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Abstract. Genetic polymorphism is considered to be 
associated with human physical performance. The angio-
tensin I-converting enzyme insertion/deletion (ACE I/D) and 
the α-actinin-3 gene (ACTN3) R577X polymorphisms have 
been widely investigated for such associations, and functional 
ACE I/D and ACTN3 R577X polymorphisms have been 
associated with sprinter performance. The aim of this study 
was to determine the effect of these polymorphisms on sport 
performance among 37 elite athletes and 37 healthy controls. 
The ACE II genotype was identified in 32.43% of the control 
group and 8.11% of elite athletes, the DD genotype in 37.84% 
of the control group and 51.35% of the elite athletes, and the 
ID genotype in 29.73% of the control group and 40.54% of the 
elite athletes. With regard to the ACTN3 gene, the XX geno-
type, which confers an advantage for endurance activities, was 
identified in 10.81% of the control group and 35.14% of the elite 
athletes. The XX genotype was observed more frequently than 
the RR genotype (advantageous for sprinting), which was iden-
tified in 2.70% of the control group and 10.81% of elite athletes. 
The RX genotype (observed in 86.48% of the control group and 
in 54.05% of the elite athletes) was the most common geno-
type of the individuals in the present study. The study showed 
that ACTN3 and ACE gene polymorphisms have an effect on 
muscle power; however, larger studies are required.

Introduction

Genetics is involved in determining the athletic ability of an 
individual. A large number of studies have revealed various 
associations among specific gene polymorphisms, physical 
ability in various sport fields, and different ethnicities and 
genders (1). Two genes which have been extensively investigated 

in association with athletic ability are angiotensin I-converting 
enzyme (ACE) and α-actinin-3 (ACTN3). ACE is a key compo-
nent of the renin-angiotensin-aldosterone system, generating 
the vasoconstrictor hormone angiotensin II and degrading the 
vasodilator kinins (2). The ACE I/D polymorphism was the 
first specific gene variant to be associated with human physical 
performance (3). A variation in the structure of the human ACE 
gene (17q22-q24) has been reported in which the insertion (I) 
variant was associated with lower ACE levels than the dele-
tion (D) variant (4). An excess of the I allele has been associated 
with certain aspects of endurance performance (5,6). The I allele 
is functionally associated with reduced ACE serum levels and 
activity. This allele is considered a favourable mutation as 
lower ACE activity results in less vasoconstriction and thus an 
increased delivery of oxygenated blood to the working muscles. 
Therefore, individuals that possess an I allele or the II geno-
type are thought to possess a greater advantage in endurance 
activities, including running, cycling and swimming, where the 
demand for oxygen is crucial. In 2009, Ahmetov et al showed 
that the ACE D allele was associated with greater strength and 
muscle volume at baseline and an increased percentage of fast-
twitch muscle fibres. In addition, the D allele was shown to be 
associated with elite power athlete status (6).

It is generally accepted that muscle fibre composition may 
influence physical performance. The ACTN3 gene R577X 
polymorphism is suspected to be one of the contributing 
gene variations in the determination of muscle fibre type 
composition and athletic status (7). The C>T polymorphism 
at nucleotide position 1747 in the ACTN3 coding sequence 
converts an arginine (R) to a stop codon (X) at residue 577 (8). 
This variation generates two different versions of the ACTN3 
gene common in the general population: The 577R allele is 
the normal functional version of the gene, whereas the 577X 
allele contains a sequence change that prevents the production 
of functional α-actinin-3 protein (9). Homozygosity for the 
nonsense mutation, X/X, within ACTN3 results in α-actinin-3 
deficiency; however, it does not result in an abnormal muscular 
phenotype (10,11). It has also been suggested that the X allele 
may confer an advantage during endurance events (5,11,12). 
The findings of Yang et al (11) determined that the ACTN3 
R/R genotype is over-represented and the ACTN3 X/X geno-
type under-represented in power-oriented (including sprint) 
athletes, in comparison with controls.
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The present study investigated the effect of ACE and 
ACTN3 gene polymorphisms in 37 elite athletes and 37 healthy 
controls to identify the potential correlations between geno-
type and physical performance.

Materials and methods

Ethical approval. The study was approved by the Ethics 
Committee of Istanbul University (Istanbul, Turkey; project 
no. 2011/2115-897).

Participants. A total of 37 healthy control individuals, aged 
21.1±3.1 years, and 37 elite athletes, aged 21.1±3.1 years, were 
involved in the present study. The control individuals were not 
engaged in physical activity on a regular basis. Written informed 
consent was obtained from the patient/the family of the patients.

Genotyping. Molecular genetic analyses were performed 
using DNA samples, which were obtained from peripheral 
EDTA-treated blood with a DNA Extraction kit (Agilent 
Technologies, Inc., Santa Clara, CA, USA) according to the 
manufacturer's instructions. The ACE and ACTN3 poly-
morphisms were amplified using polymerase chain reaction 
(PCR). The ACE ID polymorphism PCR was conducted using 
the ACE forward and reverse primers (Table I; Tib MolBiol 
Syntheselabor GmbH, Berlin, Germany). PCR was performed 
by one cycle of denaturation at 95˚C for 3 min, annealing at 
55˚C for 50 sec, and extension at 72˚C for 50 sec, and 39 cycles 
of denaturation at 95˚C for 50 sec, annealing at 55˚C for 50 sec 
and extension at 72˚C for 50 sec, followed by a final exten-
sion step of 2 min at 72˚C. ACTN3 exon 16 was amplified by 
PCR using ACTN3 forward and reverse primers (Table I; Tib 
MolBiol Syntheselabor GmbH). PCR was performed at 95˚C 
for 5 min, 35 cycles of denaturation at 95˚C for 30 sec, annealing 
at 60˚C for 30 sec and extension at 72˚C for 30 sec, and a final 
extension step for 10 min at 72˚C. The resulting ACTN3 gene 
PCR products were genotyped (in the Human Diseases and 
Diagnosis Laboratory, Istanbul University, Istanbul, Turkey) 
by restriction fragment length polymorphism using DdeI 
restriction enzyme (Tib MolBiol Syntheselabor GmbH). 
Products were separated by a bioanalyser (Agilent 1000; 
Agilent Technologies, Inc.).

Results

Bioanalyser results. Each genotype of the ACTN3 gene was 
characterised using the bioanalyser. The XX genotype (Fig. 1) 

exhibited three peaks (86, 97 and 108 bp), the RX genotype 
(Fig. 2) four peaks (86, 97, 108 and 205 bp) and the RR geno-
type (Fig. 3) two peaks (86 and 205 bp). With regard to the 
ACE gene, the DD genotype exhibited one peak at 180 bp 

Figure 1. Bioanalyser results for the ACNT3 XX genotype. Three peaks were 
detected . bp, base pairs; FU, fluorescence units; ACNT3, α-actinin-3.

Figure 2. Bioanalyser results for the ACNT3 RX genotype. The peaks at 
15 bp and 1500 bp are the upper and lower markers. The other peaks (90, 
97, 114 bp and 208 bp) are similar to the findings of Ginevičienė et al (19), 
which indicates that these results show the RX genotype. bp, base pairs; FU, 
fluorescence units; ACNT3, α-actinin-3.

Table I. ACE and ACNT3 primer sequences.

Primer Sequence

ACE forward 5'-CTGGAGACCACTCCCATCCTTTCT-3'
ACE reverse 5'-GATGTGGCCATCACATTCGTCAGAT-3'
ACTN3 forward 5'-CTGTTGCCTGTGGTAAGTGGG-3'
ACTN3 reverse 5'-TGGTCACAGTATGCAGGAGGG-3'

ACE, angiotensin I-converting enzyme; ACNT3, α-actinin-3.
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(Fig. 4), the II genotype one peak at 490 bp (Fig. 5) and the ID 
genotype two peaks at 180 and 490 bp (Fig. 6).

Genotype frequencies. The ACE I/D genotype frequencies in 
the elite athletes and the control group are shown in Table II 
and Fig. 7. The frequencies of the ACTN3 R577X genotypes 

Figure 3. Bioanalyser results for the ACNT3 RR genotype. Two peaks were 
detected. bp, base pairs; FU, fluorescence units; ACNT3, α-actinin-3.

Figure 5. Bioanalyser results for the angiotensin I-converting enzyme II 
genotype. One peak was detected. bp, base pairs; FU, fluorescence units. 

Figure 6. Bioanalyser results for the ACE ID genotype. Two peaks 
were detected. bp, base pairs; FU, f luorescence units; ACE, angio-
tensin I-converting enzyme.

Table II. Number and frequency (%) of ACE genotypes in the 
elite athletes and controls.

 Genotype
 -------------------------------------------------------------------------------
Group (n) DD ID II

Controls (37) 14 (37.84) 11 (29.73) 12 (32.43)
Elites (37) 19 (51.35) 15 (40.54) 3 (8.11)

ACE, angiotensin I-converting enzyme.

Table III. Number and frequency (%) of ACTN3 genotypes in 
the elite athletes and controls.

 Genotype
 --------------------------------------------------------------------------------
Group (n) RR RX XX

Controls (37) 1 (2.70) 32 (86.48) 4 (10.81)
Elites (37) 4 (10.81) 20 (54.05) 13 (35.14)

ACNT3, α-actinin-3.

Figure 4. Bioanalyser results for the ACE DD genotype. One peak was 
detected at 180 bp. bp, base pairs; FU, fluorescence units; ACE, angio-
tensin I-converting enzyme.

Figure 7. Comparison of ACE polymorphism frequencies between the elite 
athletes and the controls. ACE, angiotensin I-converting enzyme.
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are compared in Table III and Fig. 8. The complete data on 
the genotype frequencies in the elite and control subjects 
are shown in Table IV. The number and frequencies of the 
combined ACE and ACTN3 genotypes in the elite athlete and 
control groups are compared in Figs. 9 and 10, respectively.

Discussion

Sport performance is likely to be polygenic due to the 
combined effect of hundreds of points of genetic variance 
among individuals. One possible variation that affects sports 

performance is the ACE polymorphism, and another is the 
ACTN3 polymorphism. The aim of the present study was 
to analyse the frequency of the polymorphisms of these two 
genes.

ACE is a key component in the renin-angiotensin-aldo-
sterone system, generating vasoconstrictor angiotensin II and 
degrading vasodilator kinins (2). ACE is widely expressed in 
skeletal muscle and other human tissues and may be involved 
in metabolism during exercise (13-15). A 287-base pair inser-
tion (I) in an Alu intronic region of chromosome 17 has been 
associated with improved performance in endurance sports, 
and the corresponding absence of this segment (D) has been 
associated with improved performance in strength- and 
power-oriented sports (16). A previous study reported a close 
similarity in the distribution of genotypes between athletes 
and control subjects, identifying the following frequencies of 
genotypes: DD, 30.0 and 29.0%; ID, 47.5 and 49.0%; and II, 
22.5 and 22.0%, for athletes and controls respectively (17). 
In the present study, the DD genotype (which is advanta-
geous for sprinting) was detected at a higher level in the elite 
athletes (51.35%) than that in the control group (37.84%). 
The frequency of the II genotype (which has been shown to 
benefit endurance) was higher in the control group (32.43%) 
than that in the elite athletes (8.11%). The ID genotype 
frequency was higher in the elite athletes (40.54%) than that 
in the control group (29.73%).

The ACTN2 and ACTN3 genes encode the skeletal 
muscle proteins α-actinin-2 and α-actinin-3, respectively (11). 

Table IV. Number and frequency (%) of ACTN3 and ACE genotypes in the elite athletes and controls.

 Genotype (ACTN3/ACE)
 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group (n) RR/II RR/ID RR/DD RX/II RX/ID RX/DD XX/II XX/ID XX/DD

Controls (37) 0 1 (2.70) 0 11 (29.73) 8 (21.62) 13 (35.14) 1 (2.70) 2 (5.41) 1 (2.70)
Elites (37) 0 1 (2.70) 3 (8.11) 2 (5.41) 9 (24.32) 9 (24.32) 1 (2.70) 5 (13.51) 7 (18.92)

ACTN3, α-actinin-3; ACE, angiotensin I-converting enzyme.

Figure 8. Comparison of ACTN3 polymorphism frequencies in the elite 
athlete and control groups. ACTN3, α-actinin-3.

Figure 9. Comparison of ACE and ACTN3 polymorphisms in the elite athlete 
group. ACE, angiotensin I-converting enzyme; ACTN3, α-actinin-3.

Figure 10. Comparison of ACE and ACTN3 polymorphisms in the control 
group. ACE, angiotensin I-converting enzyme; ACTN3, α-actinin-3.
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The first association study to investigate the influence of 
ACTN3 genotypes on athletic performance was published 
by Yang et al (11) in 2003. A previous study reported that 
the frequency of the RR genotype was significantly higher 
in soccer players (48.3%) than that in controls (28.5%) or 
endurance athletes (26.5%), and the frequency of the RX 
genotype was significantly lower in the soccer players (36.7%) 
compared with that of the controls (53.7%) and endurance 
athletes (52.0%) (P=0.041). Although there are a notable 
number of exceptions, elite soccer players tend to have the 
sprint/power ACTN3 genotype (18). In the present study, the 
RR (associated with the sprinter property) and XX (associ-
ated with the endurance property) genotypes were detected at 
higher frequencies in elite athletes (10.81 and 35.14%, respec-
tively) than in the controls (2.70 and 10.81%, respectively). 
The frequency of the RX genotype was higher in the control 
group (86.48%) than that in the elite athletes (54.05%).

The ACE I and ACTN3 X alleles influence speed and 
power in athletes. Athletes with the ACE I/I and I/D geno-
types, as well as the ACTN3 X/X and R/X genotypes, have the 
potential to achieve improved results in sports requiring power; 
therefore, analysing the polymorphisms of these genes may be 
useful in sport type selection (19). However, Myerson et al (4) 
found that the ACE genotype was not a key determinant of 
success in the best sprinters worldwide and suggested that the 
D allele is more common among sprinters. The present study 
demonstrated that the ACE DD/ACTN3 RR genotype combi-
nation is detected at a higher frequency in elite athletes (8.11%) 
than that in controls (0%). The ACE DD/ACTN3 XX genotype 
combination was also identified at a higher frequency in the 
elite group (18.92) than that in the control group (2.70%). 
These results are in accordance with those of Eynon et al (20). 
The frequency of the ACE I allele (present in the ACE II and 
ACE ID genotypes) and ACTN3 XX genotype combination 
was higher in the elite athlete group (16.21%) than that the 
control group (8.11%). This genotype was therefore identified 
as enhancing endurance activity performance.

In conclusion, the findings of the present study suggest a 
novel mechanism involving the renin-angiotensin-aldosterone 
system, in the response of skeletal muscle fast or slow contrac-
tion. However, the aforementioned genotype combination is 
not associated with the level of performance. Therefore it is 
difficult to interpret the meaningful results because of the 
various populations and ethnic groups.
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