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 Generate a resource of breeder-friendly tools that integrates    

genomic, genetic and phenotypic information

 Provide breeders with web-accessible data resource for 

molecular breeding to enhance efficiencies and result in 

shorter timelines to develop new cultivars

Objectives of the Alfalfa Breeder’s Toolbox (ABT)
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Alfalfa Breeder’s Toolbox



Test Case 1:

I have identified QTLs for aluminum tolerance in alfalfa.

Questions

1. What are some relevant candidate genes in the area?

2. Are SNPs in the region(s) available for use or do I need to develop 
additional SNPs? 

3. What markers can I use for marker-assisted selection?

Questions for Practical Molecular Breeding



QTL for Aluminum Tolerance

Khu et al. 2013. Crop Sci. 53:148–163.









Alignment of SNP markers to the CADL Genome
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Legume Primer 
Database (LPD)

Physical Location of Markers Associated 
with Aluminum Tolerance QTLs

Search



Searching the Legume Primer Database (LPD)



Search for candidate gene for Al tolerance





Develop primers targeting candidate gene in alfalfa
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Additional Approach:
Retrieve Genomic Information from the Homepage
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Integrate Phenotypic Data from Field Trials



Integrate Forage Quality Data
PDB = Percent dry biomass







Alfalfa Linkage Map Using GBS

• Population: DM3 x DM5
• A total of 3,591 SNPs
• ApeKI

Li et al. 2014. G3-Genes Genomes 
Genetics. 4(10):1971-9.



Mt 4.0 Csome CADL 2X alfalfa (100X) WGP physical map contig (4X)

Synteny Between Alfalfa and Other Legumes

Source: Andrew Farmer at NCGR
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Strategy for Alfalfa Improvement
Germplasm

Genetic Resources
mapping pops,
genetic maps, 

markers, genes/QTLs

Phenotypic Data
field, greenhouse, 

imaging technology

Genomic Resources
genome sequences, 

transcriptomes, 
physical maps 

Methodology
Identify populations 

& genotypes

Improved Populations
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Cultivars



Achievements

• Developed a beta version of the ABT website

• Integrated Mt 4.0 and CADL genomes and the gene models into the JBrowse

• Anchored SNP and SSR markers to the genomes

• Established pipeline for data acquisition, processing, curation and integration

Ongoing

• Integrating the RNA-seq datasets for Al and drought tolerance gene expression 

atlas (resistant vs. susceptible) 

• Continue to develop functionalities for test case scenarios for breeding applications

• Search capability for germplasm and phenotypic data obtained from the field

• Integrate CMap functionalities and syntenic data from other legumes 

Summary of Progress and Ongoing Activities
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