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• Genetic resistance is the primary method  
of controlling plant diseases

• Marker assisted selection (MAS) has 
become important and useful in the 
selection of disease resistance genes

• Single nucleotide polymorphism (SNP),  
because of its abundance and high-
throughput scoring potential is 
becoming a powerful tool in genome 
mapping, association studies, 
diversity analysis, and tagging of 
important genes in plant genomics
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Single Nucleotide Polymorphism (SNP)
An example for Mi

Motella

LA3130

Mogeor

NY07-464

G

C

G

C

Motella/LA2823 Mi AAGTAGACGAGGTTAGTAAAAT
Mogeor/LA3471 Mi AAGTAGACGAGGTTAGTAAAAT
NY07-464 mi AAGTAGACGACGTTAGTAAAAT
LA3130 mi AAGTAGACGACGTTAGTAAAAT



A. Fusarium wilt (Fusarium oxysporum f. sp. Lycopersici) (image from apsnet)
B. Verticillium wilt (V. dahliae and V. albo-atrum) (image from Cornell)

C. Root-knot nematode (Meloidogyne incognita, M. javanica) (image from NCSU)
D. Tomato mosaic virus (ToMV) (image from apsnet)

E. Tomato spotted wilt virus (TSWV) (image from NCSU)

Five Tomato Diseases

A B C

D E



Objective
• To identify SNP markers for  

I-2 of Fusarium wilt resistance,
Mi of root-knot nematode resistance,
Sw-5 of TSWV resistance,
Tm-2 of ToMV resistance, and 
Ve of Verticillium wilt resistance

• To develop a multiplex SNP assay for 
marker assisted selection (MAS) 
of the five genes



Outline

I. Develop allele-specific SNP marker for Sw-5

II. Select SNP markers for I-2, Mi, Tm-2, and Ve

III. Develop a 13-SNP assay for the 5 genes

IV. SNP genotyping for the 5 genes in tomato 
germplasm



Sw-5 is the most broadly deployed TSWV resistance gene utilized 
in tomato breeding because of its durability and stable 
resistance (Boiteux and Giordano, 1992; Stevens et al., 
1992, 1994, 1995). 

Sw-5 gene has been cloned and its sequence was deposited in 
GenBank with the accession AY007366.

AAGCTTGGTGCAATGACATTATACAATCAACAAAGAATAGAAAGGAGATAAAAAGCACTATCCAAATCCC
---------------------------------------------------------------------
----------------------------------------------------------------------
TCCATTTTCCTTTTTTTGATTATTCCAGCTACCAAGACAACCACTAGGGGCAGTCCTTTGCATTTTTCTG
CTACTGCTTGACTCACATCTTGTAGTTCAAGCGGGCAATCTTCCTTTTGAAACACTTTTTTCTGCAACAA
TTGGCAACTCTCTTCTGTTGTGAGGAATGGAAGAGAATAAGGATCAGTATGGTACTTGACTTGCTTACCC
ACTTCTTCAAGTCGAGTTGTTACGACTATTCTGCTTCTAATTCCAACATCTGGAAAAGAAAGCCTTAAGT
CATCCCATACCATACAATCCCACATATCATCCAATACAATGAGATATCTCTTTCCCATTAATTTTCTCCT
CAACATGTCGGCAAGAACATCAACCGTAGCTCCATTGTCGTTGAAACCTGTAACTTGACTGAAAATATCT
TGTAATAACTCTATCCGGTTATACGTTTGAGAAATGATGCACCATGCTCGAACATCAAAGCGAGAAACAA
TAATGTCATTATTGTACAACTTTCTAGCAATTGTCGTTTTCCCTTGTCCTCCCATGCCTACAATTGGGAC
AACGTCTAGCTCATTTGTACCTCTAGTCAGATAATCAATTAGTTCTTCTGCTTGTTTCTCAAAACCCACT
ACCTCCTCATCAGTTACAAGATTGCTATGTCGATCCGGCAGATGTTTTAATGGAGCAGCCACATAGTGAG
----------------------------------------------------------------------
TTGGCTTAAAATAAGTTTTTTTTAACTTAAAATATGTTATTTTGAGTATTGACAAACAACTAAATAAGTC
AAAAATCAGCTTTTAAGTCAGTTTGACCACGCTCTCTTAT

I. Develop Allele-specific SNP Marker for Sw-5

Sw-5 – AY007366



Sw-5 Gene Sequence

Primer Design

PCR

Sequencing PCR Products

Multiple Sequence Alignment

SNP Discovery

SNP Validation SNP Genotyping

Procedure for development of Sw-5 specific SNP markers

Topic I



AAGCTTGGTGCAATGACATTATACAATCAACAAAGAATAGAAAGGAGATAAAAAGCACTATC
---------------------------------------------------------------------
----------------------------------------------------------------------
TCCATTTTCCTTTTTTTGATTATTCCAGCTACCAAGACAACCACTAGGGGCAGTCCTTTGCA
CTACTGCTTGACTCACATCTTGTAGTTCAAGCGGGCAATCTTCCTTTTGAAACACTTTTTTC
TTGGCAACTCTCTTCTGTTGTGAGGAATGGAAGAGAATAAGGATCAGTATGGTACTTGACT
ACTTCTTCAAGTCGAGTTGTTACGACTATTCTGCTTCTAATTCCAACATCTGGAAAAGAAAG
CATCCCATACCATACAATCCCACATATCATCCAATACAATGAGATATCTCTTTCCCATTAATT
CAACATGTCGGCAAGAACATCAACCGTAGCTCCATTGTCGTTGAAACCTGTAACTTGACTG
TGTAATAACTCTATCCGGTTATACGTTTGAGAAATGATGCACCATGCTCGAACATCAAAGCG
TAATGTCATTATTGTACAACTTTCTAGCAATTGTCGTTTTCCCTTGTCCTCCCATGCCTACAA
AACGTCTAGCTCATTTGTACCTCTAGTCAGATAATCAATTAGTTCTTCTGCTTGTTTCTCAAA
ACCTCCTCATCAGTTACAAGATTGCTATGTCGATCCGGCAGATGTTTTAATGGAGCAGCCA
----------------------------------------------------------------------
TTGGCTTAAAATAAGTTTTTTTTAACTTAAAATATGTTATTTTGAGTATTGACAAACAACTAAA
AAAAATCAGCTTTTAAGTCAGTTTGACCACGCTCTCTTAT

Sw-5: AY007366

Primer design
Tool: Primer-BLAST 

PCR

PCR Product
Sequencing

Sw5-f1 AACCACTAGGGGCAGTCCTT
Sw5-r1 CTCACTATGTGGCTGCTCCA

(TGGAGCAGCCACATAGTGAG)

Topic I



Multiple Sequence Alignment
- Tool - BioEdit

AY007366-sw5b AACCACTAGGGGCAGTCCTTTGCATTTTTCTGCTACTGCTTGACTCACATCTTGTAGTTCAGGCGGGCAATCTTCCTTTTG
LA3667 ---------------------------------------------------------------------------------------------------- 100 
NY07-464 ---------------------------------------------------------------------------------------------------- 100 
LA2823 ---------------------------------------------------------------------------------------------------- 100 
AY007366-Sw5a AACCACTAGGGGCAGTCCTTTGCATTTTTCTGCTACTGCTTGACTCACATCTTGTAGTTCAAGCGGGCAATCTTCCTTTTG

AY007366-sw5b AATTGGCAACTCTCTTCTGTTGTGAGGAATGGAAGAGAATAAGGATCAGTATGGTACTTGACTTGCTTACCCACTTCTTCA
LA3667 ---------------------------------------------------------------------------------------------------- 200 

NY07-464 ---------------------------------------------------------------------------------------------------- 200 
LA2823 ---------------------------------------------------------------------------------------------------- 200 

AY007366-sw5b TTCTGCTTCTAATTCCATCATCTGGAAAAGAAAGCCTTAAGTCATCCCATACCATACAATCCCACATATCATCCAATACAAT
LA3667 -----------------W---------------------------------------------------------------------------------- 300 
NY07-464 -----------------A---------------------------------------------------------------------------------- 300
LA2823 -----------------A---------------------------------------------------------------------------------- 300 

AY007366-sw5b TAATTTTCTCCTCAACATGTCGGCAAGAACATCAACCGTAGCTCCATTGTCGTCGGAACCTGTAACTTGACTGAAAATATC
LA3667 ------------------------------A----------------------Y-R----------------G---------------------M--C-R     400 
NY07-464 ------------------------------G----------------------T-A----------------A------------------------T-- 400 
LA2823 ------------------------------G----------------------T-A----------------A------------------------T-- 400 

AY007366-sw5b TTATACGTTTGAGAAATGATGCACCATGCTCGAACATCAAAGCGAGAAACAATAATGTCATTATTGTACAACTTTCTAGCAA
LA3667 ---------------------------------------------------------------------------------------------------- 500 
NY07-464 ---------------------------------------------------------------------------------------------------- 500 
LA2823 ---------------------------------------------------------------------------------------------------- 500 

AY007366-sw5b CTCCCATGCCTACAATTGGGACAACGTCTAGCTCATTTGTACCTCTAATCAGATAATCAATTAGTTCTTCTGCTTTATTCTC
LA3667 -----------------------------------------------R---------------------------KW----------------------- 600 
NY07-464 ---------------------------------------------------------------------------------------------------- 600 
LA2823 ---------------------------------------------------------------------------------------------------- 600 

AY007366-sw5b ATCAGTTACAAGATTGCTATGTCGATCCGGCAGATGTTTTAATGGAGCAGCCACATAGTGAG 662
LA3667 -------------------------------------------------------------- 662
NY07-464 -------------------------------------------------------------- 662
LA2823 -------------------------------------------------------------- 662

Topic I



C22766G22741A22724T22722A22699A22586AY007366Sw-5aStevens

T398A373A356T354G331A218FJ686042sw-5LA2823

T398A373A356T354G331A218FJ686039sw-5Riesentraube

T398A373A356T354G331A218FJ686040sw-5LA3433

C398G373R356Y354A331W218FJ686041Sw-5LA3667

C31459G31434G31417C31415A31392T31279AY007366Sw-5bStevens

snp6snp5snp4snp3sw5-snpSSw5-snp1
GenBank
accessionGeneAccession

SNP Discovery

* Sw-5 consisted of Sw-a and Sw-b. Sw5-a is located at 20824-24561 base and Sw5-b at 29513-33253 
base of the GenBank accession AY0073366 that was cloned from the tomato cultivar “Stevens”
(Folkertsma et al 1999). Sw-b is the functional allele for conferring resistance to TSWV (Spassova et al., 
2001).
‘W’ = ‘A/T’, ‘Y’ = ‘C/T’, and ‘R’ = ‘A/G’
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SNP Validation and Genotyping by Sequenom

G  GA   A-+sw5-bNY07-464

G  GA   A-+sw5-bNY07-461

G  GA   A-+sw5-bBush Celebrity

G  GA   A-+sw5-bRiesentraube

G  GA   A-+sw5-bPeto 95-43 (LA3528)

G  GA   A-+sw5-bLA3473

G  GA   A-+sw5-bMogeor (LA3471)

G  GA   A-+sw5-bLA3433

G  GA   A-+sw5-bLA3432

G  GA   A-+sw5-bUC-204C (LA3130)

G  GA   A-+sw5-bMotella (LA2823)

G  GA   A-+sw5-bMobox (LA2821)

G  GA   A-+sw5-bRoyal Red (LA2088)

G  GA   A-+sw5-bLA1802

G  GA   A-+sw5-bVFNT Cherry  (LA1221)

G  GA   A-+sw5-bLA0656

G  GA   A-+sw5-bAnahu (LA0655)

A  AA   T++Sw5-b & Sw5-aLA3667

A  AA   T++Sw5-b & Sw5-aBHN-444

A  AA   T++Sw5-b & Sw5-aSophya

A  AA   T++Sw5-b z & Sw5-aTalladega

Sw5-snp2Sw5-
snp1Sw5-f2/r2Sw5-

f1/r1
Gene at 
Sw-5 locusCultivar/Accession

Topic I



II. Selection of SNPs for I-2, Mi, Tm-2 and Ve

Topic II

• I2 is resistant to Fusarium wilt and the gene has been cloned 
(GenBank Accession: AF118127) (Simons et al., 1998).

• Mi is resistant to root-knot nematode. Mi-1.1 and Mi-1.2 have been 
cloned (AF039682 and AF039682) (Milligan et al., 1998).

• Tm-2 is resistant to tomato mosaic virus. Tm-2, Tm-22, and tm-2 at 
Tm-2 locus have been cloned (AF536199, AF536200, and 
AF536201) (Lanfermeijer et al., 2003).

• Ve is resistant to Verticillium wilt. Ve1 and Ve2 were cloned 
[(AF272366 and AF272367 for Ve1, and AF365929 and 
AF365930 for Ve2 (Kawchuk et al., 2001); FJ464554 -
FJ464557 for Ve1 and FJ464558 - FJ464561 for Ve2
(Fradin et al., 2009)].  The Ve1,  but not Ve2, provided 
resistance in tomato against race 1 strains of V. dahliae and 
V. albo-atrum (Fradin et al., 2009).



AF118127
AGAGACTCACAGAGTTATGGATCGATCATGATGGGAGT

GACGAA
03F-7 

AGAGACTCACAGAGTTATGGATCGATCATGATGGGAGT
GACGAA
MoneyMaker

AGAGACTCACAGAGTTATGGATCCATCATGATGGGAGT
GACGAA

Topic II

Yu and Zou. 2008. A co-dominant molecular marker of Fusarium wilt 
resistance gene I-2 derived from gene sequence in tomato. Hereditas (Beijing) 
30(7): 926―932

i-2
I-2
I-2

C143MoneyMaker
G14303F-7
G3274AF118127

One SNP selection for I-2 of Fusarium wilt resistance



Stuart,S., Williamson,V.M., Garcia,B.E. and Maxwell,D.P. 2007. A co-dominant SCAR marker for detection of 
the Mi-1 locus for resistance to root-knot nematode in tomato germplasm.
http://www.plantpath.wisc.edu/pp-old/GeminivirusResistantTomatoes/Markers/MAS-Protocols/Mi23-SCAR.pdf

One SNP selection for Mi of root-knot nematode resistance

Sequence around Mi23-snp1 SNP locationAllele at MiName

GGAACTATTAAGTAGACGACGTTAGTAAAATAACAAGCAmiLA2396

GGAACTATTAAGTAGACGACGTTAGTAAAATAACAAGCAmiLA3130

GGAACTATTAAGTAGACGACGTTAGTAAAATAACAAGCAmiNY07-464

GGAACTATTAAGTAGACGACGTTAGTAAAATAACAAGCAmiNY07-461

GGAACTATTAAGTAGACGAGGTTAGTAAAATAACAAGCAMiLA0655

GGAACTATTAAGTAGACGAGGTTAGTAAAATAACAAGCAMiMogeor / LA3471

GGAACTATTAAGTAGACGAGGTTAGTAAAATAACAAGCAMiMotella /LA2823

GGAACTATTAAGTAGACGAGGTTAGTAAAATAACAAGCAMiEU033926. Gh2 

GGAACTATTAAGTAGACGAGGTTAGTAAAATAACAAGCAMi3EU033932. LA3858 

GGAACTATTAAGTAGACGACGTTAGTAAAATAACAAGCAmiEU033930. LA2184 

GGAACTATTAAGTAGACGACGTTAGTAAAATAACAAGCAmiEU033927. M82-1-8 

Topic II



Topic II

CGGACCTGGTATTGTTCTm-2LA3471

CGGACCTGGTATTGTTCTm-2LA3433

CGGACCTGGTATTGTTCTm-2LA3432

CGGACCTGGTATTGTTCTm-2LA2088

CGGACCTGGTATTGTTCTm-2LA1221

ACCGTTGAACCGCAACTtm-2LA3528

ACCGTTGAACCGCAACTtm-2LA0656

ACCGTTGAACCGCAACTtm-2LA0655

ACCGTTGAACCGCAACTtm-2AF536199

CGGACCTGGTATTGTTCTm-2AF536200

CGGACCTGGTATTGTTCTm-2AF536201

23972390238123722363235623522334233323232313231123082300228821622059GeneName

Part of SNPs for Tm-2 of Tomato mosaic virus resistance



AF272367 TTTGAGCTTGCGTGATTGTCAAATTTCAGGCCCTTTGGATGAATCACTTTCTAAGCTTCACTTTCTCTCTTTTGTCCAACTTGACCAGAACAATCTCTCT
AF272366 .................................................A..................................................
NY07-461 .................................................A..................................................
NY07-464 .................................................A..................................................
Riesentraube .................................................A..................................................
Mogeor .................................................T..................................................
Peto 95-43 .................................................T..................................................
Bush Celebrity .................................................T..................................................

AF272367 CAGCGGGAGCCTTCCTGCATATATATTTGAGCTCCCCTCGTTGCAGCAGCTTTTTCTTTACAGAAATCAATTTGTTGGCCAAGTCGACGAATTTCGCAAT
AF272366 ..G.................................................................................................
NY07-461 ..A................................................................................................. 
NY07-464 ..A................................................................................................. 
Riesentraube ..A................................................................................................. 
Mogeor ..G................................................................................................
Peto 95-43 ..G................................................................................................. 
Bush Celebrity ..G.................................................................................................

AF272367 CACTTTCTTCCAACTTCTTTAGAGGGACAGTGCCCCTTGACCTCATTGGGAGGCTGAGCAACCTTTCAAGACTGGAGCTTTCTTACAATAACTTGACTGT
AF272366 ...........................................................................................G........
NY07-461 ...........................................................................................G........
NY07-464 ...........................................................................................G........
Riesentraube ...........................................................................................G........ 
Mogeor ...........................................................................................C........
Peto 95-43 ...........................................................................................C........
Bush Celebrity ...........................................................................................C........

G892A603A50FJ686045ve1Riesentraube

G892A603A50FJ809925ve1NY07-464

G892A603A50FJ809926ve1NY07-461

C892G603T50FJ686046Ve1Bush Celebrity

C892G603T50FJ809928Ve1Peto 95-43

C892G603T50FJ809927Ve1Mogeor

C3041G2752T2199AF272367Ve1Craigella

BaseLocationBaseLocationBaseLocation

Ve1-snp3Ve1-snp2Ve1-snp1
GenBank
accession

Gene at
Ve locusVariety

Identification of SNPs for Ve1 of Verticillium wilt Resistance
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T620C579C457FJ985979VeMogeor
T620C579C457FJ985980VeBush Celebrity
T620C579C457FJ985981VePeto 95-43
C620T579G457FJ985982veRehovot 13
C620T579G457FJ985983veNY07-461
C620T579G457FJ985984veNY07-464
C2934T2893G2771FJ464560veMoneymaker
C2934T2893G2771FJ464558veCraigella GCR26
T2934C2893C2771FJ464559VeCraigella GCR218
T2934C2893C2771FJ464561VeMotelle
T2934C2893C2771FJ464562VeVFN-8
C2934T2893G2771AF365930VeVFN-8
C2990T2949G2827AF365929VeVFN-8

Ve2-snp4Ve2-snp3Ve2-snp2

GenBank
acession

Gene at
Ve
locus

Tomato
variety

Topic II

Identification of SNPs for Ve2



III. A 13-SNP Multiplex Assay for 5 Genes by Sequenom

AACATGTCGGCAAGAAC5212.4ACGTTGGATGGGTGCATCATTTCTCAAACGACGTTGGATGTTTCTCCTCAACATGTCGGCsw5-SNP2

ACTTAAGGCTTTCTTTTCCAGATG7308.8ACGTTGGATGACCCACTTCTTCAAGTCGAGACGTTGGATGGGTATGGGATGACTTAAGGCsw5-SNP1

ggTTGCAAATGACGTTAAGAGG6863.5ACGTTGGATGCCTTTGAAGGAAACAGAGGCACGTTGGATGTGGTGCTGGTTTCAACTCTGVe2-snp4

GAATCACTAGACCTGTCAA5780.8ACGTTGGATGAGACTTGAAAGCTCTGAGGGACGTTGGATGTGGGAAGCTACAAATGCTTGVe2-snp2

ccagCCATTCAGGTGGTTGTTT6732.4ACGTTGGATGTGGCCAAGTCGACGAATTTCACGTTGGATGGGAATCGATCCATTCAGGTGVe2-snp1

ACTTGCATCAACAGTCAA5451.6ACGTTGGATGAGGCTGAGCAACCTTTCAAGACGTTGGATGAGAGGTTGAATTGCTGCTACVe1-snp3

agATATATGCAGGAAGGCTCCCG7097.6ACGTTGGATGTGAAGGACTCTCAGAGCTTGACGTTGGATGAAAAAGCTGCTGCAACGAGGVe1-snp2

GAGAGAAAGTGAAGCTTAG5949.9ACGTTGGATGAATTTCAGGCCCTTTGGATGACGTTGGATGTCAGGAACTGTGCTAGAGAGVe1-snp1

gCAATCTCCATAGCAAACTCATC6936.5ACGTTGGATGCTCTTAGATGACTTCCTTCCACGTTGGATGATCTTCTCAATCTCCATAGCTm2R-snp5

CCGAATGGGTTGTCTGAAGTAAC7103.6ACGTTGGATGGGAATCCTGTAAGTAACAGCACGTTGGATGTTCATAGCCCGAATGGGTTGTm2RS-snp2

TGGTGAATATTGGTAGAAATATAG7494.9ACGTTGGATGTATGGCTAGCGGTATACCTCACGTTGGATGTAGTTGGGCCAATGCTTCACTm2RS-snp1

CGGAACTATTAAGTAGACGA6174ACGTTGGATGTGGGAAAAAAGTGATCTCTCACGTTGGATGGCCCCGACGGAACTATTAAGM23-snp1

TACAGAGACTCACAGAGTTATGGATC8003.2ACGTTGGATGTCAATATCTTCGTCACTCCCACGTTGGATGCCGAAAGGAGTGGCATTTACI2-SNP03

UEP_SEQ
UEP_
MASS1st-PCRP2nd-PCRPSNP_ID



Sw-5A AA TVe?C CG GT TT TC CC CI-2?C GSw-5LA3667

G GA AVeC CG GT TT TC CC CI-2C GI-2, I, VeUC-204CLA3130

Sw-5A AA TVeC CG GA TT TC CC CI-2C GI-2, Sw-5, VeTalledaga147

Sw-5A AA TVeC CG GT TT TC CC CI-2C GI-2, Sw-5, VeBHN-444150

G GA AVeC CG GT TT TC CC CI-2C GI-2, I, Sm, VeMoboxLA2821

G GA AVeC CG GT TTm-2C CT TC CI-2C GI-2, Ph-3, Sm, Tm-2CLN2264FLA4285

Sw-5A AA TVeC CG GT TTm-2C CT TMiC GI-2C GI-2, Mi, Sw-5, Tm-2, VeSophya148

G GA AVeC CG GT TT TC CMiG GI-2C GI-2, I, Mi, Sm, VeMotelleLA2823

G GA AVeC CG GT TTm-2C CT TMiG GI-2C GFrl, I, I-2, Mi, Pyl, Tm-2a, VeMogeorLA3471

G GA AVeC CG GT TT TC CC CI-2C GAsc, I I-2, Sm, VePeto 95-43LA3528

G GA AC GA GA AT TC CC CC CLA3386

G GA AVe?C CG GT TT TC CMi?C GC CTy-1LA3473

G GA AC GA GA ATm-2C CT TC CC CTm-2LA3433

G GA AC GA GA AT TC CC CC CSmLA1802

G GA AC GA GA AT TC CC CC CPto^2Rehovot 13LA3129

G GA AVe?C CG GT TT TC CC CC CPtoOntario 7710LA2396

G GA AVeC CG GT TTm-2C CT TMiG GC CMi, Tm-2a, VeVFNT CherryLA1221

G GA AC GA GA AT TC CMiG GC CMiLA0656

G GA AC GA GA AT TC CMiG GC CMiAnahuLA0655

G GA AC GA GA AT TC CC CC CHeroLA1792

G GA AVeC CG GT TTm-2C CT TC CC CAsc, I, Tm-2, VeRoyal RedLA2088

G GA AC GA GA AT TC CC CC Csusceptible to allRiesentraube84

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46498

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46197

Sw-5

sw5-
SNP
2

sw5
-
SNP
1Ve

Ve1-
snp3

Ve1-
snp2

Ve1-
snp
1Tm-2

Tm2
R-
snp2

Tm2
RS-
snp1Mi

M23-
snp1I-2

I2-
SNP
03Gene reportedNameLine

(1) I2-SNP03 SNP marker for I-2 allele

IV. SNP Genotyping by Sequenom in Tomato



G GA AC GA GA AT TC CC CC Csusceptible to allRiesentraube84

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46498

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46197

Sw-5A AA TVeC CG GA TT TC CC CI-2C GI-2, Sw-5, VeTalledaga147

Sw-5A AA TVeC CG GT TT TC CC CI-2C GI-2, Sw-5, VeBHN-444150

Sw-5A AA TVe?C CG GT TT TC CC CI-2?C GSw-5LA3667

G GA AVeC CG GT TT TC CC CI-2C GI, I-2, VeUC-204CLA3130

G GA AVeC CG GT TT TC CC CI-2C GI, I-2, Sm, VeMoboxLA2821

G GA AVeC CG GT TTm-2C CT TC CI-2C GI-2, Ph-3, Sm, Tm-2CLN2264FLA4285

G GA AVeC CG GT TT TC CC CI-2C GAsc, I, I-2, Sm, VePeto 95-43LA3528

G GA AC GA GA AT TC CC CC CLA3386

G GA AC GA GA ATm-2C CT TC CC CTm-2LA3433

G GA AC GA GA AT TC CC CC CSmLA1802

G GA AC GA GA AT TC CC CC CPto^2Rehovot 13LA3129

G GA AVe?C CG GT TT TC CC CC CPtoOntario 7710LA2396

G GA AC GA GA AT TC CC CC CHeroLA1792

G GA AVeC CG GT TTm-2C CT TC CC CAsc,  I, Tm-2, VeRoyal RedLA2088

G GA AVe?C CG GT TT TC CMi?C GC CTy-1LA3473

G GA AVeC CG GT TT TC CMiG GI-2C GI, I-2, Mi, Sm, VeMotelleLA2823

G GA AVeC CG GT TTm-2C CT TMiG GI-2C GFrl, I, I-2, Mi, Pyl, Tm-2a, VeMogeorLA3471

G GA AVeC CG GT TTm-2C CT TMiG GC CMi, Tm-2a, VeVFNT CherryLA1221

G GA AC GA GA AT TC CMiG GC CMiLA0656

G GA AC GA GA AT TC CMiG GC CMiAnahuLA0655

Sw-5A AA TVeC CG GT TTm-2C CT TMiC GI-2C GI-2, Mi, Sw-5, Tm-2, VeSophya148

Sw-5

sw5-
SNP
2

sw5
-
SN
P1Ve

Ve1-
snp
3

Ve1-
snp2

Ve1
-
snp
1Tm-2

Tm2
R-
snp2

Tm2R
S-
snp1Mi

M23
-
snp1I-2

I2-
SNP
03Gene reportedNameLine

(2) M23_snp1 SNP marker for Mi allele
IV. SNP Genotyping by Sequenom in Tomato



Sw-5A AA TVe?C CG GT TT TC CC CI-2?C GSw-5LA3667

G GA AVeC CG GT TT TC CC CI-2C GI, I-2, VeUC-204CLA3130

Sw-5A AA TVeC CG GA TT TC CC CI-2C GI-2, Sw-5, VeTalledaga147

Sw-5A AA TVeC CG GT TT TC CC CI-2C GI-2, Sw-5, VeBHN-444150

G GA AVeC CG GT TT TC CC CI-2C GI, I-2, Sm, VeMoboxLA2821

G GA AVeC CG GT TT TC CMiG GI-2C GI, I-2, Mi, Sm, VeMotelleLA2823

G GA AVeC CG GT TT TC CC CI-2C GAsc, I, I-2, Sm, VePeto 95-43LA3528

G GA AC GA GA AT TC CC CC CLA3386

G GA AVe?C CG GT TT TC CMi?C GC CTy-1LA3473

G GA AC GA GA AT TC CC CC CSmLA1802

G GA AC GA GA AT TC CC CC CPto^2Rehovot 13LA3129

G GA AVe?C CG GT TT TC CC CC CPtoOntario 7710LA2396

G GA AC GA GA AT TC CMiG GC CMiLA0656

G GA AC GA GA AT TC CMiG GC CMiAnahuLA0655

G GA AC GA GA AT TC CC CC CHeroLA1792

G GA AC GA GA AT TC CC CC Csusceptible to allRiesentraube84

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46498

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46197

G GA AVeC CG GT TTm-2C CT TC CI-2C GI-2, Ph-3, Sm, Tm-2CLN2264FLA4285

Sw-5A AA TVeC CG GT TTm-2C CT TMiC GI-2C GI-2, Mi, Sw-5, Tm-2, VeSophya148

G GA AVeC CG GT TTm-2C CT TMiG GI-2C GFrl, I,  I-2, Mi, Pyl, Tm-2a, VeMogeorLA3471

G GA AC GA GA ATm-2C CT TC CC CTm-2LA3433

G GA AVeC CG GT TTm-2C CT TMiG GC CMi, Tm-2a, VeVFNT CherryLA1221

G GA AVeC CG GT TTm-2C CT TC CC CAsc,  I, Tm-2, VeRoyal RedLA2088
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(3) SNP markers for Tm-2 locus
IV. SNP Genotyping by Sequenom in Tomato



(4) SNP markers for Ve allele

G GA AVe?C CG GT TTm-2C CT TC CI-2C GI-2, Ph-3, Sm, Tm-2CLN2264FLA4285

G GA AC GA GA AT TC CC CC CLA3386

G GA AC GA GA ATm-2C CT TC CC CTm-2LA3433

G GA AC GA GA AT TC CC CC CSmLA1802

G GA AC GA GA AT TC CC CC CPto^2Rehovot 13LA3129

G GA AC GA GA AT TC CMiG GC CMiLA0656

G GA AC GA GA AT TC CMiG GC CMiAnahuLA0655

G GA AC GA GA AT TC CC CC CHeroLA1792

G GA AC GA GA AT TC CC CC Csusceptible to allRiesentraube84

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46498

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46197

Sw-5A AA TVe?C CG GT TT TC CC CI-2?C GSw-5LA3667

G GA AVe?C CG GT TT TC CMi?C GC CTy-1LA3473

G GA AVe?C CG GT TT TC CC CC CPtoOntario 7710LA2396

G GA AVeC CG GT TT TC CC CI-2C GI, I-2, VeUC-204CLA3130

Sw-5A AA TVeC CG GT TT TC CC CI-2C GI-2, Sw-5, VeBHN-444150

G GA AVeC CG GT TT TC CC CI-2C GI, I-2, Sm, VeMoboxLA2821

Sw-5A AA TVeC CG GT TTm-2C CT TMiC GI-2C GI-2, Mi, Sw-5, Tm-2, VeSophya148

G GA AVeC CG GT TT TC CMiG GI-2C GI, I-2, Mi, Sm, VeMotelleLA2823

G GA AVeC CG GT TTm-2C CT TMiG GI-2C GFrl, I, I-2, Mi, Pyl, Tm-2a, VeMogeorLA3471

G GA AVeC CG GT TT TC CC CI-2C GAsc, I, I-2, Sm, VePeto 95-43LA3528

G GA AVeC CG GT TTm-2C CT TMiG GC CMi, Tm-2a, VeVFNT CherryLA1221

G GA AVeC CG GT TTm-2C CT TC CC CAsc, I, I, Tm-2, VeRoyal RedLA2088

Sw-5A AA TVeC CG GA TT TC CC CI-2C GI-2, Sw-5, VeTalledaga147
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IV. SNP Genotyping by Sequenom in Tomato
(5) SNP markers for Sw-5 allele

G GA AVeC CG GT TT TC CC CI-2C GI-2, VeUC-204CLA3130

G GA AVeC CG GT TT TC CC CI-2C GI-2, Sm, VeMoboxLA2821

G GA AVeC CG GT TTm-2C CT TC CI-2C GI-2, Ph-3, Sm, Tm-2CLN2264FLA4285

G GA AVeC CG GT TT TC CMiG GI-2C GI-2, Mi, Sm, VeMotelleLA2823

G GA AVeC CG GT TTm-2C CT TMiG GI-2C GFrl, I-2, Mi, Pyl, Tm-2a, VeMogeorLA3471

G GA AVeC CG GT TT TC CC CI-2C GAsc, I-2, Sm, VePeto 95-43LA3528

G GA AC GA GA AT TC CC CC CLA3386

G GA AVe?C CG GT TT TC CMi?C GC CTy-1LA3473

G GA AC GA GA ATm-2C CT TC CC CTm-2LA3433

G GA AC GA GA AT TC CC CC CSmLA1802

G GA AC GA GA AT TC CC CC CPto^2Rehovot 13LA3129

G GA AVe?C CG GT TT TC CC CC CPtoOntario 7710LA2396

G GA AVeC CG GT TTm-2C CT TMiG GC CMi, Tm-2a, VeVFNT CherryLA1221

G GA AC GA GA AT TC CMiG GC CMiLA0656

G GA AC GA GA AT TC CMiG GC CMiAnahuLA0655

G GA AC GA GA AT TC CC CC CHeroLA1792

G GA AVeC CG GT TTm-2C CT TC CC CAsc, I, Tm-2, VeRoyal RedLA2088

G GA AC GA GA AT TC CC CC Csusceptible to allRiesentraube84

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46498

G GA AC GA GA AT TC CC CC Csusceptible to allNY07-46197

Sw-5A AA TVe?C CG GT TT TC CC CI-2?C GSw-5LA3667

Sw-5A AA TVeC CG GA TT TC CC CI-2C GI-2, Sw-5, VeTalledaga147

Sw-5A AA TVeC CG GT TT TC CC CI-2C GI-2, Sw-5, VeBHN-444150

Sw-5A AA TVeC CG GT TTm-2C CT TMiC GI-2C GI-2, Mi, Sw-5, Tm-2, VeSophya148
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One 13-SNP multiplex assay was developed 
one for I-2, 
one for Mi, 
two for Sw-5, 
three for Tm-2 locus, and 
six for Ve locus

Summary

Linked SNP

Gene sequence-derived SNP

Allele sequence-derived SNP

Single gene

Multiple genes in one disease

Multiple genes in multiple diseases

Further research
More SNPs, more genes, and more diseases

QTLs
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