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What Are the Genes
Required to Make a Seed?
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We Face Major Challenges in
Agriculture

1150 1681 BAAS 19DE RS0 196 JBNE
Werld Populstion (millions)
One Birth Every 7 Secondsl

MORE FOUL THAN IN THE WHOLE OF HUMAN HL
AND DO IT WITH FEWER INPUTS ON LESS ARABLE LANDIY

crop YIELDS NEED TO BE INCREASED SIGNIFICANTLYH

3,000 Acres/Day of Productive Farmland
is Lost to Development Each Day in the
United States

"Major Land Uses Overview. “ USDA, Economic
Research Service, Web, April 3, 2013,

Aerial Photograph of UCLA in 1929

Thelnar Hoover
4/11/29

Original UCLA College of Agriculture-1930




UNIVERSITY OF CALIFORNIA T e —— p———
flanr e s S i e

BULLETIN S S i

e okl (rmaste b e Sy Shere G mapr wad e vl

e i o

General :
Catalogue | '=

1939-40 -N-h-hn-‘-n-::m-u-l(' -

DEPARTMENTS AT LOS ANGELES s SIS A S
e e e I T
o e e
FTUDMMTY COOPELA TTVE BOOE FIORA 10% aMGRE
IR, TWETY PV B

Avocado Rootfstock Progeny Nursery on the
UCLA Campus in 1936

Origins of Avocado Research

CA Schroeder, Col. Aveceds Yeor Bosk, 1992
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What Happened to the UCLA College of Agriculture?
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California Conversion of Cropland to Urban
Uses is Occurring Statewide - Crop Yields
Need to Be Increasedll
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- County Acres Converted 0 Kings

12,000,000 Total Acres of Cropland
15,000,000 Total Acres of &razing Land

Los Angeles Times Moy 25, 2007




Climate Change Will Also Have a Major Impact on
Crop Yields in the Futurel

Climate Change Seen Posing Risk to Food Supplies
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s in the US Over The Past 100 Years
“We've Come a Long Way Baby”
L 1900 2014

48 (women) 81 (women)
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Farm Workers 55% 1.5%
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How Have Crop Yields Increased Over
Years?

crOP YIELD INCREASES HAVE “ROCKETED UPWARDS"
OVER THE LAST 100 YEARS AND CONTRIBUTED TO A
LONGER AND “BETTER" LIFE

% Farm %_Income
Workers on Food

shels/Acre
1900 30 48 Veors

55% 50% - | ¥
- 1920 30 7%
- 1940 40 {
son —|* 1960 o [J
e X7l 1980 100
- « 2014 155 = 8¢ Years

1930; 30 bushels/gere
1230: 1 farmer fed 10 peaple

0 pasple

Conclusion: Crop yields increased »500% over the past
and leed to a senifor reduction in food ¢us

years (J
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Only 7% of Our Monthly Budget is Spent on Food!

World Crop Production is Leveling Off on a Per Capifa
Basis-a Warning Signl %

B

Kg grain per capia
b

We Meed o MNew Green Revalution....
The Genomics Era Will Be the Driver!
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Per Capita Cereal Production

Time Magazine-2011 J




World Crop Production is Leveling Off on a Per Capita
Basis-Higher Prices Ahead?

e e -

Food riots e ——
fear after Rising fOOC! prices:
rice price global crisis

hifs a hig‘h Action needed now to avert poverty sad hunger

Vields Need to Increase to Produce More Food &
Grow More on Less Land

The Past 100 Years Has Produced a Revolution in
Genetic Research and Knowledge Leading to
Remarkable Advances in Medicine and Agriculture
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How Was This Accomplished
Over the Past 100 Years?
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What Role Did Science &
Technology Play in
Increasing Crop Yields?

What About in the Future
When There are 350 Million
People in the USA and
9 Billion in the World?
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WHAT TECHNOLOGIES CAUSED AN INCREASE IN
CROP YIELDS OVER THE PAST 100 YEARS?

PLANT BREEDING (New Hybrids-Green Revolution}
+ IRRIGATION
+ FERTILIZERS
« PESTICIDES & HERBICIDES

+ MECHANIZATION (e.g., Tractor)
« 6LOBAL POSITIONING AND SATELLITE IMAGING
re ENGINEERING (New Traits)

+ GENOMICS & EENE

These technologies have resulted in a >400% increase in
US crop productivityf
Need fo sustain this yiel se by

ﬂ.’ technology and

g the best

2014 - All Major Crop Genomes Have Been Sequenced!!




g ; .By Using a Variety of Approaches fo Identify Genes and
How W’” Cmp Vields Be Increased Processes That Will Help Increase Crop Yields and Food

Bl i - Prociuction Significantly in the 21st Century...
_in the Future?

Yield (Developmental Traits) Yield (Stress Traits}
- Beed Number + MNutrient Uptake

+ Szed Size « Drought Resistance
+ Growth Rate + Heat Resistance

+ Organ Size (More Seads) + Cold Tolerance

« Plant Architecture + Salt Telerance

+ Flowering Time « Shade Tolerance

- Senescence « Disease Resistance
« Maturity ' - -

« Stature

...And by Using Genomics, Breeding, and Genetic Engineering fo
Introduce These “Vield" Genes Into Crops (One thing we can be sure of -we
can’t predict what new technology will be the driver 10-25 years outl)

So....Why Seeds?? I@ SEEDS

» 22,300 Seed-Bearing Plant Species
4 50% of all knrows plants
s 1,000 species produce “naked” seeds (gymnosperms)
2 Remainder are from flowering plants
+ 2 538 Seed Species Stored in the Swvalbard Seed Vault
* global Seed Vault in Nerway
. 320 552 seed samples from around the world
. Bank can hold 2.25 billion seedst
« 5% Pounds is the Weight of the Largest Seed -
Fruit of the Double Caconut Paim
+ Smallest Seeds Come From Orchids and Weigh ~10
Biflionths of an Ounce
+ 385 Million Years is the Age of the Oldesy Seed Fossil
* 2,000 Year-Oid Date is The Oidect Viable Seed
* 150 Miles per hour is the Speed of Seeds Released by
the Tropical Sand Box Tree
' o * $36.5 Rillion Dollars is the Value of the Warld Seed Market
Seeds Pretect and Disperse Plant Embryos (2008}
and Came in Many Shapes and Sizes! . R ——————)

Seeds Are Used in Many Ways as Food, ) i .
Beverages, Spices, and Fuels! Most Impartantly.... Cur Foed is Derived From Fifteen Crops &
Over Half Produce Seeds For Human and Animal Consumption
4 é “% Seed Crops Non-Seed Crops.
v il - Wheat - Potato
b v + Rice + Sweet Potato
+ Corn * Cassava
- Barley - Sugar Beet
- Sorghum . Sugar Cane
Pecans - Soybean + Banana
8 -« Common Bean
2 + Coconut
g’i}‘&’? + Canola
Siw
Cocoa Reans Coffes Beana Nutmeg Mus;ard In Some Warld Populations 5% of Calories Are Derived From Sudﬂ




All Crops Have Been Engineered - Turning Wild “Manipulating” Plants to Increase Seed Yield Is Not
New...

Teosinte Into Domesticated Corn 10,000 Years i . Seed Sizel
Ago - Seed & Pant Engmezrm_qﬂ
Tipes & omounte of ceed starch produs o 1,504 vears
< Spwds aet dropping from cob PR3 0.0 Ao A
+ Lewgti gad mumber of sred rews Elder [ .
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Teosinte  primitive
Comn

Sunflower

Squash @ .
Note: Architecture and Fruit {cob) Size

JgiE: ; " ;
Only Five Genes Cause These Plants to Differ All Vegetables in Grocery Stare are "6MOsI”
& We Now Know What They Are

Teesinte Oomesticated com Teesinte  Early domasticated corn
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Sagbggn-,q Reminder & Soybean Sunflower
* Second Major US Crop (& ; : c
» Total Crop Vaiue $328i lion

(B0% Valve Exported)

* Important Biofuel Source {
'Mifﬂne‘m of L5 Soybean O Flowsrs
HiC

* Excellent Model P!anf
(Transformation, Kncckdowns, &ene

* Genome Sequenced
* Major Food Source

How Is a Seed Formed?
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Goal - What Are the Genes Required to Make a Seed?
In the Beginning.... __ Globuler-Stage

Epidermis

Seed coat

Quter Integument

inner Integument

@

& Endothelium
3

IE = Endosperm

T

e Embryo praper
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E Bispensor

{Next Ge

And How A.-¢ They Waud m a Plant &enome?




Ultimate Goal._To Uncover Regulatory Genes and Circuits
Driving Seed Differentiation and Development Using Genomics

gy

%5..;:‘;..._ -J*»‘-_
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Microspores and
MEgAEDONeS
Comman
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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.cCellulose Cell Walls

6. Autotrophic-Covert t‘;;:'th Energy to Chemical
Energy by Photosynthesis (Ultimate Source of
Food on Earthl)

7.Morphogenesis in Absence of Cell Movement

|

What is a Seed?

{A) Kidney bean {B) Castor bean {C} Corn
A Seed Consists. of Three Parts With Distinct Genetic Origing
1. A Seed Coat From Maternal Floral Tissue

2. An Endosperm From Fertilization of Embryo Sec Central Cell

3. Ar Embryo From Fertilizotion of the Egy

The Embryo Becomes the Next Plant &eneration

Seed Producing Plants Are ~300 Million Years Old

——
Riswe of ¥ 2 gicap
seed plants dorminant domminant

il 'Mn'l_o:oln
248 T

CQuaternary  Present
Milions of years ago

Major Crops (Seybean and Corn) Are Flowering Plants

The Plant Life Cycle Begins in the Flower




Life Cycle of a Flowering Plant

Tioe call nucleus’

Embryos Develop From the Fertilized Egg

Early Embryos Contain Two Reglons - Suspensor & Embrye
Proper With Different Developmental Fates
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Suspensor
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The “End Product” is Dormant Seed With a
Mature Embryo?

(A} Kidney bean (8) Castor bean {€) Com

A Seed Consists of Three Parts With Distinct Genetic Origins
1. A Seed Coat From Maternal Floral Tissue

2. An Endesperm From Fertilization of Embrys Sac Central Cell

3. An Embryo From Fertifization of the Eag

The Embrye Becomes the Next Plant Generation.

ﬂ

Double Fertilization Leads to the Three Parts of the Seed

Embryos Undergo a Series of Events Leading to a

m
Dormant Embryo in a Mature Seed

Shoot apes

Hypocatyl

Globular-Stage
embryo




Major Processes in Seed Development

Morphogenesis

Maturation D«-npcr Bermil

9QQ: 00 @QOO@OOO@ by

malur dofmant
grobular heart coqmo wed seeding
T T #
U 20 40 BD 80 1(}0 |20
DAYS AFTER FLOWERING

Sterage Protein

D'P"“' on H i Germinatin

s To Uncover Genes Important
Seed Development

Using Amb:’o‘?_ps.-

A Modcl’ “Crop” and Relative of.........

_Broccoli, Cauliflower, Cabbage, and Brussels Sproufs...
Striking Examples of Crop Engineering!

Lateral Flowers Storage Enlarged Terminal Flawer
Leaves Vagetative ——a And Stam Vegetstive Bud Clusters

Cabbage

=ML Caulifiower
roceoll konirabl

P
Brussels
sprouts

..Brossicas 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

The Arcbidopsis Genome

+ High quality sequence with few gaps
+ TIGR did initial genome annotation
« TAIR took over responsibility in 2005
* Current stats:

27,379 protein coding genes

4827 pseud or posable elemants

'8

1312 ncRNAs

Arabidopsis Has Same Number of Genes as Humans

v [ RN P Torvenm (R Frienn rrem
10! 1w ' 1w 10 10"
mumber of nucleotide pairs per haploid genome

Tipes 137 ol Siadagy of the Cat Fifth Edtan 1 Soriand Scance 2068)




Arabidopsis Seed Development Life Cycle

1 34 ] -8 13-14 1818 DAP 30Al [MATURE FLANT)
| GanaChip
(24, 0L08 | “stages | T GOT |, MG, PMG LASF

¢ yeveE0d0 X |9

|

embeys|  pro-gobular gikudar iranaition heart lorpeda walking malura  past mmi[ sonding i

0 mature 2

FERTILIZATION GERMINATION |
ENDOSPERM DEVELOPMEN

FREE NUCLEAR  CELLULARIZATION ABSCRPTION

SUSPENSOREMBRYD PROPER
DIFFERENTIATION

CELL AND TISSUE TYPE DIFFERENTIATION
[

LOSS OF
SHOOTIROOT MERISTEM SPECIFICATION
oar 1CA] WATER
COTYLEDON AND AX'S DEVELOPMENT
STORAGE F-SERVE ACCUMULATION L E
DIVISEON!
CELL DIVISION CELL EXPANSION EXPANSION - |E
= 1!
Differesmtiation

Prepare For Dormancy & &ma‘narmJ

Early Arabidopsis Embryo Development

d Terminally ’APTN':
Globular Embryo Differentiated o9
Organ

Early Arabidopsis Embryo Development

cell

2-Cell Embryo  Globular Embryo

Late Arabidopsis Embryo Development

Early Heart  Cotyledon Torpedo

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

%
8 Epidermis
33
& g Cuter Integument
E Inner
E g Integument
%‘% Endothelium
Z_ Endosperm
i ‘Pg b’ i‘? : Embrys proper
g8 S
238 % ;
g k. Suspensor
2

And Imt;'fy Key Regulatory Genes?

Using Lasers & Genome Sequencing to Identify Genes in
Every Cell, Tissue, & Region Regquired to Make a Seed

10




Using Laser Capture Microdissection (LCM) to
Isolate Specific Seed Tissues and Compartments

What Are the Genes Required to Make an Arabidopsis Seed?

Carealts

o
Baimante o1 al , PNAS. Tanuory 2013

J

Using Genomics to Analyze Seed mRNA Populations

Wash OFf Uinhybridired cRNA Probe

# l
Stain with Streptevidin
& Phycosrythrin Confugate
3k ol i

Scan @ Exeitafion
Wavelength of 488mm —

(Eleven 25-
Scattered mfb;:l‘r)s

What Merabolic Pathways Are Prevalent in Different
Seed Regions?

How to Identify the Functions of Seed Transeription

Factor Genes?
loafy cotyledan| (lecl) Mutents Disrupt Seed Develapment ]

g
wt SAM
s ll \ __, Desiccation _
ﬁ ‘ Tolerance
Embryo Rescue
lecl /-\
(i .
% -y i D&M&rﬁ "
- Tordgee Trichome
Activated SAM

« Suppression of Suspenser Embryonic Potantial
+ Development of Cotyledon Identity
« Initiation and Maintenance of Seed Maturation

« Inhibition Germination o 1. o
1

Examples of Arabidopsis Mutants

11



Reverse Genetics Starts With Gene Sequence and Searches
For a Mutant Phenotype (i.e., Function)

Mutant arganism /cell
Comparisen of mutant and
wild-type function
Genetic analysis
Screening af DNA flbrary Gan inactivation
Cloned gene
DNA seqiencing
o . Database search ta identify
o - protein-coding sequence
Expression in cultured a PCR izolation of corresponding
calls \ gene
Protein
Biachemical studies
Determination of structure
L]

Knock-Out Mutations Are Loss-of-Function
or Null Mutations

conditional loss-
of-function mutation

37°c 25°C

Figuee 124 Atelectio Saingy of the Gafl (8 Suviend Seiera B008)

Knock-Out Mutations Are Loss-of-Function
or Null Mutations

NORMAL GENE X
g —y
S ST
GEME GENE
REPLACEMENT ADDITION
4 |
' i
only mutant gene is active both normal and mutant genes are active
L] i<

Pigure 8.4 Moieeidor Bistogy f he Caf € Serfnd Suience 2008)
ur

Inserting Foreign DNA Into the LacZ Gene is a
Knock-Out Mutation

-yt j:m_ "
C—C

Inverting Foreign DNA Inte the LacZ Gene is o Kneck - Out
Mutatisn

El Bacteria with anintact |
. plasmid produce f-
i galactosidase, which

cleaves X-gal and makes .H
tla_coianinblum PR s

i recombinant plasmid
do net synthesize
pB-galactosidase. Their -~
| colonies remain white. :lr - e .—«««-—l
I

A Null Mutation Can Affect Any Part of the
Flow From DNA te Protein

12



Simple Mendelian Genetics...a Review

it g
genetic terms

Dafinition

Tarm !
Gane A gemetic fnchor fregion of DNAIthat |
Tl etarmine & charsclenistic
Aiiale e of two ar mare ltemate forms of
gane

Losud Specific place on & chromesons oocu-
pled by an slale H
Genstyn St of alielus pasassad by an
insividual argantsm

An
Awn different alleles o1 8 locus.

twa of the ssme allsies ot s loous.

Chromosomes & Alleles...a
Review

Genes exist in different
verslons ¢ cgmaﬂlln.

One allele encodes
round seeds...

Allele R I

...and a different allele
encodes wrinkled seeds.

Different alleles for a particular gene
occupy the same locus on homologous
chromasomes.

Simple Mendelian Genetics...a Review

Simple Mendelian Genetics...a Review

What Happens if the KO Results in a Lethal Phenotype?

Emtbryns Seed
Lethality

Note Segregation of Wt and Mutant Seeds

Arabidopsis Siliques and Developing Seeds

_

13



Using Agrobacterium T-DNA as a Mutagen

g 100
onrio A o A Thid Fatis
e

T-DNA Inserts Randomly Into Plant Genome

Transforming Plants With T-DNA

leaf divcs incubated with

/ “M ctinn IIC‘I m allews
oaly phant celt that
v

jant carrying

adult pls
u e thart was

Figure 8-57a Malesvdar vk of e Sef {8 Goriand Sciunte 2008)

Agrobacterium Ti Plasmid

e
TaACAGGATATATTIBCOBOTAARE

IlC\'ﬂ\'CCI'lI’il'llt‘Cﬂl‘C:lTl‘N
Laft terminal rapent |,

* e
TEGERMIATATATTATHITOTANAL
ACCTTCCTATATAACACCRCATYTY

Using Agrobacterium T-DNA as a Mutagen

Gene A with

Chromosome

Recombination between
mutant transgene
and chromosomal gene

b
Mutant gene A

: Chromosome

Segregation of T-DNA Inserts in Knock-Out Lines

Male Gametes

T-DNA Allele |WTt Allele

fenate |T-ONA  [T-DNA/TDNA [Wt/T-DNA
Gametes | Allele

Wt Allele |T-DNA/W? W1t/ Wt

1¥ Sene 1s Critical For Contrelling Seed Development
The T-DNA/T-DNA Class Does Mat. Appear!

Inheritance of the T-DNA Inserts

Chromosome pair Progeny
in transgenic plant .
a
X g . )
T-DNA borders — Self —» 3 i pp—
i | S = N
e i e
by 1 .W
Segment of interest 3 i

Does MNet Appear

If Seed Lethal This Class

14



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

aliniipade Gans Mapping Taot

WL 2 it

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

Specific Arabidopsis TF Gene
A
' T-DNA

PCR primers  —#= - — -

l PCR1 1 PCR2

PCR products [T
RS
T

HC70AL Summer 2014
Gene Discovery Laboratory

What Are the Genes
Required to Make a Seed?

Approach?
Gene To Mutant To Phenotypell

Cleming: Ervical Tewax
d Futr

HC70AL Summer 2014
Gene Discovery Laboratory

What Will You Do This Quarter?

# 1. Study One Arabidopsis TF Gene
il 2. Look For Mutants in KO of This Genes
ol 3. Determine if Mutant Affects Seed
w. Development

Caring: Ethical Ismes
ol Puturs Conseqoences

15



