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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!




How Is a Seed Formed?




In the Beginning....

Seed




What Are the Questions Focused On In This Talk?

Seed
Seed .
Development Stages Studied

MATU R‘E PLANT

leaf
cotyledon
stem <=

root

SEEDLING

* What Are the Genes That Are Active In Specific Seed Compartments
Throughout Soybean &) & Arabidopsis . Seed Development?

* How Does Gene Activity Change During Seed Development?

* What Biological Processes Are Specific For Different Seed
Compartments Throughout Development?

* What Are The Genes And Epigenetic Processes Required To Make A
Seed?




Diversity of Oil Seed Plants

Soybean Sunflower

Why Soybean?-A Reminder{)
* Second Major US Crop |

* Total Crop Value $32B /Ilon
(50% Value Exported)

* Major Food Source

*Important Biofuel ~

Source(Biodiesel~20% of US Soybé

Oil Production) \ Sy ,‘,'i%.
SV |

* Excellent Model Planf \\;';\‘ a e’

Ollseed Rape .



How Study Gene Activity in Different Seed
Compartments During Development?

Laser Capture Microdissection & Affymetrix GeneChip/RNASeq

All Compartments Of The Seed!!
Embryo (Embryo-Proper & Suspensor)

Endosperm
« Seed Coat (All Layers)

GLOBULAR-STAGE SEED AS AN EXAMPLE




How Did We Study Gene Activity in the Seed?

GENECHIP SEQUENCING

1st Generation GeneChip RNASeq

aaaaaaaaaa 1. mRNA

aaraanaas 2. RNA Fragmentation

3. Double-stranded
cDNAs

cDNA-Based Array :: :==
37,000 Probe Sets —
>25,000 Gene Models —

~40% of Genome

4. Adapter Ligation

" - M5 Sequencing and
2nd Generation GeneChip gene model analysis
s — 2
IH%&WYZM@R{IW\ ( A
\ (bp) J

*Note: 2" generation GeneChips are available
and library files can be found at:
http://seedgenenetwork.net/annotate#soybeanW'T

Whole Gene Array
1.2 Million Probes
>66,000 Gene Models

\. J




What Developmental Stages and Seed Compartments Studied?

C (& &

Mgrr-ﬁ%m Paﬁgr%ﬂglm
Globular Heart Cotyledon e =S paefiha
Epidermis Epidermis vg&ﬁglgr
Endotheliy o e Endothelin 2 —Eém,ls‘l'?‘%s
Endrp | epidrmis
Endospefm Vascular —Aleurone
Embry Parenchyma
Errr'\;l’:;eyo Froper Epidermis Hourglass
uspénsor Hilum Parenchyma Palisade
Root Meristem Hilum
SEED STAGE GLOB HRT coT EM TOTAL
# Compartments
Studied 8 8 8 16 40
# GeneChip
Experiments 26 21 18 34 99
# Genes Validated 4, ,g1rg) 36 (20TFs) 55 (55TFs) 21 (217TFs) 154

by qRT-PCR (TF)
Generated >100,000 Sections (>3.4 x 10° Data Points)
Ran >10,000 qRT-PCR Reactions




The Interactive Seed Gene Network Website
http://seedgenenetwork.net

GENE NETWORKS IN SEED DEVELOP
“; re /uir('(//ﬁ “‘make @ _’d e

ldentifying all the genes andge.
Home Soybean Arabidopsis
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ARRAY ANNOTATIONS

KNALYSIS TOOLS

Microarray  Validation ~ Analysis Tools ~Procedures ~Seed Images

Soybean Analysis Tools

Browse

compartments during soybean seed
developments by probe identification, ge;
ontology, or function category.
Click here to compare gene activity in
different soybean seed compartments at

different developmental stages.

related to your gene-of-interest.

Click here to browse the mRNA profiles of all

Click here to BLAST DNA sequence against
target sequences on the Affymetrix soybean
array and view the seed expression pattern

Soybean  Arabidopsis

Soybean GeneChip Array Annotation

eq BLAST
be obtained direetly from Affymetrix. Th based on the NCBI
Unigene Build 13 (November, 2003). Probe d based on the NCBI Unigene Build as well as the
5 ing algorith probes are desig; i
sis proteins

ne
inst all

prefix"Gmaffx".

BLASTX analysis was carried out
(TAIR ATH1_pep_cm_20040228). In our BLAST analysis, we filtered and removed any results with e-
is hit from each BLAST result i

value greater than e-02. We selected the t

b canbhi
Arabidopsis sequence. The e-value for that hit is displayed in the annotation file. Therefore, for each

EST SEQUENCING

Using 454 Sequencing to Survey The Transcriptome of Soybean Seeds
Containing Globular-Stage Embryos

a

Background
b the soybx
at The soyb ESTs (Click
ils about the soybean array). Most of the i
but very few ESTs are 2 development. As such, ctive during
many. are most likely und don the To 4
development, i ilot Lif
survey the Jobul a -

GENOME BROWSER

“IPROBE SET_ANNOTATION

Soybean (Glycine Max)
Showing 1.285 kbp from Gm14, positions 49,569,6:
[Link to Image]

1 (Share

Search

O instructions
(Bookmark this] [
Landmark or

Search Gene of
Interest

31 to 49,570,915

Reports & Analysis:
ownioad Alignments =1 _configure... | Go
Show 1.285kbp ~| 222

Serolizoom: << <

Flip

454GnaGlobSeeds38887

Gma 112!
Gna. 11

Globular-ﬁge Soy?ean Seed ESTs

BB Affymetric Soybean GeneChip Probe Sets

Gna.11213.2.51_at-3
-

Probe Sequence

DataSource
8 Details
49569.7k  49569.8k 49569.5k 49570k 49570.1k 49570.2k 49570.3k 49570.4k 49570.5k 49570.6k 49570.7k 49570.8k 49570.9k
288 transcript 6 M
121440590 .1 n o
— ene e
B EO0 454ESTs
454GmaGlobSeedd53974 454GnaG ] obSeed249387 454GmaGlobSeed13708
N
454GnaGlobSeed67610 454GmaGlobSeed12725
S
—_— Illumina ESTs
I
454GmaG1 obSeeds6s

—
454GnablobSeed1d552
——

Gna.11213.2.51_at-4

Gma.11213.2.51_at-5
Gna.11213.2.51_at-6
Gma.11213.2.51_at-7
Gna.11213.2.51_at-8
Gma.11213.2.51_at-9
Gma.11213.2.51_at-10
Gna11213.2.51.at-11

13.2.51_at-1

ffymetrix
oybean
eneChip

213.2.51_at-2

T

Target Sequence

gy Consensus Sequence

Probe Set I
L]
[ ] Sub-category: Histone.
[ ] Gene Family:
° GO: Biological Processes: G0:0007001 / chromosome_organization_and_biogenesis_(sensu_Enkaryota)
L] /// GO:0006334 / nucleosome_assembly
L]
[ ]
° |DATA SUMMARY PLOT
[ ] .
N Probe Set Identifier Gma.11213.2.51_at
[ ] Amnotation  Rawdata  Data summary




What Are The Genes Required To Make a Seed?
An Example-The Globular Stage

Globular Stage Seed
After Fertilization

Hilum

Epidermis

Seed coat
(Protection)

Outer Integument

£
o Inner Integument
=%
o
O Endothelium
L S
Endosperm

Embryo proper

Embryo
(Next Generation) (Nourishment)

Suspensor




Most Seed mRNAs Are Shared By Different Compartments & Regions

# Gene Models Detected
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How Are Shared Transcripts Regulated in Globular-Stage Seed
Compartments, Regions, and Tissues?
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Tissue-Specific Enriched
Sets of mRNAs up-regulated
in specific seed tissues

SUS

(" Compartment Enriched )
Sets of mRNAs Co-upregulated in
multiple seed tissues of the same
origin (e.g., Embryo, Seed Coat)

% IT & EN
Mosaic
Sets of mMRNAs Co-upregulated in
-B'OHielr)'ar'c-;'\oical -IUHier'ar'éHoical multiple seed tissues of the
diff t origi .g., EP-ES
Clustering of the Top Clustering of the fferent origins (2.9 )
2000 Varying mRNAs, Varying TF mRNAs suUs & ES

p<0.001 mRNAs, p<0.001



How Many Genes Are Active in the Globular Stage Seed?
Whole Seed TECHNOLOGY | TISSUE/REGION | GENECHIP RNA-SEQ
Whole Whole 17,057 37,875
Mount Seed (1,748) (3.926)
EP 14,130 22,506
(1,436) (2,311)
9,713 20,254
LCM SUs 529) @ 092
20,077
osus | 207 @
GeneChip RNA-Seq

4,748(17,758)| 2,496

9,203 sUS

& (884) (458) \(1,853) (239)

SUS

(EP + SUS) = 20,077 (1,481) (EP + SUS) = 25,002 (2,550)
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What Are the Genes Active in Every Soybean
Compartment, Region, & Tissue Throughout Development?

HRT coT EM

el
Parer?c’ﬂgmu
B Vassder
Epidermis
Epidermis

Embryo~ %
Proper

Root Meristem—

AXIS COoT
Affymetrix GeneChip RNASeq

.

40,000

~100 GeneChip Experiments

~100,000 Soybean Seed Sections

30,000

20,000
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What Are the Temporal and Spatial mRNA Accumulation
Patterns Throughout Seed Development?

Maturation
phase

oooooo
hhhhhhhhhh
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i

EMAX SM
EMAX PL
EMAX RM
EMAX VS
EMAX EPD
EMCOT ABEPD
EMCOT ADEPD
EMCOT VS
EMCOT ABPY
EMCOT ADPY
EMAX PY

s

A TEMPORAL
pattern of mRNA
accumulation is
apparent
(Early l —
Maturation)

Top 4K Varying mRNAs /e
ANOVA p<0.0001 brya

-20 -10 O 10 2.0 3.0

Morphogenesis phase

i

GEP
HEP
CEP
G SUS
H SUS
C sus

ey ey
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CHI
G EPD
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pattern of mRNA
accumulation is apparent
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mRNA sets up-regulated
throughout development
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Are Seed Compartments Specialized For Specific
Metabolic Processes?

Glycan Biosynthesis + 15 Biodegradation
GlObUIClr' _an}d»MeTValV)ollsm‘ s of Xenobiotics

¥
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. Metabolism

oty

Biosynthesis of

Cofactors and Vitamin
X i : : e T |

,,? Biosynthesis of
s Secondary Metabolites

Examined 325 Metabolic Pathways in 40 Different Seed Compartments



YES....... mRNAs Encoding Enzymes in Metabolic Pathways Are Up-
Regulated in Specific Seed Compartments!l!

o o T T h L L

Parenchyma

COT AD EPD
COT AD EPD
COT AB EPD
COT AB EPD
COT AD PY
COT AD PY
COT AB PY

Aleurone

Seed coat
Parenchyma

Seed coat
Parenchyma &
Hourglass

Seed coat Palisade

A S
-3.0 -2.0 0 .0 3.0

40 mRNAs in Carbohydrate Biosynthesis
AT = A1 S (T2 fee D

>2-3=old up-requlated
mRNAs (fold)

Sucrose: PGM (2-4),
tUTP:GALT (2)
Stachyose: SS (5)

- Stachyose: RS (7)

t Stachyose: RS (6-20)

| Sucrose: SS (6-16),
SPP (5), SPS (2)

]-Sucr'ose: SPS (10)

Par‘gr‘iqcmyma
Mer':%csﬁem - P da)f‘
arenchyma
Plumule "é’&ﬁﬁl

Root Meristem

EA%"’.‘—'r?\Is

Axis Seed Coat and Cotyledons

The perfect Pasta’/

W&z/ jihoun Fliste

Made from ( Y'C‘C‘n Sovhean

Sucrose Biosynthesis

Photosynthesis
glucose

a-D-glucose-6-phosphate
phosphoglucomutase (PGM)

a-D-glucose-1phosphate
UTP:glucose-1-phosphate

uridylyltransferase (UTP:GALT)
UDP-D-glucose

sucrose-phosphate
synthase (SPS)
sucrose synthase (SS)
sucrose-6_-phosphate
sucrose- phospha&
(5PP) sucrose

Stachyose Biosynthesis

UDP-galactose
galactinol synthase (6S)

galactinol
raffinose synthase (RS)

raffinose
‘l'srachyose synthase (SS)

stachyose




Where Are the Pathways For Soybean "Health” Products
Localized Within the Seed?

AXIS

PLUMULE
Storage Protein (B-conglycinin)

[ SHOOT MERISTEM
Storage Protein (B- conglycmm)
Ammo acids (Ser, Trp)

" PARENCHYMA
Isoflavones (Genistein, Daidzein)
| Storage Protein (B- -conglycinin)

Soy
[SOFL AVONE
Complex/complexe
% 50 mg
60 Capsules ],

ha W o
@ame g
SEED COAT

HILUM

EPIDERMIS
Vitamin B1

ROOT MERISTEM
Isoflavones (Genistein, Daidzein)

COTYLEDON

ARI:NCHYMA

Iso?lavones ZGemstem Dcudzem)
Vn‘amm B1,

acids Lmoleafe Olea'l'ﬂ
Ammo acids (Asn, §F Cys, His
Ile, Leu, Lys, Met, Thr, Val)
S‘I‘or‘age Pr'otems (B- conglycmm
Glycinin)
\Sucrose, Stachyose

~

Amino acids (Asn, Phe)

[ PARENCHYMA
Sucrose, Stachyose
_ Amino acid (GIn)

[ HOUR 6LASS

Vitamin B9,C, E

Sucrose

_ Amino acids (Cys, 6In, Gly, Lys)

\

( PALISADE

Isoflavones
Fatty acids
Sucrose

%Gemstem Daidzein)
Linoleate, Oleate)

1
' ADAXTAL EPIDERMIS
Storage Protein (Glycinin)

,_ Amino acids (6In, Phe, Ser)

Aleurone

Vitamin B2, B9

Stachyose
mino_acid (Gln)

*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




Unraveling the Gene Regulatory Processes that Are
Required to "Make a Seed” (The Next Stepl)

MAIN LEVELS OF
GENE EXPRESSION /( Chromatin NUCLEUS \\

. Histone Modification 3
creme DNA Methylation
Gene 2
Transcription -

‘ Qr‘imar‘y RNA Transcript )

Post-Transcription “-» MRNA Degradation

| e Small RNAs

=t

Translation

Regulatory Factors

| Protein
Post-Translation _J
Q\c’rional Protein

CYTOPLASM

1. Using RNAi to knock down compartment-specific TF mRNAs during seed development
2. Identifying Downstream Targets of Compartment-Specific Transcription Factors
3. Characterization of compartment-specific microRNA populations during seed development

4. Characterization of DNA methylation & histone modification patterns in seed compartments



Using LCM to Identify Seed Compartment-Specific
MicroRNAs & Methylation Patterns

Early Maturation Early Maturation Before LCM  After LCM
Stage Seed Seed Coat Layers . —

A LCM Section

4 alisade of Seed Coat —
VA Parenchyma
Whole Seed | [[}—Hourglass (SCPY)
ws) 2o
p— N Parenchyma
f % (SCPY) Longitudinal
Cotyledon ) Section
B AxIs i Aleurone
“Cuts”
Small )
RNA DNA Methylome (1x) MicroRNAs (21M Reads)
LoB21
# Longitudinal sections (10um) 23 190 Nor e TF mRNA
Avg. # LCM sections per longitudinal section 20 20 Mosaic
Total # LCM sections captured 460 | 3,800 reftern v SH.
— ——)
Amount of Enriched RNA or DNA (ng) ~125 ~450 ANl Methylated LSS |
Seed Coat Parenchyma ws SC Parenchymq




What Are the Functions of Seed Compartment-
=  Opecific Transcription Factor mRNAs?

500 Transgenic Soybean RNAi Lines Generated
and 61 TF mRNAs Knocked Down

G6US GFP 355-6US
35S l lspacer‘ 3'UTR
anti-sense sense
q
RNAi Construct

355- 355-6US; 355-RNAi

oV 090

-~




Soybean Speechless-Like TF mRNA Prevents Stomata
Formation on Developing Cotyledons..A Knock-Down Example

T 400 spacer 3'UTR
S
1)
2 300 EP-SPECIFIC anti- sense sense
< -
® 20
g RNAi Construct
© 100
Q
4 0 Id
9 = o = s 10 Wi
Globular Sfaggl 3 Gy § S E ° g- < = Line 1 Line 2 Line 3 1YP®
3 0 —
o
| | 2 9 .
i)
1 i 328 5
GmSpeechless Protein £ -20
(6lyma04g41710) RNAi target region % -
[ 1 [ g o o =
1 Transcript 753 1076 1305 RNAi Transformants

Toma'ra
recursor

O

Guard

Line 1 Line 2




What About Another Seed.......Arabidopsis?

Pre-Globular Globular Heart Linear Mature Green
Cotyledon

i
General Peripheral ".’/“‘.l 3

5% X Yave General . ,ﬁ ‘ g \\"‘\“.‘\ General  Peripheral %
Peripheral SO Seed Coat  Endosperm !:‘,-@.'f "/ \er-Seed Coat Peripheral Peripheral GO . _Seed Coat ~Endosper //: Seed Coat
Endosperm L )5 ':07';.: FH\Seed Coat Endosperm '.",-{A \ -,‘\‘
"/' =- //,} !
087 i AT

Embryo !
Embryo
Proper' 5/ Chalazal Proper Chalazal Chalazal Micropylar 1} | Chalaza
Endosperm Suspensor Endosperm "d°5P°""‘Endosperm \'{3'-}\.‘ Endosperm
Suspensor U 3 SR
Mic':‘opylar' Chalazal  Micropylar .’.a,':\\\\ Sit?ila(:z:glf Endosperm % XA %77—Chalazal Suspensor. \‘\.:\v *‘/‘,’[“3 Chalazal

g
Y Seed Coat Endosperm \’é:\’g’.{" Endosperm
S

c R g
Seed Coat \Nz‘@ i Seed Coat

SEED STAGE PREGLOB 6GLOB HRT LCOT  BENT MG TOTAL
#

Compartments 6 7 6 6 5 6 76
Studied

# GeneChip
Experiments 12 15 14 12 10 12 166

# Genes

Validated by A total of 148 genes (>10,000 reactions)
qRT-PCR (TF)

Generated >10,000 Sections (>3.7 x 10° Data Points)
Ran >10,000 qRT-PCR Reactions



Soybean Arabidopsis




Pre-globular Embryo Proper

Micropylar Endosperm
Peripheral Endosperm

Chalazal Endosperm
Endosperm Union
Chalazal Seed Coat
Seed Coat

Seed Coat Union

Pre-globular Seed Union

Globular Embryo Proper
Suspensor

Embryo Union
Micropylar Endosperm
Peripheral Endosperm

Chalazal Endosperm
Endosperm Union
Chalazal Seed Coat
Seed Coat

Seed Coat Union
Globular Seed Union

| Numbers of Distinct mRNAs
Detected in Each Seed Region
and Compartment at All Stages

Heart Embryo Proper

Micropylar Endosperm
Peripheral Endosperm
Chalazal Endosperm
Endosperm Union
Chalazal Seed Coat
Seed Coat

Seed Coat Union

Heart Seed Union

Linear cotyledon Embryo Proper
Micropylar Endosperm
Peripheral Endosperm
Chalazal Endosperm
Endosperm Union
Chalazal Seed Coat
Seed Coat

Seed Coat Union
Linear Cotyledon Seed Unio

Mature green Embryo Proper
Micropylar Endosperm
Peripheral Endosperm

Chalazal Endosperm

Endosperm Union

Chalazal Seed Coat

Seed Coat

Seed Coat Union

Mature Green Seed Union

1 of Development

]

Union of all seed compartments at all stages

Data available @ GEO &

e 10000 e http://www.seedgenenetwork.net/

Number of mRNAs




Arabidopsis Seed Development

Preglobular stage (pg)

Seed coat Globular stage (g)
(SC)
Heart stage (h)
Peripheral
endosperm
(PEN)

Linear-cotyledon

Embryo proper stage (Ic)
(EP)

Micropylar Mature-green
endosperm Chalazal stage (mg)

(MCE) endosperm

(CZE)

Suspensor

(SUS) Chalazal seed coat

(CzSC)



Global Analyses of Seed Compartment RNA Populations

Hierarchical Principal Component
Clustering Analysis
PC1
ccze 2 A EMBRYO PROPER and

»
50
X

pgCZE_1
pgCZE_2
gCZE_3
gCZE_1
gCZE_2
hCZE_3
hCZE_1
hCZE_2
mgEP_1
mgEP_2
IcMCE_1
IcMCE_2
IcCPEN_1

[

MICROPYLAR & PERIPHERAL
ENDOSPERM COMPARTMENTS
@ preglob, glob, heart, & lin cot-
stages

®pgMCE @ pffeP

CHALAZAL 0.0, 85rch o’
ENDOSPERM .
COMPARTMENT \

: @ preglob, glob,
heart, & lin. cot.

stages COMPARTMENTS

@ maturation phase
compartments

SEED-COAT and CHALAZAL
SEED-COAT COMPARTMENTS
@ all stages



Global Analyses of Seed Compartment RNA Populations

Early Seed Development

Chalazal Endosperm

Embryo Proper
Suspensor
Micropylar Endosperm
Peripheral Endosper

Chalazal Seed Coat
Distal Seed Coat

Late Seed Development

Embryo Proper
Micropylar Endosperm
Peripheral Endosperm

Chalazal Endosperm

/’

Ml
1/
]
([
at
i 1]
i}
i/
\

W

Chalazal Seed Coat
Distal Seed Coat




Identification of Coexpressed Gene Sets
Fuzzy K-means Cluster Analysis (temporal & spatial)

MCE PEN CZE CZSC SC
fii FKM Pattern 33

L Stage

(s
[Lﬁ{llilll
o

%ﬁB%é&&&&%a

0.5

b 11 |II|I||II|

1

Relative RNA level
1

25
FKM Pattern 26
2.0 -
Stage
15
é
1.0
. 00 ienlntent
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Carbon Metabolism in the Embryo and Endosperm

Sucrose

glycolysis
2-PGA

ADPG

ADP l

Glucos

Peripheral
Endosperm

blastid

0,TK AT3G

0,LTA2

|

Starch

SBE2.1
SBE2.2

~>

— N

18:1-CoA and other fatty acids

\

60750,TK

/

— —— ,i [
3 -2 -1 0 1 2 3

Z-Score (Standard deviations) Fatty acids



ZSC

1t

(&) —_
| |
IcCZE |

Chalazal Endosperm

EP MCE PEN CZE CZSC SC

EEemecEEEesl 00D el oeeeEm
oo NUUUUUZZZZZWWWWIWLOOOOOOO000
WO OOOOOWWWWWNNNNNOOODOOODDODNDNWD
Qo O gw§§§§§n.n.n.n.n.ooo ONNNNN D00 o
OHoC O DDOL L DDOIL O DVOVVQ €
a g g Egc»-cgg)
Union of all
seed RNAs
|cSC
mgSC
Union of all Union of all
reproductive vegetative
RNAs RNAs

Seed-specific RNAs

Preglobular

Embryo Proper
Micropylar Endosperm
Peripheral Endosperm

Chalazal Endosperm

Chalazal Seed Coat
Seed Coat

Globular

Embryo Proper
Suspensor
Micropylar Endosperm
Peripheral Endosperm
Chalazal Endosperm
Chalazal Seed Coat

Seed Coat

Heart

Embryo Proper
Micropylar Endosperm
Peripheral Endosperm

Chalazal Endosperm
Chalazal Seed Coat
Seed Coat

Embryo Proper
Micropylar Endosperm
Peripheral Endosperm

Chalazal Endosperm
Chalazal Seed Coat
Seed Coat

Mature Green|Linear cotyledon

Embryo Proper
Micropylar Endosperm
Peripheral Endosperm

Chalazal Endosperm
Chalazal Seed Coat
Seed Coat

=
=
=-
=
—

400



RNAs Encoding Hormone Biosynthetic Enzymes
Accumulate Primarily in the Chalazal Endosperm

Embryo Micropylar Peripheral Chalazal
Proper Endosperm | Endosperm | Endosperm
Rate Limiting ol 18w ww 8z &
o 2 w =z zZ
; ; Luo_a_ﬂ-”aD§UUU§mo.uJuJu-l%
Biosynthetic Enzymes ol iy Salns 2 5 S EE -
ABA Synthesis
ABA Catabolism
o
GA Synthesis
GA Catabolism
_
CK Synthesis .i
CK Catabolism l

-3 -2 -1 0 1 2 3
Z-Score (Standard deviations)

» Seed coat region-specific gene list is overrepresented for the GO terms Response to
Gibberellin (@ pg g h Ic) and Response to Abscisic Acid Stimulus (pg h mg)

*Embryo proper gene list is overrepresented in the GO terms for response to cytokinin



Transcriptional Networks Controlling Coexpressed Gene Sets

1
.:.|:||:|I:||:||:|---I|::u:n:||:||; EIEII:II:I|:|EIEII:IEID|:||:||:||:|D

Gene Expression Pattern

P ot \ . J
f'%(— o
DNA motif 1 Biological

process

)

/

DNA motif 2

)

/

DNA motif 3 ChipEnrich (with Siobhan Brady)



>
5 A&
© o 3
2 @ s
= / W/
ald 8 B &\‘
c Y/
HORy
2 \‘\7\.@
.” O~ G\,,,
O =
s Dl
c x ”
©c < o
=2 JrE
o £ v =
0 £ 457
S < 0
© = s
)] w =
a8, —
v =0 -
D g o
o 3 :
() w ——5
O ° m
S § -
w - :
% Ly —
— 2 |
Q )
o & -
o 5
C R_u [ o_‘v [ ‘_I |

Chalazal endosperm module

@)

®\HA
B\
*
7
-
5
3)
7z a
-
3 -
N ]
O T
O
Ll _
N _ |
3] :
O
= O
| O
: =
5
Ll
O g
= o
O
H
(a
Lu g
O
T 1 1
n < oo N 9~ O



The End.............

..or is it the Beginning?
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