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Genetic diversity of disease-associated loci
in Turkish population

Sefayet Karaca1,2, Tomris Cesuroglu2,3, Mehmet Karaca4, Sema Erge2,5 and Renato Polimanti6

Many consortia and international projects have investigated the human genetic variation of a large number of ethno-geographic

groups. However, populations with peculiar genetic features, such as the Turkish population, are still absent in publically

available datasets. To explore the genetic predisposition to health-related traits of the Turkish population, we analyzed 34 genes

associated with different health-related traits (for example, lipid metabolism, cardio-vascular diseases, hormone metabolism,

cellular detoxification, aging and energy metabolism). We observed relevant differences between the Turkish population and

populations with non-European ancestries (that is, Africa and East Asia) in some of the investigated genes (that is, AGT, APOE,
CYP1B1, GNB3, IL10, IL6, LIPC and PON1). As most complex traits are highly polygenic, we developed polygenic scores

associated with different health-related traits to explore the genetic diversity of the Turkish population with respect to other

human groups. This approach showed significant differences between the Turkish population and populations with non-European

ancestries, as well as between Turkish and Northern European individuals. This last finding is in agreement with the genetic

structure of European and Middle East populations, and may also agree with epidemiological evidences about the health

disparities of Turkish communities in Northern European countries.
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INTRODUCTION

The investigation of human genetic variation can facilitate an under-
standing of health disparities among ancestry groups and the devel-
opment of effective preventive strategies.1–3 International projects
about human genetic variation, such as the Human Genome Diversity
Project,4 the HapMap Project5 and the 1000 Genomes Project,6 have
provided a vast amount of data that have been used to explore the
effects of genetic diversity in determining a population predisposition
to health-related traits.7–9 However, some populations with peculiar
genetic features are not included in these publically available datasets.
The Turkish population is one of these missing populations. Because
the Anatolian peninsula links the Middle East, Europe and Asia, and
because there have been several population migrations in ancient and
recent human history,10 the Turkish population presents genetic
features that are not present in other human populations. Different
studies have investigated the genetic diversity of the Turkish popula-
tion using molecular analyses on mitochondrial DNA,11 Y-
chromosome12 and autosomal loci.13,14 The outcomes of these
investigations highlighted that the genetic pool of the Turkish
population comprises an admixture of European, Middle East and
Central Asian components. To the best of our knowledge, no studies
have explored the genetic architecture of Turkish population to
compare the genetic predisposition to health-related traits of this
population with respect to other ancestry groups. Recent studies

demonstrated that approaches based on population genetics can be
used to investigate genetic predisposition to complex traits.15,16 They
provided information about the role human history plays in shaping
the genetic diversity of disease-associated loci17 and the differences in
genetic predisposition to complex traits among human populations.18

Moreover, genetic studies will derive an awareness of the role of
genetics in health and help to stratify disease risks and target
interventions to achieve health promotion goals in a given
population.19,20

The present study was developed to analyze the genetic diversity of
disease-associated loci in the Turkish population, comparing its
genetic diversity with other continental groups via single-locus and
multiple-locus analysis. This approach can be used to identify the
disease risk in each human population and to stratify individuals
according to risk groups, improving our capacity to prevent diseases
and detect them early, in accordance with the aims of the GENAR
Institute for Public Health and Genomics Research.21 Specifically, we
investigated the genetic diversity of 34 independent genes associated
with multiple health-related traits (for example, lipid metabolism,
cardio-vascular diseases, hormone metabolism, cellular detoxification,
aging and energy metabolism) in different human populations. We
explored the genetic differences of these loci between the Turkish
population and the reference samples of the 1000 Genomes Project.
We verified whether these genetic differences are due to the pressures
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of natural selection or stochastic demographic events. We performed a
clustering analysis to check whether the genetic variation of these
disease-associated loci are in agreement with those reported in
previous studies about the Turkish population. Finally, because most
of health-related traits are highly polygenic,22 we developed different
polygenic diversity scores associated with specific health-related traits
and verified the significant differences of Turkish subjects with respect
to individuals with African, American, East Asian and European
ancestries. To the best of our knowledge, this is the first investigation
that applied polygenic score analysis to explore genetic diversity
among human populations. Given this study design, we observed
not only significant differences between Turkish and non-European
populations in single-locus analysis, but also significant differences
between Turkish and Northern European populations in polygenic-
score analysis.

MATERIALS AND METHODS

Samples
All the procedures used in this study conformed to the tenets of the Declaration
of Helsinki, and the appropriate institutional ethics committee approval was
obtained. Participants were recruited in the seven largest cities (Istanbul,
Ankara, Izmir, Bursa, Adana, Antalya and Samsun) within five regions of
Turkey. All of the participants voluntarily applied to the GENAR Biotechnology
and Molecular Genetics, Research and Application Laboratories, to enroll in a
preventive health-care intervention programme20 provided via participating
physicians. The study population included unrelated Turkish participants in
apparently healthy conditions. Genetic tests were performed after obtaining
informed consent. Genes and single nucleotide polymorphisms (SNPs) were
selected according to their role in major metabolic and disease-relevant
pathways (for example, lipid and glucose metabolism, single carbon metabo-
lism, blood pressure homeostasis and inflammation response). The screened
genes were grouped according to their contribution to complex disease.
Accordingly, different disease-related test packages, which contain relevant
combinations of SNPs, were generated. The volunteers could choose one or
more of those packages for genetic testing. This comprises the main reason for
the differences among the number of typed individual per variant.

Genotyping
Genomic DNAs were isolated from buccal swabs or whole-blood samples using
an MN DNA isolation kit (Macherey Nagel-Nucleospin, Düren, Germany).
SequenomRealSNP software was used to design sequence-specific amplification
primers (Metabion, Planegg, Germany) for the multiplex level (details
regarding the PCR primers, extend probes and multiplex combinations are
available upon the request). The investigated variants were selected on the basis
of their involvement in multiple health-related traits (for example, lipid
metabolism, cardio-vascular diseases, hormone metabolism, cellular detoxifica-
tion, aging and energy metabolism), developing the Gentest practice model to
screen genetic predisposition to complex diseases of healthy Turkish volunteers.
Details about Gentest are available in our previous article.21 Specifically, in the
current analysis, we investigated 43 SNPs located in 34 different genes. In
Supplementary Table 1, we reported the details about the investigated variants.
The amplification conditions were based on the manufacturer’s protocol of the
Sequenom MassARRAY platform (Sequenom Inc., San Diego, CA, USA). PCR,
post-PCR cleanup, homogeneous mass extend reaction and purification of
homogeneous mass extend products using a cation exchange resin are the main
steps of the applied protocol. Extended/desalted products were arrayed onto
384-sample SpectroCHIPs, using the Nanodispencer system (Sequenom Inc.).
The target chips were analyzed in the matrix-assisted laser desorption/
ionization-time-of-flight mass spectrometer of the MassARRAY Compact
System (Sequenom Inc.). The analysis was performed using SpectroTYPER
software (Sequenom Inc.). Detailed information about genotyping pipeline is
reported in our previous study.14

As mentioned in the description of the samples, the differences in the sample
sizes among the investigated variants are due to the choices of the volunteer

participants for the genetic testing packages. In our genetic investigation, all
investigated variants showed call rates greater than 95%.

Data from the 1000 Genomes Project
To compare Turkish data with reference to worldwide populations, we used the
genotype information available for the samples of Phase 1 of the 1000 Genomes
Project.6 This study comprised 1092 individual samples belonging to 14 human
populations with four different ancestry origins. The African group consisted
of: African Ancestry in Southwest US (ASW); Luhya in Webuye, Kenya (LWK);
and Yoruba in Ibadan, Nigeria (YRI). The American group consisted of:
Colombian in Medellin (CLM), Colombia; Mexican Ancestry in Los Angeles
(MXL), CA; and Puerto Rican in Puerto Rico (PUR). The East Asian group
consisted of: Han Chinese in Beijing, China (CHB); Han Chinese South (CHS);
and Japanese in Toyko, Japan (JPT). The European group consisted of: Utah
residents with Northern and Western European ancestry (CEU); Finnish from
Finland (FIN); British from England and Scotland (GBR); Iberian populations
in Spain (IBS); and Toscani in Italia (TSI).

Statistical analysis
We calculated the minor allele frequency for each investigated variant. We then
used these frequencies to estimate observed and expected heterozygosity, and to
calculate pairwise FST distances between the Turkish population and the
populations of the 1000 Genomes Project. To verify the presence of selection
signatures in the investigated variants, the Integrated Haplotype Scores (iHS)
described by Voight et al.23 were applied. Haplotter (available at http://
haplotter.uchicago.edu/) was used to calculate the iHSs in three representative
ancestry groups (CEU, CHB+JPT and YRI), using HapMap Phase 2 data. |iHS|
41.5 are considered to be suggestive evidence of signatures of natural selection.
We used the genotype information of 43 investigated variants to perform a
cluster analysis. Structure 2.3.3 was used to perform this analysis,24 and Distruct
1.1 was used to construct the correspondence plots.25 For each run, 10 000
iterations after a burn-in period of 10 000 iterations were utilized, and cluster
coefficients (K) from 2 to 4 were considered. Finally, we defined different
diversity scores associated with health-related traits on the basis of the
investigated loci. Although all investigated loci are involved in disease-related
traits, we grouped them in gene clusters involved in specific traits. DAVID
Bioniformatics Resources 6.7 was used to cluster the 34 investigated loci in
accordance with different diversity scores.26,27 Specifically, we considered
clustering terms related to ‘GENETIC_ASSOCIATION_DB_DISEASE’ criterion
and selected terms where all risk loci (DAVID output: Pop Hit) are included
among the loci investigated in the present study (DAVID output: Count). In
Supplementary Table 2, we reported the details of the investigated disease-
associated clusters. On the basis of the disease-associated clusters, each diversity
score was calculated as the sum total of carried minor alleles weighted for the
number of variants located in the same gene. We calculated the diversity scores
for each Turkish subject and each individual of the 1000 Genomes Project. To
verify the differences of risk scores between the Turkish population and the
populations of the 1000 Genomes Project, we used Kruskal-Wallis/Dunn’s test,
correcting for multiple comparisons.

RESULTS

Table 1 shows the minor allele frequencies, along with the expected
and observed heterozygosity of the investigated variants in the Turkish
population. The genotype frequencies of all investigated variants are in
agreement with the Hardy-Weinberg equilibrium. Comparing these
frequencies with those reported for populations available in the 1000
Genomes Project, we observed relevant differences (pairwise FST40.1)
between the Turkish population and the non-European populations
(that is, populations with African and East Asian ancestries;
Supplementary Table 3). Specifically, we observed relevant FST
distances between the Turkish population and other worldwide
populations for: AGT rs699 (LWK, YRI, CHS and JPT), APOE
rs429358 (LWK), CYP1B1 rs1056836 (LWK and YRI), GNB3 rs5443
(ASW, LWK and YRI), IL10 rs1800896 (CHB, CHS and JPT), IL6
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rs1800796 (CHB, CHS and JPT), LIPC rs1800588 (LWK, YRI and
JPT) and PON1 rs662 (LWK, YRI, CHS and JPT). The iHS analysis
indicated cross-ancestry suggestive selection signature for MTHFR
rs1801131 (CEU iHS= 2.07; CHB+JPT iHS= 2.62; YRI iHS= 1.54).
European-specific suggestive selection signatures were observed for
MTHFR rs1801133 (iHS=− 1.67), CYP1B1 rs1800440 (iHS=− 2.13),
TNF rs1800629 (iHS=− 2.03). An East Asian-specific suggestive
selection signature was observed for LPL rs328 (iHS= 1.52). An
African-specific suggestive selection signature was observed for MTR
rs1805087 (iHS=− 1.61). Considering the genetic variation of the
investigated loci, the clustering analysis indicated three subpopulations
(K) as being the most likely (Figure 1). Specifically, we observed an
African cluster (that is, ASW, LWK and YRI), characterized by the
‘black’ component; a cluster comprising Turkish and European
populations (CEU, FIN, GBR, IBS, TSI), characterized by the ‘white’
component; an East Asian cluster (that is, CHB, CHS and JPT),
characterized by the ‘grey’ component; and an American cluster (that
is, CLM, MXL and PUR), characterized by a three-component
admixture. However, Turks showed a smaller percentage of the ‘white’
component (65%) than those observed in European populations
(CEU: 86%; FIN: 83%; GBR: 82%; IBS: 80% and TSI: 83%). Finally,
we explored the diversity between Turkish populations and the other
ancestry groups by considering different scores based on the associa-
tion of investigated loci with health-related traits (Supplementary
Table 2). Table 2 reports the diversity scores estimated in the Turkish
population and the other investigated ones. Among the 47 investigated
risk scores, we observed at least one significant difference in 34 (72%)
of them. Significant differences between the Turks and the other
populations are observed in East Asians (CHB: 51%, JPT: 49%, CHS:
47%), Africans (YRI: 38%, LWK: 32%, ASW: 17%), Americans (MXL:
11%, CLM: 4%) and Europeans (CEU: 4%, FIN: 4%, GBR, 2%).

DISCUSSION

The present study explored the genetic diversity of disease-associated
loci in the Turkish population, comparing the Turkish variation with
variations present in the reference samples of the 1000 Genomes
Project. Our results indicate that strong differences are present
between Turkish subjects and individuals with African and East Asian
ancestry. However, we developed different polygenic scores associated
with health-related traits, and we observed significant differences of
these diversity scores not only between Turks and non-Europeans, but
also between Turkish subjects and individuals with Northern Eur-
opean ancestry.
Considering the pairwise FST distances, we observed strong differ-

ences between the Turkish population and subjects with African and
East Asian ancestries. Specifically, we observed differences with both
these ancestry groups for AGT rs699, GNB3 rs5443, LIPC rs1800588
and PON1 rs662. These relevant differences between the Turkish

Table 1 Disease-associated loci investigated in the Turkish

population

SNP Gene N MA MAF HOBS HEXP

rs1801253 ADRB1 191 G 0.295 0.389 0.416

rs1042713 ADRB2 188 A 0.418 0.452 0.486

rs1042714 ADRB2 187 G 0.307 0.412 0.426

rs4994 ADRB3 187 G 0.059 0.107 0.111

rs699 AGT 202 A 0.498 0.53 0.5

rs670 APOA1 227 T 0.128 0.229 0.223

rs5128 APOC3 530 G 0.158 0.224 0.266

rs429358 APOE 135 C 0.085 0.126 0.156

rs7412 APOE 134 T 0.052 0.09 0.099

rs708272 CETP 475 A 0.449 0.493 0.495

rs1800012 COL1A1 530 A 0.133 0.233 0.231

rs4680 COMT 196 A 0.485 0.487 0.5

rs743572 CYP17A1 187 G 0.328 0.366 0.441

rs10046 CYP19A1 194 A 0.497 0.497 0.5

rs4646903 CYP1A1 230 G 0.153 0.262 0.259

rs1056836 CYP1B1 178 C 0.359 0.435 0.46

rs1800440 CYP1B1 157 C 0.192 0.269 0.311

rs5030739 ELAC2 188 T 0.051 0.07 0.096

rs1799963 F2 445 A 0.03 0.061 0.059

rs6025 F5 452 T 0.046 0.084 0.088

rs5443 GNB3 211 T 0.319 0.41 0.435

rs1800896 IL10 145 C 0.438 0.572 0.492

rs1800795 IL6 533 C 0.243 0.368 0.368

rs1800796 IL6 523 C 0.083 0.165 0.152

rs5918 ITGB3 193 C 0.141 0.26 0.242

rs1800588 LIPC 240 T 0.188 0.335 0.306

rs328 LPL 527 G 0.084 0.152 0.155

rs1801133 MTHFR 518 A 0.346 0.468 0.453

rs1801131 MTHFR 530 G 0.325 0.447 0.439

rs1805087 MTR 374 G 0.207 0.306 0.329

rs1801394 MTRR 531 G 0.456 0.479 0.496

rs1799983 NOS3 524 T 0.303 0.462 0.422

rs2070744 NOS3 191 C 0.361 0.45 0.462

rs894160 PLIN1 121 T 0.343 0.421 0.451

rs662 PON1 231 C 0.287 0.452 0.409

rs1801282 PPARG 506 G 0.079 0.158 0.145

rs4880 SOD2 533 G 0.454 0.454 0.496

rs9282858 SRD5A2 105 T 0.028 0.037 0.054

rs523349 SRD5A2 102 G 0.309 0.422 0.427

rs1800629 TNF 533 A 0.09 0.155 0.164

rs1544410 VDR 528 T 0.377 0.444 0.47

rs731236 VDR 530 G 0.348 0.46 0.454

rs2228570 VDR 532 A 0.319 0.443 0.434

Abbreviation: SNP, single nucleotide polymorphism. Minor allele (MA) frequencies (MAF),
sample sizes (N), and observed and expected heterozygosity (HOBS and HEXP, respectively) are
reported.

Figure 1 Population structure based on disease-associated loci. Each population is represented by a vertical block that is partitioned into 3 grayscale
segments (K) that represent the population’s estimated membership fractions in three subpopulations. Black lines separate different populations. The
populations are labeled below the figure, with their geographic origin groups above it.
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population and populations with African and East Asian ancestry
indicated that these disease-associated loci have a strong variation
across human populations. These diversities may have a strong effect
on the differences in the predisposition to complex traits among
human populations, as suggested by previous studies.28–30 We also
observed specific ‘Turkey vs Africa’ and ‘Turkey vs East Asia’
differences. APOE rs429358 and CYP1B1 rs1056836 showed relevant
FST distances only between Turks and Africans, whereas IL10
rs1800896 and IL6 rs1800796 occurred between Turks and East
Asians. Regarding both African-differentiated loci (that is, APOE
and CYP1B1), the variability of these loci seems to have a relevant
effect on the predisposition to certain diseases in populations with
African ancestry.31–33 Regarding the East Asian-differentiated loci (that
is, IL10 and IL6), the low frequency of IL10 rs1800896 does not seem
to contribute to the disease susceptibility of East Asians,34 whereas IL6
rs1800796 has been demonstrated to be involved in different health-
related traits in East Asian populations.35,36 No relevant differences
were observed among European and American populations. While the
results of the European population are due to the genetic similarity
between Turks and Europeans, the outcomes of the American
populations are due to the genetic admixture of European, African
and Amerindian components present in the American populations of
the 1000 Genomes Project.37

To check whether these allele frequency differences are due to
natural selection or human demographic history, we used iHS analysis.
None of the ancestry-differentiated loci showed a suggestive signature
of natural selection. This outcome is in agreement with previous
studies that indicated that large allele frequency differences between
human populations are more likely to have occurred by drift during
range expansions than by natural selection.38 However, among the
investigated loci, we found different signatures of natural selection.
MTHFR rs1801131 showed a cross-ancestry signature of natural
selection that may be due to selective pressures related to pregnancy
loss in individuals with folic acid deficiency, ultraviolet radiation or
resistance to malaria.39–41 Regarding the European-specific selection
signatures, we observed another MTHFR variant, along with two
variants located in the CYP1B1 and TNF genes. Regarding CYP1B1, a
previous study with an independent approach indicated a selection
signature in this gene,42 but, to our knowledge, no studies provided a
biological explanation for this evidence. For TNF, several studies
indicated the protective effect of certain TNF variants against
tuberculosis as an explanation of this outcome.43,44

Our clustering analysis indicated that the genetic structure of disease-
associated loci in the Turkish population is more similar to the
structures observed in European populations than to those observed
in African, East Asian and American populations. However, slight
differences are present between Turks and Europeans. As most of the
health-related traits are highly polygenic,22 we developed certain
polygenic scores on the basis of the investigated loci to explore genetic
differences between the Turkish population and the other ancestry
groups. To the best of our knowledge, no studies used this kind of
approach to explore genetic diversity among human populations. In this
analysis, the Turkish population showed several significant differences
with regard to the African and Asian populations, in agreement with the
differences observed in our FST analysis. However, we also observed
significant differences in the pairwise comparisons with Europeans and
American populations. As mentioned above, the presence of slight
differences between Turkish and American populations is due to the
admixture of the European, African and Amerindian components of the
American samples of the 1000 Genomes Project.37 Regarding the
European populations, the diversity score results strongly suggest slight

genetic differences of the Turkish population with respect to the
European populations. Specifically, we observed significant differences
in the Turkish population with FIN for the ADRB2-PPARG diversity
score; GBR for the ADRB3-ADRB2 diversity score; CEU, FIN and GBR
for the IL6-APOE diversity score; FIN for the NOS3-GNB3 diversity
score; and CEU for the TNF-IL10 diversity score. Considering the
geographic distribution of the analyzed European samples, all the
significant differences are between the Turkish population and the
Northern European samples. This outcome is in agreement with current
knowledge about the genetic diversity of European populations: South-
ern European populations are more similar genetically to the popula-
tions of Mediterranean Africa and the Middle East than Northern
Europe.45,46 The strong similarity between Turkish populations and
Southern European populations was also confirmed by a recent whole-
genome sequencing of 16 Turkish samples.47 In addition, the significant
differences observed in the diversity score analysis also indicated
differences in the genetic predisposition to health-related traits of the
Turkish population with respect to European and non-European
populations. These findings may be supported by several epidemiolo-
gical studies that indicate significant health disparities among different
ethnic groups, in which Turkish communities in Northern European
countries were included.48–51

In conclusion, our study on several disease-associated loci indicated
significant differences in the Turkish population with respect to
European and non-European populations. Furthermore, our analysis,
based on polygenic diversity scores, seems to be able to dissect partially
the genetic background at the basis of the health disparities among the
human populations. Accordingly, further studies of polygenic diversity
scores may enhance understanding of the role of human genetic
variation in determining health disparities among different ethnic
groups. Moreover, our results will be useful in the design of future
studies that investigate the contribution of genetic variation to
complex diseases in Turkey.
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