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» Importance of perennial ryegrass & current challenges

» Winter survival (freezing stress & its impacts)

» Freezing stress responses

» Transcriptome analysis

» Candidate genes to improve freezing tolerance in ryegrass

» Conclusion
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» Grasslands occupy ~40% agricultural land is europe
» Backbone for livestock production
» Perennial ryegrass - most important

high tillering, quick regrowth, high nutritive value

tolerance to grazing & frequent cuts

» Well adapted to costal climate of western europe

» Low persistance in harsh environments (cold,drought) restricting its wide
spread commercial cultivation in north and eastern europe

» Opportunity: Prolonged growing season (1-3 months) in northern europe
due to climate change

» Scope: develop cultivars with improved drought & cold tolerance
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» Winter hardiness is complex (freezing temperatures, ice, snow mould etc)
» Freezing tolerance — primary deperminant of winter survival
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Forage grass covered in ice crystals
during early winter at As, Norway
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Dehydration

other compounds

Intracellular ice formation Cold acclimated cell Cell without cold acclimation

Adhikari et al, 2022

Differences in winter survival between
two forage grasses



Vv

Iceland D{Dj _ Y EDIT

Liechtenstein Freezing stress responses Y, | GRASS

Norway grants ~  4F00D
spomnickecryms ((HRENEEE Honhe » Changes in temperature & light intensity — cold acclimation

% Osmaticstress cease growth

";2 accumulate carbohydrates

g » Frost— synthesis of sugars, proteins and metabolites to stabilize

cellular functions

Protein level responses

S

% g;Emrgymnboll;m . . .

z B Changes at physiological & sub-cellular level — gene expression
- Gl

§ © o 4 . s & Goal: Identify key genes & regulators to improve winter hardiness

% Ice recrystalization e 0 LA

& | B 4 &y Sandve et al. 2010



Iceland [P[]:I]

X |EDIT

N7
Liechtenstein N GRASS
Norway grants ~ 4F00D
Case study:

Transcriptome wide responses during cold acclimation and freezing stress in resistant
and susceptible perennial ryegrass genotypes
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24 hours

glweek 2 weeks 3 days i 24 hours
+20°C H#5eC ;2 5o i -10°C

3 weeks

l - sampling point
4 genotypes : 2 resistant & 2 susceptible in 3 reps
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72 samples
(leaf tissues)

lllumina Hiseq 2000 Bio-analyzer
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Raw dat | q Align to reference Estimate
al data ciean reads genome of L. perenne abundance
fastP/multiQC hisat2 featurecounts
edgeR
Differential
expressed genes
Candidate genes Functional WGCNA

enrichment analysis

literature Co-expression
review analysis
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» Clustering along x and y axis according to
experimental factors
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Sus_T4_vs_T1 Sus_T5_vs_T4 Res_T4_vs_T1 Res_T5_vs_T4

Sus_T6_vs_T4 Res_T6_vs_T4
Sus Up Down Total Res Up Down Total
T4vs T1 1462 1961 3423 T4vs T1 3474 2632 6106
T5vs T4 2805 1015 3820 T5vs T4 2538 2175 4713

T6vs T4 3779 2447 6226 Tévs T4 2502 2213 4715

EDIT
GRASS
4F00D

Differences in cold
acclimation ?
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KEGG analysis of genes upregulated during CAand FT

Starch and sucrose metabolism -
Nitrogen metabolism -
RNA degradation -

Ribosome biogenesis in eukaryotes -

Phenylalanine metabolism -
Plant hormone signal transduction =
Glyoxylate and dicarboxylate metabolism .

Porphyrin metabolism - . .

Carotenoid biosynthesis .

Nucleocytoplasmic transport - p_adjust
Phosphatidylinositol signaling system -
Inositol phosphate metabolism
N 0.01
Circadian rhythm - plant 4
Photosynthesis 0.02
Photosynthesis - antenna proteins - ’
Plant-pathogen interaction - 0.03
Carbon fixation in photosynthetic | ’
organisms
MAPK signaling pathway - plant - . .
Linoleic acid metabolism . (@] Q GeneRatio
Phenylpropanoid biosynthesis - O 0.025
alpha-Linolenic acid metabolism - . O 0.050
Cutin, suberine and wax biosynthesis . . . .

sus_T4vsT1 res_T4vsT1 sus_T5vsT4 res_T5vsT4 sus_T6vsT4 res_T6vsT4

EDIT
GRASS
4F00D

KKK

Differences at cold acclimation
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KEGG analysis of genes downregulated during CA and FT

Taurine and hypotaurine metabolism
Fatty acid elongation -

Glutathione metabolism =

Oxidative phosphorylation
ATP-dependent chromatin remodeling
Homologous recombination
Ribosome biogenesis in eukaryotes
Plant hormone signal transduction -
DNA replication 4

Mismatch repair 4

Nucleotide excision repair -

RNA polymerase -

Base excision repair

Phenylpropanoid biosynthesis -

Functional enrichment analysis
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Differences at cold acclimation
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Comparative transcriptomic analysis
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Res vs Sus Up Down Total
T2 2144 2166 4310
T3 1890 3291 5181
T4 3087 1758 4845
T5 2082 2259 4341
T6 2325 2321 4646
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Direct comparision of treatments between cultivars

Huge differences across different treatments - candidate genes 7
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» Goal - find candidate genes to improve freezing tolerance by comparing resistant and susciptible cultivars
» Problem: many DE genes at CA & FT and huge differences between cultivar

» Filtering strategy: Differentially expressed under freezing stress & differential expression between cultivars

DE_freezing DE_comparision
Res T4 vs T1 y-
Res T5 vs T4 Res vs Sus T4
Res T6 vs T4 ] "‘a‘ Res vs Sus T5
Sus T4 vsT1 10167 3371 = 3569 | Res vs Sus T6

Sus T5vs T4 J_
Sus T6 vs T4 \
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Susceptible Resistant
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Conclusion
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Comparative transcriptomic analysis instrumental for identifying candidate genes
Differences in cold acclimation between resistant and susceptible cultivars
Huge variation in expression of core FT genes between resistant and susceptible cultivars
Potential candidates for gene editing :

Cold-responsive protein kinase 1-like - knockout (sus)

Cold-shock protein CS120-like (dehydrin) - (sus)

Furture work: identify more candidate gene and literature review
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