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Analysis of Locus D9S1120 and Its Genetic Admixture Correlation in Seven
Argentina Native American Ethnic Groups
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Objective: Genetic data have complemented archaeological and linguistic investigations for understanding the peo-
pling of the Americas. Aiming to investigate the Native South American genetic background in Argentina, seven Amer-
indian and one urban population were selected. The analysis focused on locus D9S1120 due to its potential
anthropological information about Native American origins.

Methods: The sample set included 603 individuals belonging to nine isolated Argentinean aboriginal communities
from seven tribes (N 5 296), 100 individuals living in Buenos Aires city, and three potentially parental population refer-
ences samples (N 5 207). We computed allele and genotype frequency distributions, genetic distances, and pairwise dif-
ferences among and within them. Admixture proportion was determined by means of typing 13 autosomal short
tandem repeats plus D9S1120 in all populations, and comparing the data with those from three parental groups includ-
ing Native American, European and Sub Saharan West African.

Results: The Native American-specific allele 9RA was found at an average frequency of 0.26 in aboriginal groups.
Statistically significant differences were observed among the Native American groups when compared with the Buenos
Aires urban population using analysis of molecular variance (AMOVA) (Fst 5 0.05669; P< 0.0001). Admixture analysis
denoted different results between the cohorts of Amerindian samples displaying the specific 9RA allele, compared with
those lacking it. A linear correlation was established between positive 9RA and Native American ancestry.

Conclusions: Autosomal-based genetic admixture showed that the studied communities have considerable Euro-
pean and Native America contributions. Our results concerning D9S1120 further contribute to a better understanding
of the admixture process between Sub Saharan African, Native American, and European individuals that shaped the
genetic background of Argentinean extant population. Am. J. Hum. Biol. 28:57–66, 2016. VC 2015 Wiley Periodicals, Inc.

Archaeological, ethno-historical, and linguistic evidence
and genetic markers provided robust approaches for trac-
ing the migration processes that determined the demo-
graphic scenario of present day global populations
(Cavalli-Sforza et al., 1994; Reich et al., 2012; Salzano
and Callegari-Jacques, 1988; Ward et al., 1993).
Bi-parentally transmitted genetic polymorphisms such as
blood groups (Halverson and Bolnick, 2008; O’Rourke
et al., 1992), immunoglobulin GM allotypes (Williams
et al., 1985), minisatellites, short tandem repeats (STRs),
and single nucleotide polymorphisms (SNPs) (Reich et al.,
2012; Sala et al., 1999) on one hand, and markers unipar-
entally transmitted on the other, such as mitochondrial
DNA (mtDNA) and Y-chromosome polymorphisms
(Underhill et al., 1996), complement cultural and archaeo-
logical information.

These synergies lead to a better understanding about
the initial peopling of the American continents. Particular
genetic markers showed to be private or very high fre-
quency in the American pre-European populations. These
markers include: ABO, allele O (Halverson and Bolnick,
2008); Diego, Di a1 (Saguier Negrete, 1964); DYS199 C to
T transition defining M3-Q haplogroup (Underhill et al.,
1996; Zegura et al., 2004); A, B, C, D founding mitochon-
drial haplogroups (Wallace and Torroni, 1992), and the
controversial minor X founding lineage detected in North
Amerindian groups (Brown et al., 1998; Dornelles et al.,
2005). More recently, at locus D9S1120, a Native Ameri-
can private allele called 9-repeat-allele (9RA), was identi-
fied and characterized. It has been suggested that it
might have experienced an expansion during the initial
colonization of the Americas (Schroeder et al., 2009;

Schroeder et al., 2007; Wang et al., 2007). It was proposed
that a limited number of immigrants from the eastern
edge of Siberia arrived in the last continent to be inhab-
ited by modern humans, by crossing the Bering Strait,
sometime at the end of the Pleistocene, over 15,000 years
before present (ybp) (Reich et al., 2012). Throughout the
Americas, historical differences in the pattern of settle-
ment and migration have resulted in a wide range of
parental genetic contributions to rural or urban popula-
tions (Sans, 2000).

The 9RA in locus D9S1120 is present in Native Ameri-
can populations at an overall average frequency of 0.354
(0.301 and 0.471 in North and South Americas, respec-
tively) (Schroeder et al., 2009; Wang et al., 2007; Zhivotov-
sky et al., 2003). Sampling areas covers from the coast of
the Bering Sea to the Southern end of Argentina and
Chile including: Pima, Maya, Karitiana, Surui, and Awa-
Pijao-Coiyama communities. This allele is absent in all
other populations outside America and Central South and
East Asia (Phillips et al., 2008; Wang et al., 2007;
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Zhivotovsky et al., 2003). Schoreder and colleagues con-
cluded that the 9RA is identical by descent and not a
result of positive selection, as the haplotypic background
at 9RA was not unusually long and did not have a high
frequency in the Americas. Futhermore, in Latin Ameri-
can Mestizo populations, the proportion of Native Ameri-
can ancestry at D9S1120 is not unusual compared with
that observed at other genome wide microsatellites
(Schroeder et al., 2009).

Prior to European contact, the territory was inhabited
by aboriginal tribes whose ancestors were Asian immi-
grants that entered the continent along a temporal range
from 25.000 to 15.000 years before present (ybp) (Cavalli-
Sforza et al., 1994). It has been suggested that the extant
populations immigrated following diverse corridors to
modern Argentinean territory. Hence, Guaran�ı people
arrived from the Atlantic forest by following the natural
course of the Paran�a and Paraguay rivers (Tarrag�o, 2000),
while the Wichi, Toba, Pilag�a, and Mocov�ı developed in
Gran Chaco, a transitional eco-geographical zone between
the Amazon tropical plains and Argentina’s pampas
(Demarchi and Garcia Ministro, 2008). Concerning the
Mapuche, complex patterns of interaction between the
native inhabitants on both sides of the Southern Andes
have been recorded in numerous archaeological and
ethno-historical studies (Bechis, 2010; Hajduk and
M�enica C�uneo, 1997). The intensity of contact, with
important eastward migrations, increased notably from
the 17th century, resulted in “the araucanization of
Pampa-Patagonia,” representing an important cultural
and biological influence of trans-Andean populations
(Dana, 2006; Garcia et al., 2006; Hajduk and M�enica
C�uneo, 1997). The Tehuelche population was affected by
two major events, the arrival of the Araucans from Chile
through the Andes in the West during the sixteenth cen-
tury, and the admixture between Native Patagonian
women and males from Argentinean military troops that
participated in the military conquest of Patagonia during
the 1870s (Ratto, 2003). The Araucanian invasion also
imposed the Mapuche language on Tehuelche and other
Patagonian tribes. This language called Mapudugun is,
nowadays, a living language used by the descendants of
Patagonian tribes. Finally, the Spanish language could be
acquired by natives from their contact with catholic mis-
sionaries since the seventh century (Bjerg, 2007).

The extant population of Argentina has been geneti-
cally influenced by three major differentiated continental
contributors (Avena et al., 2006; Avena et al., 2012; Cor-
ach et al., 2010). They were Native American, European,
and Sub Saharan West African.

As there is a lack of information about Argentinean
Amerindian tribes concerning genetic admixture, we
selected seven Native American communities and an
admixed urban population from Argentina to evaluate, on
one hand, if the presence of 9RA could predict Native
American ancestry. On the other hand, aiming to estimate
the proportions of genetic admixture, we included in the
comparison a reference sample set previously typed with
13 autosomal STRs and obtained from the Control Panel
of the Centre des Etudes de Polymorphisms Humane
(CEPH). It comprised Native American, European, and
Sub Saharan West African populations that represent the
parental populations, which contributed to the make-up
of the contemporary urban Argentine population, roughly
representing the extant Argentinean gene pool.

MATERIALS AND METHODS

Population studied

We selected a set of 296 participants from nine Argenti-
nean Native American populations for this study. The
tribes included belong to three major linguistic groups
(Greenberg and Ruhlen, 2007): Ge-Pano-Carib; Macro-
Panoan sub-branch Mataco-Guaycur�u including Wichi
(formerly called Mataco), Pilag�a, Toba, and Mocov�ı com-
munities (Guaycur�u speakers); Equatorial-Tucanoan;

Fig. 1. Geographic locations of the studied populations are indi-
cated within the map of Argentina. In each location, the 9RA fre-
quency is plotted in blue and the other alleles frequencies are in red.
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sub-branch Tup�ı-Guaran�ı including M�By�a Guaran�ı and
Andean Southern, including Mapuche and Tehuelche
(Mapudugun speakers). The aboriginal samples included
39 M�by�a Guaran�ı from Fort�ınMBoror�e, Puerto Iguaz�u (S
258 320 W 548 350) in Northwest Misiones Province;54 Wichi
from PozoYacar�e- Ing. Juarez (S 238 320 W 628 140) in For-
mosa Province; 26 Toba from San Martin, Chaco Province
(S 268 350 W 598 200); 40 Toba from Rosario (S 328 570 W 608
420) in Santa Fe Province, and 14 Toba from Las Lomas (S
318 340 W 608 430) in Northwest of Santa Fe City in Santa
Fe Province, 26 Pilag�a from Las Lomitas, Formosa Prov-
ince (S 248 420 W 608 360); 39 Mocov�ı from Tostado (S 298
140 W 618 460) in Northeast Santa Fe Province; 30 Mapuche
inhabitants of Cerro Polic�ıa, Loncovaca Arriba (S 398 370 W
688 360) in Western R�ıo Negro Province and 28 Tehuelche
sampled from the communities of Chalia (S 458 280 W 708
390) in Southwestern Chubut Province. The sampling loca-
tions are shown in Figure 1. Most of the samples were col-
lected by one of the authors, DC. Mapuche and Tehuelche
samples were kindly provided by Dr. Raul Carnese and
were investigated previously (Ginther et al., 1993; Sala
and Corach, 2014; Sala et al., 1999).

Additionally, a set of 100 voluntary donors from the
urban area of Buenos Aires city provided their samples
for comparison; these samples were obtained at Hospital
Italiano, a private hospital at Buenos Aires. In all cases,
Native and urban sample donors read and signed written
consent statements approved by the bioethical committee,
School of Pharmacy and Biochemistry, Buenos Aires
University.

DNA extraction

DNA was obtained from saliva (Quinque et al., 2006) or
blood samples spotted onto filter paper extracted by

conventional Proteinase K-SDS incubation followed by
organic extraction and ethanol precipitation (Sambrook
et al., 1989).

Native American patrilineage and matrilineage determination

Native American sample donors were selected based on
their having aboriginal uniparental lineages. DNA samples
were previously analyzed for identifying the M3-Q Y-hap-
logroup and any of the major founding Native American
mitochondrial haplogroups (A, B, C, or D). This goal was
achieved by means of real time polymerase chain reaction
(PCR) assays, followed by high-resolution melting analysis.
The procedure followed the approach proposed by Zucarelli
et al. (2011). For this purpose, syto9 intercalating dye (Life-
technologies) and real-time PCR Rotor-Gene equipment
(Corbet Inc., Sidney, Australia) were used.

PCR amplification

D9S1120 locus was typed using primers and amplifica-
tion conditions according to Phillips et al. (2008). Ampli-
cons were separated and visualised on an Applied
Biosystems 3100 Avant Genetic Analyzer, and analysed
with the expert software Genemapper IDX version 1.0
(Applied Biosystems, Foster City, CA). In order to ensure
that the identical allele designation was the same as Phil-
lips and colleagues, three homozygous individuals for
allele 9RA and other three homozygous for allele 16 were
sequenced using BigDyeVR Terminator v1.1 Cycle
Sequencing Kit (Applied Biosystems) confirming the num-
ber of repeats and STR structure. Sequence analysis was
carried out with the help of SequencherVR v.4.8 software
(Gene Codes Corporation). The allele ladder was con-
structed by mixing PCR products from samples contain-
ing 9, 14, 15, 16, and 17 repeats.

TABLE 1. D9S1120 frequencies in Native and an urban Argentinean population

Guaran�ı Wichi Toba Pilag�a Mocov�ı Mapuche Tehuelche BA

9RA 0.2821 0.3333 0.3375 0.3462 0.2051 0.2167 0.0714 0.0800
12 0.0000 0.0000 0.0000 0.0000 0.0000 0.0167 0.0000 0.0100
13 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0150
14 0.0000 0.0093 0.0125 0.0000 0.0000 0.0000 0.0179 0.0150
15 0.0385 0.3889 0.1438 0.1154 0.2949 0.1833 0.2679 0.1650
16 0.3718 0.1759 0.4250 0.4038 0.2949 0.3500 0.4643 0.4850
17 0.2436 0.0093 0.0625 0.0769 0.1923 0.1833 0.1607 0.1500
18 0.0641 0.0833 0.0125 0.0577 0.0000 0.0500 0.0179 0.0750
19 0.0000 0.0000 0.0063 0.0000 0.0128 0.0000 0.0000 0.0050
Ho 0.667 0.574 0.70 0.692 0.739 0.667 0.643 0.710
Different alleles 5 6 7 5 5 6 6 9
Total alleles 78 108 80 52 78 60 56 200

TABLE 2. Fst comparison among the regional populations: Fst values are below the diagonal and the P values
(1,023 permutations) above the diagonal

Guaran�ı Wichi Toba Pilag�a Mocov�ı Mapuche Tehuelche Buenos Aires

Guaran�ı 0.00000 0.00000 0.00000 0.27928 0.00901 0.19820 0.00000 0.00000
Wichi 0.12456 0.00000 0.00000 0.00000 0.00901 0.00000 0.00000 0.00000
Toba 0.02738 0.07921 0.00000 0.86486 0.00000 0.09009 0.00000 0.00000
Pilag�a 0.01088 0.07348 20.01011 0.00000 0.02703 0.29730 0.00000 0.00901
Mocov�ı 0.04227 0.04219 0.04128 0.03731 0.00000 0.51351 0.06306 0.00000
Mapuche 0.00521 0.06351 0.01530 0.00620 20.00255 0.00000 0.18018 0.09910
Tehuelche 0.06124 0.11066 0.05561 0.05740 0.01795 0.01215 0.00000 0.34234
Buenos Aires 0.04458 0.13481 0.05071 0.04655 0.04246 0.01627 20.00089 0.00000

P<0.05 were considered as statistically significant indicated in bold.
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Data analyses

Allele frequency distribution was computed using Gen-
AlEx 6.5software (Peakall and Smouse, 2006, 2012). For
each population sample, the number of alleles, hetero-
zygosity, and Hardy Weinberg expectation were deter-
mined and verified. analysis of molecular variance
(AMOVA) (Excoffier et al., 1992; Weir, 1996; Weir and
Cockerham, 1984) and differentiation exact test of sample
differentiation based on genotype frequencies (Raymond
and Rousset, 1995) were evaluated by using Arlequinv3.5
software. Pairwise Fsts and Nei’s average number of pair-
wise differences between population (Nei and Li, 1979)
were determined by Arlequinv3.5 software and plotted
with R-lequin (Excoffier et al., 2007).

Ancestry analysis

The sample set investigated (excluding the Mocov�ı group)
was additionally typed for 13 autosomal STRs widely used
in human identification studies including: CSF1PO, FGA,
THO1, TPOX, VWA, D3S1358, D5S818, D7S820, D8S1179,
D13S317, D16S539, D18S51, and D21S11 to complement
ancestry analysis. Parental samples, including 70 Sub
Saharan Africans, 53 European, and 84 Native American,
were chosen from CEPH panel typing results that were

kindly supplied by Dr. Peter de Knijff from Leiden Univer-
sity. Genotypic results at D9S1120 for parental samples
were obtained from the supplementary materials of Wang
et al (2007). Admixture proportions were established by
using STRUCTURE v 2.3.4 software (Pritchard et al.,
2000). Five iterations for parental populations (k) from two
to four were set and 40.000 burning followed by 60.000
Markov Chain Monte Carlo simulations were performed for
each round. Boolean flag and start at pop info were set for
parental populations. Admixture model and correlated
allelic frequencies were chosen. A value of k 5 3 best fit our
dataset and was selected for all further analysis. Data anal-
ysis was refined using CLUMPP software (Jakobsson and
Rosenberg, 2007) and bar plot was performed with the help
of DISRUPT software (Rosenberg, 2004).

RESULTS

The D9S1120 genotype distribution was in Hardy Wein-
berg equilibrium in all the analyzed populations. The fre-
quency distribution observed for D9S1120 is summarized
in Table 1. As there were no significant differences in the
allele distribution for the three Toba communities, the
results were pooled together for further analysis. We
found nine alleles including: 9, 12, 13, 14, 15, 16, 17, 18,

Fig. 2. Locus D9S1120 genotype frequency distribution detected in the seven Native American Argentinean groups and the sample repre-
senting the urban populations of Buenos Aires city. Combinations of the color codes identifying the number of repeats are displayed in the
lower right of the figure and the values of number of repeats for the second allele are indicated on the x-axis. Combinations of color and axis
values define each genotype. The y-axis indicates the percentage of individuals exhibiting each genotype.
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and 19 repeats in the urban population. Native American
communities showed a reduced number of alleles for this
locus. Pilag�a, Guaran�ı, and Mocov�ı only showed five;
Wichi, Tehuelche, and Mapuche denoted six and seven
alleles were present in the Toba. The observed heteregoz-
ity (Ho) ranged between 0.57 and 0.74. The Wichi and
Mocov�ı groups showed the lowest and the highest Ho,
respectively (Table 1), as can be seen in Figure 2. The 10,
11, nor 13 alleles were found in Argentinean Native Amer-
ican samples while the 13 repeat was only found in the
urban population. The 9RA allele was found at an average
frequency of 0.26 in the seven Native American popula-
tions. In the urban population, the 9RA frequency was
0.08, with increased allele frequency for 15, 16, and 17,
reflecting the European contribution to the extant urban
admixed population (Table 1 and Fig. 1).

Mataco-Guaycur�u speakers showed a variable allele
9RA frequency distribution. Within this linguistically
defined group, the highest frequency was detected in
the Pilag�a (0.35), followed by the Toba (0.34), Wichi
(0.33), and Mocov�ı (0.21). An intermediate frequency
was detected in M�By�a Guaran�ı (0.28), which was
slightly lower in Mapuche (0.22). The Tehuelche popu-
lation showed the lowest frequency for 9RA (0.07),
even lower than the most admixed urban populations
(0.08). Regarding allele 16, the highest value was
found in the urban population and Tehuelche (0.49 and

0.46, respectively), being the lowest value in Wichi
(0.18) (Table 1).

Concerning genotype distributions, Wichi and Pilag�a
communities showed the highest frequency of 9RA homozy-
gous genotypes, whereas Buenos Aires, Mocov�ı, and
Tehuelche groups did not have 9RA homozygous genotypes.
A similar genotype distribution was observed between
Tehuelche and Buenos Aires urban population (Fig. 2).

Fat was estimated (Table 2) and Nei’s average number of
pairwise differences were plotted in Figure 3. The largest
genetic distance was observed between the Wichi and the
Buenos Aires urban population followed by Wichi versus
Guaran�ı (Table 2 and Fig. 3) (P<0.0001). Based on these
results, the Wichi group seemed to be the most isolated com-
munity (Fig. 3), furthermore, all the genetic distances for
this population were statistically significant (Table 2). The
lowest genetic distance was observed between Tehuelche
and Buenos Aires urban population, as was expected from
their similar genotype distribution. The genetic distance
estimated by Nei or Fst between Mapuche versus Mocov�ı
and Toba versus Pilag�a seemed to be the lowest (P< 0.05)
(Table 2 and Fig. 3). No statistically significant difference in
terms of genetic distance was observed among the Andean
Amerindian speakers group (Mapuche and Tehuelche)
(Table 2). Finally, the Toba and Tehuelche showed minor
differences whereas the Mapuche and Mocov�ı showed the
largest within population difference (Fig. 3).

Fig. 2. Continued
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Statistically significant differences were observed
among the Native American groups versus Buenos Aires
urban population when an AMOVA analysis was carried
out (Fst 5 0.05669; P< 0.0001) and differentiation exact
test conducted (P< 0.0001). No statistical differences
were observed among linguistic groups (Mataco-
Guaycur�u, Tup�ı-Guaran�ı, and Mapudugun speakers). A
slight statistically significant difference was observed
when the Native American groups were divided by geo-
graphic localization. As Northern populations, we
included: Guaran�ı, Toba, Wichi, Pilag�a, and Mocov�ı and
within the Southern group, Tehuelche, and Mapuche.
AMOVA values were Fst 5 0.06078 (P<0.05).

Admixture analysis using 13 autosomal STRs plus
D9S1120 was carried out. This set of markers provide an
acceptable approximation of genetic substructure (Barn-
holtz-Sloan et al., 2005; Salazar-Flores et al., 2014) and
allows determination of the ancestral contributions of the
parental populations to the population under study. Our
results agree with those previously reported for the popu-
lation of Argentina (Corach et al., 2010), which used 24
ancestry informative markers and uniparental transmit-
ted genotypes. Genetic structure analysis using 14 autoso-
mal STR was able to detect the three major continental
contributors even though the percentage of each one was
slightly different because the markers used herein were
not strictly ancestry informative. Genetic structure analy-
sis was performed defining the two groups: individuals
with at least one 9RA and individuals without any 9RA.
Ancestry for the 9RA positive cohort showed: 5% African,
74.5% Native American, and 20.4% European. In con-
trast, 9RA negative denoted a different proportion: 24.1%

African, 55.9% Native American, and 20% European (Fig.
4a). Moreover, when grouping by aboriginal community,
similar results were observed (Fig. 4b). The fivefold excess
of African contribution in those individuals lacking 9RA
represents an interpretation challenge and might be
explained by selective forces acting on 9RA negative indi-
viduals but this hypothesis has not yet been tested.

A linear correlation between the tribal groups with
increasing Native American ancestry percentage and fre-
quency of 9RA was observed (r2 5 0.59) (Fig. 5). As men-
tioned above, the urban population and the Tehuelche had
similar allele and genotype frequency distributions. This
situation may reflect a major degree of gene flow from the
urban admixed population to the Tehuelche, which is sup-
posed to be an isolated group. In order to reduce this bias,
Tehuelche was omitted, and the new regression coefficient
was increased to r2 5 0.98.

DISCUSSION

In this study, we characterized the D9S1120 locus in
seven Argentinean tribes and in the urban Buenos Aires
population. The average frequency of 9RA in the studied
tribes (0.26) was in line with that reported by others
(Wang et al., 2007; Phillips et al., 2008; Schroeder et al.,
2009; Schroeder et al., 2007).

Comparing our results with those already published for
Tup�ı-Guaran�ı speakers, the Guaran�ı group studied by
Wang and colleagues showed a higher 9RA frequency
than the group of inhabitants Fortin M�Boror�e analyzed
(0.45 vs. 0.28) (Wang et al., 2007). This difference could be
explained by the different levels of Native American auto-
somal ancestry present in our group. Although previous
studies in the Guaran�ı group showed 100% of Native
American mtDNA haplogroups (A2: 40.5%; D1: 36.0%; B2:
17.5%; C1: 6.0%) and 88.8% for Native American Y- hap-
logroup Q1a3a (Sala et al., 2010), analysis of genetic
admixture using autosomal markers showed a Native
American ancestry of 57.3% and an African contribution
of 9%. In contrast, Brazilian Guaran�ı show clear differen-
ces both at mtDNA where haplogroup B is absent and
autosomal markers that denote a 97% Native American,
3% European, and 3% African contributions (Marrero
et al., 2007). The different biparentally transmitted
markers used in each study might explain the differences
observed.

Concerning Mataco-Guaycur�u speakers, in particular
the Mocov�ı community, we observed statistically signifi-
cant genetic distances between other Gran Chaco inhabi-
tants such as the Toba, Pilag�a and Wichi. These results
are in concordance with the results at X, Y, and autosomal
chromosomes previously analyzed (Catanesi et al., 2007;
Demarchi and Garcia Ministro, 2008; Demarchi and
Mitchell, 2004; Glesmann et al., 2013). In contrast, a very
small distance was obtained between the Mocov�ı and
Tehuelche, probably due to the similar genotype frequen-
cies. The Mocov�ı showed an intrapopulation diversity and
the highest Ho which may be due to the genetic variation
present in this group. Unfortunately, no autosomal
markers were analyzed in the Mocov�ı to assess their
Native American ancestry.

While the Wichi seemed to be the most isolated commu-
nity in showing the lowest Ho, a very small genetic dis-
tance was estimated between the Wichi and the Toba and
Pilag�a. No differences between these two last groups were

Fig. 3. R-lequin population average pairwise differences and dis-
tance plot. The graphical representation depicts: in green between
populations differences (plotted above the diagonal); within popula-
tion differences are indicated in the diagonal in orange, and finally,
below the diagonal is coded Nei’s distance in blue. On the right side of
the plot are indicated the gradient colors associated with the values
of differences or distances between or differences within or between
populations.

62 M. CAPUTO AND D. CORACH

American Journal of Human Biology



detected, which can be explained by genetic admixture
between these two last communities given their linguistic
affinities and their geographical proximity (Demarchi and

Garcia Ministro, 2008). These three communities showed
a 70–84% proportion of Native American ancestry, higher
than the other studied groups at the D9S1120 locus.

Regarding the 9RA frequencies obtained for Patagonian
inhabitants, the Mapuche and Tehuelche were lower than
the 0.25 obtained for the Huilliche community (also
Andean speakers) (Wang et al., 2007). Previous studies in
the Mapuche and Tehuelche showed that even
mtDNA haplogroups were Amerindian in all individuals
(de Saint Pierre et al., 2012; Sala et al., 2014), 12.5%
and 41.2%, respectively, denoting non-Native American
Y-haplogroups (Sala et al., 2014). In addition, autosomal
information for both groups showed 82% Native American
and 17% European ancestry (Sala et al., 2014). Our
results of structure analysis using autosomal markers
showed that these groups had both Native American and
European genetic contributions. Regarding the Tehuelche
group, the low frequency of 9RA and the high frequency of
allele 16 could also suggest a considerable degree of gene
flow from the urban admixed population to the supposedly
isolated tribal group. Moreover, the genetic relationships
between Amerindian groups may have occurred as
was described in blood markers and serum proteins
(Goicoechea et al., 2001). The results exhibited for auto-
somal markers, including D9S1120, mtDNA, and
Y-chromosome markers, showed reliable evidence that a

Fig. 4. (a) Genetic admixture is represented as a triangle-plot obtained after typing all samples studied with 14 autosomal STRs, 13 of which
are commonly used in human identification and D9S1120. Three parental populations were included (Native American right corner indicated
in green, European displayed in the upper corner colored in blue, and finally, Sub Saharan West African in the left corner colored in red).
Genetic admixture analysis and plotting was performed with Structure v2.3.4 software assuming admixed model, correlated allele frequencies,
pop info, and k 5 3. A colored point represents each individual, and the distance to each corner of the triangle indicates the correspondent
admixture proportions. The Buenos Aires urban population was coded in yellow, 9RA positive individuals as pink, and 9RA negative as light
blue. (b) Bar plot representation: genetic structure analysis was performed defining the two groups: individuals with at least one 9RA and indi-
viduals without any 9RA.

Fig. 5. Correlation between 9RA frequency and Native American
Ancestry proportion. The continuous line represent the correlation,
including all Native American Argentinean tribes under study
(r2 5 0.587). The dashed line depicts the correlation after removing
the Tehuelche population from the analysis, improving the regression
coefficient (r2 5 0.976).
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degree of non-Amerindian admixture in these populations
has taken place, probably due to the movement of the
Mapuche to the south at first, and, then, the introgression
of both Mapuche, admixed Chileans and members of
Argentinean military troops as was described in the
introduction.

AMOVA showed no statistically significant differences
among the, Mataco-Guaycur�u, Tup�ı-Guaran�ı, and Mapu-
dugun speakers. Nevertheless, a slight statistically signif-
icant difference was detected if the groups were divided
geographically (Northern and Southern). The observed
difference might be attributed to the higher European
contributions in Tehueche population.

In previous reports, it was demonstrated that Argenti-
neans carried a large fraction of European genetic herit-
age in their Y-chromosomal (94.1%) and autosomal
(78.5%) DNA, but their mitochondrial gene pool is mostly
of Native American ancestry (53.7%) with a European
autosomal contribution of 78.5%, illustrating strong sex-
asymmetric migrations (Avena et al., 2012; Bobillo et al.,
2010; Corach et al., 2010). Our results for the 9RA fre-
quency in the urban population from Hospital Italiano, a
private hospital at Buenos Aires, showed to it to occur at a
much lower frequency (0.08) than seen in the Native
American groups analyzed in this study. Accordingly,
Schroeder and colleagues reported for the Catamarca a
frequency of 0.036, 0.21 for the Salta and 0.105 for the
Tucuman population (Schroeder et al., 2009). Unfortu-
nately, the aforementioned authors do not provide infor-
mation about the source of the samples, as this
information might clarify, in part, the potential degree of
admixture of the population selected.

Studies performed on erythrocyte genetic systems, GM/
KM allotypes (genetic markers of immunoglobulin (Ig) g
and j chains, respectively), ancestry informative markers,
maternal and paternal lineages showed that there are
clear differences concerning the ethnic contribution of the
selected samples if they were obtained in public or private
hospitals, in economically active rural areas, in small iso-
lated tribal groups or in an urban population of randomly
selected voluntary donors (Avena et al., 2006, 2012;
Mart�ınez Marignac et al., 2004). The increased frequency
of 9RA allele in the Salta province, compared with the
other urban populations, could be explained by the fact
that significant genetic distances do exist between the
Salta Province population and other Argentinean urban
populations when autosomal and Y-chromosome STRs are
analyzed (Marino et al., 2006a,b; 2007), suggesting a
much higher Native American contribution in the North
West of the country (Avena et al., 2006, 2012; Corach
et al., 2010; Marino et al., 2006a).

In the Buenos Aires urban population, D9S1120 showed
the highest allele variability, with the frequencies for
alleles 15, 16, and 17 similar to those described by Phillips
et al. (2008) in Northwest Spain. The admixture between
Native American and European populations is also detect-
able in D9S1120 since the 9RA frequency observed in the
urban population is smaller than in the Native Americans
(except for the Tehuelche) but larger than in Europeans
individuals.

Regarding ancestry analysis, we were able to detect dif-
ferences in genetic admixture if the individuals carried
the 9RA or not. Major Native American ancestry was
detected when 9RA was present and a fivefold excess
African contribution was observed when 9RA was absent.

These results are independent of the tribe to which the
individual belonged. A positive correlation was obtained
when we compared the 9RA presence versus the propor-
tion of Native American autosomal ancestry (r2 5 0.59). A
greater correlation (r2 5 0.98) was obtained if the
Tehuelche group was not considered. Moreover, by exclud-
ing Tehuelche, the average 9RA frequency increased to
0.29, which is closer to what has been previously pub-
lished for Native American populations (Wang et al.,
2007).

The analysis of locus D9S1120 contributes to a better
understanding of the genetic background of the Argenti-
nean population. The dramatic demographic impact
imposed by immigrants on the descendants of the Native
Argentinean communities strongly reduced the original
Native American genetic make-up in less than eight gen-
erations of asymmetric admixture events. Our results
allow us to determine genetic admixture among aborigi-
nal populations, providing an evaluation of European and
African contributions to the supposedly ethnically isolated
groups.
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