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Thanks to the dawn of accessible science to map the human genome and the research that is poured into it, genetics are

playing a larger role in elite sports. Genetics have a large influence over many attributes necessary for athletic excellence

such as strength, muscle size, muscle fibre composition, anaerobic threshold, lung capacity, and flexibility. The aim of the

study was to analyse a large database of athletes, comparing their chosen sports and the level that they play. Analysis of

the individuals will include genotypes in six heavily studied genes attributed to athlete potential: ACTN3, MSTN, NOS3,

ACE, AMPD1 and TRHR. A combination of both nurture and nature will always be required to bring the most out of an

individual, however it would be naïve to ignore natural gifts. Genotypes may give an advantage to certain individuals but

the lines between which genotype bring the most benefits is blurred, certain genotypes such as those found in MSTN are

very uncommon but have very high affinity for power sports and bodybuilding. Other genes such as the once hailed

“sports gene” ACTN3 have far more varied distribution and no particular athlete appeared to be hampered from any

genotype, however the C allele did have affinity towards strength and power. From the six analysed genes in the study

both power/strength athletes and bodybuilders had completed genotype affinity, however these genes seem to have less

impact on those that compete in endurance/stamina sports. The  ACTN3 C allele, MSTN G allele, NOS3 T allele, ACE II,

AMPD1 C allele and TRHR C allele all show affinity towards power, strength and/or bodybuilding athletes, only the NOS3

C allele showed a true affinity towards endurance/stamina sports. 
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1. Born Equal: Can genetics make the perfect athlete?

Introduction

Thanks to the dawn of accessible science to map the human genome and the research that is poured into it, genetics are

playing a larger role in elite sports. Genetics have a large influence over many attributes necessary for athletic excellence

such as strength, muscle size, muscle fibre composition, anaerobic threshold, lung capacity, and flexibility . The

variances (known as genotypes) in these genes affect how these genes work and therefore their physiological input.

Whilst nurturing talent is of the utmost importance, we considered how much importance genotypes play in an athlete

being attracted to a certain sport and how much influence they can bring to performance. This is a study analysing

specific genotypes known to have influence over athletic traits  on a large database of 4477.

Aim

The aim of the study was to analyse a large database of athletes (N= 4477), comparing their chosen sports and the level

that they play. Analysis of the individuals will include genotypes in six heavily studied genes  attributed to athlete

potential: ACTN3, MSTN, NOS3, ACE, AMPD1 and TRHR. These results will be collated to see if there are potential

correlations between certain genotypes, the sport played, and the levels played. 

Methods

The subject’s data is anonymously pulled from the Muhdo health ltd. database and includes individuals who have chosen

that they are athletes through an in-app questionnaire, the term "athlete" also includes those that use the gym on a

regular basis. There are 4447 individuals in the database currently under the status of being an athlete. 1876 female

stated as female and 2601 stated as male, they are of varied heritage and have an age range of 23 - 52 years.

Muhdo Health utilise array technology, which is a custom created array from Illumina, this array analyses 1000 genotypes

associated with health, performance, and diet. Phosphate buffered saline was used to prevent any premature cell rupture

and cell recovery is accomplished using standard extraction procedures. Fluorescence information is analysed and

standardised into Illumina’s GenomeStudio®. The iScan Control Software automatically normalized the intensity of the
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fluorescence data to remove technical variation and generated genotype calls. Three probes were used in different

orientations and repeated three times to ensure accurate readings and calls of the alleles. Nucleotides (Adenine,

Thymine, Guanine and Cytosine) were listed in the forward-forward orientation, with a reported 99.9% accuracy. If this

information was not consistent in all three calls the allele set was not included for the subsequent statistical analysis. 

The genotypes chosen for this analysis are as follows:

Table 1. Genotypes analysed.

rs1815739 (ACTN3)

CC

CT

TT

rs1805086 (MSTN)

AA

AG

GG

rs2070744 (NOS3)

CC

CT

TT

rs4343 (ACE)

II

ID

DD

rs17602729 (AMPD1)

CC

CT

TT

rs16892496 (TRHR)



CC

AC

AA

Athletes are put into certain groups based on the sports they state they play:

Table 2. Sports associated with individuals.

Sports association in group

(STRENGTH/POWER)

N = 1981

Sports association in group

(ENDURANCE/STAMINA)

N = 1381

Sports association in group

(BODYBUILDING)

N = 1115

Sprinting - 100 - 400m Long distance running
Resistance training for aesthetic

events/look (bodybuilding, physique)

Powerlifting Cycling  

Olympic lifting Tennis  

Long Jump Rowing  

Triple Jump Football/Soccer  

Olympic throw events   

Sprint cycling   

Resistance training for primary

strength increases   

2. Literature review

ACTN3

The ACTN3 gene encodes the alpha-actinin-3 protein, a structural component of the Z-disc that anchors actin-containing

thin filaments and contributes to regulating muscle length and tension during contraction. Alpha-actinin-3 is only

expressed in type 2 muscle fibres  . A common polymorphism, R577X (rs1815739), of the “speed gene” involves a C-to-

T base substitution resulting in an arginine residue being replaced with a premature stop codon. TT homozygotes have

been shown to have reduced alpha-actinin-3 protein expression and a reduced proportion of fast twitch muscle fibres .

R577X is associated with strength and power, and it has been widely demonstrated that TT homozygotes have impaired

ability to produce powerful contractions and reduced sprint and power performance and that there is a lower prevalence of

TT homozygotes amongst elite athletes . Furthermore, a meta-analysis of published studies corroborated the

association between the C allele and elite power athletes . There is also emerging evidence that in addition to increased

strength and power potential, the C allele has a positive impact on training response, exercise recovery and injury risk .

There have also been studies suggesting the T allele is slightly advantageous for endurance sports, but the results are not

unequivocal and there is a low prevalence in highly successful Kenyan and Ethiopian endurance runners .

MSTN
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The MSTN gene encodes the myostatin protein of the TGF-β protein superfamily. Myostatin is a negative regulator of

muscle cell growth and differentiation ensuring the muscles don’t grow too large and is also involved in regulation of

adipose tissue . Loss of function MSTN mutations in animals with very high skeletal muscle mass, a phenomenon

known as double muscling, have been observed  The evidence indicating the role myostatin plays in skeletal muscle

regulation has led to WADA prohibiting the use of myostatin inhibitors and labelled research into their use an area of

concern . Additionally, MSTN -/- mice were shown to have increased number and size of skeletal muscle fibres . The

K153R A-to-G base substitution (rs1805086) has previously been associated with an increased hypertrophic response to

strength training . The G allele frequency has been estimated to be ~7% (3% in Caucasians, 22% in Africans) and

some studies conducted so far have failed to find a significant association between the variant and strength and power

due to this low frequency and limited sample size . Furthermore, myostatin levels have been shown to be proportional

to age and sex leading to some contradictory findings . Despite this, a meta-analysis by Olegovich et al of the K153R

polymorphism data combined from 4 studies found a statistically significant difference in the prevalence of the G allele in

athletes in weightlifting sports vs control groups. The findings of 3 of the 4 studies was not significant due to the low

frequency of the allele and limited sample number .

NOS3

The NOS3 gene encodes the Nitric Oxide Synthase 3 protein that catalyses the synthesis of the potent endothelium

derived relaxation factor Nitric Oxide (NO). NO regulates skeletal muscle Oxygen uptake. The 786 T/C polymorphism

(rs2070744) has been associated with several physical performance traits including exercise-induced response to

hypoxia, aerobic capacity, and heart and vascular responses . Furthermore, the SNP has been associated with both

power and endurance athletes with the T allele being significantly more prevalent in elite power athletes compared to

controls . 

ACE

ACE is a gene that encodes the angiotensin converting enzyme, a protein that is part of the renin-angiotensin system that

regulates blood pressure and the balance of salt and fluids in the body. ACE raises blood pressure via several pathways:

conversion of angiotensin I into angiotensin II, a vasoconstrictor; promotion of aldosterone that induces reabsorption of

salt and fluids in the kidneys; and inactivation of bradykinin, a vasodilator. ACE has 2 main alleles: the I allele with a

287bp insertion; and the D allele without the 287bp. The I allele has reduced enzymatic activity . The I allele has been

widely demonstrated to be more prevalent amongst endurance athletes versus controls . A meta-analysis of previous

published studies corroborated these findings by identifying a significant association between II homozygosity and

endurance athletes. However, the I allele was just outside the threshold for significance . Additionally, the D allele has

been associated with strength and power athletes .

AMPD1

The adenosine monophosphate deaminase enzyme encoded by AMPD1 is an important regulator of skeletal muscle

energy metabolism. During physical activity the enzyme converts AMP into inosine monophosphate (IMP) as part of the

purine nucleotide cycle, releasing an ammonia molecule and providing energy for the skeletal muscle. The rs17602729 C-

to-T Gln12X variant is associated with reduced AMPD activity and is less prevalent in power athletes than controls  .

TRHR

TRHR encodes the thyrotropin releasing hormone receptor. Thyrotropin releasing hormone binding induces the release of

thyrotropin and prolactin from the anterior pituitary gland and thereby affecting the body’s metabolism and various

hormonal activities including milk production. The rs16892496 A allele is associated with TRH resistance and increased

lean body mass  . Additionally, the T allele in rs7832552 of TRHR has been associated with elite sprinters .

3. Results

After analysis of the results the following was found: (if 75% or above of individuals were attributed to specific sports this
would be stated as “predominate” if there was over 90% this would be stated outright)

Table 3. Results.

rs1815739

(ACTN3)
Subjects Sports Notes
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CC 2683
All/Predominate power/Bodybuilding

(2087 - 77.79%)  

CT 988 All  

TT 806 All  

    

rs1805086

(MSTN)    

AA 4205 All  

AG 271
Power/Strength/Bodybuilding (254 -

93.7%)

32/254 compete at

national/international level in

strength/bodybuilding/power

GG 1 Power/Strength (100%) 2x WSM

    

rs2070744

(NOS3)    

CC 480 Endurance/Stamina (433 - 90.21%)  

CT 979 All  

TT 3018 All/Predominate power (2380 - 78.8%)
123/2380 compete at national level

or higher in power sports

    

rs4343 (ACE)    

II 2011 Power (1890 - 93.98%)  

ID 1056 All  

DD 1410 All  

    

rs17602729

(AMPD1)    

CC 4200 All
2700 compete at a national level or

international level

CT 275 All  



TT 2 Endurance/Stamina (100%) 2/2 compete at national level

    

rs16892496

(TRHR)    

CC 1856
Power/strength/bodybuilding (1760 -

94.83%)

101/1760 compete at national level

in bodybuilding

AC 893 All  

AA 1728 All  

Results show that the prevalence of certain genotypes in the athlete population is varied. The “C” allele in ACTN3

(rs1815739) is overrepresented in the whole athlete population making up 60% of this population, however this steams

primarily from strength/bodybuilder athletes. The “G” allele in MSTN (rs1805086) is uncommon in any population and this

confirms the rarity, the common genotype may not play a role in achieving elite success however the “G” allele is highly

associated with strength and bodybuilding. The “T” allele in NOS3 (rs2070744) is overrepresented in power sports and is

also overrepresented in the whole athlete population, the “C” allele may be associated with endurance and stamina

sports. The II variance in the ACE (rs4343) gene is overrepresented across the athlete population and may show a higher

affinity towards power sports. The “C” allele in AMPD1 (rs17602729) is highly represented in the athlete population which

matches population studies. The “C” allele in TRHR (rs16892496) shows higher affinity for strength/bodybuilding sports

but the “A” allele does not appear to cause any deficit for performance.

Table 4. Sport specific genotypes.

Power/Strength Talent Bias Endurance/Stamina Bias Bodybuilder Bias

ACTN3 - CC ACTN3 - ANY ACTN3 - CC

MSTN - AG/GG MSTN - ANY, (maybe) AA MSTN - AG/GG

NOS3 - TT NOS3 - CC NOS3 - (maybe) TT

ACE - II ACE - ANY ACE - (maybe) II

AMPD1 - CC/CT
AMPD1 - (maybe) TT.

CC/CT
AMPD1 - CC/CT

TRHR - CC TRHR - ANY TRHR - CC

 

Graph 1. Genotype prevalence.



4. Discussion

ACTN3

ACTN3 and its single nucleotide polymorphism R577X (rs1815739). R577X directly determines the expression of the α-

actinin-3 protein that contributes to the construction of the contractile component in power-generating fast twitch fibres of

skeletal muscle. A number of association studies have demonstrated that ACTN3 is a strong candidate in the influence of

elite athletic performance . Most studies attributed the C allele to power sports and the T allele to endurance sports .

In this study the C allele was associated with strength and power sports and was also represented higher in the

bodybuilder category, however the T allele was not associated directly with endurance or stamina sports and therefore

there is no candidate variance of ACTN3 associated with endurance and stamina sports.

MSTN

MSTN is a gene that makes instructions for producing the protein myostatin, a protein that is part of the transforming

growth factor beta family (TGFβ). The TGFβ family of proteins control the growth of tissues in the body, myostatin is found

nearly exclusively in the skeletal muscles where it is active before and after birth. The protein actually controls skeletal

growth by restraining it, preventing muscles becoming excessively large . Current research that surrounds myostatin is

based around its potential treatment in muscle wasting disorders, animals that have mutations in the encoding gene

MSTN show greater muscle mass, strength and in some circumstances reduced bodyfat, which can be known as

myostatin-related muscle hypertrophy . The current study shows that the majority of athletes have the common AA

variance in rs1805086 and therefore it is unlikely to affect athletic potential for the majority. However those who are

heterozygotes are nearly completely associated with strength, power or bodybuilding with a high level of these competing

at a high level in their given sports. There was only one individual with the complete mutation within the gene and this

individual competes at the highest level in strength-based sports. It can be stated the G allele is associated with strength,

power and bodybuilding which would match the current research on myostatin.

NOS3

The NOS3 gene encodes an enzyme which is responsible for the production of the small molecule nitric oxide (NO).

NOS3 is predominantly expressed in the endothelial tissue which lines the circulatory system and heart, where it plays a

key role in regulation of NO. NO is a vasodilator and aids the cardiovascular system  when produced correctly, and this

vasodilation effect is attributed to an increase in sporting performance through increasing oxygen and other nutrients to

muscles. This study shows that the C allele is associated with endurance and stamina and the T allele is associated with

strength and power.

ACE

ACE encodes the enzyme angiotensin-converting enzyme, this enzyme is able to cleave proteins. It helps regulate blood

pressure and balance fluids and salts in the body. The ACE II genotype has been associated with muscle damage and the

DD genotype with protective properties , it is hypothesised that muscle damage can lead to greater adaptation. The II
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genotype is often attributed to athlete status, however in this study the II genotype was primarily associated with strength

and power athletes only.

AMPD1

Adenosine monophosphate deaminase 1 (AMPD1) plays a vital role in the purine nucleotide cycle, the gene encodes an

enzyme of the same name. The enzyme coverts adenosine monophosphate to inosine monophosphate which frees an

ammonia molecule during the process. Mutations that occur within the AMPD1 gene are one of the most common defects

detected in the Caucasian population with a likelihood of having the mutations as 1-2%. Several studies indicate that

certain variants can cause fatigue, muscle weakness and muscular cramps, however some even with these variants

remain asymptomatic .

The disorder caused by mutations is known as adenosine monophosphate deaminase deficiency type 1 (AMPD1

deficiency) or myoadenylate deaminase deficiency (MADD). The most common symptoms of AMPD1 deficiency are:

1. Exercise intolerance – symptoms of fatigue and fast onset weakness on the commencement of exertion or prolonged

exertion.

2. Fatigue – general fatigue is poorly understood and may have multiple pathways; however a surplus of adenosine

reduces alertness.

3. Muscle cramping – this may be due to an increased lactate.

Based on the genotypes effect on the body we would expect that those with the T allele would suffer from poor exercise

performance. However, this study shows no affect on athlete profile and the genotypes in AMPD1. It should be stated that

most athletes had the non-mutated genotypes and for power and strength sports especially it could be stated that at least

one C allele is beneficial. Only two individuals had TT and both were endurance/stamina athletes. It is probable that the C

allele is beneficial for all sports, especially for power and strength sports and all variances are applicable for endurance

and stamina sports.

TRHR

Thyrotropin releasing hormone receptor is a gene that is not as well analysed as the other five in the study. Through a

chemical cycle within the body the gene may alter the levels of thyroid-stimulating (TSH) in the blood . The genotype

analysed in the study rs16892496 appears to affect lean body mass , with the C allele causing an increase in lean body

mass. In the study the C allele is heavily associated with power and strength sports whereas it is not associated with

endurance and stamina sports.

Many of the studies conducted previously concur by identifying significant allele-sport type associations. However some

published papers appear to contradict these studies by not finding any significant differences in allele prevalence between

elite athletes and control groups. However, it is important to note that many previous studies have limited sample size and

therefore lack statistical power. Furthermore, given the rarity of many of the minor alleles there has not been sufficient

allele representation to achieve statistically significant results. This study aims to help rectify the paucity of studies with

large study groups and to the author’s knowledge this is the highest sample size to date in a study looking at associations

between polymorphisms and athlete status and physical performance.

5. Conclusion

The study aimed to investigate the database of Muhdo Health ltd. The primary reasoning is the lack of large genetic

database studies being conducted largely on the athlete population. The findings in this study show that there may be a

genetic blueprint or profile for certain athletes. Many more genotypes need to be analysed in further study to create a

larger picture of how they work together to cause advantages for certain sports, one limitation of the study may be the

inclusion of athletes who regularly frequent the gym but who would not otherwise be classified as elite athletes.

A combination of both nurture and nature will always be required to bring the most out of an individual, however it would

be naïve to ignore natural gifts. Genotypes may give an advantage to certain individuals but the lines between which

genotype bring the most benefits is blurred, certain genotypes such as those found in MSTN are very uncommon but have

very high affinity for power sports and bodybuilding. Other genes such as the once hailed “sports gene” ACTN3  have far

more varied distribution and no particular athlete appeared to be hampered from any genotype, however the C allele did

have affinity towards strength and power. From the six analysed genes in the study both power/strength athletes and

bodybuilders had completed genotype affinity, however these genes seem to have less impact on those that compete in
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endurance/stamina sports. The  ACTN3 C allele, MSTN G allele, NOS3 T allele, ACE II, AMPD1 C allele and TRHR C

allele all show affinity towards power, strength and/or bodybuilding athletes, only the NOS3 C allele showed a true affinity

towards endurance/stamina sports. 
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