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Perennial ryegrass

• Lolium perenne is an important forage grass species 
widely cultivated in Europe, N. America, N. Zealand

• high yielding, excellent forage quality and palatability

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

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

• originates from Mediterranean region

• Lacks adaptation to Nordic-Baltic climate conditions  
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Perennial ryegrass

• Model plant, diploid, rather small genome

• 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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L. perenne genomic resources
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L. perenne genomic resources
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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



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) 

• Scientific achievements 

• association mapping panel, 

• transcriptome study of drought and freezing

• 10 gene edited plants assessed for drought or freezing tolerance, 

• 4 PhD students

• Joint application for Horizon Europe funding 
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