


Objectives of the Alfalfa Breeder’s Toolbox (ABT)

] 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
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Welcome to the Alfalfa Breeder's Toolbox

The Alfalfa Breeder's toolbox aims to provide convenient access to alfalfa genomic, genetic and phenotypic datasets deriving from U S. and international
research. We have embarked on a journey to sequence the alfalfa genome and use scientific knowledge to inform plant improvement strategies. Included
are genetic markers for use in molecular breeding approaches to develop enhanced alfalfa cultivars that improve forage based production systems
regionally and globally.

The alfalfa genomics sequencing efforts and the toolbox are a collaboration between multiple organizations and made possible through support from the
Noble Foundation and Industry pariners.
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Questions for Practical Molecular Breeding

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 | need to develop
additional SNPs?

3. What markers can | use for marker-assisted selection?
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The alfalfa genomics sequencing efforts and the toolbox are a collaboration between mulfiple organizations and made possible through support from the
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Alignment of SNP markers to the CADL Genome
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Display Genotypic Data as Allele Frequencies

Alfalfa (CADL)
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Physical Location of Markers Associated
with Aluminum Tolerance QTLs
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Searching the Legume Primer Database (LPD)

Legume Primer Advanced Search

Legume Primer Advanced Search Result

PrimerlD: l:le,g., AWA73
i l:leg MLEST PrimerID Location Batch(es)
Ampliconsize: l:le.g., 174 MSE-0006 B11046 1o
Fprimer: ‘ )&g, GCATAGTATACGACCCACAAATCA sk s i i
MSB-0024 B110812 110
o [ e MSB-0025 B10CH 10
e \ o8, TGBTIGCTGCCMCTTCH MSE-0036 B110C12 10
Rim: [ Jews MSB-0048 B110D12 10
i 7 - <: MSB-0054 B110E6 10
e = e MSB-0073 B110G1 10
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MSB-0104 B111A8 111
Lab Location(s): l:leg., B74G03 MSB-0105 B111A0 111
Batch(es): l:leg.,ﬂ MSB-0108 BI11A12 1"
MSB-0119 B111B11 M
MSB-0128 BI11C8 m
Piype: <= MSB-0196 B112A4 112
MSB-0199 B11247 12

Ctype:
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Currently showing records 1- 20 of 495,
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Home » BLAST » Nucleotide Query » Nucleotide to Nucleotide BLAST (blastn)
Horme » BLAST Nucleotide to Nucleotide BLAST (blastn)

* E

BLAST

[Enter one or more queries in the top text box or use .Lbe bm Wse bumm to upload a file from your local disk. The file may contain a single sequence or &
list of sequences. In both cases, the data must be in

In bioinformatics, BLAST (Basic Local Alignment Search Tool) 1s an algorithm for comparing primary biological sequence information, such as the aming- Enter FASTA sequence(s)
acid sequences of different proteins or the nucleotides of DNA sequences. A BLAST search enables a researcher to compare a query sequence with a

Iibrary or database of sequences, and identify library sequences that resemble the query sequence above a certain threshold. Different types of BLASTs

are available according to the query sequences. For example, following the discovery of a previously unknown gene in the mouse, a scientist will typically

[ Show an Example Sequence

AR AT T TATAATAAATCT TACT IGCTAT TAAAAAT TATIGEGTCARCCCTGIATAGCCTTTAGAAAATCTAGAAATAAAAAAGTATAGACA

perform a BLAST search of the human genome fo see if humans carry a similar gene; BLAST will identify sequences in the human genome that resemble Enter query sequemcels) it the ezt area
the mouse gene based on similarity of sequence. Or upload your own query FASTA:
Browse... | Upload
The file should be a plain-text FASTA (fasta, .fna, fa) file. In other words, it cannot have formatting as is the case with MS Word (doc, decx) or Rich Text Format (1tf). [t cannot
‘ ‘ Altschul SF, Gish,W, Miller W, MyersE W and Lipman,D J. (1990) Basic ocal alignment search ool J Mol Biol, 215, 403-410 be greater than 2MBin size. Don't forget to press the Upload button before attempting to submit your BLAST.

DalabaseType » Choose Search Set

Choose from one of the nucleotide BLAST databases listed below. You can also use the browse button to upload a file from your local disk. The file may

anfain g cinala ralictaf

Nucleotide h nucleotide database using a nucleotide query NCBI NT Database (as of Nov 12, 2015)
[NUCELOTIDE] Medicagoe sativa CADL genome

Nucleotide ] Medlcan truncatuta v4

Protein blasti: Search protein database using a translated nucleotide query.

Or upload your own dataset:
| Browse.. | Upload

Nucleotide {hiastn: Search translated nucleotide database l,lSi[lg a plOtem (query. The file should be a plain-text FASTA (fasta, .fna, fa) file. In other words, it cannot have formatting as is the case with MS Word (.doc, docx) or Rich Text Format (1tf). [t cannot

p[o tein be greater than ZA/Bin size. Don't forget to press the Upload button before attempting to submit your BLAST.

Proten blastp: Search protein database using a protein query.
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In silico PCR Amplification

_Insilico PCR Amphification )

® Medicago sativa . (CADL) G

i ":J Medicago truncatula v4
U Medicago truncatula va55
(U Medicago truncatula va.0

Primer 5| TTGGATGOGAAAGA & <:

Primer2 | 5-[ATCCARACCAACCA | @

Maximum lenght of bands nucleotides
Allow one mismatch [ Check if you want to allow one mismatch in any position of primers.

' AT,GC and N are allowed; A+T+G+C must be 10 or more

Amplify ' Reset
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Tools » In silico PCR Amplification

In silico PCR Amplification

(® Medicago sativa L. (CADL)
O Medicago truncatula v4

-

Genome -
) Medicago truncatula v3.5.5
© Medicago truncatula v3.0
Primerl! 5| TIGGATGEGAAMGAGACAGG |+
Primer 2!  5'- ‘ ATCCAAACCAACCAAAGCAA | -3
Maximum lenght of bands | 500 x |nucleotides
Allow one mismatch ] Check if you want to allow one mismatch in any position of primers.

1 AT,G,C and N are allowed; A+T+G+C must be 10 or more.

Amplify = Reset

Copyright @ 2016, The Samuel Roberts Noble Foundation, Inc
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Modified from Soiice code

Community
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In silico PCR Amplification Result

Primer 1: TTGGATGGGAAAGA
Primer 2: ATCCAAACCAACCA

Target Genome: Medicago sativa

Position in Sequence equences

198797 73 ATCCARACCARCCAARGCAACAGTGT TACCACARGGCACATCCTCARCAGTCTCCTGTCTCTTTCCCATCCAR
_ List of Amphicons found 1 € e
Position in Sequence Size (DD equences
55691 73 ATCCARACCARCCATAGCGACTGTIGT TACCACAAGGCACGICTICARCAGTTTCITGTCTCTITCCCATCCAR
| 144160 73 ATCCARACCARCCATRAGCGACCGTIGTTACCACAAGGCACATCCTCARCAGTITCITETCTCTITCCCATCCAR
Position in Sequence
731955 73 TTGGEATEGEARAGAGACARGARACTGT TEAGGATGTGCCT TGTGGTAACACEET CECTATGETTGETTTGEAT
| 769882 73 TTGGATEGEAARGAGACARGARACTGT TEAGGATGTGCCT TGTGETANCACEGTCECTATGETTGET TTGEAT
| 879371 73 TTGEATEEEARAGAGACAAGARACT 6T TEAGGACETGCCT TGTGRTARCACAGTCGCTATGET TGGT TTGGAT

Start Over.
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NOBLE Alfalfa Breeder's Toolbox
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Home Resources Tools

Home » In silico PCR Amplification Result
In silico PCR Amplification Result

Primer 1: TTGGATGGGAAAGAGACAGG
Primer 2: ATCCAAACCAACCAAAGCAA

Target Genome: Medicago sativg

List of Amplicons found
Position in Sequence
198797

Size (B
73

equences
ATCCARRCCARCCARRGCAACAGTGTTACCACAAGGCACATCCTCARCAGTCICCTSICTCTITCCCATCCAR

Start Over

Copyright © 2016, The Samuel Roberts Noble Foundation, Inc
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Display Markers across the Genome

Alfalfa (CADL)
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Additional Approach:
Retrieve Genomic Information from the Homepage

Search options

Genome Browser Position

Gene | Annotation

Phenotype | Gene Expression Condition

Clone | Cultivar | Population

Marker

100000

M. sativa (CADL chr/scaffold | scaffoldi
M. truncatula

»>EF654111.2 Medicago sativa subsp. falcata DREBI]

AARACARACTCTCTCCAATTCCGACTTTACCTCTCARACACCATTTTCCAC
TCTATCCRACACATACATATATGATTACTACTARCAACTCTTCCTATTCA
CACTCCATTTCCTCARARAGATTTTTCTCCCTTCGACGCATCATCACCGAR

v

Go

Search

Search

BLAST

Search

Search

f~ More options

B~ More options

f~ More options

&~ More options

B+ More options

E~ More options




Query

Results

Focus

Databases

Aluminum tolerance

HIN

search W More options

<

Results for “Aluminum tolerance” search

Aluminum tolerance

Izl Aluminum tolerance

0y )

Germplasn}

Trial Data

Germplasm name 1, QTLs

Germplasm name 2, QTLs




Integrate Phenotypic Data from Field Trials

Fall Dormancy| Persistance Fall Growth | Fresh Biomass | Dry Biomass | Visual Rating
Pl Source | PlantID Taxonomy Origin Rating (survival pls/plot) (cm) (g/plant) (g/plant) | (Diseases) |Lodge

Medicago sativa

Pl_467942 core PGR 12451 |subsp. sativa u.s. 2.7 4.6 13.6 560.4 190.4 5.3 3.0
Medicago sativa

PI_467977 core PGR 12486 subsp. falcata uU.s. 24 4.8 11.8 493.3 183.4 4.5 3.5
Medicago sativa

Bulldog505| Control |Bulldog505 subsp. sativa u.s. 31 4.9 15.7 527.5 180.0 3.3 2.8
Dormancy Medicago sativa

W6_22287 Check Archer |subsp. sativa U.s. 3.3 5.3 16.7 543.1 178.8 4.0 2.5

Sibiriacka |[Medicago sativa Former

P1_502532 core 232 nothosubsp. varia | Soviet Union 2.8 3.1 14.1 527.2 178.3 5.0 3.3
Medicago sativa

Pl_468053 core PGR 12562 nothosubsp. varia Canada 27 2.8 13.4 482.2 169.7 3.5 2.8
Flemish |Medicago sativa

Pl_536538 | Hist. Pop Pop subsp. sativa uU.s. 31 4.4 15.6 530.3 166.8 4.0 3.0
Medicago sativa

Pl_449306 core Alta Sierra |subsp. sativa Chile 3.6 5.4 17.8 420.1 163.8 6.0 2.8
Medicago sativa

PI_172985 core No. 8387 |subsp. sativa Turkey 24 4.1 12.0 453.2 159.0 3.8 3.3
Medicago sativa

Pl_442810 core Trek subsp. sativa Canada 2.8 4.1 14.0 446.2 158.0 4.3 2.3




Integrate Forage Quality Data

PDB = Percent dry biomass

Ca K Mg CP ADF NDF TDN | Lignin |IVTDMD dNDF48

Pl Source | PlantID Taxonomy Origin (PDB) |P (PDB)|(PDB)| (PDB) | (PDB) | (PDB) | (PDB) | RFV | (PDB) | (PDB) | (PDB) | (PDB)
Medicago sativa

Pl_467942 core PGR 12451 |subsp. sativa u.s. 143 0.26 1.87 0.39 21.22 30.67 37.94 | 164.02 | 65.01 6.94 76.17 16.03
Medicago sativa

Pl_467977 core PGR 12486 |subsp. falcata u.s. 1.34 0.26 174 | 039 21.51 3045 | 3762 | 16337 | 65.18 6.99 75.76 15.65
Medicago sativa

Bulldogb05| Control |Bulldog505|subsp. sativa u.s. 1.56 0.26 1.76 0.42 21.96 29.51 3632 | 17337 | 6591 6.57 76.98 15.37
Dormancy Medicago sativa

W6_22287 | Check Archer |subsp. sativa u.s. 145 0.26 1.96 0.39 21.78 28.74 | 3548 | 17595 | 66.51 6.29 78.06 15.76

Sibiriacka |Medicago sativa Former

Pl_502532 core 232 nothosubsp. varia |Soviet Union| 1.30 0.26 195 | 0.38 2117 31.21 3850 | 159.02 | 6459 6.98 75.89 16.34
Medicago sativa

Pl_468053 core PGR 12562 |nothosubsp. varia| Canada 1.58 0.26 1.88 0.41 21.87 28.12 3474 | 18546 | 66.99 6.14 78.68 15.50
Flemish [Medicago sativa

Pl_536538 | Hist. Pop Pop subsp. sativa u.s. 157 025 | 185 | 0.M 21.08 29.23 36.03 | 17319 | 66.13 6.60 77.32 15.56
Medicago sativa

Pl_449306 core Alta Sierra |subsp. sativa Chile 1.43 0.27 1.78 0.39 21.31 29.94 36.89 | 168.22 | 65.58 6.69 76.39 15.43
Medicago sativa

PI_172985 core No. 8387 |subsp. sativa Turkey 1.36 0.26 1.68 0.43 2221 30.88 38.02 | 16441 | 64.84 7.11 75.86 15.69
Medicago sativa

Pl_442810 core Trek subsp. sativa Canada 1.40 0.25 1.7 0.40 20.69 28.33 3509 | 17843 | 66.83 6.16 78.31 15.38
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Map overview

Welcome to the Alfalfa Breeder's Toolbox

Molecular Markers
The Alfalfa Breeder's toolbox aims to provide convenient access to alfalfa genomic, genetic and phenot pm U.S. and international
research. We have emhbarked on a journey to sequence the alfalfa genome and use scientific knowledge t ent strategies. Included
are genetic markers for use in molecular breeding approaches to develop enhanced alfalfa cultivars that roduction systems
regionally and globally.
The alfalfa genomics sequencing efforts and the toolbox are a collaboration between mulfiple crganizations and made possible through support from the
Noble Foundation and Industry partners.

List of Publications

f Search options

Genome Browser Position  |M. sativa (CADL) v chr..-‘scaffold| scaffoldi | Range| 10000 |-| 10 Go E+ More options
Gene | Annotation | | Search B~ More options
Phenotype | Gene Expression Condition | | Search B+ More options

Sequence BLAST [~ More options
Clone | Cultivar | Population | | Search B+ More oplions
Marker | | Search E~ More options
& N CGR - UNIVERSITY OF MINNESOTA ], (raig Venter’
ot Driven to Discover” I wsT1TUTE

Copyright @ 2016, The Samuel Roberts Noble Foundation, Inc.
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Home » Molecular Markers » Download

Download

Maps

The following downloadable files are in CMap format

Mapping Popu]atlon_ Altet-4 x NECS-141

O B | Anmet-4_x_NECS-1411xt 543.96 KB _
Publication” Fhu et al 2012
= - ’ Mapping Populauon Chilean x Wisfal
[ | Chilean_x_Wisfal txt 1289 KB
o= o Publication- tal, 2011, BMC
= M Populati DM3xDM5
m B | population_DM_3_x_DM_5 txt 21915 KB apping Pop °n_ et
Publication- [ al 2014 G3 J
actions choose an action [+]|  Process
Molecular Markers

snps_in_silico_mapping xlsx 9403 KB SNP markers per chromosome

ng xlsx 12394 KB Core set of SNP markers on all 8 chromosomes

24086 KB Combined GBS SNPs from DM3 and DM5

SNPs from DM3.xIsx 176.03 KB GBS SNPs from DM3

0
® ® & & @

DMS5 . x1sx 25092 KB GBS SNPs from DMS5



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.

Location {ch)

Genetic map of DM3
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Synteny Between Alfalfa and Other Legumes

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

NCGR/CGIAR Corr ive Map and Trait Viewer

File Edit View Filter Map comparison Help

Hmmﬂ 3 Cumparel ° Hide Comparison |
i
»

e 00 chr8 scaffold63|size1482866
File Edit View Filter Map comparison File Edit View Filter Map comparison

Search: |

e 00 ctg4184
File Edit View Filter Map comparison

58 omn:wo—f §: - B

o
5700009—3 =

Source: Andrew Farmer at NCGR



Strategy for Alfalfa Improvement

Germplasm

mapping pops, field, greenhouse, genome sequences,
genetic maps, imaging techno|og transcriptomes,

markers, genes/QTLs physical maps

Methodology
Identify populations
& genotypes

. Genetic Resources Phenotypic Data ] Genomic Resources “-_

A
B
T

; Improved Populations R

-

Cultivars




Summary of Progress and Ongoing Activities

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
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