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A sample of mitochondrial DNA (mtDNA) from the southeastern African population of

Mozambique has been shown to have affinities with populations both to its north and south. From

the north came sequences that may have been involved in the Bantu expansion (from western,

through eastern, to southern Africa), such as members of haplogroups L3b, L3e1a and a subset of

L1a. The dating of the major component of Mozambican mtDNAs, the subset L2a of haplogroup L2,

displayed an age range compatible with the Bantu expansion. The southern influence was traced by

the presence of sequence types from haplogroup L1d, a probable relict of Khoisan-speaking

populations that inhabited the region prior to their displacement by the Bantu-speaking incomers.

Within historical times, the forced displacement of Mozambicans as part of the slave trade, mainly

documented as being to the Americas, generated a differential input of eastern African sequences into

the mtDNA pools of the Americas and of Europe, as testified to by the greater number of sequence

matches between Mozambique and the Americas, compared to those between Mozambique and

Europe.



In the last decade, data on African mtDNA

have been accumulated with the aim of un-

ravelling something of the demographic phenom-

ena that have contributed to the settlement of

the continent. This task is still at an early stage

and is made potentially more difficult in Africa

than in the rest of the world because the

characteristic demographic phenomena of re-
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current migration, population expansion and

contraction including bottlenecks, population

sub-structure generated by limits on gene flow,

and more recent admixture effects, have occurred

over a longer time depth. In addition, there is a

rather poor archaeological context in which to

place the genetics.

Several studies of restriction-fragment length

polymorphisms (RFLPs) (Cann et al. 1987; Chen

et al. 1995), of control region sequences (Vigilant

et al. 1991; Soodyall, 1993; Krings et al. 1999) or

a combination of both (Graven et al. 1995;

Watson et al. 1997; Chen et al. 2000), have

involved African populations. However, the

sampling is still surprisingly patchy, and quite
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poor in the southeast. Besides the intrinsic

interest of seeing how this region fits into the

emerging picture of African mtDNA diversity, it

has potential implications on a wider scale too.

South-east Africa was an important source of

slaves from 1643 onwards, when individuals from

Mozambique and Madagascar constituted a

major proportion of the slaves shipped by the

Portuguese to the former European colonies in

America, e.g. Brazil and the Caribbean, in such

a way that ‘by the eighteenth century this

commerce, directed to the Americas, was more

important on that coast than anywhere else’

(Thomas, 1998). Records point to C 1000000

slaves originating from Mozambique}
Madagascar in a total of C 13000000 leaving

African ports (Thomas, 1998). By that time,

slave importation was already reduced in

Europe, and the majority of European countries

forbade entry of black slaves by the middle of the

eighteenth century. So the eastern sub-Saharan

contribution to the European African sequences,

sporadically detected in some countries of this

continent (Co# rte-Real et al. 1996; Pereira et al.

2000), is expected to have been reduced

compared to its influence in America.

Here, we present hypervariable region I

(HVRI) and II (HVRII) data for Mozambique, a

south-east African population which was a

Portuguese colony between 1752 and 1975. This

country contains several ethnic groups, nearly all

Bantu-speaking. Originally a linguistic classi-

fication, referring to a widespread group of

languages within the South-Central Niger-Congo

family,Bantunow refers to a complex of physical,

anthropological and genetic characters corre-

lated with the linguistic distribution, which are

explained by a large-scale Holocene range ex-

pansion. This expansion occurred in several

waves and directions and was responsible for the

dispersal of farming to southern and central

Africa. The linguistic evidence points to a Bantu

origin in the vicinity of the Cross River valley

near the present-day border between Nigeria and

Cameroon (Newman, 1995). Around 5000 years

ago, the Bantu expansion began in two

directions: south-western, arriving at the equa-

torial rain forest 3500 years ago, and eastern,

entering the fringes of the interlacustrine region

in what is now Uganda, 3000 years ago, forming

the eastern Bantu core area. From this new core,

two new expansions moved towards South

Africa: one group along the Ruvuma River

toward the coast, reaching present-day Natal by

the end of the third century A.D., and the other

along the shores of Lake Malawi, through what is

now eastern Zimbabwe, reaching the northern

Transvaal around A.D. 500. At the mito-

chondrial level some Bantu expansion markers

have been proposed: Soodyall et al. (1996) and

Watson et al. (1997) pointed to a 9-bp deleted

subset of haplogroup L1a and to the haplogroup

L3b, while Bandelt et al. (in press) proposed

that haplogroup L3e1a must have been promi-

nent in the southern Bantu expansion. However,

particularly in the case of L1a, a detailed

dissection of the phylogeography, with a well-

resolved phylogeny, has still to be performed:

the signal could easily be of an earlier Holocene

event.

Our aims here are to describe the phylo-

geography of Mozambique sequences in the

context of African variation, and to search for

possible sequence matches outside Africa that

might shed light on the slave trade.

  

Subjects

A total of 109 unrelated individuals born in

Mozambique were analysed and DNA was

extracted from blood spots by the resin Chelex-

100 method (Lareu et al. 1994). Individuals

belonged to different ethnic groups (Changana,

35; Ronga, 21; Chope, 12; Bitonga, 8; and

Matsua, 8; and 25 to various other groups), but

all were Bantu speakers (http:}}www.sil.org}
ethnologue}countries}Moza.html).

HVRI and II amplification and sequencing

Mitochondrial DNA was amplified using the

primers L15997 (5«-CACCATTAGCACCCAAAG-

CT-3«) and H16401 (5«-TGATTTCACGGAGGA-
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Table 1. Code, place of origin, sample size and bibliographic references

for the populations studied

Code Place (ethnic group) Sample size Reference

Northern African
SAH Western Sahara 25 Rando et al. (1998)
MA Mauritania 30 Rando et al. (1998)
MO Morocco 32 Rando et al. (1998)
BM Morocco (Berber) 60 Rando et al. (1998)
EGY Egypt 68 Krings et al. (1999)
MZB Algeria (Mozabite) 86 Co# rte-Real et al. (1996) ;

Macaulay et al. (1999)

Western African
HAKA Niger (Hausa and Kanuri) 2014 Watson et al. (1997)
FUL Nigeria (Fulbe) 60 Watson et al. (1997)
SONTU Nigeria (Songhai and Tuareg) 1023 Watson et al. (1997)
YOR Nigeria (Yoruba) 2114 Watson et al. (1997) ;

Vigilant et al. (1991)
SEN Senegal 50 Rando et al. (1998)
SER Senegal (Serer) 23 Rando et al. (1998)
WO Senegal (Wolof) 48 Rando et al. (1998)
MAN Senegal (Mandenka) 119 Graven et al. (1995)

Central African
MBU Zaire (Mbuti) 20 Vigilant et al. (1991)
BIA Central African Republic (Biaka) 17 Vigilant et al. (1991)

Eastern African
TK Kenya (Turkana) 36 Watson et al. (1997)
SO Somalia 27 Watson et al. (1997)
KIK Kenya (Kikuyu) 25 Watson et al. (1997)
NUB Nubia 80 Krings et al. (1999)
SUD Southern Sudan 76 Krings et al. (1999)

South-eastern African
MOZ Mozambique 109 This work

Southern African
KNG1 Botswana (!Kung) 25 Vigilant et al. (1991)
KNG2 South Africa (!Kung) 43 Chen et al. (2000)
KWE South Africa (Khwe) 31 Chen et al. (2000)
HER South Africa (Herero) 26 Vigilant et al. (1991)

TGGTG-3«) for HVRI and L48 (5«-CTCACGG-

GAGCTCTCCATGC-3«) and H408 (5«-CTGTTA-

AAAGTGCATACCGCCA-3«) for HVRII. The

temperature profile was 95 °C for 10 s, 60 °C for

30 s and 72 °C for 30 s, for 35 cycles of ampli-

fication. The amplified samples were purified

with Microspin4 S-300 HR columns (Pharmacia

Biotech), according to the manufacturer’s

specifications. The sequence reactions were car-

ried out using the kit Big-Dye4 Terminator

Cycle Sequencing Ready Reaction (Perkin–

Elmer), with one of the above primers, in both

forward and reverse directions. A protocol based

on MgCl
#
}ethanol precipitation was used for

post-sequence reaction purification of samples,

which were then applied to a 6% PAGE and run

in an automatic sequencer ABI 377.

RFLP analyses of haplogroup L3 sequences

In order to check the assignment of a number

of sequence types to haplogroup L3 and its

subclusters, we checked the following RFLPs in

putative members of L3: 2349MboI (present in

L3e), 3592HpaI (absent in L3 in general),

8616MboI (absent in L3d) and 10084TaqI (pres-

ent in L3b), in the numbering system of the

Cambridge Reference Sequence (CRS) of

Anderson et al. (1981). PCR amplifications were

performed using primers and conditions

described by Torroni et al. (1992). Digestions

were carried out according to the manufacturer’s

specifications and the resulting fragments were

run in 9% polyacrylamide gels and visualized by

silver staining (Budowle et al. 1991).
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Fig. 1. A schematic phylogeny of African haplogroups used in our classification of sequences from
Mozambique. We have drawn on information from Watson et al. (1997), Chen et al. (2000) (although our
naming scheme is different from theirs), Alves-Silva et al. (2000), Richards & Macaulay (2000), Ingman et
al. (2000), Bandelt et al. (in press) and also on some unpublished information. Triangles represent well-
characterized clades in the mtDNA phylogeny. Circles and ellipses correspond to possibly paraphyletic
groupings of less well-characterized haplotypes. The node marked L3* has the motif 16223T, 073G, 263G in
the control region with respect to the CRS. Mutations (shown on the branches) are transitions unless a
nucleotide is specified. Underlining of a position indicates that it mutates more than once in the figure. Four
diagnostic RFLPs are also shown since they were checked in a number of samples ; the direction of site loss
and gain is indicated with respect to the node L3*. We keep the existing L1 nomenclature despite the fact
that L1 is not a clade: it harbours the root of the tree, which occurs on a branch separating L1a and certain
lineages present in Khoisan-speaking populations from the rest of the tree (Ingman et al. 2000). There are
still uncertainties in the phylogeny, e.g., whether the 16124 mutation occurs independently in L3b and L3d:
however these ambiguities did not affect the classification of the haplotypes reported here.

Genetic analysis and population comparison

The nucleotide positions considered for the

analysis of the sample were 16024–16383 for

HVRI and 73–340 for HVRII. Length variation

(often scored as transversions in HVRI) was not

considered in the analysis (Bendall & Sykes,

1995).

Sequence classification into haplogroups was

according to Watson et al. (1997), Rando et al.

(1998), Macaulay et al. (1999), Alves-Silva et al.

(2000), Richards & Macaulay (2000) and Bandelt

et al. (in press). Figure 1 displays a phylogeny

of the African haplogroups used to classify the

haplotypes. Given the relatively high mutation

rate of mtDNA, especially in the control region,

and the large time depth of some of the African

haplogroups, recurrent mutations at motif

positions occur quite often. It is necessary to be

sensitive to this possibility when classifying

haplotypes.
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The Mozambique data were compared with

data from several populations from various parts

of Africa. The code, place of origin, sample size

and bibliographic references of these population

samples are displayed in Table 1. In some

samples for which there were few individuals, we

combined neighbouring populations or the same

population from different studies. For this analy-

sis, we only considered HVRI from nucleotide

positions 16090–16365.

Molecular diversity indexes, mismatch distri-

butions, analysis of variance (AMOVA) and tests

of the standard neutral model (via Tajima’s D

and Fu’s F
s

statistics) were calculated in

ARLEQUIN 2±0 (Schneider et al. 2000). Principal

component (PC) analyses were performed using

POPSTR (H. Harpending, pers. comm.) on the

haplogroup composition of the various African

populations. For these analyses we used the

frequencies of the following haplogroups: pre-

HV, N1a together with N1b (Richards et al.

2000), I, J, K, T, U6, the rest of U, X (Macaulay

et al. 1999), M1 (Quintana-Murci et al. 1999), L1a,

L1b, L1c, L1d, L1e, L1f, L1* (consisting of non-

L2}L3 types not classified as L1a-f), L2a, L2b,

L2c together with L2* (since these cannot be

distinguished without HVRII information), L3*,

L3b, L3d, L3e1, L3e2, L3e3, L3e4 (Figure 1) and

‘other’. A population neighbour-joining tree was

obtained using PHYLIP (Felsenstein, 1993) from

pairwise F
ST

values estimated in ARLEQUIN

2.0. These F
ST

values incorporate information

both on haplotype frequencies and the genetic

distances between haplotypes, calculated as

the number of nucleotide positions differing

between pairs of sequences. Reduced median net-

works were constructed by hand and checked in

NETWORK 2.0d (Bandelt et al. 1995). The dates

of the most recent common ancestor of specific

subclusters in the phylogeny were estimated

using ρ, the average number of transitions from

the ancestral sequence type to all sequences in

the cluster, in conjunction with a mutation rate

estimate of 20180 years per transition in the

sequence stretch 16090–16365 (Forster et al.

1996). Standard errors were calculated as in

Saillard et al. (2000).

  

Sequencing and RFLP results

The HVRI and HVRII sequences obtained

and the results of the selective RFLP typing are

shown in the Appendix.

HVRI and HVRII diversity in Mozambique

Diversity measures for both hypervariable

regions are displayed in Table 2. As has been

described previously, HVRII is rather less di-

verse than HVRI (Pereira et al. 2000). In both

segments, the diversity in Mozambique is higher

than in a typical European population, i.e. the

mean pairwise difference is 1±5–2 times greater.

Mismatch distributions (Fig. 2) in Mozambique

were very ragged for both HVRI and HVRII,

which is consistent with results for other sub-

Saharan African populations (Bandelt & Forster,

1997). An interesting point was the considerable

number of identical sequences (especially for

HVRII), which could point to a sample bias

effect of some ethnic groups consisting of closely

related individuals. However this does not seem

to be the case, since most of the identical

sequences belong to different ethnic groups.

We further investigated if there was any

substructuring of mtDNA between individuals

from the Mozambique ethnic groups for which

we had a substantial number of samples. The

application of AMOVA showed that there was no

evidence of significant variation between ethnic

groups (p¯ 0±60).

Comparison with other African populations

In order to set the diversity observed in

Mozambique within a continental context, we

compared this population with a database of

dispersed African populations. Since data for

HVRII are scarcer we considered only HVRI

diversity.

We used several methods, some based on

haplogroup frequencies, such as PC analysis, and
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Table 2. Diversity measures in Mozambique within HVRI and HVRII

Haplotypes" Segregating sites# Gene diversity$ Mean pairwise difference

HVRI 50 (45±9) 60 (16±7) 0±962³0±008 7±86
HVRII 35 (32±1) 29 (10±8) 0±846³0±032 5±18
HVRIHVRII 64 (58±7) 89 (14±1) 0±973³0±007 13±04

" Number of distinct haplotypes in sample (percentage of sample size).
# Number of sites variable in sample (percentage of all sites).
$ Average heterozygosity³standard error.

Fig. 2. Mismatch distributions for HVRI and HVRII in Mozambique.

others based on sequence diversity, such as

AMOVA.

Molecular diversity

Overall diversity for HVRI in Africa (Table 3)

is highest for western and eastern populations,

followed closely by northern ones. The two

Pygmy groups (here collectively referred to as

Central African) and southern Africans displayed

considerably lower diversity.

Departure from the standard (null) model of

populations evolving at constant size in

mutation-drift equilibrium with no selection was

tested by employing Tajima’s D and Fu’s F
s

statistics. For Tajima’s D there were significant

negative values only in northern populations and

in Sudan. All the other populations showed non-

significant values, and some southern (Khoisan-

speaking) populations and the Pygmies even

displayed positive values (although also non-

significant). For Fu’s more powerful F
s
statistic,

there were more populations with significant

negative values, not only restricted to the north,

but also present in the west and the east, while

non-significant positive values occurred as for D.

If we neglect the hypothesis of selection, the

significant negative D and F
s
values provide an

indication of population expansion in most

populations except in the Pygmies and Khoisan.

This observation does not necessarily imply

absence of expansion in the Pygmies and

Khoisan, but possibly that the signal was lost by
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Table 3. HVRI ( from np 16090 to 16365) diversity and neutrality measures in African populations

Population
Sample

size Haplotypes"
Segregating

sites# Gene diversity$

Mean
pairwise

differences D% F
s
&

Northern African
SAH 25 20 (80±0) 29 (10±5) 0±973³0±022 5±11 ®1±25 ®12±4***
MA 30 22 (73±3) 28 (10±1) 0±970³0±018 5±83 ®0±63 ®11±5***
MO 32 29 (90±6) 44 (15±9) 0±988³0±014 5±84 ®1±70* ®25±0***
BM 60 38 (63±3) 47 (17±0) 0±963³0±015 4±44 ®1±88** ®25±7***
EGY 68 59 (86±8) 66 (23±9) 0±993³0±005 6±82 ®1±70** ®25±1***
MZB 85' 29 (34±1) 35 (12±7) 0±942³0±010 4±73 ®1±02 ®11±1***

Western African
HAKA 34 31 (91±2) 41 (14±9) 0±995³0±009 6±19 ®1±38 ®25±2***
FUL 60 38 (63±3) 43 (15±6) 0±972³0±010 6±82 ®0±87 ®23±2***
SONTU 33 29 (87±9) 41 (14±9) 0±992³0±009 7±26 ®1±02 ®21±3***
YOR 34' 32 (94±1) 44 (15±9) 0±996³0±008 7±31 ®1±16 ®25±0***
SEN 50 42 (84±0) 41 (14±9) 0±989³0±008 6±24 ®1±08 ®25±2***
SER 23 21 (91±3) 40 (14±5) 0±992³0±015 8±09 ®0±98 ®12±0***
WO 48 39 (81±3) 42 (15±2) 0±991³0±006 7±50 ®0±71 ®25±0***
MAN 110' 46 (41±8) 47 (17±0) 0±963³0±008 6±23 ®0±94 ®24±5***

Central African
MBU 13' 5 (38±5) 19 (6±9) 0±756³0±097 7±13 0±70 3±8
BIA 17 8 (47±1) 20 (7±2) 0±890³0±043 7±81 1±27 1±7

Eastern African
TK 36 32 (88±9) 54 (19±6) 0±991³0±010 9±66 ®0±94 ®20±8***
SO 27 24 (88±9) 41 (14±9) 0±992³0±013 6±90 ®1±32 ®16±3***
KIK 25 23 (92±0) 45 (16±3) 0±993³0±013 7±96 ®1±27 ®14±6***
NUB 80 50 (62±5) 64 (23±2) 0±974³0±008 7±88 ®1±29 ®24±8***
SUD 76 63 (82±9) 73 (26±4) 0±993³0±004 8±33 ®1±47* ®24±8***
MOZ 109 49 (45±0) 57 (20±7) 0±960³0±008 7±78 ®0±89 ®23±6***

Southern African
KNG1 24' 9 (37±5) 16 (5±8) 0±830³0±053 2±97 ®1±10 ®1±3
KNG2 43 12 (27±9) 31 (11±2) 0±812³0±045 7±30 0±07 1±8
KWE 31 10 (32±3) 34 (12±3) 0±884³0±029 8±75 0±10 3±0
" Number of distinct haplotypes in sample (percentage of sample size).
# Number of sites variable in sample (percentage of all sites).
$ Average heterozygosity³standard error.
% Tajima’s D statistic (p-value: *¯ 0±01!p% 0±05; **¯ 0±001!p% 0±01; ***¯p% 0±001).
& Fu’s F

s
statistic (p-value: *¯ 0±01!p% 0±05; **¯ 0±001!p% 0±01; ***¯p% 0±001).

' Some sequences were not considered for this analysis since there were many positions not scored.

subsequent contractions (Bandelt & Forster,

1997).

AMOVA analysis

We grouped the different populations into

large geographic zones: northern, western, east-

ern, central and southern, as displayed in Table

1, and investigated how the proportion of

variance was distributed between groups and

between populations in the same group, by

AMOVA. When Mozambique was assigned to the

eastern group, the proportion of variance be-

tween populations in the same group took its

minimum value (4±9%, compared to 5±5% when

included in the central group, 6±5% when

included in the southern group and 5±2% when

included in the western group, all values signifi-

cantly greater than zero at the 5% level). In this

case, the proportion of variance between groups

was 11±8%. This suggests that our Mozambique

sample may have closest affinities with the

populations to its north.

NJ tree

A population NJ tree constructed from pair-

wise F
ST

s (not shown) revealed the geographic

clustering of the different populations, with a

Khoisan}Pygmy cluster, a northern African

cluster and a western African cluster. The eastern

populations fall between the Khoisan}Pygmy
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Fig. 3. The first two principal components of haplogroup frequency profiles for all African populations.

cluster and the rest. Mozambique clusters with

western populations, although the branch that

links it to them is long, in contrast to the short

branches connecting western populations. As in

the AMOVA analysis, the Mozambique popu-

lation appears less like those populations to the

south than to the north. A tree-like model of

population evolution is unlikely to capture much

of the reality of population history, so we

proceeded with an exploratory PC analysis.

Principal component analysis

A preliminary PC analysis of all the popu-

lations plus a sample of Herero (Vigilant et al.

1991) (for which there was enough information

for haplogroup classification, but too many

uncharacterized sites for its inclusion in the

previous analyses) showed some consistent geo-

graphical clustering, although the western and

eastern populations were intermingled (Fig. 3).

The first two principal components amount to

only 38% of the variation, leaving the rest

uncharacterised. However, the first principal

component (PC1), responsible for 22% of the

variance, splits northern, western and eastern

populations from southern ones and

Mozambique. The main haplogroup responsible

for this PC is L1d, which is typical of Khoisan

populations (Bandelt & Forster, 1997); its pres-

ence in non-Khoisan populations may represent

recent admixture. L1d constitutes 7% of the

Mozambique sample and was absent in all the

other non-southern populations analysed here

(except one individual in the Turkana). The

second principal component (PC2), responsible

for 16% of the variance, distinguishes the

northern African populations. The main haplo-

groups responsible for this PC are L1c and pre-

HV. The pattern in L1c probably reflects its

extremely high frequency in the Biaka (probably
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Fig. 4. The first two principal components of haplogroup frequency profiles
for western and eastern African populations, including the Mbuti.

Table 4. Number of sampled individuals in

Mozambique by haplogroup (and frequency with

standard error)

Haplogroup Frequency (%)

L1a 16 (14±7³3±4)
L1b 1 (0±9³0±9)
L1c 5 (4±6³2±0)
L1d 8 (7±3³2±5)
L1e 2 (1±8³1±3)
L2a 47 (43±1³4±7)
L2b 2 (1±8³1±3)
L2c 1 (0±9³0±9)
L3* 2 (1±8³1±3)
L3b 4 (3±7³1±8)
L3d 2 (1±8³1±3)
L3e1* 9 (8±3³2±6)
L3e1a 4 (3±7³1±8)
L3e2a 1 (0±9³0±9)
L3e2b 2 (1±8³1±3)
L3e3 2 (1±8³1±3)
L3e4 1 (0±9³0±9)

due to drift) compared to its near absence in the

north, while that in the predominantly western

Eurasian haplogroup pre-HV is accounted for by

its virtual absence south of the Sahara.

In order to remove these large signals, which

are not especially informative with regard to

Mozambique, we performed a refined PC analysis

by excluding the peripheral populations in

Figure 3. Whereas in the previous analysis

western and eastern populations were mixed up,

the new PC1 (Fig. 4), responsible for 30% of the

variance, splits the eastern populations and

Mozambique from the western populations. Sev-

eral haplogroups have a similar contribution:

L3*, L1a, L1b, L2*L2c and L1e. L3*, L1a and

L1e are typically eastern haplogroups, and L1b

and L2*L2c are western haplogroups. The new

PC2, responsible for 18% of the variance, splits

the eastern and western populations in a north-

south axis, and the main haplogroup responsible

for this is pre-HV, as above.

Analyses and dating of sequence types

All the Mozambican sequences belong to sub-

Saharan haplogroups (see Appendix). Past

European (especially Portuguese) contact was

not detected at the mtDNA level : there is a

complete absence of European sequences

(Richards et al. 2000). In addition, no east (Horai
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Fig. 5. The reduced median network of the 50 L2 sequences in the Mozambique sample. The circles are
combined HVRI}HVRII haplotypes, the areas of which are proportional to the frequency in the sample.
The smallest circles are singletons, the largest has frequency 12. Mutations (shown on the branches) are
transitions unless a base change is explicitly indicated. Underlining indicates resolved recurrent mutations,
unresolved events being shown by reticulation. The solid node (not observed in the sample) has the motif
16223–16278–16390–073–146–152–195–263. Branches are shown compressed in L2b and L2c for con-
venience. Two putative founder sequences are indicated by the symbols † and ‡.

et al. 1996) or south (Kivisild et al. 1999) Asian

mtDNAs were detected. No Near Eastern

sequences (Richards et al. 2000), detectable in

some northeastern African populations, were

observed in Mozambique, and the north African

haplogroup U6 (Co# rte-Real et al. 1996; Macaulay

et al. 1999) was also absent.

Certain haplogroups were present at high

frequency in the Mozambique sample (Table 4)

and for these we performed a phylogenetic

network analysis and examined their distri-

butions across Africa, in an attempt to determine

when they arrived in Mozambique.

Haplogroups L1a and L1d

Haplogroup L1a appears in our sample in two

clusters of haplotypes. These clusters are inferred

to correlate with the presence}absence of one

instance of the intergenic COII}tRNALys 9bp

deletion (Soodyall et al. 1996). The non-deleted

L1a types (usually with 16168T and 185A:

Ingman et al. 2000) represent 10 mtDNAs in our

sample (9%), while the six remaining L1a

mtDNAs (6%) are likely 9bp-deleted.

Haplogroup L1d is by far the most common in

Khoisan-speaking populations and, apart from
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Table 5. Haplogroup L2a diversity in Africa

Heterozygosity
Frequency

(%)
Mean pairwise

difference

Eastern African 0±953³0±023 20±5 3±82
Western African 0±952³0±013 19±0 3±14
Northern African 0±910³0±068 4±3 2±36
Mozambique 0±832³0±031 43±1 2±24
Central African 0±733³0±155 29±7 2±27
Southern African 0±000³0±000 3±0 0±00

one individual from the Turkana with an out-

lying L1d type (Watson et al. 1997), has so far

not been observed north of Namibia. It is an

early branch in the phylogeny, although its

precise location is still subject to some un-

certainty (compare Chen et al. 2000 with Watson

et al. 1997). It is present in eight individuals

(7%) of the Mozambique sample, who display

seven different HVRI}HVRII haplotypes. These

types could well represent a relict of the popu-

lations that inhabited this area before the Bantu

and earlier migrations, although recent gene flow

with Khoisan-speaking populations (Bandelt &

Forster, 1997) cannot be excluded.

Haplogroup L2a

Figure 5 shows a reduced median network of

haplogroup L2 in Mozambique. The majority

(95%) of Mozambican L2 belong to the sub-

cluster L2a, defined in HVRI by a transition at

16294 in addition to the L2 motif. This subcluster

is widely distributed in Africa and of considerable

age (39000–51400 years : Chen et al. 2000). Its

diversity is highest in eastern and western Africa

(Table 5) and it is rare in Khoisan-speaking

populations. Hence it probably has its origin at

latitudes immediately south of the Sahara. In

Mozambique it has a reduced diversity relative

to the eastern and western populations. Ten out

of the fourteen Mozambique L2a HVRI haplo-

types had not been observed before, and belong

to two or three subclusters. The largest of these

Mozambique-specific clusters in L2a (based on

16189–16290–16294–16309 on top of the L2

motif), the root sequence of which is shared with

a Zimbabwean (Horai & Hayasaka, 1990), has an

age of 13500³3000 years, suggesting a move-

ment southwards in the late glacial or early

Holocene. This subcluster contains another fre-

quent haplotype (bearing 16192 in addition),

which, although not observed elsewhere, is

another potential founder type. If we make this

assumption, the combined age falls to

6700³2100 years, a Holocene signal which could

tentatively be attributed to the southern Bantu

expansion.

In South African Y chromosomes from Bantu

speakers, a substantial reduction in diversity is

observed (Thomas et al. 2000): one (YAP)

haplotype, based on six microsatellite loci,

together with its one-step neighbours, comprises

almost half the Bantu Y chromosomes. This

group of chromosomes is consistent with an

expansion from a single type 3000–5000 years

ago. The diversity reduction has no parallel in

mtDNA, perhaps suggesting that local maternal

lineages were assimilated during the expansion.

Indeed, it is far from clear that the signature that

we are detecting in L2a is not that of an earlier

expansion, perhaps following climate change in

the late-glacial, a pattern which is becoming

evident in other parts of the world (Forster et al.

1996; Torroni et al. 1998; Richards et al. 2000),

albeit in regions where the changes in the climate

were rather different.

Haplogroup L3

Figure 6 shows a reduced median network of

haplogroup L3 in Mozambique. All well-charac-

terised African L3 clusters are present in

Mozambique, as well as one less well-

characterized group, based on 16209–16223–

16292–16311 (cf. Alves-Silva et al. 2000), which

has a distribution south of the Sahara. All

samples belonged to the African-specific

branches of L3. L3b comprises 4% of the sample,
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Fig. 6. The reduced median network of the 27 L3 sequences in the Mozambique sample. The circles are
combined HVRI}HVRII haplotypes, the areas of which are proportional to the frequency in the sample.
The smallest circles are singletons, the largest has frequency two. Also included is information on the RFLP
markers assayed (the arrows indicate the direction of a site gain). Control-region mutations (shown on the
branches) are transitions unless a base change is explicitly indicated. Underlining indicates resolved
recurrent mutations, unresolved events being shown by reticulation. The node marked with an asterisk has
the motif 16223–073–150–263. The evolution at hypervariable sites such as 150, 152 and 195 (Bandelt et al.
2000) is probably not accurately reconstructed. For example, there is coding-region information to suggest
that L3e3 is more closely related to L3e4 than to L3e2 (Bandelt et al. in press).

is widespread in western Africans and has been

implicated in the Bantu expansion (Watson et al.

1997). The single L3d haplotype presents a match

with a Fulbe sequence. The full diversity of L3e

is present in our sample (Bandelt et al. in

press). We comment on two informative sub-

clusters. L3e1a is most common in the south in

both Bantu and Khoisan-speaking populations,
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Table 6. Number of matches between Mozambique (MOZ), Brazil (BRZ) and Santo Domingo (SD)

sequences, and also matches for those sequences inside Africa. Information based only on HVRI

between 16051 and 16362

MOZ BRZ" SD# Other HVRI sequence
Haplo-
group

1 1 — — 093 129 148 168 172 187 188G 189 223 230 278
293 311 320

L1a

8 2 — 2Equatorial Guinea$

1MO 1KIK
129 148 168 172 187 188G 189 223 230 278 293

311 320
L1a

6 1 4 1Iraq%1TK 148 172 187 188G 189 223 230 311 320 L1a
1 — 1 3MAN 1SER 1SEN

1Portugal&
126 145 187 189 223 264 270 278 293 311 L1b

1 2 2 1SUD 129 163 187 189 209 223 278 293 294 311 360 L1c
2 1 3 2Canary' 1SER 1SEN

2WO 1SAH 1Syria%

1Equatorial Guinea$

1Portugal& 1SUD 1TU
1SO 1KIK 1FUL 1YOR

223 278 294 309 L2a

1 1 1 2KNG2 114A 129 213 223 278 354 L2b
1 — 4 1Galicia( 093 124 223 278 362 L3b
2 — 1 1SUD 2NUB 1HA 124 223 278 311 362 L3b
2 3 — 1!Kung) 176 223 327 L3e1*
1 1 1 — 223 327 L3e1*
3 1 — 1Dama) 185 223 327 L3e1a
2 3 5 2KNG2 3KWE 1WO

1Syria% 1HA 1FUL
2MZB 1Israel%

172 189 223 320 L3e2b

2 — 1 1Israel% 1Equatorial Guinea$ 223 265T L3e3
1 — 1 1SUD 1WO 4MAN 051 223 264 L3e4

Besides the populations referred in Table 1, the survey included other populations with the following bibliographic
references: "Alves-Silva et al. (2000) ; #A. Torroni (unpublished data) ; $Mateu et al. (1997) ; %Richards et al. (2000) ;
&Pereira et al. (2000) ; 'Rando et al. (1999) ; (Salas et al. (1998) ; )Soodyall (1993).

although it has been suggested (Bandelt et al.

in press) that its origin is further north and

that it may have been carried south by the

Bantu. L3e4, on the other hand, present in a

single individual, was absent until now in the

south and has an Atlantic western African

distribution. Its presence in Mozambique

presents a puzzle, since it suggests recent gene

flow from the Atlantic west to southeastern

Africa. A similar pattern occurs for haplogroup

L1b, also present in one individual in our sample,

which is concentrated in western Africa and very

rare in the south (one Khwe, Chen et al. 2000,

which differs at two positions in HVRI from the

Mozambique individual).

Sequence matches

In order to investigate whether the contri-

bution of Mozambique sequences to the mtDNA

sequence pools of America was higher than in

Europe, we searched for matches in a worldwide

database. The African and European samples

were substantial and widespread, but the

Americas were represented by two populations,

one from Brazil (Alves-Silva et al. 2000) and one

from Santo Domingo, in the Caribbean (A.

Torroni, unpublished data).

There was a considerable number of matches

between Mozambique and American sequences

from African haplogroups (Table 6), representing

a total of 15 shared sequences in a total of 109

different haplotypes from African haplogroups in

the American pool. Two out of these 15 matches

correspond to sequences that, in Africa, have

only been observed in Mozambique until now;

five were not detected in western Africa (one was

detected in Galicia, which probably also

represents a slave introduction, three in Khoisan-

speaking populations, and one in Sudan); and

eight were also detected in western Africa. All

the Mozambique–American matches for L3e1

were not shared elsewhere, except in Khoisan-

speaking populations. With respect to those
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Table 7. Matches for sequences observed in Europe from African haplogroups to sequences in Africa,

including Mozambique (MOZ). Information based only on HVRI between 16051 and 16362. African

haplotypes observed in Europe but not observed in Africa: L1a (3) ; L1b (4) ; L2a (7) ; L3* (10) ; L3b

(3) ; L3d (1) ; L3e (4)

Europe MOZ Africa HVRI sequence Haplogroup

1Sardinia* — 1TK 2MAN 9NUB
2SUD

129 148 168 172 187 188G 189 223 230 311 320 L1a

1Canary' — 5FUL 1WO
1Equatorial Guinea$

093 126 187 189 223 264 270 278 293 311 L1b

1Portugal& 1 1SEN 1SER 3MAN 126 145 187 189 223 264 270 278 293 311 L1b
2Canary' — 1EGY 1MO 1MA

2WO 1SER 1KWE
2Equatorial Guinea$

126 187 189 223 264 270 278 311 L1b

1Portugal& — 1SEN 1FUL 093 189 192 223 278 294 309 L2a
1Italy% 10 1SO 1SEN 223 278 286 294 309 L2a
1Portugal&
2Canary'

2 1SAH 2WO 1SER
1SEN 1YOR 1FUL
1Equatorial Guinea$

1SUD 1TU 1SO 1KIK

223 278 294 309 L2a

1Portugal&
1Portugal
(born in
Angola)"!

1Canary'

— 1FUL 1SUD 1MO 209 223 311 L3*

1Portugal&
1Portugal"!

— 1NUB 2SUD 1MA 223 L3*

1Basque% — 1KIK 223 311 L3*
1Switzerland"" — 1SUD 176 188 209 223 234 311 355 L3*
1Galicia( 1 — 093 124 223 278 362 L3b
1Spain"# — 1MO 124 223 234 278 362 L3b

"
–
) as in Table 6; *Di Rienzo et al. (1991) ; "!Co# rte-Real et al. (1996) ; ""Dimo-Simonin et al. (2000) ; "#Richards et al.

(1996).

American sequences with no match with

Mozambique, there were 25 matches out of 94

different sequences, ten restricted to western

African populations.

For the European L sequence pool (Table 7), in

a total of 48 different haplotypes four matches

were detected with Mozambique, but three of

those sequences were also detected in western

African populations. Besides the matches with

Mozambique, a further nine were detected, of

which two were western African specific, one

northern African, two eastern and four were

widespread.

The comparison of the contribution to the

American and to the European pools of African

sequences via the Atlantic slave trade could be

biased by the fact that these sequences had more

ancient origins in Europe. Sub-Saharan and

north African slaves are known to have been

introduced during the Roman Period and also

under the Muslim rule in Iberia, and the

possibility of earlier, Neolithic contacts should

not be discounted. Nevertheless, it is suggestive

that the majority of sequences with a sub-

Saharan origin within Europe are in Iberia and

the Canary Islands (the first colonies of the

Iberian kingdoms), which were most extensively

involved in the slave trade.

There remains a large number of sequences

from African haplogroups sampled in the

Americas and Europe for which no match can be

found in the current African database. This may

be due in part to the fact that the main regions

from where slaves were taken, such as Angola

and the Slave Coast (Thomas, 1998), remain

uncharacterized.



The phylogeographic analysis of the

Mozambique sequences in this study has revealed

distinct components from the north and the
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south.An influence fromKhoisan-speaking popu-

lations was detected as judged by the con-

siderable proportion of distinct L1d sequences, a

possible relict of the populations that inhabited

this region before the arrival of the Bantu

speakers. The Bantu expansion, although orig-

inating in a single western core, proceeded in two

directions, western and eastern, both towards

the south, although only the second reached the

very south of Africa. Whether the Bantu mtDNA

pool was or was not different in the west and the

east remains to be clarified. Comparison with, for

instance, Angolans, where some Khoisan-speak-

ing groups are still present, would be essential in

order to evaluate Bantu and Khoisan influences

in both African coasts. Nowadays in

Mozambique, there are no Khoisan-speaking

ethnic groups. Although there has been a linguis-

tic replacement, it is unlikely to have been a

complete population replacement, as evidenced

by the L1d types.

As possible remnants of the Bantu expansion

through east towards south Africa, we detected

all the haplogroups that have been implicated in

this expansion, that is L3b, L3e1a and a subset

of L1a sequences. A tentative dating of some L2a

sequences, the most frequent haplogroup in the

Mozambique sample, by postulating two founder

types, as suggested by their low diversity and

star-like phylogenies, displayed an age range

overlapping the Bantu expansion, although an

earlier arrival of these types cannot be excluded.

Recent gene flow from Atlantic Africa seems the

most probable explanation for the detection of

one L1b and one L3e4 sequence in Mozambique.

With respect to the eastern African slave input

to America and to Europe, the higher proportion

of matches between sequences from Mozambique

and the Americas compared to that between

Mozambique and Europe, is in accordance with

the historical documentation (Thomas, 1998) of a

differential slave trade, with eastern African

slaves more likely to be taken to the Americas.

This is particularly striking since other

documented factors would have tended to

weaken this signal. Firstly, the female}male

proportion of the slaves taken to Europe was

much higher than for those taken to America,

and secondly, slave reproduction (particularly

from female slaves and white owners) was

stimulated in Europe (especially after the ban on

the importation of slaves after the middle of the

eighteenth century), but has been repressed in

America (Thomas, 1998).
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Appendix 1. Control region sequences in Mozambique

Variant positions from the CRS are shown between 16017 and 16390 in HVRI (minus 16000) and 73–340 in HVRII. The substitution indicated in italics was
observed to be heteroplasmic. Substitutions are transitions unless the base change or a deletion is explicitly indicated. Insertions of one and two cytosines
are shown by appending ‘ ±1’ and ‘ ±2’, respectively. Also shown are the results of the partial RFLP typing. A¯ 3592HpaI; B¯ 10084TaqI; C¯ 8616MboI;
D¯ 2349MboI.  indicates the presence of the restriction site, ® the absence, n}a¯not available. The haplogroup assignment is discussed in the text.

Freq. HVRI sequence HVRII sequence
RFLP

Haplo-
groupA B C D

1 93 129 148 168 172 187 188C/G 189 223 230 278 293 311 320 93 95A/C 185 189 236 247 263 311±1 n}a n}a n}a n}a L1a
5 129 148 168 172 187 188C/G 189 223 230 278 293 311 320 93 95A/C 185 189 236 247 263 303±1 311±1 n}a n}a n}a n}a L1a
1 129 148 168 172 187 188C/A 189 223 230 278 293 311 320 93 95A/C 185 189 236 247 263 303±1 311±1 n}a n}a n}a n}a L1a
2 129 148 168 172 187 188C/G 189 223 230 278 293 311 320 93 95A/C 185 189 236 247 263 311±1 n}a n}a n}a n}a L1a
1 129 148 168 172 187 188C/G 189 223 230 278 293 311 320 93 95A/C 185 189 236 247 263 303±2 311±1 n}a n}a n}a n}a L1a
1 148 172 187 188C/G 189 223 230 311 320 93 150 152 189 204 207 236 247 263 311±1 n}a n}a n}a n}a L1a
1 148 172 187 188C/G 189 223 230 311 320 93 152 189 199 204 207 236 247 263 311±1 n}a n}a n}a n}a L1a
3 148 172 187 188C/G 189 223 230 311 320 93 152 189 204 207 236 247 263 311±1 n}a n}a n}a n}a L1a
1 148 172 187 188C/G 189 223 230 311 320 93 152 189 236 247 263 311±1 n}a n}a n}a n}a L1a
1 126 145 187 189 223 264 270 278 293 311 73 152 182 185G/T 195 247 263 311±1 357 n}a n}a n}a n}a L1b
1 17 129 163 187 189 209 223 278 293 294 311 360 73 151 152 182 186C/A 189A/C 247 263 311±1 316 n}a n}a n}a n}a L1c
1 17 129 187 189 223 278 293 294 311 360 73 151 152 182 186C/A 189A/C 247 263 303±1

311±1 316
n}a n}a n}a n}a L1c

1 71 129 145 187 189 213 223 234 265A/C 278 286C/G 294 311 360 73 151 152 182 186C/A 189A/C 195 198 247 263
297 311±1 316

n}a n}a n}a n}a L1c

1 71 145 187 189 213 223 234 265A/C 278 286C/G 294 311 360 73 93 151 152 182 186C/A 189A/C 195 198 247
263 297 303±1 311±1 316

n}a n}a n}a n}a L1c

1 129 183A/C 189 215 223 278 294 311 360 73 151 152 182 186C/A 189A/C 247 263 303±1
311±1 316

n}a n}a n}a n}a L1c

1 129 145 187 189 212 223 230 243 311 390 73 146 152 195 198 247 311±1 n}a n}a n}a n}a L1d
1 129 187 189 212 223 230 243 291 311 73 146 152 188 195 247 295 311±1 n}a n}a n}a n}a L1d
1 129 187 189 212 223 230 243 291 311 73 146 152 188 195 228 247 311±1 n}a n}a n}a n}a L1d
2 129 187 189 223 230 243 311 73 146 152 195 247delG 294T/A 311±1 n}a n}a n}a n}a L1d
1 129 187 189 223 230 243 311 390 73 146 152 195 198 247 311±1 n}a n}a n}a n}a L1d
1 129 187 189 223 239 243 294 311 73 146 152 195 247 311±1 n}a n}a n}a n}a L1d
1 187 189 223 230 234 243 294C/G 311 73 146 152 195 247 311±1 n}a n}a n}a n}a L1d
1 129 148 166 183delA 187 189 192 223 278 311 355 362 73 152 182 247 263 311±1 n}a n}a n}a n}a L1e
1 129 148 166 183delA 187 189 192 223 278 311 355 362 390 73 152 182 195 247 263 311±1 n}a n}a n}a n}a L1e
1 223 234 278 294 295 390 73 146 152 195 263 303±1 311±1 n}a n}a n}a n}a L2a
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Appendix 1 (cont.)

Freq. HVRI sequence HVRII sequence
RFLP

Haplo-
groupA B C D

1 51 182A/C 183A/C 189 192 223 278 290 294 304 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a
1 79 223 278 286 294 309 390 73 146 152 195 263 303±1 311±1 n}a n}a n}a n}a L2a
1 102 182A/C 183A/C 189 223 278 290 294 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a
1 129 182A/C 183A/C 189 223 278 290 294 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a
1 131 189 223 234 278 294 309 390 73 146 152 263 303±2 311±1 n}a n}a n}a n}a L2a
1 168 182A/C 183A/C 189 223 278 290 294 309 390 73 146 152 195 263 303±1 311±1 n}a n}a n}a n}a L2a
3 182A/C 183A/C 189 192 223 278 290 294 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a
1 182A/C 183A/C 189 192 223 278 290 294 309 390 73 146 195 263 311±1 n}a n}a n}a n}a L2a
1 182A/C 183A/C 189 223 278 290 294 309 390 73 146 152 195 263 303±1 311±1 n}a n}a n}a n}a L2a
2 182A/C 183A/C 189 223 224 278 290 294 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a

11 182A/C 183A/C 189 223 278 290 294 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a
1 182A/C 183A/C 189 223 278 290 294 309 390 73 146 152 263 303±1 311±1 n}a n}a n}a n}a L2a
4 182A/C 183A/C 189 192 223 278 290 294 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a
1 182A/C 183A/C 189 192 223 278 290 294 309 390 73 146 152 263 303±1 311±1 n}a n}a n}a n}a L2a
1 182A/C 183A/C 189 223 278 290 294 296 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a
5 223 278 286 294 309 390 73 146 152 195 263 303±1 311±1 n}a n}a n}a n}a L2a
2 223 278 286 294 309 390 73 146 152 195 263 303±2 311±1 n}a n}a n}a n}a L2a
1 223 278 286 294 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a
1 223 278 286 294 309 390 73 146 152 263 303±2 311±1 n}a n}a n}a n}a L2a
1 223 278 286 294 309 390 73 146 195 263 311±1 n}a n}a n}a n}a L2a
3 223 278 286 294 390 73 146 152 195 263 303±1 311±1 n}a n}a n}a n}a L2a
1 223 278 294 309 390 73 146 152 195 263 303±2 311±1 n}a n}a n}a n}a L2a
1 223 278 294 309 390 73 146 152 195 263 311±1 n}a n}a n}a n}a L2a
1 114C/A 129 213 223 274 278 390 73 146 150 152 182 183 195 198 204 263

303±1 311±1
n}a n}a n}a n}a L2b
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Appendix 1 (cont.)

Freq. HVRI sequence HVRII sequence
RFLP

Haplo-
groupA B C D

1 114C/A 129 213 223 278 354 390 73 146 150 152 182 195 198 204 263 311±1 n}a n}a n}a n}a L2b
1 134 223 264 278 390 73 93 146 150 152 182 195 198 263 311±1 325 n}a n}a n}a n}a L2c
1 129 209 223 292 295 311 73 189 200 263 303±1 311±1 ® ®  ® L3*
1 209 218 223 256 292 311 73 150 189 200 263 311±1 ® ®  ® L3*
1 93 124 223 278 362 73 263 311±1 ®   ® L3b
1 124 223 278 293 311 362 73 263 303±1 311±1 ®   ® L3b
1 124 223 278 311 362 73 152 263 311±1 ®   ® L3b
1 124 223 278 311 362 73 263 311±1 ®   ® L3b
2 124 223 319 73 150 152 263 303±1 311±1 ® ® ® ® L3d
2 223 239 323delT 73 150 185 189 263 303±1 311±1 ® ®   L3e1*?
1 223 239 323delT 390 73 150 185 189 263 303±1 311±1 ® ®   L3e1*?
1 223 323delT 327 73 150 152 189 263 303±1 311±1 ® ®   L3e1*
2 176 223 327 73 150 152 189 200 215 263 311±1 ® ®   L3e1*
1 187 223 327 73 150 189 200 263 311±1 ® ®   L3e1*
1 207 223 266 326 327 73 150 183 200 263 303±1 311±1 ® ®   L3e1*
1 223 327 73 150 189 200 263 311±1 ® ®   L3e1*
1 185 223 311 327 73 150 185 189 263 311±1 ® ®   L3e1a
2 185 223 327 73 150 152 189 200 263 311±1 ® ®   L3e1a
1 185 223 327 73 150 189 200 263 303±1 311±1 ® ®   L3e1a
1 207 223 311 320 73 150 195 198 263 311±1 ® ®   L3e2a
2 172 183A/C 189 223 320 73 150 195 263 311±1 ® ®   L3e2b
2 223 265A/T 73 150 195 263 311±1 ® ®   L3e3
1 51 223 264 73 150 263 311±1 ® ®   L3e4
Total : 109


