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David Jackson

Studies in plant genetics are
teaching us about how
organisms develop

It's a late summer afternoon and many members of the
faculty at Cold Spring Harbor Laboratory are busy at
their computers or huddled over experiments in fluores-
centlit laboratories. David Jackson and several of his
postdocs are no less engrossed in their work, yet we
find them outdoors on this beautiful day, in the middle
of a sun-drenched field just up the road, beyond the
mudflats of the lower harbor. They are carefully exam-
ining specimens of Zea mays — maize, a.k.a. corn
— planted in long, rulerstraight rows.

Jackson, a member of the CSHL faculty for a dozen
years and a professor since 2006, studies genes that
influence the shapes that plants take. Finding odd-
looking ears and tassels in maize — respectively, the
plant's female and male floral structures, or inflores-
cences — has proven a productive jumping-off point.
Each year, in fact, Jackson and a few members of his
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team make pilgrimages to vast corn-growing regions of
the American Midwest and Mexico, looking for maize
mutants that are the products of natural variation.

Learning from mutations is a time-honored procedure in
plant research, and one with immense implications for
genetics. “Going all the way back to Mendel, plant
breeding has led the way in our efforts to understand
the secrets of development and the underlying princi-
ples of inheritance,” Jackson observes. Perhaps the
most famous of CSHL's plant breeders was Barbara
McClintock, who grew corn next to Carnegie Library in
the 1930s and '40s en route to her Nobel-winning dis-
covery of bits of DNA that propagated themselves,
seemingly at random, across the chromosomes — what
she called “jumping genes” and others later called
transposons.

Technology has dramatically changed what happens
after interesting specimens are gathered from the field.
“Until recently, we've been very focused on finding
interesting genes, one by one,” says Jackson. For
example, a gene in corn called TILLEREDT. In 2007,
Jackson discovered that it encodes a protein that regu-
lates other genes, which turn out to be responsible for
how and when branching takes place. TILLEREDT was
notable because Jackson's team found that it responds
to light, suggesting one way in which plants adjust to
environmental conditions.

Like many of the discoveries his lab is making, the
TILLERED1 insights have potentially interesting applica-
tions in agriculture. Those possibilities can be expected
to multiply as new tools, especially new imaging tech-
nologies and very fast gene sequencers, “are now
enabling us to see how groups of genes work together,”
according to Jackson.

Gene interactions play a fundamental developmental
role in all organisms. Jackson’s work on plant architec-
ture therefore is only an aspect of a diverse body of
work that has also provided insights about how devel-
opmental signals are propagated in plants, particularly
in the inflorescences that give rise to the seeds valued
by agriculturalists and upon which billions of the planet's
hungry people depend.

‘Taking things to pieces’

Dave Jackson loved nature as a child, and could often
be found hiking the English countryside on the outskirts



of Lancaster, in the northwest, where he grew up. He
took inspiration from his father, an engineer with a big
workshop at home. “In the basement there were tools
everywhere and we used to fix things — or, in my
case, take them to pieces and not be able to fix them
again,” Jackson remembers. “I always wanted to know
how things worked.”

He was an undergraduate at the University of Leeds in
the mid-1980s, interested in biotechnology, although
not specifically in plants until hearing a talk at the
Royal Society, at which the doctoral thesis of a student
named Robert Martienssen was discussed. Ten years
later, Martienssen would be instrumental in bringing
Dave Jackson to CSHL, following Jackson’s Ph.D. at
John Innes Institute, the center of plant genetics research
in England, and a fruitful period of postdoctoral
research at U.C. Berkeley.

At Berkeley, Jackson became involved in work on a
maize gene called KNOTTED]. His mentor, Sarah

Hake, had succeeded in showing the gene was
involved in development of the maize plant, but also
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Channels of communication

Since 2005, Jackson and colleagues have made some inferesting
discoveries about those tiny conduits, the plasmodesmata. They've
revealed that the KN1 protein, encoded by KNOTTED1, has not two
but at least three potential destinations in plant stem cells located in
meristems. A portion of the KN protein’s structure called a homeo-
domain enables it to bind specific DNA sequences, accounting for its
function as a regulator of developmental genes. KN can also bind
to its own RNA and enter plasmodesmata, acting as a signal. And
when it interacts with a protein called MBP2C, it becomes anchored
in the cytoplasm, preventing it from acting as a signal (presumably in
response to a developmental cue).

This spring, Jackson led a team that discovered a gene called GAT1
that instructs cells to produce a protein found mainly in meristems.
The protein, an antioxidant, relieves cellular stress; its impact in
meristem cells is to improve the flow of traffic through the tiny
plasmodesmata. It's a mechanism, says Jackson, by which the
channels change their structure in response to environmental cues
as development unfolds.

Going all the way back to
Mendel, plant breeding has led the way
in our efforts to understand the secrets
of development and the underlying
principles of inheritance.
David Jackson

that it acted, in a manner not yet understood, as a
signal. In its developmental role, KNOTTED] was a
transcription factor that encoded a protein, KNT,
which moved into the cell nucleus to regulate other
genes. What made it interesting, says Jackson, was its
separate role in signaling between cells. He wanted to
study that role.

This work continued after Jackson was brought to Cold
Spring Harbor Laboratory by Martienssen and Winship
Herr, the founding dean of CSHL's Watson School of
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Biological Sciences, in 1997. In
tracing the path of the KN signal,
Jackson’s attention was drawn to
tiny channels called plasmodes-
mata which connect plant cells.
These minuscule conduits — num-
bering in the hundreds or thou-
sands in each cell — carry nutrients
between cells and serve as path-
ways for viruses.

Inside the meristem

His work in the intervening years
has brought to light new knowl-
edge about the plasmodesmata,
particularly about their previously
unrecognized importance in sig-
naling. Using maize and another
plant, a cress called Arabidopsis,
as models, Jackson and colleagues
have focused on communities of
stem cells in plants called meri-
stems, situated at the growing tips
of shoots and roots. In maize, the
shoot meristem, which gives rise to
leaves and flowers (tassels and
ears), is a niche containing hun-
dreds of stem cells. It's where
KNOTTED1 expresses the protein
KN1. It's also where a gene called
RAMOSAS3 is expressed, a gene
first identified, by Jackson, several
years ago.

RAMOSAS3 is remarkable because
it encodes an enzyme that has
proved to have a very important
role in maize development — it
controls  branching in inflores-
cences. What makes this extraordi-

Creating new imaging tools

Jackson and colleagues have made important contributions to the
broader research community by developing genetic tools that provide
the means with which to observe processes not previously seen in
living plants. Under an NSF grant, Jackson is creating 100 maize
plant lines that express fluorescent proteins across the full spectrum of
cellular “compartments.” These have yielded images that are not only
beautiful to behold but also productive of new knowledge about how
plant cells work. The recent Science poster on the maize genome (see
p. 13) includes a Jackson image (below) revealing proteins called
expansins (green) being expressed in the wall of maize meristem cells
(red) just as those cells prepare to grow out into new organs.

nary is the fact that the encoded enzyme was known  son. “But now we're doing the interesting part: trying
previously for a very ordinary function: the removal of  to figure out how this thing is working — how this ordi-
phosphate groups from sugar molecules. “The fact that ~ nary enzyme gained such a vital function. Finding
this gene could be controlling something so important ~ something unexpected like this is what keeps us going
as plant morphology was really incredible,” says Jack-  in science.” Peter Tarr
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Maize milestone

A major multi-institutional effort in which three CSHL
scientists played important roles culminated in late Novem-
ber with publication in Science of a reference genome for
maize. (Part of an accompanying informational poster is
reproduced below.) Doreen Ware, Rob Martienssen and
Richard McCombie were co-principal investigators on the
project, which Ware calls “a landmark.” Ware's lab
focused on annotation of the genome, the rough equivalent

The Maize Genome
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Maize Genome

of an extensive reference manual that will help guide future
research. Ware also co-led a parallel effort simultaneously
reported in Science to generate the first haplotype map of
maize. The HapMap gauges diversity in the maize genome
by comparing 27 distinct maize lines with the reference
version; it sheds new light on subjects ranging from the
evolution of maize and other plants to the adaptation of
maize to environmental changes, including global warming.

Courtesy AAAS

13



