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Abstract

Whether the performance demonstrated by talented sportsmen is hereditary or acquired later has become subject of research
for physical education and sport scientists from past to present. However, training science and trainers wonder how far can
reach the higher performance limits emerging as a result of talents available in sportsmen. Studies carried out suggested that
the concept of higher performance comes true with aggregated environmental and genetic factors. The aim of our study is to
discuss the role played by genetics on the differences in performance of sportsmen and selection of sportive talent.
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INTRODUCTION

Talent is defined as an extraordinary ability of
performance specific to effect area that is partially
inherent and can complete its development in the
early stage (23). But in the field of sport the concept
of talent is defined as a higher performance obtained
in different branches by individuals thought to have
special or top-level predisposition due to hereditary
or acquired behavioral conditions. The aim of talent
selection in sport is identify sportsmen suitable to
the characteristics of the sportive branch selected. In
sport, in order to reach a higher performance
talented sportsmen should be selected timely and
correctly and included in long-term, systematically
planned trainings. Age for beginning trainings, first
achievements, ages where optimal and higher
performances are obtained have been the subject of
research for academic investigations carried out on
different age groups and branches.

Since the thought of healthy life, rather than the
concept of performance, is in the foreground in
individuals participating in exercises, the concept of
talent does not carry weight. However, the concept
of talent is important when sport is performed for
“competition”. Today, concerning that the
investments made to sport and sportsmen have
reached selected elite
sportsmen are important in terms of understanding

serious amounts, and

the importance of the subject.

The overloading caused by higher performance

limits expected by trainers from amateur and
the psychological
alterations resulted from this overloading have
sportsman prototype. The first
prominent feature in the analysis of this new
sportsman prototype is the reality that to reach

professional sportsmen and

created new

success children should be trained after talent
selection is performed in the direction of their
interest and talents (62). Therefore, selecting talented
children at early ages and with correct methods is
very important for long-term higher sportive
performance (28, 55).

Importance of Talent Selection and Genetics in
Sport

In sportsmen selection the multi-dimensional
activity training should take place in the forefront
not performance oriented to branch. In this stage
what should be done is to discover children’s
inabilities in endeavors related to multi-dimensional
activity training and sport and to identify their
physical  development levels and
characteristics (60).

genetic

One of the most important factors that should
be considered during talent selection is genetic
characteristics of sportsman. Hereditary factors that
present in cell chromosomes, enable emergence of
hereditary characters of live individuals by carrying
them and are transferred from generations to
generations are called genes; the hereditary science
that binds the transfer of these characters from one



generation to another to certain hereditary laws and
investigates the structure and duties of gene is called
genetics (26).

The greatest feature of genes is to interact with
each other despite they appear working alone and to
act together in formation of hereditary
characteristics. Furthermore, just like how living
creatures are affected by the environment they are
in, also genes interact with each other and the
surroundings (41). Considering this, it is impossible
to say the notion that “a gene is a characteristic” is
true. If a person possesses a different genetic
structure it also possesses hereditary characteristic
produced by that gene. In addition, genes decide
how sportsmen will respond to trainings and other
environmental factors affecting their performance
(30). For example, while a sportsman possessing
genes that affect his durability negatively has
potential to respond to durability trainings applied,
he will be more successful than those having genes
that affect this ability positively (49). Besides, genes’
direct effect on hereditary characteristics is one of
the important topics that genetic determinism
concentrates on (43).

Sport and Genetics Relationship

As our genetic structure determines not only
our hair and eye color but also all metabolic
processes, it is the indication of which sport branch
we predispose to (25). When these predispositions
are reviewed it is understood that gender, age,
anatomical physiological
equilibrium, nervous system and cardio-vascular
structure and basic and auxiliary biomotor abilities
are among the determinants of sportive
performance. For example, when structure of
skeletal muscles are examined it can be seen that
they are composed of two separate fibril types;
rapidly and slowly contracting fibrils. The fibril type
prevalent in our body has been determined
genetically. Those fibrils that contract rapidly and
produce extreme power exhaust quickly whereas
those that contract slowly enable us to sustain a
particular effort long time (25). These features play
an effective role in selecting the type of sportsman
required by durability and speed sport activities and
it is known that the numbers of mitochondria that

characteristics,

enable energy consumption in cell are related to
genetic structure (33).

In obtaining higher performance fulfilling the
requirements of exercises, regular nourishment and
higher motivation are other important features that
should be paid attention. In addition to sportsmen’s
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these features, investigations
demonstrating that the performance differences
occurring when sportsmen’s physical capacities are

there are

similar result from their personal characteristics (16,
33, 60).

The results obtained from today’s performance
activities is known to constrain sportsmen’s limits
defended that
performance are performed on the
infrastructure. Especially, genes that arrange cardio-
vascular and skeletal muscle system are thought to
be effective in this subject (5, 34, 42, 58).

The
performance that emerges as physiological and
psychological interactions can be divided into
internal and external factors. We have a very small
effect on internal factors that are partially hereditary

and also present limits of

genetic

factors affecting the concept of

and differentiate with minor alterations. Many
internal factors progress together with adolescence
and reach a more stable structure and become more
difficult to change (4, 33).

When the effect of genetics on performance was
investigated, the first finding was the mutation in
erythropoietin  receptor  gene  of
sportswoman Mantyranta who won two gold
in 1964 Olympics.
Investigations demonstrated that the mutation

Finnish

medals Innsbruck  Winter
revealed in this gene increased erythrocyte’s oxygen
carriage capacity 25 -30 % compared to other
athletes (24).

Genetic studies are generally carried out with 3
fundamental methods. The first method investigates
the  hereditary  transmission of  physical
characteristics; the second method makes the genetic
map of adult groups with matched physical
characteristics; the third method particularly
investigates those genes thought to have influence
on physical characteristics. Through the second
method (one that makes genetic map) the distances
among genes can be scrutinized and thereby
statistical studies can be conducted on deterministic
genes. In addition, genes that affect phenotype by
interacting with other genes and the relationship
between them can be studied with the help of this
method. In the third method, to examine those genes
called candidate genes and thought to affect
characteristics of the sportswoman mentioned above
comprises the important part of the recent studies.
Important thing in these studies is to select the
candidate gene to be examined and to study this
gene together with the data obtained from genetic

maps (7).



De Moor et al. (12) reported that twin
(dizygotic)  sportsmen’s  performance, = who
participated in competitions in 20 different sport
activities, has been influenced by the hereditary
factors at a rate of 66 % and the remaining part was
dependent on the environmental factors (12). In
addition, in the time course passed from 1960s (13)
where the first research was initiated in which the
relationship between athletic performance and
genetic characteristics was considered up to date,
presence of 7 loci and 18 mitochondrial genes over
214 autosomal gene including physical performance
and health-related physical fitness phenotypes and
X chromosome was reported (6). The relationship
based on so strong evidence between athletic
performance and genetic characteristics, naturally
has led to the idea to use more of these data in the
field of sport (20).

In studies conducted a series of standards
encompassing  genetic  structure related to
phenotypes of physical performance
developed (29, 64). For example, Williams and
Folland (64)
polymorphism in genetic algorithm developed to
establish optimal genetic potential related to
durability performance (64). Hughes et al. (29)

were

investigated 23 different genetic

utilized an algorithm based on 22 genetic
polymorphisms for optimal muscle strength and
power phenotypes (29). In addition, researchers
tried to identify some candidate genes in a manner
specific to branch in order to reveal genetic profiles

of the elite sportsmen in different branches (1, 14).

The examples of genes that can be related to
sportive  performance are myostatin gene,
erythropoetin gene, genes producing growth
hormone, nitric oxide synthase (NOS) gene, vacular
endothelial growth factor (VEGF) gene, angiotensin
converting enzyme (ACE) gene, angiotensinogen
(AGT) gene, angiotensin II type 1 receptor (ATI)
gene, monocitric (MCT-1) gene, insulin-like growth
factor-1-(IGF-1) gene, peroxisome proliferative
active receptor (PPAR) genes, C-aktinin-3 (ACTN3)
genes (10).

Among these genes, the gene which its
relationship with performance has been studied
most is ACE gene. It was found that this gene was
located at 17t chromosome (67) and there were
polymorphisms more than 70 (46). Among these
polymorphisms the one most investigated is ACE
insertion/deletion (I/D) (67). In studies carried out a
set of polymorphisms that decrease or increase
enzyme activity in Angiotensin Converting Enzyme
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(ACE) gene detected. Some of these
polymorphisms were found to increased durability
in intensive exercises and caused anabolic effects

(46).

were

In a research conducted it was reported that
plasma ACE activity was higher in individuals with
ACE D allele than in individuals with ACE I allele
(2). In another study carried out with 160
individuals comprised of Turkish sportsmen and
sedentary groups ADE I/D polymorphism was
investigated and significant difference was found
between two groups (61). Besides this, most of the
studies examined the relationship between ACE
gene and outstanding sportive performance, were
performed on non-homogenous groups. To study
gene-performance relationship in non-homogenous
groups in terms of gender, race, local origin,
sportive background and athletic statue may give
erroneous results (66). For example, Alvarez et al. (3)
examined 60 elite sportsmen and found a positive
relationship between ACE II genotype and
durability performance. It can be said that 25 of the
60 sportsmen participated in research were cyclists
(distance not specified), 20 were long distance
runners (distance not specified) and 15 were
handball players. However, since sportsmen were in
need of different level of MaxVO;,
threshold, muscular
economy according to the distance traveled and the
their branches and because
were organized according to

anaerobic
durability and movement

requirements of
trainings these
requirements it can be said that both this study
group was not homogenous and it has fallen short in
explaining the relationship between ACE II

genotype and durability criteria (10).

In a study Gayagay et al. (18) found a
relationship between ACE gene II genotype and
durability performance in 64 oarsmen but the length
of sportsmen’s competition efforts, whether they
competed at the same distance or their performance
levels were not specified and all sportsmen were
studies as one group. Myerson et al. (39) studied a
total of 404 sportsmen in 19 sportive branches and
concluded that ACE I - allele frequency was not
different in experiment group from control group
and there was no relationship between ACE I —
allele and sportive performance.

The studies mentioned above (3, 18, 40), along
with other studies carried out with similar groups,
have led the idea that there is a relationship between
ACE I - allele and durability performance to become
prevalent. However, they could not explain which



physiologic parameters of MaxVOzand anaerobic
threshold trainings or which aerobic durability class
(such as short, medium and long term) would be
related to ACE genotypes (or alleles) (10).

In a few homogenous studies it was found that
individuals with ACE DD genotype have
demonstrated better performance or higher MaxVO2
level (50, 69) in short-term aerobic durability sport
requiring MaxVOz2 (9). Rankinen et al. (50) in their
studies conducted with homogenous subgroups
established that among the white parents (n=182)
included in a larger heterogenic group (n=724)
comprised of 23 black and white families, those with
ACE DD genotype have responded to exercises with
more MaxVO: increase. Similarly, more MaxVO:
increase was observed in male undergraduates with
ACE DD genotype (69). In a study carried out on
homogenous groups with similar training
background (n=88), sportsmen with ACE DD
genotype had better short-term (6-8 minutes) aerobic
durability (9). Again, in a homogenous subject
group (n=99) ACE 1II genotype
advantageous in force trainings with higher volume
and lower intensity and ACE DD genotype in force
trainings with lower volume and higher intensity
(11). Zhang et al. (68) found relationships between I
allele and slowly contracting fibrils (type I) and

was found

between D allele and type II fibrils.

In studies conducted with homogenous non-
elite subjects groups, those individuals with ACE
DD genotype possessed higher MaxVO: levels (50,
69) and demonstrated better short-term aerobic
durability against trainings (9).

When we look at the relationship between ACE
gene and anaerobic capacity, anaerobic performance
is higher in experiment groups with elevated ACE D
allele frequency (39, 40, 66), more increase occurs in
lean body messes with exercise (37, 38) and a greater
muscular strength develops as a result of resistance
trainings (11, 15).

In some studies it was found that ACE D allele
was related to elevated MaxVO: levels (50, 69) and
to outstanding performance in medium and long
distance swimming sport (59). The muscle strength
developed by ACE DD genotypes in response to
trainings is more compared to II genotype (11, 15)
and they have higher anaerobic capacity (66).
Higher rate of type II muscle fibrils possessed by
those with DD genotype, support these findings
(68). At the same time medium distance runners
possess higher rate of type II fibrils (48 — 55 %) (44);
therefore, in order for sportsmen with ACE DD
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genotype to demonstrate outstanding performance
in short term aerobic durability the higher MaxVO2
levels may advantageous (10).

In many research a relationship between
sportive performance and ACE I/D polymorphism
was reported whereas Rankinen et al. (51)
concluded that such a relationship was not available
elite durability sportsmen. Similarly, Taylor et al. in
studies conducted in different sport branches could
not find a relationship between ACE genotype and
elite performance; when
sportsmen were separated into subgroups according

sportive however,
to gender as performance level of males increased a
tendency toward an increase was seen in DD
genotype rate (57), similar result could not be found
in sportswomen. Sonna et al. (56) reported that ACE
genotype did not
relationship with MaxVO2 or muscular durability
performance.

demonstrate a significant

In gene research the most investigated another
gene is ACTN3 gene. In studies conducted it was
established that the polymorphisms in ACTN3 gene
sportive
individuals (27). Some research suggest that while a
sportsmen group is superior in sports such as sprint,
football, another group would be superior in sports

have an effect on performance of

that require durability (such as marathon). For
example, despite absence of R variant after the
ACTNS3 gene test results of Olympic High Jumpers,
they were observed to be the best athletes.
Nevertheless, it should be kept in mind that athletes’
performance is
environmental factors such as nourishment and
accurate training planning (47).

influenced by a number of

ACTN3 Genotype — Phenotype Relationship

Normal (CQC): It was demonstrated in studies that
those individuals in which R577X variation was not
observed, were advantageous in sports such as body
building, judo, short distance swimming, athleticism
and bicycling; whereas, they were disadvantageous
in other sports requiring durability.

Homozygote Alteration (TT): After research it was
determined that those individuals in which a genetic
alteration (TT genotype) was observed in both
copies of ACTN3 gene, possessed advantageous
muscle structure for marathon, triathlon, long
distance swimming and bicycling sports that require
durability.

Heterozygote Alteration (CT): those individuals in
which a genetic alteration (CT genotype) was
observed in one copy of ACTN3 gene are prone to



all sport types.
Sportsman Health - Genetics Relationship

To examine the relationship between sport and
genetics provides information about the health
status of sportsmen. For example, while the genes
have been associated with athletic performance
provide sportsmen with the potential to respond
trainings positively, same genes enable more
effective function of metabolic process with exercise
in sedentary individuals. However, while a series of
genes provide capacity to maintain energy long time
in durability sportsmen, they may lead to problems
related to obesity, diabetes and cardiac diseases in
sedentary individuals (49).

In studies conducted it was understood that
there were structural alterations in vascular wall
according to ACE genotype (21) and a relationship
between serum ACE activity and myocardial
infarction and coronary artery disease (45). Other
studies that investigated the effect of ACE gene on
hypertension suggested D/D genotype was an
independent risk factor for development of
cerebrovascular disease (SVD) in normotensive
males and because ACE activity is too much in
individuals having D/D genotype, they may be
candidates for ventricular hypertrophy at advanced
ages obesity
environmental factors (22). Besides, it was identified
in studies that hypertension was a hereditary

disorder and gene

due to hypertension, and

especially various

Dzveren et al Z0H4

polymorphisms involving ACE and MTHFR was
associated with hypertension (31).

Akar has reported in his disclosure that hemo-

concentration after exercise, immobility after
sportive injuries, frequent prolonged airline
journeys, excessive loss of weight before

competition and use of contraceptives may lead to
atherosclerosis and atherosclerosis may be more
often encountered in those individuals performing
heavy exercises and carrying increased hereditary
coagulation response. He also suggested that this
risk is expected to increase in individuals carrying
this type of gene alteration in their “Factor V" gene;
when the gene alteration rate of 9 % in healthy
Turkish population is considered, examination of
this gene alteration may be beneficial especially for
those sportsmen with the history of atherosclerosis
and sudden young-age death in family (24).

DISCUSSION

It is known that high performance in elite
sportsmen occurs with aggregated appropriate
environmental conditions such as genetic
characteristics, exercise and nourishment (32). In
order to understand the alterations in performance
of sportsmen both genetic and environmental factors
should be dealt with separately and the correlation
between genetics and environmental factors should

be examined (65).

Table 1.The relationship between ACTN3 genotype and sportive performance (26).

ACTNB3 Genotype Variant Sport Performance Some Recommended Sports
N s
®  Quick strength Body building
. Speed/power * Halter
Homozygote Normal — CC RR p P e Judo
®  Max. strength Athleticism. Swimming. Bicvli b
)
e Short term durability .t eticism, Swimming, Bicycling (short
distance)
L Medlu.n'l and long term e Marathon
. durability
Homozygote Alteration — TT XX o ® Triathlon
e  Continuity in power
. ® Swimming, Bicycling (longdistance)
e  Continuity in speed/power
®  Quick strength ® Body building
. .
Heterozygote Alteration - CT RX Speed/power ® Football, Basketball, Handball, Tennis
®  Max. power e  Walking, Swimming,Bicycling (short/long
®  Long term durability distance)
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Today, it is thought
sportsmen’s biomotor abilities
performance potentials to be developed would be

that identifying
and so the

possible through genetic scanning. It should be kept
in mind that not only one gene but many different
genes have influence on development of
performance (65). Despite these positive opinions,
there are studies questioning how much of the
outstanding talents and skills demonstrated at the
end of exercises performed to increase performance
are dependent on genetic characteristics (52). The
results inferred from these studies suggest that to
use present genetic tests as a tool in the talent
identification process is not possible (8, 20, 36),
both  physical performance-related
phenotypes” and branch-specific candidate genes’
allele and genotype distributions should be set forth

whereas

clearly.

There are many questions and problems
brought by talent selection applications based on
genetic characteristics. The leading problems are
ethical and legal concerns (8, 36, 52, 54). Different
from other
problems to be emerged with genetic applications
are unable to obtain approval from subjects and
unable to maintain privacy of the data obtained (35).

test methods, the leading ethical

In addition, it is thought that genetic studies may
lead to ethical problems on issues such as sportsman
autonomy and discrimination (53).

In 2008 USA congress voted in favor of an act
that prohibits discrimination in genetic data in terms
of health insurance and employment. So, USA has
supported not to use discrimination based on
genetic data (19). WADA stated that 2005 Stockholm
declaration did not recommend use of genetic data
obtained in sportsman selection for discrimination
and this situation does not include present medical
screens and investigations (63).

In talent selection to
characteristics into forefront may cause individuals
not predisposed to sport to become discouraged and
alienated from sports and those individuals
predisposed to sport to receive pressure from their
parents about the branch to be selected. Besides, it is
worrisome that only wealthy people can access to
genetic technology. In this case, deprived sportsmen
who are unable to fulfill basic food and health
expenses to access genetic technology seems
impossible. This situation will expand the gap
between wealthy and deprived sportsmen in terms
of equal opportunities. Those sportsmen who try to
maintain their present performance despite so many

bring  genetic
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impossibilities will not be able to struggle any more
against those sportsmen who are genetically
predisposed to sport and possessing all kinds of
socio-economical possibilities (17).

When all these explanations are considered, it
should be kept in mind that when orienting children
to different sport branches their physiological and
psychological conditions should be taken into
account. A child with short parents may be a short
child. To orient this child (lacking interest and
ability) to such branches as basketball or volleyball
where tall body is required and expect outstanding
achievement is not right, just like to estrange him
from the branch he wanted to select because he is
short (25).

Consequently, the discussions related to genetic
tests in sportsman selection and the validity of test
results remain up to date. Reflecting the data
obtained in exercises and making long-term plans is
a matter of debate in exercise science. High
performance can be achieved through selecting
sportsmen having morphological characteristics
suitable to branch and long term application of
trainings set up on loading-resting relationship and
following-up current data related to genetics. When
all these data are taken into account, the concept of
high performance in sport can be define as the
coded directives and organized neuronal -cells
emerged as a result of combined biomotor abilities
developed by sportsmen through self-programs,
participation and regularly performed exercises;
shortly as increasing the productivity capacity of
organisms (48).

ACKNOWLEDGEMENT

The authors would like to thank Harun KOC
for his help with researching the paper.

REFERENCES

1.  Ahmetov II, Fedotovskaya ON. Sports Genomics: Current
state of knowledge and future directions. Cell Mol Exerc
Physiol, 2012; 1(1): 1-24.

2. Akbulut T, Bilsel T, Uyarel H, Terzi S, Sayar N, Aydin A,
Day1 sU, Ciloglu F, Bagirtan B, Peker I, Yesilcimen K. The
role of angiotensin converting enzyme gene polymorphism
in the development of premature coronary artery disease.
Arch Turk Soc Cardiol, 2004; 32: 23-27.

3.  Alvarez R, Terrados N, Ortalano R, Iglesias-Cubero G,
Requero JR, Batalla A, Cortina A. Genetic variation in the
renin-angiotensin system and athletic performance. Eur |
Appl Physiol, 2000; 82(1-2): 117-120.

4. Atasti T, Yiicesir, I. Doping ve Futbolda Performans
Arttirma Yéntemleri. Istanbul, 2004.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bouchard C, Dionne F,Simoneau ],Boulay M. Genetics of
aerobic and anaerobic performances. Exerc Sport Sci Rev,
1992; 20:27- 58.

Bray MS, Hagberg JM, Pérusse L, Rankinen T, Roth SM,
Wolfarth B, Bouchard C. The human gene map for
performance and health-related fitness phenotypes: the
2006-2007 update. Med Sci Sports Exerc, 2009; 41(1): 35-73.

Brutsaert TD, Parra EJ. Whatmakes a champion? Explaining
variation in human athletic performance. Respiratory
Physiology and Neurobiology, 2006; 151:109-123.

Calé MC, Vona G. Gene polymorphisms and elite athletic
performance. ] Anthropol Sci, 2008; 86: 113-31.

Cam S, Colakoglu M, Sekuri C, Colakoglu S, Sahan C,
Berdeli A. Association Between the ACE I/D Polymorphism
and Physical Performance in a Homogeneous Non-elite
Cohort. Canadian Journal of Applied Physiology, 2005;
30(1): 74-86.

Cerit M. Ace Genotipi ve Kisa Stireli Aerobik Performans
Gelisimi {ligkisi. Doktora Tezi, Izmir Ege Universitesi Saghk
Bilimleri Enstitiisii, 2006.

Colakoglu M, Cam FS, Kayitken B, Cetinoz F, Colakoglu S,
Turkmen M, Sayin M. ACE genotype may have an effect on
single vs multiple set preferences in strength training.
European Journal of Applied Physiology, 2005; 95: 20-27.

De Moor MH, Spector TD, Cherkas LF, Falchi M, Hottenga
JJ, Boomsma DI, De Geus EJ. Genome-wide link ages can
for athlete status in 700 British female DZ twinpairs. Twin
Res Hum Genet, 2007; 10(6): 812-20.

DeGaray AL, Levine L, Carter JEL. Genetic and
anthropological studies of olympic athletes. Br ] Sports
Med, 1977; 11(3): 147-8.

Eynon N, Banting LK, Ruiz JR, Cieszczyk P, Dyatlov DA,
Maciejewska-Karlowska A, Sawczuk M, Pushkarev VP,
Kulikov LM, Pushkarev ED, Femia P, Stepto NK, Bishop DJ,
Lucia A. ACTN3 R577X polymorphism and team-sport
performance: a study involving three European cohorts. |
Sci Med Sport, 2014; 17(1): 102-6.

Folland ], Leach B, Little T, Hawker K, Myerson S,
Montgomery H, Jones D. Angiotensin-converting enzyme
genotype affects the response of human skeletal muscle to
functional overload. Exp Physiol, 2000; 85:575-579.

Foody B, Savulescu J. “Ethics of Performance Enhancement
in Sport: Drugs and Gene Doping” Principles of Health
Care Ethics, Second Edition Edited by R.E., Ashcroft, A.
Dawson, H. Draper and J.R. McMillan, 2007.

Fukuyama F. Insan Otesi Gelecegimiz: Biyoteknoloji
Devriminin Sonuglari. (¢ Aksoy Fromm Cev.). Ankara:
Orta Dogu Teknik Universitesi, 2003.

Gayagay G, Yu B, Hambly B, Boston T, Hahn A, Celermajer
DS, Trent R]. Elite endurance athletes and the ACE I allele-
the role of genes in athletic performance. Hum Genet, 1998;
103: 48-50.

Genetic Information Nondiscrimination Act (GINA) of 2008
[Internet]. Available from
http://www.genome.gov/24519851 [14.04.2014].

Guth LM, Roth SM. Genetic influence on athletic
performance. CurrOpin Pediatr, 2013; 25(6): 653-8.

Turk J Sport Exe 2014 6(2): -8
] 2014 Department of Physical Education and Sport, Selcuk University

21.

22.

23.

24.

25.

26.
27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

[zveren et al 20
Hibi K, Ishigami T, Kimura K, Nakao M, Iwamoto
T, Tamura K, Nemoto T,Shimizu T, Mochida Y, Ochiai
H, Umemura$, IshiiM.Angiotensin-
converting enzyme gene polymorphism adds risk forthesev
erity of coronary atherosclerosis in smokers. Hypertansion
1997; 30: 574 — 584.

Hixson JE. Apolipoprotein E polymorphisms affect
atherosclerosis in  young males: Pathobiological
Determinants of Atherosclerosis in Youth (PDAY) Research
Group. Arterioscler Thromb, 1991; 11: 1237-44.

Howe MJA, Davidson JW, Sloboda JA. Innate talents:
reality or myth? Behavioral and Brain Sciences, 1998; 21(3):
399-407.

http://doktornobette.com/tr/-spor-ve-genler/112-spor-ve-
genler.html.

http://forum.bedenegitimi.gen.tr/yetenek-seciminde-
genetik-faktorler.

http://genetik.nedir.com.

http://www.genestetik.com.tr/tr/genesport-spor-
performansi.

http://www.yvik.org.tr/index.asp?pg=kh&newlID=1523.

Hughes DC, Day SH, Ahmetov II, Williams AG. Genetics of
muscle strength and power: polygenic profile similarity
limits skeletal muscle performance. J Sports Sci, 2011; 29
(13): 1425-34.

Istk A. Sportif performans ve genetik. Klinik Gelisim
Dergisi, 2008; 37-39.

ilhan N, Kucuksu M, Kaman D, Ilhan N, Ozbay Y. The 677
C/T MTHEFR polymorphism is associated with essential
hypertension, coronary artery disease and higher
homocysteine levels. Arch Med Res, 2008;39(1):125-30.

Macarthur DG, North KN. Genes and human elite athletic
performance. Hum Genet, 2005; 116 (5): 331-9.

Maughan R]. Thelimits of human athletic performance.
Annals of transplantation, 2005; 10(4): 52-54.

McCrory P. The time lords-measurement and performance
in sprinting. Br ] Sports Med, 2005; 39(11): 785-786.

McNamee M], Miiller A, Van Hilvoorde I, Holm S. Genetic
testing and sports Sports Med,
2009;39(5):339-44.

medicine ethics.

Miah A, Rich E. Genetic tests for ability? talent
identification and the value of an open future. Sport,
Education and Society, 2006; 11(3): 259-73.

Montgomery HE, Clarkson P, Dollery CM, Prasad K, Lost
MA, Hemingvay H, Statters D, Jubb M, Girvain M, Varnava
A, World M, Deanfield J, Talmud P, McEwan JR, McKenna
W], Humphries, S. (1997). Association of angiotensin-
converting enzyme gene I/D polymorphism with change in
left ventricular mass in response to physical training.
Circulation 96(3):741-747

Myerson SG, Montgomery HE, Whittingham M, World MJ,
Humphries SE, Pennell DJ. Left ventricular hypertrohy with
exercise and ACE gene insertion/deletion polymorphism A
randomized controlled trail with losartan. Circulation, 2001;
103(2): 226-230.

Myerson S, Hemingvay H, Budget R, Martin ], Humphries
S, Montgomery H. Human angiotensin I-converting


http://www.ncbi.nlm.nih.gov/pubmed?term=Hibi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Ishigami%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Kimura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakao%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Iwamoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Iwamoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Tamura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Nemoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Shimizu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Mochida%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Ochiai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Ochiai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Umemura%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9322984
http://www.ncbi.nlm.nih.gov/pubmed?term=Ishii%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9322984

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

enzyme gene and endurance performance. Journal of
Applied Physiology, 1999; 87(4): 1313-1316.

Nazarov IB, Woods DR, Montgomery HE, Shneirder OV,
Kazakov VI, Tomilin NV, Rogozkin VA.The angiotensin
converting enzyme I/D polymorphism in Russian athletes.
Eur ] Hum Genet, 2001; 9(10): 797-801.

Nelkin M, Marden E. Cloning: a business without
regulation. Hofstra Law Review, 1999; 27: 77-101.

Nevill AM,Whyte G. Are the relimits torunning World
records? MedSci Sports Exerc,2005; 37(10): 1785-1788.

Newson A. The nature and significance of behavioral
genetic information. Theoretical Medicine, 2004; (25): 89-
111.

Noakes TD. Lore of Running. 3rd edition, Leisure
Press/Human Kinetics, Campaign, IL, 1991.

O’Donnell CJ], Lindpainter K, Larson MG, Ordovas JM,
Myers RH, Levy D. The ACE deletion insertion
polymorphism and hypertension: an association in the
Framingham Heart Study (abstract). ] Am CollCardiol,
1997; 29 (suppl A): 84A.

O'Donnell CJ, Lindpaintner K, Larson MG, Rao
VS, Ordovas JM, Schaefer EJ, Myers RH, Levy D. Evidence
for association and Genetic Linkage of the Angiotensin
Converting Enzyme Locus with Hypertansion and Blood
Pressure in men but Women in the Framingham Heart
Study. Circulation, 1998; 97: 1766 — 1772.

Ostrander EA, Huson HJ, Ostrander GK. Genetics in
athletic performance. Annual Review of Genomics and
Human Genetics,2009; 10; 407-29.

Ozcaldiran B. Ege Universitesi Beden Egitimi ve Spor
Yiiksekokulu, Antrenman Bilimi Ders Notlari, izmir.

Perusse L, Rankinen T, Rauramaa R, Rivera SM, Bouchard
C, Wolfarth B. Thehuman gene map for performance and
health-related fitness phenotypes: the 2002 update. Med Sci
Sports Exerc, 2003; 35(8): 1248-1264.

Rankinen T, Perusse L, Gagnon ], Chagnon YC, Leon AS,
Skinner JS, Wilmore JH, Rao DC, Bouchard C. Angiotensin-
converting enzyme ID polymorphism and fitness
phenotype in the Herit age family study. ] Appl Physiol,

2000a; 88:1029-1035.

Rankinen T, Wolfarth B, Simoneau JA, Maier-Lenz D,
Rauramaa R, Rivera MA, Boulay MR, Chagnon YC, Pérusse
L, Keul J, Bouchard C. No association between angiotensin-
converting enzyme ID polymorphism and elite endurance
athlete status. ] Appl Physiol, 2000b; 88(5):1571-1575.

Roth SM. Critical overview of applications of genetic testing
in sport talent identification. Recent Pat DNA Gene Seq,
2012; 6(3): 247-55.

Roth SM. Genes and talent selection. In: Bouchard C,
Hoffman EP, editors. Genetic and molecular aspects of
sport performance. Oxford, UK: Wiley-Blackwell
Publishing; 2011. Chapter 31. pp. 362-72.

Sawczuk M, Maciejewska A, Cigszczyk P, Eider J. The role
of genetic research in sport. Sci Sports, 2011; 26 (5): 251-8.

Turk J Sport Exe 2014 6(2): -8
] 2014 Department of Physical Education and Sport, Selcuk University

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Dzveren et al Z0H4

Sevim Y. Antrenman Bilgisi, Nobel Yayin Dagitim, 7.Basim,
Ankara. 2007.

Sonna LA, Sharp MA, Knapik JJ, Cullivan M, Angel AC,
Patton JF, Lilly CM. Angiotensin-converting enzyme
genotype and physical performance during US Army basic
training. ] Appl Physiol, 2001; 91(3):1355-63.

Taylor RR, Mamotte CD, Fallon K, Van Bockxmeer FM.
Elite athletes and gene for angiotensin-converting enzyme. J
Appl Physiol, 1999; 87:1035-1037.

Thompson WR, Macloed SA. Association of genetic factors
with selected measures of physical performance. Phys Ther,
2006; 86:585-591.

Tsianos G, Sanders ], Dhamrait S, Humphries S, Grant S,
Montgomery H. The ACE gene insertion/deletion
polymorphism and elite endurance swimming. Eur ] Appl
Physiol, 2004; 92(3):360-362.

Tural S, Tural E, Kara N, Agaoglu SA. Sporda gen dopingi.
Selguk Universitesi Beden Egitimi ve Spor Bilim Dergisi,
2011; 13(3): 253-260.

Turgut G, Turgut S, Geng¢ O, Atalay A, Atalay EO. The
Angiotensin Converting Enzyme I/D Polymorphism In
Turkish Athletes And Sedentary Controls. Acta Medica
2004; 47:133-6.

Tutkun E. Samsun ili {lk Ogretim Cagi Cocuklarimn
Yetenek Secim YoOnteminin Gelistirilmesi. Doktora Tezi.
Samsun: On Dokuz Mayis Universitesi Saglik Bilimleri
Enstitiisii; 2002.

WADA Gene Doping Symposium Conclusions and
Recommendations: 2005-spring [Internet]. Available from
http://www.wada-ama.org/en/Media-Center/Archives/
Articles/WADA-Gene-Doping-Symposium-Reaches-
Conclusions-and-Recommendations/[14.04.2014].

Williams AG, Folland JP. Similarity of polygenic profiles
limits the potential for elite human physical performance. |
Physiol, 2008; 586(1): 113-21.

Williams AG, Rayson MP, Jubb M, World M, Woods
DR, Hayward M, Martin ], Humphries SE, Montgomery
HE. The ACE gene and muscle performance. Nature, 2000;
403: 614.

Woods DR, Montgomery HE. Angeotensin-converting
enzyme and genetics at high altitude. High Altitude
Medicine and Biology, 2001; 2(2): 201-210.

Yalgn M, Yalgn E. Esansiyel hipertansiyonda genetik
etmenler. STED, 2004; 13(1): 9-11.

Zhang, B. Tanaka H, Shono N, Miura S, Kiyonaga A,
Shindo M, Saku K. The I allele of the angiotensin-
converting enzyme gene is associated with an increased
percentage of slow-twitch type I fibers in human skeletal
muscle. Clin Genet, (2003), 63(2):139-144.

Zhao B, Moochhala SM, Tham S, Lu ], Chia M, Byrne C, Hu
Q, Lee LKH. Relationship between angiotensin-converting
enzyme ID polymorphism and VO2max of Chinese males.
Life Sciences, 2003; 73: 2625-2630.


http://www.ncbi.nlm.nih.gov/pubmed?term=O%27Donnell%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=9603529
http://www.ncbi.nlm.nih.gov/pubmed?term=Lindpaintner%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9603529
http://www.ncbi.nlm.nih.gov/pubmed?term=Larson%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=9603529
http://www.ncbi.nlm.nih.gov/pubmed?term=Rao%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=9603529
http://www.ncbi.nlm.nih.gov/pubmed?term=Rao%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=9603529
http://www.ncbi.nlm.nih.gov/pubmed?term=Ordovas%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=9603529
http://www.ncbi.nlm.nih.gov/pubmed?term=Schaefer%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=9603529
http://www.ncbi.nlm.nih.gov/pubmed?term=Myers%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=9603529
http://www.ncbi.nlm.nih.gov/pubmed?term=Levy%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9603529
http://www.ncbi.nlm.nih.gov/pubmed?term=Rayson%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=10688186
http://www.ncbi.nlm.nih.gov/pubmed?term=Jubb%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10688186
http://www.ncbi.nlm.nih.gov/pubmed?term=World%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10688186
http://www.ncbi.nlm.nih.gov/pubmed?term=Woods%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=10688186
http://www.ncbi.nlm.nih.gov/pubmed?term=Woods%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=10688186
http://www.ncbi.nlm.nih.gov/pubmed?term=Hayward%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10688186
http://www.ncbi.nlm.nih.gov/pubmed?term=Martin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10688186
http://www.ncbi.nlm.nih.gov/pubmed?term=Humphries%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=10688186
http://www.ncbi.nlm.nih.gov/pubmed?term=Montgomery%20HE%5BAuthor%5D&cauthor=true&cauthor_uid=10688186
http://www.ncbi.nlm.nih.gov/pubmed?term=Montgomery%20HE%5BAuthor%5D&cauthor=true&cauthor_uid=10688186

