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Overview

® Phenotyping a dynamic trait

® Modelling leaf growth in response to water deficit
® GWAS for biomass formation under drought

® Elucidating gene regulatory networks
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Climate change and drought

@ IPPC 2021 report - requiem to fossil fuel and consumerism
® Global warming

® Drought events in last decade:
2015, 2018, 2019, 2021

® Drought is a major limitation in crop productivity




Improving drought tolerance
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Phenotypmg platform ETH :c,




Leaf elongation rate, LER

Leaf growth under water deficit
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T =temperature
a, ¢ = genotypic response

LER = aT [LER = (aT) + (cy)| LER ~ O

Water potential, ¥ (hPa)
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Leaf growth under water deficit
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Applicability of the approach

Determines genotypic response to water stress
Time independent phenotypic response
Non-invasive, labour and cost effective
Adaptable in field

Can be used in any monocot species

Applicable to other abiotic stress
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ﬁ frontiers \
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Phenotyping a Dynamic Trait: Leaf
Growth of Perennial Ryegrass Under
Water Limiting Conditions

Steven Yates'!, Kristina Jaskuné?', Frank Liebisch’, Sebastian Nagelmiiller®,
Norbert Kirchgessner®, Roland Kélliker', Achim Walter®, Gintaras Brazauskas? and

Bruno Studer'*
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Use of the approach

Phenotyping Gene regulatory
approach network
Marker assisted . .
. Functional analysis
selection

[Association studies]

{ Plant breeding ]
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Phenotyping a diverse panel
® 197 perennial ryegrass genotypes

Cultivars - 43 forage and 46 turf
Ecotypes - 50 maritime and 58 continental origin
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Phenotyping a diverse panel

maritime ecotypes

forage cultivars
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Genotyping-by-sequencing
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GWAS for biomass formation

Scaffold P- P-values
Scaffold Position Gene prediction Location _posmon GWAS SNP MAF P-value value (Bonferroni
(blastn) inbarley  method effect .
sFDR correction)
genome
FarmCPU  -0.548  0.091  4.19E-07 0.009 0.009
Transcription .
Scigf‘(’)‘&gggia 1878 factor MYB41 O“(t;(‘)%ebge)ne Hv_chr6H  BLINK NA 0091 415E-07 0.009 NA
(XM_003573090.4) p
MLMM NA 0091 8.16E-07 0.009 0.018
frold 44841 ohvrochrome B FarmCPU = 0739  0.054  1.79E-07 0.019 0.039
scalrold_ ytOC rome .
ref0039062 2016 (xM 020328926.1) intron Hv_chr4H
BLINK NA 1.78E-06  0.019 NA
scaffold_21802] ., NA Intergenic NA MLMM NA 0.256  4.43E-07 0.009 0.010
ref0017195 space
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? frontiers
in Plant Science

published: 08

I
doi: 10.3389/fpls

ORIGINAL RESEARCH
shed: 08 December 2020

2020.570204
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Check for
upcales

Genome-Wide Association Study to
Identify Candidate Loci for Biomass
Formation Under Water Deficit in

Perennial Ryegrass

Kristina Jaskané™, Andrius Alelidnas’, Grazina Statkeviciaté’, Vilma Kemesyté?2,
Bruno Studer? and Steven Yates3*
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Key candidate genes for leaf growth response under drought

Gene name

NACO038

WsD11
MYB94

TSO1

MYB4

HSL1
WRKY49

PRRS5

Reported biological function

involved in gibberellin acid and auxin signaling and regulates cell elongation and proliferation

Cuticle wax synthesis in elongating petals
Cuticle wax synthesis

Inflorescence meristem organization and cell division, cytokinesis

Control of cell expansion, coordination of growth of adjacent cells, karyokinesis, cytokinesis in flower
Coordination of cell proliferation and differentiation in root and shoot meristem

UV protection

Chemical volatile production (Petunia x hybrida)

Seed maturation

Signaling with reactive oxygen species, ethylene, salicylic acid, jasmonic acid in response to fungal
pathogen (Triticum aestivum)

Photoperiod-responsive growth

Key part of circadian clock
1o LAIVIIVIC
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Improving adaptability and resilience of perennial
ryegrass for safe and sustainable food systems
through CRISPR-Cas9 technology
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