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Introduction 
Sports performance is a multifactorial poly-

genic trait influenced by sports training, envi-
ronmental and genetic predisposition. Elite ath-
letes are more or less extreme products of genetic 
variability and their exceptionality consists in 
that they are markedly different from the com-
mon average. Among the most significant factors 
influencing muscular strength are: muscle fibre 
proportions, nutrition, genetic predisposition, 
age, length of muscles, and an individual´s soma-
totype. During the growth of an athlete series of 
important factors concur. Among them are: cul-
tural background, motivation, social conditions, 
professional coaching and sports tradition in  
the given country. Physical fitness of each indi-
vidual is primarily limited by his/her genotype. 
As to the type of an individual, it is possible to 
specify, with a high degree of accuracy, whether 
the individual can reach through an in0tensive 
training top sports performance in endurance or 
explosive (speed-strength) sports events, or other-
wise the training is only a redundant load without 
an expected effect [29]. 

The problem of practical selection and de-
velopment of talented athletes is that many 
coaches and sport scientists have not always used 
this process effectively. We can often see that 
coaches do not use adequate test batteries for  
the assessment of physical, physiological and 
psychological properties of young athletes. Selec-
tion of tested items into the test battery does not 
always reflect the structure of sports performance 
in the given kind of sport. The data obtained by 
measurement often lack the corresponding va-
riables to compare with. It is therefore more im-
portant to use smaller number of parameters,  
the weight of which, however, is greater regarding 
the final sports performance. 

Anaerobic capacity 
During hypoxia, HIF1A accumulates and 

forms a heterodimer (HIF1) with HIF1B. HIF1A- 
and/or -B-responsive genes are involved in angi-
ogenesis, glucose metabolism, vasomotor con-
trol, and erythropoiesis, many of which are im-
plicated in either the delivery of oxygen and nu-
trients to cells, or controlling cellular utilization 
of these substrates [10]. Differences in this gene 
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demonstrated a relationship between HIF1A Ser 
allele and high transcription activity of the gene 
and high level of anaerobic glycolysis represented 
by development and manifestation of the speed 
and power capacities [3]. Up to date NAT2 po-
lymorphisms are mainly associated with individual 
variations in drug and carcinogen metabolism 
(through acetylation reactions), yet they could be 
also involved in regulating ROS production and 
ROS-induced damage. This is an important con-
sideration as growing evidence shows the pivotal 
role of ROS in modulating muscle contractile 
function [2, 8]. In addition, adenosine monophos-
phate deaminase (AMPD) is a very important 
regulator of muscle energy metabolism during 
exercise. The nonsense mutation rs17602729 in 
exon 2 of the AMPD1 gene converts glutamine 
codon (CAA) into the premature stop codon 
(TAA), which results in the early interruption of 
protein synthesis and appears to be the main 
cause of AMPD1 deficiency [13]. Also gene 
ADRB3 plays its role in exercise performance by 
activating adenylyl cyclase in adipose tissue, the-
reby stimulating lipolysis and thermogenesis [26]. 
Small differences in heart rate are associated with 
CREB1 gene (rs2253206), specifically, the A al-
lele associated with a smaller reduction in heart 
rate during a submaximal exercise. 

Motivation 
Motivation and participation on exercise is 

another important factor. Several genes have 
been linked to sport motivation with unknown or 
known mechanism of function. Gene DNAPTP6 
is coding DNA polymerase-transactivated protein 
6 and PAPSS2 coding an enzyme involved in 
sulfation of various molecules are significantly 
associated with sport motivation without known 
mechanism of function [22, 23]. Common variant 
of gene COMT is hypothesized to alter cortico-
striatal dopamine dynamics and predicts reward 
responsiveness during asymmetric reinforcement 
and sequential risk-taking. Differences in the dis-
tribution of AMPD1 (rs17602729) genotypes and 
a lower frequency of allele T in athletes suggest 
that allele T is a factor unfavourable for athletics 
oriented sports categories [13]. CREB1 has been 
shown to be a key mediator of contraction – tran-
scription coupling in excitable cells. This process 
plays an important role in training-induced 
changes in neuronal plasticity. It seems to contri-
bute to cardiovascular adaptation to regular phy-
sical activity [24]. 

Muscle pain 
Analyses of skeletal muscle mitochondrial 

activity in cultured myotubes obtained from 
healthy young subjects showed that carriers of 
the minor G allele of PPARD SNP rs2267668 
had lower mitochondrial function compared with 
subjects homozygous for the major A allele [11]. 
Peroxisome proliferator- activated receptor γ 
coactivator 1α (PPARGC1A) is a transcriptional 
coactivator that controls mitochondrial bioge-
nesis and oxidative phosphorylation in skeletal 
muscle. A significant association was observed 
between the PPARGC1A rs8192678 polymor-
phism and the lactate threshold. The muscle-
specific creatine kinase (CKM) A/G variants 
(rs8111989) have been associated with skeletal 
muscle performance and muscle damage [9]. Dif-
ferences in ROS production regulated by NAT2 
gene diversity in rs1208 locus could cause diffe-
rences in ROS-induced damage. This is an im-
portant consideration as growing evidence shows 
the pivotal role of ROS in modulating muscle 
contractile function [8]. Damage caused by reac-
tive oxygen species (ROS), combined with nega-
tive effect of another risk alleles in genes PPARD, 
PPARGC1A and NAT2 could alter the percep-
tion of muscle pain and training response. 

Body mass  
Body mass is a complex trait based on cumu-

lative effect of many various factors. Majority of 
genes associated with body mass differences are 
related with energetic metabolism. Gene 
TMEM18 seems to affect energy levels through 
insulin and glucagon signalling [29]. FTO gene is 
associated with adiposity and fat distribution, and 
is directly associated with sport activity [6, 14]. 
Fat distribution associated within genes GNPDA2 
and SH2B1 is associated with early onset of  
obesity [12, 15]. The newly discovered variants 
showing strong associations with BMI lie near to 
SH2B1, TMEM18, MTCH2 and GNPDA2. 
SH2B1 is a strong prior candidate for regulating 
body weight. SH2B1 is implicated in leptin sug-
gesting that the effects of this gene on obesity are 
mediated through the central nervous system [12, 
15, 29]. There are also genes like MC4R, BDNF-
AS, LOC144233 changing BMI status without 
any described function [4, 5, 7, 28].  

Methods  
Participants and data collection 
The research sample included 169 pupils  

(97 male; mean age = 7.438 years and 72 female; 
mean age = 7.227 years) attending first class at  
3 elementary schools in the region of Nitra, Slo-
vakia. All pupils underwent 9 motor tests to de-
termine their general physical abilities. Each per-
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formance of pupils in tests was assigned points 
according to standards for general population 
aged 6 to 8. 30 pupils with the highest number of 
points were subsequently selected to undergo 
2 ml saliva sampling (GeneFix Saliva Collectors) 
for genetic analysis. Samples were analysed using 
the apparatus HiScan (Illumina inc, San Diego, 
USA), which allowed for analysing 400,000 po-
lymorphisms in a human gene. The values of in-
dividual genetic score are compared with histo-
gram of genetic score distribution in European 
population. Software Genomestudio (Illumina inc, 
San Diego, USA) and software TANAGRA 1.4.50 
were used for data analysis.  

Instruments and analysis 
Four separate panels of genetic markers were 

selected for analysis. An unweighted “genetic 
score” based on contribution to anaerobic capa-
city, sport motivation, muscle pain and body 
mass (Table 1) has been calculated. A score of 
‘0’ represented homozygote for the low-response 
variant; ‘1’ represented heterozygous and ‘2’ 
represented homozygous for the high-response 
allele. In certain variants with significantly higher 
impact was the genetic score increase to ‘2’ for 
heterozygous and ‘4’ for homozygous high-
response allele. Sum of genetic score calculated 
for each haplotype has been enriched by proba-
bility to observe specific haplotype in European 
(Caucasian) population. The overall population 
risk has been visualized as a histogram of given 
genetic score based on frequencies of all possible 
haplotypes in the European population. Predic-
tive model based on 5 SNPs (anaerobic capacity); 
5 SNPs (sport motivation), 4 SNPs (muscle pain) 
and 9 SNPs (body mas) has been visualised in to 
histograms (Figs. 1–4).  

The calculated rate of genetic score has been 
confronted to histogram of genetic score distribu-
tion of 30 control individuals genotyped through 
Illumina chip HumanOmniExpress-24 (23andMe 
v3, v4, v5) and derived from the project NU3Gen. 
To enrich maximal potential of used genetic chip, 
some of SNP markers has been imputed. In se-
veral situations (no call, missed SNP) we used 
LDLINK platform [19] to find suitable replace-
ment SNP with highest possible pair vase R2. For 
the graphical representation of the distribution of 
the genetic score in the population, a histogram 
of the model distribution of the genetic score in 
the European population based on the frequencies 
of the individual alleles obtained with the 1000 
genome project has been calculated. 

Table 1 
List of selected  

genetic markers with cumulative effect 

Markers for anaerobic capacity 
ID Gene SNP Source 
1 HIF1A rs11549465 [10] 
2 NAT2 rs1208 [8, 27] 
3 AMPD1 rs17602729 [13] 
4 ADRB3 rs4994 [26] 
5 CREB1 rs2253206 [24] 

Markers for motivation 
1 DNAPTP6 rs12612420 [23] 
2 PAPSS2 rs10887741 [23] 
3 COMT rs4680 [1,18] 
4 AMPD1 rs17602729 [13] 
5 CREB1 rs2253206 [17, 21, 24] 

Markers for muscle pain 
1 PPARD rs2267668 [11] 
2 PPARGC1A rs8192678 [20] 
3 CKMM rs8111989 [9] 
4 NAT2 rs1208 [8, 27] 

Markers for body mass 
1 TMEM18 rs6548238 [29] 
2 BDNF-AS rs925946 [28] 
3 LOC144233 rs7138803 [5, 28] 
4 FTO rs9939609 [14, 15] 
5 GNPDA2 rs13130484 [12, 25] 
6 SH2B1 rs4788102 [14, 15] 
7 MTCH2 rs10838738 [29] 
8 MC4R rs10871777 [5] 
9 MC4R rs12970134 [28] 

 
Results 
The anaerobic capacity is the total amount of 

energy from the anaerobic (without oxygen) 
energy systems. The results of our study point to 
the fact that the model distribution of the genetic 
score in the European population ranges from 
genetic score (GS) 0 to GS9 (Fig. 1).  

Although the maximum achievable GS value 
in the selected model is 9, this hypothetical value 
occurs in European population with a probability 
of 0.04 %. In contrast, the genetic score ranging 
from 3 to 5 can be seen in 72.5 % of the Euro-
pean model population. The genetic score below 
3 has been considered as a reduced anaerobic 
capacity and a score above 5 as predisposition to 
increased anaerobic capacity. As can be seen 
from Fig. 1, the genetic score of the control popu-
lation without selection is similar to the distribu-
tion of the calculated genetic score distribution in 
the European population. The selected group of 
children was characterised by a slightly higher 
anaerobic capacity. This result suggests that se-
lection of children aged 7–8 years does not pro-
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vide results that would correspond to genetic pre-
disposition to adult anaerobic capacity.  

The hypothetical value of the genetic score 
for sport motivation was from 0 to 10. The lowest 
value of 0 and the highest value of 12 in the Eu-
ropean population occur with a probability of 1: 
2.69 × 104 and 1: 1.25 × 102 respectively. The ge-
netic score values ranging from 4 to 7 are typical 
for 77.7 % of European populations. The genetic 
score below 2 was considered to be a reduced 
rate of sport motivation and a value above 7 for 
an increased rate of sport motivation. The genetic 
score of the control population has been similar 
to predicted distribution in the European popula-
tion. Distribution of genetic score between se-
lected children shows slightly increased genetic 
predisposition to better remuneration for activity 
and/or sport motivation (Fig. 2). 

To calculate the risk of muscle pain intensity, 
a model based on several studies identifying  
the genetic risk in athletes was constructed. Most 
genetic markers used in the model were associated 
with an increased risk in lactate metabolism and 
creatinine kinase activity differences. The hypo-
thetical range of the genetic score for risk of in-
jury ranged from 0 to 4 (Fig. 3). The mean value 
in the population (89.4 %) was in the range of  
the genetic score from 1 to 3. The genetic score 
below 1 indicated the accumulation of such forms 
of genes that increase the muscle pain. GS above 
3 indicated a minimal manifestation of risk genes 
in the genotype of the individual causing muscle 
pain. As outlined in Figure 3, selection of child-
ren aged 7 to 8 showed disrupted results. Even in 
this case, we must state that selection of children 
based on phenotypic performance does not pro-

 
Fig. 1. Distribution of genetic score for anaerobic capacity: 

background histogram represents distribution of oxidative capacity in European population.  
Black bordered columns represent distribution of GS in control group; grey columns represent  
                                                distribution of GS in selected group 

 

 
Fig. 2. Distribution of genetic score for remuneration for activity: 

background histogram represents distribution of oxidative capacity in European population. 
Black bordered columns represent distribution of GS in control group; grey columns represent  
                                                distribution of GS in selected group 
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vide comparable results with genetic predisposi-
tion to important adult properties. 

The body mass index is one of the decisive 
factors that define the degree of body fat compo-
sition, fat activation, hunger perception and others. 
The calculated genetic score was based on the 
observations of several authors, with the cumula-
tive effect of genes and the frequency of indi-
vidual genes in the European population has  
being taken into account. The hypothetical value 
of the genetic score was from 0 to 20. The lowest 
value of 0 and the highest value of 20 in the Euro-
pean population occur with a probability of 1: 
3.28 × 104 and 1: 2.1 × 109 respectively. The ge-
netic score values ranging from 6 to 8 are typical 
for 48.2 % of European populations. The genetic 

score below 6 was considered decreasing body 
mass and a value above 9 to increasing body mass. 
The genetic score of the control population has 
been similar to predicted distribution in the Euro-
pean population. Distribution of genetic score 
between selected children shows significant dif-
ference (p < 0.001). Group of selected children 
has significantly lower genetic predisposition to 
higher body mass (Fig. 4). 

Discussion 
There have been huge advances in the field of 

genomics over the past decade. Rapidly evolving 
knowledge and technologies have led to wider 
use and availability of genetic testing. It has 
been over 10 years since the human genome was 
mapped. However, there is concern about consis-

 
Fig. 3. Distribution of genetic score for muscle pain:  

background histogram represents distribution of oxidative capacity in European population.  
Black bordered columns represent distribution of GS in control group; grey columns represent  

distribution of GS in selected group 

 

 
Fig. 4. Distribution of genetic score for body mass:  

background histogram represents distribution of oxidative capacity in European population. 
Black bordered columns represent distribution of GS in control group; grey columns represent 

distribution of GS in selected group 
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tency and quality control regarding reported re-
sults from direct-to-consumer genetic testing 
companies to ensuring that genetic testing and 
research in the area of sport is conducted with 
adherence to highest standards of evidence-based 
scientific practice. Talent identification (TID) 
programs are an integral part of the selection 
process for elite-level athletes. While many sport 
organizations utilize TID programs, there does 
not seem to be a clear set of variables that con-
sistently predict future success [16]. Based on 
the results of genetic analysis and measurement of 
motor abilities of selected children aged 7–8 years 
we can state that genetic testing of young athletes 
offers a suitable method of identifying perfor-
mance prerequisites just before their develop-
ment. Genetic tests can inform trainers and ath-
letes on the type of physical activity (endurance 
or speed) suitable for the given individual.  
The results of fitness tests can provide them only 
with partial information on the momentary state 
of fitness of children. However, such information 
can be fruitful for them when developing indi-
vidual training programs and in discovering  
talented children. The sole use of genetic analysis 
can offer only hereditary characteristic of an in-
dividual, which, however, need not be developed 
during the life of the person. Genetic analysis 
may be considered to be a suitable and practical 
alternative for fitness-oriented testing of popula-
tion. Based on the analysis we offered parents 
and coaches valid information about their child-
ren´s prerequisites to a certain group of sports, 
particularly anaerobic capacity, motivation for 
sports, muscle pain susceptibility, and type of 
energetic metabolism. 

Conclusion 
The analysis of genetic predispositions is 

currently applied in various fields of professional 
sports as well as in common activities. Know-
ledge of genetic predispositions can facilitate de-
cision-making or modify the training system. 
However, in the field of quantitative genetic 
traits, it is important to recognize that a single 
point mutation may have no predictive power and 
therefore it is essential to develop prediction 
models that take into account the additive effect 
of individual alleles or their interactions. Correctly 
defining the impact of a genetic mutation as well 
as the probability of its occurrence in a popula-
tion provides the opportunity to identify indi-
viduals with a specific combination of genetic 
predispositions capable of influencing the pheno-
type. The research also highlights the fact that 

selection and control of performance at a young 
age may not correspond with genetic predisposi-
tion in adulthood. 
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Цель. Целью данного исследования было объяснение роли тестирования физической

подготовленности и генетического анализа в выявлении спортивных талантов. Материа-
лы и методы. Выборка исследования включала 169 учеников (97 мальчиков, средний воз-
раст – 7,438 года и 72 девочки, средний возраст – 7,227 года), посещающих 3 начальные
школы в г. Нитра. Все ученики сдали 9 физических тестов на определение общих физиче-
ских способностей. За выполнение тестов каждому ученику начислялись очки. Впоследст-
вии были отобраны 30 учеников с наивысшей оценкой, у которых забиралась слюна для
генетического анализа в объеме 2 мл (GeneFix Saliva Collectors). Образцы исследовались с
использованием прибора HiScan (Illumina Inc., Сан-Диего, США), который позволяет ана-
лизировать 400 000 полиморфизмов в гене человека. Значения индивидуальных генетиче-
ских показателей сравнивались с гистограммой распределения генетических показателей в
европейской популяции. Для анализа данных использовали программное обеспечение
Genomestudio (Illumina Inc., Сан-Диего, США) и TANAGRA 1.4.50. Результаты. На осно-
ве проведенного анализа родителям и тренерам была предоставлена конкретная информа-
ция о предрасположенности детей к определенным видам спорта с учетом их типа энерге-
тического обмена, анаэробных возможностей, спортивной мотивации и чувствительности
к мышечной боли. Заключение. Результаты генетического анализа и исследования физи-
ческих способностей детей в возрасте 7–8 лет позволяют предположить, что генетическое
тестирование юных спортсменов подходит для определения предрасположенности детей
к определенным видам спорта еще до непосредственного проявления физических качеств.
Генетические тесты могут дать информацию о типе физической активности (на выносли-
вость или скорость), которая подходит для человека. Результаты фитнес-тестов предостав-
ляют ограниченную информацию о текущем состоянии здоровья ребенка. Генетический
анализ может рассматриваться как удобная и практичная альтернатива для спортивной
ориентации населения. 

Ключевые слова: генетический анализ, фитнес-тесты, 7 лет, выявление талантов
в спорте, спортивная предрасположенность. 
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