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INTRODUCTION 
Since the completion of the Human Genome Project, 
there has been research examining the relationship 
between athletic performance and genetics; and 

those led sports scientists to consider many factors 
that affect athletic performance, including 
physiological and environmental factors (1). In 
addition, the effects of genetic factors that determine 

ABSTRACT 
Purpose: The purpose of this research was to investigate the occurrence of ACE InDel and ACTN3 rs1815739 in 
sub-elite fitness athletes and to determine which gene is distinctive by comparing genotype and allele frequencies 
with sedentary individuals. 
Material and Methods: Forty-one sub-elite fitness athletes and the same number of the sedentary volunteers 
participated in the study. Genetic analyzes of the athletes were determined using molecular-based methods such as 
DNA isolation from peripheral blood samples by using a commercial kit and genotyping with real-time polymerase 
chain reaction (Real-Time PCR), and conventional polymerase chain reaction (PCR). The Chi-Square test was used 
to compare the genotype distribution and I, D, C, and T allele frequencies of ACE InDel and ACTN3 rs1815739 
polymorphisms for statistical significance. 
Results: No statistical difference was found for ACE I/D polymorphism in terms of both genotype distribution 
(p=0.4438). A comparison of sub-elite fitness athletes and control groups showed that the ACTN3 rs1815739 
polymorphism had a statistically significant difference in terms of genotype distribution (p=0.0313). 
Conclusion: In conclusion, we suggest that the ACTN3 rs1815739 polymorphism is more effective than the ACE 
InDel polymorphism in fitness athletes. 
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oxygen consumption, glucose/lipid metabolism, and 
fast and slow twitch fibers on athletic performance 
have been reported in studies. These studies formed 
the basis of sports genetics. The aim of sports 
genetics studies is the determination of the candidate 
genes affecting athletic performance, comparing the 
determined gene regions in successful athletes and 
sedentary individuals to assess the genetic effects. 
To have those, it is usually aimed to develop athletes 
or sedentary individuals in their optimal form by 
establishing an association between athletic 
performance and genetic endowments (2, 3).  
Environmental and genetic factors influence muscle 
function and reveal large differences in physical 
performance phenotypes between individuals. It is 
known that only a small part of the effect of genetic 
variants (polymorphism) affecting athletic 
performance on phenotype can be explained. Various 
methodological techniques were used to identify 
correlations between genetic variations and the 
performance of athletes. Case-control association 
studies are based on the assumption that candidate 
gene alleles are more or less common in a group of 
elite athletes (cases) than in the general population 
(controls). Cross-sectional association studies 
examine whether athletes with specific 
genotypes/alleles exhibit different levels of 
phenotypic traits compared to other athletes (4, 5).  
Along with genetic and environmental factors 
involved in muscle function and performance 
metabolism, phenotypic differences arise between 
individuals. These phenotypic differences reveal the 
predisposition of individuals regarding athletic 
performance. To better explain these predispositions, 

 
 
 

 
 
 
 

 
Figure 1. Quantitative PCR amplification of the ACTN3 
rs1815739 polymorphism. FAM indicates the C allele 
(blue curve), whereas VIC (green curve) indicates the T 
allele). (A) The single blue curve indicates the 
homozygous genotype of RR (CC), whereas (B) the blue 
and green curves indicate the heterozygous genotype of 
RX (CT); (C) the green curve for homozygous genotype 
of TT (XX). 
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Figure 2. Representative image amplification products of 
the ACE InDel polymorphisms on agarose gel. The band 
490 bp in length is the I allele, with a 287 bp insert. The 
190 bp band is the D allele. 
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case-control studies were conducted between 
candidate genes and athletic performance. These 
studies are based on the assumption that the 
distribution of the candidate gene's allele in the 
athlete group and control group is correlated and 
statistically significant (6). 
Angiotensin-converting enzyme gene 
insertion/deletion (ACE InDel) and alpha-actinin-3 
(ACTN3) rs1815739 polymorphisms are two of the 
most widely analyzed genes to explain the 
relationship between superior athletic performance 
and the genetics of strength training (7, 8, 9, 10, 11). 
Therefore, we focused on the two most studied 
genes, ACE and ACTN3, to explain the relationship 
between sportive performance and genes in athletes.  
The ACE gene is situated on chromosome 17q23 and 
its encoded protein forms a major part of the renin-
angiotensin system (RAS) (11). The RAS is 
responsible for controlling physiological blood 
pressure. Renin, an enzyme, is released into the 
bloodstream by particular cells which line the 
arterioles at the glomerulus, the filtering unit in the 
kidney. It facilitates the transformation of 
angiotensinogen, a plasma protein, into angiotensin I, 
a decapeptide. Following the action of the 
angiotensin-converting enzyme (ACE) in the blood, 
angiotensin Ⅰ is converted to an octapeptide, leading 
to the formation of angiotensin II (9). The hormone 
Angiotensin II interacts with receptors in the adrenal 
gland to cause the release of aldosterone, which 
prompts the kidneys to take up salt and water, 
narrows the arterioles, and raises blood pressure 
(13). Effects of ACE InDel polymorphisms are 
reported in various studies and populations (11, 14, 
15). The ACE I allele leads to low ACE enzyme levels 
and is thought to be linked to better endurance 
performance. Research has demonstrated that 
people with the ACE D allele tend to exhibit greater 
amounts of strength and muscle mass, as well as a 
higher proportion of fast-twitch fibers. The ACE D 

allele has also been linked to athletes who are elite-
strength (14).   
The ACTN3 gene is located at 11q13.1 and is 
responsible for producing the α-actinin-3 protein. This 
protein, which is expressed in fast-twitch and type II 
fibers, is a sarcomere protein and is essential for 
producing forceful and intense muscle contractions. 
ACTN3 rs1815739 polymorphism is the result of 
cytosine-to-thymine exchange in exon 16 of the gene. 
A stop (X) codon is created in place of the arginine 
(R) codon, which was previously encoding amino acid 
577 of the protein (16). This polymorphism causes 
ACTN3 deficiency in an individual. ACTN3 rs1815739 
polymorphism is a strong candidate for impacting the 
performance of elite athletes performance (11, 17). 
The severity of α-actinin-3 deficiency (TT genotype) 
decreases muscle mass and diameter of fast-twitch 
fibers and increases the proportion of slow-twitch 
fibers (15). 
In literature, there are some information about the 
effect of the given polymorphisms on different sports 
types; most of which have controversial results (19). 
In addition, the genomic profiles of the fitness athletes 
are restricted in this term. This report will be the first 
to have an association with the given polymorphisms 
and Turkish-based fitness athletes. We hypothesized 
the link between the given polymorphisms and the 
power/strength ability of the fitness athletes. 
Therefore the current study aimed to identify the 
distribution of ACE InDel and ACTN3 rs1815739 
polymorphisms among sub-elite fitness athletes’ and 
compare the results with sedentary people's genetic 
polymorphisms. 
 
MATERIAL AND METHODS 
Study Group and Ethical Consideration 
Forty-one sub-elite male fitness athletes and the 
same number of sedentary males (as controls) were 
included in the study. The main inclusion criteria were 
the average training sessions of 4-5 days/week and 

Table 1. Genotype distribution and allele frequency of ACE InDel polymorphism in sub-elite fitness athletes. 
 Genotype p 

Value Allelic Frequency p 
Value 

 II ID DD  I D  
Athletes (n=41) 11 16 14 

0,4438 

38 44 

0,1596 
Percentage 26,8% 39,0% 34,2% 46,3% 53,7% 
Control Group (n=41) 16 15 10 47 35 
Percentage 39,0% 36,6% 24,4% 57,3% 42,7% 

* The results were considered statistically significant if the p<0.05. The χ2 test was utilized to compare the results with 
the control group.   
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the ones who regularly train within the past 2 years. 
Eskişehir Osmangazi University, Clinical Research 
Ethics Committee approved the study protocol 
(Decision Date: 08.02.2016, No: 01) and the research 
was performed in line with the Declaration of Helsinki 
II. All participants signed a written consent form 
detailing the objectives and procedures of the study. 
This work was supported by the Scientific Research 
Organization of Bilecik Şeyh Edebali University 
(2015-02.BSEÜ.13-01). 
 
Genotyping 
DNA samples were isolated from peripheral blood 
samples using a commercial DNA isolation kit 
(Invitrogen, Van Allen Way, Carlsbad, CA, USA). 
Conventional A260/A280 ratio spectrophotometer 
values were used to determine the purity of the 
isolated DNAs. All the isolates had the results 
between 1.6- 2.0 and all were accepted to have the 
required purity for the genotyping process. DNA 
samples have been saved at −20 °C till used for 
genotyping. The ACTN3 rs1815739 polymorphism 
was determined using a Real-time PCR (Applied 
Biosystems StepOne™ Real-Time PCR, Foster City, 
CA, USA) method using isolated DNA material and 
the Taqman genotyping assays genotyping kit 
(Thermo Fisher Scientific Inc., Waltham, 
Massachusetts, USA). The commercially available 
primers for the amplification were as previously 
described (8). Genotyping was performed using 5 μL 
master mix, 3.50 μL H2O, 0.50 μL assay, and 1 μL 
(10 ng) DNA for a total of 10. The T (X) allele was 
determined with FAM primers and the C (R) allele was 
determined with VIC primers (Figure 1).   
The polymerase chain reaction (PCR) was used to 
genotype the ACE InDel polymorphism from the 
isolated DNA sample. Briefly, the genotyping reaction 
was performed in a total volume of 50μL using dNTP 
concentration 0.5 mM, primer concentration 10 pmol, 
total DNA amount 100ng, 2U Taq DNA polymerase 

(Fermentas, Vilnius, Lithuania). The PCR process 
requires a preliminary denaturation at 95°C for 3 
minutes, followed by 35 cycles that consist of 30 
seconds at 95°C, 45 seconds at 53°, 1 minute at 
72°C, and 10 minutes at 72°C after the last cycle 
applied as final elongation. The primers for the 
amplification were as previously described (20). 
Amplicons were examined using agarose gel 
electrophoresis with ethidium bromide (0.2g/mL) 
staining and then visualized under Ultraviolet (UV) 
light. A genotyping procedure was carried out 
involving a 490-bp band (representing the II 
genotype), a 190-bp band (indicative of the DD 
genotype), or a combination of both bands (indicative 
of the I/D genotype) (Figure 2). 
 
Statistical Analysis 
The SPSS software package 22 (SPSS Inc., Chicago, 
IL, USA) was used in the data analysis. The statistical 
significance of ACE and ACTN3 genes genotype 
distribution and I, D, C, and T allele frequencies were 
compared with the Chi-Square test, and the 
significance was tested at the p<0.05 level at 95% 
confidence interval. 
 
RESULTS 
In sub-elite fitness athletes (n=41), the numbers and 
percentages of ACE Indel polymorphism II, ID, and 
DD genotypes were 11 (26.8%), 16 (39.0%,) and 14 
(34.2%), respectively. The D allele (53.7%) was 
counted with a higher percentage than the I allele 
(46.3%). The number and percentages of II, ID, and 
DD genotypes for the control group (n=41) were 16 
(39.0%), 15 (36.6%,) and 10 (24.4%), respectively. In 
the control group, the I allele (57.3%) was counted 
with a higher percentage than the D allele (42.7%). In 
the statistical analysis between sub-elite fitness 
athletes and control groups, no statistical difference 
was found for ACE I/D polymorphism in terms of both 
genotype distribution (p=0.4438) and allelic 

Table 2. Genotype distribution and allele frequency of ACTN3 rs1815739 polymorphism in sub-elite fitness athletes 
 Genotype p 

Value Allelic Frequency p 
Value 

 CC CT TT  C T  
Athletes (n=41) 14 24 3 

0,0313 

52 30 

0,0187 
Percentage 34,2% 58,5% 7,3% 63,4% 36,6% 
Control Group (n=41) 7 23 11 37 45 
Percentage 17,1% 56,1% 26,8% 45,1% 54,9% 

* The results were considered statistically significant if the p<0.05. The χ2 test was utilized to compare the results with 
the control group.   
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frequency (p=0.1596). ACE InDel polymorphism 
results are listed in Table 1. 
In sub-elite fitness athletes (n=41), the numbers and 
percentages of ACTN3 rs1815739 polymorphism CC, 
CT, and TT genotypes were 14 (34.2%), 24 (58.5%), 
and 3 (7.3%), respectively. The C allele (63.4%) was 
counted with a higher percentage than the T allele 
(36.6%). The number and percentages of CC, CT, 
and TT genotypes for the control group (n=41) were 
7 (17.1%), 23 (56.1%), and 11 (26.8%), respectively. 
In the control group, the T allele (54.9%) was counted 
with a higher percentage than the C allele (45.1%). A 
comparison of sub-elite fitness athletes and control 
groups showed that the ACTN3 rs1815739 
polymorphism had a statistically significant difference 
in terms of genotype distribution (p=0.0313) and 
allelic frequency (p=0.0187). The outcomes of the 
ACTN3 rs1815739 variation are shown in Table 2. 
 
DISCUSSION 
Human strength and power are multifactorial 
concepts that are influenced by both multiple genes 
and environmental factors (9, 10). Resistance 
exercise is an effective way to build up skeletal 
muscle mass because it stimulates muscle protein 
synthesis (21). The link between individual genome 
on athletic ability is currently a subject of worldwide 
investigation. The amount of research on how the 
ACE and ACTN3 genes associate with the success 
of power athletes is still limited (4). The current 
research is a genetic case-control study conducted 
on Turkish fitness athletes. The novelty of the present 
study was the evaluation of the ACE InDel and 
ACTN3 rs1815739 polymorphisms on sub-elite 
fitness athletes. 
ACE InDel polymorphism ID genotype and the 
ACTN3 rs1815739 CT genotypes are probably the 
preferred genotypes for Turkish fitness athletes 
(39.0%; 58.6%, respectively). To date, ACE and 
ACTN3 polymorphisms had been associated with 
power, strength, and endurance in determining 

athletic performance. Those findings suggest that the 
ACE I allele was linked to endurance, while the D 
allele was associated with sprinting and 
power/strength performance. Additionally, ACTN3 
CC and CT genotypes were found to be connected to 
elite power/strength athletes (22, 23). In the present 
study, we detected no statistically significant 
difference in the ACE InDel polymorphism (Table 1) 
between sub-elite fitness athletes and sedentary 
people (p=0.4438). However, we detected a 
statistically significant difference in the ACTN3 
rs1815739 polymorphism (p=0.0313). Therefore, our 
results do not support the hypothesis that the ACE 
InDel polymorphism is related to power/strength 
ability. However, when the literature is examined, it 
was that the relationship between ACE and ACTN3 
genes and sportive performance is not clear and 
more studies are needed. 
Polat et al. (24) analyzed the same polymorphisms in 
11 Turkish bodybuilders. They reported that CT 
(54%) genotype was higher than the CC (45%) 
genotype in ACTN3 polymorphism, and the TT 
genotype was not detected in their cohort. For the 
ACE I/D polymorphism, 73% of bodybuilders had ID, 
18% had II, and 9% had DD genotypes. They 
highlighted the significance of ACE and ACTN3 
polymorphisms associated with stamina in 
bodybuilders. These findings were in agreement with 
our findings in the terms of genotype percentage, 
suggesting the importance of ethnicity in selected 
polymorphisms. 
Muhan et al. (25) investigated the determination of 
ACTN3 rs1815739 polymorphism in football players 
and the relationship between the genotypes of 
football players and their positions. The TT genotype 
(55.0%) and T allele (72.5%) were found to be higher 
in football players, while the CT genotype (53.9%) 
and T allele (53.3%) was higher in the control group. 
It was determined that midfielders who require 
endurance are mostly in the TT genotype, while the 
sprinter strikers are in the CC genotype. Due to the 

Table 3. Combined distribution of ACE InDel and ACTN3 rs1815739 polymorphisms in sub-elite fitness athletes. 
 

ACE I/D ACTN3 rs1815739 
Polymorphisms, n (%) CC CT TT 
DD 6 (14,63%) 8 (19,51%) - 
ID 5 (12,20%) 9 (21,95%) 2 (4,88%) 
II 3 (7,32%) 7 (17,07%) 1 (2,44%) 
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same ethnicity, nonsimilar results of ACE InDel 
polymorphism with the current findings may indicate 
the advantageous the genetic variations in different 
sports.  
Kim et al. (26), reported that they found more DD 
genotype and D allele in ACE I/D polymorphism in 
elite strength athletes compared to the control group. 
Papadimitriou et al., (27), 200 and 400 m. in their 
study with elite male sprinters compared the sprint 
times of the athletes with their genotypes. It was 
revealed that athletes who had the ACE DD genotype 
in 200 m events had shorter individual running times 
than those who had the ACE II genotype. Unlike our 
results, which showed the superiority of the ID 
genotype, the results of the study supported most of 
the previous findings. 
In another cohort, Scott et al. (11) found that the ACE 
I/D polymorphism does not have a significant effect 
on the performance of 114 Jamaican and 113 
American sprinter athletes in their study. In a study of 
32 female non-elite Turkish athletes, Çam et al. (28) 
examined the relationship between athletes sprinting 
and middle-distance running and ACE I/D 
polymorphism. They found that there were no major 
variations between genotypes of the ACE I/D 
polymorphisms in connection to either sprint or 
middle-distance performance. Similar findings 
Shahmoradi et al. (29) and Wang et al., (30) both 
reported that short-distance swimmers have a greater 
abundance of ACE I alleles compared to the control 
group.   
Studies have revealed the relationship between 
athletic performance and factors such as ability 
selection and training response between the ACTN3 
gene (31, 32). Some research has indicated that 
strength athletes have a higher prevalence of the 
ACTN3 gene CC genotype and a lower prevalence of 
the ACTN3 TT genotype than the control group (17, 
22, 23). Elite wrestlers and competitive bodybuilders 
had more CC genotypes compared to the control 
group (33). Yang et al. (23) reported that sprinters 
had more CC (50%, 30%) and less CT (45%, 52%) 
and TT (6%, 18%) genotypes than controls. Elite 
athletes who focused on power-based sports had a 
higher frequency of the C allele than the control group 
(34). Some studies did not support the relationship 
between ACTN3 rs1815739 polymorphism TT 
genotype and endurance performance in elite 
strength athletes (29, 30). On the other hand, there 
are also studies reporting a relationship between 
ACTN3 rs1815739 polymorphism and power 

performance in athletes (31,32). Our findings showed 
the high frequency of CT genotype in fitness athletes, 
which does not support the previous studies.  
There are some previous studies that suggest the 
unsufficient role of ACTN3 rs1815739 polymorphism 
on exercise performance. Norman and colleagues 
(2009) reported that there was no relationship 
between the ACTN3 gene and power output, fatigue, 
or power features. They contended that alpha actors 
have little to no influence on deciding muscle fiber 
type (31). Contrary to studies reporting that ACTN3 is 
the "speed gene" in the literature, Lucia et al. (39), 
discovered that a Spanish long jumper who had 
participated in the Olympics twice had the TT 
genotype for the ACTN3 rs1815739 polymorphism. In 
a similar finding, Druzhevskaya and his friends 
reported that the world-recorded Russian hammer 
shooter had TT genotype in ACTN3 rs1815739 
polymorphism in a study in 2008. 
 
Strengths and Limitations 
The previous studies were mostly conducted on 
athletes like sprinters- marathons, and football 
players; there is not enough information about fitness 
athletes in terms of genetic research. In the present 
study, ACE ID and ACTN3 CT genotypes were 
associated with an advantage for fitness. But our 
cohort did not reveal any explanation in terms of 
alleles. The low athletes' number and the lack of 
biochemical or physical parameters are the main 
limitations of the present study. 
 
CONCLUSION 
In conclusion, to have a more predictable evaluation 
of the effect of the given polymorphisms and athletic 
performance, more studies are needed. In addition, 
we believe that this first report will help to further 
investigate the relationship between ACE and ACTN3 
genes and physical fitness in athletes. 
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