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Today’s Headlines
Ehe New York Eimes

EDITORIAL

The Food Crisis

Published: February 24, 2011

fos Angeles Times

hunger

By John Sepulvado, CNN Radio
March 16, 2011 1:01 p.m. EDT

Rising food prices could drive up rates of
Economist.com

aweom  |World food prices hit record high

February 03, 2011 | By Bryony Jones for CNN Share ) Mixx (g Twitte

Across Globe, Empty Bellies Bring Rising Anger

By Howard Schneider, Monday, March 14, 10:04 PM

Newsweek | Higher food prices may be here to stay
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We Face Challenges in Agriculture Even
Greater Than Those in 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!I
CROP YIELDS NEED TO BE INCREASED SIGNIFICANTLY!




There is a Limited Amount of Land For Agriculture

One hectare has to feed
more and more people

6.3 billion
2000
2.5 billion
1950

Growth of world population

NOTE:
Only 35% of
Earth’s Land

Mass is
Suitable For
Agriculture...
and 677% of
that is used

for Pasture &
Range! Only
~8% is used
for Crops
Eaten Directly
as Food!

10.3 billion
2050

Without Increases in Crop Yield We Will Need to Farm
Every “Square Inch” of Land on the Earth To Satisfy Crop Demand
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It’s All About Yield, Yield, Yield!lll
How Will Crop Yields Be Increased?

N

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
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From Lab to Improved
Seeds For Farmers

From “Low-Tech”
Genetics to “High-Tech”
Genomics

.......And by Using Breeding and Genetic
Engineering to Introduce These “Yield”
Genes Into Existing Crops

High Photosynthetic
Efficiency

Optimal Flowering
Time

Drought Resistant

[ Seeds Without\

W& Pathogen Resistant

Fertilization
Efficient Uptake
of Micronutrients
. High Yields Under
Hybrids Suboptimal Conditions

More Seeds

Reduced Pod
Shattering

. J

Bigger Seeds

Seeds Optimal

For Human/Animal
Architecture Health & Nutrition
Designed For
Specific Growth

Conditions

N Ability to Fix
M Nitrogen

What are the Other Major C'hallenges 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
De:’ica;‘)ed Plant-Based Renewable Energy System (e.g., cellulose to
ethano

® Help Reduce CO, 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!

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

Engineering Bigger Seeds Engineering Bigger Seeds
10,000 Years Ago Today

Elder Y ‘
Sunflower .

Squash

Wwild Crop

But Need to Identify the Critical Genes

Our American Ancestors, 10,000 BC Jofuku et al., PNAS, 2005




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
accomp/lshed 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!

1900: Rediscovery of Mendel's Work
1909: The Word Gene Coined

Devries, Correns and Tschermak independently rediscover Mendel's work.

of inheritance in the scientific world.

The three Europeans, unknown to each other, were working on different plant
hybrids when they each worked out the laws of inheritance. When they reviewed
the literature before publishing their own results, they were startled to find
Mendel's old papers spelling out those laws in detail. Each man announced Mendel's discoveries and
his own work as confirmation of them.

be called genes.

The proposed word traced from the Greek word genos, meaning "birth"

s Illuminate the Chromosome Theory

Using fruit flies as a model organism, Thomas Hunt Morgan and his group at Columbia University showed that
genes, strung on chromosomes, are the units of heredity.

Morgan and his students made many important contributions to genetics. His students, who included such
important geneticists as Alfred Sturtevant, Hermann Muller and Calvin Bridges, studied the fruit fly Drosophila
melanogaster. They showed that chromosomes carry genes, discovered genetic linkage - the fact that genes
are arrayed on linear chromosomes - and described chromosome recombination.

In 1933, Morgan received the Nobel Prize in Physiology or Medicine for helping establish the chromosome
theory of inheritance.

2000: Drosophila and Arabidopsis genomes sequenced

T

2 aton led by Craig Venter. opr

Sims | spproximtely 13,600 genes s compared 20,000~ 25,000 genes i humans. The

- popularity of Drosophila as an experimental organism ensures that 15 genome seauance
1 for resear  genes of

Drosophila melanogaster (frut fly)has been o primary tool for geneticists since the
he twentietn cantury. T

2004: Refined Analysis of Complete Human Genome Sequence

7| The International Human Gene Sequencing Consortium led in the United Statas by the
National Human Genome Research Institute and the Department of Energy published
description of the finished human gene sequence. The analysis reduced the estimated
k number of genes (which as recently s the mid-1990's had been ~100,000) from 35,000
. £ only 20,000-25,000. The fact that the human genome has far fewer genes than was

2008: NextGen Sequencing

For example, the average human gene is able to produce three
different gene products

terparts. This

foa \l_ originally thought suggests that humans *get more” out of thelr genatic information than
‘ % imal

fuman blelesy. The finished sequence cantains 2.85 billion nucleotides interrupted by only 341 gaps. It
covers 99 percent of the genome with an accuracy of 1 error per 100,000 bases. Researchers confirmed
the existence of 19,509 protein-coding genes and identified 2,188 other DNA segments that are thought to
e prtain-cading genss. Alhough the gunome sequence 1 described 85 “fnshed,” t 8 perfact. T

' even more thon pumans: Altnaugh nat o small gaps that rema t be sequenced by the industrial-scale methods used by the Human Genome
Project. Filng In these gape will have to awalt 2 seres of small argeted affors by fesearchars Using other
techniques and possibly new technologies. The finished genome sequence can be freely accessed through
public databases and may be used by researchers without restrictions.

Arabidopsis thallana i the first plant t have its genoma sequenced. This plant from the mustard family

mistry t crop
plants such as rice or barely. The study of its sequince is expected to have widespread applications for
Sgricutre and medicine.

Danish botanist Wilhelm Johannsen coined the word gene to describe the Mendelian units of heredity.

Three botanists - Hugo DeVries, Carl Correns and Erich von Tschermak - z
independently rediscovered Mendel's work In the same year, a generation after L, He also made the distinction between the outward appearance of an individual (phenotype) and its genetic traits
Mendel published his papers. They helped expand awareness of the Mendelian laws = (genotype).

Four years earlier, William Bateson, an early geneticist and a proponent of Mendel’s ideas, had used the word
genetics in a letter; he felt the need for a new term to describe the study of heredity and inherited variations.
But the term didn't start spreading until Wilhelm Johannsen suggested that the Mendelian factors of inheritance

The word spawned others, like genome.

202522

o.....Why Seeds??

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




SEEDS E 3

® 22,300 Seed-Bearing Plant Species
a 90% of all known plants
a 1,000 species produce “naked” seeds (gymnosperms)
o Remainder are from flowering plants

® 2,938 Seed Species Stored in the Svalbard Seed Vault

® Global Seed Vault in Norway
a 320,552 seed samples from around the world
o 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-0Old 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!

Cashew Nuts Peanuts

Cocoa Beans Coffee Beans Mustard




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

Seed Crops & Non-Seed Crops
+ Wheat * Potato

- Rice - Sweet Potato

- Corn - Cassava

- Barley - Sugar Beet

+ Sorghum - Sugar Cane

- Soybean * Banana

- Common Bean

- Coconut

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

How Is a Seed Formed?

A Reminder...............on...




In the Beginning....

The Question: What Are the Genes Required to Make a Seed?
_ Globular-Stage

Epidermis

Seed coat
(Protection)

Outer Integument

.7
r s Inner
g Integument
Q.
4 Endothelium
o
(5
L Endosperm

Embryo proper

Suspensor

Embryo

And How Are They Wired in

(Next Generation) (Nourishment)

a Plant Genome?




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

Seed Development?
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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
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Learn How To Make a
Seed!l

* Big Seeds

* More Seeds

* More Yield

® Increased Food
and Fuel

Knowledge of Cell-Specific TF mRNAs and Knock-

Down Effects On Embryo Phenotype and TF mRNAs




What is a Seed?

Seed coat—___

Cotyledon

Shoot apex —

Root apex —_

(A) Kidney bean (B) Castor bean (C) Corn

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

29.2 The Major Groups of Living Seed Plants

The Plant Kingdom

~Gymnosperms

Microspores and
megaspores

Common
ancestor

[ ) Conifers

Fiowers/ \ | m

Angiosperms




Seed Producing Plants Are ~300 Million Years Old

Rise of Gymnosperms Angiosperms
seed plants dominant dominant

2 |
Nonseed
vascular
plants

Seed ferns e
Progymnosperms Cycad Magnolia
Devonian Carboniferous Permian Triassic Jurassic Cretaceous
Paleozoic Mesozoic >
417 354 290 248 206 144 65 1 .8T

Quaternary Present

Millions of years ago

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
3.6ametes 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

Petal “wj i ’/, //

N7,

'\\ N
Stigma _ / ——

Filament

y

Sepal

Receptacle

Life Cycle of a Flowering Plant

Flower of mature

A ) sporophyte
) Ovary j. o
Seedling () Ovule SwpaWid\ (\\
~
- ) Male & Female
P\ A\nther— s Spore Formation
ON
/ /7 Endosperm Oy / l @ Microsporocyte
Embryo S
Endosperm Ovile f/
nucleus (3n) \ - Megasporocyte (2")\\._3
on ; Megasporangium

Zygote (2n)
| DIPLOID (2n)
Double Fertilization .
% Microspores (4)

7 HAPLOID (n) Pollen grain
N ¢

Surviving
megaspore (n)

—/




Double Fertilization Leads to the Three Parts of the Seed

Three
antipodal Tube cell
cells

\_Generative cell
8 Tube cell nucleus

K’f'\Egg
Synergids

nuclei

= ndosperm

“¥°¢ 12y Embryo

Embryos Develop From the Fertilized Egg

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




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

Torpedo-stage
embryo

Heart-stage
embryo

Cotyledons ] 1.

ot oo

-Shoot apex

- Hypocotyl 2.

X Root apex

Suspensor

Globular-‘rage
embryo

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

Seed coat—___

Cotyledon

Shoot apex —

Root apex —_

(A) Kidney bean (B) Castor bean (C) Corn

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




Plant Embryo Development

Torpedo

Using Arabidopsis To Uncover Genes Important
or Seed Development

N

N
A. ROCKENTRAV, TURRITIS GLABRA L

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

B. BACKTRAV, ARABID




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

Lateral Flowers Storage Enlarged Terminal Flower

Leaves Vegetative\A And Stem Vegetative Bud Clusters
_ Stems\

Buds

&

Kale Broccoli

Brussels
sprouts

.......Brassicas or Crucifers

Arabidopsis Features That Make It a Model
Plant & Crop

1.Fast Generation Time

2.5mall 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
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Early Arabidopsis Embryo Development

S/
\.

B -
. /Central
Cell

Synergids' l

7N .
j\\.\, N 5 N
& ,‘ B =Y \
J v \ 8

)

Suspensor

a0

Embr§o$ac 2-Cell Embryo Globular Embryo




Early Arabidopsis Embryo Development

v
=Y

Mature Embryo

Terminally N})c:Tur'e
Globular Embryo  Differentiated ant
Organ

Late Arabidopsis Embryo Development

Early Heart  Cotyledon Torpedo




How To Identify Genes In Each Part of the Seed?
Globular-Stage

And Identify

Seed coat

(Protection)

Endosperm

Next Generation) (Nourishment)

Embryo

=

Epidermis

Outer Integument

Inner
Integument

Endothelium

Endosperm

Embryo proper

Suspensor

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

AXIS

PLUMULE
Storage Protein (B-conglycinin)

SHOOT MERISTEM
Storage Protein (B-conglycinin)

(" PARENCHYMA

Isoflavones (Genistein, Daidzein)
Storage Protein (B-conglycinin,
\_Glycinin)

EPIDERMIS
Vitamin B1

ROOT MERISTEM
Isoflavones (Genistein, Daidzein)

(COTYLEDON )

(" PARENCHYMA

Vitamin C, Vitamin E

Fatty acids (Linoleate, Oleate)
Amino acids (Arg, 6GIn, Leu, Lys)
Storage Proteins (B-conglycinin,
\_Glycinin)

~N

( ADAXIAL EPIDERMIS
Storage Proteins (B-conglycinin,

__Glycinin)

 ABAXTAL EPIDERMIS
Amino acids (Arg, Gin, Leu)

o

Soy
ISOFT AVONE
Compics/semp
50 mg

0 Capsies 1

(__ SEED COAT |

HILUM
Amino acid (Phe)

| PARENCHYMA
| Sucrose, Stachyose

( HOUR 6LASS

Vitamin E

Sucrose

Amino acids (Leu, Lys, Ser)

\.

\.

(" PALISADE
Isoflavones (Genistein, Daidzein)
Linoleate
Sucrose

\_Amino acid (Phe)

*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




Using Laser Eapfure Microdissection (LCM) and
GeneChips ToProfile MRNAS in SpecificiSeed
Cells, Tlssues and Comparfmenrs

Embryo Pr'oper

Seed Coat

.

-7 3 w.

Arabidopsis Seed After Ferflllzaflon
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Using Genomics & GeneChips to Analyze mRNA Populations

Wash Off Unhybridized cRNA Probe

e |

Stain with Streptavidin

O Phycoerythrin Conjugate
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Data Analysis

f
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GeneChip

~ 22,800 Arabidopsis Genes

(~82% of Genome)

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

v

(Eleven 25-mer/gene)
Scattered probe pairs




Using GeneChips to Analyze mRNA Populations

GeneChip® probe array

Image of hybri

leea prose array

Hybridized probe cell

Identifying Genes Required to “Make a Seed

»”
Linear Mature
{ Pre-globular _Glob Heart  Cotyledon
v\"’/ i..:
\
' B3
\

N E 17,594
] ;{. s— A (1'538)
4 S A A % ==
14,538 15,156 15,399 14,975 14,016
(1,199) (1,259) (1,289) (1,263) (1,179)
Arabidopsis




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

O
PG
GLOB
HRT
Lcot

G
PG
GLOB
HRT
Lcot

G

G

- [aa s [Jno.
Le B.H. et al. PNAS107:8063-8070 (2010)

How to Identify the Functions of Seed Transcription

Factor Genes?
(e.g., leafy cotyledonl (lec1) Mutants Disrupt Seed Development)

wt SAM
, , Desiccation ,
Tolerance

Embryo Rescue

lec1 /_\

, , Des tion ,
Tolérdxce Trichome
Activated SAM

» Suppression of Suspensor Embryonic Potential
» Development of Cotyledon Identity

 Initiation and Maintenance of Seed Maturation
 Inhibition Germination

Lotan et al., Cell,
1998




Using Agrobacterium T-DNA as a Mutagen

Insert in TF Gene

Woundsite _ /=  Crowngall \ W™ ____-----~ Transformed
Plant plant cell
chromosomes
3 § " Bacterial
chromosome
Agrobacterium
tumefaciens

Inoculate s,

Agrobacterium Ti Plasmid

Right terminal repeat
A
T 1
* ** ¥
TGACAGGATATATTGGCGGGTAAAC

ACTGTCCTATATAACCGCCCATTTG

A}
Left terminal repeat *, o
A P
I 1 .
* ** ¥
TGGCAGGATATATTGTGGTGTAAAC .

ACCGTCCTATATAACACCACATTTG o

X ori
vir
region




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

. gﬂ@m Funded by the National Science Foundation @
[Salkdnstitute|Genomic/Analysis]

SIGnAL "T-DNA Express" Arabidopsis Gene Mapping Tool ( Dec.20,
2004)

Arabidopsis thaliana chromosome 1, nucleotide pairs 1 through 10,001.

At1g01020
- =

Genes: . ——

T-DNA and transposon insertions:

—_ — — < «— > « «
WiscDsLox354D10 SALK_047276 SALK_005597 SAIL_672 D06 RATM11-2286-1_G FLAG_218G09 SALK_116614 GABI_8631
> > < = < >
SALK 001127 FLAG_293C12 GABI 001A08 GABI 534H04 RATM11-2283-1. 4 SALK 127977 SAIL 28 C09
€ > -~
SALK_001127] FLAG_293D01 GABI_269H03 > SAIL 261 Fo8  FLAG_220D07 SALK_090151
s Sttt S
GABI_414G04 SAIL_1267_F05 RAFL14-93-B21 SALK_090152
— € <
SALK_ 074723 RATM13-3326-1.G
—
SALK 128569 SALK_092277
=
Key: SALK_128571 SALK 092285
P 2
RATM11-4514-1_H SALK_092285
I SALKT-DNA >
I GABI-Kat FST SAIL 226 811 RATM13-3326-1 H
I FLAGFST RAFL09-86-821 SALK_092270
I WiscFST RAFLO8-19-M04 SALK_092262
I SAILFST ==y =
I RIKENFST ALK o200
—_—
I CSHLFST RATM11-4513-1_G SALK_092263

SALK_123517

SALK_127981

Courtesy National Science Foundation

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

Specific Arabidopsis TF GeAne
|

T-DNA '

PCR primers —» <=— — -+

l PCR1 l PCR 2

PCR products [N
[
[ |




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

HC70AL Spring 2011
Gene Discovery Laboratory

What Are the Genes
Required to Make a Seed?

Approach?

Gene To Mutant To Phenotypell

HC70AL Spring 2011
Gene Discovery Laboratory

What Will You Do This Quarter?

1.5tudy 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

2 3 4 5 6 7 8 9 10




