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Phylogeny-driven reconstructions of ancestral protein sequences have predicted that the last universal common ancestor (LUCA) was a thermophile, but analyses of ribosomal RNA sequences suggested that LUCA preferred a cooler environment. rRNA and protein sequences are used to show that thermotolerance initially increased from a mesophilic LUCA to thermophilic ancestors of Bacteria and Archaea–Eukaryota, and then subsequently decreased.
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Fossils of organisms dating from the origin and diversification of cellular life are scant and difficult to interpret1, for this reason alternative means to investigate the ecology of the last universal common ancestor (LUCA) and of the ancestors of the three domains of life are of great scientific value. It was recently recognized that the effects of temperature on ancestral organisms left 'genetic footprints' that could be uncovered in extant genomes2, 

 HYPERLINK "http://www.nature.com/nature/journal/v456/n7224/full/nature07393.html" \l "B3" 3, 

 HYPERLINK "http://www.nature.com/nature/journal/v456/n7224/full/nature07393.html" \l "B4" 4. Accordingly, analyses of resurrected proteins predicted that the bacterial ancestor was thermophilic and that Bacteria subsequently adapted to lower temperatures3, 

 HYPERLINK "http://www.nature.com/nature/journal/v456/n7224/full/nature07393.html" \l "B4" 4. As the archaeal ancestor is also thought to have been thermophilic5, the LUCA was parsimoniously inferred as thermophilic too. However, an analysis of ribosomal RNAs supported the hypothesis of a non-hyperthermophilic LUCA2. Here we show that both rRNA and protein sequences analysed with advanced, realistic models of molecular evolution6, 

 HYPERLINK "http://www.nature.com/nature/journal/v456/n7224/full/nature07393.html" \l "B7" 7 provide independent support for two environmental-temperature-related phases during the evolutionary history of the tree of life. In the first period, thermotolerance increased from a mesophilic LUCA to thermophilic ancestors of Bacteria and of Archaea–Eukaryota; in the second period, it decreased. Therefore, the two lineages descending from the LUCA and leading to the ancestors of Bacteria and Archaea–Eukaryota convergently adapted to high temperatures, possibly in response to a climate change of the early Earth1, 

 HYPERLINK "http://www.nature.com/nature/journal/v456/n7224/full/nature07393.html" \l "B8" 8, 

 HYPERLINK "http://www.nature.com/nature/journal/v456/n7224/full/nature07393.html" \l "B9" 9, and/or aided by the transition from an RNA genome in the LUCA to organisms with more thermostable DNA genomes10, 

 HYPERLINK "http://www.nature.com/nature/journal/v456/n7224/full/nature07393.html" \l "B11" 11. This analysis unifies apparently contradictory results2, 

 HYPERLINK "http://www.nature.com/nature/journal/v456/n7224/full/nature07393.html" \l "B3" 3, 

 HYPERLINK "http://www.nature.com/nature/journal/v456/n7224/full/nature07393.html" \l "B4" 4 into a coherent depiction of the evolution of an ecological trait over the entire tree of life.
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FIGURE 1. Correlations between sequence compositions and OGT, and estimates of key ancestral compositions.

Black dots indicate extant prokaryotes positioned according to their sequence composition and OGT. Dashed coloured lines indicate predicted OGTs for various ancestors. a, Correlation between rRNA G+C content and OGT. The vertical coloured bars indicate most likely nhPhyML estimates of ancestral G+C contents with their 95% confidence intervals. b, Correlation between the second factor of the correspondence analysis on amino acid compositions and OGT. The vertical coloured bars indicate median ancestral compositions inferred by nhPhyloBayes with their 95% confidence intervals. The LUCA is significantly less thermophilic than its direct descendants (P [image: image1.png]


 0.005).

BACK TO ARTICLE 

[image: image2.jpg]Cytophaga (Ba)
Kuenenia (Pl)
Parachlamydia (Ch)
Desulfuromonas (P)
Agrobacterium (P)
Pseudomonas (P)
Campylobacter (P)
Gloeobacter (C)
Dehalococcoides (Cf)
Phytoplasma (F)
Bacillus (F)
Rubrobacter (Ac)
Deinococcus (DT)
Thermus (DT)
Thermotoga (T)
Aquifex (Aq)

Dictyostelium

Homo
Leishmania
(1-37) Plasmodium
Tetrahymena
Trichomonas
Giardia

Nanoarchaeum (Eu)
Aeropyrum (Cr)
Cenarchaeum (Cr)
Haloarcula (Ev)
Methanobacterium (Eu)
Archaeoglobus (Eu)
Thermoplasma (Eu)

10 20 30 40 50 60 70 80 90





FIGURE 2. Evolution of thermophily over the tree of life.

Protein-derived nhPhyloBayes OGT estimates (and their 95% confidence intervals for key ancestors) for prokaryotic organisms are colour-coded from blue to red for low to high temperatures. Colours were interpolated between temperatures estimated at nodes. The eukaryotic domain, in which OGT cannot be estimated, has been shaded. The colour scale is in °C; the branch length scale is in substitutions per site. A, archaeal; B, bacterial; E, eukaryotic domains. Ac, Actinobacteria; Aq, Aquificae; Ba, Bacteroidetes; C, Cyanobacteria; Cf, Chloroflexi; Ch, Chlamydiae; Cr, Crenarchaeota; DT, Deinococcus/Thermus; Eu, Euryarchaeota; F, Firmicutes; P, Proteobacteria; Pl, Planctomycetes; T, Thermotogae.

