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ARTICLE INFO ABSTRACT

Keywords: This study investigated the minichromosome maintenance 6 (MCM6) rs4988235
MCM6 polymorphism in professional football players, comparing genotype and allele
Lactose frequencies with a sedentary control group. The control group comprised 64
SNP participants with no history of athletic activity, while the athlete group included 20
Football football players. DNA extraction from blood samples was performed using a
Genetic PureLink DNA isolation kit, following the manufacturer's instructions. Real-Time

PCR was employed to analyze the MCM®6 rs4988235 polymorphism in the isolated
DNA. Statistical analysis of the acquired data was conducted using chi-square
analysis via IBM SPSS 21.0 software (IBM Statistical Package for Social Sciences
Corp., Armonk, NY, USA). A p-value less than 0.05 was considered statistically
significant. The CC genotype was absent in all football players. Conversely, CT
(10%) and TT (90%) genotypes were identified in 2 and 18 individuals, respectively.
In the control group, the distribution of genotypes was as follows: CC (0%), CT (17,
26.6%), and TT (47, 73.4%). The C allele frequency was 5% (2 individuals) in
football players and 13.28% (17 individuals) in the control group. The T allele
frequency was 95% (38 individuals) in football players and 86.72% (111 individuals)
in the control group. No statistically significant differences were observed between
the football players and the control group regarding genotype (p = 0.122) or allele
frequencies (p = 0.149).
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1. Introduction in the jejunum. This condition affects the
majority of the elderly population [1].

Lactose is a disaccharide, a molecule formed by

the combination of glucose and galactose.
Lactose occurs naturally in mammalian milk and
is the main carbohydrate component of milk. In
the small intestine, it is hydrolyzed by the
enzyme lactase into glucose and galactose
monosaccharides and absorbed into the
bloodstream (Ingram, et al, 2009). Lactose
intolerance is a pathophysiological condition that
occurs when lactose cannot be digested or
absorbed due to a lack of 3-galactosidase enzyme

Lactase deficiency stands as a prevalent
autosomal recessive ailment characterized by a
diminished activity of lactase fluorohydrolase, a
pivotal enzyme responsible for lactose hydrolysis
within the small intestine. In the absence of
adequate enzymatic function, lactose, a
disaccharide, remains unabsorbed, traversing
undigested into the colon where it becomes
subject to bacterial fermentation. Consequently,
individuals afflicted by this condition encounter
a spectrum of gastrointestinal symptoms
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including discomfort and bloating. Commonly
denoted as lactose intolerance, this physiological
incapacity to effectively metabolize lactose
underscores the intricate interplay between

genetic  predisposition and  biochemical
mechanisms  governing human  digestive
processes [2].

Within the global demographic structure,

approximately 70% of the human population is
characterized by a primary deficiency of the
enzyme lactase. This prevalence rate varies in
correlation with the diversity of ethnological
origins and can be interpreted as a result of
genetic selection due to the prevalence of dairy-
based foods in the diet. Especially in
communities  where  pastoralist  cultures
predominate and dairy products play a central
role in the diet, as in the septentrional regions of
Europe, the prevalence of primary lactase
deficiency is remarkably low at two percent.
According to findings in the anthropological
literature, populations with a high prevalence of
lactose malabsorption among adults are usually
communities with agricultural and hunting
traditions, which historically introduced milk
consumption at a late stage and/or preferred
fermented dairy products with reduced lactose
content [3-6].

The Lactase gene (LCT, 2g21-22) encodes the
lactase enzyme expressed in the intestine [7].
There are many single nucleotide polymorphisms
(SNPs) associated with lactose intolerance and
they occur at different frequencies in different
populations [8]. A group from Finland described
two polymorphisms in introns 9 and 13 of the
minichromosome maintenance 6 (MCM6) gene
[9]. One of these, -13910T (rs4988235), was the
first allele identified to be associated with lactase
digestive capacity [10]. SNPs known as -
13910C/T or rs4988235 are located in intron 13.
The single nucleotide polymorphism at position
-13910 of the LCT gene (rs4988235) has been
shown to regulate lactase expression. In addition,
the T variant has been associated with an
increased transcription of the LCT protein [11].

Individuals harboring at least one copy of the -
13910T variant allele are deemed genetically
endowed with lactase persistence, thereby
retaining the ability to efficiently metabolize

lactose  into  adulthood.  This  genetic
predisposition confers a distinct advantage over
counterparts possessing the CC genotype,
characterized by markedly diminished lactase
activity. Consequently, those with the -13910T
variant exhibit a heightened capacity for lactose
tolerance, facilitating enhanced digestion and
assimilation of lactose-containing foods, in stark
contrast to individuals lacking this genetic
variant [12, 13].

Athletic performance is considered to be a
combination of many factors. Nutrition and diet
programs of athletes are one of the main factors
affecting athletic performance [14].
Determination of polymorphisms affecting
athletic performance among football players can
play an active role in changing and regulating the
nutritional habits of football players. In our
study, we aimed to examine the genotype and
allelic distributions of MCM6 rs4988235
polymorphism in football players and the
relationship between the distribution and the
positions of the athletes.

2. General Methods
2.1. Study group

20 football players of Turkish origin from
Maltepespor football club in the age range of 17-
33 years, who were active and regularly training,
participated in the study. In the same age range,
64 sedentary individuals were included in the
study for genotype and allele analysis. The
training program of the football players was
reported as a minimum of 4 days (40-120 min)
and one match per week. The study protocol was
approved by the Uskiidar University Ethics
Committee (61351342/SUBAT 2024-79) and
was prepared in accordance with the guidelines
of the Helsinki Declaration-2 (2015).

Consent Form The athletes were invited to
participate in the study as part of an independent
research conducted by Marmara University
Faculty of Dentistry, Department of Medical
Biology and Genetics. After the athletes were
informed about the study and their questions
were answered, the consent forms were mutually
signed, first by the athletes. DNA Isolation DNA
isolation was completed from peripheral blood
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samples using PureLink DNA isolation kit
(Invitrogen, Van Allen Way Carlsbad, CA, USA)
according to the manufacturer's procedures. The
DNA samples obtained were stored at -20°C until
the analysis process of the relevant genes was
completed.

2.2. Genotyping

Genotyping of  the Minichromosome
maintenance 6 (MCM®6) rs4988235
polymorphism was performed using Tagman
Genotyping Assays (Applied Biosystems Foster
City, CA, USA) using Real-Time PCR device
(StepOne Plus, USA) from the isolated DNA
material.  Genotyping  procedures  were
completed by real-time PCR with Tag-Man
probe method using 5 pL master mix, 3.75 uL
H20, 0.25 pL assay and 1 pL (10 ng) DNA for a
total of 10 pL.

2.3. Statistical analysis

Statistical analyses of the obtained data were
performed with chi-square analysis using IBM
SPSS 21.0 (IBM Statistical Package for Social
Sciences Corp., Armonk, NY, USA). p < 0.05
was considered statistically significant.

3. Results and Discussion

When the genotypes were analyzed, it was found
that 2 players had CT (10%) and 18 players had
TT (90%) genotypes, and no player had CC
genotype. C allele was found to be 2 (5%) and T
allele was found to be 38 (95%) in football
players. No individual in the control group was
found to have CC genotype, 17 individuals were
found to have CT (26.6%) and 47 individuals
were found to have TT (73.4%) genotypes. In
allelic distribution, C allele was found in 17
(13.28%) and T allele in 111 (86.72%)
individuals. Statistically significant differences
were not found between the two groups in terms
of genotype (p = 0.122) and allelic distribution (p
=0.149) (Table 1).

Table 1. MCM6 rs4988235 genotype and allelic distribution comparison

MCM®6 Genotype Distribution Allelic Distribution
rs4988235 TT CT CcC P C T P
Athlete (n=20) 18 2 - 2 38
% %90 %10 %5 %95
Control (n=64) 47 17 0.122 17 111 0.149
% %73.4 %26.6 %13.28 %86.72

Chi-Square Test; p<0.05

The table shows MCM6 rs4988235 genotype
distribution and allele frequency. This gene is
associated with lactose intolerance. It can be
interpreted that those with TT genotype are
lactose tolerant, those with CT genotype are
partially tolerant and those with CC genotype are
prone to intolerance.

According to the table, 18 of the 20 people in the
football player group had TT genotype and 2 had
CT genotype. In other words, lactose tolerance is
very high in this group. In the control group, 47
of 64 people had TT and 17 had CT genotype. In
other words, lactose tolerance is also high in this
group, but lower than in the football player

group.

The difference between genotype distribution
and allele frequency is not statistically
significant. P values are greater than 0.05. This
means that there is no significant difference in
MCMB6 rs4988235 genotype and allele frequency
between football players and control groups.

Table 2 includes the physical characteristics and
genotypes of football players in different
positions, such as age, height, weight and Body
Mass Index (BMI).

According to these data, it can be said that the
team is generally young and has a physically fit
structure. BMI values are generally in a healthy
range. In terms of genotype, it appears that only
two players have the 'TC' genotype and the others
have the 'TT' genotype.
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In addition to environmental factors such as
nutrition, genetic predispositions play an
important role in the development of athletes
[15]. Since an individual's dietary and
supplementation strategies can significantly
affect their physical performance, personalized
nutrition aims to optimize health, body
composition and exercise performance by
targeting dietary recommendations in sport
populations according to the individual's genetic
profile [16]. In lactose-sensitive individuals,
lactose digestion can cause many abnormal
symptoms. In this case, a hydrogen test or
invasive biopsy sample is taken to make a
diagnosis. Genetic testing can provide highly

sensitive lactose intolerance results
noninvasively [17].

Raz et al. [18] conducted a study in the Israeli
population with 439 participants. The results
showed a significant association between LCT
rs4988235 (-13910C/T) ethnicity and genotype.
The prevalence of the CC (LCT rs4988235)
genotype associated with adult hypolactasia was
97%, 93%, 83% and 82% among Bedouin Arabs
and Iragi, Ashkenazi and Moroccan Jews,
respectively. A significant correlation was found
in determining the genotype prevalence in Jews
and it was recommended to adjust dietary

recommendations accordingly.

Table 2. Position, age, height, weight, body mass index (BMI) and genotype distribution of football players

BMI

Footballers Location Age Length (cm)  Weight (kg) (kg/m)? Genotype
1 Goalkeeper 19 193 81 21,7 TT
2 Right Back 22 178 73 23 TT
3 Right Back 32 164 60 22,3 T
4 Left Back 32 171 73 25 T
5 Left Back 20 174 69 22,8 T
6 Center Back 21 186 79 22,8 TT
7 Center Back 21 186 82 23,7 1T
8 DM 21 182 77 23,2 T
9 DM 21 185 78 22,8 T
10 DM 22 185 73 21,3 TT
11 CM 25 171 70 23,9 TT
12 CM 20 175 72 23,5 T
13 CM 21 176 65 21 TT
14 CM 21 180 74 22,8 1T
15 Right Wing 27 180 73 22,5 TT
16 Right Wing 20 174 72 23,8 TT
17 Left Wing 20 180 73 22,5 CT
18 Left Wing 21 179 74 23,1 CT
19 Center Forward 21 186 82 23,7 TT
20 Center Forward 17 187 80 22,9 TT

Age Length Weight BMI
X+ SD X+ SD X+ SD X+ SD

2220+391 178.65+6.84 73.60+5.48 23.02+0.87

BMI=Body Mass Index; CM=Central Midfielder; DM=Defensive Midfielder

In a study of 151 volunteers, Adler et al. [19]
found genotypes associated with the LP
phenotype in 74 (41.0%) and the frequency of the
T allele of the LCT gene was 24.8%. Tomasz et
al. [20] investigated the frequency of LCT-
13910C>T polymorphism in 223 volunteers
from Poland. The LCT rs4988235 T allele
(lactase persistence) was found to be present in
51% of individuals sampled from the Polish
population. All data from populations show the

relationship between genetic variants of lactose
tolerance and lactose intolerance.

In our study, we aimed to determine the
minichromosome maintenance 6 (MCM®6)
rs4988235 polymorphism in football players.
None of the football players had the CC allele. It
was found that 2 were in CT (10%) and 18 were
in TT (90%) genotypes. C allele was found to be
2 (5%) and T allele was found to be 38 (95%) in
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football players. No individual in the control
group was found to have CC allele. 17
individuals had CT (26.6%) and 47 individuals
had TT (73.4%) genotypes. In allelic distribution,
C allele was found to be 17 (13.28%) and T allele
was found to be 111 (86.72%). There was not a
statistically significant difference between the
two groups in terms of genotype (p=0.122) and
allelic distribution (p=0.149).

In conclusion, this study addressed the
combination of genetic predispositions and
nutritional factors in athletes, specifically
focusing on the minichromosome maintenance 6
(MCM®6) rs4988235 polymorphism. When the
genotype and allele distributions in football
players were compared with the control group,
no statistically significant differences were
found. However, this study emphasizes that there
are insufficient and diversified studies of this
polymorphism in athletes in the literature and
may contribute to increasing the sample size by
providing a reference for future studies.

4. Conclusion

These findings highlight the importance of
personalized nutrition strategies based on
athletes' genetic profiles. Creating appropriate
nutrition programs for athletes can help them
optimize their performance. Furthermore, the
increased use of genetic analyses in the sports
community may contribute to the athletic
performance of teams and individual athletes.
Researchers may conduct additional studies,
such as larger sample sizes, more comprehensive
analysis of genetic and environmental factors, to
better understand the results and more accurately
assess the impact of genetic factors on athletic
performance. This study can be considered as a
fundamental step to understand the effects of
genetic factors on traits such as lactose tolerance
in athletes and to develop sport-specific
nutritional strategies.
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