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Abstract

Migration and admixture history of populations have always been curious and an interesting theme. The West Coast of India
harbours a rich diversity, bestowing various ethno-linguistic groups, with many of them having well-documented history
of migrations. The Roman Catholic is one such distinct group, whose origin was much debated. While some historians and
anthropologists relating them to ancient group of Gaud Saraswat Brahmins, others relating them for being members of the
Jews Lost Tribes in the first Century migration to India. Historical records suggests that this community was later forcibly
converted to Christianity by the Portuguese in Goa during the Sixteenth Century. Till date, no genetic study was done on this
group to infer their origin and genetic affinity. Hence, we analysed 110 Roman Catholics from three different locations of
West Coast of India including Goa, Kumta and Mangalore using both uniparental and autosomal markers to understand their
genetic history. We found that the Roman Catholics have close affinity with the Indo-European linguistic groups, particularly
Brahmins. Additionally, we detected genetic signal of Jews in the linkage disequilibrium-based admixture analysis, which was
absent in other Indo—European populations, who are inhabited in the same geographical regions. Haplotype-based analysis
suggests that the Roman Catholics consist of South Asian-specific ancestry and showed high drift. Ancestry-specific historical
population size estimation points to a possible bottleneck around the time of Goan inquisition (fifteenth century). Analysis
of the Roman Catholics data along with ancient DNA data of Neolithic and bronze age revealed that the Roman Catholics
fits well in a basic model of ancient ancestral composition, typical of most of the Indo-European caste groups of India.
Mitochondrial DNA (mtDNA) analysis suggests that most of the Roman Catholics have aboriginal Indian maternal genetic
ancestry; while the Y chromosomal DNA analysis indicates high frequency of R1a lineage, which is predominant in groups
with higher ancestral North Indian (ANI) component. Therefore, we conclude that the Roman Catholics of Goa, Kumta and
Mangalore regions are the remnants of very early lineages of Brahmin community of India, having Indo-Europeans genetic
affinity along with cryptic Jewish admixture, which needs to be explored further.
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place of rich cultural and ethno-linguistic diversity. Since
ancient times, major evolutionary forces have left their
footprints in the genomes of populations that are inhabit-
ing in West Coast. From the arrival of the first modern
human to Indian subcontinent from Africa ~ 65 ka (Forster
and Matsumura 2005; Kivisild et al. 2003; Thangaraj et al.
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finally to the integration of Steppe ancestry into genome
in the form of ANI-ASI admixture (Moorjani et al. 2013;
Narasimhan et al. 2019; Reich et al. 2009), all these events
framed the basic genetic layers of ancestry in the human
populations of this region. Apart from these major migra-
tion and admixture events, populations of this region came
in contact with different groups, including the Jews, the
Parsees and the Muslims who were traders from Middle
East and with Europeans. Among these groups, Parsees
and Jews of the West Coast have been previously studied
(Behar et al. 2010; Chaubey et al. 2016, 2017; Cohen et al.
1980). But, still the origin and affinity of many ethnologi-
cally and culturally distinct groups living in this region
since a long time remains poorly resolved and debatable.
The Roman Catholics is one of the major communities,
for which many Schools of thoughts have emerged from
time to time about their origin, however, these are mainly
emphasizing either historical or anthropological aspects
only.

Although most of the written records of the origin and
culture of the groups converted to Roman Catholicism
were destroyed during Portuguese rule, especially in the
sixteenth century (Conlon et al. 1977), still oral tradition
along with cultural and linguistic affinity of this commu-
nity relates its origin from Gaud Saraswat Brahmin, whose
origin in turn, according to some school of thoughts, is
near the mythical Saraswathi river region. Many scholarly
evidences point to their arrival to Konkan coast from Patli-
putra and Bengal (Conlon et al. 1977; Farias 1999; Kent
and Murgaon Mutt Sankul 1998), where they prospered as
a major elite Brahminical group until the arrival of Por-
tuguese to West Coast. With the Portuguese establishing
themselves in Goa in 1510, thousands of these Hindus
fled from Goa because of forced conversions, going south-
wards or northwards, and they established themselves as
one of the major communities of Karnataka, Kerala and
Maharashtra (Farias 1999). The Brahmins/Hindus, who
remained in Goa were made to convert and formed the pre-
sent Roman Catholic community but they were subjected
later on to severe persecution under the dreadful “Inqui-
sition” (Tribunal do Santo Officio) established in 1560
(Farias 1999). Due to intense torture under the ‘Rigour of
Mercy’ of the Inquisition with its dreaded ‘Auto de Fe’,
the Brahmin population got severely reduced and many of
these newly converted Christians also fled southwards in
a second wave. Maratha incursions of the Maratha Raja
Shambhaji into the land as also famines, floods and the
plagues were other reasons for a series of migrations out
of Goa. About 5000 Christians fled to Kanara from Bar-
dez, Salsette and Tiswadi in 1739 (Farias 1999). The only
genetic study with group related to Roman Catholics done
till date was on comparatively broader groups of Gaud Sar-
aswat Brahmin using classical genetic markers of ABO and
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Rhesus blood groups (Bhatia HF—Shanbhag et al. 1976).
Hence, to get deeper insight into the origin and affinity
of Roman Catholics of West Coast India, we performed a
detailed population genetic study using mtDNA, Y chro-
mosomal DNA and genome wide autosomal markers.

Materials and methods

Blood samples were collected from 110 individuals from the
Roman Catholic community inhabited in Goa, Kumta and
Mangalore in the West Coast of India, following all ethi-
cal guideline and with informed written consent. For this
project we followed approved guidelines, applied protocols
and sought permission of Institute Ethical Committee of
CSIR-CCMB, Hyderabad, India. All the 110 samples were
sequenced for control and coding region of mtDNA and
72 male samples were genotyped for 26 Y chromosomal
DNA markers, described elsewhere (Karafet et al. 2008).
A total of 48 samples were genotyped for 633,994 markers
on Affymetrix Human Origin array following manufacturers
prescribed protocols.

Sequencing of hypervariable and control region of
mtDNA was carried out using Sanger sequencing method.
Sequences were edited and assembled with the revised Cam-
bridge reference sequence (rCRS) (Andrews et al. 1999)
using AutoAssembler. Variations observed were used to
assign the haplogroup using phylotree build 17 (van Oven
and Kayser 2009) and Haplogrep2 (Weissensteiner et al.
2016). For Y chromosomal DNA analysis, genotyping was
done for 26 biallelic markers (Supplementary Table 1a)
and sequences were compared with reference sequences to
mark the variations for assigning the haplogroups of 72 male
individuals.

For analysis with autosomal markers, we filtered geno-
typed markers using Plink 1.9 (Purcell et al. 2007), to
include only those markers having genotyping success
of >99% and minor allele frequency > 1%. We filtered the
related individuals in our dataset by removing one individual
from first-degree and second-degree relative pair utilizing
KING-robust (Manichaikul et al. 2010) feature implemented
in Plink2 (Chang et al. 2015). To prepare the data for Prin-
cipal Component Analysis and Admixture (Alexander et al.
2009) analysis, affected by background linkage disequilib-
rium, we further thinned the marker set by applying LD
pruning of markers with strong LD (+>> 0.4, 200 SNPs
window, sliding window of 25 SNPs at a time). LD pruned
marker set comprised of 156,810 autosomal SNPs.

For comparative analysis with modern Eurasians, we
merged our dataset with published DNA dataset from
throughout the world (Mallick et al. 2016; Moorjani et al.
2013; Nakatsuka et al. 2017; Reich et al. 2009). The merged
dataset comprised of 2984 individuals genotyped at 422,810
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markers after filtering for missingness. For inferring ancient
ancestral contribution to Roman Catholics, we merged our
dataset with ancient DNA dataset of 765 individuals pub-
lished elsewhere (Allentoft et al. 2015; Broushaki et al.
2016; Damgaard et al. 2018; de Barros Damgaard et al.
2018; Haak et al. 2015; Lazaridis et al. 2014, 2016; Mathie-
son et al. 2015; Meyer et al. 2012; Narasimhan et al. 2019;
Raghavan et al. 2014; Yang et al. 2017).

We first performed PCA on pruned data with Smartpca
package of EIGENSOFT 7.2.1 (Patterson et al. 2006) with
default settings. For PCA analysis with aDNA data, we pro-
jected the ancient samples on PCA space with modern indi-
viduals with parameters Isqproject: YES and shrinkmode:
YES. We used unsupervised clustering algorithm ADMIX-
TURE (Alexander et al. 2009) to infer global genetic contri-
bution as ancestral components in Roman Catholics. We first
performed Cross Validation for K value ranging from 3 to 14
for 25 times and found K =4 as best suited value.

F-statistics were calculated using package AdmixTool
(Patterson et al. 2012). qp3Pop (Patterson et al. 2012) was
used to compute F3 admixture statistics in the form (X,
Palliyar; Roman Catholics), where X is any modern South
Asian or Eurasian population. We calculated F4 statistics
using gpDstat (Patterson et al. 2012) with FAmode: YES,
for different combinations of modern and ancient source
populations.

To infer ancient ancestral contributions to Roman Catho-
lics ancestry we also performed Distal and Proximal model-
ling with aDNA data using qpAdm (Haak et al. 2015) and
constructed fitted graph topology using qpGraph (Patterson
et al. 2012). For this, we first ran gpfstats (Patterson et al.
2012) for precomputation of F-statistics with setting allsnps:
YES, and then ran qpAdm (Haak et al. 2015) and qpGraph
(Patterson et al. 2012) on the outputs of qpfstats (Patterson
et al. 2012). For distal modelling, as Left group we used
Andamanese—hunter gatherers, Iranian—Neolithic farmers,
Eastern European—hunter gatherers and Neolithic Anato-
lian, and as rightgroup we included Ethiopia_4500BP_pub-
lished.SG, ANE, Ust_Ishim, Nautufian, Dai.DG, Belt_Cave_
Mesolithic, Western European—hunter gatherers. Whereas
in proximal modelling as left groups, we used AHG, Indus
periphery, and Western_Steppe_ MLBA/Central_Steppe_
MLBA and as Right group we used Ethiopia_4500BP_
published.SG, Ganj_Dareh_N, EEHG, PPNB, Dai.DG,
Anatolia_N and WEHG as reference. We also calculated D
statistics with different ancient sources to assess allele shar-
ing between Roman Catholics and different ancient source
populations.

We used ALDER (Loh et al. 2013) to infer admixture
dates based on weighted LD statistics using modern West
Eurasian and South Asian groups as source populations. We
also used ChromoPainter (Lawson et al. 2012), FineStruc-
ture (Lawson et al. 2012) and GlobeTrotter (Hellenthal et al.

2014) to infer fine level population clustering and admixture
timings using haplotype-based approach. We first phased
our data with SHAPEIT4 (Delaneau et al. 2019) using
default parameters. Chromosome painting was performed
using ChromoPainter (Lawson et al. 2012), first by doing
10 EM iteration with five randomly selected chromosomes
with subset of surrogate and target individuals to infer global
mutation rate (u) and switch rate parameters (Ne). Then, we
ran two separate ChromoPainter (Lawson et al. 2012) run
based on downstream analysis: (i) for FineStructure (Lawson
et al. 2012) analysis we used ChromoPainter (Lawson et al.
2012) with a switch to paint all recipients with all donor
haplotypes (ii) for GlobeTrotter (Hellenthal et al. 2014) run
we used ChromoPainter (Lawson et al. 2012) to paint target
and surrogate individuals with all donor haplotypes indi-
viduals using estimated fixed value of global mutation rate
and switch rate parameters. Then, using combined output
of ChromoPainter (Lawson et al. 2012), we performed our
main FineStructure (Lawson et al. 2012) and GlobeTrotter
(Hellenthal et al. 2014) using default parameter described
by the authors.

We used IBDne (Browning and Browning 2015) to infer
ancestry-specific historical effective population size (Ne).
For this, we phased our data with Beagle5.1 (Browning
et al. 2018) and ran Refined-IBD (Browning and Brown-
ing 2013) to detect IBD segments and gaps were filled by
Merge-IBD-segments utility in Beagle. Then individual
ancestry was assigned with RFMix v-1.5.4 (Maples et al.
2013) and IBDne (Browning and Browning 2015) was run
using combined data across chromosomes by setting 2 cM
IBD length as threshold.

Maximum Likelihood Tree was generated using TreeMix
v.1.12 (Pickrell and Pritchard 2012) to infer placement of
Roman Catholics in the global context. Runs of Homozygo-
sity was performed using PLINK v1.9 (Purcell et al. 2007).
We used three different homozygous windows of 1000 kb,
2500 kb and 5000 kb with minimum 50 consecutive SNPs.
All plots were done using R statistical package.

Results
Frequency-based clustering and admixture

Principal Component Analysis (PCA) using Smartpca (Pat-
terson et al. 2006) on the LD pruned dataset places all of
the Roman Catholics (from Goa, Kumta and Mangalore) on
the South Asian cline, the majority among Indo-Europeans
with a few of them also clustering among Dravidian groups
(Fig. 1a). Whereas, in PCA with aDNA reference, Roman
Catholics samples were subdivided into three clusters (Fig
S1), one of these clusters was not among but closer to mod-
ern North West Indian and North Indian Indo-European
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groups clustering together among Swat Primitive Grave
Type Iron Age individuals. Second cluster was among
modern Indo-Europeans having moderate ANI ancestry and
along with some Indus Periphery individuals. Third cluster
was completely among Dravidian and some Indus Periph-
ery individuals. Thus, suggesting that the Roman Catholics
of West Coast represents a genetically heterogenous group
having varying proportions of Steppe and Ancestral South
Indian-related ancestry.

To get a clearer picture of ancestral components, we used
model-based Admixture (Alexander et al. 2009) algorithm.
At the best K value of 4, we found that the Roman Catho-
lics carry South Asian ancestral components in a propor-
tion intermediate to extreme Indo-European groups (having
higher ANI components) from Pakistan as well as North
India and Dravidians (Fig. 1b).

We further proceeded with the Admixture F3 statistics
using qp3Pop implementation in AdmixTool (Patterson et al.
2012). We used Palliyar as proxy to ASI as described else-
where (Narasimhan et al. 2019) and other West Eurasian
and South Asian populations as second source population.
We found that Roman Catholics show higher admixture F3
with most of West Eurasian population groups, a trend simi-
lar to Indo-European groups (Fig. 1c) and also D-statistics
with west Eurasian sources using gpDstat was also consist-
ent with PCA and Admixture findings. Maximum Likeli-
hood tree constructed using TreeMix v.1.12 (Pickrell and
Pritchard 2012) shows that Roman Catholics from Goa,
Kumta and Mangalore are placed between Indian Indo-
European caste groups and Dravidian caste groups along
with Havik and Karnataka Brahmins (Fig S2).

Linkage disequilibrium-based admixture analysis

We used weighted linkage disequilibrium based inference
of admixture timing implemented in ALDER (Loh et al.
2013). We further used Indian Austroasiatic groups as
proxy for South Asian ancestry as Austroasiatic speakers
were already inhabited in India, much before the arrival of
Steppe ancestry or Iranian farmer related ancestry. In other
words, they have relatively very low proportions of west
Eurasian ancestry (Narasimhan et al. 2019) and our imple-
mentation of ALDER was to query on west Eurasian admix-
ture and its timing, therefore we used Austroasiatic speakers
for Indian source group of AASI (Ancient Ancestral South
Indian) ancestry. This was also implemented in a recent
study (Pathak et al. 2018). We tested for timing of admixture
of different West Eurasian components into Roman Catholic
genome. Best fitted date estimates of West Eurasian admix-
ture was around ~ 85 generations (~2500 years) back with
French, which corresponds to introduction of Steppe ances-
try (ANI component) into the subcontinent (Moorjani et al.
2013) (Table S2a). This suggests that there was no further
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admixture occurred during Portuguese inquisition. While
testing for different West Eurasian admixture events, we also
found many good fits (z="7.20, p=6.2e—13) with Jews pop-
ulations (Ashkenazi Jew and Yemenites Jew) but the esti-
mated time was further back to ~94 generations (Table S2a).
This time frame overlaps with something similar to what was
hypothesized by some of the historians, who were work-
ing on Indian Jewish diaspora and their historical records
(Slapak et al. 1995; Weil et al. 2002). As described by some
historians who are working on Indian Jews diaspora (Farias
1999; Slapak et al. 1995; Weil et al. 2002), some Jewish
group came to India either after capturing of Jerusalem (700
BC) or as traders during King Solomon’s reign (970 BC).
Accordingly, ALDER result suggests an admixture time of
94 generations, i.e., around 2800 YBP, considering 30 years
per generation, starting from 1950 AD. But all these tests
were failed with Roman Catholics from Kumta and Manga-
lore using reference genotypes but fits were obtained using
PCA loadings instead of reference genotypes for both the
groups (Table S2a).

Fine level admixture inference using
haplotype-based approach

To gain deeper insight into admixture history of Roman
Catholics, we further applied the haplotype-based approach
implemented in FineStructure (Lawson et al. 2012) and
GlobeTrotter (Hellenthal et al. 2014). FineStructure (Lawson
et al. 2012) grouped all individuals into 56 distinct clusters
with hierarchical tree having 2 basal branch of West Eura-
sian groups and South Asian groups (Fig S3). A total of 23
Roman Catholics were placed in one group of 6 clusters and
located between Indo-Europeans and Dravidians in South
Asian clusters while the remaining individuals were seen
among Dravidian clusters. We also examined the co-ancestry
matrix (Fig S4), which shows that the Roman Catholics have
greater intrapopulation drift than any North West or North
Indian Indo-European groups but lesser than Kalash, Pal-
liyar and Ulladan.

GlobeTrotter (Hellenthal et al. 2014) admixture analysis
suggested a one date admixture (~75 generations before)
with two sources (Supplementary Table S2b). The best guess
for minority contributing first source was Ukrainian (32%)
and majority contributing second source was represented
by Kuruba (68%). First admixing source which contributes
32% of ancestry can be represented as mixture of Ukrain-
ian, Georgian, Estonian, Iranian Jew, Georgian Jew, Kalash,
Libyan Jew, Druze and Ashkenazi Jew with fractions con-
tributed as 0.50, 0.31, 0.09, 0.02, 0.02, 0.01, 0.01, 0.01 and
0.005, respectively. While second admixing source contrib-
uting 68% of ancestry can be best represented by mixture of
Kuruba, Sikh_Jatt, Ho_Orissa, Palliyar, Asur and Ulladan
with fractions of 0.50, 0.25, 0.10, 0.05, 0.04 and 0.02,
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Fig.1 PCA, ADMIXTURE and Admixture F3 analysis. A Biplot of
principal component analysis (PCA) of Roman Catholics with mod-
ern Eurasian populations with first two components. Inset is biplot of
the population averages of first two principal components. B Stacked
barplot of the ADMIXTURE analysis with K=4 with global popu-

lations ordered geographically. C Admixture F3 (X, Palliyar; Roman
Catholic) gradient map, showing the affinity of Roman Catholics with
West Eurasian and South Asian population groups. Greener colour
means more affinity and yellow, orange and red indicate moderate,
lesser and least affinity, respectively
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respectively. So unlike ALDER (Loh et al. 2013) results,
GlobeTrotter (Hellenthal et al. 2014) run suggests a one date
admixture event representing typical of ANI-ASI admixture.

Ancestry-specific historical effective population size
(Ne) and runs of Homozygosity

We used IBDne (Browning and Browning 2015) to trace the
ancestry-specific historical population size dynamics with
time in Roman Catholic population. Historical records sug-
gest that during Portuguese colonisation in the West Coast
and the Goan inquisition, the Roman Catholics faced severe
torture and even extermination (by ‘Auto-de-Fe’: means
burning at the stake) (Farias 1999) and hence, possibility
of population bottleneck. In our analysis, we found that two
of the three-ancestry curves (European and Ancestral South
Indian) showed a depression near 15-20 generations before
present (Fig. 2). Although bootstrap confidence interval
(95% CI) is slightly broader, which can be either because
of small sample size or small bottleneck event as mentioned
in an earlier study (Browning and Browning 2015). Small
bottleneck results from many post-bottleneck coalescences
between haplotypes. So, this can be a probable bottleneck
with significant change in population size of Roman Catho-
lics during the event of Goan inquisition.

We also performed Runs of homozygosity (RoH) test
using Plink 1.9 (Purcell et al. 2007) for three different win-
dow sizes of 1000 kb, 2500 kb and 5000 kb. Comparing
the mean RoH length to mean RoH number, we found that
Roman Catholics from all three places have higher distribu-
tion than most of the Indo Europeans from North India (Fig
S5a—c). Among three groups of Roman Catholics, Kumta
was higher in mean length and mean number of RoH distri-
bution. This suggests that Roman Catholics from Goa and
Mangalore had high level of gene flow from surrounding

Roman_Catholic European ancestry

Roman_Catholic Jews ancestry

populations than Kumta, with later being more isolated as
a population. Our interpretation of Kumta Catholics being
comparatively isolated group than other two is based on RoH
analysis which tells that Kumta group is comparatively more
inbreeding (thus lesser gene flow) than other two groups
but unfortunately frequency-based methods like PCA and
Admixture analysis failed to capture this and we could not
find similar finding in these methods. Here, we followed the
interpretation made in a previous study (Pathak et al 2018),
which also implemented RoH method.

Admixture modelling with ancient sources

Further, we performed admixture modelling with distant and
proximal ancient sources using qpAdm (Haak et al. 2015)
and tried to fit our population group in the basic framework
of South Asian-specific graph topology using qpGraph
(Patterson et al. 2012). For distal modelling, we used Neo-
lithic and pre-Copper Age West Eurasian and South Asian
populations (Andamanese hunter gatherers, Ganj_Dareh_N,
Anatolia_N, EEHG, WEHG and WSHG) from which South
Asia derives most of their ancestry. We found that best fit
was obtained for Goan (p=0.25), Kumta (p =0.39), and
Mangalorean Catholics (p =0.53) (Supplementary Table 2c)
with a combination of AHG, Ganj_Dareh_N, Anatolia_N
and EEHG (Fig. 3a). In proximal modelling we found that
best fit was with AHG, Indus_Periphery and Central Steppe
MLBA/Western Steppe MLBA as sources of ancestry for
Goan (p=0.59), Kumta (p =0.77) and Mangalorean Catho-
lics (p=0.9) (Fig. 3b—) (Supplementary Table 2d, e).

To model our population into admixture graph topology
using qpGraph (Patterson et al. 2012), we used the basic
graph framework for South Asia shown by Narasimhan
et al., 2019 (Narasimhan et al. 2019), incorporating most of
the South Asian linguistics groups. We obtained the fitted

Roman_Catholic ASI ancestry
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Fig.2 Ancestry-specific effective population size estimation. Y-axis
show ancestry specific effective population size (N,) on log scale.
X-axis show generations before present. Blue solid line shows esti-
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mated ancestry-specific effective population sizes, and the blue
shaded region indicates 95% bootstrap confidence intervals



Human Genetics (2021) 140:1487-1498

1493

graph toplogy for Goan (worst F_stat=—2.896) (Fig. S6)
and Mangalorean Catholics (worst F_stat=2.831) (Fig. S7)
but for Kumta Catholic the fit was not obtained with the
above framework (worst F_stat=3.134) (Fig. S8).

Distribution of mtDNA and Y chromosomal
haplogroups

mtDNA analysis using hypervariable and coding region
sequences reveals four major mtDNA haplogroups; M37,
M30, M2 and M52, in decreasing order of frequency (Sup-
plementary Tablelc). The M37 was with the highest fre-
quency of 12% in the population, which is the most prevalent
haplogroup in Gujarat. The M2 is the oldest Indian-specific
mtDNA haplogroup. Less frequency of mtDNA haplogroup
observed were; M33, U2b, M5a, M35, M57 and M64. Of
these, M64 is exclusively present in the Nihali population of
Madhya Pradesh, which is a linguistic isolate group in India.

Among Y chromosomal haplogroups, the most prevalent
was Rla with a frequency of 46%, while the second most
frequent haplogroups were L1la (15%) and J2 (15%), fol-
lowed by H2 (13%) (Supplementary Table 1b). High preva-
lence of R1a haplogroup and significantly higher z-score
(2-ref z-score > 7) for west Eurasian groups corroborates
with their origin from ancestral Brahmin population of
North and North West India (Cordaux et al. 2004; Sharma
et al. 2009; Zerjal et al. 2007). Studies of fine mapping of
R1a phylogeny with downstream markers will better reveal
their origin and affinities.

Discussion

According to the historical records and oral traditions,
Roman Catholics were part of Konkani speaking larger Gaud
Saraswat community before arrival of Portuguese to the
West Coast. They were inhabiting the Konkan coast along
with some other Hindu, Jewish and Muslim communities.
With Portuguese ascendancy with the goal of forming the
Estado d’India in the sixteenth century, most of these peo-
ple were compelled to convert to Christianity and many of
them either got penalised if they did not convert or escaped
by fleeing southwards and admixed with local populations
(Farias 1999; Keni and Murgaon Mutt Sankul 1998). One
School of thought relates the GSB to some Jews of the early
lost tribes of Israel, who came to India as refugees after the
capture and destruction of Jerusalem by Assyrians in BC
722 (Weil et al. 2002). Others relate this migration of those
who came as traders in King Solomon’s times (BC 977-
937) when the Jews came by the sea route to the West Coast
of India and had arrived in Kerala (Farias 1999). The later
Bene Israel Jews of Maharashtra came in BC 175—while
others say they came in 70 AD (Schreiber et al. 2003; Slapak

et al. 1995). Later some of these migrant groups also got
converted to Christianity with the arrival of Portuguese to
West Coast in the sixteenth century (Farias 1999). So, these
groups may be part of broader Roman Catholic community
of the Konkan coast.

We are able to show in PCA (Patterson et al. 2006)
(Fig. 1a) and Admixture (Alexander et al. 2009) (Fig. 1b)
analysis that Roman Catholics shares South Asian ances-
try and that they show affinity with Indian Indo-European
populations. In Admixture (Alexander et al. 2009) analysis,
Roman Catholics shows two major components (ANI and
ASI) which is present in most of the Indo-Europeans and
Dravidian castes and tribes. Only proportions of these two
major components vary among Indo Europeans and Dravid-
ians. Among three Roman Catholic groups from Goa, Kumta
and Mangalore also these two components vary in propor-
tions. Some of the Goan Catholics individuals are similar to
Indo—Europeans, showing more yellow (representing ANI
ancestry) component than red (representing ASI signal) in
Admixture analysis, but these proportions vary among other
individuals from the three places, indicating some Dravidian
admixture with local groups after their arrival to the West
Coast. Formal test of admixture with F3-statistics (Patterson
et al. 2012) (Fig. 1c) suggests that Roman Catholics have
higher West Eurasian-specific admixture which is reflected
in higher affinity with European, Middle Eastern, North
West Indian and North Indo—European caste groups.

In addition to Indo—European-specific ancestry, reflected
in Admixture (Alexander et al. 2009) and F3-statistics (Pat-
terson et al. 2012), we further tested the hypothesis of dubi-
ous origin of Roman Catholics from Jewish community
of the Konkan Coast using linkage disequilibrium-based
method implemented in ALDER (Loh et al. 2013). This test
of admixture showed indications of Roman Catholics having
some Jewish component as reflected by a significant good fit
for weighted LD decay curve with Ashkenazi Jews and Yem-
enite Jews, which we could not find in other Indo Europeans
(UP_Brahmins, Bhumihar, Sikh_Jatts Haryana Brahmins,
Karnataka Brahmins and Havik) (Supplementary Table 2a).
Admixture dates correspond to the arrival of the first Jews to
the West Coast as traders during King Solomon’s reign (BC
977-937) (Weil et al. 2002).

We further tested the above finding with haplotype-based
methods implemented in FineStructure (Lawson et al. 2012),
which captured mostly South Asia-specific ancestry among
Roman Catholics, with significant intrapopulation genetic
drift higher than most of the South Asian caste and tribal
groups. This drift was lesser than populations showing very
high genetic drift due to long-term isolation, such as Kalash,
Ulladan and Palliyar (Supplementary Fig. S4). Analysis of
time of admixture with GlobeTrotter (Hellenthal et al. 2014)
suggests only one date of admixture for ANI ancestry, ~75
generation ago (Supplementary Table 2b). Keeping the
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Fig.3 Admixture modelling

to infer contribution of ancient
ancestral west Eurasian source
populations. A Distal model-
ling using AHG, Iran_N,
Anatolia_N and EEHG as
distant source groups of Goan,
Kumta and Mangalorian catho-
lics and their comparison with
four modern Indo—European
populations. Each colour repre-
sents individual distant ancestral
source and numbe indicates
individual ancestral contribu-
tion in terms of fraction of total
ancestry. B Proximal modelling
with AHG, Indus_Periphery
and western Steppe MLBA
groups. C Proximal modelling
with AHG, Indus_Periphery and
Central Steppe MLBA groups
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differences observed in the above two approaches in mind,
we could not come up with a clear and conclusive evidence
for Jewish admixture, because of the complete absence of
signal in haplotype-based analysis. Further evidence can
be gathered only with more robust admixture modelling
approach using proper aDNA reference for a homogenous
ancient Jews diaspora, as most of the contemporary Jews
population are having majority of either Middle Eastern or
European admixture.

We further tested the presence of possible population
bottleneck in Roman Catholic population based on histori-
cal records of their persecution and further migration dur-
ing the Goan inquisition (Farias 1999; Keni and Murgaon
Mutt Sankul 1998). Ancestry-specific historical population
size estimates with IBDne (Browning and Browning 2015)
showed a depression about 15 generations ago (Fig. 2),
which corroborates with the significant reduction in popu-
lation size during the Goan inquisition under Portuguese
invasion to West Coast. During this time, there were many
waves of migrations of Roman Catholics population fur-
ther southwards (Kent and Murgaon Mutt Sankul 1998) and
admixed with local groups. Runs of homozygosity suggested
that among three groups of Roman Catholics, Kumta group
showed comparatively higher distribution for mean length
and mean number of RoH segments, indicating that they
remained more isolated compared to other Catholic groups
during all migration waves and admixture events.

While estimating the ancient contribution to the Roman
Catholics genome using qpAdm (Haak et al. 2015), we found
that they exhibit an ancient ancestral composition similar to
most of the Indo-European caste and tribal groups, formed
after arrival of Steppe ancestry (Supplementary Table 2c—e)
(Fig. 3a—c). But the proportion of Steppe component was
lesser than most of the North Indian groups with high ANI
component (Sikh_Jatt, Brahmins), which may be a result of
later admixture events. We used similar graph topology as
used for Indian populations in previous study of Narasim-
han et al. (2019), but model for Kumta group was not fitted
(or marginally fit with worst F_stat of 3.134) in topology,
probably because of more level of population-specific drift
(Supplementary Fig. S6-8).

Analysis of uniparental markers, revealed that maternal
ancestry of Roman Catholics is completely of South Asian-
specific with most of the mtDNA haplogroups of Indian
origin (Supplementary Table 1c). But their Y chromosomal
haplogroup distribution was highly skewed with significantly
higher frequency of R1a (Supplementary Table 1b), which is
typical of North West Indian or North Indian Indo-European
groups, like the caste with priestly status such as Brahmins
(Cordaux et al. 2004; Sharma et al. 2009; Zerjal et al. 2007)
having high proportion of ANI ancestry (Narasimhan et al.
2019). We also obtained similar pattern with Gaud Saraswat

Brahmin from West Coast, from which Roman Catholics
share their ancestry (unpublished data). Further, downstream
genotyping of R1a markers in future study will shed light
on their origin from specific group and a probable Jewish
component in their ancestry. The present level of analysis
with uniparental markers and genome wide autosomal SNP
markers, suggest that they have male biased admixture with
the arrival of R1a carrying population and also genetic com-
position typical of Indo-European populations on the Indian
cline, which holds true with all of the populations with affin-
ity with priestly groups on ANI-ASI cline in India. They also
exhibit cryptic genetic affinity with some Jews groups like
Ashkenazi Jews in our test of admixture using west Eurasian
references, which needs to be further validated.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00439-021-02346-4.
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