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The expansion of Bantu languages, which started around 5,000 years before present in west/central Africa and spread all
throughout sub-Saharan Africa, may represent one of the major and most rapid demographic movements in the history of
the human species. Although the genetic footprints of this expansion have been unmasked through the analyses of the
maternally inherited mitochondrial DNA lineages, information on the genetic impact of this massive movement and on
the genetic composition of pre-Bantu populations is still scarce.

Here, we analyze an extensive collection of Y-chromosome markers—41 single nucleotide polymorphisms and 18
short tandem repeats—in 883 individuals from 22 Bantu-speaking agriculturalist populations and 3 Pygmy hunter-
gatherer populations from Gabon and Cameroon. Our data reveal a recent origin for most paternal lineages in west
Central African populations most likely resulting from the expansion of Bantu-speaking farmers that erased the more
ancient Y-chromosome diversity found in this area. However, some traces of ancient paternal lineages are observed in
these populations, mainly among hunter-gatherers. These results are at odds with those obtained from mtDNA analyses,
where high frequencies of ancient maternal lineages are observed, and substantial maternal gene flow from hunter-
gatherers to Bantu farmers has been suggested. These differences are most likely explained by sociocultural factors such
as patrilocality. We also find the intriguing presence of paternal lineages belonging to Eurasian haplogroup R1b1*, which
might represent footprints of demographic expansions in central Africa not directly related to the Bantu expansion.

Introduction

Africa has been the theater of multiple human
movements—both within and out of Africa—throughout
its history that have shaped its genetic landscape. Undoubt-
edly, the Bantu expansion is one of them. The term ‘‘Bantu
expansion’’ refers to a very complex phenomenon involv-
ing the transmission of culture, language, and technology,
and most likely, of genes. Having been described as
the greatest population movement in recent African history
(Diamond 1997), it is thought that;5,000 years before pres-
ent, Bantu-speaking people left their homeland in north-
western Cameroon/southern Nigeria and spread throughout
sub-Saharan Africa. During the expansion, which was prob-
ably related to the spread of agriculture, and to some extent,
to the emergence of iron technologies (Phillipson 1993;
Newman 1995; Vansina 1995), the new coming Bantu-
speaking people led to the isolation or to the admixture with
neighboring hunter-gatherer populations, namely, Pygmies
and Khoisans (Cavalli-Sforza 1986). The result was the
simultaneous spread of Bantu cultures, languages, and genes
across sub-equatorial Africa (Diamond and Bellwood 2003),
where nowadays most sub-Saharan Africans are speakers of
Bantu languages. Given that the expansion did not follow
a single continuous migration route, but rather, that it in-
volved at least two major dispersals with different expansion
centers (one in the west and one in the east) (Oslisly 1995),
different geographical constraints, and at different times, it is

not surprising that differences in the genetic composition of
the different Bantu areas have been found, especially in
terms of the degree of assimilation of hunter-gatherer pop-
ulations (Thomas et al. 2000; Pereira et al. 2001, 2002; Salas
et al. 2002; Plaza et al. 2004; Beleza et al. 2005).

Although the demographic intensity and impact of the
Bantu expansion still remains unclear (Bakel 1981; Phillipson
1993), its effects are visible from the current genetic diversity
patterns observed in sub-Equatorial Africa. Traditionally, mi-
tochondrial DNA (mtDNA) has been widely used to mea-
sure the genetic impact of the Bantu expansion: some
mtDNA lineages (such as L0a, L2a, L3b, and L3e) have
been postulated as genetic footprints of the Bantu expan-
sion (Pereira et al. 2001; Salas et al. 2002, 2004; Plaza
et al. 2004; Beleza et al. 2005; Wood et al. 2005) given
their frequency and diversity patterns in Bantu- and non–
Bantu-speaking populations. Some lineages of more an-
cient origin (different clades within the deep-rooting hap-
logroup L1c) might be ancient remnants of the diversity
present in West/Central Africa before the Bantu expansion
(Batini et al. 2007; Quintana-Murci et al. 2008). Albeit
(particularly in comparison with mtDNA) variation at
the Y-chromosome has not yet been thoroughly investi-
gated in Africa, a number of Y-chromosome haplogroups,
such as E1b1a (previously named E3a), E2, and B2a, have
been proposed as paternal signatures of the Bantu expan-
sion (Underhill et al. 2000; Cruciani et al. 2002; Beleza
et al. 2005). Other paternal lineages (such as B2b or dif-
ferent clades within A) have been mainly observed among
hunter-gatherers and suggested to represent ancient rem-
nants of the paternal diversity in sub-Saharan Africa prior
to the Bantu expansion (Underhill et al. 2000; Cruciani
et al. 2002). In addition, lineages belonging to Eurasian
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haplogroup R have been found in northern Cameroon and
have been claimed to result from back migrations from
Eurasia into Africa (Cruciani et al. 2002).

Although the genetic evidence is poor, it has been sug-
gestedthattheBantuexpansioninfluencedtheY-chromosome
gene pool of sub-Saharan Africans to a greater extent than the
mtDNA pool due to sex-biased rates of admixture between
Bantu farmers and local hunter-gatherers (Destro-Bisol
et al. 2004; Wood et al. 2005). For instance, sociocultural ta-
boos have prevented maternal Bantu-to-Pygmy and paternal
Pygmy-to-Bantu gene flow (Cavalli-Sforza 1986; Destro-
Bisol et al. 2004).

A geographically detailed coverage, coupled with eth-
nologically well-defined populations in a given geographic
area, is essential to infer past demographic events with pre-
cision. Here, we focus on what was presumably one of the
first stepping stones of the Bantu expansion: west Central
Africa, a region where Pygmy populations have retained
their cultural and biological identity and coexist with
non-Pygmy Bantu speakers. In this context, genetic data
from west central African populations are scarce. We have
analyzed the paternal lineages of .800 individuals in this
region with three main aims: 1) determine the genetic struc-
ture of Pygmy populations; 2) measure the extent and sym-
metry of the gene flow between Pygmies and non-Pygmies;
and 3) trace the spread of the presumably non-African
R1b1* haplogroup in order to refine the hypotheses to ex-
plain its presence in Africa.

Materials and Methods
Population Sampling

We obtained blood samples from a total of 883 unre-
lated healthy males from 21 populations from Gabon and
four populations from Cameroon (fig. 1). Gabonese sam-
ples comprise 20 Bantu-speaking agriculturalist popula-
tions and one Pygmy population (Baka). Cameroonian
samples comprise two Bantu-speaking agriculturalist pop-
ulations (Fang and Ngumba) and two Pygmy populations
(Baka and Bakola). All individuals were interviewed by lin-
guists and anthropologists in order to verify their ethnic af-
filiations and an informed consent was obtained for each
individual. DNA extraction was carried out using a standard
phenol chloroform method.

Y-Chromosome Typing

All the individuals were typed for 35 Y-single nucleo-
tide polymorphisms (SNPs) in a single reaction using a mul-
tiplex assay system for major haplogroup screening with
SNPlex technology (Applied Biosystems, Foster City,
CA) (Berniell-Lee et al. 2007). In order to refine the phylo-
genetic resolution in some Y-chromosome branches, some
individuals were further typed for six SNPs. Markers M150,
P25, M17, M18, and M269 were typed using SNaPhot tech-
nology (Applied Biosystems) and M73 was typed using
TaqMan technology (Applied Biosystems). Haplogroup
names follow the nomenclature recently proposed (Karafet
et al. 2008). Eighteen highly informative Y-short tandem re-
peats (STRs) were typed in the form of three previously de-

scribed multiplex reactions: MSI and EBF (Bosch et al.
2002), and CTS (Ayub et al. 2000). Polymerase chain reac-
tions (PCRs) were performed in a 10-ll final volume:
AmpliTaqGold Buffer (1�), dNTPs (0.2 mM), AmpliTaq-
Gold MgCl2 (2 mM), AmpliTaqGold DNA Polymerase
(1 unit), multiplex primer mix (1�), and DNA (5–10 ng).
PCR cycling conditions for multiplex MSI were modified
from Bosch et al. (2002) as follows: 95 �C for 10 min; 10
cycles of 95 �C for 1 min, 60–55 �C for 1.5 min (�0.5 �C
per cycle), and 72 �C for 1 min; 20 cycles of 95 �C for
1 min, 55 �C for 1 min, 72 �C or 1 min; final extension of
72 �C for 10 min. PCR cycling conditions for multiplexes
CTS and EBF were as described by Ayub et al. (2000)
and Bosch et al. (2002), respectively. Diluted PCR products
were mixed with Genescan 400 HD[ROX] size standard
(Applied Biosystems) and run on an ABI PRISM 3100
Genetic Analyzer (Applied Biosystems). The amplicon size
was analyzed using GeneMapper Softwarev3.7 (Applied
Biosystems). Allele designations are in accordance with
the Y Chromosome Haplotype Reference nomenclature (http:
www.yhrd.com). SNP and STR data are available in the sup-
plementary table 1, Supplementary Material online.

Statistical Analyses

For each of the 25 populations, diversity measures were
computed both for STR haplotypes and SNP haplogroups us-
ing Arlequin v2.0 software (Schneider et al. 2000). The total
number of haplotypes and the number of haplotypes shared
between populations were determined by a simple counting
scheme. The frequency of the Y-chromosome haplogroups
found, together with the modal Bantu haplotype described
by Thomas et al. (2000) and of its one-step neighbors de-
scribed by Pereira et al. (2002) were calculated by a simple
counting scheme. Population genetic structure was tested
through analysis of molecular variance (AMOVA) using
the Arlequin program v2.0 (Schneider et al. 2000).

Dating was performed using the method described by
Goldstein et al. (1996) who established that the variance in
repeat size in STRs is proportional to expansion times and
mutation rates. This method offers the advantage of not
requiring the establishment of the precise phylogenetic
relationships among all haplotypes, which, given the
present sample size, may be difficult. Expansion times and
their standard deviations (SDs) were calculated using 11
STRs (DYS19, DYS389I, DYS389II DYS390, DYS391,
DYS392, DYS393, DYS437, DYS438, DYS439, and
DYS460), whose mutation rates have been individually es-
timated (Gusmao et al. 2005). The allelic variance of each
STR was divided by the estimated mutation rate, and the
mean of the variances was multiplied by 25 (intergeneration
time in years).

Genetic relationships between the haplotypes within
specific haplogroups were analyzed using the Network
program v 4.1.1.1, applying the median-joining method
(Bandelt et al. 1995). STR weighting was applied according
to the molecular variance of each marker. Higher weights
were given to the least variable loci, with weight being
inversely proportional to variance. Multi-copy marker
DYS385 was considered as two separate loci. The nonper-
fect repeat 13.2 for this locus, found only in haplogroup
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R1b1*, was incorporated into the analysis by coding it as an
additional locus with two states, 1 for the haplotypes car-
rying perfect alleles and 2 for the imperfect 13.2 alleles.
Given that the recurrent generation of this allele is highly
unlikely, and could be considered to be equivalent to
a unique event polymorphism, it was given the maximum
weight when constructing the R1b1* network.

In order to establish the genetic relationships between
west Central African samples and the rest of the sub-Saharan
continent, a Correspondence Analysis (CA) for haplogroup
frequencies was calculated using STATISTICA 6.0 (Stat
Soft, Inc). A total of 74 African populations (supplementary
table 2, Supplementary Material online) were used in the CA:

25 populations from the present study and 49 populations
belonging to different linguistic groups (Afro-Asiatic,
Nilo-Saharian, Khoisan, and Niger-Congo). Given that the
phylogenetic resolution was not the same for all the studies
used for comparison, adjustments have been made in order to
obtain similar/equivalent levels of haplogroup discrimina-
tion, defining in this way a total of 22 haplogroups.

Results
Y-Chromosome Lineages in West Central Africa

The 883 male samples analyzed from west Central
Africa were classified into 10 different haplogroups according

FIG. 1.—Absolute Y-chromosome haplogroup frequencies found in west central African samples. Samples from Cameroon are shown by a final
capital C, whereas the rest of the samples were from Gabon. The 41 SNPs genotyped are shown in the branches of the Y-chromosome phylogeny and
only haplogroup names found in the sample set are shown (Karafet et al. 2008).
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to the recently published Y-Chromosome Phylogeny (Karafet
et al. 2008) (fig. 1). The haplogroup diversity of these
Y-lineages was low (0.414 ± 0.020) with respect to that re-
ported for other areas of Africa (Beleza et al. 2005). However,
when hunter-gatherer Pygmies and Bantu agriculturalists
were considered separately, the haplogroup diversity was
much higher for the former (0.694± 0.044) than for the latter
(0.362 ± 0.021).

On the whole, most of the samples belonged to previ-
ously described African lineages especially common in sub-
Saharan Africa. Specifically, most of these lineages have
been associated either with Bantu-speaking people—E1b1a
(E3a according to The Y Chromosome Consortium 2002),
B2a, and E2—or to Pygmy populations (haplogroup
B2b). We also observed traces of haplogroups A, E*,
E1a, and E1b1b1a (E3b1 according to The Y Chromosome
Consortium 2002), which are found at low frequencies
across the African continent (Underhill et al. 2000, 2001;
Cruciani et al. 2002; Wood et al. 2005). Interestingly, almost
5% of the individuals here analyzed belonged to Eurasian
haplogroup R1b1*.

Haplogroup E1b1a, previously proposed as being
a marker of the Bantu expansion (Passarino et al. 1998;
Scozzari et al. 1999; Underhill et al. 2001; Wood et al.
2005), was the most frequent haplogroup in our sample
set (76%), reaching a frequency of almost 80% in agricul-
turalists and 28% in Pygmy samples (fig. 1). Notably, it was
also the most frequent haplogroup in the Bakola Pygmy
group from Cameroon (55%). When the internal STR di-
versity of haplogroup E1b1a was considered, Bantu-speak-
ing farmers presented higher diversity (6.56 ± 3.11 pairwise
differences) than Pygmies (5.89 ± 2.96), and a clear starlike
shape was observed in the network of haplotypes (supple-
mentary fig. 1, Supplementary Material online). The expan-
sion date of the E1b1a haplogroup was estimated at 5,800
years (SD 7,200), in agreement with the expansion of Bantu
languages. It is worth mentioning that the 14 different
E1b1a STR haplotypes found in Pygmies were quite diver-
gent and did not form a cluster in the network, being found
at the tips of the tree and with only three of them being
shared with Bantu-speaking agriculturalists. The modal
Bantu haplotype previously described (Thomas et al.
2000), consisting of alleles 10, 21, 13, 11, and 15 for STRs
DYS391, DYS390, DYS393, DYS392, and DYS19, re-
spectively, was found in all Bantu-agriculturalist popula-
tions (excluding the Fang from Cameroon and the
Mbaouin, with less than five individuals analyzed), at fre-
quencies ranging from 12% to 43%. This haplotype was
also observed among Bakola Pygmies (14%) and at lower
frequencies among Baka Pygmies from Gabon (6%). High
frequencies of one-step neighbors of the founder Bantu
haplotype (haplotypes at one mutational step from the
modal Bantu haplotype) (Pereira et al. 2002) were also ob-
served in 18 of the 20 Bantu-agriculturalist populations.

Haplogroup B2a, which has been previously associ-
ated with Bantu agriculturalists (Beleza et al. 2005), was
the second most frequent haplogroup (7%) in the west Cen-
tral African sample set. Haplogroup B2a was found in 16 of
the Bantu-agriculturalist populations and in four Bakola in-
dividuals. The estimated expansion time for the B2a net-
work was 5,200 years (SD 5,300) (supplementary fig. 2,

Supplementary Material online), again in agreement
with the hypothesized demographic expansion of Bantu
agriculturalists.

Haplogroup B2b was present in all the Pygmy popu-
lations of the sample set, showing very high frequencies in
both Baka populations (over 60%), and lower frequencies
in the Bakola population (around 27%). However, this
haplogroup was virtually absent among agriculturalist pop-
ulations, only being observed in four individuals (0.4%)
(fig. 1). The estimated expansion time for the B2b network
was 11,000 years (SD 9.0), with haplotypes found in Bantu
agriculturalists lying at the tips of the tree (supplementary
fig. 3, Supplementary Material online) and showing lower
STR diversity (8.83 ± 5.17) than those found in Pygmies
(9.84 ± 4.64).

The third most frequent haplogroup in our sample set
was E2 (5.7%) (supplementary fig. 4, Supplementary Mate-
rial online). Although this lineage is found at low frequencies
across the entire African continent (Cruciani et al. 2002), its
subbranch E2b has been found to be more frequent among
Bantu agriculturalists (Underhill et al. 2000; Cruciani et al.
2002), and it is therefore thought to have been carried by
the Bantu expansion (Cruciani et al. 2002).

A remarkable finding of our study is the substantial
number of individuals belonging to haplogroup R1b1*
(5.2%). Surprisingly, it has been previously observed in
northern Cameroon (40%) at high frequencies (Cruciani
et al. 2002) and at lower frequencies in southern Cameroon
(1.12%) (Cruciani et al. 2002), Oman (1%), Egypt (2%),
and Hutu from Rwanda (1%) (Luis et al. 2004). The pres-
ence of this lineage in Africa has been claimed to be a ge-
netic signature of a possible backflow migration from west
Asia into Africa (Cruciani et al. 2002). Here we observe
R1b1* in 12 Bantu-agriculturalist populations (ranging
from 2% to 20%) and in two Pygmy individuals. A network
of R1b1* haplotypes performed using STR data (fig. 2)
shows two main clusters, without any population structure.
Interestingly, the estimated expansion time for these haplo-
types—7,000 years (SD 8,100)—precedes the time at
which the Bantu expansion occurred.

Genetic Structure and Population Relationships

An AMOVA based on haplogroup composition was
performed in order to assess the level of population structure
in west Central Africa. When all samples, Bantu agricultur-
alists and Pygmy hunter-gatherers, were considered as a sin-
gle group, some genetic heterogeneity between the samples
analyzed was found (10.8%,P, 0.0001). When Bantu agri-
culturalists and Pygmies were analyzed independently, the
heterogeneity previously found was partially due to differen-
ces between Pygmy populations (19.3%, P 5 0.001),
whereas Bantu agriculturalists were found to be very homo-
geneous genetically (2.3%, P5 0.003). In addition, a large
proportion of the total Y-chromosome diversity observed
(37.6%, P 5 0.002) was due to differences between Bantu
agriculturalists and Pygmy samples, showing a high genetic
difference between these two groups.

In order to establish the genetic relationships between
west Central African samples and the rest of the sub-Saharan
continent, a CA was performed (fig. 3). The first and second
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dimensions capture 27.7% and 15.2% of the total inertia,
respectively, and group the populations according to geo-
graphic and linguistic proximities with few exceptions.
The first axis mainly separates Afro-Asiatic populations,
which are characterized by high frequencies of haplogroup
E1b1b (E3b according to The Y Chromosome Consortium
2002) and its derivates, K, T (K2 according to The Y
ChromosomeConsortium2002), andF(xG,I,K) fromthe rest
of populations. However, the scattered distribution of these
populations within the Afro-Asiatic cluster indicates a high
heterogeneity: 11.29% (P, 0.0001) of the genetic variance
within Afro-Asiatic samples was due to differences between
populations. On the opposite edge of the first axis, the spatial
distribution of the Niger-Congo populations (both Bantu and
non-Bantu) most likely reflects the high frequency of hap-
logroups E1b1a and B2a, without any clear appreciable dif-
ferences between Bantu and non-Bantu speakers (zoomed
view in fig. 2): A mere 3.28% (P 5 0.001) of the genetic
variance within the Niger-Congo group is due to differences
between Bantu and non-Bantu groups. Compared with non-
Bantu Niger-Congo speakers, Bantu populations are more
homogeneous in their haplogroup composition: 16.23%
(P,0.0001) and 6.92% (P,0.0001) of the genetic variance
within groups, respectively. However, a few Bantu popula-
tions (e.g., Fang, Southern Cameroon Bantu, Punu, etc.) are
scattered in the CA due to the presence of haplogroup R1b1*.
The second axis positions Khoisan, Pygmy, and Nilo-Saharan
samples on one edge due to their high frequency of hap-
logroups B2b and A.

Pygmy samples are clustered in two separate groups;
one Pygmy cluster represented by the two western Baka
Pygmy samples located close to the Khoisan samples,
and another cluster formed by Pygmies from Central Africa
(Biaka and Mbuti) together with the Bakola population
from Cameroon, located close to Bantu-agriculturalist sam-
ples. Differences among all Pygmy samples represent
12.92% (P , 0.0001) of the total genetic variance and
are not related to the geographical classification of Pygmies
into western and eastern groups: No significant differences
(P 5 0.598) in Y-chromosomal haplogroup composition

are found between eastern (Mbuti) and western (Baka,
Bakola, and Biaka) samples. The difference in the spatial
distribution of the two Pygmy groups most likely reflects
the high frequency of haplogroup E1b1a in the latter group
of Pygmies, which suggests a stronger Bantu component/
influence in these populations than in Baka Pygmies from
west Central Africa, who are characterized by high frequen-
cies of haplogroup B2b.

Discussion
Pygmy and Bantu Lineages

The general haplogroup profile observed among the
Bantu-speaking agriculturalists and Pygmy hunter-gatherer
populations of west Central Africa agrees with a genetically
homogenizing expansion of the ancestors of Bantu speakers
that resulted in an isolation and fragmentation of hunter-
gatherer populations. Indeed, Bantu-speaking agricultural-
ists exhibit a reduced haplogroup diversity compared with
hunter-gatherer Pygmies.

Up to 85% of the gene pool of Bantu-speaking agricul-
turalists belongs to two single lineages: haplogroups E1b1a
(;80%) and B2a (;5%), which have previously been re-
lated to the Bantu expansion (Underhill et al. 2000). These
lineages are highly predominant in west Central African
Bantu-agriculturalist groups and could be considered the
counterparts of some of the maternal mtDNA subclades
within the L0a, L2, and L3 lineages. However, the Y-linked
E1b1a and B2a lineages are not only frequent in Bantu-
agriculturalist populations, as shown in the CA presented.
Most Niger-Congo non-Bantu populations also present high
frequencies of these haplogroups that spread during the
expansion of Bantu languages, an observation that supports
the common origin of populations speaking languages
belonging to the major Niger-Congo language family. It
has been hypothesized that E1b1a, including its subbranch
E1b1a7 (defined by M191, and not tested in the present
study), arose in west Central Africa and was later taken
southward through a demic expansion (Cruciani et al.
2002). Despite the correlation between STRs and

FIG. 2.—Median-joining network of haplogroup R1b1* based on the data from 18 Y-STRs. Circles are proportional to the individual frequencies.
Black circles represent individuals with the imperfect repeat 13.2 allele for DYS385. The only two Pygmy individuals found in the network are
represented by a white dot.
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haplogroups in the Y-chromosome (Bosch et al. 1999), the

sub-haplogroup lineages within E1b1a were not identifiable

in the 18-STR network of haplotypes in the present sample

set (supplementary fig. 1, Supplementary Material online).

Within B2a, lineages belonging to the B2a1a branch are

thought to have originated in west Africa, carried to the east

by Bantu farmers, assimilated by central Africans, and sub-

sequently carried southward (Beleza et al. 2005).
In contrast, Pygmies present higher haplogroup diver-

sity with respect to Bantu farmers, which is accounted for

by both the presence of pre-Bantu haplogroups (such as

B2b and A) and the additional lineages entering the Pygmy

gene pool via gene flow from Bantu agriculturalists. Hap-

logroup B2b has been suggested to have originated early

during the history of modern humans (Cruciani et al.

2002; Knight et al. 2003), being especially frequent among

Khoisan populations from South Africa (Underhill et al.

2001) and Pygmy populations from the Central African

forests (Knight et al. 2003). More specifically, the highest

frequencies of B2b are observed among those populations

that have experienced little gene flow from Bantu farmers,

that is, the Juj‘hoansi (Knight et al. 2003).

Genetic Structure of Pygmy Populations

The presence of common paternal lineages in eastern
and western Pygmies is in strong contrast with the com-
pletely nonoverlapping maternal gene pool of these popu-
lations. Eastern Pygmies present L0a2, L2a, and L5
mtDNA lineages and do not present L1c lineages, which
are found in over 90% of western Pygmies (Quintana-Murci
et al. 2008). In contrast, all Pygmy samples here analyzed
present paternal B2b frequencies over 25%, reaching 60%
in the western Baka Pygmies. Haplogroup B2b has also
been observed in Khoisan samples, with some traces in
other sub-Saharan populations, pointing toward an ancient
origin for this lineage (Underhill et al. 2001). The presence
of B2b among Pygmies suggests a common paternal origin
for eastern and western Pygmies, being at odds with the
apparent lack of maternal ancestry depicted by mtDNA
analyses (Quintana-Murci et al. 2008). Sexually asymmet-
ric demographic factors could explain this discrepancy ob-
served in maternal and paternal lineages in Pygmies.

In addition, the presence of haplogroup E1b1a is very
heterogeneous in Pygmy populations, being very frequent
in Biaka, Mbuti, and Bakola Pygmies (over 40%) and less
frequent in Baka (,20%).

FIG. 3.—CA based on Y-chromosome haplogroup frequencies. Diamonds represent Y-chromosome haplogroups named after Karafet et al. (2008)
and show the last derived mutation typed within the Y-chromosome phylogeny. Triangles, squares, and circles represent population samples classified
by linguistic/ethnic groups: Afro-Asiatic, Nilo-Saharan, Khoisan, Pygmy, and Niger-Congo (Bantu and non-Bantu). Population abbreviations are as
shown in supplementary table 2, Supplementary Material online.
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Gene Flow between Pygmies and Non-Pygmies

Ourdata clearly showthat the paternalgeneflowbetween
west Central Bantu farmers and Pygmies has been asymmet-
rical. Although paternal Bantu lineages have been introduced
into Pygmies, the opposite has been rare. The predominant
Bantu haplogroup E1b1a has been found at a frequency over
25% in Pygmies, especially in Bakola (55%), and B2a has also
been found in Bakola (18%). By contrast, the predominant
Pygmy haplogroup B2b is observed in less than 1% (4 of
823) of Bantu-speaking agriculturalists. This result is consis-
tent with the hypothesis of asymmetrical gene flow between
Pygmies and Bantu farmers due to sex-specific demographic
factors (Cavalli-Sforza 1986; Destro-Bisol et al. 2004), with
maternal Pygmy-to-Bantu and paternal Bantu-to-Pygmy flow
being the rule. The introduction of paternal Bantu lineages into
the Pygmy populations could have taken place through extra-
marital unions between Pygmy females and Bantu-farmer
males; Pygmy females being accepted as wives for their great
fertility and for their relatively low bride-price, through the
adoption oforphans from mixed unions, and through the return
of divorced Pygmy women from Bantu-farmer males and their
childrentoPygmycommunities(Destro-Bisoletal.2004).This
is also corroborated by the analyses of female lineages (Batini
et al. 2007; Quintana-Murci et al. 2008), where specific Pygmy
mtDNAhaplogroups, suchasL1c1a,havebeenfoundinBantu
agriculturalists, whereas the presence of Bantu mtDNA line-
ages in Pygmy populations has been found to be rare.

Besides this asymmetrical and opposite gene flow un-
masked from uniparentally inherited markers, it has been
shown that there is a substantial common and deep maternal
ancestry between Bantu agriculturalists and Pygmies for the
mtDNA, whereas not such a deep ancestry is found for Y-
chromosome male lineages. Mitochondrial L1c lineages,
prevalent in west Central Africa and found in both groups,
have been dated back to 70,000 years (Batini et al. 2007;
Quintana-Murci et al. 2008), suggesting a common ancient
origin for Bantu agriculturalists and Pygmies. In contrast,
the common paternal lineages found in west Central
African samples are essentially recent. Only traces of hap-
logroup A and basal E-M96 are found in both groups, but
these haplogroups only account for 5% and 10%, respec-
tively, in Pygmies and 0.5% and 1% in Bantu agricultural-
ists. This lack of ancient paternal lineages among west
Central Africans suggests that the Bantu expansion erased
most of the ancient diversity present in the region before the
massive demic expansion. In addition, these results clearly
indicate that the consequences of the Bantu expansion are
more visible from the paternal side than from the maternal
side, suggesting that the demic movements associated with
the Bantu expansion involved more males than females.
Sex-specific gene flow can be directly estimated from
the genome regions that unilinearly transmitted; general
(and more accurate) estimates of sex-independent admix-
ture can be derived from autosomal markers such as those
recently published (Verdu et al. 2009).

Non-African Lineages in West Central Africa

The analysis of paternal lineages in west Central Africa
has shown the predominant presence of haplogroups claimed

to have a Bantu origin (such as E1b1a or B2a), together with
a few autochthonous pre-Bantu lineages (such as B2b)
(Underhill et al. 2000; Cruciani et al. 2002). Nevertheless,
the nonnegligible presence of the R1b1* lineage in west Cen-
tral African samples (with a frequency over 5%) might point
toward additional demographic expansions within the area
besides the ‘‘Bantu expansion.’’ The presence of this hap-
logroup has also been reported by Cruciani et al. (2002) in
Cameroon, as well as in Oman, Egypt, Rwanda (Luis et al.
2004), and Sudan (Hassan et al. 2008), although slightly
different genetic markers were analyzed. The presence of
this haplogroup in the region is especially puzzling given
that, according to the known Y-chromosome phylogeny
(Underhill et al. 2000), the geographic origin of the R1b
lineage is situated Eurasia and not in Africa. Its sporadic
presence, although at low frequencies, in some African pop-
ulations has been proposed to result from back migrations
from Eurasia into Africa during ancient times. The internal
STR diversity of this lineage in west Central Africa points
toward a putative expansion occurring 7,000 years ago, be-
fore the ‘‘Bantu expansion.’’ However, this estimated expan-
sion time could represent an underestimation andmay simply
show the expansion of a subset of the diversity within hap-
logroup R1b1* to west Central Africa through the Bantu ex-
pansion, having been shown to be especially frequent in
northernCameroon,near theputativeBantuexpansionorigin
(Cruciani et al. 2002). Surprisingly, no traces of non-African
maternal lineages (i.e., mtDNA) have been observed in west
Central Africa (Coia et al. 2005; Quintana-Murci et al. 2008),
pointing to a putative sexual asymmetrical demographic
expansion in Central Africa. Further analyses in an extended
group of Central African populations (including Nigeria,
Niger, Chad, and Sudan) might be pivotal to shed light on this
poorly known demographic event in the region. It is note-
worthy that the Fang population is the Bantu-agriculturalist
group presenting the highest frequency of R1b1*. The
presence of the Fang in west Central Africa appears to be
recent, and they are thought to have entered the region
from the north-eastern open grassland plateau during the
17th and 18th centuries (Perrois 2006).

In conclusion, our results demonstrate the recent ori-
gin for most paternal lineages in west Central Africa to be
the result of the Bantu expansion starting ;5,000 years ago,
having erased virtually all previous Y-chromosome diver-
sity of populations inhabiting this region. However, some
traces of ancient paternal lineages are observed, mainly
among the groups of hunter-gatherers. These results con-
trast with data drawn from the analyses of maternal lineages
in these populations, where ancient and phylogenetically
deep lineages are observed and substantial maternal gene
flow from hunter-gatherers toward Bantu farmers has been
suggested. Finally, the presence of lineages belonging to
haplogroup R1b1* might represent footprints of demo-
graphic expansions in Central Africa not directly related
to the ‘‘Bantu expansion.’’

Supplementary Material

Supplementary tables 1 and 2 and supplementary
figures 1–4 are available at Molecular Biology and Evolu-
tion online (http://www.mbe.oxfordjournals.org/).
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diversité génétique des Pygmées d’Afrique Centrale et
de leurs voisins.’’ We are also grateful to Chris Tyler-Smith
for carefully reading the manuscript and for his valuable
advice. We also thank the National Institute of Bio-
informatics (www.inab.org), a platform of Genoma España.
The research presented was supported by the European
Science Foundation EUROCORES Origins of Man, Lan-
guage, and languages, OMLL program (‘‘Language, culture
and genes in Bantu: a multidisciplinary approach to the
Bantu-speaking populations of Africa’’), the Dirección
General de Investigación, Ministerio de Educación y
Ciencia, Spain (CGL2007-61016), and Direcció General
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