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Lolium perenne

• Lolium perenne (latv. daudzgadīgā airene, engl. perennial
ryegrass) 

• Native to Southern Europe, the Middle East and North 
Africa

• Important pasture and forage plant, extensively used in 
seed mixes

• High yield in fertile soil
• Lacks adaptation to climate conditions in Nordic and

Baltic region, but due to the climate change this situation
can change

• For cultivation in Nordic and Baltic countries perennial
ryegrass needs improved freezing and drought tolearance
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Lolium perenne

• Lolium perenne exhibits perennial growth habit 

• L. perenne is an outcrossing, wind-pollinated species

• Selfing is largely prevented by a gametophytic, two-
locus incompatibility system (SZ) 

• Genome is heterozygous and the varieties consist of a 
mixture of related genotypes

• Genotypes exhibit different efficiciency of
Agrobacterium-mediated transformation (CRISPR/Cas
constructs) and variable regeneration capacity
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Bottlenecks in genome editing

Altpeter et al. (2016) Advancing 
crop transformation in the era of 
genome editing. The Plant Cell 
28:1510-1520



L. perenne genomic resources
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L. perenne genomic resources
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Site-directed nucleases and scenarios for
genome modification
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EFSA GMO Panel (2012) Scientific 

opinion addressing the safety 

assessment of plants developed 

using Zinc Finger Nuclease 3 and 

other Site-Directed Nucleases with 

similar function. EFSA J, 10:2943. 

doi:10.2903/j.efsa.2012.2943 



Project goals and current progress

Aim of the project is to utilize transcriptomics and functional genomics to increase sustainability in agriculture through 

improvement of perennial ryegrass with better adaptation to frost and drought for current and future climates. 

1. Establish a diverse perennial ryegrass core association panel by utilization of data from ongoing projects (WP1),

2. Screen the association panel in order to detect haplotype-resolved single-nucleotide variants and structural variation in 

the targeted genes/alleles for freezing and drought genes (WP1),

3. Identify novel genes and characterize drought and freezing tolerance genes by comparing their expression for pathway 

related genes in non-edited and mutant plants (WP2),

4. Develop CRISPR-Cas9 constructs and generate CRISPR-edited perennial ryegrass mutants for freezing and mild drought 

tolerance (WP3),

5. Validate and characterize the role of the genes and their sequence variations in the freezing and drought mechanisms 

(WP4).
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WPs

• WP1. Establishment and screening of perennial ryegrass association panel for freezing and drought related traits. Coordinator: 

NMBU; Involved partners: NMBU, LAMMC 

• WP2. Transcriptome regulation of freezing and drought tolerance in perennial ryegrass. Coordinator: NMBU; Involved partners: 

NMBU, LAMMC 

• WP3. Functional characterization of frost and drought candidate genes in perennial ryegrass by CRISPR-Cas9. Coordinator: 

TalTech; Involved partners: LU, NMBU 

• WP4. Validation of improved freezing and water shortage tolerance. Coordinator: LAMMC; Involved partners: TalTech, NMBU, 

LU 

• WP5. Management and coordination of research activities  and dissemination of results. Coordinator: LU; Involved partners: 

TalTech, NMBU, LAMMC
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Deliverables

• Publications 

• 4 papers and 1 book chapter (open access) 

• Project meetings: 

• kick-off meeting (2021, Latvia), annual meeting (2022 in Estonia), workshop (2023, Lithuania), final conference (2024, 

Latvia)

• Scientific achievements 

• association mapping panel, transcriptome sequences, 10 gene edited plants assessed for drought or freezing tolerance, 4 

PhD students

• Joint application for Horizon Europe funding 

• Project semi-/annual reports
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Current progress of project activities – WP1 

Establish a diverse perennial ryegrass core association panel by 
utilization of data from ongoing projects (Coordinator: NMBU; 
Involved partners: NMBU, LAMMC)

• NMBU and LAMMC have established an association panel of 325
individuals. The plant material was selected based on freezing and 
drought data from previous projects, including Nordic public – private 
partnership project. The plants were potted and grown in the 
greenhouse and DNA extractions were performed from the fresh leaf 
materials

• Five candidate genes involved for freezing tolerance selected based 
on previous QTL and transcriptome studies, i.e., vernalization, 
freezing tolerance and fructan biosynthesis genes. Five genes, 
responsible for leaf growth under water deficit conditions identified 
during the GrowGene project. 

• Currently target sequencing and bioinformatic analysis of data is
underway
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Current progress of project activities – WP2 

Transcriptome regulation of freezing and drought tolerance in perennial ryegrass (Coordinator: 

NMBU; Involved partners: NMBU, LAMMC)

• Ongoing phenotyping the panel for freezing and drought related traits for associating with single 

nucleotide variants in targeted genes and to identify two most sensitive/resistant genotypes

• freezing – electrolite leakage, survival rate

• drought – leaf growth, stomata conductance, Fv/Fm (maximum quantum yield of photosynthetic 

system II) 

• RNA extraction, sequencing library preparation and Illumina NGS planed for 2022 - 2023. Work continues 

on development and fine-tuning of the bioinformatics pipeline for analysis of RNA-Seq data
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Current progress of project activities – WP3 

Functional characterization of frost and drought candidate genes in perennial ryegrass by CRISPR-Cas9 

(Coordinator: TalTech; Involved partners: LU, NMBU)

• Candidate genes identified in WP1, as well as from literature on abiotic stress resistance in model organisms using

bioinformatic approaches

• 14 ecotypes/genotypes of L. perenne were obtained from LAMMC and NMBU. Those were selected according to 

variable tolerance to frost and drought.

• A protocol to generate, in an asexual manner, L. perenne that can be used for gene editing was established. in vitro 

culture of tillers was set up and also generation of calli from the shoot apical meristematic region of the tillers

• Vernalization protocols were developed for some genotypes to promote flowering (frost tolerance phenotyping)

• Experiments involving the use of protoplasts for the evaluation of the efficiency different gRNAs

• Specific plasmids for cloning were acquired, including JD33 that encodes GRF4-GIF1 to improve the regeneration 

efficiency of calli. The gRNAs for VRN1 were cloned to target specific domains of the gene. The design of gRNAs for 

targeting other genes related to frost tolerance (VRN3, DHN1 and CBP20) is done in collaboration with LU. The lately 

annotated perennial ryegrass genomes are used as reference genome
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Current progress of project activities – WP3 

Functional characterization of frost and drought candidate genes in perennial ryegrass by CRISPR-Cas9 

(Coordinator: TalTech; Involved partners: LU, NMBU)

• Candidate gene identification is done by bioinformatice analysis using available L. perenne genome sequence

• Candidate gene sequences are used to design primers for PCR and re-sequencing gene fragments from

EditGrass4Food genotypes

• Sequences are used to design sgRNAs
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In vitro culture work

• Use of Sergei’s protocol for highly regenerative 
ryegrass plants in “indefinite” in vitro plant 
culture
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In vitro culture work

• Callus cultures produced according to: 

• Dalton, S.J., 2020. A reformulation of Murashige and 
Skoog medium (WPBS medium) improves 
embryogenesis, morphogenesis and transformation 
efficiency in temperate and tropical grasses and 
cereals. Plant Cell, Tissue and Organ Culture (PCTOC), 
141(2), pp.257-273.

18



Current progress of project activities – WP4 

Validation of improved freezing and water shortage tolerance (Coordinator: LAMMC; Involved partners: TalTech, 

NMBU, LU)

• WP4 is scheduled to start in 2023, when genome edited plant are obtained
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Current progress of project activities – WP5 

Management and coordination of research activities and dissemination of results (Coordinator: LU; Involved 

partners: TalTech, NMBU, LAMMC)

• Implementation of WP5 continues throughout the project duration

• Project kick-off meeting in Riga (public event, October 2021), steering committee meeting, regular scientific meeting

between partners, next project meeting – end of October 27 – 28 2022 in Tallinn

• Project website https://www.editgrass4food.lu.lv/en/, Twitter - @foodedit, ResearchGate

• Interview for the Norwegian TV (Odd Arne Rognli) 

• Publications – book chapter in 34th Meeting of the EUCARPIA Fodder Crops and Amenity Grasses (LAMMC only) 

• Publications – review article in progress for IJMS (to be submitted late 2022) 

• Conferences: 

• 2nd PlantEd Conference (COST Action CA18111) in Lecce, Italy, 20-22 September 2021 (Cecilia Sarmiento) 

• Mendel Early career symposium in Viena, Austria May 2022 (Ferenz Sustek)

• 100th Anniversary of Plant Breeding in Lithuania conference in Akademija, Lithuania, 8 – 9 June (Nils Rostoks)

• FEBS3+ conference in Tallinn, Estonia 15 – 17 June 2022 (Nils Rostoks) 

• 3rd PlantEd Conference (COST Action CA18111) in Dusseldorf, Germany, 5 – 7 September 2022 (Cecilia 

Sarmiento)
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