
- How functions are combined within the ABC model

-How are flowers initially formed and ABC function gene
expression induced ?
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A: Sepals

B: Petals

C: Stamens

C: Carpels

B=AP3 and PI

Two proteins (AP3 and PI) are required for B function
How do they act together?
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Co-expression of AP3 and PI is required for nuclear localisation
Shown using translational fusions to the GUS marker protein

nucleus



APETALA2 is a class A  gene required for whorl 1 and 2,
but is expressed in all whorls.

How is AP2 activity restricted to whorls 1 and 2 ?
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Arabidopsis microRNA172 has homology to the AP2 gene



microRNAs repress gene activity by interacting with the
mRNAs of target genes either repressing

translation or causing degradation of the mRNA



Expression of mutant forms of MIR172 from
a viral promoter

causes an ap2 mutant phenotype
WT ap2 mutant 35S::MIR172

Expression of MIR172 at high levels in all cells
prevents AP2 function



Expression of a mutant form of AP2 mRNA that
has reduced homology to MIR172 causes

increased petal number and more floral whorls



MIR172 is expressed only in the inner whorls in 
older floral primordia and reduces AP2 protein levels

Floral meristems Older, Stage 7 flower

protein
Control protein



MIR172 restricts AP2 activity to the 1 and 2 whorl
so that AG expression is prevented in these whorls

but can occur in whorls 3 and 4
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Misexpression of B or A and B in leaves is not sufficient to           
convert leaves to petals 

Suggests another floral-specific factor is absent in the
leaves. 

This was not identified by initial genetic screens

Wild-type 35S::AP3 35S::PI  35S::AP1

B function A function



Genes in red from Antirrhinum
Genes in blue from Arabidopsis

More MADS box genes 
expressed in the flower

Initially identified as homologues
of AG – AGL2, AGL4, AGL9

Renamed sepallata 1,2,3

Specific expression patterns –
in whorls 2,3,4, although
AGL2  and AGL9 are also 
expressed in whorl 1 of 
younger flowers.



Inactivation of SEP1 SEP2 and SEP3
in triple mutants
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sep1 sep2 sep3

Were not identified in
Original mutant screens
Because of redundancy
Between proteins.



Misexpression of SEP1 AP1 PI and AP3 in leaves creates petals

Therefore a combination of AP1 PI AP3 SEP is sufficient
To confer B function. 

Plants carrying combination of 
35S::AP1 35S::SEP2 35S::PI 35S::AP3 



Test for protein-protein
Interactions in yeast.

Do the MADS box 
proteins form higher
order protein complexes?



SEP proteins mediate multimeric complexes
between PI/AP3 and AG or between PI/AP3 and AP1 

Plate with
No HIS

LacZ expression

SEP genes also provide activation domains



DNA

Open reading frame

Model explains how A function (AP1) and B function (AP3/PI)
Combine to specify the second whorl – petals.
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A function

A+B function

B+C function

C function

Similar multimeric complexes of MADS box
proteins are proposed to specifiy the other whorls



SEP proteins mediate multimeric complexes between                 
PI/AP3 and AG or between PI/AP3 and AP1
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Formation of multimeric complexes suggests mechanism for combining
A/B and B/C functions within the ABC model.

Sepallata 1 and Sepallata 2
Sepallata 3

SUP



Flowers develop from stem cells called the shoot apical meristem



LFY
expression

flo mutant

The FLORICAULA/LEAFY genes confer floral identity
on primordia



LEAFY is sufficient to confer floral identity on developing
primordia when expressed from a viral promoter

Wild-type

35S::LFY
plants



LEAFY is a plant-specific gene

No homologues in animal cells

A single copy gene in Arabidopsis

No protein domains suggesting a biochemical function for
the protein.



LEAFY activates AGAMOUS through a short enhancer
in an intron

AG intron -46 GUS

2nd intron
3kb long Minimal 35S

promoter
Marker gene
Originates in E.coli

leafy WT Hyperactive LFY



wuschel mutants have fewer 3rd whorl organs
and no 4th whorl organs; 

they show the opposite phenotype to agamous mutants
WT wuschel WT agamous



Both LEAFY and WUSCHEL bind to the AG
promoter, and they activate transcription

co-operatively in yeast cells

Co-activation
from AG sequences
in yeast



In WT plants WUSCHEL expression is only detected in young
floral primordia, but persists for longer in agamous mutants

Wild-type flower
WUS not detected in older flower (stage 6)

agamous flower
WUS still detected in stage 10 flower

AGAMOUS is required to repress
WUSCHEL



A negative feed-back loop regulates WUSCHEL
expression in the flower meristem

Therefore in an agamous mutant
wuschel activity would be increased
and would persist for longer.
This may explain why agamous
mutant flowers do not stop after 4
whorls. 
In wuschel mutants no AG expression and
no WUS expression, so no 4th whorl
development.

In support of this, expression
of WUSCHEL from the AP3
promoter causes extra whorls to
develop.

Wild-type AP3::WUS
weak

AP3::WUS
strong



Diagram of floral development from the initial patterning
of the primordium to development of floral organs
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