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Today’s Headlines

Ehe New JJork Times Los Angeles Times

A Global Need for Grain That Farms Can't Fill

High Rice Cost Creating Fears of Asia Unrest

g8y KEITH BRADSHER

MWNeom | o Drc;ﬁght in Australia, a Global Shortage of Rice

Across Globe, Empty Bellies Bring Rising Anger

[ETSmd | Riots, instability spread as food
prices skyrocket




We Face Major Challenges In Agriculture Even
Greater Than Those in Today’s Headlines
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OVER 50 YEARS WE WILL NEED TO PRODUCE MORE FOOD
THAN IN THE WHOLE OF HUMAN HISTORY -- AND DO IT ON THE
SAME (or less) AMOUNT OF ARABLE LAND!!!!
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So....How Can Seed Yields Be Improved?
Use a Variety of Approaches To Identify Genes Critical For
Fundamental Seed Processes (Yo!!-It'’s the Yield That Counts!)

Seeds Without
Fertilization

Hybrids

More Seeds

Reduced Pod

Shattering Bigger Seeds

Seeds Optimal
For Human/Animal

Architecture Health & Nutrition

Designed For
Specific Growth
Conditions

wow-and —>  EERGCONNNENISIRGICIORS] —» Increase Yields!




There’s Also A Problem With Using Land For
Energy Production




So......Why Seeds??

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



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

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?

@ @@

Remember......... a Seed Contains the Mature, Dormant Embryo
That is the Next Plant Generation



In the Beginning....




What Are the Genes Required to Make a Seed?

Epidermis

Seed coat
(Protection)

Outer Integument

Inner Integument

Endothelium

Endosperm

Endosperm

Embryo proper

Embryo

Suspensor

(Next Generation) (Nourishment)

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?
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Major Seed Biology Questions Discussed Today

embryo

) X/

PISTIL GLOBULAR

HEART
 What Is the Nature of Seed-Specific Regulators?
 How Many Genes Required to Make an Entire Seed?

- What DNA Sequences Are Required For Seed
Region-Specific Transcription?



Genome-Wide Profiling of mRNAs During the Entire
Arabidopsis Life Cycle
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Gene Activity Before, During, And After Arabidopsis
Seed Development

R b
. € e
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Tov & uH GLOB S| MGl PM
ov 24H GLOB COoT MG PMG SDLG
Total
12,591 12,421 13,722 13,103 10,875 8,779 13,185
mRNAs
TF mRNAs 999 995 1,089 1,051 851 699 1,016

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



Gene Activity Before, During, And After Arabidopsis
Seed Development

SEED DEVELOPMENT

w ! g4
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& 24H GLOB

24H GLOB COoT

Unique
mRNAs

Unique TFs 4 0 17 9 4 6 57

22 16 100 50 26 31 505

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



Gene Activity Before, During, And After Arabidopsis

Seed Development TN e ey
TyIZdzaminaes
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Shared
mRNAs 6,937 i
(TFs) (477)

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

Shared mRNAs



Are There Seed-Specific Genes That May Play a
Critical Role in Programming Seed Development?




Identification of Seed-Specific mRNAs in the
Arabidopsis Life Cycle

A B

Ovule and Seedling and
Floral Vegetative

Org Organs

ans
6 (562)

289
(49)

Seed Development

Pre- & Post-Fertilization

| Seed mRNAs

Vegetative

-3.0 -1.5 0 1.5 3.0

Shared mRNAs

...at the GeneChip Level!! () Indicates number of

transcription factor mRNAs



Validation of “Seed-Specific” Genes Using Public Microarray Data

14 Callus/
1" Cell Suspension Seeds
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>2,500 Sets of Public Microarray Data
- http://www.genevestigator.ethz.ch/at
4 Rosette
- Majority of Seed-Specific Genes are Seed-
. Root Specific Compared to All Available Public
Microarray Data Set!!




Identification of “Seed-Specific” Transcription Factor mRNAs

(G,C)
(G,C,M,PM)
(C,M)

(PM)
(C,M,PM)

(G)

(G,C)
(C)
(24H,G,C,M,PM)

(C,M)
(G)

(24H,G,C,M)

(C,M,PM)
(€
(G,C)

(G,C)
(G,C.M)
(G)

(G,C)
(PM)

* Mutation in these genes affects or disrupts

ABI3-VP1

* LEC2

* FUS3
B3 Family TF
AP2/EREBP

* AP2 Domain Protein
Aintegumenta-Like 7
ARF

* ARF21
ARR-B
ARR19

* ARR21/ARR13

* ARR22
AS2
LOB Domain Protein 18
LOB Domain Protein 35
AUX-IAA
1AA31
Basic Leucine Zipper

* AtbZIP67; DPBF2

* AtbZIP72
AtbZIP15
CCAAT-Box

* LEC1

* L1L
HAP5A-Like
Heat-Shock

* HSF1-Like

* Heat Shock TF

embryo/seed development (15)

REPRODUCTIVE

(G.c,m)
(G,C)
(G,C)

(M,PM)
(M,PM)
(G.C)
(©)

(G)

(G)

(©)

(G)

(M,PM)
(©)
(PM)
(G,C)

ORGANS

SEED
STAGES

Homeobox
Homeodomain Protein
* ATML1-Like
Homeodomain Protein
MADS-Box
* MADS-Box TF
* MADS-Box TF
AGL33
AGL35
AGL36
AGL45
AGL57
AGL91
MYB
AtMYB107
* Myb-Related Protein
* AtMYB67; AtY53
* Myb-Related Protein

* Mutation in these genes affects or
disrupts embryo/seed development (7)

SEEDLING &
VEGETATIVE

ORGANS

( ) Indicates number of
transcription factor mRNAs

(G,C)

©)

(M)
(PM)]

Myb-Related Protein

NAC Domain

No Apical Meristem (NAM)
Polycomb Group

MEDEA

CCHC-Type Family Protein
WRKY

(G)|* WRKY10; MINI3

(C.M,PM)
(©)

(G.C)
(G.C)
(G

(G.C)
(24H,G)|

©)

Zinc Finger
PEI1

C2H2-Type Zinc Finger
C2H2-Type Zinc Finger
C3HC4-Type RING Finger
C3HC4-Type RING Finger
Dof-Type Zinc Finger
RABBIT EARS (RBE)
Unclassified

SAP; Sterile Apetala

Seed Stages: 24H, 24Hr Post-Pollination; G, Globular; C,
Cotyledon; M, Mature Green; PM, Post-mature Green




Identification of “Seed-Specific” Transcription Factor mRNAs

REPRODUCTIVE
ORGANS SEEDLING &
VEGETATIVE
ORGANS
( ) Indicates number of
transcription factor mRNAs
SEED
STAGES
CCAAT-Box
(G.O)* LECH
(G.C.M)|* L1L
* Mutation in these genes affects or disrupts * Mutation in these genes affects or Seed Stages: 24H, 24Hr Post-Pollination; G, Globular; C,

embryo/seed development (15) disrupts embryo/seed development (7) Cotyledon; M, Mature Green; PM, Post-mature Green



leafy cotyledon1 (lec1) Mutants Disrupt
Seed Development

wi SAM
I l Desiccation I
Tolerance

Embryo Rescue
/ T

l Des tion l

Tolfragce

Trichome

e Suppression of Suspensor Embryonic Potential
 Development of Cotyledon Identity
e Initiation and Maintenance of Seed Maturation

e Inhibition Germination
Lotan et al., Cell, 1998



Lec1 Induces Embryo Development on Engineered Leaves!!

d De ~
== _—

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



The lec1 Mutation Disrupts the Activity of “Seed-Specific” Genes

POST-MATURE

COTYLEDON MATURE GREEN
20 STAGE STAGE GREEN STAGE
il [} | i — LEC1
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COTYLEDON

STAGE

MATURE GREEN
STAGE

POST-MATURE
GREEN STAGE

— Homeodomain TF
Homeodomain TF

— AtbZIP67

— AP2 Domain TF

— MADS-Box TF

— AtMYBG67

— Put. Nucleic Acid
Binding Protein




Where Are Seed-Specific Genes Active Within the Seed?

Chimeric Reporter Gene Transform Arabidopsis

Seed-Specific Promoter -

Observe Promoter
Activity




Identification of “Seed-Specific” Transcription Factor mRNAs

AP2/EREBP
(PM)|* AP2 Domain Protein

Basic Leucine Zipper
(C.M.PM)|* AtbZIP67; DPBF2
(C)|* AtbZIP72
(G.C)| AtbZIP15
CCAAT-Box

(GCM)* L1L

Heat-Shock
(G,C)]|* HSF1-Like
(PM)|* Heat Shock TF

* Mutation in these genes affects or disrupts
embryo/seed development (15)

REPRODUCTIVE
ORGANS SEEDLING &
VEGETATIVE
ORGANS

( ) Indicates number of

transcription factor mRNAs
SEED

STAGES

Homeobox (G,C) Myb-Related Protein
(G,CM)] Homeodomain Protein

(G,C)* ATML1-Like

MADS-Box
(M,PM)|* MADS-Box TF (PM)]  CCHC-Type Family Protein
WRKY
(GC)] AGL33
(G)] AGL35 Zinc Finger
(G)] AGL36
(G)] AGL45
MYB
(M,PM)]  AtMYB107 (GC)] Dof-Type Zinc Finger

(G,C)|* Myb-Related Protein

* Mutation in these genes affects or
disrupts embryo/seed development (7)

Seed Stages: 24H, 24Hr Post-Pollination; G, Globular; C,
Cotyledon; M, Mature Green; PM, Post-mature Green



Transcriptional Patterns of Seed-Specific
Transcription Factor Upstream Regulatory Region

AT3G44460 AT5G65070 AT1G72570

AT5G23650 AT3G10590



What Transcription Factor Genes Are Active in
the Chalazal Endosperm?

# of pos. lines
Motif Name Core Sequence Core Sequence

ARR1AT NGATT ARR1/ARR2 Binding Sites (Myb protein) AT3G10590
DOFCOREZM AAAG DOF Binding Sites (z. mays) 476 GUS
NTBBF1ARROLB ACTTTA DOF Binding Sites (s. tuberosum)

TAAAGSTKST1 TAAAG DOF Binding Sites (n. tabacum)

CARGCWSAT C(AIT),G AGL15 Binding Sites (HSF-Like) AT4G18870

-580 GUS

(DOF Zinc Finger) AT4G21080

1107 GUS 415

This a Potential

Seed Regulatory (Myb Protein) AT5G23650

(bZIP15) AT5G42910
-1584 GUS

(AGL33) AT2G26320
-1894 GUS

(ATML1-Like) AT3G03260

-2076 GUS 4/4




“Making A Globular Stage
Soybean Seed”



Diversity of Oil Seed Plants

Sunflower

Why Soybean? ]
- Second Major US Crop Flowers  »
* Major Food Source v, 4
» Major Biofuel Source
* Excellent Model Plant
« Genome Sequenced (2008)
* Major Funding Source




How Can We Profile Gene Activity in All Seed
Compartments, Regions, & Tissues?

Combine Laser Capture Microdissection
(LCM) Technologies With Genomics
Approaches.



Using Laser Capture Microdissection (LCM) & Soybean
GeneChips to Investigate Gene Activity In Seeds

: Globular Stage Seed-After Fertlllzatlon
'h"" e S —_— 3

{ .\‘\\_- v




Spectrum of Gene Sequences Represented on
the Soybean Affymetrix EST GeneChip (2007)

Functional Categories

Transcription Factors

Cell Growth & Cell Structure ABI3-VP1 AP2-EREBP
Division 4.3% Disease & Defense 0.7% 5.9%
2.4% ) 3.4% ARF
Unclassified Energy Others 2.2% AUX-IAA
16.9% 3.4% 16.8% 2.4%
Transposon Intracellular Traffic zjnc Finger le;H
0.4% 2.9% 22.5% 7.8% _ pzIp
Transporter CO-Like 2.1% 4.2%
Metabolism Dof 1.5%
4.4% 13.5% SATA 2% CCI:‘:-[;BOX
Transcription YABBY 0.4%% e
9.2% C2H2 6.1% General
' No Homology to gl?_’l"é 6212‘;/; GRAS 0.7%
Signal Known Protein s 2.2%
Transduction 16.4% WRKY Heat Shock
7.7% L 5.6% 1.4%
Post-Transcription . .
Second:ary 2.9 Unclassified MYB Homeodomain
Met:l;t:/hsm Protein  Protein Destination 2.2% Squamosa 1.1% 51%
07 Synthesis & Storage 0.6% NAC Domain MADS-Box
3.2% 7.2% Polycomb Group 3.8% 1.7%
1.6% '

~2,800 TF Transcripts

Contains Probe Sets Representing 38,000 Soybean Transcripts
(~30,000 Clusters/~23,000 Predicted cDNAs) Derived From ~85 cDNA Libraries
From Plant Regions and Multiple Developmental Stages
(Not a Whole Genome Chip)




GENE NETWORKS IN SEED DEVELOPMENZd

Identifying all the genés and gc’menrﬂ,r requirediy "m%e a seed”

Browse Analyze Blast People Links

Click here to learn about the Seed Gene project.

Click here to browse the gene expression profiles of
different compartments in Soybean and Arabidopsis

seed at different developmental stages.

Click here to compare gene activity in different Soybean

and Arabidopsis seed compartments.

" Blast . Click here to BLAST your sequence against target
sequences on the GeneChip arrays and view the seed
expression pattern related to your sequence.

National Science Foundartion

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



GENE NETWORKS IN SEED DEVELOPMENG AN

Identifying all the genes and gerimy ezw@{;r requiredfin, “make aveed”

e = Ahaat Blast

phytozo()e

People

Browse

J‘ilf’jcﬂt Genome lnstitute US Department of Energy

IL\'Y:‘ Center for Integrative Genomics UC Berkeley

Predicted
Gene Model

Soybean
Public ESTs

Soybean
Globular Seed
454 ESTs

Affymetrix
Consensus

Affymetrix
Probes

Affymetrix
Target

23k

GlynaB.1 nodels
GmOO01x00005.1
I

—_ —____ —{—_ V({1
GlynaB.1 alt-splice nodels
GmOOO1x00005.2
L — I = —{— V(1 —{—F 0O
Glycine ESTs
C0415858 CX711786
[ — E—— —
CD413740 BGO42106
| —— s P —  — < —
TAS7453_3847
~——  —  —— ] R
TAS7454_3847
% —— S — =]
454Gn
454GmaGlobSeeds3188 454GmaGlobSeed225039 454GmaGlobSeed74350
p— ———1o
454GmaGlobSeed339542 454GmaGlohSeed?4389
| I 1
454GmaGlohSeed3043 454GmaGlohSeed2346
[,  I— (o
454GmaGlobSeed352632 454GmaGlobSeed70271
3 | I |
454GmaGlohSeed313789 454GmaGlohSeedt9841
454GmaGlohSeedd5250
Affy_consensus
Gma.141158.1.A1_at
[ I

Affy_Probe_No

11 6 31
] ] ]
10

2
|

EC B

[ R

|
9
]
8
]
7

Affy_Target
Gma.14118.1.A1_at
| ez

Present in Whole-Mount Seeds

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

Globular-Stage

~ Seed




Gene Activity in an Entire Globular-Stage Seed
Immediately After Fertilization

Whole Mount Endosperm Seed coat

A -

S EP ES EN Il Ol EPD HI
Total mMRNAs* 14,177 16,998 | 13,880 | 15,274 14,767 16,402 13,451 16,153

TF mRNAs 909 1,100 848 950 927 1,073 837 1,057

*

* The present call in globular stage is defined as “present” at least in two biological replicates. One
factor ANOVA p>0.05

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



Gene Activity in an Entire Globular-Stage Seed
Immediately After Fertilization

Endosperm Seed coat

Unique mRNAs 74 96 98 39 37 36 23 49
Unique TF mRNAs 5 17 11 3 4 2 2 6
Shared mRNAs 9025 >

* The present call in globular stage is defined as “present” at least in two biological replicates

Note: Unique genes are specific at the level of the GeneChip
and within the seed



Globular-Stage Seed Compartments Have a Unique

Set of Transcription Factor Genes

Outer Integument: 36 (2)

1 bZip
1 Zinc Finger

Inner Integument: 37 (4)

1 General (TFIIA-L)
1 Homeodomain
1 MADS, MYB

Endosperm: 98 (11)

3 Zinc Finger (Dof 2)

2 WRKY

1 ARF (ARF8), bHLH, JUMONUJI
1 MADS-Box (PISTILLATA)

1 NAC Domain (NAM)

1 Polycomb Group (TRX1)

Embryo Proper: 96 (17) &> Xt

4 MYB (MYB 44)

3 Homeodomain (STM, WOX2)
2 |AA (IAA8), bHLH, Zinc Finger
1 bZip (OBF4), WRKY, G2-like
1 GRAS (Scarecrow-like)

Hilum: 49 (6)

3 bHLH (PIF4)

1 Zinc Finger (IDD11),

1 MYB (MYB 111)

1 Aux/IAA (SOLITARY ROOT)

| Epidermis: 23 (2)

1 AP2/EREBP
1 bZip

Endothelium: 39 (3)

2 Zinc Finger

" 1 1 WRKY

Suspensor: 74 (5)

2 WRKY
1 ARF (ARF16)

N L | 1 NAC Domain

1 Zinc Finger




Quantitative RT-PCR Validation of Putative
Globular-Stage “Seed Region-Specific” mRNAs

Suspensor

Seedcoat
= -;._‘-ff‘:_— =

JeEn=

Hilum

proper Endosperm Endothelium Epidermis

No Apical Meristem Family Integument _ Integument (not shown)
| GeneChip  Present A A A A A A A
| grRT-PCR  30.9:3.2 ND ND ND ND ND ND ND |
Cytochrome P450 family protein

| GenecChip A A A Present A A A A
| arRT-PCR ND ND ND 35.00.6 ND ND ND ND |
Protease inhibitor/seed storage

| Genechip A A A A Present A A A
| arRT-PCR ND ND ND ND 32.60.7 ND ND ND |
Zinc Finger Family (C2H2-type)

| GeneChip A A A A A A A Present |
| arT-PCR ND ND ND ND ND ND ND  358:24 |

A=Absent = Not Detected at GeneChip Level

ND = Not Detected at Level of qRT-PCR



Quantitative RT-PCR Validation and GUS Activity of a
Globular-Stage “Seed Region-Specific” mRNA

Hilum

proper  Endosperm Endothelium ntegument IntegumentEpidermis (not shown)

GmSTM-Like (Shoot Meristemless-like) Transcription Factor (GmaAffx.63050.1.51_at)

GeneChip A P A A A A A A
qRT-PCR ND 30.0%0.6 ND ND ND ND ND 39.5%1.1
Fold
Reduction ) ! i i i i i - 687
A=Absent = Not Detected at GeneChip Level ND = Not Detected at Level of qRT-PCR

GmSTM-like promoter/GUS Gene Activity in Soybean Seeds



Quantitative Regulation of mMRNAs Shared by
Soybean Globular-Stage Seed Compartments

> 2-fold (p<0.05)

Protein Storage
4/5 Transcription

AP EP ES S EN EPD HI Il Ol

e
S ow

28/62 Energy
Metabolism

Transporter

Ol

Intracellular Traffic

86/120 Transporter
Metabolism

Protein Storage

Energy
2373 protein Synthesis
Protein Storage

Metabolism
EN [N 17/31  Cell Structure

Cell Growth

N 4/13  Protein Storage

Post-Transcription

1/66 Energy
Metabolism

Protein Storage
FDR < 5%

<30 23 2b - -7 L L) 6B D3 D2 02 03 08 L 04 I 20 24 2 3D



Quantitative Regulation of mMRNAs Shared by
Soybean GIobuIar-Stage Seed Compartments

s > 2-fold (p<0.05)
EP ES S _EN EPD HI Il Ol Protein Storage

Transcription

Top 2000 Varying (% "L e
_mRNAs :

Signaling
Energy
Metabolism

Energy
Metabolism
Transporter

Vacuolar ATPase
STP1 - CAT7
SIS - GATL7 - SAH7

Metabolism
Cell Structure
Protein Storage

Energy
Protein Synthesis
Protein Storage

Cell Growth
Protein Storage
Post-Transcription

Energy
Metabolism
Protein Storage

FDR < 5%

<30 23 2b - -7 L L) 6B D3 D2 02 03 08 L 04 I 20 24 2 3D



How Many Genes Are Active in a Globular-Stage Soybean Seed?

Hilum
16,153 (1,057)

Whole Mount

Epidermis
13,451 (837)

Outer Integument Union of Seed Compartments
16,402 (1,073) Seed coat

Inner Integument
14,767 (927)

Endothelium
15,274 (950)

Endosperm Endosperm Embryo
13,880 (848)

Embryo Proper
16,998 (1,100)

Suspensor Union of LCM
14,177 (909) mRNA Sets

At the Level of
GeneChip Detection!

FoRi Rk % R TR DN e e 4R

Note: Minimum Numbers!! (Transcription Factors)



What Are The Genes Required to Program Every Compartment, Tissue,
and Cell Type During Soybean Seed Development?

embryo

(D

PISTIL EMBRYO GLOBULAR
axis

/ ' ?
\ seed
' coat

DOSEI\é/E\)NT MATURATION COTYLEDON HEART

70\ A
MATUF;E PLANT
leaf
cotyledon

stem g

root

SEEDLING

OM™0CN® CO™2MT® Fh~NMTVOrM<MO

Note: Numbers Refer to Specific Seed Stages Studied



More Than 40 Soybean Seed Compartments Have Been
Studied Using GeneChip and LCM Technology

~epd < Ss4cepdy

Embryo proper (ep) Endosperm (es) Endothelium (ent)
Inner Integument (ii) Epidermis (epd) Hilum (hi)
Outer Integument (oi) Suspensor (s)

Early-, Mid- , Late-Maturation Stages

Cotyledon-vascular bundle (coty-vb) Hilum (hi) Axis-plumule (pm)
Cotyledon-Abaxial epidermis (coty-AB-epd) Aleurone (al) Axis-root meristem (rm)
Cotyledon-Adaxial epidermis (coty-AD-epd) Seed coat-palisade (pa) Axis-shoot meristem (sm)
Cotyledon-Abaxial parenchyma (coty-AB-py) Seed coat-hour glass (hg) Axis-epidermis (Axis-epd)

Cotyledon-Adaxial parenchyma (coty-AD-py) Seed coat-parenchyma (py) |Axis-parenchyma (Axis-py)
Axis-vascular bundle (Axis)




How Many Genes Are Required to Program
Soybean Seed Development?

Globular Heart Cotyledon Early Maturation

= 23,033
(1,582)

= 26,359
(1,894)

24,003
(1,552) (1,538) (1,595) (1,685) Minimum Numbers!
\ (Transcription Factors)
Endosperm Seed Coat Axis eed Coat
Embryo Cotyledon Aleurone

40 Compartments & Tissues Profiled- More than 3.7 Million Data Points!!



Each Soybean Seed Compartment Has a Unique Set of
mRNA at Different Developmental Stages
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Each Soybean Seed Compartment Has a Unique Set of mRNA
at Different Developmental Stages (e.g., Seed Coat) (& )

Cellulose Synthase
(CESAS8, CESA4, IRX3)

.

Pectinacetylesterase Family
Glucan 1,3-beta-glucosidase 2
u glucosi y \ y

[ Early Maturation Seed Coat Specific )
N=84
Cell Growth &
Division Cell Structure B Embryo
0,
Unclassified 1.2% / 11.9% Endosperm
15.5% Disease & Defense
4.8%
Transporter Energy
4.8% 2.4%
L Metabolism
Transcription | — 7 1%
6.0% e
Seed Coatrr; .7 ‘ .n
Signal No Homology to Endosperm g
Transduction Known Protein EmbryoN_
6.0% 23.5% Seed
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Metab?hsm Protein Destination 1-2%
9.5% & Storage
6.0%
§ J
{Cell Structure ) ( Secondary Metabolism )

BANYULS (DFR)
TRANSPARENT TESTA 10
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SCARECROW-LIKE 3
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What Are The Major Patterns of Gene Activity During
Soybean Seed Development?
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A Spatial Pattern of

MRNA Accumulation is
Apparent During Early

Seed Development.

A Temporal Pattern of
MRNA Accumulation
is Apparent Later in
Seed Development.
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Spatial Patterns of Transcription Factor mRNAs Upregulation During
Early Soybean Seed Development

mh”:i:ml':””'ﬁrﬁm Hierarchical Clustering of 1,932 TFs Present in at Least

it One Compartment Across Development Stages

EPD
EPD
PY
PY

EM-COT-VB
EM COT AB
EM COT AD
EM COT AB
EM COT AD
EM AX EPD
EM AX PY
EM AX RM
EM AX VS
EM AX SM
EM AX PL
GLOB EP
HERT EP
COTY EP
GLOB-EPD
HERT-EPD
COTY-EPD
GLOB sSuUs1
GLOB-OI
HERT-OI2
COTY-OI

Over-represented
~  (2-fold, p<0.05)

22/42 ARF (1)

WRKY (15)
S1/58 . cAAT-Box (4)

39/53 bHLH (10)
Squamosa (2)

15/18 Unclassified (3)
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BT o 0 0
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Temporal Pattern of Transcription Factor mRNA Upregulation in All Seed

Compartments During Early Maturation
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Arabidopsis Seed Compartments Captured for RNA
Profiling Studies

o N, igiiEha R v . ok

Globular;Stage | 'L

inear Cotyledon-Stage
General Seed Coat (GSC) Suspensor (S)
Peripheral Endosperm (PE) Chalazal Endosperm (CHE)
Embryo Proper (EP) Chalazal Seed Coat (CHSC)
Micropylar Endosperm (ME) Cellularized endosperm (CES)




Using Laser Capture M jerodissestion (LCM) to
Profile Gene Activity in Specific Seed Regions
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Gene Activity in an Entire Globular-Stage Arabidopsis Seed

Peripheral
Endosperm

Immediately After Fertilization

Chalazal

Endosper

Micropylar
Endosperm

vax

Chalazal
Seed Coat

."'_ b ., “

*Unamplified

GSC PE MPE EP S CHE CHSC
mRNA Present BR1 11,402 11,445 7,844 10,532 11,273 7,709 12,440
mRNA Present BR2 12,316 9,972 10,658 10,674 12,965 7,002 11,818
MRNA Present BR3 - 9,793 -
Total mMRNAs 10,513 9,136 7,216 9,130 10,692 7,776 10,794
Unique mRNA 108 54 14 56 95 133 152
Unique TFs 16 3 0 17 8 10 26
Shared 4,028 >




Quantitative Regulation of Transcripts Shared by Arabidopsis
Globular Stage Seed Compartments

Over-represented
(2-fold, p<0.05)

CHE GSc CHScEP PE MPE S

Intracellular Traffic (16)

204/248 Post-Transcription (11)

Energy (4)

451112 pratabolism (17)

40/83 Energy (1)

Cell Growth &
Post-Transcription (13)
Protein Synthesis (46)

132/167 Energy (24)
Protein Synthesis (28)

Intracellular Traffic (2)
Protein Destination &
Storage (9)

59/114

lSUS e s ¥ < Energy (5)
T HEEEESNNEENBEREEREESEGC .S . ; 59/124 Metabolism (20)
-3.0 0 3.0 Protein Destination &

Top 2000 Varying mRNAs Storage (8)




Comparison of Soybean and Arabidopsis Gene Activity at
Globular- and Cotyledon-Stage

Globular-Stage Cotyledon-Stage
LCM LC

+ = 24,322
R 903
j / Cotyledon-Stage
y
i + 16,248
(19,755)

’t\ f:?'::

Arabidopsis (18,247) (17,576)



How Are Genes Activated in Different Seed Compartments
Following Fertilization?

>

For Example.... in the Suspensor-an Embryonic Nurse Cell



What Are the DNA Regulatory Sequences Important for
Activating Transcription in the Suspensor?

Suspensor-Specific Gene

Regulatory
Region

Fuse Regulatory
Region to
GUS Reporter Gene

Regulatory [ |
Region \\ ' ‘ o
Mutated Region

gulatory ‘/ |
egion N
\\ N 7;\.. {

Transformation
Observe Toi)ac;c
Promoter Activity Plant

Mutation Destroyed Suspensor
Control Sequencelll



What Region in the G564 Upstream Sequence Is Important

for Transcription in the Suspensor?

No. of GUS
positive lines

2 A Q 42
»q,bc :\'b" ’,Q." !\Q"o 9\6 9 \e) x"b
o A s = ===
&
D: 150-bp duplicated region » : 10-bp motif (GAAAAGC/TGAA) " »: 10bp-like motif (GAAAAACGAA)

GAAAAATAAA in the 1st duplication

| AARATTTATAACACTITTATGCTG TGITIGITIC GAAGCATRGAMAAATA

) AABRTTTA  CACTTTTATGRIG TGITIGITTC GAAGTGIRGAAAAACCE

! AARATTTACAACACTTTTATGITGITGITTGTTTCCGAGGTATRCAAARAC AL ARAATTAGTGTTGGTAR
ARAATTTATAACATTTICATGTTG TGTTIGITIC AAAGCCTRCARAAACGAARAGTTACTATTGGTAR
AARATTTACTA TGITTATTIC GARATTIRGAAAAACGAL

JAGTTATTGTTGGGAR

ARTCATGTAATAARAR CAAR  ATGACACGACAATCARARARAAAGTTTTCATGCAARACTITTTIC
JAGTTATTATTGGTAA

AATCACGTAATAAAAR CAAAGCAAGATGGCACGACAATCARAARAAR GITTCTACACARAACTTTATTC
AACCATGTAATGAARR CAAR  ATGGCACGACAATCAAAARAR  GITTTCACGCAARATTTICTTC
AACCACATAATAARAR CAAR  ATCGCACGACAATCAAGRARAA GITTTCACACAARACTTTTTTC

1 =13}
2 -1l
i
576 AGTTATTATTAGTAARCAARAGCGAAJRARACTACGTAATARARRACARA  ATGGCACGACAAT ARARAAR  GTTTTCACGCAARATTTICTIG

» Transcriptional Activity in the Suspensor Is Abolished When the Upstream Sequence Is Deleted to -662.
» Transcriptional Activity in the Suspensor Is Abolished When All 150-bp Duplications Are Deleted.



What Regions in the 4th Duplication Are Important for Suspensor Transcription?

No. of GUS
N 9'\“" G564 4th repeat < positive lines
et S S v ) us JRRPTCRE
Positive (+++)
3 | N > - {388 115 =/+ &
4 | Il > [I- 1358 317 =I¥ % &
5 e []- 135S K’ 07 =
3 (=/*) 4 (=/*) 5 (%)
&
[:]: 150-bp duplicated region .: Replacement sequence e 10-bp motif (GAAAAGCGAA) ' »: 10bp-like motif (GAAAAaCGAA)

(GGCCGCGGGGGGCCC)



A Model of G564 Transcription in the Suspensor

L]
>
@)
A
L

: 150-bp duplicated region
: 10-bp motif (GAAAAGCGAA)
: 10bp-like motif (GAAAAaCGAA)

: general transcription factor complex

: factor X binding to the 10-bp

: factor Y binding to unknown sequences

: factor Z binding to unknown sequences

Activation

and the 10bp- like motifs

G564

AP2-EREBP (5.5%)
G564 ABI3-VP1 (1.6%) | ARF (1.0%)

. ARR-B (0.1%)
G e
P

AS2 (0.9%)
AUX-IAA (4.6%)

sneow  Transcription factors
prlP 2.5 found in SRB

CCAAT (3.3%)

G2-like (0.6%) SUSPENSOR

General (1.2%)
GRAS (1.1%) (N =3,107)
HB (3.0%)
HSF (0.2%)
MADS (8.7%)

WRKY (0.8%) MYB (4.2%)
Unclassified (3.3%) NAC (0.7%)

Trihelix (0.1%) PcG (1.3%)

Others
(36.6%)

Zinc Fingers
(14.6%)



« At Least 15,000 Diverse mRNAs Are Present in Each Seed
Compartment, Region, and/or Tissue

At Least 22,000- 24,000 Diverse mRNAs Are Present in
a Seed as a Whole Depending on the Stage (i.e., Genes Required
to “Make a Seed”)

» At Least 26,000 Diverse mRNAs Are Required to Program Seed
Development

 Most Diverse mRNAs are Shared by Different Compartments,
Regions, and Tissues -- Many Are Quantitatively Regulated

« Each Compartment Region, and Tissue Has a Small Set of “Specific”
mRNAs, Including Those Encoding Transcription Factor mRNAs

» Sequences Are Beginning to Be Identified That Activate
Transcription in Different Seed Regions




.................... or Is It the Beginning?

A Giant Seed!
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How Will Seed Yields Be Increased in
the Future?

As We Always Have By Using 1
Best Cutting-Edge Science!!!




Plant Genome Projects Are Identifying Genes Essential For
Increasing Crop Yields!!

Plant Genomes Sequenced To Date

e Arabidopsis
* Rice
* Poplar Tree

« Soybean
« Corn
* Medicago

* Papaya
» Grape
« Castor Bean




These Genes Will Help Increase Food Production Significantly
in the 21st Century To Feed Our Growing Population

Yleld (Stress Traits)
Nutrient Uptake
* Drought Resistance
* Heat Resistance
~_+ Cold Tolerance

.. Salt Tolerance

. Seed Number
 Seed Size
 Growth Rate ‘%
« Organ Size (More Seeds)
* Plant Architecture

* Flowering Time W\l //~—" « Shade Tolerance

. Senes.cence 5/” » Disease Resistance
* Maturity /

 Stature




One Way is to Use These New Traits in Engineered Crops
That Farmers Have Adopted Faster Than Any New
Agricultural Technology In the Past 100 Years!

THE BIG GROWERS
Transgenic crop area by country (2006)

Bl 54% U.s.
18% Argentina
8 11% Brazil
I 6% Canada
B 4% India
I 3% China
B 2% Paraguay
1% South Africa

I 1% Others

RAPID INCREASES IN TRANSGENICS

Millions of hectares planted

100

Industrial

Developing

T T
1995 2000 2005

KINDS OF PLANTINGS (2006)

Crops ‘
I 57% Soybean [
B 25% Maize ‘

13% Cotton

I 5% Canola

Other biotech crops:
rice, squash, papaya, and alfalfa (less than 1%)

I 68% Herbicide
tolerance

B 19% Insect

resistance

B 13% Both

Over One Billion Acres of Bioengineered Crops Have Been Grown
World-Wide Since 1996 and 250 Million Acres in 2007




Engineered Crops Have Increased Yields, Reduced
Pesticide Use, and Increased Incomes of Farmers in the
Developing World

THE TRANSGENIC ADVANTAGE

United Nations FAO Report No. 35, 2003-04; Scientific American, September, 2007



However...There’s a Battle Raging to Get Bioengineered
Crops Adopted in Many Parts of the World
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A hi n Effect on the Lives of

- .People...Es in the Developing World
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Professor Frank Furedi, Univelity
Of Kent, England = **




.................... or Is It the Beginning?

A Giant Seed!



