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RSML




ROOT SYSTEM ARCHITECTURE

Lateral root
Root systems are: Primary root
Complex branched structure
Heterogenous in space and time

Can be described at different levels:
- Morphology

- Geometry

- Topology

- Dynamics




RSA DESCRIPTION > MORPHOLOGY

)
A
A

Measurements
- Diameter
- Length
- Tortuosity

N\

O

Reqguirement
Tracing of a sample of the roots

4



RSA DESCRIPTION > GEOMETRY

Measurements
- Depth
- Width
- Convex hull area
- Length Profile

Reqguirement
Position in space of
every root segment




RSA DESCRIPTION > TOPOLOGQGY

Measurements
- Lateral number
- Lateral density
- Insertion angle

- LAUZ

Reqguirement
Explicit relation
between different
root orders




RSA DESCRIPTION > DYNAMICS

Measurements
- Growth rates
- Lateral apparitions rate

Reqguirements
Time series Images
Follow the roots individually

7/
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RSA ANALYSIS IS TIME CONSUMING

semi-automated data selection

¥

Many unexploited data




RSA ANALYSIS IS DIVERSE

Y <o @

"

No (or few) inter-compatibility
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WHERE IT STARTED

RootNav

SmartRoot
RSA Analyser

Analysis

e
A
=]
N
O
N
O
Q)
D

Rootlrace
RooTrak

lmag

RootBox
ArchiSimple
OpenAlea
R-SWMS

Modelling




DEALING WITH ANY TYPE OF ROOT SYSTEMS

A. 2-D single image B. 3-D image stack

o

l. Single root Il. Root axis lll. Root system

lateral
density

diameters curvature

p time

C. 2-D image time serie D. Exemple of parameters of interest

Lobet, Pound, Diener, Pradal et al, 2015, Plant Physiology



single plants Multiple plants detached roots




DEFINING A NEW STANDARD

XML

- strong standard
- many tools to read and write
- versatile and flexible

- many existing declinations (‘just another XML scheme”)
- Systems Biology Markup Language [Hucka et al 2Z003]
- RealTime PCR Data Markup Language [Lefever et al 2009 ]

v

‘Root System Markup language ["ROM ]




OVERVIEW OF THE RSML STRUCTURE

TOPOLOGY @
nested document structure

GEOMETRY @
polyline representation

FUNCTIONS @

associated with
polyline

- diameter
- age
- hydraulic conductivity

RSML METADATA

— general informations
— property definitions

— time sequence

— image informations

—— SCENE

properties

— PLANT

— properties

— ROOT (1)

—— properties
—— geometry e
— functions e
— annotations
— ROOT (2)
— ROOT (3)

Lobet, Pound, Diener, Pradal et al, 2015, Plant Physiology



OVERVIEW OF THE RSML STRUCTURE

RSML METADATA

— general informations

— property definitions

— time sequence

— image informations

T IMAGE

— properties P LA N T
T ReeTy) ROOT

— properties

— PLANT

—— geometry
—— functions

—— annotations




DEALING WITH TOPOLOGY
o

First solution: Explicit links

<root i1d=1 parent=0></root>

<root 1d=2 parent=1></root>
e <root 1d=3 parent=1></root>
<root 1d=4 parent=1></root>
<root 1d=5 parent=1></root>

Hard to find the lowest branching level
Not fully tacking advantage of XML




DEALING WITH TOPOLOGY
o

Second solution: Implicit links

<root 1d=1>
<root 1d=2></root>

<root 1d=3></root>

<root id=4></root>

<root 1d=5></root>
</root>

Lighter
Fully tacking advantage of XML
Easy to find lowest branching level




DEALING WITH GEOMETRY

Spline Polyline

| / S
B8 A




t x=1 Ordered
£ x=1 along the
root axis
</polyline>
<spline> .

</geometry>
<root 1d=2></root>
</root>



Changes between roots
= | iInked to the <root>

Changes along the root axis
= Linked to the <geometry>




DEALING WITH MORPRHOLOGY

<root 1d=1>
<geometry>
<polyline>
<point x=1 y=1>
<point x=1 y=2>

</polyline>

<functions>

<function name="dlameter">
<sample value="10"/>
<sample value=%“4"/>

</function> |mplicit link between

</functions> : :
</gqeometry> polyline and functions

<root id=2></root>
</root>




<metadata> RSML IS EXTENSIBLE

<property-definitions>
<property-definition>
<label>diameter</label>
<type>float</type>
<unit>pixel</unit>
</property-definition>
<property-definitions>
</metadata>

<scene> - Any type of information can be included
<plant>

<root id=1> - New informations are defined in header
<geometry>

Spolyline> - Quick to parse
</polyline>
<functions>
<function name="diameter"></function>
</functions>

</geometry>

<root id=2></root>




ONE LANGUAGE - MANY TOOLS
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"Piled Higher and Deeper" by Jorge Cham
WWW.phdcomics.com



http://www.phdcomics.com

MODELING

“One language to bring them all
and in your pipeline bind them”

=4
RHIZO
2

ARCHI
SIMPLE

(A
w

\ 4

1

2

RSA

IMAGE AR
ANALYSIS

IMAGEJ] DATA
ANALYSIS

PYTHON




Image data

tot_root_length

n_primary

tot_p

Root data

volume

diameter

root_order

root_ontology

-~ - - —

-~ - -~

-~ o~~~

Node data

Y

theta

diameter

distance_from_base

distanc

2.33914384
1.18518588
2.783985483
2.86544157
e.53581e8e
2.78632158
8.47454854
©.34555987
2.588354588

76.2882953
64.4393241
67.6883855
76.2529286
72.1459885
35.65739861
73.4882268
52.3275272
64.3878381
98.4245154
81.8681724
62.2588845

8.361148
8.1498781
7.846747
7.5865923
7.328572
7.328572
7.115183
6.875132
6.588412
6.588412
6.265322
6.588412
6.265322
5.586844

0.182
0.509
0.880
1.107
1.270
1.769
2.093
2.633
3.104
3.447
3.663
4.041
4.363
4.694

5.057
5§ 403

4.700
4351
4.254
4.274
4.291
4.482
4.452
4.505
4.541
4.703
4.759
4.698
4.696
4.726

4.646
4 RR7

0.334
0.448
0.389
0.337
0.324
0.253
0.279
0.241
0.224
0.216
0.190
0.165
0.160
0.176

0.177
N 181

0.000
0.326
0.723
0.976
1.156
1.703
2.036
2.595
3.076
3.424
3.640
4.018
4.341
4.672

5.035
S 2R1

26.557
26.231
25.834
25.581
25.401
24.855
24.522
23.962
23.481
23.133
22.917
22.53¢
22.21¢
21.885

21.523
21 17F

maize-aero-1.rsml

1000

1400

1800

maize-aero-3.rsml

18/07/2014
RootNav
stxrt4

Plant 1

Primary

Lateral

Length

Emergence Angle

Tip Angle Tortuosity

T
1200

!

| I
1600

|
2000

O W N B WN

[y

- Easily

1293,38
165,14
14,32
8,06
28,61
158,85
54,49
83,56
61,64
22,58
424,05

compare datasets

-39,15
-86,97
77,91
-97,13
-71,57
-69,93
-73,3
69,82
-71,54
-77,2
54,58

22,19
-44,13
77,91
97,13
71,57
-43,03
-60,85
51,02
65,23
77,2
15,58

1,03
1,04

1

1
1,01
1,03
1,01

Plant Summary

Total Length

Primary Root Count
Lateral Root Count
Average Primary Length
Average Lateral Length
Tortuosity

Convex Hull Area

3240,37
1

22
1293,38
88,5
1,01
226065,5

- Across experiments

- ACross teams

- Models and experiments




FROM IMAGES TO MODELS

R-SWMS
functional-structural model
1000’s of connected articles
explicit 3D soil water movement
Nno shoot (boundary condition)

o
o

—
o
Radial conductivity (m s I MPa! x 107

Main axes
—— Axial conductance
=== Radial conductivity

—-
o

&
o

&
o

Axial conductance (m4 s MPa~ ! x 109)

60 80 100
Distance from tip (cm)

2.0

\ Branch roots
|, |~ Axial conductance
\ === Radial conductivity

e
S

e
(=

(&

Radial conductivity (m s MPa ' x 10")

NA
=)
-
X
'Tcu
¥
=
' w
v
E
Q
2
-~
Q
=
=
c
Qo
—
o
E

5 10
Time after emergence (d)

[Drageast att. A0N9D 3, BqmBistof Botany

0.04

0.06

+0.08
+0.1

1 +0.12

0.14

0.16

(Bd|A) [Bnua10d Jo1eM 105



FROM IMAGES TO MODELS
4 New variables

Iranspiration

Soll properties

_I I 3D water flow

soll-root domain

Soll water content ‘ ’

—- VALIDATION

29




Lobet et al, 2013, Plant Methods

IMAGES TO MODELS

IzOotron

n

Maize root
system grown

N r

FROM




FROM IMAGES TO MODELS

2ol é'li(f 4

R-SVWMS

WC [%]
B

Teat WIUHLUOHH[[)I’OPQI’UBA Of 0 20 40 0 15 3 0 -04 -08

experimental root aystema

http://g-r.to/rswms Javaux et al, 2008, Vadoze Zone Journal




ROOT ARCHITECTURE DATABASE

- online repository
- re-use existing data
- meta analysis

- valorisation of expensive datasets







TAKE HOME MESSAGE

RSML is
- |Is designhed to store root architectures
- |Is flexible
- IS based on strong standard
- Is Implemented in many tools
- can bridge the gaps between

- different tools
- different groups
- different disciplines
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UPCOMING EVENTS:

Emerging technologies for root system scale imaging and phenotyping
Roundtable at Rhizosphere 4 Meeting - 21-25 June 2015
WWW.rhizo4.0rg

Insights into plant biological processes through phenotyping
Ghent, Belgium - 13-19 Sept 2015

http://events.embo.org/15-plant-phenotyping/

Workshop on Image Analysis Methods for the Plant Sciences
Louvain-la-Neuve, Belgium - 21-22 Sept 2015
http://www.phytosystems.ulg.ac.be/iamps15/



http://events.embo.org/15-plant-phenotyping/
http://events.embo.org/15-plant-phenotyping/
http://www.phytosystems.ulg.ac.be/iamps15/







MANY QQ

APPROACHES

P

IMAGE DAY AN
ANALYSIS ANALYSIS

RSA
ANALYS
=

RSML - Lobet, Pound, Diener, Pradal et al, 2015, Plant Physiology



FROM MODELS TO IMAGES

Modelled
lmage

Ground-truth
Generate ground-truth datasets for dataset
image analysis pipelines

Pages et al, 2013, Ecological Modeling



