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Abstract

The Resande are a minority ethnic group in Sweden, who were characterized by an itinerant way of life, and they have been 
suggested to originate from the mixture between Swedish and Romani populations. Because the population history of the 
Resande has been scarcely studied, we analyzed genome-wide genotype array data from unrelated Resande individuals in 
order to shed light on their origins and demographic history for the first time from a genetic perspective. Our results confirm 
the Romani-related ancestry of this population and suggest an admixture event between a Romani-like population and a gen-
eral Swedish-like population that occurred approximately between the mid-18th and mid-19th centuries, two centuries after 
the arrival of the first historically reported Romani families in Sweden. This inferred date suggests that the Romani group in-
volved in the admixture is related to the pre-18th-century arrivals of Romani in Scandinavia. In addition, a reduction in the 
population size is detected previous to the admixture event, suggesting a subtle signal of isolation. The present work con-
stitutes a step forward toward a better representation of ethnic minorities and underrepresented groups in population gen-
etic analyses. In order to know in more detail the complete history of human populations, it is time to focus on studying 
populations that have not been previously considered for a general scenario and that can provide valuable information to 
fill in the gaps that still remain uncovered.

Key words: Resande population, admixture, genome-wide autosomal data, Sweden, population genetics, Romani 
population.
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Introduction
The Resande or Resandefolket, translated into English as 
Swedish Travelers, are a minority ethnic group in Sweden 
currently estimated to number ∼20,000 individuals 
(Government of Sweden: Ministry of Culture 1999).

The Resande were historically considered as an itinerant 
group, as the ethnonym Resande (translated from Swedish 
as “traveler”) suggests. Hence, their traditional occupa-
tions have been closely associated with an itinerant lifestyle, 
such as horse dealers, horse traders, artisans, farmers, ani-
mal healers, and glass/porcelain dealers, among others 

(Heymowski 1969; Tervonen 2010; Wiedner n.d.). This life-
style started to change with the societal changes, industri-
alization, and economic development in the 20th century, 
although there is still a small proportion of the Resande 
that maintain a traditional lifestyle (Wiedner n.d.).

The presence of Romani (or Roma) groups in Sweden 
was first described in the year 1512, apparently coming 
from Scotland and England (Fraser 1992), with a continu-
ous influx in the 16th century and especially the 17th cen-
tury. Not least, Sweden’s time as a major military power in 
Europe during the 17th century and its need to recruit 
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Significance
The Resande are a minority ethnic group in Sweden for whom no genetic studies have yet been done, and whose 
Romani ancestry has long been questioned by academics. The present study fills this gap by using genome-wide geno-
type data to study their origins and demographic history. It demonstrates that the Resande have a Romani-related an-
cestry and that the Romani and the general Swedish populations admixed between the mid-18th and mid-19th 
centuries, increasing the genetic diversity of the Resande population.

soldiers played an important role in this process (Machiels 
2002). Although the origins of the Resande have been re-
lated to the first migration (Fraser 1992; Tervonen 2010), 
the genealogical evidence suggests that contemporary 
Resande share Romani ancestors who immigrated from 
Continental Europe (Germany, France, and the Low 
Countries) in the late 1600s (Lindwall 2014). The 
European Romani originated in South Asia around 1,500 
years ago, from a group closely related to the Punjabi 
from Northwestern India (Fraser 1992; Matras 1995; 
Hancock 2002; Mendizabal et al. 2012; Font-Porterias 
et al. 2019), although their South Asian–related ancestry 
is more complex and also involved populations with high 
Ancestral South Indian (ASI) ancestry (Font-Porterias et al. 
2019). They are known to have spread throughout 
Europe from the Balkans (Fraser 1992), admixing with local 
European populations, resulting in different proportions of 
West Eurasian components among European Romani 
groups (Font-Porterias et al. 2019).

Romani groups and other Traveler communities across 
Europe have been subject to discrimination for many years 
(Machiels 2002; Tervonen 2010). In Sweden, many laws 
were imposed against Romani during the 16th and 17th 
centuries, which authorized their persecution and deport-
ation among other repressive measures (Machiels 2002). 
Particularly for the Resande, previous studies on pedigrees 
suggest that the social exclusion suffered during centuries re-
sulted in a high incidence of endogamy practices (Heymowski 
1969), understood as marriages within the population or 
community (Ceballos et al. 2018). During the 20th century, 
the Resande suffered harsh assimilation measures that were 
intended to destroy their culture and lifestyle to forcibly inte-
grate them into the general Swedish society (Government of 
Sweden: Ministry of Culture 2014; Wiedner n.d.). In the late 
20th century, the Resande, together with other Romani 
groups in Sweden, were ensured some acceptance, legal pro-
tection, and the status of national minority (Wiedner n.d.; 
Government of Sweden: Ministry of Culture 1999).

The Romani-related ancestry of the Resande has long 
been questioned by academics. During the 20th century, 
two different hypotheses were discussed: the Resande as a 
mixed population of Romani and Swedes, and the Resande 
as individuals who were socially excluded from the general 
Swedish population (Heymowski 1955, 1969). The latter hy-
pothesis became the predominant one in Swedish academia 

(Lindholm & Svanberg 1988; Svensson 1993). More recently, 
genealogists (Lindgren & Lindwall 1992) and historians 
(Minken 2009) have indicated a Romani-related genetic 
component in the Resande ancestry in the 17th and 18th 
centuries, also confirmed by recent DNA genealogy (Bojs & 
Sjölund 2016). Moreover, language samples of inflected 
Romani are found among Resande ancestors as late as the 
18th century, and nowadays, the Romani language is pre-
served in a para-Romani variety (Bakker 2020).

Although the population genetics and demography of 
many groups are well-known and have been studied for 
decades, some groups and ethnic minorities still remain un-
derrepresented in genetic studies (Popejoy & Fullerton 
2016). In this case, there are no previous genetic studies 
on the Resande despite the fact that the general Swedish 
population has been extensively described (Humphreys 
et al. 2011). Therefore, the present work aims to fill this 
gap by using genome-wide genotype data with both allele 
frequency- and haplotype-based approaches, providing a 
robust fine-scale characterization.

Results

Resande Differentiation and Genetic Structure in a 
European Context

The genetic affinity of Resande individuals (N = 9) with other 
populations was analyzed within a large population panel 
that included a wide range of Indian, Middle Eastern, 
Caucasian, and European populations and a Romani refer-
ence population from the Iberian Peninsula (see Materials 
and Methods). Focusing on the European context, the PCA 
shows that Resande samples are separated from the general 
Swedish and other Northern European samples and fall 
closer to the Romani cline (fig. 1A). This singular pattern of 
the Resande individuals is also shown in the PCA of the 
whole data set, where Romani samples fall between 
the non-Romani European and Indian populations 
(supplementary fig. S1A, Supplementary Material online), 
in accordance with previous genetic studies (Mendizabal 
et al. 2012; Font-Porterias et al. 2019) and their historical 
demographic records (Fraser 1992).

Individual ancestries were estimated with ADMIXTURE. 
The results for the European context (fig. 1B and 
supplementary fig. S2A, Supplementary Material online) 
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show at K = 3, with the lowest cross-validation error 
(supplementary fig. S2B, Supplementary Material online), 
a major component (pink) in Romani, present in all 
Resande samples at intermediate frequencies (17.7% ± 
7.2), refining the PCA results. In addition, the Resande 
show a major component (blue) (69.3% ± 6.2) found at 
high frequencies in the general Swedish, Northern 
European, and Eastern European populations. Thus, 
Resande samples have a similar genetic pattern to 
Swedish samples across all K’s, except for the presence of 
a Romani-like component (fig. 1B and supplementary fig. 
S2A, Supplementary Material online). With a larger dataset, 
the Resande show a pattern of ancestral components 

similar to the general Swedish population, but the compo-
nent maximized in South Asia (rosy brown), which has a 
high presence in Romani and also has a higher proportion 
in the Resande at K = 3 (10.6% ± 2.3) compared with the 
European reference populations (4.9% ± 1.4 for the 
Swedish population) (supplementary fig. S1B, 
Supplementary Material online). These results point to a 
genetic connection between the Resande and the Romani 
populations that was confirmed with the admixture f3 sta-
tistics test, which was used to test admixture between two 
source populations, showing a significant (z-score = 
-4.078) negative score of −0.001012 in the form 
f3(Resande; Swedish, Romani), providing evidence of 

FIG. 1.—Resande genetic structure within the European context. (A) Principal component analysis including the European references and the Resande, 
general Swedish, and Romani populations. Grouped by geographical region. (B) ADMIXTURE results for K = 3 (lowest cross-validation error) and K = 6. The 
plots correspond to the representatives of the major modes of each K. The number of runs out of 10 classified in the major mode at each value of K are 
indicated in the plot. Within the large “Southern Europe” group, the two outlier populations in K = 6 are Basque (olive green) and Sardinian (sea green).
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admixture in the Resande between Swedish and Romani 
populations.

Haplotype estimation was performed to provide a robust 
fine-scale characterization of ancestry. ChromoPainter and 
fineSTRUCTURE were used to describe in detail the Resande 
genetic substructure and identify fine-scale patterns. Notable 
levels of differentiation in the Resande were detected with 
fineSTRUCTURE. Resande samples clustered together within 
the European branch but formed a specific cluster 
(supplementary fig. S3A, Supplementary Material online), close 
to some Northern and Eastern Europeans (supplementary fig. 
S3B, Supplementary Material online), except for three 
Resande individuals who clustered with most of the Swedish in-
dividuals, in the Swedish1 branch, for which one specific cluster 
was defined: Swedish1_RES (supplementary Table S1, 
Supplementary Material online). This result suggests a 
Resande-specific genetic profile with high haplotype sharing 
between them and the rest of the European groups, especially 
with Northern Europeans. In contrast, Romani individuals from 
the Iberian Peninsula clustered together within the Middle East/ 
Caucasus reference populations, forming a unique branch di-
vided in two general branches (supplementary fig. S3A, 
Supplementary Material online), which were defined as two dif-
ferent Romani clusters: Romani1 and Romani2 (supplementary 
Table S1, Supplementary Material online). Consistent with this 
result, ancestry profiles obtained with the non-negative 
least-square (NNLS) analysis showed that all Resande individuals 
shared most of their haplotypes with Northern European (most-
ly Swedish1 and Swedish2) and Romani (Romani2) clusters, 
with average proportions of 79.3% and 16.8%, respectively 
(fig. 2 and supplementary Table S2, Supplementary Material
online). This result provides evidence of Romani-related ancestry 
in Resande individuals and shows a very similar pattern among 
the Resande volunteers analyzed.

The Romani cluster that shares haplotypes with the 
Resande (Romani2) presents higher proportions of haplo-
type sharing with clusters related to the Romani-related an-
cestry (Mendizabal et al. 2012; Bánfai et al. 2018; 
Font-Porterias et al. 2019) and lower proportions of clusters 
related to the Iberian Peninsula origin of the Romani sam-
ples (supplementary fig. S4, Supplementary Material online 
and supplementary Table S3, Supplementary Material on-
line). The three individual samples that clustered outside 
the Resande-specific branch are the ones with the highest 
proportion of haplotype sharing with the Northern 
European genetic clusters (fig. 2 and supplementary 
Table S2, Supplementary Material online).

Admixture Events and Demographic Patterns in the 
Resande

Admixture events in the Resande were formally inferred after 
the evidence shown in the previous analyses, using 
GLOBETROTTER, which enabled the exploration and dating 

of admixture events as well as the estimation of ancestry pro-
files. A single admixture event was detected between a 
Northern European–like major source (Source 1) and a 
Romani-like minor source (Source 2), with a proportion of 
79% and 21%, respectively (fig. 3A). Source 1 was mainly 
formed by surrogate populations from Northern Europe, po-
tentially representing the Swedish population when the ad-
mixture event took place. In contrast, Source 2 was formed 
by surrogate populations associated with the Romani dias-
pora and their West Eurasian ancestry (Mendizabal et al. 
2012; Bánfai et al. 2018), including Southeastern surrogate 
populations, which was equivalent to the Balkan populations 
that contributed the most to the West Eurasian ancestry of 
Romani (fig. 3A) (Font-Porterias et al. 2019).

The date inferred for this single-detected admixture 
event is between 5.6 and 10.1 (95% CI, M = 7.9) genera-
tions ago (GA). Considering 28 years per generation, the 
event is placed in a confidence interval between 1,739 
and 1,865 AD (fig. 3B).

The effective population size (Ne) estimations through 
time in the Resande, obtained from IBD segments, show a 
remarkable Ne decrease between 1,500 and 1,800 AD (8– 
18 GA) with a minimum at 8 generations ago (Ne of 1,060 
in a 95% CI of 797–1840). However, this Ne trend increases 
after the admixture date inferred with GLOBETROTTER 
(supplementary fig. S5, Supplementary Material online). 
Similarly, Romani clusters show a long uninterrupted Ne re-
duction trend, followed by a population size increase with a 
minimum of around 13–14 generations ago. In contrast, the 
Swedish population Ne trend does not show a decline in 
population size, as seen in the Resande and Romani.

The genetic relationship among the Resande, Romani, 
and Swedish populations was investigated from the pair-
wise sharing of IBD segments. The Resande internally share 
more IBD segments than the Swedes (Wilcoxon test P-value 
= 4.19E-21), but less than the Iberian Romani (Wilcoxon 
test P-value = 6.29E-26), in addition to sharing significantly 
more IBDs with the Romani than with the Swedes 
(Wilcoxon test P-value = 2.53E-71) (supplementary fig. S6, 
Supplementary Material online).

Runs of homozygosity (ROH) were studied to describe 
the potential genetic isolation and the levels of inbreeding, 
that is “mating of individuals or organisms that are closely 
related through common ancestry” (supplementary File 6, 
Supplementary Material online), in the Resande. The 
mean total number (NROH) and total length (SROH) of 
ROHs in the Resande in most of the length categories is low-
er than the values of the Romani reference population (figs. 
4A and 4B), which is known to present higher levels of in-
breeding than non-Romani European populations 
(Font-Porterias et al. 2019). In the intermediate length cat-
egories, 1–2 Mb and 2–4 Mb, Resande values are slightly 
but not significantly higher than those of the European ref-
erence populations, as shown in figures 4A and 4B. 
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Nevertheless, Romani values in these two categories are 
significantly higher than those of the Resande 
(supplementary Table S4A and S4B, Supplementary 
Material online). This result suggests that the levels of in-
breeding in the Resande population are lower than in the 
general Romani and more closely resemble those of 
non-Romani Europeans. Nonetheless, given the small sam-
ple size of the Resande individuals analyzed, this result 
should be taken with caution. Furthermore, the small num-
ber of individuals (N = 3) represented in the last category 
(fig. 4C) prevents us to make any inferences on recent in-
breeding due to long ROHs.

Paternal and Maternal Lineages in the Resande

Uniparental lineages are used to assess the genetic diversity 
and population history of the target populations. Most of 
the uniparental lineages identified in the Resande and 
Swedish individuals are frequently found in other 
Northern European populations (Simoni et al. 2000; 
Jobling & Tyler-Smith 2003). The H haplogroup is the 
most frequent maternal lineage in both populations, with 
H1 being the most common and in agreement with that 
in the literature (Lappalainen et al. 2008). With regard to 
paternal lineages, the most common haplogroups are I1 

and J2a1b in the Resande and I1 and R1a in the Swedes 
(supplementary fig. S7, Supplementary Material online 
and supplementary Table S5, Supplementary Material on-
line). The haplogroup I1, frequent in Sweden, has its high-
est frequencies in Northern Europe (Rootsi et al. 2004; 
Lappalainen et al. 2008). The Y-chromosome haplogroup 
J2a1b is present in one of three Resande samples but ab-
sent in Swedish samples. This haplogroup, which origi-
nated in West Asia (Singh et al. 2016), has previously 
been described in Romani in association with their diaspora 
through the Middle East, Caucasus, and Europe and their 
subsequent settlement. No Resande individual in our data-
set has shown South Asian uniparental lineages, not even 
the maternal and paternal lineages M5a1b and 
H1a1a4b2, respectively; which have been claimed to reflect 
the Romani diaspora out of India (Martínez-Cruz et al. 
2016; García-Fernández et al. 2020). Nevertheless, the ab-
sence of these South Asian lineages in the Resande sample 
might be explained by the limited sample size analyzed in 
the present study.

Discussion
The genetic study of the Resande confirms the Romani- 
related ancestry of this population, connected to an 

FIG. 2.—Haplotype sharing proportions in Resande individuals inferred with the NNLS analysis, considering the Romani genetic clusters as donor groups. 
Values lower than 2.5% are excluded and the rest are normalized. Major geographic areas are used to group the genetic clusters. The specific proportions for 
each cluster are shown in supplementary Table S2, Supplementary Material online. Note that the Northeastern European group contains samples from both 
Northern and Eastern European populations (supplementary Table S1, Supplementary Material online).
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FIG. 3.—Admixture analysis inferred with GLOBETROTTER. (A) Estimation of the source populations involved in the admixture event (one date) and the 
surrogates forming these sources. The Romani genetic clusters are not included as possible surrogates. Genetic clusters are grouped by major geographical 
areas (supplementary Table S1, Supplementary Material online). (B) Timeline of the Resande history including the admixture date inferred with a 95% con-
fidence interval, considering 28 years per generation ago, and two reported arrivals of Romani in the country: in 1,512 (Fraser 1992) and in the late 1600 s 
(Lindwall 2014).

FIG. 4.—Runs of homozygosity (ROH) analysis. (A) Average of the total length of ROHs (SROH) per population and length category. (B) Average of the total 
number of ROHs (NROH) per population and length category. (C) Proportion of the total number of samples in each length category per population. Two 
populations with well-known demographic histories are included as references: CEU and YRI.
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admixture event that occurred after the arrival of the first 
Romani in Sweden. Our estimates of the admixture suggest 
that it did not occur immediately after their first reported 
arrival, but just over two centuries later, between the 
mid-18th and mid-19th centuries. Therefore, the admixture 
took place in one single pulse, which could have involved 
the descendants of the supposed Romani group of the first 
migration described in 1,512 and/or the Romani groups 
from Continental Europe that arrived in the second half 
of the 17th century. Although there were later Romani mi-
grations such as the East European Kalderash Romani dur-
ing the late 19th century, the Finnish Romani, non-Nordic 
Romani, and Recent Romani (Government of Sweden: 
Ministry of Culture 1999), no admixture events involving 
these later migrations were inferred in our analyses. As a re-
sult of the admixture with a non-Romani Northern 
European population, we detected in the Resande a 
Northern European–related component present with a 
higher proportion than the Romani component.

Maternal and paternal lineage analyses in our Resande 
samples have detected a Caucasian paternal lineage (i.e., 
J2a1b) previously detected as founder in the Romani 
(Martínez-Cruz et al. 2016; Singh et al. 2016; 
García-Fernández et al. 2020), which might indicate their 
Romani ancestry, although South Asian lineages previously 
described in European Romani groups are absent and most 
of the identified uniparental lineages in the Resande are 
common in other Northern European populations. Finally, 
the absence of Romani founder lineages in the mtDNA sug-
gests possible sex-biased patterns in which European gene 
flow is more notable in maternal lineages, previously traced 
in Romani due to sociocultural factors (García-Fernández 
et al. 2020). However, this must be taken with caution 
due to the limited number of samples.

Regarding the demographic estimates, the effective 
population size dynamics in the Resande changed the 
course with the admixture event, after an initial reduction 
trend, which might be the result of a bottleneck, a founder 
effect, or the social exclusion and endogamy practices (i.e., 
within-population marriages) described in the Resande 
(Heymowski 1969), although the IBD sharing within the 
Resande population is less than that within the Romani ref-
erence population and the levels of inbreeding detected 
with the ROH analyses are subtle and more similar to those 
of non-Romani European populations.

The Ne reduction trend has also been reported in iso-
lated populations and regions in Northern Europe, such 
as in some counties of Norway or the Orkney Islands in 
the UK, although this is not a general trend (Xue et al. 
2017; Mattingsdal et al. 2021). Regarding the Romani 
groups, a period of Ne reduction has been previously re-
ported to reverse its course with the settlement of 
Romani in Europe, the beginning of more intense politics 

of assimilation, and the admixture events that took place la-
ter. This decrease was probably caused by multiple founder 
events in their expansion, derived from social and political 
persecution with laws concerning this ethnic minority, 
and/or endogamy practices (Fraser 1992; Font-Porterias 
et al. 2019, 2021). Therefore, we could suggest that the 
demographic patterns found in the Resande are similar to 
those in most European Romani groups, and these patterns 
have been influenced by discriminatory and repressive mea-
sures, together with social marginalization.

Given that this study has now demonstrated that the 
Resande have Romani-related ancestry, further studies could 
investigate the internal heterogeneity of the population by 
improving the sampling strategy. Many factors that have 
not been considered in this study, such as geographic pat-
terns, surnames, lifestyle, and traditional professions, may 
have shaped their current genetic landscape, so it would 
be worthwhile to include these elements in the future to fully 
characterize the population history of the Resande. In add-
ition, enlarging the sample size of the Resande and general 
Swedish populations, and including different Romani refer-
ence populations, one more similar to the supposedly 
Romani group that arrived in Sweden in the early 16th cen-
tury from Scotland and England (e.g., Romanichals, also 
known as English Travelers) (Fraser 1992) and one group re-
presenting the Romani from Continental Europe that arrived 
during the 1600 s (e.g., Sinti Romani) (Lindwall 2014), would 
help to refine the genetic origins and ancestry of this popu-
lation. Moreover, we could investigate the connection be-
tween the Resande and Finnish Kale Romani, whose 
historical and genealogical research, including DNA geneal-
ogy, suggest that they originated from the same population 
diverging after Finland was ceded to Russia in 1,809 (Fraser 
1992; Machiels 2002).

In the broader context of human genetics studies, this 
work highlights the importance of studying ethnic minor-
ities to better understand the complete history of human 
populations, thereby enhancing the interpretation of bio-
medical studies (Popejoy & Fullerton 2016).

Although the present study demonstrates the Romani- 
related ancestry of the Resande or Resandefolket, it aims 
to characterize and describe this population from a genetic 
perspective only, without any intention of using genetics to 
supplant culture or history as major Resande identifiers. The 
results obtained could be useful to support the historical re-
cords and better understand the past of this population, 
but they should not be construed as a denial of their singu-
larity as a minority ethnic group. In order to address possible 
concerns and to present our results to a nonspecialist audi-
ence, we have prepared a glossary, a summary, and some 
questions and answers that are available in English and 
Swedish (supplementary Files 2–7, Supplementary 
Material online).
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Materials and Methods

Dataset Description and Quality Control

Saliva samples from 13 Resande and 18 general Swedish vo-
lunteers were collected with appropriate written informed 
consent (supplementary File 1, Supplementary Material
online) from unrelated volunteers self-identified as 
members of each group. The project was supported by the 
Frantzwagner Sällskapet Association and the corresponding 
IRB approvals (Comitè Ètic d’Investigació Clínica (CEIC)-Parc 
de Salut Mar, Institut Hospital del Mar d’Investigacions 
Mèdiques, Barcelona, 2016/6723/I and 2019/8900/I), and 
all methods adhered to the tenets of the Declaration of 
Helsinki. For the sake of clarity, note that the label 
“Swedish” is used to refer samples from the general 
non-Romani Swedish population. Additionally, 83 Romani 
samples previously analyzed (Flores-Bello et al. 2021; 
Font-Porterias et al. 2021) were used for comparison. DNA 
was extracted from saliva samples and genotyped with the 
Axiom Genome-Wide Human Origins Array (Patterson et al. 
2012). Genotype calling was performed by using the software 
Axiom Analysis Suite 3.1.51.0. Samples that passed the geno-
type calling (10 Resande, 16 Swedish, and 75 Romani) had an 
average quality control call rate of 99.2%. After passing the 
suggested thresholds, 600,225 autosomal single-nucleotide 
polymorphisms (SNPs) remained in our dataset.

Samples were merged with publicly available data from 
Europe, Middle East, and Caucasus to represent the whole 
Western Eurasian context (Lazaridis et al. 2016) and PJL and 
ITU as proxies for the South Asian ancestries of Romani 
(Altshuler et al. 2012).

Quality control filtering was applied with PLINK v1.9 
(Purcell et al. 2007) to filter out genotyping errors: indivi-
duals missing more than 10% genotype data, SNPs missing 
in more than 5% of the samples, and SNPs failing the 
Hardy–Weinberg exact test with a P-value < 10−5. Ten indi-
vidual samples (1 Resande and 9 Romani) from our dataset 
were removed due to high genetic relatedness to other 
samples (PI_HAT > 0.125), ending up with 9 Resande, 16 
Swedish, and 66 Romani samples. Once the datasets 
were merged, 437,387 variants remained after removing 
those with a minor-allele-frequency (MAF) below 0.01 
[non-linkage disequilibrium (LD)-pruned data set]. A LD 
pruning was performed for allele frequency methods with 
a window size of 200 SNPs, shifting by 25 SNPs, and a max-
imum pairwise LD threshold (r2) of 0.5, resulting in 189,826 
variants (LD-pruned data set). Thus, the final datasets re-
sulted in 1,071 individuals from 54 different populations 
and the previous number of variants.

Allele Frequency Methods

To inspect the population structure of the Resande, a 
Principal Component Analysis (PCA) was performed using 

SmartPCA from EIGENSOFT v6.0.1 (Patterson et al. 2006) 
in two different situations: including all populations de-
scribed in the previous section and including only 
European references, without Indian, Middle Eastern, and 
Caucasian samples.

To examine the patterns of the population structure, 
ADMIXTURE v1.3.0 (Alexander et al. 2009) was run for 
10 independent iterations, with K ancestral components 
from 2 to 12. Then, PONG v1.4.9 (Behr et al. 2016) was 
used to combine the different iteration results of 
ADMIXTURE, in order to obtain the major modes for each 
K and plot them.

The qp3Pop programme from AdmixTools (Patterson 
et al. 2012) was used to test admixture between two source 
populations in the form f3(Resande; Swedish, Romani), 
with the Resande set as the target population.

Haplotype-Based Methods

SHAPEIT v2 (O’Connell et al. 2014) was used to phase the 
data, using the HapMap phase III (International HapMap 
Consortium 2003) genetic map and the 1000G dataset 
(Altshuler et al. 2012) as the reference panel. First, the 
data were aligned to the reference, but because our 
dataset already contained samples from 1000G, no 
SNPs were removed due to mismatches. Haplotype 
sharing between individual samples was estimated with 
ChromoPainter (Lawson et al. 2012), which reconstructs 
chromosomes of each target or “recipient” sample, as a 
mosaic of haplotypes from reference or “donor” samples. 
First, it was run to estimate the global mutation probability 
(M) and the switch rate (n) parameters, in chromosomes 1, 
7, 14, and 20, for 15 iterations of the expected- 
maximization (EM) algorithm, with parameters -in -iM. 
Therefore, the parameters obtained were averaged across 
chromosomes weighting by the number of SNPs per 
chromosome, to obtain the final parameters. The resulting 
parameter values of the switch rate (n) and the global mu-
tation (M) were 258.430092 and 0.000568, respectively. 
Then, ChromoPainter was run adjusting the estimated 
parameters, to obtain the final count and length-sharing 
coancestry matrices. ChromoCombine was used to com-
bine the matrices of all chromosomes.

FineSTRUCTURE v2.1.0 (Lawson et al. 2012) was used to 
group the resulting data from ChromoPainter into homo-
genous genetic clusters. First, it was run for 2 million 
Markov Chain Monte Carlo (MCMC) iterations with 1 mil-
lion “burn-in” iterations and sampling values every 
10,000 iterations. FineSTRUCTURE dendrograms were built 
with the default parameter -m T. The analysis was per-
formed for three different seeds in both chunkcounts and 
chunklengths sharing coancestry matrices from 
ChromoPainter. After checking the consistency of the den-
drograms between different seeds, we used the 
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chunkcount dendrograms as references to define the gen-
etic clusters (supplementary Table S1, Supplementary 
Material online). For the three Resande individuals who 
did not cluster with the others in a specific branch, one un-
ique cluster was defined: Swedish1_RES.

Next, ChromoPainter was run again indicating which 
genetic clusters would be donor groups. In this case, we 
first set all clusters as donors except Resande clusters, 
and, second, all clusters as donors, except Resande and 
Romani clusters.

GLOBETROTTER (Hellenthal et al. 2014) was used to ex-
plore and date admixture events and estimate ancestry pro-
files. First, the NNLS method was run to infer the haplotype 
sharing proportions of the different genetic clusters per in-
dividual sample.

Moreover, GLOBETROTTER was run to characterize ad-
mixture events in our target genetic cluster (Resande), using 
as surrogate populations all donor clusters, in this case 
without considering Romani clusters as donors, because it 
has been shown that Iberian Romani are admixed with 
non-Romani European populations (Font-Porterias et al. 
2019). First, the null.ind parameter was set to 1 in order 
to estimate P-values for admixture evidence. Second, the 
null.ind parameter was set to 0 to estimate proportions, 
dates, and sources of admixture. The 95% confidence 
interval (CI) and the median (M) for the date estimate 
were inferred by performing 100 bootstrap iterations.

The effective population size (Ne) through generations 
was estimated for the Romani genetic clusters, Romani1 
and Romani2 (supplementary Table S1, Supplementary 
Material online), and the Resande and Swedish popula-
tions, from identity-by-descent (IBD) segments. IBDseq 
(Browning & Browning 2013) was used to detect IBD seg-
ments, with default parameters, from the non-LD-pruned 
dataset. Then, IBDNe (Browning & Browning 2015) was 
run using the IBD segments obtained with a minimum 
length of 2 cM and the HapMap GRCh37 genetic map 
(International HapMap Consortium 2003).

The IBD segments inferred with IBDseq were used to ex-
plore the IBD sharing between pairs of individuals, after con-
verting base pairs to genetic positions in centiMorgans using 
the HapMap GRCh37 genetic map (International HapMap 
Consortium 2003). To construct an IBD heatmap, we ex-
cluded IBD segments shorter than 3 cM and then we 
summed the IBD pairwise lengths between individuals (Han 
et al. 2017). To test whether the IBD sharing was significantly 
different, we performed Wilcoxon tests.

In order to estimate ROHs with PLINK 1.9 (Purcell et al. 
2007), external populations from 1000G (Altshuler et al. 
2012) were included to test for inbreeding: Utah residents 
with Northern and Western European ancestry (CEU) and 
Yoruba in Ibadan, Nigeria (YRI), as reference populations 
with and without the “Out-of-Africa” bottleneck, respect-
ively. The ROH analysis was performed for the LD-pruned 

data set considering ROHs with at least 50 SNPs, a min-
imum length of 500 kb, and a maximum gap between 
two consecutive SNPs of 100 kb.

Uniparental Markers Analyses

Mitochondrial DNA (mtDNA) was PCR-amplified with iden-
tical conditions in four segments using four primer pairs 
(García et al. 2021). Genetic libraries were prepared follow-
ing the Illumina mtDNA Genome guideline (Illumina 2016) 
and sequencing was performed according to the Illumina 
MiSeq guideline (Illumina ® Inc. 2018). Mapping was 
done following the GATK best practices (Van der Auwera 
et al. 2013) and individual haplogroups were assigned 
with HaploGrep (Weissensteiner et al. 2016). To select 
good-quality mtDNA sequences, a minimum of 15 × of 
coverage in all four amplified regions and a HaploGrep 
quality score of at least 80% were considered 
(supplementary Table S6, Supplementary Material online) 
(Seo et al. 2015). A total of 10 of 12 Resande and 17 of 
18 Swedish samples passed the quality thresholds.

For the Y-chromosome analysis, 17 short tandem repeats 
(STR) present in the AmpFLSTR Yfiler PCR Amplification Kit 
(Thermo Fisher Scientific) were genotyped following the 
manufacturer’s recommendations. The Whit Atheys’ hap-
logroup predictor (http://www.hprg.com/hapest5/) (Athey 
2006) was used to predict Y-chromosome haplogroups 
from the STRs.

Supplementary material
Supplementary data are available at Genome Biology and 
Evolution online (http://www.gbe.oxfordjournals.org/).
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