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Genetic Engineering Novel Crop Plants:
Unlimited Horizons

Bob Goldberg
9/19/08



“The Bravest are surely those who have the 
clearest vision of what is before them, glory 
and danger alike, and yet notwithstanding go 
out to meet it”

Thucydides 400 BC
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OVER THE NEXT 50 YEARS WE WILL NEED TO PRODUCE 
MORE FOOD THAN IN THE WHOLE OF HUMAN HISTORY

AND DO IT WITH FEWER INPUTS ON LESS ARABLE LAND!!!!
CROP YIELDS NEED TO BE INCREASED SIGNIFICANTLY!!

World Population (millions)

6,724,07,772
9/16/08

As Discussed Here…..We Face Challenges In 
Agriculture Even Greater Than Those in 

Today’s Headlines 



How Will Crop Yields Be Increased 
in the Future?

As We Always Have…….By Using the 
Best Cutting-Edge Science and 
Technology…..Such Has Been 
Described at this Meeting!!
(One thing we can be sure of-we can’t predict what 
new technology will be the driver 50-100 years out)
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As Outlined Here…..It is Critical to Use a Variety of 
Approaches to Identify Genes and Processes That Will Help 
Increase Crop Yields and Food Production Significantly in 

the 21st Century

Yield (Developmental Traits)
• Seed Number
• Seed Size
• Growth Rate
• Organ Size (More Seeds)
• Plant Architecture
• Flowering Time
• Senescence
• Maturity
• Stature

Yield (Stress Traits)
• Nutrient Uptake
• Drought Resistance
• Heat Resistance
• Cold Tolerance
• Salt Tolerance
• Shade Tolerance
• Disease Resistance

From “Low-Tech” to High-Tech From Lab to Improved 
Seeds For Farmers



…….And Use Breeding and Genetic 
Engineering to Introduce These “Yield” Genes 

Into Existing Crops

This WILL Happen……Sooner Than Later!



Big Changes in the US Over The Past 100 Years
“We’ve Come a Long Way Baby”

1900 2008
Life Expectancy 48 (women) 79 (women)

Average Family Income
(2008 Dollars)

$8,000 $50,000

Gasoline Use Per Capita 34 gallons 1,100 gallons

Flush Toilets Per Housing 
Unit

10% 99%

High School Grads 13% 90%

Farm Workers 55% 1.5%



CROP YIELD INCREASES HAVE “ROCKETED 
UPWARDS” OVER THE LAST 100 YEARS AND 

CONTRIBUTED TO A LONGER AND “BETTER” LIFE

• 1900 100
• 1920 115
• 1940 145
• 1950 200
• 2008 300

Conclusion:  Crop yield increased ~ 300% over the past 100 years      
and lead to a similar reduction in food costs!!!!!

Life Span

48 Years

79 Years

% Farm 
Workers

55%

1.5%

%  Income 
on Food

50%

9%

1930: 30 bushels/acre 2008: 150 bushels/acre   
1930: 1 farmer fed 10 people 2008: 1 farmer feeds 200 people



How Was This Accomplished
Over the Past 100 Years?

What Role Did Science &
Technology Play?

What About in the Future 
When There are 350 Million 

People in the USA and 
9 Billion in the World?



WHAT TECHNOLOGIES CAUSED AN INCREASE IN 
CROP YIELDS OVER THE PAST 100 YEARS?

These technologies have resulted in a 300% increase in 
US crop productivity during the 20th-21st century!� Need 

to sustain this yield increase by applying the best
technology and agricultural practices!

• IRRIGATION

• FERTILIZERS

• PESTICIDES & HERBICIDES

• MECHANIZATION (e.g., Tractor)

• PLANT BREEDING (New Hybrids-Green Revolution)

• GLOBAL POSITIONING AND SATELLITE IMAGING

• GENOMICS & GENETIC ENGINEERING (New Traits)



Genetics Has Also
Changed
Dramatically 
Over the 
Past 
100 
Years!! 



Modern Genetic Engineering Has Come a Long Way 
Since Its Origins in 1973!

NY Times-1974



So Has Genetic Engineering in Plants…..

Karpechenko, G.D., 1927. The production of polyploid gametes in hybrids. Hereditas 9, 349–368.



With Unpredictable Results in the Beginning…

Real Soviet-Style Biology!!



Modern Plant Genetic Engineering is Less Than 30 
Years Old!

1981

1986

1987
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In the Beginning……



As Pointed Out at This Meeting…Plants Have Been Engineered For 
Large Numbers of Traits in Laboratories Around the World

Tens of Thousands of GE Experiments!!

Crops in
Desert & 
Drought

Crops to
Clean 

Environment

*Chemical 
Free*
Crops

Crops as
Factories & 
*Vaccines*

*Healthier*
Crops

Longer 
Lasting
Crops

Allergen-free seeds/grains*

Decaffeinated Coffee*

Drought Resistance*

Ethanol/Transportation Fuel*

But Only a Few Have Helped Generate New Crops!
The “Simple Ones With Economic Drivers”



Genetic Engineering Has the Advantage of 
Allowing Everything That’s Possible Biologically 

To Be Achieved
We Are Only Limited By Our Imagination and 

Knowledge of Biological Processes



How Use Genetic Engineering To Change Plant 
Architecture or “Complex” Developmental Traits 

to Improve Crops?

For Example-Root Architecture?



…….or Make a Giant Seed?



An Example From Sea Urchin and Starfish

Sea Urchin

Starfish



Regulatory Genes and Circuits Driving Early Sea Urchin 
Embryo Cell Differentiation and Development -- From 

FUNCTIONAL Genomics

Eric Davidson et al. Science, 2007
Knowledge of Cell-Specific TF mRNAs and Knock-
Down Effects On Embryo Phenotype and TF mRNAs



Functional Dissection of a Shared Regulatory Circuit Between
Sea Urchin and Starfish

Note Different Interactions



Different Regulatory Interactions Lead To Differential Activation 
of Downstream Sea Urchin Genes Leading to Novel 

Embryo Cell Types and Functions

Hinman V. F., Davidson E. H. PNAS 2007;104:19404-19409

Evolution of Animal Architecture
And Manipulation Targets



Water

Animals

Wind

What About Seed Architecture and Size?



Se
ed

 c
oa

t
(P

ro
te

ct
io

n)
En

do
sp

er
m

(N
ou

ris
hm

en
t)

Em
br

yo
(N

ex
t G

en
er

at
io

n)

Globular-Stage

Suspensor 

Epidermis

Outer Integument

Inner Integument

Endothelium

Endosperm 

Embryo proper

What Are the Genes Required to Make a Seed?

And How Are They Wired in a Plant Genome?



Profiling mRNAs in Every Tissue, Cell Type, and Compartment
During All of Soybean and Arabidopsis Seed Development

(Transcription Factors)

Soybean

+ + +

21,989
(1,552)

Globular-Stage

22,903
(1,595)

Cotyledon-Stage

22,377
(1,538)

Heart-Stage

= 26,359
(1,894)

24,003
(1,685)

Early Maturation

= 16,660
(1,450)

++

15,156
(1,259)

Globular-Stage

14,456
(1,210)

Cotyledon-StagePre-Globular-Stage

14,538
(1,199)

Arabidopsis

~75 Compartments,Tissues, & Cells Profiled
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Hierarchical Clustering of 1,932 TFs Present in at Least 
One Compartment Across Development Stages 

SUS

HI
Over-represented

(2-fold, p<0.05)

II

OI

SUS
51/58 WRKY (15)

CCAAT-Box (4)

OI
15/18 Unclassified (3)

bHLH (10)
Squamosa (2)

HI
39/53

ES
22/42 ARF (1)

ES

9/9
II

No Over-
representation

Spatial Patterns of Transcription Factor mRNA Accumulation During 
Early Soybean Seed Development



http://estdb.biology.ucla.edu/seed



Using TF Candidates To  ‘Engineer” Embryos on Leaves!

Embryos

Leaf

Embryos

Lec1 is a Regulator of Seed Development

Lotan et al., Cell, 1998; Lee et al., PNAS, 2003; Kwong et al., Plant Cell, 2003

Embryos



Future Challenges
• Efficient and Precise Genetic Engineering Technologies

• Replacement
• Mini-Chromosomes
• Knock-Downs & Models to Functionally Test TFs Rapidly

• Knowledge of Gene Processes and Regulatory Circuits
• Systems Biology-Integrating Plant Processes (It’s not BS!)
• Will Allow Rationale Approaches to Genetic  Engineering
• Will Allow Hypothesis-Based Approaches to Improving Plants

• Education 
• Young Scientists for the Future
• Public
• Decision Makers

• Fight Anti-Scientific Thinking That Continues to Hold Back   
Use of Genetic Engineering to Improve Agriculture and Humanity

• Build a Structure to Translate 1000s of New Genetic Discoveries   
to New Crops For Farmers

• Re-Think and Re-Structure How Ag Research Done in US Public   
Institutions



The End……………..

….or is it the Beginning!


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	As Outlined Here…..It is Critical to Use a Variety of Approaches to Identify Genes and Processes That Will Help Increase Crop Yields and Food Production Significantly in the 21st Century
	Slide Number 8
	Slide Number 9
	CROP YIELD INCREASES HAVE “ROCKETED UPWARDS” OVER THE LAST 100 YEARS AND CONTRIBUTED TO A LONGER AND “BETTER” LIFE
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Using TF Candidates To  ‘Engineer” Embryos on Leaves!
	Slide Number 33
	Slide Number 34

