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Abstract

Background/Aims: Approximately four million Africans
were taken as slaves to Brazil, where they interbred exten-
sively with Amerindians and Europeans. We have previously
shown that while most White Brazilians carry Y chromo-
somes of European origin, they display high proportions of
African and Amerindian mtDNA lineages, because of sex-bi-
ased genetic admixture. Methods: We studied the Y chro-
mosome and mtDNA haplogroup structure of 120 Black
males from Sao Paulo, Brazil. Results: Only 48% of the Y
chromosomes, but 85% of the mtDNA haplogroups were
characteristic of sub-Saharan Africa, confirming our previ-
ous observation of sexually biased mating. We mined litera-
ture data for mtDNA and Y chromosome haplogroup fre-
quencies for African native populations from regions
involved in Atlantic Slave Trade. Principal Components Anal-
ysis and Bayesian analysis of population structure revealed
no genetic differentiation of Y chromosome marker frequen-
cies between the African regions. However, mtDNA exami-
nation unraveled considerable genetic structure, with three
clusters at Central-West Africa, West Africa and Southeast Af-
rica. A hypothesis is proposed to explain this structure. Con-

clusion: Using these mtDNA data we could obtain for the
first time an estimate of the relative ancestral contribution
of Central-West (0.445), West (0.431) and Southeast Africa
(0.123) to African Brazilians from Sao Paulo. These estimates
are consistent with historical information.

Copyright © 2008 S. Karger AG, Basel

Introduction

It is estimated that from 1550 to 1870, approximately
four million Africans were taken to Brazil as slaves [1, 2].
Together with Amerindians and Europeans, Africans rep-
resent one of three major ancestral roots for the formation
of Brazilian people. The impact of this extensive tripartite
admixture can be assessed by the numbers of the 2000
Brazilian census: among 169,872,856 Brazilians, 53.7%
were Whites, 38.5% were Brown and 6.2% were Blacks.

In reality the extent of genetic admixture was much
larger than the number of Brown individuals might sug-
gest. In a previous study based on mitochondrial DNA
(mtDNA) sequencing [3] we showed that taking Brazil as
a whole, 28% of individuals self-declared as White car-
ried mtDNA African haplogroups and 33% had mtDNA
Amerindian haplogroups. These data were further cor-
roborated by estimates of admixture made with autoso-
mal polymorphisms, which showed that 87% of Brazil-
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ians (circa 146 million people) have more than 10%
African genomic ancestry [4]. Indeed, our studies dem-
onstrated that in Brazil, at an individual level, color, as
determined by physical evaluation, was a poor predictor
of genomic European or African ancestry as estimated by
molecular markers [5, 6].

Considering the gigantic importance of Africansin the
formation of the Brazilian people, it is of great historical,
anthropological, linguistic and social importance to know
their exact origins in Africa. Throughout the 19th and
20th centuries there was considerable debate and contro-
versy about the relative importance of West African (Sen-
egambia, Bight of Benin, Bight of Biafra, Windward Coast,
Gold Coast and Sierra Leone) and West-Central African
(Angola, Cabinda, Congo) origins of Afro-Brazilians.
More recently, new historical data have revealed that
Southeast Africa (Mozambique) was also a quite signifi-
cant, albeit smaller, third geographical origin [7, 8].

There are several reasons why the question of the com-
parative significance of the three regions cannot be ade-
quately settled solely using historical and demographic
tools. First, the historical record is incomplete: to avoid
claims of compensation from slave owners, the Brazilian
government ordered, soon after the abolition of slavery in
1888, that all historical records of slave trade be burned [9].
The records of embarkation of ships from Africa to Brazil-
ian ports in all time periods can be obtained from a com-
prehensive database [10], but only for 1.3 million slaves.
These data show that West-Central Africa, West Africa
and Southeast Africa were respectively responsible for 73.2,
9.5 and 17.3% of the total number of slaves embarked. As
we change the data sources and the time period, the num-
bers change considerably. For instance, Klein [2] demon-
strated that between 1701 and 1810, 68% of the slaves arriv-
ing in Brazil were from West-Central Africa and 32% from
West Africa. However, in the period 1811-1830, the pro-
portion of slaves from Southeast Africa rose to roughly
20% of the total, because the British anti-slave movement
restricted trade from the Atlantic coast of Africa [7, 8].
There are almost no records for the huge number of slaves
were brought illegally to Brazil after 1830, when Brazil
signed a treaty with England to stop the Atlantic trade.

Second, the ports of embarkation do not reflect accu-
rately the true geographical origin of the slaves, since they
were captured from broad areas in Africa, from the coast
to hundreds of miles inland [2]. Finally, we have to con-
sider the place of disembarkation: the data clearly show
that a larger proportion of slaves from West Africa land-
ed in Bahia (Northeast Brazil) than in Rio de Janeiro [2].
These regional disparities were partially erased in the pe-

24 Hum Hered 2008;65:23-32

riod between the true ending of the slave trade (1850) and
the abolition of slavery in Brazil (1888) because of consid-
erable internal migration of slaves, especially from Bahia
to the coffee plantations of the state of Sdo Paulo [11].
One possible empirical approach to obtain estimates of
the relative African regional importance is the use of mo-
lecular data. In 1992 Zago et al. [12] published the first
such study, analyzing 74 3% chromosomes from sickle cell
anemia patients in Sdo Paulo and discovered that only
three of the five known B° haplotypes could be observed:
73% of the chromosomes had the Bantu haplotype (also
known as the Central Africa Republic type), while the re-
maining had haplotypes characteristic of West Africa (26%
had the Benin haplotype and 1% had the Senegal haplo-
type). The authors attributed the Bantu haplotype pre-
dominance exclusively to a West-Central African origin,
not taking into account the fact that many of the Bantu
type B° chromosomes could have originated from South-
east Africa, where this haplotype also predominates [13].
Thus, what we really need are molecular markers able
to discriminate between the populations of West Africa,
West-Central Africa and Southeast Africa. In the present
article we describe the investigation of Black Brazilians
from the city of Sao Paulo using two distinct lineage
markers - the matrilineal human mitochondrial DNA
(mtDNA) and the patrilineal non-recombinant portion
of the Y chromosome (NRY) lineages. Our objective was
to ascertain whether these markers could be useful in es-
tablishing the African geographical origin of African
Brazilians from Sdo Paulo. We here report that mtDNA
data are particularly valuable by permitting estimates of
the relative contribution from the three major regional
geographical origins of Brazilian slaves in Africa.

Material and Methods

DNA Samples

We studied 120 DNA samples from Black Brazilian males
from Sdo Paulo, Brazil. For classification as Blacks, the individu-
als were evaluated by joint phenotypic and genealogical criteria
as follows: subjects were asked about their color group and those
of their parents and grand-parents, according to their own defini-
tion. Phenotypic analysis (facial characteristic and skin pigmen-
tation in the axilla, a body region not exposed to the sun) was
performed by the interviewer. Subjects were classified as Black
when the characteristic phenotype was present and subjects de-
scribed themselves, their parents and all their grand-parents as
Blacks. We feel that with this methodology, color classification
became as free as possible from subjective biases. All studies were
anonymous, and the participants provided written consent. DNA
was prepared from blood samples using a salting out technique.
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Amplification and Sequencing of the Mitochondrial DNA

(mtDNA) Control Region

PCR amplification of the hypervariable sequence I (HVS-I) of
mtDNA was performed using primers L15989 and H16410 as de-
scribed previously [3]. In some cases we also analyzed and se-
quenced the HVS-II region using primers L29 and H580. Ampli-
fied segments were precipitated with polyethylene glycol 8000
(20% w/v in 2.5 mM NaCl) and then sequenced with the
DYEnamic™ ET dye terminator kit (GE Healthcare) using the
same primers employed for the first amplification step (L15989/
H16410 for HVS-I and L29/H580 for HVS-II). The sequence
products were run on a MegaBace 1000 sequencer (GE Health-
care) and analyzed with the Sequence Analyzer v.3.0 program
(GE Healthcare). Haplogroup-specific SNPs in the coding region
of mtDNA were analyzed by PCR amplification and restriction
enzyme digestion as described previously [3].

The information provided by HVS-I and RFLP analysis were
used to sort the sequences into haplogroups. In the analysis we
rigorously followed the quality control measures recommended
by Bandelt et al. [14]. In order to compare the present results with
those from Africans populations, we used data for HVS-I (posi-
tions 16065-16365) from a number of Sub-Saharan population
groups found in references 15-37.

The mtDNA haplogroup nomenclature used was that of Salas
etal. [34] with the additional renaming of haplogroup Lle as L5al
[38] and haplogroup L3g as L7 [39].

Y Haplogroup Analysis

The Y chromosome haplotype analyses were done following
the hierarchical order proposed by the Y Chromosome Consor-
tium [40] updated by Jobling and Tyler-Smith [41]. The UEPs
(Unique Event Polymorphisms) used here were specifically cho-
sen to provide high resolution analysis of African haplogroups,
especially haplogroup E: M145, PN2 (also known as P2), M174,
sY81 (also known as M2), M33, M35, M75, M58, M154, M155,
M149, M 191, M116, M10, M78, M281, M123, M81, V6, M213, M60
[39]. Except for M154 and M155, all UEPs were analyzed using a
minisequencing protocol. The principles of the methodology are
described in details elsewhere [40] and the details are given be-
low.

Before performing the minisequencing protocol it was neces-
sary to perform the multiplex amplification of the specific regions
where the SNPs were located. The primer sequences used and the
PCR product size are listed in supplementary table 1 (www.kar-
ger.com/doi/10.1159/000106059). The Y chromosome sequence
flanking regions for each marker were kindly provided by Dr. Pe-
ter A. Underhill from the Department of Genetics, Stanford Uni-
versity. Y chromosome SNPs were resolved using either multiplex
or simplex PCR reactions (supplementary table 1). Primers to the
flanking regions of the following SNPs composed the first multi-
plex (YD/Ea): M145, PN2, M174, sY81. PCR reactions were done
in a volume of 12.5 ul with 50 ng genomic DNA, 0.4 pM each
primer, 2.0 mM MgCl,, 1 X AmpliTaq Gold buffer,200 uM dNTPs,
1 unit of Tag DNA Polmerase (AmpliTaq Gold; Applied Biosys-
tems, Foster City, Calif., USA). The second multiplex, (YD/EDb)
was composed of the primers for M33, M35, M75 primers. PCR
reactions were done using 0.32 wM (M33 and M35) and 0.4 pM
(M75) of each primer. The third multiplex (YE3a) was composed
of the following SNPs: M10, M58, M191, M116 and used 0.4 pM
of each primer. M149 (simplex E3a3) was amplified alone using
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0.4 uM of each primer. The fourth multiplex (YE3b) was com-
posed of M78, M81, M281, M123 and V6. The PCR reactions used
0.4 pM (M78, M81, V6) and 0.6 M (M123, M281) of each primer.
Amplification parameters were 95°C for 5 min, followed by 29
cycles for 30 s at 95°C, 60 s at 50°C, 1 min at 72°C, and a final
extension for 10 min at 72°C.

All samples were first typed with the multiplex YD/Ea. Sam-
ples with derived allele in M145 and PN2 markers were tested
further with YD/Eb and YE3b, while samples with the derived
allele at both M145 and sY81 were tested further with YE3a. Sam-
ples typed as having the ancestral allele at M145 were then tested
sequentially with M60 and M213, both in simplex protocols.

Multiplex and simplex DNA minisequencing was performed
according to Carvalho and Pena [40]. The following FAM-labeled
dideoxynucleotides were used in the minisequencing: ddGTP for
YD/Ea, YD/Eb, YE3b and M213 and ddATP for YE3a, M149 and
M60. All minisequencing primers were used in 0.4 wM, except:
sY81 (0.2 pm), M174 (0.04 wM) and M116 (0.08 pwMm). The minise-
quencing products were applied in a 6% denaturing polyacryl-
amide gel and resolved in a fluorescent automatic DNA sequenc-
er ALF (GE Healthcare). The analyses were done in the software
package Allelinks (GE Healthcare).

M154 and M155 were typed by means of the ARMS (Amplifi-
cation Refractory Mutation System) technique. Common primers
to M154 are the same used to amplify M81 (supplementary ta-
ble 1) giving rise to a 248-bp amplicon and allele-specific primers
were M154An (ACAAATTAGTGCGACACAAC) for the C an-
cestral allele and M154De (ACAAATTAGTGCGACACAAT) for
the T-derived allele, both producing a 112-bp segment in the pres-
ence of common primers. Common primers to M155 were the
same used to amplify M58 (table 1) giving rise to a 202-bp ampli-
con and allele-specific primers were M155An (GAGGAATCCT-
CACCTAACG) for the ancestral allele and M155De (GAG-
GAATCCTCACCTAACA) for the A-derived allele, both produc-
inga93-bp segment in the presence of common primers. The PCR
products were resolved in 10% polyacrylamide gels and stained
with silver. The DYS199 T allele that defines the founder Amerin-
dian haplogroup Q3* was typed according to Lell [43].

Data Analysis

The frequencies of mtDNA haplogroups were estimated by di-
rect counting and genetic diversity was estimated using the Arle-
quin 2.0 software [44]. Analysis of Principal Component was per-
formed using the software Statistica 6.0.

Bayesian analysis of genetic differentiation was performed as
described by Corander et al. [45, 46] using their BAPS 2.2 soft-
ware. A major advantage of this software is that the number of
distinct populations is treated as an unknown parameter. That
means thatif the program perceives that two populations, because
of high degree of gene flow or recent foundation, can be consid-
ered a single panmitic population it will then combine them [45].
All group combinations are considered a priori equally likely.
From the data the software then establishes the most likely parti-
tion among the population groups in a certain number of empir-
ically plausible clusters.

To calculate admixture of haplotype frequency data we used
the maximum likelihood program LEADMIX [47] that estimates
admixture proportions taking genetic drift data into account.
The program also provides estimates of the method of moments
of Roberts and Hiorns [48].
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Table 1. Mitochondrial DNA haplogroups observed in Black Bra-
zilian males from Sao Paulo, Brazil

Haplogroup N %

Sub-Saharan African 102 0.85
LOal 1 0.01
LOala 8 0.07
L0a2 4 0.03
L1b 5 0.04
L1b1 4 0.03
Llc 5 0.04
Llcl 8 0.07
Llc2 4 0.03
L2a 8 0.07
L2al 9 0.08
L2ala 3 0.03
L2b 2 0.02
L2b1 4 0.03
L2c2 1 0.01
12d2 1 0.01
L3b 6 0.05
L3b1 1 0.01
L3b2 3 0.03
L3d 2 0.02
13d1 1 0.01
13d2 1 0.01
L3el 3 0.03
L3ela 2 0.02
L3e2 7 0.06
L3e3 5 0.04
L3f1 4 0.03

Amerindian 14 0.12
A2 4 0.03
A5 1 0.01
B2 1 0.01
Cl1 6 0.05
D1 2 0.02

Eurasian 3 0.03
K 1 0.01
T2 1 0.01
A% 1 0.01

North African 1 0.01
Ué6a 1 0.01

Total 120 1.00
Results

mtDNA Composition of the Black Brazilian

Population

Among the 120 black Brazilian individuals analyzed,
85 different HVS-I sequences were found, with a calcu-
lated haplotypic diversity of 0.991. The sequences ob-
tained are shown in supplementary table 2, together with
the RFLP data and haplogroup assignment and were de-
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posited in GenBank with Accession numbers EF452532—
EF452616. In three cases (SP22, SP29, SP71), sequencing
of HVS-II was needed for establishing the correct hap-
logroup.

Altogether, 102 sequences belonged to haplogroups
characteristic of Sub-Saharan Africa (85.0%), whereas
14 were assigned to Native American (A-D; 11.7%),
three to European haplogroups (2.5%) and one to the
North African haplogroup U6a (table 1). The 102 Sub-
Saharan African sequences were distributed into 68
haplotypes (supplementary table 2). For 45 of these
haplotypes we could find identical matches in the lit-
erature, as detailed in supplementary table 3. Most of
the haplotypes (40) gave complete matches with more
than one, and occasionally a large number, of African
populations.

Principal Component Analysis of mtDNA Data

We combed the available literature for mtDNA and Y
chromosome Sub-Saharan haplogroup frequencies for
African native populations from regions involved in At-
lantic Slave Trade, and extracted data from 19 different
populations from West Africa, Central-West Africa or
Southeast Africa. These are presented, with relevant ref-
erences, in supplementary table 4. These data were then
submitted to Analysis of Principal Components (APC),
where a significant amount of geographical structure is
evident on the projection of the variables on the 1 X 2
component plane (fig. 1). There are two clear clusters: one
encompasses the populations of West Africa (black cir-
cles) and the second includes populations of West-Cen-
tral Africa. Two populations lay outside the clusters: the
Black Brazilians from Siao Paulo (SP), situated between
the two main clusters (arrow) Mozambique, further to
the right of the West-Central Africa cluster (arrowhead),
suggesting a separate identity. We investigated these in-
teresting suggestions by analyzing quantitatively the ge-
netic structure of the data.

Bayesian Genetic Structure Analysis of mtDNA Data
For the Bayesian analysis of population structure we
used the software BAPS 2.2 [45, 46]. The actual analysis
was performed using a Markov chain Monte Carlo
(MCMC) estimation with 100,000 steps (burn-in 5,000
steps). A structure with three geographically consistent
clusters emerged, with the following posterior probabili-
ties:
(1) A Central-West Africa cluster, composed of Angola,
Fang, Cabinda, Bakaka, Bassa and the Brazilian Blacks
with a posterior probability of 0.910.

Gongalves/Carvalho/Bortolini/
Bydlowski/Pena



1.0
] Cabinda Angola
O o
Ba(s)sa Bakaka
- %P Fané)
_ O Mozambique
0.5 O
v
-
(=]
N
S —
‘S 4 Yoruba
5 °
E - Kanuri
Senegalese Hausa
0 - [ ]
Megde Lgko
Fig. 1. Analysis of Principal Components 1 @ Wolof serer
of mtDNA haplogroup frequency data. AG“'“ea'B'Ssa%mne Lign.ba
The projection of the variables on the
1 X 2 component plane is shown. The N Ma”d.e”ka
black circles indicate populations from |
West Africa and the open circles designate
populations of West-Central Africa. The -0.5 — T T T T T T T T T T T T T T 1
arrow points toward the Black Brazilians -1.0 -0.5 0 05

from Sao Paulo and the arrowhead speci-
fies the individuals from Mozambique.

(2) A West Africa cluster composed of Kanuri, Yoruba,
Senegalese, Serer, Wolof, Mandenka, Mende, Loko,
Limba, Temne, Guinea-Bissau and Hausa with a pos-
terior probability of 0.910.

(3) A single-element Southeast Africa cluster (Mozam-
bique) with a probability of 0.988.

The pairwise Fst values for the three clusters were 0.027
(SE 0.003) between clusters 1 and 2, 0.032 (SE 0.004) be-
tween clusters 1 and 3, and 0.054 (SE 0.004) between clus-
ters 2 and 3 - all are significantly different from zero.

Admixture Analysis of mtDNA Data

Our next step was to try to estimate from the mtDNA
data the relative ancestral contribution of West-Central,
West and Southeast Africa to Brazilian Blacks from Sao
Paulo using the LEADMIX maximum likelihood pro-
gram [47]. The mtDNA data were entered with hap-
logroups as different alleles of a single locus, with the
combined data of West-Central, West and Southeast Af-
rica populations as parentals. 500 integration points were
used in calculating the likelihood function. LEADMIX
calculated for the Brazilian Blacks a West-Central Africa
ancestry of 0.450 (95% confidence interval 0.106-0.702),
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Factor 1:29.64%

West Africa ancestry of 0.426 (95% CI 0.232-0.704) and
Southeast Africa ancestry of 0.124 (0.000-0.324). The
same program also outputs admixture proportion using
the method of moments of Robert and Hiorns [48] which
does not take drift into account - the proportions were
0.522,0.326 and 0.153 for West-Central, West and South-
east Africa respectively (no confidence intervals are cal-
culated because there was only one locus).

Y Chromosome Haplogroup Assignment

All samples were haplotyped using a hierarchical sys-
tem according to the Y chromosome Consortium [38] as
updated by Jobling and Tyler-Smith [39]. For classifica-
tion we used 21 biallelic DNA markers that allowed high-
resolution analysis of the E3a and E3b haplogroups. We
also searched for the B (M60), for the DYS199 (M3) T al-
lele that defines the founder Amerindian haplogroup Q3*
and for the F (M213) haplogroups. The F haplogroup is
very broad, harboring patrilineages from Europe, Asia
and America. However, our objective was to achieve high
resolution in the haplogroups most characteristic of sub-
Saharan Africa. Presumably individuals with the ances-
tral alleles in M60, M145 and M213 would belong to hap-
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logroup A or C, but none was found. All individuals could
be reliably assigned to the Y haplogroups.

Y Chromosome Population Analysis

The haplogroups found in Black Brazilians were E1,
E2, E3a* (xE3al, E3a2, E3a3, E3a4, E3a5, E3a6, E3a7),
E3a4, E3a7, E3bl, E3b2, E3b3, B and F. The most fre-
quent haplogroup overall was F (44%), which has a very
wide geographical distribution worldwide and is quite
heterogeneous. As shown in table 2, 48% of the individ-
uals presented Y chromosome haplogroups characteris-
tic of sub-Sahara Africans (E1, E2, E3a*, E3a4, E3a7 and
B) and 52% presented non-Sub-Saharan African hap-
logroups (E3b1, E3b2, E3b3, Q3* and F (xQ3%)). Sub-
lineages E3a* and E3a7 represented 88.3% of the African
patrilineages.

Principal Component and Bayesian Genetic Structure

Analysis of Y Chromosome Data

From the data presented by Cruciani et al. [49], Luis et
al. [50], Beleza et al. [15] and Wood etal. [51] we compiled
haplogroup frequency results for 20 population groups
from West Africa [Wolof and Mandinka (Gambia/Sene-
gal), Ewe, Ga, Fante (all Ghana), Fon (Benin), Mossi and
Rimaibe (Burkina Faso)] and Central West Africa [Ad-
amawa, Fali, Tali, Tupuri, Ewondo, Bakaka, Bamileke,
Bantu, Bassa, Ngoumba (all Cameroon), Nande and
Hema (Democratic Republic of Congo)]. The haplogroup
frequencies calculated for these populations are present-
ed in supplementary table 5. These data were then sub-
mitted to Analysis of Principal Components. As can be
seen by inspection of figure 2, no geographically coherent
genetic structure is evident — population from West Af-
rica and West-Central Africa are intermixed without any
pattern. We confirmed this observation using the BAPS
2.2 software as described above. The probability of all
partitions was less than 0.01, thus corroborating the re-
sults of the APC that no genetic structure is observable
from the NRY data.

Discussion

Directional Mating in Formation of the Brazilian

Population

This study provides very relevant information about
the structure of the Brazilian population. Our previous
studies in self-declared White Brazilians from several
geographical regions revealed a striking sexual asymme-
tryin the patterns of genetic admixture between the three
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Table 2. Y chromosome haplogroup frequencies in 120 Black Bra-
zilian males from Sao Paulo

Y Chromosome haplogroup  Black Brazilian males, %

A 0.0
B 3.2
C 0.0
E* (xEl, E2, E3) 0.0
El 0.8
E2 0.8
E3* (xE3a, E3b) 0.0
E3al 0.0
E3a2 0.0
E3a3 0.0
E3a4 0.8
E3a5 0.0
E3a6 0.0
E3a7 20.0
E3a* 224
E3bl 4.0
E3b2 3.0
E3b3 0.8
E3b4 0.0
E3b-V6 0.0
E3b* 0.0
F* (xQ3%) 425
Q3* 1.7

ancestral roots of the Brazilian population: Amerindians,
Europeans and Africans. While the vast majority of Y-
chromosomal lineages of Brazilian Whites were of Euro-
pean origin [52], almost two thirds of the mtDNA lin-
eages were African or Amerindian [3]. This asymmetric
mating, which led to directional introgression of Amer-
indian and African mitochondrial DNA, was perfectly
consistent with the historical information that through-
out Brazilian history, most importantly before the mid-
19th Century, the vast majority of European immigrants
was masculine. Similar patterns of sexually biased gene
flow were described in Argentina [53], Chile [54], Colom-
bia [55] and Costa Rica [56]. Indeed, it may prove to con-
stitute a general characteristic of the Iberian colonization
of the Americas.

In the present study we have found that 48% of the Y
chromosome lineages of Brazilian Blacks and 85% of the
mtDNA lineages were of Sub-Saharan African origin.
Only 1.7% of the patrilineages were of Amerindian origin.
On the other hand, there was significant introgression of
European Y chromosome haplogroups into African Bra-
zilians, certainly caused by the same demographic phe-
nomena of directional mating between European males

Gongalves/Carvalho/Bortolini/
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and African females in Brazil. Similar sexually asymmet-
ric patterns were described in a Uruguayan population of
African ancestry [57] and in African Americans [58].

Regional Assignment in Africa

The second question that we wished to examine was
whether it was possible to use the African patrilineages
and matrilineages found in Brazilian Blacks to ascertain
their geographical origin in Africa. Of course this en-
deavor is predicated on the ability to differentiate geneti-
cally between the populations from the parts of Africa
where slaves were captured to be taken to Brazil, espe-
cially West Africa, West-Central Africa and Southeast
Africa, i.e. the Niger-Congo linguistic territory.

Interestingly, while most of the subfamilies of the Ni-
ger-Congo family are agglomerated in West Africa, more
than half of the Niger-Congo speakers, those in subequa-
torial Africa, belong to the single Bantu subfamily [59].
This is due to the fact that circa 5,000 years before present
a small group of farmers inhabiting part of North Cam-
eroon and adjacent eastern Nigeria spread out of their
homeland over most of subequatorial Africa in the so-
called Bantu expansion [60, 61].

Phylogeography of African Brazilians
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Factor 1:76.77%

This territorial sweep by the Bantus originating from
West Africa would be expected to produce significant ge-
netic homogenization between West and subequatorial
Africa and also within the latter. According to Diamond
[61] this was ‘how Africa became Black’. Thus, it is not
surprising that we did not find significant stratification
of Y chromosome haplogroup frequencies between the
West African and West-Central African populations an-
alyzed.

How then can we explain our observation of consider-
able genetic structure in mtDNA among West Africa,
West-Central Africa and Southeast Africa, especially if
we take into consideration the fact that West-Central Af-
rica and Southeast Africa are both predominantly inhab-
ited by Bantu speakers? A possible explanation would be
that in the process of Bantu expansion there could have
occurred directional introgression of mtDNA hap-
logroups from the inhabitants of the conquered territo-
ries into the invading Bantus. This would create genetic
diversification of the settled Bantus in their new homes.
Recently, Batini et al. [62] presented evidence in favor of
this scenario. They showed that most of the Bantu
mtDNA haplotypes belonging to Llcla, L1c4 and L1c5
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were in fact Pygmy haplotypes introgressed by direction-
al mating. Indeed, the authors gathered ethnographic
and genetic evidence to suggest that unions between Pyg-
my females and Bantu males were socially favored, where-
as taboos make those between Pygmy males and Bantu
females difficult. They also show that sharing of Y-chro-
mosomal haplogroups between the two population
groups was most probably due to introgression of Bantu
lineages into Western Pygmies (haplogroup E3a), a pro-
cess that should contribute to homogenization of region-
al Y chromosome haplogroup frequencies.

Thus, we could hypothesize the possible sequence of
events to explain our observations: let us assume that
originally the Bantus had a genetic makeup similar to
their neighboring West African populations, as suggested
by our Y chromosome results. As they moved into West-
Central Africa, introgression of the mtDNA of Pigmies
and other local populations led to their differentiation
from West Africans. A similar proposal was put forward
by Destro-Bisol et al. [63]. Afterwards, as Bantus moved
into Southeast Africa, there was further mtDNA intro-
gression from the invaded populations leading to differ-
entiation from the Bantus of West-Central Africa. Con-
sistent with this proposal, Salas et al. [34] reported that
Khoisan lineages comprise circa 5% of the total lineages
in the Bantu speakers of Mozambique. The observed pair-
wise Fst distances between the three geographical groups
are quite compatible with our proposed scenario, being
largest for the West Africa-Southeast Africa comparison
(0.054 £ 0.004) and more or less equivalent the West-
West-Central (0.032 £ 0.004) and West-Central-South-
east (0.027 £ 0.003) contrasts. Of course, genetic drift
should also contribute to this genetic differentiation.

The Ancestral African Roots of Blacks from Sdo Paulo

Since we found significant differences in the mtDNA
haplogroup frequencies among West, West-Central and
Southeast Africa, we next tried to estimate the relative
ancestral contribution of these three regions to the stud-
ied Black individuals from Sio Paulo, Brazil. The
LEADMIX software, using maximum likelihood esti-
mates that take genetic drift into account calculated a
West-Central Africa ancestry of 0.450 (95% CI 0.106-
0.702), West Africa ancestry of 0.426 (95% CI 0.232-
0.704) and Southeast Africa ancestry of 0.124 (95% CI
0.000-0.324). Two elements are very noteworthy in these
data: an unexpectedly high ancestral involvement of
West Africa and simultaneously a significant contribu-
tion of Southeast Africa to this group of Black individu-
als from Sao Paulo.
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The relatively high proportion of West African ances-
try in Blacks from Sao Paulo can be explained by two fac-
tors. First, Klein [2] presented data showing that between
1777 and 1829 65% of the slaves in 13 municipalities in
the state of Sdo Paulo had West African origin. Thus, it
appears that Sao Paulo, for reasons that are not clear, al-
ready in the early years of the 19th century differed from
the norm that in southeastern Brazil the bulk of slaves
had been imported from West Central Africa. Second, a
strong movement of internal migration occurred be-
tween the termination of the Atlantic slave trade in 1850
and the abolition of slavery in 1888 (Brazil was the last
country in the Western Hemisphere to do so). The coffee
industry was booming in Sdo Paulo, and a significant
number of slaves were relocated from Bahia (to where
originally a high proportion of West African slaves had
been taken) and other states of the then economically
stagnant Brazilian Northeast [11, 64]. On the eve of abo-
lition in 1887, almost three-quarters of the Brazilian
slaves could be found in the Southeast region of Brazil,
especially Sao Paulo [11].

The second element, a significant proportion of South-
east Africans, can be explained by the fact that between
1830 and 1850 the slave trade reached a historical all time
high and that this was exactly when imports from Mo-
zambique were reaching 20% of the total [7, 8]. Thus, al-
though limited in time span, the contribution of South-
east Africa was numerically quite significant.

Aswe have seen, the special usefulness of mtDNA data
derives from its maternal uniparental mode of transmis-
sion. Yet, the same characteristic also makes mtDNA data
susceptible to hidden biases. For instance, it is known
that roughly 70% of the African slaves taken to the Amer-
icas were males [65], but there were significant variations
over time and space [66]. If any particular region of Af-
rica contributed a larger proportion of females it might
be overrepresented in ancestral estimates based on
mtDNA. However, there is no evidence that this hap-
pened [65].

In conclusion, we have shown that the frequency of
mitochondrial DNA haplogroups represents a useful new
tool for estimating the regional ancestry of slaves in Af-
rica, including differentiation within the Bantu linguistic
group. Our next step will be to embark on mtDNA hap-
logroup determination in Black individuals from diverse
regions of Brazil, including Rio de Janeiro, Minas Gerais
and Bahia. From these studies we should be able to derive
a more comprehensive picture of the ancestry of African
Brazilian populations.

Gongalves/Carvalho/Bortolini/
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