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Introduction

Lucerne (Medicago sativa L.) is an important crop worldwide, it plays a major role in farm protein autonomy and also offers multiple ecosystem services. It is a crosspollinating, auto-tetraploid species, which makes its improvement more complex. Various authors have shown the interest of genomic selection in plant and animal species. Genomic selection can be defined as a prediction of the breeding values based on the genotypic data to select the best individuals for further breeding. Some studies have been published on genomic evaluation of lucerne. They report poor or moderate accuracies (0-0.65) for yield and quality traits, with a number of SNPs from 8K to 44K and a number of individuals between 75 and 274 [START_REF] Annicchiarico | Accuracy of genomic selection for alfalfa biomass yield in different reference populations[END_REF]- [START_REF] Li | Genomic Prediction of Biomass Yield in Two Selection Cycles of a Tetraploid Alfalfa Breeding Population[END_REF]. In the present study, we evaluated the ability of genomic prediction models coupled with QTL detected by GWAS (Genome Wide Association Study) to predict the phenotype of diverse genetic resources composed by 400 populations (pools of individuals), genotyped with a large number of markers (227K SNPs).

Material and methods

The 400 lucerne accessions comprised cultivars, advanced breeding material and landraces. The accessions were genotyped by genotyping-by-sequencing (GBS) in pools of a hundred individuals and the reads were mapped on the reference genome [START_REF] Chen | Allele-aware chromosome-level genome assembly and efficient transgene-free genome editing for the autotetraploid cultivated alfalfa[END_REF]. After the application of several quality filters, 227K SNP were obtained. The 0.568 % of missing values were imputed by the minor allele frequency. Phenotypic data of the 400 accessions (dry matter yield, acid detergent fiber (ADF) and protein content) were obtained in trials established in 2018 at three locations (Lusignan -FRA, Novi Sad -SRB, , Store Heddinge -DNK) and scored during two years (2019 and 2020). The phenotypes were adjusted for the micro-environmental variation inside each trial, the year and the location effect. Cross-validation was used to assess the prediction quality combined with an independent Test Set representing 20% of the 400 populations (80 populations among the 400). We tested the effect of different population sizes (75%, 50% or 25% of the 320 remaining accessions), and the number of markers on the prediction ability. Several sets of markers corresponding to different marker densities were tested. Based on a window of a given physical size, five sets of markers were designed: 74K, 29K, 12K, 5K and 1.3K SNP. We also tested the influence of integrating QTL information in the model as fixed effects (QGBLUP) compared to the classical GBLUP model. The QTL were detected by Multi-Locus Mixed Model approaches [START_REF] Segura | An efficient multi-locus mixed-model approach for genome-wide association studies in structured populations[END_REF]. The predicting ability computed as the Pearson's correlation between the observed phenotype and the predicted value, provided an estimate of the prediction quality.

Results

The prediction quality was relatively high: between 0.30 and 0.80 (Fig. 1A). A decrease in the size of the training population had a modest negative impact on the quality of the prediction, whatever the trait.

The GWAS analysis revealed 19 QTL for dry matter yield (explaining between 0.016% and 13.5% of the phenotypic variation), 15 for ADF content (explaining between 0.09 % and 8.6 %) and 15 for protein content (explaining between 0.003% and 15.9 %). The addition of these QTL to the prediction model improved the prediction quality above 0.80 when large training populations were used (Fig. 1A).

The results obtained with the different marker sets showed little impact of the number of markers on the predicting ability (Fig. 1B). The data set with the lowest numbers of markers (1397), however, clearly showed a lower predictive ability than the sets with a higher number of markers. There was a plateau between the set of 5,794 markers (1 marker every 100,000 bases) and the set of 74,175 markers (1 marker every 50 bases). A limited number of markers seems to be sufficient to reach a good quality of prediction in this present dataset and in these conditions (less than 100K). However, the large number of markers was requested to detect the QTL that increased the quality of prediction. We can imagining to use a large number of markers to detect the QTL and then combine them with a small set of markers for the rou-tine prediction. This would accelerate the improvement of lucerne and facilitate the creation of new cultivars. The next step will be to see if these prediction equations accurately predict the current elite material of breeders. 
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 1 Fig. 1. Predicting of the Test Set (80 accessions) for three traits (dry matter yield, ADF and protein content). A : Predicting ability depending on the size of the training population. Two models are presented; the GBLUP in pink and the QGBLUP in blue where QTL are integrated in the model as fixed effects. B : Predicting ability of the T50 training population size depending on the number of markers used in the model.