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Andrea R. Marrero,1 Wilson A. Silva-Junior,2 Cláudio M. Bravi,3 Mara H. Hutz,1 Maria L. Petzl-Erler,4

Andres Ruiz-Linares,5 Francisco M. Salzano,1 and Maria C. Bortolini1*
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ABSTRACT A total of 278 individuals from two Brazil-
ian Indian tribes (Guarani and Kaingang) living in five dif-
ferent localities had their mitochondrial DNA sequenced
for the first hypervariable segment (HVS-I), and a fraction
of them was also studied for seven biallelic Y-chromosome
polymorphisms. Nineteen HVS-I lineages were detected,
which showed distinct distributions in the two tribes. The
GST value obtained with the mtDNA data is about 5 times
higher for the Guarani as compared to the Kaingang, sug-

gesting a higher level of differentiation between the three
Guarani partialities than between the two Kaingang
villages. Non-Amerindian admixture varied with sex and
in the Guarani was only observed through the paternal
line. Using these data and those of other Tupian and
Jêan tribes, it was possible to make inferences about past
migratory movements and the genetic differentiation of
these populations. Am J Phys Anthropol 132:301–310,
2007. VVC 2006Wiley-Liss, Inc.

Genetic studies have been used as powerful tools to
characterize Native American populations. Schurr and
Sherry (2004) showed that the mitochondrial DNA
(mtDNA) and the nonrecombining portion of the Y-chro-
mosome (NRY) are at present the two genetic systems
most commonly used in studies with these population
groups. Investigations using mtDNA in Amerindians
revealed the presence of five different haplogroups, desig-
nated A–D (Schurr et al., 1990; Torroni et al., 1992, 1993)
and X (Brown et al., 1998), and the highest level of differ-
entiation between populations considering the human
major geographical groups (Bortolini and Salzano, 1996;
Bortolini et al., 1997). These and other studies have also
shown distinct haplogroup distributions in South America:
Haplogroup A generally occurs at higher frequencies in
northern regions, while haplogroups C and D are frequent
in several parts of South America. Haplogroup B is only
abundant in southern Peru, Andean Bolivia, northern
Chile, and Argentina. Haplogroup X is not found in South
America (Dornelles et al., 2005).
Initial analyses with NRY markers, on the other hand,

found just one haplotype at high frequencies in native
populations in North and South America of all linguistic
groups (Pena et al., 1995). This most common Y-chromo-
some was afterward characterized by a C ? T mutation at
marker M3 (Underhill et al., 1996), which defines hap-
logroup Q3* (The Y Chromosome Consortium, 2002;
Jobling and Tyler-Smith, 2003). More recently, other
Asian or Native American autochthonous haplogroups
have been identified (C*, Q*, Q3a), but with different dis-
tributions among populations. For example, C* (which is
present in high frequencies in Asia) is only found in
North, and Q3a in South America (Bortolini et al., 2003).

Using microsatellite loci, Tarazona-Santos et al. (2001)
showed that the Andean Native populations exhibit signif-
icantly higher within-population variability than the east-
ern groups (Amazonian region, Brazilian plateau, and the
Chaco region). These authors proposed a model for the
evolution of the South Amerindian male lineages that
involved differential patterns of genetic drift and gene
flow.
The origin of the Tupian linguistic family is controver-

sial (Noelli, 1998; Rodrigues, 2000). However, most of
the authors report regions at the southern margin of the
Amazon River (Rodrigues, 1964; Migliazza, 1982; Urban,
1996, 1998; Heckenberger et al., 1998). For example,
Migliazza (1982) suggested that the probable place of ori-
gin of the Tupian linguistic family was situated between
the Jiparaná and Aripuanã rivers, and that the postu-
lated parental group was living there about 5,000 years
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before present (ybp). The diversification of this major
Amerindian linguistic family occurred, due to community
isolation, concomitantly with the extraordinary and suc-
cessful dispersion of the agriculturalist Tupian speakers
(Fig. 1). The Guarani speak a language classified in the
Tupi-Guarani branch (Campbell, 1997). Their split from
the other Tupi probably occurred around 1,800 ybp (Fig. 1;
Carneiro da Cunha, 1998). In colonial times, the Gua-
rani who lived in the high Paraná and Uruguay River
basins were attracted to Jesuit missions, where they
remained for almost two centuries, while other groups
stayed isolated, hidden in the forests. Today, in Brazil,
they generally live in reservations and can be subdivided in
three partialities, in agreement with several aspects of
their culture: Guarani Ñandeva, Guarani Kaiowá, and
Guarani M’byá (Vietta, 1992). Because they have been in
contact with non-Indians since colonial times (Kern, 1997),
they should also have contributed to the formation of the
South Brazilian admixed populations in a significant way
(Marrero et al., 2005).
The term Kaingang (or Caingang) was introduced in

1882 to designate all non-Guarani indigenous people living
in South Brazil (Becker and Laroque, 1999), but at the
time of the first contact with Europeans they were known
as Guaianás (16th and 17th centuries) or Coroados (19th
century). The Kaingang are Jêan speakers (Southern
branch; Campbell, 1997). The distribution of the Jêan lan-
guages in Brazil suggest an origin for this linguistic fam-
ily at about 3,000 ybp, between the São Francisco and
Tocantins rivers (Urban, 1998; Fig. 1). The split toward
the meridional region should have occurred about 3,000–

2,000 ybp, whereas that in direction to the Amazonian
region was more recent (2,000–1,000 ybp; Urban, 1998).
The Kaingang have been recognized as descendents of

the native inhabitants of the Brazilian Central-South pla-
teau, who lived in rustic subterraneous houses (Schmitz
and Becker, 1997). Their number was drastically dimin-
ished after contact with the European colonizers, but
those who survived and their descendents live now in res-
ervations in the Brazilian states of Rio Grande do Sul,
Santa Catarina, Paraná, and São Paulo. Their contact
with non-Indians during the colonization process was less
marked than that which occurred with the Guarani, but
presently the situation changed, both showing variable
local interaction with the surrounding populations.
Although Guarani and Kaingang have lived next to each

other since the 17th century, they are culturally distinct
(Carneiro da Cunha, 1998). Genetic differences have also
been reported, with blood group and protein polymor-
phisms (Salzano et al., 1997; Callegari-Jacques and
Salzano, 1999) and different DNA data sets: Y-SNP/STR
(Bortolini et al., 2003), AAB-auto-antibody (Utiyama et al.,
2000), Alu insertions (Battilana et al., 2002), nuclear STRs
(Kohlrausch et al., 2005), HLA, and other MHC (major his-
tocompatibility complex) loci (Petzl-Erler et al., 1993;
Sotomaior et al., 1998; Faucz et al., 2000; Tsuneto et al.,
2003), CYP-cytochrome P-450, GST-glutathione S-trans-
ferase, and the TP53 tumor-suppressor gene (Gaspar et al.,
2002), and TCR-T-cell receptor and CCR5-chemokine re-
ceptor genes (Hünemeier et al., 2005).
The present work furnishes data related to the varia-

tion of mtDNA first hypervariable segment (HVS-I) and
of markers located in the NRY-chromosome in Guarani
and Kaingang, which represent the southern extremes of
the population distribution of members of the Tupian
and Jêan linguistic families in Brazil. Questions asked
were as follows: (a) what genetic differences can be
found among them, and how are they distributed among
local groups? Are their levels of diversity similar or dis-
tinct? (b) how do they correlate with independent evalua-
tions of their history? and (c) what insights concerning
the interethnic exchange which occurred along this his-
torical process can be obtained using parentally diverse
genetic markers?

SUBJECTS AND METHODS

Populations

Samples of 200 Guarani and 78 Kaingang living in
reservations (Rio das Cobras, Amambaı́, Limão Verde,
Porto Lindo, Ivaı́, Nonoai) located in central and south-
ern states of Brazil (Mato Grosso do Sul, Paraná and Rio
Grande do Sul; Fig. 2) were obtained. More details about
these populations can be found in Petzl-Erler et al. (1993),
Bortolini et al. (2002, 2003), Tsuneto et al. (2003), and
Kohlrausch et al. (2005).

Y-chromosome markers

Thirty Guarani M’byá and 36 Kaingang from Paraná
were studied for seven biallelic polymorphisms (M242,
M3, M19, 92R7, M9, YAP, and M2), located in the NRY-
chromosome, using methods described in Bortolini et al.
(2003). The nomenclature adopted is that proposed by
the last Y-chromosome Consortium release (Jobling and
Tyler-Smith, 2003). These data were then analyzed to-
gether with those obtained by Bortolini et al. (2003) for

Fig. 1. Probable routes of dispersion of the Tupian and Jêan
speakers. Arrows indicate possible routes and the estimated
dates when they may have occurred in years before present.
Dots show the main archeological sites of the Tupi-Guarani cul-
ture (modified from Schmitz, 1997), while the circle represents
the probable region of origin of the Jêan linguistic family
(Urban, 1998).
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the Guarani Ñandeva, Guarani Kaiowá and Kaingang
from Rio Grande do Sul.

Mitochondrial DNA

The nucleotide sequence of the first HVS-I of 200
Guarani (120 Guarani Kaiowá, 56 Guarani Ñandeva, and
24 Guarani M’byá) and of 78 Kaingang (57 Kaingang-Rio
Grande do Sul and 21 Kaingang-Paraná) was amplified
and sequenced according to conditions described in Marrero
et al. (2005). Both strands of DNA were sequenced. When
low-quality sequences were obtained, multiple resequenc-
ing efforts were done using the same primers.
The sequences were checked manually, validated with

the help of the CHROMAS LITE 2.0 program (www.
technelsyum.com.au), and aligned with the revised Ref-
erence Sequence (rCRS, Andrews et al., 1999) using the
BIOEDIT software (Hall, 1999). Since artifacts (\phan-
tom mutations") can be introduced during the sequenc-
ing and editing process, we applied the filtering proce-
dure described by Bandelt et al. (2002) and used criteria
like those of Yao et al. (2004) to check for the quality of
the sequences. After filtering, a network of sequences
was constructed with the NETWORK 4.1.1.2. program
(www.fluxus-engineering.com) using the median-joining
algorithm. To validate the haplogroup B result, another
specific amplification to confirm the presence of the 9-bp
COII/tRNALys deletion was performed, using primers
and conditions as described in Green et al. (2000).

Data analysis

Total gene diversity (HT) and its proportion attribut-
able to differences between populations (GST) were per-
formed using Nei’s statistics, which can be used for any
genetic system, including those which are haploid like
mtDNA and the NRY chromosome (Nei, 1987). Nucleotide
diversities considering the mtDNA sequences for each pop-
ulation were also estimated using Nei’s method (Nei,
1987). DISPAN (Ota, 1993) and ARLEQUIN (Schneider et
al., 2000) packages were used to obtain the results. The
latter was also used to evaluate the distribution of the
inter- and intrapopulational genetic variations by means

of an analysis of molecular variance (AMOVA, Excoffier
et al., 1992).
Owing to the widespread but spotted distribution of

lineages carrying the 16266 C ? T mutation in the conti-
nent, a medium network of these mtDNA sequences was
constructed with the NETWORK 4.1.1.2. program (www.
fluxus-engineering.com), using the median-joining algo-
rithm.
Estimates of parental continental contributions for the

mtDNA data were obtained directly, since the major
mtDNA haplogroups are geographic specific. For the Y-
SNP markers, however, these estimates were calculated
using the weighted least square method (Long, 1991)
performed with the ADMIX program, kindly made avail-
able by Dr. J.C. Long.

RESULTS

Y-chromosome haplogroups

The combination of the seven biallelic markers allows
the identification of eight Y-SNP-haplogroups (Fig. 3),
and five of them were observed in our data. Some of
these markers are characteristic of European, African, or
Native American populations, and thus can be informa-
tive for identifying recent admixture with nonnative peo-
ples: for example, Q3*(xQ3a) and Q3a are identified as
of Amerindian origin; E3a* as of sub-Saharan African or-
igin; P*(xQ) as of European origin. Others, however,
using this level of resolution, are less informative, since
they do not have an identified continental-specific origin:
Y* (Africa, Europe), DE*(xE3a) (Asia, Africa).
Haplogroup Q3*(xQ3a) was the most frequent in the

Guarani M’byá (61%) and Kaingang-Paraná (50%). This
is the most common haplogroup observed in Native Amer-
ican populations (Bortolini et al., 2003), and it was earlier
reported with high frequencies among the Guarani Ñan-
deva, Guarani Kaiowá, and Kaingang-Rio Grande do Sul
(70%, 86%, and 86%, respectively; Bortolini et al., 2003).
The other Native American/Asian haplogroup, Q*(xQ3),
was detected in some (Guarani M’byá, 3%; Guarani Ñan-
deva, 15%; Kaingang-Paraná, 8%), but not all Guarani
and Kaingang partialities/villages. The Amerindian hap-
logroup Q3a was not observed, corroborating the sugges-

Fig. 2. Map showing the approximate geographic location of the Native American populations studied here for the HVS-I and Y-
chromosome markers. Filled and open circles represent the Tupian and Jêan villages, respectively.
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tion that this lineage may be restricted to northwest
South America (Bortolini et al., 2003).
The presence of non-Amerindian Y-chromosomes, as

indicated by the Y*, P*(xQ), and E3a* haplogroups, is
important in these tribes. It ranges from 14% (Kaingang-
RS and Guarani Kaiowá) to 42% (Kaingang-Paraná).
Among these haplogroups, the most prevalent is Y*
(Guarani M’byá, 27%; Kaingang-Paraná, 31%), but it
was not observed in other Guarani partialities or in the
Kaingang-Rio Grande do Sul. This result can indicate
male-mediated admixture between the Guarani and
Kaingang populations of Rio das Cobras reservation,
State of Paraná (see Fig. 2), and/or admixture with Euro
and Afro-descendant neighbors. Haplogroup P*(xQ) has a
probable European origin, while E3a* is typical of sub-
Saharan Africans. The former was detected in all Guarani
and Kaingang samples, but the latter was only present
(3–6%) in the three Guarani partialities.

Mitochondrial DNA

The mtDNA sequence variation observed in the 278
individuals examined is summarized in Table 1. Nine-
teen lineages were observed, and all nucleotides
changes, except two, were transitions involving more
pyrimidines than purines, with the C ? T substitution
being the most frequent mutation. Transversions were
identified at positions 16239 (C ? A) and 16114 (C ?
A), detected in the Guarani Ñandeva lineage 6, and
Kaingang-RS lineage 18, respectively.
All sequences could be identified with some continental-

specific mtDNA haplogroup. The 200 Guarani carried
haplotypes belonging, according to Bandelt et al. (2003),
to 3 of the 4 major Native American haplogroups, as fol-
lows: 84% A, 9.5% C, and 6.5% D. No lineage presented
the characteristic mutations of haplogroup B. Lineage 1,
the nodal sequence for Native American haplogroup A,
is the most common in both Guarani and Kaingang. Line-
ages 1 and 2 are the only ones shared across the three
Guarani partialities. Lineage 2 diverges from the nodal A

by the gain of 16291, a change that has already been
reported for this haplogroup in one Tayacaja Quechua
(Fuselli et al., 2004). Interestingly, a single case of Lineage
2 is reported here for one Kaingang-Paraná, who share
the same reservation with the Rio das Cobras Guarani
M’byá. Derived lineage 3 (A) is shared by the Kaiowá and
Ñandeva, indicating the higher identity between these
two subdivisions as compared to the M’byá.
The most frequent Amerindian haplogroups in the

whole Kaingang sample were C (46%) and A (42%). Two
individuals assignable to haplogroup A (Lineage 8) car-
ried the haplotype 16126C-16223T-16278T-16290T-16319A-
16362-C previously described in one Krahó (Torroni et al.,
1993) and in two nonnative Brazilians (Alves-Silva et al.,
2000). More information from the coding region is needed
in order to establish if this lineage belongs to an A2 sub-
type and has reverted the 16111 mutation, or if it repre-
sents some further founder haplotype for haplogroup A in
the Americas.
Three individuals (5%) showed the 16189C-16217C

combination and the 9bp COII/tRNALys deletion, which
jointly characterizes haplogroup B (Kivisild et al., 2002).
Haplogroup D was not detected. Only three lineages are
shared between the Kaingang-Rio Grande do Sul and
Kaingang-Paraná: Lineage 1 (A), 12 (C), and 14 (C).
Non-Amerindian admixture in this tribe was detected
through the presence of three persons with the sub-
Saharan African haplogroup L2b1 and by one subject
with the rCRS HVS-I motif, the single most frequent lin-
eage in West Eurasian populations. More than 95% of
the lineages carrying the rCRS HVS-I can be assigned to
haplogroup H, but in the absence of further molecular
information membership in other West Eurasian haplo-
groups (e.g. HV, U, R, etc) cannot be discarded.
Table 2 shows the Amerindian mtDNA haplogroup fre-

quencies in the Guarani and Kaingang, as well as in
other Tupian and Jêan tribes. The frequency of hap-
logroup A in the Guarani is very high, particularly in
the Kaiowá and Ñandeva partialities, differently of what
is observed in the other Tupian tribes (with the excep-

Fig. 3. Phylogenetic tree of the Y-chromosome haplogroups and their distributions (%) in the Guarani and Kaingang populations
studied here and those tested by Bortolini et al. (2003).
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tion of the Wayampi). The absence of haplogroup B in
the Guarani contrasts with its presence in 7 of the 10
other Tupian tribes considered. This result could indicate
that the Tupian migration from the Amazonian region to
the South may have resulted in the loss of this mtDNA
haplogroup. However, more studies with other Brazilian
and non-Brazilian Guarani groups are needed to confirm
this suggestion. Major differences are also observed
between the Kaingang and other Jêan-speaking tribes.
Although in this case the sample sizes are more limited,
there is a clear inversion in the totals of the Kaingang
and other groups for the frequencies of two haplogroups:
Kaingang 4% B, 49% C; others 67% B, 1% C.
Table 2 also furnishes two diversity parameters, one gen-

erated by the mtDNA sequence data sets and the other by
the single-site nucleotide frequencies obtained according
to Nei (1987). Since in the second case the analysis consid-

ered only the variable sites, it could give an insight not
furnished by the nucleotide diversity statistics, which
includes both variable and nonvariable sites. Evaluation
of the intra- and interpopulation variabilities was also
done with AMOVA, but this procedure did not yield suffi-
cient discriminative power in this set of data (data not
shown). The nucleotide diversity (0.0067) and gene diver-
sity (0.0495) calculated for the Guarani are lower than
those obtained for 7 of the 9 other Tupian tribes. It is pos-
sible, therefore, that in their southern route the Tupi-
Guarani would have lost part of their intrapopulational
variation.
A low p value (0.0171) can also be observed when the

Kaingang tribe is compared with the mean calculated for
the other Jêan (0.0379). An inverse situation is observed
when the gene diversity is calculated (0.1008 and
0.0938, respectively). But the low sample sizes in the

TABLE 1. HVS-I sequence variation and major continental-specific mtDNA haplogroups observed in the Guarani
and Kaingang samplesa

a Abbreviations are as follows: rCRS, revised Cambridge Reference Sequence (Andrews et al., 1999); GKW, Guarani Kaiowá; GNA,
Guarani Ñandeva; GMB, Guarani M’byá; KRS, Kaingang-Rio Grande do Sul; KPR, Kaingang-Paraná.
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other Jêan populations make comparisons risky and
could be responsible for this discrepancy.
The total gene diversity estimated for the Guarani is

0.0495, and 19% of it can be attributable to differences
between the three Guarani partialities, whereas for the
other Tupian groups there is high intertribal differences
(53%). A similar GST value (58%) was obtained for the
other Jêan groups, but the differences between the two
Kaingang villages represent only 4% of the total vari-
ability found in this tribe. Their total gene diversity

(0.1008), however, is two times higher than the Guarani
value.

Admixture analyses

Guarani and Kaingang are in an advanced stage of
acculturation, and previous studies using blood group
and protein polymorphisms demonstrated that both
tribes have some degree of admixture with non-Amerin-
dians. These investigations also revealed that the Kain-

TABLE 2. mtDNA diversity parameters in Guarani and Kaingang populations compared to other Tupian and Jêan tribes

Population No. stud.

Amerindian haplogroupsa (%) Nucleotide
diversity (p) Gene diversityb ReferenceA B C D

Guarani-Tupian GST (19 %)
Guarani-Ñandeva 56 82 0 16 2 0.0094 6 0.005 0.0608 6 0.017 Present study
Guarani-Kaiowá 120 92 0 8 0 0.0042 6 0.003 0.0275 6 0.009 Present study
Guarani-M’byá 24 50 0 0 50 0.0067 6 0.004 0.0434 6 0.176 Present study
Total 200 84 0 9.5 6.5 0.0067 6 0.004 0.0495 6 ND

Others-Tupian GST (53 %)
Achéc 63 10 90 0 0 0.0029 6 0.002 0.0214 6 0.007 Schmitt et al., 2004
Cinta Larga 20 20 0 20 60 0.0558 6 0.043 0.0818 6 0.037 Dornelles et al., 2005;

Ribeiro-dos-Santos et al.,
unpublished

Gavião 43 9 9 0 82 0.0085 6 0.005 0.0515 6 0.026 Ward et al., 1996;
Ribeiro-dos-Santos et al.,
unpublished

Munduruku 40 13 15 10 62 0.0144 6 0.016 0.0877 6 0.037 Ribeiro-dos-Santos et al.,
unpublished

Parakanã 13 8 23 46 23 NE NE Dornelles et al., 2005;
Ribeiro-dos-Santos et al.,
unpublished

Potujuara 20 45 0 25 30 0.0173 6 0.012 0.1053 6 0.031 Santos et al., 1996;
Ribeiro-dos-Santos et al.
(unpublished)

Suruı́ 44 11 2 0 87 0.0049 6 0.003 0.0319 6 0.012 Bonatto and Salzano, 1997
Urubu-Kaapor 42 22 33 14 31 0.0631 6 0.048 0.1286 6 0.035 Dornelles et al., 2005;

Ribeiro-dos-Santos et al.,
unpublished

Wayampi 24 75 0 17 8 0.0192 6 0.015 0.1052 6 0.032 Santos et al., 1996;
Ribeiro-dos-Santos et al.,
unpublished

Zoró 30 20 3 13 64 0.0115 6 0.007 0.0698 6 0.015 Ward et al., 1996
Total 339 20 25 10 45 0.0423 6 0.021 0.0992 6 ND

Kaingang-Jêan GST (4 %)
Kaingang-RS 57 41 6 53 0 0.0169 6 0.009 0.1083 6 0.024 Present study
Kaingang-PR 21 62 0 38 0 0.0148 6 0.008 0.0959 6 0.025 Present study
Total 78 47 4 49 0 0.0171 6 0.009 0.1008 6 ND

Others-Jêan GST (58 %)
Kokraimoro 2 50 50 0 0 0.0254 6 0.027 0.1579 6 0.048 Ribeiro-dos-Santos et al.,

unpublished
Krahó 8 50 38 12 0 0.0166 6 0.010 0.1013 6 0.027 Torroni et al., 1993
Kubenkokre 4 0 100 0 0 0.0139 6 0.010 0.0848 6 0.026 Ribeiro-dos-Santos et al.,

unpublished
Mekranoti 1 0 100 0 0 NE NE
Txukahamae 2 100 0 0 0 0.0027 6 0.004 0.0175 6 0.017 Dornelles et al., 2005
Xavante 25 16 84 0 0 0.0081 6 0.008 0.0526 6 0.016 Ribeiro-dos-Santos et al.,

unpublished
Xikrin 43 37 63 0 0 NE NE Dornelles et al., 2005;

Ribeiro-dos-Santos et al.,
unpublished

Total 85 32 67 1 0 0.0379 6 0.019 0.0938 6 ND

a Using data from RFLP and/or sequences.
b Using the method presented by Nei (1987), and considering the HVS-I variant nucleotide frequencies. Nucleotide and gene diver-
sities were not estimated for some populations (NE) because just one sequence was available, the haplogroup frequencies being esti-
mated by RFLP.
c The Aché Indians from eastern Paraguay speak a language listed under the Tupi-Guarani linguistic branch, but their phylogenetic
relationship with other Amerindians is unclear. Some genetic studies showed a link with the Guarani (Battilana et al., 2002;
Tsuneto et al., 2003), but others indicated a higher identity with Jêan-speaking populations rather than with Guarani groups
(Kohlrausch et al., 2005).
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gang had a higher proportion of non-Amerindian alleles
when compared to the Guarani (Salzano et al., 1997;
Callegari-Jacques and Salzano, 1999). However, the spe-
cific nature of this gene flow was not known. Table 3
presents the parental contribution estimates using the
present mtDNA and Y-chromosome data sets and those
values published earlier, considering biparental markers
(Salzano et al., 1997; Callegari-Jacques and Salzano,
1999). The results revealed that 5% of the mtDNA
sequences observed in the Kaingang have an African or
European origin, while none was detected in the three
Guarani partialities. On the other hand, Y-chromosomes
of non-Amerindian origin were detected in both popula-
tions, although the typical sub-Saharan Y-chromosome
haplogroup was only observed in the Guarani. The auto-
some estimates, as expected, presented intermediate val-
ues between the mtDNA and Y-chromosome numbers,
further validating them. These results reveal that de-
spite some specific details, the admixture present in both
is influenced by gender.

DISCUSSION

mtDNA lineages 4 and 6 observed respectively in 8
and 14 Guarani Ñandeva individuals, are connected to a
series of others spotted, but widely distributed in South
America, defined by the presence of a C ? T transition at

position 16266. As shown in the legend of Figure 4, the
nodal sequence (Lineage 4 in Table 1: 16111T-16223T-
16266T-16290T-16319A-16362C) was previously described
in Amerindians from lowland Bolivia, one nonnative SE
Brazilian, and in one nonnative Uruguayan. We report
here its presence in eigth Guarani Ñandeva. One- and
two-step derivatives were observed in one Gavião (Brazil;
#2) and in one Quechua (Peru; #3), the former geographi-
cally located in the probable center of spread of the
Tupian languages (Fig. 1). Of special interest is a further
branch defined by the 16239A transversion, present in
Amazonian and nonnative S and SE Brazilian popula-
tions, as well as in the Guarani Ñandeva. While the non-
Native Brazilian lineages (#6, #7) have a transition at
position 16218, the Guarani Ñandeva lineage (#8), pres-
ent in 14 individuals, carries instead the private transi-
tion 16153. The Ñandeva Guarani lineages (#1 and #8)
are connected to lineages from Amazonia (#2, #4) and
Peru (#3), as well others (#6, #7) present in south and
southeast Brasil. These relationships conform to their his-
tory of dispersion (Amazonia ? S/SE Brazil).
The low intrapopulational variability observed in the

Guarani suggests that they may have experienced a bottle-
neck in their southern migration from Amazonia. This
event may have been moderate or severe, since their later
population growth (the Guarani had an enormous success
in this dispersion because they dominated agricultural

Fig. 4. Medium network of the specific A lineage carrying
16266T transition. The root haplotype is identified by #1
(16111T-16223T-16266T-16290T-16319A-16362C). Variant posi-
tions from the root are indicated as numbers (mutations from
the reference sequence minus 16,000) in the branches of the
network: the letter A after 239 indicates a transversion. Circle
sizes are proportional to the lineage frequency. #1–1 Ignaciano
and 1 Yuracare (Bert et al., 2004); 1 non-Native Brazilian
(Alves-Silva et al., 2000); 1 non-Native Uruguayan (Pagano
et al., 2005); 8 Guarani Ñandeva (present study). #2–1 Gavião
(Ward et al., 1996). #3–1 Tayacaja Quechua (Fuselli et al.,
2004). #4–3 Amazonian Amerind (Santos et al., 1996): 2 Wai
Wai (Bonatto and Salzano. 1997). #5–1 Amazonian Amerind
(Santos et al., 1996). #6–3 Neo Brazilian (Alves-Silva et al.,
2000; Marrero et al., 2005). #7–1 Neo Brazilian (Alves-Silva
et al., 2000). #8–14 Guarani Ñaudeva (present study).

TABLE 3. Parental contributions in Guarani and Kaingang
populations based on Y-chromosome, mitochondrial,

and nuclear DNA data sets

Population

Parental contribution (%)

European African Native American

Guarani M’byá
mtDNAa 0 0 100
Y-Chromosomeb 4 31 65

Guarani Ñandeva
mtDNAa 0 0 100
Y-Chromosomeb 10 5 85

Guarani Kaiowá
mtDNAa 0 0 100
Y-Chromosomeb 11 3 86

Guarani (Total)
mtDNAa 0 0 100
Y-Chromosomeb 9 14 77
Biparentalc 0–3 0–3 97

Kaingang-Paraná
mtDNAa 0 0 100
Y-Chromosomeb 18 24 58

Kaingang-Rio Grande do Sul
mtDNAa 2 5 93
Y-Chromosomeb 14 0 86

Kaingang (Total)
mtDNAa 1 4 95
Y-Chromosomeb 15 16 69
Biparentalc 0–7 0–7 93

a Values obtained directly from the distributions of the major
continental-specific mtDNA haplogroups listed in Table 1 (A þ
B þ C þ D ¼ Amerindian; H ¼ European; L2b1 ¼ sub-Saharan
African).
b Since some Y-haplogroups (DE* and Y*) are not continental-
specific, the estimates of the parental contributions were
obtained using the frequencies presented in Figure 3 and Long’s
(1991) least square method. Parental frequencies used in this
analysis were those given by Marrero et al. (2005).
c Values compiled from Salzano et al. (1997) and Callegari-
Jacques and Salzano (1999). The authors did not discriminate
the European and African contributions, calculating just the
non-Native component.
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techniques, and have been also associated with the Jesuitic
missions that lasted for a long period of time) was not
enough to restore the postulated level of the pre-migration
variability.
As a whole, our results reveal that the Kaingang and

Guarani show some marked differences. When the
mtDNA data are considered, the differentiation between
the three Guarani partialities is much higher (GST ¼
19%) than that observed between the two Kaingang vil-
lages (4%). On the other hand, based on (a) the propor-
tion of mtDNA intertribal differentiation obtained for
the Tupian and Jêan groups (53% and 58%, respectively;
Table 2); (b) the time of origin of these linguistic families
(*5,000 and *3,000 ybp; Schmitz, 1997; Carneiro da
Cunha, 1998; Urban, 1998); and (c) the Guarani and
Kaingang mtDNA GST values (19% and 4%, respectively;
Table 2), it is possible to estimate through a simple pro-
portion that the three major Guarani partialities present
in Brazil (Ñandeva, Kaiowá, M’byá) have been separated
during at least *1,800 ybp (0.19 3 5,000/0.53 % 1,800),
while the two Kaingang populations would have split at
just *207 ybp (0.04 3 3,000/0.58 % 207). Of course,
these numbers should be considered with caution, since
GST is a simple coefficient of interpopulation differences,
with numerous assumptions about the nature of this
variability, and we are estimating it just from the mater-
nal side. But they can indicate that the separation of the
Guarani groups was an ancient event, previous to con-
tact with European colonizers and African slaves,
whereas the separation of the two Kaingang populations
was a more recent event.
Salzano and Callegari-Jacques (1988), using blood

group and protein polymorphisms, analyzed the correla-
tion between genetic distances and linguistic affinities.
They found that the average within linguistic stock
genetic distances were always lower than those between
stocks, except for the Tupian. The Tupian finding was
explained by the migratory behavior of this group. Indi-
viduals from it covered large geographical distances in
their dispersion, and they had contacts with several
autochthone peoples, favoring gene flow between popula-
tions with distinct gene pools, which could be responsible
for the large genetic distances found within this linguis-
tic family. The authors did not discard natural selection
as another factor that would have contributed for this
differentiation. The high GST value (19%) obtained with
our mtDNA data considering the three Guarani partial-
ities is in the same direction of these earlier studies, but
an additional possibility is that at least a part of this
genetic diversity may be due to the relatively large time
of divergence between the three Brazilian Guarani sub-
groups. One evidence in favor of this view is the exis-
tence of a private polymorphism in this tribe, present in
mtDNA Lineage 6 of Table 1 (shown as #8 in the net-
work of Fig. 4) which evolved only in the Guarani Ñandeva.
Other possible inference from these results is that the
introduction of typical sub-Saharan Y-chromosomes
(E3a*; frequencies ranging from 3 to 6%) and of other
non-Amerindian Y-chromosomes likewise probably occurred
independently in the three Guarani subgroups.
On the other hand, as already mentioned, the separation

between the two Kaingang subgroups is probably associ-
ated with more recent occurrences. Several historical
registers have described an intense migratory movement
of the Kaingang along the south and southeast regions of
Brazil due to contact, and their consequences, with non-
Amerindian colonizers (Schmitz and Becker, 1997).

The results also revealed that nonnative admixture
within the Guarani communities was largely restricted
to males of European and African descent, while nonna-
tive admixture within the Kaingang was more variable.
In the Kaingang-Rio Grande do Sul, European and
African mtDNA lineages were observed, whereas this
was not seen in the Kaingang who live in Paraná; while
non-Amerindian Y-chromosomes were detected in Rio
das Cobras (Paraná) only. This emphasizes the distinct
cultural factors influencing the mating behavior of these
two tribes.
Asymmetrical sex-mediated admixture was common

during the first centuries of Brazil’s colonization, and it
involved mostly European men and Amerindian/African
women (Bortolini et al., 1999; Alves-Silva et al., 2000;
Carvalho-Silva et al., 2001; Salzano and Bortolini, 2002).
The main consequence of this historical contact was the
formation of people characterized by a composite ge-
nome, since their Y-chromosomes have been mainly
transplanted from Europe, while their mtDNA would
derive predominantly from Amerindian and African
sources. Their autosome sets, on the other hand, would
have been considerably shuffled (Bortolini et al., 2004;
Marrero et al., 2005). This could also explain the intro-
duction of some non-Amerindian Y-chromosomes in the
tribes through interethnic matings. In this situation, the
children normally stay with their mothers. Another pos-
sibility, at least considering the African contribution,
would be associated to the absorption of escaped slaves
(mostly men) by the tribe. More recently, two other fac-
tors may have served to increase the amount of asym-
metrical gene flow between the tribal societies and the
surrounding society: (a) prostitution, involving Amerin-
dian women and men who live near the border of the
reservations (http://revistaeducacao.uol.com.br/; on line
edition, number 96); and (b) while Amerindians who live
in reservations have free access to land for cultivation,
this is not true for non-Native Brazilians; the latter,
therefore, may marry Indian women and establish them-
selves in the reservations, in some cases, even claiming
a certain degree of Indian ancestry, to guarantee land
rights (Callegari-Jacques and Salzano, 1999).
Finally, the presence of European and African mtDNA

genomes among the Kaingang-Rio Grande do Sul
deserves additional consideration, since it suggests the
absorption of non-Indian women by a tribal community.
Salzano (1961) made an extensive demographic study in
nine Kaingang reservations of Rio Grande do Sul,
including that sampled in the present investigation
(Nonoai). The author found that, in Nonoai, 14% of the
matings were between Amerindians and non-Amerin-
dians, and that of these, 84% involved an Amerindian
woman and a non-Amerindian man. Conversely, in 16%
of the cases the non-Amerindian partner would be a
woman, therefore explaining the mtDNA findings.

CONCLUSIONS

Answer for the questions asked in the introduction
can now be made. First, there are clear differences in
the frequencies of the mtDNA lineages between Guarani
and Kaingang, although they are less marked for the Y-
chromosome haplogroups. mtDNA nucleotide and gene
diversities, and the amount of interpopulation variability
found in the latter, are also diverse between the two
tribes. Second, the present information and mtDNA

308 A.R. MARRERO ET AL.

American Journal of Physical Anthropology—DOI 10.1002/ajpa



results from other Tupian and Jêan tribes were compati-
ble with previous linguistic and historical data which
documented extensive, older Tupian migrations as com-
pared to the Jêan more recent movements. Third, the
process of interethnic exchanges that occurred in the
Guarani and Kaingang along time was also diverse.
Non-native admixture within the Guarani communities
was largely restricted to non-Amerindian males while,
among the Kaingang, direct evidence of introduction
through the maternal side was found. In general, our
results illustrate the importance of relating information
from diverse areas of knowledge to unravel the complex
history of human populations.
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Rev Antropol (São Paulo) 12:99–104.
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