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Mitogenome 

- small circular molecule (mtDNA≈16,472 bp : nDNA≈3*109 bp) 

1. Biology and role of the mitogenome 

- coding of 37 genes  (13 of 87 OXPHOS components cell energy) 
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2. Mitogenome determination 

Sanger sequencing 

- Approximately >20 sequences 

NGS sequencing 

- Sequencing after long range PCRs 

- Retrieval from WGS 



Good sequence 

Bed sequence 
NGS  IGV 



Origin of the analysed samples with emphasis on Europe (origin of all samples not 
presented): NCBI sequences in red, Illumina NGS obtained sequences in blue & 
Sequences retrieved from the whole-genome sequences in green. 

NCBI NGS WGSr Δ (%) 

Animals 298 190 115 102 

Breeds 52 44 10 104 



3. Diversity/Traceability 
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3. Domestication/Archaeogenetics 

©2006 by National Academy of Sciences 

European spread of agropastoralism  



T1 haplotype 

Demographic models – Bayesian skyline analysis 

Q haplotype 
2. “Fertile Crescent” haplotype (Q) – around 8 kya  
       demographics explosion – earliest sign of domestication? 

3 kya  8 kya  

1. “African” haplotype (T1) – around 3 kya demographic 
explosion – beginning of domestication in Africa? 
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Partial D-loop sequence analysis, GTR, 
Coalescent Bayesian Skyline, Strict clock 6000 BP  
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4. Pedigree analysis and imputation 

MaGelLAn (Maternal Genealogy Lineage Analyser) 



- maternal inheritance without recombination 
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5. Mitogenome impact on the 

     phenotypic variability 

Analyses with cytoplasmic models (D-loop mtDNA)  

and rarely with the complete mitogenome analyses:  

⇒ 0 to 4-5% phenotypic variability 

Milk production traits – cattle 

Kennedy, 1986 (JDS);  
Boettcher et al., 1996 (JDS); ML, Mitogenome 
Boettcher and Gibson, 1997 (JDS); ML 
Albuquerque et al., 1998 (JDS); ML 
Špehar  et al., 2017 (ASD); ML ⇒ Wednesday - talk 
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Growth traits – cattle 

Pun et al., 2012 (LS); ML 

Male fertility traits – cattle 

Garmyn et al., 2011 (JAS); ML 
Sutarno et al., 2002 (Theriogenology); D-loop, ND5  
Ferenčaković  et al., 2017 (ASD); ML ⇒ Thursday - poster 

Production traits – pig 

Fernandez et al., 2008 (JAS); ML 

Fertility traits – pig 

Yen et al., 2007 (RDA); ML, mtDNA 



MITOMAP (Ruiz-Persini et al. 2007; 
http://www.mitomap.org/MITOMAP),  
ZARAMIT (Blanco et al. 2011; 
http://webdiis.unizar.es/~robertob/zaramit/)  
Mito Tool (Fan and Yao, 2011, Fan and Yao, 2013; ). 

Potential detrimental mutations – access to individuals 

6. Identification of detrimental mutations 



Taylor et al. 2005. Nature review genetics 



Selection test methods: FEL, IFEL, REL, PARRIS, MEME, FUBAR 

CYT-B 

ND5 

FUBAR grid 

ND5 Human+bovine: subunit of respiratory chain 
Complex I  require to catalyze electron transfer to Q10  

13513 position: G>A  encephalopathy, lactic 
acidosis, stroke-like episodes 
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7. Future challenges 

Mitogenome nuclear disequilibrium 

≈600 loci that are functionally interacting with 
mitogenome in providing mitochondrial functions 

- Population genomics 

- Mito-nuclear GWAS 

The impact of heteroplasmy on phenotypic variation 
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Thank you for your attention! 


