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ABSTRACT Although DNA genetic markers, including Y-chromosomal short tandem repeats (Y-STRs), are widely
used in the analysis of population data, autosomal short tandem repeats (STRs) have a wide role in the investigation
of human migration patterns throughout the history, genealogical research, and population genetics. In this review,
allele frequencies of 13 autosomal STR loci (D3S1358, TH01, D21S11, D18S51, D5S818, D13S317, D7S820,
D16S539, CSF1PO, vWA, D8S1179, TPOX, and FGA) have been reviewed in 64 different worldwide populations.
Allele frequency data for 13 STR loci was collected from previously published scientific papers in the journal
databases for each studied population and molecular genetic diversity among the 64 sample populations was
compared. Further, a worldwide phylogenetic tree and genetic distance values were created using POPTREE2
software and UPGMA method. Results confirmed that the differences among local sub-populations are much
smaller than the differences among geographically separated populations. The obtained results, as the researchers
had expected, were in the compliance with previously published papers with the difference that the researchers used
data on populations from all over the world and thus created a more detailed phylogenetic tree. In that way, the
authors offer an insight into the global phylogenetic tree created on the basis of STR allele frequencies for the first
time. The goal of this manuscript is to prove the usefulness of these 13 STR markers within the analysis of the
genetic distance and its correlation with “geographically-based genetic clustering” among the worldwide populations.
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INTRODUCTION

Since 99.7 percent of the human genome is
the same, the differences between two individu-
als are found in 0.3 percent of the entire DNA in
the human body (Butler 2011). Short tandem re-
peats (STRs), also called simple sequence re-
peats (SSRs) or microsatellites, have 2-7 bp long
repetitive units and are sequences that can be
up to 400 bp in length, found in the non-coding
region of DNA. They occur on all 22 pairs of
autosomal chromosomes, as well as on the X
and Y chromosomes. They are especially valu-
able for the study of genetic relationships of
closely related populations. Autosomal STRs are
much more polymorphic than Y-STRs due to the
lack of recombination on this chromosome (Gunn
2006).

STRs were first used in forensic laboratories
in the 1990s. Today, the analysis of STR poly-
morphisms is an inevitable step in various labo-
ratories (Goodwin et al. 2011; Chishti et al. 2014;
Yuan et al. 2014). They are exceptionally useful
DNA repeat markers since they can easily get
amplified and analyzed within the multiplex sys-
tems. They represent approximately three per-
cent of the human genome and are found on
every 10000 nucleotides (Butler 2011; Press et
al. 2014). There are more than 20000 tetranucle-
otide STR loci identified in the human genome
(Butler and Hill 2012), and 13 most widely used
ones are the so-called CODIS (Combined DNA
Index System) loci selected by the FBI (Gunn
2006).

STRs are frequently used for studying the
diversity of various populations as well as for
the determination of similarity between closely
related populations (Dogan et al. 2013; Hong et
al. 2013). They can also be used to determine the
genetic authenticity of a specific population,
since the population having no similarities in
STR allele frequencies with the populations from
the other parts of the world can be considered
as an autochthonous population that did not
experience the gene flow from other gene pools
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(Bentayebi et al. 2014). Statistical parameters re-
lated to specific populations or even subpopu-
lations require the existence of population ge-
netic databases (Talledo et al. 2010).

In the present paper, researchers have com-
pared allele frequencies of 13 autosomal STR
loci among 64 populations worldwide (Fig. 1).
The goal of the paper was to test previously
obtained results using an extended number of
different populations and to confirm the useful-
ness of STR markers within the analysis of ge-
netic relationships of an observed population
through the “global picture”. Having viewed
previous papers, it was expected that geograph-
ically close populations would show stronger
clustering than the populations that are distant
from each other.

MATERIAL  AND  METHODS

Compared Populations

The following 64 populations have been
compared in the paper: Greek, Italian, Swiss,
Portuguese, Serbian from Vojvodina (Serbia),
Croatian, Lithuanian, Belgian, Belarusian, Bos-
nian, Andalusian from Spain, Ashkenazi Jewish
from Hungary, Finnish, Macedonian, Montene-
grin, Nayarit from Mexico, Kuwaiti, Egyptian,

Palestinian, Iraqi, Iranian, Nepalese, Uygur from
China, Bangladeshi, Pakistani, Tatar from Poland,
Taiwanese, Han Chinese, Japanese, Libyan, Bhu-
tani, Tibetan, Indonesian, German, Equatorial
Guinean, Angolan, Mozambican, Sudanese, Kar-
amoja population from Uganda, Szekler and
Csango populations from Romania, two Hun-
garian populations: from Hungary and Serbia,
Caucasian and Romany populations from Slo-
vakia, Albanian populations from Kosovo and
from North Italy, Turkish populations from Tur-
key and from Bosnia and Herzegovina, two Ber-
ber populations from Morocco: from Asni and
Bouhria, two populations from Bihar (India):
Yadav and Kurmi, two populations from Tuni-
sia: Kesra (Berber) and Zriba (Arab), three Pol-
ish populations: from Northern and Central Po-
land, from Northern Poland, and from all over
Poland, three populations from USA: Caucasian,
Hispanic, and African-American, and three Ar-
gentinian populations: from Buenos Aires, San-
ta Fe, and Mendoza.

Collection of Data

A total of 64 population STR data from all
over the world has been obtained through the
search of journal databases. The original re-
search papers have brought population data in

Fig. 1. Geographical locations of the 64 compared populations
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the form of frequencies of allelic variants on au-
tosomal STR loci. All the papers that did not
give brief information on experimental procedures
have not been included. A minimum of 13 CO-
DIS STR loci of interest have had to be typed in
order for a paper to have been included in the
research. A number of papers that have con-
tained good population data have been exclud-
ed because they did not contain all of the loci of
interest. Papers presenting data from several
subpopulations within a single population have
been included to serve as a quality control: sub-
populations within a single population should
be in close proximity within the phylogenetic
tree if all analyses have been done correctly.
The allele frequencies on all STR loci have been
summed up to serve as a checkup for errors in
the original publications, and the ones in which
discrepancies were noticed have been discard-
ed (Table 1).

The kits that were found to be most widely
used in research papers are PowerPlex 16 (Prome-
ga Corporation, Madison, WI, USA) and Amp-
FlSTR Identifiler (Applied Biosystems, Foster
City, CA, USA), both of them giving DNA pro-
files along 13 CODIS and two additional autoso-
mal loci. Old papers have mostly been relying
on older kits manufactured by Applied Biosys-
tems and Promega Corporation. These kits have
given reliable results but on less than 13 auto-
somal loci, so two or more kits have been com-
bined in these papers to obtain all loci needed to
get satisfying information on a population.

Statistical Analysis

Phylogenetic comparison of the allelic fre-
quencies over 13 STR loci in the populations
tested has been performed using POPTREE2 soft-
ware and UPGMA (unweighted pair group meth-
od with arithmetic mean) method. The genetic
distances among populations have been ob-
tained by using MEGA5.21 software and the low-
est distance for each population has been deter-
mined. Multidimensional scaling (MDS) analy-
sis, based on pairwise distance values calculat-
ed from the 13 STR loci in 64 populations, has
been performed using the SPSS 20.0 software
package (SPSS, Chicago, IL, USA).

RESULTS

The major findings of the present paper are
presented in the rectangular (Fig. 2) and circular
(Fig. 3) phylogenetic trees created by using the

UPGMA method. UPGMA method has been the
method of choice in the paper since it uses the
sequential clustering algorithm in which the high-
est level of similarity between the objects of anal-
ysis is recognized and the tree is built in a step-
wise manner. For such reason, researchers could
be able to show the results clearly and clear
graphical and tabular representations have been
enabled.

On the top of the rectangular phylogenetic
tree (Fig. 2), a cluster of European populations
has been observed. While high levels of differ-
ences have been observed among the popula-
tions, those that were closely related and be-
longed to the same branch have also been ob-
served. Such examples are the Hungarian popu-
lations from Hungary and Serbia and the Argen-
tinian populations from three different cities in
Argentina that have also clustered with the Eu-
ropean populations. This finding is not surpris-
ing if the influence of the gene pool from Spain
on the Argentinian population is taken into con-
sideration. Due to minimal genetic distances, the
populations from South America can be consid-
ered as a part of the cluster of European popula-
tions. Following this cluster, the cluster of Asian
populations has been obtained. Researchers
found that Asian populations share much more
similarities among each other when compared to
European populations. This has been proved
by the fact that many populations belong to the
same branch in the phylogenetic tree. As an in-
stance, four Arabic populations have clustered
together, as well as several populations from The
Far East. At the bottom of the rectangular phy-
logenetic tree, a cluster of Sub-Saharan popula-
tions from Africa has been detected. Once again,
the researchers have noticed a very strong clus-
ter of six populations being genetically highly
similar to each other. Outside this cluster, Arabic
populations from the Sub-Saharan region of Af-
rica have been found at the end of this phyloge-
netic tree. The results presented in the circular
phylogenetic tree (Fig. 3), demonstrated to be
identical to those presented in the rectangular
tree. These two types of graphical representa-
tions of the results have enabled the research-
ers to gain a deeper insight into the results of
the paper.

An MDS plot has been made to serve as a
way of visual representation of results with an
emphasis put on the clustering of populations
(Fig. 4). A two-dimensional plot has been con-
structed to show similarities and differences
among world populations. The populations have
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Table 1: Compared populations

Population Size (N) Reference

1-Szekler-Romania 257 Egyed et al. (2006)
2-Csango-Romania 220 Egyed et al. (2006)
3-Taiwanese-Taiwan 597 Wang et al. (2003)
4-Polish-North and Central Poland 412 Czarny et al. (2005)
5-Belgian-Belgium 100 Decorte et al. (2004)
6-Indonesian-Indonesia 105 Dobashi et al. (2005)
7-Andalusian-Spain 114 Coudray et al. (2007)
8-Kuwaiti-Kuwait 502 Alenizi et al. (2008)
9-Iranian-Iran 126 Hedjazi et al. (2013)
10-Hungarian-Serbia 291 Petriæ et al. (2012)
11-Nepalese-Nepal 233 Jha et al. (2012)
12-Mexican-Nayarit Mexico 231 Cubero et al. (2011)
13-Polish-Poland 870 Soltyszewski et al. (2006)
14-Ashkenazi-Hungary 178 Egyed et al. (2006)
15-Serbian-Vojvodina Serbia 100 Veselinoviæ et al. (2004)
16-Polish-North Poland 145 Szczerkowska et al. (2004)
17-Caucasian-USA 302 Butler et al. (2003)
18-African American-USA 258 Butler et al. (2003)
19-Hispanic-USA 140 Butler et al. (2003)
20-HanChinese-China 2211 Wang et al. (2003)
21-Turkish-Turkey 116 Cakir et al. (2003)
22-German-Germany 7373 Immel et al. (2004)
23-Finnish-Finland 1274 Sippel et al. (2000)
24-Portugese-Portugal 200 Pinheiro et al. (2005)
25-Italian-Italy 835 Carboni et al. (2007)
26-Swiss-Switzerland 511 Gehrig et al. (1999)
27-Slovakian Caucasian-Slovakia 138 Sotak et al. (2008)
28-Romany-Slovakia 138 Sotak et al. (2008)
29-African-Equatorial Guinea 134 Alves et al. (2005)
30-Argentinian-BuenosAires Argentina 516 Marino et al. (2006)
31-Argentinian-SantaFe Argentina 562 Marino et al. (2006)
32-Argentinian-Mendoza Argentina 290 Marino et al. (2006)
33-Bangladeshi-Bangladesh 148 Ferdous et al. (2009)
34-Palestinian-Palestine 125 Abu Halima et al. (2009)
35-Pakistani-Pakistan 328 Rakha et al. (2009)
36-Albanian-North West Italy 100 Robino et al. (2001)
37-Hungarian-Hungary 8426 Agnes Rak et al. (2010)
38-Uygur-China 500 Dong et al. (2010)
39-Bhutani-Bhutan 936 Kraaijenbrink et al. (2007)
40-Tibetan-Tibet China 196 Li et al. (2007)
41-Tatar-Poland 168 Pepinski et al. (2005)
42-Yadav-Bihar India 45 Ashma et al. (2002)
43-Kurmi-Bihar India 50 Ashma et al. (2002)
44-Egyptian-Egypt 265 Omran et al. (2009)
45-Sudanese-Sudan 491 Babiker et al. (2011)
46-Angolan-Angola 110 Beleza et al. (2004)
47-Ugandan-Karamoja Uganda 218 Gomes et al. (2009)
48-Berber-Asni Morocco 105 Coudray et al. (2006)
49-Berber-Bouhria Morocco 104 Coudray et al. (2006)
50-Libyan-Libya 99 Khodjet-el-Khil et al. (2012)
51-Mozambican-Mozambique 344 Alves et al. (2004)
52-Turkish-Bosnia and Herzegovina 100 Dogan et al. (2013)
53-Bosnian-Bosnia and Herzegovina 100 Marjanoviæ et al. (2006)
54-Croatian-Croatia 195 Projiæ et al. (2007)
55-Montenegrin-Montenegro 101 Jeran et al. (2007)
56-Macedonian-Macedonia 100 Jakovski et al. (2006)
57-Albanian-Kosovo 136 Kubat et al. (2004)
58-Greek-Greece 318 Kovatsi et al. (2006)
59-Japanese-Japan 164 Hara et al. (2004)
60-Lithuanian-Lithuania 300 Caplinskiene et al. (2011)
61-Iraqi-Iraq 103 Barni et al. (2007)
62-Belarusian-Belarus 176 Rebela et al. (2007)
63-Berber-Kesra Tunisia 44 Cherni et al. (2005)
64-Arab-Zriba Tunisia 45 Cherni et al. (2005)



STR PHYLOGENY OF GLOBAL POPULATIONS  135

Fig. 2. UPGMA rectangular phylogenetic tree of 13 STRs for compared populations



136 SERKAN DOGAN, ADNA ASIC, IMER MUHOVIC ET AL.

Fig. 3. UPGMA circular phylogenetic tree of 13 STRs for compared populations

clustered into three groups, mostly on the basis
of the continent they belong to. Following are
the observed clusters: European, Asian, and
Sub-Saharan African clusters. Populations from
South America have clustered closely to Euro-
pean populations, thus confirming the results
obtained by the phylogenetic trees. The cluster
of the European population has shown to be the
largest one since most of the populations ana-
lyzed have been those from Europe and South
America (European cluster).

As a final result of the paper, it could be con-
cluded that the hypothesis defined at the very
beginning of the research has proven to be cor-
rect, according to which the populations belong-
ing to the same continent, or having a similar
origin, cluster together in the phylogenetic tree
and/or MDS plot. Minor exceptions from this
rule are observed in the structure of the phylo-
genetic tree and will be further discussed on a
case-by-case basis.
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DISCUSSION

The clustering of worldwide populations
according to the continent of origin has been
expected, since in the paper done by Hong and
colleagues (Hong et al. 2013) similar results have
been obtained. The authors of that paper have
obtained three clusters of populations: the Eu-
ropean cluster, in which Argentinian and Mexi-
can populations have been placed as well, the
cluster of African populations (containing pop-
ulations from Mozambique, Angola, and Equa-
torial Guinea), and the cluster of Asian popula-
tions (this cluster consisted mainly of the popu-
lations from The Far East and from India). The

difference between the mentioned reference pa-
per and the present one is that the present paper
has used a larger number of populations, thus
enabling the creation of a global phylogenetic
tree with a more detailed structure.

Despite geographical proximity, the Slovaki-
an Caucasian population has not clustered with
Slovakian Romani population. The significant
differences between the two populations have
been found on all of the loci tested. These re-
sults are found to be consistent with those ob-
tained by Sotak and colleagues (Sotak et al. 2008).
In the aforementioned paper, Romanies from Slo-
vakia have clustered with the Romanies from
Hungary. In the researchers’ phylogenetic tree,

Fig. 4. MDS plot of the data from the study shows that the populations can be divided into three major
clusters according to the geographic origin of the sample populations
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Slovakian Romanies has not shown any cluster-
ing, which is related to the fact that this is the
only population presenting Roma people in the
present paper. The second exception from the
rule, that geographical proximity determines sim-
ilar allele frequencies on STR loci has been ob-
served in the case of Poland. While Polish Cau-
casian populations tested have grouped close-
ly, Polish Tatar population could have been ob-
served on a completely different part of the phy-
logenetic tree, thus, being more similar to popu-
lations from The Far East. This has been found
to be consistent with the findings by Pepinski
and colleagues (Pepinski et al. 2005), where it
was explained that Tatars differ significantly from
the autochthonous Polish population due to their
different origin and preservation of distinct eth-
nic and religious character although they live in
Poland for centuries. Finally, US Caucasian pop-
ulation has clustered with European populations
rather than with US Afro-American and US His-
panic populations which has been expected
since the members of Caucasian population liv-
ing in the USA are known to originate from Eu-
rope, while Afro-American and Hispanic popu-
lations in the USA originate from Africa and South
America, respectively, thus clustering with those
populations in the researchers’ phylogenetic tree.

In addition, geographical proximity has prov-
en to be the most crucial factor causing cluster-
ing of populations in a great majority of cases.
The researchers’ results have shown to be con-
sistent with those published before and this has
also confirmed the hypothesis. As an evidence,
in a paper done by Projic and colleagues (Projic
et al. 2007), no significant differences between
Croatian and Serbian populations have been
found on any of the tested loci after Bonferroni
correction has been applied. Researchers com-
pared Croatian and Serbian populations from
Vojvodina (a region located in the northern part
of Serbia), and found no significant differences
which has shown to be in compliance with the
literature published before.

The investigation of Asian populations in
this research has given results similar to those
obtained by Rakha and colleagues (Rakha et al.
2009). While populations from Bhutan, Nepal,
Tibet, and Uygur ethnic group have shown clus-
tering, similar behavior has been shown by Pa-
kistani and Bangladeshi populations. The most
distant one from these populations has been
shown to be the one from Indonesia. Significant

differences between the phylogenetic tree that
has been made by Rakha and colleagues (Rakha
et al. 2009) and the researchers’ phylogenetic
tree have been found due to a vastly different
number of populations analyzed in the two pa-
pers (the paper from 2009 has brought the anal-
ysis of 11 populations, all of them are from Asia).
More recent papers have confirmed these find-
ings since Zhai and colleagues (Zhai et al. 2014),
as well as Yin and co-workers (Yin et al. 2014),
have found that Thai, Chinese, and Tibetan pop-
ulations exhibit strong clustering among each
other.

Comparison of Uygur ethnic group with
neighboring populations; Tibetan, Han Chinese,
Indian, Iraqi, Pakistani, Palestinian, Turkish, and
Nepalese has been done in a paper by Dong and
colleagues (Dong et al. 2010). Having incom-
plete data that has not been explained in detail,
researchers could have only concluded that the
Uygur group represents a distinct population
which is closely related to the neighboring ones.
According to the present paper, the Uygur pop-
ulation has shown to be most closely related to
the Nepalese population, which has also been
found in Dong’s work (Dong et al. 2010).

Another paper (Kraaijenbrink et al. 2007)
comparing Asian populations, those from Bhu-
tan, Nepal, Bangladesh, and India (Yadav popu-
lation), has obtained results similar to those of
the present paper. This paper (Kraaijenbrink et
al. 2007) has implied that the differences among
these four populations are minor, although they
exist, and that observation has been confirmed
by the researchers’ phylogenetic tree, where
these populations have shown to be located in
the same region. Additionally, Hossain and co-
workers (Hossain et al. 2014) compared Indian
and Bangladeshi populations with those from
The Far East. The results suggested that the
Bangladeshi population strongly clusters with
the populations from The Far East (Tibetan,
Chinese, Thai, and Nepalese), while Indian sub-
populations are more distant. The present study
has completely confirmed these results.

The clustering of Asian populations that has
been presented in the paper has proved to be
correct in a work that is done by Garcia-Bertrand
and colleagues (Garcia-Bertrand et al. 2014).
They found that the populations of Kuwait,
Egypt, and Iraq have clustered together and
found to be relatively distant from Turkish pop-
ulation and even more distant from the Pakistani
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population. The same results are visible from
the phylogenetic tree that is presented in this
paper.

In a paper by Alves and colleagues (Alves
et al. 2005), the comparison of African popula-
tions from Equatorial Guinea, Mozambique, and
Angola has been done. Although different data
sources have been used, the same model of clus-
tering has been obtained in the researchers’ pa-
per showing that Cabinda population from An-
gola is very similar to the population from Equa-
torial Guinea and that Mozambican population
differs more from these populations. However,
statistically significant differences have not been
observed on any of the 13 loci in any of these
three populations, making the researchers’ re-
sults further consistent with those from the pa-
per by Alves and colleagues (Alves et al. 2005).

Finally, quality control has been done by
using several subpopulations from a single pop-
ulation that has been expected to have similar
allelic variants on autosomal STR loci. Across,
researchers have checked the credibility of the
papers used in this research, as well as the pre-
cision of the researchers’ methods. Data gener-
ated has been expected: two Indian populations
(Yadav and Kurmi) clustered together, as well as
two Berber populations from Morocco (Asni and
Bouhria), Hungarians living in Hungary and in
Serbia, and three Polish Caucasian populations.
Three Argentinian populations have also been
compared in this paper. No significant differenc-
es between them are found, which is consistent
with the data reported by Marino and colleagues
(Marino et al. 2006).

CONCLUSION

Researchers have compared available auto-
somal STR data on a significant number of hu-
man populations, described their genetic
(dis)similarity, and clustered them. These stud-
ies, once again, have shown that autosomal STR
data could be a great descriptor of the geograph-
ical clustering for the global human population.
By finding the genetic similarities and differenc-
es between populations, their geographical lo-
cation and/or origin could be more precisely
determined. In fact, even if geographical loca-
tion of examined population is not identified,
according to the autosomal STR data based on
its comparison with same data of some known
starting population, geographical position of this

population in most cases could be successfully
approximated.
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