
Contrasting signatures of thermal stability evolution 

in ray-finned fish mitochondrial DNA-encoded proteins

• Both purifying and positive selection acting upon mtDNA-encoded

proteins has been observed in several taxa.

• Actinopterygii, the ray-finned fishes, have successfully colonized

habitats with diverse temperature, salinity and pressure conditions.

• Numerous Actinopterygii complete mtDNA genomes are now available

thus enabling a search for signatures of molecular adaptation.

• Is there any correlation between environmental temperature and

predicted protein thermal stability?

• Do all mtDNA-encoded proteins exhibit similar evidence for adaptation 

to temperature in Actinopterygii?

METHODS

RESULTS

INTRODUCTION

QUESTIONS

• Examples of the relationship between predictors and

environmental temperature: 

• The thermal stability predictor must be chosen carefully since those

proteins are transmembrane proteins. The best simple predictor might

be hydrophobicity.

• Some proteins exhibits higher predicted stability at higher

temperature while some exhibits decreased predicted stability.

CONCLUSIONS

NEXT QUESTIONS

• Salinity and temperature are slightly correlated in this dataset. What 

are their respective effects on protein sequence?

• How can specific substitutions be related to environmental gradients?
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Calculation of thermal stability predictors:

• local structural entropy (LSE)

• compositional bias (CvP)

• hydrophobicity (GRAVY)

Calculation of phylogenetically independent contrasts (PIC)
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blue: expected correlation for increasing thermal stability with increasing environmental temperature

red: correlation predicting destabilisation with increasing environmental temperature

significance level (FDR corrected): ***< 0.001 < ** < 0.01 < * < 0.05

• Correlations between minimum habitat temperature and stability

predictors (Spearman's ρ)

The relationship between this

compositional bias and thermal 

stability was primarily observed

for cytoplasmic proteins. 

Here it predicts mostly unexpected

correlations in the case of

transmembrane mtDNA proteins.

Hydrophobicity is known to be a 

better predictor for stability of

transmembrane proteins.

Some proteins still exhibit an 

unexpected correlation (in red).

atp6, full protein sequence, ρ = -0.25 ***

atp8, full protein sequence, ρ = 0.25 ***

COIII, full protein sequence, ρ = 0.21 **

COIII, full protein sequence, ρ = -0.25 ***

Salinity also correlates

with stability predictors.

Minimum Temp (PIC)

G
R

A
V

Y
 (

P
IC

)

Minimum Temp (PIC)

G
R

A
V

Y
 (

P
IC

)

Minimum Temp (PIC)

G
R

A
V

Y
 (

P
IC

)

Salinity (PIC)

G
R

A
V

Y
 (

P
IC

)

⇒
This unexpected decrease in stability could limit

the production of reactive oxygen species by the

electron transport chain at higher temperature.


