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Abstract: The interplay between genetics and athletic performance has garnered significant attention,
emphasizing the role of Performance-Enhancing Polymorphisms (PEPs) in determining traits critical
for athletic success. This study investigates the genetic predispositions related to PPAR«, ACE, and
CKM gene variants and their influence on elite Point-Fighting (PF) athletes. Twenty-four elite PF
athletes underwent genetic analysis using saliva samples collected for DNA extraction. Genotyping
revealed the prevalenceof key genetic markers, including the D allele (58.33%) and ID genotype for
the ACE variant, the G allele (77.08%) and GG genotype (54.17%) for PPAR«, and the A allele (77.08%)
with an AA genotype (62.50%) for CKM. The Total Genetic Score (TGS) analysis highlighted a mixed-
oriented predisposition among athletes, contrasting with their training practices, which are
predominantly focused on strength development. These findings suggest the importance of a more
balanced training approach, incorporating both aerobic and power components. Preliminary results
indicate that applying TGS could enhance early talent identification and support the development of
personalized training programs, ultimately improving individual performance in disciplines like PF.

Keywords: Point-Fighting; Performance-enhancing polymorphism; Total genetic score; personalized
training

1. Introduction

Physical activity's positive effects on healthy and unhealthy individuals are well-documented,
demonstrating the adaptation of biological systems such as the circulatory, respiratory, and muscular
systems to stress [1]. These adaptations directly influence athletic performance and the ability to excel
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in specific physical skills [2]. Training induces modifications at the tissue and cellular levels, which
are influenced by variations in local gene expression [3]. Specific genetic variants play a pivotal role
in determining excellence in traits such as speed, muscle strength, injury predisposition, and
emotional control. Recently, the interest in the role of genetics in sports performance has grown, with
studies exploring how particular genetic variations influence physical abilities, endurance, strength,
and psychological traits [4].

Performance-enhancing polymorphisms (PEPs) are genetic variations that influence athletic
traits such as endurance, muscle strength, power, flexibility, and other critical components of
performance [5]. Understanding these polymorphisms provides valuable insights for tailoring
training programs to optimize individual genetic potential, including training adaptations and
dietary strategies aligned with genetic predispositions [6]. To identify these polymorphisms, Total
Genetic Score (TGS) has emerged as a robust method for identifying an athlete’s genetic
predisposition towards specific performance traits [7]. By quantifying the combined effect of multiple
PEPs, TGS streamlines the assessment of genetic profiles, enabling efficient comparisons and
personalized recommendations. Athletes with training regimens aligned with their genetic
predispositions achieve superior results compared to those whose training is mismatched with their
genetic profiles [8].

Specific genes such as Angiotensin I Converting Enzyme (ACE), Peroxisome Prolif-erator-
Activated Receptors (PPARa), and Creatine Kinase Muscle-Type (CKM), have been identified as
critical contributors to sports performance. The ACE gene, through its I/D polymorphism, influences
endurance and strength: the "I" allele is linked to endurance activities like long-distance running,
while the D allele correlates with strength-focused disciplines such as weightlifting. Similarly,
PPARa, through the C/G polymorphism, affects lipid metabolism, inflammation, and tissue repair,
with the G allele favoring endurance due to its association with slow-twitch muscle fibers and aerobic
capacity, and the C allele favoring power-based sports [9,10]. The CKM gene, involved in muscle
energy metabolism, demonstrates a similar dual influence, with the A allele associated with higher
aerobic capacity and the G allele linked to greater muscle strength and power [11,12].

This study focuses on the importance of the genetic background in elite athletes, emphasizing
the interaction between genetic and environmental factors in determining athletic success. By
focusing on Point Fighting (PF) athletes, this research aims to fill a gap in the literature, exploring
their genetic predispositions to support the development of tailored training strategies [13]. The
findings are expected to advance scientific knowledge and provide practical applications for
optimizing individual performance in this discipline.

2. Materials and Methods

2.1. Participants

Twenty-four PF elite athletes (12 women and 12 men) were enrolled in our study. The
anthropometric characteristics of the participants are shown in Table 1.

Table 1. Means and standard deviations (SD) of the participants” anthropometric characteristics.

Characteristics Mean+SD
Age (years) 22.145.8
Body mass (kg) 66.1+15.4
Body height (cm) 173.0+£9.5
BMI (kg-m2) 21.8+3.2

BMI = body mass index.

The study included elite athletes selected on their performance in top-level international
competitions organized by the WAKO federation. Specifically, during 2018-2019, all participants had
achieved a podium at European and World Championships in their respective weight categories.
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The inclusion criteria specified that participants had to be high-level athletes with international
experience, have passed a selection process based on their competitive results, and be free from
musculoskeletal injuries that could impair performance during the study. Athletes who did not meet
these criteria or had health conditions incompatible with the experimental procedures were excluded.

After signing informed consent, all athletes completed a questionnaire to collect anthropometric
data and information about their weekly training habits. A saliva sample was then collected from
each participant for genetic analysis to determine the allelic distribution of the analyzed genes.
Finally, a standardized TGS was applied to the identified genotype to assess whether the athletes'
genetic profiles were more oriented toward power or aerobic endurance.

The study was conducted according to the Declaration of Helsinki and was approved by the
ethics committee of the University of Novi Sad, Serbia (ref. no. 46-06-02/2020-2).

2.2. Total Genetic Score

The Total Genetic Score (TGS) we have chosen to apply for data analysis was power-oriented.
Therefore, a score of "2" was attributed when the polymorphism was homozygous for the allele
predisposing to power activities, "1" was attributed if it was heterozygous, and "0" when the
polymorphism was homozygous for the allele predisposing to aerobic activities. The sum of the
scores given to the polymorphism of each gene gives us the genotype score (GS) (maximum score =
6) [16].

Table 2 shows the association between GS of each polymorphism and metabolic impact.

Table 2. Power-oriented Genotype score (GS) and the association between each polymorphism and sport

metabolism requirement.

Gene Polymorphism GS Power Oriented  Involved Metabolism
DD 2 Anaeorobic
ACE 1D 1 Anaerobic/Aerobic
II 0 Aerobic
CC 2 Anaeorobic
PPAR«a CG 1 Anaerobic/Aerobic
GG 0 Aerobic
GG 2 Anaeorobic
CKM AG 1 Anaerobic/Aerobic
AA 0 Aerobic

After identifying the GS for each gene polymorphism, the score was reformulated on a
centesimal basis, obtaining the TGS. The formula used was TGS=GS5*100/6 according to the formula
which was validated by Hughes et al. [18]. For example, subjects having the following genetic profile:
ACE DD (2), PPARA CG (1) CKM AA (0) have a G5=3 and therefore TG5=50% power-oriented.

2.3. Statistical Analysis

Descriptive statistical analysis was performed with SPSS Statistics 29 software and “Jamovi”
software version “2.3.21.0” programs. Percentages were used to analyze the participant’s allelic
distribution in the three genes. Data were expressed as percentages, means, and standard deviations.

2.4. DNA Extraction and Genotyping

From the saliva samples collected and stored at -20°, genomic DNA extraction was performed
using a "Saliva DNA ISO isolation kit" from Norgen Biotek (Canada) according to the procedure
already described in our previous study [17].

Details regarding the protocol used for the genotyping by polymerase chain reaction (PCR) are
provided in Table 3.
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Table 3. Protocol details about the gene variant genotyping.
Gene Primers Sequence Denaturation Annealing Extension Cycles
E:5 TGCAGGTGTCTGCAGCATGTS
ACE 5 GCCCTGCAGGTGTCTGCAGCATGT3 910 30 560 45 70 1 35

R:5"GGATGGCTCTCCCCGCCTTGTCTC3

F:5’ ACAATCACTCCTTAAATATGGTGG3' o o o
PPARQ " p 5 AAGTAGGGACAGACAGGACCAGTAS & 0 597 307 727 30735

F:5 GGGATGCTCAGACTCACAGAS - — —
kM R:5 AACTTGAATTTAGCCCAACGS3 o4° 40 53° 457 72 1 30

As described in Table 4, two the polymorphisms analyzed required enzymatic digestion, and
the fragments obtained were highlighted by the gel electrophoresis method [18].

Table 4. Protocol applied for Enzymatic Digestion of the PCR Products.

Gene Restriction Enzyme Digestion Polymorphism  Fragment Lenght
DD 319 bp
ACE Not required - I 597 bp
ID 319 + 597 bp
65° CcC 216 + 50 bp
PPAR« TAQI 2:30h GG 266 bp
CG 266 +216 + 50 bp
37° GG 359 bp
CKM NCOI 2:30h AA 206 + 153 bp
AG 359 +206 + 153 bp
3. Results

The genotyping results show for ACE gene, a predominance of ID genotype (66.67%), followed
by DD genotype (25%) and II genotype (8.33%), with a higher expression frequency of the D allele
versus | allele (58.33% vs 41.67%).

Regarding PPARa polymorphisms, we highlighted a prevalence of the GG genotype (54.17%),
followed by the CG genotype (45.83%); no CC genotype was found. The G allele was much more
common (77.08%) compared with 22.92% for the C allele.

As a concern, the CKM gene variant, the AA genotype, was found with 62.50% frequency
compared AG genotype (29.17%) and GG genotype (8.33%). Analyzing the frequency of expression
of the alleles, the A allele was the most common (77.08%) compared with the G allele (22.92%).

Figure 1 shows the percentage of the genotype distribution for the three gene variants in the
whole sample; different colors emphasize the genotype that predisposes the athletes to the specific
activity. Additionally, considering the total GS calculated by summing the GS of the allelic
distribution for all three genes, it is pointed out that the sample scored higher mixed-oriented
genotype 47% (Figure 2). The athlete’s survey results showed that they spent an average of 367.3 +
153.1 minutes weekly in technique training, 188.5 + 122.3 minutes in strength training, and 134.8 +
95.5 minutes in aerobic training (Figure 2).
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Figure 1. Percentage of the genotype distribution for the three gene variants.

Total genetic score (TGS)

Aerobic oriented genotype
Mixed genotype

Power oriented genotype

0% 10% 20% 30% 40%
Frequency (%)

Figure 2. Total genetic score (TGS).

4. Discussions

The novelty of our study lies in identifying the genetic background of elite PF athletes through
the application of TGS, emphasizing the importance of personalized training to enhance
performance. The ability to align training with genetic predispositions provides a unique opportunity
to maximize athletic potential in a scientifically informed manner.

Previous research has established that specific genetic variants significantly contribute to
variations in power, endurance, and mixed activities. In this regard, the study by John and colleagues
[19] demonstrated the critical role of the ACE I/D polymorphism in physical performance. The ACE
I allele, associated with lower ACE levels, facilitates vasodilation and increased oxygenated blood
flow to active muscles [20], conferring an advantage in endurance activities. Conversely, the ACE D
allele correlates with greater strength, basal muscle volume, and a higher percentage of fast-twitch
muscle fibers, favoring power sports [9].

Our findings revealed a greater prevalence of the D allele (58.33%) among elite PF athletes,
indicative of a genetic predisposition toward anaerobic activities. This genetic predisposition
provides valuable insights for tailoring training strategies that enhance the anaerobic capabilities
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essential for point-fighting athletes. For instance, a focus on high-intensity interval training and
strength-based exercises could maximize the advantages conferred by this allele. Additionally, these
findings highlight the critical role of integrating targeted anaerobic exercises into training regimens
for sports that rely heavily on explosive power and short-duration efforts, ensuring that athletes can
fully leverage their genetic potential. Furthermore, the ID genotype (66.67%) predominated,
suggesting a mixed capacity for both aerobic and anaerobic performance [21]. These results highlight
the genetic foundation supporting the high-intensity demands of point fighting while revealing the
need for a balanced training approach.

Regarding the PPARa polymorphism, the G allele—associated with endurance—was the most
frequent in our cohort (77.08%), aligning with findings from Kurtulus M. et al.2023 [11]. This
observation underscores the importance of aerobic capacity in a sport traditionally considered
anaerobic-dominant. The presence of this allele suggests that endurance training may be
undervalued in current regimens and offers an avenue for performance enhancement.

For the CKM variant, while a previous study [22] has linked the G allele to power and strength
qualities, our study found a higher prevalence of the A allele (62.50%), indicating a genetic orientation
toward aerobic performance. The reduced expression of power-oriented alleles (PPARa C and CKM
G alleles) at approximately 22.92% suggests the need for training regimens that balance aerobic and
anaerobic components, challenging the perception of PF as predominantly anaerobic. These genetic
insights offer a pathway to refine training programs, focusing on versatility rather than specialization
in anaerobic capacities.

Athlete surveys further underscored a preference for strength training over aerobic training
(188.5 + 122.3 vs. 134.8 = 95.5 minutes per week). This imbalance could limit performance
improvements by underutilizing the aerobic capacity identified in the genetic profiles of these
athletes. A more balanced training approach, incorporating increased aerobic components, may
better align with genetic predispositions and support overall performance optimization. This
imbalance highlights a potential misalignment between genetic predisposition and training
emphasis. Jones N. et al. (2016) emphasized the importance of aligning training modes with genetic
profiles for optimal performance gains [8]. Our sample’s higher mixed-oriented TGS score (Figure 2)
reinforces the necessity of addressing both aerobic and anaerobic demands. Consequently, increasing
aerobic training may optimize performance, providing a more holistic approach to physical
preparation.

Despite these strengths, this study has limitations. The sample size is relatively small, which
may limit the generalizability of the findings. Additionally, while genetic profiling offers valuable
insights, performance outcomes are influenced by environmental factors and individual variability
in response to training. Future studies should involve larger cohorts and longitudinal designs to
validate these findings and refine training recommendations.

5. Conclusion

Our genetic analysis uncovered a high frequency of polymorphisms associated with combined
aerobic and anaerobic performance in elite PF athletes. These findings have the potential to redefine
training paradigms by emphasizing the necessity of a balanced approach that incorporates both
aerobic and anaerobic components. This balance could enhance physical preparedness and
adaptability in point-fighting and similar sports, where explosive power and sustained effort are
equally critical for success. These results challenge the traditional view of PF as a predominantly
anaerobic sport, emphasizing the significant role of aerobic capacity. The findings suggest that
optimizing training regimens to align with genetic predispositions can enhance performance in this
demanding discipline. The high prevalence of mixed-oriented genetic profiles highlights the need for
a balanced training approach, integrating aerobic and anaerobic components. This perspective not
only supports individual athletic development but also provides a foundation for refining coaching
strategies in combat sports. Future research should prioritize large-scale genetic studies and explore
redistributing training loads to enhance aerobic components. Such adjustments may further optimize
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performance, providing a comprehensive and scientifically grounded approach to training for elite
PF athletes.

The high frequency of polymorphisms frequently associated with alternating aerobic/anaerobic
performance, found in our genetic investigation in this group of elite athletes, could challenge the
predominantly anaerobic acceptance of this sport, rather than affirming the co-relevance of the
aerobic component. Probably one of the reasons that are not allowed to settle the dispute is the lack
of cohort studies on a large genetic sample and the heterogeneity of the athletes considered [19].

In conclusion, starting from our results of the informational questionnaire on the type of training
predominantly done during the week and considering the results of the genetic survey, future studies
should be geared toward investigating and redistributing the training load during the week in favor
of aerobic activities.
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