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Abstract: Similar to other South American regions, Tierra del Fuego has an admixed population
characterized by distinct ancestors: Native Americans who first occupied the continent, European
settlers who arrived from the late 15th century onwards, and Sub-Saharan Africans who were brought
to the Americas for slave labor. To disclose the paternal lineages in the current population from
Tierra del Fuego, 196 unrelated males were genotyped for 23 Y-STRs and 52 Y-SNPs. Haplotype
and haplogroup diversities were high, indicating the absence of strong founder or drift events.
A high frequency of Eurasian haplogroups was detected (94.4%), followed by Native American
(5.1%) and African (0.5%) ones. The haplogroup R was the most abundant (48.5%), with the sub-
haplogroup R-S116* taking up a quarter of the total dataset. Comparative analyses with other
Latin American populations showed similarities with other admixed populations from Argentina.
Regarding Eurasian populations, Tierra del Fuego presented similarities with Italian and Iberian
populations. In an in-depth analysis of the haplogroup R-M269 and its subtypes, Tierra del Fuego
displayed a close proximity to the Iberian Peninsula. The results from this study are in line with the
historical records and reflect the severe demographic change led mainly by male newcomers with
paternal European origin.

Keywords: Y chromosome; Y-STRs; Y-SNPs; Argentina; South America; admixed population

1. Introduction

Tierra del Fuego is a Patagonian archipelago located in the southernmost part of the
American continent. It is formed by a main island (Isla Grande of Tierra del Fuego) and a
group of smaller islands shared by Argentina and Chile (Supplementary Figure S1).

Archaeological evidence places the arrival of Native Americans in the archipelago
between 12,770 and 12,400 YBP [1]. The crossing of the first settlers from mainland to Tierra
del Fuego and the gradual dispersal process would have favored the differentiation of this
former population into different ethnic groups known as Selk’nam, Yagán, Kawésqar, and
Haush [2–4].
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Upon the European arrival in the Strait of Magellan in 1520, numerous contacts were
forged with the Fuegian natives, but the earliest establishment of European settlers in
Tierra del Fuego only occurred in 1869 when an Anglican mission was stationed in the
present-day city of Ushuaia. After the border treaty between Argentina and Chile was
signed, in 1881, the Argentine state handed over enormous extensions of land, and several
new settlers moved into Tierra del Fuego, engaging mainly in sheep farming and gold
mining [5]. This colonizing period was characterized by extreme violence towards the
indigenous populations, where clashes between the natives and the newcomers, manhunts,
and exogenous diseases exterminated most of the natives [4].

Some of these newcomers were immigrants, mainly from Europe, who moved overseas
during the late 19th and early 20th centuries. Throughout this period, Argentina was the
South American country that welcomed the largest number of immigrants who inherently
impacted the Argentine demography. The bulk of these immigrants who settled in the
country were from Italy and Spain, and to a lesser extent from other regions such as France,
Germany, Russia, Croatia, the British Isles, and the Ottoman Empire [6].

Until the 1970s, the main migratory flows to Argentine Tierra del Fuego stemmed from
Chile, probably due to its geographical proximity and labor shortage in the archipelago.
To reverse this situation, Argentina launched a financial promotion regime to encourage
Argentine citizens to move to the extreme south. As a result, thousands of migrants, mainly
from central Argentina, settled in the archipelago between 1980 and 2010, leading to an
increase in Tierra del Fuego population from 27,463 to 127,205 [7,8]. In the last Argentine
census, in 2010, the proportion of internal migrants represented 61.6%, the vast majority
coming from the Patagonian and central regions. The proportion of immigrants moving to
Tierra del Fuego represented only 8.6%, arriving primarily from Chile, and to a lesser extent
from Bolivia and Paraguay. In the last decades, Asian and African immigration in Tierra
del Fuego has been scarce and European immigration does not stand out as it formerly
did [9].

Previous studies on the genetic composition of urban populations show a heterogeneity
in the migratory flows in the different regions of Argentina. Regarding mtDNA, Native
American lineages reach the highest frequencies in the northern provinces [10–13], whereas
typical European lineages were mainly reported in the central provinces [14,15]. Studies on
Y-chromosomal markers evidence the overwhelming prevalence of Eurasian lineages in
Argentina, except for the northwestern provinces, where the proportion of Native American
paternal lineages is relatively high (27.8–49%) [15–18].

Argentine Patagonia follows the same trend. Studies in central Patagonia reported
a conspicuous predominance of Native American maternal lineages in different popula-
tions [19–24]. In contrast, analyses on Y-chromosomal STRs (Y-STRs) and SNPs (Y-SNPs) in
central Patagonia show a prevalence of Eurasian paternal lineages, which is even higher in
the coastal towns of Puerto Madryn, Trelew, and Comodoro Rivadavia than in the Andean
populations of Esquel and San Carlos de Bariloche (Supplementary Figure S1) [24,25].

To evaluate the impact of migratory flows and the admixture processes, we investi-
gated the origin of the paternal lineages present in the current population from Tierra del
Fuego, through the analysis of Y-STRs and Y-SNPs. The results were interpreted consid-
ering the genealogical, historical, and demographic information available, to understand
the impacts of the influx from other regions of Argentina, South America, Europe, and the
Middle East, to the archipelago that was once exclusively inhabited by Native Americans.
Furthermore, due to the large-scale Eurasian immigration to Argentina, the R-M269 lin-
eages were analyzed in finer detail to estimate contributions from different European and
Middle Eastern regions to the Tierra del Fuego paternal genetic background.

2. Materials and Methods
2.1. Sampling

A total of 196 samples were collected from unrelated males living in the cities of Río
Grande and Ushuaia, Tierra del Fuego province, Argentina (Supplementary Figure S1).
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The samples were obtained by mouth swabs and venipuncture, from blood donors who
spontaneously attended hemotherapy services of public and private hospitals in both cities.
DNA was extracted using a standard phenol–chloroform method.

Participants were informed of the scopes of the study and filled out a questionnaire to
obtain information about their birthplace and from the three preceding generations (parents,
grandparents, and great-grandparents), accompanied by a written informed consent. A
summary of the information collected is available in the Supplementary Information.

The project and sample collection were approved by the Ethics Committee of the In-
vestigações Biomédicas (IMBICE) under resolution number RENISCE000023 Resol/120618
and by the Teaching and Research Committees of the Regional Hospital of Río Grande and
the Regional Hospital of Ushuaia.

2.2. Y Chromosome STR Typing

The samples were genotyped for 23 Y-STR loci using the PowerPlex® Y23 System
(Promega Corporation, Madison, WI, USA). Amplification was performed according to the
manufacturer’s recommended protocol, and PCR products were separated and detected on
an ABI3500 Genetic Analyzer (Applied Biosystems, Carlsbad, CA, USA). Genotyping was
performed using the GeneMapper™ Software v5.0 (Applied Biosystems), and alleles were
assigned based on the allelic ladder provided with the kit.

2.3. Y Chromosome SNP Typing

A total of 52 Y-SNPs were selected to discriminate the most frequent Eurasian, Native
American, and Sub-Saharan African haplogroups (Supplementary Figure S2). These Y-SNPs
were assigned hierarchically over seven PCR/SNaPshot multiplexes and one singleplex (for
V88 marker). To select the most appropriate multiplex for each sample, haplogroups were
predicted based on the Y-STR haplotype data using NEVGEN (https://www.nevgen.org/,
accessed on 30 October 2020).

The multiplexes were carried out through PCR and single-base extension (SBE) reac-
tion using the SNaPshot™ Multiplex kit (Applied Biosystems), as previously described by
Brion et al. [26] (Mx 1 and Mx 2), Gomes et al. [27] (Mx E2), Campos [28] (Mx E1), Resque
et al. [29] (Mx R1 and Mx R2), and Aragão [30] (Mx Q). Details about the multiplexes are
available in Supplementary Tables S1 and S2.

The SNaPshot products were submitted to capillary electrophoresis on an ABI 3500
Genetic Analyzer (Applied Biosystems) and the results were analyzed using the GeneMap-
per™ Software v5.0 (Applied Biosystems).

The V88 was genotyped via Sanger sequencing method using the BigDye™ Ter-
minator v3.1 Cycle Sequencing Kit (Applied Biosystems), as previously described in
González et al. [31]. The products were run on an ABI 3500 Genetic Analyzer (Applied
Biosystems) and analyzed using the Sequencing Analysis Software v6.0 (Applied Biosystems).

2.4. Data Analyses

Haplogroup frequencies were calculated by direct counting. Genetic diversities
and pairwise RST and FST genetic distances between samples from Tierra del Fuego and
other Latin American, African, and Eurasian populations were performed using the Ar-
lequin 3.5.2.2 software [32]. Pairwise genetic distances were represented in a multidi-
mensional scaling (MDS) plot using the software STATISTICA 10.0.0.15 (TIBCO Software
Inc., Palo Alto, CA, USA). This software was also used to perform principal component
analysis (PCA), to determine the contribution of each haplogroup to the separation of the
populations under analysis.

Networks were constructed using the Network 10.0 software (Fluxos Technology
Ltd., Colchester, UK). The reduced median [33] and the median-joining [34] methods were
applied sequentially to resolve extensive reticulation. Differential microsatellite weighting
inversely proportional to their variance was used to obtain the most parsimonious network
in accordance with Qamar et al. [35].

https://www.nevgen.org/
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The Eurasian contribution in Tierra del Fuego was estimated for R-M269 and its sub-
haplogroups using the ADMIX 2.0 software [36]. This software calculates the admixture
coefficient expressed by Bertorelle and Excoffier [37] based on the molecular information
of a given number of parental populations. The coefficients of admixture were calculated
considering distances between haplogroups, estimated as the number of differences, and
a mutation rate of 8.71 × 10−10 [38]. All the runs were performed fitting 1000 random
bootstrap samples. The admixture coefficients obtained by the program were translated
into percentage values.

3. Results and Discussion
3.1. Tierra Del Fuego Genetic Diversity

A total of 193 different haplotypes were identified in the 196 samples analyzed
(Supplementary Table S3). Out of these haplotypes, 190 are singletons and 3 are shared
by 2 individuals. Samples with shared haplotypes belong to the same haplogroup (two
pairs are from haplogroup R-S116* and one pair from haplogroup J-M172). Regarding
Y-SNP data, 24 different haplogroups were identified (Figure 1). For both Y-STR haplotype
and Y-SNP haplogroup data, high levels of diversity were obtained when compared to
other Latin American admixed populations [29,39–46] denoting the absence of important
founder or drift events on the Tierra del Fuego population (Supplementary Table S4).
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Figure 1. Y-chromosomal haplogroups identified in Tierra del Fuego and their absolute and relative
frequencies in our sample.

3.2. Tierra Del Fuego Haplogroups

Haplogroups inside the clade R are the most widely represented in the Tierra del
Fuego, accounting for nearly half of the dataset. The remaining haplogroups belong to
clades J, E, I, G, Q, and T, and to the paragroup KL.

The most likely continental provenance of each of these haplogroups was traced to
Eurasia, Native America, and Africa, based on the distribution of the Y-chromosomal
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haplogroups across different populations and considering the history of Tierra del Fuego
as well as Argentina.

While some haplogroups in our sample are common on a single continent, others have
a wider distribution, being present in both Eurasia and Africa. According to the history of
Tierra del Fuego, the Eurasian component is thought to have been contributed by Spanish
colonizers and immigrants with European and Middle Eastern ancestry. The African
component is likely the result of the transatlantic slave trade that brought a significant
number of enslaved people from West and Central Africa and, to a lesser extent, from
Mozambique, to the ports of Buenos Aires [47,48].

The haplogroups whose geographic distribution is in both Eurasia and Africa are as
follows: E-M35*, E-M78, E-M81, E-M123, J-12f2a*, J-M172, R-V88, T-M70, and KL-M9*.
However, some of these haplogroups on the African continent are constrained to North
and East Africa. A gene influx coming directly from those regions is rather unlikely and,
consequently, haplogroups E-M78, E-M81, E-M123, J-12f2a*, J-M172, T-M70, and KL-M9*
were regarded as being brought to South America by Eurasians.

For haplogroups E-M35* and R-V88, which are present in African regions involved in the
slave trade, networks were set up using haplotypes from African and Eurasian populations.

Although at low frequencies [49–51], the haplogroup E-M35* has been commonly re-
ported in West and Central Africa [52–54]. Outside Africa, E-M35* is found at low frequen-
cies in the European continent, being confined to Southern Europe [49,51,55,56]. In a network
built with both African and European reference samples (Supplementary Figure S3) [52–58],
despite not sharing haplotype with any other sample, the E-M35* sample from Tierra del
Fuego is closer to the Eurasian than to the African haplotypes, suggesting a Eurasian source
for this chromosome. Genealogical data also support a Eurasian provenance since this
individual’s great-grandfather was from Austria (see Supplementary Table S3).

Haplogroup R-V88, found in two individuals from Tierra del Fuego, is chiefly reported
in Africa, more precisely in the Sahel region [59–62]. Despite being rare in Europe, R-V88
was once diffused across the southern regions of the continent [63] but was gradually re-
placed by other haplogroups coming from Asia [61]. Nowadays, haplogroup R-V88 is still
often reported on Sardinia (Italy) and Corsica (France) islands, virtually the last places in
Europe preserving this lineage [60,64–66]. In a network assembled using African and Euro-
pean haplotypes, one of the two R-V88 chromosomes presents a similar haplotype to Euro-
pean samples (Supplementary Figure S4) [31,52–54,56,59,67,68]. The other R-V88 haplotype
shows no clear similarities to the European and African haplotypes. Therefore, we could
not pinpoint its continental provenance based on the network. Nevertheless, looking at the
genealogical data retrieved from the donor, a European provenance seems more likely than
an African one, since his great-grandfather was Italian (Supplementary Table S3). Thus,
both R-V88 chromosomes were considered to have been carried to Argentina from Eurasia.

3.3. Tierra Del Fuego Continental Ancestry

The Eurasian lineages found in the Fuegian pool are included into the clades E (except
for one sample belonging to haplogroup E-U290), G, I, J, K, T, and R (Figure 1). These
lineages would have been brought in an early stage by Spanish colonizers during the
colonial period, and, from the late 19th century on, by European, Middle Eastern, and Latin
American immigrants.

Only two Native American haplogroups were reported in the present study, Q-M3*
(xM19, Z19319, Z19483, M557, SA05) and Q-Z19483, both present at low frequency (3.06%
and 2.04%, respectively). The Q-M3* is the founder of most lineages in the Americas that fall
under the haplogroup Q. Its presence can be detected all over the double-continent [69–72].
Meanwhile, haplogroup Q-Z19483 is mostly distributed across the Central Andes, being
likely associated with a male expansion through the mountain range that possibly took
place during the Inca period [73,74].
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It is worth noting that 8 of the 10 chromosomes carrying native haplogroups (those
for which information about ancestors is available; see Supplementary Table S3) do not
originate from Tierra del Fuego but instead came from Bolivia or other regions of Argentina.

The Q-M3* haplotypes found in Tierra del Fuego are similar to the ones found in
Native Americans from northern Argentina and Patagonia (Supplementary Figure S5) [75–77].
Meanwhile, the Q-Z19483 haplotype clusters with those from Bolivian and Peruvian natives.
Therefore, it is likely that this haplogroup was brought to the archipelago chiefly by Bolivian
and Peruvian immigrants.

The African component of the Tierra del Fuego sample only consists of one chro-
mosome belonging to haplogroup E-U209. This typical Sub-Saharan African lineage is
found in large proportions in West and Central Africa [53,78,79] and at lower frequencies
in Southern Africa [78]. Outside the African continent, E-U290 is commonly found in
Afro-American populations [80,81]. According to the genealogical information available
(see Supplementary Table S3), the African Y chromosome found in our sample was brought
to Tierra del Fuego by an immigrant from Paraguay.

According to haplogroups’ continental allocation, Tierra del Fuego presents a major
Eurasian male contribution in its gene pool. Meanwhile, typical Native American and
African haplogroups correspond to only a minor fraction (Figure 1). This continental
ancestry pattern is identical to those previously described for Argentina, especially central
and northeastern regions (Figure 2). Northwestern Argentina and northern and central
Patagonia, on the other hand, show noticeably different values due to a higher incidence of
Native American lineages [14,15,24].

Although Eurasian ancestry prevails in most admixed populations from Latin Amer-
ica [13,14,29,39,45,82–93], the studied sample of the current population of Tierra del Fuego
is among those reported with the highest proportions (Figure 2).

The prevalence of Eurasian male lineages in Patagonia and other Latin America
admixed populations is related to a sex-biased admixture. Throughout the Spanish colonial
period, in addition to a predominance of Spanish men arriving to the Americas, mating
between European males and Native American females was higher than between Native
American males and European females [14,16,88,94].

Therefore, the analysis of mtDNA in the studied sample from Tierra del Fuego is
expected to reveal a lower maternal than paternal Eurasian contribution. In fact, when
we analyzed the genealogical data of our sample, we observed a lower proportion of
matrilineal grandmothers coming from Eurasia than patrilineal grandfathers. While 76% of
the individuals included in our sample report having a paternal great-grandfather who
migrated from countries outside of America (Supplementary Information), this percentage
drops to 46% in relation to maternal grandmothers.

This phenomenon led to a reduced number of Native American male lineages in Latin
American admixed populations, as observed in Tierra del Fuego. The unfriendly arrival of
new settlers to the archipelago, which led to a drastic decline of the native population, may
also have contributed to the small number of native paternal lineages present in the dataset.
The low frequency of native paternal lineages present in the dataset also stems from a
resettling, in the 1970s, caused by labor and economic incentives from the Argentinian
government. This prompted an extensive migratory flow mainly from central Argentina,
where the frequency of Eurasian paternal lineages is remarkably high (Figure 2), to the
extreme south of the country [5,7,8].

As abovementioned, during the colonial period, Argentina received a considerable
influx of enslaved Africans. The impact of this African influx was so high that according to
the 1836 census, 26% of the residents of Buenos Aires were of African descent [95]. However,
in studies on Y-chromosomal lineages from Argentine modern population, the African
lineages are constantly underrepresented (Figure 2). The causes behind this decline have
historically been attributed to yellow fever, high infant mortality, wars, and migrations to
Uruguay [96]. Currently, it is thought that a biased mating between African woman and
European-descent men was the main cause for this Afro-Argentine population drop [96].
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3.4. Comparisons with Latin American Populations

Pairwise FST genetic distances using Y-SNPs and pairwise RST genetic distances based
on 21 Y-STRs (all loci from PowerPlex® Y23 kit except DYS385a/b) were calculated between
our dataset and other admixed Latin American populations (see Supplementary Tables S5–S7),
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in order to evaluate similarities of those populations with Tierra del Fuego. Reference
populations (Native Americans from Bolivia and Argentina, Yoruba people from Nigeria,
Equatoguineans, and Spanish) were added to the analyses.

Tierra del Fuego only presents nonstatistically significant RST values (p > 0.05) with
Argentina (Supplementary Tables S5). For pairwise FST genetic distances, Tierra del Fuego
also exhibits nonstatistically significant values with northern Brazil, central–west Brazil,
southeastern Brazil, southern Brazil, and Nicaragua (Supplementary Table S6). In the
MDS analysis, Tierra del Fuego plots closer to Argentina than central Patagonia. As dis-
cussed earlier, the continental origin of the lineages sampled in Tierra del Fuego presents
higher similarities to the overall Argentinian population than other regions of Patago-
nia. In comparison with Tierra del Fuego, central Patagonia plots farther away from the
reference Eurasian population (Spain) and closer to the reference Native American popula-
tion (Bolivia_NativeAmerican), indicating a higher Native American input in the central
Patagonian than in the Tierra del Fuego population.

For both MDS plots (Figures 3 and 4) generated from the pairwise genetic distances
calculations, most of the admixed populations, including Tierra del Fuego, tend to clus-
ter together and plot near to the Spanish population, evidencing a higher proportion of
Eurasian male lineages than Native American and African ones. Furthermore, the male
lineages from the admixed Bolivian, Peruvian, and Mexican populations seem to be less
affected by the Eurasian gene flow to the Americas, as already addressed in other stud-
ies [15,40,97,98], having shorter genetic distances to the native population compared to the
other admixed populations under analysis.
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ican populations [42,43,45,97], based on 21 Y-STRs (stress = 0.0109). Tierra del Fuego is plotted
in orange and the other admixed populations of Latin America are depicted in green. The Euro-
pean [43,99], Native American [43], and African [43] populations are shown in blue, yellow, and
red, respectively.

The genealogical data collected evidence that the sample from Tierra del Fuego has
a wide variety of geographic origins within Argentina. Of the 185 individuals born in
Argentina, 110 reported central Argentine provinces as their birthplace, 49 in southern
Argentina/Patagonia (of these, 43 were born in Tierra del Fuego), and 26 in northern
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Argentina (see Figure S2, in Supplementary Information). Furthermore, based on pater-
nal geographical origin, only 4 individuals have their origin in Patagonia, compared to
67 claiming their paternal origin in central Argentina and 20 in northern Argentina. This
illustrates the reason why the modern population from Tierra del Fuego deviates from
other Patagonian populations standing close to the overall Argentinian population.
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Figure 4. MDS plot based on FST genetic distances between Tierra del Fuego and other Latin American
populations [14,29,40,41,45], based on 14 haplogroups (A-M13, A4-SRY10831.1*(xM168), C-M130,
E-M96*(xM35), E-M35, F-M213*(xM201, M170, 12f2a, M9), G-M201, I-M170, J-12f2a, KLNT-M9,
Q-M242*(xM3), Q-M3, R-M207*(xM343), and R-M343) (stress = 0.0019). Tierra del Fuego is plotted in
orange (not visible due to the clustering). The admixed populations of Latin America are depicted in
green. The European [55], Native American [100], and African [31] populations are shown in blue,
yellow, and red, respectively.

Tierra del Fuego shares connections with the rest of Latin America, and some of the
lineages in our dataset trace back to other Latin American countries. Out of the 196 sample
donors, 21 indicated a Latin American origin, accounting for 10.7%, of which slightly
more than half were from Chile (n = 11; 5.6%), followed by Bolivia (n = 4; 2.0%) and
Paraguay (n = 3; 1.5%). Most of these lineages originating elsewhere in Latin America
present a Eurasian origin. As addressed in the introduction, these three countries bordering
Argentina were the main ones from where the immigrants in Tierra del Fuego had moved
in the recent decades.

3.5. Comparisons with Eurasian Populations

As per the historical records from Tierra del Fuego and Argentina, the lineages within
the Eurasian component of our dataset are likely to be predominantly from Europe and, to
a lesser extent, from the Middle East. Hence, for the analyses that are discussed hereafter,
several European and Middle Eastern populations were included. All the non-Eurasian
lineages making up our dataset were not considered for the forthcoming analyses.

Pairwise FST genetic distances using Y-SNPs and pairwise RST genetic distances based
on 21 Y-STRs (all loci from PowerPlex® Y23 kit except DYS385a/b) were calculated between
Tierra del Fuego and the Eurasian populations (Supplementary Tables S8–S10).
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The comparative analysis using Y-SNPs revealed that Tierra del Fuego presents statis-
tically nonsignificant (p > 0.05) values with the populations from northern Italy (FST = 0.00099;
p = 0.27621), central Italy (FST = −0.00273; p = 0.78299), and Galicia (FST = 0.01058;
p = 0.05663), and the pairwise analysis using Y-STRs revealed nonsignificant values with
northern Italy (RST = 0.00089; p = 0.21493), Portugal (RST = 0.00137; p = 0.21483), and Tyrol
(RST = 0.00365; p = 0.07514).

Analyzing these results, one can see that gene flow from Italy and the Iberian Peninsula
strongly impacted the Fuegian male lineages. Indeed, the Italian and the Iberian (mainly
Spanish) influxes in Argentina were notorious. It is estimated that roughly 2 million Italians
and 1.4 million Spanish immigrants moved to Argentina between 1881 and 1914 [6,101],
keeping in mind that prior to large-scale immigrations, Argentina had been subject to
Spanish influxes throughout the nearly three centuries of Spanish colonization. Historical
records point to a similar immigration from northern and southern Italy to Argentina [102].
However, in both MDS plots (Figures 5 and 6), northern Italy seems to have played a more
compelling role. The fact that Galicia is the Spanish region presenting the shortest pairwise
FST genetic distance with Tierra del Fuego (Figure 6) is not unexpected, since Galicia was
the region from where the majority of Spanish immigrants departed [6,103–105].
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is plotted in orange, and the European and Middle Eastern populations are shown in blue and
pink, respectively.

Genealogical data collected from sample donors support a major Italian and Spanish
influence in Tierra del Fuego. The 71 individuals (36.2%) who have a known European
paternal heritage trace their origins mainly to Italy (n = 29; 14.8%) and Spain (n = 25; 12.8%)
(Table S1 in Supplementary Information). The rest of Europe accounts for 8.7%, which in-
cludes France, Germany, Poland, Portugal, Ireland, Austria, the Czech Republic, and Russia.
Additionally, six individuals (3.1%) declared a Middle Eastern paternal ancestry. For those
individuals who provided paternal origins up to great-grandfathers, a predominance of Eu-
ropean and Middle Eastern origins (76.1%) of the great-grandfathers is noticeable (Figure S1
in Supplementary Information). As we analyze the provenances of the great-grandfathers,
grandfathers, and fathers of the study subjects, we observe that the European and Middle
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Eastern provenances decrease from generation to generation. Most of the grandfathers
and fathers were born in Argentina, contrasting markedly with the provenance of the
great-grandfathers. The high European and Middle Eastern origin in great-grandfathers is
most likely linked to the large-scale immigration period. After that migratory phenomenon,
the European and Middle Eastern influx started to become less common, and, for that
reason, one can observe the sharp difference across the different generations.
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The haplogroup R is the most frequent in Tierra del Fuego, accounting for around
half of the Eurasian lineages. The overriding bulk of these R lineages are subtypes of the
haplogroup R-M269. These subtypes are broadly spread in both Europe and the Middle East,
presenting a clinal distribution with increasing frequencies in Western Europe [112]. Unlike
most of the R-M269 lineages, the upstream haplogroups, R-M269*(xL23) and R-L23*(xU106,
S116), are uncommon in Western Europe, showing frequency peaks in Eastern Europe,
Anatolia, Caucasus, and circum-Uralic communities [112,113]. The remaining downstream
haplogroups are spread across Western Europe, displaying distinct geographic distributions.
The haplogroup R-U106 is mostly reported in The Netherlands, Germany, Switzerland,
Austria, Western Poland, and throughout Northern Europe [112–116]. The R-S116*(xU152,
M529, M153, M167), the most prevalent lineage in Tierra del Fuego, is characteristically
found all over Western Europe, peaking in Portugal and Spain [112]. Regarding the R-S116*
sub-lineages, R-U152 presents the highest frequencies in Northern and Central Italy, France,
and Switzerland [56,112–117], R-M529 in the British Isles and Brittany [112,113,115,117],
R-M153 in the Basque Country, and R-M167 in Catalonia [55,118].

A PC analysis was performed to inquire which sub-haplogroups have the most weight
in the differentiation of Tierra del Fuego, European, and Middle Eastern populations
(Figure 7). In the lower right quadrant, the Celtic- and Germanic-speaking populations
are observed. The Celtic-speaking populations are dominated by the haplogroup R-M529,
while the Germanic ones, although some feature the haplogroup R-M529 in moderate
frequencies, exhibit higher frequencies on haplogroup R-U106. Slavic-speaking countries
and Turkey display high frequencies of haplogroups R-M269* (except Russia) and R-L23*.
Moreover, Poland and Russia show significant frequencies of the subtype R-U106. In the
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upper left quadrant are the four Italian populations, all of which exhibit high frequencies
for the subtype R-U152 and moderate ones for the subtype R-M269*. In the first quadrant
are the population under study and the populations from Portugal, Spain, and France. All
these populations present high frequencies for the sub-haplogroup R-S116*.

Genes 2022, 13, 1712 14 of 22 
 

 

 
Figure 7. Principal component analysis based on R-M269 sub-haplogroups from Europe and the 
Middle East. Tierra del Fuego is plotted in orange. The European and Middle Eastern populations 
are shown in blue and pink, respectively. Populations used: Tierra del Fuego (present study), Bal-
kans [112], England [112,113], France [112], Germany [112,113], Ireland [112,113], Poland [112,113], 
Portugal [112,113], Russia [112], Scandinavia [112], Spain [112], the Netherlands [112,119], Turkey 
[112,113], and four regions from Italy (northern Italy, central Italy, southern Italy, and Sardinia) [56]. 

In order to estimate the contribution of Eurasian populations in Tierra del Fuego and 
other South American regions regarding R-M269 and its sub-haplogroups, admixture co-
efficients were computed using the ADMIX 2.0 software. For the analysis, populations 
from the Iberian Peninsula (Portugal and Spain) [112], Italy [112], Germany [112], Poland 
[112], England [112], Ireland [112], and Turkey [112] were considered as parental popula-
tions. 

The results illustrated in Figure 8 show a major Iberian contribution in Tierra del 
Fuego, followed by Italy and Ireland. This is also supported by the PC analysis showing 
that the typical Iberian lineage, R-S116*, has the most weight in the Tierra del Fuego pop-
ulation. The German, English, and Turkish contributions are lower, and the Polish one is 
null. It is important to highlight that the frequencies of the haplogroup R-M269 and its 
subtypes observed in Ireland are similar to that in Scotland, Wales, and Brittany [112,113]; 
therefore, a provenance from these regions should not be ruled out. 

Figure 7. Principal component analysis based on R-M269 sub-haplogroups from Europe and the
Middle East. Tierra del Fuego is plotted in orange. The European and Middle Eastern popula-
tions are shown in blue and pink, respectively. Populations used: Tierra del Fuego (present study),
Balkans [112], England [112,113], France [112], Germany [112,113], Ireland [112,113], Poland [112,113],
Portugal [112,113], Russia [112], Scandinavia [112], Spain [112], The Netherlands [112,119],
Turkey [112,113], and four regions from Italy (northern Italy, central Italy, southern Italy, and
Sardinia) [56].

In order to estimate the contribution of Eurasian populations in Tierra del Fuego and
other South American regions regarding R-M269 and its sub-haplogroups, admixture coef-
ficients were computed using the ADMIX 2.0 software. For the analysis, populations from
the Iberian Peninsula (Portugal and Spain) [112], Italy [112], Germany [112], Poland [112],
England [112], Ireland [112], and Turkey [112] were considered as parental populations.

The results illustrated in Figure 8 show a major Iberian contribution in Tierra del Fuego,
followed by Italy and Ireland. This is also supported by the PC analysis showing that the
typical Iberian lineage, R-S116*, has the most weight in the Tierra del Fuego population.
The German, English, and Turkish contributions are lower, and the Polish one is null. It
is important to highlight that the frequencies of the haplogroup R-M269 and its subtypes
observed in Ireland are similar to that in Scotland, Wales, and Brittany [112,113]; therefore,
a provenance from these regions should not be ruled out.

Compared with the other South American populations under analysis, Tierra del
Fuego stands out at a continental level, presenting the lowest Iberian and the highest Italian
and Irish contributions. Since it was not possible to include other samples from Argentina
in the analysis (due to lack of data), the pattern found may be present in other regions of the
country. Because Tierra del Fuego reflects the overall Argentinian genetic background, the
results obtained could also imply lower Spanish and higher Italian and Irish contributions
in Argentina compared to the rest of South America, regarding R-M269 and its sub-lineages.



Genes 2022, 13, 1712 13 of 20

Genes 2022, 13, 1712 15 of 22 
 

 

 
Figure 8. Pie charts representing the male contribution (in percentage) from the Iberian Peninsula, 
Italy, Germany, Poland, England, Ireland, and Turkey in Tierra del Fuego, Colombia, Paraguay, and 
the five geopolitical regions of Brazil (north, northeast, central–west, southeast, and south), obtained 
through ADMIX 2.0 analysis. 

Compared with the other South American populations under analysis, Tierra del 
Fuego stands out at a continental level, presenting the lowest Iberian and the highest Ital-
ian and Irish contributions. Since it was not possible to include other samples from Ar-
gentina in the analysis (due to lack of data), the pattern found may be present in other 
regions of the country. Because Tierra del Fuego reflects the overall Argentinian genetic 
background, the results obtained could also imply lower Spanish and higher Italian and 
Irish contributions in Argentina compared to the rest of South America, regarding R-M269 
and its sub-lineages. 

4. Conclusions 
The paternal lineages of the current population from Tierra del Fuego present high 

haplotype and haplogroup diversities, pointing to the absence of strong founder or drift 
events. This paternal genetic legacy reflects the influence of the European gene flow into 
the Americas during the colonial period and large-scale immigrations, tallying one of the 
highest percentages of Eurasian lineages in Latin America. Furthermore, according to ge-

Figure 8. Pie charts representing the male contribution (in percentage) from the Iberian Peninsula,
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through ADMIX 2.0 analysis.

4. Conclusions

The paternal lineages of the current population from Tierra del Fuego present high
haplotype and haplogroup diversities, pointing to the absence of strong founder or drift
events. This paternal genetic legacy reflects the influence of the European gene flow into
the Americas during the colonial period and large-scale immigrations, tallying one of the
highest percentages of Eurasian lineages in Latin America. Furthermore, according to
genealogical data, the fathers and grandfathers of the sample donors were mainly from
central Argentina, where the Eurasian lineages score high frequencies. Therefore, Native
American haplogroups are underrepresented in our sample, contrasting with central and
northern Patagonia and northwestern Argentina, which feature higher frequencies of native
lineages. Moreover, most of the Native American lineages found in Tierra del Fuego should
be a result of influxes from other parts of Argentina, Bolivia, and Peru, denoting a lack of
native Fuegian lineages in the modern population.

It is worth noting that this study aimed to assess the impact of migratory flows and
admixture processes on the current population, and therefore samples were randomly
selected, and genealogical information was used only to interpret the results, and not as a
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selection criterion. However, communities that descend from Fuegian ancestral populations
still persist in Tierra del Fuego, in which a greater preservation of the native genetic pool
is expected.

Typical Sub-Saharan African haplogroups score a scant percentage in Tierra del Fuego,
a very similar result to that found in other Argentinian regions. This bolsters that the African
influx left little trace on the paternal component of the Argentinian population, unlike
what occurred in other Latin American regions, such as northeastern Brazil, Colombia,
and Ecuador.

Pairwise genetic distances using haplotype data show that Tierra del Fuego has
proximity to populations from northern Italy and the Iberian Peninsula, with the gap for
the Italian population being perceptibly smaller. This indicates that Italian and Spanish
inflows during the colonial period and large-scale immigrations markedly shaped the Y-
chromosomal landscape of Tierra del Fuego. Analyses focused on the haplogroup R-M269
and its subtypes suggest a major Iberian contribution, followed by smaller inputs from
Italy and the British Isles. Furthermore, the PC analysis shows a high influence of the sub-
haplogroup R-S116* in Tierra del Fuego and Spain, meanwhile Italy and the British Isles are
mainly influenced by R-U152 and R-M529, respectively. This is in line with the genealogical
data, which shows that the individuals who trace back their paternal ancestry to Spain
carry, mainly, the sub-haplogroup R-S116*, and the individuals with Italian ancestry bear
mainly the sub-haplogroup R-U152.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/genes13101712/s1, Figure S1: Map of Argentina and the southern
tip of the American continent; Figure S2: Phylogenetic tree of the Y-SNPs genotyped in this study,
and corresponding haplogroups; Figure S3: E-M35* median-joining network with 10 Y-STRs (DYS19,
DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, and DYS439) common
to all populations; Figure S4: R-V88 median-joining network with 12 Y-STRs (DYS19, DYS385a,
DYS385b, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, and DYS439)
common to all populations; Figure S5: Haplogroup Q median-joining network with 10 Y-STRs
(DYS19, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, and DYS439)
common to all populations; Table S1: Primers employed in multiplex PCRs; Table S2: Primers
employed in the SNaPshot reactions; Table S3: Y chromosome profiles of the 196 samples from
Tierra del Fuego (Rio Grande and Ushuaia) analyzed in this study, and birthplaces of the three
preceding paternal generations (great-grandfather/grandfather/father) reported by the donors;
Table S4: Haplotype and haplogroup diversities of Y-STR and Y-SNP data, respectively, from the
present study and from other populations from Latin America; Table S5: Pairwise RST genetic
distances (below diagonal) and p-values (above diagonal) using Y-STR data from the present study
and from other Latin American (admixed populations and a native population from Bolivia), Spanish,
and Nigerian (Yoruba) populations; Table S6: Pairwise FST genetic distances (below diagonal) and
p-values (above diagonal) using Y-SNP data from the present study and from other Latin American
(admixed populations and Toba native group from Argentina), Spanish, and Equatorial Guinean
populations; Table S7: Latin American, African, and European populations used in pairwise RST
and FST genetic distances analyses; Table S8: Pairwise RST genetic distances (below diagonal) and
p-values (above diagonal) using Y-STR data from the present study and from Eurasian populations;
Table S9: Pairwise FST genetic distances (below diagonal) and p-values (above diagonal) using Y-SNP
data from the present study and from Eurasian populations; Table S10: Eurasian (European and
Middle Eastern) populations used in pairwise genetic RST and FST distances analyses.

Author Contributions: Conceptualization, M.L.P. and L.G.; methodology, P.R., I.F.V., J.R. and F.S.;
formal analysis, P.R., I.F.V., V.G. and L.G.; resources, A.A., E.F.C., C.M.B., N.G.B., L.E.R., C.G.,
A.d.C.G., A.G., R.S., M.L.P. and L.G.; data curation, P.R., J.R., V.G. and L.G.; writing—original draft
preparation, P.R. and I.F.V.; writing—review and editing, P.R., I.F.V., J.R., F.S., A.A., E.F.C., C.M.B.,
N.G.B., L.E.R., C.G., A.d.C.G., A.G., R.S., M.L.P., V.G. and L.G.; supervision, M.L.P., V.G. and L.G.;
project administration, M.L.P. and L.G.; funding acquisition, L.G. All authors have read and agreed
to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/genes13101712/s1
https://www.mdpi.com/article/10.3390/genes13101712/s1


Genes 2022, 13, 1712 15 of 20

Funding: This study was supported by Fundação de Amparo à Pesquisa do Rio de Janeiro–FAPERJ,
Brazil (Process E-26/211.369/2021). This work was partially financed by FEDER: Fundo Europeu
de Desenvolvimento Regional funds through the COMPETE 2020: Operacional Programme for
Competitiveness and Internationalisation (POCI), Portugal 2020, and by Portuguese funds through
FCT: Fundação para a Ciência e a Tecnologia/Ministério da Ciência, Tecnologia e Inovação in the
framework of the projects “Institute for Research and Innovation in Health Sciences” (POCI-01-0145-
FEDER-007274). F.S. and L.G. were supported by FAPERJ, Brazil (process E-26/202.275/2019 and
CNE-2022). J.R. and L.G. were supported by Conselho Nacional de Desenvolvimento Científico
e Tecnológico–CNPq, Brazil (Ph.D. grant GD-141268/2019-0, and ref. 306342/2019-7). V.G. was
supported by FCT under the program contract provided in Decree-Law no. 57/2016 of 29 August.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Instituto Multidisciplinario
de Biología Celular (IMBICE) under resolution number RENISCE000023 Re-sol/120618. Sample
collection was also approved by the Teaching and Research Committees of the Regional Hospital of
Río Grande and the Regional Hospital of Ushuaia.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available in the Supplementary
Materials.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Steele, J.; Politis, G. AMS 14C dating of early human occupation of southern South America. J. Archaeol. Sci. 2009, 36, 419–429.

[CrossRef]
2. Borrero, L. The origins of ethnographic subsistence patterns in Fuego Patagonia. In Patagonia: Natural History, Prehistory and

Ethnography at the Uttermost End of the Earth; McEwan, C., Borrero, L., Prieto, A., Eds.; British Museum Press: London, UK, 1997;
pp. 60–81.

3. Piana, E.L.; Orquera, L.A. The southern top of the world: The first peopling of Patagonia and Tierra del Fuego and the cultural
endurance of the Fuegian Sea-Nomads. Arct. Anthropol. 2009, 46, 103–117. [CrossRef]

4. Rodríguez, M.E.; Horlent, L. Tehuelches y Selk’nam (Santa Cruz y Tierra del Fuego): No Desaparecimos, 1st ed.; Ministerio de Educación
y Deportes: Ciudad Autónoma de Buenos Aires, Argentina, 2016.

5. Van Aert, P. Tierra del Fuego. In The Political Economy of Divided Islands, 1st ed.; Baldacchino, G., Ed.; Palgrave Macmillan: London,
UK, 2013; pp. 195–211.

6. Devoto, F. Historia de la Inmigración en la Argentina, 1st ed.; Editorial Sudamericana: Buenos Aires, Argentina, 2002.
7. Hermida, M.; Malizia, M.; Van Aert, P. Ser fueguino. Un estudio sobre migración y construcción de pertenencia. In X Jornadas de

Sociología; Facultad de Ciencias Sociales, Universidad de Buenos Aires: Buenos Aires, Argentina, 2013.
8. Lattes, A.E. Esplendor y ocaso de las migraciones internas. In Población y Bienestar en la Argentina del Primero al Segundo Centenario,

1st ed.; Torrado, S., Ed.; Edhasa: Buenos Aires, Argentina, 2007.
9. INDEC. Provincia de Tierra del Fuego. Población Total Nacida en el Extranjero por Lugar de Nacimiento, Según Sexo y Grupos

de Edad. 2010. Available online: https://www.indec.gob.ar/ (accessed on 24 January 2022).
10. Cardoso, S.; Palencia-Madrid, L.; Valverde, L.; Alfonso-Sánchez, M.A.; Gómez-Pérez, L.; Alfaro, E.; Bravi, C.M.; Dipierri, J.E.;

Peña, J.A.; de Pancorbo, M.M. Mitochondrial DNA control region data reveal high prevalence of Native American lineages in
Jujuy province, NW Argentina. Forensic Sci. Int. Genet. 2013, 7, e52–e55. [CrossRef] [PubMed]

11. García, A.; Garita-onandía, Y.; Demarchi, D.A.; Altuna, M.E. Patrones de migración y niveles de diversidad genética de linajes
maternos en la población de La Esperanza, provincia de Jujuy. Rev. Argent. Antropol. Biol. 2021, 23, 033. [CrossRef]

12. Motti, J.M.B.; Muzzio, M.; Ramallo, V.; Rodenak Kladniew, B.E.; Alfaro Gómez, E.L.; Dipierri, J.E.; Bailliet, G.; Bravi, C.M. Origen
y distribución espacial de linajes maternos nativos en el noroeste y centro oeste argentinos. Rev. Argent. Antropol. Biol. 2013, 15,
3–14.

13. Pauro, M.; García, A.; Nores, R.; Demarchi, D.A. Analysis of uniparental lineages in two villages of Santiago del Estero, Argentina,
seat of “Pueblos de Indios” in colonial times. Hum. Biol. 2013, 85, 699–719. [CrossRef]

14. Corach, D.; Lao, O.; Bobillo, C.; van Der Gaag, K.; Zuniga, S.; Vermeulen, M.; van Duijn, K.; Goedbloed, M.; Vallone, P.M.;
Parson, W.; et al. Inferring continental ancestry of argentineans from Autosomal, Y-chromosomal and mitochondrial DNA. Ann.
Hum. Genet. 2010, 74, 65–76. [CrossRef]

15. Castagnola, J.; Cano, H.; Hulaniuk, M.L.; Trinks, J.; Corach, D.; Caputo, M. Inferring the genetic structure of Northwestern
Argentina by uniparental SNP typing. Forensic Sci. Int. Genet. Suppl. Ser. 2019, 7, 306–309. [CrossRef]

http://doi.org/10.1016/j.jas.2008.09.024
http://doi.org/10.1353/arc.0.0023
https://www.indec.gob.ar/
http://doi.org/10.1016/j.fsigen.2013.01.007
http://www.ncbi.nlm.nih.gov/pubmed/23433579
http://doi.org/10.24215/18536387e033
http://doi.org/10.3378/027.085.0504
http://doi.org/10.1111/j.1469-1809.2009.00556.x
http://doi.org/10.1016/j.fsigss.2019.09.113


Genes 2022, 13, 1712 16 of 20

16. Salas, A.; Jaime, J.C.; Álvarez-Iglesias, V.; Carracedo, A. Gender bias in the multiethnic genetic composition of central Argentina.
Eur. J. Hum. Genet. 2008, 53, 662–674. [CrossRef]

17. Bailliet, G.; Ramallo, V.; Muzzio, M.; Santos, M.R.; Motti, J.M.B.; Bianchi, N.O.; Bravi, C.M. Antecedentes y nuevos aportes en el
estudio del Cromosoma Y en poblaciones humanas sudamericanas. BAG J. Basic Appl. Genet. 2011, 22, 1–9.

18. Sala, C.; Paz Sepulveda, P.B.; Cuello, M.; Schwab, M.; Jurado Medina, L.S.; Motti, J.M.B.; Santos, M.R.; Aquilano, E.; Martín Alva,
E.A.; Mejia Porturas, M.; et al. Análisis de los linajes paternos en la ciudad de Trujillo, Perú. Runa 2022, 43, 173–190. [CrossRef]

19. Bobillo, M.C.; Zimmermann, B.; Sala, A.; Huber, G.; Röck, A.; Bandelt, H.-J.; Corach, D.; Parson, W. Amerindian mitochondrial
DNA haplogroups predominate in the population of Argentina: Towards a first nationwide forensic mitochondrial DNA sequence
database. Int. J. Legal Med. 2010, 124, 263–268. [CrossRef] [PubMed]

20. Avena, S.A.; Parolin, M.L.; Dejean, C.B.; Ríos Part, M.C.; Fabrikant, G.; Goicoechea, A.S.; Dugoujon, J.M.; Carnese, F.R. Mezcla
génica y linajes uniparentales en Comodoro Rivadavia (provincia de Chubut, Argentina). Rev. Arg. Antrop. Biol. 2009, 11, 25–41.

21. Avena, S.A.; Parolin, M.L.; Boquet, M.; Dejean, C.B.; Postillone, M.B.; Alvarez Trentini, Y.; Di Fabio Rocca, F.; Mansilla, F.; Jones,
L.; Dugoujon, J.M.; et al. Mezcla génica y linajes uniparentales en Esquel (Pcia. de Chubut): Su comparación con otras muestras
poblacionales argentinas. BAG J. Basic Appl. Genet 2010, 21, 1–14.

22. Parolin, M.L.; Avena, S.A.; Fleischer, S.; Pretell, M.; Rocca, F.D.F.; Rodríguez, D.A.; Dejean, C.B.; Postillone, M.B.; Vaccaro, M.S.;
Dahinten, S.L.; et al. Análisis de la diversidad biológica y mestizaje en la ciudad de Puerto Madryn (Prov. De Chubut, Argentina).
Rev. Arg. Antrop. Biol. 2013, 15, 61–75.

23. Parolin, M.L.; Baillet, G.; Bravi, C.M.; Sala, C.; Schwab, M.; Paz, P. Variabilidad genética y autopercepción del mestizaje en la
población Cordillerana de San Carlos De Bariloche (Río Negro, Arg). In Proceedings of the XIV Congreso de la Asociación
Latinoamericana de Antropología Biológica, Tacuarembó, Uruguay, 18–21 October 2016; pp. 130–131.

24. Tamburrini, C.; de Saint Pierre, M.; Bravi, C.M.; Bailliet, G.; Jurado Medina, L.; Velázquez, I.F.; Real, L.E.; Holley, A.; Tedeschi,
C.M.; Basso, N.G.; et al. Uniparental origins of the admixed Argentine Patagonia. Am. J. Hum. Biol. 2021, 34, e23682. [CrossRef]

25. Jurado Medina, L.S.; Parolin, M.L.; Ramallo, V.; Sepúlveda, P.B.; Real, L.E.; Avena, S.A.; Carnese, F.R.; Basso, N.G.; Bail-
let, G. En búsqueda de la herencia americana en poblaciones mestizas análisis comparativo entre muestras masculinas de
Patagonia, Noroeste y Cuyo. In Proceedings of the XII Jornadas Nacionales de Antropología Biológica, Corrientes, Argentina,
22–25 September 2015; p. 82.

26. Brion, M.; Sobrino, B.; Blanco-Verea, A.; Lareu, M.V.; Carracedo, A. Hierarchical analysis of 30 Y-chromosome SNPs in European
populations. Int. J. Legal Med. 2005, 119, 10–15. [CrossRef]

27. Gomes, V.; Sánchez-Diaz, P.; Amorim, A.; Carracedo, A.; Gusmão, L. Digging deeper into East African human Y chromosome
lineages. Hum. Genet. 2010, 127, 603–613. [CrossRef]

28. Campos, A. Genetic Characterization of the Male Lineages Present in Nigeria Population. Master’s Thesis, Faculty of Sciences of
the University of Porto, Porto, Portugal, 2018.

29. Resque, R.; Gusmão, L.; Geppert, M.; Roewer, L.; Palha, T.; Alvarez, L.; Ribeiro-dos-Santos, Â.; Santos, S. Male lineages in Brazil:
Intercontinental admixture and stratification of the European background. PLoS ONE 2016, 11, e0152573. [CrossRef]

30. Aragão, G. Characterization of Male Lineages in the Ashaninka from Peru. Master’s Thesis, Faculty of Sciences of the University
of Porto, Porto, Portugal, 2018.

31. González, M.; Gomes, V.; López-Parra, A.M.; Amorim, A.; Carracedo, A.; Sánchez-Diaz, P.; Arroyo-Pardo, E.; Gusmão, L. The
genetic landscape of Equatorial Guinea and the origin and migration routes of the Y chromosome haplogroup RV88. Eur. J. Hum.
Genet. 2013, 21, 324–331. [CrossRef]

32. Excoffier, L.; Lischer, H.E. Arlequin suite ver 3.5: A new series of programs to perform population genetics analyses under Linux
and Windows. Mol. Ecol. Resour. 2010, 10, 564–567. [CrossRef] [PubMed]

33. Bandelt, H.J.; Forster, P.; Sykes, B.C.; Richards, M.B. Mitochondrial portraits of human populations using median networks.
Genetics 1995, 141, 743–753. [CrossRef] [PubMed]

34. Bandelt, H.J.; Forster, P.; Röhl, A. Median-joining networks for inferring intraspecific phylogenies. Mol. Biol. Evol. 1999, 16, 37–48.
[CrossRef]

35. Qamar, R.; Ayub, Q.; Mohyuddin, A.; Helgason, A.; Mazhar, K.; Mansoor, A.; Zerjal, T.; Tyler-Smith, C.; Mehdi, S.Q. Y-
chromosomal DNA variation in Pakistan. Am. J. Hum. Genet. 2002, 70, 1107–1124. [CrossRef]

36. Dupanloup, I.; Bertorelle, G. Inferring admixture proportions from molecular data: Extension to any number of parental
populations. Mol. Biol. Evol. 2001, 18, 672–675. [CrossRef]

37. Bertorelle, G.; Excoffier, L. Inferring admixture proportions from molecular data. Mol. Biol. Evol. 1998, 15, 1298–1311. [CrossRef]
[PubMed]

38. Helgason, A.; Einarsson, A.W.; Guðmundsdóttir, V.B.; Sigurðsson, Á.; Gunnarsdóttir, E.D.; Jagadeesan, A.; Ebenesersdóttir, S.S.;
Kong, A.; Stefánsson, K. The Y-chromosome point mutation rate in humans. Nat. Genet. 2015, 47, 453–457. [CrossRef] [PubMed]

39. Alonso Morales, L.A.; Casas-Vargas, A.; Rojas Castro, M.; Resque, R.; Ribeiro-Dos-Santos, Â.K.; Santos, S.; Gusmão, L.; Usaquén,
W. Paternal portrait of populations of the middle Magdalena River region (Tolima and Huila, Colombia): New insights on the
peopling of Central America and northernmost South America. PLoS ONE 2018, 13, e0207130. [CrossRef]

40. Cárdenas, J.M.; Heinz, T.; Pardo-Seco, J.; Álvarez-Iglesias, V.; Taboada-Echalar, P.; Sánchez-Diz, P.; Carracedo, Á.; Salas, A. The
multiethnic ancestry of Bolivians as revealed by the analysis of Y-chromosome markers. Forensic Sci. Int. Genet. 2015, 14, 210–218.
[CrossRef]

http://doi.org/10.1007/s10038-008-0297-8
http://doi.org/10.34096/runa.v43i2.10667
http://doi.org/10.1007/s00414-009-0366-3
http://www.ncbi.nlm.nih.gov/pubmed/19680675
http://doi.org/10.1002/ajhb.23682
http://doi.org/10.1007/s00414-004-0439-2
http://doi.org/10.1007/s00439-010-0808-5
http://doi.org/10.1371/journal.pone.0152573
http://doi.org/10.1038/ejhg.2012.167
http://doi.org/10.1111/j.1755-0998.2010.02847.x
http://www.ncbi.nlm.nih.gov/pubmed/21565059
http://doi.org/10.1093/genetics/141.2.743
http://www.ncbi.nlm.nih.gov/pubmed/8647407
http://doi.org/10.1093/oxfordjournals.molbev.a026036
http://doi.org/10.1086/339929
http://doi.org/10.1093/oxfordjournals.molbev.a003847
http://doi.org/10.1093/oxfordjournals.molbev.a025858
http://www.ncbi.nlm.nih.gov/pubmed/9787436
http://doi.org/10.1038/ng.3171
http://www.ncbi.nlm.nih.gov/pubmed/25807285
http://doi.org/10.1371/journal.pone.0207130
http://doi.org/10.1016/j.fsigen.2014.10.023


Genes 2022, 13, 1712 17 of 20

41. Núñez, C.; Geppert, M.; Baeta, M.; Roewer, L.; Martínez-Jarreta, B. Y chromosome haplogroup diversity in a Mestizo population
of Nicaragua. Forensic Sci. Int. Genet. 2012, 6, e192–e195. [CrossRef]

42. Parolin, M.L.; Toscanini, U.F.; Velázquez, I.F.; Llull, C.; Berardi, G.L.; Holley, A.; Tamburrini, C.; Avena, S.; Carnese, F.R.; Lanata,
J.L.; et al. Genetic admixture patterns in Argentinian Patagonia. PLoS ONE 2019, 14, e0214830. [CrossRef] [PubMed]

43. Purps, J.; Siegert, S.; Willuweit, S.; Nagy, M.; Alves, C.; Salazar, R.; Angustia, S.M.; Santos, L.H.; Anslinger, K.; Bayer, B.; et al.
A global analysis of Y-chromosomal haplotype diversity for 23 STR loci. Forensic Sci. Int. Genet. 2014, 12, 12–23. [CrossRef]
[PubMed]

44. Ribeiro, J.; Romero, M.; Simão, F.; Ferreira Almeida, A.P.; Quiroz, A.; Machado, P.; Velázquez, V.; de Carvalho, E.F.; Vullo, C.;
Gusmão, L. Analysis of 23 Y-STRs in a population sample from eastern Paraguay. Forensic Sci. Int. Genet. 2018, 37, e20–e22.
[CrossRef] [PubMed]

45. Simão, F.; Ribeiro, J.; Vullo, C.; Catelli, L.; Gomes, V.; Xavier, C.; Huber, G.; Bodner, M.; Quiroz, A.; Ferreira, A.P.; et al. The
Ancestry of Eastern Paraguay: A Typical South American Profile with a Unique Pattern of Admixture. Genes 2021, 12, 1788.
[CrossRef] [PubMed]

46. Toscanini, U.; Vullo, C.; Berardi, G.; Llull, C.; Borosky, A.; Gómez, A.; Pardo-Seco, J.; Salas, A. A comprehensive Y-STR portrait of
Argentinean populations. Forensic Sci. Int. Genet. 2016, 20, 1–5. [CrossRef]

47. Borucki, A. The slave trade to the Rio de La Plata, 1777–1812: Trans-imperial networks and Atlantic warfare. Colon. Lat. Am. Rev.
2011, 20, 81–107. [CrossRef]

48. Borucki, A.; Eltis, D.; Wheat, D. Atlantic history and the slave trade to Spanish America. Am. Hist. Rev. 2015, 120, 433–461.
[CrossRef]

49. Cruciani, F.; La Fratta, R.; Santolamazza, P.; Sellitto, D.; Pascone, R.; Moral, P.; Watson, E.; Guida, V.; Colomb, E.B.; Zaharova, B.;
et al. Phylogeographic analysis of haplogroup E3b (E-M215) y chromosomes reveals multiple migratory events within and out of
Africa. Am. J. Hum. Genet. 2004, 74, 1014–1022. [CrossRef]

50. Henn, B.M.; Gignoux, C.; Lin, A.A.; Oefner, P.J.; Shen, P.; Scozzari, R.; Cruciani, F.; Tishkoff, S.A.; Mountain, J.L.; Underhill, P.A.
Y-chromosomal evidence of a pastoralist migration through Tanzania to southern Africa. Proc. Natl. Acad. Sci. USA 2008, 105,
10693–10698. [CrossRef]

51. Semino, O.; Magri, C.; Benuzzi, G.; Lin, A.A.; Al-Zahery, N.; Battaglia, V.; Maccioni, L.; Triantaphyllidis, C.; Shen, P.; Oefner, P.J.;
et al. Origin, diffusion, and differentiation of Y-chromosome haplogroups E and J: Inferences on the neolithization of Europe and
later migratory events in the Mediterranean area. Am. J. Hum. Genet. 2004, 74, 1023–1034. [CrossRef]

52. De Filippo, C.; Barbieri, C.; Whitten, M.; Mpoloka, S.W.; Gunnarsdóttir, E.D.; Bostoen, K.; Nyambe, T.; Beyer, K.; Schreiber, H.; de
Knijff, P.; et al. Y-chromosomal variation in sub-Saharan Africa: Insights into the history of Niger-Congo groups. Mol. Biol. Evol.
2011, 28, 1255–1269. [CrossRef] [PubMed]

53. Larmuseau, M.H.; Vessi, A.; Jobling, M.A.; van Geystelen, A.; Primativo, G.; Biondi, G.; Martínez-Labarga, C.; Ottoni, C.;
Decorte, R.; Rickards, O. The Paternal Landscape along the Bight of Benin—Testing Regional Representativeness of West-African
Population Samples Using Y-Chromosomal Markers. PLoS ONE 2015, 10, e0141510. [CrossRef] [PubMed]

54. Rosa, A.; Ornelas, C.; Jobling, M.A.; Brehm, A.; Villems, R. Y-chromosomal diversity in the population of Guinea-Bissau: A
multiethnic perspective. BMC Evol. Biol. 2007, 7, 124. [CrossRef]

55. Adams, S.M.; Bosch, E.; Balaresque, P.L.; Ballereau, S.J.; Lee, A.C.; Arroyo, E.; López-Parra, A.M.; Aler, M.; Grifo, M.S.; Brion, M.;
et al. The genetic legacy of religious diversity and intolerance: Paternal lineages of Christians, Jews, and Muslims in the Iberian
Peninsula. Am. J. Hum. Genet. 2008, 83, 725–736. [CrossRef]

56. Boattini, A.; Martinez-Cruz, B.; Sarno, S.; Harmant, C.; Useli, A.; Sanz, P.; Yang-Yao, D.; Manry, J.; Ciani, G.; Luiselli, D.; et al.
Uniparental markers in Italy reveal a sex-biased genetic structure and different historical strata. PLoS ONE 2013, 8, e65441.
[CrossRef]

57. Rębała, K.; Martínez-Cruz, B.; Tönjes, A.; Kovacs, P.; Stumvoll, M.; Lindner, I.; Büttner, A.; Wichmann, H.E.; Siváková, D.; Soták,
M.; et al. Contemporary paternal genetic landscape of Polish and German populations: From early medieval Slavic expansion to
post-World War II resettlements. Eur. J. Hum. Genet. 2013, 21, 415–422. [CrossRef] [PubMed]

58. Zalloua, P.A.; Xue, Y.; Khalife, J.; Makhoul, N.; Debiane, L.; Platt, D.E.; Royyuru, A.K.; Herrera, R.J.; Hernanz, D.F.; Blue-Smith, J.;
et al. Y-chromosomal diversity in Lebanon is structured by recent historical events. Am. J. Hum. Genet. 2008, 82, 873–882.
[CrossRef]

59. Berniell-Lee, G.; Calafell, F.; Bosch, E.; Heyer, E.; Sica, L.; Mouguiama-Daouda, P.; van der Veen, L.; Hombert, J.M.; Quintana-
Murci, L.; Comas, D. Genetic and demographic implications of the Bantu expansion: Insights from human paternal lineages. Mol.
Biol. Evol. 2009, 26, 1581–1589. [CrossRef]

60. Cruciani, F.; Trombetta, B.; Sellitto, D.; Massaia, A.; Destro-Bisol, G.; Watson, E.; Beraud Colomb, E.; Dugoujon, J.M.; Moral, P.;
Scozzari, R. Human Y chromosome haplogroup R-V88: A paternal genetic record of early mid Holocene trans-Saharan connections
and the spread of Chadic languages. Eur. J. Hum. Genet. 2010, 18, 800–807. [CrossRef]

61. D’Atanasio, E.; Trombetta, B.; Bonito, M.; Finocchio, A.; Di Vito, G.; Seghizzi, M.; Romano, R.; Russo, G.; Paganotti, G.M.;
Watson, E.; et al. The peopling of the last Green Sahara revealed by high-coverage resequencing of trans-Saharan patrilineages.
Genome Biol. 2018, 19, 20. [CrossRef]

62. Shriner, D.; Rotimi, C.N. Genetic history of Chad. Am. J. Phys. Anthropol. 2018, 167, 804–812. [CrossRef] [PubMed]

http://doi.org/10.1016/j.fsigen.2012.06.011
http://doi.org/10.1371/journal.pone.0214830
http://www.ncbi.nlm.nih.gov/pubmed/31206551
http://doi.org/10.1016/j.fsigen.2014.04.008
http://www.ncbi.nlm.nih.gov/pubmed/24854874
http://doi.org/10.1016/j.fsigen.2018.08.007
http://www.ncbi.nlm.nih.gov/pubmed/30131298
http://doi.org/10.3390/genes12111788
http://www.ncbi.nlm.nih.gov/pubmed/34828394
http://doi.org/10.1016/j.fsigen.2015.09.002
http://doi.org/10.1080/10609164.2011.552550
http://doi.org/10.1093/ahr/120.2.433
http://doi.org/10.1086/386294
http://doi.org/10.1073/pnas.0801184105
http://doi.org/10.1086/386295
http://doi.org/10.1093/molbev/msq312
http://www.ncbi.nlm.nih.gov/pubmed/21109585
http://doi.org/10.1371/journal.pone.0141510
http://www.ncbi.nlm.nih.gov/pubmed/26544036
http://doi.org/10.1186/1471-2148-7-124
http://doi.org/10.1016/j.ajhg.2008.11.007
http://doi.org/10.1371/journal.pone.0065441
http://doi.org/10.1038/ejhg.2012.190
http://www.ncbi.nlm.nih.gov/pubmed/22968131
http://doi.org/10.1016/j.ajhg.2008.01.020
http://doi.org/10.1093/molbev/msp069
http://doi.org/10.1038/ejhg.2009.231
http://doi.org/10.1186/s13059-018-1393-5
http://doi.org/10.1002/ajpa.23711
http://www.ncbi.nlm.nih.gov/pubmed/30259956


Genes 2022, 13, 1712 18 of 20

63. Marcus, J.H.; Posth, C.; Ringbauer, H.; Lai, L.; Skeates, R.; Sidore, C.; Beckett, J.; Furtwängler, A.; Olivieri, A.; Chiang, C.; et al.
Genetic history from the Middle Neolithic to present on the Mediterranean island of Sardinia. Nat. Commun. 2020, 11, 939.
[CrossRef] [PubMed]

64. Contu, D.; Morelli, L.; Santoni, F.; Foster, J.W.; Francalacci, P.; Cucca, F. Y-chromosome based evidence for pre-neolithic origin
of the genetically homogeneous but diverse Sardinian population: Inference for association scans. PLoS ONE 2008, 3, e1430.
[CrossRef]

65. Morelli, L.; Contu, D.; Santoni, F.; Whalen, M.B.; Francalacci, P.; Cucca, F. A comparison of Y-chromosome variation in Sardinia
and Anatolia is more consistent with cultural rather than demic diffusion of agriculture. PLoS ONE 2010, 5, e10419. [CrossRef]
[PubMed]

66. Underhill, P.A.; Shen, P.; Lin, A.A.; Jin, L.; Passarino, G.; Yang, W.H.; Kauffman, E.; Bonné-Tamir, B.; Bertranpetit, J.; Francalacci,
P.; et al. Y chromosome sequence variation and the history of human populations. Nat. Genet. 2000, 26, 358–361. [CrossRef]

67. Di Cristofaro, J.; Mazières, S.; Tous, A.; Di Gaetano, C.; Lin, A.A.; Nebbia, P.; Piazza, A.; King, R.J.; Underhill, P.; Chiaroni, J.
Prehistoric migrations through the Mediterranean basin shaped Corsican Y-chromosome diversity. PLoS ONE 2018, 13, e0200641.
[CrossRef] [PubMed]

68. Fortes-Lima, C.; Brucato, N.; Croze, M.; Bellis, G.; Schiavinato, S.; Massougbodji, A.; Migot-Nabias, F.; Dugoujon, J.M. Genetic
population study of Y-chromosome markers in Benin and Ivory Coast ethnic groups. Forensic Sci. Int. Genet. 2015, 19, 232–237.
[CrossRef]

69. Battaglia, V.; Grugni, V.; Perego, U.A.; Angerhofer, N.; Gomez-Palmieri, J.E.; Woodward, S.R.; Achilli, A.; Myres, N.; Torroni, A.;
Semino, O. The first peopling of South America: New evidence from Y-chromosome haplogroup Q. PLoS ONE 2013, 8, e71390.
[CrossRef]

70. Grugni, V.; Raveane, A.; Ongaro, L.; Battaglia, V.; Trombetta, B.; Colombo, G.; Capodiferro, M.R.; Olivieri, A.; Achilli, A.; Perego,
U.A.; et al. Analysis of the human Y-chromosome haplogroup Q characterizes ancient population movements in Eurasia and the
Americas. BMC Biol. 2019, 17, 1–14. [CrossRef]

71. Pinotti, T.; Bergström, A.; Geppert, M.; Bawn, M.; Ohasi, D.; Shi, W.; Lacerda, D.R.; Solli, A.; Norstedt, J.; Reed, K.; et al. Y
chromosome sequences reveal a short Beringian Standstill, rapid expansion, and early population structure of Native American
founders. Curr. Biol. 2019, 29, 149–157. [CrossRef]

72. Zegura, S.L.; Karafet, T.M.; Zhivotovsky, L.A.; Hammer, M.F. High-resolution SNPs and microsatellite haplotypes point to a single,
recent entry of Native American Y chromosomes into the Americas. Mol. Biol. Evol. 2004, 21, 164–175. [CrossRef] [PubMed]

73. Jota, M.S.; Lacerda, D.R.; Sandoval, J.R.; Vieira, P.P.; Ohasi, D.; Santos-Júnior, J.E.; Acosta, O.; Cuellar, C.; Revollo, S.;
Paz-Y-Miño, C.; et al. New native South American Y chromosome lineages. J. Hum. Genet. 2016, 61, 593–603. [CrossRef]

74. Sandoval, J.R.; Lacerda, D.R.; Jota, M.S.; Elward, R.; Acosta, O.; Pinedo, D.; Danos, P.; Cuellar, C.; Revollo, S.; Santos, F.R.; et al.
Genetic ancestry of families of putative Inka descent. Mol. Genet. Genom. 2018, 293, 873–881. [CrossRef] [PubMed]

75. Gayà-Vidal, M.; Moral, P.; Saenz-Ruales, N.; Gerbault, P.; Tonasso, L.; Villena, M.; Vasquez, R.; Bravi, C.M.; Dugoujon, J.M.
mtDNA and Y-chromosome diversity in Aymaras and Quechuas from Bolivia: Different stories and special genetic traits of the
Andean Altiplano populations. Am. J. Phys. Anthropol. 2011, 145, 215–230. [CrossRef]

76. Barbieri, C.; Sandoval, J.R.; Valqui, J.; Shimelman, A.; Ziemendorff, S.; Schröder, R.; Geppert, M.; Roewer, L.; Gray, R.; Stoneking,
M.; et al. Enclaves of genetic diversity resisted Inca impacts on population history. Sci. Rep. 2017, 7, 17411. [CrossRef] [PubMed]

77. Roewer, L.; Nothnagel, M.; Gusmão, L.; Gomes, V.; González, M.; Corach, D.; Sala, A.; Alechine, E.; Palha, T.; Santos, N.; et al.
Continent-wide decoupling of Y-chromosomal genetic variation from language and geography in native South Americans. PLoS
Genet. 2013, 9, e1003460. [CrossRef]

78. Ansari-Pour, N.; Plaster, C.A.; Bradman, N. Evidence from Y-chromosome analysis for a late exclusively eastern expansion of the
Bantu-speaking people. Eur. J. Hum. Genet. 2013, 21, 423–429. [CrossRef]

79. Montano, V.; Ferri, G.; Marcari, V.; Batini, C.; Anyaele, O.; Destro-Bisol, G.; Comas, D. The Bantu expansion revisited: A new
analysis of Y chromosome variation in Central Western Africa. Mol. Ecol. 2011, 20, 2693–2708. [CrossRef]

80. Ansari-Pour, N.; Moñino, Y.; Duque, C.; Gallego, N.; Bedoya, G.; Thomas, M.G.; Bradman, N. Palenque de San Basilio in Colombia:
Genetic data support an oral history of a paternal ancestry in Congo. Proc. Biol. Sci. 2016, 283, 20152980. [CrossRef]

81. Sims, L.M.; Garvey, D.; Ballantyne, J. Sub-populations within the major European and African derived haplogroups R1b3 and
E3a are differentiated by previously phylogenetically undefined Y-SNPs. Hum. Mutat. 2007, 28, 97. [CrossRef]

82. Jannuzzi, J.; Ribeiro, J.; Alho, C.; de Oliveira Lázaro E Arão, G.; Cicarelli, R.; Simões Dutra Corrêa, H.; Ferreira, S.; Fridman, C.;
Gomes, V.; Loiola, S.; et al. Male lineages in Brazilian populations and performance of haplogroup prediction tools. Forensic Sci.
Int. Genet. 2020, 44, 102163. [CrossRef] [PubMed]

83. Oliveira, A.M.; Domingues, P.M.; Gomes, V.; Amorim, A.; Jannuzzi, J.; Carvalho, E.F.; Gusmão, L. Male lineage strata of Brazilian
population disclosed by the simultaneous analysis of STRs and SNPs. Forensic Sci. Int. Genet. 2014, 13, 264–268. [CrossRef]
[PubMed]

84. Carvalho, M.; Brito, P.; Lopes, V.; Andrade, L.; Anjos, M.J.; Real, F.C.; Gusmão, L. Analysis of paternal lineages in Brazilian and
African populations. Genet. Mol. Biol. 2010, 33, 422–427. [CrossRef] [PubMed]

85. Schaan, A.P.; Gusmão, L.; Jannuzzi, J.; Modesto, A.; Amador, M.; Marques, D.; Rabenhorst, S.H.; Montenegro, R.; Lopes, T.;
Yoshioka, F.K.; et al. New insights on intercontinental origins of paternal lineages in Northeast Brazil. BMC Evol. Biol. 2020, 20, 15.
[CrossRef]

http://doi.org/10.1038/s41467-020-14523-6
http://www.ncbi.nlm.nih.gov/pubmed/32094358
http://doi.org/10.1371/journal.pone.0001430
http://doi.org/10.1371/journal.pone.0010419
http://www.ncbi.nlm.nih.gov/pubmed/20454687
http://doi.org/10.1038/81685
http://doi.org/10.1371/journal.pone.0200641
http://www.ncbi.nlm.nih.gov/pubmed/30067762
http://doi.org/10.1016/j.fsigen.2015.07.021
http://doi.org/10.1371/journal.pone.0071390
http://doi.org/10.1186/s12915-018-0622-4
http://doi.org/10.1016/j.cub.2018.11.029
http://doi.org/10.1093/molbev/msh009
http://www.ncbi.nlm.nih.gov/pubmed/14595095
http://doi.org/10.1038/jhg.2016.26
http://doi.org/10.1007/s00438-018-1427-4
http://www.ncbi.nlm.nih.gov/pubmed/29502256
http://doi.org/10.1002/ajpa.21487
http://doi.org/10.1038/s41598-017-17728-w
http://www.ncbi.nlm.nih.gov/pubmed/29234095
http://doi.org/10.1371/journal.pgen.1003460
http://doi.org/10.1038/ejhg.2012.176
http://doi.org/10.1111/j.1365-294X.2011.05130.x
http://doi.org/10.1098/rspb.2015.2980
http://doi.org/10.1002/humu.9469
http://doi.org/10.1016/j.fsigen.2019.102163
http://www.ncbi.nlm.nih.gov/pubmed/31704485
http://doi.org/10.1016/j.fsigen.2014.08.017
http://www.ncbi.nlm.nih.gov/pubmed/25259770
http://doi.org/10.1590/S1415-47572010005000067
http://www.ncbi.nlm.nih.gov/pubmed/21637407
http://doi.org/10.1186/s12862-020-1579-9


Genes 2022, 13, 1712 19 of 20

86. de Figueiredo, R.; Ambrosio, I.B.; Braganholi, D.F.; Chemale, G.; Martins, J.A.; Gomes, V.; Gusmão, L.; Cicarelli, R. Male-specific
contributions to the Brazilian population of Espirito Santo. Int. J. Leg. Med. 2016, 130, 679–681. [CrossRef]

87. de Azevedo, D.A.; da Silva, L.A.F.; Gusmão, L.; de Carvalho, E.F. Analysis of Y chromosome SNPs in Alagoas, northeastern
Brazil. Forensic Sci. Int. Genet. Suppl. Ser. 2009, 2, 421–422. [CrossRef]

88. Rojas, W.; Parra, M.V.; Campo, O.; Caro, M.A.; Lopera, J.G.; Arias, W.; Duque, C.; Naranjo, A.; García, J.; Vergara, C.; et al. Genetic
make up and structure of Colombian populations by means of uniparental and biparental DNA markers. Am. J. Phys. Anthropol.
2010, 143, 13–20. [CrossRef]

89. Acosta, M.A.; Blanco-Verea, A.; Lareu, M.V.; Brion, M.; Carracedo, A. The genetic male component of two South-Western
Colombian populations. Forensic Sci. Int. Genet. 2009, 3, e59–e61. [CrossRef]

90. Toscanini, U.; Brisighelli, F.; Moreno, F.; Pantoja-Astudillo, J.A.; Morales, E.A.; Bustos, P.; Pardo-Seco, J.; Salas, A. Analysis of
Y-chromosome STRs in Chile confirms an extensive introgression of European male lineages in urban populations. Forensic Sci.
Int. Genet. 2016, 21, 76–80. [CrossRef]

91. Toscanini, U.; Gaviria, A.; Pardo-Seco, J.; Gómez-Carballa, A.; Moscoso, F.; Vela, M.; Cobos, S.; Lupero, A.; Zambrano, A.K.;
Martinón-Torres, F.; et al. The geographic mosaic of Ecuadorian Y-chromosome ancestry. Forensic Sci. Int. Genet. 2018, 33, 59–65.
[CrossRef]

92. Villaescusa, P.; Seidel, M.; Nothnagel, M.; Pinotti, T.; González-Andrade, F.; Alvarez-Gila, O.; de Pancorbo, M.M.; Roewer, L. A
Y-chromosomal survey of Ecuador’s multi-ethnic population reveals new insights into the tri-partite population structure and
supports an early Holocene age of the rare Native American founder lineage C3-MPB373. Forensic Sci. Int. Genet. 2021, 51, 102427.
[CrossRef] [PubMed]

93. Vullo, C.; Gomes, V.; Romanini, C.; Oliveira, A.M.; Rocabado, O.; Aquino, J.; Amorim, A.; Gusmão, L. Association between
Y haplogroups and autosomal AIMs reveals intra-population substructure in Bolivian populations. Int. J. Leg. Med. 2015,
129, 673–680. [CrossRef] [PubMed]

94. Marcheco-Teruel, B.; Parra, E.J.; Fuentes-Smith, E.; Salas, A.; Buttenschøn, H.N.; Demontis, D.; Torres-Español, M.;
Marín-Padrón, L.C.; Gómez-Cabezas, E.J.; Alvarez-Iglesias, V.; et al. Cuba: Exploring the history of admixture and the
genetic basis of pigmentation using autosomal and uniparental markers. PLoS Genet. 2014, 10, e1004488. [CrossRef] [PubMed]

95. Edwards, E.D. An African Tree Produces White Flowers: The Disappearance of the Black Community in Buenos Aires, Argentina,
1850–1890. McNair Sch. J. 2002, 6, 48–55.

96. Edwards, E.D. The making of a White nation: The disappearance of the Black population in Argentina. Hist. Compass 2018,
16, e12456. [CrossRef]

97. López-Ramírez, Y.L.; Aguilar-Velázquez, J.A.; López-Armenta, M.; Ruiz-Hernández, M.; Rangel-Villalobos, H. Paternal lineages
and forensic parameters based on 23 Y-STRs (Powerplex® Y23) in Mestizo males from Mexico City. Int. J. Leg. Med. 2020,
134, 199–202. [CrossRef]

98. Martínez-Cortés, G.; Salazar-Flores, J.; Fernández-Rodríguez, L.G.; Rubi-Castellanos, R.; Rodríguez-Loya, C.; Velarde-Félix, J.S.;
Muñoz-Valle, J.F.; Parra-Rojas, I.; Rangel-Villalobos, H. Admixture and population structure in Mexican-Mestizos based on
paternal lineages. J. Hum. Genet. 2012, 57, 568–574. [CrossRef]

99. Núñez, C.; Baeta, M.; Fernández, M.; Zarrabeitia, M.; Martinez-Jarreta, B.; de Pancorbo, M.M. Highly discriminatory capacity of
the PowerPlex(®) Y23 System for the study of isolated populations. Forensic Sci. Int. Genet. 2015, 17, 104–107. [CrossRef]

100. Toscanini, U.; Gusmão, L.; Berardi, G.; Gomes, V.; Amorim, A.; Salas, A.; Raimondi, E. Male lineages in South American native
groups: Evidence of M19 traveling south. Am. J. Phys. Anthropol. 2011, 146, 188–196. [CrossRef]

101. Baily, S.L. Immigrants in the Lands of Promise: Italians in Buenos Aires and New York City, 1870–1914; Cornell University Press: Ithaca,
NY, USA, 1999.

102. Klein, H.S. A integração dos imigrantes italianos no Brasil, na Argentina e Estados Unidos. Novos Estudos CEBRAP 1989,
25, 95–117.

103. Marquiegui, D. La inmigración española en la Argentina: Los gallegos de Luján, 1880–1920. Ciclos Hist. Econ. Soc. 1993,
3, 133–154.

104. Solberg, C. Immigration and Nationalism: Argentina and Chile, 1890–1914; University of Texas Press: Austin, TX, USA, 1969.
105. Yáñez Gallardo, C.R. Argentina como país de destino. La emigración española entre 1860–1930. Estud. Migr. Latinoam. 1989,

13, 467–498.
106. Robino, C.; Ralf, A.; Pasino, S.; De Marchi, M.R.; Ballantyne, K.N.; Barbaro, A.; Bini, C.; Carnevali, E.; Casarino, L.; Di Gaetano, C.;

et al. Development of an Italian RM Y-STR haplotype database: Results of the 2013 GEFI collaborative exercise. Forensic Sci. Int.
Genet. 2015, 15, 56–63. [CrossRef] [PubMed]

107. Beleza, S.; Gusmão, L.; Lopes, A.; Alves, C.; Gomes, I.; Giouzeli, M.; Calafell, F.; Carracedo, A.; Amorim, A. Micro-phylogeographic
and demographic history of Portuguese male lineages. Ann. Hum. Genet. 2006, 70, 181–194. [CrossRef] [PubMed]
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