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ABSTRACT Previous studies have revealed that the
European Roma share close genetic, linguistic and cul-
tural similarities with Indian populations despite their
disparate geographical locations and divergent demo-
graphic histories. In this study, we report for the first
time Y-chromosome distributions in three Roma collec-
tions residing in Belgrade, Vojvodina and Kosovo.
Eighty-eight Y-chromosomes were typed for 14 SNPs and
17 STRs. The data were subsequently utilized for phylo-
genetic comparisons to pertinent reference collections
available from the literature. Our results illustrate that

the most notable difference among the three Roma popu-
lations is in their opposing distributions of haplogroups
H and E. Although the Kosovo and Belgrade samples ex-
hibit elevated levels of the Indian-specific haplogroup H-
M69, the Vojvodina collection is characterized almost
exclusively by haplogroup E-M35 derivatives, most likely
the result of subsequent admixture events with sur-
rounding European populations. Overall, the available
data from Romani groups points to different levels of
gene flow from local populations. Am J Phys Anthropol
000:000–000, 2010. VVC 2010 Wiley-Liss, Inc.

The ancestry of the Romani people has been the sub-
ject of much debate since their initial entry into Europe
during the late 13th century. Although originally
believed to be of Egyptian descent (hence their more
common name, ‘‘Gypsies’’), similarities observed between
the Romani language (of Indo-Aryan stock) and those
present in the Indian subcontinent (in particular, Hindi)
have suggested a more likely medieval Central Indian
ancestry for this group (Fraser, 1992; Liégeois, 1994),
possibly originating in present-day Rajasthan, India
(Hancock, 2002). Today, several million Romanis live in
Central Eastern and Western Europe as well as in the
Americas. Throughout their diaspora from Northern
India, Romanis have been perceived as aliens and have
endured discrimination, persecution and slavery.
In addition to language, this group also displays other

cultural influences characteristic of Indian populations:
the social status attained by Romanis (as entertainers)
throughout Europe is reminiscent of the Shudra caste of
India (Hancock, 2002), while the endogamous professio-
nal-group organization exhibited by Romani groups most
closely resembles that of the Indian jatis (Fraser, 1992;
Marushiakova and Popov, 1997).
After their initial dispersal from the Indian subcontinent

(500–1000 AD), Romanis are believed to have migrated
through portions of Central Asia (Afghanistan and Persia)
to Armenia in the north and the Near East in the south
(Fraser, 1992). From the Near East, this group moved in
two directions; either toward North Africa with subsequent
dispersion through the Strait of Gibraltar for entry into
the Iberian Peninsula, or across Anatolia (via the Strait of
Bosporus) and into the Balkans (between the 11th and
12th centuries) with a later expansion into Western Europe
(completed by the 15th century) (Fraser, 1992).
The Roma are classified as a subgroup of the Romani

people that live primarily in Central and Eastern Europe
as well as in the Balkan Peninsula and Western Anatolia
(Hancock, 2002). Of these regions, the greatest genetic di-
versity is reported in the Balkans where numerous

Romani populations with well-defined social boundaries
reside (Marushiakova and Popov, 1997). According to the
2002 Census (Statistical Office of the Republic of Serbia,
2003), the number of Roma individuals living in the regions
of Belgrade and Vojvodina is 19,191 and 29,057, respec-
tively, whereas 23,512 individuals have been reported in
Kosovo in the 2006 Census (Statistical Office of Kosovo,
2008). Most of the Roma in these three locales are Orthodox
or Catholics with a small minority being Muslim. In Bel-
grade and Vojvodina, Romas speak the Gurbet (Ackerley,
1941) and Gurbet-Rabeste (Boretzky, 1986) dialects, respec-
tively (both of which belong to the Southern Vlax branch of
the Romani language) whereas in Kosovo, their dialect is
Prizren (Balkan branch) (Boretzky, 1999).
Genetic studies delineating the ancestry of Romani

populations provide strong evidence in favor of the com-
mon descent of all Romanis regardless of their group
identity, country of residence, and/or rules of endogamy
(Kalaydjieva et al., 2005). In addition, the Romanis have
been characterized as a conglomerate of genetically iso-
lated founder groups (Kalaydjieva et al., 2001). To date,
Y-chromosome and mtDNA markers have been used to
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examine the origins and diversification of paternal and
maternal lineages, respectively, in Romani populations.
These reports indicate that all Romani communities
examined share Indian-specific lineages, namely Y-hap-
logroup H (defined by the M69 mutation) (Gresham
et al., 2001; Kalaydjieva et al., 2001; Gusmão et al.,
2008) and mtDNA haplogroup M5 (Gresham et al., 2001;
Malyarchuk et al., 2006, 2008).
Along with haplogroup H, which accounts for almost

50% of their male genetic component, Romanis also pos-
sess G-M201, I-M258, J-M304, R-M207 and E-M35 Y-
chromosomes, reflecting genetic influences from the sur-
rounding European populations (Gresham et al., 2001;
Kalaydjieva et al., 2001, 2005; Gusmão et al., 2008;
Klarić et al., 2009). Haplogroup H and its sub-clades, H1
and H2, are almost exclusive to the Indian subcontinent
(26.4% of all Y-chromosomes) (Sengupta et al., 2006)
including Sri Lanka (10.2%) (Kivisild et al., 2003) and
Pakistan (2.5%) (Firasat et al., 2007). European hap-
logroups present in the Romani gene pool include those
which have originated in Europe such as I and E-V13,
as well as those believed to have arisen in Asia, namely
G, J, and R (Semino et al., 2000, 2004; Kivisild et al.,
2003; Battaglia et al., 2009). Haplogroups I and E-V13
are particularly abundant in the Balkans where they
represent 36.3% (Battaglia et al., 2009) and 19.6% (Cru-
ciani et al., 2007) of the total Y-chromosomes, respec-
tively. Haplogroup R lineages are common throughout
Europe and the Indian subcontinent comprising about
50% of the European (Semino et al., 2000) and 26% of
the Indian (Sengupta et al., 2006) patrilineages. The J-
M304 clade has been detected at high frequencies in the
Middle East, North Africa, Europe, Central Asia, Paki-
stan and India, whereas haplogroup G is found predomi-
nantly in the Middle East, the Mediterranean, and the
Caucasus Mountains (Karafet et al., 2008).
In addition to the Y-chromosome and mtDNA data,

genetic ties between Romanis and subcontinental Indians
have also been detected through analysis of autosomal
components of the genome. For instance, the 1267delG
mutation in the Cholinergic Receptor Nicotinic Epsilon
(CHRNE) gene (which causes congenital myasthenia), orig-
inally identified in patients from India/Pakistan (Croxen
et al., 1999), has also been observed in Romanis (Abicht
et al., 1999). Similarly, Romani populations were also found
to possess mutations in the GJB2 gene (which codes for
connexin26, a gap junction protein) (Minárik et al., 2003;
Álvarez et al., 2005; Bouwer et al., 2007) known to cause
autosomal recessive deafness in Indian families (Brown
et al., 1996; Kelsell et al., 1997; Scott et al., 1998; Mahesh-
wari et al., 2003). Also, Ali et al. (2009) have linked the
presence of null mutations in the Latent Transforming
growth factor Beta Binding Protein 2 (LTBP2) gene to Pri-
mary Congenital Glaucoma in four consanguineous fami-
lies from Pakistan and in patients of Romani ancestry. The
sharing of these genetic disorders among Romanis across
Europe also suggests a common origin and subsequent
founder effects by modest numbers of founder groups
(Gresham et al., 2001; Kalaydjieva et al., 2001). This con-
tention is compatible with a limited number of migrants
partitioning from a specific caste or tribal group (Gresham
et al., 2001). It has been estimated that the Romani as a
group had its origin 32 to 40 generations ago, with subse-
quent secondary and tertiary founder episodes taking place
�16 to 25 generations ago (Morar et al., 2004).
Several sources describe Romanis as a mosaic of

numerous geographically dispersed and genetically iso-

lated founder populations (Fraser, 1992; Marushiakova
and Popov, 1997; Kalaydjieva and Morar, 2003). This
conclusion is consistent with the limited haplotype var-
iance observed in Y-haplogroup H1-M82 and the reduced
sequence diversity in mtDNA M lineages (Gresham
et al., 2001). Furthermore, analysis of the rapidly mutat-
ing minisatellite MSY1 also supports genetic homogene-
ity among Romanis, as diversity values attained with
this marker system are even lower than those of known
geographically isolated populations, i.e., the Finns, Bas-
ques and Cook Islanders (Kalaydjieva et al., 2001). As
such, this study was undertaken to examine the patrilin-
eal influences present in three Roma populations resid-
ing in the Balkans (Belgrade and Vojvodina from Serbia,
and Kosovo) and, subsequently, compare their genetic
profiles to those present in other Romani collections.

MATERIALS AND METHODS

Sample collection

DNA samples from 88 healthy, unrelated Roma male
donors, collected from three locations in the Balkans
[Belgrade (n 5 20), Vojvodina (n 5 26), and Kosovo (n 5
42)], were analyzed in the present study. Genealogical
information from each donor was recorded for at least
two generations to establish regional ancestry. All sam-
ples were procured with informed consent following the
ethical guidelines stipulated by the research institutions
involved in this project. Table 1 lists sample sizes, geo-
graphic locations, and linguistic affiliations for the afore-
mentioned Roma populations as well as the reference
collections utilized for phylogenetic comparisons.

Y-chromosome haplotyping

Fourteen bi-allelic markers were genotyped, following
the hierarchy of the human Y-chromosome phylogeny,
according to previously published protocols: YAP
(Hammer and Horai, 1995) by PCR/AFLPs; M78, M34,
M52, M82 (Underhill et al., 2001) and V13 (Cruciani
et al., 2006) by PCR/RFLP; and M9 (Underhill et al.,
1997), M35, M69, M96, M201, M207 (Underhill et al.,
2001), M258 (Rootsi et al., 2004), and M304 (Cinnioğlu
et al., 2004) by allele-specific PCR (Gayden et al., 2008).
The markers investigated in this study were previously
reported informative for Romani, European and Indian
populations. Haplogroup designation is in accordance
with Karafet et al. (2008) and the recent updates by
Chiaroni et al. (2009).
DNA samples (N 5 86) were also typed for 17 Y-STR

loci (DYS19, DYS385a,b, DYS389I, DYS389II, DYS390,
DYS391, DYS392, DYS393, DYS437, DYS438, DYS439,
DYS448, DYS456, DYS458, DYS635, GATA H4) using
the AmpFlSTR1 Yfiler kit (Applied Biosystems, Foster
City, CA). PCR was performed as described by the manu-
facturer (Applied Biosystems, 2006), and the amplicons
generated were separated in an ABI Prism 310 Genetic
Analyzer. The GeneMapper1 software v3.2 was used to
determine the fragment sizes and alleles were desig-
nated by comparison to an allelic ladder supplied by the
manufacturer. Allelic nomenclature is in accordance with
the recommendations of the International Society for
Forensic Genetics (ISFG) (Gusmão et al., 2006).
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Data analyses

Haplogroup frequencies for the Belgrade, Kosovo,
and Vojvodina collections, determined by the direct
counting method (Li, 1976), were used to generate
genetic (Fst) distances and associated P-values (based
on 1000 permutations) with the Arlequin software
package, ver. 3.11 (Excoffier et al., 2005). The same
program was also employed to perform two sets of
Analyses of Molecular Variance (AMOVA), to explore
significant correlations between genetic diversity and
either language or geography. Significance was
assessed at a 5 0.05.
Multidimensional Scaling (MDS) analysis, which uti-

lizes a pairwise Fst matrix, was performed with the sta-
tistical software package SPSS ver. 16.0 (SPSS Inc., Chi-
cago, IL, USA). All Fst distances were estimated based
on haplogroup frequencies at the resolution of the major
branches (A-T) of the Y chromosome phylogram. In addi-
tion, to assess the Indian and European genetic contri-

butions to the paternal gene pool of the three Roma col-
lections, admixture analysis was conducted with SPSS
utilizing the Weighted Least Squares method proposed
by Long et al. (1991). In this analysis, groups of popula-
tions were used as parental sources in an attempt to es-
tablish regional connections as well as possible gene flow
or shared ancestry among the three hybrid collections
(Belgrade, Kosovo and Vojvodina).
Median-joining (MJ) networks (e 5 0) (Bandelt et al.,

1999) were constructed using the NETWORK 4.5.1.6
software package available at http://www.fluxus-engi-
neering.com. The network generated for the three Roma
populations reported in this study is based on 15 Y-STR
loci typed on the background of haplogroup H. The
analysis was repeated using only seven of the 15 Y-
STR markers (DYS19, DYS389I, DYS389II, DYS390,
DYS391, DYS392 and DYS393) to allow inclusion of the
reference collections (Table 1) for comparative purposes.
MJ networks were weighted according to their relative

TABLE 1. Populations analyzed

Population Abbr. N Linguistic affiliation Reference

NON-ROMANI
South Central Asia (SCA)
India IND 728 Indo-European, Indo-Iranian Sengupta et al., 2006
Pakistan PAK 176 Indo-European, Indo-Iranian Sengupta et al., 2006
Gujarat GUJ 29 Indo-European, Indo-Iranian Kivisild et al., 2003
Chenchu (Andhra Pradesh) CHE 41 Dravidian Kivisild et al., 2003
Koya (Andhra Pradesh) KOY 41 Dravidian Kivisild et al., 2003
Lambadi (Andhra Pradesh) LAM 35 Indo-European, Indo-Iranian Kivisild et al., 2003
Sinhalese (Sri Lanka) SIN 39 Indo-European, Indo-Iranian Kivisild et al., 2003
Pardhan (Andhra Pradesh) PAR 128 Dravidian Thanseem et al., 2006
Naikpod (Andhra Pradesh) NAI 68 Dravidian Thanseem et al., 2006
Andh (Andhra Pradesh) AND 54 Unclassified Thanseem et al., 2006

Southeastern Europe Slavic speaking (SEES)
Croatians CRO 108 Indo-European, Slavic Barać et al., 2003
Herzegovinians HER 141 Indo-European, Slavic Peričić et al., 2005
Serbians SER 113 Indo-European, Slavic Peričić et al., 2005
Macedonians MAC 79 Indo-European, Slavic Peričić et al., 2005
Bosniacs BOS 85 Indo-European, Slavic Marjanovic et al., 2005
Slovenians SLO 75 Indo-European, Slavic Battaglia et al., 2009

Southeastern Europe non-Slavic speaking (SEENS)
Kosovar Albanians KOA 114 Indo-European, Albanian Peričić et al., 2005
Albanians ALB 30 Indo-European, Albanian Bosch et al., 2006
Romanians ROM 67 Indo-European, Italic Bosch et al., 2006
Greece GRE 76 Indo-European, Greek Semino et al., 2000
Albanians from Former Yugoslavia

Republic of Macedonia
AYR 64 Indo-European, Albanian Battaglia et al., 2009

ROMANI
Southeastern Europe
Croatian Bayash (Baranja) BAR 96 Indo-European, Indo-Iranian Klarić et al., 2009
Croatian Bayash (Medjimurje) MED 55 Indo-European, Indo-Iranian Klarić et al., 2009
Macedonia Roma MAR 57 Indo-European, Indo-Iranian Peričić et al., 2005
Kosovo Roma KOS 42 Indo-European, Indo-Iranian Present study
Belgrade Roma BEL 20 Indo-European, Indo-Iranian Present study
Vojvodina Roma VOJ 26 Indo-European, Indo-Iranian Present study

Residing in Bulgaria
Kalaidjii North KAL 20 Indo-European, Indo-Iranian Gresham et al., 2001
Feredjelli FER 21 Altaic, Turkish Gresham et al., 2001
Turgovzi TUR 36 Altaic, Turkish Gresham et al., 2001
Lom LOM 39 Indo-European, Indo-Iranian Gresham et al., 2001
Monteni MON 17 Indo-European, Indo-Iranian Gresham et al., 2001
Lingurari (North) LIN 16 Indo-European, Indo-Iranian Gresham et al., 2001
Intreni INT 17 Indo-European, Indo-Iranian Gresham et al., 2001

Northern Europe
Lithuanian Romani LIT 20 Indo-European, Indo-Iranian Gresham et al., 2001

Western Europe
Spanish Romani SPA 27 Indo-European, Indo-Iranian Gresham et al., 2001
Portuguese Romani POR 126 Indo-European, Indo-Iranian Gusmão et al., 2008
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Y-STR variation within Y-haplogroup lineages (Martinez
et al., 2007).
The coalescence times for the H haplogroup were esti-

mated from microsatellite variation within the hap-
logroup as the average squared difference in the number
of repeats between all the chromosomes and the founder
haplotype, averaged over the number of microsatellite
loci and divided by the mutation rate, with the SD calcu-
lated over the number of loci (Zhivotovsky et al., 2004;
Zhivotovsky and Underhill 2005). We computed the me-
dian value of repeat scores to generate a median haplo-
type, which was then taken as a founder (Sengupta
et al., 2006). In all cases, except for LOM and LIT, the
median haplotype coincides with the Romani Modal Hap-
lotype. Time estimates for all populations were calcu-
lated with the Romani Modal haplotype utilizing both
the genealogical mutation rate of 2.5 3 1023 per 35
years (Goedbloed et al., 2009) and the evolutionary effec-
tive mutation rate of 6.9 3 1024 per 25 years (Zhivo-
tovsky et al., 2004). For the Roma populations reported
in this study, the expansion times for haplogroup H were
calculated across the 15 Y-STR loci. The analyses were
also repeated across the 7 Y-STR loci common to all col-
lections included in this study to allow for comparison of
divergence times among them. Time estimates were per-
formed using the Network subprogram to estimate the
age of the Romani Modal Haplotype (DYS19*15,
DYS389I*14, DYS389II*16, DYS390*22, DYS391*10,
DYS392*11, DYS393*12) (Gusmão et al., 2008) in all
populations examined.
Microsatellite variances for haplogroup H were calcu-

lated using the vp equation of Kayser et al. (2001). Hap-
lotype diversity indices were generated according to Nei
(1987) using Arlequin ver. 3.11 and were based on 7 Y-
STR loci (DYS19, DYS389 I/II, DYS390, DYS391,

DYS392, and DYS393). The two DYS385 loci were not
considered in the MJ networks, time estimations as well
as haplotype diversity calculations given the duplicity of
the sequence.

RESULTS

Y-chromosome haplogroup distribution

A total of six haplogroups were identified among the
three Roma populations presented in this report, namely
E, G, H, I, J, and R. Hierarchical phylogenetic relation-
ships among Y-chromosome haplogroups along with their
frequencies are displayed in Figure 1. Interestingly, only
two haplogroups (H1a and I) are shared across the three
Roma communities.
Haplogroup H-M69 constitutes 70%, 60%, and 7% of

the Belgrade, Kosovo and Vojvodina samples, respec-
tively. Specifically, the H1a sub-clade, defined by the
M82 mutation, predominates over all other Y-lineages in
the Kosovo (60%) and Belgrade (55%) collections and is
detected at levels comparable to those exhibited by other
Roma populations residing in the Balkan Peninsula,
including the Macedonian Roma (59.6%) (Peričić et al.,
2005) and the Bayash Roma from Croatia (50.3%) (Klarić
et al., 2009).
A contrasting distribution pattern for haplogroup

E1b1b1-M35 (the only branch of haplogroup E-M96
detected in this survey) was observed. Of the three collec-
tions examined, the Vojvodina population, which exhibits
the lowest frequency of haplogroup H, is characterized
almost exclusively by E-M35 Y-chromosomes (E1b1b1a-
M785 70% and E1b1b1c-M1235 4%), while few to no indi-
viduals with this haplogroup were observed in the Kosovo

Fig. 1. The hierarchical phylogenetic relationships and frequencies of the major haplogroups observed in the three Roma popu-
lations reported in this study. N indicates the number of individuals examined. Markers not genotyped are shown in italics.
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(2%) and Belgrade (0%) populations. In the Vojvodina
Roma, E-M78 is completely represented by the E1b1b1a2-
V13 derivative, the only branch of this sub-clade that
reaches its highest levels outside of continental Africa.
I-M258 is the only haplogroup besides H-M69 that is

shared across all three Roma populations. In this study,
the Belgrade (20%) and Vojvodina (15%) samples display
the highest proportions of I-M258 derived Y-chromo-
somes, whereas the lowest levels are present in the
Roma residing in Kosovo (5%). Because of amplification
failure of the I-M258 derived samples for the down-
stream mutations, Whit Athey’s haplogroup predictor
(Athey, 2006) (http://www.hprg.com/hapest5/index.html)
was used to assign them to their respective I sub-clades
based on their Y-STR profiles. Using this approach, 50%
percent of the Belgrade and Kosovo I-M258 chromosomes
were characterized as representatives of the I2a (defined
by P37.2) subhaplogroup, while the remaining 50%, as
well as all the M258 derived samples in the Vojvodina
collection, were predicted as members of the I1 (defined
by M253) sub-clade. The Bayesian probabilities of the
predicted haplogroups yielded confidence estimates rang-
ing from 97.7 to 100.0%.
Of the remaining haplogroups (G-M201, J-M304, and

R-M207), J-M304 comprises 23% of the paternal gene
pool of the Kosovo Roma, the second most abundant
marker present in this group. All J-M304 chromosomes
but one (J2b-M-12) were found to be J2a4b-M67 by Whit
Athey’s haplogroup predictor (Bayesian probabilities
ranging from 94.9 to 100.0%). J-M304 Y-chromosomes
were also observed at a reduced level (10%, and all pre-
dicted as J2a4b-M67 with Bayesian probabilities ranging
from 70.1 to 77.6%) in the Roma from Belgrade but are
completely absent in the Vojvodina samples. Although
not as abundant, haplogroups R-M207 and G-M201 were
also detected in our samples. The former was observed
at equivalent frequencies in the Kosovo (5%) and Vojvo-
dina (4%) collections, whereas the latter, which is promi-
nent in the Caucasus region, is present only in the
Kosovo community (5%).

Genetic structure

In the MDS plot (Fig. 2), eight populations define a
Romani cluster in the left half of the graph, whereas the
right portion is occupied by an amalgamation of South-
east European Slavic (SEES) and Non Slavic (SEEN)
speaking collections. The Koya, a Dravidian group from
Southern India, segregates within the well-defined
Romani cluster while the remainder of the Romani popu-
lations are scattered around the periphery of the SEE,
SEEN and South Central Asian (SCA) aggregates,
reflecting different levels of admixture/relatedness. In
the center of the upper section of the plot, the SCA
assemblage occupies an intermediary position between
the Romani and SEE groups of populations. Noteworthy
is the segregation of the Lithuanian (Northern Euro-
pean) and the Baranja (Balkan Peninsula) Romani popu-
lations away from the Romani cluster and in the direc-
tion of the SCA collections. Given the variation in the
distribution of haplogroup H-M69 among the three Roma
collections under investigation, it is not surprising that
Kosovo and Belgrade are part of the assemblage of eight
Romani collections since both groups are characterized
by high frequencies ([50%) of M69 derived Y-chromo-
somes. In contrast, the Vojvodina population, with only
7% Y M69 chromosomes, partitions as an outlier and
maps at a considerable distance from the other Romani
collections (with the exception of TUR and KAL) display-
ing greater affinities with the Southeast Europeans than
with the South Central Asian populations.
Phylogenetic associations apparent in the MDS graph

are also detected in the admixture analyses. The admix-
ture proportions (Table 2) generated for the three hybrid
populations reveal contrasting genetic profiles; while the
Kosovo and Belgrade Roma receive their largest paternal
component from SCA (98.7% and 74.9%, respectively),
genetic contributions made to the Vojvodina gene pool
are exclusively from the SEEN populations.
Significant correlation between genetics and geogra-

phy but a low correlation between genetics and language

Fig. 2. MDS plot based on the Y-haplogroup frequency data of 37 populations. Stress value 5 0.14481. References, number of samples,
and name codes for all populations are listed in Table 1. Black boxes represent Romani populations, white circles South Central Asia popu-
lations, black triangles Non-Slavic South Eastern Europe populations and white triangles Slavic South Eastern Europe populations.
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has been reported for European populations indicating
the primary importance of geography in the shaping of
patterns of variation (Rosser et al., 2000). Therefore, to
investigate the importance of linguistic and geographic
partitioning to the genetic variation of the European
Romani populations, AMOVA was performed utilizing
the Y-SNP data (Table 3). The highest fraction of the
variability, as expected, resides within the populations
(81%). When grouped based on geography, little differen-
tiation is detected among regions (Fct 5 0.08) but
greater variation is observed among populations residing
within the same geographical area (Fsc 5 0.11). A simi-
lar pattern is evident when the populations are grouped
according to language family (Fct 5 0.08 and Fsc 5 0.12,
respectively).

Y-STR haplotypes and time estimates

Haplotype diversity for the Kosovo, Belgrade, and
Vojvodina Roma across the 15 Y-STR loci were 0.9630 6
0.0149, 0.9815 6 0.0147, and 0.9508 6 0.0271, respec-
tively. Analysis of the profiles obtained for the H-M69
derived samples revealed 18 different haplotypes of
which the most frequently observed haplotype, 15-15,17-
14-30(16)-22-10-11-12-14-9-11-19-15-18-20-12, is shared
by 12 of the 86 (14%) individuals examined, seven from
the Kosovo (18%) and five from the Belgrade (20%) col-
lections (Supporting Information Table 1). Calculation of
haplotype diversities within haplogroup H at a lower (7
of the 15 loci) resolution revealed the highest diversity
values in Pakistan and India (0.95 6 0.04 and 0.94 6
0.01, respectively), whereas Belgrade and Kosovo exhibit
much lower values, 0.55 6 0.13 and 0.51 6 0.08, respec-
tively (Table 4). Also noteworthy is the complete lack of
diversity within haplogroup H in the Romani from Spain
and Portugal (a total of 26 individuals) at the western
fringes of the Romani range.
For the majority of the populations, time estimates

based on Zhivotovsky et al., (2004) and NETWORK
using the evolutionary mutation rate are comparable.
On the other hand, time estimates using the genealogi-
cal mutation rate (Goedbloed et al., 2009) seem to fit bet-
ter with historical data of the Romani diaspora. When
the Network software was used, the oldest age estimates
for haplogroup H were attained for India (15.782 6
3.465 kya) and Pakistan (8.799 6 3.148 kya), whereas
relatively younger ages were estimated for the Kosovo
(1.882 6 1.663 kya) and Belgrade (1.725 6 0.909 kya)
Roma. Interestingly, age estimates for H-M69 in these
two Roma populations did not change substantially
(2.195 6 0.918 kya in Kosovo and 2.146 6 0.782 kya in
Belgrade) when the 15 Y-STR loci were utilized. Simi-
larly, when the Zhivotovsky et al., (2004) method was
used, India and Pakistan also exhibited the oldest ages
for haplogroup H (17.705 6 7.850 and 4.545 6 1.033
kya, respectively). Also, as was detected within the Net-
work analysis, the age estimates for the Kosovo (0.727 6

0.727 kya) and Belgrade (0.631 6 0.250 kya) Roma are
considerably younger (Table 4) than in the Indian sub-
continent. Examination of the 12 reference Romani pop-
ulations revealed that only five of these groups
exhibit sufficient haplotype diversity to allow calculation
of time estimates with the Network program, which
requires a minimum of three different haplotypes for
time estimation.
Figure 3 illustrates star-shaped MJ networks con-

structed from the Y-STR data of H-M69 derived individu-
als from Belgrade, Vojvodina, and Kosovo based on 15
loci (3A) as well as the Eurasian data utilizing the 7 loci
in common (3B). The most frequently detected lineage,
the Roma modal haplotype (DYS19*15, DYS389I*14,
DYS389II*16, DYS390*22, DYS391*10, DYS392*11,
DYS393*12) (Gusmão et al., 2008), is shared by all
Romani populations, most likely accounting for the high
proportion (77%) of H chromosomes present in these
groups. The remaining haplotypes differ from the modal
profile, in most instances, by only one microsatellite mo-
lecular step.

DISCUSSION

In this study, the paternal gene pools of three Balkan
Roma populations (Belgrade, Vojvodina and Kosovo)
were examined and compared phylogenetically to tar-
geted reference collections to ascertain the genetic ances-
try of these groups. In our dataset, all the three Roma
populations surveyed exhibit haplogroup H-M69 Y-chro-
mosomes (known to be of Indian origin) but also display
varying frequencies of five additional haplogroups that
characterize paternal lineages of Southeastern Europe
(i.e., E-M35, G-M201, I-M258, J-M304, and R-M207).
The J-M304 chromosomes have been detected at high
frequencies in the Middle East, Europe, and India,
whereas haplogroup G is found predominantly in the
Middle East and Europe, and is minimally observed in

TABLE 3. Analysis of molecular variance (AMOVA) using
Y-SNPs

Classification criterion

Total
variation

(%)

Fixation indices

FST FSC FCT

Language (8 groups)a

Among groups 8.28 0.08**
Among populations

within groups
10.79 0.12*

Within population 80.93 0.19*
Geography (4 groups)b

Among groups 8.09 0.08*
Among populations

within groups
10.82 0.11*

Within population 81.09 0.18*

* P-value \ 0.00001.** P-value\ 0.001.a Linguistic partitioning
(8 groups): 1-Indo-Iranian (PAK, GUJ, LAM, SIN, IND, KAL,
BAR, MED, MAR, KOS, BEL, VOJ, LOM, MON, LIN, INT,
POR, LIT, SPA); 2-Dravidian (PAR, NAI, KOY, CHE), 3-Slavic
(CRO, HER, SER, MAC, BOS, SLO); 4-Albanian (KOA, ALB,
AYR); 5-Italic (ROM); 6-Greek (GRE); 7-Turkish (FER, TUR) 8-
Unclassified (AND).b Geographical partitioning (4 groups): 1-
South Central Asia (PAK, GUJ, LAM, SIN, IND, PAR, NAI,
AND, KOY, CHE); 2-Southeastern Europe (CRO, HER, SER,
MAC, BOS, SLO, KOA, ALB, GRE, ROM, AYR, KAL, FER,
TUR, BAR, MED, MAR, KOS, BEL, VOJ, LOM, MON, LIN,
INT); 3-Western Europe (POR, SPA); 4-Northern Europe (LIT).

TABLE 2. Admixture estimates

Hybrid populations

Parental groupsa Kosovo Roma Belgrade Roma Vojdovina Roma

SCA 0.987 6 0.295 0.749 6 0.360 0.000 6 0.070
SEES 0.000 6 0.179 0.251 6 0.256 0.000 6 0.221
SEENS 0.013 6 0.257 0.000 6 0.244 1.000 6 0.271

a Abbreviations for the parental groups are provided in Table 1.
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India. R chromosomes, in contrast, are common through-
out Europe and the Indian subcontinent but their distri-
bution in the Middle East is limited. Haplogroups I and
E-V13 are particularly abundant in Europe and almost
absent in India and the Middle East (Karafet et al.,
2008).
Although haplogroup H derivatives account for greater

than 50% of the Y-chromosomes present in the Kosovo
and Belgrade samples, only 7% of the individuals from
Vojvodina belong to this haplogroup. Instead, 93% of this
collection’s Y-chromosomes are from Southeastern Europe.
The conclusions based on these values should be tem-
pered in light of the low number of individuals analyzed.
Although the actual distribution of haplogroup H is

almost entirely restricted to the Indian subcontinent
including Pakistan and Sri Lanka (Wells et al., 2001;
Karafet et al. 2005; Sahoo et al., 2006; Sengupta et al.,
2006; Thanseem et al., 2006), several studies report its
presence in Romani groups living in Europe (Gresham
et al., 2001; Kalaydjieva et al., 2001; Peričić et al.,
2005; Gusmão et al., 2008; Klarić et al., 2009) at fre-
quencies ranging from 11% in the Turgovzi to 87% in
the Monteni, both of which reside in Bulgaria (Gresham
et al., 2001). The limited diversity within this lineage
in Romani populations supports the possible Indian
ancestry of this group (Gresham et al., 2001; Kalayd-
jieva et al., 2001 Gusmão et al., 2008; Klarić et al.,
2009). Specifically, the H1-M52 sub-clade, which is pres-
ent at elevated levels in the Koya (61%) and the Chen-
chu (36%) (Kivisild et al., 2003) populations of Southern
India, typically predominates over all other Y-lineages
in Romani groups. Thus, it is not surprising that this
haplogroup and its downstream mutations account for

the majority of Y-chromosomes in both the Kosovo
(60%) and Belgrade (70%) collections. The relatively
high frequency of H1-M52 derived samples in both
groups is comparable to those observed in other Roma
populations from the Balkans, including the Vlax from
Bulgaria (73% of haplogroup H1-M52) (Kalaydjieva
et al., 2001), the Roma from Macedonia (59.6% of hap-
logroup H1a-M82) (Peričić et al., 2005), and the Bayash
from Croatia (50.3% of haplogroup H1a-M82) (Klarić
et al., 2009). The lower level of H1a samples in the Voj-
vodina collection, when compared to the Belgrade and
Kosovo Roma, may be indicative of different ancestral
population(s), gene flow from local populations, genetic
drift and/or the small number of individuals sampled
from this region. In addition, it is possible that con-
verted Romani may help to explain the genetic unique-
ness of the Vojvodina collection. The low number of Voj-
vodina individuals carrying H chromosomes does not
imply that they are not Romani.
It is notable that the Romani Modal Haplotype

consisting of 7 Y-STR loci (DYS19*15, DYS389I*14,
DYS389II*16, DYS390*22, DYS391*10, DYS392*11,
DYS393*12) (Gusmão et al., 2008) is detected across all
Romani populations, including the three Roma collec-
tions examined in the present study, highlighting the
fact that they all share a common ancestor (Fig. 3B). In
addition, 5 out of the 12 reference European Romani
populations exhibit only this modal haplotype, i.e., they
possess no haplotype diversity within haplogroup H (Ta-
ble 4), which is indicative of close genealogical relation-
ships among them. Interestingly, four Dravidian (Koya
Dora, Vanniyar, Vellalar and Muria) and four Indo-Euro-
pean (Chamar, Rajput, West Bengal Brahmin and Nav

TABLE 4. Time estimates, mean variance, and haplotype diversity for haplogroups H and E

Time estimates by the method
of Zhivotovsky et al. (2004)e

N
Time estimates using

NETWORK (kya 6 sd)e
Evolutionary
mutation ratec

Genealogical
mutation rated

Mean
variance

Haplotype
diversity 6 sd Reference

HG H
KOSa 22 2.195 6 0.918 4.391 6 3.001 1.696 6 1.159 0.113 0.839 6 0.056 This study
BELa 18 2.146 6 0.782 2.415 6 0.986 0.933 6 0.381 0.065 0.902 6 0.049 This study
KOSb 22 1.882 6 1.663 1.882 6 1.882 0.727 6 0.727 0.043 0.515 6 0.081 This study
BELb 18 1.725 6 0.909 1.634 6 0.648 0.631 6 0.250 0.046 0.555 6 0.130 This study
BAR 49 1.509 6 0.628 1.690 6 0.751 0.653 6 0.290 0.047 0.301 6 0.085 Klarić et al., 2009
MED 27 \3 different HT 0.575 6 0.575 0.222 6 0.222 0.015 0.262 6 0.097 Klarić et al., 2009
MON 14 0.739 6 0.522 0.739 6 0.739 0.285 6 0.285 0.022 0.274 6 0.148 Gresham et al., 2001
LOM 26 3.3583 6 3.197 3.583 6 3.143 1.384 6 1.214 0.041 0.566 6 0.067 Gresham et al., 2001
FER 4 \3 different HT 1 HT 1 HT 1 HT 1 HT Gresham et al., 2001
TUR 4 \3 different HT 1 HT 1 HT 1 HT 1 HT Gresham et al., 2001
KAL 5 \3 different HT 1.035 6 1.035 0.400 6 0.400 0.029 0.400 6 0.237 Gresham et al., 2001
LIN 12 \3 different HT 1 HT 1 HT 1 HT 1 HT Gresham et al., 2001
INT 12 1.294 6 0.964 1.293 6 0.897 0.500 6 0.346 0.034 0.439 6 0.158 Gresham et al., 2001
LIT 10 4.658 6 3.768 4.658 6 3.598 1.800 6 1.390 0.059 0.688 6 0.103 Gresham et al., 2001
SPA 5 \3 different HT 1 HT 1 HT 1 HT 1 HT Gresham et al., 2001
POR 21 \3 different HT 1 HT 1 HT 1 HT 1 HT Gusmão et al., 2008

HG E
VOJa 18 1.671 6 1.246 4.562 6 1.672 1.762 6 0.646 0.118a – 0.047b 0.817 6 0.069 This study
BARa 25 2.070 6 1.270 7.536 6 2.392 2.912 6 0.924 0.178a – 0.104b 0.856 6 0.042 Klarić et al., 2009
MEDa 12 \3 different HT 1 HT 1 HT 1 HT 1 HT Klarić et al., 2009

a 15 Y-STRs.b 7 Y-STRs.c Mutation rate equal to 6.9 3 1024 per 25 years (Zhivotovsky et al., 2004).d Mutation rate equal to 2.5 3
1023 per 35 years (Goedbloed et al., 2009).e Time estimates based on the Romani Modal Haplotype (DYS19*15, DYS389I*14, DYS389II*16,
DYS390*22, DYS391*10, DYS392*11, DYS393*12) (Gusmão et al., 2008). Because of the small sample sizes, the estimates of the expansion
time should be considered indicative.
HT: haplotype.
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Fig. 3. Median-joining networks of Y-STR haplotypes within haplogroup H. A: MJ network of the three Roma populations
reported in this study based on 15 STRs. B: MJ network of European Romani and Indian populations based on 7 STRs. The area of
the pies is proportional to the frequency of that haplotype within the haplogroup, the smallest area is equivalent to one individual.
Branch length is proportional to the number of mutations between haplotypes.
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Buddha) populations from India (Sengupta et al., 2006)
also display the Romani Modal Haplotype making it dif-
ficult to identify the Indian source population of the Eu-
ropean proto-Romani groups. The reduced haplotype di-
versity combined with limited mean variance and recent
time estimate of the founding Romani node (Table 4)
suggest a founder effect and/or a bottleneck event in the
proto-Romani group after their initial migration out of
India, consistent with previous studies (Gresham et al.,
2001; Gusmão et al., 2008).
In contrast to the Belgrade and Kosovo collections, the

Vojvodina population exhibits a substantially higher pro-
portion of E-M78 Y-chromosomes (70%) compared to
those observed in other Romani groups; 30% in the
Roma from Macedonia (Peričić et al., 2005) and 42% in
the Bayash from Med-imurje in northwestern Croatia
(Klarić et al., 2009). Of the E-M78 lineages, E-V13 is the
only branch of this sub-clade that reaches high frequen-
cies outside of continental Africa, representing about
85% of the European M78 derived chromosomes
(Cruciani et al., 2007). In Balkan populations, the highest
proportion of haplogroup E1b1b1a2 (E-V13) is detected in
Kosovar Albanians (45.6%) (Peričić et al., 2005) as well as
in Albanians native to the former Yugoslavian Republic of
Macedonia (34.4%) (Battaglia et al., 2009). An elevated
level of this marker in the gene pool of the Vojvodina
Roma is likely the result of recent gene flow from South-
eastern European populations with subsequent isolation
and/or genetic drift. This contention is supported in the
present study by both the MDS and admixture analyses.
In the MDS plot (Fig. 2), the Vojvodina collection is an
outlier, plotting equidistant from the KOA (SEENS) and
HER (SEES) populations from Southeast Europe and
according to the results of the admixture tests (Table 2),
this group receives its entire paternal component from
SEENS. Moreover, the expansion time for the E-V13
marker in the Roma from Vojvodina (1.67 6 1.2 kya) is
more recent than those reported for non-Romani groups
in Europe (4.0–4.7 kya) (Cruciani et al., 2007) or the Bal-
kan Peninsula (5.9 6 1.7 kya) (Battaglia et al., 2009). Yet,
it is also possible that the Vojvodina collection does not
share the same ancestors in the Indian subcontinent but
are derived from local populations. In this scenario, the
presence of haplogroup H may be the result of limited
gene flow from authentic Roma population(s). All to-
gether, the available Y-chromosome data indicate that dif-
ferent Romani groups have experienced various levels of
gene flow from local populations.
Haplogroup I, which comprises approximately 18% of

the European Y-chromosomes (Rootsi et al., 2004), has
been detected in the Balkan Peninsula (Barać et al.,
2003; Rootsi et al., 2004; Pericić et al., 2005; Battaglia
et al., 2009) at frequencies ranging from 9.8% in Greeks
to 73.3% in Croatians from Bosnia (Battaglia et al.,
2009). In this study, haplogroup I was detected in all
three Roma communities (20%, 15% and 5% in Belgrade,
Vojvodina, and Kosovo, respectively) signaling differen-
tial gene flow from SEE. This inference is further sup-
ported by the presence of the I2a-P37.2 sub-haplogroup
(predominantly found in the Balkans) in the Roma from
Belgrade and Kosovo (10% and 2.5%, respectively)
(Battaglia et al., 2009; Mirabal et al., 2009; Mirabal et
al., 2010). The Vojvodina I chromosomes, in contrast,
belong to the I1-M253 sub-clade, which occurs at high
frequencies in Northern Europe but has also been
observed sporadically in the Balkan Peninsula (Battaglia
et al., 2009). The relatively high frequency of M253 Y-

chromosomes in the Vojvodina Roma (15%) is likely the
result of genetic admixture with neighboring Balkan
populations and subsequent isolation and/or founder
effect.
Haplogroup J arrived in Europe from the Middle East

and its sub-haplogroups marked complex migrations dur-
ing and after the Neolithic period (Cinnioğlu et al.,
2004). J2 is thought to be the most important Y-chromo-
some marker for the spread of farming into southeast
Europe (Semino et al., 2000; Di Giacomo et al., 2004).
The presence of sub-haplogroup J2a4b-M67 in the popu-
lations of Belgrade (10%) and Kosovo (21%), as assessed
by Haplogroup Predictor algorithms, is reminiscent of
the frequencies found in other Romani groups through-
out Europe (Gresham et al., 2001; Gusmão et al., 2008;
Klarić et al., 2009). As previously suggested, it is likely
that the presence of this sub-haplogroup in Romanis is
the result of infiltration from local populations. Although
probably this incorporation took place early before their
migration into different regions of Europe (Gusmão
et al., 2008), the present as well as previous studies can-
not rule out the possibility that the introduction
occurred independently in different locales.
With the exception of the Vojvodina population, genetic

ties between the Roma from Kosovo and Belgrade, and
the other European Romanis are apparent in the MDS
plot. These two Roma collections plot closer to the
Balkan Roma (Bulgarian, Macedonian and Croatian) pop-
ulations than to those from Western Europe (SPA and
POR). Instead, the Spanish and Portuguese Roma as well
as the Feredjelli collection from Bulgaria group together
with the Indian populations in the SCA cluster, most
likely the result of similar frequencies of haplogroup H-
M69. It is not clear whether the partitioning of the Ibe-
rian Romani with the collections from the Indian subcon-
tinent reflects random drift resulting from bottleneck
effects during their east-west expansion to the western
fringes of the Romani range or if it signals stronger phy-
logenetic relationships with sources populations. In addi-
tion, the statistically insignificant correlations observed
between geography and genetics in the AMOVA indicate
that contrary to other Europeans (Rosser et al., 2000) ge-
ography has not played a major role in shaping the
genetic landscape of the Romani people (Gresham et al.,
2001). These findings suggest that regardless of the dis-
tant geographic locations of Romani populations through-
out Europe, their Y-chromosome lineages remain shared,
most likely the result of a common origin and limited lev-
els of genetic admixture with the exception of Vojvodina.
The significant preservation of ancestral H1a patrili-
neages in the Romani is likely the result of considerable
but variable levels of endogamy and isolation. The most
recent European strata is dominated by the E1b1b1a2 lin-
eages in Vojvodina, I in Belgrade, and J in Kosovo,
reflecting differential gene flow, admixture with the local
populations, and/or genetic drift.
Overall, our results indicate that the most pronounced

difference among the three Roma collections examined
in this study lies in the contrasting distributions of Y
haplogroups H and E. The high proportions of hap-
logroup H-M69 lineages in the Kosovo and Belgrade pop-
ulations, along with relatively reduced haplotype diver-
sity and mean variance compared to the Indian subconti-
nent, lend support to the plausible Indian ancestry of
these groups. In addition, the coalescent times based on
the Romani modal haplotype for the Kosovo and Bel-
grade populations are younger than their Indian coun-
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terpart. Conversely, the low frequency of H-M69 derived
chromosomes, in combination with elevated levels of
haplogroups E-V13 and I-M258, supports a higher
degree of gene flow and/or admixture of the Vojvodina
Roma with neighboring Balkan groups.
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Cinnioğlu C, King R, Kivisild T, Kalfoğlu E, Atasoy S, Cavalleri
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Minárik G, Ferák V, Feráková E, Ficek A, Poláková H, Kádasi
L. 2003. High frequency of GJB2 mutation W24X among Slo-
vak Romany (Gypsy) patients with non-syndromic hearing
loss (NSHL). Gen Physiol Biophys 22:549–556.

Mirabal S, Regueiro M, Cadenas AM, Cavalli-Sforza LL, Under-
hill PA, Verbenko DA, Limborska SA, Herrera RJ. 2009. Y-
chromosome distribution within the geo-linguistic landscape
of northwestern Russia. Eur J Hum Genet 17:1260–1273.

Mirabal S, Varljen T, Gayden T, Regueiro M, Vujovic S, Popovic D,
Djuric M, Stojkovic O, Herrera RJ. 2010. Human Y-chromosome

short tandem repeats: a tale of acculturation and migrations as
mechanisms for the diffusion of agriculture in the Balkan Penin-
sula. Am J Phys Anthropol 142:380–390.

Morar B, Gresham D, Angelicheva D, Tournev I, Gooding R,
Guergueltcheva V, Schmidt C, Abicht A, Lochmuller H, Tordai
A, Kalmar L, Nagy M, Karcagi V, Jeanpierre M, Herczegfalvi
A, Beeson D, Venkataraman V, Warwick Carter K, Reeve J,
de Pablo R, Kucinskas V, Kalaydjieva L. 2004. Mutation his-
tory of the Roma/Gypsies. Am J Hum Genet 75:596–609.

Nei M. 1987. Molecular evolutionary genetics. New York: Co-
lumbia University Press.
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R, Rudan P. 2005. High-resolution phylogenetic analysis of
Southeastern Europe traces major episodes of paternal gene
flow among Slavic populations. Mol Biol Evol 22:1964–1975.

Rootsi S, Magri C, Kivisild T, Benuzzi G, Help H, Bermisheva
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Rudan P, Balanovska E, Scheffrahn W, Simonescu M, Brehm
A, Goncalves R, Rosa A, Moisan JP, Chaventre A, Ferak V,
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Rubinsztein DC, Saillard J, Santos FR, Stefanescu G, Sykes
BC, Tolun A, Villems R, Tyler-Smith C, Jobling MA. 2000.
Y-chromosome diversity in Europe is clinal and influenced pri-
marily by geography, rather than by language. Am J Hum
Genet 67:1526–1543.

Sahoo S, Singh A, Himabindu G, Banerjee J, Sitalaximi T,
Gaikwad S, Trivedi R, Endicott P, Kivisild T, Metspalu M,
Villems R, Kashyap VK. 2006. A prehistory of Indian Y chro-
mosomes: evaluating demic diffusion scenarios. Proc Natl
Acad Sci USA 103:843–848.

Scott DA, Kraft ML, Carmi R, Ramesh A, Elbedour K, Yairi Y,
Srisailapathy CR, Rosengren SS, Markham AF, Mueller RF,
Lench NJ, Van Camp G, Smith RJ, Sheffield VC. 1998. Identi-
fication of mutations in the connexin 26 gene that cause auto-
somal recessive non-syndromic hearing loss. Hum Mutat
11:387–394.

Semino O, Magri C, Benuzzi G, Lin AA, Al-Zahery N, Battaglia
V, Maccioni L, Triantaphyllidis C, Shen P, Oefner PJ, Zhivo-
tovsky LA, King R, Torroni A, Cavalli-Sforza LL, Underhill
PA, Santachiara-Benerecetti AS. 2004. Origin, diffusion, and
differentiation of Y-chromosome haplogroups E and J: infer-
ences on the neolithization of Europe and later migratory
events in the Mediterranean area. Am J Hum Genet 74:1023–
1034.

Semino O, Passarino G, Oefner PJ, Lin AA, Arbuzova S,
Beckman LE, De Benedictis G, Francalacci P, Kouvatsi A,
Limborska S, Marcikiae M, Mika A, Mika B, Primorac D,
Santachiara-Benerecetti AS, Cavalli-Sforza LL, Underhill PA.
2000. The genetic legacy of Paleolithic Homo sapiens sapiens
in extant Europeans: a Y chromosome perspective. Science
290:1155–1159.

Sengupta S, Zhivotovsky LA, King R, Mehdi SQ, Edmonds CA,
Chow CE, Lin AA, Mitra M, Sil SK, Ramesh A, Usha Rani
MV, Thakur CM, Cavalli-Sforza LL, Majumder PP, Underhill

11Y-CHROMOSOME ANALYSIS IN ROMA POPULATIONS

American Journal of Physical Anthropology



PA. 2006. Polarity and temporality of high-resolution y-chro-
mosome distributions in India identify both indigenous and
exogenous expansions and reveal minor genetic influence of
Central Asian pastoralists. Am J Hum Genet 78:202–221.

Thanseem I, Thangaraj K, Chaubey G, Singh VK, Bhaskar LV,
Reddy BM, Reddy AG, Singh L. 2006. Genetic affinities
among the lower castes and tribal groups of India: inference
from Y chromosome and mitochondrial DNA. BMC Genet
7:42.

Underhill PA, Jin L, Lin AA, Mehdi SQ, Jenkins T, Vollrath D,
Davis RW, Cavalli-Sforza LL, Oefner PJ. 1997. Detection of
numerous Y chromosome biallelic polymorphisms by denatur-
ing high-performance liquid chromatography. Genome Res
7:996–1005.

Underhill PA, Passarino G, Lin AA, Shen P, Mirazón Lahr M,
Foley RA, Oefner PJ, Cavalli-Sforza LL. 2001. The phylogeog-
raphy of Y chromosome binary haplotypes and the origins of
modern human populations. Ann Hum Genet 65:43–62

Wells RS, Yuldasheva N, Ruzibakiev R, Underhill PA, Evseeva
I, Blue-Smith J, Jin L, Su B, Pitchappan R, Shanmuga-
lakshmi S, Balakrishnan K, Read M, Pearson NM, Zerjal T,
Webster MT, Zholoshvili I, Jamarjashvili E, Gambarov S,
Nikbin B, Dostiev A, Aknazarov O, Zalloua P, Tsoy I, Kitaev
M, Mirrakhimov M, Chariev A, Bodmer WF. 2001. The
Eurasian heartland: a continental perspective on Y-chromo-
some diversity. Proc Natl Acad Sci USA 98:10244–10249.

Zhivotovsky LA, Underhill PA. 2005. On the evolutionary muta-
tion rate at Y-chromosome STRs: comments on paper by Di
Giacomo et al. (2004). Hum Genet 116:529–532.

Zhivotovsky LA, Underhill PA, Cinnioğlu C, Kayser M, Morar
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