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Abstract

The objectives of this study were to propose a new strategy to call genetic variants in mitochondrial 

genome, and determine whether some variants are associated to endurance performance. DNA was 

isolated from peripheral blood and mtDNA was amplified by 5 overlapping amplicons and then 

sequenced by Illumina Miseq. We chose a reference genome (GenBank ID : JN398380.1) that we « 

circularized » to improve terminals' alignments. After quality filtering and alignment, GATK (v3.5) 

was used to detect SNPs, indels and heteroplasmy. Association between SNPs and performance in 

endurance was tested using mixed model with fixed SNP Effect and random additive genetic effect 

with relationship matrix. We got 590 variable positions of which 72% were known through studies of 

mitochondrial variability in horses (Li et al., McKenna et al.). 80% of the protein coding variants are 

silent and the transition/transversion ratio is 22.5. We observed 1.5% of non-haploid genotype. We 

graphically described the variants and the observed heteroplasmy in terms of localization, diversity, 

potential effects along the mitochondrial genome. Our preliminary analysis do not allow to associate 

some of the variants to performance.  

 

Introduction 

 

Endurance horses can run up to 160 km per 

race. Mitochondrial DNA variations may 

affect the efficiency of electron transport chain 

and ROS production, thus contributing to 

endurance performance. We studied the 

mitochondrial genome variability among 205 

endurance horses for which racing 

performance were known.  

 

 

 

Material & methods 

 

We designed 5 overlapping amplicons to 

specifically amplified mitochondrial genome 

from total DNA extracted in peripheral blood. 

Then we sequenced all samples with Illumina 

Miseq that produces 250 bp paired reads. The 

resulting average coverage of the genome was 

as huge as 6000X.  

We chose a Arabian reference genome 

(GenBank ID JN398380.1) that we pseudo-

circularized in silico to improve terminals' 

alignments. For this we simply linearise the 
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reference genome at a different location. This 

fig. 1 shows the two reference genome used. 

 
 
 
 
 
 
Figure 1. Reference genome 2 is built from 

GenBank JN398380.1 cut in the middle, then 

we put the extremities inside and concatenate.  
 
The cleaning and mapping pipeline is 

standard: we used trimgalore v.0.4.0 

(Stringency 5, Phred score < 20), bwa mem v. 

0.7.12, samtools view and sort v.1.3 (1), 

AddReadGroups (picard-tools v1.8). We 

filtered reads with mapping quality < 60. Then 

we obtained 2 bam files (one for each 

reference) for each sample.  

We used the GATK 3.5 package (McKenna et 

al.) to detect variations. Most parameters 

followed the best practices and some were 

fine-tuned as described in the fig. 2.  

 
Figure 2. Variant calling pipeline 

implemented in Jflow (Mariette et al.) to 

launch in parallel all samples.  
 
Association between SNPs and performance in 

endurance was tested using mixed model with 

fixed SNP Effect and random additive genetic 

effect with relationship matrix.  

 

 

 

 

Results 
 

For the 205 horses, we found 590 combined 

variable positions (one position varies every 

27 bps in average), see Fig. 3 A. Only 5 

contain indels. 72% have already been found 

in previous studies (Aken et al., Achilli et al., 

Cardinali et al.). 80% of the protein coding 

variants are silent and the 

transition/transversion ratio is 22.5, see Fig. 3 

B. Furthermore, we could observe 1.5% of 

non-haploid genotype (potential 

heteroplasmy).  

 
Figure 3A. Known and unknown variants 

along the mitochondrial genome 

 
Figure 3B. Variants functional annotation 
 
Figure 3. A: variants detected along the 

mitochondrial genome. In red : known 

variants, in blue unknown variants. GATK 

fails to detect new variants in the D-loop 

region because it's hypervariable region and 

the mapping is very difficult. So GATK in 

most of case does not call variant in this 

region. B: Functional annotation along the 

mitochondrial genome. In red: variants 

positioned in gene coding ARN, light blue 
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variants in non-coding region and purple and 

green affect genes coding proteins. Purple 

variants are synonymous, green are non-

synonymous. Except in the D-loop control 

region, we are relatively confident about the 

quality of SNPs detected.  
 
Preliminary study of statistical analysis can 

not yet link any variants to performance in 

endurance racing. Further analysis is still 

required.  
 

 

Conclusion 

 

We obtained 590 mitochondrial variants in 
205 horses. We highlight 1.5 non-haploid 

genotypes, but we need to check if it's 

heteroplasmy or numts (nuclear sequences of 

mitochondrial origine (Nergadze et al.)). 

Further statistical analysis is still required.  
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