Computational Approaches to Analyze Big Root
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Human life relies on plants

Food source

Sequester
atmospheric carbon
and provide oxygen

Construction material
for shelter

Energy

LOVE &
BELONGING




Basic idea: Roots change their shape
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3D root phenotyping pipeline for field grown

3D root phenotyping system

Extracted individual root traits

* Root diameter (stem root, brace
root, crown root, lateral root )

* Brace root length

* Brace root angle

Derivable root system traits

* Root system eccentricity

* Root system diameter

* Root system max/min diameter
* Root system max/min width

* Root system max/min length

* Root system density

* Root systemlength

* Root system projection radius

* Occupancy index of crown root
* Occupancy index of brace root
*  Whorl location/distance

* Number of brace/crown roots
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(e) Automatic trait measurement for 3D root models (f) Root architectural traits



Recording high-resolution 3D point cloud

http://wwwBSem putational-plant-science.org/

3D root scanner Real maize root vs. 3D root model



12 genotypes to validate measurements

LH123HT PA762 PA762X3IIH6 PHG50XHG47 PHZ51
PHZ51XLH59

B101 B112 DKIBO14 DKPB80X3IIH6 H96X3IIH6 LH59XPHG29

8 replicates per genotype



Validation of four traits

Root sysytem diameter R e a | R O Ot Brace root angle

Pearson test:
r'=08963 P<0.0004

Pearson test:
r#=0.9235 P<0.004

Manual measurement, Unit: mm

120 130 140 | | 5 52 54 56 58 60 62

Automatic measuremt, Unit: mm . \ Automatic measuremt, Unit: degree

Whorl distance AR g y \ ) Number of brace root

Pearson test:

Pearson test: rt=0.5278 P<0.001

r=08392 P<0.003

Manual measurement

Manual measure!

3 3 3 5 11 3

Automatic measuremt, Unit: mm Automatic measuremt

Traits are measured as averages per genotype



Broad sense heritability of all traits

H2

root system diameter

occupancy index of brace root root system eccentricity

occupancy index of crown root whorl distance

root trace projection radius number of brace root

brace root angle number of crown root

brace root length stem root diameter

root system length brace root diameter

root system density crown root diameter

lateral root diameter
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Whole root descriptor distinguishes genotypes

CDF of scanned root area
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We can measure a lot — but challenges remain

1. Number of crown root is currently not reliably counted

2. Crown root angles are too noisy to be useful
3. Number of whorls and distance between whorls sometimes unresolvable

Increase point cloud density through
optimal positioning of cameras.

This means to find an approximation
for the art gallery problem (NP-hard)










How many root architectures?




Analyzing D-curves as DS-curves

D-curves

All water stress
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Angle to x-ax in radians
~N

percentage of excavation depth Fraction of excavation depth

What is this mess?
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Shape curves describe the variation

Angle to x-ax in radians
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lar curves?
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How can we group s
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How to group similar curves?

DS-curves K-means++ K-needle

From DIRT clustering algorithm

1000 times

All water stress
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Result: Number of architectures per data




What is an outliers for curves?

Shape outliers: Curves not following the “obvious” trend of the cluster
Magnitude outliers: Curves that peak out of the “typical” bandwidth

cluster2 Shape_Outlier_Graph cluster2
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(~ variation within the curve)

Method modified from Arribas-Gil, Ana, and Juan Romo.
"Shape outlier detection and visualization for functional data: the
outliergram.” Biostatistics 15.4 (2014): 603-619.




Phenotypic Spectrum of L88 57 (2015)

Water stress

Non-limiting
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Phenotypic Spectrum of L88 57 (2016)

Water stress

Non-limiting
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Consensus types across years &
environment
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No difference in shoot biomass (2016/non-limiting)
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No difference in shoot biomass (2016/water stress

L8857ws2016
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Real time soil water content data in 3D

6 inch deep
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Questions?

1 v &
Juntand.. ludauld

Life -

|

Without —
Plants

1 ' ‘ | :
(R
T I

oo ‘ ’ . ¥ _' g

|

pk

I

|

|

I

i1



