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Breeding of open-pollinated species exploits natural gene variability between and within 
populations. Molecular technologies could provide new opportunities for more efficient and 
controllable plant breeding. The identification of molecular markers that co-segregate with 
agronomic traits would facilitate the selection of genotypes with desirable alleles and help reduce 
the number of plants to be phenotypically screened. However, the development of marker-
assisted selection (MAS) approaches for the improvement of complex traits in open-pollinated 
populations of tetraploid alfalfa is a daunting task.  The challenge is to identify quantitative trait 
loci (QTL) with major effects that are not specific to a given genetic background and, ideally, to 
identify the functional alleles. The combination of a good knowledge of plant genomics and 
molecular biology and experience in applied plant breeding are required to reach that goal.  

Although search for molecular markers was initially pursued by bi-parental QTL mapping, 
association mapping based on a wider genetic basis provides a more comprehensive coverage of 
allelic variation and a more precise linkage analysis.  We recently showed that bulk segregant 
analysis (BSA) of heterogeneous populations selectively improved through several cycles of 
recurrent selections can be used to identify DNA variants that were subject to selection. 
Evaluation of the phenotypic impact of MAS selection based on these DNA polymorphisms 
confirms the value of this approach for marker discovery. Identification of polymorphisms 
within a candidate gene potentially linked to superior freezing tolerance indicated that analysis of 
recurrent selections could help trace causative alleles. This could allow the development of 
functional markers that would provide robust selection tools to breeders.   A quick survey of the 
literature reveals that recurrent selections that show contrasted phenotypes for fall dormancy, 
abiotic stress tolerance, forage quality attributes and dry matter digestibility have been or are 
currently being developed by various groups.  BSA analysis of these genetic resources could be 
used to uncover genes that were the target of selection by analyzing nucleotide diversity between 
the initial background and populations derived from successive cycles of selection.  These 
markers could eventually be used to pyramid favorable alleles in cultivars of high agronomic 
value.  Access to genomic resources including a reference genome, high throughput sequencing 
of candidate genes and polymorphic regions of the genome, dense arrays of single-nucleotide 
polymorphisms (SNP), will be needed for efficient marker discovery.  It must be kept in mind 
that robust approaches for phenotyping will be a prerequisite to the unravelling of trait-marker 
associations relevant to breeders.  

Afalfa poses enormous challenges for molecular breeding applications.  However rapid advance 
in genomics and molecular biology and genetic heterogeneity in that species provide 
opportunities to develop molecular breeding approaches for the improvement of key traits. 
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