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Progress on Design and analysis of phenotyping
experiments across multiple platforms
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Background PHEN®ME

Design the experiments and analyse the phenomics data with appropriate tools and methods

Platform = variability space and time
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Design the experiments and analyse the phenomics data with appropriate tools and methods

Platform = variability space and time
Platform = repeated measurement on thousands of units (plants, organs, etc.)

—> need to consider tools for designing and analysing

1. Include and correct for variability = increase precision of phenotype
2. Keep track of decisions = traceability (FAIR) + data re-use
3. Automation of the process = save time

4. New software/tools publicly available = adoption by the community
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The main goal of the experimental design: random allocation of treatment but not only...
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Expected environmental variability in 1 or 2 directions (rows and
columns):

— define set of experimental units that are considered to be
internally homogeneous: block.

— restrict the randomization of a two-way layout to assign the
treatments to experimental units in a balanced way: latinization

Simple procedure to help choosing the design:

Watering

station™ ]

o o W NN =

1. Investigate trends and disturbances in platforms

123 4567 829

( .
©
éf@r

o —

NS
[ |

Direction of cooling system

~

/

/2 E(perlmentdescripllon\

Rows:6
= Columns: 9
= Experimental units: 54

ﬂesign specification, check and vlsuallsatm

= Treatments: 9
= Replicate: 6

1234567 89

s W N =

\o L/

blocksdesign,DiGGer,
f’"_f_iq 0D, CycDesigN,
> f! 'r‘x\ OPTEX, etc.
Bt
¥

Exchange event - 19 March 2021

~ Q@ EMPHASIS



ﬁpmwmo W EMPHASIS

VSNi

Robert Horne,
Darren Murray

Available designs:

PHEN®ME
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A user-friendly interface of a design generator has been developed (web app)

¢ ReSOIVabIe ROW_COIl'Imn f Resolvable Row Column : Split-Plot
(augme nted) row, column, 2d-blocking, resolvable lspl}it::lct split, whole-plot, sub-plot, factors,
« Randomized Complete Block . 200 200 20
* Augmented Row-Col ® (| q
«  Split-Plot ° -4 ¢ ¢
« Partially replicated (p-rep) & ® ¢ ¢
The RCD approach consists in viewing the phenotyping ...
An experimental design with a nested structure where at ...
Create a «facility» based on the layout of > 0 “I's o
his own platform.
= the user specify the design details/layout dorire o, ot sme 0| g
number of genotypes, the number of
replicates, etc.) 0000 e [
= gives warnings when mis-specified 00000 ¢ :. ...
= allows visualisation of the 2D map of the 00000 o.
experiment
RCBD is the simplest design including blocking: the assi... When a design is augmented, few check genotypes will .
> o A > o v
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9 genotypes x 2 water level x 6 repetitions
— How to design this?

[
M2
LD
f-%
wn
=2}

R
" AL
B
I

TE . I

11 I o [
12| PRI
1 q —— ]
14| [ 1| ]
IEI - 58 T O OO
161 FRRRARY 1100 [ (L ]
17 AR

s EEAA RN MR AR AR
18] e

Split the treatment in two part of the platform and
randomize the genotypes

-> What if there is environmental variability?

-> Cannot assess the water effect

Splitinto main block (water) and subplot
(genotypes) and latinized the genotypes
-> What software?
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The design generator web app VSNl

Robert Horne,
Darren Murray
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In classical field trial = multiple environments + one time measurement (yield)
1. correction for spatial variability per environment
2 bini . t =>Two methods can be equivalentif
- com ml_ng enV|ror_1men S weights (error) are carried on from stage
= stage-wise analysis 1to stage 2
Or 1+ 2 atonce

In phenomics = multiple experimental series + multiple time measurement (+ multiple scales)
— How to model spatial and temporal trends in high-dimensional data?

 Time + Space in 3D models?

» Longitudinal modelling — spatial correction?
» Spatial correction — time modelling?

» How to detect outliers?

Advantages of stage-wise:

making diagnostic of individual experiments
clean individual experiment data
sometimes required to obtained starting values of one-stage analysis
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Raw
clean data
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R pakage Statg en HTP statgenHTP: High Throughput Phenotyping (HTP) Data Analysis
Phenotypic analysis of data coming from high throughput phenotyping (HTP) platforms,
including different types of outlier detection, spatial analysis, and parameter estimation.
The package is being developed within the EPPN2020 project (<https://eppn2020.plant-
phenotyping.eu/>). Some functions have been created to be used in conjunction with the
R package 'asreml' for the 'ASRem!' software, which can be obtained upon purchase from
'VSN' international (<https://www.vsni.co.uk/software/asreml>). WAE E '\:I NG E NH I N RM
NIVERSITY & RESEARC
Version: 1.0.1

Bart-Jan van Rossum Nadine Hilgert
Martin Boer Isabelle Sanchez
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Correction of spatial trends and design factors EHENDNE [aRae 7 EMPHASIS

Accurately separate the genetic (treatment) effects from the spatial effects at each time point
using flexible 2-dimensional P-spline surfaces (SpATS in R):
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Fit splines on corrected data: o
1st derivatives = speed

fitted values e.g. growth rate 2nd derivatives = acceleration
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Multiple experiments = GxE and QTLXE in platform too E
— allelic effect vs. environmental cov fé
— multi-trait QTL 4
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Using phenomic traits helps better predict the target trait (yield)

0.75-

Calibration Test L 1
050-_§ ] |
Target trait Simulated with CGM To predict
0.25-
0.00~
] } i Bustos-Korts
Interval between phenotyping days
@- nGall_param_-@- nGall_spline_~@- nGyld_param_ nGyld_spline,
Calibration Test Test Test
Target trait Observed To predict To predict To predict
Secondary trait Observed - Pred with CGM Pred with GP
Velazco et al. Robert et al. Arouisse et al.
2019 2020 under review

redrawn from Robert et al. 2020
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Development of new technology = big data in phenomics
— Need to adapt existing methods and to streamline the analysis/cleaning process

« Experimental design also in platform — Design generator + procedures
« Strategy for data analysis in multiple stages — statgenHTP R package

« Part of a pipeline of analysis with multiple modules

Collaborative work, multi-disciplines
« Dialog with platform managers/users

» Platform user decision/expertise

 Link with IS and data re-use o
- EMPHASIS standards esBrAPI
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