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Objectives: This investigation was performed to identify and evaluate the distribution of all 15 Y-chromosome line-
ages belonging to the Q clade in a sample of natives from South America.

Methods: One hundred and forty-eight individuals from 20 Native American populations, as well as 24 Asian sam-
ples including Eskimos, were tested with 18 biallelic loci that can identify all currently known lineages of the Y-Chro-
mosome Q clade. Sequencing was performed in part of the sample (�180,000 nucleotides, which detected, for instance,
several downstream markers related to the Q1a3a lineage).

Results: No new mutation was found and Q1a3a was consistently found in high frequencies in all populations, fol-
lowed at a much lower frequency by Q1a3*, while Q1a3a derived-lineages are probably population/tribe/region-specific.

Conclusion: The number of basal Y chromosome lineages in North America is apparently higher than in South
America due probably to a bottleneck during the South American colonization and/or more recent Circum-Arctic gene
flow. Am. J. Hum. Biol. 23:563–566, 2011. ' 2011 Wiley-Liss, Inc.

The presence of autochthonous Native American
Y-chromosomes is well-known since the initial studies
in the 1990s. The Q1a3a haplogroup, identified by a
mutation at the M3 locus in the nonrecombining region
of this chromosome, is present in high frequencies in
Native Americans only and in very few Siberian popu-
lations, probably due to reverse gene flow from Alaska
to western Siberia. Several Q1a3a sublineages, however,
are restricted to specific South American regions (Kar-
afet et al., 2008 and references therein; Jota et al.,
2011). All these lineages are derived from haplogroup Q
chromosomes bearing a C ? T mutation at locus M242,
today observed in natives from America and Asia
(Bortolini et al., 2003; Karafet et al., 2008; Seielstad
et al. 2003). Paragroup Q*, a Q chromosome lineage
with no derived alleles, has been also observed at low
frequencies in Turkey, India, Pakistan, Korea, Japan,
and Oceania (revision in Zhong et al., 2011).

Besides Q lineages, Native Americans also present a
low frequency of C3b (defined by a mutation at locus P39)
found only in North America (Karafet et al., 2008; Zegura
et al., 2004), while the more ancient C3* was detected in
northwestern South America (Wayuu, Waorani and
Kichwa populations; Geppert et al., 2011; Zegura et al.,
2004). The presence of other lineages has been attributed
to recent admixture with non-Amerindians.

The Y-Chromosome Consortium published the evolu-
tionary relationships among 311 distinct paragroups/hap-
logroups defined by approximately 600 markers. Within
clade Q, besides Q*, 13 paragroups/haplogroups (Q1*,
Q1a*, Q1a1, Q1a2, Q1a3*, Q1a3a*, Q1a3a1, Q1a3a2,
Q1a3a3, Q1a4, Q1a5, Q1a6, and Q1b) identified by 17
SNPs are recognized. Most of them present geographic
distributions restricted to the Americas and/or Asia (Kar-
afet et al., 2008). Another Q1a3a sublineage, Q1a3a4 has
been recently described (Jota et al., 2011).

This investigation was performed to identify and evalu-
ate the distribution of all 15 Y-chromosome lineages

belonging to the Q clade in a sample of natives from South
America with distinct linguistic affiliations and demo-
graphic histories. We have also analyzed male samples
from Eastern Russia and Siberia.

SUBJECTS AND METHODS

Populations

One hundred and forty-eight Native American individu-
als from 20 populations widely spread all over South
America were tested. Additionally, 24 Asians, including
Eskimos, were also investigated. Figure 1 shows the
geographical locations and linguistic affiliations of these
populations.
Ethical approval for this study was provided by the

Brazilian National Ethics Commission (no. 123/1998), as
well as by ethics committees in the countries where the
non-Brazilian samples were collected.

Laboratory procedures

DNA was extracted from plasma, glycerolized red blood
cells, as well as total blood stored in our laboratories as a
result of previous studies (review in Salzano, 2002) using
the QIAamp DNA MiniKit. Eighteen biallelic loci were
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(FAPEMIG), The logistic support of Fundação Nacional do Índio (FUNAI;
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Instituto de Biociências, Universidade Federal do Rio Grande do Sul,
Caixa Postal 15053, 91501-970 Porto Alegre, RS, Brazil.
E-mail: maria.bortolini@ufrgs.br

Received 6 January 2011; Revision received 16 February 2011; Accepted
8 March 2011

DOI 10.1002/ajhb.21173

Published online 4 May 2011 in Wiley Online Library (wileyonlinelibrary.
com).

AMERICAN JOURNAL OF HUMAN BIOLOGY 23:563–566 (2011)

VVC 2011 Wiley-Liss, Inc.



analyzed to identify all lineages within the Q clade,
whose primers and methods were described elsewhere
(Jota et al., 2011; Karafet et al., 2008 and references
therein). The allele state at the M3, M346, and M242 loci
were typed first using allele competition, PCR-RFLP, Taq-
Man methods, or sequencing. A hierarchical strategy was
used to optimize the genotyping of alleles that character-
ize the Q subhaplogroups. When a Y-chromosome bears a
derived allele for the Q lineage (e.g., M242) or other
derived one (e.g., M3 at Q1a3a), the PCR fragments for
the likely downstream markers were genotyped using
PCR-RFLP, TaqMan assays, or sequencing. For instance,
fragments at the M19, M194, M199, P106, and P292 loci
(downstream markers related to M3), which detect known
SNPs that identify chromosome sublineages within the

Q1a3a lineage were sequenced. This procedure led us to
sequence more than 50% of the Q1a3a individuals of our
sample. The sequencing approach was also adopted as a
strategy to identify unknown variants in samples from
populations that have never been studied by sequencing.
Both DNA strands were sequenced using ABI Prism Big-
Dye and an ABI 310 Genetic Analyzer. Whenever a puta-
tive mutation was identified, the sample was re-amplified
and resequenced for confirmation.

Data analysis

Sequences were aligned and their qualities, as well as
the assessment of the accuracy of the resulting data,
were obtained using the Phred, Phrap, Consed (http://

Fig. 1. Geographical distribution and language affiliation of the individuals studies in the present investigation.
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www.phrap.org/phredphrapconsed.html) softwares and
the Clustal W algorithm included in the BioEdit 7.0.9 soft-
ware (http://www.mbio.ncsu.edu/bioedit/bioedit.html).

RESULTS AND DISCUSSION

This is the first study that investigated all known Q
sublineages in Amerindian samples composed by speakers
of the major South American Native linguistic branches
(Tupi, Ge, Carib, and Arawak). Our approach allowed us
to sequence �180,000 nucleotides to check for known
SNPs and to screen for new ones in part of our sample,
but no new mutation was detected. In South America,
some individuals bear chromosomes with the derived al-
lele at M346 and the ancestral allele at M3, thus belong-
ing to paragroup Q1a3*. The presence of Q1a3* was also
detected in four Siberian Eskimos but not in other Asians,
including the Central (Tuvan, Altai, and Buriat) and
extreme East (Chukchi) Siberians, investigated here
(Table 1). However, these results should be considered
with caution due to the size of the Asian sample analyzed
in this study. Bailliet et al. (2009) verified the presence of
Q1a3* in populations from Argentina, Chile, and Bolivia,
as well as in individuals from North America (two Sioux,
one Navajo, and two Zuni; Supporting Information Table
S1). Based on these results it is possible to assume that
most chromosomes that belong to paragroup Q* in South
America are in fact Q1a3*. Supporting Information Table
S1 also shows that Q1a3* is present (generally in rela-
tively low frequencies) in West Eurasians, Central Asians,
Central-South Asians, and East Asians, as well as in Sibe-
rians. Recently, Zhong et al. (2011) postulated that Q1a3
chromosomes probably entered East Asia via a northern

route rather than a southern route, as occurred with other
common Y chromosomes present in East Asia (for
instance, O-M175, D-M174, N-M231, and C-M130/
RPS4Y711, the latter the C3* ancestor). This agrees with
previous postulations for the entry of Q lineage chromo-
somes in America coming from northeast Asia (Santos
et al. 1999).
The wide distribution of Q1a3a in South America is con-

firmed, while its sublineages show a very restricted distri-
bution (Q1a3a1, Q1a3a3, and Q1a3a4 are found only among
the Ticuna/Wayuu, Suruı́, and Andean men, respectively;
Supporting Information Table S1). The population from
which Q1a3a2 was identified remains unknown (Sup-
porting Information Table S1). We did not identify Q1a3a
derived-lineages in our sample, confirming the idea that
they are probably population/tribe/region-specific.
Our data also revealed the presence of Q1a* in our Sibe-

rian Eskimo sample. It is worth mentioning that a
�4,000-year-old permafrost preserved Paleo-Eskimo from
Greenland had the Q1a* chromosome (Rasmussen et al.,
2010). This result reinforces the view of an identity, by
common origin and/or recurrent gene flow, of the members
of the two major Eskimo language stocks (Yupik, spoken
in Siberia and West Alaska, and Ynyupik spoken in north-
ern Alaska, Canada, and Greenland; Laughlin, 1963).
This connection also suggests an extraordinary temporal
genetic continuity, since Q1a* is present in both Paleo-
Eskimo and in present-day Eskimo individuals.
The other Q clade chromosomes (Q1*, Q1a1, Q1a2,

Q1a4, Q1a5, Q1a6, and Q1b) were not identified in our
samples.
The results presented here indicate a higher number of

distinct Asian and/or Beringian lineages in North America
than in South America. Besides the most frequent Q1a3a
and Q1a3* chromosomes, Q1a* and C3b are also found in
North America, but not in South America. This difference
could be due to a founder effect at the beginning of the
South America colonization and/or recurrent gene flow
between North America and extreme East Asia, especially
in the Arctic Circle, after Beringia’s disappearance (Gon-
zález-José et al., 2008). The presence of the more ancient
C3* in Northwest South America can, however, indicates
its existence in present-day (undetected up to now) North
America and/or in earlier times, since the peopling of
South America by Beringian migrants occurred by land
through North America (Geppert et al., 2011; González-
José et al., 2008).
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