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Embryo development and photosynthesis
in a single gene

A research group from CRAG discovers that one gene from Arabidopsis
thaliana encodes for two essential proteins, one necessary for
photosynthesis and another one necessary for embryo development.
The next step for the research team will be to analyze if this mechanism
is replicated in species of agronomic interest, which it could have a great
impact in improving seed quality and plant growth.

Plant isoprenoids are indispensable compounds for respiration (ubiquinone) and photosynthesis
(chlorophylls, carotenoids), being also important for the plant communication with its environment
(pigments, volatiles, etc.). Most of them are derived from geranylgeranyl diphosphate (GGPP)
synthesized from GGPPS (GGPP synthases). The quintessential model organism in plant
biology, Arabidopsis thaliana, has five genes encoding for GGPPS enzymes. Earlier this year, a
research group from the Centre for Research in Agricultural Genomics (CRAG), led by Dr.
Manuel Rodríguez-Concepción, together with ETH Zurich University researchers, discovered
that only one among these five genes is essential for the survival of the plant, the GGPPS11 or
G11 gene. 

“This is strange; when there are enzymes from the same family it is expected that if one fails
another will recover its functions allowing the survival of the plant, but with G11 it doesn’t
happen” explains M. Victoria Barja, pre-doctoral student and one of the authors of the paper
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published this January in New Phythologist journal .  It was believedthat the G11 gene was
essential because it was the only one producing GGPP for photosynthesis. Nevertheless, a
recent paper published by the same research group in the Plant Physiology journal  proves that
the same gene is also essential for embryo development. 

One gene but two
enzymes and two functions  

Analyzing different Arabidopsis plants with mutations in the G11 gene, the CRAG team noticed
that some mutations caused embryo abortion while others allowed embryo development but
generated albino plants (without chlorophyll). The researchers hypothesized that the G11 gene
could produce two different proteins with different functions: a large protein, which would be
responsible for GGPP production for chlorophylls and other compounds necessary for the
photosynthesis in chloroplasts, and a second shorter protein, lacking the region required for
transportation to the chloroplasts, which would be involved in the production of GGPP for embryo
development. 

To test the hypothesis, the researchers introduced into plants with lethal mutations a fragment of
the G11 gene that could only produce the short protein, and observed that albino plants were
produced. That is, the short protein produces GGPP essential for embryo development, but since
it is not transported to the chloroplast, it cannot synthesize GGPP for the photosynthesis. 

The next step for M. Victoria Barja and Manuel Rodríguez-Concepción’s team will be to analyze
if this mechanism is replicated in species of agronomic interest, like tomato. Isoprenoids have
indispensable functions in vegetal species but also for our health. A better understanding  of the
mechanisms regulating the production of an essential protein for plant development or a protein
needed for photosynthesis from the same gene, will have a great impact in improving seed
quality and plant growth.
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