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Summary
We investigated the ancestral origins of four Ecuadorian ethnic groups—Afro-Ecuadorian, Mestizo, Montubio, and the Indigenous Tsá-

chila—in an effort to gain insight on the relationship between ancestry, culture, and the formation of ethnic identities in Latin America.

The observed patterns of genetic ancestry are largely concordant with ethnic identities and historical records of conquest and coloniza-

tion in Ecuador. Nevertheless, a number of exceptional findings highlight the complex relationship between genetic ancestry and

ethnicity in Ecuador. Afro-Ecuadorians show far less African ancestry, and the highest levels of Native American ancestry, seen for

any Afro-descendant population in the Americas. Mestizos in Ecuador show high levels of Native American ancestry, with substantially

less European ancestry, despite the relatively low Indigenous population in the country. The recently recognizedMontubio ethnic group

is highly admixed, with substantial contributions from all three continental ancestries. The Tsáchila show two distinct ancestry

subgroups, with most individuals showing almost exclusively Native American ancestry and a smaller group showing a Mestizo charac-

teristic pattern. Considered together with historical data and sociological studies, our results indicate the extent to which ancestry and

culture interact, often in unexpected ways, to shape ethnic identity in Ecuador.
Introduction

The South American country of Ecuador is home to amulti-

ethnic society that emerged from contact among the

numerous Indigenous communities that inhabited the re-

gion for millennia, European colonizers (Spanish conquis-

tadors and mercantile immigrants), and enslaved Africans

brought to the NewWorld by force.1 Similar to other Latin

American nation-states, interactions among these groups

over the last five centuries have led to the consolidation

of ethnic identities that were initially grounded in varying

degrees of admixture. Examining the genetic ancestry of

different groups in Ecuador can give us insight into how

ethnic identities, both old and new, are shaped and have

possibly changed from the original castas definitions insti-

tuted during colonial times.2,3 Here, we investigate the

ancestral origins of four officially recognized Ecuadorian

ethnic groups: Afro-Ecuadorian, the majority Mestizo

ethnic group, the newly recognized Montubio ethnic

group, and the Indigenous Tsáchila. This is the first genetic

study of the Montubio and Tsáchila populations.

The Ecuadorian census defines five major ethnic groups:

Afro-Ecuadorian, Indigenous, Blanco,Mestizo, andMontu-

bio.4,5 Mestizos—historically defined as the descendants of

Europeans and Indigenous Americans—constitute the

largestpart (71.9%)of theEcuadorianpopulationaccording

to the current census (2010). Individuals who self-identify

as Mestizo live primarily in urban areas and are native

speakers of Spanish. AlongwithMestizos, Ecuador has four-
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teen distinct Indigenous groups, inhabiting different parts

of the country. Ecuadorians who identify as Indigenous

make up 7.0% of the population. In this report, we focused

on the relatively under-studied Tsáchila Indigenous group,

who are the native inhabitants of the Santo Domingo prov-

ince of Ecuador and are speakers of the Tsáfiqui language.

Montubios were officially recognized as a distinct ethno-

cultural group by the government of Ecuador in 2001 and

represent 7.4% of the total population. Recognition of the

Montubio as a distinct ethnic group followed years of strug-

gle, including a protracted hunger strike that drew wide-

spread attention to their cause.6 Montubios are thought

to descend from Indigenous groups who traditionally in-

habited the coastal regions of Ecuador and later admixed

withSpanish settlers andenslavedor freedAfricans, starting

in the colonial era.7–9 The extent of ancestral contributions

fromeachof these three groups to themodernMontubios is

an open question. Afro-Ecuadorians, who live primarily in

the provinces of Esmeraldas and Guayas, make up 7.2% of

the Ecuadorian population. The presence of Afro-Ecuador-

ians in Esmeraldas dates to 1553, when a group of 23 Afri-

cans escaped from a stranded slave ship and mixed with

the local Indigenous groups to establish an autonomous

community. From these small beginnings, the region

continued to receive an influx of escaped slaves, from

both Ecuador and Colombia, giving rise to a large and inde-

pendent Afro-descendant population.10,11

Nation building in colonial-era Latin America was

explicitly aware of, and informed by, notions of race and
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ancestry. An emphasis was placed on the delineation of

new racial (ethnic) groups formed by various combinations

of the three continental ancestry groups that came

together in the New World: African, European, and Native

American. This movement reached its apogee with the

Spanish Sistema de Castas (Caste System).2,3 Under this ra-

cialized classification scheme, numerous groups were

defined by specific combinations of admixture, often in a

very granular way across multiple generations. The Sistema

de Castas was inherently hierarchical, with European

(Spanish) ancestry at the top and Native American or Afri-

can ancestry at the bottom. High levels of Spanish ancestry

were almost always associated with higher social status.

The related concept of mestizaje refers to the underlying

process of racial and cultural mixing, also with an implicit

preference for Spanish ancestry and culture.12–15

In Ecuador, the process of mestizaje played out in a very

particular way, whereby the initial ancestry-based defini-

tion of Mestizo slowly gave way to a more culture-based

definition that was tied to language, education, and social

status. Given the conflation of ancestry, culture, and social

status with ethnicity in Ecuador, the ancestral origins and

makeup of different ethnic groups have been obscured. Ge-

netic studies, considered in the context of this unique his-

tory, can shed light on the extent to which ancestry does or

does not contribute to Ecuadorians’ ethnic identities.

Indeed, there is a growing interest among Ecuadorians to

better understand the ancestral composition of these so-

cially constructed ethnic groups, particularly with

respect to historically marginalized Indigenous and Afri-

can identities.16–18

Previous studies have characterized the genetic origins of

the different ethnic groups in Ecuador,16,17,19 but they

have only described a small part of the vivid landscape of

genetic diversity in Ecuador. These efforts were limited

either by (1) the populations sampled, which often

included only Mestizos or did not specify the Ecuadorian

sub-population; or (2) their use of limited numbers of

Ancestry Informative Markers (AIMs), which do not allow

for deep characterization of genetic ancestry. In this study,

we use genome-wide variant data from four distinct Ecua-

dorian populations, which allowed us to infer fine-scale

population structure and the ancestral origins of ethnic

groups that collectively represent most of the Ecuadorian

population. In addition to the widely studied majority

Mestizo population, we characterized the genetic ancestry

for previously understudied and historically neglected

Afro-Ecuadorian, Montubio, and Tsáchila minority groups.
Material and methods

Population terminology
The terminology used to describe the populations studied here is

intended to distinguish ethnicity from genetic ancestry. For

ethnicity, we use the names of the officially recognized Ecuadorian

ethnic groups following the 2010 census: Afro-Ecuadorian (trans-

lated from the Spanish Afroecautoriano), Indigenous (translated
2 Human Genetics and Genomics Advances 2, 100050, October 14, 2
from the Spanish Indigena), Blanco, Mestizo, and Montubio.4,5

We use the broad term Afro-descendant (translated from the Span-

ish afrodescendiente), which is widely used in Latin America to refer

to the descendants of African people who arrived in the Americas

via the trafficking of enslaved persons during the colonial era.20

While many individuals in Latin America have some degree of Af-

rican ancestry, Afro-descendants identify as having direct ancestral

and cultural connections to Africa.We use the officially recognized

name Tsáchila for the Indigenous ethnic subgroup studied here.

We use the broad term Indigenous to describe the original, native

inhabitants of the Americas, including but not limited to Ecuador.

For genetic ancestry, we use continental ancestry group labels—Af-

rican, European, and Native American—following conventions of

the scientific literature on genetic ancestry.21–24 The presence of

Native American ancestry in any individual does not necessarily

imply tribal affiliation or identity with a specific Indigenous

group.
Donor sample collection
DNA samples were characterized for 300 sample donors from four

Ecuadorian ethnic groups across seven locations: Afro-Ecuadorian

(91), Mestizo (35), Montubio (82), and Tsáchila (92). Afro-Ecuador-

ian samples were taken in the city of Esmeraldas in Esmeraldas

province and in the Chota Valley, located between provinces of Im-

babura and Carchi. Montubio samples were taken in the cities of

Portoviejo, Jipijapa, and Chone in the Manabı́ province. Mestizo

samples were taken in Quito, Pichincha. Tsáchila samples were

taken in Santo Domingo de los Colorados of the province of Santo

Domingo de los Tsáchilas. Blood samples were obtained from do-

nors by the finger-prick method and collected on FTA cards (GE

Healthcare Life Sciences). Donors provided demographic informa-

tion for themselves, their parents, and their grandparents: sur-

names, place of birth, place of residence, ethnic self-identity, and

spoken language. The same technician was responsible for collect-

ing all donor blood samples and demographic information. Donor

blood samples and demographic data were collected in accordance

with the ethical standards of the 1964 Declaration of Helsinki and

its later amendments. All samples were provided voluntarily, de-

identified, and securely archived. All donors approved and signed

the Informed Consent Form (Data S1), and donor sampling was

approved by Translational Medicine Unit of Faculty of Medical Sci-

ences at Central University of Ecuador, in Quito, Ecuador. Genome

analysis of the samples was also approved by the Institutional

Review Board of the Georgia Institute of Technology.
Genome characterization and analysis
DNA was extracted from FTA card blood spots using QIAGEN’s

DNeasy Blood & Tissue Kits. Genome-wide genotyping was per-

formed for 22 Mestizo samples using the Multi-Ethnic Global

Array25 (MEGA) to characterize�1.7 million variants. The remain-

ing 278 samples were characterized using the Illumina Global

Screening Array (GSA) to characterize �690,000 variants.

Genome-wide genotype data from Ecuadorian populations were

mergedwith different reference panels for characterizing (1) global

and local continental ancestry, and (2) African, European, and

Native American subcontinental ancestry, yielding 3 different

genome-wide variant datasets for subsequent analysis. The work-

flow for genotype data harmonization and analysis is illustrated

in Figure S1, and the reference populations used in this study are

listed in Table S1. Genome-wide genotype data from Ecuador are

available upon request from the corresponding authors.
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For characterizing global and local continental ancestry, the Ecua-

dorian genome-wide genotype data were merged and harmonized

with whole genome sequence data from global reference popula-

tions representing four continental population groups—African,

East Asian, European, and Native American—characterized as part

of the 1000 Genomes Project,26 using PLINK v.1.9027 and bespoke

scripts. The genetic variant data from the Ecuadorian samples and

the reference samplesweremerged to include variants thatwere pre-

sent in both datasets with amissingness andminor allele frequency

filters of 5% and 1%, respectively. Variant strand flips and identifier

inconsistencies were corrected as needed. The merged and harmo-

nized dataset contained 371,355 genome-wide variants. The PLINK

implementation of the KING algorithmwas used to test for kinship

among individuals from theharmonized dataset and to exclude one

member of each pair of samples with a kinship coefficient> 0.25.28

Next, the merged dataset of unrelated individuals was pruned for

linkage disequilibrium (LD) using the ‘‘-indep’’ command in PLINK

1.9withawindowsize of 50kb, a step size of5 variants, and avariant

inflation factor (VIF) threshold of 2. The program ShapeIT version

2.r83729wasused tophase themergedandharmonizedvariantdata-

set. Phasing was performed on all individuals at the same time and

without reference haplotypes. Each chromosome was phased sepa-

rately, and the X chromosome was phased using the ‘‘-X’’ flag.

Together, these steps yield a final variant dataset for continental

ancestry inference covering 220,009 genomic sites for 275 Ecuador-

ian samples and 1,728 reference population samples.

The final continental ancestry variant dataset was further

harmonized with two additional reference panels for character-

izing subcontinental ancestry. We separately merged the final

variant dataset with (1) 1,235 African genomes across 37 addi-

tional African reference populations,30 and (2) 251 Native Amer-

ican genomes across 23 Native American reference populations31

to yield an African-harmonized dataset and a Native American-

harmonized dataset (Table S1). The African-harmonized variant

dataset covers 157,746 genomic sites, and the Native American-

harmonized variant dataset covers 56,937 genomic sites. For Euro-

pean subcontinental affinity characterization, the final variant da-

taset was used directly, since the 1000 Genomes Project contains

five European reference populations, covering all of the main

source regions for immigration to the Americas. Distinct African

and Native American reference panels, and the resulting merged

datasets, were created owing to the fact that African and Native

American reference panels were characterized on different geno-

typing technologies, often leading to a small overlap of genetic

variants after harmonization.
Ancestry and admixture analysis
Principal component analysis (PCA) of the final continental

ancestry dataset was performed using PLINK using the ‘‘-pca’’ op-

tion, and the first two PCs for all samples were plotted using the

ggplot2 package32 in R v.3.5.1.33 ADMIXTURE v.1.3034 was used

to characterize samples’ genome-wide ancestry fractions for four

continental ancestral population components—African, East

Asian, European, andNativeAmerican—using1000GenomesProj-

ect reference population samples (Table S1). ADMIXTURE was run

in the unsupervised mode with default settings and K ¼ 4. Admix-

ture entropy values are measured as the Shannon’s entropy ðSÞ of
the four ancestry component fractions: S ¼ �P4

i¼1pilogðpiÞ, where

pi is the population fraction for ancestry component i.

A modified version of RFMix22,35 was used to characterize local

ancestry patterns for the three main continental ancestral popula-
Human
tion components observed in the Ecuador samples—African, Euro-

pean, andNative American—on the final dataset. RFMixwas run us-

ing African and European reference population samples from the

1000Genomes Project, and samples from Peru were used as a surro-

gate forNativeAmerican ancestry. RFMixwas run for 12 generations

in the ‘‘PopPhased’’modewith aminimumnode size of five, and the

‘‘-use-reference-panels-in-EM’’ for two rounds of expectation maxi-

mization (EM), to assign continental ancestry for haplotypes

genome-wide. Haplotype ancestry assignments were made for re-

gions where the RFMix ancestral certainty was at least 95%.

The RFMix ancestry assignments were used to generate masked

genomes, each of which only contain haplotypes from one of the

three main continental ancestry groups, for subsequent subconti-

nental ancestry inference using either the programChromopainter

version 236 (African and European) or ADMIXTURE (Native Amer-

ican).Chromopainter was runon eachof theAfrican andEuropean

ancestry-specific masked genomes separately for each individual,

comparing to either the corresponding harmonized variant dataset

(African) or the final variant dataset (European). Non-negative

least-squares (NNLS) was used to convert Chromopainter output

painting vectors to percent ancestry estimates using the R package

nnls version 1.4,37 as we described previously.22

Subcontinental ancestry inference validation was performed by

generating simulated admixed genomes via Monte Carlo simula-

tion of reference population haplotypes. For the simulation of ad-

mixed genomes, reference populations were divided into training

and validation samples. Training samples were used to simulate

admixed genomes, and validation samples were used for subconti-

nental ancestry inference on the simulated admixed genomes.

Simulated admixed genomes were generated using genome-wide

haplotype boundaries, defined using interpolated genetic map po-

sitions based on the 1000 Genomes Project, and haplotypes were

randomly selected from reference population training samples

across 20%–80% admixture proportions in 5% increments, gener-

ating 20 simulated genomes for each 5% increment. For sets of

simulated admixed genomes, the simulated (expected) ancestry

proportions were compared to the observed ancestry proportions

inferred via the NNLS approach, using Pearson correlation, to esti-

mate the accuracy of the NNLS method for subcontinental

ancestry inference. Simulated admixed genomes were generated

and validated in this way for African subcontinental ancestry

inference (West Africa, West Central Africa, Southwest Africa,

and East Africa) and European subcontinental ancestry inference

(North/Central Europe and South Europe).

Subcontinental ancestry for Native American populations was

discerned usingNative Americanmasked genomeswith the Native

American-harmonized dataset using ADMIXTURE run in unsuper-

vised mode, with values of K ranging from 2–12. Cross-validation

error values were calculated for each value of K and used to select

the optimal value of K ¼ 10 for subsequent analysis. Native Amer-

ican subcontinental ancestry was characterized using ADMIX-

TURE, because haplotypes in Native American populations are

quite distinct, owing to very high levels of population structure

among these populations,38 and the Chromopainter approach is

not suited for these data. Phylogenetic analysis of Native American

reference populations, and the Native American ancestry compo-

nent of the Ecuadorian populations, was performed by calculating

pairwise population FST valueswith smartpca from the EIGENSOFT

package version 7.2.1.39 Pairwise FST values were used to make a

neighbor-joining tree40 with the programMEGA6,41 and bootstrap

analysis was performed using prop.part and part.clades tools of the

Ape package42 version 5.4. The outgroup f3 statistic for Native
Genetics and Genomics Advances 2, 100050, October 14, 2021 3
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Figure 1. Continental genetic ancestry
for Ecuadorian ethnic groups
(A) Locations of sampling sites for the four
Ecuadorian ethnic groups characterized
here: Afro-Ecuadorian (blue), Mestizo (yel-
low), Montubio (teal), and Tsáchila (red).
(B) Principal component analysis (PCA) of
the genomic relationship matrix for the
four Ecuadorian populations compared to
reference populations from Africa, the
Americas, East Asia, and Europe.
(C) PCA results shown separately for each
of the four Ecuadorian ethnic groups.
American ancestry component of the Ecuadorian populations was

computed as f3ðYoruba;Ecuadorian;Native American referenceÞ using
themaskedNative American haplotypes with the programAdmix-

Tools version 7.0.1.

Admixture timing analysis
The TRACTS program43,44 was used to infer the timing of admix-

ture events in the admixed populations from the ancestry-specific

haplotypes (i.e., ancestry tracts) defined by RFMix. For the Afro-

Ecuadorian and Montubio three-way admixed populations, three

possible orderings of admixture were evaluated with TRACTS: (1)

European, Native American, and African; (2) European, African,

and Native American; and (3) African, Native American, and Euro-

pean. For the Mestizo two-way admixed population, two possible

orderings of admixture were evaluated with TRACTS: (1) European

and Native American, and (2) Native American and European. For

each ordering, TRACTS evaluated possible admixture timing from

14 to six generations ago, in 1,000 bootstrap attempts. From the

bootstrap attempts, the most likely series of admixture events

was chosen to represent the population.

Sex-biased admixture inference
Sex bias in admixture for the different Ecuadorian population

groups was inferred by comparing the ancestral composition of

the X chromosome to the autosomes as previously described.21,

45 For each Ecuadorian sample, the normalized difference between

each ancestral component for the X chromosome versus the auto-

somes (DAdmix) is defined as:

DAdmix¼ Fanc total 3
Fanc;X � Fanc;auto

Fanc;X þ Fanc;auto

;
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where Fanc;total, Fanc;X, and Fanc;auto refer to

genome-wide, X chromosome, and auto-

somal ancestry fractions, respectively.

Results

Continental genetic ancestry

Individuals from four Ecuadorian

ethnic groups were sampled from

seven sites around the country: Afro-

Ecuadorian from Esmereldas and the

Chota Valley, Mestizo from Quito,

Montubio from Manabı́, and Tsáchila

from Santo Domingo de los Colora-

dos (Figure 1A). Genome-wide geno-
types for individual sample donors were characterized

and compared to global reference populations from Africa,

the Americas, Asia, and Europe. PCA was used to visualize

the genetic relatedness among individuals from the Ecua-

dorian and reference populations (Figures 1B and 1C;

Figure S2). African, European, and Native American conti-

nental ancestry groups are clearly separated as three poles

of diversity on the two-dimensional PCA plot, and Ecua-

dorian populations are clustered between the three conti-

nental ancestry groups. Most Afro-Ecuadorians fall close

to the African pole, as would be expected; however, a num-

ber of Afro-Ecuadorians cluster very closely with the Native

American pole. Mestizo individuals fall along the Euro-

pean-Native American axis, with little apparent African

admixture. It should be noted that Mestizos sampled

from Ecuador fall much closer to the Native American

than the European pole, pointing to a relatively high

Native American contribution to their genetic ancestry.

The Montubios seem to lie mostly along the European-

Native American axis, with some of them extending to-

ward the African pole, indicative of low levels of African

admixture in this population. Finally, most of the Tsáchila

individuals cluster tightly at the Native American pole, but

some individuals extend toward the European pole, sug-

gesting similar levels of admixture compared to what is

observed for some Mestizos.

The program ADMIXTURE was used to quantify the

levels of continental ancestry—African, East Asian,



Figure 2. Continental ancestry and
admixture for Ecuadorian ethnic groups
Top row: ADMIXTURE plots showing con-
tinental ancestry fractions for individuals
from the four Ecuadorian ethnic groups.
Each bar in the plot represents an individ-
ual sample, and individuals’ ancestry com-
ponents are shown as African (blue), East
Asian (green), European (yellow), and
Native American (red). Middle row:
average ancestry percentages for each
ethnic group. Bottom row: ternary plots
highlighting the distribution of different
proportions of the three main ancestry
components—African, European, and
Native American—in each Ecuadorian
group.
European, and Native American—for the four Ecuadorian

populations compared to other admixed American popula-

tions (Figure 2; Figure S3). On average, Afro-Ecuadorians

have 49.5% African genetic ancestry, 35.9% Native Amer-

ican ancestry, 13.8% European ancestry, and 0.8% East

Asian ancestry. Some of the individuals who identify as

Afro-Ecuadorian have high fractions of African ancestry,

while others show almost completely Native American

ancestry. The Afro-Ecuadorian population shows the high-

est overall variance in ancestry components for the Ecua-

dorian groups. Mestizo individuals have mostly Native

American ancestry (66.1%), with some European admix-

ture (30.0%), and small amounts of African (2.4%) and

East Asian genetic ancestry (1.5%). The Montubios show

primarily Native American ancestry (51.4%), followed by

substantial European ancestry (38.1%), along with lower

levels of African ancestry (9.9%) and very little East Asian

ancestry (0.7%). It should be noted that the Montubio

population has 4.1 and 5.2 times as much African ancestry

when compared to the Mestizo or Tsáchila populations,

respectively. Tsáchila individuals in the data have high

overall Native American ancestry (87.1%), followed by Eu-

ropean (10.7%), African (1.9%), and East Asian ancestry

(0.3%). The Tsáchila population includes two distinct

groups of individuals, one group with almost entirely

Native American ancestry and a second admixed group.

The overall continental genetic ancestry fractions for the

Ecuadorian populations, compared to six other admixed

American populations, are summarized in Table 1.

Timing and sex bias for continental admixture

Continental ancestry was inferred at the local level by as-

signing genome-wide haplotype origins corresponding to

the three major ancestry components of the Ecuadorian

populations—African, European, and Native American—

using a modified version of the program RFMix.35 East
Human Genetics and Genomics
Asian ancestry was not considered

for local ancestry inference owing to

the very low levels observed for

the Ecuadorian populations studied
here. The patterns of local ancestry were then used to infer

the timing of continental admixture for the Ecuadorian

ethnic groups based on the size distributions of ancestry-

specific haplotypes using the program TRACTS. This anal-

ysis relies on the fact that the sizes of ancestry-specific hap-

lotypes in admixed genomes decay over time owing to

recombination. Three-way admixture models were run

with TRACTS for the Afro-Ecuadorian and Montubio pop-

ulations, and a two-way admixture model was run for the

Mestizo population. The Afro-Ecuadorian population

shows evidence of initial rounds of admixture between

Native American and European ancestry components 10

and 9 generations ago, followed by two more recent pulses

of African admixture 6 and 5 generations ago (Figure 3A).

The Montubio population shows primarily Native Amer-

ican and European admixture 11 and 10 generations ago,

with a much smaller round of African admixture occurring

9 and 8 generations ago (Figure 3B). The Mestizo popula-

tion shows two pulses of Native American and European

admixture 10 and 9 generations ago (Figure 3C).

The chromosomal distributions of ancestry-specific hap-

lotypes can also be used to evaluate sex-biased patterns of

continental admixture. Since X chromosomes spend twice

as much time along the female lineage, compared to auto-

somes, excess continental ancestry on the X chromosome

indicates female-biased admixture, whereas excess conti-

nental ancestry on the autosomes points to male-biased

admixture.Wepreviouslydeveloped theDAdmixparameter,

whichquantifies differences inancestrybetween theXchro-

mosomeand theautosomes, to test for sex-biasedancestry in

admixed American populations.45 The four Ecuadorian

ethnic groups studied here all show evidence of sex-biased

admixture, each with its own characteristic pattern

(Figure 3D). However, all four of the populations show a

similar pattern of male-biased European ancestry coupled

with female-biased Native American ancestry. This pattern
Advances 2, 100050, October 14, 2021 5



Table 1. Average ancestral composition of Ecuadorian ethnic groups compared to other admixed American populations

Population African % European % Native American % East Asian % Admixture entropy

Afro-Ecuadoriana 49.53 (3.05) 13.85 (1.03) 35.86 (2.78) 0.76 (0.05) 1.48

Mestizoa 2.39 (0.36) 29.97 (2.12) 66.11 (2.29) 1.52 (0.017) 1.14

Montubioa 9.89 (0.66) 38.08 (1.16) 51.36 (1.04) 0.67 (0.11) 1.4

Tsáchilaa 1.88 (0.40) 10.66 (1.78) 87.12 (2.14) 0.35 (0.07) 0.65

African American (ASW) 76.25 (2.04) 19.52 (1.23) 3.17 (1.25) 1.06 (0.23) 0.99

African Caribbean (ACB) 88.62 (0.81) 10.92 (0.76) 0.07 (0.03) 0.39 (0.19) 0.54

Colombia (CLM) 9.01 (0.82) 64.75 (1.38) 25.22 (0.98) 1.03 (0.07) 1.29

Mexico (MXL) 4.8 (0.29) 46.23 (2.35) 44.52 (2.30) 4.45 (0.23) 1.44

Peru (PEL) 3.01 (0.65) 20.36 (1.34) 73.76 (1.66) 2.87 (0.48) 1.09

Puerto Rico (PUR) 15.01 (0.96) 71.5 (1.00) 12.82 (0.35) 0.67 (0.05) 1.19

Average ancestral compositions (5standard error) are show as percent African, East Asian, European, and Native American ancestry. Admixture entropy is a mea-
sure of the ancestral diversity of the population.
aEcuadorian groups.
is most pronounced in the Mestizo and Montubio popula-

tions. The Tsáchila group shows a less-pronounced pattern

of sex-biased ancestry,with the threemedianDAdmixvalues

are all very close to zero. However, when the admixed Tsá-

chila individuals (<90% Native American ancestry) are

analyzed separately, they do show a strong pattern of Euro-

pean-biased male ancestry and Native American-biased fe-

male ancestry (Figure S4).

Subcontinental genetic ancestry

Ancestry-specific haplotypes were leveraged to perform

fine-scale, subcontinental ancestry inference for the Ecua-

dorian samples, with separate analyses run for each of the

three continental ancestry components. To do so, conti-

nental ancestry-specific genomes were generated by mask-

ing haplotypes that correspond to two of the three conti-

nental ancestry components. This process yielded three

masked genomes per sample: an African-haplotype-only

genome, a European-haplotype-only genome, and aNative

American-haplotype-only genome. Each ancestry-specific

genome was then compared against corresponding refer-

ence populations from Africa, Europe, and the Americas

to explore the subcontinental ancestral origins for the

Ecuadorian ethnic groups.

African origins

African subcontinental ancestry for the Ecuadorian ethnic

groups, along with other admixed American populations,

was characterized using a panel of 42 African reference

populations, 37 of which were sampled from six of the

seven main western African regions involved in the trans-

atlantic slave trade.46–49 We divided these colonial-era Afri-

can regions into three broad regions based on geographic

and genetic affinity of the reference populations: West Af-

rica, West Central Africa, and Southwest Africa (Figure S5).

West Africa includes reference populations sampled from

Gambia, Sierra Leone, and the Ivory Coast, corresponding
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to the colonial era slave trading regions of Senegambia, Si-

erra Leone, and the Windward Coast. West Central Africa

includes reference populations sampled from Benin and

Nigeria, corresponding to the Bight of Benin. Southwest

Africa includes reference populations sampled from

Cameroon, Gabon, and Angola, corresponding to the

Bight of Biafra and the Loango Coast. We also included

East African and Rainforest Hunter Gather (RFHG) African

populations for comparison.

The African reference populations from these regions

show distinct patterns of ancestry, with coherent patterns

of ancestry seen for West African and West Central African

populations and diverse ancestry seen for the Bantu-

speaking populations of Southwest Africa (Figure 4A;

Figure S5). The observed genetic population structure

closely mirrors the geographic distribution of the African

reference populations, with the cosmopolitan Yaounde

population showing admixture between the West Central

African and nearby Southwest African groups. The East Af-

rican and Rainforest Hunter Gatherer populations show

distinct patterns of genetic ancestry. The Banbongo popula-

tion from Gabon shows a mix of Bantu and Rainforest

Hunter Gatherer ancestry.

The Ecuadorian groups show varied patterns of African

ancestry, with affinities to different admixed American

populations (Figure 4A; Table 2). The Afro-Ecuadorians

show primarily West Central African ancestry, with simi-

larity to populations from modern-day Benin and Nigeria,

followed by West African ancestry, with similarity to pop-

ulations from Gambia, the Ivory Coast, and Sierra Leone.

This pattern of African ancestry is closest to the patterns

seen for the African American reference populations and

populations from English-speaking countries in the Carib-

bean.49 The Montubio and Tsáchila show primarily West

African ancestry followed by a West Central African

component, which is most similar to populations from

Mexico, Central America, Colombia, and Venezuela along
021
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Figure 3. Timing and sex-biased admix-
ture for Ecuadorian ethnic groups
Estimated admixture timings and sex-
biased ancestry proportions are shown
for each of the three ancestral groups: Af-
rican (blue), European (yellow), and
Native American (red). Admixture timing
estimates are shown for (A) Afro-Ecuador-
ians, (B) Montubios, and (C) Mestizos. On
the top panels, the observed (points) and
predicted (solid line) ancestry tract size
distributions are shown with shaded
95% confidence intervals. LL indicates
the log-likelihood values for the models.
On the bottom panels, admixture event
timings are shown together with ancestry
proportions. Each inferred admixture
event is indicated by a circle, which is
scaled according to the size of the contri-
bution to the population and also shows
the relative ancestry proportions. The y-
axes of the charts show the inferred conti-
nental ancestry fractions, and the x-axes
show time as the number of generations
ago (GA).
(D) Distributions of DAdmix values,
which measure differences in ancestry be-
tween the X chromosome and the auto-
somes, are shown for all sampled individ-
uals and each continental ancestry
among the four ethnic groups. Values
above zero indicate female-biased admix-
ture, and values below zero indicate
male-biased admixture.
with Spanish-speaking countries in the Caribbean. The

Mestizo population shows the most distinct pattern of Af-

rican ancestry, with more Southwestern and Bantu

ancestry, but this may be an artifact of the small amount

of African ancestry seen for this population; there were

only 8 Mestizos with enough African ancestry (>3%) to

allow for subcontinental ancestry analysis.

We validated our approach to African subcontinental

ancestry inference using simulation of admixed genomes

containing different combinations of ancestry for the

four main African regions analyzed here. Simulated ge-

nomes were generated for a range of ancestry fractions

(20%–80%) for each of the four African regions, and our

subcontinental ancestry inference approach was applied

to the simulated admixed genomes. Ancestry inferences

for all four of the main African regions show high levels

of accuracy when region-specific simulated (expected)

ancestry values are compared to observed values generated

via the subcontinental ancestry inference approach used

here (R2 ¼ 0.99; Figure S6).
European origins

All four Ecuadorian populations show a pattern of Euro-

pean ancestry that is mostly consistent with Spanish

ancestry, similar to what is seen for other modern Latin
Human
American populations from Colombia, Mexico, Peru, and

Puerto Rico (Figure 4C; Table 2). While this is very much

unsurprising, it does serve as a positive control for our

approach to subcontinental ancestry analysis. The Afro-

Ecuadorian population has the highest level of Northern

and Central European ancestry, albeit as a minor fraction,

which may reflect immigration of laborers from Jamaica

starting in the late 19th century.50 Admixture simulations

were used to validate the ability of our subcontinental

ancestry inference method to distinguish North and Cen-

tral European ancestry from South European ancestry.

Simulated (expected) and observed European subconti-

nental ancestry fractions show high correspondence in

support our approach (R2 ¼ 0.96).
Native American origins

Given the complex demographic history of Indigenous

populations in the Americas, and the high levels of popu-

lation structure seen for Native American ancestry refer-

ence populations, we were not able to directly quantify

Native American admixture proportions for the Ecuador-

ian populations in the same way that was done for their

African and European ancestry components. Native Amer-

ican ancestry in the Ecuadorian populations was analyzed

via ADMIXTURE, to get a qualitative view of their ancestry
Genetics and Genomics Advances 2, 100050, October 14, 2021 7



A B Figure 4. African and European subcon-
tinental ancestry origins for Ecuadorian
ethnic groups
Subcontinental ancestral origins are
shown separately for (A) African and (B)
European continental ancestry compo-
nents. For each panel, Ecuadorian popula-
tions and other modern admixed Amer-
ican populations are compared to a
specific panel of continental reference
populations. Population groups are indi-
cated to the left of each panel, and individ-
ual population labels are shown on the
right. Each bar in the plot represents an in-
dividual sample, and individuals’ subcon-
tinental ancestry components, based on
the results of our NNLS analysis, are co-
lor-coded according to their group origins.
RFHG, Rainforest Hunter Gatherer.
composition, and with phylogenetic analysis to infer the

most closely related reference populations. The Native

American origins of the Ecuadorian ethnic groups were

characterized using a panel of 23 reference populations

from Mesoamerican, Central American, Colombian,

Amazonian, and Andean tribes (Figure S7), in comparison

with modern admixed populations from Colombia, Peru,

and Puerto Rico.

ADMIXTURE showed an optimal number of K ¼ 10

ancestry components (Figure S8), and the four Ecuadorian

groups form a single, closely related cluster, to the exclu-

sion of all the other admixed American populations and

all of the Native American reference populations

(Figure 5A). One of the Native American ancestry compo-

nents (dark red) for the Ecuadorian groups is most pro-

nounced in the Tsáchila and shared mostly, albeit to a

small extent, with Indigenous and modern Colombian

populations. The minor Native American components
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for the Ecuador populations (green,

yellow, and purple) are also most

closely related to nearby Colombian

populations and appear to corre-

spond to Andean Indigenous

ancestry. Interestingly, the primary

Native American ancestry compo-

nent of the Tsáchila (light red) is sub-

stantially less abundant in other

Ecuadorian groups and largely absent

from the Native American reference

populations used here. Thus, similar

to what was seen at the continental

level, the Tsáchila show two distinct

Native American ancestry compo-

nents, with the less-abundant pattern

far more similar to what is seen for the

other Ecuadorian groups. The pri-

mary Native American component

for the Tsáchila may represents an

Indigenous source population for
Ecuador, for which we do not currently have a reference

population, or it could reflect high levels of genetic drift

and resulting structure for this population. Phylogenetic

analysis and the outgroup f3 statistic confirm that the

Native American component of the Ecuadorian groups is

most closely related to Andean Indigenous populations fol-

lowed by Colombian Indigenous populations (Figure 5B;

Figure S9).
Discussion

A major aim of this study was to consider Ecuadorian

ethnic identity in the context of the genetic ancestry and

origins of the people that make up the country’s officially

recognized ethnic groups. An emphasis was placed on pre-

viously understudied and historically marginalized groups,

including Afro-Ecuadorian, Montubio, and Tsáchila



Table 2. Average African and European subcontinental ancestral composition of Ecuadorian ethnic groups

Population West Africa West Central Africa Southwest Africa East Africa North and Central Europe South Europe

Afro-Ecuadorians 25.38 (1.69) 44.92 (1.63) 26.57 (0.86) 2.91 (0.31) 5.59 (1.15) 94.41 (1.15)

Mestizo 52.24 (7.81) 1.87 (1.87) 31.12 (13.79) 14.77 (9.05) 3.09 (1.75) 96.91 (1.75)

Montubio 38.83 (2.65) 20.62 (1.85) 37.21 (3.58) 2.99 (0.42)) 0.76 (0.30) 99.24 (0.30)

Tsáchila 40.91 (5.18) 25.97 (4.01) 27.54 (3.46) 4.11 (1.39) 1.46 (0.97) 98.54 (0.97)

Average subcontinental ancestral compositions are show as percentages (5standard error).
populations. The genetic ancestry of the majority Mestizo

ethnic group was considered in light of historical knowl-

edge on Ecuadorian population dynamics and the cultural

forces related to mestizaje and assimilation.
High Native American ancestry in Afro-Ecuadorians

Contrary to our expectations, Afro-Ecuadorians did not

show a large majority of African ancestry, although it was

the single largest ancestry component on average (49.5%;

Table 1), and they did show a high overall level of Native

American ancestry (35.9%; Table 1). Afro-Ecuadorians

show substantially less African ancestry than seen for the

African American and African Caribbean reference popula-

tions characterized here, and they have the highest level of

admixture seen for any of the four Ecuadorian ethnic

groups (admixture entropy ¼ 1.48; Table 1). Even more

strikingly, this population has a number of individuals

who show very high levels of Native American ancestry

with little or no African ancestry (Figures 1 and 2). To

our knowledge, this has not been observed for any other

Afro-descendant population in the Americas.21–24,51–54

The high levels of Native American ancestry seen for

Afro-Ecuadorians may reflect the historical legacy of the

autonomous Afro-descendant communities established in

Esmeraldas starting in the 16th century, which included

both escaped slaves andmembers of local Indigenous com-

munities.10,11 This finding underscores the extent to

which ethnic identity in Ecuador can serve as a marker of

shared culture rather than common ancestry.
Social construction of Mestizos in Ecuador

The Mestizo ethnic group shows an average of 66.1%

Native American ancestry, which is higher than any other

admixed American population studied here except for

Peru. As with the Afro-Ecuadorians, there are a number

of individuals who identify as Mestizo but have almost

entirely Native American ancestry (Figures 1 and 2). After

Bolivia (62%), Peru (24%) has the second-largest Indige-

nous population in South America, whereas the Indige-

nous Amerindian group in Ecuador makes up only 7% of

the population. Thus, one may not expect to see such

high levels of Native American ancestry in Ecuador’s ma-

jority Mestizo population. The pattern we observe could

be explained by historical records and sociological studies

of Ecuador that indicate a relatively low founding immi-

grant population from Spain coupled with cultural forces
Human
that led many Indigenous people to adopt a Mestizo iden-

tity.8,18,55 In much of Ecuador, Mestizo came to imply

someone who was fluent in Spanish and who lived in

and around urban centers, irrespective of their ancestry.

Indigenous people who migrated to cities and learned

Spanish would either be ascribed, or adopt, a Mestizo iden-

tity, and in so doing gain access to a broader, shared na-

tional identity. This cultural assimilation had the effect

of marginalizing Indigenous identity and communities,

while also leaving out Afro-Ecuadorians whose markers

of ancestry were harder to ignore. Our genetic ancestry re-

sults are consistent with the social construction of a Mes-

tizo identity in Ecuador that is distinct from ancestrally

grounded Mestizo identities in other Latin American

countries.
Montubio ancestry and admixture

The complex relationship between ethnic identity and

ancestry in Ecuador is exemplified by the newly recognized

Montubio ethnic group. Montubios live primarily in the

coastal region of Ecuador—in the provinces of Manabı́,

Guayas, Los Rios, and El Oro—and their cultural identity

is tied to a distinctly rural and agrarian lifestyle. Given

their recent origins and recognition, this group stands

out as a counterexample to the narrative that ethnic iden-

tities in Latin America were formed in the early colonial

period, via the process of mestizaje, and have remained

largely unchanged over centuries. Some scholars have

claimed that Montubios are essentially another Mestizo

group, with respect to mixed Spanish and Native American

ancestry, albeit with a distinct cultural heritage.7 However,

other scholars have pointed to African contributions to

Montubio ancestry and culture, consistent with their rural

location in the province of Manabı́, which also has a large

Afro-Ecuadorian population.56

Our results highlight the admixed nature of the Montu-

bio population. The main ancestry component is Native

American, followed closely by European ancestry, with a

smaller but not insubstantial African component (Figures

1 and 2). Montubios show the second-highest overall level

of admixture seen for any of the admixed American popu-

lations studied here (admixture entropy ¼ 1.40; Table 1).

The high levels of Native American ancestry in the Montu-

bio are similar to what is seen for all other Ecuadorian

ethnic groups and consistent with the relatively low num-

ber of European immigrants who contributed to the
Genetics and Genomics Advances 2, 100050, October 14, 2021 9
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Figure 5. Native American subcontinen-
tal ancestry origins for Ecuadorian ethnic
groups
(A) Ecuadorian populations and other
modern admixed American populations
are compared to a specific panel of Native
American reference populations. Popula-
tion groups are indicated to the left of
each panel, and individual population la-
bels are shown on the right. Each bar in
the plot represents an individual sample,
and individuals’ subcontinental ancestry
components are color-coded according to
their group origins.
(B) Phylogenetic tree showing the relation-
ship between the Native American
ancestry component of Ecuadorian popu-
lations, other admixed American popula-
tions, and Native American reference
populations.
modern population. The minor but still notable African

ancestry component supports historical and sociological

studies that emphasize African cultural contributions to

the Montubio people.

Two distinct ancestry groups in the Tsáchila

Overall, the Tsáchila show a very high level of Native Amer-

ican ancestry (87.1%; Table 1). However, closer inspection

of this ethnic group shows clear evidence for two distinct

ancestry groups. At the continental level, roughly two-

thirds of individuals show almost entirely Native American

ancestry, with the remaining individuals showing various

levels of primarily European admixture (Figures 1 and 2).

This same grouping can be seen for the Native American

subcontinental ancestry of the Tsáchila (Figure 5A). There

is a primary Native American ancestry component that is

entirely unique to the Tsáchila (light red) and a secondary

component that much more closely resembles the Native

American ancestry of the Ecuadorian Mestizos (dark red).

The Tsáchila individuals studied here were sampled from

the city of Santo Domingo de los Colorados located in the

province of Santo Domingo de los Tsáchilas, which, as the

name suggests, is the historical homeland of the group.
10 Human Genetics and Genomics Advances 2, 100050, October 14, 2021
Even the name of the city ‘‘de los Col-

orados’’ (of the dyed) refers to the Tsá-

chila ethnic group and their custom

of covering themselves in the red jui-

ces of achiote seeds to prevent small-

pox infection. Thus, it may be the

case that residents of Santo Domingo

de los Colorados with Spanish and

Native American ancestry, who may

be expected to ethnically identify as

Mestizo, identify as Tsáchila. This

would be an interesting example of

individuals from a relatively high-sta-

tus majority group choosing to iden-

tify with a historically oppressed
Indigenous group. On the other hand, Tsáchila ethnic

identity may provide social advantages for Mestizo indi-

viduals who reside in their Indigenous homeland. The

distinction between ancestry and ethnic identity among

the Tsáchila Santo Domingo de los Colorados also suggests

the possibility that ethnic identity in Ecuador is strongly

influenced by local geographic origins and culture.

Conclusions

The results reported here show how genetic ancestry co-

varies with ethnicity in Ecuador: Mestizos and Montubios

are primarily admixed with Spanish and Native American

ancestry, whereas the Tsáchila and the Afro-Ecuadorians

show the highest levels of Native American and African

ancestry, respectively. All four ethnic groups show evi-

dence of sex-biased admixture with greater levels of male

European and female Native American ancestry, consistent

with the historical record. Nonetheless, we find the excep-

tions to these general trends to be the most interesting and

revealing findings. We observed several unexpected pat-

terns of genetic ancestry for different ethnic groups, which

underscore the extent to which ethnic identity in Ecuador

is shaped by both culture and ancestry. Mestizos show



surprisingly high levels of Native American ancestry, when

considered together with the size of the Indigenous popu-

lation in the country, pointing to the role of language and

cultural assimilation in the formation of this ethnic group.

The Afro-Ecuadorians show the lowest levels of African

ancestry, and the highest levels of Native American

ancestry, seen for any Afro-descendant population in the

Americas. This population includes a number of individ-

uals with almost entirely Native American ancestry, point-

ing to the possibility of a distinctly African cultural iden-

tity for the region, shaped by its unique history.
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(Guayaquil: Ecuador).

7. Paredes Ramirez, W. (2005). Los Montubios y Nosotros (Cor-

poración Montubia del Litoral).

8. Roitman, K. (2008). Hybridity, Mestizaje, and Montubios in

Ecuador. QEH Working Paper Series, Working Paper 165.

9. Mathewson, K. (2008). Coastal Ecuador’s Montubios in Ethno-

geographic and Historical Perspective. In Ethno- and Histori-

cal Geographic Studies in Latin America: Essays in Honor

of William V. Davidson, P.H. Herlihy, K. Mathewson, and

C.S. Revels, eds. (Baton Rouge: Geoscience Publications),

pp. 239–262.
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Figure S1.  Genotype data harmonization and analysis workflow. Different datasets, 
harmonization and analysis steps, along with tools used at each step are illustrated in this 
workflow. 
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Figure S2.  Principal component analysis (PCA) of the genomic relationship matrix for the four 
Ecuadorian populations compared to reference populations from Africa, the Americas, East 
Asia, and Europe. 
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Figure S3.  ADMIXTURE plots showing continental ancestry fractions for individuals from (A) 
African, Admixed American, East Asian, and European reference populations and (B) the four 
Ecuadorian ethnic groups. 
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Figure S4.  Sex-biased admixture for Tsáchila subgroups.  Sex-biased ancestry proportions are 
shown for each of the three ancestral groups: African (blue), European (yellow), and Native 
American (red).  Results are shown for (A) non-admixed individuals (>=90% Native American 
ancestry) and (B) admixed individuals (<90% Native American ancestry). 
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Figure S5.  African reference populations used for this study.  (A) The sampling locations of 
reference populations are shown, with respect to modern African countries, along with the 
locations of the four main geographic regions – West Africa, West Central Africa, Southwest 
Africa, and East Africa – and the corresponding colonial era slave trading regions along the west 
coast of Africa.  (B&C) Principal components analyses (PCA) showing the genetic relationships 
among African reference population samples from the four geographic regions.  Panel B 
includes rainforest hunter gatherer (RFHG) populations, and panel C includes only populations 
from the four main African regions analyzed here.  
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Figure S6.  Validation of African subcontinental ancestry inference.  Expected levels of 
ancestry based on simulated admixed genomes (x-axis) are compared to observed levels of 
ancestry based on NNLS method applied to simulated genomes (y-axis).  Results are shown for 
the four main geographic regions studied here: West Africa (Gambia, GWD), West Central Africa 
(Yoruba, YRI), Southwest Africa (Bapunu), and East Africa (Kenya, LWK).  Pearson correlation R2 
and P-values are shown for each comparison. 
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Figure S7.  Native American reference populations used for this study.  (A) The sampling 
locations of reference populations are shown, with respect to modern Latin American 
countries, along with the locations of the five main geographic/genetic groups: Mesoamerica 
(light blue), Central America (teal), Colombia (green), Amazon (orange), Andes (purple).  (B) 
Principal components analysis (PCA) showing the genetic relationships among Native American 
reference population samples from the main groups. 
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Figure S8.  Cross-validation error values (y-axis) for AMDIXTURE run over a range of ancestry 
component values K=2-12 on Native American ancestry.  The optimal value of K=10 was 
chosen for analysis Native American ancestry and admixture. 
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Figure S9.  Native American origins of Ecuadorian populations.  Phylogenetic similarity 
between the four Ecuadorian populations studied here, other admixed American populations, 
and Native American reference populations were assessed using the outgroup f3 statistic in the 
form shown.  Similarity levels between admixed American populations and Native American 
reference populations are color coded as shown in the key. 
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Table S1.  Reference populations used in this study.  This table documents all the reference populations used for ancestry inference 
in this study – their continental and subcontinental population groups, sample size, and the technology used for genomic 
characterization. 

 

# Population Continental 
group 

Subcontinental 
group 

Sample 
size 

Genomic 
technology 

Manuscript 
location Reference 

Whole genome sequence data (WGS) for continental and subcontinental ancestry inference 

1 

Utah Residents 
(CEPH) with 

Northern and 
Western European 

Ancestry 

European North and Central 
Europe 99 WGS 

Figure 1, Figure 
4, Figure S2, 

Figure S3 

1000 Genomes 
Project 1 

2 Finnish in Finland European North and Central 
Europe 99 WGS Figure 4, 

Figure S3 
1000 Genomes 

Project 1 

3 British in England 
and Scotland European North and Central 

Europe 91 WGS 
Figure 1, Figure 

4, Figure S2, 
Figure S3 

1000 Genomes 
Project 1 

4 Toscani in Italia European South Europe 107 WGS 
Figure 1, Figure 

4, Figure S2, 
Figure S3 

1000 Genomes 
Project 1 

5 Iberian Population in 
Spain European South Europe 107 WGS 

Figure 1, Figure 
4, Figure S2, 

Figure S3 

1000 Genomes 
Project 1 

6 
Gambian in Western 

Divisions in the 
Gambia 

African West Africa 113 WGS Figure 4, Figure 
S3, Figure S5 

1000 Genomes 
Project 1 

7 Mende in Sierra 
Leone African West Africa 85 WGS 

Figure 1, Figure 
4, Figure S2, 

Figure S3, 
Figure S5 

1000 Genomes 
Project 1 
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8 
Yoruba in Ibadan, 

Nigeria African 
West Central 

Africa 108 WGS 

Figure 1, Figure 
4, Figure S2, 

Figure S3, 
Figure S5 

1000 Genomes 
Project 1 

9 Esan in Nigeria African West Central 
Africa 

99 WGS 

Figure 1, Figure 
4, Figure S2, 

Figure S3, 
Figure S5 

1000 Genomes 
Project 1 

10 Luhya in Webuye, 
Kenya African East African 99 WGS 

Figure 1, Figure 
4, Figure S2, 

Figure S3, 
Figure S5 

1000 Genomes 
Project 1 

11 Americans of African 
Ancestry in SW USA 

Admixed 
American Afro-descendant 61 WGS 

Figure 1, Figure 
4, Figure S2, 

Figure S3 

1000 Genomes 
Project 1 

12 African Caribbeans 
in Barbados 

Admixed 
American Afro-descendant 96 WGS 

Figure 1, Figure 
4, Figure S2, 

Figure S3 

1000 Genomes 
Project 1 

13 Puerto Ricans from 
Puerto Rico 

Admixed 
American Latin American 104 WGS 

Figure 1, Figure 
4, Figure 5, 
Figure S2, 
Figure S3 

1000 Genomes 
Project 1 

14 
Mexican Ancestry 
from Los Angeles 

USA 

Admixed 
American Latin American 64 WGS 

Figure 1, Figure 
4, Figure S2, 

Figure S3 

1000 Genomes 
Project 1 

15 Colombians from 
Medellin, Colombia 

Admixed 
American Latin American 94 WGS 

Figure 1, Figure 
4, Figure 5, 
Figure S2, 
Figure S3 

1000 Genomes 
Project 1 

16 Peruvians from Lima, 
Peru 

Admixed 
American Latin American 85 WGS Figure 1, Figure 

4, Figure 5, 
1000 Genomes 

Project 1 
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Figure S2, 
Figure S3 

17 Han Chinese in 
Beijing, China East Asian Chinese 112 WGS Figure 1, Figure 

S2, Figure S3 
1000 Genomes 

Project 1 

18 Japanese in Tokyo, 
Japan East Asian Japanese 105 WGS Figure 1, Figure 

S2, Figure S3 
1000 Genomes 

Project 1 
 

Whole genome genotype (WGG) arrays for subcontinental ancestry inference 
African subcontinental ancestry reference samples 

19 Yacouba (Ivory 
Coast) 

African West Africa 20 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

20 Ahizi (Ivory Coast) African West Africa 20 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

21 Yoruba (Benin) African West Central 
Africa 20 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

22 Bariba (Benin) African West Central 
Africa 20 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

23 Fon (Benin) African West Central 
Africa 12 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 
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24 
Yaounde 

(Cameroon) African 
West Central 

Africa / Southwest 
Africa 

39 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

25 Kongo (Angola) African Southwest Africa 11 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

26 Kimbundu (Angola) African Southwest Africa 18 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

27 Ovimbundu (Angola) African Southwest Africa 16 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

28 Umbundo (Angola) African Southwest Africa 5 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

29 Bateke (Gabon) African Southwest Africa 54 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

30 Nzebi (Gabon) African Southwest Africa 62 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

31 Bapunu (Gabon) African Southwest Africa 53 Illumina 
HumanOmni

Figure 4, Figure 
S5 

Patin et al., 
2017 2 
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Express-12 
array 

32 Tsogo (Gabon) African Southwest Africa 65 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

33 Eshira (Gabon) African Southwest Africa 41 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

34 Galoa (Gabon) African Southwest Africa 50 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

35 Orungu (Gabon) African Southwest Africa 22 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

36 Duma (Gabon) African Southwest Africa 47 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

37 Ndumu (Gabon) African Southwest Africa 38 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

38 Obamba (Gabon) African Southwest Africa 46 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 
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39 Benga (Gabon) African Southwest Africa 51 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

40 Fang (Gabon) African Southwest Africa 69 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

41 Badwee (Cameroon) African Southwest Africa 40 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

42 Akele (Gabon) African Southwest Africa 49 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

43 Okande (Gabon) African Southwest Africa 8 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

44 Makina (Gabon) African Southwest Africa 45 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

45 Bakota (Gabon) African Southwest Africa 56 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

46 Bekwil (Gabon) African Southwest Africa 5 Illumina 
HumanOmni Figure S5 Patin et al., 

2017 2 
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Express-12 
array 

47 Eviya (Gabon) African Southwest Africa 31 

Illumina 
HumanOmni
Express-12 

array 

Figure S5 Patin et al., 
2017 2 

48 Shake (Gabon) African Southwest Africa 52 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

49 Babongo (east) 
(Gabon) African 

Southwest Africa / 
Rain Forest 

Hunter Gatherer 
40 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

50 Biaka (Central 
African Republic) African Rain Forest 

Hunter Gatherer 20 

Illumina 
HumanOmni
Express-12 

array 

Figure 4, Figure 
S5 

Patin et al., 
2017 2 

51 Baka (Cameroon) African Rain Forest 
Hunter Gatherer 117 

Illumina 
HumanOmni
Express-12 

array 

Figure S5 Patin et al., 
2017 2 

52 Bakoya (Gabon) African Rain Forest 
Hunter Gatherer 25 

Illumina 
HumanOmni
Express-12 

array 

Figure S5 Patin et al., 
2017 2 

53 Bezan (Cameroon) African 
Rain Forest 

Hunter Gatherer 26 

Illumina 
HumanOmni
Express-12 

array 

Figure S5 
Patin et al., 

2017 2 
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54 
Mbuti (Democratic 
Republic of Congo) African 

Rain Forest 
Hunter Gatherer 13 

Illumina 
HumanOmni
Express-12 

array 

Figure S5 
Patin et al., 

2017 2 

55 Batwa (Democratic 
Republic of Congo) 

African Rain Forest 
Hunter Gatherer 

2 

Illumina 
HumanOmni
Express-12 

array 

Figure S5 Patin et al., 
2017 2 

Native American subcontinental ancestry reference samples 

56 Tepehuano (Mexico) Native 
American Mesoamerica 25 

Illumina 
HumanHap5
50 V3.0 array 

Figure 5, Figure 
S7, Figure S9 

Reich et al., 
2012 3 

57 Mixe (Mexico) Native 
American Mesoamerica 17 Illumina 610-

Quad array 
Figure 5, Figure 

S7 
Reich et al., 

2012 3 

58 Mixtec (Mexico) Native 
American Mesoamerica 5 Illumina 610-

Quad array 
Figure 5, Figure 

S7 
Reich et al., 

2012 3 

59 Kaqchikel 
(Guatemala) 

Native 
American Mesoamerica 13 Illumina 610-

Quad array 
Figure 5, Figure 

S7, Figure S9 
Reich et al., 

2012 3 

60 Guaymi (Costa Rica) Native 
American Central America 5 Illumina 610-

Quad array 
Figure 5, Figure 

S7, Figure S9 
Reich et al., 

2012 3 

61 Teribe (Costa Rica) Native 
American Central America 3 Illumina 610-

Quad array 
Figure 5, Figure 

S7 
Reich et al., 

2012 3 

62 Cabecar (Costa Rica) Native 
American 

Central America 31 Illumina 610-
Quad array 

Figure 5, Figure 
S7 

Reich et al., 
2012 3 

63 Embera (Colombia) Native 
American Colombia 5 Illumina 610-

Quad array 
Figure 5, Figure 

S7 
Reich et al., 

2012 3 

64 Kogi (Colombia) Native 
American Colombia 4 Illumina 610-

Quad array Figure S7 Reich et al., 
2012 3 

65 Chocó (Colombia) Admixed 
American Colombia 94 

Illumina 
HumanOmni
Express-24 

Figure 5, Figure 
S7 

Conley et al., 
20174 
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66 Waunana 
(Colombia) 

Native 
American Colombia 3 Illumina 610-

Quad array 
Figure S7, 
Figure S9 

Reich et al., 
2012 3 

67 Wayuu (Colombia) Native 
American Colombia 11 Illumina 610-

Quad array Figure S7 Reich et al., 
2012 3 

68 Piapoco (Colombia) Native 
American Amazon 7 Illumina 610-

Quad array 
Figure 5, Figure 

S7 
Reich et al., 

2012 3 

69 Guahibo (Colombia) Native 
American Amazon 6 Illumina 610-

Quad array 
Figure 5, Figure 

S7, Figure S9 
Reich et al., 

2012 3 

70 Guarani (Paraguay & 
Argentina) 

Native 
American Amazon 6 Illumina 610-

Quad array 
Figure 5, Figure 

S7 
Reich et al., 

2012 3 

71 Palikur (Guiana) Native 
American 

Amazon 3 Illumina 610-
Quad array 

Figure 5, Figure 
S7, Figure S9 

Reich et al., 
2012 3 

72 Ticuna (Colombia) Native 
American Amazon 6 Illumina 610-

Quad array Figure S7 Reich et al., 
2012 3 

73 Toba (Argentina) Native 
American Amazon 4 Illumina 610-

Quad array Figure S7 Reich et al., 
2012 3 

74 Wichi (Argentina) Native 
American Amazon 5 Illumina 610-

Quad array Figure S7 Reich et al., 
2012 3 

75 Aymara (Bolivia & 
Chile) 

Native 
American Andes 23 Illumina 610-

Quad array 
Figure 5, Figure 

S7, Figure S9 
Reich et al., 

2012 3 

76 Inga (Colombia) 
Native 

American Andes 9 
Illumina 610-
Quad array Figure S7 

Reich et al., 
2012 3 

77 Quechua (Bolivia & 
Peru) 

Native 
American Andes 40 Illumina 610-

Quad array 
Figure 5, Figure 

S7, Figure S9 
Reich et al., 

2012 3 

78 Hulliche (Chile) Native 
American Andes 4 Illumina 610-

Quad array Figure S7 Reich et al., 
2012 3 

 
WGS – Whole Genome Sequencing 
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