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* ‘Crop-style’ growth model for A.t. B

* A tool to reconcile and understand
pleiotropic (dynamic, quantitative)
phenotypes.

* How can a community build such a tool?
* What about its impact on Food Security?
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Aerial dry biomass Critical day length in aspen trees

; in Arabidopsis -
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* Altering the day/night cycle changes the peak times = phase
* Correct phase optimises growth and seasonal development
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* Regulation of photoperiodic flowering

Barley eam10
T. mono‘ Eps3a

Pea LATE
CK2is Barley Ppd-H1 _
Rice Hd6 Wheat Ppd-Dla Rice OsGl Pea DNE
(CK1is
Rice 119) Rice ef7, Hd17

Pea HR,
Barley Mat-a =
eam8

* Also many flowering-specific genes, like Arabidopsis CO, FT.

Schema from Pokhilko et al., Molecular Systems Biology 8:574 (2012)
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* ‘Crop-style’ growth model for A.t.
* A tool to reconcile and understand
conditional, pleiotropic (dynamic,

guantitative) phenotypes.
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www.plasmo.ed.ac.uk
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Home

Background

About the Models
Tools and Approaches
Partners

Advisory Board

Browse Models  Submita New Model  Logout (amif@jch l

Submit a New Model

+ The file ARABID_CLOCK_2011_FIN.XML has been sucessfully uploaded. Please complete the
submission process:

Please fill In the additional Nelds about the model under each tab. It is mandatory 1o fill in elds marked "*"

Overview

Model Name:- [Arabidopsis circadian clock 2011

BRI iE & 2 :

As submitted to Mol Syst Biol

Model Description: (O

pody p

Access control; (U

[T Restrict Access 1o this model

Add New Model Attribute

Remove Last Atribute | )

Add Images: Please upload any Images you want to associate with the uploaded model

Image/Screen Shot of the Model 0]
I Browse..
Description of screen shot

I

Add Additional Image/Screen shot Remove Last Image/Screen shot

-
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* ‘Crop-style’ growth model for Arabidopsis

* Q: can we build from existing models?
» simple at first; experts (you) can add detalil

* A:only if they are comparable!

Architectural and
developmental
Models

P

% PHOTOSYNTHESIS
’ MODEL Growth

Light and other
conditions Rasse and Tocquin (2006)

CLOCK &

MODEL Christophe et al. (2007)
Developmental
Locke et al. (2006) stages )

\. PHOTOPERIOD? PHOTOTHERMA

MODEL

FT regulation
MODEL
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* Total leaf area from Rasse & Tocquin « Individual leaf areas from Greenlab
* Predicts carbon biomass. * Predicts total biomass.

* Model runs in time.

* Model runs in developmental stages.
50 "

(a) 360 ppm CO,

40 %

3 E | .
J T[S
E 1 Models were calibrated in different B
A laboratories.

§ {®%PPm9  Are their parameter values compatible ...

- with each other, and with our data?

0 5 10 15 20 25 30 35 40 45

Phytomer rank
Days after planting
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B B
4 INPUT
LEAF CARBOHYDRATE
DATA MODEL (A)
nght intensity } Photosynthesis and ]‘— Blue - Orlglnal
respiration .
X Red — new links
CO, level ) ! ¥ 1 | d
! Sugar-starch G rey - rep ace
partitioning
Temperature } ’________;_ _______
Root-shoot
allocation
Sunrlse/sunset bk bbb
time J ________ \ A
Leaf grovvth
\ Leafarea . y
\ VEGETATIVE GROWTH

N ~
Phytcogise | <
Matlab and

Leaf carbohydrate controls over Arabidopsis growth and Simile software.

response to elevated CO,: an experimentally based model ——_—

. 9 & .
Daniel P. Rasse!? and Pierre Tocqum3
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AR
'B‘:?AT FUNCTIONAL-STRUCTURAL
MODEL (B)
p
Rosette area P
; Light intensity } : Plant Blue _ Orlglnal
Root size structure R d | k
ed — new IINKS
( CO, level ) Rosette:
' 1
~ N ] area | Grey —replaced
. . organ growth i Light-use
Temperature ) A + efficiency
. Organ i b
appearance ! o }_ i _i__
[ Sunrise/sunset rate C K
time """ Biomass
( Individual organ , usedfor
| h
sink demand ] 0 growt )
\_ V
|
CSIRO PUBLISHING
www.publish.csiro.aw/journals/fpb Functional Plant Biology, 2008,

A model-based analysis of the dynamics of carbon balance M_atl_ab and
at the whole-plant level in Arabidopsis thaliana Simile software.
Chew et al.

Angélique Christop_he’\'E, Véronique Letort®, Iréne Hummel”, Paul-Henry Cournéde®,
Philippe de Reffye“ and Jérémie Lecceur®
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4 INPUT
DATA ‘

L ht intensit A New
( CO, level ) : '
) An augmented Arabidopsis phenology model reveals seasonal
| remperare [ temperature control of flowering time

Sunnfe/sunsetJ Yin Hoon Chew"?, Amity M. Wilczek®, Mathew Williams®, Stephen M. Welch?, Johanna Schmitt®

ime

and Karen J. Halliday"?

Flowering time

(
PHOTOTHERMAL eproductive | Y65 [ Comutatve vPTU > Matlab and
MOPEL(®) swich Teshd? )| Simile software.

___________

<
v Photopenod X [Thermal] X [Vernalisation] = { Modified Photothermal Chew et al.

time Unit (MPTU)

J

___________
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Prediction of Photoperiodic Regulators
from Quantitative Gene Circuit Models

José Domingo Salazar,'##7 Treenut Saithong,® Paul E. Brown,®* Julia Foreman,® James C.W. Locke,1.348
Karen J. Halliday.® Isabelle A. Camé,' David A. Rand,®® and Andrew J. Millar®&*

|

Clock gene

exgiriscjsi,ion M atl ab an d
Simile software.

PERIODIS
MODEL (C

Photoperiod FT

control of FT area
ENA Chew et al.
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FUNCTIONAL-STRUCTURAL
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380 m

(C) Temperature (°C)

Carboxylation,

Phyllotaxy,
—— P « Compatible!
CARBON SUPPLY CARBON DEMAND \
2 0.22 0.6 4 12
(D) Starch and sugar (E) Root-shoot (F) Organ
(mg C) 02 o4l ratio | 3 I demand ° 1 1 .
1 e Validation:

\4

Col rosette,

Individual

leaf sizes 12L12D

Flowering I

time
(G) FT mRNA e _
() Shoot biomass (J) Leaf biomass (gFW)  (K) Leaf area
(gFW) (mm2x100)
2 0.15 5
D 1 1
/ 4
0.1 3
) ! 9
(H) Cumulative MPTU _-* 0.05 )
| Threshold ~" ¢ 0 0 0
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n A B
(A) (B) ©
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(o] 5
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Days after sowing Leaf rank Days after sowing

* La(er) leaves 5-9 grow for longer (red arrow)

* Good performance without re-calibration, also other labs?
Median R? 0.94, nRMSE 17% (as good as Col).
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* Parameter sensitivity analysis: what controls biomass?

126 parameters in total; 8 of the 12 most sensitive parameters are
In photosynthesis model.

* (Gas exchange measures for photosynthesis
* Good match in reference conditions.

60
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o
[
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N
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--------- Linear (Model)

[N
o

Linear (Mean of data)

Col WT on Day 38

o
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The Plant Cell, Vol. 20: 1231-1243, May 2008, www.plantcell.org © 2008 American Society of Plant Biologists

Col Dual Effects of miR156-Targeted SPL Genes and
CYP78A5/KLUH on Plastochron Length and Organ Size
in Arabidopsis thaliana™*

Jia-Wei Wang, Rebecca Schwab,! Benjamin Czech, Erica Mica,?2 and Detlef WeigeP®
Department of Molecular Biology, Max Planck Institute for Developmental Biology, D-72076 Tubingen, Germany

* |ncreased leaf initiation rate and small leaves

» One causal effect + ‘compensatory regulation”
Pro35S:MIR156 or two separate mechanisms ?

* Change only initiation, test simulated area...

o
-

—_
o
o

Percent of Col (%)
o
o

Fresh biomass (g)
o
o
on

o

o

Wang etal Data Model
0 10 20 30 40 50

Leafrank
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To run tﬁe Framework
Model:

Download PLM_76 files
from PlaSMo
(with instructions)

Get Simile
Load Files
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Metabolites
W RNA

W Protein

W DNA

« Multiple clock effects, interacting, to give whole-plant
phenotype: links to multiple research fields.
— Quantitative molecular detail, linked to genome: M
— Effective concepts, linked to physiology: M

« “Digital Organism” technology to link models

1 J




‘Summary

Systems Biology aims to understand (explain and
predict) complex processes

> All components; Across scales.

Framework model predicts Arabidopsis growth
» combination of existing models: only in A.t. ?

» disparate data (and derived models) were
compatible for biomass, less so for flowering.

» now integrating multiple clock effects on growth.

* A primitive “Digital Organism”, to be extended.
» How should we do this, as a community?




