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Today’s Headlines 

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) 

6,908,661,226 
3/28/11 

We Face Challenges in Agriculture Even 
Greater Than Those in Today’s Headlines  



Without Increases in Crop Yield We Will Need to Farm  
Every “Square Inch” of Land on the Earth To Satisfy Crop Demand 

NOTE: 
Only 35% of 
Earth’s Land 

Mass is 
Suitable For 
Agriculture… 
and 67% of 
that is used 
for Pasture & 
Range! Only 
~8% is used 
for Crops 

Eaten Directly 
as Food! 

There is a Limited Amount of Land For Agriculture 
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Original Agricultural College 
and Citrus/Avocado Orchard 

There Were 18,000 Farms in Los Angeles 
County in 1930!!! 

From 1901 to 1950 Los Angeles County Was the Largest 
Agricultural Producing County in the US!!! 

Farms!! 
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It’s All About Yield,Yield,Yield!!!! 
How Will Crop Yields Be Increased?!

As We Always Have……….. 
By Using State-of-the-Art Science & 

Technology 



The Goal…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” 
Genetics to “High-Tech” 

Genomics 
From Lab to Improved 

Seeds For Farmers 

…….And by Using Breeding and Genetic 
Engineering to Introduce These “Yield” 

Genes Into Existing Crops 

What are the Other Major Challenges For the Future? 



Major Challenges For 21st Century Agriculture 

•  Increase Crop Yield To Provide More Food 
And Save/Create More Open Space (#1 
Priority) 

•  Reduce Inputs Required For Growing Crops (e.g., water, fertilizer) -- A 
Sustainable Agriculture 

•  Reduce Environmental Impacts of Intensive Agriculture(e.g.,pesticides) 
•  Optimize Crops For Human Health and Nutrition 
•  Use Crops as Factories For Specialized Industrial and Pharmaceutical 

Applications (e.g., vaccines) 
•  Facilitate the Conversion From a Petroleum-Based Energy System to a 

Dedicated Plant-Based Renewable Energy System (e.g., cellulose to 
ethanol) 

•  Help Reduce CO2 Emissions and Mitigate Effects of Climate Change 
(e.g., switch from coal to biomass) 

Plant Genome Projects and Identifying Novel New  
Traits Can Help Meet These Challenges! 

Engineering Bigger Seeds 
10,000 Years Ago 

Our American Ancestors, 10,000 BC 

“Manipulating” Plants to Increase Yield Is Not New-For 
Example, Seed Size! 

Engineering Bigger Seeds 
Today 

Jofuku et al., PNAS, 2005 

But Need to Identify the Critical Genes 



Scientists ALWAYS overestimate how much can be 
accomplished in a short period of time (1 month to a 
year) ……… ………….but underestimate how much will be 
accomplished over the LONG TERM (5-10 years)…….. 

 
One thing we can be sure of is - we can’t predict what will be 
the driver of new agriculturally important breakthroughs 15-25 
years in the future! 

2025?? 

2008: NextGen Sequencing 

Water 

Animals 

Wind 

So……Why Seeds?? 

Seeds Protect and Disperse Plant Embryos  
and Come in Many Shapes and Sizes! 



SEEDS 
•  22,300 Seed-Bearing Plant Species 

!  90% of all known plants 
!  1,000 species produce “naked” seeds (gymnosperms) 
!  Remainder are from flowering plants  

•  2,938 Seed Species Stored in the Svalbard Seed Vault       
•  Global Seed Vault in Norway  

!  320,552 seed samples from around the world 
!  Bank can hold 2.25 billion seeds! 

•  55 Pounds is the Weight of the Largest Seed -  
  Fruit of the Double Coconut Palm 
•  Smallest Seeds Come From Orchids and Weigh ~10    
  Billionths of an Ounce 
•  385 Million Years is the Age of the Oldest Seed Fossil 
•  2,000 Year-Old Date is the Oldest Viable Seed 
•  150 Miles per hour is the Speed of Seeds Released by  
  the Tropical Sand Box Tree 
•  $36.5 Billion Dollars is the Value of the World Seed Market  
  (2008) 

Reference:  Discover Magazine, April, 2009 

Seeds Are Used in Many Ways as Food, 
Beverages, Spices, and Fuels! 

Nutmeg Cocoa Beans Coffee Beans 

Beans Wheat Peas Corn 

Cashew Nuts Peanuts Pecans Coconut 

Mustard 



  Most Importantly….. Our Food is Derived From Fourteen Crops 
& Over Half Produce Seeds For Human and Animal Consumption 

Seed Crops  
•  Wheat 
•  Rice 
•  Corn 
•  Barley 
•  Sorghum 
•  Soybean 
•  Common Bean 
•  Coconut 

Non-Seed Crops  
•  Potato  
•  Sweet Potato 
•  Cassava 
•  Sugar Beet 
•  Sugar Cane 
•  Banana 
 
 

In Some World Populations 75% of Calories Are Derived From Seeds! 

How Is a Seed Formed? 

A Reminder……………………………… 



http://estdb.biology.ucla.edu/seed/presentation 
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The Question: What Are the Genes Required to Make a Seed? 

And How Are They Wired in a Plant Genome? 



More Specifically………What Are The Genes Required to 
Program Every Compartment, Tissue, and Cell Type During 

Seed Development? 

And…How Can an Understanding of Seed Regulatory Networks 
Lead to Novel Approaches to Increase Seed Yield? 

Ultimate Goal……To Uncover Regulatory Genes and Circuits 
Driving Seed Differentiation and Development Using Genomics 

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

Learn How To Make a 
Seed!! 

•  Big Seeds 
•  More Seeds 
•  More Yield 
•  Increased Food 
and Fuel 



What is a Seed? 

A Seed Consists of Three Parts With Distinct Genetic Origins 
1.  A Seed Coat From Maternal Floral Tissue 
2.  An Endosperm From Fertilization of Embryo Sac Central Cell 
3.  An Embryo From Fertilization of the Egg 
The Embryo Becomes the Next Plant Generation 

Embryo 

29.2  The Major Groups of Living Seed Plants 

The Plant Kingdom 



Seed Producing Plants Are ~300 Million Years Old 

Major Crops (Soybean and Corn) Are Flowering Plants 

Major Characteristics of Plants 
 
1. Alternation of Spore and Gamete-Producing 

Generations 
2. Meiotic Products Are Spores 
3. Gametes Produced By Mitosis 
4. Double Fertilization (Two Sperm Cells) 
5. Cellulose Cell Walls 
6. Autotrophic-Covert Light Energy to Chemical 

Energy by Photosynthesis (Ultimate Source of 
Food on Earth!) 

7. Morphogenesis in Absence of Cell Movement 



The Plant Life Cycle Begins in the Flower 

Life Cycle of a Flowering Plant 

Male & Female 
Spore Formation 



Double Fertilization Leads to the Three Parts of the Seed 

2. Embryo 

1. Endosperm 

Embryos Develop From the Fertilized Egg 

Early Embryos Contain Two Regions-Suspensor & Embryo 
Proper With Different Developmental Fates 

“The Plant” 

Degenerates 

Proper 



Embryos Undergo a Series of Events Leading to a 
Dormant Embryo in a Mature Seed 

1. 

2. 

Globular-Stage  
embryo 

The “End Product” is Dormant Seed With a  
Mature Embryo? 

A Seed Consists of Three Parts With Distinct Genetic Origins 
1.  A Seed Coat From Maternal Floral Tissue 
2.  An Endosperm From Fertilization of Embryo Sac Central Cell 
3.  An Embryo From Fertilization of the Egg 
The Embryo Becomes the Next Plant Generation 

Embryo 



Plant Embryo Development 

Globular 
Pre-Globular 

Zygote 

Heart 

Torpedo 

Embryo 
Proper 

Suspensor 

Using Arabidopsis To Uncover Genes Important 
For Seed Development 

A Model “Crop” and Relative of………….   



…Broccoli, Cauliflower, Cabbage, and Brussels Sprouts…. 
Striking Examples of Crop Engineering! 

…….Brassicas or Crucifers 

Arabidopsis Features That Make It a Model 
Plant & Crop 

1. Fast Generation Time 
2. Small Size 
3. Small Genome (~120 Mb & 25,000 Genes) 
4. Sequenced Genome 

5. Large Scientific Community-Many Resources For 
Genomics & Functional Studies 

6. Knock-Out in Every Gene 



Genome-Wide Profiling of mRNAs During Arabidopsis 
Seed Development & Plant Life Cycle 

Differentiation Prepare For Dormancy & Germination 

2-Cell Embryo 

Apical 
cell 

Basal 
cell 

Globular Embryo 

Embryo  
Proper 

Suspensor 

Early Arabidopsis Embryo Development 

Embryo Sac 

Egg  
Cell 

Central  
Cell 

Synergids 



Globular Embryo 

Early Arabidopsis Embryo Development 

Embryo  
Proper 

Suspensor 

Terminally  
Differentiated 

Organ 

Mature Embryo 

Mature  
Plant 

Late Arabidopsis Embryo Development 

Early Heart Cotyledon Torpedo 
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How To Identify Genes In Each Part of the Seed? 

And Identify Key Regulatory Genes? 

PARENCHYMA 
Isoflavones (Genistein, Daidzein) 
Storage Protein (β-conglycinin, 
Glycinin) 

EPIDERMIS 
Vitamin B1 HILUM 

Amino acid (Phe) 

PARENCHYMA 
Sucrose, Stachyose 

HOUR GLASS 
Vitamin E 
Sucrose 
Amino acids (Leu, Lys, Ser) 

PALISADE 
Isoflavones (Genistein, Daidzein) 
Linoleate 
Sucrose 
Amino acid (Phe) 

AXIS 

COTYLEDON 

ROOT MERISTEM 
Isoflavones (Genistein, Daidzein) 

SEED COAT 

*Biosynthetic pathways having mRNAs more than 2-fold up-regulated in the indicated tissue compared with  
all other tissues in early maturation-stage are listed 

SHOOT MERISTEM 
Storage Protein (β-conglycinin) 

PLUMULE 
Storage Protein (β-conglycinin) 

ADAXIAL EPIDERMIS 
Storage Proteins (β-conglycinin, 
Glycinin) 

ABAXIAL EPIDERMIS 
Amino acids (Arg, Gln, Leu) 

PARENCHYMA 
Vitamin C, Vitamin E 
Fatty acids (Linoleate, Oleate) 
Amino acids (Arg, Gln, Leu, Lys) 
Storage Proteins (β-conglycinin, 
Glycinin) 

Where Are the Pathways For Soybean “Health” Products Made in the Seed? 



Using Laser Capture Microdissection (LCM) and 
GeneChips To Profile mRNAs in Specific Seed 

Cells, Tissues, and Compartments 

Embryo Proper 
Suspensor 

Seed Coat 

Arabidopsis Seed After Fertilization  
estdb.biology.ucla/seed/presentation  

Using Genomics & GeneChips to Analyze mRNA Populations 

Data Analysis 

Isolate Seed RNA 

Synthesize Biotinylated cRNA probes 

Hybridize to        GeneChip 

Wash Off Unhybridized cRNA Probe 

Stain with Streptavidin 
Phycoerythrin Conjugate  

Scan @ Excitation 
Wavelength of 488nm  

(Eleven 25-mer/gene) 
Scattered probe pairs 

~ 22,800 Arabidopsis Genes  
(~82% of Genome) 

GeneChip 

~ 30,000 Soybean Genes  
(~50% of Genome) 



Using GeneChips to Analyze mRNA Populations 

Identifying Genes Required to “Make a Seed” 



Seed-specific TF gene activity in different Arabidopsis seed  
compartments, regions, and tissues. 

Le B.H. et al. PNAS107:8063-8070 (2010) 

wt 

lec1 

Desiccation 
Tolerance 

Desiccation 
Tolerance 

•  Suppression of Suspensor Embryonic Potential 
•  Development of Cotyledon Identity 
•  Initiation and Maintenance of Seed Maturation 
•  Inhibition Germination 

Embryo Rescue 

SAM 

Activated SAM 

How to Identify the Functions of Seed Transcription 
Factor Genes? 

(e.g.,leafy cotyledon1 (lec1) Mutants Disrupt Seed  Development) 

Lotan et al., Cell, 
1998 



Using Agrobacterium T-DNA as a Mutagen 

Insert in TF Gene 

Agrobacterium Ti Plasmid 



Arabidopsis Plants Have Been Generated With  
T-DNA Insertions in Every Gene! 

Using Reverse Genetics To Identify T-DNA Mutations  
in Specific Arabidopsis TF Genes 

Specific Arabidopsis TF 



 
HC70AL Spring 2011 

Gene Discovery Laboratory 
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Required to Make a Seed? 

 
Approach? 

 
Gene To Mutant To Phenotype!! 
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What Will You Do This Quarter?  

 
1. Study Two Arabidopsis TF Genes 
2. Look For Mutants in KOs of These Genes 
3. Sequence and Clone the “Switch” of One 

TF Gene 
4. Study the Expression of the TF Genes 



HC70AL-Spring 2011 Experiments 
1 2 3 4 5 6 7 8 9 10 

Week 

! Gene ONE 

!........................ Gene TWO 


