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Mitochondrial control region (16024-576) sequences were generated from 180 individuals of four
population nuclei from the province of Jujuy (NW Argentina), located at different altitudes above sea
level. The frequency at which a randomly selected mtDNA profile would be expected to occur in the
general population (random match probability) was estimated at 0.011, indicating a relatively high
diversity. Analysis of the haplogroup distribution revealed that Native American lineages A2 (13.9%), B
(56.7%), C1 (17.8%), D1 (8.9%) and D4h3a (1.1%) accounted for more than 98% of the total mtDNA
haplogroup diversity in the sample examined. We detected a certain degree of genetic heterogeneity
between two subpopulations located at different points along the altitudinal gradient (Valles and Puna),
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Jujiy suggesting that altitude above sea level cannot be ruled out as a factor promoting divergences in mtDNA
EMPOP haplogroup frequencies, since altitude is closely associated with human living conditions, and

consequently, with low demographic sizes and the occurrence of genetic drift processes in human
communities. In all, mitochondrial DNA database obtained for Jujuy province strongly points to the need
for creating local mtDNA databases, to avoid bias in forensic estimations caused by genetic

substructuring of the populations.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Population

The entire control region of the mitochondrial DNA (mtDNA)
remains virtually unexplored in many human populations from
South America. This obviously hinders the construction of high-
quality mtDNA databases, which in turn amplifies the limitations
inherent to this molecular marker for forensic applications. The
lacking of extensive mtDNA databases might be especially
problematic in large countries such as Argentina, characterized by
the presence of many different human groups with disparate levels
of genetic diversity. A recent study on the mtDNA diversity in
Argentina revealed that the country harbors a comprehensive
admixture of worldwide mtDNA lineages [1]. Some of these lineages
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show regional specificity, thus conditioning the construction of a
nationwide mtDNA database for forensic and anthropological
purposes. In this regard, Catelli et al. [2] demonstrated the existence
of a clear-cut genetic substructuring in Argentina and the need for
in-depth analyses of the different regions of the country to gradually
disentangle its stratification. Here we present the first database of
the complete mtDNA control region in a sample from the province of
Jujuy (northwestern Argentina). Jujuy is characterized by remark-
able differences in altitude along the different geographic regions of
the province (see Fig. 1), all of them well differentiated by their
typical environmental conditions: Selva or Yungas, located between
500 and 1200 m above sea level (m.a.s.l.), Valles (~1200 m.a.s.l.),
which include the capital city of the province (San Salvador de Jujuy),
Quebrada de Humahuaca (2000-3500 m.a.s.l.), and Puna (>3500
m.a.s.l.). Because of historico-geographical reasons, Native American
individuals are proportionally more numerous in the highest regions
of Jujuy, where even at present the Amerindian genetic component is
highly predominant [3]. Furthermore, the region of Jujuy has been
traditionally characterized by markedly low population densities
over time notably in those areas of more difficult access (highlands),
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Fig. 1. Map showing the location of the province of Jujuy in northwestern Argentina.
The subdivision of Jujuy in different regions (Selva, Valles, Quebrada and Puna) is
also displayed.

which might have promoted genetic drift events, and therefore,
genetic microdifferentiation processes between the diverse popula-
tion nuclei of the zone.

2. Subjects, materials and methods

Peripheral blood was taken from 180 healthy and maternally
unrelated individuals from the province of Jujuy (northwestern
Argentina). Autochthony was verified by biographical information
traced back at least three generations (mainly birthplaces of the
donor’s parents and grandparents). The total sample was divided
into four different subgroups according to the sampling region: 59
from San Salvador de Jujuy (Valles), 41 from Selva, 41 from
Quebrada de Humahuaca, and 39 from Puna. Samples from Valles
and Selva were collected in urban and semi-urban areas. In these
communities, admixture rates (~23%) of the Native American
genetic background estimated from autosomal markers (polymor-
phic Alu insertions) indicated a major contribution of European
ancestry populations, and a much more weak African component
(Valle: 6.5%). Sampling locations in Quebrada de Humahuaca were
rural communities with admixture rates between 8 and 13%, but in
this case with a predominantly African contribution. Puna donors
lived in rural, isolated localities with virtually no signals of gene
flow in autosomal Alu elements [4]. All donors gave their informed
consent prior to inclusion in the sample. DNA extraction was
performed using the standard phenol:chloroform procedure [5].
DNA was quantified with the Quant-iT PicoGreen dsDNA Assay Kit
(Invitrogen, Carlsbad, CA) in a DTX880 Multimode Detector
(Beckman Coulter, Fullerton, CA). Full mitochondrial control
region (CR) was amplified, sequenced and interpreted as reported
in Cardoso et al. [6] using rCRS as reference sequence, instead of the
recently released RSRS, as proposed by Salas et al. [7] for forensic
DNA studies and casework.

3. Analysis of data

Diversity parameters and haplotype frequencies were calculat-
ed using the Arlequin Software v3.5 [8]. The probability of two
randomly selected individuals from a population having identical
mtDNA types was calculated as p=2>X7 The length polymor-
phisms of the poly-C stretches at HVS-I, HVS-II and HVS-III were
disregarded in the analyses.

The mtDNA haplogroup assignment was performed according
to the mtDNA tree Build 15 of the Phylotree [9]. Statistical
differences in haplogroup distribution among subpopulations

were calculated using PAST software [10]. The conservative
Bonferroni correction for multiple testing was used when
necessary [11].

All the sequences have been deposited into EMPOP [12] under
accession number EMP00512. Likewise, sequences are available
online at GenBank under accession numbers JQ736825-]Q737004.

4. Results and discussion

Summary statistics are shown in Table 1, whereas haplotypes are
listed in Supplementary Table S1. A total of 188 polymorphic sites
were identified, which defined 127 haplotypes. Of them, 96 were
unique. This sequence variability rendered a high gene diversity
value (0.9945 + 0.0014) considering the entire control region. This
figure is clearly higher than the diversity values estimated in other
South American populations where the Native American maternal
component is prevalent, such as Kichwa (0.8029 + 0.0373) from
Ecuador [13] and Mapuche (0.9725 + 0.0107) from Argentina (calcu-
lated from de Saint Pierre et al. [14]). Interestingly, the sequence
variability observed in Jujuy was comparable to the high values
obtained for other South American populations with a long history of
admixture, such as Santa Catarina in Brazil (0.9930) [15] or North
Central Venezuela (0.9939) [16]. The great diversity of the maternal
lineages was also reflected in the probability of a random match (RMP),
with a value of 0.011.

Disregarding length variations in the poli-C stretches, the most
frequent haplotypes in Jujuy, with 5 occurrences (2.8%) each, were
(i) 263G-315.1C-499A-16183C-16188T-16189C-16217C-16519C,
(ii) 73G-146C-249DEL-263G-290DEL-291DEL-315.1C-489C-
493G-523DEL-524DEL-16223T-16298C-16325C-16327T-16519C,
(iii) 63C-64T-66A-73G-185A-263G-315.1C-499A-16183C-
16188T-16189C-16217C-16519C, and (iv) 46G-59A-61T-62T-
73G-195C-249DEL-263G-290DEL-291DEL-315.1C-489C-493G-
523DEL-524DEL-16092C-16223T-16249C-16298C-16325C-
16327T-16400T-16463G-16519C. Haplotypes (i), (ii) and (iii) were
identified in different Jujuy subregions; however, the distribution
of haplotype (iv) was exclusively restricted to Puna, suggesting
genetic drift effects in the area most likely promoted by prolonged
population isolation, and accordingly, a traditional small
community size.

Phylogeographic comparisons of the haplotypes identified in
our study with those of other South American groups were
hindered by the lack of high quality, complete control region
sequences of relevant populations. Notwithstanding these limita-
tions, we used a clade-defining approach to search for (near)-
matches in an in-house database of published sequences of Native
American origin derived from both indigenous and admixed South
American populations.

Overall, most of the (near)-matches available for Jujuy
samples pointed to a shared biological (maternal) history of
southern Central Andean populations (Supplementary Table S2).
The most frequent clade in Jujuy (N = 28) was the B2 haplotype
carrying 16188T. Even though this clade has been previously
described in different South American populations, the more

Table 1

Summary statistics for 180 control region (16024-576) sequences in a sample from
Jujuy province (NW Argentina). Insertions at nucleotide positions 16193, 309, and
573 were ignored for all calculations.

Population statistics Jujuy (N=180)
Random match probability (sum of squares) 0.011
Haplotypes 127 (31 shared)
Polymorphic positions 188

Mean pairwise differences 14.7932 +6.6503
Genetic diversity 0.9945 +0.0014
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Table 2
Mitochondrial DNA haplogroup distribution in four subpopulations from Jujuy province (NW Argentina). Relative frequencies (as percentages) in parentheses.
N Haplogroup and frequency P value®
A B C D L T Puna Quebrada Valles
Puna 39 8 (20.5) 17 (43.6) 8 (20.5) 6(15.4) - -
Quebrada 41 7(17.1) 25 (61.0) 7 (17.1) 2 (4.8) - - 0.3739 -
Valles 59 3(5.1) 39 (66.1) 9 (15.3) 5(8.5) 2(34) 1(1.7) 0.0396 0.4096 -
Selva 41 7(17.1) 21 (51.2) 8(19.5) 5(12.2) - - 0.9147 0.7907 0.3025

¢ Significance values of likelihood ratio tests (G-tests) to compare haplogroup frequencies between subpopulations. Significance p value 0.0125 after Bonferroni correction.

relevant frequencies appear in the southern Central Andes,
peaking at 22-29% in North Chile, Bolivia and Peru [14,17,18].

Matches with haplotypes derived from some aDNA studies
were also observed. In this regard, five ancient individuals from
Nasca-Paracas in coastal southern Peru [19] showed a common
pronounced motif with three mtDNA sequences from Puna.

Some lineages, such as those attributable to D1j and B2i2b show
affinities with Central-Western Argentina and Patagonia most
likely determined by gene flow processes. On the other hand,
available mtDNA data clearly indicated the seclusion of two
clusters in Jujuy region. One of them was a C1b clade, the second
most frequent in our sample and signposted by the co-occurrence
of 16092C-16400T, a combination with high incidence in Puna and,
to the best of our knowledge, not yet reported. The other is a B2
clade with the motif 16145A-16156A-16157C present in five
individuals, four of them from Quebrada.

As for haplogroup composition, the population from Jujuy
showed a distribution almost entirely composed of Native
American lineages (98.3%). Only three non-American haplogroups
were observed: two African paragroup L sequences and a T2c
lineage of European ancestry. These three exotic lineages were
identified in Valles, the region of Jujuy showing the highest level of
genetic admixture according to previous studies based on Y-
chromosome markers [20] or on polymorphic Alu insertions [4].
These findings suggest that, despite the population admixture
processes occurred in Jujuy since the 16th century between the
indigenous population, the European settlers and the African
slaves, there is a high predominance of the ancestral Native
American substrate in the maternal lineages, probably mirroring
the strong sexual bias of the immigrants settled in this sub-Andean
zone from Argentina during colonial times. Asymmetry in the
ancestry composition of maternal and paternal lineages has been
reported in previous genetic studies carried out in other Ibero-
American human groups from Brazil [21,22] and from other
ancient Spanish colonies [23-25]. In Jujuy, as expected, the weak
effect of the gene flow was detectable only in samples from the
lowest geographic regions, since immigrants concentrated mainly
in these zones [26].

With regard to the Native American lineages, we identified
haplogroups A2 (13.9%), B4b (56.7%), C1 (17.8%), D1 (8.9%) and
D4h3a (1.1%) in the study population. The prevalence of
haplogroup B is commonplace among indigenous human groups
from Central Andean South America, as corroborated by findings in
other Amerindian populations such as Aymara (81%) and Quechua
(61%) from Bolivia [27], Atacama (72%) from Chile [28], individuals
from the Department of Ancash (52%), Peru [29], or Peruvian
Amerindians from the Lake Titicaca basin (69%) [17], among others.
Results of a likelihood-ratio test (G-test) indicated no statistically
significant differences between the haplogroup distribution of the
four Jujuy subpopulations considered (Table 2), at least at the
macrohaplogroup level (A, B, C and D). Nevertheless, such results
were indicative of a certain degree of genetic heterogeneity
between two subpopulations sited at different points of the
altitude range (Valles and Puna). As can be noted, the comparison

between the haplogroup frequencies of these two subgroups
rendered a significance value (P=0.0396) very close to the
threshold value obtained after applying the Bonferroni correction
for multiple testing (0.0125), thus suggesting that differences in
altitude cannot be ruled out as a potential factor in determining
divergences in mtDNA haplogroup frequencies. In all probability,
statistically significant differences in haplogroup distribution
among Jujuy subpopulations might also be detected at a more
refined level of the mtDNA phylogeny (subhaplogroups), or
perhaps by increasing the sample size of the communities
examined.

The existence of genetic heterogeneity even at a microgeo-
graphic scale strongly supports the creation of local databases such
as the one presented herein, to avoid underestimation or
overestimation of a given haplotype in routine forensic casework.
These local databases can also be helpful in biomedical investiga-
tions, including case-control studies.

The findings of our study together with the information on
mtDNA reported so far for Argentina both substantiate the notion
that, in countries with quite isolated populations distributed over
large territories, the creation of local mtDNA databases is essential.

5. Quality control

All data generated in this study are in compliance with ISFG and
EDNAP guidelines for mitochondrial DNA analysis [30,31]. This
publication follows ISFG guidelines for the publication of popula-
tion genetic data [32].
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