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Genes That Control Seed Development




Recall.... . 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




Arabidopsis thaliana

Figure 1-13c
Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H. Freeman and Company



Table 1-1 Some Genomes That Have Been Completely Sequenced

Methanococcus jannaschii  lithotrophic, anaerobic, hydrothermal vents 1664 1750
methane-producing

Archaeoglobus fulgidus lithotrophic or organotrophic, hydrothermal vents 2178 2493
anaerobic, sulfate-reducing

Nanoarchaeum equitans smallest known archaean; hydrothermal and 491 552
anaerobic; parasitic on another, volcanic hot vents
larger archaean

Saccharomyces cerevisiae  minimal model eucaryote grape skins, beer 12,069 ~6300

Arabidopsis thaliana model organism for flowering soil and air
(Thale cress) plants

Caenorhabditis elegans simple animal with perfectly soil ~97,000 ~20,000
(nematode worm) predictable development

Drosophila melanogaster  key to the genetics of animal rotting fruit ~137,000 ~14,000
(fruit fly) development

Homo sapiens (human) most intensively studied mammal houses ~3,200,000 ~24,000

Genome size and gene number vary between strains of a single species, especially for bacteria and archaea. The table shows
data for particular strains that have been sequenced. For eucaryotes, many genes can give rise to several alternative variant
proteins, so that the total number of proteins specified by the genome is substantially greater than the number of genes.

Table 1-1 (part 2 of 2) Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



Arabidopsis Has Same Number of Genes as Humans

107 108 10° 10"
number of nucleotide pairs per haploid genome

Figure 1-37 Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)




Recall....Plant Life Cycle
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Figure 2-22
Genetics: A Conceptual Approach, Third Edition
© 2009 W.H.Freeman and Company

...and the other nuclei
are partitioned into

pollen grain enter
the embryo sac.

Double fertilization
takes place when the
two sperm cells of a

separate cells.

Embryo
(diploid, 2n)

LE] One sperm cell fertilizes
the egg cell, producing
adiploid zygote.
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Recall..Embryos Develop From the Fertilized Egg

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

| “The Plant”

Degenerates



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

Torpedo-stage

embryo

Shoot apex

Hypocotyl

Root apex

Suspensor




Recall..The “End Product” is Dormant Seed With a
Mature Embryo!

Seed coat—_____

Cotyledon

Shoot apex

Root apex

Endosperm

(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




Recall...Genome-Wide Profiling of mRNAs During
Arabidopsis Seed Development & Plant Life Cycle
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Searching For Functions of Seed Transcription Gactor Genes
Using Reverse Genetics (e.g., lecl Mutants
Disrupt Seed Development)

wt _ SAM
Desiccation \
Tolerance

Embryo Rescue

lec1 T

Des tion
Toléraqce

‘Activated SAM

Trichome

* Suppression of Suspensor Embryonic Potential
» Development of Cotyledon Identity

e Initiation and Maintenance of Seed Maturation
e Inhibition Germination

Lotan et al., Cell,
1998



Examples of Arabidopsis Mutants

Figure 2-1a
Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company



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

Mutant organism/cell
Comparison of mutant and
wild-type function

Genetic analysis
Screening of DNA library

Gene inactivation

Cloned gene
DNA seql@iencing

Database search to identify
protein-coding sequence
PCRisolation of corresponding
gene

Expression in cultured
cells

Protein
Localization
Biochemical studies
Determination of structure

Figure 5-1
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



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

gain-of-function conditional loss-
mutation of-function mutation

I
A
N

37°C 25°C

wild type loss-of-function mutation

point mutation truncation

Figure 8-56 Molecular Biology of the Cell (© Garland Science 2008)



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

NORMAL GENE X

4

GENE

A

GENE

REPLACEMENT KNOCKOUT ADDITION
‘ no active gene ‘ ‘
only mutant gene is active is present both normal and mutant genes are active
(A) (B) (Q)

Figure 8-64 Molecular Biology of the Cell (© Garland Science 2008)



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

amp Restriction site

r [~ /
i - f
lacz*
Intact plasmid N i '
(amp® lacZ*) Foreign ﬂ
DNA

Foreign DNA is inserted into f e
the middle of the lacZ gene.
Recombinant plasmid
(ampR lacZ")

Bacteria that are lacZ™ are g
transformed by the plasmids. / Bacteria

]
a Bacteria with an intact Plate on medium with
plasmid produce B- ampicillin and X-gal
galactosidase, which v

cleaves X-gal and makes
the colonies blue.

n Bacteria with a
recombinant plasmid
do not synthesize
B-galactosidase. Their
colonies remain white.

Conclusion: A white colony

Bacteria without a consists of bacteria carrying
plasmid will not grow. a recombinant plasmid.
Figure 19-8

Genetics: A Conceptual Approach, Third Edition
© 2009 W.H.Freeman and Company



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

Bacteria that are lacZ™ are ]\
transformed by the plasmids. {somecith ~ Bacteria

J
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ﬂ Bacteria with an intact Plate on medium with
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cleaves X-gal and makes ~
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ﬂ Bacteria with a v I_'-- g {-il_;}}f '
recombinant plasmid _ }
do not synthesize f: e
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. Conclusion: A white colony
ﬂ Bacteria without a consists of bacteria carrying
plasmid will not grow. a recombinant plasmid.

Figure 19-8 part 2
Genetics: A Conceptual Approach, Third Edition
© 2009 W.H. Freeman and Company



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

l Transcription

1 RNA

processing /

Figure 1-5
Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company



Simple Mendelian Genetics..a Review

Table 3.1 Summary of important
genetic terms

Term Definition

Gene A genetic factor (region of DNA) that
helps determine a characteristic

Allele One of two or more alternate forms of
agene

Locus Specific place on a chromosome occu-

pied by an allele

Genotype Set of alleles possessed by an
individual organism

Heterozygote An individual organism possessing
two different alleles at a locus

Homozygote An individual organism possessing
two of the same alleles at a locus

Phenotype or trait The appearance or manifestation of a
character

Character or An attribute or feature
characteristic

Table 3-1
Genetics: A Conceptual Approach, Third Edition
© 2009 W.H.Freeman and Company



Chromosomes & Alleles..a Review

Genes exist in different
versions called alleles.

One allele encodes ...and a different allele
round seeds... encodes wrinkled seeds.
Allele R Alleler

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

Figure 3-2
Genetics: A Conceptual Approach, Third Edition
© 2009 W.H.Freeman and Company



Figure 3-1
Genetics: A Conceptual Approach, Third Edition
© 2009 W.H.Freeman and Company

Simple Mendelian Genetics..a Review
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Simple Mendelian Genetics..a Review

Question: When peas with two different traits—
round and wrinkled seeds—are crossed, will their
progeny exhibit one of those traits, both of those
traits, or a “blended” intermediate trait?

m Stigma
To cross different

Anthers varieties of peas,
Mendel removed
the anthers from
flowers to prevent
self-fertilization...

...and dusted the
stigma with pollen
from a different plant.

The pollen fertilized
ova, which developed

into seeds.
] 3 The seeds grew
3 7 into plants.
At Staas |\ otd
P Homozygous = Homozygous

generation roundseeds wrinkled seeds

@ x 9

cﬂl,s, % two hon:ozygoq
\& | | varieties of peas.
(¥, X 2
generation >
QPP Q\\

All the F, seeds were
Self- round. Mendel allowed
fertilize| | plants grown from

- these seeds to self-

m | fertilize.

———
F; generation Fraction of . p =

progeny seeds % of F, seeds
5474 round ) 3round were round
seeds \ and Yawere
wrinkled, a

1850 wrinkled 0 vawrinkled
seed 3:1 ratio.

Conclusion: The traits of the parent plants do not
blend. Although F, plants display the phenotype

of one parent, both traits are passed to F, progeny
ina3 :1ratio.




What Happens if the KO Results in a Lethal Phenotype?

P Yellow Yellow
AYA* AYA*

l

F, OJ\ Male O\\/\
gametes

A+ AY

Ve | e

Gray-brown

A (agouti) Yellow
Female A*A* AYA*
gametes
v T Embryonic Embryo/See
A ASHow lethal Lethality

AYA* AYAY

© 2009 John Wiley & Sons, Inc. All rights reserved.




Note Segregation of Wt and Mutant Seeds

Arabidopsis Siligues and Developing Seeds



Using Agrobacterium T-DNA as a Mutagen

——

Plant
\
R\
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Lo g - 0

/
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B
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chromosome Plant ceII
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tumefaciens

Figure 19-10a
Genetics: A Conceptual Approach, Third Edition
© 2009 W.H.Freeman and Company

T-DNA Inserts Randomly Into Plant Genome



Transforming Plants With T-DNA

leaf discs incubated with

discs removed from genetically engineered
tobacco leaf Agrobacterium for 24 h

the bacteria to
proliferate

transfer grow up
shoot to root- rooted
inducing seedling
medium

adult plant carrying
transgene that was
originally present in
the bacteria

Figure 8-67a Molecular Biology of the Cell (© Garland Science 2008)



Agrobacterium Ti-Plasmid

Tumor production

/__ﬁrﬂg)aline synthesis

%A Nopaline
~5kb For Your Vector utilization
T-DNA 11
transfer Ti plasmid
functions

Origin of replication



Using Agrobacterium T-DNA as a Mutagen

Gene A with
mutant
segment

Mutant

sequence
WO -ON

Chromosome

5" GeneA 3’

Recombination between
mutant transgene
and chromosomal gene

Mutant gene A

—————————
L s Chromosome

5’ 3’

Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company



A Collection of Arabidopsis T-DNA Mutants Exists

gﬂ@m Funded by the National Science Foundation

SalkdnstitutelGenomic/Analysisjaboratory;

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

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

At1g01020
- = -—-

At1g01010
Genes: e =i

T-DNA and transposon insertions:

— < — > — —
WiscDsLox354D10 SALK_047276 SALK_005597 SAIL 672 D06 RATM11-2286-1 G FLAG_218G09 SALK_116614 GABI 863
- «— — € >
FLAG_293C12 GABI_001A08 GABI_534H04 RATM11-2283-1_H SALK_ 127977 SAIL_28 C09
- < <«
mﬁm FLAG_293D01 GABI_269H03 3 SAIL 261 F08 FLAG_220D07 2LK,0901S1
GABI_414G04 SAIL_1267_F05 RAFL14-93-B21 SALK_090152
— ¢ <
SALK_074723 I}_ATM13—3326—'I G SAIL_1267_F05
SALK_128569 SALK_092277
e —_—
Key: SALK_128571 SALK_092285
(_ -
RATM11-4514-1_H SALK_092285
SALIE.DNA SAIL ;26 B11 RATM13-3326-1_H
B GABI-KatFST = ——
I FLAGFST RAFLOQ-B_E;—BN SALK_092270
B WiscFST RAFL08-19-M04 SALK_092262
I SAILFST . s
- RIKEN FST SALK_092286
S— —
I CSHLFST RATM11-4514-1_G SALK_092263
SALK_123517
<

SALK_127981
Courtesy National Science Foundation



Segregation of T-DNA Inserts in Knock-Out Lines

Female
Gametes

Male Gametes

\T-DNA Allele |Wt Allele
T-DNA T-DNA/TDNA [Wt/T-DNA
Allele

Wt Allele |T-DNA/W+ Wt/ W+t

If Gene Is Critical For Controlling Seed Development
The T-DNA/T-DNA Class Does Not Appear!




Inheritance of the T-DNA Inserts

Chromosome pair Progeny
in transgenic plant

1
4

T-DNA borders —> Self —> %

M

Segment of interest

Figure 20-27
Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company

If Seed Lethal This Class
Does Not Appear



Using PCR to Genotype Segregating Plants

Gene

A
| I

T-DNA

PCR primers —» Knock Out -
Forward Reverse

What Do You Expect If Using Only Gene Primers?
1.Homozygous Wt Plant?
2.Heterozygous Plant?
3.Homozygous T-DNA Plant?
1.If Lethal?
2.If Not Lethal?




