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Gene for dissected leaves: Arabidopsis
thaliana lost the RCO gene over the course of
evolution

February 14 2014

Thale cress leaves lack the RCO-gene and remain simple (left). In the leaves of
the hairy bittercress (middle) the RCO-gene inhibits cell growth between sites of
leaflet formation (right; blue: active RCO-gene). Credit: MPI f. Plant Breeding
Research/ Lempe

Spinach looks nothing like parsley, and basil bears no resemblance to
thyme. Each plant has a typical leaf shape that can differ even within the
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same family. The information about what shape leaves will be is stored
in the DNA. According to researchers at the Max Planck Institute for
Plant Breeding Research in Cologne, the hairy bittercress (Cardamine
hirsuta) has a particular gene to thank for its dissected leaves. This
homeobox gene inhibits cell proliferation and growth between leaflets,
allowing them to separate from each other. The thale cress Arabidopsis
thaliana does not have this gene. Therefore, its leaves are not dissected,
but simple and entire.

Miltos Tsiantis and his colleagues at the Max Planck Institute for Plant
Breeding Research in Cologne discovered the new gene when comparing
two plants from the Brassicaceae family: Cardamine hirsuta has
dissected leaves that form leaflets and Arabidopsis thaliana has simple
leaves. The researchers identified the RCO (REDUCED
COMPLEXITY) gene, which makes leaves of the hairy bittercress more
complex. Arabidopsis lacks this gene and, accordingly, lacks leaflets.
RCO is only active in growing leaves. RCO ensures that cell
proliferation and growth is prevented in areas of the leaf margin between
sites of leaflet formation. "The leaves of Arabidopsis are simple and
entire because growth is not inhibited by the RCO gene," explains
Tsiantis. "If we had not compared the two plants we would never have
discovered this difference, as it is impossible to find a gene where none
exists," he adds.

The scientists first identified the RCO gene through a mutation in the
hairy bittercress. In the absence of functional RCO the hairy bittercress
can no longer produces leaflets. The RCO gene belongs to a cluster of
three genes, which arose during evolution through the duplication of a
single gene. In the thale cress, the original triple cluster now consists of a
single gene. When the scientists return the RCO gene to the thale cress in
the laboratory, evolution is partially reversed. "The simple oval leaves of
Arabidopsis now develop deep lobes" says Tsiantis, "The fact that the
leaf shape becomes complex again through the transfer of the RCO gene
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alone, shows that most of the apparatus for the formation of leaflets
must still be present in the thale cress and was not lost with the RCO
gene."

The research team also examined the RCO sequence in greater detail and
found it is a Homeobox gene. These genes function like genetic switches
in that they activate or deactivate other genes. The scientists also
demonstrated that RCO function is restricted to leaf shape; it does not
decide whether leaves actually form. The loss of the RCO gene does not
give rise to any other visible changes in the hairy bittercress. Therefore,
its effect is limited to the inhibition of growth on the leaf margin. RCO
does not work with the plant hormone auxin here. This specificity makes
RCO a more likely driver of leaf shape evolution than any other genes
identified to date. Tsiantis and his colleagues aim to decode its exact
functionality in the months to come.

The scientists also examined the two genes which form a cluster with
RCO and which arose in the course of evolution through the duplication
of a precursor gene. They wanted to find out how the novel function of
RCO in promoting leaf complexity arose. Apparently, the main
functional difference lies in the control regions of the genes and not in
the protein sequences. The control regions dictate when and how the
relevant gene is read. If one or other of the two genes is subjected to the
effect of the RCO control region, Arabidopsis makes complex leaves.
Thus, the dissected leaves of the hairy bittercress are primarily owed to
the control region of the RCO gene.

More information: Daniela Vlad et al. Leaf Shape Evolution Through
Duplication, Regulatory Diversification, and Loss of a Homeobox Gene.
Science, February 14, 2014 DOI: 10.1126/science.1248384
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