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* [olium perenne (latv. daudzgadiga airene, engl. perennial
ryegrass)

. IAI]?tive to Southern Europe, the Middle East and North
rica

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

* High vield 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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* [olium perenne exhibits perennial growth habit
* [. perenne is an outcrossing, wind-pollinated species

* Selfing is largely prevented by a gametophytic, two-
locus incompatibility system (52)

* Genome is heterozygous and the varieties consist of
mixture of related genotypes

* Genotypes exhibit different efficiciency of
Agrobacterium-mediated transformation (CRISPR/Cas
constructs) and variable regeneration capacity
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Plant Transformation Needs Healthy and Affordable
* Genetically enhance somatic embryo development and plant regeneration Food Supply
* Increase gene delivery titer and efficiency
o Improve biolistic DNA delivery
o Reduce host response to Agrobacterium
o Use alternative transformation organism
* Develop transgene landing site technology
* Innovate toward automation and tissue culture-free methodologies
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Figure 1. Current Bottlenecks in Applying Genome Editing to Crop Functional Genomics and Crop Improvement.

The main bottleneck is in plant transformation and regeneration. A secondary bottleneck is in the delivery of genome editing reagents to plant cells to
produce the intended effects.
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A synteny-based draft genome sequence of the forage grass
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SUMMARY

Here we report the draft genome sequence of perennial ryegrass (Lolivm perennel, an economically impor-
tant forage and turf grass species that is widely cultivated in temperate regions worldwide. It is classified
along with wheat, barley, oats and Brachypodium distachyon in the Pooideae sub-family of the grass family
[Poaceae). Transcriptome data was used to identify 28 455 gene models, and we utilized macro-co-linearity
between perennial ryegrass and barley, and synteny within the grass family, to establish a synteny-based
linear gene order. The gametophytic self-incompatibility mechanism enables the pistil of a plant to reject
seff-pollen and therefore promote out-crossing. We have used the sequence assembly to characterze tran-
scriptional changes in the stigma during pollination with both compatible and incompatible pollen. Charac-
terization of the pollen franscriptome identified homolags to pollen allergens from a range of species, many
of which were expressed to very high levels in mature pollen grains, and are potentially involved in the self-
incompatibility mechanism. The genome sequence provides a valuable resource for future breeding efforts
based on genomic prediction, and will accelerate the development of new wvarieties for more productive

grasslands.

Keywords: Lofum perenne, perennial ryegrass, genome sequence, sef-incompatability, pollen allergens.

INTRODUCTION

Ryvegrasses (Lokum spp) and fescues (Festuca sppl) are
the principle forage grasses underpinning forage-based
meat and dairy production throughouwt the temperate
world. The Loliwm genus consists of nine closely related
species that share a close evolutionary relationship to a
number of broad-leaf fescues (sub-genus Schendonomnis
also frequently referred to as Festuca spp.). Species within
the LoliwmFastuca complex are partially interfertile, form a

B16

well-defined ploidy series, and incorporate a wide range of
varation in terms of phenology, agronomy and specific
adaptive trats (Humphreys et al, 2006). Perennial reyagrass
{(2m =14} has particular importance as a forage grass in
temperate climate rones, and may be utilized as hay, silage
and pasture. It5 agricultural value ligs in its rapid establish-
ment, high yields, long growing season, tolerance of graz-
ing, and high palatability and digestibility for ruminant
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Ryegrass & ane of the most important forage crops worldwide. |t
i the bai for B0% of mik production and 70% of meat
production and ha major economic importance.  Bresding
programmes for ryegras started in the 19205, and bresders
hawe mainty reied on repeated phenotypic and recanthy genotypic
sdection of elite indiiduals. Although this approach has led to
significant  improvements in several characters induding st
regstance, spring growth and aftermath heading, it tends to be
labonous, sdpersve and time-consuming, mainly due 1o game-
tophyte seff-ncompatibility in most ryegras species hampou
et al, 2011). In arder to overcome some of the Bmitations of
traditional introgresson and selective breeding, modern methods
of mutation induction offer atractive opportunities to tanget
specific genes of interest and directly introduce allelic vanakility.
in the last decade, the Clustered Regularly Interspaced Short
Palindromic Repeats'CRISPR-assodated endanudease 9 (CRISFRS
Cas9) system has been extersiely used in most aops and B
paving the way to precison trait improvements in factors
including yisld, quality, biotic- and abicotic stress resistance and
breeding rate (Chen et 3, 2019; Ran et al, 2017; Wang et al,
2014}, Howmever, this powerful tool for genome editing has not
yet been usedin ryegrass. Maoss arcse early during the evolution
of eukaryotes and & vital for ssoual reproduction, not anly in
relation to genomic stability but also to genetic diversity. Melotic
studies of plants in the areas of aop fertlity and genetic vanation
hawe impartant potential agranomical apphcations. DACT (D%
RUPTED MEIOTIC DA ) intially sdentified in yeast (Bishop
et al, 1992) as a homaolog of the bacteral strand exchange
protein Rech, B a crudal meiotic recombinase. Here, we desonibe
the we of the CRISFRAC &9 gystem to introduce mutations in
LpOACT In teo speces: Halian ryegrass (Lofium perenne ssp.
muftifiorum) and  perennial ryegrass (Lolum  perenns). We
succesded in obtaining bath TO homaozygous and heterozygous
mutants, and the TO mull mutants of alian ryegrass eshibited

complete male stenlity and severdy dsordered meioss wath
urivalents and multivalents appearing at diakinesis.

Tao see whether mutations coulkd be introduced into ryegrass
using the CRISPRAC3s9 system, we generated a sgRMA (T5-
LolhAC T ) targeting exon 5 of LpOMCT, with an Xl restriction
enzyme site near the protospacer-adiacent motif (FAM] for sase
af analyses (Fgure 13). Because plant tEsue cufture and genetic
trarsformation are timecorsuming, we tested the acthities of
sgRhlA in 3 protoplast trarsient expresion system a desonibed by
Shan et & @013). THLpOMC) promoted by Tals was co-
introduced with SpCazd into ryegraz= protoplasts by PEG-medi-
ated transformation. After 40 to 48h incubation, anaksis of
genomic DNA wsing 3 PCR restriction enzyme digestion assay
{PCRRE) demanstrated the oocoumence of indel mutations at the
target site {Diata not shown).

To determine whether the CRISPRC 29 method was applicable
to ather ryegrass genes, we targeted the ryegrass arthologue of
centromerespedfic histone H3 variant {CENHI). In Arabidopsis
thallana, CENH3I ercsures faithful traremision of the genome at
cell division, and when cenh3 null mutamts producing altered
CENH3 proteins are aomed with wild type, many haploid
Asbidopsis plants are generated (Ravi and Chan, 20100, When
we co-transformed a sgRlA targeting exon 3 of [pCENHT alang
with Splas0into protoplasts (Figure 1 d), PCR/RE analysis revealed
frameshift mutations at the target site (Figure 1e) Thess results
showy that CRISPRACas9 can be wsed to generate mutations in
rysgrass.

hext, the sgRMA expresion casette was combined with
SpCas® in a single DMWA construct by GIESOM Asembly and
introduced  dlong with a hygromycinresistant  plasmid  into
precondiioned embrgogenic callus (EC) ines of ryegras by gold
partides bombardment. To generate thess EC lines, seeds of
italian ryegrass cultivar Gepstto and perennial ryegrass oultivar
Goyave ware de-husked and stenilized, and somatic EC lines wers
established 3z descnbed (Ran et &L, 2074). Thres separate fines
designated Gepetio-B, Gepetto-66 and Goyave LG LDFLp3711
{provided by DLF Seeds) with cutstanding regeneration ahbility
were selected for trarsformation. After bombardment, the BC
was transfemed to hygromypdn medium Sunaving cali wers
obtained after 4 weels' induction and sub-culture. Thereafter,
they werz regenerated for 8 wesks and plantlets with estab-
shed roots wee tramsfemed to potting mix for mutants'
entification. The mean tramsformation efficences of these
three limes were 3.83%, 4.50% and 2.66%, respectivaly. The
entire sxpenmeantal cyde took approximately 10 months from
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Abstract

Despite the progress made in DNA sequencing over the last decade, eoonstructing telomee-to-telomens genome assemblies of
large and repeat-rich eukaryotic genomes is still difficult. More acourate basaalls or longer reads could address this issue, but no
cumentseguencing platfomm can provide both simultanecwusly. Perennial rvegrass (Lolium perenne L) i anexampleof animportant
species for which the lack of a eference genome assembly hinderad a swilt adoption of genomics-based methods into breeding
programs. Tofill this gap, we optimized the Oxford Manopore Technologies' sequencing protool, obtaining seguencing reads with
an NS0 of 62 kb—avery high valuefor aplant sample. The assembly of such reads produced ahighlycomplete (2. 30f 2.7 Gb), correct
(O 45), and contiguous fcontig NS0 and NS0 1174 and 3.34 Mb, respectively) genome assembly. We show how read length was
key in detemining the asembly contiguity. Sequence annotation revealed the dominance of transposable elements and repeated
sequences (81.6% of the assermbly) and identified 38,868 protein coding genes. Almost 0% of the bases muld be andhored 1o
seven pseudomdolecules, providing the first high-guality haploid referenoe assernbly for perennial regrass. This protoca will enable
producing longer Oxford Manopone Technology reads for more plant samiples and usherning foage grasses into modem genommics-
awisted breading programs.

Key words: Lolium perenme, forage grasses, perennial réegrass, genomics, genome assembly, Osxford Nanopore.

Significance

Sequencing eukaryotic genomes with long-read sequendng platforms is allowing to obtain genome assemblies of
unprecedented quality ako for many non-model organisms. However, especially in genomes with a high amount of
long repeats, completeness and contiguity are limited by the quality (accuracy andfor length) of the input data. Here
we present an innovative protocol for Oxford Manopore Technologies' genomic plant DMNA library preparation that
considerably increases read length. We show how these exceptionally longer reads were key in obtaining a perennial
ryegrass genome assembly with unprecedented statistics, both within its genus and among other plants of similar
complexity. This work makes available a highly complete and contiguous genome assembly and the labomatory pro-
ool necessary to produce long read data.
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Abstract

Background: The availability of chromosome-scale genome assemiblies is fundamentally imporant 1o advance
genetics and breeding in crops, as well as for evolutionary and comparative genomics. The improvement of long-read
sequencing rechnologies and the advent of optical mapping and chromosome conformartion caprura technologies in
the last fiew yaars, significanty promoted the developmeant of chromosome-scale genome assemblies of model plants
and crop specias. In grasses, chromosome-scale genome assemblies recendy became available for cultivated and wild
species of the Triticeae subfamily. Development of s@e-of-the-art genomic rasources in species of tha Pogag
subfamily, which indudes impormant crops like fescues and ryegrasses, is lagging behind the prograss in the cereal

Specias.

Results: Here wa rapom a new chromosome-scale ganome sequence assembly for perennial nregrass, ob@ined by
combining PacBio long-read sequencing, lllumina shor-read polishing, BioMano optical mapping and Hi-C
scaffolding. More than 90% of the total genome size of perennial rvegrass (approximarely 2.55 Gb) is coverad by seven
pseudo-chromosomes that show high levels of collinearity 1o the orthologous chromosomes of Tritcaae species. The
ransposon fraction of perennial ryegrass was found o ba ralatively low, approximately 35% of the ol genome
content, which is lass than half of the genome repear content of cultivated cereal species. We predicied 54,629
high-confidenca gene models, 10,287 long non-coding RNAs and a total of 8,393 shor non-coding RNAs in the

perannial rvegrass genome.

Conclusions: The new reference genoma saquence and annotation presentad here are valuable resources for
comparative genomic studies in grasses, as well as for breeding applications and will expedite the devalopment of
productive varieties in parennial rvegrass and related species.

Keywords: Lolium perenne Perennial ryegrass, Chromosome-scale assembly, Festuca-Lalivm complex, Comparative

Qenamics

Background

Grasslands make up 40 percent of the earths temperate
and tropical terrestrial surface covering an estimated total
area of about 52 million km? [1]. Eighty percent of the
world s bovine milk and seventy percent of the world’s beef
and veal are produced from temperate grassland systems

Center for Quantitaties Genetics and Genomics, Axhus Univemsity, Foragsee]
1, DE-4200 Sgete, Denmark
Fulllist of author information is availsble at the end of the artide

[2]. Lelizzm perenne L. (perennial ryegrass) is one of the
most important forage species for ruminant animal pro-
duction in temperate regions. The Lofium genus consists
of ten diploid species [3] that share a close evolutionary
relationship to broad leaf fescues that belong to the large
and diverse genus Festica. The majority of species within
the Festuca-Lolinm complex are obligate outbreeders and
partially interfertile, forming a well-defined ploidy series
and incorporating a wide range of variation in terms of
phenology, agronomy and specific adaptive traits [4].
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Abstract

The genome of the major agricultural weed species, annual ryegrass (Lolium ngidum) was
assembled, annotated and analysed. Annual ryegrass is a major weed in wheat cropping, and
has the remarkable capacity to evolve resistance to herbicides with various modes of action.
The chromosome-level assembly was achieved using short- and long-read sequencing in
combination with Hi-C mapping. The assembly size is 2. 44Gb with N5;=361.79Mb across 1,764
scaffolds where the seven longest sequences comespond fo the seven chromosomes. Genome
completeness assessad through BUSCO retumed a 99.8% score for complete (unigue and
duplicated) and fragmented genes using the Vindiplantae set. We found evidence for the
expansion of herbicide resistance-related gene families including detoxification genes. The
reference genome assembly of L. rigidum is pivotal for the management of this highly
problematic weed species which leverages genomic tools to devise new control options.

Introduction

Lolium ngidum (Gaudin, 1811) also known as annual ryegrass, ngid ryegrass, or Wimmera
grass, is the world’s most herbicide resistant weed species. It has developed resistance to over
a dozen different modes of action across a number of herbicides and has the highest incidence
of resistance in any weed species (Heap 2022). It 1s the first weed species reported to have
evolved resistance to glyphosate (Powles et al. 1993).

L. mgidum is a diploid grass species with a chromosome number of 2n=2x=14 (Terrell 1966;
Monaghan 1980) and an estimated genome size of ~2Gb, similar to that of the closely-related
forage crop Lolium perenne (Byme et al. 2015; Frei et al, 2021). This species known to
hybndise with other members of the Lofium genus, e.g. L. multifiorum and L. perenne (Kloot
1983). This genus 1s thus a complex of cross-compatible species which can produce fertile
hybnds and makes species boundaries ambiguous (Naylor 1960; Terrell 1966; Kloot 1983).
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Abstract: Genetic transformation of perennial ryegrass (Lolium perenne L.) is critical for fundamental
and translational research in this important grass species. It often relies on Agrobacterium-mediated
transformation of callus tissue. How ever, callus induction is restricted to a few genoty pes that respond
well to tissue culture. Here, we report callus induction from different perennial ryegrass genotypes
and explants, such as shoot tips, seeds, and anthers, which were transformed with several plasmids
for functional genomics. B-glucuronidase (GUS) histochemical staining showed the LmdsRNAbp
promoter sequence was active in stigmas, spikelets, anthers, and leaves. We also transformed calli
with plasmids allowing gene silencing and gene knock-out using RNA interference and CRISPR/ Cas9,
respectively, for which genotypic and phenotypic investigations are ongoing. Using 19 different
constructs, 262 transgenic events were regenerated. Moreover, the protocol regenerated a doubled
haploid transgenic event from anther-derived calli. This work provides a proof-of-concept method for
expanding the range of genotypes amenable to transformation, thus, serving research and breeding
initiatives to improve this important grass crop for forage and recreation.

Keywords: perennial ryegrass (Lolium perenne L.); Agrobacterium-mediated transformation; genome
editing; functional genomics; doubled haploid (DH); tissue culture

1. Introduction

Perennial ryegrass (Lolium perenne L.) is an important grass grown in temperate
regions and is used for cattle grazing, feeding, and recreation (gardens, parks and golf
courses, for example) [1]. Despite the agronomic and economic importance of perennial
ryegrass, the genetic gain for fundamental traits, such as yield, lags behind that of other
major crops like wheat, maize, and soybean [2,3]. The genetic gains in perennial ryegrass
are low because of many factors. For example, the establishment of genomic resources
for perennial ryegrass is still in its infancy, limiting the exploitation of genomics-based
breeding approaches. Additionally, perennial ryegrass is an outbreeding species because
of a genetically determined self-incompatibility system [4], which limits the use of more
effective breeding strategies [2].

Nevertheless, genomic resources are increasingly becoming available in perennial
ryegrass and closely related species [5-7]. Access to high-quality genome assemblies has
many benefits; for instance, they are essential for genome-wide association studies, can
simplify map-based cloning and also help discover candidate genes [8]. In short, they make
research faster and easier. While genome assemblies are helpful, their gene models are
mostly predictions, so in vivo gene function characterization and verification are needed.

Plants 2022, 11, 2054. https:/ / doi.org/10.3390/ plants11152054
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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. ldentify 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
(WPA4).
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WP1. Establishment and screening of perennial ryegrass association panel for freezing and drought related traits. Coordinator:
NMBU; Involved partners: NMBU, LAMMC

KKK

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

(KKK

* 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)

e Scientific achievements

e 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




Current progress of project activities — WP1

EEA-RESEARCH-64
Establish a diverse perennial ryegrass core association panel by

utilization of data from ongoing projects (Coordinator: NMBU;
Involved partners: NMBU, LAMMC)

b

NMBU and LAMMC have established an association panel of 325
iIndividuals. 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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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 Il)

* RNA extraction, sequencing library preparation and lllumina NGS planed for 2022 - 2023. Work continues
on development and fine-tuning of the bioinformatics pipeline for analysis of RNA-Seq data

Electrolyte leakage (%) -14°C 24 hours
Electrolyte leakage (%) -14°C 12 hours
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Current progress of project activities — WP3
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EEA-RESEARCH-64
Functional characterization of frost and drought candidate genes in perennial ryegrass by CRISPR-Cas9

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

b

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§

EEA-RESEARCH-64

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

» Candidate gene seguences are used to ©
EditGrass4Food genotypes

» Sequences are used to design sgRNAs

Lolium genotype 3938/164
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. FastRuler Low range DNA ladder #SM1103
. LOC124696668_L1R1_DHN-Rab15
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. LOC124692891_L1R1_DHN-COR410
. LOC124646418_L1R1_DHN3

. LOC124655350_L1R1_DHN1

. LOC124657135_L1R1_DHN4

. LOC124660159 L1R1_DHN-Rab25

LOC124688679_L1R1_DHN3

. LOC124654370_F1R1_CBF1B
. LOC124657356_L1R1_CBF1H
. LOC124654162_L1R1_CBF1H
. LOC124654642_L1R1_CBF1A
. LOC124666296_L1R1_CBF1C
. LOC124671469_L1R1_CBF1E

nioinformatice analysis using available L. perenne genome sequence

esign primers for PCR and re-sequencing gene fragments from
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In vitro culture work

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

17
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In vitro culture work

e (Callus cultures produced according to:

e 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
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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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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:
« 2" 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)

lj « 3" PlantEd Conference (COST Action CA18111) in Dusseldorf, Germany, 5 — 7 September 2022 (Cecilia

+~\

HO)


https://www.editgrass4food.lu.lv/en/
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