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Abstract
We present new data and analysis on the genetic variation of contemporary inhabitants of central Argentina, including a total
of 812 unrelated individuals from 20 populations. Our goal was to bring new elements for understanding micro-evolutionary
and historical processes that generated the genetic diversity of the region, using molecular markers of uniparental inheritance
(mitochondrial DNA and Y chromosome). Almost 76% of the individuals show mitochondrial lineages of American origin.
The Native American haplogroups predominate in all surveyed localities, except in one. The larger presence of Eurasian
maternal lineages were observed in the plains (Pampas) of the southeast, whereas the African lineages are more frequent in
northern Córdoba. On the other hand, the analysis of 258 male samples reveals that 92% of them present Eurasian paternal
lineages, 7% carry Native American haplogroups, and only 1% of the males show African lineages. The maternal lineages
have high genetic diversity homogeneously distributed throughout central Argentina, probably as result of a recent common
origin and sustained gene flow. Migratory events that occurred in colonial and recent times should have contributed to hiding
any traces of differentiation that might have existed in the past. The analysis of paternal lineages showed also homogeneous
distribution of the variation together with a drastic reduction of the native male population.

Introduction

The central region of Argentina has been inhabited by
humans since the late Pleistocene [1–3]. Archaeologically
known as Sierras Centrales [4], it is possible to recognize at
least two different stages in the human occupation of the
region, associated with two different ways of life: a hunter-
gathered subsistence system, from the first settlements
(around 11000 yrs BP) until the adoption of horticulture,
llama breeding, and sedentarism in pit-houses (about 1500

yrs BP). The populations that inhabited the mountains
chains of Córdoba and San Luis provinces were denomi-
nated “Comechingones”, whereas the inhabitants of north-
eastern of Cordoba and south of Santiago of the Estero were
all called “Sanavirones” [5]. Unfortunately, these homo-
genizing designations hid temporal, biological [6–8], and
cultural variation that existed in the region [9–12].

In the five centuries elapsed from the first occupation of
the Argentine territory by the Kingdom of Spain to the
present, two main stages are distinguished in the migration
process. The first stage corresponds to the expansion of the
territory under Spanish domination [13], and is character-
ized by the arrival of Europeans, and Africans as slave labor
force. The second stage, between the second half of the
nineteenth century and early twentieth century, is char-
acterized by a large migratory wave of European and
Middle Eastern peoples as part of a process of economic
internationalization [14]. Different demographic processes
characterized these two periods. In colonial times (from the
sixteenth century until the early nineteenth), when Spa-
niards and enslaved African settled the territory, the popu-
lation was predominantly rural and concentrated mainly on
Córdoba city and the Sierras region, which was also the
principal place of the ancient indigenous settlement and the
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earliest Spanish occupation. On the other hand, the Pampas
plains of the Southeast, with lower indigenous population
density, was more recently occupied by the migrants.
Around mid-nineteenth century began a shift in the valua-
tion of the Pampas soils in the context of an emerging
agricultural and cattle economy [15]. This change occurs
shortly before the massive influx of European immigrants
(1880–1930), who settled mainly in large cities and in the
Pampas and Patagonian territories, as part of the State
policy of colonization and “civilization” of the country. This
migration wave is known as “the European immigration
flood”, and led to the settlement of about 3 million Eur-
opeans. The National Census of 1914 indicated 20%, 9%,
and 4% of foreigners residing in Cordoba, San Luis, and
Santiago del Estero, respectively. Most of these migrants
came from Spain and Italy and, in a lesser degree, from
Germany, Russia, and France.

Evidence obtained by our research group and colleagues
shows that after five centuries of colonization and cultural
exchange, the gene pool of indigenous populations is still
present in the contemporary population of central Argentina
[16–18]. This is particularly true for maternal lineages,
whereas the survival of native paternal lineages is very low
[19]. This discrepancy is common throughout Latin
America, reflecting a pattern of directional mating involving
European men and Native American and African women
[20, 21]. Based on the analysis of 10 autosomal ancestry
informative markers (AIMs), García et al. [22]. studied the
admixture patterns of the same populations and found that
the main parental contributions to the gene pool of Córdoba
and San Luis provinces corresponds to Europeans (55% and
58%, respectively) and Native Americans (44% and 40%),
whereas the African component is very low, being within
the range of statistical error (1.3% and 1.5%).

In this article, we present new data and analysis of the
genetic variation of the contemporary inhabitants of Central
Argentina, including 20 population samples across three
provinces (Córdoba, San Luis, and Santiago del Estero),
based on molecular markers of uniparental inheritance. Our
goal is to bring new elements for understanding micro-
evolutionary and historical processes that generated the
current genetic diversity of the region.

Materials and methods

Population samples

A total of 812 buccal swab samples were obtained from
unrelated individuals, from 14 villages of Córdoba
(N= 606), four of San Luis (N= 121), and two of Santiago
del Estero (N= 85) provinces. Figure 1a shows the map of
the area with the sampling places. The studied region is

located in the southern part of the Sierras Pampeanas of
Argentina, at latitudes from 28.5°S to 34.5°S and longitudes
between 61.8°W and 66°W, covering mountain ranges
(Sierras) and plains (Pampas) of Córdoba, northern San
Luis, and southern Santiago del Estero provinces. Some of
the samples have been previously analyzed, specifically, the
samples from Santiago del Estero (N= 85) were reported by
Pauro et al. [18], whereas a subset of samples belonging to
haplogroup D1 from the three provinces (N= 71) were
analyzed in the article of García et al. [23]. The sample
collection was carried out in public hospitals and commu-
nity health centers. All the participants were informed of the
objectives of this nonprofit scientific investigation and
signed a written informed consent, which was approved by
the Ethical Committees of the CEMIC (Comité de Ética en
Investigación, Centro de Educación Médica e Investiga-
ciones Clínicas “Norberto Quirno”). Information gathered in
the field regarding the birthplaces of subjects and their
parents indicates that the inhabitants of the studied popu-
lations present low to moderate mobility and were limited to
their region of origin for the last two or three generation in
most of the cases, presenting the rest of the individuals
extracontinental ancestors. The exception is Cordoba city,
where a more diverse population was found, which can be
explained by the industrialization process of the last 50
years. See further information in Material and methods (at
the end of population sample section). The sample sizes for
each locality are presented in Table 1.

In addition, we included in the analysis mitochondrial
DNA (mtDNA) HVRI sequences from 44 Southern Cone
populations, comprising a total of 2511 individuals (Fig. 1b)
obtained from published sources (Table 2). Comparisons
with other populations from different regions of the
Southern Cone were carried out with the aim of analyzing
the genetic diversity of central Argentina in a larger geo-
graphical scale. We included data from populations repre-
senting the major geographical regions of the Southern
Cone (Table 2), as Gran Chaco, subtropical forests, Central
Andes, Patagonia, and Tierra del Fuego, as well as his-
torically distinctive regions, such as Cuyo (western
Argentina), and NWA (northwestern Argentina). Finally,
19 samples from Argentina, Chile, and Paraguay, and
samples from other regions than Central Argentina drawn
from Bailliet et al. [24] were included for Y chromosome
comparisons.

Laboratory methods

Genomic DNA was extracted from cheek swabs using the
Accuprep Genomic DNA Purification Kit (GenBiotech). All
samples were assigned to the major haplogroups by
restriction fragment length polymorphism (PCR-RFLP)
[25] or amplified product-length polymorphism multiplex
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(PCR-APLP) [26]. mtDNA non-coding control regions
(HVRI and HVRII) were amplified using the following
specific primers F15878 (5´-AAATGGGCCTGTCCTTG-
TAG-3´), F16475 (5´-TAGCTAAAGTGAACTGTATCC-3´),
and R633 (5´-GCATGTGTAATCTTACTAAGAG-3´).
The amplification reactions were performed in a Biometra
T-Personal thermocycler in a volume of 50 ul under the
following conditions: an initial denaturation step of 94 °C
for 5 min, followed by 40 cycles with temperatures of 94 °C
for 1 min, 52 °C for 1 min, and 72 °C for 1.5 min, with a
final extension step of 5 min at 72 °C. Verification and
quality control of PCR amplification was performed by 2%
agarose gel electrophoresis, stained with GelStar (Lonza)
and visualized with ultraviolet light. The amplified products

were sent to Macrogen Inc. (Seoul, Korea) for purification
and automatic sequencing. In those cases where the
sequence was interrupted by the presence of polyC tract at
positions 16,184–16,193 and/or 303–309/303–315, the
following additional internal primers were used: F16190
(5´-CCCCATGCTTACAAGCAAGT-3´), R16410 (5´-GA
GGATGGTGGTCAAGGAC-3´), and F314 (5´-CCGC
TTCTGGCCACAGCACT-3´). The haplotypes and the
polymorphic sites are listed in Supplementary Table S1,
where the final reading range for each sample is detailed.

Sequences were corrected manually and then aligned and
compared with the revised Cambridge Reference Sequence
[27] using the program Sequencher (Sequencher® version
5.2 sequence analysis software, Gene Codes Corporation,

Fig. 1 Geographic location of populations. a Sampling locations of the
central Argentina populations. References for populations and their
abbreviated names are from Table 1. b Map showing the geographical

location from populations of different regions of the Southern Cone
included in the maternal lineages analysis. References for populations
and their abbreviated names are from Table 2
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Ann Arbor, MI USA; http://www.genecodes.com). To
define the haplogroups, we used the HaploGrep2 [28] and
Phylotree Build 17 [29]. Membership of maternal lineages
into the most derived clades was performed by critically
employing Haplogrep. Initial review of assignations
allowed us to note the presence of rather unusual lineages
in Central Argentina given the expectations derived
from the well-known phylogeographical structure of
sub-haplogroups on continental scale. As most of these
assignations were based on the presence of single, medium-
to-fast evolving sites in control region like 146, 151, 16,192
etc., we decided to retain only those clades whose defini-
tions were inequivocal and/or whose presence in the area
had been previously informed based on mitogenomic
information. Furthermore, we interpreted all the B4b
lineages as B2, as B2 is only B4b branch known to be
present in the Americas and easily distinguishable from
its sister branch B4b1 from Asia. Finally, the haplogroup
assignment was confirmed using the software
MitoTool [30].

Two hundred fifty-eight male samples were analyzed
with eight biallelic markers located in the nonrecombinant

region of the Y chromosome. These polymorphisms were
defined by the presence or absence of the characteristic
mutation for the following markers: M3 [31], M207, M173
[32], M168, M9 [33], M89 [34], M2 [35], and YAP [36].
The polymorphisms were analyzed using two different
protocols: (1) for RFLP-PCR following standard conditions
with minor modifications and then digested with restriction
enzymes (except for the insertion YAP), and (2) for APLP-
PCR following the protocol of Jurado et al. [37], based in
the specific alellic co-amplification. The amplification
strategy was carried out following a hierarchical amplifi-
cation protocol [38], which means that each subject was not
genotyped for all markers. The genotyped samples were
assigned to haplogroups, useful for identifying geographic
origins [39, 40].

Data analysis

Population structure, both at regional and continental levels,
was investigated by mean of the analysis of molecular
variance (AMOVA) [41]. Different estimators were
employed to investigate genetic diversity in the studied

Table 1 Maternal continental
contribution (in percentages),
and Native American
haplogroup frequencies, by
population

Continental lineages Native American haplogroups

Population ID N total Europe Africa America N A2 B2 C1 D1

Sumampa SUM 29 3.4 0 96.6 28 0.214 0.071 0.321 0.393

Villa Atamisqui VA 56 3.6 3.6 96.6 52 0.173 0.096 0.519 0.212

Total Santiago del Estero 85 3.5 1.8 92.9 80 0.194 0.084 0.42 0.302

Córdoba city CBA 117 24.8 8.5 66.7 78 0.128 0.192 0.397 0.282

Amboy AMB 32 9.4 0 90.6 29 0.172 0.517 0.172 0.138

Cruz Altaa CA 27 48.1 0 51.9 14 0.071 0.429 0.286 0.214

La Carlotaa LCA 43 46.5 2.3 51.2 22 0.318 0.136 0.318 0.227

Jovitaa JOV 33 66.7 3 30.3 10 0.2 0.1 0.6 0.1

Villa de Soto VSO 54 11.1 7.4 81.5 44 0.091 0.114 0.455 0.341

La Paraa LPA 59 16.9 5.1 78 46 0.152 0.065 0.457 0.326

San Carlos Minas SCM 18 16.7 5.5 77.8 14 0.143 0.071 0.571 0.214

San Francisco del Chañar SFC 55 3.7 10.9 85.4 47 0.17 0.149 0.447 0.234

Villa Dolores VDO 36 11.1 5.6 83.3 30 0.3 0.1 0.5 0.1

Chancaní CHA 22 13.6 13.6 72.7 16 0.063 0.125 0.438 0.375

Río Cuartoa RIV 54 22.2 0 77.8 42 0.286 0.19 0.262 0.262

La Tordillaa LTO 28 28.6 10.7 60.7 17 0.294 0.059 0.294 0.353

San Marcos Sierras SMS 28 7.1 17.9 75 21 0.286 0.095 0.476 0.143

Total Córdoba 606 23.32 6.46 70.21 430 0.191 0.167 0.405 0.236

La Toma LTM 40 15 2.5 82.5 33 0.212 0 0.455 0.333

Concarán CON 20 15 5 80 16 0.25 0.438 0.25 0.063

Santa Rosa del Conlara SRC 36 5.6 0 94.4 34 0.206 0.176 0.441 0.176

Tilisarao TIL 25 4 4 92 23 0.348 0.348 0.174 0.13

Total San Luis 121 9.9 2.88 87.22 106 0.254 0.241 0.33 0.175

Total central Argentina 812 19.46 5.28 74.98 616 0.204 0.174 0.392 0.23

a Plains populations
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population: haplotype number (k), polymorphic sites (s),
haplotype diversity (Ĥ), nucleotide diversity (π), and tests of
neutral selection such as Tajima´D (D) and Fu´s test (FS).
These analyses were performed using the program Arle-
quin, version 3.5 [42]. This program was also used to cal-
culate pairwise genetic distances, Kimura 2-parameters [43]
(K2P), based on mtDNA HVRI sequences. From the dis-
tance matrix, we performed discriminant analysis (DA)
between geographic groups of populations (as presented in
Table 2) using principal coordinates analysis [44] as a prior
step, transforming the K2P matrix into vectors representing
the populations onto a multivariate space. Without implying
a loss of genetic information, this transformation allows DA
to be applied and attempts to summarize the genetic dif-
ferentiation between groups. This method also allows for a
probabilistic assignment of individuals (in this case popu-
lations) to each group, as in Bayesian clustering methods
[45]. This analysis was performed excluding variants
16182C–16183C, the variation in number of cytosines
around nps 309–315, and indels 514–524.

Spatial analysis

Isofrequency maps were generated for a visual analysis of
the distribution of continental mitochondrial lineages in
Central Argentina using the program Surfer 7 (Golden
Software, Golden, CO), following the Kriging procedure.
At continental level, we computed a geographic distance

Table 2 Populations from the Southern Cone of South
America included in the analyses based in mtDNA HVR-I
(16,027–16,362 bp) of Native American origin

Population ID N Region Reference

Córdoba CBA 341 Central Argentina [1]

San Luis SL 94 Central Argentina [1]

Santiago del
Estero

SGO 80 Central Argentina [16]

Calingasta CAL 65 Western Argentina [3]

San Juan SNJ 99 Western Argentina [3]

Villa Tulumaya VTU 63 Western Argentina [3]

Mendoza MZA 55 Western Argentina [3]

Catamarca CAT 25 Western Argentina [2]

Chepes CHE 44 Western Argentina [3]

La Rioja LR 78 Western Argentina [3]

Belen BEL 61 North-western
Argentina

[3]

Santa María SMA 111 North-western
Argentina

[3]

Azampay AZA 118 North-western
Argentina

[4]

Maimara MM 162 North-western
Argentina

[3]

La Quiaca LQ 169 North-western
Argentina

[3]

Jujuy JUJ 34 North-western
Argentina

[3]

Tartagal TG 167 North-western
Argentina

[3]

Wichí Formosa WFOR 67 Gran Chaco [5]

Wichí Chaco WCH 32 Gran Chaco [5]

Toba Chaco TCH 43 Gran Chaco [5]

Toba Formosa TFOR 24 Gran Chaco [5]

Pilagá PIL 38 Gran Chaco [5]

Guaraní GUA 121 Subtropical forest [6]

Guaraní M´byá MBYA 24 Subtropical forest [7]

Kaingang Rio KRIO 53 Subtropical forest [7]

Kaingang
Paraná

KPAR 21 Subtropical forest [7]

Mapuche MAPAR 90 Patagonia and Tierra
del Fuego

[8, 9]

Tehuelche TEH 29 Patagonia and Tierra
del Fuego

[9]

Huilliche HUI 58 Patagonia and Tierra
del Fuego

[9]

Mapuche MAPCH 53 Patagonia and Tierra
del Fuego

[9, 10]

Pehuenche PEH 66 Patagonia and Tierra
del Fuego

[9, 10]

Yámana FUE 36 Patagonia and Tierra
del Fuego

[9, 10]

Kawesqar KAW 13 Patagonia and Tierra
del Fuego

[9]

Table 2 (continued)

Population ID N Region Reference

Ignacianos IGNA 15 Lowlands Bolivia [11]

Movima MOV 12 Lowlands Bolivia [11]

Trinitare TRI 11 Lowlands Bolivia [11]

Yuracaré YURA 15 Lowlands Bolivia [11]

Atacama ATA 28 Central Andes [9]

Aymara Chile AYMCH 39 Central Andes [9]

Aymara Bolivia AYM 96 Central Andes [12]

Quechua
Bolivia

QUE 93 Central Andes [12]

Arequipa ARE 22 Central Andes [13]

Tayacaja TAYA 60 Central Andes [13]

Quechua Peru QPNO 30 Central Andes [14]

Aymara Peru APNO 14 Central Andes [14]

Quechuas Peru QTT 37 Central Andes [15]

Aymara Peru ATT 20 Central Andes [15]

References: (1) This work; (2) Tamm et al. (2007); (3) Motti (2012);
(4) Ramallo (2009); (5) Cabana et al. (2006); (6) Sala et al. (2010); (7)
Marrero et al. (2007); (8) Ginther et al. (1993); (9) de Saint Pierre et al.
(2012); (10) Moraga et al. (2000); (11) Bert et al. (2004); (12) Gaya-
Vidal et al. (2011); (13) Fuselli et al. (2003); (14) Lewis et al. (2007);
(15) Barbieri et al. (2011); (16) Pauro et al. (2013)

Human genetic diversity in central Argentina 497



matrix as spherical distances in kilometers between pairs of
populations. This distance matrix was later used to test for
any association between K2p distances and geographic
distances through matrix correlation analysis. Statistical
significance was evaluated using the Mantel test [46]. We
also performed the global spatial autocorrelation method of
Smouse and Peakall [47]. For this purpose, we constructed a
correlogram representing the correlation between the K2P
and the geographic distances matrices across 10 distance
classes. The autocorrelation coefficient r provides a measure
of the genetic similarity between pairs of populations
whose geographic separation falls within the specified dis-
tance class. After that, the Bearing analysis was employed
for determining the spatial directionality of the mtDNA
variation. The Bearing analysis [48] is a method of deter-
mining the direction of greatest correlation between data
distance and geographic distance. The procedure starts with
two matrices: a data distance matrix V and a geographic
distance matrix D. The correlation between V and D was
calculated via a Mantel test for 36 fixed bearings, each
differing by 5 degrees. For spatial analysis techniques, we
used the program Passage 2.0 [49].

For the analysis of population relationships based on Y
chromosome haplogroup frequencies, we calculated chord
distances between pairs of populations. From the distance
matrix, a genetic map was constructed by means of multiple
dimensional scaling [50]. These analyses were carried out
using the program PAST 3.0 [51].

Results

Analysis of maternal lineages

Distribution of mitochondrial lineages according to
continental origin

Out of the 812 samples analyzed in this study, 616 (76%)
have mitochondrial lineages of Native American origin.
Figure 2 shows the map of the central region of Argentina
and the relative frequencies of continental lineages in the 20
populations considered, also presented in Table 1. The
Native American haplogroups predominate in all surveyed
localities, except in Jovita. The greater presence of Eurasian
lineages is observed in the plains of the southeast of the
region, whereas African lineages are present in 15 of the
20 sampled populations, with higher frequencies in northern
Córdoba and the capital city of that province.

Based on historical records that account for differences in
the occupation of the regions of Sierras (mountain ranges)
and plains [15], populations were grouped into two groups
to assess whether there are differences in the distribution of
continental maternal lineages or not. The AMOVA was

performed with three variants with respect to the sample of
Córdoba city: first, including it in the Sierras group, second
including it in the Plains group, and third, excluding it from
the analysis. The three results show significant differences
between groups (p< 0.001). The maximum differentiation
between groups was observed when Córdoba city was not
included in the analysis (FST 0.149), although the other
configurations also result in high differentiation between
groups (FST 0.102 and FST 0.117). The inclusion of Cordoba
city decreases this differentiation because it is a large and
cosmopolitan city, recipient of many migrants, resulting in
an average composition of the two regions.

To further investigate the geographical structure of the
genetic variation, we first carried out a Mantel test between
matrices of geographical and genetic (FST) distances, cal-
culated based on relative frequencies of continental linea-
ges. A correlation of r2= 0.463 (p< 0.05) was observed,
indicating a significant association. The spatial pattern of
continental lineages can be better visualized through the
isofrequency maps. Figure 3a shows a clear clinal variation,
with higher Native American frequencies in the northwest,
decreasing to the southeastern direction; whereas a similar
opposite patterns is observed for European lineages with

Fig. 2 Maps showing continental mtDNA haplogroups frequencies in
20 population samples from central Argentina. References for popu-
lations abbreviated names are from Table 1
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higher frequencies in the southeast and lower frequencies in
the northeast and west, particularly in the villages of San
Luis and southern Santiago del Estero (Fig. 3b). In Fig. 3c,
on the other hand, it is observed that the African lineages
are concentrated mainly in the Sierras region of Córdoba
and in the capital of that province.

The four major haplogroups (A2, B2, C1, and D1) of
Native American origin are present in all the populations
studied (Table 1). C1 and D1 are the most frequent hap-
logroups in the provinces of Santiago del Estero and Cór-
doba, except Amboy and Cruz Alta, where haplogroup B2
is the most common. In San Luis province, the distribution
is more heterogeneous between the four sampled localities,
being C1 and A2 the haplogroups most common in the
entire province.

Native American mitochondrial lineages in central
Argentina

We obtained sequences of the entire mtDNA control region
from 334 samples that present haplogroups of Native
American origin. In another 181 samples presenting Native
American lineages, it was only possible to obtain partial
control region mtDNA sequences (Supplementary
Table S1). The genetic structure of the population was
investigated by AMOVA based on the information of the
HVRI mtDNA region between 16,027 and 16,362 bp. The
sample of San Carlos Minas, with low sample size, was
grouped together with Villa de Soto, geographically close.
The first analysis, considering all populations together,
shows that 98.13% of genetic variation occurs within
populations, whereas only 1.87% reflects the variation

among populations. The observed FST is low but still sta-
tistically significant (0.018; p= 0.005). Then, we carried
comparisons among provinces (Córdoba/San Luis/Santiago
del Estero), and between geographical regions (sierras/
plains). Both configurations represent low and no significant
differences between groups (FST: 0.004, p= 0.118, and FST:
0.001, p= 0.398, respectively).

Diversity parameters were calculated based on mtDNA
complete control region (positions from 15,950 to 546 bp).
Summary diversity estimators are showed in Table 3. The
highest genetic diversity rate (Ĥ) was detected in Córdoba
province, but the other two provinces also present high
levels of genetic diversity. Similarly, nucleotide diversity
levels are high in all three provinces, with an average value
for central Argentina of 0.012± 0.006. On the other hand,
negative and significant values were observed in the neu-
trality test (Tajima’s D and Fu’s FS) when Central Argentina
is consider a single sample set, indicating a relatively recent
population growth.

Native American mtDNA variation in the Southern Cone

The AMOVA, performed including 47 populations of the
Southern Cone of South America, shows that almost 12% of
the genetic variation for the mtDNA HVRI corresponds to
the interpopulational component (FST= 0.117, p= 0.000).
Differentiation among regions is larger than differentiation
among populations within groups (FCT= 0.073 vs. FSC=
0.048), both values being significantly different from 0
(p< 0.001). This result shows that the genetic variation is
strongly structured geographically, at least in relation to
maternal lineages.

Fig. 3 Isoline maps of central Argentina showing spatial frequency distribution of continental mtDNA haplogroups. a Native America lineages. b
European lineages. c African lineages. References in Fig. 1
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We performed an eigen-analysis based on the distance
matrix estimated from pairwise genetic distances K2P.
Seven independent vectors accumulates >99% of the
total variation. These derived variables were in turn used as
input for the DA among regional groups presented in
Table 2, and previously analyzed by mean of the AMOVA.
DA shows strong geographical structure of the mtDNA
variation in the Southern Cone. According to the Mahala-
nobis distance to the centroid of the group, on average,
82.3% of the population samples were classified into their
original group. Samples from central Argentina, subtropical
forests, and Patagonia and Tierra del Fuego regions were all
correctly classified. Seven of nine populations of the central
Andes were also well classified, whereas the remaining two
were assigned to the group NWA, also constituted
by populations of Andean origin and living at high altitude
environments. Three of the seven populations of
Cuyo region were classified as belonging to central
Argentina, most probably due to the geographic proximity
of these two regions and the numerous haplotypes shared
[52, 53]. Three of the four populations of the lowland
Bolivia were correctly classified and the remaining popu-
lation was grouped along with NWA. Unsurprisingly, the
Gran Chaco, located at the center of the Southern Cone, is
the more dispersed group with only three of the five
populations correctly. Note that we also performed the
classification by means of the Jackknife procedure.
Although under this alternative approach, the percentage of
correct classification was reduced to 53.2% (still much
higher than the 12.5% expected by chance alone), all the
misclassified populations still belong to neighbor regions
with similar evolutionary histories (i.e., NWA Andes
Central Argentina and Cuyo).

This strong geographic pattern is well illustrated in
Fig. 4, where the population samples and the centroid
groups are projected onto the first two discriminant func-
tions, representing 48.5% and 30.4% of the total variation,
respectively. The populations from central Argentina appear
very close to each other at the center of the arrangement and
are surrounded by the samples from Cuyo, forming together
a single cluster that reflects geographical closeness and
likely a common origin [52, 53]. Patagonia and Tierra del

Fuego populations, by one side, and subtropical forests
groups by the other, constitutes two clusters sharply sepa-
rated from each other and from the other groups. Andean
samples are grouped on the left side of the plot and overlap
with the NWA populations (also of Andean origin), and to a
lesser extent to the Gran Chaco. The lowlands of Bolivia
samples, are more scattered across the graph.

Spatial analysis

Mantel test between K2P and geodesic distance matrices
reveals moderate but significant geographic structure of
mtDNA variation (r= 0.274, p= 0.001). The Mantel cor-
relogram shows that this correlation is significantly positive
up to 1500 kms, declining to insignificant values after that
(Fig. 5a). The bearing analysis (Fig. 5b) reveals two patterns
of stronger positive correlations: the first is observed at 5°
(roughly E-W, r= 0.251, p= 0.003) and explains gene flow
between central Argentina and Cuyo populations. The
second is observed at 150° (roughly NW-SE, r= 0.247,
p= 0.003) and accounts for gene flow between the Andean
region and NWA and Gran Chaco populations.

Analysis of paternal lineages

Continental origin of paternal lineages

Among the 258 male samples analyzed in this work, we
observed five Y chromosome haplogroups/paragroups dis-
tributed fairly homogeneously across the three provinces
(Table 4). R1 is the most common haplogroup in the studied
populations and in European populations as previously
described [40]. The next most frequent clade is F(xK),
widely distributed in Europe, Asia, and North Africa.
Twenty-seven individuals display the haplogroup D–E,
widely distributed in Africa, Middle East, and Europe. Only
three individuals carry the subhaplogoup E1b1a, which is
the major Y chromosome haplogroup found in Africa [38].
Another three individuals belong to the para-haplogroup K
(xQ,R), widely distributed in Asia, Africa, and Europe [40].
Finally, Q1a3a (Q-M3), the principal Y chromosome hap-
logroup of American origin, is present in higher proportion

Table 3 Diversity parameters based on mtDNA control region (CR) sequences for the 20 populations included in this study

Population N n K S Hd± sd π± sd D FS

Centro de Argentina CR 335 1165 181 161 0.9920± 0.0011 0.012208± 0.006070 −1.72388 (p= 0.02695) −23.69545 (p= 0.00600)

Córdoba CR 171 1165 113 134 0.9917± 0.0020 0.012308± 0.006137 −1.67779 (p= 0.03344) −23.94197 (p= 0.00140)

San Luis CR 89 1165 60 82 0.9834± 0.0062 0.012391± 0.006210 −1.02773 (p= 0.15801) −24.17347 (p= 0.00020)

Santiago del Estero CR 75 1165 47 68 0.9838± 0.0049 0.011890± 0.005985 −0.93239 (p= 0.18528) −16.45306 (p= 0.00190)

N sample size; n number of observed nucleotide sites; K number of different haplotypes; S number of polymorphic (segregating) sites; Hd gene
diversity; π nucleotide diversity; D Tajima's test of selective neutrality; FS Fu's Fs test of selective neutrality; sd standard deviation
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in Santiago del Estero (11.1%), followed by San Luis
(10.3%), and is poorly represented in Cordoba (5.2%). This
haplogroup is defined by the markers M242, M346, and
M3. The para-haplogroup clade Q1a3*, presenting the sites
M242 and M346, is found in some populations of North
America, at low frequencies in Central and South America,
and is absent in populations from central Argentina [24, 39].
In summary, the populations studied in this work possess, in
average, 92% male lineages of European/ Middle Eastern
origin, 1% of African origin, and 7% of Native American
origin. In this approach, we might be underestimating the
African component, considering lineages E(xE1b1a) as
Europeans, whereas other work on Argentine urban popu-
lations indicates that the total percentage of male lineages of
African origin is very low, around 1.7% [54].

Regional structure

The analysis of genetic structure based on paternal lineages
was carried out between provinces and geographic regions
due to low samples size at the level of local populations.
The AMOVA reveal no genetic differentiation in the
distribution of paternal lineages among provinces (Córdoba/
San Luis/Santiago del Estero, FST: −0.034, p= 0.978) nor
between geographic regions (sierras vs plains, FST: −0.003,
p= 0.446). These results show a male population with
diverse continental origins but homogeneously distributed
throughout the central Argentina region.

Interpopulational analysis of Y chromosome haplogroups

In order to investigate the distribution of paternal lineages
of central Argentinian populations in a wider geographical
context, we included in the analysis other native and
admixed populations from Argentina, Chile, and Paraguay,
taking the information provided by the article of Bailliet
et al. [24]. A summary of the populations considered is
presented in Table 4. Samples from the Gran Chaco,
Patagonia, and northwestern Jujuy (pooled from Susques,
Cochinoca, and Rinconada, three small towns located
above 3500 m of altitude), are of Native American origin,
whereas all the other samples were obtained in admixed
populations. The multidimensional scaling (MDS) plot of
Fig. 6, shows the native population samples, with higher
incidence of Q haplogroups, on the left side of axis 1,
whereas the admixed populations fall along the right side
of same axis, due to high frequencies of allochtonous
haplogroups, principally R1 and F. Samples from central
Argentina cluster together close to Tucumán, Mendoza,
Catamarca, and La Rioja, all urban populations from
northern and western Argentina. The samples from Tar-
tagal and Salta, with relatively high values of Q1a3a
lineages, fall on intermediate position between native and
urban populations, as well as Huilliche, Mapuche, and
Mocoví, showing that these native groups have high fre-
quencies of non Native American paternal lineages. The
second axis separates Ayoreo and Lengua, two native

Fig. 4 Discriminant analysis of principal coordinates vectors extracted
from K2P distances. Populations and their abbreviated names are
presented in Table 2. Centroids of geographical regions in bold.
Central Argentina (CARG): filled circles; western Argentina (CUYO):
open circles; Gran Chaco (CHACO): squares; Patagonia and Tierra del

Fuego (PTF): diamonds; northwestern Argentina (NWA): triangles;
subtropical forest (FOREST): filled squares; Central Andes (ANDES):
filled triangles; Lowlands Bolivia (LLB): filled diamonds. (Color fig-
ure online)
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populations from the Paraguayan Chaco, from the other
native samples, due to their high incidence of paragroup
Q1a3*. Azampay and Aguaray, with very high frequencies
of R1 and low in F haplogroups, split from the other
admixed samples to the bottom right quadrant of the plot.

Discussion

Valuable information about the processes of colonization,
dispersal, and subsequent evolution of human populations
are gathered from different disciplines such as history,

Fig. 5 Spatial analysis for mtDNA genetic variation based on K2P genetic distances among Southern Cone populations. a Global nondirectional
correlogram. b Bearing plot. Circles indicate significant values, crosses nonsignificant values

Table 4 Y chromosome
haplogroups frequencies in three
provinces from central
Argentina and other 19 samples
from Argentina, Chile, and
Paraguay

Populations ID Region N AB D–E F(xK) K(xQR) Q1a3* Q1a3a R1

Santiago del Estero SGO Central Argentina 27 0 0.074 0.259 0.037 0 0.111 0.519

Cordoba CBA Central Argentina 190 0 0.118 0.337 0.01 0 0.054 0.481

San Luis SL Central Argentina 41 0 0.077 0.308 0 0 0.103 0.513

La Rioja LRJ Central-West 87 0 0.149 0.241 0.057 0 0.103 0.448

Mendoza MEN Central-West 75 0 0.147 0.293 0.04 0 0.067 0.453

Northwestern Jujuy NWJ North-West 31 0 0 0.097 0 0 0.839 0.065

Catamarca CAT North-West 112 0 0.094 0.208 0.009 0 0.104 0.585

Azampay AZA North-West 44 0 0.023 0.068 0 0 0.159 0.75

Salta SAL North-West 84 0 0.078 0.078 0.013 0.013 0.494 0.325

Tartagal TG North-West 108 0.01 0.105 0.152 0 0 0.362 0.371

Aguaray AGU North-West 13 0 0 0 0 0 0.167 0.833

Tucumán TUC North-West 17 0.063 0.125 0.25 0 0 0.125 0.438

Wichi Salta WIS Gran Chaco 25 0 0.04 0 0 0 0.96 0

Wichi Formosa WIF Gran Chaco 93 0 0 0.112 0.022 0 0.821 0.045

Chorote CHO Gran Chaco 9 0 0 0.111 0 0 0.889 0

Mocoví MOC Gran Chaco 27 0 0 0.074 0.037 0.074 0.481 0.333

Lengua LEN Gran Chaco 25 0 0 0 0.04 0.28 0.68 0

Ayoreo AYO Gran Chaco 9 0 0 0 0.111 0.222 0.556 0.111

Mapuche MAP Patagonia 26 0 0.077 0.115 0 0.038 0.538 0.231

Tehuelche THE Patagonia 20 0 0 0.15 0.05 0 0.65 0.15

Huilliche HUI Patagonia 26 0 0 0.308 0.038 0.038 0.462 0.154

Pehuenche PEH Patagonia 18 0 0.056 0.056 0 0 0.833 0.056

Samples from other regions than central Argentina were drawn from Bailliet et al. (2011)

502 A. García et al.



demography, archeology, and genetics. The human coloni-
zation of the Americas has been extensively studied and
discussed from each of these disciplines and, in many cases,
through interdisciplinary approaches. However, diversifi-
cation and regional or local interaction among populations
are often poorly documented. The main objective of this
work was to analyze, using molecular markers of uni-
parental inheritance, the genetic composition of the current
human populations of three provinces of central Argentina
in order to contribute to the understanding of micro-
evolutionary and historical processes that gave rise to the
observed genetic diversity.

During the construction of the Argentinean Nation,
governments privileged an ideological process that denied
the existence of non-European background in the country’s
population [55]. This process resulted in projecting the
image of a country made up from a “melting pot”, but only
in reference to the contribution of different European
segments, in the consolidation of the representation of a
“national being” as part of a civilized and capitalist world,
as opposed to “others”, meaning Native Americans and
Africans [56, 57]. According to the official history, Native
Americans and Africans disappeared due to wars, epi-
demics, and miscegenation. However, studies including
historical demography [58] and anthropological genetics
[16, 22, 54, 59, 60], show that this “disappearance” rather
than indicating a change in the genetic composition of the
population represents the efforts of the government politics
for a process of cultural “whitening” the society. The
mechanism employed to replace the native population with
European immigrants did not occur with the same intensity
throughout Argentina. The immigration waves had less
impact in the north–central and northwestern regions, the
most populated areas of the country in pre-Hispanic times.
The spatial structure of genetic diversity has its origins in
historical factors. It is possible to distinguish different

stages in migratory processes from abroad, with a hetero-
geneous regional impact. The genetic composition of
central Argentina gives account of these processes. On one
hand, the political boundaries between provinces influ-
enced the configuration of the genetic structure of the
populations that were formed. In this sense, Córdoba—an
important economic and commercial center since colonial
times—has a greater component of foreign lineages than
the populations of San Luis and Santiago del Estero. On
the other hand, the genetic structure of central Argentina
also accounts for other processes related to different
migration phases and occupations of space over the last
500 years. In colonial times, the population was con-
centrated in Córdoba city and along the mountain ranges.
The Sierras region, which concentrated most of the native
population settlements before the arrival of the Spaniards,
was also the place where we have found the highest pro-
portions of Native American and African maternal linea-
ges. In contrast, the region of the plains (Pampas)
represents the most sparsely native population occupation
and, together with the large cities, the principal destination
of the European migrants during 1880–1930 period. This
is reflected in the higher proportion of maternal Eurasian
lineages in populations of southern Córdoba, as well as in
other towns of the Pampas region [54, 61, 62]. Our results
contrast with those obtained by Catelli et al. [62], and
Salas et al. [63], who observed a much lower incidence of
Native American maternal lineages in samples gathered
from Córdoba province (41% and 47%, respectively).
Those lower prevalences most likely reflect differences in
the sample colletion. Both authors used samples of urban
origin collected in different forensic, anthropological, or
clinical laboratories, using different sampling criteria.

Although Córdoba city has traditionally been regarded as
one of the large “white” city of Argentina [64], our results
show high incidence of maternal native lineages in the north

Fig. 6 MDS plot of chord
distances based on Y
chromosome haplogroups
frequencies. Stress= 0.032. The
abbreviations are presented in
Table 3. Central Argentina:
filled circles; western Argentina:
open circles; Gran Chaco:
squares; Patagonia: diamonds;
northwestern Argentina:
triangles
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and western areas of that province, almost at the level found
in Santiago del Estero and San Luis, two provinces that
have received less European immigration and show extre-
mely high prevalence of Native American maternal lineages
(92.9% and 87.2% respectively).

This differentiation between geographical regions is clear
in relation to the distribution of continental mitochondrial
lineages, but not regarding patrilineages, which show
homogeneous distribution across the landscape. Thus,
populations of central Argentina show the same Y chro-
mosome haplogroup distribution than other populations
such as Catamarca, La Rioja, Mendoza, and Tucumán,
indicating analogous migration processes, with a distribu-
tion similar to western European populations, and with a
very low incidence of Native American lineages [24]. One
of the most obvious patterns observed in this study is the
discrepancy between the maternal and paternal lineages,
involving a sex-asymmetric gene flow primarily involving
European men and African and American women [20, 21].
These results, recurrent in contemporary Latin American
populations, are also observed in populations from central
Argentina in concordance with the pattern observed by
Catelli et al. [62], and Salas et al. [63] in samples of Cór-
doba province. The exception to this pattern is the popu-
lation of Jovita, where most of the maternal and paternal
lineages are of European origin.

It is worth noting the high incidence of African mito-
chondrial lineages in some villages of the Sierras of Cor-
doba with respect to other Argentine populations. This
region was one of the major settlement locations of African
people during the colonial period, associated with Jesuit
missions and Jesuit productive establishments [65].

The AMOVA results performed at regional level based
on the mtDNA HVR-I show that both configurations
considered (between provinces and between plain and
mountain regions) do not account for significant differ-
entiations between groups. Similarly, the distribution
pattern of the four Amerindian mitochondrial haplogroups
is very similar in the three provinces of central Argentina.
The high and similar levels of genetic diversity found in
Córdoba, Santiago del Estero, and San Luis provinces, on
the other hand, would indicate that they were subjected to
similar evolutionary forces capable of maintaining a high
genetic variability in the total population. From the evolu-
tive point of view, for neutral loci such as mitochondrial
DNA polymorphisms, maintaining genetic variability
depends directly on the effective size of the population [66].
The existence of sporadic events of gene flow from
communities between the populations of central Argenti-
nian or from neighboring regions, in pre-Columbian times
and, mainly, after the arrival of the Spaniards, would have
contributed to the increase of the effective size of the
population [67].

With the aim of analyzing the genetic variation of the
populations of central Argentina on a larger geographic
scale, we carried out analyzes taking into account other
populations of the Southern Cone of South America. The
populations of central Argentina show genetic [52, 53], and
morphological [68, 69] similarities with the populations
from Cuyo (western Argentina) and other populations of the
Sierras Pampeanas (Catamarca and La Rioja), with dis-
tances not statistically significant. This genetic affinity does
not agree with the traditional model of settlement, according
to which the origin of the native populations of central
Argentina, both from archaeological and bioanthropological
evidence, would be closely linked to the central Andean
region [5, 70, 71], a model supported by other authors in
recent works [72].

In spite of the genetic affinities with other populations of
the Southern Cone, it is also possible to observe particular
and exclusive genetic characteristics in central Argentina,
which differentiates it from the rest of the populations. A
possible hypothesis to explain the homogeneity in the dis-
tribution of genetic variability is that this pattern would be
the result of differential permeability between local groups
and those coming from other geographic regions of
Argentina. Thus, the genetic diversity with high homo-
geneity observed throughout central Argentina for maternal
lineages might be reflecting a fluid gene flow between local
populations and resistance for receiving new contributions
from groups from other regions. In the particular case of the
province of Cordoba, archaeological studies report the
existence of links and cooperation among different peoples
who occupied that region in pre-Hispanic times [73, 74].
Those relationships would have allowed exchanges that
conducted to the genetic homogeneity in the territory of that
province. According to earlier studies of our group based on
mtDNA sequences and autosomal AIMS, we observed in
this study a large genetic homogeneity among populations
in central Argentina [17, 22, 53]. However, we also
observed that haplogroup B2 segregates at higher frequency
in three populations (Amboy, Cruz Alta, and Tilisarao). In
this sense, it is worth to mention that a high relative pre-
valence of haplogroups C1 and D1 occurs in ancient sam-
ples (1192 ± 40 to 370± 15 14C years before present) of the
plains of Córdoba province, whereas B2 is the most fre-
quent in Sierras ancient samples (1080 ± 40 to 345± 20 14C
years before present) [6, 8], which might be reflecting
continuity with past inhabitants in some cases, population
replacements in others, and/or recent migratory events.

Similarly, negative values observed in the neutrality tests
(Tajima’s D and Fu’s FS), indicate relatively recent popu-
lation growth, probably associated with technological and
organizational changes leading to new lifestyles and
important demographic and territorial expansion [75]. In
conclusion, the molecular markers of maternal inheritance
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shows large genetic diversity homogeneously distributed
throughout central Argentina, probably as result of a
recent common origin and sustained gene flow between
sub-populations. In addition, migratory events that occurred
in colonial and recent times should have contributed to
hiding any traces of differentiation that might have existed
in the past. The analysis of paternal lineages showed
also homogeneous distribution of the variation across the
region but also a drastic reduction of the native male
population, with a large prevalence of haplogroups of
European origin.

Finally, our results highlight the need to rethink
common-sense assumptions, which generally refer to the
absence or complete extinction of Native Americans and
Africans in Argentina, with a detachment of the official
history from its pre-Hispanic past. And yet, this past is still
present in the people’s genomes.
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