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Participant Information 
Athletes n Average Age Caucasian 

Male Distance 18 20.1 100% 
Female Distance 7 20.1 100% 
Male Sprinters 17 20.1 82% 

Female Sprinters 17 19.7 100% 
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Elite athlete status is partly determined by genes that predispose an 
individual for athletic success, but it is unknown if the same genes define 
success among Division III college athletes. The genes ACE and ACTN3 
have been associated with elite athletic performance. ACE contributes to 
blood vessel constriction, and restricts oxygen delivery to muscles. The I 
allele has decreased ACE activity resulting in increased oxygen delivery. 
This allele is advantageous for endurance athletes. The ACE D allele 
maintains normal activity levels and reduces oxygen delivery to muscles. 
This allele is disadvantageous for endurance athletes. 
The ACTN3 gene organizes the Z line in fast-twitch muscle fibers and 
increases forceful muscle contractions.  A polymorphism in the protein 
coding region results in the replacement of an arginine (R allele) with a 
stop codon (X allele). The R allele is advantageous in sprint and power 
events as it generates more powerful muscle contractions. 
The genes ACE and ACTN3 have both been associated with athletic 
performance in elite athletes with the ACE I allele being overrepresented 
in endurance athletes (1) and the ACTN3 R allele being overrepresented 
in sprinter and power athletes (2).  However, it is not known if the same 
association is present in runners at the Division III college level. In order 
to determine if ACE and ACTN3 also lead to increased performance in 
Division III athletes, we genotyped ACE and ACTN3 in members of the 
track team at the University of Wisconsin-Stevens Point. 
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ACTN3 Results 

Sample Collection: All data collected related to human subjects was 
approved by the University of Wisconsin-Stevens Point Institutional 
Review Board.  Track athletes were recruited during practice, and surveys 
collected information regarding age, gender, ethnicity, academic major, 
and events raced.   
DNA Isolation: Saline rinse collected buccal cells from which DNA was 
isolated  using the GeneJET Genomic DNA Purification Kit (Thermo 
Scientific). 
PCR Genotyping of ACE: Genotyping of the ACE I/D allele was carried 
out using PCR. The ACE D allele produced a PCR band of 187bp while 
the ACE I allele produced a PCR band of 474bp. GoTaq Mastermix 
(Promega) was used for PCR with 0.1 µM primer, and 20-200 ng DNA.  
For gel electrophoresis, 20 µL PCR product was loaded into a 1% 
agarose gel.   
Allelic Discrimination of ACTN3: The TaqMan® SNP Genotyping Assay 
(Applied Biosystems) was used to genotype the ACTN3 R/X alleles. 

This research was funded by the  Undergraduate Education Initiative 
(UEI) Grant from the College of Letters and Sciences of University of 
Wisconsin Stevens Point. 

The frequency of the ACTN3 allele of UWSP sprinters deviated sharply 
from the normal population with the RR allele being greatly over 
represented, and the XX allele being under represented.  Among distance 
runners we observed that the presence of the I allele is highly predictive of 
stratified performance in the 3K, 5K and cross country event.  The same 
correlation was not observed for the 800, 1500m or the 1600m which are 
all considered shorter distance events. 
We also observed stratification for the ACTN3 gene, as the RR genotype 
is predictive of sprinting success in comparison with the RX genotype (we 
lacked sufficient XX runners for comparison).RR allele carries have 
significantly stratified performance over the RX allele carriers in the 60m 
and 100m dash and a slight performance enhancement in the 200m dash. 
Interestingly, in the 400m dash the X allele was inversely predictive. The 
400m dash is a longer event, and the data suggests that as the event 
length increases, the influences of ACTN3 on performance diminish. This 
novel finding suggests that ACTN3 influences sprinters up to the 200m 
dash and is the best indicator of success for the 60m or 100m dash. 
Our data shows that the same genetic advantage observed in elite 
athletes, is also observed in Division III athletes.  An increasing amount of 
research demonstrates that athletic performance is correlated to 
genotype.  Our findings suggest it may be possible to use genetics as a 
method for determining the ‘best-fit’ events that give athletes the highest 
chance for success. 

Gene Summary 
ACE Gene 

I allele D allele 
Insertion of Alu Element Lack of Alu element 

Low Circulating ACE Enzyme High Circulating ACE Enzyme 
Enhanced Endurance Performance Decreased Endurance Performance 

ACTN3 Gene 
R allele X allele 

C Nucleotide T Nucleotide 
Arginine at Codon 577 Stop Codon at Codon 577 

Functioning ACTN3 Nonfunctioning ACTN3 
Enhanced Sprint Performance Decreased Sprint Performance 

Background 
Distribution of ACE alleles is similar to those 
seen in the general population 
Among mid-distance events (800m, 1500m, 
1600m) heterozygotes (ID genotype) show a 
performance advantage 
Among distance events (3K, 5K, 6K, 8K) the I 
allele shows a performance advantage and the 
D allele shows a performance disadvantage 

 Distribution of ACTN3 alleles deviates from 
the general population, with RR being 
overrepresented and XX underrepresented 
 

 Among sprint events (60m, 100m, 200m) the 
R allele shows a performance advantage 
 

 Among mid-distance events (400m, 800m) 
the R allele shows a performance disadvantage 

Box and Whisker Plot for ACE 

Box and Whisker Plot for ACTN3 

Poster Summary 
ACE I allele is associated with elite endurance athletes 

ACTN3 R allele is associated with elite sprint/power athletes 

It was unknown if ACE and ACTN3 is associated with performance in 
Division III track runners 

Hypothesis 
Performance in sprint and distance events will stratify based on ACE and 

ACTN3 genotypes 
Results 

ACE II/ID allele carriers  have stratified performance in endurance events 
 ACTN3 RR allele carriers have stratified performance in sprinting events 

Application 
Genotyping of Division II athletes can predict the event at which an athlete 

is most likely to succeed 

Biology 
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