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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

USDA (= @; \
] (¢ BEAN

United States Department of Agriculture
iational Institute of Food and Agriculture




Markers in Phaseolus

VarkerType | Examples | Number_

SCAR markers ALS, ANT, BCM, BCT BGYM, CBB, 76
HB, Rust, WM, FW, Apion, Seed or
Floral Pigmentation/pattern

Genes of putative P metabolism, polyphenolics, 38
agronomic interest flowering time, ...
RAPD Rust 1
STSs RFLP, Leg, g 633
SSRs BM, GATS, PvBR, BMd, BMc, SSR- 795
IAC, PV, FJ, ...
Total ~ 1540
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Antecedents (Il)

* New types of data:
— ESTs
— Genome survey sequence
— Whole-genome sequence
— SNP
— Comparative genomics: soybean WGS, Arabidopsis

» Rapid addition of new information




Dawel Lin:
Director, Bioinformatics Core,
Genome Center, UC Davis




Bioinformatics in Marker Discovery

* Genomics
— Genome Browsing
— Comparative Genomics
— Large Scale Functional Predictions

e Curated Functional Information

* Genetic Mapping
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crnec o
>GENES HOME GBROWSE CMAP ACCOUNT
Marker Toolbox
—Search markers————
About PhaseolusGenes ;
|
Search term: [ |
«» Phaseolus beans (navy Concurrently, genomics efforts are well under way n other ) |
and black beans; great speces, including legume speoes (soybean, lotus and Search fields: All fields -l |
northern, small red, and Medicago), Using DNA as the Ingua franca of genetics, results R = |
pnto beans; red kudney, such as gene location and expression of mdwvidual and thair Search |
yellow or azufrado, and phenotypes can be extrapolated for mutual gene discovery, - |
aanberrry  or  borlotto |
: s |
g;;::) OIT,ZS'.:;;:I“O;: These additional genonuc resources, especially the mapped o oo ]
most  important leoun; sequences, provide an aexcting opportunity to  design
species for direct human addmonal markers that complement the existing markers and e Blast search (soybean) e s
consumption. They fulfill speed up the apphcation of genomic information to bean
an mportant role =n  oreedng.

human nutriion as a
source of protein, fibers,
mnerals, and vRamens.
also  include a
much-needed complement
m rotabons and croppeng
systems as 3 source of
ntrogen (Broughton et al.
2003)

breeders were among the early adopters of marker technology to
faolitate the mapping and transfer of genes of agronomic interest,
partcularly disease resistance (e.g,, Haley et al. 1993, Miklas ot al.
1993; Nodan <t al. 1993).

Since then, bean breeders have added many addtional markers to
their toolbox (Kelly et al, 2003; Mikdas et al. 2006), but the results
and wmformation have remained dispersed among journals,
databases and, yes, laboratory notebooks and cabinets.
Furthermore, the lack of DNA sequences has lmited the
development of addtional markers for

In recent yoars, addiional tools and sources of genomic
information about the bean genome have become available,
including molecular inkage maps, EST collections, BAC Wranes, a
physical map, and, scon, 3 whole-genome sequence for Phaseolus
vulgaris (McChean et al. 2008, Gepts et al. 2008).

Copyright £ 2011 UC Devie Bicnformatics Core, all rights reserved.

The main goals of this genome and ganetic database are to
faciitate the use of existing markers and the development of
new markers by breeders ("bean breeder’s marker toalbox™),
to assooate genetc and phenotypic mformabion useful to
breeders. to coordinate mformation with other legume
databases (especally soybean), and, eventually, to assure s
integration mto  the Legume Information  System
{www comparative-degumes.org).

Why 2 genebc and  \we are grateful to our funders, the Kirkhouse Trust in the
genome database for U.X,, who provided the impetus for this database, specifically
Phaseolus? Bean i suypport of the Afncan Bean Consertium project te intraduce

the capability for marker-assisted selection (MAS) among East
African bean breeders, The MAS effort will focus speafically on
five diseases: BCNV/BCMNY, anthracnose, angular leafspot,
common bactenal blight, and Pythium root rot. A Ix
sequencing of the methyl-fitrated bean genome DNA will
provide much-needed addibonal sequence resources.

The BeanCAP project, funced by USOA/NIFA will strengthen
the PhaseclusGenes database by integrating of the
Phaseolus whole-genome sequence developed by Purdue
Univ, and the Joint Genome Insttute of the Department of
Energy; SNP, CAPS, and dCAPS markers; and phenolype
nformation related to field performance and nutntional qualty
trats, from the main U.S. market classes

Paul Gepts (Dept. of Plant Science) and Dawel Un (Boinformatics Core) at US Davis
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Best A thaliana hit: At5g136301;Annotation (inheri...

\
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REFERENCE ID

GENE (PHENOTYPE)

MARKER

SEQUENCE

GENBANK CODE

FORWARD PRIMER

REVERSE PRIMER

LINKAGE GROUP

REFERENCE

HYPERLINK

ED

pings (2 link link

112

Best A thaliams hit: AtSgl36301;Amnotation (inherited from A thaliana) : cobelamin

1osynthesis protein;Jalc EEPSSE GenBank sccession : DXMB239739:BAT
IXS23442;:Forwerd primer : GAAGGCATTGATCGTTGAACTICATAGC:Reverae primer :
TATTIGITCACAGGGETIGEACTITIBATYY result : larger;Jalo EEPSSE result : amaller;Polymorphic
popalacions : AS5/G122:3carce : Genomic: feature_sliases : Pv-2490;

1
o

@450

TCETGAERT TEAGARGCACACTAACCIACACAGT GECATGERE TECAMCTICASECCARGT
TR AACT OG0T OTALCIARGARGC CAACACTACATTCATICTAGATOAGRARATOCTGTA
CRAGCTCAT GAACACT RATCCAMCT CCT T CACGRAGCT GETGEAGACTTICT T GEANEC
CRATGAACCT AT TACT CGGARACT TCAGAAGACAATATTIACAASCTCAAGCASTTIGTA
I CGEAEE T CEAAGAC U T TCAAGECATTGRICOT TG T ICATAGCTACTATIGAS
ARGRCTATACAACAGTGAAGAAGAAGARARACACTTTTICTAATGTGATTTIGTITACTIT

SMGECATTEATCETTGRCTICATASC

TATTIGTICACAGGGETIGAAGTT

P. McClean, pers. comm.

{u'hzop://1lin.comparative~legunes. org/cgl-pin/cmap/ viewer snapdenu=sanp : featureMenu=é
amproorrMenusganp;displayMenu=ianp;advancedienussarp; ref species sco=Pvi

axpiref map pet acc=PyMcClesniDSU2007 cang: sub=ShoweSelectad+Sect2TasMapos

aypIprev_ref species accePviamp;prev_ref map_set_asccelzamprhighlightsgarprpixel heightss
anp: inege_typespogiang:dats_scurcewcoap preview, ']

Copyright § 2011 UC Davis Biolnformatics Core, all rights reserved,
Paul Gepta [Dept. of Plant Science) and Damel Lin [Bicinfarmatics Core) st UC Davis
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Search Markers

Search term:

Search fields: All fields
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1. Best A thallana hit AT23433

2. Best A thalisna hit AT23432

3. (Hone)

4. Pfe-1: halo blight (HB) resist



LUSGENES GRROWSE CMAP ACCOUNT

Molecular Marker Toclbox

Soy Search Results

« Back to marker mformation

sequence: kKI|Gm0g

score; 395.0 bits (199.0)

e value: 4.81416e-108

frame: +1/+1

postwes: 327

identity; 327

GBrowse Lnk b

Score 139 (394 bits), expectation 4.Be-108, aligmment length 389

Query: 2 TTTACOCCRACTTTRTOOT TGATOGAGIAGAT G- ~~BRGCTTTGA. . L TAT 367
CORLRRE CRRRER TR ittt i Itleasll

S0t 44358742 TTTACCCGEEATITCTGETIGRTGRACGRAGATGATGCGECTTIGA. . . TAT 44359150

sequence: ki|Gm13
score: 391.0 bits (197.0)
e value: 7.51652e-107
frame: +1/-1

positves: 294

identity: 294

GBrowse Link

Score 197 (394

Suery: 234 CACIRICATCCGRIG
IRARARARA RN

S)ct:56723732 CROIAICX

Copyright ® 2011 UC Davis Broindeematics Core, all ghts reserved
Paul Geots [Dept, of Plant Scence] end Duwwi Lin (Bionformatics Cors) ot UC Ouvis
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SSR Motif Discovery

1. Genome survey sequence (funded by the
ABC project)

e 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 (ll)

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: 2to 6
— Minimum number of repeats: 4
— No multiples of repeats

USDA
e

United States Department of Agriculture
National Institute of Food and Agriculture



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 (llI)

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

200000 '
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= .
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8 1
l P > o
500007 /" SSRIT
| £
/ SSRFinder
O P /
e / QDD
b T —
24 5% £
210
Minimum No. of Repeats
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United States Department of Agriculture
National Institute of Food and Agriculture




SSR Motif Discovery (IV)

Result 2:
There is a large overlap among programs, with few unique
SSRs identified by individual programs

QDD 336
2%,
/
118,193 ¢ . 118,274
/
/
SSR /118,193
Finder\ / SSRIT
1293 A ; 1831
\ 7
‘162,479 ¢
\ ’
\ /
\ /
\ /
\ /
\ /
USDA E) \
= Qe \/

United States Department of Agriculture
National Institute of Food and Agriculture




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. - B -

100000 -+ — — ———
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40000 1
30000
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SSR Motif Discovery (VI)

Result 4:

The sequence reads containing SSRs have been mapped onto the
soybean whole-genome sequence displayed in PhaseolusGenes

USDA
USDA

United States Department of Agriculture
National Institute of Food and Agriculture
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Adriana Navarro Gomez




2500 papers (abstracts and whole papers) read:

* Bean Improvement Cooperative (BIC)

*Google Scholar

* |SI 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

<
> 45 papers used

From 1993 to 2011



QTL for seed iron and zinc concentration and content
E Xam p I e 1 in a Mesoamerican common bean (Phaseolus vulgaris L.)
population

Matthew W. Blair * Juliana I. Medina -
Carolina Astudillo - Judith Rengifo -
Steve E. Beebe * Gloria Machado - Robin Graham

Fable 8 Markers shgnihcantly wssochated with fron and 2ine comtent Cin pg/seed ) and seed shze identihed with single polot regresslon unnlysis fr

oo (LIS CLINE bl

QI Chromosonm Murker 1L.OD { Slgnihoanes Nourey

GSWopo | ATALG 0,047" s
USW pot il M2 ) | (IR AR s
USWepuh | \ Kixom {52 XL CHAN
GSWepan, | J ATALTA LE VON 0.046* Ciras)

GSWepaltinl ATAZIG Jell IRIRAR AN
QleCont_palcre A BM210 207 11,90 0,002 Chasn
YleCom_poAA I M2\ | Ko LT 0,006 4 CHas
qZnCont_poAA | WMl 007 54 0,047 s
GZnCont_poAA I M2 | KO 1.3 0008 s
gZnCont_polcP i HM210 | KO 10,00 000854 14510
OTL mame based on method elther atomic absorption spectroscopy (AA) or inductively coupled plasma-optical emission spectroscopy (1C1°)
and association with bron (Fe) or zine (200w well s location ofexpertment o Dacen (O, Palmica (Pa) or Popayan (Po) and QT aeder on linkage
group

D evel of shgnifieanee cormesponding 1o 2 < 008 (%) wnd # < 0,01 (**)

United States Department of Agricultur
National Institute of Food and Agriculturs




Example 2 QTL Mapping of Resistance to Thrips palmi Karny in Common Bean

A. Frei. M. W. Blair.* C. Cardona. S. E. Beebe, H. Gu, and S. Dorn

CROP SCIENCE, VOL. 45, JANUARY-FEBRUARY 2005

QTL Analysis for Thrips Resistance Traits

In the IM analysis, LOD thresholds of 2.6 to 2.8 (LR
11.82-12.83) were calculated based on the result of a
1000-fold permutation test for each trait analyzed and
were used to declare a putative QTL as significant. One et
major thrips- rcxnstanu QTL was identified on LG b06 V2003

A _in the season 1000R (Fio 2 AM201

and 3). This ()IL was named 7[716.1. and the highest ke ol
LOD at the terminal marker BMc128 was 5.8 (LR 27.2) ” —— Q1801
for damage in 1999B and 4.6 (LR 21.6) for RA in 1999B. ‘ BM156
This QTL explained 26.8% of variance for damage in
1999B (total R? of 0.278), and 21.9% of variance for
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Fig. 2. Genetic linkage map for the BAT 881 x G 21212 population, showing linkage groups that contained significant QTLs for Thrips palmi
resistance. The QTLs were identified by single interval mapping (black boxes, DY9B = damage 1999B, RAY9B = reproductive adaptation
1999B), by joint interval mapping for resistance traits within the same season (gray boxes, JO9B = joint for damage and RA in 1999B) and
by joint interval mapping for each resistance trait across three seasons (white boxes, JD3s = joint for damage across three seasons, JRA3s
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Information on QTLs was collected for addition to
PhaseolusGenes (Table 1) from > 45 papers.

Table 1. QTL information collected




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

Additivity R2 (%)

Cormnell49242
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925 QTLS (trait x population x environment) have been reported.
They concerned all major organs (roots, stem, leaves, pods, and seeds)

Plant 364

Leaf 264

Stem 19
Pod 3

Seed 142—
Root 104—

Matthioli 1572



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

Abiotic stress T 08
Biotic stress R 521
Composition 66

Development/performance 240

Total 925




Average Genetic Parameters for
QTLs

33 populations; average pop. size:
100; 28 QTLs per population

R2 LOD P
(%) value

Average 17.2 5.0 0.03
(925 QTLs)




What is Next for QTLs?

* Integrate the information into
PhaseolusGenes
— Searchable table

— Links with:

* Gbrowse (for markers)
* Cmap

e 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




