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Abstract 

The primary use of the traditional candidate gene approach over the past decades in 

sports genetics has had limited success in identifying genes associated with elite athletic 

performance. Advances in high-throughput technologies now permit the application of 

“omics” (e.g. genomics, transcriptomics, metabolomics, proteomics and epigenomics) 

approaches to examine the global features of a cell, tissue or organism. 

“Omics” approaches are being applied with some success to a wide range of pertinent 

biomedical problems such as cancer diagnosis but also in sports science and sports 

medicine such as for the identification of biomarkers of trainability or blood doping. 

There is good evidence to suggest that a combined “omics” solution will greatly 

facilitate discovery of the genetic influences on sporting performance, training response, 

injury predisposition and other potential determinants of successful human performance. 

In this regard, large-scale, collaborative efforts involving well-phenotyped cohorts will 

be essential for major progress to be made. A recent consensus emerged among 15 

research groups active in the field of sports genetics to unite their efforts under one new 

collaborative initiative named the Athlome Project Consortium. The primary aim of the 



Athlome Project is to combine resources from individual studies and consortia 

worldwide to collectively study the genotype and phenotype data available on elite 

athletes, the adaptation to exercise training (in both human and animal models) and the 

determinants of exercise-related musculoskeletal injuries. This editorial summarizes the 

challenges and opportunities facing the Athlome Project Consortium and the field of 

sports and exercise genomics in general. 



Rare versus common variant hypothesis and the dilemma of rare phenotypes 

There is much interest in the fact that athletes dominating certain sports originate from 

specific geographical areas for instance, endurance runners from Ethiopia or Kenya 

(East Africa), sprinters from Jamaica or USA (West Africa), and gymnasts and figure 

skaters from Japan, Korea, or China (Far East Asia). Although these occurrences are 

more likely a reflection of historic socioeconomic and cultural characteristics of each 

location, it is presumed that the area-specific segregation of sports performance is based 

on uneven distribution of the genetic characteristics that relate to the physical and 

metabolic properties of individuals in each area (see (8)). 

  

In recent decades, genetic approaches in sports and exercise science have primarily 

focused on the candidate gene approach, with some attempts of applying the 

genome-wide association study (GWAS). Despite these efforts, there has been little 

progress in identifying genes that are locally or universally linked with athletic 

performance, with the likely exceptions the variants in the ACTN3 and ACE genes 

(1,11). Each of the common single nucleotide polymorphisms (SNPs) usually has only a 



small functional effect, thus initially resulted in the development of the genomic score 

approach that sums up the numbers of alleles of potential influential SNPs to predict 

performance (17), training response (2), or risk of obesity, hyperlipidemia, or 

hyperglycemia with reference to the effect of physical fitness (14-16). The genetic score 

approach usually exhibits a Gaussian distribution, and although the very best athletes 

score higher, their extreme performances cannot be adequately explained by the 

summation of common SNPs with small effects (3). Based on the current literature, it is 

reasonable to hypothesize that the rare and extreme phenotypes of elite athletes can be 

explained by rare functional variations or mutations that emerged and were selected 

rather recently in human history, so that these SNPs or mutations are detectable only in 

some global regions. This notion is similar to the idea that is used for the discovery of 

inherited diseases caused by mutations in single or multiple genes (18). Shifting the 

preferred approach from the candidate gene approach to the genome-wide association 

study resulted in the emergence of the multi-comparison problem where the Bonferroni 

correction or the conventional genome-wide significance threshold of 5 x 10-8 in 

European populations or 1 x 10-8 in African populations (13) needed to be overcome. If 



the target region is expanded to include the whole genome of 3 x 109 base pairs, and 

assuming the frequency of sequence variations in our genome is about 1 out of 1000 

bases, each individual is likely to have 3 x 106 variations in their genome. Consequently, 

identifying a SNP or structural variation linked with an extreme phenotype would be 

exceedingly difficult even if hundreds or thousands of DNA samples were collected 

from elite athletes. This is the major problem facing sports and exercise genomics. It is 

likely that the rare SNPs are more region-specific and emerged more recently in the 

history of human evolution than the common SNPs. Other views include the notion that 

the capacity for endurance running is a newly acquired common phenotype of all 

modern humans (4,12). It is unknown at the moment whether the extreme phenotypes of 

elite athletes are ascribable to a limited number of rare variants or to high combinations 

of common variants. To discover the secret of the genomes of elite athletes will require 

a dedicated international collaborative efforts such as the newly formed Athlome Project 

Consortium that was founded as a result of a symposium held in Athens and on the 

Greek island of Santorini from 14-17th May 2015. The purpose of the Santorini meeting 

was to review the main findings in exercise genetics and genomics and to explore 



promising trends and possibilities.  

New era of whole genome sequencing and future directions 

A detailed analysis of the genome reveals unexpected findings in the genome data of 

each individual such as a few hundred disease-causing mutations. It is recommended 

that researchers involved in whole genome sequencing report mutations in the list of 

genes that are considered linked with inherited diseases. Not all individuals are 

symptomatic of disease and many will never experience any symptoms during their 

entire life (The MedSeq Project, (9)). Whole genome analysis of elite athletes is going 

to reshape our current understanding of the genetic basis of human performance and by 

association heath-related fitness. This knowledge will help generate new solutions to 

modern-day health problems such as inactivity, obesity and sarcopenia; all of which are 

at the opposite spectrum of the elite athlete phenotype. 

 

In order to facilitate maximum progress recent developments in information technology 

that guarantee both the safety of unique genetic information of individual athletes as 

well as the ease of access for researchers exploring links between genotypes and 



phenotypes must be applied. Vital lessons are already being learned from the field of 

cancer genomics. For example, in the COSMIC catalogue storing the somatic mutation 

information (5,7), the somatic mutations in the cancer tissues and the germ line 

variations are analyzed but only the somatic mutations present in the cancer tissue are 

open access. Data generated from the Athlome Project Consortium will be made 

publically available for sharing of resources with the wider scientific community 

(http://staging.athlomeconsortium.org/), particularly when whole genome sequencing of 

hundreds of elite athletes takes place, as is currently planned (e.g. 1000 Athlomes 

project (10) in this series). Whole genome sequencing studies of elite athletes alone will 

not, however, be sufficient to meaningfully understand the mechanisms underlying the 

extreme athlete phenotype. This will require genomic and epigenomic information that 

can be potentially linked with transcriptomic and proteomic information (e.g. (6) paper 

by Durussel et al. in this series). Establishing lymphocyte or myocyte clones isolated 

from elite athletes will also be important in this regard as the transcriptome or proteome 

data from such resources are less affected by environmental conditions including 

exercise training or unknown doping.  



This issue of Physiological Genomics is a pivotal landmark in the field of sports and 

exercise genomics, contributed by the participants of the Santorini Conference 2015 that 

abridges the current literature and the future trends in sports and exercise science and 

medicine. This series of manuscripts will be a useful resource for scientists, researchers, 

students and others who have an interest in genetics, genomics and exercise biology. It 

is hoped that this shift in current approach that has led to the creation of the Athlome 

Project Consortium and ideas brought forth in this series will encourage a new standard 

of excellence and motivate more international collaboration in sport and exercise 

genomics.  
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