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To investigate associations between genetic, linguistic, and geographic variation in Africa, we type 50 Y
chromosome SNPs in 1122 individuals from 40 populations representing African geographic and linguistic
diversity. We compare these patterns of variation with those that emerge from a similar analysis of
published mtDNA HVS1 sequences from 1918 individuals from 39 African populations. For the Y
chromosome, Mantel tests reveal a strong partial correlation between genetic and linguistic distances
(r¼ 0.33, P¼0.001) and no correlation between genetic and geographic distances (r¼�0.08, P40.10). In
contrast, mtDNA variation is weakly correlated with both language (r¼0.16, P¼0.046) and geography
(r¼ 0.17, P¼0.035). AMOVA indicates that the amount of paternal among-group variation is much higher
when populations are grouped by linguistics (UCT¼0.21) than by geography (UCT¼0.06). Levels of
maternal genetic among-group variation are low for both linguistics and geography (UCT¼ 0.03 and 0.04,
respectively). When Bantu speakers are removed from these analyses, the correlation with linguistic
variation disappears for the Y chromosome and strengthens for mtDNA. These data suggest that patterns
of differentiation and gene flow in Africa have differed for men and women in the recent evolutionary
past. We infer that sex-biased rates of admixture and/or language borrowing between expanding Bantu
farmers and local hunter-gatherers played an important role in influencing patterns of genetic variation
during the spread of African agriculture in the last 4000 years.
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Introduction
An important question in population genetics is identify-

ing the best predictors of genetic relationships among

human populations. Several studies indicate strong corre-

lations between genetic and linguistic relationships among

globally distributed human populations.1,2 At the subcon-
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tinental scale, correlations between genetic variation and

linguistic or geographic variation differ substantially. Y

chromosome studies have shown that geographic distances

correlate with genetic affinities among populations in

Europe,3 the Americas,4 and Austronesia,5 whereas lan-

guage better explains Y chromosome relationships in

Siberia.6 Mitochondrial DNA (mtDNA) studies suggest that

linguistic relationships are better correlated with genetic

affinities among South American populations,7 while

both geography and language are correlated with

maternal variation in Austronesia.8 In Africa the question

of gene–language relationships remains equivocal; some

classical genetic and Y chromosome studies point to

language,9,10 while other Y chromosome and mtDNA

studies identify geography11,12 as a better predictor of

genetic affinities.

The distribution of linguistic variation has been strongly

influenced by the Neolithic Revolution, particularly in

Africa. Linguistic, archeological, and ethnographic data

suggest that all four African language families arose before

agriculture in West Africa (Niger-Congo), Northeastern

Africa (Afroasiatic), the middle Nile region (Nilo-Saharans),

and East Africa (Khoisan).13 – 17 Early dispersals of Niger-

Congo, Afroasiatic, and possibly Nilo-Saharan languages

are likely associated with migrating farmers.14 – 17 Diamond

and Bellwood15 hypothesized that early farmers replaced

the languages of hunter-gatherers living in their path of

expansion and that this replacement would lead to strong

correlations between linguistic and genetic variation. Their

least equivocal example of an association of a language

group with the spread of agriculture are the Bantu

expansions. Beginning B4000 years ago, farmers speaking

Niger-Congo Bantu languages expanded from a southern

Cameroonian homeland over most of subequatorial

Africa.13,18,19 Evidence for the concordant spread of

Bantu genes and languages comes from autosomal,9,20

mtDNA,12,21 and Y chromosomal10,11,22 – 27 data.

The nonrecombining portion of the Y chromosome

(NRY) and mtDNA are both haploid and uni-parentally

inherited and, hence, are expected to have a four-fold

reduction in effective population size (Ne) relative to the

autosomes. In the absence of selection, the reduced Ne

leads to an increased rate of genetic drift, which makes

these haploid regions sensitive indicators of such demo-

graphic processes as bottlenecks, population subdivision,

and population size and range expansions. The compara-

tive study of patterns of variation at these loci allows the

examination of the relative contribution of males and

females in shaping African genetic diversity. In this study,

we test for associations between genetic, linguistic and

geographic differentiation to (1) identify correlates of

genetic diversity in Africa, (2) examine the degree of

concordance between the Y chromosome and mtDNA, and

(3) assess the effects of sex-specific demographic processes

shaping patterns of variation.

Subjects and methods
Population samples

Samples include representatives of the four major language

families: Khoisan, Afroasiatic, Nilo-Saharan, and Niger-

Congo (Table 1; Figure 1). Many of the 40 populations in

Table 1 were analyzed in previously published stu-

dies;22,23,28,29 however, several markers were typed in these

samples for the first time in the current study. Differences

in the number of samples in this and previous studies

reflect differences in the availability of DNA, the inclusion

of new samples, and/or the merging or splitting of

populations according to language or ethnographic criter-

ia. Sampling protocols were approved by the Human

Subject Committee at the University of Arizona and those

of collaborating institutions.

Y chromosome markers and terminology

Fifty biallelic Y-linked markers, SNPs and indels, were typed

using a hierarchical protocol.23,26,27 First, we typed muta-

tions defining major haplogroups (eg, haplogroup A

defined by M91) and then we typed all markers within a

haplogroup until the most derived mutation in that

haplogroup was determined (Figure 2). Thus, not every

individual was typed for every marker. Markers were typed

using allele-specific PCR, restriction enzyme digest, or

direct sequencing. Protocols and primer sequences for

these assays were previously published.23,30 We follow the

terminological conventions recommended by the Y Chro-

mosome Consortium30 for naming NRY lineages.

MtDNA

To compare maternally and paternally inherited patterns of

variation, we re-examined 366 bp of mtDNA HVS1

sequence data compiled from a number of previous

studies.12,31–33 The data set includes 39 populations from

the major language groups: Khoisan (!Kung1, !Kung2,

Khwe, Hadza), Nilo-Saharan (Kanuri, Songhai, Turkana,

Nubian, Sudanese, Mbuti, Datoga), Afroasiatic (Moroccan

Berber, non-Berber Moroccan, Egyptian, Algerian Moza-

bite, Tuareg, Somalian, Amhara, Hausa, Podokwo, Man-

dara, Uldeme, Iraqw), Niger-Congo non-Bantu

(Fulbe¼ Fulfulde, Yoruba, Serer, Wolof, Mandinka, Tupuri),

and Niger-Congo Bantu (Bubi, Fang, Biaka, Kikuyu,

Mozambique1, Mozambique2, Bakaka, Bassa, Mbenzele,

Sukuma) (Figure 1). Some populations represented in the

original data sets12,31 – 33 were omitted because they are not

found on the African mainland, are Cameroonian popula-

tions not represented in the Y chromosome data set,33 or

because linguistic designations could not be inferred.

Mantel tests

The correlation among genetic, linguistic, and geographic

distances was assessed by the Mantel test34 employing

ARLEQUIN 2.000.35 To test whether statistically significant

associations between linguistic and genetic affiliations
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reflect the same events in population history or parallel,

but separate isolation by distance processes, we performed

partial correlations holding geography (or language) con-

stant.36 Genetic distances were based on Slatkin’s37

linearized FST values (ie, incorporating molecular distances

among haplogroups). Geographic distances between po-

pulations were calculated using approximate latitude and

longitude data for the sample sites (Table 1). We used a

novel approach for classifying linguistic relationships

among populations. One of us (CE) constructed tree

relationships among the languages spoken by the study

populations using several sources of linguistic, archeologi-

cal, and ethnographic data. Divergence times between

related languages were estimated using archeological dates

and glottochronological methods.38 Linguistic relation-

ships among populations in this study, as well as among

the populations in the mtDNA data set, are available at

http://www.u.arizona.edu/Bewood/data.html. We also

Table 1 Sampled populations

Linguistic affiliation

Geographic region Ethnicity N Family Sublevel Latitude/Longitude

West Africa
Gambia/Senegal Wolof 34 Niger-Congo Atlantic 14N 15W
Gambia/Senegal Mandinka 39 Niger-Congo Atlantic 15:5N 15W
Mali Dogon 55 Niger-Congo Dogon 14N 3W
Ghana Ewe 30 Niger-Congo Kwa 6N 1E
Ghana Ga 29 Niger-Congo Kwa 5:5N 0E
Ghana Fante 32 Niger-Congo Kwa 6:5N 1:5E

Central Africa
Cameroon, North Podokwo 19 Afroasiatic Chadic 12:5N 14:5E
Cameroon, North Mandara 28 Afroasiatic Chadic 12:5N 14:5E
Cameroon, North Uldeme 13 Afroasiatic Chadic 12:5N 14:5E
Cameroon, North Tupuri 9 Niger-Congo Gur 10N 13:5E
Cameroon, South Bassa 11 Niger-Congo Bantu 3N 10E
Cameroon, South Bakaka 17 Niger-Congo Bantu 3N 10:5E
Cameroon, South Ngoumba 31 Niger-Congo Bantu 3N 10E
Cameroon, South Bakola Pygmies 33 Niger-Congo Bantu 2:5N 10:5E
CAR Biaka Pygmies 31 Niger-Congo Bantu 3N 16E
CAR Baka Pygmies 18 Niger-Congo Bantu 3N 16E

East Africa
DRC Nande 18 Niger-Congo Bantu 1:5N 30E
DRC Hema 18 Niger-Congo Bantu 1:5N 30E
DRC Alur 9 Nilo-Saharan Nilotic 1:5N 30E
DRC Mbuti Pygmies 47 Nilo-Saharan Sudanic 2N 29E
Tanzania S. Cushitic 9 Afroasiatic Cushitic 4S 35E
Kenya Massai 26 Nilo-Saharan Nilotic 2S 37E
Kenya Luo 9 Nilo-Saharan Nilotic 0:5S 34:5E
Kenya Kikuyu & Kamba 42 Niger-Congo Bantu 1:5S 38:5E
Uganda Ganda 26 Niger-Congo Bantu 1N 32E
Ethiopia Amhara 18 Afroasiatic Semitic 10N 39E
Ethiopia Oromo 9 Afroasiatic Cushitic 6N 39E
Ethiopia South Semitic 20 Afroasiatic Semitic 12N 38E

South Africa
Namibia !Kung/Sekele 32 Khoisan Northern 19:07S 13:39E
Namibia Tsumkwe San 29 Khoisan Central 19:13S 17:42E
Namibia Dama 18 Khoisan Central 24:50S 17:00E
Namibia Nama 11 Khoisan Central 24:00S 17:50E
Namibia Herero 24 Niger-Congo Bantu 22:30S 18:58E
Namibia Ambo 22 Niger-Congo Bantu 22:30S 18:58E
South Africa Sotho-Tswana 28 Niger-Congo Bantu 27S 27E
South Africa Zulu 29 Niger-Congo Bantu 31:35S 28:47E
South Africa Xhosa 80 Niger-Congo Bantu 33:58S 25:36E
Zimbabwe Shona 49 Niger-Congo Bantu 17:50S 31:03E

North Africa
Egypt Egyptian 92 Afroasiatic Erythraic 30N 30E
Tunisia Tunisian 28 Afroasiatic Semitic 35N 10E
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performed Mantel tests with matrices constructed using (1)

the method described by Poloni et al10 that uses the tree

relationships of the languages defined by Greenberg,39 (2)

the tree relationships among languages reported in this

study without making use of divergence times, (3) equal

distances among populations of different language fa-

milies, and/or (4) variable distances among populations

of different language families. All matrices yielded very

similar correlations (both r and P values) for the entire data

set. Results differed slightly among matrices when we

removed the Bantu speakers.

AMOVA

Analyses of molecular variance (AMOVA) were also per-

formed using ARLEQUIN 2.000.35 Both haplogroup fre-

quencies and molecular differences among haplogroups

were taken into account. We grouped populations by five

geographic regions (West, Central, East, South, and North

Africa) and by four linguistic groups (Afroasiatic, Nilo-

Saharan, Khoisan, and Niger-Congo) (Figure 1). All samples

used for the Mantel analysis were also used in the AMOVA:

1122 individuals from 40 populations for the Y chromo-

some and 1918 individuals from 39 populations for

mtDNA.

Given that levels of population differentiation can be

influenced by (1) sample composition and the Y chromo-

somal and mtDNA data sets presented here are sampled

differently, (2) the differing rates and modes of evolution

characterized by the Y chromosome and mtDNA systems,

and (3) the type of polymorphisms examined (eg, pre-

ascertained Y chromosome SNPs versus mtDNA HVS1

sequence data), direct comparisons between these haploid

Figure 1 Map of Africa. The approximate location of 40 populations typed for Y chromosome markers in this study (K) and 39 populations
surveyed for HVS1 sequence data12,31,32,33 (J) are indicated. The distribution of the four African language families was constructed using
Greenberg’s39 classifications and further refined with data from the ethnologue (http://www.ethnologue.com/). Three shades of gray on map refer to
the distribution of language families: Khoisan (light gray, southwest), Afroasiatic (light gray, north), Niger-Congo (medium gray), and Nilo-Saharan
(dark gray). The circled geographic regions include North, West, Central, East, and South Africa.
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Figure 2 Maximum-parsimony tree of 50 Y chromosome biallelic markers typed in this survey. The root of the tree is denoted by an arrow. Major
clades (ie, A–R) are labeled with large capital letters. Subclade labels (eg, A3b) are indicated to the left of the branches. Mutation names are given
along the branches. The length of each branch is not proportional to the number of mutations or the age of the mutation. Only the names of the 36
haplogroups observed in the present study are shown to the right of the branches. Haplogroup frequencies are shown on the far right.
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genetic systems should be considered with caution. Never-

theless, by comparing linguistic and geographic associa-

tions within a locus, we can ask whether mtDNA and the Y

chromosome have been influenced by similar demo-

graphic processes.

Results
Geographic distribution of Y chromosome
haplogroups in African populations

Phylogenetic analysis of the 50 Y biallelic markers used in

this study yielded 36 haplogroups (Figure 2) (for appendix

please refer to Supplementary Information). The vast

majority of these lineages (98.1%) belong to five major

haplogroups: A (7.1%), B (10.2%), E (70.2%), J (5.4%), and

R (5.2%). Haplogroup A is closest to the root of the tree and

is found most frequently in the Khoisan, particularly the

A2 and A3b1 lineages (47.7%). Haplogroup B chromo-

somes are most frequently observed in Pygmies (48.9%),

with B2a* and B2b* being nearly exclusive to this group.

Haplogroup E is overwhelmingly the most common in this

study. Over half of the individuals in our study (51%) are

members of the subclade E3a, which is defined by the P1

mutation. Niger-Congo speakers have the highest fre-

quency of E-P1* chromosomes (40.7%) and the largest

proportion of E-M191 chromosomes (27.5%), particularly

in Bantu speakers (31.5%). The E3b1 (E-M78) lineage is

most frequent in Afroasiatics (22.5%). In this study,

haplogroup J is concentrated in Afroasiatics (19.5%). While

African haplogroup R chromosomes are generally quite

rare, R-P25* chromosomes are found at remarkably high

frequencies in northern Cameroon (60.7–94.7%). The

remaining haplogroups (K, F*, I, and G) account for only

1.9% of the individuals in our data set.

Analysis of molecular variance (AMOVA)

The overall Y chromosome FST for the 40 populations is

0.32 (Table 2), a value that is similar to that found in a

previous study of African Y-SNP diversity (FST¼0.34).28

This value is also similar to that obtained when our African

sample is grouped into five geographic regions. When

populations are grouped according to language family, the

proportion of among-group variance (FCT¼0.21) is more

than three times higher than when populations are

grouped according to geographic location (FCT¼0.06)

(Table 2). AMOVA results for the mtDNA data are also

presented in Table 2. The continental mtDNA FST is 0.15.

MtDNA F-statistics are very similar when populations are

placed in either linguistic or geographic groups.

These results indicate that Y chromosome variation is

significantly partitioned among both geographic and

linguistic groups. Therefore, both language and, to a lesser

extent, geography are probably important (albeit over-

lapping) predictors of African genetic structure.

Mantel tests

To test the underlying cause of association between genetic

and linguistic versus geographic variation, we performed

Mantel tests. These tests ask whether there is a correlation

between geographic (or language) distance and genetic

distance. Mantel tests reveal a statistically significant

positive correlation between Y chromosome variation and

linguistics (r¼0.32, P¼0.001) that explains 8.9% of the

genetic variance. The correlation between genetic and

linguistic variation remains strong when geography is held

constant (r¼0.33, P¼0.001). In contrast, there is no

correlation between paternal genetics and geographic

distances (r¼0.01, P40.10) (Table 3). Mantel test results

based on the mtDNA HVS1 data are also presented in

Table 3. The correlation between maternal genetics and

linguistics is significant (r¼ 0.23, P¼0.016), but weakens

when geography is held constant (r¼0.16, P¼0.046).

Similarly, a significant correlation between mtDNA and

geography (r¼0.23, P¼0.008) weakens when linguistics is

held constant (r¼0.17, P¼0.035). It is important to note

that a failure to find correlations in Mantel tests does not

mean that two variables are not related in some way.

Rather, it means that processes that might cause a positive

correlation (eg, isolation by distance or directional gene

flow in the case of geography, or strict language–gene co-

Table 2 Analysis of molecular variance (AMOVA)

Within populations Among populations within groups Among groups

Group No. of groups Variance (%) FST Variance (%) FSC Variance (%) FCT

Y chromosome 1 68.2 0.32
Linguistic groupsa 4 62.1 0.38 16.6 0.21 21.3 0.21
Geographic groupsb 5 67.4 0.33 26.2 0.28 6.4 0.06

mtDNA 1 84.7 0.15
Linguistic groupsa 4 84.0 0.16 13.5 0.14 2.5 0.03
Geographic groupsb 5 84.1 0.16 12.3 0.13 3.6 0.04

All F-statistics. P-values are less than 0.01.
aAfroasiatic, Khoisan, Niger-Congo, Nilo-Saharan (see Figure 1).
bWest, Central, East, South, North Africa (see Figure 1).
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evolution) are unlikely to be the only processes operating

(Tables 2 and 3).

Discussion
Mantel tests show a statistically significant positive

correlation between Y chromosome and linguistic varia-

tion, while there is no correlation between Y chromosome

and geographic variation. Furthermore, when populations

are grouped according to language, the amount of among-

group paternal differentiation (FCT) is substantially higher

than when grouped according to geographic location.

Correlations with mtDNA show a different pattern.

Maternal variation is weakly correlated with both language

and geography and maternal among-group differentiation

is nearly the same when populations are grouped according

to linguistic affiliation or geographic location. These

results suggest that patterns of differentiation and gene

flow in Africa have been different for men and women in

the recent evolutionary past.10 In the following sections,

we discuss (1) the relationships among genetic, linguistic,

and geographic differentiation and the population history

factors that may underlie these relationships, and (2) the

effects of Bantu expansions on the distribution of Y

chromosome and mtDNA variation in Africa.

Associations between genetic and linguistic variation

The association of genetic and linguistic variation has been

observed at the global level,1 as well as on the regional

scale.36,40,41 What are the underlying causes of these

associations? Sokal41 stated that a common language

usually reflects a common origin for two populations,

and a related language indicates a common origin farther

back in time. This is generally thought to be an outcome of

common historical processes leading to genetic and

linguistic diversification – for example, a founding popula-

tion may reproduce biologically and linguistically in a new

location and replace the genes and languages of previous

residents.2,15,36 Discrepancies between genetic and linguis-

tic differentiation could arise through a number of

processes: genetic admixture can occur without language

change, languages can be transmitted horizontally without

significant genetic change, and/or genetic and linguistic

evolution may proceed at heterogeneous rates.2,15,42,43

We found a statistically significant association between

NRY variation and linguistic differentiation and a margin-

ally significant association between mtDNA variation and

linguisitic variation. However, when we performed Mantel

tests controlling for geographic distance, the partial

correlation between maternal genetic and linguistic varia-

tion weakens, while that between paternal genetic and

linguistic variation remains statistically significant

(Table 3). This suggests that the observed association

between Y chromosome and language variation reflects

the same co-evolutionary population history events.38

These differing patterns for the Y chromosome and mtDNA

could be the result of a greater degree of female than male

admixture and/or the adoption of languages by females to

a greater extent than males (see below). In either case, the

implication is that African languages tend to be passed

from father to children.10

Associations between genetic and geographic distances

show the opposite trend than do the aforementioned

associations between genetic and linguistic variation; there

is no correlation between Y chromosome variation and

geographic distance. In contrast, there is a stronger

correlation between mtDNA variation and geographic

distance, albeit only marginally significant when language

is held constant (Table 3). Thus, the genetics– language

correlation is stronger for the Y chromosome and the

different pattern shown by mtDNA data suggests that men

and women did not have identical demographic histories.

Effect of Bantu expansions on Y chromosome
and mtDNA variation

Numerous studies suggest that the Bantu expansions have

had a substantial impact on the distribution of genetic

variation in Africa.9,10,12,22,25,27 Is the strong Y chromo-

some–linguistics correlation we observe across the entire

continent primarily the result of the massive migrations of

Bantu farmers? We sought to clarify the effect of each

language group on influencing the paternal genetics–

linguistics association and the genetics–geography associa-

tion by repeating the Mantel test after removing each

language group in turn (ie, Afroasiatic, Khoisan, Nilo-

Saharan, Niger-Congo non-Bantu, and Niger-Congo Ban-

tu). If one language group were disproportionately con-

tributing to the overall pattern, then the association is

expected to weaken upon removal of this group. There is

only a single language group that has this effect: the

removal of Bantu–speakers causes the paternal genetics–

linguistics correlation to drop from r¼0.33 to 0.08

(Figure 3).We note that the same trend is observed, albeit

to a lesser extent, when other language matrices (see

Subjects and Methods) are employed in the Mantel tests

(data not shown). The lower correlation coefficient when

Bantu populations (but not other linguistic groups) are

Table 3 Correlation and partial correlation coefficients, r
(P-value), between genetic, linguistic, and geographic
distances

Y mtDNA

Genetics and Linguistics 0.32 (0.001) 0.23 (0.016)
Genetics and Linguistics,
Geography held constant

0.33 (0.001) 0.16 (0.046)

Genetics and Geography �0.01 (0.508) 0.23 (0.008)
Genetics and Geography,
Linguistics held constant

�0.08 (0.859) 0.17 (0.035)
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removed suggests that Bantu are contributing more to the

language–Y chromosome relationship than any other

language group.

The Y chromosome–geography correlation shows a

different pattern. While the removal of the Bantu popula-

tions does not produce a correlation, the additional

removal of four northern Cameroonian populations results

in a statistically significant positive correlation (r¼0.27,

P¼0.008). The strong effect of these northern Cameroo-

nian populations on the Y chromosome results can be

explained by the very high frequency of derived paternal

(but not maternal) lineages that originated in non-African

populations.27,33 We note that this increased geographical

correlation is not entirely attributable to the northern

Cameroonian populations because when only these popu-

lations are removed, there is no Y chromosome–geography

correlation (r¼�0.002, P40.10). Thus, in the absence of

the unique populations from northern Cameroon, the

removal of Bantu speakers leads to an association between

Y chromosome and geographic differentiation, consistent

with a recent dispersal of Bantu Y chromosomes.

On the other hand, the exclusion of Bantu speakers

strengthens both the mtDNA–linguistics and mtDNA–

geography correlations (Figure 3). Upon further explora-

tion, we discovered that the increase in both of these

maternal genetic correlations is due solely to Bantu-speak-

ing Pygmy populations, specifically, the Biaka and Mben-

zele (data not shown). The strong effect of these Pygmy

populations on the mtDNA–linguistics correlation sug-

gests that the horizontal transfer of languages from Bantu

farmers to hunter-gatherer Pygmy females19 occurred

without significant genetic change.19,31,36 The stronger

mtDNA associations with both linguistic and geographic

variation observed when the Biaka and Mbenzele popula-

tions are removed may reflect the fact that these two

populations are maternal genetic outliers.31

To further investigate the effect of the Bantu expansions

on patterns of geographic variation, we grouped popula-

tions by their geographic location and removed each

language group in a series of four AMOVA runs (data not

shown). Unlike the case for any other language family, the

removal of Bantu populations results in a higher Y

chromosome FCT (0.28) than when they are included

(0.06). This supports the hypothesis that Bantu Y chromo-

somes (eg E-P1*, E-M191) are acting to homogenize

geographically differentiated populations. A similar analy-

sis of mtDNA results in slightly higher FCT value when the

Bantu populations are excluded (0.07 versus 0.04).

If Bantu males and females dispersed equally from their

West African homeland, replacing the genes of local

hunter-gatherers in their path of expansion (equal sex

ratio model), then we would expect similar patterns of

association for paternally and maternally inherited loci. If,

on the other hand, one sex dispersed more effectively (sex-

biased model), we would expect to find differences in the

degree of association between genetic and linguistic

variation for the two haploid loci. Several explanations

have been offered for observed differences in patterns of Y

chromosome and mtDNA variation among popula-

tions.31,44 – 46 Our results support the sex-biased model

whereby the replacement of pre-existing languages by

Bantu languages more closely parallels the turnover of Y

chromosomes than mtDNA. How can this be explained?

One possibility is that Bantu male farmers dispersed over

longer distances or in greater numbers than Bantu females.

Another possibility is that males and females dispersed

equally, but there was a higher ‘effective’ migration rate for

Bantu Y chromosomes than Bantu mtDNA. As Bantu

farmers dispersed, they likely intermarried to some extent

with the original inhabitants related to modern Pygmies

and Khoisan.15 In present-day African populations, the

direction of intermarriage is usually between hunter-

gatherer women and farmer (Bantu) men and the children

of these marriages generally become farmers residing in

their father’s village19,47 (ie, patrilocality). If this were

typical of practices that existed throughout the Bantu

expansions, we would expect Bantu mtDNA to be diluted

(with hunter-gatherer mtDNA) to a greater extent than Y

chromosomes. It is also possible that if the ancestral Bantu-

speaking population were highly polygynous, then indi-

genous Y chromosomes would have been replaced by a

more homogeneous pool of Bantu Y chromosomes, leading

to a stronger correlation between linguistic and genetic

variation. Indeed, polygyny is known to be substantially

higher among food-producers than among hunter-gath-

erers.31 In combination with the above processes, the

adoption of Bantu languages by hunter-gatherer Pygmies

may weaken maternal genetic–linguistic associations.

Although our data cannot address the relative impact of

Figure 3 Partial correlation coefficient between genetics and
linguistics holding geography constant (black bars) and genetics and
geography holding linguistics constant (white bars) for the Y
chromosome and mtDNA. **Po0.01, *Po0.05.
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these sociocultural processes, it is likely that sex-biased

migration/admixture, patrilocality, polygyny, and/or lan-

guage borrowing contributed to the observed patterns of

African variation.31

While earlier studies of Y chromosome variation have

noted a correspondence between high-frequency hap-

logroups and the distribution of Bantu speakers (ie E-P1*

and E-M191),11,22 – 27 this is the first study to demonstrate a

statistically significant correlation between Y chromosome

SNP haplogroups30 and linguistic differentiation in Africa.

The data presented here are consistent with the hypothesis

that prehistoric agriculture dispersed hand-in-hand with

Bantu languages and Y chromosomes, with languages and

Y chromosomes replacing those of hunter-gatherers in the

paths of expansion.15 Not all populations speaking Bantu

languages in our study showed the effects of complete

paternal genetic replacement (eg, the Bantu-speaking

western Pygmies and northern Cameroonians). It is

important to note that different mutation rates, as well as

methods used to assay variation, on the NRY and mtDNA

may contribute to some of the contrasting patterns

observed here.46 Future studies that examine Y chromo-

some and mitochondrial DNA sequence variation in the

same samples representing African geographic and linguis-

tic diversity will help to further elucidate the effects of

Bantu expansions on the complex genetic landscape of

Africa.
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