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Abstract: Studies to date showed the importance of alpha- actinin-3 (4CTN3) R577X and angiotensin converting enzyme (4CE) ID polymorphisms on determi-

ning athletic performance. Therefore, in this study, we aimed to examine polymorphisms given to Turkish athletes and compare them with sedentary individuals.
Genomic DNAs were extracted from peripheral blood by using commercially available DNA isolation kit (Macherey-Nagel, NucleoSpin®, Germany). For this
study, a total of 84 volunteers (23 national athletes, 27 amateur athletes and 34 sedentary controls) was recruited. 4CE ID genotypes were determined by conven-
tional polymerase chain reaction, and ACTN3 R577X polymorphisms by polymerase chain reaction- restriction fragment length polymorphism methodology. In
ACTN3 R577X polymorphism, RX was the dominating genotype, and we detected no RR genotype in national athletes. (no RR genotype was detected in national
athletes) X allele is more frequent in national athletes and R allele was more frequent in both amateur athletes and control group. I genotype was more frequent in
national athletes and in control group, whereas DD genotype was more frequent in amateur athletes for 4CE ID polymorphism. When we consider alleles, D allele
was found more frequently in amateur athletes and control group whereas I allele was more frequent in national athletes in ACE ID polymorphism. For ACTN3, X
allele was superior to R allele. ACTN3 R577X and ACE ID polymorphisms were important biomarkers in determining athletic performance. However, our results
in Turkish athletes suggest that ACE D allele and ACTN3 X alleles may be beneficial to athletes potentially, regardless of the distance they perform.
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/
Introduction red to be one of the first structural gene that associates
with athletic performance (3). It is one of the members

It has been known for a long time that athletic perfor- of a four-member gene family, ACTNI-4 (4). ACTN3
mance can develop in accordance with intense exercise is the gene responsible for coding alpha -actinin- 3 in
programs (1). However, it seems that some individuals humans and the genes’ expression is restricted to type-2
are inherently athletic. The average performance of fast twitch fibres. North et al. (1999) reported a varia-
individuals with innate abilities is perfect, even before tion in the gene, resulting a premature protein because
training and after training. The athletic potential is pre- of a stop codon at position 577 (C>T transition) which
determined by inherited traits, and the prediction of the alters the designation for the amino acid arginine to a
degree of training response before starting training pro- stop codon (R577X; dbSNP rs1815739) in exon 16.
gram causes many controversies. This feature is most Recent studies associated with the 577R allele and RR
likely due to the strong association between genetic and genotype with top-level, power-orientated athletic per-
environmental factors contributing to sporting perfor- formance (3). ACTN3 R577X polymorphism has been
mance. Whether there is a limit for the athletic perfor- reported to be associated with elite athletic status (3),
mance and the sporting activities or not is still a question endurance athletes (6,7) and many other groups (8,9).
that remains a mystery. That is, athletic ability consists The angiotensin converting enzyme (ACE) gene is
of many physiological and psychological interactions responsible for encoding ACE enzyme, and is located at
determined by many factors (2). In the same way, spor- 1723, comprises 26 exons and 25 introns. It constitutes
tive performance is related with the success of a sporty several polymorphisms, but in athletic performance
activity. Sports genetics is relatively a new concept that evaluation, an insertion (I) or a deletion (D) of a 287
examines the genetic factors which influence the impro- base pair (bp) within intronl6 InDel polymorphisms
vement and development of athletic performance. found in ACE gene have importance.

Alpha- actinin-3 (ACTN3) protein is one of the im- Depending on the insertion and/or deletion status;
portant proteins having functions in muscle contraction, 3 different genotypes may result as; insertion/insertion
formation of Z- lines of sarcomeres and signal transduc- (II), insertion/deletion (ID), and deletion/deletion (DD).
tion. This protein is coded by ACTN3 gene and conside- ACE InDel polymorphism is associated with circulating
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and tissue ACE amounts. ACE enzyme is a key mole-
cule in renin- angiotensin system and related with blood
pressure. DD genotype is reported to have higher ACE
concentrations when compared to ID and II genotypes
(10). Many of the studies to date have suggested that
success in speed- strength disciplines, like sprinting,
short distance swimming, long jump and high jump are
associated with ACE DD genotype (11). On the other
hand, individuals with II genotype have a lower ACE
serum concentration and have more success in endu-
rance related disciplines like medium and long distance
running, race walking and rowing (12).

There are many parameters that successful athletes
have, some of biological attributes are related with
lengths of legs and arms, body shape, muscle strength,
muscle metabolism and mental attributes which coordi-
nate the body. Genes play essential roles in determining
these features. Previous studies in Turkish athletes are
very limited, especially in terms of ACE ID and ACTN3
R577X polymorphism. In this study, we aimed to de-
termine the genotype and allele distribution of ACTN3
R577X and ACE 1D polymorphisms in short and long
distance runners.

Materials and Methods

Participants

A total of 84 individuals, 23 national athletes (n: 12,
short distance, n: 6, medium distance, n: 5, long dis-
tance), 27 amateur athletes (n: 10, short distance, n: 6,
medium distance, n: 11, long distance) and 34 seden-
tary individuals is enrolled in the study. Sedentary indi-
viduals are all healthy, 18- year-old volunteers having
education in Bilecik Seyh Edebali University, and per-
form a physical activity 2 days a week and less than 15
minutes a day. Before taking blood from all the indi-
viduals, the participants were informed about the risks
and benefits of this work and a written consent was
obtained on their voluntary consent forms. Participants
were informed about their results.

The study we conducted was approved by Eskisehir
Osmangazi University Faculty of Medicine, Ethics
Committee for Clinical Investigations (2016/22) and
carried out in accordance with the Helsinki Declaration
of the World Medical Association. This work was sup-
ported by Bilecik Seyh Edebali University Scientific
Research Organization (2015-02.BSEU.13-01).

DNA isolation and genotyping
A commercially available DNA isolation (MACHE-
REY-NAGEL, NucleoSpin®, Germany) kit was used

for DNA isolation. The purity of the isolated DNAs was
performed on Nanodrop (Shimadzu Biotech), only the
ones that have a A260 / A280 ratio range of 1.60-1.90
ng / ml and a concentration of 50-100 ng were included
in the study.

ACTN3 genotyping

ACTN3 R577X polymorphism was detected by
conventional polymerase chain restriction fragment
length polymorphism (PCR- RFLP) by using the
forward 5-CTG TTG CCT GTG GTA AGT GGG-3’
and reverse 5-TGG TCA CAG TAT GCA GGA GGG-
3', primers. PCR was performed by a denaturation at
95°C for 5 minutes, followed by 35 cycles of denatura-
tion at 95°C for 30 seconds, annealing at 65°C for 30 sec
and extension at 72°C for 30 sec, and a final extension
for seven minutes at 72°C. Genotyping of the amplicons
were maintained by restriction fragment length poly-
morphism methodology. Ddel (New England Biolabs)
restriction enzyme was used to detect the genotypes and
3% agarose gel electrophoresis was used to analyse the
fragments under UV light by ethidium bromide staining.

ACE genotyping

Conventional PCR amplification was used to geno-
type ACE InDel polymorphism. Primers 5'-CTGGA-
GACCACTCCCATCCTTTCT-3' and 5'- GATGTGGC-
CATCACATTCGTCAGT-3’ were used for genotyping
processes. PCR reactions were carried out in a 50 pL
total volume containing 50- 100 ng genomic DNA, 1
mM of each primers, 50 mM KCI, 1 mM dNTP, 1.5 mM
MgCI2, 10 mM Tris-HCl, pH 8.0, and 1.5 U Taq DNA
polymerase enzyme. Initial denaturation at 94°C for 5
min, annealing at 58°C for 1 min, and extension at 72°C
for 2 min were performed respectively. After the first
amplification step, 30 cycles of denaturation at 94°C for
1 min, annealing at 58°C for 1 min, and extension at
72°C for 2 min, were followed by a final elongation at
94°C for 1 min, annealing at 58°C for 1 min, and exten-
sion at 72°C for 7 min were applied. Amplicons were
separated by 1.5% agarose gel electrophoresis and vi-
sualized under ultraviolet light after standard ethidium
bromide staining.

Allelic evaluation was performed by direct counting
of the alleles.

Results
Our cohort consisted of 23 national, 27 amateur and

34 sedentary individuals. In our cohort, RX of ACTN3
was the dominant genotype in three groups. Percentages

Table 1. ACTN3 genotype and allelic distribution of athletes and sedentary participants in the study cohort.

National Athletes (n=23)

Amateur Athletes (n=27)

Middle  Long Middle Long Sedentary
Short Distance . . Short Distance X . Total Individuals
(n=12) Distance  Distance Total (n= 10) Distance Distance (n=134)
(n=6) (n=15) (n=6) (n=11)
RR - - - - 3 - - 3 9
RX 9 4 4 17 6 9 22 17
XX 3 2 1 6 - - 2 2 8
Alleles
R 9 4 4 17 13 6 9 28 35
X 15 8 6 29 7 6 13 26 33
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of RX genotype in national, amateur and sedentary par-
ticipants were 74, 81 and 50 respectively. In national
athletes, we detected no RR genotype and XX genotype
were found in 26% of our national athletes. In amateur
athletes, RR genotype was found in 11% of the athletes
whereas 8% of the cases had XX genotype. RR and
XX genotypes were found in 26% and 24% of seden-
tary participants. When we consider alleles, “R” allele
was the dominant allele in both amateur and sedentary
participants. The percentages of “R” allele were 37, 52
and 51 respectively in national, amateur and sedentary
participants. 63% of the national athletes had X allele
whereas 48% of the amateur and 49% of sedentary par-
ticipants carried the same allele. ACTN3 genotype and
allele numbers of the athletes are given in Table 1.

According to the ACE results, ACE 11 genotype was
superior in national athletes and in sedentary partici-
pants. In amateur athletes, DD genotypes was the do-
minant genotype. DD, ID and II frequencies were 35,
26 and 39 for national athletes; 41, 26, 33 for amateur
athletes; 26, 21 and 53 for the sedentary participants
respectively. “D” allele was found in 48% of national
athletes, 54% of amateur athletes and 37% of sedentary
individuals. “I” allele was more frequent in national ath-
letes with a frequency of 52%. The respective percen-
tages were 46% and 63% for amateur athletes and se-
dentary participants. All the numbers of the genotypes
and alleles are summarized in Table 2.

Discussion

Studies trying to associate athletic performance and
genetic parameters showed us that several genes are in-
volved in determining athletic performance. In order to
find the optimal genetic endowment, we need to develop
genetic models. We need to find if the genetic polymor-
phisms is advantageous for athletic performance or not.
Most studies, therefore, are conducted on these genetic
markers, ACE ID and ACTN3 R577X polymorphisms.

ACE has been widely well examined in many ath-
letes and different sport types in the terms of predis-
position of gene on athletic performance. Most studies
suggest that participants who have “I” allele have more
endurance-based activities resulting from the decreased
ACE activity whereas participants who have “D” allele
have increased power of anaerobic dominated activities
resulting from ACE gene expression (13).

In our cohort, we examined 23 national athletes, 27
amateur athletes and 34 sedentary individuals. We divi-
ded national and amateur athletes into three groups ac-
cording to the distance they performed. When compared

with other genotypes and amateur short distance run-
ners, in ACE genotype, short distance runners had DD
genotype more frequently. In this regard, DD genotype
seems to be advantageous in short distance performance
in athletes. In middle distance athletes, Il genotype was
more frequent in national athletes, and ID genotype was
more frequent in amateur middle distance athletes. ID
and II genotype were equal to each other in national
long distance athletes, but when we examine amateur
athletes, DD genotype was more frequent in long dis-
tance runners.

Papadimitriou et al. (2016) compared the sprint
times (200m and 400m) and ACE genotypes of elite
male athletes. In 200m, athletes who had ACE DD
genotypes had shorter personal sprint times than those
with ACE 1I genotype. In 400m, no statistically signi-
ficant relationship between ACE genotype and sprint
times was detected. Athletes who had at least one “D”
allele (DD and ID genotypes) reported shorter perso-
nal sprint times than the athletes with ACE II genotype.
When they compare ACE DD and ID genotypes and
400m athletes in the terms of sprint times, no signifi-
cant difference was reported. This result is in agreement
with our findings, indicating the effect of DD genotype
in power- sprint performance. Scott et al. (2010) ana-
lysed ACE genotypes of 114 Jamaican and 113 United
States sprinters; and reported that ID polymorphism
does not play a key role in being an elite athlete. Cam
et al (2005) reported the ACE ID genotype of 32 female
non-elite Turkish athletes and compared their genotype
with sprint and middle distance running times. In their
cohort, they reported that there were no significant dif-
ferences amongst ACE genotype groups with respect to
their sprint or middle distance performances (15). Ano-
ther study investigated the association between 4CE ID
polymorphism and short and medium-duration aerobic
endurance performance improvements in response to
the same training regimen in a non-elite 55 female Tur-
kish athletes (16). They concluded that ACE Il may be
related with medium-duration aerobic endurance per-
formance whereas ACE DD genotype with more advan-
tageous shorter duration and higher intensity endurance
activities. These results indicate the importance of “I”
allele with extended performance distance, which is in
agreement with our findings.

On the other hand, ACTN3 is another important ge-
netic marker in the genetics of athletic performance. “R”
allele is considered to be the sprinting allele whereas
“X” allele is related with endurance athletic capacity. In
our cohort, we detected no ACTN3 RR polymorphism
in national athletes. RX genotype was more frequent in

Table 2. ACE genotype and allelic distribution of athletes and sedentary participants in the cohort.

National Athletes (n=23)

Amateur Athletes (n=27)

Middle Long . Middle Long Se(!efltary
Short Distance . . Short Distance . . Individuals
(n=12) Distance  Distance Total (n=10) Distance Distance  Total (n=34)
(n= 6) (n=15) (n=6) (n=11)
DD 6 1 1 8 4 1 6 11 9
ID 3 1 2 6 - 4 3 7 7
11 3 4 2 9 6 1 2 9 18
Alleles
D 15 3 4 22 8 6 15 29 25
I 9 9 6 24 12 6 7 25 43
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all groups. Power- sprint related “R” allele is more fre-
quent in amateur athletes and in sedentary individuals,
whereas endurance related “X” allele in national ath-
letes.

Yang et al. (2017) compared 59 elite sprint / power
and 44 endurance athletes with 50 healthy controls in
the terms of ACTN3 R577X polymorphism. In their
study, authors showed the effect of competition and
lower limb strength in elite Chinese sprint/power ath-
letes. They also reported that ACTN3 RR genotype was
much more higher in sprint/power athletes. Eynon et al.
(2013) reported three cohorts of European team-sport
athletes, including 305 long distance endurance ath-
letes, 378 short and medium distance sprint/power ath-
letes from Poland, Russia and Spain, and team athletes
from 205 different branches and 568 non-athletic Eu-
ropean men. In their cohort, ACTN3 R577X polymor-
phism has been found not to be significantly different
when compared to endurance athletes and non-athletic
groups in those interested in team sports. However, they
reported that 577RR genotype was represented higher
in sprint / power athletes. Kikuchi et al. (2016) analysed
ACTN3 R577X polymorphism in 1057 Japanese elite
athletes (627 sprint/power sports and 430 endurance
sports) and reported an association between ACTN3
R577X polymorphism and Japanese elite athletes, RR
and RX genotypes were associated with both sprint/
power and endurance performances. Kim et al. (2014)
found that ACTN3 R577X has an important key role
in distinguishing sprint performance of ACTN3 R577X
polymorphism in a study conducted by Korean partici-
pants (58 sprinter, 63 long-distance endurance athletes
and 854 healthy control groups). Authors reported that
ACTN3 R577X gene variant is one of the main important
genes for sprint performance, though not every time for
power performance. Our results differed in some ways
from the studies mentioned. In our cohort, RX genotype
in more frequent in national athletes, and we detected no
RR genotype. Small subject numbers may be the main
reason for this controversial results.

When we consider Turkish subjects, we have limited
information regarding ACTN3 R577X polymorphism in
athletes. Sanlisoy et al. (2011) examined the Turkish-
Aegean region elite athletes and reported a significant
difference between elite athletes and sedentary indi-
viduals in the terms of RR and RX genotypes, as well
as of R and X alleles. Giinel et al. (2014) investigated
the effects of ACE ID and ACTN3 R577X polymor-
phisms on sport performance in 37 elite athletes and 37
healthy controls and concluded that ACE ID and ACTN3
R577X polymorphisms have been shown to be impor-
tant biomarkers that have an effect on muscle strength.
Ulucan et al. (2014) compared the 50m sprinting times
and ACTN3 genotype of trained and untrained middle
school children and concluded that R allele is a factor
for lower sprint times. They reported that differences
were statistically significant and ecologically meaning-
ful in their cohort.

Sport genomics is gaining great importance nowa-
days, and information we have is getting more by time
(24). In the present study, small sample size is the main
imitating criteria. Although ACTN3 and ACE are the
most widely examined studied genes for sports genetics,
we still have limited studies regarding Turkish athletes.

But the athletes we examined are from the same team,
which can minimize the environmental factors such as
training and mental coaching.
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