The quest for climate smart varieties:
phenotyping the banana
biodiversity present in the gene bank
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Banana and drought stress ) )

- o

« Bananais a crop that needs vast amounts of water for an optimal production.

* Yield is currently more affected due to the increase of drought periods .
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Figure reconstructed based on data from Hedge and Srinivas (1989).



Bioversity International Transit Centre
ITC

1,544 accessions among which 15% are wild relatives and 75% landraces http://bananas.bioversityinternational.org



Phenotyping the entire gene bank!

Field trials?

©)

©)

©)
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Long crop cycle (12-14 months)
Huge area =»Expensive & challenging to control.
Huge variability in seasons/agro-ecozone

Risk of losing/ disturbing experiments due to disease,
pests or natural disaster

Dependent on collaborations




Saving the banana (Musa spp.) biodiversity from thirst:
phenotyping banana biodiversity for drought tolerance.

Lab Greenhouse Field
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Lab growth model

* |dentify traits and variables that are a good proxy to study
the biodiversity towards drought stress




Growth characterization

* 32 cultivars (representatives of
biodiversity)

* Mild osmotic stress treatment
(5% PEG)
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Tissue damage
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Results growth model representatives
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Transpiration and stomatal behaviour




Online transpiration
Real time transpiration measurements
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Variability in transpiration
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PC2 (expl. 0.14)
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PC1 score per cultivar
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u InfraRedCalculator (=] -t

Infrared Calculator
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Photosynthesis
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Stomatal conductance and photosynthesis
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Kissel et al. 2015

« EXPERIMENTS

165 mild + severe 4 )

157  mild + severe 6 ¢« VARIETIES

135 mild 6 ..
|
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Transpriration efficiency versus growth

Varieties : - ® Mbwazirume ® Mpologoma # Yangambi Km5 -® Sukali Mdizi -® Cachaco & Kayinja
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Plant phenotyplng

g ’ Ths it : {ﬂ || High—throughput system:
Sl 1388 - s 384 plants
s 12 varieties (per run)
¢ 2treatments
+ Imaged daily during 48 days

290.000 images

VNIR-SWIR Thermal
(400-1000 nm &
1000-2500 nm)



Plant morphology
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Growtainer: 504 plants, 21 genotypes, 70 cm
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On line transpiration monitoring
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The quest for tolerant varieties:
the importance of integrating
“omics” techniques to phenotyping
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The primary objective of crop breeding is to improve yield and/or harvest quality while
minimizing inputs. Global climate change and the increase in world population are
significant challenges for agriculture and call for further improvements to crops and
the development of new tools for research. Significant progress has been made in
the molecular and genetic analysis of model plants. However, is science generating
false expectations? Are ‘omic techniques generating valuable information that can be
translated into the field? The exploration of crop biodiversity and the correlation of cellular
responses to stress tolerance at the plant level is currently a challenge. This viewpoint
reviews concisely the problems one encounters when working on a crop and provides an
outline of possible workflows when initiating cellular phenotyping via “-omic” techniques
(transcriptomics, proteomics, metabolomics).

Keywords: proteomics, data integration and computational methods, phenotype, omics-technologies,




Transcriptomics
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PLS transcriptome d3
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Genes of Interest

Mbwazirume

Stress specific markers Zorilla et al 2016
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1. Variety specific peptides

Score plot (sPLS)
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Allele specific peptides - verification
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1. Specific abundance

-log(p)
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J van Wesemael et al 2018
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Genes with read count > 100
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300+ Genes with read count < 100
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LC-MSMS
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. 39 64 148 165
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RNA-seq i
ABB AAA  AAAR

« SNP promotor transcript=proteome

* epigenetics

J van Wesemael et al 2018



A) Alignment Amino Acid C) Output

query I G D 8 L 8 § Q@ P N E L V A L F §$ R Identical match to
query peptide?
AAAh 0
AAA 0

ABB 1

B) Corresponding codons (RNA)
in ABB

J van Wesemael et al 2018
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Saving the banana (Musa spp.) biodiversity from thirst:
phenotyping banana biodiversity for drought tolerance.

Growtainer Greenhouse Field
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Variety selection + Prebreeding

* Vigour

* VPD reactions

* Photosynthesis efficiency
* Soil water volume reaction
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| @ \‘\ Collecting mission in Madang province, PNG
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