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Antecedents (I)
• Bean researchers have actively developed 

markers since early 1990s: 
– currently 76 SCAR markers; 
– 80-90% of released bean varieties in last decade have 

a MAS component 
– main limiting factor: absence of sequence

• Information about markers is dispersed
• African Bean Consortium project: early version of 

database; limited by its objectives: 
– Introduce MAS
– 5 major diseases



Markers in Phaseolus
Marker Type Examples Number

SCAR markers ALS, ANT, BCM, BCT BGYM, CBB,  
HB, Rust, WM, FW, Apion, Seed or 
Floral Pigmentation/pattern

76

Genes of putative 
agronomic interest

P metabolism, polyphenolics, 
flowering time, …

38

RAPD Rust 1

STSs RFLP,  Leg, g 633

SSRs BM, GATS, PvBR, BMd, BMc, SSR-
IAC, PV, FJ, …

795

Total ~ 1540



Antecedents (II)

• New types of data: 

– ESTs

– Genome survey sequence

– Whole-genome sequence

– SNP

– Comparative genomics: soybean WGS, Arabidopsis

• Rapid addition of new information



Dawei Lin:
Director, Bioinformatics Core,

Genome Center, UC Davis



Bioinformatics in Marker Discovery

• Genomics

– Genome Browsing

– Comparative Genomics

– Large Scale Functional Predictions

• Curated Functional Information

• Genetic Mapping
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SSR Motif Discovery
1. Genome survey sequence (funded by the 

ABC project)

• 1x methyl-filtrated DNA of breeding line BAT93
– Good quality reads: 414,923 
– Average length: 635 bp
– Total sequence: 263.5 Mbp (~ 44% of genome)
– Probable or possible cytoplasmic sequences: 31,985
– Hits to Phaseolus: 51% (note: Phaseolus BLAST database: 

all available markers, BES, all nucleotide/EST sequences in 
NCBI (E-value cutoff: E-10)



SSR Motif Discovery (II)

2. SSR detection in silico: 
• Three programs:

– SSRFinder (Sanchez-Villeda et al. 2003, 
http://maizemap.org/bioinformatics/SSRFINDER/SSR_Finder_Downloa
d.html)

– SSRIT (Temnykh et al. 2001, 
http://www.gramene.org/db/markers/ssrtool)

– QDD (Meglécz et al. 2010, http://gsite.univ-
provence.fr/gsite/Local/egee/dir/meglecz/QDD.html)

• Common set of parameters:
– Repeat lengths: 2 to 6
– Minimum number of repeats: 4
– No multiples of repeats

http://maizemap.org/bioinformatics/SSRFINDER/SSR_Finder_Download.html
http://maizemap.org/bioinformatics/SSRFINDER/SSR_Finder_Download.html
http://www.gramene.org/db/markers/ssrtool
http://gsite.univ-provence.fr/gsite/Local/egee/dir/meglecz/QDD.html
http://gsite.univ-provence.fr/gsite/Local/egee/dir/meglecz/QDD.html
http://gsite.univ-provence.fr/gsite/Local/egee/dir/meglecz/QDD.html


SSR Motif Discovery (III)

Result 1: 
• There is a large number of SSRs: >150,000; comparable 
between SSRFinder and SSRIT, 1/3 less in QDD
• Sharp drop-off after filtering for repeat number



SSR Motif Discovery (IV)
Result 2:
There is a large overlap among programs, with few unique 
SSRs identified by individual programs



SSR Motif Discovery (V)

Result 3:
The majority of SSRs are di-nucleotides, with few repeats; the 
polymorphism levels of the different classes remains to be 
determined.



SSR Motif Discovery (VI)
Result 4: 
The sequence reads containing SSRs have been mapped onto the 
soybean whole-genome sequence displayed in PhaseolusGenes



Adriana Navarro Gómez



2500 papers (abstracts and whole papers) read:

• Bean Improvement Cooperative (BIC)
•Google Scholar
• ISI Web of Knowledge
• Crop Science 
(https://www.crops.org/publications/cs)
• Journal of the American Society for Horticultural 
Science (http://journal.ashspublications.org/) 
• Other Journal’s web sites

QTLs-Literature review

> 45 papers used
From 1993 to 2011



Example 1



Example 2



Information on QTLs was collected for addition to 
PhaseolusGenes (Table 1) from > 45 papers. 

Table 1. QTL information collected

Trait 
Female, male 

parent
R2

Markers, Flanking 
markers

Year QTL LOD Source of allele

Location 
Population 
size, type

P 
value

Type of analysis

Literature 
source

URL Trait ontology

QTL-survey



More Information Associated with Each QTL than with 
Major Genes or Markers Adjust Structure of Database



925 QTLs (trait x population x environment) have been reported. 

They concerned all major organs (roots, stem, leaves, pods, and seeds)

QTL-survey

Plant 364

Leaf 264

Stem 19

Pod 32

Seed 142

Root 104

Matthioli 1572



QTL-survey

And agronomically important trait categories: development 
and performance, biotic and abiotic stresses, nutritional 

composition

Trait category QTL number
Abiotic stress T 98
Biotic stress R 521
Composition 66

Development/performance 240
Total 925





What is Next for QTLs?

• Integrate the information into
PhaseolusGenes

– Searchable table

– Links with:

• Gbrowse (for markers) 

• Cmap

• Downloadable table with all QTL information



What is Next for PhaseolusGenes?
• QTL information

• Complete mapping information in BJ (and 
other populations)

• Add other markers: 
– SNPs: Hyten et al. 2010, BeanCAP, etc.

– COS markers

– BAC ends

• Integration of whole-genome sequences

• Trait ontogenies


