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OBJECTIVES: Alfalfa (Medicago sativa L.) is a perennial forage legume with global agronomic importance. The 

objectives of this project were to generate an assembly of the diploid alfalfa genome, proceed with gene 

annotation and develop the Alfalfa Breeder’s Toolbox (ABT, available at: alfalfatoolbox.org) as a resource for 

molecular breeding strategies to enhance plant breeding activities aimed at cultivar development. 

MATERIALS AND METHODS: PacBio® and Dovetail® approaches were used for sequencing the genome of 

‘cultivated alfalfa at the diploid level’ (CADL) (Fajardo et al. 2016). The MAKER and SPADA pipelines generated 

high-confidence gene models based on alfalfa RNA Seq data (Dai et al. 2017). Tripal, Drupal and Chado 

provided the framework toolkit to integrate genome sequences (CADL and M. truncatula), molecular markers 

distributed throughout the genome, and gene expression data visualized using JBrowse (Fig. 1). The gene 

expression atlas integrates RNA Seq data from different alfalfa subspecies (O’Rourke et al. 2015), tissue types 

and from those contrasting for tolerance to soil pH, aluminum and drought stress and enables discovery of 

differential gene expression and co-expression networks. Phenotypic data from diverse alfalfa accessions 

obtained from GRIN and evaluated in the field using 10 plants per replication in a randomized complete block 

design with four replications was obtained for agronomic and forage quality traits. 

RESULTS: CADL genome (V1.0) includes 5,753 

scaffolds and 87,892 non-redundant genes 

representing 95% of the conserved plant gene 

orthologs. SNPs distributed throughout the genome 

can facilitate tracking shifts in allele frequencies in 

tetraploid alfalfa resulting from selection during the 

breeding process. Differentially expressed genes 

between different tissues (leaves, stems, roots, 

flowers) and between tolerant and susceptible alfalfa 

plants can provide useful insights on stress tolerance 

mechanisms and facilitate selection for target traits. 

The ABT also enables in silico PCR and BLAST 

searches of target sequences against the genome 

assembly. 

CONCLUSIONS: The ABT is a user-friendly website that includes genomic resources, information and 

functionalities to advance alfalfa research, trait integration and breeding to increase genetic gains as part of the 

cultivar development pipeline. 
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