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Rooting for a Living
that keeps auxin-responsive genes turned off 

in parts of the plant that are above ground.

Jeffrey Long and his team discovered that the

switch is none other than a protein called

TOPLESS, which teams up with BODENLOS,

and together they silence auxin-responsive

genes. While auxins are found throughout the

whole plant, BODENLOS is only active in the

shoot, ensuring that no accidental roots sprout

above ground unless a gardener, “Dip’N Grow®”

in hand, tips the balance. Understanding how

seedlings ensure that they are neither all shoot

nor all root is fundamental to engineering

plants that develop in ways that better suit

agricultural needs.

CONTROLLED BY A TIGHTLY REGULATED

choreography that determines what should

go up and what should go down, plants

develop along a polar axis with a root on one

end and a shoot on the other. But scientists

and home gardeners alike have been

messing with plants’ basic architecture for

years. Permanently switch on a gene called

BODENLOS (or “bottomless”), and they

forgo root development altogether. Dip plant

cuttings into hormone rooting powder, and

roots start to sprout where none have been.

The active ingredient, a synthetic version of

the plant hormone auxin, which regulates

root growth, overrides the molecular switch

Every day, 18,000 children under age

five die of hunger and malnutrition.

Almost all of them live in developing

countries, the very countries most

vulnerable to climate change. 

Understanding the molecular

underpinnings of how plants adapt to

challenging environments and defend

themselves against insects and fungal

infections will be crucial to ensuring the

world’s food supply into the future,

making basic plant research more

important than ever. 

Founded 25 years ago, the Salk’s

Plant Biology Laboratory is home to

some of the world’s leading plant

biologists. Their groundbreaking

research profoundly impacts many 

areas of science, from agriculture to

stem cell research, from tumor biology

to drug development.

In the following pages you will 

read about how plants use light to

“make decisions” about growth and

development, paving the way to 

higher-yielding or more stress-resistant

crops; how tiny algae reveal the cell

size control mechanism that is often

dysfunctional in cancer cells;

how the study of plant

genomes will transform

stem cell biology; and

how genetic engineering

can boost plants’

natural defenses.

C U R R E N T  R E S E A R C H  AT  T H E  S A L K  I N S T I T U T E  SUMMER 2008

25th Anniversary of the 
Plant Biology Laboratory

Over 100 scientists who can

trace their roots to the Plant

Biology Laboratory—many of

whom have become highly

regarded leaders in their

fields—will gather this fall for 

a two- day symposium to

celebrate 25 years of plant

research at the Salk. The

symposium will be held at 

the Salk Institute, La Jolla,

on October 14 and 15, 2008.

For more information please 

e-mail info@salk.edu or call 

(858) 453-4100, x1227.

ECURING THE WORLD’S FOOD SUPPLY IN A

changing climate may be one of the biggest 

challenges we face in this century. In six of the 

past eight years, the human race consumed more corn,

wheat, and rice than it grew.  

S

This issue of From the Bench is part of a series 
of updates on key areas of scientific research
conducted at the Salk Institute for Biological
Studies. Our goal is to keep you informed of Salk
researchers’ most recent findings in areas such as
stem cells and regeneration, vision, biophotonics,
neuroscience, behavior, and more. We would love
to receive feedback from you regarding this update. 

For more information, or to share your comments,
please contact Judy Hodges at the Institute’s Office
of Development at 858.453.4100 ext. 1882 or
email hodges@salk.edu.

Rebecca Newman
Vice President, Development

Gina Kirchweger
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From the Bench

WHILE IT HAS BEEN KNOWN FOR A LONG TIME THAT STEROIDS PLAY

many important roles in animals, until recently their function in plants was

unknown. After Joanne Chory and her colleagues discovered that the plant

steroid brassinolide functions as a hormone, it became clear that when given

additional brassinolide, plants “pump up,” much as human body builders do.

Chory found that brassinolide is a key element in a plant's response to light,

allowing it to adjust its growth to reach light or strengthen its stems to support

leaves. The potent growth-promoting hormone increases yields for grain and

fruit crops and makes plants more resistant to drought and cold weather.

Reducing the naturally occurring brassinolide results in dwarf plants. One day,

growers may be able control the height of their grass, trees, and other plants,

eliminating the need to constantly prune and manicure gardens.    
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IT’S MADDENING. THE FRENCH SMOKE

more; exercise less; and eat all the butter,

cream, foie gras, pastry, and cheese that

their hearts desire, yet they are thinner,

live longer, and suffer significantly fewer

heart attacks than Americans do. It seems

that part of the reason for this enigma can

be found in France’s love for wine.

Beaujolais and other reds contain

resveratrol and similar natural chemicals,

which come with an impressive list of

health benefits: anti-oxidants, anti-cancer

activities, blood thinners, and lifespan

extenders. Joseph Noel and his team

successfully bioengineered the enzyme property

that produces resveratrol in grapes, blueberries,

peanuts, and a handful of other plants into a

closely related enzyme found in all higher plants.

Introducing the converted relative into common

crop plants could soon turn a wide array of fruits

and vegetables into efficient resveratrol-

producing factories and allow everybody to reap

the benefits of the French paradox from a variety

of diets. Plants wouldn’t mind either: Resveratrol

acts as a natural, nontoxic and environmentally

friendly fungicide, which has unfortunately been

lost in many modern, cultured varieties after

many generations of breeding by humankind.

The French Paradox
THE HUMAN BODY IS COMPOSED OF

trillions of cells, and to keep things

running smoothly, each of them has 

to stay within a very narrow size range.

How cells coordinate their growth 

and division to maintain size

equilibrium had remained mysterious

until James Umen focused in on a

microscopic green alga named

Chlamydomonas reinhardtii. He

discovered that the retinoblastoma

protein (RB), which is better known 

for its role as a tumor suppressor in

mammalian cells, couples cell size with

cell division, thus ensuring that cells

stay within an optimal size range.

Understanding how cells balance the

opposing processes of growth and

division in order to achieve size control

is more than just a fascinating

intellectual pursuit for cell biologists:

Loss of size control is a hallmark of

cancer cells, which exhibit severe

defects in regulating growth and division. 

Size Matters

The Life of a Plant
STUCK WHEREVER ITS SEED HAS GERMINATED, A PLANT HAS TO MAKE THE BEST

of its real estate. It relies on an impressive arsenal of light-sensitive photoreceptors to

decide when to germinate and to flower to ensure the next generation of seeds and

to fill the cereal bowls on our breakfast tables. Joanne Chory and her team

uncovered the signaling pathways plants use to detect changes in the sunlight

that reaches their leaves, not only when seasons change, but when

they grow in shady, crowded conditions. Genetic variations in key

photoreceptors ensure that plants in light-starved northern

latitudes are more sensitive to light than their counterparts

growing in the sun-drenched Mediterranean. Her research may

enable researchers to develop plants that are particularly well adapted

to challenging environments, boosting the yields of agricultural crops. 

INSTEAD OF RESEMBLING IMMUTABLE PROPRIETARY SOFTWARE, A SPECIES’

genetic information is more like open-source code that is constantly tweaked and

optimized to meet the users’ specific needs. So, which parts of the code have

withstood the test of time, and which parts have undergone rapid evolutionary

change? Joseph Ecker and his collaborators developed a simple method to comb

whole genomes for all the software fixes and security patches accumulated over time.

In a first trial run, the scientists recently catalogued the genetic variations in 20

strains of the mustard weed Arabidopsis thaliana that had been collected from the

wild all over the world. As a general rule, genes that don’t change over time perform

important housekeeping functions, while genes that vary widely are likely to mediate

interactions with the environment. Identifying the genes that can help plants

withstand challenging conditions such as heat, drought, high acidity, or salinity will

give plant geneticists the tools to create tougher breeds that can easily adjust to new

ecological niches arising due to climate change.

Joanne Chory Joseph Ecker Jeff Long Joseph Noel James Umen

Charting Ever-changing Genomes
PLANTS MAY SEEM PASSIVE IN THE FACE

of an attack by pests, but they command an

impressive arsenal of natural chemicals

ready to do battle with their enemies.

Joseph Noel’s lab has been probing the

metabolic pathways that plants such as the

tomato, potato, pepper, henbane, and

tobacco—all members of the nightshade

family—use to produce different, natural

fungicides to successfully defend

themselves against fungal pathogens

uniquely adapted to their specific habitat.

Noel and his colleagues discovered that

only nine changes in the key enzymes

within this plant group shift the

production from tobacco-specific

compounds to the henbane versions and

vice versa. Making fewer changes leads to

a mixture of both products, which explains

how, over time, plants tinker with their

chemical cocktail and adjust it to a

changing environment without completely

shutting down intracellular chemical

factories. Studies like this not only

give scientists a glimpse of the

plants’ evolutionary past, but

investigations into natural variations

in agriculturally important plants may

help Noel and others fine-tune the

production of natural and

environmentally friendly fungicides

and pesticides by turning “enzymatic

knobs” in the right direction.

Natural Defenses
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