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SUMMARY:  The aim of this study is twofold: (1) to identify differences in certain anaerobic parameters (10m sprint, 30m sprint,
anaerobic power, and Illinois agility tests) between professional and amateur soccer players, and (2) to determine whether there is a difference
in the ACTN3 gene polymorphism between professional and amateur soccer players. Ultimately, the goal is to reveal which parameters
contribute to the differentiation in these two aspects. A total of 133 volunteer soccer players, including 71 professionals and 62 amateurs,
participated in the research. DNA extraction from buccal epithelial cells was performed using a commercial kit to determine the genetic
background of the athletes, and Real-Time PCR was conducted for genotyping. Statistical analysis of the findings obtained from the test
results was performed using the SPSS 23 (SPSS Inc., Chicago, IL, USA) package program. The homogeneity of variance of the data was
assessed using the Levene Test, and normal distribution analyses were conducted using the Shapiro-Wilk Test. Chi-square and Mann-Whitney
U tests were employed for parameter analysis. The significance level was set at p<0.05. Evaluation of the data in our study revealed no
statistically significant difference in ACTN3 rs1815739 gene polymorphism between the groups (p>0.05). However, there is a statistically
significant difference in anaerobic parameters (10m sprint, 30m sprint, and anaerobic power) except for the Illinois test (p<0.05). In conclusion,
our study found that gene polymorphism is not a differentiating factor between professional and amateur soccer players, but speed (10m and
30m) and anaerobic power parameters are differentiating factors.
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INTRODUCTION

In recent times, the concept of sporting performance
or athletic performance has been widely discussed in soccer.
When examined, it can be defined as the entirety of efforts
put forth for the success of an athletic task that a soccer player
must perform or accomplish. Moreover, it is comprised of
factors that can influence the outcome in a short period, viewed
as a whole (Clos et al., 2019). In soccer, it would be
appropriate to consider the concept of sporting performance
as the ability of a soccer player to generate athletic work,

occurring despite all positive and negative factors. From this
perspective, the evaluation of sporting performance requires
taking into account all factors and components influencing
performance (Massidda et al., 2018).

When evaluated from the perspective of sports
science, the issue of genetics and sporting performance is
primarily among the new topics that biologists and exercise
scientists are actively exploring (Eroglu & Zileli, 2015). The
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early detection of athletic talents, directing individuals
towards the right sports, and establishing appropriate training
plans at the competitive level are crucial factors for success
(Ma et al., 2013). Genetic factors, particularly those playing
a significant role in the achievement of maximum success
for soccer players, push the boundaries of science. Numerous
studies focusing on the investigation of inter-player
differences in soccer indicate that genetically, certain factors
contribute significantly (Sunje et al., 2021). Especially in
determining the differences between professional and
amateur soccer players, physical performance tests in the
context of sports genetics hold great importance (Massidda
et al., 2012).

In contemporary soccer, the genetic factor, which is
among the internal factors influencing sporting performan-
ce, is observed to contribute approximately 60-65 % of the
performance variable that constitutes physical capacity
(Clarkson et al., 2005; Abrantes et al., 204)). Studies
indicate that genetic factors play a significant role in many
functional aspects related to sporting performance
(McAuley et al., 2021). The genetic factor directly
influences essential aspects of sporting performance, such
as muscle type distribution, musculoskeletal structure, lung
capacity in metabolic terms, and the ergonomic balance of
using energy, which is crucial in soccer (Gayagay et al.,
1998; Myerson et al., 1999). The genetic factor is also seen
to affect features related to the ergonomic use of energy,
such as muscle enzyme activity, contraction speed, reaction
time, and anaerobic endurance (Clarkson et al., 2005).
Studies suggest that the participation of sports genetics is a
fundamental reality for success in activities within soccer,
emphasizing the role of sports genetics in these activities
(Cooper et al., 2010; Clos et al., 2019).

Upon reviewing the literature, it is evident that one
of the forefront genes investigated in the genetic aspect of
sporting performance in soccer  is alpha-actinin-3 (ACTN3)
(Ulucan, 2016; Eroglu et al., 2018; Zileli et al., 2023). From
a genetic perspective, alpha-actinin-3 gene, which exami-
nes sporting performance, has four different isoforms of
the protein: ACTN1, ACTN2, ACTN3, and ACTN4 (Otey &
Carpen, 2004). The alpha-actinin protein involved in
studying sporting performance is a protein specific to
skeletal muscles responsible for fast muscle contractions in
glycolytic type and type-II X muscle fibers, and is associated
with sporting performance (Ulucan et al., 2015). The gene
encoding alpha-actinin is located on the long arm of
chromosome 11 (11q13.1). The alpha-actinin gene consists
of 22 exons, containing 901 amino acids, and the alpha-
actinin protein is present in the Z lines of the sarcomeres
(Döring et al., 2010). ACTN3 protein encoded by this gene
actively participates in muscle contraction, binding of actin

filaments, and intracellular signal transmission. Research
has focused on the rs1815739 polymorphism resulting from
the C>T transition in the 16th exon of the ACTN3 gene for
determining power/sprint and endurance characteristics in
athletes. This amino acid change leads to the formation of a
stop codon (X) instead of the codon encoding arginine (R)
at the 577th amino acid position of the resulting protein
(Eken et al., 2021).

 When referring to ACTN3, the characteristics
associated with this gene indicate its connection to sporting
performance. ACTN3 gene, which is one of the genes highly
influential on sporting performance and the first structural
gene based on sporting performance traits (Charbonneau et
al., 2008), is also linked to skeletal muscle. ACTN3 gene is
a major component of the skeletal muscle Z disk in fast-
twitch muscle fibers, and it interacts with multiple metabolic
proteins (Seto et al., 2013). The ACTN3 gene, crucial for
the formation of speed and powerful contractions, is located
on the long arm of the 11th chromosome (11q13.1),
particularly needed in explosive sports (Ulucan & Göle,
2014). The ACTN3 protein is found in the Z lines of
sarcomeres associated with skeletal muscles, playing a
significant role in sporting activities dependent on muscle
strength, especially (Ulucan et al., 2009).

 Soccer is a highly competitive sport, a characteristic
that is closely tied to the intricate nature of its requirements,
encompassing technical, tactical, psychological, and
physiological domains (mendez et al., 2011). Key
physiological factors in soccer involve a combination of
endurance and speed (Rampini et al., 2006; Chen et al.,
2019), such as repeated short sprints (Oliva Lozano et al.,
2020). Additionally, modern soccer has increased demands
for strength and power. Heritability studies on sport-related
traits suggest that genetic factors play a significant role in
determining endurance, speed-power, and strength abilities
(Guilherme et al., 2021). This genetic influence may be, at
least in part, attributed to the specificity of muscle fibers
genetics (Lewis et al., 2015).

 Various physical ability for soccer players, strength
correlate with soccer sprints (Booysen et al., 2016) and
agility ability (Harper et al., 2021) and differs by soccer-
playing leagues (Coelho et al., 2016). Consequently, the force
applied at varying speeds and agility levels can typically
elucidate the required force-velocity predisposition of
athletes (Santiaogo et al., 2008; Secérovic et al., 2017),
serving as potential indicators for the agility and jumping
performance of soccer players (Coratella et al., 2018). In
terms of the force-velocity and agility profile, soccer per-
formance is characterized by elements such as high-speed
running and sprinting (Gissis et al., 2006), acceleration and
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deceleration, as well as change of direction performance
(Modriç et al., 2019). As there is no distinct correlation
observed between playing leagues and conditioning
specificity, it remains uncertain whether the force-velocity
specificity is genetically predetermined for soccer positions.
Conversely, certain genetic markers have been linked to the
metabolic traits of soccer attackers (Pimenta et al., 2013).

 Over the recent years, numerous candidate gene
studies have explored the impact of various genetic
polymorphisms on the speed, power, and agility performan-
ce of soccer players (Clos et al., 2021). Several studies have
been conducted on the impact of the ACTN3 rs1815739
polymorphism on the rate of change in the sporting perfor-
mance of professional soccer players (Secerovic et al., 2017).
The research suggests that elite soccer players with CC (RR)
and TT (XX) genotypes exhibit specific sensitivity to
parameters related to the musculoskeletal system, strength,
direction change, sudden acceleration, and agility (Rodas et
al., 2021). It indicates that such attributes provide players
with greater advantages within the game, leading to increased
physical variations on the field and subsequent superiority
in gameplay (Petr et al., 2022). Despite claims that genetic
factors confer certain advantages to elite athletes, there is
ongoing debate about whether these attributes result from
genetic factors or acquired physical characteristics
(Andrzejewski et al., 2015).

 Based on the information above, highlighting the
differences between professional and amateur league soccer
players holds significance for the development of soccer. The
aim of this study is twofold: (1) to identify differences in certain
anaerobic parameters (10 m sprint, 30 m sprint, anaerobic
power, and Illinois agility tests) between professional and
amateur soccer players, and (2) to determine whether there is
a difference in the ACTN3 gene polymorphism between
professional and amateur soccer players. Ultimately, the goal
is to reveal which parameters contribute to the differentiation
in this regard. We are confident that our examination of various
leagues will make a valuable contribution to the existing
literature, and the outcomes will lay the groundwork for future
studies in the same domain.

MATERIAL AND METHOD

 This study performed a cross-sectional study with
genotyping, sprint speed, agility ability and power
measurement of ACTN3 at two different angular. Prior to
the measurements, participants did not engage in any training
sessions or other physically demanding activities. Samples
were collected before the participants' general warm-up
routine, which included 5 to 10 minutes of aerobic exercise

(free jog), followed by 5 to 10 minutes of individual static
stretching and 5 to 10 minutes of dynamic stretching
involving hops and dynamic lunges. Subsequently, following
the warm-up, all players underwent sprint speed testing (10-
30m), followed by the ilionis agility test, with a 3-minute
rest interval between individual attempts. Recently, 6 X 35m
interspersed with 10 seconds of passive recovery repeated
sprint test has been conducted. 

Participants: The study sample comprises three professional
teams aiming for championship in the Turkey soccer Second
and Third Leagues during the 2021-2022 season (2nd League,
n= 20, 3rd League, n= 25, and 3rd League, n=26), and three
amateur teams (n=62) striving for championship in the Re-
gional Amateur League (Three Different Regional Amateur
Temas, n = 20+20+22). Professional league players engaged
in an average of 9.7 ± 2.8 hours of training per week
throughout the season, while amateur team players conducted
an average of 8.7 ± 1.9 hours of weekly training. Both groups
played approximately one official match per week, totaling
30 official matches throughout the season. The age,
anthropometric characteristics, training age, and weekly
training hours of professional and amateur soccer players
are presented in Table II. All participants included in this
research are of white race and possess the characteristic of
being national soccer players. The study protocol was
approved by the Ethical Committee of Üsküdar University
(2021/14-61351342), and the study adheres to the principles
of the Declaration of Helsinki II. Written informed consent,
outlining the study's procedures and objectives, was obtained
from all participants. This research received support from
Gümüshane University Scientific Research Organization
(GÜBAP2902-21.A0310.02.01). Throughout the entire
experiment, the rights and confidentiality of the participants
were protected, and genetic information was solely used for
the purposes outlined in this study.

Table I. Study’s Design.
Enrollment

Volunteered Soccer Players
Assessed for eligibility  (n=133)

Not Meeting Inclusion Criteria
Injury history or limited physical strength,

Smoking  habit and Pharmacological ergogenic aids,
     On time for the test injuries, sickness or drop-out

Consent to Participate
Test Visit

Volunteering Consent
Randomization & Counterbalanced Design

Allocations
Participants (n=133)

Allocated Professional Players =71
Allocated  Regional Amateur Players = 62

Body Composition Measurements = 08:00-12:00
Running Base Anaerobic Sprint Ability Test (RAST) = 14:00-17:00

End of Study and Analysis Assessment
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Looking at Table II, it can be observed that the ave-
rage age of professional soccer players is 23.66 ± 4.11 years,
height is 1.79 ± 6.99 cm, body weight is 76.02 ± 6.76 kg,
body fat percentage is 11.59 ± 3.11 %, experience is 14.27 ±
0.12 years, and weekly training duration is 9.7 ± 2.8 min.
On the other hand, amateur soccer players have an average
age of 23.63 ± 3.77 years, height of 1.81 ± 5.77 cm, body
weight of 76.36 ± 7.53 kg, body fat percentage of 15.60 ±
4.65 %, experience of 11.33 ± 0.48 years, and weekly training
duration of 8.7 ± 1.9 min.

(Applied Biosystems) and 1µl DNA were used. All analyzes
without a clear genotype assignment were repeated. If
assignment of a genotype failed, the participant was excluded
from analysis.

Physical Performance Testing. During the preparation period
of the 2021-2022 season, two different performance tests were
applied to soccer players. Performance tests were carried out
by the same person and following the same procedures for
each team. Both professional and regional amateur soccer
players were familiar with the testing procedure as it had been
part of their physical evaluation in the past. All performance
tests were performed on the same day and within 24 hours
following a low-intensity regeneration training day. On the
test day, anthropometric data were collected and the players
completed a standard warm-up consisting of twenty-five
minutes of light-to-moderate jogging, lower limb dynamic
stretching, and submaximal sprint and jump attempts. After
this, the participants performed the following tests:

Body Composition Measurements. Measurements of
height and weight were conducted in the morning. Height
was assessed using a stable stadiometer (+0.1 cm, Holtain
Ltd., Crosswell, UK). Research on body composition
adhered to established rules and principles, aligning with
the International Biological Program guidelines for the
selection of measuring instruments and standardized
measurement techniques. In this study, two body composition
metrics were considered: body weight and body fat
percentage. The assessment of body composition utilized a
Tanita body fat scale (model BC-418MA), employing an
indirect measurement method. This involves the transmission
of a safe electrical signal through the body via electrodes
located in the standalone unit. The Tanita Scale, equipped
with an athletics mode, allows athletes to closely monitor
their body weight, overall health, and fitness levels, including
all relevant parameters. All measurements were consistently
conducted by the same researcher (Gaudino et al., 2022).

Sprint Time. The assessment of maximal velocity in a
straight-line sprint covering 0-10m-30m was conducted
using photocells (Witty System, Microgate, Bolzano, Italy),
following Vescovi's protocol designed for a 35m sprint. The
starting point for each sprint was 50 cm behind the photocell
line. Participants initiated the sprint from a standing position,
placing their preferred foot behind the starting line, and
accelerated maximally until crossing the final photocell gate
at 30m. Each participant performed two maximal 30m
sprints, with a minimum of 2 minutes of passive recovery
between attempts. The test took place on the soccer pitch,
and participants were equipped with soccer cleats. The fastest
recorded time was used for subsequent statistical analysis
(Vescovi, 2012).

n x sd

Professional 71 23.66 4.11
Age (year)

Amateur 62 23.63 3.77

Professional 71 1.79 6.99
Lenghth (cm)

Amateur 62 1.81 5.77

Professional 71 76.06 6.76
Weight (kg)

Amateur 62 76.36 7.53

Professional 71 11.59 3.11
Body Fat Percentage (%)

Amateur 62 15.60 4.65

Professional 71 14.27 0.12
Experience (years)

Amateur 62 11.33 0.48

Professional 71 9.7 2.8
Training (min/week-1)

Amateur 62 8.7 1.9

Sample Collection and Genotyping. DNA samples were
obtained by collecting buccal epithelial samples using a swab
between January and February 2021. A researcher visited the
training facilities of each soccer team to explain the purpose,
benefits, and risks of the research and to obtain written consent
from the participants volunteering for the study. During this
process, health personnel at the clubs (Nurse, First Aid
Specialist, club masseur) assisted the researcher. After the
samples were collected, they were cooled at 4 °C and sent to
the laboratory. In the subsequent stage at the laboratory,
genomic DNA extraction from the samples was performed
using the QIACube equipment (QIAGEN, Venlo, Netherlands)
through an automated extraction method to obtain a solution
with a DNA concentration of 25 ± 40 ng/mL. The solution
was stored at -20°C until genotyped.

Genotyping of the ACTN3 rs1815739 polymorphism
was performed using Real-Time PCR on a StepOnePlus
(Thermo Fisher Scientific, Inc.) instrument and Taqman
Genotyping Mater Mix genotyping kits according to the
manufacturers' protocols (Thermo Fisher Scientific, Inc.). For
a total reaction volume of 10µl, 5µl Genotyping Master Mix
(Applied Biosystems, Foster City, CA), 3.5µl nuclease-free
H

2
O (Thermofisher, USA), 0.5µl ACTN3 genotyping assay

Table II.  Demographic data of the soccer players participating in
the study players participating in the study.
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Illinois agility test. The field's length measures 10m, with a
width (distance between the start and finish points) of 5m.
Within the testing area, four cones were strategically
positioned at a 3.3m distance from each other, marking the
start, finish, and two turning points (Fig. 1). Participants
initiated the test in a prone position with hands at shoulder
level. The trial commenced upon the 'go' command,
prompting subjects to run at their maximum speed. The trial
concluded when players crossed the finish line without
displacing any cones. The best time from three trials was
selected for analysis (Daneshjoo et al., 2013).

Participants' rights and confidentiality were protected
throughout the entire experiment, and genetic information
was used only for purposes within the scope of this research.

Statistical analysis. SPSS 23 (SPSS Inc., Chicago, IL, USA)
package program was used for statistical analysis of the
findings obtained in the test results. Variance homogeneity of
the data was done with Levence Test and normal distribution
analysis was done with Shapiro-Wilk Test. Chi-Square and
Mann Whitney U Test were used to analyze the parameters.
Statistical significance was tested at the p<.05 level.

RESULTS

All the players were successfully genotyped. ACTN3
rs1815739, 10m sprint (sec), 30m sprint (sec), Illinois Agility
(sec), Power (watt), Relative Power (watt/kg) findings of
professional soccer players and regional amateur league
soccer players are presented below.

Looking at Table III, in professional soccer players,
CC genotype was 15 (21.13 %) soccer players, CT genotype
was 21 (29.58 %) soccer players and TT genotype was 35
(49.29 %), and in amateur players, CC genotype was 6 (9.68
%) soccer players and CT genotype was 28 (45.16 %) soccer
player and TT genotype was determined as 28 (45.16 %).
When the data in our study is evaluated, while no
statistically significant difference could be detected in the
ACTN3 rs1815739 gene polymorphism between the groups
(p>0.05), it is seen that the TT allele is dominant in
professionals, and the CC and TT alleles are dominant and
close to each other in amateurs.

Looking at Table IV, the average speed test 10m
results of professional soccer players is 1.56 ±0.14sec; While
the average of 30m results was 3.85 ±0.22 seconds, the ave-
rage of amateur soccer players' speed test 10m results was
1.64 ±0.13 seconds; The average of 30m results was
determined as 4.47 ±0.51 seconds, and a significant
difference was found between both groups of players in fa-
vor of professional soccer players (p<0.05). While the ave-
rage of professional soccer players' Illinois agility test results

Fig. 1. Illinois agility test protocol.

Significance was evaluated at at least p<0.05. Comparison with the control group was made using the χ2 test.

Table III. ACTN3 rs1815739 gene interaction between professional and amateur soccer players.

Running Base Anaerobic Sprint Ability Test. The
Repeated sprint ability test was performed according to a
previously validated protocol (Zagatto et al., 2009). In brief,
the test protocol involved six maximal straight-line sprints
of 35m each, with a 10-second recovery period that included
deceleration. The same equipment used for speed testing
was employed for the Repeated Sprint Ability (RSA) test.
Participants initiated their sprints upon hearing an audio
signal from the system. Following each sprint, a brief
deceleration phase was permitted, after which participants
prepared for the subsequent sprint. Timing for each run was
recorded using two photocells positioned precisely at 35m,
and the start of each sprint (with a 10-second interval) was
signaled by an audio cue from the photocell system. The
anaerobic power of participants was calculated based on the
least time achieved across the sprints.
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Genotype p Value Allelic Frequency p Value

CC CT TT C T

Professional 15 21 35 51 91
Percentage 21.13 % 29.58 % 49.29 % 35.92 % 64.08 %

Control group 6 28 28 40 84

Percentage 9.68 % 45.16 % 45.16 %

    0.0801

32.26 % 67.74 %

  0.5305
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was 15.47 ± 0.60, respectively, the amateur soccer players'
average Illinois agility test results were found to be 15.84 ±
2.03, respectively, and no significant difference was detected
between both groups of players (p>0.05). The average
anaerobic power (watt) results of professional soccer players
was 1227.48 ±253.16; While the average relative power

(watt/kg) results was 16.13 ±2.91, the average power (watt)
results of amateur soccer players was 829.68 ±279.78; The
average relative power (watt/kg) results were determined as
10.88 ±3.58, and a significant difference was detected
between both groups of players in favor of professional
soccer players (p<0.05).

n x sd z p

Professional 71 1.56 0.14
10 m sprint (sec)

Amateur 62 1.64 0.13
-3.27 0.01*

Professional 71 3.85 0.22
30 m sprint (sec)

Amateur 62 4.47 0.51
-7.04 0.01*

Professional 71 15.47 0.60
Illinois Agility (sec)

Amateur 62 15.84 2.03
-1.66 0.09

Professional 71 1227.48 253.16
Anaerobic Power (watts)

Amateur 62 829.68 279.78
-6.66 0.01*

Professional 71 16.13 2.91
Relative Power (watt/kg)

Amateur 62 10.88 3.58
-7.04 0.01*

DISCUSSION

The current study aimed to achieve two primary
objectives: (1) to ascertain the association between the
ACTN3 rs1815739 polymorphism and variations in physical
performance in response to diverse soccer leagues, assessed
through 10m-30m sprints and Ilionis ability tests, as well as
power parameters; and (2) to compare ACTN3 genotypic
distributions among players from different soccer leagues.

In soccer, speed and power play pivotal roles in
distinguishing an exceptional athlete from an average one.
With this premise, assessing the genetic parameters of
maximum power in the lower limbs provides a non-invasive
and indirect method for identifying predictors of speed and
agility capabilities (Maciejewska-Skrendo et al., 2020).
Especially in soccer based on modern technology, the triangle
of speed-agility-explosive power; It has been characterized
in a modernized way in terms of sudden speed, constant
speed, accelerated direction changes, effective bilateral fights
for strength and, accordingly, the realization of agility with
explosive power of different intensities (Massidda et al.,
2020). In their study, Gineviciene et al. (2014), stated that
the sportive performance cycle is a combination of an innate
genetic characteristic of the soccer player and educational
factors acquired through training, and accordingly,
achievements such as explosive power, power, strength and
agility are determined by the genetic characteristics of the
athletes (Gineviciene et al., 2014). Literature evidence also
states that certain genes are directly related to athletic per-

formance, especially closely related to power, speed and
power factors (Ma et al., 2013; Nazarov et al., 2001).

 When the studies on soccer players at different league
levels, such as professional and amateur, are examined, it is
seen that there are limited studies investigating physical
performance tests in addition to genotype evaluation. In this
study, ACTN3 rs1815739 polymorphism was evaluated as a
genetic marker. Genotype evaluation was made in
professional and amateur soccer players and the difference
between professional and amateur performance variables was
investigated. As a physical test; sprint speed test, Illinois
agility test and anaerobic power parameters were evaluated.
Is there a difference in the ACTN3 genotype parameter in
the research? Do field test parameters, which are physical
performance tests, differ? The questions were emphasized
(Tables III and IV). Melián Ortiz et al. (2021) stated in their
study that polymorphisms in the a-actin-3 (ACTN3) gene
are genetic markers for individual characteristics that affect
athletic performance such as strength and agility.

Evaluation of ACTN3 rs1815739 polymorphism.

In the study conducted in professional soccer players;
CT allele (21.13 %), CC allele (29.58 %), TT allele (49.29 %)
in amateur soccer players; It was determined that there were
CT allele (9.68 %), CC allele (45.16 %), and TT allele (45.16
%) (Table III). While the TT allele is dominant in professional

Table IV. The avarage 10 m sprint (sn), 30 m sprint (sn), illinois agility (sn), power (watt), relative power (watt/kg) standart deviation
(sd), t and p values of professional and regional amateur soccer players.
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soccer players, both the CC and TT alleles are dominant in
amateur soccer players. When the literature was examined, the
expression "speed gene" was used for the ACTN3 gene (Chan
et al., 2008; Berman & North, 2010). However, when evaluated
in terms of league level, there are contradictory results.

In contrast to our study findings, a study reported that
the CT allele of the ACTN3 genotype was significantly high
(26.53 %) in elite athletes (Murtagh et al., 2020). Similarly,
in another study, Yang et al. (2003) stated that ACTN3
genotype was associated with speed and power phenotypes
and that elite athletes had significantly higher CT allele
frequencies than amateur athletes. On the other hand, Roth
et al. (2008) also reported that the findings of these studies
were found many times in speed, power and strength elite
athletes, but the findings were not conclusive. Studies
conducted on professional soccer players also indicate that
the CC genotype is higher in the ACTN3 rs1815739
polymorphism (Lippi et al., 2010; Pimenta et al., 2013). In a
study involving Spanish elite and amateur athletes, it was
statistically significant that elite athletes had CT genotype
(46 %), CC genotype (30.08 %), amateurs had CT (53 %)
and CC genotype (39.12 %) and both genotype values were
not very high. It has also been reported that there is no
difference (Varillas-Delgado et al., 2021). On the other hand,
Coelho et al. (2019) stated that in their study where they
examined the connection between physical performance and
ACTN3 rs1815739 polymorphism in 138 Brazilian soccer
players, no significant relationship was detected in terms of
genotype-phenotype. In a study conducted with elite and
intermediate level athletes, it was found that elite athletes
had CC genotype (26 %), CT genotype (25 %), intermediate
level athletes had CC genotype (48.22 %), and CT
genotype(13.35 %). It was reported that no significant
difference was detected (Varillas Delgado et al., 2020).

Supporting our study findings, in a meta-analysis
study on ACTN3 rs1815739 polymorphism, it was reported
that professional athletes had higher CT and TT genotypes
than amateur athletes (López-Valenciano et al., 2020).
Similarly, in a study conducted by Jacob et al. (2019) with
sub-elite soccer players, CT, CC, TT genotypes were found
to be 11.01 %, 44.05 % and 48.32 %, respectively. It is seen
that all three genotypes are similar to the amateur soccer
player genotype values in this study.

In parallel with the data obtained from professional
soccer players in our study, a study conducted on elite soccer
players found that the C and T alleles were at higher
frequencies in elite soccer players (Santiago et al., 2008).

 Mc Auley et al. (2021) suggested and articulated gene
variants that could be beneficial in evaluating soccer players

from different leagues, especially for multiple gene
polymorphisms, in their study on soccer. Sarmento et al.,
(2020) emphasized the necessity of investigating the human
genom along with various biological variables and
highlighted the presence of individually reduced soccer
player genomes in team sports like soccer, according to the
results obtained in their studies. They also stated that all of
these would significantly contribute to determining
differences in athletic performance.

Consequently, it appears that the ACTN3 rs1815739
CT, CC and TT genotypes obtained from the study do not
differentiate between professional and amateur soccer
players. When comparing the findings from the study with
existing literature, both parallels an contrasts are noted.
Further research is warranted to elucidate these contradictory
results in the literature.

Evaluation of Sprint and Agility Performance.

While the 10 m speed test average of the professional
soccer players participating in the study was 1.56±0.14 sec,
the 30 m speed test average was 3.85±0.22 sec, the RAST
Power average was 1227.48±253.16 watts, the Relative
power average was 16.13±2.91 watt/kg, while the 10 m speed
test average of amateur soccer players was it was determined
as 1.64±0.013 sec, 30 m speed test average as 4.47±0.51
sec, RAST Power average as 829.68±279.78 watts, Relative
power average as 10.88±3.58 watt/kg (Table III).
Considering the analysis results, a significant difference was
found between the groups (p <0.05). In other words, it has
been observed that professional soccer players have better
data than amateur soccer players in all parameters. While
the average Illinois agility test of professional soccer players
participating in the study was 15.47±0.60 seconds, it was
found to be 15.84±2.03 seconds for amateur soccer players
(Table IV). Considering the analysis results, no significant
difference was found between the groups (p>0.05). In other
words, it can be said that amateur soccer players and
professional soccer players have similar data.

When the literature is examined; In their study by
Arnason et al. (2004); They determined that the average of
the 10 m speed test of professional soccer players was
1.63±0.08 sec, the average of the 30 m speed test was
3.18±0.16 sec, the average of the 10 m speed test of ama-
teur soccer players was 1.64±0.09 sec, and the average of
the 30 m speed test was 4.17±0.18 sec. This study is similar
to our findings. In their study, Sunje et al. (2021) compared
some physical parameters of professional and amateur soccer
players. In this study, they reported that the 30-meter sprint
time was 4.15±0.12 seconds in professional soccer players
and 4.33±0.15 seconds in amateur soccer players. In another

SÖYLER, M.; ZILELI, R.; ÖZKAMÇI, H.; DIKER, G.; SEVER, M. O.; BAYRAKDAROGLU, S.; ÖN, S.; CAN, I.; ULUCAN, K.; ASLAN, B. T.; POL AT, T. & YILMAZ, Ö. Ö.  Sprint and
anaerobic power with the soccer-specific ACTN3 gene: A distintive example. Int. J. Morphol., 42(2):538-548, 2024.



545

study, Izzo et al. (2018), tracked the movement profiles of
amateur and professional soccer players during the matches
they played with a GPS device. In the study, the highest
speed parameter that amateur soccer players could achieve
was recorded as 28 km/h, while this parameter was recorded
as 31 km/h in professional soccer players. In another study,
Cometti et al. (2001), examined the sprint performances of
French soccer players.

 In the study, it was shown that both the 10-meter
sprint and 30-meter sprint performances of 1st League soccer
players (1.80±0.06-4.22±0.19 respectively) were better than
those of 2nd League (1.81±0.05-4.24±0.149 respectively)
and amateur soccer players (1.85±0.07-4.29±0.14
respectively). When looking at different studies on sprint
speed, Sander et al. (2013), stated it as 4.36±0.54 sec in
German amateur soccer players, Aguiar et al. (2008), stated
it as 4.23±0.25 sec in amateur Portuguese soccer players,
and Sampaio et al. (2007), stated it as 4.88±0.10 sec in ama-
teur doccer players. When looking at sprint speed data in
general, some differences are seen, although they do not
change the general judgment. It is thought that this difference
arises from the fact that the leagues to which players belong
vary in terms of physical quality.

Rampinini et al. (2009), found in their study that the
average repetitive sprint performance of elite soccer players
was lower than that of amateur soccer players (7.17±0.09-
7.41±0.19 s; p<0.001), and their lactate responses after
repetitive sprint performance were also lower (5.7±1.5-
8.2±2.2 mmol/L). In their study, Abrantes et al. (2004),
examined Portuguese League soccer players in terms of
repeated sprint performance. The findings showed that the
average repetitive sprint performances of the 1st League
players were significantly different compared to the 2nd
League players and semi-professional league players
(p<0.001).

In a study conducted by Michailidis (2018), it was
shown that the 30 m sprint and agility performances of semi-
professional soccer players were better than amateur soccer
players (p<0.001). In another study examining the
physiological parameters of elite, subelite and recreational
soccer players, it was found that the vertical jump, isometric
strength and 10 m sprint transition performances of elite
soocer players were significantly different from the subelite
and recreational groups (Gissis et al., 2006). In the literature,
especially in studies evaluating anaerobic performance, we
see that elite soccer players are clearly superior to subelite
and amateur soccer players from past to present. It is thought
that this difference is due to the fact that high-intensity
sessions are included more in the training of elite soccer
players.

In light of this information, in our study it was thought
that anaerobic performance would be a distinguishing
parameter in the context of the physical quality of the soccer
player.

LIMITATIONS. The results obtained from this study
present some limitations that need to be addressed in order
to improve the genetic factors and athletic performance of
professional and amateur soccer players. Although the study
was conducted on a homogeneous sample of professional
and amateur soccer players, the sample size was relatively
low and professional and amateur soccer players were not
subjected to the same training, competition and diet
protocols. Therefore, caution should be exercised in drawing
definitive conclusions regarding soccer performance of the
ACTN3 genotype and whether there is a difference between
professional and amateur soccer players.

CONCLUSIONS

Genetics has a clear and undoubted impact on both
sports performance and exercise adaptation. One of the best-
studied genes in this context is ACTN3, which has been
reliably shown to affect speed-power and strength
phenotypes. In summary, the study showed that there were
professional and amateur players with different genotypes
of the ACTN3 rs1815739 polymorphism. On the other hand,
it should be stated that there are differences and similarities
in terms of physical performance values of professional and
amateur soccer players. Therefore, in our study, limited to
our sample group, it can be said that gene polymorphism is
not a differentiating factor between professional and ama-
teur soccer players, but speed (10 m and 30 m) and anaerobic
power parameters are the differentiating factors.

SUGGESTIONS. Future studies with larger samples
and genetic markers should be conducted to confirm the
results of this study. Thus, examining the interaction of genes
and field tests in soccer players is important in that it includes
the study of the polygenic profile of the players, as in
previous studies conducted with different types of athletes.
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RESUMEN: Los objetivos de este estudio fueron: 1º
identificar diferencias en ciertos parámetros anaeróbicos (sprint
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de 10 m, sprint de 30 m, potencia anaeróbica y pruebas de agili-
dad de Illinois) entre jugadores de fútbol profesionales y amateurs,
y 2º determinar si existe una diferencia en el polimorfismo del
gen ACTN3 entre jugadores de fútbol profesionales y aficiona-
dos. En definitiva, el objetivo fue revelar qué parámetros contri-
buyen a la diferenciación en estos dos aspectos. En la investiga-
ción participaron un total de 133 jugadores de fútbol volunta-
rios, incluidos 71 profesionales y 62 aficionados. La extracción
de ADN de las células epiteliales orales se realizó utilizando un
kit comercial para determinar los antecedentes genéticos de los
atletas y se realizó una PCR en tiempo real para el genotipado.
El análisis estadístico de los hallazgos obtenidos a partir de los
resultados de las pruebas se realizó utilizando el programa de
paquete SPSS 23 (SPSS Inc., Chicago, IL, EE. UU.). La homo-
geneidad de la varianza de los datos se evaluó mediante la prue-
ba de Levene y los análisis de distribución normal se realizaron
mediante la prueba de Shapiro-Wilk. Para el análisis de
parámetros se emplearon las pruebas de Chi-cuadrado y U de
Mann-Whitney. El nivel de significancia se fijó en p<0,05. La
evaluación de los datos en nuestro estudio no reveló diferencias
estadísticamente significativas en el polimorfismo del gen ACTN3
rs1815739 entre los grupos (p>0,05). Sin embargo, existe una
diferencia estadísticamente significativa en los parámetros
anaeróbicos (sprint de 10 m, sprint de 30 m y potencia anaeróbica)
excepto para la prueba de Illinois (p<0,05). En conclusión, nues-
tro estudio encontró que el polimorfismo genético no es un fac-
tor diferenciador entre jugadores de fútbol profesionales y
amateurs, pero sí los parámetros de velocidad (10 m y 30 m) y
potencia anaeróbica.

PALABRAS CLAVE: Gen; Fuerza; Polimorfismo; Pique.

REFERENCES

Abrantes, C.; Maçãs, V. & Sampaio, J. Variation in football players’
sprint test performance across different ages and levels of
competition. J. Sports Sci. Med., 3(YISI 1):44-9, 2004

Aguiar, M.; Abrantes, C.; Maçãs, V.; Leite, N.; Sampaio, J. & Ibáñez,
S. Effects of intermittent or continuous training on speed, jump and
repeated-sprint ability in semi-professional soccer players. Open
Sports Sci. J., 1(1):15-9, 2008.

Andrzejewski, M.; Chmura, J.; Pluta, B. & Konarski, J. M. Sprinting
activities and distance covered by top level Europa league soccer
players. Int. J. Sports Sci. Coach., 10(1):39-50, 2015.

Arnason, A.; Sigurdsson, S. B.; Gudmundsson, A.; Holme, I.;
Engebretsen, L. & Bahr, R. Physical fitness, injuries, and team per-
formance in soccer. Med. Sci. Sports Exerc., 36(2):278-85, 2004.

Berman, Y. & North, K. N. A gene for speed: the emerging role of alpha-
actinin-3 in muscle metabolism. Physiology (Bethesda), 25(4):250-
9, 2010.

Booysen, M. J.; Gradidge, P. J. & Watson, E. The relationships of
eccentric strength and power with dynamic balance in male
footballers. J. Sports Sci., 33(20):2157-65, 2016.

Chan, S.; Seto, J. T.; MacArthur, D. G.; Yang, N.; North, K. N. & Head,
S. I. A gene for speed: contractile properties of isolated whole EDL
muscle from an alpha-actinin-3 knockout mouse. Am. J. Physiol.
Cell Physiol., 295(4):C897-904, 2008.

Charbonneau, D. E.; Hanson, E. D.; Ludlow, A. T.; Delmonico, M. J.;
Hurley, B. F. & Roth, S. M. ACE genotype and the muscle
hypertrophic and strength responses to strength training. Med. Sci.
Sports Exerc., 40(4):677-83, 2008.

Chen, Y.; Wang, D.; Yan, P.; Yan, S.; Chang, Q. & Cheng, Z. Meta-analyses
of the association between the PPARGC1A Gly482Ser polymorphism
and athletic performance. Biol. Sport, 36(4):301-9, 2019.

Clarkson, P. M.; Devaney, J. M.; Gordish-Dressman, H.; Thompson, P. D.;
Hubal, M. J.; Urso, M.; Price, T. B.; Angelopoulos, T. J.; Gordon, P. M.;
Moyna, N. M. & Hoffman, E. P. ACTN3 genotype is associated with
increases in muscle strength in response to resistance training in women.
J. Appl. Physiol. (1985), 99(1):154-63, 2005.

Clos, E.; Pruna, R.; Lundblad, M.; Artells, R. & Esquirol Caussa, J. ACTN3
single nucleotide polymorphism is associated with non-contact
musculoskeletal soft-tissue injury incidence in elite professional football
players. Knee Surg. Sports Traumatol. Arthrosc., 27(12):4055-61, 2019.

Clos, E.; Pruna, R.; Lundblad, M.; Artells, R. & Maffulli, N. ACTN3’s R577X
single nucleotide polymorphism allele distribution differs significantly
in professional football players according to their field position. Med.
Princ. Pract., 30(1):92-7, 2021.

Coelho, D. B.; Pimenta, E.; Rosse, I. C.; Veneroso, C.; Becker, L. K.; Carvalho,
M. R. & Silami-Garcia, E. The alpha-actinin-3 r577x polymorphism and
physical performance in soccer players. J. Sports Med. Phys. Fitness,
56(3):241-8, 2016.

Coelho, D. B.; Pimenta, E. M.; Rosse, I. C.; Veneroso, C.; Pussieldi, G. D. A.;
Becker, L. K. & Silami-Garcia, E. Alpha-actinin-3 R577X polymorphism
influences muscle damage and hormonal responses after a soccer game.
J. Strength Cond. Res., 33(10):2655-64, 2019.

Cometti, G.; Maffiuletti, N. A.; Pousson, M.; Chatard, J. C. & Maffulli, N.
Isokinetic strength and anaerobic power of elite, subelite and amateur
French soccer players. Int. J. Sports Med., 22(01):45-51, 2001.

Cooper, R.; Kuh, D.; Hardy, R.; Mortality Review Group & FALCon and
HALCyon Study Teams. Objectively measured physical capability levels
and mortality: systematic review and meta-analysis. BMJ, 341:c4467,
2010.

Coratella, G.; Beato, M. & Schena, F. Correlation between quadriceps and
hamstrings inter-limb strength asymmetry with change of direction and
sprint in U21 elite soccer-players. Hum. Mov. Sci., 59:81-7, 2018.

Daneshjoo, A.; Mokhtar, A. H.; Rahnama, N. & Yusof, A. Effects of the 11+
and Harmoknee warm-up programs on physical performance measures
in professional soccer players. J. Sports Sci. Med., 12(3):489-96, 2013.

Eken, B. F.; Yılmaz, Ö. Ö.; Polat, T.; Aslan, B. T. & Ulucan, K. Could Alpha-
Actin-3 (ACTN3) and Angiotensin Converting Enzyme (ACE)
polymorphisms be a biomarker for athletic performance in Turkish football
players? Eurasian Res. Sport Sci., 6(2):147-59, 2021.

Eroglu, O. & Zileli, R. The effect of genetic factors on sportive performance.
Int. J. Sport Exerc. Train. Sci., 1(1):63-76, 2015.

Eroglu, O.; Zileli, R.; Ali Nalbant, M. & Ulucan, K. Prevalence of alpha
actinin-3 gene (ACTN3) R577X and angiotensin converting enzyme
(ACE) insertion / deletion gene polymorphisms in national and amateur
Turkish athletes. Cell. Mol. Biol. (Noisy-le-grand), 64(5):24-8, 2018.

Gaudino, C.; Canova, R.; Duca, M.; Silvaggi, N. & Gaudino, P. Optimizing
Training and Performance. In: Canata, G. L.; D´Hooghe, P.; Hunt, K.
J.; Kerkhoffs, G. M. M. J. & Longo U. G. (Eds.). Management of Track
and Field Injures. Cham, Springer, 2022. pp.349-62.

Gayagay, G.; Yu, B.; Hambly, B.; Boston, T.; Hahn, A.; Celermajer, D. S.
& Trent, R. J. Elite endurance athletes and the ACE I allele–the role of
genes in athletic performance. Hum. Genet., 103(1):48-50, 1998.

Gineviciene, V.; Jakaitiene, A.; Tubelis, L. & Kucinskas, V. Variation in
the ACE, PPARGC1A and PPARA genes in Lithuanian football
players. Eur. J. Sport Sci., 14 Suppl. 1:S289-95, 2014.

Gissis, I.; Papadopoulos, C.; Kalapotharakos, V. I.; Sotiropoulos, A.;
Komsis, G. & Manolopoulos, E. Strength and speed characteristics
of elite, subelite, and recreational young soccer players. Res. Sports
Med., 14(3):205-14, 2006.

Guilherme, J. P. L. F.; Bosnyák, E.; Semenova, E.; Szmodis, M.; Griff,
A.; Móra, Á. & Junior, A. L. The MCT1 gene Glu490Asp
polymorphism (rs1049434) is associated with endurance athlete sta-
tus, lower blood lactate accumulation and higher maximum oxygen
uptake. Biol. Sport, 38(3):465-74, 2021.

SÖYLER, M.; ZILELI, R.; ÖZKAMÇI, H.; DIKER, G.; SEVER, M. O.; BAYRAKDAROGLU, S.; ÖN, S.; CAN, I.; ULUCAN, K.; ASLAN, B. T.; POL AT, T. & YILMAZ, Ö. Ö.  Sprint and
anaerobic power with the soccer-specific ACTN3 gene: A distintive example. Int. J. Morphol., 42(2):538-548, 2024.



547

Harper, D. J.; Jordan, A. R. & Kiely, J. Relationships between eccentric
and concentric knee strength capacities and maximal linear
deceleration ability in male academy soccer players. J. Strength Cond.
Res., 35(2):465-72, 2021.

Izzo, R.; De Vanna, A. & Varde’i, C. H. data comparison between elite
and amateur soccer players by 20 Hz GPS data collection. J. Sports
Sci., 6:31-5, 2018.

Jacob, Y.; Chivers, P. & Anderton, R. S. Genetic predictors of match per-
formance in sub-elite Australian football players: A pilot study. J.
Exerc. Sci. Fit., 17(2):41-6, 2019.

Lewis, M. I.; Fournier, M.; Wang, H.; Storer, T. W.; Casaburi, R. & Kopple,
J. D. Effect of endurance and/or strength training on muscle fiber
size, oxidative capacity, and capillarity in hemodialysis patients. J.
Appl. Physiol. (1985), 119(8):865-71, 2015.

Lippi, G.; Longo, U. G. & Maffulli, N. Genetics and sports. Br. Med.
Bull., 93:27-47, 2010.

López-Valenciano, A.; Ruiz-Pérez, I.; Garcia-Gómez, A.; Vera-Garcia, F.
J.; De Ste Croix, M.; Myer, G. D. & Ayala, F. Epidemiology of inju-
ries in professional football: A systematic review and meta-analysis.
Br. J. Sports Med., 54(12):711-8, 2020.

Ma, F.; Yang, Y.; Li, X.; Zhou, F.; Gao, C.; Li, M. & Gao, L. The association
of sport performance with ACE and ACTN3 genetic polymorphisms:
a systematic review and meta-analysis. PloS One, 8(1):e54685, 2013.

Maciejewska-Skrendo, A.; Sawczuk, M.; Cie˛szczyk, P. & Ahmetov, I. I.
Chapter Three - Genes and power athlete status. In: Barh, D. &
Ahmetov, I. I. (Eds.). Sports, Exercise, and Nutritional Genomics.
Current Status and Future Directions. Amsterdam, Elsevier, Academic
Press, 2020. pp.41-72.

Massidda, M.; Corrias, L.; Ibba, G.; Scorcu, M.; Vona, G. & Calò, C. M.
Genetic markers and explosive leg-muscle strength in elite Italian soccer
players. J. Sports Med. Phys. Fitness, 52(3):328-34, 2012.

Massidda, M.; Mendez-Villanueva, A.; Gineviciene, V.; Proia, P.;
Drozdovska, S. B.; Dosenko, V.; Scorcu, M.; Stula, A.; Sawczuk, M.;
Cieszczyk, P.; et al. Association of Monocarboxylate Transporter-1
(MCT1) A1470T Polymorphism (rs1049434) with forward football
player status. Int. J. Sports Med., 39(13):1028-34, 2018.

Massidda, M.; Miyamoto-Mikami, E.; Kumagai, H.; Ikeda, H.; Shimasaki,
Y.; Yoshimura, M.; Cugia, P.; Piras, F.; Scorcu, M.; Kikuchi, N.; et al.
Association between the ACE I/D polymorphism and muscle injuries
in Italian and Japanese elite football players. J. Sports Sci., 38(21):2423-
9, 2020.

McAuley, A. B. T.; Hughes, D. C.; Tsaprouni, L. G.; Varley, I.; Suraci, B.;
Roos, T. R. & Kelly, A. L. Genetic association research in football: A
systematic review. Eur. J. Sport Sci., 21(5):714-52, 2021.

Melián Ortiz, A.; Laguarta-Val, S. & Varillas-Delgado, D. Muscle work
and its relationship with ACE and ACTN3 polymorphisms are associated
with the improvement of explosive strength. Genes (Basel), 12(8):1177,
2021.

Mendez-Villanueva, A.; Buchheit, M.; Kuitunen, S.; Douglas, A.; Peltola,
E. & Bourdon, P. Age-related differences in acceleration, maximum
running speed, and repeated-sprint performance in young soccer players.
J. Sports Sci., 29(5):477-84, 2011.

Michailidis, Y. Physical condition differences between semi-professional
and amateur soccer players. Int. J. Sport Cult. Sci., 6(2):191-202, 2018.

Modriç, T.; Versic, S.; Sekulic, D. & Liposek, S. Analysis of the association
between running performance and game performance indicators in
professional soccer players. Int. J. Environ. Res. Public Health,
16(20):4032, 2019.

Murtagh, C. F.; Brownlee, T. E.; Rienzi, E.; Roquero, S.; Moreno, S.;
Huertas, G.; Lugioratto, G.; Baumert, P.; Turner, D. C.; Lee, D. &
Erskine, R. M. The genetic profile of elite youth soccer players and
its association with power and speed depends on maturity status. PloS
One, 15(6):e0234458, 2020.

Myerson, S.; Hemingway, H.; Budget, R.; Martin, J.; Humphries, S. &
Montgomery, H. Human angiotensin I-converting enzyme gene and
endurance performance. J. Appl. Physiol. (1985), 87(4):1313-6, 1999.

Nazarov, I. B.; Woods, D. R.; Montgomery, H. E.; Shneider, O. V.; Kazakov,
V. I.; Tomilin, N. V. 6 Rogozkin, V. A. The angiotensin converting enzyme
I/D polymorphism in Russian athletes. Eur. J. Hum. Genet., 9(10):797-
801, 2001.

Oliva-Lozano, J. M.; Gómez-Carmona, C. D.; Pino-Ortega, J.; Moreno-Pérez,
V. & Rodríguez-Pérez, M. A. Match and training high intensity activity-
demands profile during a competitive mesocycle in youth elite soccer
players. J. Hum. Kinet., 75(1):195-205, 2020.

Otey, C. A. & Carpen, O. Alpha-actinin revisited: a fresh look at an old player.
Cell Motil. Cytoskeleton, 58(2):104-11, 2004.

Petr, M.; Thiel, D.; Katerina, K.; Broz, P.; Maly, T.; Zahálka, F. & Stastny, P.
Speed and power-related gene polymorphisms associated with playing
position in elite soccer players. Biol. Sport., 39(2):355-66, 2022.

Pimenta, E. M.; Coelho, D. B.; Veneroso, C. E.; Barros Coelho, E. J.; Cruz, I.
R.; Morandi, R. F.; De A Pussieldi, G.; Carvalho, M. R.; Garcia, E. S. &
De Paz Fernández, J. A. Effect of ACTN3 gene on strength and endurance
in soccer players. J. Strength Cond. Res., 27(12):3286-92, 2013.

Rampinini, E.; Bishop, D.; Marcora, S. M.; Bravo, D. F.; Sassi, R. &
Impellizzeri, F. M. Validity of simple field tests as indicators of match-
related physical performance in top-level professional soccer players. Int.
J. Sports Med., 28(3):228-35, 2006.

Rampinini, E.; Sassi, A.; Morelli, A.; Mazzoni, S.; Fanchini, M. & Coutts, A.
J. Repeated-sprint ability in professional and amateur soccer players. Appl.
Physiol. Nutr. Metab., 34(6):1048-54, 2009.

Rodas, G.; Moreno-Pérez, V.; Del Coso, J.; Florit, D.; Osaba, L. & Lucia, A.
Alpha-Actinin-3 deficiency might affect recovery from non-contact
muscle injuries: Preliminary findings in a top-level soccer team. Genes
(Basel), 12(5):769, 2021.

Roth, S. M.; Walsh, S.; Liu, D.; Metter, E. J.; Ferrucci, L. & Hurley, B. F. The
ACTN3 R577X nonsense allele is under-represented in elite-level strength
athletes. Eur. J. Hum. Genet., 16(3):391-4, 2008.

Sampaio, J.; Maçãs, V.; Abrantes, C. & Ibáñez, S.J. Season variation in repeated
sprint ability of futsal players. J. Sports Sci. Med., Suppl. 6, P-033, 131,
2007.

Sander, A.; Keiner, M.; Schlumberger, A.; Wirth, K. & Schmidtbleicher, D.
Effects of functional exercises in the warm-up on sprint performances. J.
Strength Cond. Res., 27(4):995-1001, 2013.

Santiago, C.; González-Freire, M.; Serratosa, L.; Morate, F. J.; Meyer, T.;
Gómez-Gallego, F. & Lucia, A. ACTN3 genotype in professional soccer
players. Br. J. Sports Med., 42(1):71-3, 2008.

Sarmento, H.; Marques, A.; Field, A.; Martins, J.; Gouveia, É.; Mondragón,
L. P. & Clemente, F. Genetic influence on football performance-a
systematic review. Hum. Mov., 21(4):1-17, 2020.

Secerovic, A.; Gurbeta, L.; Omanovic-Miklicanin, E. & Badnjevic, A.
Genotype association with sport activity: the impact of ACE and ACTN3
gene polymorphism on athletic performance. Int. J. Eng. Res. Technol.,
6:859-63, 2017.

Seto, J. T.; Quinlan, K. G. R.; Lek, M.; Zheng, X. F.; Garton, F.; MacArthur,
D. G.; Hogarth, M. W.; Houweling, P. J.; Gregorevic, P.; Turner, N.; et al.
ACTN3 genotype influences muscle performance through the regulation
of calcineurin signaling. J. Clin. Invest., 123(10):4255-63, 2013.

Sunje, E.; Colakhodzic, E.; Novakovic, R. & Skoko, S. Differences in sprint
ability, agility and vertical jump between professional and amateur soccer
players in Bosnia and Herzegovina. Sportski Logos, 20-4, 2021.

Ulucan, K. & Göle, S. ACE I/D polymorphism determination in Turkish elite
wind-surfers. Sport Sci. Rev., 23(1-2):79, 2014.

Ulucan, K. Literature review of Turkish sportsmen in terms of ACTN3 R577X
polymorphism. Clin. Exp. Health Sci., 6(1):44-7, 2016.

Ulucan, K.; Ciloglu, F.; Sesal, C.; Ergeç, D.; Kıraç, D.; Sahin, I. & Güney, A.
I. ACTN3 Gene R577XPolymorphism in Turkish Sprint. Power Athletes.
Medimedgen Abstract Book, 33, 2009.

Ulucan, K.; Nurdan, Ç. A. M.; Sercan, C.; Akbas, B.; Uyumaz, F. & Yalcın,
S. A pilot study for the determination of Angiotensin I-Converting
Enzyme (ACE I/D) and Alpha-Actinin-3 (ACTN3 R577X)
polymorphisms in young basketball players. Hacettepe J. Sport Sci.,

26(2):44-50, 2015.

SÖYLER, M.; ZILELI, R.; ÖZKAMÇI, H.; DIKER, G.; SEVER, M. O.; BAYRAKDAROGLU, S.; ÖN, S.; CAN, I.; ULUCAN, K.; ASLAN, B. T.; POL AT, T. & YILMAZ, Ö. Ö.  Sprint and
anaerobic power with the soccer-specific ACTN3 gene: A distintive example. Int. J. Morphol., 42(2):538-548, 2024.



548

Varillas Delgado, D.; Tellería Orriols, J. J.; Monge Martín, D. & Del Coso,
J. Genotype scores in energy and iron-metabolising genes are higher in
elite endurance athletes than in nonathlete controls. Appl. Physiol. Nutr.
Metab., 45(11):1225-31, 2020.

Varillas-Delgado, D.; Tellería Orriols, J. J. & Del Coso, J. Genetic profile
in genes associated with cardiorespiratory fitness in elite spanish male
endurance athletes. Genes (Basel), 12(8):1230, 2021.

Vescovi, J. D. Sprint speed characteristics of high-level American female
soccer players: Female Athletes in Motion (FAiM) study. J. Sci. Med.
Sport, 15(5):474-8, 2012.

Yang, N.; MacArthur, D. G.; Gulbin, J. P.; Hahn, A. G.; Beggs, A. H.;
Easteal, S. & North, K. ACTN3 genotype is associated with human
elite athletic performance. Am. J. Hum. Genet., 73(3):627-31, 2003.

Zagatto, A. M.; Beck, W. R. & Gobatto, C. A. Validity of the running
anaerobic sprint test for assessing anaerobic power and predicting short-
distance performances. J. Strength Cond. Res., 23(6):1820-7, 2009.

Zileli, R.; Söyler, M.; Diker, G.; Özkamçı, H.; Bayrakdaroglu, S.; Sever,
M.; Can, I.; Ön, S; Aslan, B. T.; Ulucan, K. & Yilmaz, Ö. The
distinguishing factor in soccer players is aerobic performance, not the
ACTN3 gene. Int. J. Morphol., 41(5):1564-9, 2023.

Corresponding author:
Dr. Mehmet Söyler
Social Sciences Vocational School
Çankırı Karatekin University
Çankırı
TURKEY
 
E-mail: mehmetsoyler@karatekin.edu.tr

ORCID
Mehmet Söyler 000-00002-6912-4218
Raif Zileli 0000-0003-4178-5468
Hüseyin Özkamçı 0000-0003-3372-2299
Gürkan Diker 0000-0003-0407-8238
Mehmet Onur Sever 0000-0001-6422-9144
Serdar Bayrakdaroglu 0000-0002-2166-6675
Sadi Ön 0000-0002-8047-9861
Ibrahim Can 0000-0002-2050-1473
Korkut Ulucan 0000-0002-1304-9386
Beste Tacal Aslan 0000-0001-5271-7917
Tolga Polat 0000-0002-2064-6613
Özlem Özge Yilmaz 0000-0002-4085-6159

 

SÖYLER, M.; ZILELI, R.; ÖZKAMÇI, H.; DIKER, G.; SEVER, M. O.; BAYRAKDAROGLU, S.; ÖN, S.; CAN, I.; ULUCAN, K.; ASLAN, B. T.; POL AT, T. & YILMAZ, Ö. Ö.  Sprint and
anaerobic power with the soccer-specific ACTN3 gene: A distintive example. Int. J. Morphol., 42(2):538-548, 2024.


