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HEN HE WAS A COLLEGE STUDENT lN THE 19605,  Bob Goldberg spent  h is

f ree t ime tending to leaf  co l lect ions.  Four decades later  and now a UCLA pro-

fessor of molecular, cell and developmental biology, Goldberg is sti l l  hooked on

plants.  But  today,  f lush wi th $7.5 mi l l ion in  Nat ional  sc ience Foundat ion funding,

he is engaged in a far more momentous activity. Using some of the most powerf ul

tools of modern science, Goldberg is creating what is in effect an atlas detail ing

the genetic activity of a seed throughout its development. lts application? Find

new ways to feed a hungry planet - which is getting hungrier by the day'
"lf we can understand how to make a seed genetically, we can make bigger,

better, and more nutrit ious seeds," Goldberg explains. And we're going to need

the help.
At  any g iven t ime,  more than 850 mi l l ion people around the wor ld don' t  have

enough to eat .  Given current  populat ion-growth stat is t ics,  Goldberg est imates

that  feeding the p lanet  wi l l  requi re more food dur ing the next  50 years than that
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(Above lef t)  when UCLA cane to

Westwood, shown here in 1930,

there were r8,ooo farms in Los Angeles

- and the new universi tY boasted

an agricul tural  col lege and ci trus/avo-

cado orchard,

{Above r ight)  Today, the same view

yield5 a picture of a densely

populated, urban environment -

and no orchard.

consumed in a l lo f  our  cumulat ive h is tory.  What 's  worse,

we are seeing a shr ink ing supply of  arable land on which

to grow food crops.
Any discussion about the status of the world's poor-

est nations is necessarily dominated by hunger and mal-

nutrit ion. (5ub-Saharan Africa alone is home to more

than 206 mi l l ion chronical ly  hungry people. )  Chi ldren
are h i t  hardest .  The U.N.  Food and Agr icu l tura l  Organi-
zation (FAO), which tracks hunger, reports that 5 mill ion
children die of starvation each year - one every five sec-

onds.  Hundreds of  mi l l ions of  undernour ished chi ldren
have lower defenses against infectious diseases and fail

to  fu l f i l l  the i r  physical  and mental  potent ia l .

A bitter irony is that we have enough food to go

around today. The FAO estimates that world agricul-

ture produces 17 percent more calories per capita than

it did in the 1970s - enough to provide every person on

the planet with more than 2,7O0 calories a day. But too

many people can't afford to purchase food and lack suf-

ficient land on which to grow their own.
Tomorrow, though, production itself could be a prob-

lem. The world's population is projected to rise 50 per-

cent  between 1999 and 2042, I rom 6 b i l l ion to 9 b i l l ion.

As countries are developed and income grows, so does

demand for more expensive, protein-based foods. As

demand for animal protein increases, so does the need

for l ivestock feed. Global climate change introduces new

concerns about  the avai labi l i ty  of  suf f ic ient  farmlands.

So researchers such as Goldberg are toil ing long hours

to push the science of plant genomics and biotechnol-
ogy toward solutions that can increase the world's food

supply. He and his colleagues hope their work, directed
in ways that assist the people who need it most, can help

to keep future granaries full.
But if science can help us meet the greater demand, it

can't guarantee the food wil l make it to everyone's plate.

That requires something that can't be addressed in a lab:

a ool i t ica l  f ix .
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"solutions of policymakers too often focus on produc-

tion, not distribuiion," explains UCLA Professor of Geog-

raphy Judith Carney, whose award-winning 2001 book,

Black Rice: The Africon Origins of Rice Cultivation in the

Americas, chronicles the grain's complex history.
Carney points out that the green revolution of the

1970s, which was supported by many well-intentioned
scientists, improved yields of the major food grains but

did l itt le for hunger because the presumed beneficiaries
couldn't afford to purchase the products. She believes
that the same issues are informing biotechnology and
the movement of transnational agribusiness corpora-
tions into new markets. "These technologies do not ad-

dress the distribution issue - that is, how they wil l be-

come available to the poor, which would mean pricing

the food under market value," Carney says.
According to the World Bank, more than a bil l ion

people in  developing countr ies l ive on $1 a day or  less,

and most of them suffer from chronic hunger. lt 's the
most vicious of circles: Hunger is a consequence of
poverty - and a cause. "We have shown that economic
growth is extremely important for hunger reduction,"
says Kostas Stamoulis, a UC Berkeley graduate who is

now in Rome as chief of the FAO's Agricultural Sector
in Economic Development Service. "However, you can't
expect growth when 35 percent of the people are chroni-
cally undernourished, because that's going to make them
sicker and less oroductive."

The most recent FAO report, which Stamoulis co-
authored, recommends a two-track approach that in-

cludes direct-assistance programs to help the needi-
est populations break the cycle of poverty. For the long
term, the report urges init iatives to enhance productive
potent ia l ,  par t icu lar ly  emphasiz ing agr icu l ture and rura l
development, along with ensuring access by the poor to
productive assets - physical, human and financial
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In four Peace Corps stints that took her to some of the
world's poorest regions, Theresa Elders M.S.W.'78 saw
firsthand the visible effects of childhood malnutrit ion.
But Elders, a psychiatric social worker who has cham-
pioned healthy environments in leadership roles with
the Arkansas Department of Health and the Los Ange-
les County Department of Public Social Services, was
equally troubled by what was not as readily apparent.

"Right away you would see what's called kwashiorkor
- the distended bell ies and the reddish hue of the hair,"
Elders says. "But the thing that people rarely talk about
is how malnutrit ion affects long-term cognitive func-
tioning. You would see adults having cognitive diff icul-
t ies, and it would make you wonder: When children grow
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to  adul thood and can' t  catch up in te l lectual ly ,  what  are
we doing?"

Char lot te Neumann,  a pediat r ic ian on UCLA's School
of  Publ ic  Heal th facul ty ,  has conducted seminal  s tud-
ies with collaborators in Kenya, documenting the high
proport ion of  the nat ion 's  schoolchi ldren lack ing the
nutr ients they need for  adequate funct ioning,  learn ing
and growth.  Ul t imaie ly ,  they showed that  adding a smal l
amount  of  meat  to the d iet  dramat ica l ly  increased the
children's school performance, physical activity, muscle
mass and abi l i ty  to  ward of f  in fect ion.

For policymakers, malnutrit ion is among the most
chal lenging publ ic  heal th problems to address.  Gai l  Har-
rison, a professor in the School of Public Health wno
specializes in international nutrit ion issues, notes that,
unlike a disease that focuses on a defined segment of the
populat ion or  one that  could be prevented for  l i fe  wi th
a s ingle vaccine,  "wi th malnutr i t ion,  100 percent  of  the
populat ion is  at  r isk f rom bi r th to death."

Compl icat ing mat ters is  the so-cal led Nutr i t ion
Transition: the dramatic rise in the developing world of
obesity, portending an epidemic of chronic adult condi-
t ions such as d iabetes,  hypertension,  cancer and heart
d isease in countr ies st i l l  wracked by malnutr i t ion.  " l t 's

a terr i f ic  pol icy d i lemma,"  says Harr ison,  who has con-
sul ted wi th the Wor ld Heal th Organizat ion,  UNICEF and
other key organizations and governments on nutrit ion-
related matters.
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The Web site of Ceres, the Thousand Oaks, Calif.-based
plant  genomics company that  Goldberg co- founded in
1992 touts the words of  Phi l ip  H.  Abelson,  the la te for-
mer editor of the journal Science, who said of the nascent
genomics revolut ion:  "Thus fat  the pharmacological
potential of genomics has been emphasized, but the
greatest  u l t imate g lobal  impact  of  genomics wi l l  resul t
f rom the manipulat ion of  the DNA of  p lants.  Ul t imate ly
the world wil l obtain most of its food ... from genetically
altered vegetation and trees."

Wor ldwide,  more than ' l  b i l l ion acres of  genet ica l ly
engineered crops have been planted in the last decade.
Opponents, particularly in Europe, have been vocal over
such issues as how much contro l  b ig business has over
food supply and the potential lack of genetic diversity in
foods, but Ceres president and CEO Richard Hamilton
argues that  b iotechnology s imply turns up the power
on breeding methods that  have been pract iced for  tnou-
sands of  years.  "Agr icu l ture i tse l f  is  a human invent ion,"
he says.  "Corn d idn ' t  just  spr ing for th f rom some mythi -
cal garden of Eden."

Plant biotechnology selects for desired genetic traits
just as conventional breeding does, Hamilton argues,
replac ing the t radi t ional  t r ia l -and-error  process wi th the
abi l i ty  to  knowingly manipulate speci f ic  genes.  lmprov-
ing agriculture through technology can pay substantial
dividends. The adoption of modern genetics practices
in breeding has t r ip led corn y ie ld s ince 1940.  And the
green revolut ion -  a movement launched in the 1970s
to raise yields through the use of hybrid seeds, ferti l izers,
pest ic ides and i r r igat ion -  t r ip led wheat  product ion and
turned India from a net importer to a net exporter.

When UCLA's Westwood campus opened in j929,
it was part of a rural county with 14,000 farms, and the
university's College of Agriculture was a major resource
for the area's farmers. When Goldberg shares that infor-
mation with his surprised students, it 's to make a larger
point: The transformation of Los Angeles into an uroan
center after World War l l is emblematic of what is nao-
pening everywhere - and as a result, it 's going to become
increasingly important to find ways to produce food for a
growing populat ion on d imin ishing agr icu l tura l  land.

Soon,  Goldberg and h is  sc ient i f ic  co l leagues around
the wor ld wi l l  have ident i f ied and def ined the funct ions
of all of the genes necessary to program the entire l ife
cyc le of  crop p lants,  enabl ing bet ter  y ie ld even under
less-than-ideal conditions. Will that result in a better-
nour ished populat ion?

Says Stamoul is :  "The issue is  to  what  extent  th is  in-
creased food supply is translated into increased food
consumption for those who don't have enough to eat."K
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