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ABSTRACT

AN INVESTIGATION OF GENETIC FACTORS IN SOFT TISSUE
INJURIES AND MUSCLE TYPES WITHIN FOOTBALL PLAYERS

When it comes to athletic performance, genes that affect many factors such as
increased aerobic capacity, gene regions associated with strength and athletic ability, oxygen
capacity, muscle structure, energy metabolism, and gene variants that cause these genes to
be affected at different levels in each individual have been the subject of research for a long
time. is addressed.

Amateur and professional athletes train according to their injury history after the
problems they encounter. However, such measures are insufficient to prevent new injuries in
the long run and ensure that the athlete has a healthy season. Similarly, anthropometric tests
used in athlete selection and systems that are insufficient to process the data are insufficient
to predict the physiological characteristics of this individual in the future and the
development of the athlete.

In this research, it is aimed to associate detailed genetic parameters by including the
genetic marker of the athlete that affects a successful and healthy sports life, and to inform
the trainers by reporting the genes that are statistically meaningful with physical data; In this
direction, it is aimed to develop and widely provide new test technologies. The aim is to test
the hypothesis that athletes who have been genetically scored and matched with the right
training accordingly show more improvement. With this setup, the project will be one of the
comprehensive studies in sports genetics studies conducted in Turkey, which includes
scoring, enables quantitative measurements, and combines genetic factors with physical tests

in the international literature.
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OZET

FUTBOL OYUNCULARINDAKI YUMUSAK DOKU
YARALANMALARINDA VE KAS TIiPLERINDE GENETIK
FAKTORLERIN INCELENMESI

Atletik performans s6z konusu edildiginde, arttirilmis aerobik kapasite, gii¢ ve atletik
kabiliyetle iliskilendirilen gen bolgeleri, oksijen kapasitesi, kas yapisi, enerji metabolizmasi
gibi pek cok faktorii etkileyen genler ve bu genlerin her bireyde farkli diizeyde etkilenmesine
neden olan gen varyantlar1, uzun zamandir arastirma konusu olarak ele alinmaktadir. Amator
ve profesyonel sporcular, karsilastiklari sorunlarin ardindan sakatlik geg¢mislerine gore
antrenman yapmaktadir. Ancak, bu tiir 5nlemler uzun vadede yeni sakatliklar1 dnlemekte ve
sporcunun saglikli olarak bir sezon gecirmesini saglamakta yetersiz kalmaktadir. Benzer
sekilde, sporcu secimlerinde kullanilan antropometrik testler, verileri islemekte yetersiz
kalan sistemler, ileride bu bireyin nasil fizyolojik Ozellikleri olacagmi ve sporcunun
gelisimini Ongdrmekte yetersiz kalmaktadir.

Bu arastirmada, sporcunun basarili ve saglikli bir spor yasantisina etki eden genetik
markir1 dahil edilerek detayli genetik parametrelerin iligkilendirilmesi ve fiziksel veriler ile
istatistiksel olarak anlamlandirilan genlerin raporlanarak antrenérlerin bilgilendirilmesi; bu
dogrultuda yeni test teknolojilerinin gelistirilmesi ve yaygin olarak saglanmasi
amaclanmaktadir. Genetik olarak skorlamasi yapilmis ve bu dogrultuda dogru antrenman ile
eslestirilmis sporcularin daha fazla gelisme gosterdigi hipotezini test etmektir. Bu kurgusuyla
proje, Tiirkiye’de yapilan spor genetigi calismalarinda, skorlamalar1 dahil eden, kantitatif
Ol¢timlere olanak taniyan ve uluslararasi literatiirde de genetik faktorleri fiziksel testler ile

birlestiren kapsamli ¢alismalardan bir tanesi olacaktir.

Anahtar Kelimeler: Spor Genetigi, Yumusak Doku Yaralanmalari, Atletik Performans
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CHAPTER 1

INTRODUCTION

1.1 Genetics

1.1.1 Sports genetics

Genetics is a science that continues to develop rapidly within the fields of health and
has been affecting our world with its wide spectrum since its foundation. A gene is a unit of
heredity, defined as the nucleotide sequence that makes up a particular part of a chromosome.
In other words, gene is also used in the sense of 'the biological unit that carries a certain
characteristic passed from a parent to its children' (Pearson 2006). A wide variety of factors
determine athletes’ success, including genetics, epigenetics, training, nutrition, motivation,
and environmental conditions. Since physical performance is a complex that includes the
effects of environmental factors (nutrition, lifestyle, climate etc.) and genetics, every aspect
should be evaluated for the best performance (Ahmetov et al. 2015).

To date, the effect of genetics on sports performance has been recorded to be between
30% and 80%, out of 120 variants affecting sports performance, 77 were found to be
associated with susceptibility to endurance sports, while studies conducted with elite athletes
of different populations revealed that 43 markers were associated with power sports
(Ahmetov et al. 2016). These variants were revealed by examining the variants in gene
regions that affect many features such as muscle type, muscle strength and mass, ion balance
in the body, lipid and energy metabolism, vascular formation, and blood circulation,
VO2max, collagen production, and muscle inflammation (Pickering et al. 2019). Knowing

the genetic information can contribute to safe and effective sports training (such as preventing



sudden death, injury prevention, increasing the effectiveness of training programs), as well
as better athletic recovery, medical care, and many other areas (Brazier et al. 2019). On the

other hand, it should be noted that it must be supervised and not misused for unethical issues.

1.1.2 Single Nucleotide Polymorphisms

In addition to environmental factors in sports performance, especially after 1990, with
the initiation of the Human Genome Project and revealing the importance of genetic
information, the effect of genetic factors on sports success has gained great importance in
recent years and various results have been revealed by researches (Ahmetov et al. 2009). The
Human Genome Project is an international scientific research project for gene mapping, and
it is known that there are approximately 88 million Single Nucleotide Polymorphisms (SNP)
at the end of this project (Frazer et al. 2009).

While our genes show about 99.9% similarity among humans, 0.01% difference is
differentiated by various variations. These variations consist of changes in SNPs that can be
found inside or outside the protein-coding regions (Frazer et al. 2009). The frequency of
presence of SNPs may vary within the population and between different geographic regions.
SNPs are investigated with different study methods and tools such as case-control studies,
genome-wide association studies and via generating knock-out model organisms. Not only
in the genetic investigation of diseases, but also in some of our cognitive, physical, and
behavioral characteristics can be explained by the presence of these variants.

When it comes to athletic performance, genes that affect many factors such as increased
aerobic capacity, gene regions associated with strength and athletic ability, oxygen capacity,
muscle structure, energy metabolism, and gene variants that cause these genes to be affected
at different levels in each individual have been the subject of research for a long time.
Increasingly, studies in the field of sports genetics show that genetic factors, as well as
environmental factors, have important effects on sports performance. Many studies have
revealed that genetic factors affect athletic performance depending on the type of sport

(whether it’s a team sport or individual sport). Although sports performance is also affected



by various factors, some single nucleotide polymorphisms have been associated with sports

performance more than other tested genes (Ahmetov et al. 2015).

1.1.3 Methods in Genetic Testing

Especially associated with sports success; variations in single nucleotides in genes
known to encode features such as muscle type and structure, muscle contraction rate, muscle
elasticity, soft tissue resistance, healing and injury resistance, oxygen capacity, heart rate and
blood pressure, lipid metabolism, glucose metabolism, exercise adaptation (SNP) detection
and that it affects many parameters such as speed, strength and endurance in athletic
performance, has been revealed by the researchers through genetic and physical tests on elite
and non-elite athletes (Ehlert et al. 2013).

Two different DNA sources are used in companies that are sold commercially: saliva
and blood (Goode et al. 2014). With these DNA sources, SNP research are analyzed
differently; Chip array genotyping, Next generation sequencing (NGS) are most commonly
used methods for comprehensive studies including sports genetics, nutrigenomics, risk of
illnesses and general wellness insights (Goode et al. 2014).

Genome wide association studies (GWAS) are used for different sample types (I.
Ahmetov et al. 2015). SNP genotyping methods with GWAS are used in oligonucleotide
array, bead array, and micro arrays; However, these methods are expensive, not easily
accessible and do not give results in a short time (Lambert et al. 2013; Patil et al. 2001).
Another method, Chip array genotyping, is mostly used to understand complex organisms,
to understand unstable population genetics, and to investigate evolutionary mechanisms
(Lambert et al. 2013). Next Generation Sequencing (NGS), on the other hand, is quite
expensive, although it creates a wider read on the genome in a short time. In SNP genotyping,
Polymerase Chain Reaction (PCR) genotyping can be considered the best method in terms

of the cheapest, easy access and speed (Collins 2010).



1.1.4 Investigation Methods Used to Find Associated Genetic Regions

Rapid sequencing of DNA has enabled the recognition of individual genetic variations
that contribute to athletic performance with the development of technology (Gibson 2009).
When all these types of genetic markers come together, there is a large genetic background
link that influences these performance parameters. For this reason, researchers try to
understand the genetic factors that affect injuries with these 4 study types; candidate gene
studies, genome-wide association studies, case-control studies, and meta-analysis studies

(Ryan-Moore et al. 2020).

1.1.5 Candidate Gene Studies

Scientists first examine the physical parameters of muscles, tendons, connective
tissues, regulatory systems, or other related parameters to determine the factors they will
examine, then investigate genetic factors that can affect these regions. For example, there are
muscles, bone, connective tissues, and collagen; these phenotypes have been previously
associated with more than 20 genotypes, including the COL family, which is responsible for
collagen production. After obtaining these genes, studies look for Single Nucleotide
Polymorphisms, which are the most common type of genetic variation among humans (Pruna
etal. 2013 ; Gabbett et al. 2012). Even though most of the studies mention that there are more
than 150 genes associated with athletic ability, replicated studies are not sufficient to make
enough association studies among different populations (Larruskain et al. 2018; Gibson
2009).

In that case, single loci are not adequate to make precise assumptions in various sports
branches and with different ethnical background of the athletes. For instance, at University
of Sao Paulo, researchers have conducted a study with Brazilians to analyze the effects of
sports relevant polymorphisms in a cohort of top-level athletes (Guilherme et al. 2018). Since
the ethnical background of the Brazilian cohort was heterogeneous when compared to

populations like Asians and Europeans, 23 different polymorphisms in 20 genes were



analyzed for association studies. Even some of the genotype distribution results were similar
in Spanish endurance and power athletes’ frequencies such as M268T polymorphism in the
AGT gene, R577X polymorphism in ACTN3 gene and C/T polymorphism in NOS3 gene was
similar to Spanish cohort. Conversely, G482S polymorphism in the PPARGCIA gene
differed from endurance athletes from Spain, Russia and Poland (Guilherme et al. 2018).
To sum up, with the increase in such studies, it is necessary to search for new candidate
genes, to test existing candidate genes in different populations, and to work with different
types of athletes in order to understand the importance of the effectiveness of genes and the

distribution of different alleles in the same gene (Guilherme et al. 2018).

1.1.6 Genome Wide Association Studies

Since the importance of testing various genes and alleles have been mentioned above,
another crucial method to analyze and compare within the entire genome is Genome-Wide
Association Studies, in which hundreds of thousands to millions of genetic variants are tested
across the genomes of many individuals to identify genotype-phenotype relationships (Al-
Khelaifi et al. 2019). Even if these methods are used for complex features such as diseases,
they can also be determined in studies such as tendon injuries (Kim et al. 2017).

Genome-wide association studies (GWAS), in which hundreds of thousands to millions
of genetic variants across the genomes of many individuals are tested to identify genotype-
phenotype associations, have revolutionized the field of complex disease genetics over the
past decade.

The fact that not every gene region has been studied in Turkish athlete cohorts is
important in terms of finding new population and sport-specific variations by sequencing
candidate genes that affect athletic performance. The study of genetic factors and new
variations not found in different populations with similar approaches can provide de novo
variants in similar genes that affect performance by comparing them with over 200 markers

mentioned in the literature (Collins et al 2015; Gibson 2009). Although -certain



polymorphisms have been studied in the Turkish population, there are no further studies on

the discovery of new sport-specific gene variants yet (Eroglu et al. 2018; Ulucan et al.2015).
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Figure 1.1: The structure of Genome-wide association studies (GWAS)

1.1.7 Case - Control Studies

To obtain which genes are associated with the phenotype, case-control studies are
performed between athlete cohorts and controls; where genetic variants associated with
athletic performance in the genomes of many individuals are tested to identify genotype-

phenotype relationships (Ahmetov et al. 2015). Candidate genes were discovered after these



genes were studied in populations with specific athletes with muscle types, injury types or
other specific physical parameters linked to athletic performance. For example, there are
different SNPs associated for different subtypes of Hamstring injury: acute, overuse, severe,
and repetitive (Larruskain et al. 2018).

Each injury subtype has a different associated SNP, so these studies are crucial to get
the effect of which alleles show higher risk, statistically significant, and genetic as a risk
factor. Even candidate genes are highly useful for studying known variants, but there may
still be unidentified genes that may adversely affect soft tissue injuries in different
populations. For instance, there are more than 30 genes associated with injury types among
athletes (Larruskain et al. 2018; Baltazar-Martins et al. 2020; Collins et al. 2015). To obtain
which genes are associated with the phenotype, case-control studies are performed between
athlete cohorts and controls; where genetic variants associated with athletic performance in
the genomes of many individuals are tested to identify genotype-phenotype relationships

(Collins et al. 2015).
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athletes athletes athlete
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Figure 1.2: The working scheme used to explain the relationship between injured athletes

and genes (Collins 2010)



Previously associated genes with injuries and muscle types are generally included in
the studies. After examination of these genes with certain athletes with STI injury within

populations, candidate genes are discovered.

1.1.8 Meta-analysis Studies

It is important to investigate the effect of gene regions in different populations on the
phenotype and to find new interactions between genes according to injury types, with the
increase of meta-analysis studies and case-control studies among these studies (Gabbett,

Ullah, and Finch 2012).

Case Control Odds Ratio Odds Ratio
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Figure 1.3: In meta-analysis, gene variants are determined regarding the alleles selected to
investigate if there are any correlation within the studies to determine effects of
the selected variants. After the papers are selected for the study, different models

are tested to determine the overall effect (Tharabenjasin et al. 2019).

1.2 Previously Tested Genes

It is known to encode features such as muscle type and structure, muscle contraction
rate, muscle elasticity, soft tissue resistance, recovery and injury resistance, oxygen capacity,
heart rate and blood pressure, lipid metabolism, glucose metabolism, exercise adaptation,

which are the main physical factors affecting performance in sports. Detection of variations



in single nucleotides (SNPs) in genes has helped to improve and investigate these physical
effects of the performance parameters. It has been revealed by researchers through tests
conducted on elite and non-elite athletes that these genes affect many parameters such as
speed, strength and endurance in athletic performance (Ahmeto et al. 2009; Guth and Roth
2013). Although studies have been widely conducted on the detection of variations in gene
regions such as ACTN3 (alpha-Actinin-3), ACE (Angiotensin I Converting Enzyme), PPARA
(Peroxisome Proliferator-Activated Receptor-alpha), it is thought that over 200 markers
affect sports genetics (Eynon et al. 2013; Ahmetov et al. 2015). Understanding genetic
determinants can clarify the criteria for physical activity, especially for athletes and

individuals.

1.2.1 Sports Injuries

Long-term intense exercises, hours spent positively, and the appropriate genotype are
sometimes not enough to raise a champion. Therefore, factors such as human biology,
physiology, genetic research, and most importantly, environmental factors, rest, and
loading should be carried out together. Sports clubs and federations lose more than $4
Billion a season to heal injuries that are ineffective and do not offer pretreatment (Opar et
al. 2012).Team trainers and doctors are researching new exercise methods (such as Nordic
hamstring exercise, isokinetic exercises) to overcome these problems (Engebretsen et al.
2008). Some gene variations have been determined to play a larger role in non-impact
Hamstring injuries, and the expression analyzes of these genes have been performed and

the protein levels after injury have been investigated in some articles (Collins 2010).



1.2.2 Soft Tissue Injury

Basically, soft tissue injury occurs with the damage in the muscles, ligaments, and
tendons throughout the body. Different types of disability are also examined under the sub-
title of soft tissue injuries (Collins et al. 2015). Injuries such as Achilles tendinopathy, tennis
elbow, and tendon ruptures can be listed as the types of injuries most commonly encountered
by athletes (Collins et al. 2015; Collins 2010). Soft tissue damage to muscles, ligaments and
tendons are common in many sports activities like football, tennis, running, rugby etc. Most
common symptoms that athletes encounter are the pain, swelling and bruising in the muscle
(Hendersonn et al. 2010; Opar, et al. 2012). While these injuries are very important to health,
when we think of the sports industry, injuries have a huge impact on the sports success and
fitness of professional athletes.

Different types of disability are also examined under the subtitle of soft tissue injuries
(Collins et al. 2015). Injuries such as Achilles tendinopathy, tennis elbow, and tendon
ruptures can be listed as the types of injuries that occur under the sub-title of soft tissue
injuries and which athletes encounter most (Feeley et al. 2008). When all these types of

injuries come together, there is a large genetic background link that influences these injuries.

1.2.3 Common Soft Tissue Injuries

Amateur and professional athletes train according to their injury history after the
problems they encounter or continue their training according to the physical/health tests
carried out at regular intervals in the sports clubs they are affiliated with. However, such
measures are insufficient to prevent new injuries in the long run and ensure that the athlete
has a healthy season. Similarly, anthropometric tests used in athlete selection and systems
that are insufficient to process the data are insufficient to predict the physiological
characteristics of this individual in the future and the development of the athlete. Although
injuries play an important role in sports performance, approximately two million people are

treated each year for sports-related injuries (KOKU 2015) . Most injuries occur between the
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ages of 13 and 18, resulting in failures among young athletes (Guth and Roth 2013).When
the most common injuries among athletes were investigated, it was found that soft tissue
injuries are frequently encountered in different fields in sports (Engebretsen et al. 2008). The
most common soft tissue injuries can be listed as follow;

» Tendon Ruptures, partial or complete.

* Anterior Cruciate, medial or lateral collateral ligaments of the knee

* Rotator cuff tears of the shoulder

* Tennis Elbow

» Calf Strains

* Hamstring strains

* Quadriceps strains

1.2.4 Soft Tissue Injuries and Genetic Factors

Soft tissue injuries are very important for athletes; because, no matter what branch they
are professional in, the most common cause of athletes quitting sports at an early age are
recurring soft tissue injuries and subsequent losses (Pehlivan 2013). The main cause of these
injuries are movements that do not require direct contact, such as sprains, excessive
stretching/strain, tissue traumas that occur after injury, and sudden rotational movements.
(Griffin et al. 20006)

From the previous studies, it was examined that there is strong evidence that some
sports require different genetic backgrounds and so different physical requirements to be
successful in different fields. Each injury subtype has a different associated SNP, so these
studies are crucial to get the effect of which alleles show higher risk, statistically significant,
and genetic as a risk factor (Eynon et al. 2013). Even candidate genes are highly useful for
studying known variants, but there may still be unidentified genes that may adversely affect
soft tissue injuries in different populations. Studies with cohorts of athletes from Europe have
shown that COLIA1 gene variants may affect the risk of injury (Eken 2018; C. Wang et al.
2017).
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For candidate gene studies, genes and muscle types previously associated with injuries
are often included in studies. Candidate genes were discovered after these genes were studied
in populations with specific athletes with soft tissue injuries. For example, there are different
SNPs associated for different subtypes of Hamstring injury: acute, overuse, severe, and
repetitive (Larruskain et al. 2018). Each injury subtype has a different associated SNP, so
these studies are crucial to getting which alleles show higher risk, statistically significant,
and effect as a genetic risk factor. Even candidate genes are highly useful for studying known
variants, but there may still be unidentified genes that may adversely affect soft tissue injuries
in different populations (G. Wang et al. 2013). Since genetic frequencies in each population
may be different, it is important to determine the frequency of gene regions and to investigate
the effect of these variants on the phenotype and to find new interactions between genes
according to injury types, with the increase of meta-analysis studies and case-control studies
among these studies (Jones et al. 2017).

Although a genetic variation study has not yet been conducted in Turkey for specific
soft tissue injuries such as Achilles tendinopathy or Hamstring injury, genes that cause soft
tissue injuries abroad have also been examined in terms of Hamstring injuries, and it has been
stated that some genes may have a positive effect on injuries (Eken 2018). Different types of
disability are also examined under the sub-title of soft tissue injuries (Eroglu 2015). Injuries
such as Achilles tendinopathy, tennis elbow, and tendon ruptures can be listed as the types
of injuries most commonly encountered by athletes (Collin et al. 2015).When all these types
of injuries come together, there is a large genetic background link that influences these

injuries.

1.2.5 Genes Associated with Soft Tissue Injuries

Inflammation after heavy training is a defense method used by the body to improve the
immune system depending on genetic factors, to protect the body against environmental
factors and to repair damaged tissue that may occur in the body after training. COL5A1 is the

gene involved in the production of collagen and is effective in determining the mobility of
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muscles and tendons (Guo et al. 2022). COLIAI, involved in type-1 collagen synthesis, is
found in tendons and muscle ligaments, so the function of this gene may determine injury
rates (Pruna et al. 2013). MCTI and IL-6 gene variants are involved in controlling
inflammation after training (Opitz et al. 2015; Guilherme et al. 2018; Ben-Zaken et al. 2021).
GDF’5 is an important growth factor involved in muscle recovery after sports. These gene
variants constitute important factors that determine the speed of recovery of the athlete both

after injury and possible injuries.

1.2.6 Soft tissue injury associated genes, variants, and their effect on the
phenotype

The list of associated genes and alleles in different papers have shown that there are
more than 50 gene regions specified in diverse sub-types of injuries. Table 1.1 summarizes

associated gene regions previously related with soft tissue injuries.

Table 1.1: Gene names, SNP ID’s (rs numbers) and phenotypic effect of the genes are

described from the previously studied soft tissue injury variants.

Genes SNP Effect On Phenotype
CRP rs1205 It is involved in various functions related to host defense due to
(C/T) its ability to recognize damaged cells and initiate their

elimination in the blood (Kasapis and Thompson 2005).
IL-6 rs1800795  IL-6 is a pleiotropic cytokine expressed in immune and muscle
(G/C) cells. It is involved in a wide variety of biological functions,
including regulation of differentiation, proliferation and survival
of target cells (Reihmane and Dela 2014).
GDF5 rs143383  Growth Differentiation Factor 5 regulates the development of
(G/A) cell types involved in numerous connective and bone tissues,

including cartilage, joints, teeth (Stastny et al. 2019).
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COLI1AI 1s1800012 It encodes the pro-al chain in the structure of type I collagen.
(C/A) Type 1 is a fibril-forming collagen found in most connective
tissues and abundant in bone and tendon (C. Wang et al. 2017).
COL3A41 151800255 Type III encodes the pro-al chain. It is generally found in
(G/A) flexible/extendable connective tissues (O'Connell et al. 2015).
COL5AI  1s12722 It encodes the pro-al chain found in the structure of type V
collagen (Stastny et al. 2019).
MCTI rs1049434  The transport protein catalyzes the rapid transport of many mono
(T/A) carboxylates such as lactate and pyruvate across the plasma
membrane (Fedotovskaya et al. 2014).
MMP3 1s679620  Matrix Metalloproteinase 3 is the enzyme involved in the

(C/T) degradation of fibronectin, laminin, collagen III, IV, X and IX
and cartilage proteoglycans (Gibbon et al. 2017).
TNC 152104772  TNC is the intercellular matrix protein, responsible for neural
(T/A) regeneration and synaptic plasticity (Lulinska-Kuklik et al.
2019).

TIMP2 154789932  TIMP2 metalloproteinase inhibitors are natural inhibitors of
(A/G) matrix metalloproteinases, a group of peptidases involved in the

degradation of the extracellular matrix (Lulinska-Kuklik et al.

2019).

1.2.7 The Collagen Type-1 Alpha Gene (COL1A1)

COLI1A1 is one of the genes that can determine injury risk rates because it helps to
synthesize collagen (Type-1). Type-1 collagen is found in the tendons and ligaments of the
muscle, so its functions can determine injury rates (Eken 2018). COLIAI is located on
chromosome 17 with its 17q21.33 location, and mutations in this gene cause various
congenital (Mendelian origin) diseases such as Caffey's Disease, osteogenesis imperfecta
type I-IV and acute soft tissue ruptures (Eroglu 2015). Interestingly, however, other

variations in this gene that do not have a major effect have been suggested to have effects on
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soft tissue injuries in athletes. For example, those with the AA genotype in the rs1800012
SNP have a lower risk of soft tissue injury and are more protective against soft tissue injuries
than the CC phenotype. The rs1800012 SNP is a functional SNP, and the AA allele in this
SNP may cause an increase in COL1A41 expression, which has been suggested to result in the
formation of stronger tendons and ligaments (C. Wang et al. 2017).

Among soft tissue injuries involving different sports branches such as tennis, football,
skiing, long and short distance runners ; Although there are more than 50 studies on the
rs1800012 variant, which has also been examined with subheadings such as Achilles
tendinopathy, anterior cruciate ligaments, tennis elbow and Hamstring injuries, the
rs1800012 variant is not the only variant in the COL1A1 gene (Pruna et al. 2013; Zhong et
al. 2017). Studies that focus on only one or a few candidate SNPs lead to ignoring the SNPs
that are around the candidate SNP and have the main impact. Our bioinformatic analysis with
genome data obtained from world populations indicate that 22 different variants located near
the rs1800012 variant may also be important in soft tissue injury Table 2. To reveal these
variants, Sanger sequencing can be performed to investigate whether novel variants are
associated with the selected football cohort in this thesis. Thus, the effects of the variants to
be found on soft tissue injury will be examined and variants specific to the Turkish population
will be revealed. In addition, it is important in terms of finding new interactions between

genes according to injury types (Gabbett et al. 2012).
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Table 1.2: A list of other variants found in the vicinity of the rs1800012 variant for the

COLIAI gene, with the variant type and locations listed

Variant ID
rs1268471442
rs1907979004
rs1470437670
1s2696252
rs1907979694
rs1038490257
rs1907980051
rs376722154
rs1907980465
rs1179960317
rs1800012
rs1193822382
1$959444558
rs540903804
rs1907981785
rs1907981975
152696253
rs1025256775
rs1598302682
rs1323782357
rs1282739467
1s966614411

Location

50,200,365
50,200,366
50,200,367
50,200,373
50,200,376
50,200,380
50,200,384
50,200,385
50,200,386
50,200,387
50,200,388
50,200,389
50,200,393
50,200,395
50,200,396
50,200,398
50,200,402
50,200,403
50,200,404
50,200,405
50,200,408
50,200,409

Molecular consequences

intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant
intron variant

intron variant
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1.2.8 The alpha Actinin 3 (ACTN3)

ACTN3 is the gene region that encodes the alpha-actinin-3 protein in humans. It is
mostly produced in type II fast-twitch muscle fibers. Type II muscle fibers are responsible
for rapid and forceful muscle contraction, but they are less resistant to faster muscle fatigue
and unusual muscle injuries. This parameter plays an important role in choosing the type of
training in terms of maintaining the muscle structure and energy of the individual (Baltazar-
Martins et al. 2020).

It is known that the change in the ACTN3 gene affects athletic status, adaptation to
training, risk of injury, and the way muscle fatigue is seen. Many studies with elite athletes
have revealed that the ACTN3 R577X variant is effective in injuries and training adaptation
(Clos et al. 2019). It has been stated that the easily injured structure of muscle fibers may be
more vulnerable to injury with the higher rate of alpha-actinin-2 protein produced in the
absence of alpha-actinin-3 protein. An increase in ankle injuries is also observed in
individuals with the X allele (Appel et al. 2021). It has also been revealed that individuals
with the R allele have higher adaptation to eccentric exercises. Also in another study,
individuals with the XX genotype presented with higher serum creatin kinase levels and
muscle pain values than RR individuals after a protocol of eccentric knee extensions (Vincent
et al. 2007). Similarly, XX soccer players showed higher serum creatine kinase
concentrations than their R allele counterparts after a session of plyometric exercise (Pimenta
et al. 2021). The athletes carrying the X allele presented higher reductions in jump height,
and higher values of serum creatine kinase and self-reported muscle pain than RR athletes
after a marathon or a half-ironman triathlon (Del Coso et al. 2017).

Perhaps, a-actinin-3 plays a role during the eccentric phase of endurance exercise
activities that confers a higher capacity to the muscle, to resist muscle damage despite the
restricted expression of this protein to fast-twitch fibers. It has been reported that the variants
of XX within soccer players (first league division, Italy) had almost a three and twofold
higher probability of suffering muscle injuries in general and severe muscle injuries,

respectively, than their RR counterparts (Del Coso et al. 2019).
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1.3 Muscle Types

The training type is important in determining whether the athlete's muscle type has

explosive power or the endurance characteristic that responds better to prolonged intense

training. There are two muscle types in our body, Type 1 and Type 2; Type 1 muscle fibers

make up slow-twitch muscles, while type 2 muscle fibers make up fast-twitch muscles

(Pickering and Kiely 2017).

Table 1.3: Associated genes for muscle types and their effects on phenotype from previous

case-control studies (cont. on next page)

Genes

ACTN3

PPARa

PPARGCI1

a

AGT

ACE

SNP
rs1815739
(C/T)

rs4253778

(G/C)

rs8192678
(C/T)

rs699 (G/A)

rs4646994
(I/D(490/190

bp))

EFFECT ON PHENOTYPE

Stabilizes muscle contraction in fast-twitch muscle
fibers (type II) in the presence of alpha-actinin-3
(Baltazar-Martins et al. 2020).

It regulates liver, heart and skeletal muscle lipid
metabolism, glucose homeostasis, mitochondrial
biogenesis, cardiac hypertrophy (Lopez-Leon et al.
2016).

It regulates fatty acid oxidation, glucose utilization,
mitochondrial biogenesis, thermogenesis,
angiogenesis, formation of muscle fibers (Gineviciene
et al. 2016).

Angiotensinogen is an essential component of the
renin-angiotensin system, which regulates vascular
resistance and sodium homeostasis, thereby
determining blood pressure (Guilherme et al. 2018).
It regulates circulatory homeostasis by synthesis of
vasoconstrictor angiotensin II and degradation of

vasodilator kinins (Cieszczyk et al. 2009).
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BDKRB2  1/D(-9/+9) The bradykinin receptor is responsible for modulation
of vascularization, inflammation, edema, pain, cell
proliferation, muscle contraction, and glucose

metabolism (Neto et al. 2020).

While the maximum size that Type-1 muscle fibers can reach is limited, Type 2 muscle
fibers are the type of muscle that reaches the highest speed and strength among all muscle
groups. Type 2 muscle fibers respond well to strength and strength training and tend to grow
more than other types of muscle. For example, in the studies performed with weightlifting
athletes, because they have fast-twitch muscle fibers, they gain a larger appearance at the end
of their training, while marathon runners develop their thinner and longer muscles because

they train slow-twitch muscle fibers (Del Coso et al. 2019).

1.3.1 Tested Genes for Muscle Types

1.3.1.1 The a-actinin-3 gene (ACTN3)

ACTN-3, which is considered the most important gene of sports performance, is
involved in the formation of actin fibers, which play an important role in the functioning of
our muscles. Thanks to the differences in the proteins encoding this gene, some changes may
occur in the structure of our muscles. This gene provides athletic performance, adaptation to
exercise type, and recovery from injuries. ACTN3 genotype can be used to indicate whether
you will be an endurance or strength athlete, as well as how you will respond to different
types of training (Eynon et al. 2013; Ahmetov et al. 2015).

Although there are 3 different genotypes for ACTN-3, people with the RR and RX
alleles do not have any problems in the production of actin. Individuals with the XX allele
are not affected by a-actinin-3 deficiency; because the ACTN-2 gene is activated and they
compensate for the ACTN-3 deficiency (Ben-Zaken et al. 2015; Gineviciene et al. 2011).
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However, as muscle fiber composition will change, their responses to different sports and
training programs may also change. ACTN3 XX genotype averages were expressed at 25%
in Asians, 18% in Caucasians, 11% in Ethiopians, and 3% in US African Americans and only
1% in Kenyans (Pickering and Kiely 2017). Some studies have stated that the XX genotype
is observed more frequently in countries with low temperatures and that the X genotype may
play a role in the evolutionary process (Houweling et al. 2017).

If the player's result is RR, the rate of producing type II muscle fibers, which is a fast
twitch muscle group, is high because it has the R allele. It is more adaptable to the type of
training based on explosive power. Muscle fatigue can be seen more. May be more resistant
to training-induced injuries than Type I muscle types. The flexibility of the muscles may be
lower (Broos et al. 2016; Baltazar-Martins et al. 2020).

If the player's result is RX, there is a high chance of adapting to a certain amount of
explosive power training and endurance training. Because they carry the X allele, they are
more likely to experience muscle injuries and ankle injuries. Rapid muscle fatigue may occur
due to carrying the R allele (Broos et al. 2016; Baltazar-Martins et al. 2020).

If the player’s result is XX, which is a carrier of only the X allele, it is highly adaptable
to endurance training. Because they have a higher percentage of type I muscle fibers, the
flexibility of the muscles and their resistance to fatigue are higher than the carriers of the R
allele. There is a possibility of injury in muscle injuries and exocentric exercises (Broos et

al. 2016; Baltazar-Martins et al. 2020).

1.3.1.2 The Angiotensinogen Converting Enzyme Gene (4ACE)

Angiotensin converting enzyme (angiotensin converting enzyme), produced by the
ACE gene, acts as a transforming protein in the RAS system, which has an important effect
in regulating blood pressure. While inhibiting growth hormone causes the protein to work
less actively, it provides reabsorption of salts and fluids, which play an important role in
regulating blood pressure, in the kidneys (Fleming 2006).

A variation in the ACE gene affects the amount of production of the ACE protein. ACE

gene may also have a polymorphism or genetic expression change that has been shown to
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express itself in exercise performance. ACE gene expression can have two changes: insertion
(insertion) or deletion (deletion). Studies have revealed the effects that individuals with the
insertion (I) allele have a lower amount of ACE expression, and that type I muscle type is
produced at a higher rate. It is stated that individuals with the deletion (D) allele respond
better to strength-based training, and the type 1Ix muscle type has higher mass (Kang et al.
2012).

In individuals with II genotype, it causes a decrease in ACE activity, allowing players
to improve their performance in endurance-like modalities. It has been stated that individuals
with the I allele may be associated with an increase in type I muscle fiber size (slow twitch
muscle fiber); that is, the presence of the I allele increases the mechanical efficiency of the
skeletal muscle. Accordingly, your athletes with this allele can increase their adaptation to
endurance sports at a higher rate by increasing endurance exercises in training. The insertion
genotype (II) maintains energy balance during intense and prolonged physical exercise
(Williams et al. 2000; Puthucheary et al. 2011; Ahmetov et al. 2015).

If the player is ID, due to the fact that he carries both alleles, the intensity that the player
will give to strength or endurance training in the type of training he will choose may increase
his adaptation to this training type. Individuals with the ID allele can have both types of
muscle; therefore, you can choose training types for your player that require both explosive
power and endurance (Williams et al. 2000; Puthucheary et al. 2011; Ahmetov et al. 2015).

Individuals with the D allele (D) have higher circulating ACE activity at higher levels
in serum and tissue. It has been revealed that individuals with the D allele may have a high
proportion of type-II (fast-twitch) muscle fibers. Accordingly, the training program based on
explosive power increases the adaptation of the player to such exercises at a higher rate

(Valdivieso et al. 2017).
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1.4 How Multiple Genes Affect Each Other?

Sports genetics is associated with a multivariate heredity and examining more than one
parameter related to sports performance in studies is important in terms of associating the
results with each other. With the introduction of personalized medicine into our lives, genetic
tests have become widespread, and we have more information about the genome. With the
investments made in genetic tests, the quality of human health is improving day by day
(Gibson 2009; Jones et al. 2016).

Examination of different variations on the same gene plays an important role in
generating linkage maps of different loci on the same gene in genetic linkage studies to be
performed in bioinformatic analysis. Methods and study cohorts have not been studied in the
Turkish population before; so it is a pioneering study in the interpretation of the outputs and
the database to be created in large-scale studies. These outputs can be further investigated for

different sport branches in the Turkish cohorts.

1.5 Total Genetics Score and Sports Genetics

The complex structure of the genome has been provided with more comprehensive
explanations thanks to analyses with bioinformatics tools. Genetic score calculations, which
are used in bioinformatics and biostatistics, are used as a part of personalized medicine in
clinical studies today and it has been stated that they can be an important tool in revealing
important metabolic diseases such as obesity risk, Type-2 diabetes, cardiovascular diseases,
heart attack by scoring on an individual basis (Leonska-Duniec et al. 2018; Collins 2010;
Fawcett and Barroso 2010). These results, revealed by different tools and statistical
approaches, reveal the importance of genetic risk score (Szulkin et al. 2015).

Elite athlete status is expressed in studies in which more than one gene has complex
characteristics with gene-gene and gene-environment interactions. In the literature, although
meta-analyses express the effect of each gene on endurance or strength-based athletic

performance individually, they are insufficient to explain the effect of these genes together.
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It reveals the effect of more than one marker on the endurance or strength profile, and the
total genetic score calculation (TGS), which has been frequently used in recent years, is
effective. Total genetic score (TGS) is expressed in the literature as a simple additive model
that expresses the integrative effect of multiple markers on a trait (de la Iglesia et al. 2020).
TGS not only determines the athletic profile in sports performance; it is also an approach
used to estimate the risk of diseases such as Type-2 Diabetes and cancer that significantly
affect public health on an individual basis (Leonska-Duniec et al. 2018).

By using TGS, physical performance increase, VO2max capacity and even nutritional
tendencies according to the profile of the athletes according to the TGS score were also
revealed. In the scoring studies on sports genetics, variants were tested with a different
scoring system and a patent study was conducted for the genetic combination of physical
tests according to the development of those athletes with the measurements obtained after
the strength and training program. In the follow-up, while the athletes with the endurance
profile according to TGS showed improvement in low-intensity resistance training; Athletes
with a strength profile made improvements in high-intensity resistance training (Feito et al.
2018).

In the same study, no significant improvement was observed when athletes with the
endurance profile according to the TGS performed high-intensity training for 8 weeks.
Similar results were observed when athletes with a power profile completed a low-intensity
training period (Feito et al. 2018). As a result of the study, the possible mechanism by which
the polygenic profile of the athletes (the profile formed as a result of genotyping consisting
of 15 polymorphisms) is associated with the training responses, the connection between
genetic variations and skeletal muscle characteristics such as muscle type was established.
Statistically significant results were shown in the results of the counter movement jump
(CMJ) and aerobic 3-minute cycle test (Aero3), which measure endurance and explosive
power in athletes who were included in the training program and trained in accordance with
the genetic profile. In addition, 5 of the 15 gene polymorphisms included in the algorithm
within the scope of the tests (ACE 1/D, ACTN3 rs1815739 C/T, PPARA rs4253778 G/C,
PPARGC1A4 158192678 G/A and VEGF-A 152010963 G/C) were determined by muscle fiber
type. As a result of these studies, it sets an example that an algorithm can be developed and

patented (Pickering et al. 2018; Feito et al. 2018).
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Common sports genetics tests test for individual alleles and report non-cumulative
results, but this result is insufficient. In this algorithm, when the relationship of each variant
with each other is made numerically meaningful, the tendency of the individual to the training
type is better understood. These results reveal the effect of performance increase by applying
the total genetic score to the training program in revealing the genetic profile of the athlete
(Kujala et al. 2020).

Physical parameters affecting sports performance have a polygenic (multi-genetic)
structure controlled by more than one gene; It is not sufficient to regulate the training of
athletes by looking at a single gene allele and genotype and to base it on athlete selection
criteria. Therefore, the development of a quantitative scoring system, considering the
genotype of more than one gene, has been the preferred method in recent years. In this
approach, called the total genetic score (TGS), the number of risk alleles of the genes whose
effect on this phenotype has been proven in the literature in order to determine the
susceptibility of an athlete to a positive or negative phenotype in terms of sports performance

is obtained by linearly summing (Pranckeviciene et al. 2021).

1.6 Physical Parameters Used for Physical Tests and Infrastructure

Since physical exercise is a factor that contributes to the quality of life of people, it is
recommended as a very important prescription for both health and the therapy of diseases. In
addition, the type of exercise, intensity, competitions, traumas and stress cause both
physiological and metabolic changes in the human body (Ntanasis-Stathopoulos et al.
2013).Therefore, the relationship between athletic performance, heavy exercise and
physiological changes should be well known. Although athletes are defined as physically
normal and healthy, psychophysiological stress arising from intense training, competitions
and matches can change their homeostasis, biochemical and hematological results (Pareja-
Galeano et al. 2014; Vina et al. 2012).

Mobility is one of the key metrics of sports performance. The flexibility capacity of

muscles and tendons plays an active role in many branches, especially in football. The range
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of motion (range of motion, ROM) of the muscles and joints gives us important information
about the injuries that the athlete may experience during the training and the maximum
performance he can get during the training period (Siegrist 2008).

Although the benefits of regular exercise and the response of the human body to
physical activity are well known in recent years, their genetic background is unknown
(Ahmetov et al. 2015). Understanding genetic determinants may clarify the criteria for
physical activity, especially for athletes. From this point of view, collagen types that make
up the structure of muscles, joints, bones, and tendons provide important information about
the structure of the skeletal and muscular systems we have. Collagen proteins, which have
structurally different subunits and isoforms, are found in different tissues, in various
proportions, and contribute to the stiffness or flexibility of cartilage, connective tissue,
muscles and bones at different rates (Wilson et al. 2019; Maffulli et al. 2013).

In case control studies to discover genetic predispositions in players, injury data of
players are required for statistical analysis. At this point, the physical parameters to be
obtained from the players, their injury history, the duration of their stay in the game and their
recovery period can provide the necessary data for the association studies. In this case, some
biochemical analysis, injury history and devices that measure physical parameters can be
effective in determining people's strength and risk of disability. Although the frequency of
measuring the data, the number of repetitions, the time of obtaining the data after the match
are variable factors, association studies can be made using different biostatistical analyzes
and long-term follow-ups can help to provide preventive data for sports injuries (Lulinska-
Kuklik et al. 2019; G. Wang et al. 2016; Gibbon et al. 2017).

One of the devices that can be used to test Hamstring injuries and other soft tissue
injury determinants is the Nordbord device, which gathers data for isometric and eccentric
hamstring strength. Although the range of the data obtained varies due to different factors
such as the player's height and weight; the power difference between the two legs, the leg
muscle strength at different angles, the power obtained after the injury can be determined
thanks to the Nordbord device, and a relationship can be established between players’ injuries

according to these measurements (Hogberg et al. 2022; Buchheit et al. 2016).
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1.7 Hypothesis And Specific Aims of The Thesis

In the literature, even though genetic association studies have been carried out, the
difference between the sports branches and the physical association studies performed differ
from each other. At this point, lack of genetic information in Turkish athlete cohorts may
result in inaccurate genetic test outputs.

Some of the shortcomings in the studies performed are that previously determined
variants are not tested in every population. So, mutations between populations or new
variants that can be found at different frequencies are not included in the common qPCR
tests, which may create a gap in the discovery of new variants. Gene variants associated with
soft tissue injuries are seen not only in exon regions but also in non-coded regions, so
examining different variations on the same gene plays an important role in drawing link maps
of different loci on the same gene in genetic linkage studies to be performed in bioinformatics
analysis.

The first hypothesis of the thesis is COLIAI genetic variants affect the soft
tissue/hamstring injury risk in professional soccer players. Moreover, there are other variants
in COL1A1 in addition to rs1800012 that potentially affect the soft tissue/hamstring injury
risk. These variants will be discovered by Sanger sequencing the rs1800012 nearby gene
region.

As there are more than 20 genes associated with soft tissue injury, the second
hypothesis is that besides the COLIAI gene, the ACTN3 rs1815739 (C/T) and the ACE
154646994 (1/D(490/190 bp)) variants will influence soft tissue injury risk in the professional
soccer cohort.

Finally, the power profiles of the players were compared with the average data from
1000 genomes by calculating the total genetic scoring method of the tested ACTN3, COL1A1
and ACE genes. Since the athletes are at the elite level, our hypothesis suggests a higher
scoring result from the European population.

In line with these hypotheses, the aims and objectives of the project are as follows:
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To reveal variants in COL1A41 gene reported in the literature to be associated with soft
tissue injury, and other variants in the immediate vicinity of these variants, in samples taken
from professional football players by DNA sequencing.

To determine the minor and reference allele frequencies of both previously reported,
and the potential novel variants to be found in the study cohort/ and as a pioneering study for
the first time examine their effect on hamstring injury in the Turkish population by statistical
analyses.

To conduct statistical association tests between the discovered genetic variants and soft
tissue injury.

Testing for the first time the total genetic score approach to model genetic risks for

power predisposition in Turkish soccer players.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Determination of Athletes to Participate in the Study and Collection
of Samples

A cohort study design was adopted, and participant recruitment was performed. 21
volunteer professional football players over the age of 18 are included in the study. The study
cohort consisted of licensed athletes with similar physical profile characteristics and with the
same nutrition, resting and training schedules. Those who do not comply with these criteria
were not included in the study. 3cc blood samples were taken into EDTA tubes from each
volunteer participating in the study was taken by authorized club doctors. Interview forms
were filled by authorized club doctors and coaches in line with the opinions of the athletes.

Permission was obtained from the ethics committee of [zmir Democracy University for
the study. In addition, support letters were received from Izmir Géztepe football club.

A questionnaire form was prepared to be directed to Goztepe Sports Club football
players, one of our Super League football teams, consisting of questions such as the age of
the athlete, weekly training hours, number of competitions, rest time, and injuries suffered,
as well as their physical characteristics. Athletes filled out the questionnaires and the results
were evaluated statistically. In addition, in order to measure the hamstring strength of the
athletes, by using the Nordbord machine through club physiotherapists, the right and left leg
strengths at 90 degrees were taken in Newtons and added to the data set. Although the applied
muscle strength is directly proportional to weight and height, lower strength values were
observed in athletes who had hamstring injuries.

Following collection of blood samples, physical data to be collected regarding soft
tissue injury:

o Injury histories of the athletes in previous seasons,
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o Injury frequency, injury types and rest days during the 2020-2021 season, and
recovery time

o Nordbord data received during the 2020-2021 Season

° Groin Bar, Thermal camera, Lactate scale 4 data
o Height
o Weight

. How many years they have been involved in football
o Weekly training hour

o Competition time

. History of soft tissue injury

o Soft tissue injury occurrence

. Age ranges when the soft tissue injury occurred

2.2 Candidate Gene DNA Sequencing Studies

2.2.1 DNA isolation protocol

DNA isolation from blood samples were done with the “ROCHE High Pure PCR
Template Preparation” kit, following the protocol of the kit as;

The blood sample was taken from the EDTA tubes and put into the 1,5ml Eppendorf
tubes. Then 200ul tissue lysis buffer and 40ul Proteinase K was added and mixed and
incubated for 1 hour at 55°C. After the incubation 200ul tissue lysis buffer was added and
incubated for another 10 minutes at 70°C. Then 100ul of isopropanol was added and mixed
well.

After these steps, the sample was transformed into a High Pure Filter tube within the
collection tube. Then the samples were centrifuged for 1 minute at 8000xg. After each
centrifugation, the flow was discarded and put into a new collection tube. 500ul of Wash

Buffer was added into the filter and centrifuged again for 1 minute at 8000xg. This process
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was repeated one more time with a 500ul Wash Buffer and centrifuged. Then to remove the
excess residuals, the tubes were centrifuged at top speed for 10 seconds and the filter tube
was put into a new sterile microcentrifuge tube. For the collection of DNA, 30ul prewarmed
Elution Buffer was added into the filter and centrifuged at 8000xg for Iminute. This step is
repeated two times to get more DNA products and then the solution was taken to the
Nanodrop for the analysis of the DNA purity.

The concentrations of the isolated DNAs will be measured by spectrophotometric
methods using Nanodrop. The concentration and purity of the DNA samples obtained will
be determined by measuring their absorbance at 260 and 280 nm wavelengths. It is expected
that the A260/A280 absorbance ratio of the ideal purity quality DNA will be between 1.8-

2.0 values. Isolated DNA samples were stored at -20°C until sequencing.

2.2.2 Targeting and sequencing of candidate SNPs in the candidate gene

2.2.2.1 COLIAI Genotyping

The human COLIA1 gene reference sequence was downloaded from the National
Center for Biotechnology Information (NCBI, https://www.ncbi.nlm.nih.gov/) and Ensembl
Genome Browser (https://www.ensembl.org/index.html) databases. and Primer3 program
(http://bioinfo.ut.ee/primer3/) primers were designed to perform DNA sequencing 400 bases
up and 400 bases downstream of the SNPs targeted in these genes.

That is, genetic sequencing of both candidate SNPs and the genomic environment of
these SNPs will be performed. Primers targeting these sequences were designed with Primer
3 (http://bioinfo.ut.ee/primer3/), IDT (https://eu.idtdna.com/pages), NCBI, UCSC Genome
Browser databases and programs. With the help of designed primers, polymerase chain
reaction (PCR) will be carried out by Thermal Cycler device using Taq polymerase and ANTP
set in the samples. At the end of PCR analysis, agarose gel electrophoresis will be performed

to observe band formation in PCR samples as;
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Table 2.1:Polymerase Chain Reaction volumes per sample for COL1A1

Component Reaction Volume per Sample
Forward Primer 1.5 ul
Reverse Primer 1.5 pl
dNTP 1 ul
PCR Buffer Sul
Taq Poymerase 0.2 ul
DNA template 3ul
Water 37.8 ul

Table 2.2: PCR conditions for COL1A1 gene
PCR Steps Time Reaction Degree
Initial 3 minutes 94°C
Denaturation 30 seconds 94°C
Annealing 30 seconds 59°C
Extension 1 minute 72°C
Number of cycles 35x
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After the band formation was observed in the agarose gel, Sanger Sequence analysis
was performed from the samples whose expected PCR product size is seen as a single band
at the DNA marker level on the gel (ABI 3130XL Sanger Sequence device, IZTECH
BIYOMER).

2.2.2.2 ACE Genotyping

For ACE 154644994 variant, designed primers were ordered. With the help of designed
primers, polymerase chain reaction (PCR) was carried out by Thermal Cycler device using
Taq polymerase and ANTP set in the samples. At the end of PCR analysis, agarose gel

electrophoresis was performed to observe band formation in PCR.

Table 2.3: Polymerase Chain Reaction volumes per sample for ACE

Component Reaction Volume per Sample
Forward Primer 1.5 ul

Reverse Primer 1.5 ul

dNTP 1l

PCR Buffer Sul

Taq Poymerase 0.2 ul

DNA template 3ul

Water 37.8 ul
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Table 2.4: PCR conditions for ACE gene

PCR Steps Time Reaction Degree
Initial 3 minutes 94°C
Denaturation 30 seconds 94°C

Annealing 30 seconds 59°C

Extension 1 minute 72°C

Number of cycles 35x

1 gram of agarose is put into 100 ml of 1x TAE buffer and dissolved by boiling. After
preparing the solution, it is left to cool down to 60 degrees and 7.5ml EtBr gel is added to

the solution and poured immediately after mixing.

2.3 Bioinformatics analyses and annotation of genetic variants

After the Sanger sequence was made, outputs were taken and analyzed first by
UGENE. The sequencing format used in UGENE was “.ab1” for each sample. To search for
the selected variant of rs1800012, location was determined from the NCBI database. Each
sample was aligned, and peaks were observed by scanning the sequence, for the variant, G
or T allele should be observed for the polymorphism. So, when only the G allele is observed,
the sample is known to be Homozygous GG, and when only T is observed it is known to be
Homozygous TT. When both G and T allele had been observed, then it is known to be GT,
which is heterozygous.

Then to observe new variants in general for Multiple Sequence Alignment, data was

uploaded to the MEGA7 program in the format of “.masx’ and whole samples were aligned
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to observe the new variants. To compare the new variations, a complete sequence was
retrieved from the NCBI database. Since Sanger sequencing generally starts to give the peak
for detecting the nucleotides after 200 base pairs, weaker signals might generate wrong
outputs to determine the exact sequence. After making the alignment, these nucleotide
changes were noted, and their locations were determined for the comparison of the original

sequence.

2.4 Statistical Analysis

After analyzing each sample of the athletes, characteristics of the population,
polymorphism frequencies were calculated for the respective variant. Variants of 3 different
gene regions selected in the studied football cohort were genotyped and the frequencies
within the cohort were determined.

After determining the polymorphisms for 3 different gene variants, all data was
gathered in Excel with the physical parameters and survey results to make the statistical
analysis. Each parameter was aligned, and all missing data was changed to NA for statistical
analysis. Then for determining averages, standard deviations, and other population statistics,
the SPSS Statistics program was used. For the simple statistics, descriptive statistics were
done from the program and characteristics of the football players were determined. For the

t-test and ANOVA analysis, R Studio Program was used.

2.4. Calculation of Total Genetic Score

The aim of the calculation of the Total Genetic Score is to give a quantitative value to
the predisposition of the athlete to this quality by attributing the numerical values of zero (0),

one (1) and two (2) depending on the frequencies of the genotypes associated with a



determined attribute in the literature. The following formula was used for the calculation of
total genetic score;

TGS =(100/2n) (G1+....+Gn)

The variable n in the formula represents the number of genes required to calculate the

parameter, and the variable G refers to the genotypes scored.

Table 2.5: Power scores for ACTN3, ACE and COLIAI genes, their ID, position, and allelic

variation
Gene RS ID Chromoso | Position Alleles | Allelles in | Power
me User Score
Interface

ACTN3 rs1815739 | 11 66560624 | TT XX 0

CT/TC |RX 1

CC RR 2

ACE rs4644994 | 17 61565900 | DD DD 2

ID/DI |ID 1

11 I 0

COLIAI |rs1800012 |17 50200388 | GG CC 0

GT/TG | CA/AC 1

TT AA 2
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2.5 Meta-analysis

For meta-analysis, peer-reviewed English, and Turkish published genetic association
studies of COLIAI variants with soft tissue injury are gathered. Allele and genotype
frequencies, case-control numbers are recorded. Allelic model, additive model, dominant
model, and recessive model meta-analyses were performed by the ‘meta’ package in the R

environment.
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CHAPTER 3

RESULTS AND DISCUSSION

As a result of the questionnaire made with the athletes, 21 athletes aged between 18
and 34 participated in the study. The effort tests to measure athletes are similar in terms of
transparency of the test process. It is important for the precision of the results to be obtained
at equal time intervals. According to the results obtained, it is recommended that the physical
tests and recordings in the training programs to be similar. Having at least half of the athletes
tested is very important in maximizing the confidence interval.

In the study, the study was conducted with the senior A Team consisting of athletes
with an average of 18 years of experience, whose professional playing years ranged from 10
to 27 years. Although the average age of these athletes is 25.8, it consists of a team that trains
for an average of 11 hours a week throughout the season. Among these athletes, 7 out of 21
athletes had Hamstring injuries, 5 out of 7 athletes had Hamstring injuries once and 2 of them
more than once. Also 15 of the athletes had at least one soft tissue injuries out of 21 athletes.
The average height of the players is 183.38cm, with an average BMI of 23.59. More detailed
physical parameters, minimum and maximum values and standard deviations are shown in
the table.

In interviews with both Goztepe Football Club, it has been reported that there are at
least 10 soft tissue injuries each season. Therefore, even if the number of athletes to be
included in the project is limited to 20 volunteers due to the budget of the project, soft tissue
injury data will be available in sufficient numbers to make statistically meaningful analyzes.
At the same time, since the historical injury data of these athletes will be examined, it is

expected that the number of injury data will increase even more.
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Table 3.1: Characteristics of football players.

Variable Total N=21
Age (years) (mean+SD) 25.81+£4.7
Years played (mean+SD) 18 +4.5
Height 183.38 £8.2
Weight 79.53 £9.36
BMI (mean+SD) 23.59 +1.53
Training hours 11.14+0.9
Hamstring injury

Yes,N(%) | 7 (33%)
No,N(%) | 14 (67%)

Other soft tissue injury

Yes, N(%) | 15 (71%)

No, N(%) 6 (29%)
Nordport (Right leg) 381.38 £77.00
Nordport (Left leg) 373.52 £ 78.55

3.1 Targeted primer sequence

From the targeted primer sequence, the designed primer was set as;

° Forward primer; CCACCTCTAGATCTGGAAAGTAAAG

° Reverse primer; GAAAGAGTTACAGCCTCCCTG

In this primer sequence, it was aimed to observe the COLIA1 variant of rs1800012 and
possible variants located in the 800 bp target zone. Previously investigated locations were
determined from the NCBI database regarding the previous studies. After the Sanger
sequencing, it is aimed to investigate the variants in Figure 3.2.2 is observed in selected

athletes.



3.2 PCR Results for Primer Design

PCR analysis was performed to observe the working of the targeted primers. At the end
of the analysis, 1% agarose gel electrophoresis was performed to observe band formation in

PCR samples. From the results, the band formation was observed so the designed primer

sequence worked properly.

Figure 3.1: Images of 1% Agarose gel obtained as a result of PCR analysis performed on

selected athletes

3.3 Sanger Sequence Results

After testing the primers to work, the samples were sent to [IZTECH BIOMER for
sequencing. The DNA sequence chromatograms to be obtained after the sequence analysis
were examined in the UGENE (http://ugene.net/) program and the rs1800012 variant was
determined in each athlete (Figure 3.2).
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3.3.1 UGENE Outputs

The sequences obtained for each sample after the Sanger sequence were analyzed in
the UGENE program, and the single nucleotide polymorphisms within the 1000 base region
were examined. In the image, rs1800012 heterozygous G/T sample was examined the 354th
base pair of the sequence. For each sequence of the athletes, variants of G allele and T allele
is obtained. From the total of 21 samples, all sequences were analyzed and checked twice

with the reverse sequence.

@ &F [dna) s, 0 o@m M o0 r, 5 = x

Figure 3.2: Target sequence was analyzed with UGENE Program to detect variants within

selected region.

3.3.2 MEGA Outputs

From the outputs of Multiple Sequence Alignment, new polymorphisms were spotted
and quality of the whole sequences were checked from UGENE if there are de novo
polymorphisms to be investigated from the NCBI database. Some results due to low signals
resulting from sequencing within the 1000 base region were examined again in the UGENE
program, and locations of new variants different from the population with different

polymorphisms were noted.
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Figure 3.3: UGENE results of the samples were analyzed with multiple sequence alignment

to check for new variants.

3.3.3 Multiple Sequence Alignment

For bioinformatics analyses, all sequences were combined using the MEGA Program
(Figure 3.3.3-1). Multiple sequence alignment was performed using the Clustal algorithm
and aligned to the COL1A41 gene sequence found in NCBI.

The gene regions, whose locations were determined by comparison with the reference
sequence, were identified via NCBI for comparison with variants already identified in
different studies. From the results, the sequence alignment results were not significant to
examine the role of specific variants to be found in this study in soft tissue injuries in addition

to the variants reported in the literature.
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Figure 3.4: The locations of other variants in the COLIAI gene with other polymorphisms

in the existing population.

From the Sanger sequence results, after the samples were sorted, the topmost sequence
was aligned to be the NCBI primary sequence and comparisons were made between samples
to detect polymorphisms at different locations by performing multiple sequence alignment.
After checking each sample with the Sanger sequence for the new polymorphisms, there was
no significant polymorphism since all the detected polymorphisms were in the end of the

sequence so the reading errors with few signals may have occurred.

3.4 Interpretation of Allele and Genotype Frequencies of Genetic
Variants

After analyzing each sample of the athletes, polymorphism frequencies were calculated
for the respective variant. Variants of 3 different gene regions selected in the studied football
cohort were genotyped and the frequencies within the cohort were determined. When

compared with the allelic European frequencies from 1000 Genomes database, COLIAI
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rs1800012 G/T polymorphism showed exact similarity with the European population
statistics.

According to the results shown in the Table 10, for COLIAI gene rs1800012 variant;
GG genotype was higher than GT genotype in football players. The TT genotype was not
observed in the population. The frequency of the G allele was higher than the T allele when
the allele distribution was made. Although TT genotype was not observed in the studies; It
was determined that 14 of 21 athletes had GG genotype and 7 athletes had GT genotype.
Athletes with the GG genotype may have a higher risk of soft tissue injuries because their
COL1A1 metabolic rate is slower. These results show that if athletes are injured, there may
be a potential genetic risk of injury.

For the ACTN3 rs1815739 variant, frequency of the European population was also
similar to the genotyped cohort. R (C) allele in the European population was found 56%
while, in the cohort the population frequency was 52%. Since distribution is nearly equal in
both alleles, football players require both endurance and power traits, so the results and
distributions were significant when compared to other studies. When alleles are examined,
the fact that the RX allele is the most abundant allele in the population may contribute to the
orientation of the footballers to the strength or endurance profile depending on the synthesis
of alpha actinin and to turn into type 1 or type 2 muscles depending on the training type.

For the ACE rs4644994 variant, frequency of the European population was different
than the genotyped cohort. I allele in the European population was found 50% while, in our
cohort the population frequency was 27.5%. The main cause is that only 1 athlete has the II
allele and most of the players were either ID or DD variant. This means moderate or increased

ACE synthesis, which means that athlete profiles have a high propensity for power.
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Table 3.2: Distribution of COLI1A1, ACE, ACTN3 variant allele frequencies and genotypes

in the soccer cohort

Gene (variant) N (%) Frequency in
Europe

COL1A41

(rs1800012)

G 37 (84%) 0.84

T 7 (16%) 0.16

Genotypes

GG 14 (67%)

GT 7 (33%)

TT 0

ACTN3 (rs1815739)

R 22 (52%) 0.56

X 20 (48%) 0.44

Genotypes

RR 2 (9.5%)

RX 18 (85.7%)

XX 1 (4.8%)

ACE (rs4644994)

I 11 (27.5%) 0.50

D 29 (72.5%) 0.50

Genotypes

II 1 (0.05%)

ID 9 (45%)

DD 10(%50)
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3.5 Population Statistics

In the cohort, average age for Hamstring injury is 28 years. Hamstring injury was
expected to increase with increasing age. In the analyzes performed, statistically, there is a
statistically significant difference between the age of people without hamstring injury and

the age of those with injury (p<0.05).
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Figure 3.5: Hamstring injury occurrence and age of football players.
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Figure 3.6: Hamstring injury occurrence and number of years played of football players.
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As the previous analysis, there is also relationship between the years of playing as a
professional athlete and Hamstring injury presence in the cohort (p<0.05). This result was
also expected since the training hours increase, the possibility of getting injured also
increases. As the fatigue after training, consecutive seasons, and injuries due to age increase,

it is expected that the injuries of the players will also increase.

3.6 Statistical Analysis for Injury Types and COLIAI gene

In the statistical analysis made with athletes’ injury history and COLI1A41 genotype
results, no significance was found with Hamstring injury and COLIAI gene. From the
previous studies, T allele has a protective effect since it is increasing the Type-1 collagen.
Besides that, there was a slight significance with soft tissue injuries and COLIA1 gene. From
the results, it was seen that the players with T allele had less soft tissue injuries compared to
the GG genotype.

From the other statistical analyses, there was no correlation between Nordbord results
and COL1A1I gene, though the average Nordbord measurements were 371.28 N (right leg)
and 259.35 N (left leg) for GG allele and 401.57 N (right leg) and 401.85 N (left leg). Since
the sample size is too low, even there is a significant difference between GG allele and GT
alleles in both legs, the results were not statistically significant. In the Nordbord analysis, the
measurement results were also discussed.

In the analyzes made to measure the relationship between the frequency of playing of
the players and the injury genes, analyzes were made considering the number of matches
played per week. As a result, a relationship with the number of matches and the COLIA1

gene was not observed.

46



Table 3.3: Statistical Analysis for COLIAI rs1800012

COL1A1
Variable GG (14) GT (7) P value
Soft tissue injury
Yes 10 (72%) 2 (29%) 0.06*
No 4 (28%) 5(71%)
Matches played per week
0 2 0 0.57
1 5 3
2 7 4
Nordbord (Right leg) 371.28 £76.6 N 401.57+79.6  0.42
N
Nordbord (Left leg) 35935+ 80.6 N 401.85+714 024
N

To determine the effects of different allelic models, another statistical analysis were
done to select the best model for COL1A41 gene. Since there were no TT alleles in the cohort,
both genotypic and G-recessive models showed exact similarity. G-dominant model was also
insufficient since there was no TT allele in the cohort. From these results shown in the Table
3.6-1, there was no association between COLIA1 gene and Hamstring injury, though there

might be an association between soft tissue injuries in general with COLIA1 gene.



Table 3.4: Association of COLIAI rs1800012 genotypes with Hamstring and other injuries

Model Hamstring Other Soft

Injury Tissue Injuries
Genotypic 0 (N=7) 1(N=14) ([P |0 (N=12) 1 (N=9) P
GG 9 5 0.74 10 4 0.06
GT 5 2 2 5 *
TT 0 0 0 0
G-dominant
GG/GT 14 7 - 12 9
TT 0 0 0 0
G-recessive
GG 9 5 0.74 10 4 0.06
GT/TT 5 2 2 5 *

3.7 Nordbord Results

To determine the other association studies between Nordbord results and ACTN3, ACE
and COLIAI gene, statistical analysis was done with the R Program to check if there is a
correlation between genes and power status of the athletes.

From the results, there was no association between Nordbord results and genotypes.
Although Nordbord is a device that helps athletes to establish an injury relationship because
it measures Hamstring injury, the reason for the lack of a significance between genes may be
due to the small number of samples, only one measurement is taken from the athletes during

season, or the difference in weight and power averages of the athletes.
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Figure 3.7: Distribution of ACTN3 in the soccer player cohort
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Figure 3.8: Distribution of COL1A1 in the soccer player cohort
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Figure 3.9: Distribution of ACE in the soccer player cohort

3.8 Meta-analysis results

From the previous studies done with the COL1A41 gene and soft tissue injuries, studies
for meta-analysis were collected and genotype data in studies associated with the COLIAI
gene of soft tissue injury were extracted. For the analysis, different models in meta package
were done to investigate the effect, odd ratio and statistically meaning models for effect size
of the study. Since the variance is estimated based on the sample size, each study has various
effect size and using different models with similar ethnic backgrounds of samples could be
beneficial for the effect of the gene variant in this study.

The importance of the project is to obtain genes previously associated with soft tissue
injuries and to test for intergenic interactions in the Turkish cohort. Even if there are positive
correlations regarding genes, data are obtained from various populations such as Caucasians
or Polish athletes, and due to ethnic differences, these genes may not be equally distributed

in the Turkish population, so there may be a lack of genetic information in Turkish athlete
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cohorts. From the meta-analysis results, the cohort showed similarity with the previous
studies made with other populations.

In the meta-analyses, the additive and allelic model among 4 different models were
expected to be similar to other studies. Since the T allele is also included in the analysis in
other models, having no athletes with the TT allele in our analysis, it can be considered
normal to see a difference. From the results, for the G allele odd ratio was found as 3.34 in
dominant model and 3.54 in additive model.

The results of the meta-analyses for soft tissue injuries and the rs1800012 variant in
the COLI1A1 gene were similar to other studies, summarizing that the effect of the G allele

was also associated with soft tissue injury.

Study Odds Ratio OR 95%-Cl
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Figure 3.10: Dominant model compares GG versus GT + TT
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Figure 3.11: Recessive model compares GG + GT versus TT
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Figure 3.12: Additive model compares GG versus TT
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Figure 3.13: Allelic model compares G versus T

3.9 Total Genetic Score Calculations

Since sports performance has a complex structure, genetic variations among genes have
an influence in athletic performance. Due to the polygenic traits in our genes, more
comprehensive methods could be used to determine the correlation between genes and
performance of the athletes. For the genetic profiling and scoring of the athletes, total
genotype score (TGS) was proposed to evaluate the effects of the variants in a broader
assessment. By calculating the Total Genetic score, the effect of each gene on the determined
parameters can be calculated quantitatively based on the sum of alleles.

Gene-gene interactions of genes might be an effect of other pathways which is also
related with collagen production, muscle type and injury risk. There are several studies that
imply that the effect of the gene-gene and pathway interactions may also play a role in the
performance of the athletes.

From the results, the aim was to reveal the statistical relevance of the genes by scoring

3 genes and the most studied variations, then evaluate the statistical analysis with physical
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parameters derived from performance analysis in the season and evaluate if there is
correlation with injury types and selected polymorphisms in the selected cohort.

Total genetic score of the calculated cohort was higher than European region, which
shows higher Power predisposition in the football players. It is expected since the NCBI
database consists of sedentary samples without any specific physical background. For the
athletes’ power scores, the median score was calculated and compared with each player in
the cohort. 13 of the athletes showed higher power profile and mostly all the athletes’ power

scores were more than the general European scores.
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Figure 3.14: Calculation of Total Genetic Score based on the cohort and European population
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CHAPTER 4

CONCLUSION

Soft tissue injuries compromise individual performance and team success in many
sports. While injuries play an important role in sports performance, approximately two
million people are treated each year for sports-related injuries. As mentioned, most injuries
occur between the ages of 13 and 18, resulting in failures among young athletes (KOKU
2015). Main objection in this study is to investigate elite athletes’ both genetic backgrounds
with soft tissue injuries, which are multifactorial, by comparing the injury types and
occurrence rates they have experienced with the associated physical data. Another aim of the
thesis is to determine the regions that can be associated with new gene variants and to
examine the relationship between the genetic structures of the athletes by making a
biostatistical evaluation among the gene regions that have already been tested.

In soft tissue injuries, although there are more than 50 studies on the rs1800012 variant,
which has also been examined with subheadings such as Achilles tendinopathia, anterior
cruciate ligaments, tennis elbow and Hamstring injuries; it is not the only variant in the
COL1A1 gene. Each injury subtype has a different associated SNP, so these studies are
crucial to get the effect of which alleles show higher risk, statistically significant, and genetic
as a risk factor.

Even candidate genes are highly useful for studying known variants, there may still be
unidentified genes that may adversely affect soft tissue injuries in different populations. As
a result of the genetic tests carried out within the scope of the thesis, different polymorphisms
were tested for 3 different gene regions, each using a separate sequencing method. These
methods include qPCR analysis, PCR analysis & gel electrophoresis and Sanger sequencing.
The reason for using 3 different methods varies in terms of the length of the region to be
sequenced, whether the polymorphism includes deletion/insertion, and ease of use.

In the study, sequencing different intron variants close to the selected variant of

rs1800012 with Sanger sequencing and combining them with data from athletes was
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investigated to provide new variants associated with the phenotype in Turkish athletes. With
the increase in case-control studies among these studies, it is important to investigate the
effect of gene regions in different populations on the phenotype and to find new interactions
between genes according to injury types. In the NCBI database, there were 22 previously
associated Single nucleotide variants in the targeted 1000 bp region, which 3 of the variants
had a 1000 Genome reference population score (Cartwright et al. 2015). In this thesis, the
aim was to explain whether similar polymorphisms could be observed in the football cohort
by performing multiple sequence alignments and analyzing the Sanger results one by one.
However, there was no significant SNP found in the cohort which is previously associated
with COLIAI gene.

For the sequencing of ACE and ACTN3 genes for determining the muscle type variation
among athletes, qPCR and PCR analysis was done to determine alleles and frequencies
among football players. The physical data obtained were evaluated statistically, and our study
proposal for soft tissue injuries will contribute to the prevention and rehabilitation of injuries.
Population statistics showed that increased professional sports age and age has a higher risk
of Hamstring injury. In addition to genetics, many other environmental factors (loading,
severity, intensity, duration, place of training, temperature, etc.) are effective in being more
prone to injuries in a sport, but the most important goal should be to reduce injury rates with
precautions suitable for injury mechanisms. Also players encounter with injury when they
play higher number of weekly matches than their teammates. It will contribute to the training
of trainers in preparing their training programs to eliminate the deficiencies and to the
training of athletes who respond better to the loads. None of the genetic variants were
associated with Nordbord scores. Only COLIAI rs1800012 wvariant was marginally
associated with overall soft tissue injury.

In the meta-analysis, COL1A41 gene variant of rs1800012 in Caucasian cohort, G allele
is associated with overall soft tissue injuries and has a positive effect in injury occurrence.
To have T allele is protective against all studies in the cohort (Cartwright et al. 2015; Ryan-
Moore et al. 2020; C. Wang et al. 2017).

It has also been tested in studies conducted abroad that athletes who have been
genetically scored and matched with the right training (for example, strength genotype with

high-intensity training or endurance genotype with low-intensity training) have also been
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tested in studies conducted abroad, and the results observed up to 7 times increase in
performance in athletes who turn to the appropriate training program.

To conclude, the aim was to test the hypothesis that athletes who have been genetically
determined and matched accordingly with the correct training show greater improvement.
With this setup, the upcoming studies will be one of the comprehensive studies in sports
genetics studies conducted in Turkey, which includes scoring, enables quantitative
measurements, and combines genetic factors with physical tests in the international literature.
As a result of muscle type associations made with genetic analyzes, there are studies that

direct athletes to the right training program and increase their performance.
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APPENDIX A

SEQUENCE INFORMATION

Reference sequence for COLIAI gene selected for Sanger sequencing;

GTAAGTCCCAAACTTTTGGGAGTGCAAGGATACTCTATATCGCGCCTTGCGCTT
GGTCCCGGGGGCCGCGGCTTAAAACGAGACGTGGATGATCCGGAGACTCGGGA
ATGGAAGGGAGATGATGAGGGCTCTTCCTCGGCGCCCTGAGACAGGAGGGAGC
TCACCCTGGGGCGAGGTTGGGGTTGAACGCGCCCCGGGAGCGGGAGGTGAGG
GTGGAGCGCGGCGTGAGTTGGTGCAAGAGAGAATCCCGAGCGCGCAACCGGG
GAAGTGGGGATCTGGGTGCAGAGTGAGGAAAGCACGTCGAAGATGGGATGGG
GGCGCCGAGCGGGGCATTTGAAGCCCAAGATGTAGAAGCAATCAGGAAGGCC
GTGGGATGATTCATAAGGAAAGATTGCCCTCTCTGCGGGCTAGAGTGTTGCTG
GGGCCGTGGGGGTGCTGGGCAGCCGCGGAGGGGGTGCGGAGCGTGGGCGGGT
GGAGGATGAGAAACTTTGGCGCGGACTCGGCGGGGCGGGGTCCTTGCGCCCCC
TGCTGACCGATGCTGAGCACTGCGTCTCCCGGTCCAACGCTTACTGGGGCAGG
AGCCGGAGCGGGAAGACCCGGGTTATTGCTGGGTGCGGACCCCCACCTCTAGA
TCTGGAAAGTAAAGCCAGGGATGGGGCAGCCCAAGCCTCTTAAAGAGGTAGTC
GGGCCGGTGAGGTCGGCCCCGCCCCGGCCCCATTGCTTAGCGTTGCCCGACAC
CTAGTGGCCGTCTGGGGAGCCGCTAGCGCGGTGGGAGTGGTTAGCTAACTTCT
GGACTATTTGCGGACTTTTTGGTTCTTTGGCTAAAAGTGACCTGGAGGCATTGG
CTGGCTTTGGGGGACTGGGGATGGCCCCGAGAGCGGGCTTTTAAGATGTCTAG
GTGCTGGAGGTTAGGGTGTCTCCTAATTTTGAGGTACATTTCAAGTCTTGGGGG
GGCCTCCCTTCCAATCAGCCGCTCCCATTCTCCTAGCCCCGCCCCCGCCACCCC
ACCTGCCCAGGGAATGGGGGCGGGATGAGGGCTGGACCTCCCTTCTCTCCTCC
CTCGCCCTCCTCCTGTCTCTACCACGCAAGCCACTCCCCACGAGCCTGCCCTCC
CGATGGGGCCCCTCCTATTCTCCCCCCGCCCTCCCCCTCTCACCCTGTGGTTTTT
ATTTCACTTGGCTTCAGCGCCAATGGGCTGAGGTTGGAGTTGGAAGCCACCGC
GGACTAAAGCTTTGTTTAAATTCCTGAGAACTGGAAAGAGTTACAGCCTCCCTG
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GCCAGGCGCCTCGGCGCTGTCACCCGCGCTGATGAGGAGCAGGCGAGCTTTTA
AGGATTTGAGGAAAGAAGAACGGGGGGAGGGGCGGGAAGTGAAAAATCCAAG
TGTGCCTCTTAGACCCGGGGGAAAGGTGGTTAAGCTGGGGGTTGCAGTCACTA
CTGACAACGCCCCTCTTCCGCCTGTCCCAG
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