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From the model legume Medicago truncatula to alfalfa
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Large efforts have been devoted to Medicago truncatula genomics. They offer data and tools to identify M. truncatula genes involved in genetic variation for traits related to agronomic value in crop species. This strategy is based on the hypothesis that the same genes are involved in trait variation in both species. These tools are now used to develop alfalfa genomics in order to carry out genomic studies in the target species. Identification of genes or markers in the crop species will contribute to develop tools and theory to implement marker assisted selection in alfalfa.

Many efforts have been devoted to Medicago truncatula Gaertn. genetics and genomics since 1990. A draft sequence has been obtained after sequencing the gene-rich genome portions (euchromatin) (9). Its analysis showed that M. truncatula genome is more complex than expected from its short genome size. The genome has been shaped by a whole-genome duplication but also by numerous rearrangements and local duplications. These genome changes allowed the emergence of specific genes involved in rhizobial nodulation. The number of genes is over 62,000, and the genome contains numerous transposons, retrotransposons and transcription factors. Resequencing of a set of 26 accessions has given access to sequence polymorphism [START_REF] Branca | Whole-genome nucleotide diversity, recombination, and linkage disequilibrium in the model legume Medicago truncatula[END_REF]. A large diversity was found, but linkage disequilibrium was shorter than expected in a selfing species. Transcriptomics data were used to construct a genechip array (https:www.affymetrix.com /products_services/arrays/specific/medicago .affx) that can be used to detect the role of genes in specific functions and organs. In parallel, accessions collected from sites of the Mediterranean Basin were made available to the scientific community in gene banks (http:/ / www1.montpellier.inra.fr/BRC-MTR/). 

From M. truncatula to alfalfa: strategies

Exploiting genomic knowledge from M. truncatula for the genetic improvement of alfalfa is not simple. Detecting genes involved in the variation for breeding traits is often needed to improve breeding programs. Two non-exclusive strategies can be devised. In the first one, candidate genes are detected in M. truncatula and are then tested for their effect in crop species (Figure 1). In the second one, the genomics of alfalfa is developed by taking into account the knowledge from M. truncatula genomics, and used to detect genes or markers involved in traits. These genes or markers become available to be incorporated into breeding programs (Figure 1).

Identification of genes in M. truncatula

In the first strategy, the QTL detection in mapping populations of M. truncatula, followed by a fine mapping step, gives access to a small genomic region. Using an in silico analysis of the genes annotated in the QTL region and a literature review of the genes known to be involved in the trait under study, a list of candidate genes can be established. This method was successfully used for flowering date. One of the candidate genes, a Constans-like gene, contained sequence polymorphism and showed differential expression between the two parents (7). Analysis of mutants with altered phenotypes (forward genetics), or phenotypic analysis of genotypes showing differential gene expression (reverse genetics) are other ways to detect candidate genes. Association genetics in M. truncatula could also help to identify genes or genomic regions involved in traits. The efficiency of association genetics will depend on the linkage disequilibrium (LD) of the population under study, which can be long in this selfing species. 

RESEARCH

Once a gene has been identified in the model species, it remains to verify the presence of a homeologue of it in alfalfa which has an effect on the same trait. This demonstration can be achieved and exploited by different methods, such as transgenesis, introgression through backcross, or association genetics (Fig. 1). With transgenesis, the modification of expression of an allele in alfalfa is supposed to confer a new trait variation (8), eventually becoming available in a transgenic variety. Introgression through backcross has the same objective, but the allele originates from alfalfa. With association study, the demonstration results in the identification of alfalfa allele(s) that confer valuable variation, as found for a Constans-like gene [START_REF] Herrmann | Association of a CONSTANS-LIKE gene to flowering and height in autotetraploid alfalfa[END_REF]. These alleles could then be used in a breeding program assisted by molecular markers, to increase their frequency in the synthetic varieties.

Development of alfalfa genomics

The second strategy implies the study of alfalfa genomics by DNA or cDNA sequencing using the Next Generation Sequencing (NGS) technologies (Fig. 1). Read assembly is complex because each individual possibly carries 4 different copies of each gene, in addition to the presence of gene families or repeated elements. The assembly of alfalfa sequences can be considered as a re-sequencing, with M. truncatula sequence acting as a reference. However, extensive sequence evolution occurred in the two species, leading to large differences in non-coding sequences between M. truncatula and alfalfa. Alfalfa sequencing is currently a scientific challenge that is addressed by a few groups in Europe and the USA. In the meanwhile, genetic mapping and QTL detection are feasible. Theories and software (TetraploidMap, http://www.bioss.ac.uk/knowledge/tetraplo idmap/) were developed in autotetraploid species. Microsatellite markers were developed in alfalfa which mostly originated from EST of M. truncatula (6). These codominant markers with additional dominant markers such as AFLP or DArT (3) or HRM (4) markers are numerous enough to build maps of any mapping population. The comparison of M. truncatula and alfalfa maps proved that both macrosynteny and micro-synteny between the two species are high. Due to autotetraploidy, the precision of QTL position is lower in alfalfa than in a diploid species, so the subsequent use of QTL into breeding is still limited to the genetic background of the mapping population. Fine QTL mapping has not been reported in alfalfa, probably because it would require very large mapping populations and in silico analysis of genomics regions is not feasible yet. However, this in silico analysis, by using the same anchor markers in alfalfa and M. truncatula, can be carried out in the model species. On the whole, gene or marker detection directly performed in alfalfa (through bulk segregant analysis (BSA) or genomic selection) is scarce up to now, but the increasing availability of high throughput markers could change this situation in the future. These markers will now be mainly developed in alfalfa from sequencing and resequencing programs. However, any analysis of their function, position on maps, sequence polymorphism of their genomic regions will benefit from genomic resources in M. truncatula.

Perspectives

Current development of alfalfa genomics, now possible because of extensive knowledge in M. truncatula, offers new perspective to directly detect genes or markers in the crop species for agronomics traits. All limitations to genetic analysis in alfalfa are not yet overcome and more specifically, polyploidy and heterozygosity will lastingly reduce their efficiency. So M. truncatula is still a reference, mainly for all the -omics data, but also for the identification of genes involved in agronomic traits. ■
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 1 Figure 1. Strategies to transfer genomics information from M. truncatula to the breeding program of a legume species; several methodologies (boxes) are proposed to achieve each step