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AssTrACT: The aim of this study is to provide an insight into Balkan populations’ genetic relations utilizing
in silico analysis of Y-STR haplotypes and performing haplogroup predictions together with network
analysis of the same haplotypes for visualization of the relations between chosen haplotypes and Balkan
populations in general. The population dataset used in this study was obtained using 23, 17, 12, 9 and
7 Y-STR loci for 13 populations. The 13 populations include: Bosnia and Herzegovina (B&H), Croatia,
Macedonia, Slovenia, Greece, Romany (Hungary), Hungary, Serbia, Montenegro, Albania, Kosovo,
Romania and Bulgaria. The overall dataset contains a total of 2179 samples with 1878 different haplotypes.
12a was detected as the major haplogroup in four out of thirteen analysed Balkan populations. The four
populations (B&H, Croatia, Montenegro and Serbia) which had I2a as the most prevalent haplogroup
were all from the former Yugoslavian republic. The remaining two major populations from former
Yugoslavia, Macedonia and Slovenia, had E1b1b and R1a haplogroups as the most prevalent, respectively.
The populations with E1b1b haplogroup as the most prevalent one are Macedonian, Romanian, as well
as Albanian populations from Kosovo and Albania. The 12a haplogroup cluster is more compact when
compared to E1b1lb and R1b haplogroup clusters, indicating a larger degree of homogeneity within the
haplotypes that belong to the I2a haplogroup. Our study demonstrates that a combination of haplogroup
prediction and network analysis represents an effective approach to utilize publicly available Y-STR
datasets for population genetics.

Key worbs: Balkan populations, Y-STR haplotype analysis, Haplogroup prediction, Median-joining tree, Y
chromosomal haplogroups.

Introduction 2005 and Shi et al. 2005). The Y chro-

mosome, despite being the smallest

The paternally inherited Y chromo- chromosome in the organism, still pos-
some is used in forensics for identifi- sesses two highly useful types of ge-
cation, anthropology and population netic markers, single nucleotide poly-
genetics for understanding origin and morphisms (SNPs) and short tandem
migrations of humans (Kayser et al. repeats (STRs) (Gusmao et al. 2005;
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Ballantyne et al. 2010; Wang et al.
2014). World population linkages, and
phylogenetic trees are created based
upon SNP markers, mainly because of
their low mutation rate (Wang et al.
2010). The lineages determined by SNP
patterns are referred to as haplogroups.
Haplogroups can also be inferred from
readily available Y-STR genotyping data
(Athey 2006). In the forensic context
there is plenty of Y-STR data available
(Willuweit and Roewer 2015) that can
also be explored for population genet-
ics.

Haplogroup I referred to as “Palaeo-
lithic” European-specific is a biological
proof that Balkan population has had an
additional expansion after the last Ice
Age (Marjanovi¢ et al. 2005). Anatolian
agriculture began to spread 8,000 to
9,500 years ago and went across the Bal-
kan regions (Lemmen et al. 2011). Roos-
talu et al. (2006) and Pala et al. (2012)
discussed that ancient DNA samples,
especially those of mtDNA link Europe-
an population to their neighbours from
the Near East. Scientific efforts focused
on Genetics confirmed the hypothesis
that there were several waves in which
farmers from Near East came to Europe
due to climate changes and new farming
inventions. Therefore, the overall gene
pool of Europe was turbulently mixed
many times. (Ozdogan, 2011; Davidovi¢
et al. 2015; Sarac et al. 2016; Veldhuis
and Underdown 2017).

The Balto-Slavic speakers make ap-
proximately one third of the total Eu-
ropeans and the analysis of their mito-
chondrial DNA and non-recombining
region of the Y chromosome suggests
that their genetic structure does not dif-
fer significantly from the neighbouring
populations. Balto-Slavic population can
be divided into East Slavs, West Slavs,

and South Slavs, the latter including
most of the Balkan populations (Kushn-
iarevich et al. 2015).

Earlier research done by Sarac et al.
(2018) shows that the Balkans have been
a turbulent region for hundreds of years,
and this region consequently contains
several major haplogroups. The four ma-
jor Y chromosomal haplogroups in the
Balkans are I2a, E1blb, R1a and R1b.
The 12a and E1b1b haplogroups are the
most abundant but the R1a and R1b still
have a considerable percentage (Semino
et al. 2000). Haplogroup I is thought to
have appeared on the Balkan Peninsula
about 45,000 years ago. However, this
haplogroup most probably originated
from the Middle East coming to Europe
through Anatolia (Battaglia et al. 2009;
Primorac et al. 2011). Haplogroup E1b1b
is believed to have originated from the
African continent and provides evidence
of the last direct migration from Africa
to Europe. (Battaglia et al. 2009). Fur-
thermore, the inclusion of a significant
percentage of R1a and R1b haplogroups
within the Balkan populations confirm
its historical intertwining with the oth-
er populations of Europe (Semino et al.
2000).

The aim of this study is to provide
an insight into Balkan populations’ ge-
netic relations utilizing in silico analy-
sis of Y-STR haplotypes by performing
haplogroup predictions and network
analysis of the same haplotypes for vi-
sualizing the relations between the cho-
sen haplotypes and Balkan populations
in general. Hence, the in silico analysis,
while also being affordable, is very use-
ful in analysing the haplogroup distri-
butions within the Balkan countries. In
addition, the analysed haplotypes were
also studied using median-joining trees
according to various sets of loci.
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Material and methods

The population dataset used in this study
was obtained using 23, 17, 12, 9 and 7
Y-STR loci for 13 populations. A 23 Y-STR
set was analysed in seven populations in-
cluding Bosnia and Herzegovina (Purps
et al. 2014), Croatia (Purps et al. 2014),
Macedonia (Purps et al. 2014), Slovenia
(Purps et al. 2014), Greece (Purps et al.
2014), Romany (Hungary) (Purps et al.
2014) and Hungary (Purps et al. 2014).
A set of 17 Y-STRs was analysed in two
populations, namely Serbia and Mon-
tenegro (Mirabal et al. 2010). 12 Y-STR
analysis includes only the Albanian pop-
ulation (Ferriet al. 2010). Kosovo (Perici¢
et al. 2004) and Romania (Barbarii et al.
2003), population data were obtained us-
ing 9 Y-STR loci analysis. Finally, 7 Y-STR
analysis includes only the Bulgarian pop-
ulation (Zaharova et al. 2001). The rea-
son for using some population datasets
with less Y-STR loci is due to there being
no publicly available data with 23 Y STR
for those populations.

Table 1. Population datasets used in the study.

This dataset contains a total of 2179
samples with 1878 different haplotypes.
The numbers of samples per popula-
tion are not consistent, varying from 53
samples from Romany (Hungary) to 404
Montenegrin samples. The list of all an-
alysed populations, as well as the num-
ber of samples and different haplotypes
is shown in Table 1. Full data used in this
article are available from the correspond-
ing author on request.

Y chromosomal haplogroups can be
assigned from Y-STR haplotypes using
haplogroup predictors, which are very
useful for analysing previous published
Y-STR datasets (Dogan et al. 2016; Do-
gan et al. 2017; Heraclides et al. 2017;
Gurkan et al. 2017) as well as validation
purposes of haplogroup assignments
based on Y SNP data (Petrej¢ikova et al.
2014 and Emmerova et al. 2017). The
four haplogroup predictors that are in
focus in this study are: Whit Athey hap-
logroup predictor (Athey 2006), Nevgen
haplogroup predictor (Cetkovi¢ - Gen-
tula and Nevski 2015), Vadim Urasin’s

Population Number of samples Number of different haplotypes
Albania 339 233
Bosnia and Herzegovinian 100 100
Bulgarian 126 88
Croatian 239 239
Greek 214 214
Hungarian 100 100
Albanian (Kosovo) 117 60
Macedonian 101 101
Montenegrin 404 318
Romanian 104 97
Romany (Hungary) 53 53
Serbian 179 171
Slovenian 104 104
Total 2179 1878
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haplogroup predictor (Urasin 2013) and
Jim Cullen haplogroup predictor (Cullen
2008).

Overall concordance between the four
haplogroup predictors as well as the con-
cordance between each of the haplogroup
predictors was analysed in order to ob-
tain the most reliable results and to un-
derstand how the haplogroup predictors
compare to each other. Relative concor-
dance between each of the haplogroup
predictors was calculated by giving a val-
ue of either 1 or O depending on whether
the output of the predicted haplogroup is
the same. Finally, dividing the obtained
sum of the values by the number of hap-
lotypes analysed will provide a relative
concordance between the respective hap-
logroup predictors.

The haplogroup distribution percent-
ages of all populations were obtained
by calculating the average of the hap-
logroup percentages provided by each
of the four haplogroup predictors. The
haplotypes which were problematic for
the haplogroup predictor to resolve were
removed from the analysis.

R, pairwise matrix, as described by
Slatkin (1995), was calculated on the 13
populations analysed in this study. Y-STR
haplotypes are assumed to mainly follow
a stepwise mutation model. Therefore,
R, analysis is the most suitable in this
case (Slatkin 1995). The YHRD software
(yhrd.org/amova) was used in order to
calculate the R, pairwise matrix as well
as to create the Multidimensional Scaling
(MDS) plot based on the obtained R,
values (Willuweit and Roewer 2015). A
minimal set of loci (DYS3891, DYS3891I,
DYS19, DYS391, DYS390, DYS392,
DYS385, DYS393) was used in order to
create the R matrix.

The phylogenetic median-joining net-
work algorithm is used with large sets

of genetic data. It is based upon creat-
ing minimum spanning trees which are
further combined into one reticulate
network. In order to achieve parsimony,
consensus sequences in form of medi-
an vectors, or Steiner points are added
(Bendelt et al. 1999). Posada and Cran-
dall (2001) introduced network analysis
and haplogroup predictors that together
make a great tool for genetic analysis of
populations. Furthermore, as they com-
plement each other’s weaknesses, the
results obtained from their combined
overall picture can be considered more
accurate than when using each method
individually (Posada and Crandall 2001).

For the purpose of network analy-
sis, a set of populations of interest were
made. Each population set consisted of
15 haplotypes. The set of 15 haplotypes
represented the haplogroup prediction
values for each population. Hence, the
percentage of haplogroups in the set of
15 haplotypes and the overall population
should be nearly the same. Within specif-
ic haplogroups the haplotypes were tak-
en arbitrarily. However, haplotypes with
microvariants were not selected as they
cannot be resolved by the network analy-
sis. Furthermore, the overall concordance
percentage value between all the predic-
tors must be 100% for the haplotypes
chosen; meaning that all the haplogroup
predictors were concordant and predicted
the same haplogroup.

Due to a small number ofloci on which
the Bulgarian population was analysed,
it was not included within the network
analysis datasets. The sets of populations
included a set of all populations given
in Table 1 except Bulgaria, former Yugo-
slavian populations and haplotype sets
for individual haplogroup analyses. The
network analyses including haplotypes
predicted from all major haplogroups
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were done by utilizing 15 haplotypes per
population, while 10 haplotypes per pop-
ulation were used when the individual
haplogroups were analysed. For the indi-
vidual haplogroup network analysis new
sets of haplotypes were made.

For construction of the dataset which
included all populations except the Bul-
garian, nine loci were used: DYS393,
DYS390, DYS394, DYS385a/b, DYS439,
DYS392, DYS389II, and DYS438. The
locus DYS385a/b was separated into
DYS385a and DYS385b. Finally, the for-
mer Yugoslavian set of populations was
created using 12 loci: DYS393, DYS390,
DYS394, DYS385a/b, DYS439, DYS392,
DYS389II, DYS458, DYS448, DYS456,
and DYS635. The reason for using more
loci in the former Yugoslavian population
is due to the smaller population size and a
bigger likelihood of having similar or same
haplotypes within the haplotype set which
would yield relatively poor results. How-
ever, by using 12 loci, the haplotypes can
be differentiated by a larger margin while
retaining the ability of visualizing some of
the similarities between them which will
in the end yield proper clustering. The 12
chosen loci were selected based on the de-
gree of variance of allele lengths they dis-
play between all the analysed populations.
Loci variance (2(;,(—:‘11)) was calculated using
the VAR.S function in Excel.

Network analysis of individual hap-
logroups (I2a, E1blb, R1a and R1b) of
the Balkan region were analysed using
the same 9 loci mentioned above. The
median-joining trees were generated us-
ing the Fluxus Network 4.6 program with
an equal weight on all loci and an € = 0
(http://www.fluxus-engineering.com/
sharenet.htm) (Bandelt, Forster and Rohl
1999).

Post-processing option was included
in order to calculate all the possible varia-

tions of the vectors that can be generated
in the tree and select the most optimal
one. In addition, all of the other versions
the program has calculated can be seen.
That makes it possible to analyse the me-
dian-joining trees that the program has
not classified as optimal.

A modal haplotype (http://www.
mymcgee.com/tools/yutility.html)  was
inserted in the present haplotype sets.
A modal haplotype consists of the allele
values with the largest number of occur-
rences in the haplotypes analysed. In case
of a tie, the larger allele value is used.

A heatmap for each major haplogroup
was created based on its respective fre-
quency in each country (Babicki et al.
2016). Moreover, for the purpose of
comparison to the median-joining trees
a Principal component analysis (PCA)
was performed, using the PAST program
developed by Hammer (2001), on all the
populations, excluding the Bulgarian
population, based on the same 9 Y-STR
loci used for median-joining trees.

Results

On average, the four haplogroup predic-
tors have a 91% relative concordance be-
tween each other (haplogroup predictor
concordance data not shown) as there
were no Y-SNPs for referent comparison.
Haplogroup assignment for each haplo-
type from all 4 haplogroup predictors
were compared against each other and
together made up the relative concordan-
ce value. The relative concordance value
was calculated based only on algorithm
predictions. Hence, the haplogroup per-
centages and results in general are consi-
dered reliable.

For the analysed populations, loci
DYS385a/b, DYS481, DYS389II have a
very high variance in the Balkan popula-
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tions. The values correspond roughly to
what would have been expected (Purps
etal. 2014). It is important to emphasize
that some of the loci are not covered by
all populations, meaning that their sta-
tistical distribution may be skewed to a
certain degree. However, the abovemen-
tioned loci cover a substantial number
of haplotypes, the only exception being
DYS481 with 911 haplotypes. The loci
with low level of variance, indicating
a similarity between the populations,
are DYS391, DYS389I and GATA-H4.
The loci variance analysis was useful in
choosing which loci to use in the net-
work analysis. A complete list of loci and

their respective variance is shown in Ta-
ble 2.

Among all the analysed populations,
significant differences among the vari-
ance values between populations is
found within the DYS393 locus (data for
individual population variance scores for
each locus not shown). The former Yugo-
slavian populations have a relatively low
variance score with an average of 0.2602.
On the other hand, other populations
average around 0.5 variance score with
Romany (Hungary) having the highest
variance score of 1.17.

Within the DYS 438 locus, B&H, Ser-
bian and Montenegrin population show

Table 2. Variance values of all analysed loci among the Balkan populations.

Locus Number of populations Variance Number of haplotypes
DYS393 13 0.610145 1878
DYS390 13 0.862400 1878
DYS19 13 1.530143 1878
DYS391 13 0.328473 1878
DYS385a 12 3.707194 1790
DYS385b 12 3.497353 1790
DYS439 10 1.034329 1633
DYS3891 13 0.378007 1878
DYS392 13 0.842962 1878
DYS38911 13 9.029229 1878
DYS458 9 1.662084 1400
DYS437 10 0.516272 1633
DYS448 9 1.12932 1400
GATH4 9 0.550598 1400
DYS456 9 1.138877 1400
DYS576 7 1.529612 911
DYS570 7 1.971725 911
DYS438 10 0.750886 1633
DYS635 9 1.209496 1400
DYS481 7 11.02054 911
DYS533 7 0.656163 911
DYS549 7 0.727928 911
DYS643 7 1.419869 911
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the least variance when compared to the
other populations. Among the analysed
populations the Greek and Albanian pop-
ulation have the highest variance score
within this locus.

Within the populations which were an-
alysed on the DYS 481 locus (seven out
of the thirteen), all of them show a high
degree of variance with B&H and Croatian
population having the highest variance
score of 14,5 and 14,3 respectively.

When analysing the loci among the
former Yugoslavian populations (B&H,
Croatian, Macedonian, Montenegrin, Ser-
bian and Slovenian), DYS393, DYS391,
DYS3891, and DYS437 have a relative-
ly low variance. On the other hand,
DYS385a/b, DYS19 and DYS570 have a
relatively high variance, with DYS385a/b
being significantly more polymorphic
when compared to the other loci.

The R, pairwise matrix calculated
on 13 populations, and visualized by the
MDS plot, has shown a population group-
ing pattern which can roughly represent
the geographical position of the analysed
populations. As was expected, Albanian
and Kosovan population positioned close
to each other within the MDS plot. Fur-
thermore, B&H and Serbian population
have shown a very high degree of simi-
larity within the MDS plot. The Romany
population has appeared on the MDS plot
far away from all the populations indicat-
ing a large degree of dissimilarity which
is to be expected.

Another point which shows the rough
geographical representation of the popu-
lations within the MDS plot is the group-
ing of Croatian, Slovenian and Hungarian
populations in a very close fashion. The
main unexpected result within the MDS
plot is the Greek population grouping
together with the Romanian population
and being far away from the Bulgarian

and Macedonian populations despite the
geographical proximity.
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Figure 1: Two-dimensional plot of MDS analysis of
R, values for Y-STR haplotypes within the 13 Bal-
kan populations.

Haplogroup distribution of Balkan populations

12a is detected as the major haplogroup
in four out of thirteen analysed popula-
tions. Out of the six former Yugoslavian
populations, four of them (B&H, Croatia,
Montenegro and Serbia) have I2a as the
most prevalent haplogroup, as shown
in Figure 1. The other two major popu-
lations from the former Yugoslavia, Ma-
cedonia and Slovenia, have E1blb and
R1la haplogroups as the most prevalent,
respectively. The second most common
haplogroup for both Macedonia and Slo-
venia is the I2a haplogroup, confirming a
degree of similarity to the other former
Yugoslavian major populations.

The populations with Elblb hap-
logroup as the most prevalent one are
Macedonian, Romanian, as well as Al-
banian populations from Kosovo and Al-
bania. Kosovo and Albania populations
have a high degree of similarity in the
haplogroup distribution.

[2a and E1b1b haplogroups each have
a hotspot presented on the geographi-
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Figure 2: Distribution of haplogroups within the analysed populations.

cal heatmap shown in Figure 2. Within
the R1a haplogroup a descending north-
west to southeast gradient is visualized,
while among the R1b haplogroup, rela-
tive to the countries in the middle Bal-
kans, increased percentages of the R1b
haplogroup can be seen in the north and
south of the Balkans.

Network analysis of Balkan populations

Four major and three minor clusters are
formed with the Romany (Hungarian)
haplotypes forming minor independent
clusters. The four major haplogroups
correspond to 12a, E1blb, R1a and R1b,
while the three minor clusters are each
formed by haplotypes assigned to be in
the haplogroups H, J2b and I1.

As can be seen in Figure 3, the 12a hap-
logroup cluster shows the highest degree
of relative compactness out of the ana-
lyzed haplogroups indicating a high degree
of intrahaplogroup similarity between the
haplotypes. On the other hand, the E1blb
haplogroup cluster has the least degree of
compactness as it forms two minor clus-
ters within it. This indicates that there is

a low level of intrahaplogroup similarity
between the haplotypes.

Analysis of individual major haplogroups of
the Balkan region

A large cluster of B&H, Slovenia, Mon-
tenegro and Albania can be seen within
the I12a haplogroup network analysis tree.
Overall, the Balkan haplotypes predicted
to be I12a haplogroup are the most simi-
lar to each other when compared to the
other individual haplogroup trees what is
the main reason for obtaining a very com-
pact median-joining tree.

The overall E1b1b haplogroup clustering
is not as compact as the 12a median-joining
tree and the Balkan population haplotypes
make several minor clusters (analysed mi-
nor clusters shown within the red circles)
separated from the major cluster. The Ro-
manian haplotypes are clustered with for-
mer Yugoslavian haplotypes, with E1blb
predicted haplotypes from the Romanian
population tending to be the most similar to
the former Yugoslavian haplotypes

The Rla haplogroup median joining
tree has several major clusters found main-
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Figure 3: Geographical heatmap of the four major haplogroups within the Balkan region.

ly around the large circles of the network
and is not as compact as the 12a haplogroup
median joining tree as several minor clus-
ters can be observed. Among those, two of
them are population specific: one for the
Romani and the other for the Romanian
population. All of the major clusters are
compactly clustered, while the minor clus-
ters are not clustered together and mainly
involve single population clusters.

Out of the four major individual hap-
logroups analysed in this study, R1b Bal-

kan haplogroup median joining tree is
the least compact one. It contains two
major clusters, with the smaller major
cluster consisting of mainly Kosovan,
Montenegrin and Serbian along with few
Greek, B&H and Macedonian haplotypes
indicating a large degree of similarity be-
tween these haplotypes, and larger major
cluster not showing clustering pattern of
the Balkan populations but rather gradual
clustering indicating that the similarities
and differences between R1b predicted
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Figure 4: Median-joining network of all study populations except for Bulgaria. (A) The median-joining
network showing population differentiation. (B) The median-joining network based on the assigned ha-

plogroups.

haplotypes from the Balkan populations
are of the similar extent.

PCA

Similarly to the Network analysis, the
PCA largely shows haplogroup based
clustering. The median-joining tree cre-
ated a clearer overall picture, whereas
the PCA is very useful in identifying and
analysing the population distribution,
minor intra-population similarities and
outliers. A cluster of the Romany haplo-
types, within the R1a haplogroup cluster,

can be seen on the left side of Figure 6.
The same cluster was also visible in the
median-joining tree albeit with less clari-
ty. Other minor population clusters that
are better visually represented in the PCA
are the Macedonian cluster in the bottom
right (E1b1b cluster), Greece cluster on
the bottom left (R1b cluster) as well as
the Serbian cluster within the 12a cluster
on the top of Figure 6.

The loci which contributed the most
to differentiation among populations and
haplogroup based clustering within the
PCA are: DYS 385a/b and DYS19. The
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respective values of loci loadings can be
seen in Figure 7. Furthermore, the allele
which contributed the most to the first
component of the PCA was allele variant
11 on locus DYS392 while allele variant
14 on locus DYS385a contributed the
most to the second component.

Discussion

The haplogroup prediction percentages
of the population dataset from the cur-
rent study are in expected concordance
with the work of Battaglia et al. (2009).

The order of major haplogroups is the
same in all populations with small dif-
ferences in the exact percentage values.
The exact haplogroup distribution values
can be seen in Table 3. This shows that
the approach of utilizing four haplogroup
predictors to yield accurate and reliable
prediction results will enable a proper
comparison and analysis of the dataset of
interest.

Emmerova et al. (2017) used 5 differ-
ent predictors and based on 12 STRs 3 of
the predictors assigned the haplogroups
with 98% accuracy compared to SNP
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typing. Petrejcikova et al. (2014) used
3 different predictors for the research
based on 12 STRs and obtained 98.80%,
97.59% and 98.19% accuracy for Whit
Athey’s haplogroup predictor, Jim Cul-
len’s haplogroup predictor and Vadim
Urasin’s haplogroup predictor, respec-
tively. Furthermore, Dogan et al. (2016)
used 4 haplogroup predictors for analys-
ing the B&H population and obtained a
99% average accuracy while the current
study obtained a 91% average accuracy
for all populations. This discrepancy can
be attributed to the fact that many of the
populations were analysed on fewer than
12 loci.

An interesting detail of our study is
that compared to the 22% of haplogroup
H we found in the Romany living in Hun-
gary, Romany living in Macedonia have
been shown to have 60% of the hap-
logroup H (Perici¢ et al. 2005) and only
2% of R1la and R1b haplogroups respec-
tively.

Discrepancies observed within the I
haplogroup distributions between the

data used in the present study compared
to Battaglia et al. (2009) for the Bosnian
and Croatian populations and Regueiro
et al. (2012) for the Serbian population
can mainly be attributed to inaccuracies
of haplogroup predictors in differentiat-
ing between the I haplogroup subclades
(I1, I2a and 12b in this case).

The only notable difference to the
published haplogroup distributions
from Battaglia et al. (2009) was in Hun-
garian R1a haplogroup percentage, since
the prediction algorithms approximate
this haplogroup frequency to be 21%
of all Hungarian Y chromosomes for
the data from Purps et al. (2014), while
Battaglia et al. (2009) state that it is
56.6%. A large discrepancy, that could
potentially be attributed to a sampling
error where one or the other population
sample might not be geographically rep-
resentative or might include a signifi-
cant number of immigrants. The other
populations that were also covered in
the same article demonstrate only minor
differences in few percentages which

Table 3. Haplogroup distribution within the analyzed populations. Values shown in percentages.

Population 12a Elblb  Rla R1b 11 1 J2a J2b H
Alb (Alb) 5.7 30.3 4.6 11.7 6 1.6 4.2 13.6 11.7
Alb (Kos) 1.9 452 3.2 24.1 2.9 0.2 2.9 13

B&H 43.5 17 16 3.7 1 2.2 1.5
Bulgarian 16.8 18.4 59 9.1 2.9 1.3 6.9 2.7 1.5
Croatian 36.1 6.4 23.8 13.9 3.9 0.9 1.9 2.1

Greeek 10.8 16.8 7.3 22.9 2.5 10.1 6.5 5.9
Hungarian 9.5 7.2 21.2 21.5 13 3.7 4.2 4.5
Macedonian 18.3 37.6 13.8 6.6 3.2 3.9 2.9 4.7
Montenegrin 31.1 26.7 7.2 9.5 4.6 0.9 3.5 4.4
Romanian 14.4 18.7 12.7 12.2 5 2.6 8.4 6

Romany (Hu) 3.3 8.9 31.6 22.1 7.5 1.8 5.6 7.5 3.7
Serbian 39.8 17.3 14.6 4.8 5.8 0.5 2.6 1.6
Slovenian 21.6 9.8 24.5 15.8 55 33 4 3.1
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are justifiable and can be attributed to
the small sample size of this population
possibly including a number of rare hap-
lotypes which are not easily resolved by
the predictors.

The results generated from the current
study show that the similarities between
the former Yugoslavian countries are, as
expected, present in a larger extent than
between the other countries. The only
population which showed higher level of
dissimilarity to the other former Yugosla-
vian populations is Slovenia. The major
Slovenian haplogroup is, unlike the other
Balkan countries, R1a.

Kosovan and Albanian populations
have shown a high degree of similarity
which was expected considering their
common history, language and shared de-
mographics (Belledi et al. 2000; Perici¢ et
al. 2004). Furthermore, when the Koso-
van population was removed, Albanian
haplotypes were found to cluster with
the Greek population (data not shown)
which does have certain logical reasoning
behind it since Albania and Greece share
borders.

Ballantyne et al. (2014) performed a
similar network analysis using 10 and
15 loci with 1000 haplotypes randomly
selected from the total dataset and com-
pared to the median joining tree used in
this study where only 10-15 haplotypes
per population were used. This shows
that the mentioned network analysis is
very detailed. However, it is challenging
to visualize such a tree. Hence, we have
optimized our method and used less hap-
lotypes per median-joining tree.

Conclusion
Various historical and immigration events

have shaped the demographic picture of
the Balkan region, making it very diverse

from the genetical perspective. Our study
confirms that relative geographical haplo-
group distribution is the most informa-
tive way of interpreting Y-chromosomal
population data and can be reliably done
in silico by utilizing large publicly availa-
ble STR datasets stored in repositories
such as YHRD (Willuweit and Roewer
2015). Here we demonstrate, once again,
that geographical distance between the
populations, as would be expected, is one
of the key factors in shaping the genetic
similarities or differences between them.
The data we obtain with this in silico
approach is in concordance with the exi-
sting literature.

The usage of four haplogroup predic-
tors, providing very reliable and accurate
major haplogroup predictions, enabled us
to create highly accurate median-joining
trees. In silico haplogroup assignments
and network analysis can be combined
to detect emerging subclusters for selec-
tive SNP analysis for the investigation
of possible subclades and to specifically
target uncertain haplotypes that should
be ultimately confirmed by SNP analy-
sis. This combined approach provides a
very cost-effective Y haplogroup analysis,
since SNP typing of the whole dataset can
be avoided without a substantial loss of
information. However, Y-SNP genotyping
should still remain the main and stan-
dard method of choice for haplogroup
determination.
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