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Fossils
Key players on the stage of evolution



“中华龙鸟”



顾氏小盗龙



提塔利克鱼

有鳃、鳍、鳞；

也有颈部、强大的
肋骨、少的肢骨。
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银杏的演化历程
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Molecular fossils 
Small molecules (real)
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Molecular fossils 
Small molecules (virtual)



Application case 

Tracing protein origins

Ji, H.-F. et al. Genome Biol. 2007, 8: R176.

Ji, H.-F. et al. BioEssays 2009, 31: 975-980. 

Tokuriki, N. & Tawfik, D. Science 2009, 324: 203-207.
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Molecular fossils 
Proteins (real)

Schweitzer, M.H. et al. Science 2009, 324: 626-631. 
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Caetano-Anollés G, et al. Biochem. J. 2009, 417: 621-637.

Molecular fossils 
Proteins (virtual)



Molecular clock of protein folds

A protein architectural chronology was established by a phylogenomic 

analysis of protein sequences in 749 organisms (52 archaeal, 478 bacterial, 

and 219 eukaryal species) and was calibrated by geological ages.

Wang, M.L. et al. Mol. Biol. Evol. 2010, 27: in press.

Implications

Applications 

Advantages



Application case
Tracing the rise of oxygen

Oxygen evolution over time Sizes of the largest fossils 

through Earth history.

Kump, L.R. Nature 2008, 451: 277-278. 

Payne, J.L. et al. Proc Natl Acad Sci USA 2009, 106: 24–27.







Tracing the rise of oxygen

Protein fold clock Metabolic network simulation

Raymond, J. & Segrè, D. Science, 2006, 311: 1764-1767.

Wang, M.L. et al. Mol. Biol. Evol. 2010, 27: doi: 10.1093/molbev/msq232.

Through identifying the initial protein folds associated with aerobic 

metabolism, we inferred that oxygen emerged 2.9 billion years ago, when 

the oxygen level reached 0.1% of PAL.



Conclusions

Besides metabolites, proteins also serve 

as molecular fossils, which include 

protein remains of ancient organisms 

and extremely conserved protein 

features, such as protein architectures.
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