How do molecular networks
control flower development?




Actual knowledge on flower development?
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How to integrate the huge amount of heterogeneous
data in a coherent manner?



Cell identities are associated with
molecular steady states

Development can be seen as a succession of molecular
steady states evolving through time



Objective: construct a MRN which is coherent with
expression patterns and long range interactions
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1- Interaction database

- direct molecular interactions
- induction evidence

- genetic interactions (can be direct or not)



2- Expression database > atlas > molecular states
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Steady states

Superimposition



35 sepal genes projected
(flower bud stage 3)

TAS3




Sepal primordium : 6 molecular states with 35 elements
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3- Candidate molecular interaction graph
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Theoretical requirements

- close circuits
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3- Candidate molecular interaction graph
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A mathematical model is required

The behavior of each element is determined by its inputs
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W = force of the influence of an
element on another
T = threshold of activation

Different possible behavior depending on the parameter values



Expected behavior of our network
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4- Parameter values inferred from
expression data > solution(s)

Behavior expressed as an activation function
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4- Parameter values inferred from
expression data > solution(s)

Behavior expressed as an activation function

state Of oufpuf

the inputs
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Activation functions
are found for each
element

A solution is represented by a set of activation functions

47 solutions were found
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5- Model validation

m Direct

interactions
®m Hypotheses

®Long range
interactions

37 genetic interactions used
to test the dynamics of the MRNs

For each of the 47 solutions, we run
simulations of gain and loss of function

Model predictions ﬁ ExPe"'mef\*Gl
observations



Gain and loss-of-function mutations tested
= 37 genetic interactions

1- off(AGO10) — up(miR165), down(REV)

«2- on(AGO10) — up(REV)

«3- off(AGO7) — unchanged(FIL), up(ARF4,ETT)

*4- off(AS1) — unchanged(FIL), up(ETT)

5- off(AS2) — up(ETT,FIL)

*6- on(AS2) — down(FIL)

o7- off(AS2,AG0O10) — up(miR165), down(REV)

8- off(AS1,AGO7) — up(FIL)

*0- off(AS2,AGO7) — up(miR165,FIL), down(REV)
«10- off(ANT,FIL) — down(REV)

*11- off(TAS3siRNA) — up(ETT,ARF4)

«12- off(AS1, TAS3siRNA) — down(REV), up(miR165)
13- off(AS2,TAS3siRNA) — down(REV), up(miR165,FIL)
*14- on(AUXIN) — down(CK), up(AtIPT5)

*15- off(KAN1) — up(REV)

*16- on(KAN1) — down(REV)

«17- on(miR165) — down(AGO10), up(ETT,ARF4)
18- on(REV) — down (FIL, KAN1), up(AS2)

*19- on(CK) — up(ASl)

«20- on(FIL) — down(AS2)



5- Model validation

35 (out of 37) indirect interactions predicted
by the model were supported by experimental
observations

The 47 solutions were all equally good
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Steady states

e1- off(AGO10) - up(miR165), down(REV)

¢2- on(AGO10) -> up(REV)

*3- off(AGO7) - unchanged(FIL), up(ARF4,ETT)
¢4- off(AS1) - unchanged(FIL), up(ETT)

Long range interactions
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6- Model predictions

- The available data are mostly coherent

- Several unexpected potential pathways
revealed (REV>AS1, REV>TAS3, REV>AGO1 and miR)

- activation functions of the elements
(e.g. FIL requires all inputs active)

- all assumptions and hypotheses are predictions
that can be tested experimentally



Conclusion

This work provided a coherent MRN model, which reproduces
the abaxial and adaxial cell fates

The model revealed potential new pathways
New molecular interactions will introduce new circuits, new
steady states and should explain more cell types (e.g.

vasculature)

Approach which allows the extraction of biological knowledge
from diverse type of data

Can be used to study developmental processes in any
multicellular organism
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Gain and loss-of-function mutations tested
= 37 genetic interactions

1- off(AGO10) — up(miR165), down(REV)

«2- on(AGO10) — up(REV)

«3- off(AGO7) — unchanged(FIL), up(ARF4,ETT)

*4- off(AS1) — unchanged(FIL), up(ETT)

5- off(AS2) — up(ETT,FIL)

*6- on(AS2) — down(FIL)

o7- off(AS2,AG0O10) — up(miR165), down(REV)

8- off(AS1,AGO7) — up(FIL)

*0- off(AS2,AGO7) — up(miR165,FIL), down(REV)
«10- off(ANT,FIL) — down(REV)

*11- off(TAS3siRNA) — up(ETT,ARF4)

«12- off(AS1, TAS3siRNA) — down(REV), up(miR165)
13- off(AS2,TAS3siRNA) — down(REV), up(miR165,FIL)
*14- on(AUXIN) — down(CK), up(AtIPT5)

*15- off(KAN1) — up(REV)

*16- on(KAN1) — down(REV)

«17- on(miR165) — down(AGO10), up(ETT,ARF4)
18- on(REV) — down (FIL, KAN1), up(AS2)

*19- on(CK) — up(ASl)

«20- on(FIL) — down(AS2)



Interactions in the

sepal database

m Direct interactions
®m Hypotheses

®mLong range
interactions
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