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Abstract 

Studies in sports genetics have increased nowadays and the identification of genotype and allelic distributions of candidate 

genes in different athletes has provided important information to sports scientists. One of the candidate genes studied in sports 

genetics is the hypoxia-inducible factor 1-alpha (HIF1A) gene, which is associated with the endurance phenotype. In our study, 

we aimed to determine the genotypic and allelic distribution of HIF1A rs11549465 polymorphism in Turkish Elite cross-country 

athletes. 34 (23 male, 11 female) athletes were included in the study, and 1 cc of blood samples taken for routine analysis after 

the approval of the ethics committee was used for DNA isolation. The commercial kit was used for DNA isolation and 

genotyping was performed by Real-time PCR method. The number and percentage of CC, CT and TT genotypes of the HIF1A 

rs11549465 polymorphism were 24 (72.72%), 8 (24.24%) and 1 (3.03), respectively. In male skiers CC, CT and TT genotype 

numbers and percentages were determined as 17 (55.51%), 4 (12.12%) and 1 (3.03%) respectively. In female, CC and TT 

genotypes were determined as 7 (21.21%) and 4 (12.12%). We detected no TT genotype in female athletes. When we look at allel 

numbers, C allele was determined as 56 (84.84%) and T allele was determined as 10 (15.15%). This is the first study on HIF1A 

rs11549465 polymorphism on Turkish elite ski cross-country athletes. The higher prevalence of CC genotype and C allele in the 

athlete group is similar to the previous studies on different groups of athletes. We believe that this study will be an important 

reference for further studies. 
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INTRODUCTION 

One of the ways to be successful in sport is 

being talent. Although it is known that sportmen 

physical, physiological and mental capacities are an 

important indicator affecting athletic performance, 

being talent as an individual is a significant factor. 

Being a talent individual depends on the features 

such as mental skill and high performance, inborn 

physical (flexibility, muscular force, body 

composition) and physiological factors and genetic 

factors suitable to the sport that he deals with (9). In 

addition to that, their nourishment, discipline of 

training and their genetical inclinations with 

suitable training conditions provide them to be 

successful in certain branches of sports. In recent 

years, the effects of a lot of genes on athletic 

performance in sport have been researched with the 

help of the human genom project carried into effect. 

As a result of these researches it has been stated 

that genetic features also effect on athletic  

performance as well as the components such as 

force, strength, agility, flexibility, nerve-muscle 

coordination considered to be effective in 

identifying athletic performance in athletes and it 

can be indicated as a criteria in even making athletes 

lead to the sport that they tend to and in their 

performances (5,10). 

The polymorphisms in genes such as especially 

HIF1-A, ACTN3, ACE and PPAR-A in sports 

requiring endurance or explosive power have been 

often  a subject of researches.  

Hypoxia-inducible factor alpha gene (HIF1-A) 

as a transcription factor associated with athletic 

performance and regulating the expression of the 

genes providing cell adaptation to hypoxia is one of 

the studied genes in subjects related to genetic and 

athletic performance (11). HIF1A is localized in 

14q23.2. factors (hypoxia inducable factors, HIFs) 

that can be stimulated in hypoxia conditions provide 

cells to adapt the hypoxia conditions and also 

provide athletes to adapt better especially in aerobic 

exercises. When the oxygenation of cells is reduced, 
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they support fulfillment of residual oxygen demand 

by stimulating glycolisis and angiogenesis (15). 

Functional rs11549465 polymorphism on HIF1A 

causes proline-serine amino acid change in 582nd 

position of synthesised polypeptide and cytosine-

thymine transition. In the result of this, stability and 

transcriptional activity of HIF1A protein are 

increased and it causes the athletes to develop new 

adaptations against changing conditions (8).  

Cross country is a sport disciplines requiring 

endurance and high effort performed on skiers. The 

typical characteristics of high level skiers, which 

means that their endurance features are good, are 

their ability to run on skiers with high level 

performance for a long time. This characteristic of 

athletes besides it is effective for them to be 

successful at sport has been stated that it is related to 

physiological structure and gene factor (18,16). 

In generally, Cold weather and in flat and 

rough country that has high elevation, 1.5 km sprint 

15 km, 50 km and 15+15 km biathlon in male 

athletes, and 1.5 km, 10 km,30 km,7.5 +7.5 km 

biathlon in female athletes performed on skis are a 

sport disciplines requiring high effort and 

endurance. The most typical characteristics of high 

level skiers are their ability to sprint for a long time 

with high level of performance on skis in cold 

weather and in places where there is high altitude. 

When the literature has been examined it has 

been found out those genetic studies on Cross 

Country athletes have not been conducted enough. 

Thus, in this study performed in our country for the 

first time, it has been aimed to identify HIF1A 

rs11549465 polymorphism in elite cross-country 

athletes. 

MATERIAL AND METHOD 

Participants 

The most significant characteristic of athletes 

attended in our study is that they have elite athletes 

status. When determining elite athletes criteria, “ 

raking among at least top three  in Turkish 

Championship in past two years in his/her own 

branch and taking part in international 

tournaments” have been considered. 34 

volunteer cross-country athletes in total consisting 

23 male and 11 female athlete taken part in National 

Ski Team camp conducted in Erzincan and Ağrı 

have attended to our research. Before beginning the 

study, the document of legal permission has been 

taken from Chairmanship of Turkish Ski Federation 

for study to be done. Our study protocol is 

designated in accordance with Helsinki Decleration 

and confirmed by Clinical Studies Council of 

Faculty of Medicine in Atatürk University. 

Voluntary Consent Form notifying study protocol 

and outputs has been confirmed by all athletes 

attended the study before the study. 

Athletes’ DNA Recovery and Genotyping 

Blood samples for our study have been 

provided by taking 1 cc of preferic blood taken for 

routine biochemical analyses into tubes containing 

EDTA. DNA isolation has been executed by 

examining user protocols with High Pure PCR 

Tamplate Preperation Kit(Roche, Germany). Final 

concentrations of obtained DNAs have been 

measured with spectrophotometer and sufficient 

DNA from all samples has been obtained for 

genotyping. Isolated DNA material has been 

executed with 7500 Fast Real-Time PCR System 

(Applied Biosystems) device by using Taqman 

Genotyping Assays (Applied Biosystems Foster 

City, CA, USA) genotyping kits. Genotyping 

processes have been completed by using 10uL in 

total consisting 5 μL master mix, 3,75μL H2O, 

0,25μL assay and 1μL (10 ng)  DNA. 

RESULT 

Athletes age average as 25,60±6,8 (years), height 

as 172,00±6,38 (cm) and weight as 72,77±11,79 (kg)   

have been found. Demographic information about 

elite athletes has been shown in Table 1. 

Table 1. Demographic information about elite athletes 
Physical Feature [ ± ss ] Education [ n (%) ] Number of Level [ n (%) ] 

Age (year)  25.60  ± 6.8 High School 1 (5) Turkish Championship 25 (69,44) 

Height (cm) 172.00 ± 6.38 Undergraduate 18 (90) Balkan Championship 9 (26,47) 

Weight (kg)  72.77 ± 11.79 Postgraduate 1 (5) 
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In our cohort study, number and percentages of 

HIF1ACC,CT and TT genotypes have been found as 

respectively 24 (%72.72), 8 (%24.24) and 1 (3.03). The 

numbers and percentages of CC,CT and TT 

genotype in male skiers have been identified as 

respectively 17 (%55.51), 4 (% 12.12) and 1 (% 3.03) 

while CC and CT genotype and percentages in 

female skiers have been identified as respectively 7 

(%21.21) and 4 (% 12.12). TT genotype has not been 

identified in females. When we look at the number 

of alleles, C allele has been identified as 56 (%84.84) 

while T allele has been identified as 10 (%15.15) in 

our cohort. HIF1A genotype and allele frequencies 

of cross country national team athletes have been 

summarised in Table 2.  

Table 2. HIF1Ars11549465 genotype and allele frequencies of cross country national team athletes 
Genotype Allele 

Groups CC CT TT C T 

Male (n=22) 17 (%55.51) 4 (%12.12) 1 (%3.03) 38 6 

Female (n=11) 7 (%21.21) 4 (%12.12) 0 (%0) 18 4 

Total (n=33) 24 (%72.72) 8 (% 24.24) 1 (%3.03) 56 (%84.84) 10 (%15.15) 

DISCUSSION 

Studies in the area of sport genetic have been 

started by Bouchard et al.(4) who revealed the 

effects of gens on sportive activity and researched 

sportive achievements of monozygotic and dizygotic 

twins in a most comprehensive way and 

investigated by Montgomery et al. (14). However in 

the helm of the most effective studies in this area it 

has been accelerated with the effect of ACTN3 

rs1815739 polymorphism yang et al.(17) on sprinter 

and endurance activities. From this date, studies in 

this area have been accelerated and the 

determination of the contributions of new genes to 

sportive activities has been accelerated as 

physiological features are identified and with the 

help of development of new technologies. 

HIF1-A protein synthesized by HIF1A gene is a 

transcription factor that enhances expressions of the 

other genes having roles in aerobic metabolism and 

sustains expression as an answer to oxygen stress of 

the tissues and cells especially. HIF1A rs1154965 

Polymorphism on genes provides cells and tissues to 

be prepared against oxygen stress by effecting to the 

speed of gene transcription (3). 

C allele of polymorphism codes proline amino 

acid and T allele called as allele codes serine amino 

acid. In phenotypic perspective Ahmedov et al. (1) 

have shown that HIF1A rs11549465 polymorphism 

is connected with fast type IIX muscle fibre. It has 

been determined that T allele also increases the 

speed of transcription. In our Turkish cross-country 

athletes cohort study, it has been determined that 

CC genotype and C allele in terms of HIF1A 

rs11549465 polymorphism are higher compared to 

TT genotype accepted as polymorphic and rare 

variant T allele. 

In the study, where 316 elite male endurance 

athletes from Caucasus and 304 control individual 

are compared, it has been statistically 

(p=0.006)determined that C allele and CC genotype 

in athletes are higher than the control group (6). This 

result shows congruity with our cohort results. All 

the same, in the study (2) where 265 Russian 

endurance athletes and controls have been 

examined, the difference between two groups has 

not been identified (p>0.05). 

There are different studies notifying that HIF1A 

rs11549465 polymorphism has a connection with 

athletic performance in elite enduring athletes (13). 

Similarly, it has been identified that the same 

polymorphism in Russian weight-lifters and 

wrestlers provides inclination in sportive 

achievement (1). Similar results have been observed 

in Polish athletes (12) but not in Israeli sprinters (7). 

When examining the studies in literature, it has 

been observed that the results obtained from HIF1A 

rs11549465 polymorphism are contradictory. The 

eventuation of these studies on athletes from 

different discipline and populations can be asserted 

as the biggest reason. In our cohort study it has been 

found out that CC genotype related to endurance 

and C allele are in high ratio. According to the 

results that we obtained, we anticipate that related 

genetic polymorphism has close connection with the 

endurance feature. 

We consider that the eventuation of these 

analyses on Turkish athletes for the first time will be 

an important source of information not only in 

terms of contributing to the literature but also in 
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terms of leading next studies to be done. Moreover 

the implication of HIF1Ars11549465 genotype test as 

a significant indicator of endurance feature in 

national team selections with new beginners of 

biathlon in terms of selecting talented athletes 

becomes more of an issue. 

Note: This study has been supported by 

Coordinator of Muş Alparslan University Scientific 

Research Projects  (BAP-17- BESYO-4901-01). 
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