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H U M A N  G E N E T I C S

A 6000-year-long genomic transect from the Bogotá 
Altiplano reveals multiple genetic shifts in the 
demographic history of Colombia
Kim-Louise Krettek1*, Andrea Casas-Vargas2*, Alex Mas-Sandoval3, Leonardo Arias Alvis4,5,  
Ella Reiter6, Julie Moncada Madero2, Matthias Urban7, Juan Camilo Niño Vargas8,  
William Usaquén2, Jose Vicente Rodríguez Cuenca9, Cosimo Posth1,6,10*

Genetic studies on Native American populations have transformed our understanding of the demographic history 
of the Americas. However, a region that has not been investigated through ancient genomics so far is Colombia, the 
entry point into South America. Here, we report genome-wide data of 21 individuals from the Bogotá Altiplano 
in Colombia between 6000 and 500 years ago. We reveal that preceramic hunter-gatherers represent a previously 
unknown basal lineage that derives from the initial South American radiation. These hunter-gatherers do not carry 
differential affinity to ancient North American groups nor contribute genetically to ancient or present-day South 
American populations. By 2000 years ago, the local genetic ancestry is replaced by populations from Central America 
associated with the Herrera ceramic complex and survives through the Muisca period despite major cultural 
changes. These ancient Altiplano individuals show higher affinities to Chibchan speakers from the Isthmus of 
Panama than to Indigenous Colombians, suggesting a dilution of the Chibchan-related ancestry through subse-
quent dispersal events.

INTRODUCTION
Genetic studies on ancient and present-day Indigenous populations 
have substantially contributed to the understanding of the settlement 
of the Americas. Those studies revealed that the population ancestral 
to non-Arctic Native Americans derives from a genetic admixture be-
tween ancient East Asian and Siberian groups somewhere in North-
East Asia before 20,000 years before the present (yr B.P.) (1–4). 
Around 16,000 yr B.P., after its arrival in North America, this genetic 
ancestry split into two lineages known as northern Native American 
and southern Native American (1, 5, 6). While northern Native 
American ancestry is largely confined to ancient and current popu-
lations of North America, the southern Native American lineage 
expanded further south and constitutes the main ancestry component 
of ancient and present-day Indigenous South Americans. Southern 
Native American ancestry diversified within North America into at 
least three sublineages, i.e., one related to the Clovis-associated 
Anzick-1 individual from western Montana (USA), one found in 
ancient California Channel Islands individuals and the last one 
representing the main ancestry source of modern-day Central and 
South Americans (7–9). Each of these sublineages provided a wave of 
ancestry into the gene pool of ancient South Americans. Individuals 

from Chile and Brazil dating back to around 12,000 and 10,000 yr 
B.P., respectively, were more genetically related to the Anzick-1 genome 
than individuals from the eastern Southern American coast, Southern 
Cone and the Andes from 10,000 yr B.P. onward (8, 10). In addition, 
the California Channel Islands ancestry was found in the Central 
Andes by 4200 yr B.P. and became widespread in the region thereafter 
(8, 11). However, the exact timing of these population movements 
into the southern subcontinent remains largely unsolved to date.

The Isthmo-Colombian area, stretching from the coast of Honduras 
to the northern Colombian Andes, is critical to understanding the 
peopling of the Americas. Besides being the land bridge between 
North and South America, it is at the center of the three major 
cultural regions of Mesoamerica, Amazonia, and the Andes. At the 
time of European contact, the region was inhabited by a complex 
mosaic of human populations, mainly speakers of Chibchan, Chocoan, 
Carib, and Arawakan languages (12, 13). Among those populations, 
those who were speakers of Chibchan languages were the most 
widespread in the region in terms of demography, cultural diversity, 
and territorial distribution (13–15). Chibchan is a language family 
with multiple, highly distinct branches, many of which are still spoken 
today in different regions of the Isthmo-Colombian area (13, 16). The 
homeland and antiquity of the Proto-Chibchan language and the 
ancestor of all Chibchan languages remain subjects of debate. High 
intrafamily variation in terms of lexicon and grammar suggests that 
the language family is ancient and began diversifying several thousand 
years ago. The locus of that incipient diversification, however, is still 
uncertain (17). Most scholars believe that this protolanguage began 
to diversify in Lower Central America, where the largest number of 
these languages is spoken today (18). However, some evidence sug-
gests that Proto-Chibchan might have originated in South America 
and then diversified in Central America at a much later date (14). 
Genetic studies of ancient and present-day Isthmo-Colombian 
Indigenous populations revealed a distinctive ancestry component 
primarily associated with speakers of Chibchan languages (19, 20). 
However, whereas mitochondrial DNA (mtDNA) studies suggested 
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a migration of Chibchan-related ancestry from Central America 
into Colombia and Venezuela (21, 22), genome-wide studies favored 
an opposite, south-to-north population movement (23, 24). Accord-
ing to the latter model, speakers of Chibchan languages from Central 
America are not direct descendants of the first settlers in the region 
but, instead, derive from a more recent back migration from South 
to Central America (23).

The southernmost region of the Isthmo-Colombian area is the 
Altiplano Cundiboyacense (hereafter Altiplano). This plateau with an 
average altitude of 2600 m in the Eastern Cordillera of the Colombian 
Andes was inhabited by ancient hunter-gatherer groups from the Late 
Pleistocene (25, 26). During the Early and Middle Holocene phases 
of the Preceramic period (~11,500 to 4000 yr B.P.), populations on 
the Altiplano underwent multiple cultural transformations, most 
notably increased sedentism and a transition from a hunter-gatherer 
subsistence to the introduction of horticultural practices and forest 
management (27). However, it was not until the early Late Holocene, 
~3800 yr B.P., that the first clear evidence of maize cultivation ap-
peared (28).

During the subsequent Formative period (~3000 to 1000 yr B.P.), 
a distinct type of pottery emerged on the Altiplano that is referred to 
as the Herrera ceramic complex, also known in the literature as the 
Herrera period (2800 to 1200 yr B.P.) (29). It is still highly debated 
whether Herrera-associated groups on the Altiplano derived from 
an in situ development of local hunter-gatherers or were a conse-
quence of population dispersals into the region (30, 31). Around 
1200 yr B.P., a cultural phase, known as the Muisca period, began on 
the Altiplano and lasted until the imposition of the Hispanic Colonial 
regime in the mid-16th century (27, 32). Most available evidence is 
suggestive of population continuity with the preceding Herrera period 
(33, 34). The Muisca period is characterized by a relatively continu-
ous process of demographic growth, development of agriculture and 
trade, and social and political complexification. These factors played 
a considerable role in shaping the Muisca culture and gave rise to the 
Chibchan-speaking population that dominated the Altiplano until 
European colonization.

While several studies have reported mtDNA data from ancient 
Colombian individuals (19, 31, 35, 36), genome-wide data from this 
region are still entirely lacking to date. In this study, we generated 
mtDNA and genome-wide data of 21 ancient individuals from two 
areas of the Altiplano (Bogotá plateau and Los Curos). Our data, 
spanning a time transect between around 6000 and 500 yr B.P., provide 
an opportunity to explore several key questions: (i) Which southern 
Native American genetic ancestry do Preceramic individuals from 
the Altiplano derive from? (ii) Were the cultural transformations 
associated with the Herrera and Muisca periods accompanied by 
migrations and demographic changes? (iii) How is the genetic ancestry 
observed in speakers of Chibchan languages related to that of ancient 
individuals from the Altiplano? (iv) What are the genetic relation-
ships between the generated ancient genomes and the existing ge-
nomic data of present-day Indigenous communities from Colombia 
and neighboring regions?

Ethics statement
We acknowledge that this ancient DNA (aDNA) study focused on 
pre-Hispanic individuals could potentially have profound implica-
tions for present-day Indigenous communities. Therefore, we estab-
lished contact with the Guardia Indígena Muisca, representatives of 
the Muisca people of Suba and the Resguardo de Suba located in the 

Bogotá plateau, to discuss the research results and present them in a 
way that respects local history, values, and traditions. This effort will 
extend beyond publication, with coordinated joint dissemination 
and outreach activities. During our consultation with community 
members and presentation to local archaeologists and anthropologists, 
we stressed that findings on the genetic ancestry of ancient indi-
viduals can be refined through additional analyses and/or data. 
Moreover, we emphasized that genetic results are independent 
and should not be conflated with concepts of cultural identity. As 
scientists addressing questions of relevance to Indigenous com-
munities from Colombia, we respect and value the richness of 
community-based knowledge.

RESULTS
Dataset and aDNA authentication
We report data from five archaeological sites on the Altiplano encom-
passing an ancient genomic time transect of around 5500 years 
(Fig. 1A). The generated dataset includes seven hunter-gatherer in-
dividuals from the Preceramic period (Colombia_Checua_6000BP) 
(fig. S1), nine individuals from the Herrera period (Colombia_
LagunadelaHerrera_2000BP) (fig. S2), three individuals associated 
with both initial and final phases of the Muisca culture (Colombia_
LasDelicias_1200BP and Colombia_Soacha_520BP) (figs. S3 and S4) 
all from the Bogotá plateau, and two individuals from further north 
in the Los Curos area associated with Guane populations (Colombia_
Purnia_530BP) (fig. S5). To obtain these data, we extracted DNA 
from the petrous portion of the temporal bone and teeth, generated 
double-stranded genetic libraries and captured them for both the 
complete mtDNA and a targeted set of ~1.24 million genome-wide 
single-nucleotide polymorphisms (1240K SNPs). We sequenced the 
libraries on Illumina platforms, resulting in an SNP coverage between 
177,102 and 912,488 SNPs (average 541,067). We further evaluated 
aDNA authenticity through mtDNA and X-chromosome contamina-
tion estimates, which were found to be in all cases below 4 and 5%, 
respectively (table S1). We projected the generated ancient genome-
wide data onto a principal components analysis (PCA) built with 
the variation over the 1240K SNPs of worldwide modern-day popu-
lations (table S8A) (37). All individuals fall within the expected 
variation of modern-day Native Americans, further confirming the 
absence of substantial contamination with non-Native American 
ancestries (fig. S6).

Uniparental markers and population structure
Genetic sexing revealed the presence of 10 females and 11 males in 
our dataset, all the latter belonging to Y-chromosome haplogroup 
Q1b1a and its subclades (table S1). This is the predominant paternal 
haplogroup in Native Americans (38, 39), and our data confirm a 
high frequency within ancient Colombia (table S1). The most prevalent 
mtDNA haplogroups in modern-day Indigenous Colombians are A2, 
B2, and C1, while D1 and D4h3a are substantially less common (19). 
This general trend is confirmed in our ancient sample set, where 
haplogroup B2d has the highest frequency, followed by A2 and C1, 
while only one individual carries haplogroup D1 (Fig. 1B). The 
highest proportion of haplogroup A2 is found in the group Colombia_
Checua_6000BP, as previously shown for older individuals from the 
same site (36).

We estimated genetic kinship among all individuals (40) as well 
as distant relatedness and levels of inbreeding using states of identity 
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by descent (IBD) and runs of homozygosity (ROHs) (41). While the 
former describes close family relatedness between individuals (up to 
third degree), IBD and ROH inform about shared ancestors, con-
sanguinity, and effective population size. We detected four second- 
and third-degree relationships in individuals of the Colombia_ 
Checua_6000BP group (table S1). Five of the seven individuals se-
quenced from this site are males, with related individuals sharing 
the same Y-chromosome haplogroup but not mtDNA haplogroups. 
The analyzed individuals from Colombia_LagunadelaHerrera_ 
2000BP are less related with only one parent-offspring relation 
(FORM006 and FORM004) and another second-degree relation 
(FORM004 and FORM008). Furthermore, we do not find evidence 
for routinely practiced close-kin mating patterns, with a rare sharing 

of long IBD segments between the male individuals (figs. S7 and S8). 
ROHs over 4 cM were present in all individuals, with the highest 
prevalence in the Colombia_Checua_6000BP group (fig. S9). The 
distribution of ROHs suggests the effective population size for 
Colombia_Checua_6000BP to be between three and eight times 
smaller than later ancient Colombian groups. This fits archaeological 
descriptions of small population sizes within hunter-gatherer commu-
nities on the Altiplano, followed by a steep demographic growth during 
the Herrera and Muisca periods (42, 43).

For subsequent population genetic analyses, we clustered indi-
viduals in groups based on their date and archaeological site, after 
removing first- and second-degree relatives and confirming the ab-
sence of genetic outliers (table S2, A and B). Last, we combined these 

Fig. 1. Geographic and temporal framework of the analyzed ancient and modern individuals. (A) Map of the Isthmus of Panama (thereafter isthmus) and northwest-
ern South America indicating the geographic location of modern-day Indigenous populations from Colombia, Panama, and Costa Rica (gray triangles), ancient Colombi-
ans (red circles), Ceramic-age Venezuelans and ancient Panamanians (light blue circles). (B) Timeline of the generated ancient genomes from the Altiplano and associated 
archaeologically defined periods. The Herrera ceramic complex is part of the Formative period. Individual dates are reported as scattered around the median of calibrated 
radiocarbon dates obtained from direct dating of individuals within the groups (table S1).
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data with available ancient and present-day individuals from the 
Americas (see Materials and Methods).

Preceramic hunter-gatherers derive from a previously 
unknown basal lineage
To determine which specific branch of southern Native American 
ancestry the Altiplano’s hunter-gatherers derived from, we used a 
series of f4 statistics. We designed these analyses taking into account 
that Chile_LosRieles_12000BP maximizes the Anzick-1 ancestry in 
South America, Peru_Cuncaicha_4200BP is among the individuals 
with highest California Channel Islands ancestry, and Peru_Lauricocha_ 
8600BP does not present either of these two ancestries (8). We 
found that Colombia_Checua_6000BP does not present higher 
genetic affinity to Anzick-1 than Peru_Lauricocha_8600BP, while 
Chile_LosRieles_12000BP is more closely related to Anzick-1 
than Colombia_Checua_6000BP (Fig. 2A and table S3A), indicating 
the absence of significant Anzick-1–related ancestry in the ana-
lyzed hunter-gatherers from the Altiplano. Similarly, f4 statistics 
reveal that Colombia_Checua_6000BP does not carry a distinct affinity 

to the ancient California Channel Islands individuals (Fig. 2A and 
table S3B).

Our combined findings show that Colombia_Checua_6000BP 
does not belong to either the Anzick-1–related or California Channel 
Islands–related expansions into South America and is consistent 
with deriving from the lineage that represents the primary source of 
ancestry of South Americans (8). This lineage was shown to have a 
long-standing genetic continuity until present-day individuals in 
multiple regions of South America from at least 9000 years ago (8). 
Therefore, we tested whether Colombia_Checua_6000BP shows 
differential affinity to any ancient and present-day population from 
South America with the f3 outgroup statistics of the form f3(Mbuti, 
modern/ancient Native American; Colombia_Checua_6000BP). This 
analysis reveals that Colombia_Checua_6000BP shares higher genetic 
drift with populations from Central and South America than North 
America but does not show specific allele sharing with any Central 
and South American population (Fig. 2B), consistent with Colombia_
Checua_6000BP deriving from a deeply divergent South American 
lineage. We formally investigated this assumption with a set of f4 

A

B

C

Fig. 2. Genetic characterization of the preceramic hunter-gatherers from Checua. (A) f4 statistics measuring the differential affinity of Colombia_Checua_6000BP to 
distinct ancient southern Native American lineages related to the California Channel Islands and Anzick-1 genomes. Tests are reported with 1 SE, and red symbols indicate 
z-scores below −3. (B) Map with f3 outgroup statistics measuring the shared genetic drift of Colombia_Checua_6000BP with present-day Indigenous American popula-
tions genotyped on the Illumina dataset (colored circles). The location of the Checua site is indicated with a black triangle. (C) Admixture graph that comodels major North 
and South American lineages including Colombia_Checua_6000BP (worst f4 statistic z-score = 3.2).



Krettek et al., Sci. Adv. 11, eads6284 (2025)     28 May 2025

S c i e n c e  A d v a n c e s  |  R e s e ar  c h  A r t i c l e

5 of 13

statistics of the form f4(Mbuti, Colombia_Checua_6000BP; modern/
ancient Native American, modern/ancient Native American) testing 
for potential distinct affinities between the ancient hunter-gatherer 
group and ancient or present-day Native American individuals 
available in our dataset (table S3, C to E). As observed in f3 out-
group statistics, significant affinities are only observed when Cen-
tral and South American individuals are compared against North 
Americans. Instead, f4 statistics are found to be consistent with zero 
for comparisons between ancient and modern-day Central and South 
American populations, respectively.

Combined, these results suggest the positioning of Colombia_
Checua_6000BP as an outgroup to virtually most Indigenous South 
Americans. To formally test this placement, we modeled a qpGraph 
tree that recapitulates major demographic events in the settlement 
history of the Americas (8). When placing Colombia_Checua_6000BP 
in any possible position of the admixture graph, we obtained a sta-
tistically robust fit only when this group is modeled as a previously 
uncharacterized lineage deriving directly from the initial radia-
tion of Central and South American populations (Fig. 2C and fig. 
S10) (5, 8).

Last, we analyzed our post-2000–yr B.P. ancient genomic data 
from the Altiplano to investigate the presence of possible local ge-
netic continuity. With f4 statistics, we are able to show not only that 
Colombia_Checua_6000BP is equally distant from all subsequent 
ancient groups in the Altiplano [f4(Mbuti, Colombia_Checua_6000BP; 
ancient Colombia 1, ancient Colombia 2) = 0] but also that this group 
is not more closely related to subsequent ancient Colombians than 
to any other South American population in our dataset [f4(Mbuti, 
Colombia_Checua_6000BP; ancient Colombia, modern/ancient Native 
American) = 0]. Overall, the performed analyses provide robust 
evidence for a major genetic replacement on the Altiplano between 
6000 and 2000 years ago (table S3, F to H).

Genetic replacement on the Altiplano by at least 
2000 years ago
To gain an overview of the genetic composition of all sequenced 
ancient individuals from the Altiplano, in comparison with other 
ancient populations from the broader region and present-day Native 
Americans, we ran an unsupervised ADMIXTURE analysis including 
only individuals where non-Native ancestries were either not present 
or masked (Fig. 3A and fig. S11). The results of this analysis confirm 
that the genetic profile of Colombia_Checua_6000BP is substantially 
different from all subsequent ancient Colombians. In turn, the Altiplano 
individuals spanning between 2000 and 500 yr B.P. show a highly 
similar genetic composition. Beside the ancestry components seen 
also in Colombia_Checua_6000BP, these younger individuals carry 
a large proportion of an ancestry found in major amounts in ancient 
individuals from Panama dated between 1400 and 600 yr B.P. (20). 
A similar ancestry profile is also observed in ceramic-associated in-
dividuals from Venezuela dated to ~2400 yr B.P. (44), although with 
a greater intrasite variability.

To assess whether the individuals from the Altiplano dated be-
tween 2000 and 500 yr B.P. show evidence of genetic continuity 
through time, we perform a series of analyses based on f statistics. 
First, we computed an f3 outgroup heatmap with representative an-
cient groups of distinct Central and South American ancestries. This 
analysis shows that ancient individuals from the Altiplano dated to 
the Herrera and Muisca periods form a cluster with high genetic af-
finity (Fig. 3B). This is further supported by f4 statistics and qpWave 

analysis (tables S4, A to G, and S5, A to J), providing further evi-
dence that individuals from Colombia_LagunadelaHerrera_2000BP, 
LasDelicias_1200BP, and Soacha_520BP, all from the Bogotá plateau, 
carry a common genetic ancestry. In addition, the Colombia_
Purnia_530BP group in the Los Curos area of the Altiplano is high-
ly similar to our post-2000–yr B.P. ancient genomic time transect in 
the Bogotá plateau, confirming the previously observed genetic 
link between both regions (35). Collectively, these findings reveal 
a large genetic continuity on the Altiplano that persisted for at least 
1500 years, despite major cultural transformations between the 
Herrera and Muisca periods.

We then attempted to characterize the source of the genetic ances-
try that reached the Altiplano by at least 2000 years ago. We first built 
a multidimensional scaling (MDS) plot based on f3 statistics includ-
ing populations that represent major axes of genetic variation discov-
ered in Central and South America thus far (Fig. 3C). Because of the 
high genetic affinity shown before, for this analysis, we combined all 
post-2000–yr B.P. ancient Colombian individuals in a single group 
called Altiplano_2000–500BP. In the MDS plot, we identify three 
genetic clusters represented by ancient individuals from the An-
des, Southern Cone, and Ceramic-age Caribbean, respectively 
(8, 44, 45). Colombia_Checua_6000BP falls in a central position 
of the MDS plot, while the Altiplano_2000–500BP group is close 
to both pre-Hispanic individuals from Panama and Ceramic-
associated individuals from Venezuela, in agreement with the 
ADMIXTURE analysis. Direct f4 statistics comparing ancient 
Colombians against ancient Native American genomes confirm 
notable affinities of ancient Colombians younger than 2000 yr 
B.P. and ceramic-associated Venezuelans with ancient Panama-
nians (table S4, D to G).

To investigate the genetic relationships between ancient Colombians, 
Venezuelans, and Panamanians, we built two PCAs zooming in on 
the genetic diversity of central and northern South Americans onto 
which ancient data were projected (figs. S12 and S13). Our findings 
demonstrate that both ancient Colombians and Venezuelans fall in 
an intermediate position between ancient Panamanians and other 
previously detected ancestries in Central and South America. Nota-
bly, Ceramic-associated individuals from a single site in Venezuela 
are more spread out in PCA space than post-2000–yr B.P. ancient 
individuals from four sites in Colombia.

We further explored the branching and admixture patterns be-
tween ancient Central American and northern South American ge-
nomes by performing a TreeMix analysis (figs. S14 to S19). Because 
of the previously shown heterogeneity of the Ceramic-associated 
individuals from Venezuela, we used f4 statistics to test for differen-
tial affinity of specific individuals to other ancient Native American 
populations (table S6, A to D). These tests revealed that Venezuela_
LasLocas_Ceramic_2 (three individuals) has a significantly higher 
affinity to ancient Panama than Venezuela_LasLocas_Ceramic_1 
(five individuals). With TreeMix, we reveal a consistent pattern 
where Venezuela_LasLocas_Ceramic_2 is always closer to ancient 
Panama than any post-2000–yr B.P. ancient Colombian group, while 
any post-2000–yr B.P. ancient Colombian group is always closer to 
ancient Panama than Venezuela_LasLocas_Ceramic_1 (figs. S14 to 
S19). Ancient Colombian groups never form a clade with either of 
the ancient Venezuelan groups to the exclusion of ancient Panama. 
The sparse temporal sampling does not allow us to estimate if the 
Panamanian-related ancestry reached Colombia and Venezuela at 
similar times, but our results show that Ceramic-associated individuals 
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from those two neighboring countries underwent distinct demo-
graphic processes.

We then tested whether ancient Colombians and Venezuelans are 
on an admixture cline between a Panamanian-related ancestry and 
another sources with f4 statistics of the form f4(ancient outgroup cap-
ture, X capture; Altiplano_2000–500BP/ancient Venezuela, ancient 
Panama shotgun) and f4(ancient outgroup shotgun, X shotgun; 
Altiplano_2000–500BP/ancient Venezuela, ancient Panama shot-
gun). Although the results from PCA and ADMIXTURE would be 
consistent with the presence of such an admixture cline, f4 statistics 
do not show any significant statistics when accounting for biases intro-
duced by different sequencing protocols such as shotgun sequencing 
and targeted enrichment (table S6, E to I). One possibility is that our 
comparative dataset lacks an appropriate proxy for the source popu-
lation that mixed with the Panama-related ancestry and gave rise to 
post-2000–yr B.P. ancient Colombian populations. Alternatively, it is 
also plausible that the incoming Panama-related ancestry did not mix 
with other genetic sources during its expansion to the Altiplano. In 
this scenario, the genetic differences between ancient Panamanians 
on one side and ancient Colombians and Venezuelans on the other 

might be due to a process of postsplit genetic drift in one or multiple 
of these lineages.

Genetic affinities with modern-day Native Americans
Previous research has revealed a high level of genetic similarity be-
tween pre-Hispanic Panamanian individuals and speakers of Chibchan 
languages, particularly those from Costa Rica and Panama (20). We 
first investigated whether ancient Panamanians and ancient Colombians 
are equally related to present-day Chibchan speakers from Central 
America with f4(Mbuti, modern isthmus; ancient Panama, ancient 
Colombia) < 0. As expected, we found a higher level of allele sharing 
through time between Panama and Costa Rica rather than between 
Panama and Colombia (table S7A). This result aligns with the pat-
tern observed in ADMIXTURE where ancient Panamanians have a 
much higher proportion of an ancestry component maximized in 
modern-day Chibchan speakers in comparison to ancient Colombians 
(Fig. 3A).

We then tested whether the link between ancient Panamanians 
and ancient Colombians extends into modern-day populations from 
the isthmus, using unadmixed individuals or individuals where recent 

A

B C

Fig. 3. Population affinities of ancient Colombian individuals with ancient South Americans. (A) ADMIXTURE analysis including present-day Native American indi-
viduals genotyped on the Illumina panel and ancient individuals from Panama, Venezuela, and Colombia (K = 6). (B) Heatmap of f3 outgroup statistics between represen-
tatives of distinct ancient lineages among Central and South American groups. (C) MDS plot based on 1 − f3 outgroup statistics including the same populations as in (B) 
but with post-2000–yr B.P. ancient Colombians combined into a group called Altiplano_2000–500BP. Axes of genetic variation are labeled on the basis of their geograph-
ic origin in italic font.
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admixture with non-Native American ancestries have been masked. f3 
outgroup statistics of the form f3(Mbuti, ancient Colombia; present-
day Native American) show the highest affinity of ancient Colombian 
groups younger than 2000 yr B.P. to Chibchan-speaking populations 
from Central America (Fig. 4A). Higher levels of shared genetic drift 
are observed with present-day populations from the isthmus rather 
than Native American populations from Colombia, some of whom 
also speak Chibchan languages (Fig. 4A and fig. S20). We confirm this 
pattern with two sets of f4 statistics. With f4(Mbuti, modern Native 
American; ancient Colombia 1, ancient Colombia 2) = 0, we show 
that there is no evidence of differential affinity of either Colombian 
group to modern-day populations within or outside the isthmus, con-
firming the homogenous genetic profile in the Altiplano at least from 
2000 yr B.P. until colonization (table S7, B to G). Instead, f4(Mbuti, 
ancient Colombia; modern Native American, modern Lower Central 
America) > 0 shows that speakers of Chibchan languages from Central 
America (such as Cabécar) are significantly closer to post-2000–yr 
B.P. ancient Colombians than any other present-day population in our 
dataset is (Fig. 4B and fig. S21).

This finding is true even when comparing Chibchan-related popu-
lations from the isthmus against northern Colombian groups (Fig. 
4B and table S7H). However, present-day Colombian groups are not 
all equally related to post-2000–yr B.P. ancient Colombians. Specifi-
cally, Indigenous populations from northern and western Colombia 
have higher affinity to ancient Colombians than Indigenous popula-
tions from other Colombian regions, as shown with f4(Mbuti, ancient 
Colombia; modern Colombia 1, modern Colombia 2) (table S7D). 
While some of these northern and western Colombian populations 
do speak Chibchan languages (i.e., Kogi, and Arhuaco), others do not 
(i.e., Embera, Waunana, and Wayuu), and their shared genetic affinity 
with post-2000–yr B.P. ancient Colombians might be due to the geo-
graphic proximity to Chibchan-speaking populations, as previously 
shown with present-day genotype data (23, 24).

Genetic links can be attributed to the extensive cultural contacts 
across the Isthmo-Colombian area, as attested for example by the 
distribution of some recurrent motifs in gold and tumbaga orna-
ments (13). Furthermore, archaeological evidence suggests that in 
pre-Columbian times, speakers of Chibchan languages occupied a 
broader geographic area in Colombia, including portions of the Cauca 
Valley and the Sinú region where a prolonged interaction took place 
with speakers of Chocoan languages (46).

DISCUSSION
In this study, we generated genome-wide data from 21 individuals 
spanning a time transect of almost 6000 years from the Altiplano, 
which represents the southern edge of the Isthmo-Colombian area. 
Our findings contribute to a better understanding of the population 
history of this area, a key region in the peopling process of South 
America. We show that the hunter-gatherer population from the 
Altiplano dated to around 6000 yr B.P. lack the genetic ancestry related 
to the Clovis-associated Anzick-1 genome and to ancient California 
Channel Island individuals, suggesting their affiliation to the southern 
Native American lineage that became the primary source of ancestry 
of South Americans by 9000 yr B.P. (8). However, unlike ancient 
genomes from the Andes and the Southern Cone that are associated 
with the same wave of ancestry, the analyzed Preceramic individuals 
from Colombia do not share distinct affinity with any ancient or 
modern-day population from Central and South America studied to 

date. Colombia_Checua_6000BP can thus be modeled as a previously 
undescribed distinct lineage deriving from the radiation event that 
gave rise to multiple populations across South America during its 
initial settlement.

The cultural transition between the Preceramic and Herrera periods 
is associated with a seemingly complete replacement of the local ge-
netic profile. This challenges the model where local hunter-gatherers 
developed in situ as suggested by morphometric studies and an ancient 
mtDNA time transect (31, 47). Instead, our study provides evidence 
for a major genetic turnover on the Altiplano occurring after 6000 yr 
B.P. but before 2000 yr B.P. Since the mechanisms and precise tem-
poral scale of this replacement event remain uncertain, we cannot 
directly associate it with the emergence of maize cultivation ~3800 yr 
B.P. However, our data do support the archaeological hypothesis that 
the introduction of pottery associated with the Herrera ceramic 
complex was mediated through population dispersals (25, 48).

Our results show that the incoming genetic ancestry on the 
Altiplano is related to ancient and present-day populations speaking 
Chibchan languages from Central America. This can be explained 
most parsimoniously by Chibchan-related migrations from Lower 
Central America to South America, rather than back-migration to 
the isthmus. A separate study found evidence for a previously unknown 
south-to-north expansion of Chibchan-related ancestry from Lower 
Central America into the Mayan territories of Belize by 5600 yr B.P. 
(49). Therefore, rather than modeling Central American populations 
associated with Chibchan languages as deriving from a mixture be-
tween North and South American ancestries (23), these results are 
consistent with an origin of Chibchan-related ancestries in Lower 
Central America, followed by bidirectional gene flow toward both 
Meso- and South America. This model of an original “Chibchan 
homeland” in Central America is supported not only by mtDNA studies 
on present-day populations who speak Chibchan languages but also 
from linguistic observations, indicating that the isthmus region ex-
hibits the highest diversity within this language family (17, 22).

From an archaeological perspective, the Chibchan-related ancestry 
is first identified in 2000-year-old individuals associated with Herrera 
ceramics. In addition, previously sequenced Ceramic-associated in-
dividuals from Venezuela dated to 2400 yr B.P. also showed a high af-
finity to Central American populations speaking Chibchan languages 
(44). Despite the similar ancestry pattern and temporal frame, the two 
populations do not appear to form a simple sister group. This could be 
in line with linguistic evidence that suggests multiple, distinct Chibchan 
language expansions into South America (13), but additional studies 
will be necessary to further clarify this issue.

After the arrival of the Chibchan-related ancestry, which com-
pletely reshaped the genetic landscape of the region, we find evi-
dence of a long period of genetic continuity in the genetic profile of 
the local populations for over 1500 years (from at least 2000 to 500 yr 
B.P.). The stability in genetic ancestry encompasses the end of the 
Herrera period and the beginning of the Muisca period. This points 
to a scenario in which populations speaking languages from the 
Chibchan lineage would have settled the Altiplano before the emer-
gence of traits normally associated with the Muisca culture, and it 
shows that this cultural transition took place without a substantial 
migration from regions with a distinct genetic ancestry composition. 
In addition, such a genetic continuity extends through different cul-
tural phases within the Muisca period and persists until the Spanish 
colonization. Colonial linguistic documentation established that Muisca 
people spoke a now extinct Chibchan language. Our findings not only 
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confirm their genetic link with speakers of Chibchan languages 
from Central America but also suggest that ancestral Chibchan lan-
guages, possibly basal to the Magdalenic branch that gave rise to the 
documented Muisca language, might have already been spoken on 
the Altiplano during the pre-Muisca Herrera period.

While the representation of Indigenous populations in our da-
taset is certainly not exhaustive, the observed spatial pattern in 
the genetic affinity of post-2000 yr B.P. ancient Colombians with 
present-day Indigenous populations raises questions regarding the 
uneven distribution of populations speaking Chibchan languages 
across the Isthmo-Colombian area at the time of the Hispanic colo-
nization, also referred to as a Chibchan “archipelago” (13).

One possible explanation is that this distribution resulted from 
separate dispersals from Central America to different locations of 
northern South America rather than a single expansion wave, as sug-
gested by the internal branching pattern of the Chibchan language 
family (13, 18). However, it is also possible that the initial spread was 
more widespread and got later fragmented by post-Chibchan migra-
tion and admixture events. The observation that Chibchan-affiliated 
populations from northern Colombia have a significantly reduced 
genetic affinity to post-2000–yr B.P. ancient Colombians than to 
Lower Central Americans supports the role of population admixture 
in shaping the genetic diversity of northern South America.

Although this study largely enriches our understanding of the 
complex population history of the Isthmo-Colombian area, we high-
light three main limitations. First, this study reports genome-wide 

capture data from ancient Native American populations, but the vast 
majority of the variation in the 1240K SNP capture panel is fixed in 
Native American populations. This limits the resolution of our analyses, 
and future efforts should be devoted to whole genome sequencing and/
or target enrichment of American-specific SNP panels to increase 
statistical power and analysis complexity. Second, a denser genomic 
time transect on the Altiplano could narrow down the timing for the 
arrival of the Chibchan-related ancestry and potentially identify its 
admixture with a yet uncharacterized ancestry source. Third, since 
this is a regionally focused study, it is important to assess whether 
the described population transformations also influenced other regions 
beyond the Altiplano, both for areas with and without recorded evi-
dence of Chibchan languages. Ancient genomic data from neighbor-
ing areas along the Northern Andes that have not yet been analyzed 
through ancient genomics, such as western Colombia, western 
Venezuela, and Ecuador, will be pivotal to better define the timing 
and ancestry sources of human migrations into South America.

MATERIALS AND METHODS
Archaeological sampling
Permission to perform genetic research at the University of Tübingen 
(Germany) on ancient individuals from the Altiplano housed in the 
anthropological collection of the National University of Bogotá was 
granted by the Colombian Institute of Anthropology and History, 
with the authorization for archaeological intervention no. 8826. We 

A B

Fig. 4. Genetic similarity of post-2000–yr B.P. ancient Colombians with present-day Native American populations. (A) f3 outgroup statistics between post-2000–yr 
B.P. ancient Colombians and present-day Indigenous populations from Costa Rica, Panama, and Colombia genotyped on the Illumina panel (colored circles). The location 
of the Colombian archaeological sites is indicated with a black triangle in each panel. (B) f4 statistics to test the relative affinity of Colombia_LagunadelaHerrera_2000BP 
compared to Cabécar (a modern Lower Central American population) and other present-day Native American populations genotyped on the Illumina panel. Tests are 
reported with 1 SE, and red symbols indicate z-scores below −3.
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processed 21 individuals from five sites in a dedicated aDNA labora-
tory at the University of Tübingen: Checua (n = 7), Laguna de la 
Herrera (n = 9), Las Delicias (n = 2), Purnia (n = 2), and Soacha 
(n = 1). Detailed descriptions of the archaeological context at each 
site can be found in Supplementary Text. Each petrous portion of the 
temporal bone or tooth sample was photographed from multiple angles 
and micro–computed tomography (microCT) scanned before sampling. 
Teeth were processed by cutting at the dentin-enamel junction using 
an electric saw blade. We generated dentine powder from the inside 
of the crown using an electric dental drill. Petrous bones were sampled 
by drilling into the cochlea from the internal acoustic meatus after 
removing the first layer of bone surface. For each sample, 50 to 55 mg 
of bone powder was generated.

Extraction and library preparation
The bone powder was used for DNA extraction. To digest the bone 
matrix, 1 ml of a buffer containing 0.45 M EDTA (0.5 M at pH 8), 
ultraviolet (UV)–treated water, and Proteinase K (0.25 mg/ml) was 
added to each sample. This was followed by a 24-hour incubation 
step at 37°C with constant rotation (50). The undigested remains of 
bone powder were pelleted, and the supernatant transferred into 
a tube containing 10 ml of UV-treated binding buffer (5 M guani-
dine hydrochloride, 40% isopropanol, and UV-treated H2O) and 
400 μl of 3 M sodium acetate (pH 5.2). Each sample was trans-
ferred into a 50-ml Falcon tube containing a silica column for 
high volumes and purified (High Pure Viral Nucleic Acid Large 
Volume Kit, Roche). The purified DNA was eluted in 2× 50 μl of 
tris-EDTA-Tween (TE buffer and 0.05% Tween) and stored in a 
dedicated freezer at −20°C.

We used 25 μl of DNA to construct double-stranded, double-
indexed libraries, implementing a partial uracil-DNA glycolase (half-
UDG) protocol (51). Two indices per sample were selected by an 
in-house software to create a unique combination for each library. 
All libraries were initially amplified via polymerase chain reaction 
for 10 cycles and purified using MinElute columns in combination 
with QIAGEN reagents. Afterward, libraries were reamplified with 
library-specific cycles to aim for a concentration of 1.5 × 1013 copies 
per library before purification. Afterward, all libraries were quanti-
fied on the Agilent 4200 TapeStation System following the manufac-
turer’s protocol and pooled equimolarly (10 nM) for shallow shotgun 
sequencing. Single-end sequencing was performed on an Illumina 
HiSeq 4000 for ~5 million reads per library.

Data processing, capture, and authentication
To assess the presence of aDNA, we considered the percentage of hu-
man DNA, the average fragment length, and the damage pattern at the 
5′ end of the molecules. This screening process was performed with 
the software EAGER version 1.92.38 and integrated programs (52). 
The adapters were removed using AdapterRemoval with its default 
settings (53). Afterward, reads were aligned to the human reference 
genome hg19 (GRCH37) using the Burrows-Wheeler Aligner with 
disabled seed length, a mismatch parameter of 0.01 and a quality filter of 
30 (54). Afterward, duplicates were removed with DeDup, and damage 
patterns were inferred using mapDamage2.0 (55). To include a sample 
for in-solution target enrichment, we set a preservation threshold 
of 0.1% of human DNA and a minimum of 5% terminal damage. The 
selected libraries were then reamplified and enriched for a targeted set 
of 1240K SNPs across the human genome. In addition, we captured 
each library for the human mitochondrial genome. Both target 

enrichments were performed in solution using a modified version of 
Fu et al. (56). Single-end sequencing was performed on an Illu-
mina HiSeq 4000 between ~30 and 80 million reads for each 
1240K captured library.

Additional authentication steps were implemented on cap-
tured data by estimating mtDNA as well as X-chromosomal con-
tamination levels. MtDNA contamination was established using 
schmutzi (57), and X-chromosomal contamination was estimated 
using Angsd (58) for individuals genetically determined male 
(table S1).

Genotyping, sexing, and haplogroup calling
Before calling variants, two base pairs at both reads termini were 
trimmed using the samtools trim package (https://github.com/samtools/
samtools). Afterward, the pseudohaploid genotypes were called using 
a random calling approach with pileupCaller (https://github.com/
stschiff/sequenceTools).

Biological sex of each individual was assessed using a custom 
script, which estimates SNP coverage on the autosomes and X and Y 
chromosomes, respectively. mtDNA haplogroups were assigned us-
ing the consensus output files of schmutzi with a quality score of 30. 
The assignment was done by the open access software Haplogrep3 
(https://haplogrep.i-med.ac.at/). Y haplogroups were assigned us-
ing the bam files with Yleaf (https://github.com/genid/Yleaf) and 
Yhaplo (https://github.com/23andMe/yhaplo). All assigned sexes 
and haplogroups can be found in table S1.

Kinship, ROHs, and IBD
Kinship was estimated using the software KIN (40), which was run 
with standard parameters (-cnt 0, -r 1) and KIN-estimated P value. 
However, because of a different baseline of relatedness observed in 
Colombia_Checua_6000BP, KIN was additionally run separately on 
this subset of individuals, yielding an estimate with enhanced reso-
lution. For grouped population genetic analyses, first- and second-
degree relationships were excluded by removing FORM004 and 
PREC005, who had multiple close-kin relationships with other in-
dividuals from the same site, respectively (table S1). We estimated 
ROHs, as well as the states of IBD, which is only possible for male 
individuals in hapROH (41).

Principal components analysis
To conduct PCA, we used the software smartpca (59) with parameter 
lsqproject: YES. To maximize SNP overlap we created three separate 
unmasked datasets: (i) worldwide whole genome sequences genotyped 
on the 1240K panel (table S8A) (37); (ii) Native American populations 
genotyped on the Illumina panel (table S8D) (23); and (iii) Native 
American populations genotyped on the Affymetrix Human Origins 
panel (table S8B) (20, 60). We used the modern-day variation to build 
the PCAs and projected ancient individuals if they passed the thresh-
old of at least 10,000 overlapping SNPs.

Admixture analysis
We performed unsupervised admixture analyses (from K = 3 to 
K = 15) using the tool Admixture (version 1.3.0) with K = 6 as the 
number of clusters with lowest cross-validation error. We created a 
dataset comprising the masked, modern Native American Illumina 
dataset (table S8C) (23) alongside ancient Colombians, Venezuelans, 
and Panamanians (20, 44) to infer ancestry components primarily 
based on present-day genetic diversity.

https://github.com/samtools/samtools
https://github.com/samtools/samtools
https://github.com/stschiff/sequenceTools
https://github.com/stschiff/sequenceTools
https://haplogrep.i-med.ac.at/
https://github.com/genid/Yleaf
https://github.com/23andMe/yhaplo
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Grouping and labelling
To increase resolution in population-based analyses, we grouped in-
dividuals by site considering available radiocarbon dates, archaeo-
logical information, and genetic affinity (tables S1 and S2), which 
shows clear intrasite homogeneity. The group labels were chosen 
after the format of country, site, and average calibrated radiocarbon 
date in yr. B.P. for each group (Fig. 1).

f statistics
We performed f statistics with the Admixtools package (61) on the 
1240K, Human Origins and Illumina datasets separately (table S8, A 
to E). One exception is the f3 outgroup statistics in fig. S20, where we 
intersected the Illumina panel with a dataset of present-day popula-
tions genotyped on the Human Origins dataset published by Arias et al. 
(60) and Capodiferro et al. (20) (table S8, B and E). For f statistics, 
we used the versions of the Illumina (23) and Capodiferro et al. (20) 
datasets where European and/or African admixtures were masked 
(masking protocol are described in the original publications). f3 out-
group statistics were computed using qp3Pop v.7.0.2 in the form 
f3(Mbuti; Pop1, Pop2), which measures the shared genetic drift be-
tween population 1 and population 2. We also created a matrix of the 
outgroup f3 values between a selected set of individuals/groups rep-
resenting distinct South American ancestries and used it for a pair-
wise heat map. In addition, we converted f3 values to dissimilarities 
by subtracting the values from 1 and creating an MDS plot with a 
custom-made R script. f4 statistics were run using qpDstat v.7.0.2 
with f4mode = YES. Detailed information about the construction of 
the f4 statistics is provided in the Supplementary Materials.

Admixture graphs
To test the placement of Colombia_Checua_6000BP on an admixture 
graph, we used the Admixtools package qpGraph (v7.0.2) with pa-
rameters AllSNPs = YES and outpop = NULL on the 1240K dataset. 
We started with the scaffold graph reported by Posth et al. (8) that 
recapitulates major events during the initial peopling of the Americas. 
We placed Colombia_Checua_6000BP in any possible position of the 
admixture graph, with or without contribution to other major South 
Americans lineages. We then evaluated each typology individually by 
its z-score, assuming the best fitting model being the one with the 
lowest score, as well as observing internal nodes and branch lengths.

TreeMix
We converted the eigenstrat files of the 1240K dataset into the input 
for TreeMix v.1.13 and used the genome USA_Ancient_Beringian (2) 
to root all trees. We inferred between one and five admixture edges, 
implementing -k 100. Tree models were plotted using TreeMix inter-
nal plotting functions and model fit after each admixture edge addi-
tion was assessed by inspection of plotted residuals and SEs.

Radiocarbon dating
Samples for dating were sent to the Curt Engelhorn Centre for Archae-
ometry in Mannheim. We report direct radiocarbon dates for nine 
individuals, while two individuals (PREC005 and PREC001) did 
not have enough collagen preserved (table S1). Either a tooth root 
or between 500 and 1000 mg of cochlea per individual was sent for 
dating. Collagen was extracted using a modified Longin method and 
purified by ultrafiltration, retaining fractions larger than 30 kDa. 
The samples were additionally freeze dried after purification and then 
combusted to CO2 in an Elemental Analyzer before being catalytically 

converted into graphite. All samples were analyzed with accelerator 
mass spectrometry using a MICADAS-type machine, where sam-
ples, calibration standard (Ocalic Acid-II), blanks, and controls 
were measured simultaneously. All 14C dates were normalized to 
δ13C + −25‰ and calibration occurred using the IntCal20 (62) dataset 
in combination with the SwissCal software (L.Wacker, ETH-Zürich).
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Supplementary Text
Figs. S1 to S21
Legends for tables S1 to S8
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