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Chloroplasts, the photosynthetic organelles found in the cells of algae and plants, and apicoplasts, the mysterious organelle in the pathogenic and parasitic apicomplexans, all descend from bacterial ancestors that established a symbiotic relationship with early versions of eukaryotic cells. The two most current hypotheses are 1) that all chloroplasts and apicoplasts descend from a single cyanobacterial ancestor and 2) that some groups of these organelles arose from a separate endosymbiotic event involving a different cyanobacterial ancestor.  Both hypotheses assume that the bacterial ancestor was a member of the cyanobacteria, a group of bacterial whose ancestors were among the first forms of cellular life.

MOG provides these services

1) Easy and rapid extraction of DNA and protein sequence from public databases to a local database

2) Painless reformatting of the extracted data for commonly used analytical tools

3) Preliminary data inspection and analysis using these tools within the web-services environment

4) User-specified additions to the local database

5) User-specified additions to the automated queries

Local availability of the sequenced whole genomes of chloroplasts, apicoplasts and cyanobacteria saves the investigator months of repetitive searching, downloading, reformatting  and data management. The investigator can construct a phylogenetic analysis in minutes, a speed  impossible for manual extraction. Speed matters for this type of analyses because front end time, the time spent in preliminary data inspection and analysis, will always greatly exceed the time spent on the analysis that is published. 

Deep phylogenies are fraught with technical challenges. In the vast time span of interest (2-3 billion years), the DNA sequence for any given gene can change so profoundly that the signal fades into incomprehensible noise. A gene may disappear from the organellar genome altogether and reappear in the nuclear genome, a process labeled Lateral Gene Transfer (LGT). LGT specifically refers to transfer of genes among the genomes housed within a cell. The more well-know term, Horizontal Gene transfer (HGT) refers to the Non-Mendelian transfer of genes from one taxon to another. MOG permits inspection of many conserved gene candidates, enabling the investigator to rapidly determine the suitability of the chosen gene for deep phylogenetic analysis.

Deep phylogenetic analyses are also highly context-dependent. The addition of a single new cyanobacterial or algal genome and fundamentally change the result. MOG web-services permits an investigator to address these hypotheses using the most current data available and rapidly reanalyze data as more genomes and genes are sequenced. This enables rapid hypothesis testing and creates an environment in which genuine discovery is possible. The most exciting form of discovery is the surprise result, the result that leads to an entirely new hypothesis.

The rediscovery of Erythrobacter litoralis
The MOG local database includes whole genome sequence from chloroplasts, cyanobacteria and apiocolasts. The investigator hypothesized that the amino acid sequence of the chloroplast subunits of ATP synthase would be a good choice for a deep phylogenetic analysis, a departure from established procedures. DNA sequence from ribosomal genes, the protein synthesizing machinery, are the traditional choices for deep phylogenetic analysis. Preliminary analyses on 33 taxa revealed that the alpha and beta subunits of this enzyme have a stunning degree of amino acid sequence conservation across cyanobacterial genomes and chloroplast genomes from a wide array of algal taxa and green plants. As the nuclear genomes of the algal taxa are more phylogenetically distinct from one another as humans are from fungi, this result indicated that that chloroplast ATP was a suitable candidate enzyme and provided support for the single ancestor hypothesis. 

The problem now was one of “excessive” conservation in the alpha and beta subunits. Comparison of the most conserved region of the alpha subunit against all sequences at NCBI revealed that this region is so conserved that it matches that of an ATP synthase subunit in the mitochondrial genome. Phylogenetic evidence clearly indicates that mitochondria descend from a single bacterial ancestor and that this ancestor was related to the alpha proteobacteria, a group closely related to the cyanobacteria. MOG web-services enabled the investigator to add to the already convincing evidence that the mitochondrial and chloroplast genomes are related. This was not the hypothesis of interest but lead the investigator to try a different approach.

The investigator then examined the amino acid sequence of the epsilon subunit of ATP synthase for the same 33 taxa examined previously. Sequence conservation was evident but somewhat less than that seen in the alpha and beta subunits. The local database query was relaxed to permit inclusion of the ATP synthase epsilon subunits of both cyanobacteria and alpha proteobacteria. More than a dozen proteobacteria were identified, all of which except one are nonphotosynthetic.

The surprise bacterium was Erythrobacter litoralis. This organism is a facultative photoheterotroph, able to photsynthesize in the light and catabolize organic sources in the dark. It was found in the Sargasso Sea in 1994 and sequenced in 2005. This discovery suggests that Mother of Green may not be a cyanobacterium but an alpha proteobacteria. 
