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The Distinguishing Factor in Soccer Players is
Aerobic Performance, not the ACTN3 Gene

El Factor Distintivo en los Jugadores de Futbol es el Rendimiento Aerdbico y no el gen ACTN3
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SUMMARY: The purpose of this study was to reveal the differences between ACTN3 genotype (RR, RX, XX) and aerobic
performance [Yo-Yo IRT1 (m), VQ _ (ml/kg/min)] in professional and regional amateur league soccer players and to reveal which of
these parameters was a distinctive factor in these athletes.71 professional soccer players (agelR9difs; body height: 1.29
6.99 m; body weight: 76.02 6.76 kg; body fat: 11.58.11 %) and 62 regional amateur soccer players (age: 23.83 years; body
height: 1.81+ 5.77 m; body weight: 76.36 7.53 kg; body fat: 15.6f4.65 %) volunteered for the study. After DNA extraction from
buccal epithelial cells via a commercial kit was performed for the genetic background of the athletes, Real-Time PCRiveas frarrie
genotyping. Furthermore, Yo-Yo IRT1 test was performed to determine the aerobic performance of the soccer players. SESS 23 (SPS
Inc., Chicago, IL, USA) package program was used for the statistical analysis of the data obtained in the tests. Shapiréewilk t
normality and Levene's test for homogeneity of variance were performed. Chi-Square, Independent Sample T Test and One Way ANOVA
test were used in the analysis of the parameters. Statistical significance was set as p<0.05. In the study, there foungifulo mean
statistical significance in terms of the rs1815739 polymorphism in the ACTN3 gene between the groups (p>0.05); howewerahere w
statistical significance in favor of professional soccer players in terms of aerobic parameters (p<0.05). Consequédrglgaitdctnat
aerobic performance is the distinguishing factor, not the ACTN3 gene, in soccer players.
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INTRODUCTION

Soccer $ a sport that requires both low and highbetween two intense matches in athletes also depends on

intensity activities (Hultort al, 2022). Though anaerobic their aerobic capacity (Glaister, 2005; Staretlal, 2014).
energy is active during a soccer match, 90 % of energy spén$ determined by accurately measuring maximum oxygen
is covered by the aerobic energy system (Hwangl, uptake (VQ ) (Astorino & White, 2010; Magnaet al,
2022). Aerobic capacity is accepted to be essential f8913). Athletic field tests are frequently used to determine
athletic performance. The higher an athlete's aerob¥©, ., !0 find out the athletes’ performance (Jaeolal,
capacity is, the longer they can exercise at a particuld?18). However, direct VOnax testing is rarely performed
intensity (Pickeringet al, 2018). The ability to recover in team sports due to the high costs and the necessity of
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special tools. Therefore, indirect YO measurements are MATERIAL AND METHOD
more widely performed. These indirect measures are
continuous timed runs or interval-based tests (Bangsbo
al., 2008; Buchheit, 2008). The soccer-specific Yo-Y®articipants. 71 professional male soccer players and 62
Intermittent Recovery 1 test has also been frequently usesdjional amateur male soccer players (as the control group)
to determine VQ,__ in these days (Rossit al, 2022; volunteered for the study. Uskiidar University, Ethical
Rodrigues Lopest al., 2022). Nevertheless, data obtaine€Committee approved the study protocol (2021/18-
from field tests like VO2 max may not be sufficient to de61351342), and the study was conducted in accordance with
termine sportive performance since it is affected by marlge principles of the Declaration of Helsinki Il. A written
factors such as physical, technical, tactical, psychologicabnsent form that explaining the study procedure and its aims
and genetic factors requiring endurance, speed, strengtlas signed by all the participants. This study was supported
coordination, and quickness. by Gumushane University Scientific Research Organization
(GUBAP2901-21.A0311.01.01).
Genetics have great influence on the components of
athletic performance. Genetic factors explain 66 % of tHerocedure. After collecting buccal epithelial cell samples
variance of an athlete (De Moet al, 2007). Therefore, for the genetic testing of the athletes in a room reserved for
athletes’ genetics can play a key role in determining thetine soccer players, the Yo-Yo IRT1 test was performed
success (Drozdovslet al, 2013). The ACTN3 gene is the outdoors on artificial turf. Before this test was conducted, a
most studied genetic polymorphism related to athletic pestandard warm-up (5-min jogging, 3-min dynamic stretching
formance (Dionisi@t al, 2017; Ahmad Yusadt al, 2020). and 7-min specific drills) was instructed and supervised by
A common polymorphism in this gene causes a replaceméhné coach (Dikeet al,, 2023).
of an arginine (R) with a premature stop codon (X) at amino
acid 577 (MacArthur & North, 2007). Therefore, in theGenotyping. DNA extractions from buccal cells of athletes
literature, the CC genotype is called RR, while the Tparticipating in the study were performed with the
genotype is commonly referred as XX (referred to herein a@mmercially available PureLink DNA extraction kit
R577X) (Jacolet al, 2018). Research show that the R alleléinvitrogen, Thermo Fisher Scientific, Inc.). Genotyping of
is associated with sprint and power performance (MacArththre ACTN3 rs1815739 polymorphism was performed using
& North, 2004; Papadimitrioet al, 2016), while the X allele StepOnePlus Real-Time PCR (Thermo Fisher Scientific,
is associated with endurance (Pimegttal 2013). Inc.) and Tagman Genotyping Mater Mix (catalog no.
4371355, Thermo Fisher Scientific, Inc.) genotyping kits
In the studies on the ACTN3 gene with male soccédollowing the manufacturers' protocols. Adl@otal reaction
players (Sanlisogt al. 2011; Egorovat al 2014; Ulucan volume consisted ofiB Genotyping Master Mix (Applied
etal 2015; Mutlucaret al, 2017; Honarpouet al, 2017; Biosystems, Foster City, CA), 3ibnuclease-free }O
Salgueirosat al, 2017), only genotype distributions were(Thermofisher, the USA), Ous ACTN3 genotyping assay
reported, and in few studies (Santiagal 2008; Pimenta (Applied Biosystems) andul DNA. The TagMan Probe
etal 2013; Coelhet al 2016) genotype and VVQ_ were sequences used for genotyping are shown in Figure 1.
compared. When the results of these studies are compared,
there seen some discrepancies. When the literatureYis-Yo IRT1: Aerobic fithess of the participants was
examined in this respect, it has been seen that there imi@asured using the Yo-Yo Intermittent Recovery Test, level
need for further studies comparing genotype and perfdr-(Yo-Yo IR1), which is a reliable and valid measure
mance parameters. specifically designed for assessing soccer performance
(Krustrupet al, 2003). The results from field tests are not
The aim of the study, therefore, was to determingne best criteria to determine physiological variables, but
the differences between the aerobic performance [Yo-Yelevant, specific, and operative field tests are recommended
IRT1 (m), VQ,, . (ml/kg/min)] and ACTN3 genotype (RR, to be conducted in team sports (Krustes@l, 2005). VO2
RX, XX) in soccer players playing in professional and remax of the participants was measured by analysing the
gional leagues and to reveal which parameter was thistance covered in the YYIRT1 using the equation
distinguishing factor in these athletes’ performance. recommended by Bangskbal (2008):

Fig. 1. Sequences of the TagMan probe used for genotyping the ACTN3 rs1815739 polymorphism.

Sequencing 5’- 3’
FAM/VIC CAAGGCAACACTGCCCGAGGCTGACIT/CIGAGAGCGAGGTGCCATCATGGGCAT
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prediction (ml/kg/min) = Yo-Yo IRT1 distance (m)0.0084 + 36.4 ACTN3 genotype (Table I) and performance [Yo-Yo
IRT1 (m), VQ, . (ml/kg/min)] (Table II) findings of
Data Analysis. SPSS 23 (SPSS Inc., Chicago, IL, USAprofessional soccer players and regional amateur soccer
package program was used for the statistical analysis of tilayers are shown below.
findings obtained in the tests. Shapiro-Wilk test for normality
and Levene's test for homogeneity of variance were There was no statistically significant difference in
performed. Chi-Square was used in the genotype analyssms of genotype parameter between professional and re-
of the parameters, the Independent Sample T Test was ugishal amateur soccer players (p<0.05). While XX genotype
in the analysis of the intergroup field tests, and the Oneras found to be more dominant than RR genotype in
Way ANOVA test was used in the genotype-performangarofessional soccer players, RR and XX genotypes were
comparison. Statistical significance was set as p<0.05. equally distributed in regional amateur soccer players. In
addition, professional soccer players had a higher rate of
XX genotype compared to regional amateur soccer players

VO

2 max

RESULTS (respectively 45.16 % and 49.29 %). A statistically significant
difference was found between professional and regional
Table I. ACTN3 genotype of soccer players. amateur soccer players in all three parameters [Yo-Yo IRT1

(m), VO, .. (ml/kg/min)] (p<0.05). There

ACTN3 L. T .

. was no statistically significant difference
Variance RR RX XX Toal  p between genotype and aerobic performan-
E{Offj:'ona' Soccer ; ; 58 00 1251 1300 3:_’9 29 00 n 0.08 ce parameters of both professional and re-

& o7 S ev gional amateur soccer players (p>0.05).
Regional Amateur 28 6 28 62
Soccer Players 4516 % 9.68 % 4516 %

p<0.05

Table Il. The average Yo-Yo IRT1 (m), VOQ_(ml/kg/min), standard deviation (sd), t and p values of professional
and reaional amateur soccer plavers.

n X sd t p
Yo-Yo IRT1 (m) Professional Soccer Players 71 2386.61 45497 -7.16 0.01*
Regional Amateur &cer Players 62 184422 41760
VO, ...(ml/kg/min) Professional Soccer Players 71 58.22 6.36 -7.21  0.01*
Regional Amateur &cer Players 62 51.89 351

*Significant at p<0.05 level. x: arithmetic mean. sd: standard deviation.

Table l1I. Aerobic performance and genotype comparisons of professional and regional amateur soccer players.

n X sd f p
Professional Yo-Yo IRT1 (m) RR 28 2482.14 396.13
Soccer Players RX 6 255333 263.64 227 0.11
XX 28 2555.36 514.16
VO, o (Ml/kg/min) RR 28 59.55 554
RX 6 60.55 368 2:21 011
XX 28 56.38 720
Regional Amateuryo-Yo IRT1 (m) RR 21 1887.62 454 .82
Soccer Players RX 15 181867 50429 0.16 0.85
XX 35 1829.14 361.87
VO, ... (ml/kg/min) RR 21 5225 3.82
RX 15 51.68 423 016 085
XX 35 5176 3.04

*Significant at p<0.05 level. x: arithmetic mean. sd: standard deviation.
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DISCUSSION and found the distribution of RR, RX, and XX genotypes as
46.25 %, 42.5 %, and 11.25 % respectively. As a result of
the study, they attributed being a soccer player to having a
Taking the aerobic structure of soccer intgositive gene variant. In another study, Lippial (2010)
consideration, it was aimed to attain several significafibund the frequency distributions of ACTN3 R577X
results with this study. The first one was professional socagenotypes in 60 elite soccer players as 48.3 %, 36.7 % and
players having a higher rate of XX genotype compared i % for RR, RX and XX, respectively. In all these studies,
soccer players playing in the regional amateur league. Tihean be seen that the RR genotype is higher than the XX
second was them showing higher rates of aerobic perfgenotype. These results contradict with the findings of our
mance [Yo-Yo IRT1 (m), VQ__ (ml/kg/min)], and the third study. Since these studies are not supported by field tests,
result was those with the XX genotype having a higher ratieeir results are not considered satisfactory. Therefore, we
of aerobic performance. In the light of these, it was aimed saipported our genetic data with aerobic performance. Simi-
reveal whether these factors showed distinctive results. lar to the literature, we included the relationship between
genotype comparison and the genotype-field test, and we
Considering these expectations, here are the resudiso compared the field tests. We have discovered that field
of this study: professional soccer players (49.29 %) hatésting is a distinguishing factor. In the studies about this
though not statistically significant, a higher rate of the XXnatter, inconsistent results have been obtained.
genotype than amateur soccer players (45.16 %) (Table ).
We also found out Yo-Yo IRT1 (m) and VO _(ml/kg/min) On the other hand, Coelletal (2016), investigated
values were found to be higher in professional soccer playég relationship between ACTN3 R577X polymorphism and
(Table II). This difference was statistically significant. Sincg@hysical performance of 138 Brazilian professional U-20
VO, . values were obtained via the Yo-Yo IRT1 test, it imnd U-17vsoccer players and found out that there was not
natural that these data were similar to each other. Moreoveny significant difference between the ACTN3 gene angd VO
XX genotype did not make any difference in aerobic perfof-_ in the Yo-Yo IRT1 test, with which they determined
mance parameters (Table IIl). These findings show that veadurance. Santiagbal (2008), noted that the participants,
only achieved the first two goals. When the studies with0 Brazilian soccer players, had 48.3 % RR, 36.7 % RX,
male soccer players in the literature are examined, numerausl 15 % XX genotype, and sprinter characteristics, not
inconsistent results have been encountered with. aerobic processes, were dominant in elite soccer players.
Koku et al (2019), found that ACTN3 R577X genotype
Some of the contradictory results in the literature wildlistribution did not have any effect on YQ in amateur
be presented in this paragraph. Firstly, Mutlustzad (2017) soccer players in their study with 100 soccer players. These
in their study with soccer players found that 19 of thetudies support our findings.
participants had RR (47.5 %), 15 of them had RX (37.5 %)
and 6 of them had XX (15 %) genotypes. When the allelic Contrary to the results mentioned above, there are
distributions were analyzed, they noted that the R allele walkso studies that show results contradicting with the findings
53 (66.25 %) and the X allele was 27 (33.75 %). In a similaf our study. For example, Pimerghal (2013), reported
study, Ulucaret al (2015) examined the distribution of theACTN3 RR, RX and XX genotypes as 45 %, 44 % and 22
same region polymorphism in 25 professional soccer playe®s, respectively in their study with 200 professional soccer
They found the RR, RX, and XX genotype percentages pbayers. They noted that soccer players with ACTN3/XX
be 44, 36 and 20, respectively. Allelic distributions in thgenotype had the highest aerobic capacity in terms of the
same study group were found to be 62 % for the R allele a2 max values determined with the Yo-Yo IRT1 test. In
38 % for the X allele. They stated that ACTN3 genotypdsasimayet al (2009) study, which is accepted as a reference
were important biomarkers in terms of genetic counselimgpint for ACTN3 R577X studies, they determined the
in successful soccer players (Uluadral, 2015). S anlisoy ACTN3 genotype distributions in 37 professional soccer
et al (2011) stated the genotype values of the athletes j@layers and compared the YQ values. They stated that
32.4 % RR, 53.3 % RX, and 14.3 % XX in a study thethe VO, _ values of the XX genotypes were statistically
conducted with 105 professional soccer players. Theygnificantly higher when compared to other genotypes. In
determined that the distributions of RR and RX genotypesldition, they determined the genotype distributions and
of elite athletes were significantly different from sedentargeported that 22 of them were RR (59 %), 11 of them were
individuals and emphasized that the ACTN3 gene could IBX (30 %), and 4 of them were XX (11 %) genotype.
a significant factor in the investigation of sport competence.
Egorovaet al (2014) compared 246 Russian soccer players There are also studies reporting a statistical difference
with a control group including 872 participants in their studin genotype frequency (RR, RX, XX) but no difference in
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allele frequency (R, X) (Honarpoet al, 2017) or in both altura corporal: 1,7% 6,99 m; peso corporal: 76,826,76 kg;
parameters (Salgueiros# al., 2017) between being grasa corporal: 11,93,11 % ) y 62 jugadores de fltbol amateur
professional soccer player and being a member of the gefgionales (edad: 23,633,77 afios; altura corporal: 1,815,77

ral population when the ACTN3 gene was into consideratioffi PESO corporal: 76,367,53 kg; grasa corporal: 15,6@,65%)
se ofrecieron como voluntarios para el estudio. Después de reali-

. e zar la extraccion de ADN de las células epiteliales orales mediante
LIMITATIONS. - One of the most important limitations Ofun kit conercial para obtener los antecedentes genéticos de los atle-

this study was the number of soccer players includegs se llevé a cabo una PCR en tiempo real para el genotipado. Ade-
Therefore, the results should be interpreted with caution.piss, se realiz6 la prueba Yo-Yo IRT1 para determinar el rendimiento
is recommended that future studies include higher numbsrébico de los futbolistas. Para el analisis estadistico de los datos
of athletes to validate the results. Another significaribtenidos en las pruebas se utiliz6 el programa SPSS 23 (SPSS Inc.,
limitation is the number of genes studied. If we had hadGhicago, IL, EE. UU.). Se realiz6 la prueba de normalidad de Shapiro-
higher budget, we could have studied more of the gen¥édk y la prueba de homogeneidad de la varianza de Levene. En el
associated with athletic performance. Therefore, it i@wahsus de los parametros se utilizaron Chi-cuadrado, prueba T para

recommended to conduct such studies with a higher budd’séﬂe.s.tra independiente y prueba ANOVA unidireccional. La
ighificancia estadistica se establecié en p<0,05. En el estudio no se

encontr6 significancia estadistica significativa en cuanto al
polimorfismo rs1815739 en el gen ACTNS3 entre los grupos (p>0,05);
CONCLUSION sin embargo, hubo significacion estadistica a favor de los futbolistas
profesionales en cuanto a los parametros aeroébicos (p<0,05). En con-
secuencia, se puede decir que el rendimiento aerobico es el factor
It should not be forgotten that both physical andistintivo, no el gen ACTN3, en los jugadores de fatbol.
technical-tactical training affect performance in soccer , , » )
(Coelhoet al, 2016). Instead of discovering talents by using PALABRAS CLAVE: Resistencia; Genetica Deporti-
genetic information, it would be more accurate to diredg: Polimorfismo; Yo-Yo IRT1
people to the sports branch they are suitable for and to allow
athletes to reach their maximum potential (Pickeehal, REFERENCES
2019). Conflicting results in the literature suggest that more
multifaceted studies should be conducted in this area. In this

sense, gene-field test results should be compared in stugig$iad vusof, H.; Nasaruddin, W. N. S. & Che Muhamed, A. M. ACTN3
targeted to reveal more clear distinction. Thus, according to R/X gene polymorphism across ethnicity: a brief review of performan-

our study results, although there is no relationship in terms ce geneSport Sci. Health, 16(1)3-24, 2020.

; ; forino, T. A. & White, A. C. Assessment of anaerobic power to verify
of genotype between the groups, there is a dlﬁerenceﬁﬁ VO2max attainmentClin. Physiol. Funct. Imaging, 30(£04-300,

aerobic parameters. Therefore, we can say that aerobic,qgg.
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