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SUMMARY

The Southern Cone of South America (SCSA) is a key region for investigations
about the peopling of the Americas. However, little is known about the eastern
sector, the Argentinian Pampas. We analyzed 18 mitochondrial genomes—7 of
which are novel—from human skeletal remains from 3 Early to Late Holocene
archaeological sites. The Pampas present a distinctive genetic makeup compared
to other Middle to Late Holocene pre-Columbian SCSA populations. We also
report the earliest individuals carrying SCSA-specific mitochondrial haplogroups
D1jand D1g from Early and Middle Holocene, respectively. Using these deep cali-
bration time points in Bayesian phylogenetic reconstructions, we suggest that
the first settlers of the Pampas were part of a single and rapid dispersal
~15,600 years ago. Finally, we propose that present-day genetic differences be-
tween the Pampas and the rest of the SCSA are due to founder effects, genetic
drift, and a partial population replacement ~9,000 years ago.

INTRODUCTION

The Southern Cone of South America (SCSA), formed by Argentina, Chile, Uruguay, and Southern Brazil, is
a key study area to build a comprehensive picture of the peopling of the Americas. The region is geograph-
ically the most distant from Beringia, the entry point of the first settlers of the Americas, and the archaeo-
logical record shows that humans arrived in the SCSA roughly 14.3 thousand years ago (kya) (Dillehay et al.,
2008; Politis and Prates, 2018), shortly after the initial colonization of the continent (~16 kya, based on
ancient DNA (Llamas et al., 2016)), indicating a rapid spread southwards (Bodner et al., 2012; Prates
et al.,, 2020). A growing body of genetic research addressing the population history of the SCSA has
focused mostly on the southernmost archaeological and extant groups from Patagonia and Tierra del
Fuego (Lalueza et al., 1997; Garcia-Bour et al., 2004; de Saint Pierre et al., 2012b; de la Fuente et al,,
2015, 2018; Crespo et al.,, 2017, 2018; Nakatsuka et al., 2020b). However, despite its potential importance
for the peopling of this region, only a few recent studies included populations from the eastern sector of the
SCSA, the Argentinian Pampas (Figure 1) (Perez et al., 2009; Llamas et al., 2016; Posth et al., 2018; Postillone
et al., 2020b).

The Argentinian Pampas harbor some of the oldest known archaeological sites in the SCSA, with human
presence in the region evident around 14,000 calibrated '*C years before present (calBP) (Politis et al.,
2014; Politis et al., 2016) and a rich record of Late Pleistocene sites (~12.9-11 kya) (Politis, 2008; Mazzanti
etal, 2012; Flegenheimer et al., 2013; Martinez et al., 2016). The faunal remains indicate that the subsis-
tence was based on the hunting of camelids, extinct horse, and some extinct megamammals (e.g. giant
ground sloths Megatherium and giant glyptodonts Doedicurus) (Martinez et al., 2016; Miotti et al.,
2018). The fishtail projectile point (a typical early lithic tool) appeared both in the Pampas and Patagonia
at ~13 kya, a period of time when population size increased in the SCSA (Bodner et al., 2012). However,
during the beginning of the Early Holocene (~11-8 kya), there was a reduction of archaeological sites
throughout the Pampas and Patagonia and a disappearance of megafaunal remains as well as fishtail pro-
jectile points. This change in the archaeological record precedes a proposed population replacement in
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Figure 1. Map of the Pampas region

The three archaeological sites from which samples for
this study derive are highlighted (Laguna de los
Pampas, Laguna Chica, and Arroyo Seco 2; black
circles), as well as other Early (red circles) and Late
Holocene (blue circles) sites mentioned in this study.
Los Rieles has some samples that date from the Late
Pleistocene. Monte Verde Il has signs of human activity
dating to the Late Pleistocene. The 19" century
territories of the Kawéskar and Yamana populations are
shadowed in green and yellow, respectively.
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and a population replacement in the Middle Holocene (~8-4 kya), concretely in the latest period, have
been proposed based on differences in skull morphology as well as a gap in the radiocarbon database (Bar-
rientos and Perez, 2005), genetic evidence and more dates from archaeological sites indicate population
continuity in the region since the Early Holocene (Politis, 2008; Mazzanti et al., 2015; Posth et al., 2018; Do-
nadei, 2019). During the Late Holocene (<4 kya), the complexity of human populations in the Pampas
increased due to the introduction of pottery most likely from the subtropical lowlands as well as the devel-
opment of newly derived technologies from the bow and arrow adoption (Politis, 2008). During this period,
macro-regional social link and exchange expanded, and, as a result, an individual with Central-Andes-asso-
ciated genetic ancestry unexpectedly was found at the archaeological site of Laguna Chica, dating to 1700
1565 calBP (Nakatsuka et al., 2020a).

While phylogeographic studies of mitochondrial genomes (mitogenomes) from the past and present
Native Americans have revealed that the major founding lineages (A2, B2, C1b, Clc, C1d, D1, and
D4h3a) are widespread across the Americas with temporal and spatial variation (Perego et al., 2009;
2010; Bisso-Machado et al., 2012; Llamas et al., 2016), there are specific clades that show a highly restricted
geographic distribution (Bodner et al., 2012; de Saint Pierre et al., 2012b; Gomez-Carballa et al., 2018).
Thus, their evolutionary history can be highly informative to infer the population history of a particular re-
gion. Four clades are found nearly exclusively in people inhabiting the SCSA: B2i2, C1b13, D1g, and D1j
(Bodneretal., 2012; de Saint Pierre et al., 2012b). The Pan-American minor founding lineage D4h3a is found
at highest frequencies in Patagonia and Tierra del Fuego (Perego et al., 2009; de Saint Pierre et al., 2012a).
A2 and B2, which are frequent all over South America, are virtually absent in populations of the extreme
South (Lalueza et al., 1997; Garcia-Bour et al., 2004; Crespo et al., 2018).

In particular, the mitochondrial clades D1g and D1j play a prominent role in the discussions surrounding the
peopling of the SCSA. The geographical distribution of both clades, identified by Bodner et al. (2012), dif-
fers significantly from one another; D1g is found most frequently in Argentinian and Chilean Patagonia, as
well as in the Argentinian Pampas (Bodner et al., 2012; de Saint Pierre et al., 2012b; Crespo et al., 2018),
while D1j is most frequent in northern and central Argentina (including the Pampas) and Southern Brazil
but virtually absent in Chile (Bodner et al., 2012; Garcia et al., 2012; Crespo et al., 2018; de Saint Pierre,
2017). Based on their calculated divergence ages for both clades (D1g: 18.3 + 2.4 kya; D1j: 13.9 + 2.9
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kya) and the prominence of Monte Verde Il in southern Chile as the oldest known site in the SCSA (~14.3
kya) (Dillehay et al., 2008; Politis and Prates, 2018), Bodner et al. (2012) proposed that the most likely
peopling scenario was with one initial founding population arriving via the Pacific coast and subsequently
crossing the Andes into Argentina, followed by further diversification of both clades. However, other
studies note that the practical non-overlapping distribution of both clades contradicts this hypothesis
(de Saint Pierre et al., 2012b; Garcia et al., 2012; de Saint Pierre, 2017). Concretely, de Saint Pierre (2017)
proposed much older divergence dates of the two clades (D1g: 22 & 7 kya; D1j: 16.7 £ 9.4 kya), suggesting
that the peopling of South America along the Pacific route might have happened much earlier than sug-
gested by studies that include ancient mitogenomes (Llamas et al., 2016) or genomic data (Moreno-Mayar
et al., 2018; Posth et al., 2018). Support for this earlier peopling hypothesis relies on the older dates re-
ported for the Monte Verde locality (Dillehay et al., 2015). However, the association of these older dates
with human occupation remains controversial (Politis and Prates, 2018; Prates et al., 2020).

We identify three potential shortcomings of studies addressing the peopling of the SCSA using mitoge-
nomes: (1) Inferences are highly dependent on the prominence of one specific archaeological site; (2)
Most of the mitochondrial data derive from either relatively recent archaeological samples or modern
extant groups who might not have a local origin; (3) Divergence date estimates are highly dependent on
the calibration method applied to the molecular clock when converting estimates of relative rates of mo-
lecular evolution into calendar years in the phylogenetic tree. Several studies have shown that calibration
points close to the age of the events, such as radiocarbon-dated ancient DNA sequences (so-called tip cal-
ibrations), provide the most reliable date inferences (Rieux et al., 2014; Llamas et al., 2016, 2017; Posth
et al., 2016).

In order to address these potential issues and to better understand the population history of the Argenti-
nian Pampas and its implications in the peopling of the SCSA, we analyzed whole mitogenomes from well-
dated human skeletal remains from three Early to Late Holocene archaeological sites in the Argentinian
Pampas: Arroyo Seco 2 (AS2) (Politis et al., 2014; Politis et al., 2016), Laguna de los Pampas (LLP) (Messineo
etal., 2018; Messineo et al., 2019), and Laguna Chica (LCH) (Scheifler et al., 2017; Messineo et al., 2019) (Fig-
ures 1 and S1-S3; supplemental information text). We further employed a tip-calibration approach to
determine the divergence ages and to better understand the evolutionary history of the SCSA-specific
mitochondrial clades D1g and D1j, as well as the Pan-American minor founding lineage D4h3a that has
its highest frequencies in Patagonia and Tierra del Fuego.

RESULTS

Ancient DNA authenticity

We reconstructed 18 mitogenomes at an average coverage ranging from 22-419X (Tables 1 and S1). Twelve
of these mitogenomes have been reported previously (Llamas et al., 2016; Posth et al., 2018; Nakatsuka
et al., 2020a), whereas an additional seven are reported here for the first time. The DNA damage patterns
observed at the terminal ends of the sequencing reads are indicative of ancient degraded DNA (Jénsson
et al., 2013) and, combined with the low observed contamination estimates (0.5-3%), support the authen-
ticity of the results (Table S1).

Radiocarbon dating

Radiocarbon dates obtained for some of the successfully sequenced samples show that one newly re-
ported individual from Laguna de los Pampas dates from the initial Early Holocene (LLP.S2.E1; 10,223
9,764 calBP), while four individuals from Arroyo Seco 2 date from the terminal Early Holocene (8,960-
8,188 calBP). The majority of samples from Arroyo Seco 2 (n = 9; 7,970-6,950 calBP) and Laguna Chica
(n=3;7,724-6,650 calBP) date from the Middle Holocene with the exception of one individual from Laguna
Chica that dates from the Late Holocene (1,627-1,565 calBP) (Table 1) (Politis et al., 2014; Messineo et al.,
2018; Posth et al., 2018; Nakatsuka et al., 2020a). Importantly, a radiocarbon date for a burial in Laguna
Chica (LCH.E1.3) is reported for the first time and corresponds to the early Middle Holocene (7,724-
7,589 calBP).

Mitochondrial haplogroup diversity

The mitogenomes of the Early to Late Holocene individuals were assigned to 18 distinct haplotypes
within known Native American mitochondrial haplogroups (Table 1). The diversity of haplotypes
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Table 1. Calibrated dates and mitochondrial haplogroups of the 18 Early to Late Holocene individuals from the Argentinian Pampas.

Mitochondrial

Site Sample Calibrated date Period haplogroup ~ GenBank ID Reference
Laguna de los Pampas LLP.S2.E1 10,223-9,764 Initial Early Holocene D1j MW291678 This study
Arroyo Seco 2 ASO_B27_S36 8,960-8,380 Terminal Early Holocene Clb MW291663 (Posth et al., 2018)
ASO_B24_S31 8,545-8,188 C1b+16,311 MW291669 This study
ASO_B13_S20 8,545-8,188" Cilc MW291667 This study
ASO_S49 8,520-8,200 Cib MW291664 (Posth et al., 2018)
ASO_B3_S7 7,970-7,673 Middle Holocene C1b MW291671 This study
ASO_B10_S15 7,920-7,660 D1g MW291661 (Posth et al., 2018)
ASO_B10_S17 7,920-7,660° C1b MW291673 This study
ASO_B9_S14a 7,832-7,573 D1 MW291672 (Llamas et al., 2016)
ASO_B12_519 7,570-7,300 A2 MW291666 (Llamas et al., 2016)
ASO_B2_S6 7,570-7,290 A2 MW291670 (Posth et al., 2018)
ASO_B2_S5 7,570-7,290° A2 MW291665 This study
ASO_B1_S3 7,330-6,950 Clc MW291668 (Posth et al., 2018)
ASO_B1_S1 7,330-6,950° Clc MW291662 This study
Laguna Chica LCH.E1.3 7,724-7,589 A2 MW291674 (Posth et al., 2018)
LCH.E2-12.1 6,960-6,790 B2b MW291676 (Posth et al., 2018)
LCH.E2-11.2 6,780-6,650 C1b MW291675 (Posth et al., 2018)
LCH.E4.4 1,627-1,565 Late Holocene D1g5 MW291677 (Nakatsuka et al., 2020a)

®Indirect date. Burial 13 (skeleton 20; B13_S20) and burial 24 (skeleton 31; B24_S31) were buried at roughly the same depth and share some characteristics (pri-

mary burials with calcrete stones), which indicate they might have the same age (Politis et al., 2014).

®Indirect date. Burial 10 was formed by three fully articulated skeletons—1 (B10_S15), 2 (B10_S16), and 3 (B10_S17)—buried at the same time. Date comes from

B10_S15 and was extrapolated to B10_S17.

“Indirect date. Burial 2 was formed by three fully articulated skeletons—4 (B2_S4), 5 (B2_S5), and 6 (B2_Sé)—buried at the same time. The'*C date comes from

individual B2_S6 and was extrapolated to B2_S5.

dIndirect date. Burial 1 was formed by three fully articulated skeletons—1 (B1_S1), 2 (B1_S2), and 3 (B1_S3)—buried at the same time. Date comes from B1_S3 and

was extrapolated to B1_S1.

observed in the Early to Middle Holocene Pampas (excluding the Late Holocene individual from Laguna
Chica) is characterized by the prevalence of C1 haplotypes (C1b: 35.3% and Clc: 17.6%), a higher fre-
quency of A2 haplotypes (23.5%) compared to D1 haplotypes (17.6%), the detection of a B2b haplotype
(6%), and the absence of D4h3a. Both B2b and C1lc are absent in other pre-Columbian populations of the
Eastern SCSA (de la Fuente et al., 2015; Crespo et al., 2017; Postillone et al., 2020b) but found in modern-
day groups of central Argentina (including the Pampas) and northern Patagonia (Bailliet et al., 1994,
Merriwether et al., 1995; Bobillo et al., 2010; Perego et al., 2010; Gémez-Carballa et al., 2016; Motti
et al., 2020).

The oldest mitogenome obtained in this study from an individual found at the site Laguna de los Pampas
(LLP.S2.E1; 10,223-9,764 calBP) exhibits a haplotype basal to D1j, according to the nomenclature sug-
gested by phylotree.org (mtDNA tree Build 17 [18 Feb 2016]) (van Oven, 2015). The haplotype shows the
characteristic C16242T and T16311C control region mutation pattern but lacks the T152C substitution
(Bodner et al., 2012).

Two D1 mitogenomes, one from the early Middle Holocene Arroyo Seco 2 (ASO_B10_515; 7,920-7,660 calBP)
and the other from the Late Holocene Laguna Chica (LCH.E4.4; 1,627-1,565 calBP), exhibit the mutational
pattern A8116G-C16187T characteristic of haplogroup D1g (van Oven and Kayser, 2009; Bodner et al., 2012).
The haplotype of the younger LCH.E4.4 shows an additional four substitutions (T55C-A56G-T10595C-
T16209C) that are considered part of the mutational motif characterizing the D1g5 subclade, despite lacking
three substitutions at nucleotide positions G499A-A3505G-A14693G (Bodner et al., 2012; Garcia et al., 2012).
The ASO_B10_S15D1g mitogenome shares the characteristic substitution T55C, suggesting that the haplotype
might be basal to the subclade D1g5.
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Figure 2. Maximum clade credibility tree for haplogroups D1 and D4h3a
The estimated mean coalescent times are shown for clades D1j (a), D1g (b), D4h3a (c), and subhaplogroup D1g5 (d) in years before present (credible intervals
in parentheses).

Time-measured phylogenetic analyses

We further investigated the evolutionary relationship between the newly reported Early to Late Holocene
D1j and D1g mitogenomes from the Argentinian Pampas and other mitogenomes from the SCSA and the
Americas. To achieve this, we constructed a maximum clade credibility tree employing Bayesian phyloge-
netic inference using BEAST 1.8.0 (Drummond and Rambaut, 2007) (see STAR Methods). A total of 117 pre-
Columbian and modern-day haplotypes belonging to haplogroups D1 and D4h3a (Bodner et al., 2012; de
Saint Pierre et al., 2012b; Rasmussen et al., 2014; van Oven, 2015; Llamas et al., 2016; Posth et al., 2018) were
included to estimate the coalescent times of these haplogroups. The resulting phylogenetic tree (Figures 2
and S4) confirms that the D1j mitogenome from Laguna de los Pampas (LLP.S2.E1) is basal to the entire D1j
clade. The Middle Holocene D1g lineage from Arroyo Seco 2 (ASO_B10_S15) is positioned basal to a clade
containing the Late Holocene Laguna Chica D1glineage (LCH.E4.4), which again is ancestral to a number of

mitogenomes falling into the subclade D1g5 containing contemporary Pampeans and Patagonians
(Figure 2).

The radiocarbon dates of the ancient sequences from this and previously published studies were used as
tip calibrations in the phylogenetic analysis (Table 1; Figure 2). We observe highly synchronous estimates of
the times to the most recent common ancestor (TMRCA) for all three haplogroups D1g, D1j, and D4h3a
(Figure S5), with an average divergence time of ~15.6 kya (Figure 2). The TMRCA estimates for D1g
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(95% highest posterior density interval: 20.9-11.7 kya) and D1j (20.8-11.5 kya) fall well within the divergence
age estimated for the founding lineage D1 in our study of 28.6-14.3 kya and previously published estimates
of 23.7-12.5 kya (Llamas et al., 2016). Similarly, for D4h3a (21.6-12.6 kya), we were able to reproduce the
previous TMRCA estimates of 20.9-12.6 kya (Llamas et al., 2016).

DISCUSSION

Few studies so far have addressed the past genetic diversity of Early to Late Holocene hunter-gatherer
populations in the Argentinian Pampas and their genetic relationship with populations of the SCSA. Posi-
tioned at the Eastern sector edge of the SCSA and harboring some of the earliest known archaeological
sites, the region might have played a crucial role during the peopling of the region.

Our analysis revealed a higher diversity of mitochondrial haplotypes and a different distribution of hap-
logroup frequencies in the Early to Middle Holocene Pampas compared to other published Middle to
Late Holocene pre-Columbian Eastern Patagonian and SCSA populations (Cabana et al., 2006; Marrero
et al., 2007; Garcia and Demarchi, 2009; Bobillo et al., 2010; Nores and Demarchi, 2011; de Saint Pierre
et al., 2012b; Motti, 2012; Cardoso et al., 2013; de la Fuente et al., 2015; Crespo et al., 2017; Arencibia
et al., 2019; Motti et al., 2020; Postillone et al., 2020a, 2020b) (Table S2). These include Late Holocene
groups from the geographically near site of Paso Alsina 1, at the eastern Pampa-Patagonia transition (Pos-
tillone et al., 2020b), and other sites along the Atlantic coast of Argentinian Patagonia (Motti et al., 2015;
Crespo et al., 2017). The difference in haplogroup frequencies between our data set and those previously
published is driven by the predominance of haplogroup C1 and the presence of B2b in the Early to Middle
Holocene Pampas, while haplogroup D1 is predominant and B2 is mostly absent in the Middle to Late Ho-
locene pre-Columbian Eastern Patagonian and SCSA populations. Even though haplogroup C1 was prev-
alent in a late 19™ and early 20™ century indigenous cemetery in Tierra del Fuego (La Candelaria), hap-
logroup D1 had a high frequency and B2 was not found (Motti et al., 2020). Interestingly, the Late
Holocene study in the Cérdoba Province (Argentina) presents similar frequencies to our study, as hap-
logroup Cis also predominant and it is followed by B and A, with haplogroup D being the least frequent
(Nores and Demarchi, 2011). Moreover, haplogroup B has also been reported at high frequencies in indi-
viduals from the Early Holocene site Bafio Nuevo (Manriquez et al., 2011) and Late Holocene site Lago Sali-
troso (Arencibia et al., 2019), both in south-western Patagonia. Since these last studies are based on gen-
eral identification of mitochondrial haplogroup variants or short, low-resolution hypervariable region 1
sequences, as opposed to complete mitogenomes, it is not possible to determine if those individuals car-
ried the same haplotypes as observed in this study.

Lineages falling into the B2b clade are found throughout South America, most frequently in the Andes, and
the clade most likely evolved in the North of Mesoamerica shortly after the initial entry into the Americas
(Brandini et al., 2018). Notwithstanding, the most common B2b lineages in the Pampas and central
Argentina today are the derived lineages B2b3 or B2b14 (Bobillo et al., 2010; Brandini et al., 2018), while
the Middle Holocene Laguna Chica individual (LCH.E2-12.1) exhibits a less derived B2b haplotype. Go-
mez-Carballa et al. (2018) performed a phylogeographic analysis of present-day B2 mitogenomes. Their
study uses a bifurcation model to explain the presence of the two subclades in the Pampas and central
Argentina, proposing that the less frequent B2b14 arrived from the Andes, and B2b3 arrived via an Amazo-
nian/Atlantic route. The presence of the basal B2b haplotype in the Middle Holocene Pampas suggests
that individuals carrying an ancestral B2b haplotype spread in the northern SCSA earlier than the B2b3-
B2b14 divergence, with the derived clades either arriving in subsequent waves or differentiating later via
random genetic drift. These results reinforce the need to include ancient DNA analysis to disentangle
past demographic events. Like the B2b haplotype, most A2, C1b, and Clc haplotypes found in the Early
and Middle Holocene individuals from the Pampas are relatively basal to the Native American founding
haplotypes (Perego et al., 2010). This observation is in agreement with the proposed rapid dispersal of
the initial settlers throughout the American continent (Bodner et al., 2012; Llamas et al., 2016; Prates
et al., 2020). However, due to the lack of available information for these haplogroups in the SCSA, changes
in haplotype frequency through the Holocene period cannot be inferred.

D1g and D1j are the two main mitochondrial haplogroups thought to have a major role in the peopling of
the SCSA (Bodner et al., 2012; de Saint Pierre et al., 2012b; Garcia et al., 2012; Crespo et al., 2017; Crespo
etal., 2018; de Saint Pierre, 2017). The finding of a D1g haplotype in Arroyo Seco 2 (ASO_B10_S15) supports
the idea that D1g was already in the Pampas during the early Middle Holocene. It has been previously
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suggested that D1g arrived in the SCSA via the Pacific coast with trans-Andean migrations to the East
based on its geographical distribution and frequency patterns in modern-day populations in southern
Chile, Argentinian Patagonia, and the Pampas (Bodner et al., 2012; de Saint Pierre et al., 2012b; Crespo
et al., 2017; de Saint Pierre, 2017). This early Middle Holocene D1g lineage from Arroyo Seco 2 is basal
to a subclade containing the Late Holocene D1g5 mitogenome from Laguna Chica (LCH.E4.4), which is it-
self basal to the modern-day D1g5 lineages. The derived clade D1g5 has been proposed to have differen-
tiated during the early peopling of the SCSA based on its geographically structured internal clades (Motti
et al.,, 2019; Prieto et al., 2020). However, we find no evidence to corroborate this hypothesis as we esti-
mated a divergence time of only ~6 kya for D1g5 (Figure 2), much later than the peopling of the SCSA,
and indicative that D1g5 was present in the Pampas before migrating southwards.

While Bodner et al. (2012) proposed that both D1g and D1j arrived in the SCSA via the Pacific coast, Garcia
et al. (2012) and Postillone et al. (2020b) have proposed that D1j probably migrated from central Argentina.
This hypothesis was based on the D1j geographic distribution, which extended along the Patagonian
Atlantic coast in the Late Holocene groups (Motti et al., 2015; Crespo et al.,, 2017; Postillone et al.,
2020b), and is presently more frequent in the Eastern Pampas, while absent in western Patagonia and
the extreme South (Bodner et al., 2012; Garcia et al., 2012). The Early Holocene D1j mitogenome in Laguna
de los Pampas is basal in the D1j phylogeny and supports the hypothesis that D1j spread from the Pampas.
Interestingly, a cranial morphometric study showed some affinities between the Early Holocene sites of La-
guna de los Pampas and Lagoa Santa (Brazil) (Menéndez et al., 2015). These observations, among others,
have been used to suggest a possible Atlantic migration route (Miotti, 2006). However, genetic evidence
supporting the so-called Palecamerican morphology has recently been disproven (Raghavan et al., 2015;
Moreno-Mayar et al., 2018). Furthermore, the D1j haplotype from Laguna de los Pampas lacks the T152C
substitution but has the characteristic C16242T and T16311C substitutions. Garcia et al. (2012) argue that
the mutations at T16311C and T152C co-occur in both D1j and other D1 haplotypes found in central
Argentina and propose that the substitution at T152C preceded the one at C16242T. Again, the ancient
mitogenome from Laguna de los Pampas does not support this hypothesis as our observations indicate
that the substitution C16242T preceded T152C. Nevertheless, it should be noted that 152 and 16,311
are mutational hotspots as described by Soares et al. (2009), increasing the odds of a recurrent mutation
event.

The divergence ages for D1g and D1j have been estimated several times in previous studies using a range
of methods and calibrations of the mitochondrial mutation rate. Bodner et al. (2012) used the HKY85 model
and the human-chimpanzee split time (Goodman et al., 1998)—as shown in Mishmar et al. (2003)—and re-
ported 18.3 + 2.4 kyaforD1gand 13.9 + 2,9 kya for D1j. They also used the corrected rho-based molecular
clock proposed by Soares et al. (2009) (also based on the human-chimpanzee split time) and obtained
similar time estimates (D1g: 19.7 £ 3 kya; D1j: 14.9 £ 4.7 kya). De Saint Pierre, Bravi, et al. (2012) employed
a Bayesian phylogenetic method and multiple mutation rates to propose a divergence date of ~15 kya for
D1g. In that study, they argued that the rate based on internal calibration points in the human mitochon-
drial tree (Endicott and Ho, 2008) was more concordant with the evolutionary process than when using any
rate based on the deep human-chimpanzee split. However, de Saint Pierre (2017) recalculated both dates
using a corrected rho-based molecular clock based on the human-chimpanzee split (Soares et al., 2009)
and pushed the D1g and D1j divergence dates back to 22 £+ 7 kya and 16.7 + 9.4 kya, respectively. This
result led to the proposal that D1g and D1j arrived in the SCSA via two temporally distinct migration pulses
(de Saint Pierre, 2017). Here, we adopted a Bayesian phylogenetic method with tip dates calibration (Rieux
and Balloux, 2016) and our coalescence time estimates for D1j, D1g, and even D4h3a were synchronous at
~15.6 kya. A main strength of the present study is the ability to directly calibrate the molecular clock for all 3
clades (D1g, D1j, and D4h3a) via radiocarbon-dated ancient mitochondrial sequences. While using deep
nodes as opposed to tips to calibrate the molecular clock does not affect the tree topology in phylogenetic
reconstructions, it does impact significantly the evolutionary substitution rate and ultimately the dating of
demographic events (Rieux et al., 2014). In fact, tip calibration is a much more reliable method when time-
stamped sequences are available (Rieux and Balloux, 2016), such as is the case for recent human mitoge-
nome studies based on ancient DNA (Brotherton et al., 2013; Fu et al., 2013; Rieux et al., 2014; Llamas et al.,
2016; Posth et al., 2016; Nieves-Colén et al., 2020).

Beyond mitochondrial DNA results, nuclear genome data from Posth et al. (2018) demonstrated that the
ancient individuals from Arroyo Seco 2 have the highest affinity to present-day populations of the SCSA
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and that Arroyo Seco 2 was an admixed population containing two main genetic ancestries, including the
Early Holocene Lapa do Santo (Brazil)-associated ancestry and the Middle-Late Holocene ancestry pre-
dominant in present-day South Americans. Furthermore, they observed that ancient populations from
central Chile (Los Rieles, 10,900 calBP) do not have a significant Lapa do Santo-associated ancestry,
even though the most recent samples (Los Rieles, 5,100 calBP) also have the genetic ancestry related
to all modern-day South Americans. These observations led Posth et al. (2018) to postulate a population
replacement in South America ~9 kya. However, the Laguna de los Pampas individual analyzed in this
study and carrying the D1 haplogroup predates such putative replacement event, which indicates
that D1j was present before the replacement. Considering that Arroyo Seco 2 harbors both genetic an-
cestries, the proposed replacement event could not have been complete as some mitochondrial line-
ages persist since the Late Pleistocene until today. A partial population replacement might reasonably
explain the high diversity of haplotypes and distinct distribution of haplogroup frequencies observed
in the Early and Middle Holocene Pampas compared to the Middle and Late Holocene pre-Columbian
SCSA populations.

Hence, the synchronous estimated divergence dates for D1g, D1j, and D4h3a reported in this study
(~15.6 kya) suggest that the three clades might have emerged during the initial peopling of the Americas
(~16 kya) (Llamas et al., 2016) and diversified en route to South America. At ~9 kya, a partial population
replacement (Posth et al., 2018) as well as founder effects and genetic drift might have erased D1g and
D1j outside the SCSA but not D4h3a. Alternatively, Prates et al. (2020) suggested that the earliest chro-
nological threshold for the peopling of South America was ~15.5 kya (16.6-15 kya) using a quantitative
analysis of screened radiocarbon databases. Therefore, it could also be possible that the settling of
South America led to diversification and D1g and D1j arose in South America. However, this scenario
would imply that although D4h3a emerged at the same time, it might have had a different genetic history
given its distribution across the entire American Pacific coast both in pre-Columbian and contemporary
populations and its high frequency in Patagonia and Tierra del Fuego (Perego et al., 2009; Moraga et al.,
2010; de Saint Pierre et al., 2012a).

In conclusion, the most parsimonious explanation for our results is that at least D1g, D1j, and likely B2b
arrived in the Pampas during the initial settlement of the region as inferred from archaeological evidence
(~14,000 calBP) (Politis et al., 2014; Politis et al., 2016), molecular dating (~20-11 kya), and quantitative
analysis of radiocarbon dates (16.6-15 kya) (Prates et al., 2020). Despite the caveat that mitochondrial
data from the present study do not allow us to infer specific migration routes, it is unlikely that the peopling
of the Pampas was through the Pacific coast followed by the crossing of the Southern Andes. The Patago-
nian Ice Sheet reached the 35" parallel south during the Late Glacial Maximum and it was still in the Le
Glacial phase ~16-14 kya (Dickinson, 2011; Rabassa et al., 2011). Even if trans-cordilleran passes were
open during that time, it is unlikely that they were suitable for human transit. Thus, an Atlantic or inland
route is more likely for the peopling of the Pampas. Additionally, a partial population replacement took
place ~9 kya in South America and reached both the Pampas and the rest of the SCSA (Posth et al.,
2018). Hence, some derived lineages that are currently specific to the Southern Cone could have been
brought in by the second wave. For example, the basal B2b haplogroup found in Laguna Chica could
have been present during the initial settlement of the Pampas, while present-day derived B2b3 and
B2b14 could have come from the Andes and the Atlantic Route, respectively (Gémez-Carballa et al.,
2018). Finally, Arroyo Seco 2 has the highest affinity to present-day SCSA indigenous populations (Posth
et al., 2018), which suggests that the Pampas and the rest of the SCSA share some of their demographic
history. Our results are consistent with the Pampas being one of the sources of the ancient Patagonian
gene pool, and contemporary genetic differences observed between both regions could stem from
founder effects, genetic drift, and the partial population replacement ~9 kya.

Limitations of the study

There are limitations associated with the study of mtDNA, as this genetic marker represents the evolu-
tionary history of the female population at a single locus and sample sizes are often small. Moreover, mito-
chondrial data from the present study do not allow us to test specific migration routes.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Chemicals, Peptides, and Recombinant Proteins

Pfu Turbo Cx Hotstart DNA Polymerase Agilent Technologies 600412

Herculase Il Fusion DNA Polymerase Agilent Technologies 600679

2x HI-RPM hybridization buffer Agilent Technologies 5190-0403

0.5 M EDTA pH 8.0 BioExpress E177

Sera-Mag Magnetic Speed-beads GE LifeScience 6.51521E+13

Carboxylate-Modified (1 um, 3EDAC/PA5)

USER enzyme New England Biolabs M5505

UGl New England Biolabs MO0281

Bst DNA Polymerase2.0, large frag. New England Biolabs MO0537

PE buffer concentrate QIAGEN 19065

Proteinase K Sigma Aldrich P6556

Guanidine hydrochloride Sigma Aldrich G3272

3M Sodium Acetate (pH 5.2) Sigma Aldrich 57899

Water Sigma Aldrich W4502

Tween-20 Sigma Aldrich P9416

Isopropanol Sigma Aldrich 650447

Ethanol Sigma Aldrich E7023

5M NaCl Sigma Aldrich S5150

1M NaOH Sigma Aldrich 71463

20% SDS Sigma Aldrich 5030

PEG-8000 Sigma Aldrich 89510

1 M Tris-HCl pH 8.0 Sigma Aldrich AM9856

dNTP Mix Thermo Fisher Scientific R1121

ATP Thermo Fisher Scientific RO441

10x Buffer Tango Thermo Fisher Scientific BYS

T4 Polynucleotide Kinase Thermo Fisher Scientific EK0032

T4 DNA Polymerase Thermo Fisher Scientific EP0062

T4 DNA Ligase Thermo Fisher Scientific ELOO11

Maxima SYBR Green kit Thermo Fisher Scientific K0251

50x Denhardt’s solution Thermo Fisher Scientific 750018

SSC Buffer (20x) Thermo Fisher Scientific AM9770

GeneAmp 10x PCR Gold Buffer Thermo Fisher Scientific 4379874

Dynabeads MyOne Streptavidin T1 Thermo Fisher Scientific 65602

Salmon sperm DNA Thermo Fisher Scientific 15632-011

Human Cot-| DNA Thermo Fisher Scientific 15279011

DyNAmo HS SYBR Green gPCR Kit Thermo Fisher Scientific F410L

Methanol, certified ACS VWR EM-MX0485-3

Acetone, certified ACS VWR BDH1101-4LP

Dichloromethane, certified ACS VWR EMD-DX0835-3

Hydrochloric acid, 6N, 0.5N & 0.01N VWR EMD-HX0603-3

(Continued on next page)
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER
Critical Commercial Assays

High Pure Extender from Viral Nucleic Acid Roche 5114403001
Large Volume Kit

MinElute PCR Purification Kit QIAGEN 28006
NextSeq® 500/550 High Output Kit v2 (150 lllumina FC-404-2002
cycles)

HiSeq® 4000 SBS Kit (50/75 cycles) Illumina FC-410-1001/2
Deposited Data

Sequencing Data GenBank MW291661-MW291678

Genotype Data

Reich Lab website

https://reich.hms.harvard.edu/datasets

Software and Algorithms

Samtools v1.11
BWA v0.7.17-r1188
SeqPrep v2

AdapterRemoval v2

Dedeup v0.12.07
PMDtools v0.60
Haplogrep v2.0
ContamMix
MEGAé6
mapDamage2.0
MUSCLE v3.8.1551
Geneious v9.1.8

PartitionFinder v2.1.1

BEAST 1.8.0

Tracer v1.7.1

TreeAnnotator v2.6.0

FigTree v1.4.4

Li et al., 2009

Li and Durbin, 2009
https://github.com/jstjohn/SeqPrep
Schubert et al., 2016

Peltzer et al., 2016
Skoglund et al., 2014

Fu et al. (2013)
Tamura et al., 2013
Jénsson et al. (2013)
Edgar, 2004

Lanfear et al. (2012)

Drummond and Rambaut (2007)

http://samtools.sourceforge.net/
http://bio-bwa.sourceforge.net/
https://github.com/jstjohn/SeqPrep
https://github.com/MikkelSchubert/

adapterremoval
https://eager.readthedocs.io/en/latest/
https://github.com/pontussk/PMDtools
https://haplogrep.uibk.ac.at/index.html
https://github.com/DReichLab/ADNA-Tools
https://www.megasoftware.net
https://ginolhac.github.io/mapDamage/
https://www.drive5.com/muscle/
https://www.geneious.com/

https://www.robertlanfear.com/

partitionfinder/
https://beast.community

https://github.com/beast-dev/tracer/releases/
tag/v1.7.1

https://beast2.blogs.auckland.ac.nz/

treeannotator/

http://tree.bio.ed.ac.uk/software/

RESOURCE AVAILABILITY
Lead contact

Further information and requests should be directed to and will be fulfilled by the lead contact Xavier Roca-

Rada (xavier.rocarada@adelaide.edu.au).

Materials availability

This study did not generate new unique reagents.

Data and code availability

The data underlying this article are available in GenBank under accession numbers MW291661-MW291678.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Archaeological context

We analyzed 18 whole mitochondrial genomes—7 of which are reported in this study for the first time—from
human skeletal remains from three Early to Late Holocene archaeological sites in the Argentinian Pampas:
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Arroyo Seco 2: 13
Laguna de los Pampas: 1

Laguna Chica: 4

Brief description of archaeological sites

The Arroyo Seco 2 (AS2) site (Figure S1) is located outside the city of Tres Arroyos. It is an open-air archae-
ological site situated on a low-lying knoll between a small temporary lake and a shallow creek (S 38036’ and
W 60024"). From 1979 to the most recent excavations in 2019, a total of 77 units (314 m?) were opened in the
site, including shovel tests and 3 long trenches. AS2 is a multicomponent site with several occupation ep-
isodes and a chronological range from the Late Pleistocene to historical times (Politis et al., 2014; Politis
et al., 2016; Rafuse, 2017).

The hunting/scavenging events of the early hunter-gatherers at the AS2 site likely reflect at least two episodes.
Temporary campsites were established in the area for the butchering/processing of Megatherium and the
extinct horses Equus neogeus (at ~12,200 '*C years BP) and Hippidon (at ca. 11,180 '*C years BP). During
this period, other species of megafauna (Toxodon, Hemiauchenia and Glossotherium) were at the site,
although the evidence of human agency is still inconclusive for these taxa. Lithic artefacts are mainly unifacially
retouched quartzite flakes. Formal tools include side and end scrapers as well as bifacially retouched knifes. All
raw materials are non-local and have different proveniences (Tandilia Hill Range, Ventania Hill Range, Atlantic
seashore, etc.). After the extinction of the megamammals, there is a gap in the human occupation of AS2. Dur-
ing the Early Holocene (~ 8,500 '“C years BP), the site was occupied again by guanaco (Lama guanicoe) hunters,
who established several overlapping campsites. Medium and large triangular projectile points, as well as a va-
riety of unifacial quartzite and cherttools, characterize the lithic technology during this period. Around this time,
funerary activities are abundant of human skeletons (n = 50) of both sexes and all age categories, dating be-
tween 7,819 + 61 'C years BP and 4,487 + 45 c years BP (n = 27 dates). Thirteen of these skeletons were
analyzed for this study (Table 1). The burial modalities are varied, including simple and multiple primary burials
and simple and multiple funeral packages. The earliest level of burial included five skeletons with projectile
points (midsized triangular stemless) stuck between and within the bones. Grave goods consisted of marine
shell beads and necklaces of canid canines were recorded in some skeletons, indicating an early and complex
treatment of the dead.

The Laguna de los Pampas (LLP) (Figure S2) and Laguna Chica (LC) (Figure S3) archaeological localities are
placed in the Central Pampas Dunefields, one of the aeolian unit system from the eastern center of
Argentina. These localities are situated in the current margins of shallow lakes, with recurrent hunter-gath-
erer occupations through the Holocene (Messineo et al., 2019). In LLP, eight burials were recovered in two
sectors of a lake's beach (sector 1: S 3501942" and W 61031'50"; sector 2: S 35019'56" and W 61031'53")
due to re-exposition by water erosion. Moreover, isolated human bone remains corresponding to other
eight individuals were found. The inhumations dated from the Early and Middle Holocene (Messineo et
al., 2019). Burial 1 of LLP includes a multiple primary burial composed of two individuals: one adult female
dating from 8,971 + 77 "C years BP (LLP.52.E1, AA-90127) and one sub-adult of 2-4 years old dating from
8,835 + 83 'C years BP (L.LLP.52.43, AA-93221). Burials 2 and 3 are simple primary and they dated back to
5,688 + 36 "C years BP (L.LLP.S2.1062, AA-108848) and 5,819 + 24 '*C years BP (L.LLP.S1.E3, MAMS-
24770), respectively. Bone remains of burial 4 and 5 were found on the surface and the method of the burials
were not determined. They dated back to 5,924 + 40 4c years BP (L.LLP.S2.E4, AA-106730) and 7,089 + 37
c years BP (L.LLP.S51.2706, AA-110832), respectively (Messineo et al., 2019). Burials 6, 7 and 8 are simple
primary but they still do not have radiocarbon dates. Only one of these skeletons was analyzed in this study
(Table 1).

The Laguna Chica (LCH) archaeological locality is located in the current margins of a small, temporal,
shallow lake (S 3605'8.80" and W 62020'31.44") in the southeast of the Hinojo-Las Tunas Shallow Lake Sys-
tem. Seven burials were identified: four in Sector A located in the southern part of the shallow lake and three
in Sector B in the western area. Inhumations dated from the Middle to the Late Holocene (Scheifler et al.,
2017; Messineo et al., 2019). These burials were partially exposed at the lake’s beach due to water erosion.
Only the cranium, the mandible and some remains of the thorax region were recovered from Burial N 1 (sam-
ple SC50-L763, LCH.E1.3). The morphological study of this individual’s scarce remains determined a prob-
able male adult (genetically confirmed) and dated back to 6,870 + 30 4c years BP (PSUAMS-6965). This
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individual was associated with a decorated pendant made of a canine of ajaguar (yaguareté, Panthera onca).
Burial N 2 contained multiple primary burials represented with two individuals who had a dorsal disposition
of the bodies with the lower limbs flexed. Individual N 1 (sample SC50-L762, LCH.E2-11.2) was a female adult
that dated back to 5,930 + 15 "C years BP (UCIAMS-185302). Individual N 2 (sample SC50-L761, LCH.E2-
12.1) was a male adult that dated back to 6,080 + 15 '*C years BP (UCIAMS-185303). Burial N 4 (sample SC50-
L764, LCH.E4.4) was an infant of undetermined sex. This individual dated back to 1,750 + 15 '*C years BP
(UCIAMS-185301). Burials 3, 5 and 7 are simple primary represented by adult. The individual of the Burial
7 was associated with abone tool made of a metapodial of guanaco (Lama guanicoe). Bone remains of burial
6 were found on the surface and the method of the burials were not determined. These last burials do not
have radiocarbon dates yet.

Stratigraphic excavations have been performed in LLP and LCH locality, and abundant lithic materials and
bones have been found. These lithic materials are characterized by a predominance of orthoquartzite and
chert, which outcrops in the Tandilia Hill Range, 300 km far from the sites. Other lithic raw materials, such as
granite, silicified dolomite, metaquartzite, rhyolite, basalt, silex, micaceous schist, and obsidian, were pre-
sentin low frequencies. Some of these rocks come from diverse sectors of the Pampas (Ventania Hill Range,
xerophytic woodland, and Tehuelche Mantle), and extra-regional areas. A high diversity of lithic tools was
found, including side scrapers, end-scrapers, knives, multipurpose tools, triangular projectile points, etc.
(Messineo et al., 2019). In addition, a standardize bone technology was also identified in LLP and centered
in the production of beveled tools and blunted points made on guanaco tibiae (Messineo et al., 2019). The
analysis of the material indicates that these sites were occupied during Holocene times. It might represent
a succession of residential camps in the border of the shallow lakes by hunter-gatherers focused on the
exploitation of guanaco (Lama guanicoe), although armadillo shell plates and Rheidae eggshells were
well represented. In addition, complete eggs of greater rhea with a small perforation at the minor pole
were found in both sites. They were possibly employed as flasks for storing water by hunter-gatherer
groups in environments with shortage of sources of fresh water (Messineo et al., 2019).

METHODS DETAILS

Radiocarbon dating and calibration

The new AMS "C date reported in this article (LCH.E1.3; 7,724-7,589 calBP) has been generated at the
Pennsylvania State University AMS Radiocarbon Laboratory, which is part of the Energy and Environmental
Sustainability Laboratories (EESL). The Radiocarbon Laboratory is equipped with a National Electronics
Corporation compact spectrometer with a 0.5MV accelerator (NEC 1.5SDH-1). The primary modifications
impacting analytical measurement error are the use of a spherical ionizer ion source operating at high cath-
ode voltage (7V) to generate intense C-beams, plus injection beam line changes for better ion-optical
matching to the accelerator. The injector modifications include a second einzel lens plus an increased
ion source voltage running at 47.5 kV combined with a redesigned large-gap injector magnet (DF01319)
(Beverly et al., 2010). These alterations allow for analytical error in the 2-3%, range for near modern samples
under currents of up to 200 pA of '2C and routinely generating 100-120 pA of '2C from ~0.7mg C samples.
Radiocarbon ages are 8"*C-corrected for mass dependent fractionation with 8'>C values measured on the
AMS and compared with OXII standards for normalization. Pre-treatment of sample (collagen extraction)
was made in Laboratory of Pre-treatment for Isotopic Analysis (LAPREI) which is part of the Instituto de In-
vestigaciones Arqueoldgicas y Palentolélégicas del Cuaternario Pampeano (INCUAPA), Argentina,
following standard protocols.

XAD Amino Acids: Sample was physically cleaned using hand tools and sectioned with disposable Dremel
cut-off wheels and then demineralized in 0.5 N HCl for 2-3 days at 5°C. The demineralized collagen pseu-
domorph was gelatinized at 60°C in 1-2mL 0.01 N HCl for eight to ten hours. Sample gelatine was pipetted
into a pre-cleaned 10 mL disposable syringe with an attached 0.45 mm Millex Durapore PVDF filter (pre-
cleaned with methanol and Nanopure H20) and driven into a thick-walled culture tube. The filtered solu-
tion was lyophilized, and percent gelatinization and yield determined by weight. The sample gelatine was
then hydrolyzed in 2 mL 6 N HCl for 22 h at 110—C. Supelco ENVI-ChroSPE (Solid Phase Extraction; Sigma-
Aldrich) columns were prepped with 2 washes of HCI (2 mL) and rinsed with 10 mL DI H20. With a 0.45 mm
Millex Durapore filter attached, the SPE Column was equilibrated with 50 mL 6 N HCl and the washings dis-
carded. 2 mL collagen hydrolyzate as HCl was pipetted onto the SPE column and driven with an additional
10 mL 6 N HCI dropwise with the syringe into a 20mmculture tube. The hydrolyzate was finally dried into a
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viscous syrup by passing UHP N2 gas over the sample heated at 50°C for 12 h. All calibrated "*C ages were
calculated using OxCal version 4.3 (Bronk Ramsey, 2013).

Ancient DNA laboratory work

All samples were processed in the dedicated clean rooms at UCSC Paleogenomics Lab in Santa Cruz (UC-
PL) or at David Reich’s lab at Harvard Medical School (HMS), following strict precautions to minimize
contamination (Llamas et al., 2017). DNA was extracted from tooth roots and bone samples (Table S1) using
a commonly applied extraction method optimized to retain short DNA fragments (Dabney et al., 2013) with
modifications described in Posth et al. (2018). Partially UDG treated internally barcoded double stranded
DNA (dsDNA) libraries were generated following the protocol by Rohland et al. (2015). Sequencing li-
braries were enriched for mitochondrial DNA using in-solution hybridization capture at HMS or UC-PL
following the protocols described in Llamas et al. (2016). Enriched libraries were sequenced (2x150) on Il-
lumina NextSeq sequencers at HMS or UC-PL. Raw reads were processed and mapped against hg19 as
described in Posth et al. (2018).

QUANTIFICATION AND STATISTICAL ANALYSIS
Contamination estimation

We evaluated evidence for ancient DNA authenticity by measuring the rate of damage in the first nucleo-
tide, flagging individuals as potentially contaminated if they had a less than 3% cytosine-to-thymine sub-
stitution rate. Additionally, we estimated mtDNA contamination using contamMix version 1.0-12 Fu
et al. (2013). The software was run with down-sampling to 50x for samples above that coverage, —trimBases
2, 8 threads, 4 chains, and 2 copies, taking the first one that finished.

Mitochondrial DNA analyses

The sequencing read pileups were visualized in Geneious v9.1.8 (Biomatters; available from http://www.
geneious.com/). SNPs were called in Geneious for all polymorphisms with minimum coverage 2 and a min-
imum variant frequency 0.7. The assembly and the resulting list of SNPs were verified manually and
compared to SNPs reported at phylotree.org (mtDNA tree Build 17 [18 Feb 2016] (van Oven, 2015)) as
described in Llamas et al. (2016).

Phylogenetic analyses

A total of 117 pre-Columbian and modern-day haplotypes belonging to haplogroups D1 and D4h3a and
one Cla outgroup were compiled (Bodner et al., 2012; de Saint Pierre et al., 2012a, 2012b; Rasmussen
et al., 2014; van Oven, 2015; Llamas et al., 2016; Posth et al., 2018) and aligned using Geneious
v2019.2.1. Common indels and mutational hotspots were excluded (nucleotide positions 309.1C(C),
315.1C, AC indels at 515-522, 16182C, 16183C, 16193.1C(C), and C16519T) (van Oven and Kayser, 2009).
PartitionFinder v2.1.1 (Lanfear et al., 2012) was used to select best-fit partitioning schemes and models
of molecular evolution. The best model was TRN+G (TN93) for the whole mitogenome. BEAST 1.8.0 (Drum-
mond and Rambaut, 2007) was used with tip date calibrations to reconstruct the phylogeny and con-
strained monophyly for D, D1g, D1j and D4h3a.

Strict clock was rejected according to a preliminary analysis with uncorrelated lognormal relaxed clock, so a
relaxed clock was used. Three Markov Chain Monte Carlo (MCMC) chains of 100 million steps were per-
formed, with sampling of parameters every 10,000 steps. Parameter traces were monitored in Tracer
v1.7.1 to ensure convergence of the MCMC chains and effective sample sizes higher than 200. The three
chains performed with highly similar results. The initial 10 million steps were discarded as burn-in using
TreeAnnotator v2.6.0 and the final tree was visualized using FigTree v1.4.4.
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