humans. Ramachandran et al. [13�] took a simpler

approach: assuming a serial founder effect as humans

migrated away from a central point (see also [14,15]), they

searched for the best-fitting point of origin given current

levels of genetic variation and geographic distances of

sampled populations. Although both of these studies

solidly support Africa as the region of origin of modern

humans, interestingly, they point to Northwest Africa [12�]
and western to central Africa [13�], respectively, as the

likely origin of modern humans before migration across the

globe. It is intriguing to speculate that modern humans

originated at a point outside of eastern or southern Africa,

where the relatively rich fossil record indicates the first

transition to modern humans took place.
paleobiological, archeological and genetic data. The numbers on

reen, Neanderthals in blue, Asian Homo erectus in red and archaic

— but possibly including other regions — before 90–125 kya, and

panded into the rest of Africa, southern Asia and Oceania 50–70 kya,

urope and the Americas from 30–40 kya. This representation does

h as Southeast Asia. Arrows indicate possible admixture events
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There are two potential problems associated with the data

used to make this inference: the first is ascertainment bias

caused by selection of variable markers in a subset of

populations (addressed by Ray et al. [12�]), and the second

is the relative paucity of population samples within Africa

(discussed by Ramachandran et al. [13�]). Some have

argued that highly variable microsatellite markers are

not influenced by ascertainment bias to the same extent

as single nucleotide polymorphisms (SNPs) are [15,16].

However, assuming that these markers were selected

because of their high heterozygosity in European popula-

tions, Ray et al. [12�] incorporated ascertainment bias into

their analysis by selecting only simulated outcomes that

have high heterozygosities in European populations.

Upon re-analysis, they found more support for an east

African origin, although support for a North African origin

still remains high.
Figure 2

A map of selected migrations and language family distributions in Africa. La

indicates some degree of recent shared cultural history. Hypothetical ancien

more recent migrations in historical times are represented by thin arrows; in

inferred regions of origin of modern humans are indicated by gray circles. R

CEPH–HGDP collection.
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However, more information about how these markers

were ascertained is needed to properly control for ascer-

tainment bias. In fact, 60% of the markers (the GATA

repeats) used in the Ray et al. [12�] study were ascertained

in Europeans, but the remaining markers were ascer-

tained in a worldwide panel (S Dobrin, personal commu-

nication), making control for ascertainment bias more

complicated. The second potential problem with these

studies is the sampling coverage of populations within

Africa. Only eight population samples from Africa exist in

the CEPH–HGDP collection after all the southern Bantu

groups are pooled because of their small sample size

(Figure 2) [11]. Only one of these is from East Africa,

and it consists of a Kenyan Bantu-speaking population,

which is likely to have a significant portion of ancestry

originating from West Africa in the past few thousand

years. Clearly, more population samples from all regions
nguages change very rapidly over time, and a shared language family

t migrations out of Africa are represented by the thickest arrows;

ferred prehistoric migrations are represented by medium arrows;

ed circles indicate the geographic origin of cell lines in the
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of Africa will increase the power to infer the most likely

geographic origin of modern humans from genetic data.

Evidence for admixture of archaic and
modern Homo populations?
Overall, the weight of evidence from both genetic and

paleobiological studies supports a recent common origin

of all modern humans from a population originating from

the continent of Africa — probably from East Africa —

within the past 100 kya (summarized in [4]). Although

analyses of ancient mtDNA obtained from 24 Nean-

derthal and 40 early modern human remains do not

support high levels of admixture between archaic and

modern humans [17], the possibility of limited gene flow

is difficult to rule out [17–19]. Several recent studies of

nucleotide sequence diversity at multiple autosomal

[20��] and X chromosome [21�] loci have identified

lineages with extensive linkage disequilibrium (LD)

and ancient coalescence times, indicative of possible

ancient population structure (throughout this review,

we use the term population structure to refer to genetic

heterogeneity resulting from non-random mating) fol-

lowed by recent admixture (see the review by JD Wall

and MF Hammer, this issue). Analyses of three 2.5-kb

segments from the Xp21.1 region of the X chromosome

found evidence consistent with ancient population struc-

ture in Africa extending over one million years into the

past [21�]. A more recent study of 135 autosomal loci

found evidence of a 5% level of archaic contributions to

modern humans in both West Africa and Europe [20��].
These results raise the possibility of a small, but not

insignificant, level of Neanderthal ancestry in modern

Europeans, as well as possible admixture of archaic

populations with modern humans in Africa [20��].

Evidence consistent with multiple archaic admixture

events in the ancestors of modern humans is very intri-

guing. However, there is a possibility that unaccounted

for factors such as selection and inversion polymorphisms

might be contributing to a false ‘archaic admixture’

pattern seen in these gene regions. Inversion polymor-

phisms deserve a special note because they have the

potential to create a very similar pattern of congruent SNPs

and regions of high LD. Inversions of both short and long

nucleotide sequences are a common feature of recent

human evolution, and many inversions are polymorphic

within modern humans [22,23�]. Inversions are known to

suppress recombination [24,25�] and, therefore, the

degree to which inversions might contribute to the infer-

ence of archaic admixture should be investigated. In

addition, natural selection might be common in the

genome and can influence inferred effective population

sizes along the chromosomes, increasing the variance in

expected coalescence times and creating a subset of

regions with atypically ancient lineages [26�]. Further-

more, inversions have long been suspected to be directly

affected by positive selection in other species [27,28], and
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examples of inversions under selection are beginning to

be revealed in humans [25�]. Thus, both selection and

inversion polymorphisms could be influencing patterns of

LD, coalescence times, and inferences of ancient admix-

ture events.

A single African origin for non-African
populations?
Estimates vary for the time of the first migration of

modern humans from Africa to Eurasia. Paleontological

data show modern humans in the Levant 90–130 kya, but

it is not clear that this was a continuous occupation to the

present. In general, age ranges inferred from mitochon-

drial DNA (mtDNA) suggest migrations out of Africa

�45–75 kya [10�,29], broadly consistent with dates

inferred from paleontological [5], X chromosome [30],

Y chromosome [31] and autosomal [32] data. However,

inferences based on multiple independent markers,

which will include more evolutionary information, will

probably refine these estimates in the near future [14].

There have been two proposed migration routes of mod-

ern humans out of Africa. The early presence of modern

humans in southern Asia and Oceania, predating their

presence in Europe, has suggested a ‘southern’ coastal

route around the Indian Ocean, in which modern humans

first left Africa by crossing the Bab-el-Mandeb strait at the

mouth of the Red Sea and then rapidly migrated to

Southeast Asia. This migration model is supported by

the presence of very old mtDNA haplotypes in South Asia

and their absence in the Levant [10�,33,34]. A rapid

coastal expansion of modern humans into Eurasia is

feasible for several reasons. Coastal environments typi-

cally have more stable climates, and the exploitation of

rich marine resources might have provided a more stable

subsistence pattern around the Indian Ocean, enabling

rapid migration. Indeed, as Macaulay et al. [10�] point out,

humans were already exploiting marine resources on the

coast of the Red Sea more than 100 kya [35]. There is also

the suggestion, made on the basis of allele frequency

gradients, that coastal habitats continued to be important

centers of human expansion [36]. Others have tradition-

ally favored a second (or single) ‘northern’ route via the

Sinai Peninsula into the Levant. Regardless of the route

of migration of modern humans out of Africa, the low

level of mtDNA diversity — and also autosomal haplo-

type diversity at loci such as CD4 [32] — outside of Africa,

and the high level of diversity amongst African popula-

tions, argues against a second ‘sampling’ of African diver-

sity from multiple source populations, suggesting either a

single major migration event out of Africa or multiple

migrations from a single genetically homogeneous

source population in Africa [4]. Analyses of more inde-

pendent loci and a larger number of African populations,

particularly from East Africa, will be necessary to better

refine the number and source of migration events out of

Africa.
www.sciencedirect.com
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How many modern humans were in that first wave of

migration out of Africa? Modeling based on observed

levels of mtDNA variability yields an estimate of only

�600 founding females [10�,37]. Thus, assuming an equal

sex ratio, this implies that only �1200 modern humans

first left Africa to populate Eurasia. If this estimate is

accurate, these early Eurasians must have rapidly

expanded to a larger size to account for estimates of a

long-term effective population size (Ne) of 10 000 individ-

uals, especially given that Ne is predicted to be the

harmonic mean of sizes over time and is, thus, more

influenced by small population sizes. Again, however,

data from multiple independent loci should help to refine

this picture in the near future; for example, a rapid

expansion into newly colonized areas is supported by a

recent analysis of 783 autosomal microsatellites geno-

typed in the CEPH-HGDP collection [14].

Genetic adaptations
There have been some conflicting results regarding the

relative amounts of recent positive selection in African

versus non-African populations. It is easy to imagine an

increase in positive selection as a species migrates into

and adapts to new environments. Indeed, in addition to

founder effects, novel selective demands have been

suggested as a contributor to reductions of human genetic

diversity outside of Africa [38]. Several studies in the past

few years have reported more evidence for positive selec-

tion in populations outside of Africa relative to those in

Africa [39�,40�,41–43]. However, this inference can be

confounded by unknown demographic effects, and there

are reasons to expect just as much or more selection

within African populations. There have been dramatic

changes in climate and subsistence patterns within Africa

in the past 10 000 years, which have probably created

similar demands for adaptation [2,44]. Furthermore,

selection is predicted to act more efficiently and more

frequently in African populations, owing to a larger effec-

tive population size and a greater amount of genetic

diversity for selection to act upon [45,46]. Also, the rate

of infectious disease in tropical Africa is very high and is a

strong selective force that has resulted in clear patterns of

selection at many loci associated with resistance to infec-

tious disease (e.g. [47–50]). Indeed, a recent report that

used a modified extended haplotype homozygosity

(EHH) approach — sensitive to recent selective sweeps

[48] — to scan the genome for regions under positive

selection found evidence that more selection has occurred

in the recent past within an African population compared

with European and Asian populations [51��]. However,

the robustness of the EHH tests to demographic scenarios

(e.g. rapid population expansion after a bottleneck, par-

ticularly in the presence of population structure, which

could cause a subset of haplotypes to rapidly drift to high

frequency in a heterogeneous manner) needs to be estab-

lished. Additionally, the role of inversion polymorphisms

should again be considered. Inversions might suppress
www.sciencedirect.com
recombination over an extended region and, coupled with

these types of complex demographic processes, might

contribute to patterns of EHH similar to that observed

under a model of positive selection.

The African diaspora
In the United States alone, more than 36 million African

Americans have recent origins in Africa (http://www.cen-

sus.gov/population/www/socdemo/race/ppl-186.html),

the majority of their ancestors having been forcibly

brought to the Americas as slaves. Exact estimates vary,

but according to analyses of historical records, the major-

ity of the people brought to the Americas from Africa,

approximately eight million, originated in western Africa,

with a lesser amount, approximately four million, from

central Africa; there was also a significant number,

approximately one million, from Southeast Africa and

the island of Madagascar [52]. Results of mtDNA genetic

studies are broadly consistent with these historical origins

[53]. Many African Americans, just like many European

Americans, are interested in recovering part of their

history by genetic analyses [54]. However, the informa-

tiveness of many commercial genetic genealogy test kits

is limited and is often misunderstood by, or misrepre-

sented to, the public. Studies based on mitochondrial or

Y-chromosome variation only sample a single matrilineal

or patrilineal ancestor out of the 1024 ancestors possible

for a single individual just 10 generations ago (i.e. a

sample of less then a thousandth of one’s recent ancestry).

Furthermore, even if a perfect match of mitochondrial

sequence is found between an African American and an

African individual, this does not conclusively establish

descent from, or a unique connection to, a particular

modern-day African ethnic group. For example, consider

an analysis of nucleotide variation for 350 bp of the

mitochondrial hypervariable region, where the effective

per generation per bp mutation rate is approximately

2.5 � 10�6. What is the probability that no mutations will

occur between two individuals that descend from a com-

mon matrilineal ancestor? As a rough calculation, assum-

ing a Poisson distribution, P(0) = e�2 mg, where m is the

mutation rate for the entire region, g is the number of

generations, and P(0) is the probability that no mutations

occur, it can be shown that even after 10 000 years,

assuming 25 years per generation, there is an equal chance

(P(0) = 0.5) of having an exact match. On average, more

than 14 000 years (g/2 m) will pass between each new

mutation (assuming an exponential distribution); dou-

bling the length sequenced will only cut these numbers

in half to 5000 and 7000 years, respectively. Of course,

this example is simplistic and ignores rate variation

among sites, but these ages easily predate the origins

of modern-day ethno-linguistic populations [55]. Further

confounding the attempt to establish African American

ancestry is the extensive population movements that have

occurred in Africa, in both ancient and historical times

(Figure 2), resulting in a broad geographic distribution of
Current Opinion in Genetics & Development 2006, 16:597–605
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many mitochondrial haplotypes within Africa [53,56].

Furthermore, genetic sampling is currently too sparse

within Africa (e.g. regions such as Angola are largely

unrepresented in genetic studies) to establish a baseline

for comparison.

Analyses of large numbers of independent loci, more

comprehensive sampling in Africa, and new statistical

approaches will begin to yield more information about

African American ancestry. However, this might be a

daunting task. The preliminary finding, based on analysis

of 372 autosomal microsatellite markers [57], of a low

level of population structure (i.e. genetic homogeneity)

among several Niger-Kordofanian-speaking western Afri-

can populations suggests that resolving the individual

ancestral contribution to African Americans will prove

difficult. However, this preliminary finding needs to be

confirmed by analysis of additional geographically diverse

West African populations. Additionally, African Ameri-

cans have, on average, approximately 20% European

ancestry [54]. We might reasonably predict that just as

many European Americans are descendants of many

different ethnic groups within Europe, that African Amer-

icans will prove to be descended from many different

populations within Africa (and Europe), and that a single

unique connection to any single modern-day ethnicity, as

many are currently seeking and are being sold, is not a

realistic expectation.

Biomedical implications
The continent of Africa is in dire need of safe and

effective medical interventions. Deaths due to infectious

disease are disproportionately higher in Africa then in any

other region of the world. In addition to the one million

deaths per year from malaria (http://www.cdc.gov/

malaria/index.htm), the poor state of medical care in

Africa has contributed to high rates of HIV infection,

which in turn are promoting the spread of other serious

diseases such as tuberculosis [58]. Furthermore, very little

is known about genetic variation at loci involved in

infectious disease susceptibility or resistance, and the

genetic basis of disease across Africa.

The high level of genetic diversity in Africa also means

that there is great potential to find genetic polymorphism

at disease susceptibility loci in African populations.

Knowledge of the genetic basis for resistance or suscept-

ibility to infectious disease can guide research and med-

ical intervention, and these benefits are not limited to

African populations. Also, the field of pharmacogenetics,

genetically based variable drug response, will benefit

from the study of genetic variation at genes involved in

drug metabolism [59]. Genetic distances within Africa can

be as large as distances between other continental popu-

lations [4,60], yet the geographic and demographic

boundaries of population structure in Africa remain essen-

tially unknown. Such knowledge will be crucial for
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designing more effective pharmaceutical treatments on

a regional scale and for designing association studies for

mapping complex disease in African populations

[1,4,61,62�].

Furthermore, there is interest in using the elevated levels

of LD in recently admixed populations to map the

genetic basis of complex diseases [62�]. Much of this

focus has been on African Americans, and there has been

recent success using this approach [62�]. Although several

West African populations appear to have little genetic

population structure, which adds to the utility of using a

single West African population as a ‘parental’ baseline

population in admixture mapping studies [57], it remains

to be established whether ‘coastal’ Niger-Kordofanian-

speaking West Africans sufficiently represent the African

ancestry of African Americans. Again, more extensive

sampling of African populations, and genotyping at hun-

dreds, if not thousands, of independent loci is required to

adequately characterize the ancestry of African Ameri-

cans.

Prospects
More comprehensive population sampling, maximizing

both ethnic and geographic diversity, is needed to fully

appreciate and study the genetic diversity contained in

Africa. Eventually, publicly available cell lines should be

established, under the appropriate ethical protocols, so

that these samples can become a broad resource for the

scientific community to complement the CEPH–HGDP.

A shift toward multilocus datasets, away from single-locus

studies, holds great potential to refine our understanding

of human demographic history. Also, a better understand-

ing of the frequency, distribution and role of inversion

polymorphisms on haplotype-based tests of neutrality and

inferences of ancient population structure will be infor-

mative.

The recent accumulation of large, publicly available data-

sets on human genetic diversity, and the continued devel-

opment of statistical and computational methods for

inferring demographic history [20��,63], holds great poten-

tial to distinguish different models of modern human

origins. Also, approaches that incorporate detailed geo-

graphic information such as natural boundaries (i.e. moun-

tain ranges, rivers and deserts etc) in the inference of

human demographic history might be informative [12�].

Recent advances in sequencing technology with small

amounts of short fragments of DNA [64] will make

analysis of ancient DNA, when present, more feasible,

enabling researchers to test hypotheses of archaic admix-

ture. However, analysis of one individual alone might

have limited informativeness and, unfortunately, there is

little hope of ancient DNA preservation in important

regions such as the Tropics [65].
www.sciencedirect.com
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The development of high-throughput SNP genotyping

methodologies (e.g. the Affymatrix 500K SNP chip),

which are rapidly getting less expensive, will facilitate

the possibility of doing whole-genome association

studies of large number of Africans. These studies

might have important implications for identifying

genes that play a role in several common traits (e.g.

height, weight, taste perception, blood pressure etc),

as well as for identifying genes that play a role in resis-

tance to infectious diseases such as HIV, malaria and TB.

However, the challenging issues of ascertainment bias

in SNP selection for these genotyping arrays must be

overcome.
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