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Adam Bogdanove, (right) was researching the molecular basis of bacterial diseases of rice with Matthew Moscou when they discovered how a group
of proteins from plant pathogenic bacteria interact with DNA in the plant cell. His discovery could lead to disease resistant plants or be used in
human gene therapy.

Simplicity itself: A key

discovery
to thwart plant diseases

By Dan Kuester

“W

ow, this is so simple, it’s ridiculous.”
When Adam Bogdanove discovered a key to
DNA and protein interaction he was struck
by its simplicity and its implications for opening up a “cascade of advances” from disease resistance in
plants to human gene therapy.
Bogdanove, associate professor in plant pathology, was
working with graduate student Matthew Moscou on the
molecular basis of bacterial diseases of rice when they
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discovered how a group of proteins from plant pathogenic
bacteria interact with DNA in the plant cell.
Through computer analyses they found so-called “TAL
effector” proteins (injected into plant cells by the bacterium Xanthomonas) attach at specific locations to DNA
molecules. Different proteins of this class bind to different
DNA locations, and particular amino acids in each protein
determine those locations, called binding sites, in a very
straightforward way.
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“

We might be able to use TAL effectors to activate genes in
non-plant cells, possibly even in human stem cells for gene

therapy. Or we might be able to use them to modify DNA at

”

“This simple relationship allows us to predict
where a TAL effector will bind, and what genes
it will activate. It also makes it likely that we can
custom engineer TAL effectors to bind to virtually
any DNA sequence,” says Bogdanove.
According to Bogdanove, being able to predict
TAL effector binding sites will lead quickly to the
identification of plant genes that are important in
disease. Natural variants that lack these binding sites
are a potential source of disease resistance. Another
potential application is adding TAL effector binding
sites to defense-related genes so they are activated
upon infection.
Having a bachelor’s in biology from Yale and a
doctorate in plant pathology from Cornell, Bogdanove was most tuned into plant applications
for this new technology. But he says its potential
extends beyond plant disease control.
“We might be able to use TAL effectors to activate genes
in non-plant cells, possibly even in human stem cells for
gene therapy. Or we might be able to use them to modify
DNA at specific locations and help us study gene function.
This could apply in many areas, including cancer research,
for example,” he says.
“A predictable and potentially customizable kind of proteinDNA binding has been hard to find in nature. As Matt and
I talked about the possibilities, we got excited and one of us
said — I don’t remember who — ‘We’ve got to submit this
to Science, dude,’” says Bogdanove.
So they did.
Bogdanove’s research was published in the December
issue of the journal Science and its early online edition
Science Express. Their paper was published alongside a
study from another research team that arrived at the same
conclusions independently.
In addition to his research program, supported by the
National Science Foundation and the United States Department of Agriculture, Bogdanove spends time in the classroom. He teaches an undergraduate course on the biology of
microorganisms and two graduate courses – one on fundamental genetics and one discussing the molecular biology of
plant and pathogen interactions.
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specific locations and help us study gene function.

Front Page News!
Bogdanove’s research landed on the cover of Science
magazine in December. But, he isn’t the only College
of Agriculture and Life Sciences researcher to recently
achieve cover boy status. Erik Vollbrecht (center) and
Patrick Schnable (right) have also captured a cover
story in Nature and Science, respectively. Vollbrecht,
genetics, development and cell biology, works to
understand natural and domesticated species and the
differences between them. Schnable, agronomy, led
a coordinated effort culminating in the maize genome
sequence, plus the demonstration of its usefulness.
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