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3-when very little dominance and epistasis effects, or after many generations under no selection, the population mean tends to the average value of the two parent species (i.e. under only additive effects), which nevertheless leads to genetic progress of VCU when many traits are targeted simultaneously.

The breeder, depending on the meiotic properties of the parental combination:

1. defines his breeding strategy, amphiploidisation or introgression, 2. selects for the best positive effects (additive or interaction), whatever they come from, intra-or interspecific origin

Introductioninterspecific hybridization from a quantitative genetics point of view Note: when the selection process is over, the mean of the final variety is generally lower than the mean of the progenitors due to:

• Recombination through the generations of the seed multiplication process under no selection, • low correlation between the breeding value in spaced plant conditions -under which the genitors are selected -and the breeding value of their progenies in sward conditions Results -Dry matter yield over locations and 4 years: 100 cuts Overall:

• Year 0: establishment : 4 locations: 1 to 3 cuts each

• 1 st year: all 9 locations, 3 -5 cuts

• 2 nd year: 8 locations, 2 -5 cuts

• 3 rd year: 5 locations, 2 -5 cuts

• Persistency estimated as yield following regrowth after summer: 5 locations, 1 -3 cuts  Many variation of yield across locations due to climate (temperature and water availability) and management (fertilization, date of first cut in spring and number of successive cuts)

 Analyses at the year scale, not at the cut scale  Genetic x Year interaction across locations analyzed through the contrast between the two parent species controls of the Festulolium under assessment

Resultsoverall mean and variance

• Good overall repeatability of the trials with CV of yield of 7% and 9% in year 1 and 2, less in year 0 (11 %) and persistency in year 3 (15 %)

• Both genetic variance and interaction with location of same magnitude but quite large and increasing over years relatively to the variance between locations, each from 14 % of the standard deviation between locations (year 0) up to 46 % (persistency)

Variance Mean

Persistency Year 3

• Strong genetic interaction of yield across years:

• Reversion in the 2 nd year of the ranking of Italian ryegrass towards tall fescue • same for perennial rye grass towards meadow fescue although in less extent

• The best persistent parental species in the 3 rd year was tall fescue but surprisingly, also Italian ryegrass, far before perennial ryegrass and meadow fescue • Italian ryegrass always better than meadow fescue, mostly in the 1 st year but also more persistent in the 3 rd year whatever location

• Same for perennial ryegrass against meadow fescue although more slightly

Resultsmean Festulolium differentiation Distribution of genotypes into 4 groups by plotting 1 st year yield onto 3 rd year persistency:

1. L. multiflorum and all its Lm x Fp Festulolium hybrids are the most productive in the 1 st year 2. L. perenne and all but one Lp x Fp hybrids are the less productive hybrids and also less persistent than the Lm x Fp hybrids in year 3. Meadow fescue appears to be the poorest genotype overall 3. F. arundinacea, of intermediate productivity in the 1 st year is the most persistent overall, although largely depending on location 4. The Lm x Fg hybrid occupies the center of total variation for both traits Note: the shaded area corresponds to an "agronomical" persistency threshold (from the trial in France) below which, the plots are virtually dead and would require new sowing.

Resultsdivergence from additivity among Festulolium Resultsgenome structure among Festulolium (from D. Kopecky, 2005)

• Poor prediction of persistency using GISH but significant for 1 st year yield either overall (r²=0,69) or among Lm x Fp Festulolium (r²=0,51)

• GISH prediction seems to correlate with observation as long as the trait deeply differentiates both parent species (as 1 st Year Yield against 3 rd Year persistency)

• Divergence from expectations among Lm x Fp Festulolium suggests that the value of 1 st Year Yield cannot be only explained by a quantitative reduction of introgression but possibly it results from directional selection by breeding

Resultslinking genome information to field data

Response to selection ?

What could be the origin of genetic progress in Festulolium from Czech Rep. ?

-better alleles only from Lolium (ie same results would have been obtained by using only Italian rye-grass genetic variability !) -better (not so bad) alleles from Festuca (ie not all F. pratensis genes have less favorable effect as Lolium and could be worth of positive selection)

-better positive interaction of both genomic source (dominancy, epistasy …)

epigenetics …?

Possibly all of them to some extent ! but the interspecific recombination over generations, the reduction of chromosome fragment size seem to be pre-requisite for new genetic variability to emerge and to give opportunity for selection to be effective

The challenge for breeding is to demonstrate it, not negatively, but through a positive trait from Festuca ?

Discussion

More issues 1-Breeding objectives:

• Breeding for better productivity anyway (over climate/location) or for more resilience by focusing less on performances in the absolute ? • Need for accurate/reliable tests for adaptation (cold and drought), in controlled environment or by standard measurement of the stress in the field, which traits ? • Need for incorporating climate change expectations, which regions, which acreages/seed market concerned ? Which frequency of extreme climatic events ?

The role of modelling for defining ideotypes ?

2-Genetics • Need for better knowledge of positive interspecific interactions in Festulolium:

QTLs or whole genome level ? Expression factors ? • The attractive potential of Genotyping by Sequencing methods, when and where in a breeding scheme ? Early stages only or genome selection over generation ? Individual Elite plants ? Bulk of HS progenies ??

Many (too many) ways for addressing stimulating issues on plant breeding thanks to Festulolium ! Many thanks to everyone committed in carrying out the trials and for the care to provide valuable data:

Joost Baert -Susanne Barth -Vladimir Černoch -Dermot Grogan -Mike Humphreys -Phil Murray -Liv Østrem -Dejean Sokolović -E. Paszkowski and Zbigniew Zwierzykowski, with special thanks to Vladimir who builts the database in Hladké Životice

  To undertake a common field trial of representative available Festulolium varieties Reasons • the context of forage production under climate change • the possible role of interspecific hybridization between Lolium and Festuca • the meaning of grass adaptation in those contexts and how to deal with this for a breeding prospect Introduction Introductioninterspecific hybridization from a quantitative genetics point of view 1-only allopolyploid hybrid (strict disomic inheritance through homologous chromosome pairing maximizes all positive allelic (dominance) and genic (epistasis) interactions 2-if not, autopolyploid hybrid decreases slowly to equilibrium by halving dominance effect;

Results•

  Italian ryegrass much better than tall fescue in the first year in France and UK; • Tall fescue much better than Italian ryegrass in the 3 rd year in Norway, Czech rep. and Poland

•

  All Festulolium derived from Fp discard from mean value, having 1 st year yield much closer to Lolium parent than to Festuca parent • More balanced response of persistency in 3 rd year • Lm x Fg hybrid much less productive using Fa as virtual parent but almost exactly intermediate assuming productivity and persistency of Fg similar to Fp and to Fa (resp.) Lm x Fp Lp x Fp Lm x Fg L. m x F. glaucescens 4x hybrid L. m x F. pratensis 4x hybrid • Genome structure in Festulolium varieties depends on homeologous chromosome pairing, schematically • disomic inheritance in Lm x Fg hybrid • tetrasomic inheritance in Lm x Fp and Lp x Fp hybrids • In addition, GISH enables to distinguish among Lm x Fp hybrids, those having gone through more reduction in Festuca introgression since hybridization and more reduction of Festuca chromosome size (ie Festulolium from Czech Rep. vs Festulolium from Poland)