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Abstract Argentinean Patagonia is inhabited by people

that live principally in urban areas and by small isolated

groups of individuals that belong to indigenous aboriginal

groups; this territory exhibits the lowest population density

of the country. Mapuche and Tehuelche (Mapudungun

linguistic branch), are the only extant Native American

groups that inhabit the Argentinean Patagonian provinces

of Rı́o Negro and Chubut. Fifteen autosomal STRs, 17

Y-STRs, mtDNA full length control region sequence and

two sets of Y and mtDNA-coding region SNPs were ana-

lyzed in a set of 434 unrelated individuals. The sample set

included two aboriginal groups, a group of individuals

whose family name included Native American linguistic

root and urban samples from Chubut, Rı́o Negro and

Buenos Aires provinces of Argentina. Specific Y Amerin-

dian haplogroup Q1 was found in 87.5 % in Mapuche and

58.82 % in Tehuelche, while the Amerindian mtDNA

haplogroups were present in all the aboriginal sample

contributors investigated. Admixture analysis performed

by means of autosomal and Y-STRs showed the highest

degree of admixture in individuals carrying Mapuche sur-

names, followed by urban populations, and finally by iso-

lated Native American populations as less degree of

admixture. The study provided novel genetic information

about the Mapuche and Tehuelche people and allowed us

to establish a genetic correlation among individuals with

Mapudungun surnames that demonstrates not only a lin-

guistic but also a genetic relationship to the isolated

aboriginal communities, representing a suitable proxy

indicator for assessing genealogical background.
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Introduction

It has been demonstrated that the extant population of

Argentina is heterogeneous and the result of admixture

events involving Native Americans, Europeans and Sub-

Saharan Western Africans, whose contributions differ in

accordance with the geographical regions considered [1–3].

The Patagonian region of Argentina is delimited to the

north by the Colorado River and to the south by Tierra del

Fuego; it comprises seven provinces inhabited by

2,089,100 people in an extension of 903,446 km2 (popu-

lation density 2.31 inhabitants/km2). Most urban cities have

reduced population sizes, only four have over 100,000

inhabitants, all of whom where settled during the first half

of the twentieth century. In 1878, Argentinean National

Army intensified the hostilities against the tribal groups

Daniel Corach and Andrea Sala are members of National Research

Council of Argentina (Carrera del Investigador del Consejo Nacional

de Investigaciones Cientı́ficas y Tecnológicas, CONICET).

Electronic supplementary material The online version of this
article (doi:10.1007/s11033-013-2999-z) contains supplementary
material, which is available to authorized users.

A. Sala (&) � D. Corach (&)

Servicio de Huellas Digitales Genéticas (UBA) and Cátedra de
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and was called the Second Campaign to the Desert (the

First Campaign took place in 1830 but was less extended).

Their intention was to exterminate all native tribes and to

deprive them of their lands with the excuse of extend the

national territories. Between 1821 and 1899 over 20,000

natives were killed; some of them survived and some

others moved to urban areas forced to work as farm ser-

vants or to become national army soldiers [4].

Nowadays, Mapuche and Tehuelche represent the only

aboriginal groups that inhabit the region. The former group is,

at present, the most numerous of Argentina with over 113,000

members (census 2001) and is one of the 30 different

aboriginal groups that are presently recognized in the country.

Their extended distribution range includes the Patagonian

provinces of Neuquén, Rı́o Negro, Chubut, and Santa Cruz

and to a lesser extent, the Pampean provinces of Buenos Aires,

La Pampa and Córdoba. Patagonian Mapuche populations

consist of over 78,000 individuals (approximately 13 % of the

total aboriginal population) 74.8 % of whom are Mapuche or

first-generation descendants, whereas a small proportion

(17 %) live in small isolated communities. The origin of the

Mapuche peoples remains unclear, but it is accepted that they

received an important influence from the Chilean Araucanian;

therefore, their origins might be the result of admixture pro-

cesses among populations inhabiting both sides of the

Southern Andes [5, 6]. Before the dispersion that allowed

expanding their territories, the Mapuche developed a culture

and a language called Mapudungun (mapu meaning ‘‘earth’’

and dungun ‘‘to speak’’). Its linguistic affinities have been

correlated with the Quechuan linguistic branch [7, 8]. Ruhlen

and Greenberg [9] classified it within the Andean Southern

linguistic sub branch. Its origin probably precedes the arrival

of Spanish settlers in Southern South America in the early

sixteenth century and was restricted to its oral expression, as

most Amerindian languages.

Family lineages adopted words to identify their family

members. Before evangelization, Mapuche names were

composed of two elements: a prefix equivalent to the given

name and a suffix to designate the ancestral name; therefore,

the name Calfucurá meaning Blue (calfú) Stone (curá),

includes the equivalent to a given name and a family or

ancestral name. As part of the evangelization process, baptism

was imposed and priests used a Catholic name and the com-

bined original name and surname as a unique word, for

instance, Calfucurá in the above example. These ancestral

names were called ‘‘kuga’’ or ‘‘cuga’’ and were transmitted by

the father to his children. However, there are different trans-

mission models proposed: matrilineal [10], patrilineal [11],

and selective, in which the father transmitted the kuga to some

of his children born from his first wife and the other wives

transmitted their family names to their descendants [12].

The Tehuelche inhabit Chubut and Santa Cruz prov-

inces, and Buenos Aires metropolitan areas in a reduced

number. Based on the last census, the total number of

Patagonian individuals belonging to the Tehuelche people

is 4,351, 7 % of whom are still living in isolated commu-

nities. The term Tehuelche is a modification of the com-

posed Mapudungun word Chehuelche, cheuel meaning

brave and che, people. Their original language could have

belonged to the ‘‘tshon’’ root, according to Lehmann-Nit-

sche [13]. Their anthropological classification is confusing

and variable according to the different authors; for Esca-

lada and Casamiquela [14–16] the Tehuelche belong to the

‘‘Tehuelche Complex’’. This Complex includes the Sep-

tentrional Tehuelches (inhabiting the Pampas and Northern

Patagonian areas) and the Meridional Tehuelches (Pata-

gones in Southern Patagonia and Onas in Tierra del Fu-

ego). During the eighteenth century, the Tehuelche were

affected by two migratory events: the arrival of the Spanish

settlers, through the north, and of the Araucans from Chile

through the Andes (a process called ‘‘araucanization’’) in

the west; the invasion also imposed the Mapuche language

to the Tehuelche. These two events resulted in the execu-

tion of many ‘‘caciques’’ (leaders) and the limitation in

their cultural development. It also gave rise to an admixed

population involving Araucanian men and Tehuelche

women.

The aim of this work was to characterize Mapuche and

Tehuelche individuals inhabiting in aboriginal communi-

ties by investigating DNA polymorphisms located in

autosomal, mitochondrial and Y-chromosomes in order to

establish their genetic relationship with a set of urban

population samples from Rı́o Negro, Chubut and Buenos

Aires provinces. Admixture analysis was conducted in

order to establish the relationship of these people with

extant population of urban areas of southern Argentina,

with special attention to people with Mapudungun sur-

names. This investigation could provide novel information

about two of the most important southern south Native

American groups of Argentina.

Materials and methods

Subjects

Most samples were collected from healthy voluntary

donors participating in paternity tests, after signing a

written consent statement. The Bioethics Committee of the

School of Pharmacy and Biochemistry of the University of

Buenos Aires, Argentina, approved the research project.

Native American samples

Mapuche people (‘‘MA’’, N = 39) inhabiting three com-

munities: Cerro Policı́a, Aguada Guzman and LoncoVaca
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Arriba, Rı́o Negro province, and Tehuelche (‘‘TE’’,

N = 28) from the locality of El Chalı́a, Chubut province.

These samples were kindly provided in 1993 by Dr. Raul

Carnese and were previously characterized by different

genetic marker systems [17]. When these samples were

obtained ethical issues were not so stringent as nowadays,

hence no written consent statement was signed.

Urban samples

– Aboriginal surname samples: Sixty-seven samples from

Chubut and Rı́o Negro provinces of unrelated males

bearing aboriginal surnames (belonging to the Mapu-

dungun language), coded as ‘‘AS’’ (‘‘AS’’, N = 67).

– European surname samples: from Chubut (‘‘CHU’’,

N = 100), Rı́o Negro (RN, N = 100) and Buenos

Aires (‘‘BA’’, N = 100) provinces. Once selected, all

the samples were treated anonymously. Table 1

summarizes the sample size, the collection sites as

well as the previously published results used for

comparisons (see Supplementary Map 1 for geograph-

ical information).

Analytical methods

DNA extraction

DNA was extracted either from blood samples spotted onto

Whatman 3MM paper using conventional protocols or

from liquid saliva as previously described [18].

Autosomal STRs

A set of 15 STRs, including Penta E, D18S51, D21S11,

TH01, D3S1358, FGA, TPOX, D8S1179, vWA, Amelo-

genin, Penta D, CSF1PO, D16S539, D7S820, D13S317

and D5S818 combined within PowerPlex 16 System

(Promega Corp. Madison, USA) was analysed according to

the manufacturer’s protocol.

Y-chromosome STRs

Mapuche and Tehuelche samples were analyzed by means

of 17 Y-STRs including: DYS19, DYS389I, DYS389II,

DYS390, DYS391, DYS392, DYS393, DYS385I/II,

DYS438, DYS439, DYS437, DYS448, DYS456, DYS458,

DYS635 and Y GATAH4. This set is included within the

commercial Y-Filer kit (Life Technologies, Applied Bio-

systems, Foster City, USA). The AS samples were typed

only for the minimal Y-haplotype, which includes

DYS385I/II, DYS389I and II, DYS19, DYS390, DYS391,

DYS392 and DYS393. Amplification and electrophoresis

conditions were carried out as previously described [19].

All haplotypes included in this study have been deposited

in the Y-Chromosome Haplotype Reference Database

(YHRD) [20].

D-Loop sequencing

The complete D-Loop region was amplified using primers

L15971 and H00599 [21]. Amplicons were purified

using columns (QiaquickPCR purification System-Qiagen,

Table 1 Description of the sample sets considered for the study

Community—Locality Geographical location Ethnicity Reference Na Codeb

Cerro Policı́a, Aguada Guzmán, Lonco Vaca

Arriba, Rı́o Negro province

68�370W, 39�100S;68�570W, 39�300S and

69�050W, 40�110S, respectively

Mapuche Present

study

39 MA

El Chalı́a, Chubut province 70�150W, 45�410S Tehuelche Present

study

28 TE

Rı́o Negro and Chubut provinces, Argentina Randomly sampled Mapudungun

aboriginal

surnames

Present

study

67 AS

Buenos Aires province, Argentina Randomly sampled in metropolitan urban

areas

Euro-Argentine Present

study

100 BA

Rı́o Negro province Randomly sampled in metropolitan urban

areas

Euro-Argentine Present

study

100 RN

Chubut province Randomly sampled in metropolitan urban

areas

Euro-Argentine Present

study

100 CHU

Anecón Grande, Rı́o Negro province 70�220W, 41�200S Mapuche [43] 39 MG

Trapa Trapa, BioBioprovince, Chile 71�160W; 37�430S Pehuenche [44] 24 PE

Huapi Island, Valdivia province, Chile 72�250W; 40�150S Mapuche [44] 34 HU

Puerto Williams, Antartica province, Chile 67�400W; 55�S Yaghan [44] 15 YG

a Number of individuals in the sample set
b Refers to the code employed in the present study
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Germany) or ExoSap (USB Corp, USA). The sequencing

reactions were performed with the Big Dye Terminator

System v1.1 (Life Technologies, Applied Biosystems, Fos-

ter City, USA) according to the supplier’s protocol.

Sequencing reaction products were purified from residual

dye terminators by means of alcohol precipitation. All

sequences were performed with both forward and reverse

primers (with at least 4–6 primers for each sample) and

electropherograms were visualized and edited with the Se-

quencher v4.8 (Gene Codes Corporation, USA) software.

Capillary Electrophoresis analysis

Capillary Electrophoresis analysis was carried out in an

automated sequencer ABI3100-Avant (Applied Biosys-

tems, Foster City, USA) either for fragment or sequence

analysis.

SNP analysis

The Y-SNPs: M3 C/T (Q1a3a1 haplogroup -‘‘hg’’-), M269

T/C (hg R1b1a2) and U179 G/A (hg I), and the mtDNA-

SNPs: 8027 G/A and 12007 G/A (that define hgA2), 3547

A/G (hgB2), 14308 T/C (hgC) and 2092 C/T (hgD2), were

analyzed by Real Time PCR followed by High Resolution

Melting Analysis as previously described [22] in Native

American samples. The SNP M3 was also typed in AS group.

Statistical analysis

Autosomal STRs

Allele frequency, power of discrimination (PD) and power

of exclusion (PE) were obtained with PowerStatsV12.

Hardy–Weinberg equilibrium (HWE), gene diversity,

Exact Test of population Differentiation and heterozygos-

ities were calculated with Arlequin v3.1 [23].

Population heterogeneity was analyzed by means of an

AMOVA test (Arlequin v3.1), the hierarchical groups

selected for the analysis was: MA ? TE versus AS group.

Normalized Slatkin genetic distance matrix [24] was

obtained with the help of Arlequin 3.1 and graphed as a

Multi-Dimensional Scaling plot (MDS) by using XLSTAT

(Addinsoft Corp) software.

Supplementary Table 1 shows autosomal genotyping

data of the groups included in the present study.

Y-chromosome polymorphism

Haplotype data were analyzed with Arlequin v3.1. Haplo-

type diversity was calculated according to Nei [25]. With

regard to locus DYS389, the length of DYS389II, expressed

in number of repeat units, was subtracted to that of DYS389I

[26]. The YHRD database [20] was used to search worldwide

haplotype frequency distribution. Diversity parameters

including dwmin, mwmax, mwmin, mbmin and dbmax were

calculated as previously described [27].

Supplementary Table 2 provides haplotypic data of the

groups included in the present study.

Admixture analysis

The admixture analysis of AS group based on Y-chromo-

some STRs was carried out with Admix 2_0 software [28,

29]. Two parental populations were selected: a set of

aboriginal samples composed of Mapuche and Tehuelche

isolates—all of them belonging to Q1a3a1 haplogroup—

was considered as parental population 1 and a set of indi-

viduals from Buenos Aires area (BA) as parental popula-

tion 2 (selected on the basis that this population is those

who have had more interaction with European immigrants).

Mutation rate was taken from Zhivotovsky et al. [30]. Time

of admixture event was 150 years, corresponding to the

time when a massive interaction between aboriginals and

military forces took place during the epilogue of the Sec-

ond Campaign to the Argentinean Patagonian Desert in

1879.

Admixture analysis based on autosomal STRs data was

carried out using Structure 2.0 software [31] and involved

the same parental and test populations as described above.

Admixture and correlated allele frequencies models were

selected. Burn-in was set to 20,000 iterations, followed by

30,000 Markov Chain Monte Carlo steps.

Mitochondrial DNA

Sequences were aligned with DNA Alignment Software

v1.1.3.0 (www.fluxus-engineering.com). Haplotype fre-

quencies, molecular diversity indices and Fst (significant

level 0.05) were calculated using Arlequin v3.1. MDS,

between MA, TE, MG, PE, HU and YG groups (reference

in Table 1) were plotted with XLSTAT (Addinsoft Corp)

software. Median-joining networks were obtained with the

Network 4.6.1.0 program [32].

Supplementary Table 3 provides mitochondrial haplo-

types of Native American groups and AS group included in

the analysis.

Surname transmission model

With the aim of evaluating the three possible surname

transmission models, individuals included within AS were

scrutinized by comparing the kuga or suffix of their family

names with the Y-STRs haplotypes. Those cases in which a
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common suffix matched an identical haplotype might

reflect the paternal transmission of this cultural trait.

Results and discussion

Autosomal STRs

A total of 15 STRs were analyzed in the Mapuche and

Tehuelche samples. Supplementary Table 1 describes the

allele frequency and the genetic parameters that charac-

terized each locus in both Amerindian groups. Frequency

distributions for the markers THO-1, CSF1PO, vWA,

D13S317, D7S820 and D16S539 do not show significant

differences from previously published data [17]. In both

groups the highest discriminative power was observed in

Penta E. All loci met HWE, with the exception of D18S51

and D8S1179 loci in the Tehuelche group. After applying

the Bonferroni correction [33], none of the analyzed

markers departed from HWE. Observed heterozygosity

ranged from 0.59 (THO-1) to 0.95 (D18S51; D13S317 and

PENTA E) in Mapuche, and 0.57 (THO-1 and D16S539) to

1 (Penta E) in Tehuelche. The average gene diversity was

similar in both groups (0.759 ± 0.385 in Mapuche and

0.746 ± 0.381 in Tehuelche, respectively).

In relation to the AS group, the gene diversity was

higher than that in the aboriginal groups (0.774 ± 0.402)

and the observed heterozygosity ranged from 0.606

(D5S818) to 0.892 (D8S1179). The Exact Test of popula-

tion differentiation was not statistically significant in any of

the three groups.

Normalized Slatkin genetic distance was represented in

a two-dimensional MDS plot (Fig. 1) including urban

samples (BA, RN, CHU and AS groups) and native groups:

Mapuche (MA) and Tehuelche (TE). All distances were

significant, except those between Rı́o Negro and Chubut.

The AS group fell equidistant between MA and the cluster

RN-CHU, while the largest distance was observed between

TE and BA. The shortest distance was observed between

CHU and RN, whereas the longest was observed between

BA and both aboriginal groups.

Statistically non-significant differences were observed

when the AMOVA analysis was conducted among

groups (MA ? TE vs. AS) and not among populations

within groups (p = 0.660 ± 0.015 and 0.156 ± 0.008,

respectively).

Admixture analysis was performed using aboriginal

samples (Mapuche and Tehuelche) and the Buenos Aires

sample as parental populations. Selection of k = 2 was

based upon historical information. These parental popula-

tions were compared with the urban populations of Chubut

and Rı́o Negro and the sample set whose surnames inclu-

ded Mapudungun words. Results are summarized in

Table 2. A higher Native American contribution is

detectable in the AS group, followed by Chubut and finally

Rı́o Negro urban populations. The parental aboriginal

groups denoted 82–17 % Native American to European

proportion while in the Buenos Aires sample the figures

were almost the inverse, 81 % European to 19 % Native

American, in complete agreement with Corach et al. [2]

and Avena et al. [3].

Y-chromosome analyses

Supplementary Table 2 depicts the haplotypes observed in

the Tehuelche and Mapuche samples. In total, 13 out 17

different haplotypes were observed in the Tehuelche group

and 14 out 16 in the Mapuche. Two haplotypes were shared

between the two groups (MY1-TY7 and MY2-TY12,

respectively). These two haplotypes (considering minimal

haplotype plus DYS437, DYS438 and DYS439 loci) were

not observed in the worldwide haplotype database (release

39) [20].

Fig. 1 MDS of autosomal STRs of linearized Slatkin distance

showing the relationship between BA (Buenos Aires), CHU (Chubut),

RN (Rı́o Negro), MA (Mapuche), TE (Tehuelche) and AS (Aboriginal

Surnames) for autosomal STRs data. Kruskal stress 1.104E-4

Table 2 Admixture analysis based on autosomal STRs using the

STRUCTURE software

Population Cluster 1 Cluster 2

Tehuelche 0.828 0.172

Mapuche 0.821 0.179

Aboriginal Surname 0.572 0.428

Chubut 0.427 0.573

Rı́o Negro 0.344 0.656

Buenos Aires 0.190 0.810

Cluster 1: composed of a gene pool of Native American isolated

communities

Cluster 2: mostly composed of European contribution
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Haplotype diversity was 0.958 ± 0.036 in MA and

0.948 ± 0.04 in TE. The analysis of the SNP M3-Q3 that

defines the Native American haplogroup Q1a3a1 was

present in 10/17 (58.82 %) in the Tehuelche haplotypes

and in 14/16 (87.5 %) in the Mapuche samples.

In the AS group, 54 out of 67 haplotypes were different;

48 of which were unique. Haplotype diversity was

0.987 ± 0.066. Fifty nine percent (40/67) of the samples

belonged to haplogroup Q1a3a1.

In 27/67 (40.29 %) of the samples we found no corre-

lation between surname transmission and Native American

ancestral haplogroups. These samples exhibited non-Native

American Y-specific chromosome lineages in combination

with aboriginal surnames. In contrast, 96 % of these sam-

ples (26/27) belonged to Native American matrilineages,

strongly suggesting that maternal surname transmission

played a key role in the maintenance of aboriginal family

names. Only one sample with an Amerindian surname

showed non-Amerindian matri or patrilineal ancestral

haplogroups.

No shared surname was detected within the sixty-seven

individuals with Mapuche surnames. The sample set

denoted 31 different suffixes associated with the ancestral

names or ‘‘kuga’’. Twenty of them were represented once,

two twice, three three times, one four times, four five times,

one six times and one nine times. With the exception of the

last group, all other individuals showed different Y-STR

haplotypes (data not shown). In the latter group, individ-

uals shared the lineage name lef (meaning fast), although

their prefixes were different, resulting in nine different

family names. All of them exhibited an Amerindian

mtDNA hg, and five the Y chromosomal Q1a3a1 hg; three

of them shared an identical Y-STR haplotype, supporting

the ‘‘kuga’’ transmission. The limited number of individ-

uals sharing the kuga and Y-chromosome haplotype might

suggest that the selected-paternal surname transmission

model proposed by Jimenez [34] is nowadays infrequent as

this condition was exhibited by only three out of 67 indi-

viduals (4.47 %).

Although special attention has been paid to the Mapu-

dungun as a language, it should be noted that it might

represent a ‘‘Koiné’’ or common language since many

different ethnic groups as the Tehuelche, Pehuenche,

Ranqueles and Pampa descendants may have adopted the

language after Mapuche invasions and language imposition

[35]. Accordingly, the prevalence of Mapuche linguistic

elements within their current family names not necessarily

indicate that they belong to the Mapuche group, but to

other ethnicities that were influenced by the Mapuche

during a period of over 300 years [16].

Haplotype diversity in the AS group was slightly higher

than in the aboriginal groups, considering the minimal

haplotype (AS: 0.988 ± 0.006; MA: 0.958 ± 0.036; TE:

0.948 ± 0.04, respectively). Non-significant genetic dis-

tances (Rst) were observed between the AS and TE or MA

groups, when Y-chromosome data were compared. Fig-

ure 2 depicts the relationship between Y-chromosome

haplotypes in BA, Rı́o Negro (RN), Chubut (CHU), MA,

TE and AS. The figure obtained shows a similar picture

than that obtained for autosomal genotypes (Fig. 1).

Table 3 presents the matching probabilities within and

among groups, taking into account the minimal Y STR-

haplotype. The Tehuelche group (0.1073) displays the

highest maximum probability of finding a match within

the population (mwmax) followed by the Mapuche and AS

groups. The maximum probability of obtaining dissimilar

haplotypes (dbmax) when sampling two individuals from

MA and AS, MA and TE and AS and TE are 0.9813,

0.9852 and 0.9947, respectively. These results are con-

sistent with the haplotype sharing observed between the

analyzed populations (maximum shared haplotypes were

observed between Mapuche and AS as was mentioned

above). The parameter mwmax/mbmin gives an estimate for

the upper limit of how many times more likely it is to find

a match within a population rather than between two

populations. Its high value in the Tehuelche group in

relation to the AS group is remarkable. The lowest value

was obtained in the AS group with respect to the Mapuche

group, in which the results indicate that it is approxi-

mately equally probable to find a match within or between

groups. Similar conclusions were drawn from mtDNA

results (data not shown). According to these analyses,

there is a similar probability for finding shared mito-

chondrial or Y-haplotypes in the AS group than between

the AS and MA groups. This finding could be interpreted

as a closer genetic relationship between AS and MA than

AS and TE.

The admixture analysis from Y-STR data demonstrated

that the contribution of parental population 1 (aboriginal)

to the Aboriginal Surname sample was 58.7 % while the

contribution of parental population 2 (BA sample) was

Fig. 2 MDS of minimal Y-STRs haplotype genetic distances.

Kruskal stress 1.103E-4
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41.3 % (Table 4). A more predominant European male

contribution was observed in the urban people from Chubut

(72.8 %) and Rı́o Negro (95.3 %).

Mitochondrial DNA data

All aboriginal samples denoted Amerindian specific haplo-

groups. A total of 39 unrelated Mapuche individuals were

analyzed by means of the entire mitochondrial D-Loop

sequence. The haplogroup distribution was hgA2 =

12.82 %; hgB2 = 35.90 %, hgC1 = 25.64 % (C1b =

70.0 % and C1d = 30.0 %, respectively) and hgD =

25.64 % (D1g = 50.0 %; D1j = 20.0 %, D4h3 = 20.0 %

and D4 = 10.0 %, respectively). Haplotype diversity was

0.983 and nucleotide diversity was: 0.014 ± 0.007. Thirty-

one out of 39 different haplotypes were observed and 26

haplotypes were unique. One sample exhibited the Huetar

deletion motif, with the characteristic 106–111 deletion in

association with haplogroup hgD1 [36–40].

Tehuelche haplogroup distribution was as follow:

21.43 % hgB2, 25.0 % hgC1 (subhaplogroup C1b) and

53.57 % hgD (D1g = 40.0 %; D4h3 = 46.670 % and

D4 = 13.33 %, respectively), with a total of 19/28 differ-

ent haplotypes. Ten were unique. No samples belonging to

hgA2 were detected. Haplotype diversity was 0.976 and

nucleotide diversity was 0.0118 ± 0.0061.

Supplementary Table 3 depicts the haplotypes observed

in both groups. Sub-haplogroups were defined in accor-

dance with the coding region SNPs and non-coding

mutations present in the mitochondrial control region,

according to Perego et al. [41] and Bodner et al. [42].

Only 3 out of 50 different haplotypes were shared by

both tribal groups (hgs B2, C1 and subhaplogroup D1g).

The median-joining (M-J) network is displayed in Fig. 3, in

which the relationship between the Mapuche and Tehuel-

che haplotypes is shown. Fst genetic distance was not

significant (p [ 0.05).

Mitochondrial DNA results were compared with those

of other groups previously described, including one

Mapuche group belonging to Anecon Grande (MG) in Rı́o

Negro province [43] and the groups analyzed by Moraga

et al. [44] corresponding to three Native American groups

from Chile: Pehuenche (PE), Mapuche (HU) and Yaghan

(YG) (see Table 1). Sequence analysis was restricted to

hypervariable regions I and II (fragment considered for

HVRI: 16050–16400 and for HVRII: 70–300). Table 5

depicts the haplogroup distribution in the different groups.

As it can be observed, the haplogroup distribution in both

Mapuche samples from Argentina (MA and MG) is almost

identical, while in the Tehuelche samples the hgD fre-

quency is in concordance with the Chilean groups. Figure 4

depicts the obtained M-J network restricted to HVRI and

Table 3 Y-minimal haplotype matching probabilities within and

among Mapuche, Tehuelche and Aboriginal Surname groups

MA TE AS

N 16 17 67

dwmin 0.898 0.892 0.973

mwmax (1 - dwmin) 0.101 0.107 0.027

mbmin 0.018 MA/AS 0.014 TE/MA 0.018 AS/MA

0.014 MA/TE 0.005 TE/AS 0.005 AS/TE

dbmax = 1 -

mbmin

0.981 MA/AS 0.985 TE/MA 0.994 AS/TE

0.985 MA/TE 0.994 TE/AS 0.981 AS/MA

mwmax/mbmin 5.433 MA/AS 7.25 TE/MA 1.443 AS/MA

6.860 MA/TE 20.24 TE/AS 5.094 AS/TE

MA Mapuche, TE Tehuelche, AS Aboriginal Surname, N number of

individuals in the data set

mwmax maximum probability of finding a match within the popula-

tion, dbmax maximum probability of obtaining dissimilar haplotypes,

mwmax/mbmin estimates the probability to find a match within/

between two populations (see ‘‘Materials and methods’’ section for

more details)

Table 4 Admixture analysis based on Y-STRs data using Admix-2

Population mY1 mY2

Aboriginal Surname 0.587 0.413

Chubut 0.272 0.728

Rı́o Negro 0.047 0.953

mY1: composed of a gene pool of Native American isolated

communities

mY2: composed of the Buenos Aires sample

Performed with Admix 2_0 software; Bootstrapped 1,000 times

Fig. 3 Median-joining network connecting Tehuelche (in grey) and

Mapuche (in black) haplotypes. Node size is proportional to the

frequency (frequency range from 1 to 4 individuals)
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HVRII. Shared haplotypes were observed in hgC and hgD

between the Argentinean and Chilean groups, and to a

lesser extent, between MA and PE in hgA and hgB.

In Fig. 5, a MDS plot of the Fst distances shows the

relationship between these groups. The Mapuche (MA)

group shows no significant differences regarding TE, MG

and PE, and shows significant distances with respect to HU

and YG. No significant differences were observed between

TE and HU (Mapuche from Chile). This result could

coincide with the process of Araucanization experienced

by the Tehuelches when trans-Andean Araucans arrived in

Argentina (a process of admixture between Araucanian

men and Tehuelche women).

In 67 samples of individuals that were classified

according to their surnames (AS group) 55 different hap-

lotypes were observed; 45 of which were unique. Molec-

ular indices obtained were: haplotype diversity 0.9918;

mean number of pairwise differences 13.22 ± 6.02 and

nucleotide diversity (average over loci) 0.012 ± 0.006.

Haplogroup distribution was hgA2 4.48 %, hgB2

28.36 %; hgC1 35.82 % (all belonging to the C1b subha-

plogroup); hgD1 26.86 % (all D1g) and 4.48 % denoted

non-specific Native Amerindian haplogroups (3/67, two of

hgU5a and one hgH). Significant differences (Fst) were

observed between AS when compared to TE and MA.

Discussion

A vast territory located south of the Colorado River in

Argentina and the Bio-Bio River in Chile was the land that

belonged to diverse Amerindian groups up to the end of the

nineteenth century. These communities were displaced by

military campaigns on both sides of the Andes.

At present, some isolated communities persist and

maintain their cultural traditions including their language,

the Mapudungun. This work provides additional informa-

tion about the genetic characteristics of two Patagonian

ethnic groups. Available information is scarce and frag-

mentary, especially concerning genetic attributes, although

the Mapuche were the first South American Amerindian

peoples to be investigated by means of mtDNA polymor-

phisms [43]. At present, new contributions are shedding

light on these Patagonian groups [41, 42].

The members of isolated communities showed Native

American mitochondrial lineages. A reduced number of

Mapuche individuals showed hgA2, which was absent in

the Tehuelche.

The analysis of the haplotypes showed interesting

attributes such as the insertion 291.1A observed in 80 %

(4/5) of hgA2 haplotypes. This frequent haplotype in the

Mapuche (64T, 73G, 146C, 153G, 235G, 263G, 291.1A,

315.1C, 523d, 524d, 16111T, 16223T, 16290T, 16319A,

16356C, 16362C) was observed and previously reported in

one sample from Rı́o Negro province [45]. Additional

information provided by autosomal STRs analysis allowed

detecting a possible first-degree relationship between two

of the hgA samples. These samples belong to two different

communities (LoncoVaca and Aguada Guzman, respec-

tively). Internal migrations between the communities could

Table 5 mt DNA haplogroups distribution

hgA (%) hgB (%) hgC (%) hgD (%) Non Amerindian hg (%) References

Mapuche (MA) 12.82 35.89 25.64 25.64 0 Present study

Tehuelche (TE) 0 21.43 28.57 50.0 0 Present study

Aboriginal Surname (AS) 4.48 28.36 35.82 26.86 4.48 Present study

Mapuche (MG) 15.38 38.46 20.51 25.64 0 [43]

Mapuche (HU) 0 7.1 44.1 48.7 0 [44]

Pehuenche (PE) 2.8 10.5 41.0 45.7 0 [44]

Yaghan (YG) 0 0 47.6 52.4 0 [44]

Fig. 4 Median-joining network for mtDNA haplotypes of South

American Natives. Areas of the circles are proportional to the number

of individuals. References are indicated in Table 1. Analysis was

restricted to HVRI and HVRII
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explain this observation. This situation reduces the

observed frequency of hgA2 from 12.82 to 10.25 %.

Haplogroup B2 also showed clear peculiarities such as

the combination of two point mutations, 470G and 499A,

in the hypervariable region III (HVRIII) that were observed

in 93 % of the Mapuche and 67 % of the Tehuelche;

additionally, in the Mapuche the variant 16249C was

observed in 43 % of the hgB2 but was absent in the Teh-

uelche. In hgC1, all Mapuche and Tehuelche individuals

exhibited the combination 493G, 523d, 524d within

HVRIII. Mutation 16241G was associated to hgD in 20 %

of Mapuche and 47 % in Tehuelche. These individuals also

exhibited the mutated positions 16301T and 16342C,

which could be assigned to haplogroup D4h3, according to

previous publications [41, 46]. One Mapuche sample

(belonging to hgD1g, see Supplementary Table 3) exhib-

ited a 6 bp deletion (106–111d). This motif described in

two Aymara individuals from northern Chile [36] associ-

ated with hgD, was also detected in Chibcha-speaking

groups from Costa Rica and Panama associated with hgA

(identified by Santos et al. [39], who coined the term

‘‘Huetar deletion motif’’). Kolman et al. [47] described the

same motif in Ngöbe Amerindians from Panamá, also

associated to hgA samples. More recently, Gaya-Vidal

et al. [48] found this deletion in one Quechua sample from

Bolivia, in association with hgA and Bobillo et al. [45]

found it in three hgD urban samples (two from Buenos

Aires and one from Corrientes province) in a population

study conducted in the Argentinean population. These

findings could indicate that the 6-bp deletion is not specific

to any Native American haplogroup but could have mul-

tiple origins, as proposed by Merriwether et al. [37].

A high proportion of Y-Native American chromosome

lineages (haplogroup Q1a3a1) were found in the Mapuche

sample (87.5 %). This result contrasts with those reported

by Blanco-Verea et al. [49], where the authors found that in

a sample of 76 individuals considered as Mapuche, only

29 % belonged to haplogroup Q1a3a1 while 71 % of them

denoted non-Amerindian Y-chromosomes. According to

the geographical information provided, the sample set

corresponds to an urban population (Esquel city, northwest

of Chubut province) and the results could reflect a higher

degree of admixture with the non-Amerindian population.

In our study, only two Mapuche individuals belonged to the

non-Native American Y-Haplogroup: one to R1b1b and the

other to Clade E (the first one was defined based on SNP

typing and the last one on the Haplogroup Predictor [50]).

In the Tehuelche group, haplogroup Q1a3a1 was present in

58.82 % of the samples. The samples with non-Native

American haplogroups belong to R1b, I and G2a haplo-

groups (the first two were defined based on SNPs typing

and the last one was inferred with the help of the Haplo-

group Predictor). Only two haplotypes were shared

between the two communities.

The analysis of the AS group allowed to detecting

higher gene diversity values from autosomal, Y-chromo-

some and mtDNA than those obtained in the MA or TE

groups. In the AS group, 95.52 and 59.70 % of the samples

belong to Native American mitochondrial or Y-chromo-

some specific lineages, respectively. Excluding the poly-

morphisms observed between positions 300–315 of

mtDNA-HVRII, seven mtDNA haplotypes were shared

between MA and AS and four between TE and AS. Five

Y-haplotypes were shared between AS and MA and two

haplotypes were common in the three groups. In addition,

the most frequent minimum haplotype in AS (13-13-31-23-

10-14-13-12,15) shows a frequency of 9 % and is related to

one of the most frequent haplotype in MA (13-13-31-23-9-

14-13-12,15) whose frequency is 12.5 %. Both haplotypes

differ by a single mutation step in locus DYS391. Previous

research in the general population of Argentina showed

that specific Native American haplogroup Q1a3a1 is

Fig. 5 MDS obtained from Fst

distances for mtDNA

haplotypes. References are

indicated in Table 1
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present in only 5 % of the samples [2], showing a clear

difference with the values observed in the AS group.

The admixture analysis carried out with autosomal and

Y-STRs showed a higher degree of admixture in those

individuals whose surnames contained Mapudungun

words, where the Native American ancestry is approxi-

mately 57 %, while in the urban population from Chubut,

Rı́o Negro or Buenos Aires provinces this component tends

to decrease, as previously reported [2, 3]. In the MDS

representation of autosomal and Y-chromosome results, the

AS group is located in between Chubut and Rı́o Negro

populations and the aboriginal population, in concordance

with admixture analysis results.

In conclusion, this work allowed us to characterize two

Argentinean Patagonian ethnicities by means of genetic

markers used in forensic identifications. The results obtained

were compared with a random group selected on the basis of

their surnames as cultural proxy indicator, provided they

included Mapudungun words. Admixture analysis carried

out by means of Y-STRs as well as autosomal STRs allowed

us to establish a correlation between genetic information

with linguistic ones. Nevertheless, further analysis including

ancestral informative markers would be necessary to pre-

cisely determine the degree of admixture attained. The data

obtained constitute a novel population genetics information

that could provide in the future to draw the final genetic

figure of the Native American groups of Argentina.
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canales magallánicos. Revista del Museo de La Plata, Buenos

Aires

14. Escalada F (1949) El complejo tehuelche. Estudios de etnografı́a

patagónica. Instituto Superior de Estudios Patagónicos Press,

Buenos Aires

15. Casamiquela R (1965) Rectificaciones y ratificaciones hacia una

interpretación definitiva del panorama etnológico de la Patagonia
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