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Objective: Glutathione S-transferase (GST) variants have been widely investigated to better understand their role
in several pathologic conditions. To our knowledge, no data about these genetic polymorphisms within the Turkish pop-
ulation are currently available. The aim of this study was to analyze GSTM1 positive/null, GSTT1 positive/null,
GSTP1*I105V (rs1695), and GSTP1*A114V (rs1138272) variants in the general Turkish population, to provide informa-
tion about its genetic diversity, and predisposition to GST-related diseases.

Methods: Genotyping was performed in 500 Turkish individuals using the Sequenom MassARRAY platform. A com-
parative analysis was executed using the data from the HapMap and Human Genome Diversity Projects (HGDP).
Sequence variation was deeply explored using the Phase 1 data of the 1,000 Genomes Project.

Results: The variability of GSTM1, GSTT1, and GSTP1 polymorphisms in the Turkish population was similar to
that observed in Central Asian, European, and Middle Eastern populations. The high linkage disequilibrium between
GSTP1*I105V and GSTP1*A114V in these populations may have a confounding effect on GSTP1 genetic association
studies. In analyzing GSTM1, GSTT1, and GSTP1 sequence variation, we observed other common functional variants
that may be candidates for associated studies of diseases related to GST genes (e.g., cancer, cardiovascular disease, and
allergy).

Conclusions: This study provides novel data about GSTM1 positive/null, GSTT1 positive/null, GSTP1*I105V, and
GSTP1*A114V variants in the Turkish population, and other functional variants that may affect GSTM1, GSTT1, and
GSTP1 functions among worldwide populations. This information can assist in the design of future genetic association
studies investigating oxidative stress-related diseases. Am. J. Hum. Biol. 27:310–316, 2015. VC 2014 Wiley Periodicals, Inc.

The genetic variability of drug-metabolizing enzymes
contributes to individual susceptibility to environmental
risk factors (e.g., outdoor pollutants, smoke, and diet-
related xenobiotics). Glutathione S-transferases (GSTs)
constitute the most relevant superfamily of Phase II met-
abolic enzymes. A number of studies have explored the
role that GST genes play in determining the predisposi-
tion to different pathologic conditions (Bin and Luo, 2013;
Higgins and Hayes, 2011). Most studies of GSTs have
focused on the GSTM1, GSTT1, and GSTP1 genes (Chen
et al., 2010; Marinkovic et al., 2013; Piacentini et al.,
2013b; Xie et al., 2014). In particular, certain variants
within these genes, having an effect on gene function,
have been investigated in relation to disease risks. These
include two structural variants that deleted GSTM1 and
GSTT1 genes (positive/null genotype) and two nonsynon-
ymous substitutions of GSTP1 (i.e., GSTP1*I105V,
rs1695; GSTP1*I114V, rs1138272) (Bolt and Thier, 2006;
Dragovic et al., 2014). The effect of these variants in influ-
encing disease risk was evaluated with respect to differ-
ent pathologic conditions: endocrinologic (Amer et al.,
2011; Mastana et al., 2013), neurologic (Kiyohara et al.,
2010; Piacentini et al., 2012), cardiovascular (Polimanti
et al., 2011b; Tang et al., 2010), pregnancy related (Poli-
manti et al., 2012), infertility related (Safarinejad et al.,
2010), and allergic disease related (Minelli et al., 2010;
Piacentini et al., 2014). In addition to their putative
involvement in different pathologic conditions, several
studies have shown that these genetic variants appear
at varying frequencies among human populations (Iorio

et al., 2014; Polimanti et al., 2013). This observation sug-
gests that these variants may influence variability in dis-
ease predisposition among human populations (Myles
et al., 2008).

Data about the distribution of these variants in differ-
ent human populations are relevant not only for under-
standing the geographical distribution of functional
genetic markers, but also for assessing the reliability of
the findings obtained from association studies (Taioli
et al., 2004). In this regard, to the best of our knowledge,
no study has reported the distribution of GSTM1 positive/
null, GSTT1 positive/null, GSTP1*I105V, and
GSTP1*A114V in the Turkish population. The Turkish
population is genetically complex due to its demographic
history and location near Central Asia, Europe, and the
Middle East (Cinnioglu et al., 2004; Gokcumen et al.,
2011; Mergen et al., 2004; Rootsi et al., 2012). As such, ref-
erence genetic data for the Turkish population are
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absolutely mandatory for assessing the reliability of
genetic association studies conducted with this popula-
tion. Several studies of different health-related traits in
Turkish individuals have been performed to assess the
role of GSTM1, GSTT1, and GSTP1 gene variants in dis-
ease etiology, including ones focusing on respiratory dis-
eases (Calikoglu et al., 2006), diabetes (Gonul et al.,
2012), chromosomal aberrations (Kadioglu et al., 2012),
cancers (Altayli et al., 2009; Berber et al., 2013), and car-
diovascular diseases (Taspinar et al., 2012). Furthermore,
the genetic investigation of disease-associated loci in
human populations with a complex demography history,
such as the Turkish population, furnishes a valuable
opportunity to investigate the genetic relationship
between human history and genetic predispositions to
common diseases.

Because there is no knowledge about GST gene varia-
tion in Turkish general variation, we performed a
population-based screening of 500 individuals. Specifi-
cally, we assessed the distribution of GSTM1 positive/
null, GSTT1 positive/null, GSTP1*I105V (rs1695), and
GSTP1*A114V (rs1138272) variants in the general Turk-
ish population and compared these results with those
available in the reference database (i.e., the HapMap pro-
ject and the Human Genome Diversity Project (HGDP)).
Furthermore, we used the sequence data available from
Phase 1 of the 1,000 Genomes Project to deeply analyze
the sequence variation in GSTM1, GSTT1, and GSTP1,
as this analysis will help to identify additional variants
that may contribute to the functional genetic diversity of
these loci. The results of these comparative analyses
provided novel information that can help to understand
the effect of genetic variation in Turkish general popula-
tion and to dissect the epidemiological differences in
the predisposition to disease and drug response observed
in Turkish and European populations (de Hoog et al.,
2011; Icks et al., 2012; Racape et al., 2013; Zubor et al.,
2014).

MATERIALS AND METHODS

Study participants

All of the procedures used in this study conformed to
the tenets of the Declaration of Helsinki, and the appro-
priate institutional ethics committee approval was
obtained by Aksaray University. Participants were
recruited in seven largest cities (i.e., Istanbul, Ankara,
Izmir, Bursa, Adana, Antalya, and Samsun) within five
regions (i.e., Marmara, Central Anatolia, Aegean, Medi-
terranean, and Black Sea) of Turkey. Around 40% of the
population in Turkey inhabits in these cities. The demo-
graphic characteristics of these cities are similar to the
overall structure of population in Turkey because these
large cities have been receiving heavy migration from all
urban and rural settlements of Turkey during twentieth
century (Eryurt and KOÇ, 2012). Participants voluntarily
applied to enroll in a preventive healthcare intervention
program provided via participating physicians in these
cities. The program was developed and provided by the
GENAR Institute for Public Health and Genomics
Research to prevent common chronic complex diseases.
The study population (n 5 500) included unrelated indi-
viduals over 18 years of age who reported themselves to
be healthy and had a successful genotyping results for the
investigated genes (GSTP1, GSTM1, and GSTT1).

Molecular analyses

Genomic DNA preparation. Genomic DNAs were iso-
lated from buccal swabs using an MN DNA Isolation Kit
(Macherey Nagel-Nucleospin, Germany). Following the
DNA extraction, samples were diluted to a 2.0–2.5 ng/ll
concentration in nanopure water.

Amplification of the genomic sequence of inter-
est. SequenomRealSNP software was used to design
sequence-specific amplification primers (Metabion, Ger-
many). The amplification conditions of the GSTP1 var-
iants were based on the manufacturer’s protocol of the
Sequenom MassARRAY platform. PCR amplifications
were performed in a total volume of 5 ll, which contained
2 ll DNA, 0.02 ll Hot Star Taq (Qiagene, Germany) poly-
merase (5 U/ll), 0.2 ll MgCl2 (25 mM), 0.5 ll PCR buffer
(10x), 0.04 ll dNTPs (10 mM), 0.74 ll H2O, and 1.5 ll of
the total primers at their optimized concentrations.
Amplification conditions were as follows: an initial dena-
turation step at 94�C for 3 min, followed by 45 cycles of
denaturation, annealing and extension at 94�C (20s),
56�C (30s), 72�C (45s), respectively, with a final extension
step at 72�C for 3 min.

Post-PCR cleanup. Amplified genomic regions were
150–250 bp in length for each SNP to be investigated.
Amplicons were subjected to a post-PCR cleanup reaction
with a shrimp alkaline phosphatase (SAP) (Sequenom) in
a total volume of 7 ll. The SAP reaction mix contained 0.3
llSAP (1 U/ll) enzyme, 0.17 ll SAP buffer (10x), and 1.53
llH2O. Plates were incubated for 50 min at 37�C. This
was followed by an inactivation of the SAP enzyme for 20
min at 85�C.

Homogenious mass extend (hME) reaction.
Cleaned PCR products were used as templates for the
locus-specific primer extension (homogenious mass exten-
d 5 hME primer) reactions. The hME primer and ampli-
fied target DNA were incubated with mass-modified
ddNTP terminators. The primer extension was made
according to the sequence of the variant site.

The extension reactions were performed in a final vol-
ume of 9 ll, containing a 0.2 ll termination mix, 0.018 ll
Sequenase enzyme, 1,282 ll H2O, and 0.5 ll of the exten-
sion primer at a 10 lM concentration. Conditions for the
extension reaction were as follows: an initial denaturation
step at 94C for 2 min, followed by 55 cycles of denatura-
tion, annealing and extension at 94 C (5s), 52 C (5s), 72 C
(5s), respectively.

Purification of hME products. A total of 384-well
dimple plates (Sequenom) were used for resine (Seque-
nom) cleanup. The final products were treated with a
3 mg cation-exchange resin per well to remove salts.
Ultrapure water (Millipore, Methexis Ghent, Belgium)
was added to each well (16 ll), mixed for 5–10 min, then
centrifuged for 5 min at 1600 RPM. All reactions and
incubations were performed on a GeneAmp PCR System
9700 (AppliedBiosystems, Norwalk, CT).

Analysis of hME products on MALDI-TOF-based
mass spectrometry. A small volume (25 nl) of extended/
desalted products was arrayed onto 384-sample Spectro-
CHIPs, using the Nanodispencer system (Sequenom Inc.).
The target chip was then inserted into the MALDI-TOF
mass spectrometer of the MassARRAY Compact System
(Sequenom Inc.). By the application of MALDI-TOF mass
spectrometry, the mass of the unextended and extended
primers was determined. The difference indicated the
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alleles that were present at the polymorphic site of the
interest. The analysis was performed using SpectroTYPER
software (Sequenom Inc.), which automatically translates
the mass of the observed primers into a genotype.

For the GSTM1 and GSTT1 deletion variants, following
the amplification, PCR products were subjected to a 1.0%
agarose gel electrophoresis and were evaluated according to
the presence or absence of PCR fragments as compared to
weight molecular standards (50bp DNA Ladder, Fermentas).

All the samples were analyzed twice in the presence of
positive (sample with known variation) and negative (no
template) controls, as previously identified by sequencing
analysis. Accuracy of the results was tested in the ran-
domly selected samples (10%) from the tested population,
using direct DNA sequencing (Megabase 1000, GE
Healthcare/Amersham Biosciences).

Publically available data about GST gene variation in
worldwide populations

To compare GST gene diversity in Turkish and world-
wide populations, we used different public databases to
find the relevant human genetic variations. To analyze
the frequency of the positive/null genotype of GSTM1 and
GSTT1, we used the HapMap CNV (Copy Number Vari-
ant) data available at ftp://ftp.ncbi.nlm.nih.gov/hapmap/
cnv_data/. Using this information, 11 HapMap popula-
tions were classified into four ancestry groups. The Afri-
can group included ASW (African Ancestry in Southwest
US), LWK (Luhya in Webuye, Kenya), MKK (Maasai in
Kinyawa, Kenya), and YRI (Yoruban in Ibadan, Nigeria).
The American group contained only MEX (Mexican
Ancestry in Los Angeles, CA). The south Asian group
included only GIH (Gujarati Indians in Houston, Texas).
The East Asian group comprised CHB (Han Chinese in
Beijing), CHD (Chinese in Metropolitan Denver, Colo-
rado), and JPT (Japanese in Tokyo, Japan). The European
group included CEU (Utah residents with northern and
western European ancestry from the CEPH collection),
and TSI (Tuscan in Italy).

For the analysis of GSTP1 haplotypes based on the I105V
(rs1695) and A114V (rs1138272) polymorphisms, we utilized
the data of the Human Genome Diversity Project (HGDP)
(available at http://www.hagsc.org/hgdp/files.html). These
data provided information about 51 human populations rep-
resenting seven continental areas (Africa, America, Central
Asia, East Asia, Europe, the Middle East, and Oceania).
Information about population inclusion within the continen-
tal groups is available in supporting information Table 1.

Finally, to explore the sequence variation at the
GSTM1, GSTP1, and GSTT1 loci, we used the Phase
1 data of the 1,000 Genomes Project. Specifically, we
downloaded Variant Call Format (VCF) files of GSTM1
(Chromosome 1: 110,230,436-110,251,661), GSTP1 (Chro-
mosome 11: 67,351,066–67,354,131), and GSTT1 (Chro-
mosome 22: 24,376,133-24,384,680). This study comprised
1,092 individual samples belonging to 14 human popula-
tions with four different ancestry origins (Africa, America,
East Asia, and Europe). Information about samples of
1,000 Genomes Phase 1 data are available at http://www.
1000genomes.org/about#ProjectSamples.

Functional annotation analysis

To annotate the functional effect of the investigated var-
iants, we used two different tools. VARIANT (VARIant

ANalyis Tool) was used to identified variants associated
with coding changes (e.g., nonsynonymous substitu-
tion, stop codon) (Medina et al., 2012). RegulomeDB
was used to analyze the regulatory effects of noncoding
variants (Boyle et al., 2012). RegulomeDB classified
genetic variants with a score ranging from 1a (i.e., var-
iants with several instances of evidence of regulatory
function) to 7 (i.e., variants with no evidence of regula-
tory functions).

Statistical analysis

Haplotype frequency estimation, linkage disequilibrium
(LD) analysis, and Hardy–Weinberg equilibrium verifica-
tion were performed using Haploview version 3.2 (Bar-
rett, 2009). Fisher’s exact and Chi-square tests were used
to verify genotype/haplotype differences between the
Turkish sample and the other worldwide populations. As
multiple tests were performed, the Bonferroni correction
was applied to them. To identify the allelic frequency dif-
ferences (DF) of GSTM1, GSTP1, and GSTT1 variants
among ancestry groups, we used the method proposed by
Hofer and colleagues (Hofer et al., 2009). For each allele i,
we computed the average allele frequency pij within each
ancestry group j, as well as the difference between the
average frequency computed over all other populations as
DF 5 pij– p2ij, where p-ij is the average frequency of
allele i in all populations not belonging to the ancestry
group j.

RESULTS

Table 1 shows the positive/null genotype frequencies of
GSTM1 and GSTT1 in the Turkish and HapMap popula-
tions. Regarding the GSTM1 positive/null genotype, we
observed a significant difference between the Turkish and
the African (ASW, LWK, YRI) and GIH populations. While
considering the GSTT1 positive/null genotype, significant
differences were observed with respect to the East Asian
(CHB, CHD, JPT), and CEU populations. Considering both
null genotype frequencies of GSTM1 and GSTT1, we
observed that the Turkish population showed patterns of
diversity similar to those of the European (CEU, TSI) and
MEX populations (Supporting information, Fig.1). These
populations showed high frequencies of the GSTM1 null
genotype and low frequencies of the GSTT1 null genotype.

Table 2 reports the haplotype frequencies of GSTP1 in
the Turkish population and the HGDP continental groups.
GSTP1 haplotypes of 51 HGDP populations are reported
in supporting information Table 1. GSTP1*I105V and
GSTP1*I114V genotype distributions were in Hardy–Wein-
berg equilibrium in the Turkish samples. Considering
GSTP1 haplotype frequencies, we observed that the Turk-
ish population differed significantly from the African,
American, and East Asian groups. The results revealed
that the Turkish population, like the others that present
GSTP1*A114V, showed a complete LD (D05 1) between
I105V and A114V polymorphisms. However, different cor-
relations values between the two investigated GSTP1 non-
synonymous variants were present among the human
populations (r2 from 0.006 to 0.268). The haplotype with
the highest frequency was I105-A114 (frequency from
77.6% to 54%). It is followed by V105-A114 (frequency from
45.4% to 15.5%) and V105-V114 (frequency from 7.4% to
0%). We did not observe the I105-V114 haplotype in any of
the 3,070 analyzed chromosomes.
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Considering the different genetic ancestries of the com-
parative populations, we observed that the Oceanic and
American populations did not show the I114V variant and
had a V105 allele frequency of 25% and 45%, respectively.
For those with African and East Asian ancestries, A114V
was a rare variant (i.e., V144 frequency is lower than 1%,
0.7%, and 0.2%, respectively). Conversely, I105V polymor-
phism occurred at high frequency (46% and 22.4%, respec-
tively). Consequently, we observed the lowest r2 values
for these ancestry groups (0.6% and 0.8%, respectively).
In Central Asia, the Middle East, and Europe, I114V is a
polymorphic variant (V114 allele frequency is greater
than 5%, 7.4%, 4.6%, and 5.1%), and the V105 allele
showed a frequency of 22.9%, 23.4%, and 22.9%, respec-
tively. Consequently, high r2 values are present between
GSTP1*I105V and GSTP1*A114V in these human groups
(26.8%, 15.7%, and 19.2%). GSTP1 haplotype frequencies
in the Turkish population were similar to those observed
in European and Middle Eastern populations.

Beside GSTM1 null/positive, GSTT1 null/positive,
GSTP1*I105V, and GSTP1*A114V variants, other GSTM1,
GSTT1, and GSTP1 polymorphisms with a functional
effect could possibly be present and might also show rele-
vant ancestry-related differences. In order to analyze the
sequence variation of the GSTM1, GSTT1, and GSTP1
genes, we exploited the data of the 1,000 Genomes Project.
Figure 1 shows the DF values of GSTM1. Among the
251 GSTM1 variants, we observed extreme DF values
(DF> 0.3) for those with African and Asian ancestries
(Supporting information, Table 2). Considering the func-
tional impact of GSTM1 variants, we observed nine var-
iants associated with coding changes (one variant located

in a splice site and eight nonsynonymous substitutions) and
eight noncoding variants with regulatory effects (Regulo-
meDB score<4). Among these GSTM1 functional variants,
some variants have a minor allele frequency greater than
10% in at least one ancestry group: rs200184852 (D9N),
rs201967146 (C78R), rs199816990 (R96L), rs202002774
(M105T), rs74837985 (K173N), rs145941576 (RegulomeDB
score 5 2b), rs149240591 (RegulomeDB score 5 2b),
rs144405570 (RegulomeDB score 5 2b), rs12097277 (Regulo-
meDB score 5 2b), rs1292099, (RegulomeDB score 5 1f),
rs144693890 (RegulomeDB score 5 3a), rs116296482 (Regu-
lomeDB score 5 3a), rs181092369 (RegulomeDB score 5 3a).

Figure 2 reports DF values for GSTP1 variants. We ana-
lyzed 41 GSTP1 variants and observed extreme DF values
only for those with African ancestry (Supporting informa-
tion, Table 3). Among the variants with an effect on gene
function, we observed seven nonsynonymous substitu-
tions and 14 noncoding regulatory variants. Of these, 11
variants showed a minor allele frequency greater than
10% in at least one ancestry group: rs1695 (I105V),
rs1138272 (A114V), rs8191438 (RegulomeDB score 5 2a),
rs8191443 (RegulomeDB score 5 2b), rs1079719 (Regulo-
meDB score 5 2b) rs2370143 (RegulomeDB score 5 2b),
rs8191448 (RegulomeDB score 5 2b), rs762803 (Regulo-
meDB score 5 1f), rs8191449 (RegulomeDB score 5 2b),
and rs1871042 (RegulomeDB score 5 2b).

For GSTT1, we analyzed 68 different variants and
observed extreme DF values for those with African and
European ancestries (Fig. 3; Supporting information, Table
4). Regarding GSTT1 functional variants, we observed
eight coding variants (2 splicing variants and 6 nonsynony-
mous substitutions) and one noncoding regulatory variant

TABLE 1. GSTM1 and GSTT1-positive/null-genotype frequencies in Turkish and HapMap populations

Population Source GSTM1 positive GSTM1 null (%) aP GSTT1 positive GSTT1 null (%) aP

Turkey Present study 235 251 (52) – 359 113 (23) –
ASW HapMap 64 18(22) b<0.001 65 17(21) 0.575
CEU HapMap 66 95(59) 0.121 143 18(11) b<0.001
CHB HapMap 43 40(48) 0.635 46 37(45) b0.002
CHD HapMap 37 48(56) 0.48 51 34(40) b0.003
GIH HapMap 58 27(32) b0.001 68 17(20) 0.488
JPT HapMap 42 44(51) 1 52 34(40) b0.003
LWK HapMap 67 20(23) b<0.001 61 26(30) 0.28
MEX HapMap 39 34(47) 0.452 57 16(22) 0.769
MKK HapMap 123 45(27) b<0.001 109 59(35) 0.006
TSI HapMap 39 48(55) 0.562 71 16(18) 0.332
YRI HapMap 131 33(20) b<0.001 109 55(34) 0.018

aP values (Fisher’s exact test) related to the comparison between Turkish sample and HapMap data.
bSignificant P values (after bonferroni correction).

TABLE 2. GSTP1 haplotypes in Turkish population and HGDP continental groups

Population Source N
GSTP1

I105-A114
GSTP1

I105-V114
GSTP1

V105-A114
GSTP1

V105-V114 D0 r2 aP

Turkey Present study 984 0.716 0 0.216 0.068 1 0.184 –
Africa HGDP 302 0.54 0 0.453 0.007 1 0.006 b< 0.001
America HGDP 216 0.546 0 0.454 0 NA NA b< 0.001
Central Asia HGDP 394 0.771 0 0.155 0.074 1 0.268 0.036
East Asia HGDP 438 0.776 0 0.222 0.002 1 0.008 b< 0.001
Europe HGDP 372 0.766 0 0.188 0.046 1 0.157 0.127
Middle East HGDP 292 0.771 0 0.178 0.051 1 0.192 0.175
Oceania HGDP 72 0.75 0 0.25 0 NA NA 0.0687

N: Information about number of chromosomes; LD: coefficients (r2, D0).
aP values (Chi-square test).
bSignificant P values (after Bonferroni correction).
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(rs56106137). Among these variants, rs2266637 (V69I) and
rs6519497 (splice site) showed minor allele frequencies
greater than 10% in at least one ancestry group.

DISCUSSION

GSTM1, GSTP1, and GSTT1 have been deeply investi-
gated as candidate genes involved in the predisposition to
pathologic conditions. In particular, a number of studies
have analyzed GSTM1 and GSTT1 deletion polymor-
phisms that are associated with null phenotypes (i.e.,
GSTM1 positive/null, GSTT1 positive/null), and two
GSTP1 nonsynonymous changes (i.e., GSTP1*I105V and
GSTP1*A114V), as these genetic variants may affect drug
response and metabolic processes (Bolt and Thier, 2006;
Higgins and Hayes, 2011; Piacentini et al., 2013a).
Besides the putative role those variants play with respect
to health-related traits, some studies have investigated
their distribution among human populations (Piacentini
et al., 2011; Polimanti et al., 2011a) in order to provide
information about the global distribution of these markers
and to furnish reference data for genetic association stud-

ies. To the best of our knowledge, no reference studies are
currently available about GSTM1, GSTP1, and GSTT1
gene variants in the Turkish population.

To provide this information, we performed a population-
based screening of 500 Turkish individuals and compared
the results with data available in the HapMap and HGDP
projects. Furthermore, we analyzed the sequence variabil-
ity of the GSTM1, GSTP1, and GSTT1 gene using data
from the 1,000 Genomes Project.

The analysis of the investigated markers indicated that
GST gene variability of the Turkish population is similar
to the variability present in Eurasian populations (i.e.,
Europe, Middle East, and Central Asia). This result is in
agreement with the current knowledge about the genetic
structure of the Anatolia peninsula. The Turkish popula-
tion is an admixture of European, Middle East, and Cen-
tral Asia ancestries reflecting the gene flows from
different Euroasian populations (Cinnioglu et al., 2004;
Gokcumen et al., 2011; Mergen et al., 2004; Rootsi et al.,
2012). Specifically, high GSTM1 null frequencies and low
GSTT1 null frequencies were observed for Turkish and
European populations. We observed similar GSTM1 and
GSTT1 null frequencies in the MEX population. This sit-
uation is likely due to the high European ancestry present
in the Mexican–American population (Gravel et al., 2013):
the similarity between MEX and Turkish sample can be
due to the shared European ancestry partially present in
both two groups, although there are very different degrees
of European ancestry in Mexican mestizos and Turkish
samples. Regarding GSTP1 haplotypes based on I105V
and A114V substitutions, we did not observe the I105-
V114 in any of the 52 investigated populations. Its
absence indicates the presence of complete LD (D05 1)
between GSTP1*I105V and GSTP1*A114V in worldwide
populations. However, relevant ancestry-related differen-
ces are present in the correlation between these amino
acidic substitutions. In particular, Turkish, Central Asian,
and European population members showed similar
GSTP1 haplotype patterns: �20% of GSTP1V*105 allele
frequency, �5% of GSTP1*V114 allele frequency, and 15–
20% of r2. The presence of a relevant correlation between
GSTP1*I105V and GSTP1*A114V in these populations
may be a confounder in GSTP1*I105V genetic association

Fig. 1. DFvalues in GSTM1 gene.

Fig. 2. DF values in GSTP1 gene.

Fig. 3. DF values in GSTT1 gene.
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studies. Indeed, an important percentage of GSTP1*V105
carriers are also GSTP1*V114 carriers, confounding the
results obtained in populations with Central Asian, Euro-
pean, and Middle Eastern ancestries.

Due to the explosion of high-throughput technology for
sequence analysis, large amount of data about human
genome variation are now available (Genomes Project
et al., 2010; International HapMap et al., 2010). We
explored the Phase 1 data of the 1,000 Genomes Project in
order to obtain new information about the genetic varia-
tion at the GSTM1, GSTP1, and GSTT1 loci. Our DF
analysis indicated that genetic variants in the investi-
gated GST genes show great differences among ancestry
groups. These differences are particularly evident
between Africans and non-Africans. This is in accordance
with current knowledge about human demographic and
migration history (Campbell and Tishkoff, 2008).

Considering the functional and regulatory role of the
identified variants, we observed several coding and noncod-
ing variants with minor allele frequencies greater than
10%. Some of these variants are located in coding regions,
and they are associated with nonsynonymous substitu-
tions. The other genetic changes are located in noncoding
regions, and some of these are predicted to be involved in
gene expression regulation. These common functional poly-
morphisms may alter the biological processes related to
GSTM1, GSTP1, and GSTT1 genes (e.g., antioxidant
mechanisms, xenobiotics metabolism, and cellular signal-
ing), increasing the risk of GST-association pathologic con-
ditions. Furthermore, the presence of functional variants
with large allelic differences among human populations
may also explain the nonconcordance observed in some
cases in the genetic association analysis of GST genes.

In conclusion, this study provides reference data for
GSTM1 positive/null, GSTT1 positive null, GSTP1*I105V,
and GSTP1*A114V in the Turkish population, and informa-
tion about the genetic differences between Turkish individ-
uals and the populations available in HGDP and HapMap
projects. Through the analysis of 1,000 Genomes Phase 1
data, this study also provides useful data about the pres-
ence of other functional variants with high minor allele fre-
quencies that may contribute to functional differences of
GSTM1, GSTT1, and GSTP1 genes among worldwide pop-
ulations. The identification of genetic structure in a given
population may contribute to the development and imple-
mentation of more targeted preventative healthcare strat-
egies. Our results can assist in the design of future studies
regarding the genetics of complex diseases in Turkey.
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