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Lecture 2

Endosymbiosis and the origin of bioenergetic 
organelles.

A modern view
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Why do mitochondria and chloroplasts require their own 
separate genetic systems when other organelles that share the 

same cytoplasm, such as peroxisomes and lysosomes, do not? …. 
The reason for such a costly arrangement is not clear, and the 

hope that the nucleotide sequences of mitochondrial and 
chloroplast genomes would provide the answer has proved 
unfounded. We cannot think of compelling reasons why the 

proteins made in mitochondria and chloroplasts should be made 
there rather than in the cytosol.
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Typical prokaryotic (left) and eukaryotic (right) cells
W. Ford Doolittle Nature 392, 15-16, 1998



The endosymbiont hypothesis for the origin of mitochondria. 
W. Ford Doolittle Nature 392, 15-16, 1998



A schematic outline of the acquisition, reduction, and loss of genomes and compartments during evolution
Raven, J. A. and Allen, J. F. (2003) Genome Biology, 4: 209







Anaerobic syntrophy
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Origin of Life - the Movie!

2010 animation devised and narrated by William Martin, Heinrich-Heine-Universitaet, Duesseldorf.

http://www.molevol.de/origin/
http://www.molevol.de/origin/
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Leaf variegation in Mirabilis jalapa, the four-
o’clock plant. Flowers can form on any branch 
(variegated, green, or white), and these flowers 
can be used in crosses.
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A model explaining the results of the 
Mirabilis jalapa crosses in regard to 
autonomous chloroplast inheritance. 
The large, dark spheres are nuclei. 
The smaller bodies are chloroplasts, 
either green or white. Each egg cell is 
assumed to contain many 
chloroplasts, and each pollen cell is 
assumed to contain no chloroplasts. 
The first two crosses exhibit strict 
maternal inheritance. If the maternal 
branch is variegated, three types of 
zygotes can result, depending on 
whether the egg cell contains only 
white, only green, or both green and 
white chloroplasts. In the last case, 
the resulting zygote can produce both 
green and white tissue, so a 
variegated plant results.



a chloroplast

‘Christmas-Rose’ leaf SEM cross-section; Science Photo Library (SPL)
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Some proteins (with co-factors) cannot be imported. (Anon)

Co-location for Redox Regulation - CoRR (Allen 1993, 2003 et seq.)
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