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Abstract Y chromosome variation at 12 STR (the
Powerplex® Y system core set) and 18 binary markers
was investigated in two major (the Ghegs and the Tosks) and
twominor (the Gabels and the Jevgs) populations fromAlbania
(Southern Balkans). The large proportion of haplotypes shared
within and between groups makes the Powerplex 12-locus set
inadequate to ensure a suitable power of discrimination for the
forensic practice. At least 85% of Y lineages in the Jevgs, the
cultural minority claiming an Egyptian descent, turned out to be
of either Roma or Balkan ancestry. They also showed
unequivocal signs of a common genetic history with the
Gabels, the other Albanian minority practising social and
cultural Roma traditions.
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Introduction

The Balkan Peninsula has been a crossroads of various
cultures since pre-history and still nowadays remains the
target of many migration waves. Its ethnic mosaic com-
prises mainly Indo-European populations, as well as Altaic-
speaking groups and several cultural minorities. Albanians
are considered the most conservative among Balkan
population and believed to be direct descendants of the
Illyrians, who first appeared in the western portion of the
Balkan Peninsula around 3,000 years ago. Since the 6th
century AD, when migrating Slavs pushed the Illyrians into
present-day Albania, the harsh mountain landscape and the
resilient tribal society enabled the population to survive
keeping intact their identity and their language. The greatest
demographic event in historical times was caused by the
Ottoman rule that forced many Christian Albanians, or
Arbëreshë, to move to Southern Italy and Northern Greece
in several waves of migrations from the 15th to the 18th
century AD [1]. With the collapse of the communist and
socialist regimes in Eastern Europe after 1989, the situation
has drastically changed. No other country in the world has
been so deeply affected by emigration in the last two
decades [2]. Approximately 800 thousand people are
thought to have emigrated out of Albania to live abroad
[3], with the greatest concentration in Greece and Italy.
Little is known about internal migration that should have
taken place over the same period.

Nowadays, Albanian people can be divided into two
major groups, the Ghegs (in the North) and the Tosks (in
the South), according to the Albanian dialect they speak,
plus a number of cultural minorities, including the Gabels
and the Jevgs. The Gabels belong to the Roma minority,
who first arrived to Albania around the 14th century AD
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from present Bulgaria, and are among the most politically,
economically and socially neglected groups in the country.
The so-called Balkan Egyptians (Jevgs in Albanian) are a
minority seeing themselves as quite distinct from the Roma
community. They are widely dispersed in the Balkan area
and claim an Egyptian origin. Some scholars identify their
African ancestors in migrating slaves at the time of Pharaoh
Ramses II (13th century BC), some others in Coptic migrants
who came from Egypt in the 4th century AD or in Egyptian
slaves who came to Albania in the 19th century AD [4–12].

In this research work, we primarily aimed at evaluating
the forensic efficiency of Y chromosome markers in the
Albanian groups. Such analyses draw importance from
two reasons: (1) until recently, Albanians could be
interpreted as a rural isolated population sub-structured
in small clan-based groups and have been warned against
the effect of ignoring the population structure when
analysing the value of evidence from Y-STR haplotypes
in small-sized communities [13, 14]; (2) old and recent
diasporas fragmented foreign Albanians in a galaxy of
small endogamous communities throughout Europe for
which the use of a general Balkan database may result in a
relevant overestimation of likelihood ratios.

As secondary aim, we described the Y profile of two
ethnic minorities with alleged different demographic history
in order to check their degree of isolation and make inference
about the controversial origin of their paternal lineages.

Materials and methods

Subjects

DNA of 360 unrelated healthy Albanian males, of which
165 were Ghegs (north Albania), 121 Tosks (south

Albania), 33 Jevgs (alleged Balkan Egyptians) and 41
Gabels (Roma of Albania), was purified from blood and
saliva samples using either the Chelex method [15] or the
QIAGEN micro Kit (Qiagen, Chatsworth, CA) according to
the manufacturer's instructions.

All the participants gave their informed consent, provided
detailed information on their geographical origin, and had
two generations of unrelated paternal ancestry in their region
of birth.

DNA analyses

The Powerplex® Y System kit was used for the amplification
of 12 short tandem repeat (STR) loci (DYS19, DYS389I,
DYS389II, DYS390, DYS391, DYS392, DYS393,
DYS385a/b, DYS437, DYS438 and DYS439, in this order
thereafter) according to manufacturer's instruction (Promega,
Madison, WI). A total of 18 binary markers (M170, M172,
M35, M9, M45, M173, M89, M267, M282, M304, M214,
M52, M201, M96, M181, M174, M91 and M216) was typed
in two multiplex PCRs following [16] (Fig. 1). Haplogroups
were named according to the latest YCC nomenclature [17]
and Y-STR alleles according to International Society for
Forensic Genetics (ISFG) commission [18].

Genotyping of Y-STRs was achieved using an ABI 3130
Genetic Analyzer (Applied Biosystems) using the reference
sequenced ladders provided by the manufacturers. Samples
were analysed by GeneMapper ID v. 3.2 software (Applied
Biosystems).

Quality control

In-house proficiency testing with control DNA The labora-
tory participated in the proficiency testing of the GeFI-
ISFG working group (2006) and to the quality control test

 Gabel Gheg Jevg Tosk All 
   

 E* - 0.61 - - 0.28
  M96         
     M35  E1b1b1* 4.88 41.21 15.15 28.10 30.28
           
    M201   G* - 1.21 - 3.31 1.67 
           
    M52   H1* 68.29 0.61 42.42 2.48 12.78
           
     M170  I* - 9.09 9.09 25.62 13.61
           

   M267  J1* - 1.82 - 1.65 1.39
         
   M172  J2* 17.07 23.03 9.09 16.53 18.89
         
   M9(xM45)  K* - 1.21 - 3.31 1.67
         
   M173  R1* 9.76 21.21 24.24 19.01 19.44

Fig. 1 Phylogenetic tree of the
Y chromosome according to the
YCC with SNP mutations
frequencies of the Albanian
populations analysed
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with blind haplotyping of five DNA samples for Y-STR
haplotype reference database [19].

Data analyses

Haplotype and haplogroup frequencies were estimated by
gene counting. Haplotype diversity was calculated according
to Nei [20] using the Arlequin software version 3.01 [21].
Diversities were also reported in terms of forensically
relevant parameters (Table 1): discrimination capacity (the
percentage of unique haplotypes) and match probability (the
probability that two randomly chosen chromosomes are
identical).

Analyses of molecular variance (AMOVA) analyses
and pairwise genetic distances (RST, for STR-haplotypes
and FST, for single nucleotide polymorphism (SNP)-
haplogroups) were performed using the Arlequin 3.01
package. Patterns of genetic differentiation were visual-
ised using a multidimensional scaling approach performed
on pairwise RST and FST distance matrices with the
STATISTICA 5.0 package (StatSoft). Allele variation at
the duplicated DYS385a/b site was excluded when
calculating RST. For comparative data on haplogroup and
microsatellite frequencies, we referred to published sour-
ces (see Table S1).

A quantitative measure of the haplotypes shared by
population pairs was performed weighting the number of
matches upon the total number of diverse haplotypes.

The phylogenetic relationships between the Y-STR
haplotypes within E1b1b1-M35, I*-M170 and H*-M69
lineages were elucidated through the median-joining algo-
rithm [22] implemented in the NETWORK 4.5.1.0 software
[23]. Microsatellite loci were weighted according to the
inverse of their variance.

We estimated the most likely mutations between 12-
locus haplotypes pairs diverged 130 (13th century BC), 65
(4th century AD) and seven (19th century AD) generations
ago, from the posterior distribution of the time to the most
recent common ancestor [24], considering 31 years as
generation length and 2.137×10-3 as mean mutation rate
averaged over more than 20 germ-line-based estimates [19].

Results

Y-STR diversity

The distribution and haplogroup assignment of each
Powerplex haplotype in the four Albanian ethnic groups
are given in Supplementary Material (Table S1). Off-ladder

Gabel (N=41) Gheg (N=165) Jevg (N=33) Tosk (N=121)

Minimal seven Y-STR haplotype

Number of haplotypes 13 71 18 78

Unique haplotypes 6 42 10 51

Haplotype diversity ±SD 0.6268±0.0871 0.9469±0.0091 0.8466±0.0618 0.9825±0.0057

Discrimination capacity (%) 31.71 43.03 54.55 64.46

Match probability (%) 37.32 5.31 15.34 1.75

Minimal nine Y-STR haplotype

Number of haplotypes 17 95 23 95

Unique haplotypes 8 73 13 73

Haplotype diversity ±SD 0.8768±0.0340 0.9756±0.0054 0.9356±0.0332 0.9945±0.0021

Discrimination capacity (%) 41.46 57.58 69.70 78.51

Match probability (%) 12.32 2.44 6.44 0.55

Minimal 11 Y-STR haplotype

Number of haplotypes 20 107 23 102

Unique haplotypes 10 84 16 79

Haplotype diversity ±SD 0.9134±0.0289 0.9812±0.0048 0.9356±0.0332 0.9963±0.0019

Discrimination capacity (%) 48.78 64.85 69.70 84.30

Match probability (%) 8.66 1.88 6.44 0.37

Minimal 12 Y-STR haplotype

Number of haplotypes 21 110 23 104

Unique haplotypes 11 87 16 82

Haplotype diversity ±SD 0.9171±0.0293 0.9825±0.0047 0.9356±0.0332 0.9970±0.0016

Discrimination capacity (%) 51.22 66.67 69.70 85.95

Match probability (%) 8.29 1.75 6.44 0.30

Table 1 Forensic parameters
of the four Albanian populations
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alleles were observed at DYS437 (allele 18 in one Tosk
donor belonging to the R1*-M173 haplogroup) and
DYS438 (allele 13 in three Gheg donors belonging to the
R1*-M173 haplogroup). Duplicated or null-alleles were not
observed.

Amongst the 360 Albanian males analysed, 233 diverse
haplotypes (64.7%) and 196 unique haplotypes (54.4%)
were observed. The most frequent haplotypes were one
neighbouring pair assigned to H1-M52 (15–14–30–22–10–
11–12–15,17 or 15,18-14–9–11) and one neighbouring pair
assigned to E1b1b-M35 (13–13–30–24 or 25–10–11–13–
16,18–14–10–12). They were found in all four groups but
with different proportions: the former pair is the most
common in the Gabel (39.0%) and Jevg (36.4%) pools, the
latter is the most frequent pair among the Ghegs (10.9%)
and the Tosks (3.3%).

The haplotype diversity (see Table 1 and Table S1) was
very low in the Gabel (0.9171 for the Powerplex set of loci)
and high in the Tosks (0.9970), as expected in highly
endogamous and panmictic groups, respectively [25]. The
Jevg diversity was low (0.9356), but at the uppermost
values observed in other Roma groups. The Gheg diversity
was higher (0.9825) but under the range of values observed
in non-Roma Balkan populations.

The Gabels' haplotype diversity increased by 46.2%
and discrimination capacity by 32.6% when using the
Powerplex system instead of the minimal 7-locus set
(Table 1) and a similar albeit smaller increment of the same
parameters was detected in the other groups. However, the
match probabilities remained high at the 12-locus resolution
level within Gabel (8.29%), Jevg (6.44%) and Gheg (1.75%)
pools.

Pairwise haplotype distances

Pairwise RST distances between 7-locus Y-STR haplotypes
in Albanians, Roma and non-Roma host populations were
summarised in Table S2 [26–46]. Almost all distance values
within and between Albanians reached statistical signifi-
cance (Table S2) except between the Tosks and their closest
Balkan neighbours (Greek, Macedonians, Bulgarians) and
between the Gabels or the Jevgs and some Roma groups
(i.e. Bulgarian and Slovakian Roma).

The populations with Balkan and Italian origin
grouped into separate clusters on the graph. The genetic
distances among Romani-speaking groups were generally
higher and did not correlate with geography in accor-
dance with the complex history of fragmentation since
the arrival of proto-gypsy groups in Europe and with
previous analyses [26]. The existence of a clear-cut
genetic sub-structure was further confirmed by AMOVA
considering three hierarchical levels and three population
groups (Roma/Balkan/Italian). The difference between

groups accounted for 10.6% of the total genetic variance
(p<0.00001) and was larger than the difference within
groups (4.9%, p<0.00001).

The Tosks fell well within the Balkan cluster and the
Gabels within the Roma cluster, whereas the Gheg and the

Fig. 2 Median-joining network of haplogroups E1b1b1-M35 (a), H*-
M69 (b) and I*-M170 (c). Circles represent haplotypes with an area
proportional to frequency, and colours indicate the population of
origin
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Jevg samples took an outlier position. In order to better
understand the cause of the intermediate genetic profile of
the two latter groups, we calculated the Y-STR haplotype
sharing between-sample pairs and surveyed SNP-based
variability. Such data should disclose genetic relationships
among populations, at the most recent and a more ancient
time scale, respectively.

Haplotype sharing

The proportion of haplotypes shared between population
samples is shown in Table S2. As for diversity values, the
results can be paired for Ghegs and Tosks and for Gabels
and Jevgs. At 7-locus haplotypes, the highest proportion
was between the two Albanian major groups (55.6%)
whereas the second highest proportions were between them
and the two Albanian minorities (34.4–41.6% as average).
Whatever the level of resolution, the Gabels and the Jevgs
showed the highest matching proportion between them
(60.8% at seven loci; 40.5% at 12 loci), and their affinity
with Roma tribes (40.5–51.4% and 27.8–28.0% as average)
was always much higher than with either major Albanians
or non-Roma Balkans.

Y-SNP variation

The binary profile (Fig. 2a–c ) mirrored the dual structure
(Ghegs/Tosks vs Gabels/Jevgs) observed at Y-STR varia-
tion. Haplogroup H1-M52, which is strongly associated
with European Roma tribes and to an Indian proto-gypsy
ancestry [26, 29, 47], was found at very low frequency in
the major Albanian groups (0.6–2.5%) but was by far the
dominant haplogroup in the Gabels (68.3%) and the Jevgs
(42.4%). Conversely, haplogroups I-M170 and E1b1b1-
M35, which are common lineages in Balkan populations

[48, 49], summed up to over the 50% of binary variability
in the Ghegs and the Tosks but were less common in the
Jevgs (24.2%) and even rarer in the Gabels (4.9%).
Haplogroups J2-M172 and R1-M173 were observed at
substantial frequencies in all the four Albanian groups. It
has been suggested that J2 chromosomes were acquired by
the proto-gypsy founder population through a Turkish–
Aegean route and that R1 chromosomes entered in the
Roma gene pool by admixture with local European
populations [29]. For J2 and R1 lineages, no matching or
neighbour haplotypes with Egyptian chromosomes were
found in the YHRD (release 30, 23,979 Powerplex
haplotypes from 221 populations worldwide) and in a
manually edited archive of published and unpublished data
(17,351 Powerplex haplotypes from 136 Eurasian popula-
tions). Chromosomes bearing mutations G-201, K-M9 and
J1-M267 were observed only in the Gheg/Tosk pair at
frequencies as low (4.2 in the Ghegs, 8.3 in the Tosks) as in
the rest of the Balkan area [30, 50].

The dissection of the main haplogroups into networks of
12-locus haplotypes is given in Fig. 2a–c. The network of
H-M69 haplotypes is in accordance with mode (strong
founder effect) and times (800–1,100 yBP) [51, 52] at the
origin of proto-gypsy migration from Asia to Europe and
points to a deep common ancestry for Gabel and Jevg
variation (rho-based TMRCA=1,110±582 yBP).

The network of I-M170 haplotypes is structured into
at least three sub-clades that we inferred to correspond
to I1-M253 (A branch), I2a-P37 (B branch) and I2b-
M223 (C branch) chromosomes [48] on the basis of
SNP-typed haplotypes (data not shown). Gheg and Tosk
haplotypes are closely associated with Balkan chromo-
somes in all the three sub-clades, whereas Jevg chromo-
somes appeared to be much more linked to Balkan than to
Albanian chromosomes on the B branch only. The latter
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Fig. 3 MDS analysis based on
the frequencies of the Y chro-
mosome haplogroups E-M35,
G-M201, H-M69, I-M170, J1-
M267, J2-M172, K*-M9, P-P27
and R-M17 in the examined
Albanians and other European
populations (stress index
0.1225, p<0.01 [56])
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feature suggests that the flow of I chromosomes to the
Jevg Y pool might not have been mediated by the Ghegs
or the Tosks and most likely is to be traced back to an
early phase of permanence of Roma tribes in the Balkan
area.

The absence of close links between Jevg and North
African haplotypes in the network of E1b1b1-M35 chro-
mosomes makes unlikely a recent common ancestry in
Egypt. However, Y chromosomes with up to two muta-
tional differences at 12 STR haplotypes can be considered
compatible with putative Egyptian ancestors. Following
this, we searched haplotypes differing 0–2 mutational steps
from Jevg E chromosomes on databases. Three out of five
haplotypes fully matched with a total of 76 chromosomes
of Albanian (31.6%), Balkan (30.3%), Central European
(28.9%), Italian (1.3%) but also North African (5.3%)
origin. Whether the African matches (two haplotypes from
Sohag, Egypt; one haplotype from El Minia, Egypt; two
haplotypes from Sfax, Tunisia) are identical by descent to
Jevg chromosomes or they are the effect of convergence, a
phenomenon commonly observed among haplotypes be-
longing to E-M35 subgroups [36] could be checked only by
typing a larger set of population samples for M35
downstream mutations.

Discussion

The determination of the population of origin of a crime-
scene sample would be very useful information in forensics
and the combined analysis of SNP and STR Y chromosome
markers is a critical step for making inferences on the
geographic or ethnic ancestry of an unknown sample
because of some populations may show a proportion of
shared haplotypes as a results of recent gene flow [53].
However, such inferences should be always carefully
evaluated given the complex historical demographic dy-
namics that have characterised European history [54, 55].
When generating reference databases for forensic purpose,
in particular for culturally isolated populations such as
Roma groups, the population structure should always be
investigated for a correct evaluation of haplotype frequen-
cies, and the use of a general database instead of the
specific one may result in a relevant overestimation of the
likelihood ratio.

The present research contributed to define the first SNP
and STR profile of the two major Albanian ethnic groups
(Tosks and Ghegs) and of two minorities (Gabels and
Ghegs). The Tosk profile is largely consistent with the
variability expected in a panmictic population of southern
Balkan origin. Weak signatures of gene flow with Roma
groups, probably mediated by the Gabels or the Jevgs, have
been identified in the presence of H1-M52 lineages (2.5%).

The Gheg profile closely resembles the Tosk one for
haplogroup composition and level of H1 introgression
(0.6%). However, haplotype diversity values and the
skewed E1b1b1-M35 and I-M170 haplogroup frequencies
suggest a higher degree of reproductive isolation than in
Tosks, a condition that might also explain the partially
marginal position of the Ghegs in Y-SNP-based MDS plots
(Fig. 3). The Gabel profile is typical of European Roma
tribes and shows high affinity to Vlax subgroups. The 12-
locus haplotype diversity is among the lowest so far
observed in Europe and reflects the gypsy tradition of
endogamous marriages. As for other gypsy groups most of
E1b1b1-M35, I-M170, R1-M173 and J2-M172 lineages
could be related to admixture events occurred in an early
phase of the history of Romani populations in Europe, but a
more recent gene flow from non-Roma Albanians cannot be
excluded.

The Y profile of the Jevg minority can be confidently
ascribed to a Roma ancestry. It differs from the Gabel's
features for showing a higher diversity value, as a
consequence of a lower ratio between the Roma (H1-M52
chromosomes) and the non-Roma component (E1b1b1-
M35, I-M170, R1-M173, J2-M172 chromosomes). A larger
genetic contribution from host European populations justify
the left-oriented shift of Jevgs on the MDS plot and makes
their genetic profile much more similar to gypsy groups
with a long migration history as Portuguese, Spanish and
Lithuanian Roma. The exact matchings observed with
North African samples at three E1b1b1 haplotypes is a
genetic link too weak to claim a recent Egyptian ancestry of
Jevg people. Evidence of identity by state among haplo-
types belonging to M35 sub-lineages (see the network of
Fig. 2a) calls for a more resolved genealogy of Albanian E
chromosomes before one can assign those haplotypes to the
same genealogy.

Conclusions

The Powerplex Y system hardly ensures an adequate
probability of exclusion to suspects belonging to Albanian
populations. The generally high degree of endogamy, the
reduced effective population size and the exchange of male
lineages which occurred between major and minor popula-
tion groups decrease unacceptably the discrimination
capacity of this set of loci even if the STR profile is
supported by SNP typing. Therefore, great care should be
taken when analysing a Powerplex® Y profile match against
Albanian databases. In crime-scene items, autosomal STRs
are indeed the markers of choice also for very close
communities, confirmed by our Identifiler analysis (233
individuals, 90 Ghegs, 64 Tosks, 49 Gabels and 30 Jevgs)
that yielded high values of forensic parameters in all groups
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(results available upon request). However, there are a number
of cases (as sex-related crimes) where male–female admixed
samples need to be investigated, and male-specific markers
are the only reliable information if the mixture is strongly
skewed toward the female component.

The Jevgs, the Albanian group self-assigned to the wider
Balkan Egyptian community, turned out to have a very close
genetic affinity with European Roma tribes, particularly with
the Albanian Roma (Gabels). Despite the relatively small
sample size, our results can reject the hypothesis of a North
African origin for at least 85% of Jevg chromosomes (lineages
H1, I*, J2, R1) and suspend the judgement on the remaining
15% (E1b1b1 chromosomes) to future analyses on M35
downstream SNPs.

Acknowledgements We thank all DNA donors and those who made
possible the contacts with Albanian communities, in particular Mrs.
Nirvana Radheshi. The authors would also like to thank Francesca
Ferrari of the Section of Legal Medicine, Department of Diagnostic
and Laboratory Service and Legal Medicine, University of Modena
and Reggio Emilia, for her efforts with this research.

References

1. Derhemi E (2003) New Albanian immigrants in the old Albanian
diaspora: Piana degli Albanesi. J Ethn Migr Stud 29(6):1015–
1032

2. King R (2003) Across the sea and over the mountains:
documenting Albanian migration. Scot Geog J 119(3):283–309

3. Barjaba K (2000) Contemporary patterns in Albanian emigration.
South-East Europe Review 3(2):57–64

4. Marushiakova E, Boev I, Rychlik J, Ragaru N, Popov V, Zemon
R, Friedman V. Identity formation among minorities in the
Balkans: the cases of Roms, Egyptians and Ashkali in Kosovo
(2001) Minority Studies Society Studii Romani Sofia

5. Marushiakova E, Popov V (2001) New ethnic identities in the
Balkans: the case of the Egyptians. FACTA UNIVERSITATIS.
Philos Sociol 2:467–477

6. Zemon R (2006) Differences of prejudices and collective blames
toward to the Balkan's Egyptians community and their integration
in some Balkan's states. “Prejudices & stereotypes are stimulating
the racial discrimination” Organized by NGO of Balkan's
Egyptians in Albania “Nefreta”, Tirana 24 February

7. Zemon R (2003) Balkans Egyptians: a short presentation about
their history of identity building, migration waves and ethno-
cultural characteristics Strasbourg

8. Courthiades M (2000) CEDIME-SE electronic interview with
Marcel Courthiades (a linguist, specialist on the Roma dialectecs),
March-April, 2000. Accessed on: 23 November 2009. Available at
www.greekhelsinki.gr/pdf/cedime-se-albania-roma.doc

9. Courthiades M (2000) Center for Documentation and Information on
minorities in Europe-Southeast Europe (CEDIME-SE), Roma of
Albania, August, 2000. Accessed on: 23 November 2009. Available
at www.greekhelsinki.gr/pdf/cedime-se-albania-roma.doc

10. Union of Balkan Egyptians. Accessed on: 23 November 2009.
Available at: http://www.balkanaegypter.com

11. Council of Europe. Accessed on: 23 November 2009. Available at:
http://www.coe.int/t/dg3/romatravellers/documentation/culture/repsemi-
naronCulturalIdentities_en.asp

12. World Directory of Minorities and Indigenous Peoples. Accessed
on: 23 November 2009. Available at: http://www.minorityrights.
org/1377/albania/egyptians.html

13. Zarrabeitia MT, Riancho JA, Lareu MV, Leyva-Cobián F,
Carracedo A (2003) Significance of micro-geographical popula-
tion structure in forensic cases: a Bayesian exploration. Int J Legal
Med 117(5):302–305

14. Brion M, Quintans B, Zarrabeitia M, Gonzalez-Neira A, Salas A,
Lareu V, Tyler-Smith C, Carracedo A (2004) Micro-geographical
differentiation in Northern Iberia revealed by Y-chromosomal
DNA analysis. Gene 329:17–25

15. Walsh PS, Metzger DA, Higuchi R (1991) Chelex 100 as a
medium for simple extraction of DNA for PCR-based typing from
forensic material. Biotechniques 10:506–513

16. Onofri V, Alessandrini F, Turchi C, Pesaresi M, Buscemi L,
Tagliabracci A (2006) Development of multiplex PCRs for
evolutionary and forensic applications of 37 human Y chromosome
SNPs. Forensic Sci Int 157(1):23–35

17. Karafet TM, Mendez FL, Meilerman MB, Underhill PA, Zegura
SL, Hammer MF (2008) New binary polymorphisms reshape and
increase resolution of the human Y chromosomal haplogroup tree.
Genome Res 18(5):830–838

18. Gusmão L, Butler JM, Carracedo A, Gill P, Kayser M, Mayr WR,
Morling N, Prinz M, Roewer L, Tyler-Smith C, Schneider PM
(2006) DNA commission of the international society of forensic
genetics. Forensic Sci Int 157(2–3):187–197

19. Willuweit S, Roewer L (2007) Y chromosome haplotype
reference database (YHRD): update. Forensic Sci Int-Gen 1
(2):83–87

20. Nei M (1987) Molecular evolutionary genetics. Columbia Uni-
versity Press, New York

21. Excoffier L, Laval G, Schneider S (2005) Arlequin ver. 3.0: an
integrated software package for population genetics data analysis.
Evol Bioinform Online 1:47–50

22. Bandelt HJ, Forster P, Sykes BC, Richards MB (1995) Mitochon-
drial portraits of human populations using median networks.
Genetics 141(2):743–753

23. Fluxus technology, Accessed on: 23 November 2009. http://www.
fluxus-engineering.com

24. Walsh B (2001) Estimating the time to the most recent common
ancestor for the Y chromosome or mitochondrial DNA for a pair
of individuals. Genetics 158:897–912

25. Budowle B, Bieber FR, Eisenberg AJ (2005) Forensic aspects of
mass disasters: strategic considerations for DNA-based human
identification. Leg Med 7(4):230–243

26. Gresham D, Morar B, Underhill PA, Passarino G, Lin AA, Wise
C, Angelicheva D, Calafell F, Oefner PJ, Shen P, Tournev I, de
Pablo R, Kuĉinskas V, Perez-Lezaun A, Marushiakova E, Popov
V, Kalaydjieva L (2001) Origins and divergence of the Roma
(gypsies). Am J Hum Genet 69(6):1314–1331

27. Pokupcić K, Cukrov S, Klarić IM, Salihović MP, Lauc,
Blazanović A, Janićijević B (2008) Y-STR genetic diversity of
Croatian (Bayash) Roma. Forensic Sci Int-Gen 2(2):e11–e13

28. Nagy M, Henke L, Henke J, Chatthopadhyay PK, Völgyi A,
Zalán A, Peterman O, Bernasovská J, Pamjav H (2007) Searching
for the origin of Romanies: Slovakian Romani, Jats of Haryana
and Jat Sikhs. Y-STR data in comparison with different Romani
populations. Forensic Sci Int 169(1):19–26

29. Gusmão A, Gusmão L, Gomes V, Alves C, Calafell F, Amorim A,
Prata MJ (2008) A perspective on the history of the Iberian
gypsies provided by phylogeographic analysis of Y-chromosome
lineages. Ann Hum Genet 72(2):215–227

30. Bosch E, Calafell F, González-Neira A, Flaiz C, Mateu E, Scheil
HG, Huckenbeck W, Efremovska L, Mikerezi I, Xirotiris N, Grasa
C, Schmidt H, Comas D (2006) Paternal and maternal lineages in
the Balkans show a homogeneous landscape over linguistic

Int J Legal Med (2010) 124:363–370 369

http://www.greekhelsinki.gr/pdf/cedime-se-albania-roma.doc
http://www.greekhelsinki.gr/pdf/cedime-se-albania-roma.doc
http://www.balkanaegypter.com
http://www.coe.int/t/dg3/romatravellers/documentation/culture/repseminaronCulturalIdentities_en.asp
http://www.coe.int/t/dg3/romatravellers/documentation/culture/repseminaronCulturalIdentities_en.asp
http://www.minorityrights.org/1377/albania/egyptians.html
http://www.minorityrights.org/1377/albania/egyptians.html
http://www.fluxus-engineering.com
http://www.fluxus-engineering.com


barriers, except for the isolated Aromuns. Ann Hum Genet 70
(4):459–487

31. Robino C, Crobu F, Di Gaetano C, Bekada A, Benhamamouch S,
Cerutti N, Piazza A, Inturri S, Torre C (2008) Analysis of Y-
chromosomal SNP haplogroups and STR haplotypes in an
Algerian population sample. Int J Legal Med 122(3):251–255

32. Klarić IM, Lauc LB, Pericić M, Janićijević B, Terzić R, Colak I,
Kvesić A, Rudan P (2005) Evaluation of Y-STR variation in
Bosnian and Herzegovinian population. Forensic Sci Int 154
(2–3):252–256

33. Zaharova B, Andonova S, Gilissen A, Cassiman JJ, Decorte R,
Kremensky I (2001) Y-chromosomal STR haplotypes in three
major population groups in Bulgaria. Forensic Sci Int 124(2–
3):182–186

34. Haliti N, Carapina M, Masić M, Strinović D, Klarić IM, Kubat M
(2009) Evaluation of population variation at 17 autosomal STR
and 16 Y-STR haplotype loci in Croatians. Forensic Sci Int-Gen 3
(4):e137–e138

35. Zastera J, Roewer L, Willuweit S, Sekerka P, Benesova L,
Minarik M Assembly of a large (2009)Y-STR haplotype database
for the Czech population and investigation of its substructure.
Forensic Sci Int-Gen doi:10.1016/j.fsigen.2009.06.005

36. El-Sibai M, Platt DE, Haber M, Xue Y, Youhanna SC, Wells RS,
Izaabel H, Sanyoura MF, Harmanani H, Bonab MA, Behbehani J,
Hashwa F, Tyler-Smith C, Zalloua PA (2009) Geographical
structure of the Y-chromosomal genetic landscape of the Levant:
a coastal-inland contrast. Ann Hum Genet 73(6):568–581

37. Kovatsi L, Saunier JL, Irwin JA (2009) Population genetics of Y-
chromosome STRs in a population of Northern Greeks. Forensic
Sci Int-Gen. doi:10.1016/j.fsigen.2009.01.001

38. Capelli C, Brisighelli F, Scarnicci F, Arredi B, Caglià A, Vetrugno
G, Tofanelli S, Onofri V, Tagliabracci A, Paoli G, Pascali VL
(2007) Y chromosome genetic variation in the Italian peninsula is
clinal and supports an admixture model for the Mesolithic–
Neolithic encounter. Mol Phylogenet Evol 44(1):228–239

39. Ferri G, Ceccardi S, Lugaresi F, Bini C, Ingravallo F, Cicognani A,
Falconi M, Pelotti S (2008) Male haplotypes and haplogroups
differences between urban (Rimini) and rural area (Valmarecchia) in
Romagna region (North Italy). Forensic Sci Int 175(2–3):250–255

40. Ferri G, Alù M, Corradini B, Radheshi E, Beduschi G (2009)
Slow and fast evolving markers typing in Modena males (North
Italy). Forensic Sci Int-Gen 3(2):e31–e33

41. Onofri V, Alessandrini F, Turchi C, Fraternale B, Buscemi L,
Pesaresi M, Tagliabracci A (2007) Y-chromosome genetic
structure in sub-Apennine populations of Central Italy by SNP
and STR analysis. Int J Legal Med 121(3):234–237

42. Adams SM, Bosch E, Balaresque PL, Ballereau SJ, Lee AC,
Arroyo E, López-Parra AM, Aler M, Grifo MS, Brion M,
Carracedo A, Lavinha J, Martínez-Jarreta B, Quintana-Murci L,
Picornell A, Ramon M, Skorecki K, Behar DM, Calafell F,
Jobling MA (2008) The genetic legacy of religious diversity and
intolerance: paternal lineages of Christians, Jews, and Muslims in
the Iberian Peninsula. Am J Hum Genet 83(6):725–736

43. Veselinovic IS, Zgonjanin DM, Maletin MP, Stojkovic O,
Djurendic-Brenesel M, Vukovic RM, Tasic MM (2008) Allele
frequencies and population data for 17 Y-chromosome STR loci in
a Serbian population sample from Vojvodina province. Forensic
Sci Int 176(2–3):e23–e28

44. Rodríguez V, Tomàs C, Sánchez JJ, Castro JA, Ramon MM,
Barbaro A, Morling N, Picornell A (2009) Genetic sub-structure
in western Mediterranean populations revealed by 12 Y-
chromosome STR loci. Int J Legal Med 123(2):137–141

45. Rapone C, Geraci A, Capelli C, De Meo A, D'Errico G, Barni F,
Berti A, Lago G (2007) Y chromosome haplotypes in Central-
South Italy: implication for reference database. Forensic Sci Int
172(1):67–71

46. Turrina S, Atzei R, De Leo D (2006) Y-chromosomal STR
haplotypes in a Northeast Italian population sample using 17plex
loci PCR assay. Int J Legal Med 120(1):56–59

47. Kalaydjieva L, Calafell F, Jobling MA, Angelicheva D, de Knijff
P, Rosser ZH, Hurles ME, Underhill P, Tournev I, Marushiakova
E, Popov V (2001) Patterns of inter- and intra-group genetic
diversity in the Vlax Roma as revealed by Y chromosome and
mitochondrial DNA lineages. Eur J Hum Genet 9(2):97–104

48. Rootsi S, Magri C, Kivisild T, Benuzzi G, Help H, Bermisheva M,
Kutuev I, Barać L, Pericić M, Balanovsky O, Pshenichnov A,
Dion D, Grobei M, Zhivotovsky LA, Battaglia V, Achilli A, Al-
Zahery N, Parik J, King R, Cinnioğlu C, Khusnutdinova E, Rudan
P, Balanovska E, Scheffrahn W, Simonescu M, Brehm A,
Goncalves R, Rosa A, Moisan JP, Chaventre A, Ferak V, Füredi
S, Oefner PJ, Shen P, Beckman L, Mikerezi I, Terzić R, Primorac
D, Cambon-Thomsen A, Krumina A, Torroni A, Underhill PA,
Santachiara-Benerecetti AS, Villems R, Semino O (2004) Phylo-
geography of Y-chromosome haplogroup I reveals distinct
domains of prehistoric gene flow in europe. Am J Hum Genet
75(1):128–137

49. Semino O, Magri C, Benuzzi G, Lin AA, Al-Zahery N, Battaglia
V, Maccioni L, Triantaphyllidis C, Shen P, Oefner PJ, Zhivotov-
sky LA, King R, Torroni A, Cavalli-Sforza LL, Underhill PA,
Santachiara-Benerecetti AS (2004) Origin, diffusion, and differ-
entiation of Y-chromosome haplogroups E and J: inferences on the
Neolithization of Europe and later migratory events in the
Mediterranean area. Am J Hum Genet 74(5):1023–1034

50. Tofanelli S, Ferri G, Bulayeva K, Caciagli L, Onofri V, Taglioli L,
Bulayev O, Boschi I, Alù M, Berti A, Rapone C, Beduschi G,
Luiselli D, Cadenas AM, Awadelkarim KD, Mariani-Costantini R,
Elwali NE, Verginelli F, Pilli E, Herrera RJ, Gusmão L, Paoli G,
Capelli C (2009) J1-M267 Y lineage marks climate-driven pre-
historical human displacements. Eur J Hum Genet 17(11):1520–
1524

51. Fraser A (1992) The gypsies. Blackwell, Cambridge
52. 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 history of the
Roma/gypsies. Am J Hum Genet 75(4):596–609

53. Phillips C, Prieto L, Fondevila M, Salas A, Gómez-Tato A,
Alvarez-Dios J, Alonso A, Blanco-Verea A, Brión M, Montesino
M, Carracedo A, Lareu MV (2009) Ancestry analysis in the 11-M
Madrid bomb attack investigation. PLoS ONE 4(8):e6583.
doi:10.1371/journal.pone.0006583

54. King TE, Parkin EJ, Swinfield G, Cruciani F, Scozzari R, Rosa A,
Lim SK, Xue Y, Tyler-Smith C, Jobling MA (2007) Africans in
Yorkshire. The deepest-rooting clade of the Y phylogeny within
an English genealogy. Eur J Hum Genet 15(3):288–293

55. Capelli C, Onofri V, Brisighelli F, Boschi I, Scarnicci F, Masullo
M, Ferri G, Tofanelli S, Tagliabracci A, Gusmao L, Amorim A,
Gatto F, Kirin M, Merlitti D, Brion M, Verea AB, Romano V, Cali
F, Pascali V (2009) Moors and Saracens in Europe: estimating the
medieval North African male legacy in southern Europe. Eur J
Hum Genet 17(6):848–852

56. Sturrock K, Rocha J (2000) A multidimensional scaling stress
evaluation table. Field Methods 12(1):49–60

370 Int J Legal Med (2010) 124:363–370

http://dx.doi.org/10.1016/j.fsigen.2009.06.005
http://dx.doi.org/10.1016/j.fsigen.2009.01.001
http://dx.doi.org/10.1371/journal.pone.0006583

	Y-STR...
	Abstract
	Introduction
	Materials and methods
	Subjects
	DNA analyses
	Quality control
	Data analyses

	Results
	Y-STR diversity
	Pairwise haplotype distances
	Haplotype sharing
	Y-SNP variation

	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


