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Plant phenomics
Key historic events
High-throughput phenotyping
Plant developed by CropDesign, Belgium
•
Concept introduced
By Danish Geneticist

1911

1997

•

1998

Concept associated to
Genomics disease research

Zhao, Chunjiang,
et al. (2019).

Proposed strategy for a multiscale
phenomics research infrastructure

European Plant Phenotyping Network (EPPN)
– increase in plant phenomics research
Upsurge in the development of algorithms to
handle microscopic traits analysis

2012+

2007

2016

2017 2018+

First plant phenotypying platform (Scanalyzer,
Germany) – shift to field measurements

Australian phenomics
facility established

Phenomics research is lagging in Africa;
rapid strategic interventions are required

Our entry point into plant phenomics
research
Research goal
Investigate the effects of glutathione depletion on
nuclear gene expression by using glutathione deficient
Arabidopsis mutants, particularly focusing on the effects
on stress responses; hormone metabolism and signalling;
expression of transcription factors; and genes encoding
components of DNA repair mechanisms.

Schnaubelt , et al., (2013) Frontiers in Plant Physiology. 4,
article 416

What Inspired the research?
•

Bayer CropScience, Belgium attributed modifications of NAD metabolism as a
target for engineering improved tolerance to abiotic stresses.

•

Poly(ADP-ribose) polymerase (PARP) is involved in the post-translation of
PAR, an energy demanding process which uses NAD.

•

When poly(ADP-ribose) polymerase (PARP) activity is inhibited, abiotic stress
tolerance is improved likely due to:
•
•
•

increases in NAD and energy availability
decrease/abolishment of oxidative stress response
efficient scavenging of Reactive oxygen Species (few ROS-dependent
signals produced or transduced)

ROS are scavenged by specific antioxidants like glutathione. How is
glutathione therefore contributing to abiotic stress tolerance in Arabidopsis?
Vanderauwera et al (2007)

Plant glutathione
•

Low molecular weight thiol protein

•

Involved in redox homeostasis and sulphur transport

•

Chaperone function and detoxification (e.g. xenobiotics) by
glutathione S-transferases, detoxification (e.g. heavy metals)
by phytochelatins

•

Secondary metabolism: glucosinolates

•

Cell signalling (thiol-disulphide
exchange) and glutathionylation

•

Cell cycle (root meristem formation)

Reduced glutathione (GSH) is a monothiol tripeptide

Glutamate

Cysteine

Glycine

GSH synthesis and homeostasis
• GSH is synthesized in both the chloroplast and cytosol
• Gamma-glutamylcysteine
(γ-EC) is synthesised only in
plastids
• chloroplast envelope
chloroquine- resistance
like-transporter1 (CLT1)
facilitate transport of γ-EC
and GSH
• Feedback control of GSH
ssynthesis in plastids

Research methodology
Plant materials

1-3: Inability to
synthesize
glutathione

#

Mutant line

1

cadmium
hypersensitive 21 (cad2-1)

2

3

4

4: Inability to
transport
glutathione
or γ-EC

phytoalexin
deficient 2-1
(pad2-1)
regulator
of
APX2 1-1 (rax11)
CRT-like
transporter
1, 2 and 3 triple
mutant (clt)

AGI code

Description
Glutathione Mutation
content
6-bp deletion AA 237
20 - 25%
and 238

AT4G2310
0

20%

point mutation, S to N,
Root tip
AA position 298
proliferation

AT4G2310
0

≤50%

point mutation, R to K,
AA position 229

AT5G1938
0 (CLT1)
AT4G2446
0 (CLT2)
AT5G1217
0 (CLT3)

cytosolic
GSH
decreased
4-fold

mutations in transporter glutathione
genes CLT1, CLT2 and homeostasis
CLT3
and stress

Methodology
Phenomics platform
Bayer BioScience
N.V., Gent, Belgium
• Robotic arm picks individual pots or
•
•

•

plants from the top
Pictures are taken on individual pots
or plates from the top with a
camera.
Uses the sensor-plant system

Weighing, Imaging and Watering Machine (WIWAM) phenotyping platform
• Represents a series of plant phenotyping robots, designed and
developed by SMO and VIB, Ghent.
• Automated non-invasive imaging, precise irrigation and measurement
of plant growth characteristics at regular intervals
= high-throughput and reproducible phenotyping of plants.

Phenomics platforms at VIB
The Weighing, Imaging and Watering Machine (WIWAM) xy
•

Table capacity for 396
pots (A)

•

A robotic arm moves
individual pots to
stations for imaging
(from top), weighing
and watering (B)

•

Uses the sensor-plant
system

A

B

Skirycz et al., (2011) and https://www.psb.ugent.be/infrastructure/330-imaging-robots

Methodology
Phenomics platform at VIB
WIWAM xy image extraction and analysis
• Imaging procedure for Arabidopsis rosettes grown in soil.
o A image analysis algorithm extracts a rosette from its background
o Measures projected rosette area, perimeter and convex hull.
o Images saved for visual control

Skirycz et al., (2011) and https://www.psb.ugent.be/infrastructure/330-imaging-robots

Phenomics platforms at VIB…
The System for High-throughput Recording and Imaging of Maize
Phenotypes related to Yield (SHRIMPY)
• The robotic arm picks pots from the
side.
• Capacity of 156 plants
•

Automated imaging, weighing and
irrigation of plants

• Images are acquired from different
angles by a side view camera.
• Uses the plant-sensor system.

https://www.psb.ugent.be/infrastructure/330-imaging-robots

Phenomics platform at VIB…
PHENOVISION

A

•

Capacity for 392 plants

•

Plant-sensor system

•

Automated imaging , weighing and
irrigation (unto 3 solutions)

B

• Thermal infrared camera – leaf
temperature is used as a proxy for
plant water use behaviour
• Hyperspectral imaging - plant
physiological traits based on
reflectance spectra captured on
whole-plant and individual leaf level
C

https://www.psb.ugent.be/infrastructure/330-imaging-robots

D

Phenomics platform at VIB…
The In Vitro Growth Imaging System (IGIS)
• Rotating metal disk, holds 10 petri
• Imaging procedure.
dishes
o Background is extracted from
•

a single-lens reflex camera (top
imaging of germinating seedlings)

•

Uses the sensor-plant system

images
o (D) Automated numbering
o Various measurements can be
made

https://www.psb.ugent.be/infrastructure/330-imaging-robots

Our methodology
Shoot architecture
A

B Standard growth media and conditions
½ MS medium + 1.2% sucrose
Light: 100μmolm−2 s−1; photoperiod:
temperature: 22 ± 2◦C; relative humidity: 60%
4 plates * 32 seeds each per genotype

Seed Surface sterilization: 70%
ethanol

C

Imaging: Canon EOS459D camera;
day 10, 11, 12, 14* and 17*

D

Image analyses: Fiji
ImageJ; http://fiji.sc/

16h,

E

Statistical analysis: R (www.rproject.org, Hornik, 2013) with
in-house macros (Bayer
BioScience N.V.)

Chloroplast GSH pool maybe important for increases in
the leaf area
Standard growth
conditions; 14 days
Significantly smaller
leaf area in mutants
defective in
glutathione synthesis
(cad2-1, pad2-1, rax11)
Significantly larger leaf
area in mutant line
deficient in cytosolic
glutathione (clt)

High light could reverse the adverse effect of low GSH
in signalling that controls leaf area function
High light
stress
Sown for 10 days in standard media, moved to
light: 400μmolm−2 s−1, 4 days back to light:
100μmolm−2 s−1, 3 days .Controls maintained
at light: 100μmolm−2 s−1, 17 days

Significant increase in leaf area in all
genotypes
pad2-1 and clt had similar leaf area to
wt plants
cad2-1 and rax1-1 had smaller leaf
areas in comparison to wt plants

Oxidative stress differentially decreases leaf
area in Arabidopsis
Oxidative
long stress

Sown from the onset on media with
chemicals (treatment) or without
chemicals (controls) for 14 days
Paraquat : 0.1 μM used instead

• Larger significant decrease in leaf area for all genotypes
• clt response was similar to wt

Chemicals
• Hydrogen peroxide: 4mM
• Sodium chloride: 75mM
• Sorbitol: 100 mM
• Paraquat : 0.1 μ

Impaired GSH synthesis may mitigate salt stress and
dehydration on leaf growth
Oxidative
short stress

Sown on 1uM filter mesh, 10
days; moved with mesh to
new plates with (treatment)
or
without
chemicals
(controls) for 7 days

• Marginal decrease in leaf area
• clt and pad2-1 had increased leaf area under
H2O2 and NaCl treatment compared to wt
plants
• rax1-1 was the most sensitive to stress

Methodology
Root architecture
A

B

Agar plates with surface sterilized seeds
Light:
150μmol.m−2.s−1;
photoperiod:
16h,
temperature: 22 ± 2◦C; relative humidity: 60%
5 plates * 10-23 seeds each per plate per genotype

Imaging: Nikon D5100 Camera
with 18-55mm VR Lens. (Nikon
Corp., Japan). ; day 7 (round
plates) and 10

C

D

Image analyses: Fiji
ImageJ; http://fiji.sc/

Statistical analysis: R (www.rproject.org, Hornik, 2013) with
in-house macros (Bayer
BioScience N.V.)

Cytosolic GSH pool is important in the control of lateral
root density

• Lateral root density was significantly
decreased in the clt triple mutants
• Primary root length was significantly
shorter than that of the wildtype
• There were significantly fewer
lateral roots

Conclusions from the study

• Intracellular compartmentalization of glutathione influences plant
growth under non stress conditions
o Chloroplast GSH was important for shoot biomass increase
o Cytosolic GSH could be important for root development
• Intracellular partitioning of glutathione does not enhance sensitivity
to abiotic stress tolerance
• The importance of phenomics in capturing fine differences in the root
and shoot architecture of these different Arabidopsis genotypes was
demonstrated

Promoting phenomics research in Africa
Bring together the experts on the continent for
increased engagements
•

(South) African Phenotyping Network

Revisit our natural science curriculum and
research approaches
•

interdisciplinary and multi-sectorial

Strengthen ties with industry, government and
associated disciplines e.g. mathematical sciences
•

to co-design, share and maintain required
plant phenotyping infrastructures, and
developed alogorithms

