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Abstract 

Background: The Kurds as an ethnic group are believed to be a combination of earlier Indo-European tribes who 
migrated and inhabited a mountainous area thousands of years ago. However, as it is difficult to describe the precise 
history of their origin, it is necessary to investigate their population relationship with other geographical and ethnic 
groups.

Results: Seventeen Short Tandem Repeat markers on the Y chromosome (Y-STR) included in the AmpFLSTR™ Yfiler™ 
PCR Amplification Kit (Thermo Fisher Scientific, USA) were used to type DNA samples from the Sorani (Central) Kurdish 
population in Sulaymaniyah province. One hundred fifty-seven haplotypes were obtained from 162 unrelated male 
individuals. The highest and lowest gene diversities were DYS385a/b (GD = 0.848) and DYS392 (GD = 0.392), respec-
tively. The haplotypes were used to predict the most likely haplogroups in the Sulaymaniyah population.

Conclusion: Haplogroup prediction indicated predominance (28%) of subclade J2 (44/157) in the Sorani Kurds, 
northeast of Iraq. The pairwise genetic distance results showed that the Kurdish group clustered along with Asian 
populations, whereas the furthest countries were Europeans and Africans.
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Background
The Kurds constitute the largest stateless nation in the 
world [1, 2]. Although no precise figures for the Kurdish 
population exist, a reasonable estimate is 30–35 million 
individuals [3–5]. Most of the Kurds inhabit a mountain-
ous region straddling the borders of five countries: Iraq, 
Iran, Syria, Turkey and Armenia [4, 6]. Since Kurdish 
is a macro-language, the Kurds are also divided into at 
least five groups based on dialect: Kurmanji, Sorani, Kir-
mashani, Zazaki and Gorani [7].

The origin of the Kurds is uncertain [8, 9]. Tradition-
ally, they are the descendants of different Indo-European 
tribes who migrated to the Zagros mountain region some 
4000 years ago [5]. The earliest historical document of 
their existence in the region is the Sumerian cuneiform 
writing describing the land of Kurds (land of Karda), 
which dates to 3000 BC [10]. Nevertheless, other studies 
indicate that both the ethnic forefathers and the linguistic 
ancestors of the Kurds inhabited the Near East and Eura-
sia, geographically from outside and northwest of Iran, 
and they early occupied their Eurasian homeland [11].

Researchers are interested in using genetic informa-
tion to extend knowledge about population histories and 
bio-geographic ancestry [12, 13]. Because the Y chromo-
some is inherited through the paternal line, Y-STRs are 
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commonly used to understand migration history and 
the origin of populations worldwide [14–16]. Y-STRs are 
highly polymorphic with strong powers of discrimination 
among unrelated male individuals, making these markers 
suitable for human identification purposes. In forensic 
genetics, many Y-STR commercial kits have been devel-
oped as valuable tools for forensic analysis [16, 17]. Since 
Y-STRs have an average mutation rate of 0.2% per gener-
ation, they can also be used to study the genetic composi-
tion and consanguinity issues of various populations [18].

There is little genetic data available about the diversity 
of the Kurdish population. Furthermore, most previous 
studies collected DNA samples from Kurds as a single 
group for comparative analysis [19, 20]. Therefore, the 
current study focuses on the Sorani, Central Kurdish 
group, in the northeastern Iraqi province of Sulaymani-
yah. It uses Yfiler (Thermo Fisher Scientific) with 17 loci 
to study the genetic variation of this population. The 
province of Sulaymaniyah is bordered by Iran in the east 
and by Iraqi Arabs in the south (Fig. 1) and has approxi-
mately 779,000 residents [22].

Results
Yfiler alleles diversity
The majority of the haplotypes obtained in this study 
occur only once. A total number of 157 haplotypes 

were observed out of 162 samples; only five were shared 
among 5 individuals. Haplotype data is presented in 
Table S1, and has also been uploaded to the Y-chromo-
some STR haplotype reference database (YHRD), release 
R66 (accession number YA005683). Allele frequencies of 
the 17-STR loci were calculated using Genetic Analysis 
in Excel (GenAIEx 6.5) and presented in Table S2, while 
their distribution is shown in Fig.  2 below. The num-
ber of different alleles at each locus varied from 12 for 
DYS385a/b to 4 for DYS389I, DYS437 and DYS438. Gene 
diversity (GD), polymorphism information content (PIC), 
match probability (PM) and power of discrimination 
(PD) were calculated using the STR Analysis for Foren-
sics (STRAF) online tool; the values for each locus are 
presented in Table S3. The results showed that the high-
est GD was at loci DYS385a/b and DYS458 (GD = 0.848 
and 0.828 respectively) while the lowest was observed at 
locus DYS392 (GD = 0.392) (Fig. S1).

Variant alleles
Several variant alleles were observed in different sam-
ples (Fig. S2). Duplicated alleles were found in one 
individual at locus DYS19 with values of 15, 16. Dupli-
cated alleles were also found at locus YGATA H4 in 
one of the samples predicted to belong to haplogroup 
T-M184. In addition, a null-allele was found at two loci 

Fig. 1 Map, adapted from Wikimedia Commons, showing the approximate distribution of the Kurds [21]
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in three male individuals of the Sorani Kurdish popula-
tion; DYS448 (two samples) were predicted to belong to 
haplogroups R1b-M343 and T-M184, and YGATA H4 
(one sample) was predicted to belong to haplogroup 
J1-M267.

Microvariant alleles were observed in the Sorani 
Kurd males with a total percentage of 15.2% (24/157). 
Most were obtained at the locus DYS458, with 20 out 
of the 157 samples (12.7%); three samples were also 
observed at the locus DYS385a/b (1.9%) and one at the 
locus DYS19. Most of the microvariant samples (20/24) 
are predicted to belong to haplogroup J (J1 = 17 and 
J2 = 3).

Twelve samples (7.6%) were observed as mono-allele 
for the bi-allelic DYS385a/b locus. Several variant alleles 
were observed in our dataset that migrated outside the 
range of the allelic ladder of the AmpFLSTR™ Yfiler™ 
PCR Amplification Kit. The off-ladder alleles were at 
locus DYS635 allele 27 (three samples), predicted to 
belong to haplogroup R2-M124; and at locus Y GATA H4 
allele 14 (two samples) predicted to belong to haplogroup 
E1b1b-M35.

Haplogroup prediction and network analysis
Y-haplogroups were inferred by using Whit Athey’s Hap-
logroup Predictor tool (31-haplogroup-2021 version). 
The major sub-haplogroups of the Sorani Kurd were 
E1b1b-M35 (16.5%), J1-M267 (14%), J2a-M410 (12.7%), 
G2a-P15 (10.8%), J2a (8.9%), R1a-M17 (7.6%) and R1b-
M343 (7%). The haplogroup distributions in the Sorani 
Kurdish population are shown in Fig. S3. The complete 
haplogroup predictions are shown in Table S4.

Median-joining Y-STR network was calculated for the 
Sorani Kurd haplotypes using NETWORK v5.0.1.0 and 
edited by NETWORK publisher v2.1.1.2 (Fluxus Tech-
nology Ltd.). The median-joining calculation was based 
on Whit Athey’s haplogroup prediction results and six 
major clusters were obtained from the haplotypes of the 
present study: J2a, E1b1b, J1, G2a, R1a and R1b (Fig. 3).

Population comparison
The haplotypes of the Sorani Kurd were compared to 
fifteen other population haplotypes using YHRD data-
bases: Iraqi (Arabs), Iran, Qatar, Saudi Arabia, Lebanon, 
Yemen, Israel, Turkey, Afghanistan, Azerbaijan, Egypt, 
Ethiopia, Greece, Denmark and Sweden. The population 

Fig. 2 Distribution of allele frequencies of the Yfiler loci using the Sorani Kurd haplotypes
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pairwise genetic distances  (Rst) were calculated between 
the studied population and the previously reported 
populations (Table S5); the results are shown in Fig.  4. 
A multidimensional scaling (MDS) plot was performed 
from  Rst distances (Fig. S4), and the result showed that 
the Sorani Kurdish population clustered with Qatar, 
Lebanon, Iraq (Arab), Iran, Greece, Azerbaijan and Tur-
key. The closest populations to the Sorani Kurds were 
Qatar  (Rst = 0.0042), Lebanon  (Rst = 0.0078), Iraqi Arabs 
 (Rst = 0.008) and Iran  (Rst = 0.0084). The furthest popula-
tions were Denmark  (Rst = 0.1575), Sweden  (Rst = 0.1467), 
Afghanistan  (Rst = 0.1136) and Ethiopia  (Rst = 0.0951).

Population clustering was performed based on  Rst val-
ues generated by the YHRD tools. The R statistical soft-
ware was used to calculate and generate the hierarchical 
relationships among the 15 different populations [23]. 
Five clusters were obtained (K = 5) as shown in Fig.  5. 

Iraqi Sorani Kurds, Iraqi Arabs, Lebanon, Greece and 
Qatar fell into one cluster. The rest of the western Asia 
populations were divided among three clusters: Iran, Tur-
key and Azerbaijan fell into one cluster, Yemen and Saudi 
Arabia into another with Egypt, while Israel was clus-
tered with Ethiopia. The last group contained Afghani-
stan clustered with the European populations, Sweden 
and Denmark.

The HapMap of the Y-STR with the middle eastern 
populations was generated. The 23 populations utilised 
in the structure analysis have their Y STR data acquired 
from published data: Iraq [18, 19, 24] and this study, 
Kuwait [25], Saudi Arabia [26], Qatar (YHRD accession 
YC000494), Yemen (YHRD accession YA005529), Leba-
non [24], UAE [27], Bahrain [28] and Egypt [29]. Within 
each population, the Y-HapMap STRs revealed a more 
distinct sub-grouping of countries (Fig. 6).

Fig. 3 Median-joining network for the haplotypes of 157 Sorani Kurds, constructed from data on 17 Y-STRs. Circles represent haplotypes, with 
the area proportional to sample size, and lines between them proportional to the number of mutational steps. The colours representing the 
haplogroups are indicated in the left key. UP = unpredicted
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Discussion
Kurds are divided geographically, linguistically and trib-
ally as a consequence of earlier invasions and migrations. 
Kurdish tribes are found throughout Iran, Turkey, Syria 
and Iraq and many of the tribes in Iraq live in and around 
Sulaymaniyah province in Iraqi Kurdistan [30, 31]. There-
fore, the study of population genetics in the ethnic Kurd 
was necessary to trace the paternal and maternal lineage 
of the Kurdish tribes.

In the present study, the Y-STRs were used to deter-
mine the haplotype frequency and genetic variation of 17 
loci among Sorani Kurds in Sulaymaniyah province. The 
results revealed that the highest genetic diversities were 
for DYS385a/b (0.848) and DYS458 (0.828) loci. The low-
est genetic diversity for the Sorani Kurdish population 
was DYS392 (0.406). These results are similar to those 
previously reported for the Iraqi Arab population and 
Kurdish people in northern Iraq [12, 19, 20].

STR duplicates were confirmed in two individuals at 
two loci, DYS19 and Y GATA H4. A double allele at locus 
DYS19 was observed in one sample. Double alleles at the 
same locus were previously observed in the Iraqi popula-
tion with the same duplicated alleles (15, 16) [18]. Other 
studies observed double alleles in DYS19 [24, 32, 33]. In 
the YHRD Release 66, the mutation rate of the DYS19 
locus was 2.12e-3 (42 in 19,807) and this duplication (15, 
16) was at a frequency of 0.051%. A duplication of the 
YGATA H4 locus was observed in one individual with 
the values 11, 12. A global study of the Y chromosomal 
haplotypes showed that one sample carried duplicated 
alleles at YGATA H4 with the values of 11, 12 [24]. The 
YHRD (Release 66) contained a total of four observations 
(0.0013%) of the YGATA 11, 12 duplication. In addition, 
null alleles were found in the Sorani Kurdish population 
in two loci, DYS448 and YGATA H4. These null alleles 
are most likely due to deletions of the target region or 
primer binding site regions or by mutations in the primer 

Fig. 4 The matrix of pairwise genetic distance based on  Rst of Y-STRs. The Sorani Kurd was closest to Qatar, Lebanon, Iraqi Arabs and Iran and 
furthest from Denmark, Sweden, Afghanistan and Ethiopia
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binding sites [34]. The previous study of the Y chromo-
somal haplotypes showed that the DYS448 has the high-
est level of null alleles in 51 countries (59/19,630) [24]. 
Null alleles at various loci were observed in the Indian 
population, including the locus DYS448 [24]. Based on 
the YHRD (Release 66), the mutation rate of the DYS448 
locus was 1.37e-03 (15 in 10,935) and 827 null alleles 
were observed; whereas the mutation rate of the YGATA 
H4 was 2.51e-03 (30 in 11,970) and observations of 22 
null alleles were reported.

In this study, off-ladder alleles were observed at locus 
DYS635 allele 27 (three samples) and locus Y GATA H4 
allele 14 (two samples). However, these off-ladder alleles 
of the Yfiler kit are present in the allelic ladder of other 
commercial kits such as a Yfiler™ Plus and PowerPlex® 
Y23 System [35, 36]. This addition in the other commer-
cial kits can be helpful in appropriately designating rare 
alleles.

Y-STR haplogroups were inferred using Whit Athey’s 
Haplogroup predictor. The samples of the Sorani Kurds 
were classified into 18 different haplogroups. The major 
ones (> 10%) were J (42.67%), R (18.47%), E (17.19%) and 
G (10.83%). The subclades of these haplogroups were J2 
(28%), E1 (17.19%), R1 (14.64%), J1 (14%), G2 (10.83%) 
and R2 (3.8%). The results of the present study are in 
agreement with previous results that the most com-
mon haplogroups in the Kurdish population are J and 
R. Previous studies concluded that the haplogroup J is a 
common male lineage in West Asia [37]. However, the 
phylogeography of this haplogroup is complex. The two 
sub-haplogroups J1 and J2 are similar in distribution, but 
J2 is most common among modern Kurdish [19], Jewish 
[38], and Iranian [9] and is also found in tribal popula-
tions inhabited in different parts of India [39]. While the 
maximal frequency of the subclade J1 is in Arab-speak-
ing populations. Predictions indicated the predominance 

Fig. 5 The dendrogram shows five clusters of the 15 populations using R statistical software (version 4.0.3). This dendrogram was generated based 
on the  Rst genetic distance values

Fig. 6 The HapMap of the Y-STR haplotypes using 17 STR markers. The results showing 4 clusters using 23 populations (3833 individuals)
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of haplogroup J1 in Iraqi Arabs (36.6%) [18], in Saudi 
Arabia (71%) [26], and in Kuwait (37%) [40], whereas 
haplogroup prediction in the Bahraini population sug-
gested that the most common subclade is J2 (27.6%) fol-
lowed by J1 (23%) [28].

Members of the haplogroup R are widespread in 
Europe, R1a being most common in eastern Europe 
and R1b in western Europe [41, 42]. Studies indicated 
that the haplogroup R originated in north Asia about 
27,000 years ago and is widespread in western, central 
and southern Asia [42, 43]. In addition, haplogroup R is 
one of the largest clades in the Indian subcontinent [42]. 
Members of the clade R are also found at high frequen-
cies in the central-western part of the African continent 
[44]. In the present study, the second major haplogroup 
among the Sorani Kurds was R 18.4% (29/157) (R1a = 12, 
R1b = 11, R2 = 6). The previous results on the Kurdish 
population in northern Iraq revealed that the major sub-
haplogroup was R1a 17.17% (17/104); four other samples 
belonged to R1b sub-haplogroup (4.04%) while R2 was 
not observed [19].

Genetic studies indicated that the highest frequency 
of the haplogroup E1b1b-M35 is in north Africa and 
reaches an average frequency of 42–45% across the 
region [15, 45]. In the current study, high frequencies of 
the E1b1b-M35 sub-haplogroup were observed 16.56% 
(26/157) while the E1b1a sub-haplogroup was found in 
only one individual (0.64%).

The haplogroup G is most common in the Caucasus, 
Near/Middle East and in southern Europe. Archaeologi-
cal research estimated the origin of the clade G, adja-
cent to eastern Anatolia. The haplogroup G, with the 
haplogroup J2, has been associated with the spread of 
agriculture into Europe [46]. In the present study, the 
haplogroup G, particularly sub-haplogroup G2a-P15, was 
frequently observed 10.83% (17/157) in the Sorani Kurd-
ish population. Observations of the sub-haplogroups 
E1b1b-M35 and G2a-P15 were also significant from the 
earlier study on the paternal lineage of Northern Iraqi 
Kurds, E1b1b-M35 (13/104) (12.5%) and G2a-P15 (8/104) 
(7.69%) [19].

However, these slight differences in the genetic param-
eters were expected. The current study, the first to our 
knowledge, focuses on one group of the Kurdish popula-
tion (Sorani Kurds) in Iraq, separated from the Kurmanji 
Kurdish group in the northwest of Iraq on the border 
with Turkey. In addition, a higher number of population 
samples were collected than in the previous paternal line-
age studies of the Kurdish population [19, 20, 47], which 
is also an important consideration in obtaining more reli-
able results with greater precision and power.

The Sorani Kurdish population was compared with 
15 other populations in the YHRD database. A pairwise 

population genetic distance  (Rst) revealed significant dif-
ferences between Sorani Kurds and populations from 
western Europe and Africa, while similarities were 
observed with the west and central Asian countries. 
However, genetic distance results are strongly influenced 
by the loci number and sample sizes. Increasing the loci 
numbers will improve the precision estimates of the 
genetic differences. In addition, larger sample sizes per 
population can provide more accurate mean values if 
insufficient loci are available [48].

The Y-STR HapMap developed in this study revealed 
not only closer geographical proximity of the population 
samples, but also a more distinct sub-grouping of the 
respective populations. The results of the present study 
show that the Sorani Kurdish population is part of the 
Middle Eastern population.

Conclusions
Human Y-STR markers provide powerful results for hap-
lotype analysis and haplogroup prediction, which lead 
to individual geographical origins. In this study, a data-
base of 17 Y-STR loci for the Sorani Kurdish population 
was established. The highest and lowest gene diversities 
were found at the loci DYS385a/b and DYS392, respec-
tively, and the J2 haplogroup predominated. The findings 
also show that the Sorani Kurdish population is geneti-
cally more similar to populations in Western and Central 
Asia than to populations in Europe and Africa. Because 
genetic data on the diversity of the Kurdish population is 
limited, providing Sorani Kurd paternal lineage data may 
aid in developing a better understanding of this Kurdish 
ethnic group’s bio-geographic ancestry.

Methods
Sampling and DNA extraction
Blood samples were collected with written informed con-
sent from 157 Sorani Kurd males aged 18 years old and 
above, using heparin or EDTA tubes. DNA was extracted 
using a Prime Prep DNA isolation kit (GeNet Bio-Korea) 
according to the manufacturer’s protocol. The purity and 
concentration of the DNA were determined by using an 
Eppendorf Biophotometer Plus (Eppendorf-Germany).

Polymerase chain reaction (PCR)
The AmpFLSTR™ Yfiler™” PCR Amplification Kit con-
tains 17 loci: DYS438, DYS393, DYS385a/b, DYS389I/
II, DYS458, DYS437, DYS391, DYS392, DYS635 (Y 
GATA C4), Y GATA H4, DYS19, DYS390, DYS439, 
DYS456 and DYS448. Simultaneous amplification was 
conducted following the manufacturer’s instructions 
(Thermo Fisher Scientific). The amplified fragments 
were separated on an ABI Prism® 310 Genetic Analyzer, 
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and allele calling was performed with GeneMapper® 
V.4.1. ID software (Thermo Fisher Scientific).

Data analysis
The haplotype frequencies were calculated using 
GenAIEx 6.5 [49]. The forensics statistics including 
gene diversity (GD), polymorphism information con-
tent (PIC), match probability (PM) and power of dis-
crimination (PD) were calculated using the STRAF 
online tool [50].

Haplogroup predictions from Y-STR values of the 
Sorani Kurdish population were inferred using Athey’s 
Haplogroup Predictor [51]. Median-joining networks 
were constructed by the software NETWORK v5.0.1.0 
and NETWORK Publisher v2.1.2.5 (Fluxus Technology 
Ltd.) following the author’s recommendations [52, 53].

Population comparisons were performed using 
the YHRD database (https:// yhrd. org (accessed on 
17/01/2022)) [54]. The online AMOVA program was 
used to calculate the  Rst among the populations and the 
multidimensional scaling (MDS) was performed based 
on Kruskal’s non-metric MDS algorithm [55].

Population structure in the Arabian Peninsula was 
investigated using the program STRU CTU RE version 
2.3.7 with an admixture model [56]. The HapMap was 
generated for the Y-STR data for 17 markers of 23 pop-
ulations (3833 individuals).

Abbreviations
STR: Short tandem repeat; DNA: Deoxyribonucleic acid; BC: Before Christ; PCR: 
Polymerase chain reaction; GD: Gene diversity; YHRD: Y-chromosome STR 
haplotype reference database; EDTA: Ethylenediamine tetraacetic acid; Rst: A 
pairwise population genetic distance; HapMap: Haplotype map; PIC: Polymor-
phism information content; PM: Match probability; PD: Power of discrimina-
tion; GenAIEx: Genetic analysis in Excel; STRAF: STR analysis for forensics; MDS: 
Multidimensional scaling; AMOVA: Analysis of molecular variance.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12864- 022- 09005-6.

Additional file 1: Table S1. Y-STR haplotypes and predicted haplogroups 
for 157 Iraqi [Sorani Kurd] males. Table S2. Allele frequencies and sample 
size by locus of the 17-STR loci for the 157 males of the Sorani Kurd. 
Table S3. Gene diversity (GD), polymorphism information content (PIC), 
match probability (PM) and power of discrimination (PD) of the Sorani 
Kurd males. Table S4. Haplogroup distribution in Sorani Kurdish popula-
tion. Table S5. Sum of squared size difference  (Rst) in 15 populations.

Additional file 2: Fig. S1. Chart showing match probability and gene 
diversity for each of the 17 loci in the Sorani Kurdish population. Fig. S2. 
Variant alleles, duplications and deletions, at different loci in four different 
individuals. Fig. S3. Chart showing Y-haplogroup distribution in the Sorani 
Kurdish population. Fig. S4. Multidimensional scaling plots of fifteen dif-
ferent populations based on  Rst values.

Acknowledgements
We are grateful to the blood donors for their cooperation and to everyone 
who helped us with this project. We are thankful to Fraz Maaroof Barzinji at 
Harem Hospital for her support and encouragement.

Authors’ contributions
B.M.A.: Significant contributions to the concept, construction of the work, data 
analysis and interpretation of data; contributed to the experimental work, 
supervised, prepared and revised the manuscript. F.M.A.: Significant contribu-
tions to the concept, supervision and design of the work; contributed to the 
experimental work. S.A.H.: Significant contribution to the concept and design 
of the work, selection of donors, collection of samples and performance 
of DNA extractions; contributed to the experimental work. D.R.: Significant 
contribution to the concept; contributed to experimental work, revision of the 
manuscript. H.L.: Significant contributions to the concept, data interpretation 
and analysis; supervised edited and revised the manuscript. All authors have 
read and agreed to the published version of the manuscript.

Funding
This research received no specific grant from any funding agencies in the 
public, commercial or non-profit sectors.

Availability of data and materials
The data generated in this study have been deposited with links to BioProject 
accession number PRJNA868298 in the NCBI BioProject database (https:// 
www. ncbi. nlm. nih. gov/ biopr oject/).
Haplotype data has been uploaded to the YHRD:  Contr ibuti on YA005 683, 
release R66.
Supplementary data associated with this article can also be found in the sup-
plementary materials.

Declarations

Ethics approval and consent to participate
All work performed in this manuscript has been reviewed and approved 
according to institutional ethical standards. Written informed consent to 
participate was obtained from all of the participants. Ethical approval was 
obtained from the Ethics Committee of the Kurdistan Institution for Strategic 
Studies and Scientific Research/department of biology and Microgene 
Diagnostic Centre. Ethical approval was granted on 15th February 2020 with a 
unique reference number (KI-ET 20/February 2020).

Consent for publication
Written informed consent was obtained from all participants included in the 
study.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Kurdistan Institution for Strategic Studies and Scientific Research (KISSR), 
Sulaymaniyah, Iraq. 2 Microgene Diagnostic Center, Sulaymaniyah, Iraq. 
3 College of Education, University of Sulaimani, Sulaymaniyah, Iraq. 4 School 
of Medicine, The Faculty of Health, Social Care and Medicine (FHSCM), Edge 
Hill University, Ormskirk L39 4QP, UK. 

Received: 28 March 2022   Accepted: 9 November 2022

References
 1. Radpey L. Kurdish regional self-rule administration in syria: a new model 

of statehood and its status in international law compared to the kurdistan 
regional government (KRG) in Iraq. Jpn J Political Sci. 2016;17:468–88.

 2. Sköld N. ‘People without a state also must live’: Kurds’ experiences of 
citizenship in the Middle East and the Netherlands. Statelessness Citizsh 
Rev. 2019;1:283–306.

 3. Bezci EB. Guest editor’s introduction: trajectory for Kurds. Middle East Crit. 
2018;27:1–6.

https://yhrd.org
https://doi.org/10.1186/s12864-022-09005-6
https://doi.org/10.1186/s12864-022-09005-6
https://www.ncbi.nlm.nih.gov/bioproject/
https://www.ncbi.nlm.nih.gov/bioproject/
https://yhrd.org/details/contribution/005683


Page 9 of 10Albarzinji et al. BMC Genomics          (2022) 23:763  

 4. Meho L, Maglaughlin KL. Kurdish culture and society: an annotated 
bibliography. Boston: Greenwood Publishing; 2001.

 5. Yildiz K. The kurds in Iraq: the past, present and future. London: Pluto 
Press; 2007.

 6. McDowall D. A modern history of the Kurds. London: I.B. Tauris; 1997.
 7. Sheyholislami J. Language varieties of the Kurds. In: Taucher W, Vogl M, 

Webinger P, editors. The Kurds: history, religion, language, politics. Vienna: 
Austrian Federal Ministry of the Interior; 2015. p. 30–51.

 8. Britannica. Kurd history, culture, & language. The editors of encyclopaedia 
Britannica. 2021. https:// www. brita nnica. com/ topic/ Kurd. Accessed 22 
Jan 2022.

 9. Grugni V, Battaglia V, Kashani BH, Parolo S, Al-Zahery N, Achilli A, et al. 
Ancient migratory events in the Middle East: new clues from the 
Y-chromosome variation of modern Iranians. PLoS One. 2012;7:e41252.

 10. Nasidze I, Quinque D, Ozturk M, Bendukidze N, Stoneking M. MtDNA 
and Y-chromosome variation in Kurdish groups. Ann Hum Genet. 
2005;69:401–12.

 11. Hennerbichler F. The origin of Kurds. Adv Anthropol. 2012;2:64–79.
 12. Royal CD, Novembre J, Fullerton SM, Goldstein DB, Long JC, Bamshad MJ, 

et al. Inferring genetic ancestry: opportunities, challenges, and implica-
tions. Am J Hum Genet. 2010;86:661–73.

 13. Solé-Morata N, García-Fernández C, Urasin V, Bekada A, Fadhlaoui-Zid 
K, Zalloua P, et al. Whole Y-chromosome sequences reveal an extremely 
recent origin of the most common North African paternal lineage 
E-M183 (M81). Sci Rep. 2017;7:15941.

 14. Deng W, Shi B, He X, Zhang Z, Xu J, Li B, et al. Evolution and migration 
history of the Chinese population inferred from Chinese Y-chromosome 
evidence. J Hum Genet. 2004;49:339–48.

 15. Bentayebi K, Hajitou A. A revised root for the human Y chromosome dif-
ferentiation and diversity landscape among North African populations. J 
Investig Genom. 2018;5:35–7.

 16. Yang Y, Wang W, Cheng F, Chen M, Chen T, Zhao J, et al. Haplotypic poly-
morphisms and mutation rate estimates of 22 Y-chromosome STRs in the 
Northern Chinese Han father-son pairs. Sci Rep. 2018;8:7135.

 17. Kayser M. Forensic use of Y-chromosome DNA: a general overview. Hum 
Genet. 2017;136:621–35.

 18. Lazim H, Almohammed EK, Hadi S, Smith J. Population genetic diversity 
in an Iraqi population and gene flow across the Arabian Peninsula. Sci 
Rep. 2020;10:15289.

 19. Dogan S, Gurkan C, Dogan M, Balkaya HE, Tunc R, Demirdov DK, et al. A 
glimpse at the intricate mosaic of ethnicities from Mesopotamia: paternal 
lineages of the Northern Iraqi Arabs, Kurds, Syriacs, Turkmens and Yazidis. 
PLoS One. 2017;12:e0187408.

 20. Stenersen M, Perchla D, Søvik E, Flønes AG, Dupuy BM. Kurdish (Iraq) and 
Somalian population data for 15 autosomal and 9 Y-chromosomal STR 
loci. Int Congr Ser. 2004;1261:185–7.

 21. Wikimedia Commons contributors. File: Kurdish languages map.svg. 
Wikimedia Commons, the free media repository. https:// commo ns. wikim 
edia. org/w/ index. php?  title= File: Kurdi sh_ langu ages_ map. svg& oldid= 
64100 4112. Accessed 30 June 2022.

 22. Population Stat. Sulaimaniya, Iraq population. 2022. https:// popul ation 
stat. com/ iraq/ sulai maniya. Accessed 22 Jan 2022.

 23. R Core Team. R: a language and environment for statistical computing. 
Vienna: R Foundation for Statistical Computing; 2021.

 24. Purps J, Siegert S, Willuweit S, Nagy M, Alves C, Salazar R, et al. A global 
analysis of Y-chromosomal haplotype diversity for 23 STR loci. Forensic Sci 
Int Genet. 2014;12:12–23.

 25. Taqi Z, Alenizi M, Alenizi H, Ismael S, Dukhyil AAB, Nazir M, et al. Popula-
tion genetics of 23 Y-STR markers in Kuwaiti population. Forensic Sci Int 
Genet. 2015;16:203–4.

 26. Khubrani YM, Wetton JH, Jobling MA. Extensive geographical and social 
structure in the paternal lineages of Saudi Arabia revealed by analysis of 
27 Y-STRs. Forensic Sci Int Genet. 2018;33:98–105.

 27. Jones RJ, Tay GK, Mawart A, Alsafar H. Y-Chromosome haplotypes reveal 
relationships between populations of the Arabian Peninsula, North Africa 
and South Asia. Ann Hum Biol. 2017;44:738–46.

 28. Al-Snan NR, Messaoudi SA, Khubrani YM, Wetton JH, Jobling MA, 
Bakhiet M. Geographical structuring and low diversity of paternal line-
ages in Bahrain shown by analysis of 27 Y-STRs. Mol Genet Genomics. 
2020;295:1315–24.

 29. Omran GA, Rutty GN, Jobling MA. Diversity of 17-locus Y-STR haplo-
types in Upper (Southern) Egyptians. Forensic Sci Int Genet Suppl Ser. 
2008;1:230–2.

 30. Rubin M. Kurdistan rising? Considerations for Kurds, their Neighbors, 
and the region. Washington, DC: American Enterprise Institute; 2016.

 31. Gunter M. An historical overview to the Kurdish problem. Copernic J 
Political Stud. 2018;4:159–82.

 32. Zeyad T, Adam A, Alghafri R, Iratni R. Study of 27 Y-STR markers in 
United Arab Emirates population. Forensic Sci Int Rep. 2020;2:100057.

 33. Aliferi A, Thomson J, McDonald A, Paynter VM, Ferguson S, Vanhins-
bergh D, et al. UK and Irish Y-STR population data—a catalogue of 
variant alleles. Forensic Sci Int Genet. 2018;34:e1–6.

 34. Budowle B, Aranda XG, Lagace RE, Hennessy LK, Planz JV, Rodriguez M, 
et al. Null allele sequence structure at the DYS448 locus and implica-
tions for profile interpretation. Int J Legal Med. 2008;122:421–7.

 35. Coble MD, Hill CR, Butler JM. An evaluation of additional Y-STR loci in 
the PowerPlex Y23 kit. In: Nashville:  Proceedings of the 23rd Interna-
tional Symposium on Human Identification (ISHI); 2012.

 36. Bai R, Liu Y, Li Z, Jin H, Tian Q, Shi M, et al. Developmental validation of 
a novel 5 dye Y-STR system comprising the 27 YfilerPlus loci. Sci Rep. 
2016;6:29557.

 37. Sahakyan H, Margaryan A, Saag L, Karmin M, Flores R, Haber M, et al. 
Origin and diffusion of human Y chromosome haplogroup J1-M267. 
Sci Rep. 2021;11:6659.

 38. Ferragut JF, Ramon C, Castro JA, Amorim A, Alvarez L, Picornell A. Mid-
dle eastern genetic legacy in the paternal and maternal gene pools of 
Chuetas. Sci Rep. 2020;10:21428.

 39. Singh S, Singh A, Rajkumar R, Kumar KS, Samy SK, Nizamuddin S, et al. 
Dissecting the influence of Neolithic demic diffusion on Indian Y-chro-
mosome pool through J2-M172 haplogroup. Sci Rep. 2016;6:19157.

 40. Theyab JB. The genetic structure of the Kuwaiti and failaka Island 
populations: y-chromosome & mitochondrial DNA variation. Ph.D. 
Thesis. Lawrence: University of Kansas; 2013.

 41. Underhill PA, Poznik GD, Rootsi S, Järve M, Lin AA, Wang J, et al. The 
phylogenetic and geographic structure of Y-chromosome haplogroup 
R1a. Eur J Hum Genet. 2014;23:124–31.

 42. Mahal DG, Matsoukas IG. The geographic origins of ethnic groups 
in the Indian subcontinent: exploring ancient footprints with Y-DNA 
haplogroups. Front Genet. 2018;9:4.

 43. Myres NM, Rootsi S, Lin AA, Järve M, King RJ, Kutuev I, et al. A major 
Y-chromosome haplogroup R1b Holocene era founder effect in Central 
and Western Europe. Eur J Hum Genet. 2011;19:95–101.

 44. Cruciani F, Trombetta B, Sellitto D, Massaia A, Destro-Bisol G, Watson 
E, et al. Human Y chromosome haplogroup R-V88: a paternal genetic 
record of early mid Holocene trans-Saharan connections and the 
spread of Chadic languages. Eur J Hum Genet. 2010;18:800–7.

 45. Elkamel S, Marques SL, Alvarez L, Gomes V, Boussetta S, Mourali-Chebil 
S, et al. Insights into the Middle Eastern paternal genetic pool in Tuni-
sia: high prevalence of T-M70 haplogroup in an Arab population. Sci 
Rep. 2021;11:15728.

 46. Rootsi S, Myres NM, Lin AA, Järve M, King RJ, Kutuev I, et al. Dis-
tinguishing the co-ancestries of haplogroup G Y-chromosomes 
in the populations of Europe and the Caucasus. Eur J Hum Genet. 
2012;20:1275–82.

 47. Fattah YM, Mohammed AB, Hussien NJ. Y-chromosomal STR variation 
in Kurds and Arabs population in Iraqi Kurdistan. Int J Res Med Sci. 
2019;7:1631–7.

 48. Kalinowski ST. Do polymorphic loci require large sample sizes to esti-
mate genetic distances? Heredity. 2005;94:33–6.

 49. Peakall R, Smouse PE. GenAlEx 6.5: genetic analysis in Excel. Population 
genetic software for teaching and research--an update. Bioinformatics. 
2012;28:2537–9.

 50. Gouy A, Zieger M. STRAF—a convenient online tool for STR data evalu-
ation in forensic genetics. Forensic Sci Int Genet. 2017;30:148–51.

 51. Athey TW. Haplogroup prediction from Y-STR values using a Bayesian-
allele-frequency approach. J Genet Geneal. 2006;2:34–9.

 52. Bandelt HJ, Forster P, Rohl A. Median-joining networks for inferring 
intraspecific phylogenies. Mol Biol Evol. 1999;16:37–48.

 53. Fluxus-engineering.com. Free phylogenetic network software. 2020. 
https:// www. fluxus- engin eering. com/ share net. htm. Accessed 29 Jan 2022.

https://www.britannica.com/topic/Kurd
https://commons.wikimedia.org/w/index.php?%20title=File:Kurdish_languages_map.svg&oldid=641004112
https://commons.wikimedia.org/w/index.php?%20title=File:Kurdish_languages_map.svg&oldid=641004112
https://commons.wikimedia.org/w/index.php?%20title=File:Kurdish_languages_map.svg&oldid=641004112
https://populationstat.com/iraq/sulaimaniya
https://populationstat.com/iraq/sulaimaniya
https://www.fluxus-engineering.com/sharenet.htm


Page 10 of 10Albarzinji et al. BMC Genomics          (2022) 23:763 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 54. Willuweit S, Roewer L. The new Y chromosome haplotype reference 
database. Forensic Sci Int Genet. 2015;15:43–8.

 55. Kruskal JB. Nonmetric multidimensional scaling: a numerical method. 
Psychometrika. 1964;29:115–29.

 56. Pritchard JK, Stephens M, Donnelly P. Inference of population structure 
using multilocus genotype data. Genetics. 2000;155:945–59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Population genetic study of 17 Y-STR Loci of the Sorani Kurds in the Province of Sulaymaniyah, Iraq
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Results
	Yfiler alleles diversity
	Variant alleles
	Haplogroup prediction and network analysis
	Population comparison

	Discussion
	Conclusions
	Methods
	Sampling and DNA extraction
	Polymerase chain reaction (PCR)
	Data analysis

	Acknowledgements
	References


