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All the living organisms as we know them are divided between three domains: Eukaryotes, Bacteria 
and Archaea. The relationship among three domains in the tree of life remains a mystery. One of the 
most intriguing puzzles in the tree of life is the origin of eukaryotes. Currently, there are two 
hypotheses on how eukaryotes emerged: one is “fusion”, stating that eukaryotes are the descendents 
of archaea and bacteria; the other is “reduction”, inferring that eukaryotes, archaea and bacteria 
diverged from a Last Universal Common Ancestor. Nevertheless, the discovery of 2.1 billion years 
old Eukaryotic fossils in Gabon July 2010 has pushed the macroscopic record of life more than 200 
million years back into the Paleoproterozoic era, and has brought new insights into the origin of the 
eukaryotic cell. 

Biologists who support the reduction scenario found themselves some powerful evidence. There are 
the so called Eukaryotic Signature Proteins (ESPs), proteins only found in eukaryotes. In year 2000, 
they were defined in mitochondria of yeast cells. The implication is simple: the child of the parents 
should not inherit any trait the parents don’t have, in our case, ESPs. This suggests that there are 
eukaryotic genes inherited only from the last common ancestor, independently from either archaea 
or bacteria. Therefore, the first part of this project was to explore the ESPs against a larger database 
than the one used in 2000 when ESPs were discovered. This larger database contains all the genetic 
information (from 1113 different prokaryotes) that is currently available (April 2010). 

The second part of this project was focused on mitochondria, vital components for eukaryotes’ 
metabolism. Unlike other life forms, all eukaryotic cells have or have had mitochondria. This 
property made the origin of mitochondria as interesting as the origin of eukaryotes. Moreover, 
members of the alphaproteobacteria seem to resemble the ancestor of mitochondria. But which one 
of them is the real ancestor of mitochondria? That’s a question this part of the project strived to 
answer. Specifically, two mitochondrial transmembrane proteins were studied to elucidate its 
evolutionary history. The result from studying these two proteins may solve the mystery of 
mitochondria’s origin from the alphaproteobacteria, as well as the bigger mysteries within the three 
domains of life.  

Another interesting phenomenon in eukaryotic cells is the loss of tRNA genes in their mitochondrial 
genome. If mitochondria evolved from bacteria, then how did these descendants of free-living 
bacteria lose their tRNA genes? One hypothesis proposed by Schneider in 2001 suggests that tRNA 
gene loss depends on the similarity between bacterial aminoacyl-tRNA-synthetases (aaRs) and 
eukaryotic aaRs, enzymes that make tRNA functional. If the aaRs from mitochondria is too similar 
to its counterpart in the eukaryotic host, mitochondrial tRNA gene is lost, provided the assumption 
that all mitochondrial aaRs descended from bacteria. However, this assumption is not always true, 
since in some cases, single copy of aaRs is shared in both mitochondria and cytoplasm. Hence, the 
third part of this project is to pattern the tRNA loss in the currently available mitochondrial genome 
database. According to our results, Schneiders hypothesis was falsified by Pearson Correlation test, 
and a co-evolution between tRNA loss and their aminoacyl-tRNA synthetase was proved.  
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