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Glossary

Hydrophobic amino acids:
F Phenylalanine
I Isoleucine
L Leucine
V Valine

Charged AA:
E Glutamate
R Arginine
D Aspartate
K Lysine

LCA – last common ancestor
Oily – high hydrophobic amino acids (%FILV) content
Oil escape – decrease in %FILV over evolutionary time



  

Time-dependent neutral drift

H – number of hydrophobic AA
N – total size of proteome

Assuming proteome size 2*106, we would need 25,8*109 
mutations to achieve 8% change in H.



  



  

Mechanism of aminoacid drift

● Composition shifting substitutions within a 
genome are likely not made during neutral drift

● Main changes during speciation events
● Higher substitution rates, hitch-hiking effect 

(genes linked to favorable loci), reduced 
population sizes and higher fixation 
probabilities



  

Assumptions

● Although all species have existed in some form 
for equal amounts of physical time (an 
expected outcome of common descent), their 
genomes are not equally deviated from the last 
common ancestor

● Importantly, it is especially expected that 
substitutions causing changes in oil content, 
due to being quite the opposite of neutral in 
fitness effects, are expected to dominantly 
occur not during neutral drift but during the 
non-neutral component of molecular evolution, 
i.e., in events such as speciation



  

Mutations favor preservation of oil and 
charge

biochemical impediments associated with
drastically changing a protein's composition



  

Nodes and Tree of Life

● Species that are less diverged from LCA (e.g. 
bacteria) possess older proteins/proteomes 
than more diverged species (e.g. fruit fly) (less 
speciation events)

● We define species/proteome age or newness 
as the minimum number of nodes separating 
the species from the LCA in the tree of life

● ToL was obtained using NCBI Taxonomy's 
Common Tree algorithm



  

Proteome oil content over
„evolutionary time“



  

● The proteomes displayed a striking, universal 
relationship between the proteome oil content 
(%FILV), and the species node number

● This is unexpected given the high diversity of the 
proteomes studied and the coarse nature of the 
ToL. Other metrics for oil content (hydrophobicity 
scales) showed similar results (Figure S2 in Text 
S1); however, %FILV provided the strictest trend 
and so is kept as the main metric henceforth.



  

Proteome hydrophobicity trend



  



  

Proteomes

● We obtained and studied all of the proteomes 
available within the Ensembl genome 
databases (272 diverse proteomes belonging 
to 152 distinct species sourced from all 
domains of life



  

SCOP Database

● Structural Classification Of Proteins 
database of known structural and evolutionary 
relationships amongst proteins of known structure

● Our “single protein” studies were performed on clusters of 
protein sequences homologous to “seed” protein domains 
listed in the SCOP database

● Within a cluster, each proteome was represented at most 
once, and homology was ascertained by BLAST-P's 
default values



  

Individual proteins „oil escape“



  

 IVYWREL reduction is result of oil content 
reduction



  

Oil escape is independent of other 
relationships



  

Estimating the ancestral oil content

● We use a previously described generalized mean squares 
model of evolution, which describes the character state Yi of 
species i by

α is the character state of the ancestor (LCA) at operational 
time 0, 
β is the estimated rate of change of the character state per 
operational time unit (e.g., node number), 
εi is the random error, and 
T is an nx2 matrix whose first column elements all equal 1 
and the second column elements depicts the species 
operational time/node number (i.e., Ti1=1 and Ti2=i’s 
operational time or node number). From the generalized 
least squares method, we can estimate both α and β



  

Estimated ancestral oil content vs fraction of 
species



  

Oil escape appears to be asymptotically 
slowing down

● We obtained asymptote 23,91%
● Expected percentage of codons that code for 

oily residues (FILV) 23,44% (alternate genetic 
codon tables do not change this value)

● LCA proteome originated as more oily than 
expected from sequence entropy 
considerations (if equal usage of codons is 
expected)



  

Conclusions

● Oil escape appears to unite the behavior of all tested 
proteomes spanning the domains of life

● Oil escape is passive, entropically driven molecular clock
● Oil escape occurs not only at the proteome level, but also at 

the individual protein composition level
● LCA proteome composition is predicted to have high oil 

content ~30%
● LCA may have unlikely composition from entropy standpoint



  

Thank you
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