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Abstract

Genetic variation and susceptibility to disease are shaped by human demographic history and adaptation. We can now study
the genomes of extant Africans and uncover traces of population migration, admixture, assimilation and selection by
applying sophisticated computational algorithms. There are four major ethnolinguistic divisions among present day
Africans: Hunter-gatherer populations in southern and central Africa; Nilo-Saharan speakers from north and northeast
Africa; Afro-Asiatic speakers from north and east Africa; and Niger-Congo speakers who are the predominant ethnolinguistic
group spread across most of sub-Saharan Africa. The enormous ethnolinguistic diversity in sub-Saharan African populations
is largely paralleled by extensive genetic diversity and until a decade ago, little was known about detailed origins and diver-
gence of these groups. Results from large-scale population genetic studies, and more recently whole genome sequence data,
are unravelling the critical role of events like migration and admixture and environmental factors including diet, infectious
diseases and climatic conditions in shaping current population diversity. It is now possible to start providing quantitative
estimates of divergence times, population size and dynamic processes that have affected populations and their genetic risk
for disease. Finally, the availability of ancient genomes from Africa provides historical insights of unprecedented depth. In
this review, we highlight some key interpretations that have emerged from recent African genome studies.

Introduction previous estimates of the chronological sequence and dating of

African populations are known to harbour the greatest genetic
diversity. However, most large-scale population genetic studies,
until a few years ago, had minimal representation of these pop-
ulations and our understanding of African genetic diversity and
demographic histories was largely based on a limited set of ge-
netic markers. Although African genetic data remain under-rep-
resented, the scenario is gradually changing and several recent
studies have used dense genotyping arrays and whole genome
sequences to provide a less biased view of genetic diversity
on the continent (1-4). These studies are challenging some

major events and providing a more comprehensive view of
African demographic history.

The migration of agro-pastoralist Bantu-speakers from their
homeland in central-west Africa to large parts of the continent
in the last few thousand years changed African history (5,6).
The migration into southern and eastern Africa is likely to have
involved many levels of interactions ranging from complete re-
placement to large-scale admixture with the hunter-gatherer
and forager populations that inhabited these regions. Although
some of these hunter-gatherer populations have survived to the
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Figure 1. Major early African population splits showing our understanding prior to and after the availability of WGS data and novel analysis approaches. The events of
the past ~5000 years, prior to the Bantu expansion are not shown and therefore the African regions (South, Central, East and West) reflect the groups that predomi-
nated in these regions at ~5000 years ago (kya). Both trees are rooted to the most recent common ancestor (MRCA) and the estimated major splits are shown in kya. (A)
shows our understanding prior to ~2016 when the MRCA was estimated to be ~150 kya and (B) following further analyses that place the MRCA at ~300 kya, with re-
vised estimates of major splits shown in blue. The length of the branches are not to scale. The dotted line shows the recently proposed deep split of a western African
ancestry population ~250 kya. **Skoglund et al. (12); “*Schlebusch et al. (9); “*Hsieh et al. (10). KS: Khoesan; RFF: Rain Forest Foragers.

present, their geographic spread and population sizes have
been reduced significantly (1,4,7) and varying degrees of gene
flow from Bantu-speakers have been observed (8,9). In studying
bi-directional gene flow, a key focus of some recent studies is
the genetic diversity of extant hunter-gatherer populations and
to identify their genetic contribution to the present day Bantu-
speakers (8,10,11). Furthermore, ancient genomes are playing
an important role in providing snapshots of populations that
inhabited various parts of Africa in the past few thousand years
and more specimens could shed light on aspects of the Bantu-
migration (9,12).

In addition to the intrinsic diversity within the continent
due to population structure and isolation, back migration of
Eurasian populations into Africa has emerged as a critical con-
tributor to the genetic diversity (1,3,13). These migrations in-
volved the influx of different Eurasian populations at different
times and to different parts of Africa. Comprehensive character-
ization of the details of these migrations through genetic stud-
ies on existing populations could help to explain the strong
genetic differences between some geographically neighbouring
populations. Slave trade in the last few millennia, on the other
hand, carried a significant amount of African genetic variation
to other parts of the world. Defining the geographic and genetic
sources of these African diaspora populations is gaining much
interest (2,14-17).

Adaptations to climate-change, diet and a strong burden of
pathogens have also played a critical role in shaping genomic
diversity (17,18). With the availability of large-scale genomic
data from various African populations several novel loci under

adaptive selection have been identified in the recent years
(2,10,19,20). Moreover, admixture with non-African populations
is emerging as an important source of variants in African popu-
lations (2,19). The strong correlation between selected loci and
geographic distribution of associated diseases are further em-
phasizing the role of natural selection as an important contribu-
tor to the genetic diversity in African populations (1,17,21,22).

In this review we have highlighted some of the key recent
insights into African demographic history, migrations within
the continent, Eurasian back migration, African diaspora genet-
ics and adaptive evolution. We discuss some ways in which
new African data are contributing to population and disease ge-
nomics research.

Early Population Divergence in Africa

The genomic diversity in Africa has largely been shaped by deep
population structure maintained by relatively long periods of
geographic and cultural isolation. Fig.1A summarizes some of
the major divergence events that have been critical to the origin
of the major ethnolinguistic divisions. The oldest split in the
human population has been suggested to be between Khoesan
(KS) hunter—gatherers and other human populations. Although
the estimated date of this event varies across studies, there is
general consensus that the split occurred over 100 thousand
years ago (kya) (8,23). The next major split was between the
rain-forest foragers (RFF) and other human lineages, and is esti-
mated to have occurred about 60-70 kya (23-26). Studies suggest
that around 30 kya the KS population differentiated into the
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northern KS (e.g. Ju/’hoansi) and southern KS (e.g. #ZKhomani)
groups (8,27). Similarly, it is estimated that around 20 kya the
western RFF (e.g. Baka) diverged from the eastern RFF (e.g.
Mbuti) (23,24,26). The separation of the Afro-Asiatic speakers
currently living in north and east Africa from other sub-Saharan
African (SSA) populations has been dated to about 50 kya (28).
The final major separation is suggested to be between the Nilo-
Saharan and Niger-Congo speakers dated to ~28 kya (28).
Despite being restricted to a rather small geographic area, ge-
netic data suggest a significant differentiation within both Afro-
Asiatics and Nilo-Saharans in east Africa (29-31). Similarly the
Bantu and non-Bantu Niger-Congo speakers (from west Africa)
also demonstrate observable genetic differentiation (1,3).

Notably, most of the divergence time estimates described
above were based on uniparental markers or a limited set of auto-
somal markers. Computational analyses based on whole genome
sequence (WGS) data from extant and ancient individuals are
providing alternative timelines for some of these events. A recent
ancient genome study (9) supports a much earlier date (>260 kya)
for KS divergence from other human lineages as proposed by
Scally and Durbin in 2012 (32). Similarly, the RFF split has been
proposed to be up to 150 kya old (10). Both of these estimates
could be about ~100 thousand years older than previous esti-
mates hinting at deep population structure on the continent
(Fig. 1B). Coalescence analyses of WGS data are providing better
estimates of demographic history, for example, population size
estimates using Markovian coalescent simulations have sug-
gested large population sizes of KS for the majority of human his-
tory (4,7). These populations appear not to have been affected by
the events ~30-120 kya that significantly reduced the size of all
other human populations (7). The observation of possible ancient
KS admixture in western Africa (1) and widespread distribution of
KS-related ancestry in eastern and southern Africa (9,12) further
indicate a much wider geographic spread of this group compared
to their present distribution.

Recently, based on an analysis of 16 ancient African
genomes, Skoglund and colleagues proposed a model that sug-
gests an early separation of a west African branch from other
human lineages that might predate the split of KS hunter-gath-
erers (12) (Fig. 1B). Though this dating requires further
investigation, the existence of at least two ancient and semi-
independent populations, one in east and one in west Africa, in
addition to the ancestors of the present day hunter-gatherer
and forager populations seems a strong possibility. This could
also help to explain the differentiation of the Bantu and non-
Bantu genetic components that have been observed in several
studies of west African populations (1,3). In addition, there is
also strong evidence that these populations were not isolated,
and that there was bidirectional gene flow between east and
west Africa for a significant proportion of history. For example,
a study based on Y chromosome markers in thousands of indi-
viduals showed considerable population movement and demo-
graphic expansion across the present day Sahara during the
recent ‘green Sahara’ period that ended ~5 kya (33). Similarly,
computational models also predict multiple ancient gene flow
events between RFF and Niger-Congo speakers (10,28). Although
the evidence for ancient introgression in Africa is still not ade-
quate, it is highly plausible that such events have contributed to
a fraction of the current genetic diversity (11,34).

Studies based on populations from a wide range of geo-
graphic locations are uncovering evidence of other early migra-
tion events. One such migration was of east African pastoralists
to southern Africa, at a time that predates the Bantu migration
by more than a thousand years (12,35,36). This migration event
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is thought to be the source of lactase persistence variants in
southern Africa (37-39). Similarly, evidence for a relatively old
Nilo-Saharan migration to western Africa, across the Sahel re-
gion, has been identified in some of the populations from this
region (3). The availability of more deep-sequenced genomes,
including ancient genomes, along with the development of im-
proved algorithms would lead to more robust models of African
demographic history, ancient migrations and gene flow.

The Bantu Expansion ~5000 Years Ago

One of the most recent events shaping the genomic landscape
in Africa is the movement of Bantu-speaking populations from
the central western region of Nigeria and Cameroon into the
rest of SSA. Archaeological evidence supports the spread of
Bantu languages together with the advent of agricultural practi-
ces from western central Africa to eastern, western and south-
ern Africa between ~4 and 5 kya (40). The exact route and
extent of the Bantu migration across SSA remains an area of ac-
tive research although several recent genetic studies have pro-
vided evidence of regional admixture events that support
specific routes. It is likely that multiple waves of migration, cou-
pled with exposure to new environments and interactions with
indigenous hunter-gatherer populations, are obscuring some
historical events (5).

There are currently two proposed routes to explain the mi-
gration of Bantu speakers into SSA (3,6,41). The early-split
model suggests that the western and eastern branches split
early within the region of the Nigeria/Cameroon frontier around
3-2.5 kya and migrated directly east to the Great Lakes Region of
east Africa. The late-split model suggests that populations first
moved into the equatorial rainforest region near Gabon/Angola
with a split to the east ~2 kya. Although both routes are sup-
ported by several genetic studies, more recently there is greater
support for the late-split hypothesis (2) based on data showing
that eastern Bantu speakers and southeastern Bantu (SEB)
speakers are genetically closer to western Bantu speakers from
the southern, rather than the northern region. Furthermore,
haplotype analyses showed that eastern Bantu speakers arose
from two consecutive admixture events between western Bantu
speakers and an Afro-Asiatic speaking population from
Ethiopia, the first occurring 1000—1500 years ago and the second
a mere 150—400 years ago. The subsequent best-matched west-
ern Bantu-speaking parental population for both admixture
events was identified from Angola. Furthermore, SEB speakers
show a unique admixture event ~700 years ago between a pa-
rental Bantu-speaking population, most likely located in
Angola, and the Jo/’hoansi San from Namibia. Together with
further evidence of rain-forest hunter-gatherer admixture
dated at ~800 years ago in western Bantu speakers, this
presents strong support that the Bantu migration first travelled
south through the central rainforests before moving to the east-
ern and southern regions of the continent (2).

The late-split hypothesis further supports two main migra-
tion paths into southern Africa, one along the east of Africa and
another along the west, giving rise to the SEB speakers
and southwestern Bantu (SWB) speakers, respectively (40). The
Bantu migration into southern Africa resulted in interactions
with several established groups already present in the region,
including various KS groups (Fig. 2A) and this contributed to the
extensive genetic diversity observed in the current Bantu-
speaking populations in South Africa (6,42).
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Figure 2. Hunter-gatherer (HG) and Eurasian admixture in African populations showing possible sources and timing of events. (A) shows HG admixture events while
(B) shows Eurasian admixture events. Blue dotted arrows indicate the route of the Bantu expansion (reflecting the late split), while the colours of the stars and crosses
correspond to the suggested timing of admixture events (kya) as shown on the scale at the bottom of the diagram. Populations are labelled as identified in the

literature.

Eurasian Gene Flow Back to Africa

Genome-wide data have revealed significant Eurasian ancestry
in African populations assimilated across a long time scale.
Initial studies limited this Eurasian migration to a single event
in east Africa (43), but subsequent studies revealed a more com-
plex series of distinct admixture events occurring in western
and eastern Africa (Fig. 2B). The African Genome Variation
Project (AGVP) used genome data from 18 ethnolinguistic
groups in eight African countries to identify Eurasian admixture
ranging from 0% to 50% in and across central, west and east
African populations (1). This distinctive Eurasian admixture
appears to have occurred over at least three time periods with
ancient admixture in central west Africa (e.g. Yoruba from
Nigeria) occurring between ~7.5 and 10.5 kya (1), older admix-
ture in east Africa (e.g. Ethiopia) occurring between ~2.4 and 3.2
kya (1,36,43) and more recent admixture between ~0.15 and 1.5
kya in some east African (e.g. Kenyan) populations (1).
Subsequent studies based on LD decay and haplotype shar-
ingin an extensive set of African and Eurasian populations con-
firmed the presence of Eurasian signatures in west, east and
southern Africans. In the west, in addition to Niger-Congo
speakers from The Gambia and Mali, the Mossi from Burkina
Faso showed the oldest Eurasian admixture event ~7 kya (3). In
the east, these analyses inferred Eurasian admixture within the
last 4000 years in Kenya, with the Chonyi and Kauma showing
possible south Asian admixture that may have been facilitated
by Medieval trade across the Indian Ocean. Eurasian admixture
in the Afro-Asiatic speaking populations of east Africa appears
to have occurred in two waves, one ~2 kya and one in the last
200 years with ancestry best matched to the Tuscans from Italy.
In the south, more recent direct Eurasian admixture from north-
ern European populations has been observed in KS-speaking

populations in South Africa (Fig. 2B). These include the
Khomani and Karretjie, with events dating to ~225 years ago,
with an historical link to the European colonial period in South
Africa (3).

More Recent Gene Flow and the African
Diaspora

The second millennium CE saw significant population
exchanges between Africa and other continents. Well before the
age of European exploration, there were well-established trade
routes between Africa and centres in Asia. Brucato et al. (44) re-
cently surveyed these economic connections and compared
them to finger prints of population exchange that can be seen in
the genomes of current populations. Based on historical
records, trade patterns are divided into four phases. In the first
two phases, the trade routes where mainly land-based through
the Sinai Peninsula or via the Bab al-Mandab, reaching deep
into southern Africa. During the third phase, starting in the
eleventh century CE, there was significant sea-borne trade from
the Arabian Peninsula and Indonesia to east Africa and to
Madagascar. Lastly, trade extended further into central Africa
through to the Gulf of Guinea. Brucato et al. (44) show that this
trade came with gene flow, and these events were highly corre-
lated with peaks and troughs in trade routes.

The biggest drivers at a population level, out of and into
Africa, were the slave trade and colonization that led to millions
of Africans forcibly leaving Africa for the Americas and Asia,
and, to a lesser extent European and Asian populations estab-
lishing themselves in Africa, with some admixture into African
populations. Slavery and forced migration of people is a human
practice dating millennia. Over the last thousand years, millions


Deleted Text: Figure 
Deleted Text: 8 
Deleted Text: &ndash;
Deleted Text: -
Deleted Text: Khoesan
Deleted Text: Figure 
Deleted Text: well 
Deleted Text: 11th 
Deleted Text: Century 
Deleted Text: colonisation 

of Africans were enslaved and sent to new homes thousands of
kilometres away. Although there are many detailed records of
where people boarded boats that took them to captivity, less is
known about where they actually came from. Recent research,
including genetic studies, on the African diaspora and groups
who have oral traditions of African ancestry have shed new
light on these histories.

The Arab slave trade from at least the eighth century to the
late nineteenth century had two distinct routes. The first was
the trade either into the Mahgreb and Egypt or through these
places into Asia. A second Indian Ocean trade route from the
east coast, particularly from the sixteenth century onwards
enslaved a further four million people (14). In the first phase
mainly Nilotic or Afro-Asiatic speaking people from the Horn of
Africa were involved and from the nineteenth century, mainly
Bantu-speaking people, probably via regions controlled by the
Omani Empire from their base in Zanzibar. There is no good
method of accurately estimating the numbers, but several mil-
lion people have conservatively been estimated to have been
enslaved (45). At this scale, there is expected to be significant
evidence of gene flow, but relatively little research has been
done on the origins of these people or what became of them.

Laso-Jadart et al. (14) studied people from the Makrani group
in Pakistan who have traditions suggesting descent from
African slaves. Genotype data from 102 individuals showed an
average 25% Africa ancestry, with significant diversity, and sug-
gested that the likely source is SEB-speaking people.
GLOBEtrotter analysis suggests a single wave of admixture dat-
ing to the late eighteenth century, although other models are
possible.

The European slave trade from Africa took place over a
shorter period of time, from the sixteenth to nineteenth
centuries, but at a much more intense scale. Numbers are diffi-
cult to estimate, especially as many people who were enslaved
died en route, but approximately 12 million people were
enslaved and taken to the Americas from the sixteenth to
nineteenth centuries (15) of whom 7 million went to South
America (16). Several recent studies have investigated their
African origins (2,17,46). Patin et al. (2) used data from 2500
Africans and 5200 African-Americans to explore the range of
African ancestry in African-Americans. They estimate that
~50% of the African ancestry of African-Americans originates
from the Bight of Benin, ~30% from western central Africa
(current day Angola and DRC), ~13% from Senegambia and ~7%
from the Windward Coast (present day Cote d’Ivoire). Mathias
et al. (46) detected similar patterns and showed considerable
variability in admixture patterns. Sex-biased admixture pat-
terns are evident, with significantly higher proportions of
European male-biased ancestry (46,47), contrasting with histori-
cal records showing that more African men were brought to the
Americas than women (48). Complementing the broad-
brushstroke papers, several recent studies have explored ad-
mixture in particular communities. These studies are bringing
out the complexity of history, as well as the impact of admix-
ture on health today (16,49-52).

Admixture into Africa in the Last Two
Millennia

The most significant admixture in Africa in the last two thou-
sands years is likely due to invasions from Arabia after the rise
of Islam. Recent work has shown very significant impact on
north African and north-eastern populations (13,31,53,54). This
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impact is greatest in Egypt and Mahgreb, and strong signals can
be found elsewhere. However, there is strong intriguing evi-
dence for admixture down the east coast of Africa into southern
Africa (44,55).

The peopling of Madagascar has been of great interest for
decades. It has been long known from archaeological, linguistic,
mt and Y DNA data that Madagascar was settled by people from
Africa and Austronesia in the first millennium but the dates
and sequence of events has been unclear. Madagascar com-
prised a set of independent kingdoms until being unified in the
early nineteenth century and subsequently colonized by the
French in the late nineteenth century. Recent genetic evidence
demonstrates a complex pattern of settlement and interaction
resulting in a heterogeneous population (56). The genetic
evidence suggests that two major settlements occurred:
Austronesian populations settling in the east of the country
roughly 1.5-2.5 kya, and Bantu-speaking populations settling
roughly around 1.5 kya, with admixture occurring over the last
1500 years. On an average the relative contributions are ~37%
Austronesian and ~59% African, although there is significant
geographically clustered variation.

European colonization brought many people from elsewhere
into Africa, particularly in southern Africa. The most remark-
able story is that of the admixed Coloured community in South
Africa. The Dutch brought slaves from India and Indonesia, who
mixed with Europeans and Khoe, San, and Bantu-speaking peo-
ple. This community came into being from the end of the
seventeenth to the start of the nineteenth century. The latest
evidence from genotyping and sequencing studies illustrates
this complex admixture (42,57,58).

Contributions from African Whole Genome
Sequence Data

Population-level deep-sequencing whole genome data are en-
hancing our understanding of diversity and LD architecture in
African populations (1,59,60). On an average, Africans have ~20-
30% more SNVs compared to non-Africans (1,42,59,60) illustrat-
ing their tremendous potential for novel variant discovery. For
example, the AGVP study of 320 African genomes identified
~9.5 million novel SNVs (1). Similarly, the Southern African
Human Genome Programme study identified ~0.8 million novel
SNVs from only 24 African genomes (42). These and other
African WGS data have been used to develop genotyping plat-
forms such at the Human Heredity and Health in Africa
Consortium (H3Africa) SNP array that has better coverage of
African genetic diversity and a more comprehensive represen-
tation of African LD blocks to enhance African genome-wide as-
sociation studies (GWASs) (https://commonfund.nih.gov/
globalhealth/h3aresources; date last accessed April 2018).

The statistical technique of imputation, providing genotypes
for variants not present on a genotyping array, has emerged as
a widely used technique to improve the effectiveness of GWASs
(61,62). However, the quality and accuracy of imputation
depends largely on the size of reference panels and the repre-
sentation of haplotypes from the population to be studied
(1,63,64). African haplotypes are still underrepresented in most
reference panels (65,66) and therefore the inclusion of more
African genomes into current reference panels is expected to
significantly improve the quality of imputation in African stud-
ies. An African-centric reference panel of about 5000 genomes
(about half of which are novel African genomes) is available at
the Sanger Imputation server (https://imputation.sanger.ac.uk/;
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Table 1. Allele frequencies in AGVP and KGP African populations of variants previously detected to be under selection (west African in blue,

southern African in green, east African in pink and non-African in yellow)

Gene SNP ID DA GWD MSL ESN YRI ZUL LWK BAG ETH CEU CHB
Lactase Persistence
MCM6 15145946881 G 0.000 0.000 0.000 0.000 0.070 0.086 0.075 0.000 0.000 0.000
MCM6 1541380347 C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.000 0.000
MCM6 1541525747 C NA NA NA NA 0.000 NA 0.000 0.050 NA NA
MCM6 154954490 A 0.128 0.088 0.116 0.056 0.105 0.126 0.110 0.258 0.798 0.340
MCM6 154988235 A 0.009 0.000 0.000 0.000 0.000 0.000 0.000 0.058 0.737 0.000
MCM6 15869051967 C NA NA NA NA 0.000 NA 0.000 0.008 NA NA
Malaria
CD36 153211938 G 0.009 0.006 0.242 0.292 0.005 0.076 0.050 0.000 0.000 0.000
DARC 1512075 G 0.000 0.000 0.000 0.000 0.070 0.000 0.000 0.113 0.429 0.932
DARC 152814778 C 1.000 1.000 1.000 0.995 0.800 1.000 1.000 0.738 0.000 0.000
DARC 153027011 G 0.080 0.123 0.081 0.102 0.185 0.121 0.185 0.058 0.000 0.000
DARC 1555872368 T 0.925 0.882 0.929 0.898 0.730 0.879 0.825 0.700 0.131 0.000
DARC 157550207 C 0.080 0.123 0.081 0.097 0.190 0.121 0.185 0.125 0.197 0.000
DARC 15863004 T 0.925 0.882 0.929 0.903 0.760 0.874 0.825 0.771 0.404 0.034
G6PD 151050828 T 0.040 0.070 0.160 0.210 NA 0.180 NA NA 0.000 0.000
G6PD 151050829 C 0.360 0.280 0.350 0.380 NA 0.340 NA NA 0.000 0.000
HBB (HbS) 15334 A 0.115 0.123 0.121 0.139 0.005 0.101 0.070 0.000 0.000 0.000
HBB (HbC) 1533930165 T 0.004 0.006 0.000 0.028 0.005 0.000 0.020 0.000 0.000 0.000
Skin pigmentation
DDB1 1511230664 T 0.208 0.229 0.455 0.310 0.195 0.253 0.255 0.296 0.995 0.971
HERC2 154932620 T 0.071 0.076 0.096 0.083 0.030 0.131 0.100 0.242 0.010 0.019
HERC2 156497271 G 0.549 0.559 0.722 0.699 0.475 0.712 0.410 0.467 0.015 0.029
KITLG 1512821256 C 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.004 0.131 0.000
MFSD12 1510424065 T 0.389 0.394 0.273 0.269 0.130 0.253 0.235 0.304 0.005 0.000
MFSD12 156510760 A 0.907 0.853 0.849 0.898 0.675 0.818 0.815 0.529 0.051 0.078
OCA2 151800404 T 0.150 0.082 0.136 0.069 0.145 0.086 0.045 0.258 0.823 0.393
OCA2 151800417 G 0.027 0.059 0.086 0.042 0.160 0.076 0.040 0.013 0.000 0.000
SLC24A5 151426654 A 0.075 0.088 0.025 0.014 0.075 0.076 0.025 0.371 1.000 0.029
SLC45A2 1516891982 G 0.004 0.012 0.000 0.000 0.000 0.005 0.005 0.021 0.980 0.015
TMEM138 157948623 T 0.270 0.241 0.177 0.264 0.230 0.348 0.295 0.425 0.000 0.000
TYR 151042602 A 0.000 0.006 0.000 0.000 0.000 0.000 0.000 0.013 0.399 0.000
Trypanosomiasis

APOL1 1560910145 G 0.243 0.123 0.495 0.375 0.120 0.056 0.055 0.000 0.000 0.000
APOL1 1573885319 G 0.243 0.123 0.495 0.375 0.125 0.056 0.055 0.000 0.000 0.000
APOL1 15143830837 - 0.195 0.182 0.116 0.079 NA 0.091 NA NA 0.000 0.000

DA, derived allele; NA, missing data; Frequency of 0.000, not observed in that population.

Population codes: Esan in Nigeria (ESN); Yoruba in Ibadan, Nigeria (YRI); Gambian in Western Divisions in the Gambia (GWD); Mende in Sierra Leone (MSL); Luhya in
Webuye, Kenya (LWK); Han Chinese in Beijing, China (CHB), Utah Residents with Northern and Western European Ancestry (CEU) from KGP Phase 3 and Baganda
(BAG), Zulu (ZUL), Ethiopian (ETH) populations from AGVP. Both KGP Phase 3 and AGVP dataset have ~100 individuals per population.

date last accessed April 2018) and others are under develop-
ment. Better representation of African ethnolinguistic groups
will provide a more comprehensive catalogue of genetic diver-
sity and LD architecture in Africa and such studies are under-
way within the H3Africa Consortium (67,68).

Natural Selection Has Also Shaped African
Genetic Diversity

Sub-Saharan Africa has a high burden of life-threatening non-
communicable diseases, especially in regions around the tropi-
cal rain forests and such environments are suggested to have
contributed to a number of local adaptations (1,17). Consistent
with the current spread and prevalence of malaria in Africa,
many of the first loci identified to be under strong selection in
African populations have been associated with adaptation to
malaria. The most studied example is the sickle cell mutation in
the HBB gene (69-71), with haplotype analyses suggesting that
the mutation arose independently at least four times in Africa

(72). Allele frequencies are highest in west Africa and some east
African populations where Plasmodium falciparum malaria is en-
demic. The CD36 malaria associated allele is most common in
Nigerian populations with lower frequencies elsewhere.
Selection of variants in the DARC gene are known to be adaptive
to Plasmodium vivax malaria, with some variants having reached
fixation in selected west and east African populations (Table 1)
(2,73,74). Recent studies showed that copy number variants and
complex structural rearrangements in the GYPA, GYPB and
GYPC genes, which reduce the risk of severe malaria by up to
40%, have also been selected in some east African populations
(21). As another example, adaptive selection has been observed
for APOL1, LARGE and IL21 variants that protect against African
trypanosomiasis and Lassa fever (1,18,22,75,76).

A major selective sweep around the LCT and MCMC6 genes
has been associated with dietary adaptation in pastoralist popu-
lations around the world. Variants in this genomic region confer
a lactase persistence phenotype (the ability to digest fresh milk
as an adult) and have been found to have higher allele



frequencies in east and southern African populations (not well
represented in the populations shown in Table 1) in parallel
with the geographic spread of pastoralism (38,77,78). Similarly,
variants in several genes, including VAV3, ARNT2 and THRB, are
suggested to be involved in high-altitude adaptation and were
identified to be more common in populations native to the
Ethiopian highlands (18). Selective sweeps have also been
detected for variants in loci associated with short stature
(POU1F1, HESX1, DOCK3, CISH and STATS5) in both east central
and west central RFF populations (34,79). It is hypothesized that
the short stature phenotype may confer some benefits in re-
sponse to food scarcity, high humidity and heat or as a trade-off
between cessation of growth and early reproduction (80).

With the availability of genome-scale data, there has been a
surge in studies aimed at identifying signatures of selection in a
wide range of African populations and this has led to the dis-
covery of many new adaptive loci (2,12,19,20,81). Some studies
have explored novel approaches to detect regions under selec-
tion, in addition to the traditionally used neutrality tests.
Skoglund et al. (12) for example, used the comparison of ancient
southern African genomes to genomes of modern-day San, and
identified taste-receptor gene clusters to be under selection in
the present day populations. Crawford et al. (19) employed a
GWAS-based approach to identify loci associated with skin
pigmentation and then studied selective sweeps around
the signals (including MFSD12, HERC2/0OCA2, SLC24A5, TYR,
DDB1/TMEM). Sugden et al. (20) used a novel method to identify
selection in KS populations and detected selective sweeps
around various metabolism-related genes.

Computational analyses are also generating insights into the
evolutionary history of some of the positively selected variants.
For example, some of the variants that show signatures of selec-
tion in present-day populations have likely been introduced by
admixture (gene flow), a process referred to as adaptive intro-
gression. The HLA loci in western Bantu speakers and LCT loci
in eastern Bantu-speakers were found to show an excess of lo-
cal ancestry from rainforest hunter-gatherers and east Africans
(Nilo-Saharan/Afro-Asiatic), respectively, hinting at possible
adaptive introgression (2). Similarly, the positively selected vari-
ant (rs1426654) in the SLC24A5 gene was estimated to have
evolved roughly 30 thousand years ago in Eurasian lineages and
is proposed to have been re-introduced in the east African pop-
ulations in the last 3-9 thousand years (13,19,82). Interestingly,
another study showed the SLC24A5 derived allele to be more
common in the lighter pigmented KS populations hinting at ei-
ther convergent evolution or Eurasian gene flow thousands of
years ago (83). These studies suggest that the use of a wider va-
riety of African populations along with a more comprehensive
toolkit for detecting selective sweeps could generate a better
understanding of the variation due to adaptive selection across
the continent.

Conclusions and Future Perspectives

Our inherent optimism in the power of scientific discovery has
not diminished the challenges of understanding complex popu-
lation relationships. These include the interpretation of genetic
diversity to reconstruct human history and our ability to under-
stand gene-to-gene, gene-to-environment interactions and
inter-organismal relationships in shaping health and suscepti-
bility to disease. Many unresolved questions related to the
genetic variation observed in African populations remain. For
example, when and where did key events during the Bantu
migration take place? What processes during these events
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essentially shaped the emergence of the Bantu speakers? How
did cultural practices such as sex-biased behaviour influence
admixture events during migrations?

African genome data remain scarce and many African popu-
lations are yet to be studied. It is now evident that hunter-
gatherer groups historically populated large regions of SSA and
left traces of their genomes in almost all the populations cur-
rently living on the continent. It is important that we engage
with extant hunter-gatherer groups about participating in ge-
nome studies to ensure a better understanding of their demo-
graphic history and the high genetic diversity among their
members. The San communities remain poorly studied and to
address potential exploitation of this vulnerable group, The San
Council of South Africa launched a code of ethics for research in
2017 where they document their views and terms for promoting
equitable and fair research in their communities, with respect
and honesty (http://trust-project.eu/san-council-launches-san-
code-of-ethics/; date last accessed April 2018).

There is great opportunity in studying ancient African
genomes. The race for accessing specimens is evident (84) and
therefore this intensifies the need to share responsibly and to
preserve specimens for a time when improved techniques could
provide more insights.

Engrained in the genomes of Africans is the deep and rich
history of our species and evidence of migrations that reach the
furthest corners of our planet. Over the past decade novel
approaches to interpreting DNA sequence divergence have gen-
erated hypotheses that have yet to stand the test of time.
African populations continue to provide fascinating insights on
how diversity was shaped by historical events triggered by
changing environments, including climatic and dietary adapta-
tion and encounters with infectious pathogens, and sometimes
by chance.
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