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6Instituto de Genética y Biologı́a Molecular, Universidad San Martin de Porres, Lima, Peru
7Departamento de Biodiversidade e Ecologia, Pontifı́cia Universidade Católica do Rio Grande do Sul, Porto Alegre, RS, Brazil
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ABSTRACT The human Y chromosome contains
highly informative markers for making historical infer-
ences about the pre-Columbian peopling of Americas.
However, the scarcity of these markers has limited its
use in the inference of shared ancestry and past migra-
tions relevant to the origin of the culturally and biologi-
cally diverse Native Americans. To identify new single
nucleotide polymorphisms (SNPs) and increase the phy-
logenetic resolution of the major haplogroup Q found in
the Americas, we have performed a search for new poly-
morphisms based on sequencing divergent Y chromo-
somes identified by microsatellite haplotype analysis.

Using this approach, a new Y-SNP (SA01) has been iden-
tified in the Andean populations of South America,
allowing for the detection of a new sublineage of Q1a3a.
This sublineage displays a less complex phylogeographic
network of associated microsatellites and more restricted
geographic occurrence, and is given the designation
Q1a3a4. This result indicates that our approach can be
successfully used to identify sublineages of interest in a
specific region that allow the investigation of particular
histories of human populations. Am J Phys Anthropol
000:000–000, 2011. VVC 2011 Wiley-Liss, Inc.

Pioneering studies of Native American Y chromosomes
(Pena et al., 1995; Santos et al., 1995, 1996) identified a
single major lineage in the Americas, which today is rec-
ognized as haplogroup Q, and now defined by the SNP
M242 (Seielstad et al., 2003). Subsequently, a new C (T
transition (M3 or DYS199) was found to identify a au-
tochthonous sublineage of haplogroup Q in Native Amer-
icans and Siberian Inuits (Underhill et al., 1996; Lell et
al., 2002; Bortolini et al., 2003) that is today known as
subhaplogroup Q1a3a (Karafet et al., 2008). Most of the
remaining individuals in the Americas who belong to
haplogroup Q, but not to subhaplogroup Q1a3a, are now
recognized as belonging to the paragroup Q1a3*: they
bear a derived allele at M346 (Sengupta et al., 2006;
Karafet et al., 2008; Bailliet et al., 2009) and ancestral
allele at M3. However, further studies are needed to con-
firm the distribution and occurrence of SNPs in unre-
solved Q lineages of Americas, like a recent one identify-
ing a Q1a* paragroup in a Paleoeskimo (Rasmussen et
al., 2010).
Another SNP at P39 identifies a distinct low frequency

lineage (C3b) that has only been seen in North America
(Zegura et al., 2004), but some of our recent data indi-
cate the existence of C3* in South America (unpublished
information). Therefore indigenous Y chromosomes from
the Americas can be unambiguously classified into three
different lineages, C3, Q1a* Q1a3* and Q1a3a (and their
sublineages), while the other nonrelated lineages
detected so far are most easily explained by recent

admixture (Schurr and Sherry, 2004; González-José et
al., 2008).
Haplogroup Q lineages in the Americas, Q1a3a and

Q1a3* (and likely Q1a*), make up more than 80% of in-
digenous Y chromosomes, and are present in all clearly
non-admixed South American Indians (Underhill et al.,
1996; Lell et al., 1997; Bortolini et al., 2003; Schurr and
Sherry, 2004; Santos et al., 2007). Thus, a detailed anal-
ysis of this lineage will reveal most of the paternal his-
tory of the peopling of Americas. In this regard, Q1a3a
today represents the great majority of all native Y chro-
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mosomes in America, including those from tribes of all
major linguistic (and cultural) groups, and also indicates
the existence of a founder effect during the initial peo-
pling and a common origin for all native peoples of
America (Santos et al., 2007).
This finding supports a model that proposes a founder

population occupying Beringia during the last glaciation,
where autochthonous Native American lineages arose
(Fagundes et al., 2008; González-José et al., 2008). After
a population expansion, which could have occurred con-
comitantly with their entry southwards into America,
more recent circum-arctic gene flow would have enabled
the dispersion of northeast Asian-derived characters and
some genetic lineages/alleles from East Asia to America
and vice-versa, including the minor Y lineage C3 (Zegura
et al., 2004; González-José et al., 2008). However, a
higher resolution of Y chromosome haplogroup Q lineage
diversity is needed to investigate paternal genetic
aspects of more recent histories, such as the peopling of
South America and the origin of peoples speaking differ-
ent languages within the same linguistic family.
Recently, the Y Chromosome Consortium published a

revised Y haplogroup tree depicting 311 distinct para-
groups/haplogroups defined by approximately 600 binary
markers (SNPs) (Karafet et al., 2008). Within clade Q,
13 paragroups/haplogroups characterized by 17 SNPs
were recognized (Karafet et al., 2008). However, exclud-
ing sublineage Q1a3a1 detected by the SNP M19 in the
Ticuna and Wayuu Indians (Bortolini et al., 2003), no
other sublineage has been found in significant numbers
among Native Americans, particularly in South America
(unpublished data).
Thus, although a number of new markers and line-

ages have been described (see Fig. 1), there is still
insufficient resolution of the haplogroup Q such that a
detailed analysis of Native American patrilineages is
not possible. To overcome this paucity of variation, Y
microsatellite markers have been used to investigate
the recent history and demography of Native Ameri-
cans. For example, Tarazona-Santos et al. (2001) used
six microsatellite markers to analyze the recent pater-
nal history within Q1a3a Y chromosomes in South

American Indians. On the basis of microsatellite haplo-
type distributions, they observed high intrapopulation
diversity and low interpopulation divergence in Andean
populations, contrasted with their observations in the
Amazon Basin. They suggested this pattern was a con-
sequence of a higher effective population size and gene
flow in the Andes, in comparison to populations in the
lowlands of South America.
In another study, Bortolini et al. (2003) used Y-SNPs

and microsatellites to investigate questions related to
Amerindian dispersions in South America revealed by
lineage Q1a3a (detected by M3) and its sublineage
Q1a3a1 (detected by M19). They estimated a minimum
age for the Q1a3a lineage at around 7,000–8,000 years,
using microsatellite haplotype diversity and published
mutation rates. These results suggested that population
isolation and possibly the process of tribalization of
Native Americans could be very ancient in this region
(Bortolini et al., 2003; Santos et al., 2007).
Although Y microsatellites can easily be combined

with Y-SNPs to increase the resolution of lineages,
there are some limitations on their use. For example, in
phylogeographic studies designed to reveal past migra-
tions, most haplotypes appear connected in very compli-
cated networks (Tarazona-Santos et al., 2001; Bortolini
et al., 2003). This observation is likely related to the
high levels of microsatellite homoplasy (Santos and
Tyler-Smith, 1996). Thus, new Y markers that are able
to subdivide Q1a3a or to detect new monophyletic subli-
neages among Q1a3* or Q1a* chromosomes can be
very informative for inferences about the history of
pre-Columbian populations.
In this study we have searched for new Y-SNP

markers in order to characterize new informative Q sub-
lineages in Native South Americans from the Andes.
Our approach was based on sequencing 15 Y-chromo-
somal segments from individuals selected on the basis of
microsatellite haplotype analysis to represent divergent
Y chromosomes. We detected a new SNP marker that
identifies an autochthonous sublineage from the Andes,
here called Q1a3a4, and thereby increased the phylogeo-
graphic resolution within clade Q1a3a (see Fig. 1).

Fig. 1. Haplogroup Q and its derivatives. The new SNP (SA01) identifies a new sublineage, here named Q1a3a4 and highlighted
in bold (after Karafet et al., 2008). Other SNP markers are depicted above the lineage branch identified by them.
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MATERIALS AND METHODS

Samples

Our main sample set used to survey for new SNPs
consisted of 98 Native American individuals from three
Andean populations from Peru and one from Colombia,
all belonging to Y haplogroup Q (Table 1). The Andean
samples have been described in other studies (Tarazona-
Santos et al., 2001; Fuselli et al., 2007) with their lin-
guistic affiliations and geographical coordinates being
shown in Table 1. We subsequently used a second sample
of 1,754 Q1a3a native individuals (carrying the derived
allele at SNP M3) from Peru, Bolivia, Ecuador and Bra-
zil to genotype the new Y-SNP found in this study. These
DNA samples were either obtained from previous studies
(Córdova et al., 2008) or extracted using standard proce-
dures from mouth swabs collected during The Geno-
graphic Project. Ethical approval for the present study
was provided by the Brazilian National Ethics Commis-
sion (CONEP Resolution number 763/2009), as well as
by local ethical committees in the countries where the
non-Brazilian samples were collected.

Y-chromosome genotyping

All samples had either been typed previously with the
SNP markers M242 and M3 using a TaqMan RT-PCR
assay (see below) to identify Q* and Q1a3a chromo-
somes, or were typed in this study. We also typed M346
by sequencing all Q* chromosomes (see details below) to
confirm their inclusion into Q1a3* as previously sug-
gested (Bailliet et al., 2009). The main Native American
sample (Table 1) belonging to Q1a3* (n 5 8) and Q1a3a
(n 5 90) chromosomes from different locations in the
Peruvian and Colombian Andes were genotyped with
17 Y-microsatellites (DYS389a, DYS389b, DYS390,
DYS456, DYS19, DYS385, DYS458, DYS437, DYS438,
DYS448, GATA_H4, DYS391, DYS392, DYS393,
DYS439, DYS635) using the Y-filerTM PCR Amplification
kit on an ABI3130xl with the GeneScanTM 2500 LIZ1

Size Standard (Applied Biosystems), or through a non-
multiplex analysis on a MegaBACE and scored with
Fragment Profiler (GE Healthcare). We have also used
published microsatellite data for 19 Greenland Inuits (de
Maat et al., 1999) to generate a network together with
our data from South Amerindians.
A novel SNP found in this study was genotyped using

a TaqMan Genotyping Assay in a 7900HT Fast Real
Time PCR System (Applied Biosystems), with PCR pri-
mers SA01F GCAACCACTTGTGTATTTGTCAGT and
SA01R CTCTGGCCCCTAACAAACCTAATTA. The two
alleles were detected with probes VIC-ATGTAAATGAC-
CaCCACTGC and 6FAM-AAATGACCgCCACTGC. To
score these alleles we have used the AutoCaller Software
V1.1 (Applied Biosystems).

Y-chromosome SNP search using DNA
sequencing

We surveyed sequence variation in 15 Y-chromosomal
loci (M19, M25, M120, M143, M194, M199, M323, M346,
M378, MEH2, N14, P106, P292, P48, and P89) after
amplification using the primers and conditions in Kara-
fet et al. (2008). Although these loci carry known SNPs
in Native Americans (see Fig. 1), they have not been
thoroughly screened by sequencing in South American
individuals (Karafet et al., 2008). Except the SNP M19
that is present in Ticuna and Wayuu Indians (Bortolini
et al., 2003), and SNPs at MEH2 and M346 that seem to
be present in most of Native American haplogroup Q
chromosomes (see Fig. 1), all other known SNPs were
absent or very rare in South America (this study and
unpublished data). All fragments were sequenced in 12
selected individuals (8 Q1a3a and 4 Q1a3*; selection cri-
teria below) to identify new SNPs as well as to screen
for variation at known SNPs. The PCR products were ei-
ther purified following Exonuclease I and Alkaline Phos-
phatase (Amersham Biosciences) treatment or PEG/NaCl
precipitation. Both DNA strands were sequenced using
a MegaBACE 1000 sequencer (GE Healthcare) or
ABI3130xl Genetic Analyzer (Applied Biosystems). High
quality sequences were aligned and checked for quality
and accuracy using the Phred, Phrap, and Consed pro-
grams (http://www.genome.washington.edu) to visualize
and check manually all chromatograms for the presence
of new polymorphisms. Whenever a putative polymor-
phism was identified, the sample was re-amplified and
resequenced for confirmation.

Analytical methods

Using the Median Joining method in the Network
4.5.1.0 software (Bandelt et al., 1999), a haplotype net-
work was constructed with data from six microsatellites
(DYS19, DYS390, DYS391, DYS393, DYS389a, and
DYS389b) from 98 American Indians with chromosomes
Q1a3* (n 5 8) or Q1a3a (n 5 90) originating from
different locations in the Peruvian and Colombian Andes
(Table 1). Twelve Andean individuals were selected
based on microsatellite haplotype analysis because of
their peripheral phylogeographic positions in the net-
work (data not shown).
Estimates of the time to the most recent common

ancestor (TMRCA) of chromosomes bearing a derived al-
lele at SNP SA01 (Q1a3a4) were determined using the
mean effective mutation rate (6.9 3 1024/locus/25 years)
for Y microsatellite loci (Zhivotovsky et al., 2004) and
the rho statistic implemented in the Network program
(Bandelt et al., 1999). The ancestral haplotype was
inferred using the modal allele at each microsatellite
locus as no clear inference of a founder could be made
using outgroup haplotypes (Q1a3a*).

TABLE 1. Geographic localization and linguistic affiliation of the Native South American populations used to
search for new Y SNPs

Population n Country Geographic coordinates Language (Language family)

South America
Arequipa 19 Peru 718320W; 16o230S Quechua (Quechua)
Coyaima 13 Colombia 748050W; 038500N Coyaima (Carib)
San Martin de Pangoa 33 Peru 748290W; 11o250S Quechua (Quechua) and

Nomatsiguenga (Arawak)
Tayacaja 33 Peru 748340W; 128240S Quechua (Quechua)
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TABLE 2. Microsatellite haplotypes for 16 individuals showing the derived allele for the SA01 marker

Codesa
Y microsatellite haplotypes

# Individuals19 389ab 389bb 390 391 392 393 437 438 439 448 456 458 635 GATA H4

JMK01 13 13 17 21 10 14 13 14 11 12 22 14 16 22 11 1
AMT01 13 13 18 20 10 14 13 14 11 12 21 14 17 22 11 1
CHG01 13 13 18 21 10 15 13 14 11 13 21 14 17 22 11 1
CHG02 13 14 17 21 10 15 13 14 11 13 22 14 17 22 11 2
CHG03 13 14 18 21 10 14 13 14 11 12 21 15 17 22 11 1
CHG04 13 14 18 21 10 14 13 14 11 13 21 15 17 22 11 2
SMP01 13 14 17 21 10 14 13 14 11 13 21 14 17 22 11 1
CUS01 13 14 17 22 10 14 13 14 11 13 21 14 17 22 11 1
ANC01 13 14 18 21 10 14 13 14 11 12 22 14 16 22 11 1
MUS01 13 14 19 21 10 14 13 14 11 13 21 14 17 22 12 2
TAY01 13 14 18 21 10 14 13 14 11 13 21 15 18 22 11 1
TAY02 14 14 19 21 10 14 13 14 11 13 21 14 18 22 11 1
POC01 13 14 18 21 10 14 13 14 11 13 21 14 17 22 11 1

a Codes for haplotypes found in South American populations: JMK, Janko Marka, Bolivia (n 5 1); AMT, Amantani, Peru (n 5 1);
CHG, Chogo, Peru (n 5 6); SMP, San Martı́n de Pangoa, Peru (n 5 1); CUS, Cusco, Peru (n 5 1); ANC, Ancahuasi, Peru (n 5 1);
TAY, Tayacaja, Peru (n 5 2); MUS, Musucancha, Peru (n 5 2); POC, Puerto Ocopa, Peru (n 5 1). See Figure 2 for sample locations.
b DYS389a-b: Allele designations according to Tarazona-Santos et al. (2001).

Fig. 2. Sample locations for individuals bearing the derived allele at marker SA01.
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RESULTS

Using primer pairs for 15 Y-chromosomal segments
(Materials and Methods), we were theoretically able to
sequence 9,176 bp of the Y chromosome from each indi-
vidual. Because of the failure of the PCR primers for
M120 and M143 and the poor DNA quality of a few sam-
ples, not all regions were successfully sequenced in all
individuals. In the end, we generated up to 5.7 Kb of
sequence data per individual, around 46,000 nucleotides
in all, for SNP screening.
This approach allowed us to find one new Y-SNP,

which was called SA01 (from South America). It consists
of a C[T transition located 166 bp downstream from
SNP M194 (Y chromosome Build 36.1 position
13,524,110), and identifies a subset of Q1a3a chromo-
somes (bearing also SNP M3), which we designate
Q1a3a4 (see Fig. 1). In the first round of sequencing, the
SA01 SNP was confirmed in three individuals from
Peru. After a TaqMan assay was custom designed (Janet
Ziegle, Applied Biosystems) and detected by RealTime
PCR, we screened 1,754 haplogroup Q1a3a individuals
from Peru, Bolivia, Ecuador and Brazil (see Supporting
Information for all ethnic groups surveyed).
We found 16 individuals carrying the derived state at

SNP SA01 (samples AMT 1/42; SMP 1/33; MUS 2/5;
ANC 1/20; POC 1/20; TAY 2/33; CUS 1/6; JMK 1/3; CHG
6/9), and 15 of these originated from eight different Pe-
ruvian indigenous communities, while one (JMK01) was
from Bolivia (Table 2). All locations showed one or two
individuals exhibiting the derived state for SA01, except
the Chogo which presented six individuals with this new
SNP (Table 2, Fig. 3). The frequency of individuals with
SA01 derived allele varied from 2.4 to 66.7% for popula-
tions Amantani and Chogo, respectively. Furthermore,
disregarding a single individual found in Puerto Ocopa
at the border of the Andes, who belonged to the Asha-
ninka (Arawak language) indigenous community, all
individuals spoke Andean languages (14 Peruvian Que-
chuas and a single Aymara from northern Bolivia). The
fact that its geographic range was restricted mainly to

the Andes (see Fig. 2) indicates a relatively recent origin
for the SA01 SNP.
To survey the internal divergence time of SA01-

derived chromosomes, we typed 15 Y microsatellites (the
17 from the Y-filerTM PCR Amplification kit, excluding
the two DYS385 markers) in these samples and detected
13 different haplotypes that were closely connected in a
phylogeographic network (see Fig. 3). Ten out of the 13
microsatellite haplotypes were present in single individ-
uals, while three were found in two persons, always
belonging to the same population. This network was
then used to estimate a time for the origin of the SA01
mutation event.
By inferring the ancestral haplotype using the modal

allele (Zerjal et al., 1997) at each locus (Table 2), we
identified the likely root as haplotype POC01, which was
also the most central node in the network (see Fig. 3).
From this, we estimated a TMRCA for the chromosomes
carrying the derived allele of the SA01 SNP of around
5,280 years ago, with a standard deviation of 1,330
years.

DISCUSSION AND CONCLUSION

We have employed an optimized approach to search
for new SNP markers on the human Y chromosome and
discovered one new polymorphism useful for phylogeo-
graphic studies due to its presence among multiple popu-
lations from a restricted area in the Andes. Because our
focus was on finding additional recent sublineages
within indigenous haplogroup Q chromosomes in the
Andes from South America, we based our search on
chromosomes chosen after microsatellite haplotype diver-
gence analysis. This approach revealed a recently
evolving sublineage (Q1a3a4), which displayed a quite
straightforward geographic signature around the Andes.
Its discovery further highlights the importance of identi-
fying new markers for phylogeographic studies.
The finding of a single SNP in about 46,000 sequenced

nucleotides from selected individuals with divergent Y
microsatellite haplotypes indicates the relative paucity
of markers among closely related Y chromosomes, as
might be expected. The restricted geographical distribu-
tion of the new SNP and the closely linked microsatellite
haplotypes are consistent with its relatively recent ori-
gin, long after the peopling of South America. The esti-
mated date of around 5,300 years ago for the origin of
the SA01 SNP suggests that it occurred in the precer-
amic age of the Andes (Duncan et al., 2009), just before
the spread of maize agriculture in the region (Perry et
al., 2006). Thus, this strategy to find new SNPs can
potentially be useful for generating new markers that
will allow a more extensive investigation of recent
genealogical and historical events.
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