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Why Seeds? Our Food is Derived From 14 Major Food
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

22,300 Seed-Bearing Plant Species $36.5 Billion Dollars is the Value
(90% of all known plants) of the World Seed Market (2010)

OVER THE NEXT 50 YEARS WE WILL NEED TO DOUBLE THE WORLD'S FOOD SUPPLY IN ORDER
TO PRODUCE MORE FOOD THAN IN ALL OF HUMAN HISTORY - Yield, Yield Yield/l!




Diversity of Oil Seed Plants

Why Soybean? -A Reminder e Soybean - Sunflower

*Second Major US Crop

* Total Crop Value $32Billior.
(50% Value Exported)

* Major Food Source

*Important Biofuel Source
(Biodiesel ~207% of US
Soybean Oil Production)

o Excellent Model Plant
(Transformation, Knockdowns,
Genetics)

* Genome Sequenced
* Seed Gene Expression Data
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How Is a Seed Formed?




In the Beginning....

Seed




What Are the Major Questions?

Seed
Stages Studied

Seed
Development

MATU R;E PLANT

leaf
cotyledon
stem <=

root

SEEDLING

* What are the genes and regulators that are active in specific seed
compartments throughout soybean seed development?

* How does gene activity change during seed development?

* What biological processes are unique or prevalent in different seed
compartments throughout development?

* What are the genes required to make a seed?



What Soybean Developmental Stages Were Studied?

Differentiation & Maturation & Post-
Morphogenesis Preparation for Dormancy Dormancy Dormancy
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DAYS AFTER FLOWERING

- The differentiation of the embryo, endosperm, and seed coat
happens at Globular, Heart, and Cotyledon stage

- The developmental program is switched to storage protein deposition
and preparation for dormancy at Early-Maturation stage




Epidermis Inner
Integument

Hilum Outer

Integument
LCI\/I/Captured Tissues
A Paraffin
ﬁf‘fgggggg{igen Cross Section RNA [solation DNA Isolation
. Microscope (LCM) \
MRNA Small RNA Bisulfite

Selection Enrichment Conversion
cDNA Small RNA Bisulfite Converted

Sequencing Sequencing Sequencing

Data Library Library Library
Analysis

TCAMAACAC

‘ | | |

~¢— (eneChip

Next Generation
- Sequencing




What Are the Genes Active in Soybean Compartments,
Regions, and Tissues throughout Development?

Globular Heart Cotyledon Early Maturation
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*Total RNA was amplified using NUGEN Ovation RNA-Seq System



What Transcription Factor mRNAs Are Prevalent or Unique

in Different Seed Compartments at Globular Stage?

Hierarchical Clustering

of TF mRNAs
(7)) ) e]
s> S S =95 = &
- I
== ——
_IXIII
= [
——_—wa— X
= B
- B (
SrEmes

w
o
w

Distinct Sef of TF mRNAs Are Up-Regulated in Different Seed Compartments
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What Biological Relationships Are Observed among 40 Different
Seed Compartments throughout Development?
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Are Different Seed Compartments Specialized For
Specific Metabolic Processes?

15% Soluble
Carbohydrates

(Sucrose, Raffinose,
Stachyose)

20% Oll (Oleate,

Linoleate etc)

10% “"Other”
(Isoflavones,
Vitamins, etc)

40% Protein 15% Insoluble

(Glycinin, Carbohydrates
Beta-conglycinin, etc) (Dietary fiber)

Composition of Soybean Seed
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Where Are the Pathways for Soybean Health-Related
Products Localized within the Seed?
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What are the Health-Related Benefits of Isoflavone?

Isoflavones

"o O

Genistein ' Daidzein

- Soybean is best known source of Isoflavones
- The chemical structure of Isoflavones is very
similar to Estrogen
Health Benefits of Isoflavones é(’ﬂsgm
- Ease menopause symptoms
- Improve bone health by increasing bone density
- Reduce heart disease risk

- Reduce cancer risk




32 mRNAs in Isoflavonoid Biosynthesis

Where Are the Pathways for Isoflavone Biosynthesis
Localized Within the Seed?
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Isoflavonoid Biosynthesis |
Phenylalanine
‘1, Phenylalanine ammonia-lyase (PAL)
4-Coumarate
\L4-Coumara're CoA lyase (4-CL)

Coumaroyl CoA
l,Cha/cone synthase (CHS)

Chalcone

Chalcone reductase
(CHR)*

Isoquirtigenin Chalcone isomerase (CHI)
Chalcone isomerase (CHI)
Liquirtigenin Narigenin (Flavone)
Isoflavone synthase (IFS) Isoflavone synthase (IFS)
2 -hydl‘OXyiSO flavanone 2-h ydro)(y[sa flavanone
{dehydratase (2-HID) | dehydratase (2-HID)
Daidzein Genistein
(Isoflavone) (Isoflavone)
Isoflavone hydroxylase (IFH)*
2-hydroxy isoflavone

Isoflavone reductase (IFR)*
*not represented on Soybean array

Glycitein
(Isoflavone)

Glyceollins
(Isoflavonoid)

mRNAs Encoding Enzymes in Isoflavone

biosynthesis are up-regulated in Early
maturation-stage seed Cotyledon

Parenchyma, Axis Parenchyma and Root
meristem and Seed coat Palisade.



Where Are th

e Pathways For Soybean Health-Related

Products Localized Within the Seed?
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mRNAs Encoding

Enzymes in Health-Related Metabolic Pathways

are Up-Regulated in Specific Seed Tissues



Using RNAi to Knock-Down Seed Compartment-
Specific Transcription Factor mRNAs
An Example - GRAS Transcription Factor --

. Transcript Profiling Data
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2. RNAi Knockdown

35S

anti-sense sense

RNAi Construct

spacer l 3'UTR

Transform
Soybean
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3. Observe Phenotypes

o~ o
GeneChip Experiments (Organized by Stage and Tissue/Compartment)

Avg. Signal < 500
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What Are the Major Questions?

1. What is the spectrum of genes that
are active in different seed
compartments on a whole-genome

basis?
MAIN LEVELS OF / .
GENE EXPRESSION' ~  Chromatin NUCLEUS 2. What are the regulatory processes
DNA Methylation required to make a soybean seed?
Genomd Histone Modificati : .
i sone Todtieation - What microRNAs are present in
Gene specific tissues and what are their
|Transcription *Transcripﬁon Factors ‘I'ar'geTs?
w"“‘”“’ RN Transcript - - What are epigenetic changes that
occur in the genome in specific
[Post-Transcription CYTOPLASM . - genom pecif
mRNA Degradation tissues:
MRNA Small RNAs .
Translation { 3. What are the correlations between
Protein methylome, microRNAs, and
[Post-Translation | compartment specific gene expression?
Functional Protein .
/ 4. What are the gene networks required

to program seed differentiation and
maturation?



What Are the Epigenetic Changes Occurring in Specific
Tissues Throughout Seed Development?

Differentiation &
Morphogenesis

Maturation &
Preparation for Dormancy

‘*

Dormancy
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globular heartcotyledon maturation dormant seed seedling
LIBRARY GLOB MM (B1) MM-AXIS (B1) LM (AAD) DRY
# Reads 120M 336M 191M 144M 449M
(Bases) (126b) (33.66b) (19.16b) (14.4Gb) (44.7Gb)

: 70.5M 160M 107M 82M 85M
7 e Uit [N2ges (716b)  (16.06b) (10.76b) (826b)  (8.46b)
SIS G 35fold 8 fold 5.3 fold 41fold 4.2 fold

Per Strand
LM, Late-maturation; MM, Mid-maturation




Bisulfite deaminates Cytosine to Uracil
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What is the Methylation Landscape During
Soybean Seed Development?
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Similar methylation levels in whole seeds in both the CG and CHG DNA Context

H=A C,orT



What is the Methylation Landscape During
Soybean Seed Development?
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Use Genomics to Identify Genes To Improve Seeds

Future Seed

Biology
Seeds Without
Fertilization
Future Seed
Hybrids B I‘O /0 gy
More Seeds
Reduced Pod _
Shattering Bigger Seeds
Seeds Optimal
For Human/Animal
Architecture Health & Nutrition
Designed For
Specific Growth
Conditions

~and - |[RecEngineering Exlsting Crops]

increase yields
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