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Abstract. The determination of the genetic profiles of 
successful athletes and the effects of these genetic parameters 
on athletic performance is gaining increasing interest. The 
majority of studies assessing the genetics of athletes usually 
analyse the most well‑known genetic variations in athletes 
associated with the different specialties. The aim of the present 
study was to analyse the ACE InDel and ACTN3 rs1815739 
polymorphisms in Turkish bodybuilders. A total of 11 male 
bodybuilders were recruited and genotyped for these poly‑
morphisms. The respective percentage of the ACE II, ID and 
DD genotypes were 18, 73 and 9. For the ACTN3 genotype, 
the respective frequencies were 55 and 45 for the RX and RR 
genotypes. No XX genotype was detected. The allelic counts 
were 12 (55%) for I and 10 (45%) for the D alleles of ACE; 
and 12 (55%) and 10 (45%) for R and X alleles, respectively, for 
the ACTN3 genotype. Additionally, 5 athletes had ID +  RX 
genotypes in terms of ACE InDel and ACTN3 rs1815739 
polymorphisms, respectively. These results indicate the 
importance of endurance related alleles of ACE and ACTN3 in 
bodybuilders. The results of the present are in agreement with 
previous studies, highlighting a potential association between 
specific polymorphisms and the endurance‑related nature of 
bodybuilders. Further studies with larger cohorts are required 
to understand the association between these polymorphisms 
and specific parameters performance in bodybuilders.

Introduction

Athletic performance is a combination of innate genetic 
factors as well as several environmental factors, including 

nutrition, psychological factors and extent of training (1). The 
current body of research on athletic performance places a 
heavy focuses on genetic variants that contribute notably to 
the improved performance of individuals, as well as means of 
increasing performance (2,3). Sports genetics studies include 
the determination of genes/gene polymorphisms affecting 
athletic performance, the determination of the molecular 
mechanisms regulated by these genes, and the determination 
of predispositions to enhanced athletic performance. These 
studies serve an important, role not only in individual sports, 
but also in nutrition, and in the design of physiological and 
psychological training programs suitable for the specific 
genetic profile of an athlete (4,5).

Bodybuilding is a process of developing muscle fibres by 
combining weightlifting, calorie intake and other athletic appli‑
cations. Although the most important characteristic of muscle 
development is the growth of muscle mass, aesthetics is also an 
important psychological effect, and the genetic endowment of 
an individual is one of the most important factor in the forma‑
tion of these features. Strength and endurance are considered 
to be of utmost importance for successful bodybuilding (6,7).

The first major study related to athletic performance 
assessed the angiotensin converting enzyme (ACE) gene (8). 
ACE is located at 17q23 and encodes an angiotensin‑1 transducer 
enzyme that is part of the renin‑angiotensin system, and respon‑
sible for controlling blood pressure by regulating body fluid 
levels (9). The expression of the enzyme varies amongst indi‑
viduals due to a variation in the gene. The ACE I allele contains 
a 287 bp Alu family insert and is associated with reduced 
enzyme activity (9). Conversely, the D allele is associated with 
increased serum levels and tissue ACE activity (10). The ACE II 
genotype is predominantly associated with enhanced endurance 
and increased efficiency of exercise, whereas the DD genotype 
is associated with increased power and power performance, 
although the specific effects of these alleles is contested (11,12).

One of the most important gene regions affecting athletic 
performance is the α‑actin‑3 (ACTN3) gene. ACTN3 is located 
on the long arm of the 11th chromosome (11q13.1), and encodes 
the α‑actin‑3 protein, which is responsible for the formation of 
rapid and strong muscle contractions during training that requires 
explosive muscle strength, such as weightlifting (13). This protein 
is found in the Z lines of the sarcomeres in skeletal muscle, and is 
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involved in the binding of actin fibrils during muscle contraction. 
Thus, it has a notable role in determining muscle strength (14). 
The functional R577X polymorphism (rs1815739) occurs as a 
result of a cytosine‑thymine alteration in the 16th exon of the 
gene. This single base change, which results in the formation of 
a stop (X) codon instead of the codon (R) encoding the arginine, 
constitutes a structural difference in the α‑actin‑3 protein (15). 
The ACTN3 XX genotype is associated with endurance and the 
RR genotype is associated with enhanced sprinting ability (16).

To the best of our knowledge, the present study is the first to 
analyse the genetic profiles of Turkish bodybuilders, including 
assessment of the genetic polymorphisms harboured by them. 
The aim of the present study was to determine the distribu‑
tion of ACTN3 rs1815739 and ACE InDel polymorphisms in 
Turkish bodybuilders.

Materials and methods

Study subjects. In the present study, 11 male bodybuilders (aged 
18‑23; three 18 years old volunteers, two 19‑year olds, one 
20 year old, three 21 year olds, a 22 year old and one 23 year 
old) volunteered to take part in the present study which was 
performed January 2019 and April 2019. The inclusion criteria 
for the volunteers was that they had to have won at least one 
medal in any kind of international competition. Athletes who 
were banned for any kind of doping activity or did not have any 
success in a competition were excluded from the present study. 
The bodybuilders recruited had substantial national and inter‑
national success within the last 4 years and were still training 
actively, with a mean of 6 training sessions per week. The average 
weight of the bodybuilders was 91±2 kg. The study protocol was 
approved by the Üsküdar University Ethics Committee and was 
performed in accordance with the principles of the Declaration 
of Helsinki 7th revision (17). All the bodybuilders were informed 
of the experimental procedure and any potential ethical implica‑
tions, and all the participants provided written informed consent. 
The athletes' age, weight, success (medal status), parental 
consanguinity, presence of any genetically transmitted diseases, 
doping bans and ancestry was obtained.

Genotyping. DNA isolation from buccal cells was performed 
using a commercially available DNA Isolation kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. A mean total of 20 ng of the DNA was isolated from each 
sample, and the purity of the isolates were assessed based on the 
OD260/280 spectrophotometric ratio (Implen NanoPhotometer; 
Implen GmbH). Genotyping of the ACTN3 rs1815739 polymor‑
phism was performed using reverse transcription‑quantitative 
PCR on a QuantStudio 3 (Thermo Fisher Scientific, Inc.) using 
a TaqMan Genotyping assay according to the manufacturer's 
protocol (cat. no. 4362691; Thermo Fisher Scientific, Inc.). T (X 
allele) and C (R allele) alleles were determined using VIC and 
FAM primers, respectively (Fig. 1). The ACE InDel polymor‑
phisms were genotyped using conventional PCR methodology 
as previously described (18). Amplification products were visual‑
ized under a UV light following electrophoresis on a 2% agarose 
gel stained with ethidium bromide. The 490 bp amplicons were 
considered the I allele, and the 190 bp amplicon was considered 
the D allele (Fig. 2). The sequences of the primers used for geno‑
typing are listed in Table I.

Results

The numbers and percentages of the ACE InDel polymor‑
phism in the examined bodybuilders were 2 (18%), 8 (73%) 
and 1 (9%) for II, ID, and DD genotypes, respectively. For the 
ACTN3 genotype, the respective numbers and frequencies 

Figure 1. Quantitative PCR amplification of the RR (CC) genotype and RX 
(CT) genotype of 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). 

Figure 2. Representative image amplification products of the ACE InDel 
polymorphisms run on an 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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were 6 (55%) and 5 (45%) for the RX and RR genotypes. No 
XX genotypes were detected. The allelic count for the ACE 
InDel polymorphisms were 12 (55%) for I and 10 (45%) for 
D allele; and 12 (55%) for R and 10 (45%) for the X allele 
for the ACTN3 rs1815739 polymorphism. Table II lists the 
genotype and allelic frequencies of the ACE InDel and ACTN3 
rs1815739 polymorphisms.

A total of five different genotype combinations were 
detected in the present study. None of the bodybuilders were 
DD + RR, three of the bodybuilders were ID + RR, five body‑
builders had ID + RX, one bodybuilder had II + RX and one 
bodybuilder had a II + RR genotype combination. Table III 
lists the genotype groups of the examined polymorphisms in 
the bodybuilders.

Discussion

Recent studies have shown that certain genes are effective in 
determining the performance of an athlete, both physiologi‑
cally and psychologically (5,8). To achieve the desired results, 
genetic models can be developed and used to find the optimal 
genetic endowment of athletes. The combinations of these 
genetic endowments may prove useful for sports scientists 
to set up personally modified training regimens. The present 
study examined the association between the ACE InDel and 
ACTN3 rs1815739 polymorphisms in 11 Turkish bodybuilders. 
The RX genotype for the ACTN3 genotype was higher 

compared with RR, and no XX genotypes were detected. The 
R allele, which is considered to be the wild‑type allele, is asso‑
ciated with the rapid contraction of the sarcomeres, and thus 
considered superior (4).

In a study conducted on Russian football players; 
240 football players were examined, and 46.25% had the RR 
genotype (19). Santiago et al (20) analysed 60 Brazilian football 
players and showed that 48.3% of the players in their cohort 
had the RR genotype. Roth et al (21) examined the frequency 
of the same polymorphism in both Black and White elite‑level 
bodybuilders and compared them to the general population. 
They reported that the XX genotype was underrepresented in 
the bodybuilders. The results of the present study agree with 
these previous studies, showing that the incidence of the XX 
genotype in the bodybuilders was lower. Specifically, no volun‑
teers harboured a XX genotype. Ulucan et al (15) reported the 
importance of an R allele in young Turkish sprinters in a study 
in which they compared trained and untrained young sprinters. 
Additionally, it has been reported that a higher percentage of 
the RR genotype and R allele was observed in 518 athletes in 
different disciplines (16). Dissimilar to these previous studies, 
the RX genotype percentage was higher in the present study, 
although the relatively smaller cohort size may account for the 
high percentage of the RX genotype. Regarding the ACTN3 
rs1815739 polymorphism, no data regarding Turkish body‑
builders was found, thus the results could not be compared.

In the present study, 73% of the bodybuilders had the ID 
genotype, 18% had the II, and 9% had DD genotypes of ACE 
InDel polymorphisms. The allelic count revealed an I allele in 
55% of the bodybuilders. The ACE I allele is associated with 
low serum and tissue ACE enzyme activity, whereas the ACE II 

Table I. Sequences of the primers used for genotyping ACTN3 rs1815739 and ACE InDel polymorphisms.

ACTN3 rs1815739 polymorphism Sequence, 5'‑3'

X allele CAAGGCAACACTGCCCGAGGCTGACTGAGAGCGAGGTGCCATCATGGGCAT
R allele CAAGGCAACACTGCCCGAGGCTGACCGAGAGCGAGGTGCCATCATGGGCAT
ACE InDel polymorphism
  Forward CTGGAGACCACTCCCATCCTTTCT
  Reverse GATGTGGCCATCACATTCGTCAGT

ACTN3, α‑actinin‑3; ACE, angiotensin converting enzyme.

Table II. Frequency of the ACE and ACTN3 genotypes and 
alleles.

Polymorphism Genotype Allele
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
ACE InDel DD ID II D I

Number 1 8 2 10 12
Percentage 9.09 72.73 18.18 45.45 54.55

ACTN3 rs1815739 RR RX XX R X

Number 5 6 0 16 6
Percentage 45.45 54.55 0 72.73 27.27

ACTN3, α‑actinin‑3; ACE, angiotensin converting enzyme.

Table III. Genotype combination for the ACTN3 rs1815739 
and ACE InDel polymorphisms.

Ace InDel ACTN3 rs1815739
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Polymorphism, n (%) RR RX XX

DD 1 (9.09) ‑ ‑
ID 3 (27.27) 5 (45.46) ‑
II 1 (9.09) 1 (9.09) ‑

ACTN3, α‑actinin‑3; ACE, angiotensin converting enzyme.
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genotype is associated with endurance performance (22), 
consistent with the results of the present study. The prevalence 
of the D allele in athletes was more common in individuals 
who participated in sports requiring power and speed, such 
as sprinting (23). Suel et al (24) concluded that there was no 
significant difference between basketball players and volley‑
ball players with regards to the ACE InDel polymorphism, 
but reported that the ACE II genotype was associated with a 
larger VO2max compared with ACE DD genotype individuals. 
However, the ACE genotypes were not associated with any 
submaximal variables associated with physical fitness (25). 
Thus, further studies are required to clarify the influence of 
the ACE polymorphism on the submaximal variables associ‑
ated with aerobic fitness. Ulucan and Göle (26) analysed InDel 
polymorphisms in windsurfers and reported that the endur‑
ance related I allele was more prevalent in windsurfers.

Regarding the ACTN3 rs1815739 polymorphism, data on 
ACE InDels in Turkish athletes was not found. Thus, the find‑
ings could not be compared with other Turkish based studies.

The cumulative effect of genotypes on human metabolism 
has always been of great relevance. To identify the optimal 
genotypes, several studies have examined potential candidate 
genes individually in different populations, and created a 
pool of genomic data. Genotype combinations are beneficial 
for defining a certain metabolic trait, or at least a part of a 
metabolic trait if they are part of a similar reaction (27). The 
present study may serve as an introductory study, upon which 
further studies can build, using larger cohorts and athletes with 
different specialities, to evaluate the effect of the combinations 
of these polymorphisms more accurately.

The small sample size is the primary limitation of the 
present study. In sports genetic studies, it is important to 
recruit a cohort with the same, or similar training regimens 
to minimise the influence of other factors, and increase 
confidence in the differences being caused by genetic deter‑
minants. Therefore, this type of studies does not commonly 
require sedentary groups. The bodybuilders in the present 
cohort had similar training programs, which is why they were 
recruited, but also underlies the reasoning behind the use of 
a smaller cohort. The second limitation of the present study 
was that data regarding baseline physical and physiological 
characteristics of the volunteers, such as muscle strength and 
mass, as well as the endurance capacities was not obtained 
for association analysis between the genotypes and these 
factors. Finally, there are no studies assessing Turkish body‑
builders, to the best of our knowledge, so the results cannot 
be compared, and how representative the results were could 
not be determined.

In conclusion, the present study is the first report examining 
the distribution of ACE InDel and ACTN3 rs1815739 polymor‑
phisms in Turkish bodybuilders. The ACTN3 RX genotype 
and R allele and ACE ID genotype and I allele were the 
most commonly observed polymorphisms in the present 
study. The high incidence of the I allele in the bodybuilders 
group coincided with previous sports genetics studies. These 
results suggest that the ACE InDel and ACTN3 rs1815739 
polymorphism is an important determinant of a beneficial 
predisposition to certain sports or physical activities. Based 
on the results of the present study and our previous studies, it 
is hypothesized that bodybuilders are more likely to exhibit 

genotypes associated with endurance and power. These poly‑
morphisms, which exist either alone, or in combination with 
the additional polymorphisms, should be considered when 
deciding on a genomic score profiles to improve an athletes 
chance of success in certain sports.
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