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The present invention relates to the ?eld of plant breeding. 
More speci?cally, the present invention includes a method of 
using haploid plants for genetic mapping of traits of interest 
such as disease resistance. Further, the invention includes a 
method for breeding corn plants containing quantitative trait 
loci (QTL) that are associated With resistance to Goss’ Wilt, a 
bacterial disease associated With Clavibacler michiganense 
spp. 
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METHODS AND COMPOSITIONS FOR GOSS’ 
WILT RESISTANCE IN CORN 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application No. 60/966,706, ?led Aug. 29, 2007, and 
incorporated herein by reference in its’ entirety. 

INCORPORATION OF SEQUENCE LISTING 

[0002] A sequence listing contained in the ?le named “46* 
25(54886i003_US).txt” Which is 2432172 bytes (measured 
in MS-WindoWs) and comprising 1,361 nucleotide 
sequences, created on Aug. 21, 2008, is electronically ?led 
herewith and is incorporated herein by reference in its 
entirety. 

FIELD OF INVENTION 

[0003] The present invention relates to the ?eld of plant 
breeding. More speci?cally, the present invention includes a 
method of using haploid plants for genetic mapping of traits 
such as disease resistance. The invention further includes a 
method for breeding corn plants containing QTL that are 
associated With Goss’ Wilt, a bacterial disease associated With 
Clavibacler michiganense spp. 

BACKGROUND OF INVENTION 

[0004] Goss’ Wilt, caused by the bacterial pathogen Clavi 
bacler michiganensis subsp. nebraskensis (CN), is a disease 
that causes signi?cant damage to corn crops. Goss’ Wilt has 
been identi?ed throughout the US. Corn Belt, primarily in 
the Western regions. Symptoms include leaf freckles Which 
are small dark green to black Water soaked spots and vascular 
Wilt Which results in loss of yield. Conservation tillage prac 
tices can increase pervasiveness because the bacterial patho 
gen Clavibacler michiganensis subsp. nebraskensis (CN) can 
overWinter in debris, particularly stalks, from infected corn 
plants (Bradbury, J. F. IMI description of F ungi and Bacteria, 
(1998)). A mapping study conducted by Rocheford et al., 
reported a genomic region on maiZe Chromosome 4 associ 
ated With Goss’ Wilt (Rocheford, et al., Journal ofHerediZy 
80(5), (1989)). Goss’ Wilt is a signi?cant pathogen of corn, 
and a need exists for development of disease resistant lines. 

[0005] Breeding for corn plants resistant to Goss’ Wilt can 
be greatly facilitated by the use of marker-assisted selection. 
Of the classes of genetic markers, single nucleotide polymor 
phisms (SNPs) have characteristics Which make them prefer 
ential to other genetic markers in detecting, selecting for, and 
introgressing disease resistance in a corn plant. SNPs are 
preferred because technologies are available for automated, 
high-throughput screening of SNP markers, Which can 
decrease the time to select for and introgress disease resis 
tance in corn plants. Further, SNP markers are ideal because 
the likelihood that a particular SNP allele is derived from 
independent origins in the extant population of a particular 
species is very loW. As such, SNP markers are useful for 
tracking and assisting introgression of disease resistance alle 
les, particularly in the case of disease resistance haplotypes. 
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[0006] The present invention further provides and includes 
a method for screening and selecting a corn plant comprising 
QTL for Goss’ Wilt resistance using endemic strains of CN 
and SNP marker technology. 

SUMMARY OF THE INVENTION 

[0007] Methods for identifying corn plants that comprise 
alleles of genetic loci associated With Goss’ Wilt resistance 
are provided herein. In certain embodiments, methods of 
identifying a corn plant comprising at least one allele associ 
ated With Goss’ Wilt resistance allele in a corn plant compris 
ing: a) genotyping at least one corn plant With at least one 
nucleic acid marker selected from the group consisting of 
SEQ ID NOs: 13, 19, 24, 27, 36, 50, 53, 90, 94, 95, 97, 99, 
101,102,106,110,111,119,121,122,124,128,130-132, 
136,138, 141,146, 153,158-160,162,164, 166,169,172, 
175, 177, 186, 200, 202, 203, 207, 208, 215, 216, 218, 220, 
224, 228, 231-236, 244, 248, 250, 252, 256, 257, 260, 265 
267, 271-274, 278, 279, 282, 287, 289, 294-296, 299, 317, 
320, 332-334, 337, 347, 355, 362, 363, 366-368, 370, 371, 
375, 381, 382, 392, 395, 401, 408, 409, 411, 412, 422, 423, 
429, 430, 433, 438, 440, 447, 474, 476, 479, 480, 482, 486, 
490, 493, 498, 500, 525, 530, 533, 556, 566, 582, 585, 587, 
589, 593, 594, 599, 611, 618, 621, 623, 629, 630, 632, 637, 
639, 646, 649, 650, 657, 665, 669, 678, 679, 688, 690, 704, 
709, 710, 717, 719-721, 726, 727, 733, 734, 744, 746, 758, 
760, 764, 768, 773, 792, 793, 812, 821, 825, 835, 844, 846, 
850, 854, 856-858, 874, 876, 880, 882, 885, 893, 896, 897, 
915, 926, 940, 942, 949, 951, 957, 963, 964, 974, 976, 981, 
983, 990, 997, 999, 1000, 1015, 1016, 1027, 1043, 1049, 
1053,1054,1056,1075,1081,1087,1088,1098-1100,1104, 
1105,1108,1110,1115,1122,1131,1133,1142,1143,1145, 
1146,1148,1149,1159,1168,1174,1184,1186,1196,1204, 
1212, 1215, 1229, 1234-1302, and 1303, and b) selecting at 
least one corn plant comprising an allele of at least one of the 
markers that is associated With resistance to Goss’ Wilt are 
provided. In certain embodiments of the methods, the at least 
one corn plant genotyped in step (a) and/or the at least one 
cornplant selected in step (b) is a cornplant from a population 
generated by a cross. In embodiments of the methods Where 
the corn plant from a population generated by a cross, the 
cross can be effected by mechanical emasculation, chemical 
steriliZation, or genetic steriliZation of a pollen acceptor. In 
certain embodiments of the methods, genotyping is effected 
in step (a) by determining the allelic state of at least one of the 
corn genomic DNA markers. In such embodiments of the 
methods, an allelic state can be determined by single base 
extension (SBE), allele-speci?c primer extension sequencing 
(ASPE), DNA sequencing, RNA sequencing, microarray 
based analyses, universal PCR, allele speci?c extension, 
hybridiZation, mass spectrometry, ligation, extension-liga 
tion, and/or a Flap Endonuclease-mediated assay(s). In other 
embodiments of the methods, the selected corn plant(s) of 
step (b) exhibit at least partial resistance to a Goss’ Wilt 
inducing bacteria or at least substantial resistance to a Goss’ 
Wilt-inducing bacteria. In certain embodiments of the meth 
ods, the nucleic acid marker is selected from the group con 
sisting ofSEQ ID NOs: 27, 121, 141, 175, 177, 220, 224,234, 
248, 252,381, 440, 479,480, 533, 582, 585, 639, 721,727, 
733,746,768,773,940,1053,1054,1122,1186,1246,1250, 
and 1251. Alternatively, the nucleic acid marker can be 
selected from the group consisting of SEQ ID NOs: 234 and 
1250. In embodiments Where a population is generated by a 
cross, the population can be generated by a cross of at least 
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one Goss’ Wilt resistant cornplant With at least one Goss’ Wilt 
sensitive corn plant. In certain embodiments of the methods 
Where a population is generated by a cross, the cross can be a 
back cross of at least one Goss’ Wilt resistant corn plant With 
at least one Goss’ Wilt sensitive corn plant to introgress Goss’ 
Wilt resistance into a corn germplasm. In embodiments 
Where the corn plant is from a population, the population can 
be a segregating population. In certain embodiments of the 
methods, the population can be a haploid breeding popula 
tion. 

[0008] Also provided herein are corn plants obtained by 
any of the aforementioned methods of identifying corn plants 
that comprise alleles of genetic loci associated With Goss’ 
Wilt resistance. In certain embodiments, a corn plant obtained 
by any of these aforementioned methods can comprise at least 
one allele of a nucleic acid marker selected from the group 

consisting ofSEQ ID NOs: 13, 19, 24, 27, 36, 50, 53, 90, 94, 
95,97,99,101,102,106,110,111,119,121,122,124,128, 
130-132, 136, 138, 141, 146, 153, 158-160, 162, 164, 166, 
169, 172, 175, 177, 186, 200, 202, 203, 207, 208, 215, 216, 
218, 220, 224, 228, 231-236, 244, 248, 250, 252, 256, 257, 
260, 265-267, 271-274, 278, 279, 282, 287, 289, 294-296, 
299, 317, 320, 332-334, 337, 347, 355, 362, 363, 366-368, 
370, 371, 375, 381, 382, 392, 395, 401, 408, 409, 411, 412, 
422, 423, 429, 430, 433, 438, 440, 447, 474, 476, 479, 480, 
482, 486, 490, 493, 498, 500, 525, 530, 533, 556, 566, 582, 
585, 587, 589, 593, 594, 599, 611, 618, 621, 623, 629, 630, 
632, 637, 639, 646, 649, 650, 657, 665, 669, 678, 679, 688, 
690, 704, 709, 710, 717, 719-721, 726, 727, 733, 734, 744, 
746, 758, 760, 764, 768, 773, 792, 793, 812, 821, 825, 835, 
844, 846, 850, 854, 856-858, 874, 876, 880, 882, 885, 893, 
896, 897, 915, 926, 940, 942, 949, 951, 957, 963, 964, 974, 
976, 981, 983, 990, 997, 999, 1000, 1015, 1016, 1027, 1043, 
1049,1053,1054,1056,1075,1081,1087,1088,1098-1100, 
1104,1105,1108,1110,1115,1122,1131,1133,1142,1143, 
1145,1146,1148,1149,1159,1168,1174,1184,1186,1196, 
1204, 1212, 1215, 1229, 1234-1302, and 1303, Wherein the 
allele is associated With Goss’ Wilt resistance. In certain 
embodiments, a corn plant obtained by any of these afore 
mentioned methods can comprise at least one allele of a 
nucleic acid marker is selected from the group consisting of 
SEQ IDNOs: 27, 121, 141, 175, 177,220, 224,234,248, 252, 
381, 440,479,480, 533, 582, 585, 639, 721,727, 733, 746, 
768,773, 940, 1053, 1054, 1122, 1186, 1246, 1250,and 1251, 
Wherein the allele is associated With Goss’ Wilt resistance. In 
certain embodiments, a corn plant obtained by any of these 
aforementioned methods can comprise at least one allele of a 
nucleic acid marker is selected from the group consisting of 
SEQ ID NOs: 234 and 1250, Wherein the allele is associated 
With Goss’ Wilt resistance. In certain embodiments, a corn 
plant obtained by any of these aforementioned methods 
exhibits at least partial resistance to a Goss’ Wilt-inducing 
bacterium. In certain embodiments, a corn plant obtained by 
any of these aforementioned methods exhibits at least sub 
stantial resistance to a Goss’ Wilt-inducing bacterium. In still 
other embodiments, a corn plant obtained by any of these 
aforementioned methods can be a haploid corn plant. In cer 
tain embodiments, a corn plant obtained by any of the afore 
mentioned methods can comprise at least one transgenic trait. 
In such embodiments, the transgenic trait can be herbicide 
tolerance and/or pest resistance. In embodiments Where the 
corn plant obtained is herbicide tolerant, herbicide tolerance 
can be selected from the group consisting of glyphosate, 
dicamba, glufosinate, sulfonylurea, bromoxynil and nor?u 
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raZon herbicide tolerance. In certain embodiments, the 
nucleic acid marker is present as a single copy in a corn plant 
obtained by any of these aforementioned methods. In other 
embodiments, the nucleic acid marker can be present in tWo 
copies in a corn plant obtained by any of these aforemen 
tioned methods. 

[0009] Also provided are methods for introgressing a Goss’ 
Wilt resistance QTL into a corn plant. In certain embodi 
ments, methods of introgressing a Goss’ Wilt resistance QTL 
into a cornplant comprising: a) screening a population With at 
least one nucleic acid marker to determine if one or more corn 

plants from the population contains a Goss’ Wilt resistance 
QTL, Wherein the Goss’ Wilt resistance QTL is a QTL 
selected from the group consisting of1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,23, 24, 25, 26, 27, 
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 
45, 46, 47, 48, 49, 50, 51, 52, 53, 55, 56, 57, 58, 59, 60, 61, 62, 
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 
97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,109, 
110,111,112,113,114,115,116,117,118,119,120,121, 
122, 123, 124, 125, 126, 127, 128, 129, 130, and 131 as 
provided in FIG. 1; and b) selecting from the population at 
least one corn plant comprising an allele of the marker asso 
ciated With Goss’ Wilt resistance are provided. In certain 
embodiments of the methods, at least one of the markers is 
located Within 30 cM, 25 cM, 20 cM, 15 cM, or 10 cM ofthe 
Goss’ Wilt resistance QTL. In other embodiments of the 
methods, at least one of the markers is located Within 5 cM, 2 
cM, or 1 cM of the Goss’ Wilt resistance QTL. In certain 
embodiments of the methods, at least one of the markers 
exhibits an LOD score of greater than 2.0, 2.5, or 3.0 With the 
Goss’ Wilt resistance QTL. In other embodiments of the 
methods, at least one of the markers exhibits a LOD score of 
greater than 4 .0 With the Goss ’ Wilt resistance QTL. In certain 
embodiments of these methods, the nucleic acid marker is 
selected from the group consisting of SEQ ID NOs: 27, 121, 
141, 175, 177, 220, 224,234, 248, 252,381,440, 479,480, 
533, 582, 585, 639, 721, 727, 733, 746, 768, 773, 940, 1053, 
1054,1122, 1186, 1246, 1250, and 1251, Wherein the nucleic 
acid marker is selected from the group consisting of SEQ ID 
NOs: 234 and 1250. In certain embodiments of the methods, 
the population is a segregating population. 
[0010] Also provided herein are com plants obtained by 
any of the aforementioned methods of identifying corn plants 
that comprise a Goss’ Wilt resistance QTL. In certain embodi 
ments, a corn plant obtained by any of the aforementioned 
methods is provided, Wherein the corn plant comprises a 
Goss’ Wilt resistance QTL selected from the group consisting 
ofQTLnumbers 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22,23, 24, 25, 26, 27,28, 29, 30, 31, 32, 
33, 34,35, 36, 37, 38, 39,40, 41, 42, 43, 44,45, 46, 47, 48, 49, 
50, 51,52, 53, 55, 56, 57,58, 59, 60, 61, 62,63, 64, 65, 66, 67, 
68, 69,70, 71, 72, 73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 
101,102,103,104,105,106,107,108,109,110,111,112, 
113,114,115,116,117,118,119,120,121,122,123,124, 
125, 126, 127, 128, 129, 130, and 131 as provided in FIG. 1. 
In certain embodiments, a corn plant obtained by any of these 
aforementioned methods and comprising at least one of the 
QTL exhibits at least partial resistance to a Goss’ Wilt-induc 
ing bacterium. In certain embodiments, a corn plant obtained 
by any of these aforementioned methods exhibits at least 
substantial resistance to a Goss’ Wilt-inducing bacterium. In 
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still other embodiments, a corn plant obtained by any of these 
aforementioned methods and comprising at least one of the 
QTL can be a haploid corn plant. In certain embodiments, a 
corn plant obtained by any of the aforementioned methods 
and comprising at least one of the QTL can comprise at least 
one transgenic trait. In such embodiments, the transgenic trait 
can be herbicide tolerance and/or pest resistance. In embodi 
ments Where the corn plant obtained is herbicide tolerant, 
herbicide tolerance can be selected from the group consisting 
of glyphosate, dicamba, glufosinate, sulfonylurea, bromoxy 
nil and nor?uraZon herbicide tolerance. 

[0011] Also provided herein are isolated nucleic acid mark 
ers for identifying polymorphisms in corn DNA. These iso 
lated nucleic acids can be used in a variety of applications, 
including but not limited to, the identi?cation of corn plants 
that comprise alleles of genetic loci associated With Goss’ 
Wilt resistance. In certain embodiments, an isolated nucleic 
acid molecule for detecting a molecular marker representing 
a polymorphism in corn DNA, Wherein the nucleic acid mol 
ecule comprises at least 15 nucleotides that include or are 
immediately adjacent to the polymorphism, Wherein the 
nucleic acid molecule is at least 90 percent identical to a 
sequence of the same number of consecutive nucleotides in 
either strand of DNA that include or are immediately adjacent 
to the polymorphism, and Wherein the molecular marker is 
selected from the group consisting of SEQ ID NOs: 27, 121, 
141, 175, 177,220, 224, 234,248, 252, 440, 479, 480, 533, 
582, 585, 639, 721, 727, 733, 746, 768, 773, 940, 1053, 1054, 
1122, 1186, 1234-1302, and 1303 is provided. In other 
embodiments, the molecular marker is selected from the 
group consisting ofSEQ ID NOs: 27, 121, 141, 175, 177, 220, 
224, 234,248,252, 381, 440,479, 480, 533, 582, 585, 639, 
721, 727, 733,746,768, 773, 940, 1053, 1054, 1122, 1186, 
1246, 1250, and 1251. In still other embodiments, the 
molecular marker is selected from the group consisting of 
SEQ ID NOs: 234 and 1250. In certain embodiments, the 
isolated nucleic acid further comprises a detectable label or 
provides for incorporation of a detectable label. In such 
embodiments that comprise or provide for incorporation of a 
detectable label, the detectable label is selected from the 
group consisting of an isotope, a ?uorophore, an oxidant, a 
reductant, a nucleotide and a hapten. In certain embodiments, 
the detectable label is added to the nucleic acid by a chemical 
reaction or is incorporated by an enZymatic reaction. In cer 
tain embodiments, the isolated nucleic acid molecule com 
prises at least 16 or 17 nucleotides that include or are imme 
diately adjacent to the polymorphism. In other embodiments, 
the nucleic acid molecule comprises at least 18 nucleotides 
that include or are immediately adjacent to the polymorphism 
or comprises at least 20 nucleotides that include or are imme 
diately adjacent to the polymorphism. In certain embodi 
ments, the isolated nucleic acid molecule hybridiZes to at 
least one allele of the molecular marker under stringent 
hybridiZation conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The accompanying draWings, Which are incorpo 
rated in and form a part of the speci?cation, illustrate the 
embodiments of the present invention and together With the 
description, serve to explain the principles of the invention. 

[0013] In the draWings: 
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[0014] FIG. 1. Displays markers associated With resistance 
to Goss’ Wilt. The symbol “*” represents a single nucleotide 
deletion. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0015] The de?nitions and methods provided herein de?ne 
the present invention and guide those of ordinary skill in the 
art in the practice of the present invention. Unless otherWise 
noted, terms are to be understood according to conventional 
usage by those of ordinary skill in the relevant art. De?nitions 
of common terms in molecular biology may also be found in 
Alber‘ts et al., Molecular Biology of The Cell, 3rd Edition, 
Garland Publishing, Inc. : NeW York, 1994; Rieger et al ., Glos 
sary of Genetics: Classical and Molecular, 5th Edition, 
Springer-Verlag: NeW York, 1991; and LeWin, Genes V, 
Oxford University Press NeW York, 1994. The nomenclature 
for DNA bases as set forth at 37 CFR § 1.822 is used. 

[0016] As used herein, a “locus” is a ?xed position on a 
chromosome and may represent a single nucleotide, a feW 
nucleotides or a large number of nucleotides in a genomic 
region. 
[0017] As used herein, “polymorphism” means the pres 
ence of one or more variations of a nucleic acid sequence at 
one or more loci in a population of one or more individuals. 

The variation may comprise but is not limited to, one or more 
base changes, the insertion of one or more nucleotides or the 
deletion of one or more nucleotides. A polymorphism 
includes a single nucleotide polymorphism (SNP), a simple 
sequence repeat (SSR) and indels, Which are insertions and 
deletions. A polymorphism may arise from random processes 
in nucleic acid replication, through mutagenesis, as a result of 
mobile genomic elements, from copy number variation and 
during the process of meiosis, such as unequal crossing over, 
genome duplication and chromosome breaks and fusions. 
The variation can be commonly found or may exist at loW 
frequency Within a population, the former having greater 
utility in general plant breeding and the later may be associ 
ated With rare but important phenotypic variation. 
[0018] As used herein, “marker” means a detectable char 
acteristic that can be used to discriminate betWeen organisms. 
Examples of such characteristics may include genetic mark 
ers, protein composition, protein levels, oil composition, oil 
levels, carbohydrate composition, carbohydrate levels, fatty 
acid composition, fatty acid levels, amino acid composition, 
amino acid levels, biopolymers, pharmaceuticals, starch 
composition, starch levels, fermentable starch, fermentation 
yield, fermentation e?iciency, energy yield, secondary com 
pounds, metabolites, morphological characteristics, and 
agronomic characteristics. 
[0019] As used herein, “genetic marker” means polymor 
phic nucleic acid sequence or nucleic acid feature. A “poly 
morphism” is a variation among individuals in sequence, 
particularly in DNA sequence, or feature, such as a transcrip 
tional pro?le or methylation pattern. Useful polymorphisms 
include single nucleotide polymorphisms (SNPs), insertions 
or deletions in DNA sequence (Indels), simple sequence 
repeats of DNA sequence (SSRs) a restriction fragment 
length polymorphism, a haplotype, and a tag SNP. A genetic 
marker, a gene, a DNA-derived sequence, a RNA-derived 
sequence, a promoter, a 5' untranslated region of a gene, a 3' 
untranslated region of a gene, microRNA, siRNA, a QTL, a 
satellite marker, a transgene, mRNA, ds mRNA, a transcrip 
tional pro?le, and a methylation pattern may comprise poly 
morphisms. 
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[0020] As used herein, “marker assay” means a method for 
detecting a polymorphism at a particular locus using a par 
ticular method, e.g. measurement of at least one phenotype 
(such as seed color, ?oWer color, or other visually detectable 
trait), restriction fragment length polymorphism (RFLP), 
single base extension, electrophoresis, sequence alignment, 
allelic speci?c oligonucleotide hybridization (ASO), random 
ampli?ed polymorphic DNA (RAPD), microarray-based 
technologies, and nucleic acid sequencing technologies, etc. 
[0021] As used herein, the phrase “immediately adjacent”, 
When used to describe a nucleic acid molecule that hybridizes 
to DNA containing a polymorphism, refers to a nucleic acid 
that hybridizes to DNA sequences that directly abut the poly 
morphic nucleotide base position. For example, a nucleic acid 
molecule that can be used in a single base extension assay is 
“immediately adjacent” to the polymorphism. 
[0022] As used herein, “interrogation position” refers to a 
physical position on a solid support that can be queried to 
obtain genotyping data for one or more predetermined 
genomic polymorphisms. 
[0023] As used herein, “consensus sequence” refers to a 
constructed DNA sequence Which identi?es SNP and lndel 
polymorphisms in alleles at a locus. Consensus sequence can 
be based on either strand of DNA at the locus and states the 
nucleotide base of either one of each SNP in the locus and the 
nucleotide bases of all lndels in the locus. Thus, although a 
consensus sequence may not be a copy of an actual DNA 
sequence, a consensus sequence is useful for precisely 
designing primers and probes for actual polymorphisms in 
the locus. 
[0024] As used herein, the term “single nucleotide poly 
morphism,” also referred to by the abbreviation “SNP,” means 
a polymorphism at a single site Wherein said polymorphism 
constitutes a single base pair change, an insertion of one or 
more base pairs, or a deletion of one or more base pairs. 

[0025] As used herein, “genotype” means the genetic com 
ponent of the phenotype and it can be indirectly characterized 
using markers or directly characterized by nucleic acid 
sequencing. Suitable markers include a phenotypic character, 
a metabolic pro?le, a genetic marker, or some other type of 
marker. A genotype may constitute an allele for at least one 
genetic marker locus or a haplotype for at least one haplotype 
WindoW. In some embodiments, a genotype may represent a 
single locus and in others it may represent a genome-Wide set 
of loci. In another embodiment, the genotype can re?ect the 
sequence of a portion of a chromosome, an entire chromo 
some, a portion of the genome, and the entire genome. 
[0026] As used herein, the term “haplotype” means a chro 
mosomal region Within a haplotype WindoW de?ned by at 
least one polymorphic molecular marker. The unique marker 
?ngerprint combinations in each haplotype WindoW de?ne 
individual haplotypes for that WindoW. Further, changes in a 
haplotype, brought about by recombination for example, may 
result in the modi?cation of a haplotype so that it comprises 
only a portion of the original (parental) haplotype operably 
linked to the trait, for example, via physical linkage to a gene, 
QTL, or transgene. Any such change in a haplotype Would be 
included in our de?nition of What constitutes a haplotype so 
long as the functional integrity of that genomic region is 
unchanged or improved. 
[0027] As used herein, the term “haplotype WindoW” 
means a chromosomal region that is established by statistical 
analyses knoWn to those of skill in the art and is in linkage 
disequilibrium. Thus, identity by state betWeen tWo inbred 
individuals (or tWo gametes) at one or more molecular marker 
loci located Within this region is taken as evidence of identity 
by-descent of the entire region. Each haplotype WindoW 
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includes at least one polymorphic molecular marker. Haplo 
type WindoWs can be mapped along each chromosome in the 
genome. Haplotype WindoWs are not ?xed per se and, given 
the ever-increasing density of molecular markers, this inven 
tion anticipates the number and size of haplotype WindoWs to 
evolve, With the number of WindoWs increasing and their 
respective sizes decreasing, thus resulting in an ever-increas 
ing degree con?dence in ascertaining identity by descent 
based on the identity by state at the marker loci. 
[0028] As used herein, a plant referred to as “haploid” has 
a single set (genome) of chromosomes and the reduced num 
ber of chromosomes (n) in the haploid plant is equal to that of 
the gamete. 
[0029] As used herein, a plant referred to as “doubled hap 
loid” is developed by doubling the haploid set of chromo 
somes. A plant or seed that is obtained from a doubled haploid 
plant that is selfed any number of generations may still be 
identi?ed as a doubled haploid plant. A doubled haploid plant 
is considered a homozygous plant. A plant is considered to be 
doubled haploid if it is fertile, even is the entire vegetative part 
of the plant does not consist of the cells With the doubled set 
of chromosomes; that is, a plant Will be considered doubled 
haploid if it contains viable gametes, even if it is chimeric. 
[0030] As used herein, a plant referred to as “diploid” has 
tWo sets (genomes) of chromosomes and the chromosome 
number (2n) is equal to that of the zygote. 
[0031] As used herein, the term “plant” includes Whole 
plants, plant organs (i.e., leaves, stems, roots, etc.), seeds, and 
plant cells and progeny of the same. “Plant cell” includes 
Without limitation seeds, suspension cultures, embryos, mer 
istematic regions, callus tissue, leaves, shoots, gametophytes, 
sporophytes, pollen, and microspores. 
[0032] As used herein, a “genetic map” is the ordered list of 
loci knoWn for a particular genome. 
[0033] As used herein, “phenotype” means the detectable 
characteristics of a cell or organism Which are a manifestation 
of gene expression. 
[0034] As used herein, a “phenotypic marker” refers to a 
marker that can be used to discriminate phenotypes displayed 
by organisms. 
[0035] As used herein, “linkage” refers to relative fre 
quency at Which types of gametes are produced in a cross. For 
example, if locus A has genes “A” or “a” and locus B has 
genes “B” or “b” and a cross betWeen parent I WithAABB and 
parent B With aabb Will produce four possible gametes Where 
the genes are segregated into AB, Ab, aB and ab. The null 
expectation is that there Will be independent equal segrega 
tion into each of the four possible genotypes, i.e. With no 
linkage 1/4 of the gametes Will of each genotype. Segregation 
of gametes into a genotypes differing from 1A are attributed to 
linkage. 
[0036] As used herein, “linkage disequilibrium” is de?ned 
in the context of the relative frequency of gamete types in a 
population of many individuals in a single generation. If the 
frequency of alleleA is p, a is p', B is q and b is q', then the 
expected frequency (With no linkage disequilibrium) of geno 
typeAB is pq, Ab is pq', aB is p'q and ab is p'q'. Any deviation 
from the expected frequency is called linkage disequilibrium. 
TWo loci are said to be “genetically linked” When they are in 
linkage disequilibrium. 
[0037] As used herein, “quantitative trait locus (QTL)” 
means a locus that controls to some degree numerically rep 
resentable traits that are usually continuously distributed. 
[0038] As used herein, the term “transgene” means nucleic 
acid molecules in form of DNA, such as cDNA or genomic 
DNA, and RNA, such as mRNA or microRNA, Which may be 
single or double stranded. 
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[0039] As used herein, the term “inbred” means a line that 
has been bred for genetic homogeneity. 
[0040] As used herein, the term “hybrid” means a progeny 
of mating betWeen at least tWo genetically dissimilar parents. 
Without limitation, examples of mating schemes include 
single crosses, modi?ed single cross, double modi?ed single 
cross, three-Way cross, modi?ed three-Way cross, and double 
cross Wherein at least one parent in a modi?ed cross is the 
progeny of a cross betWeen sister lines. 
[0041] As used herein, the term “tester” means a line used 
in a testcross With another line Wherein the tester and the lines 
tested are from different germplasm pools. A tester may be 
isogenic or nonisogenic. 
[0042] As used herein, “resistance allele” means the iso 
lated nucleic acid sequence that includes the polymorphic 
allele associated With resistance to the disease or condition of 
concern. 

[0043] As used herein, the term “com” means Zea mays or 
maiZe and includes all plant varieties that can be bred With 
corn, including Wild maiZe species. 
[0044] As used herein, the term “comprising” means 
“including but not limited to”. 
[0045] As used herein, an “elite line” is any line that has 
resulted from breeding and selection for superior agronomic 
performance. 
[0046] As used herein, an “inducer” is a line Which When 
crossed With another line promotes the formation of haploid 
embryos. 
[0047] As used herein, “haplotype effect estimate” means a 
predicted effect estimate for a haplotype re?ecting associa 
tion With one or more phenotypic traits, Wherein the associa 
tions can be made de novo or by leveraging historical haplo 
type-trait association data. 
[0048] As used herein, “breeding value” means a calcula 
tion based on nucleic acid sequence effect estimates and 
nucleic acid sequence frequency values, the breeding value of 
a speci?c nucleic acid sequence relative to other nucleic acid 
sequences at the same locus (i.e., haplotype WindoW), or 
across loci (i.e., haplotype WindoWs), can also be determined. 
In other Words, the change in population mean by ?xing said 
nucleic acid sequence is determined. In addition, in the con 
text of evaluating the effect of substituting a speci?c region in 
the genome, either by introgression or a transgenic event, 
breeding values provide the basis for comparing speci?c 
nucleic acid sequences for substitution effects. Also, in hybrid 
crops, the breeding value of nucleic acid sequences can be 
calculated in the context of the nucleic acid sequence in the 
tester used to produce the hybrid. 
[0049] To the extent to Which any of the preceding de?ni 
tions is inconsistent With de?nitions provided in any patent or 
non-patent reference incorporated herein or in any reference 
found elseWhere, it is understood that the preceding de?nition 
Will be used herein. 

Methods and Compositions for Goss’ Wilt Resistance in Corn 

[0050] The present invention provides a method of using 
haploid plants to identify genotypes associated With pheno 
types of interest Wherein the haploid plant is assayed With at 
least one marker and associating the at least one marker With 
at least one phenotypic trait. The genotype of interest can then 
be used to make decisions in a plant breeding program. Such 
decisions include, but are not limited to, selecting among neW 
breeding populations Which population has the highest fre 
quency of favorable nucleic acid sequences based on histori 
cal genotype and agronomic trait associations, selecting 
favorable nucleic acid sequences among progeny in breeding 
populations, selecting among parental lines based on predic 
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tion of progeny performance, and advancing lines in germ 
plasm improvement activities based on presence of favorable 
nucleic acid sequences. Non-limiting examples of germ 
plasm improvement activities include line development, 
hybrid development, transgenic event selection, making 
breeding crosses, testing and advancing a plant through self 
fertilization, using plants for transformation, using plants for 
candidates for expression constructs, and using plants for 
mutagenesis. 
[0051] Non-limiting examples of breeding decisions 
include progeny selection, parent selection, and recurrent 
selection for at least one haplotype. In another aspect, breed 
ing decisions relating to development of plants for commer 
cial release comprise advancing plants for testing, advancing 
plants for purity, puri?cation of sublines during development, 
inbred development, variety development, and hybrid devel 
opment. In yet other aspects, breeding decisions and germ 
plasm improvement activities comprise transgenic event 
selection, making breeding crosses, testing and advancing a 
plant through self-fertilization, using plants for transforma 
tion, using plants for candidates for expression constructs, 
and using plants for mutagenesis. 
[0052] In still another embodiment, the present invention 
acknoWledges that preferred haplotypes and QTL identi?ed 
by the methods presented herein may be advanced as candi 
date genes for inclusion in expression constructs, i.e., trans 
genes. Nucleic acids underlying haplotypes or QTL of inter 
est may be expressed in plant cells by operably linking them 
to a promoter functional in plants. In another aspect, nucleic 
acids underlying haplotypes or QTL of interest may have 
their expression modi?ed by double- stranded RNA-mediated 
gene suppression, also knoWn as RNA interference 
(“RNAi”), Which includes suppression mediated by small 
interfering RNAs (“siRNA”), trans-acting small interfering 
RNAs (“ta-siRN ”), or microRNAs (“miRN ”). Examples 
of RNAi methodology suitable for use in plants are described 
in detail in Us. patent application publications 2006/ 
0200878 and 2007/ 001 1775. 

[0053] Methods are knoWn in the art for assembling and 
introducing constructs into a cell in such a manner that the 
nucleic acid molecule for a trait is transcribed into a func 
tional mRNA molecule that is translated and expressed as a 
protein product. For the practice of the present invention, 
conventional compositions and methods for preparing and 
using constructs and host cells are Well knoWn to one skilled 
in the art, see for example, Molecular Cloning: A Laboratory 
Manual, 3rd Edition Volumes 1, 2, and 3 (2000) J. F. Sam 
brook, D. W. Russell, and N. IrWin, Cold Spring Harbor 
Laboratory Press. Methods for making transformation con 
structs particularly suited to plant transformation include, 
Without limitation, those described in Us. Pat. Nos. 4,971, 
908, 4,940,835, 4,769,061 and 4,757,011, all of Which are 
herein incorporated by reference in their entirety. Transfor 
mation methods for the introduction of expression units into 
plants are knoWn in the art and include electroporation as 
illustrated in Us. Pat. No. 5,384,253; microprojectile bom 
bardment as illustrated in Us. Pat. Nos. 5,015,580; 5,550, 
318; 5,538,880; 6,160,208; 6,399,861; and 6,403,865; proto 
plast transformation as illustrated in Us. Pat. No. 5,508,184; 
and A grobaclerium -mediated transformation as illustrated in 
Us. Pat. Nos. 5,635,055; 5,824,877; 5,591,616; 5,981,840; 
and 6,384,301. 
[0054] The present invention provides Goss’ Wilt resis 
tance loci that are located in public bins in the maiZe genome 
that Were not previously associated With Goss’ Wilt resis 
tance. 



US 2009/0070903 A1 

[0055] The present invention provides 130 Goss ’ Wilt resis 
tance loci that are located in public bins in the maize genome 
that Were not previously associated With Goss’ Wilt resis 
tance. QTL Were assigned by dividing maize chromosomal 
regions into 10 cM WindoWs. A total of 131 QTL Were iden 
ti?ed, With 130 not having been previously reported. SNP 
markers are also provided for monitoring the introgression of 
the 131 QTL associated With Goss’ Wilt resistance. 

[0056] In the present invention, Goss’ Wilt resistance loci 
1-53 and 55-131 have not been previously associated With 
Goss’ Wilt and are provided. SNP markers are also provided 
for monitoring the introgression of Goss’ Wilt resistance. In 
the present invention, Goss’ Wilt resistance loci 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and20 are located 
on Chromosome 1. SNP markers used to monitor the intro 
gression of Goss’ Wilt resistance locus 1 include those 
selected from the group consisting of SEQ ID NOs: 13 and 
1274. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 2 included those selected from the 
group consisting of SEQ ID NOs: 1234 and 19. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 3 include those selected from the group consisting of 
SEQ ID NOs: 27 and 24. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 4 include SEQ ID 
NO: 36. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 5 included those selected from the 
group consisting of SEQ ID NOs: 50 and 53. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 6 include SEQ ID NO: 90. SNP markers used to monitor 
the introgression of Goss’ Wilt resistance locus 7 include 
those selected from the group consisting of SEQ ID NOs: 94, 
95,97,1235,1236,99,101,102,1237,106,1238,110,111, 
and 1239. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 8 include those selected from the 
group consisting of SEQ ID NOs: 1240, 119, 121, 122, and 
124. SNP markers used to monitor the introgression of Goss’ 
Wilt resistance locus 9 include those selected from the group 
consisting of SEQ ID NOs: 128, 130, 131, and 132. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 10 include those selected from the group consist 
ing ofSEQ ID NOs: 136, 138, and 1275. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 11 
include SEQ ID NOs: 141. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 12 include SEQ 
ID NOs: 146. SNP markers used to monitor the introgression 
of Goss’ Wilt resistance locus 13 include those selected from 
the group consisting of SEQ ID NOs: 153, 1241, 159, 160, 
162, and 158. SNP markers used to monitor the introgression 
of Goss’ Wilt resistance locus 14 include those selected from 
the group consisting ofSEQ ID NOs: 164, 166, 169, and 172. 
SNP markers used to monitor the introgression of Goss’ Wilt 
resistance locus 15 include those selected from the group 
consisting of SEQ ID NOs: 175 and 177. SNP markers used 
to monitor the introgression of Goss’ Wilt resistance locus 16 
include those selected from the group consisting of SEQ ID 
NOs: 1242 and 186. SNP markers used to monitor the intro 
gression of Goss’ Wilt resistance locus 17 include SEQ ID 
NO: 200. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 18 include those selected from the 
group consisting of SEQ ID NOs: 202 and 203. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 19 include those selected from the group consisting of 
SEQ ID NOs: 207 and 208. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 20 include SEQ 
ID NO: 1243. 

[0057] In the present invention Goss’ Wilt resistance loci 
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, and 

Mar. 12, 2009 

129 are located on Chromosome 2. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 21 
include SEQ ID NO: 215. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 22 include those 
selected from the group consisting of SEQ ID NOs: 216, 
1244, 220, 218, and 1229. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 23 include those 
selected from the group consisting of SEQ ID NOs: 224. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 24 include those selected from the group consist 
ing of SEQ ID NO: 228, 231, and 1276. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 25 
include those selected from the group consisting of SEQ ID 
NOs: 232, 233, 234, 235, and 236. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 26 
include those selected from the group consisting of SEQ ID 
NOs: 244, 248, and 1277. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 27 include those 
selected from the group consisting of SEQ ID NOs: 250, 252, 
256, 257, 260, 1295, and 1278. SNP markers used to monitor 
the introgression of Goss’ Wilt resistance locus 28 include 
those selected from the group consisting of SEQ ID NOs: 
265, 266, and 267. SNP markers used to monitor the intro 
gression of Goss’ Wilt resistance locus 29 include those 
selected from the group consisting of SEQ ID NOs: 271, 273, 
1245, 274, 278, 279, 282, 287, 289, and 272. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 30 include those selected from the group consisting of 
SEQ ID NOs: 294, 295, 296, and 299. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 31 
include those selected from the group consisting of SEQ ID 
NOs: 1246, 317, and 320. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 32 include those 
selected from the group consisting of SEQ ID NOs: 332, 333, 
and 334. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 33 include SEQ ID NO: 337. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 34 include SEQ ID NO: 347. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 35 
include SEQ ID NO: 355. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 129 include SEQ 
ID NO: 1294. 

[0058] In the present invention Goss’ Wilt resistance loci 
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 122, 
and 123 are located on Chromosome 3. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 36 
include those selected from the group consisting of SEQ ID 
NOs: 362 and 363. SNP markers used to monitor the intro 
gression of Goss’ Wilt resistance locus 37 include SEQ ID 
NO: 1247. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 38 include SEQ ID NO: 366. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 39 include those selected from the group consist 
ing of SEQ ID NO: 367, 368, and 1279. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 40 
include those selected from the group consisting of SEQ ID 
NO: 370 and 371. SNP markers used to monitor the intro 
gression of Goss’ Wilt resistance locus 41 include those 
selected from the group consisting of SEQ ID NOs: 381, 382, 
392, and 395. SNP markers used to monitor the introgression 
of Goss’ Wilt resistance locus 42 include those selected from 
the group consisting ofSEQ ID NOs: 409, 411, and 412. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 43 include those selected from the group consist 
ing of SEQ ID NOs: 419, 422, 423, and 1280. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 44 include those selected from the group consisting of 
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SEQ ID NOs: 429, 430, 433 and 1281. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 45 
include those selected from the group consisting of SEQ ID 
NOs: 438, 440, 1248, and 447. SNP markers used to monitor 
the introgression of Goss’ Wilt resistance locus 46 include 
SEQ ID NO: 1249. SNP markers used to monitor the intro 
gression of Goss’ Wilt resistance locus 47 include those 
selected from the group consisting of SEQ ID NOs: 474, 476, 
479, 480, and 482. SNP markers used to monitor the intro 
gression of Goss’ Wilt resistance locus 48 include those 
selected from the group SEQ ID NO: 486. SNP markers used 
to monitor the introgression of Goss’ Wilt resistance locus 49 
include SEQ ID NO: 490. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 50 include SEQ 
ID NO: 493. SNP markers used to monitor the introgression 
of Goss’ Wilt resistance locus 122 include those selected from 
the group consisting of SEQ ID NOs: 375 and 1296. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 123 include those selected from the group con 
sisting of SEQ ID NOs: 401 and 408. 
[0059] In the present invention Goss’ Wilt resistance loci 
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 124, 125, and 126 are 
located on Chromosome 4. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 51 include SEQ 
ID NO: 500. SNP markers used to monitor the introgression 
of Goss’ Wilt resistance locus 52 include those selected from 
the group consisting of SEQ ID NOs: 1250, 525, and 530. 
SNP markers used to monitor the introgression of Goss’ Wilt 
resistance locus 53 include SEQ ID NOs: 533. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 54 include those selected from the group consisting of 
SEQ ID NOs: 556 and 566. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 55 include those 
selected from the group consisting of SEQ ID NOs: 582, 585, 
1251, and 1283. SNP markers used to monitor the introgres 
sion of Goss’ Wilt resistance locus 56 include those selected 
from the group consisting of SEQ ID NOs: 589 and 587. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 57 include those selected from the group consist 
ing of SEQ ID NOs: 593, 594, and 599. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 58 
include SEQ ID NO: 611, 1297, 1298, and 1284. SNP mark 
ers used to monitor the introgression of Goss’ Wilt resistance 
locus 59 include those selected from the group consisting of 
SEQ ID NOs: 1252, 618, 621, and 623. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 60 
include those selected from the group consisting of SEQ ID 
NOs: 630, 632, 637, 639, and 629. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 61 
include those selected from the group consisting of SEQ ID 
NOs: 646, 649, and 650. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 124 include SEQ 
ID NO: 498. SNP markers used to monitor the introgression 
ofGoss’ Wilt resistance locus 125 include SEQ ID NO: 1282. 
[0060] In the present invention Goss’ Wilt resistance loci 
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, and 130 
are located on Chromosome 5. SNP markers used to monitor 
the introgression of Goss’ Wilt resistance locus 62 include 
SEQ ID NO: 657. SNP markers used to monitor the intro 
gression of Goss’ Wilt resistance locus 63 include those 
selected from the group consisting of SEQ ID NOs: 665, 
1286, and 1299. SNP markers used to monitor the introgres 
sion of Goss’ Wilt resistance locus 64 include SEQ ID NO: 
669. SNP markers used to monitor the introgression of Goss’ 
Wilt resistance locus 65 include those selected from SEQ ID 
NO: 1253. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 66 include those selected from the 
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group consisting of SEQ ID NOs: 678, 1254, and 1255. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 67 include those selected from the group consist 
ing of SEQ ID NOs: 679, 688, and 690. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 68 
include those selected from the group consisting of SEQ ID 
NOs: 1256, 704, 709, and 1300. SNP markers used to monitor 
the introgression of Goss’ Wilt resistance locus 69 include 
those selected from the group consisting of SEQ ID NOs: 
710, 717, 719, 720, 1257, and 721. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 70 
include those selected from the group SEQ ID NOs: 726, 727, 
and 1258. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 71 include those selected from the 
group consisting of SEQ ID NOs: 733 and 734. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 72 include those selected from the group consisting of 
SEQ ID NOs: 746 and 744. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 73 include those 
selected from the group consisting of SEQ ID NOs: 758 and 
760. SNP markers used to monitor the introgression of Goss’ 
Wilt resistance locus 74 include those selected from the group 
consisting of SEQ ID NOs: 764, 768, and 1287. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 75 include SEQ ID NO: 773. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 130 
include SEQ ID NO: 1301. 
[0061] In the present invention Goss’ Wilt resistance loci 
76, 77, 78, 79, 80, 81, 82, 83, and 84 are located on Chromo 
some 6. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 76 include those selected from the 
group consisting of SEQ ID NOs: 1259, 792, 793, and 812. 
SNP markers used to monitor the introgression of Goss’ Wilt 
resistance locus 77 include those selected from the group 
consisting of SEQ ID NOs: 821 and 825. SNP markers used 
to monitor the introgression of Goss’ Wilt resistance locus 78 
include those selected from the group consisting of SEQ ID 
NOs: 835, 1260, and 844. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 79 include those 
selected from the group consisting of SEQ ID NOs: 846, 850, 
and 854. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 80 include those selected from the 
group consisting of SEQ ID NOs: 856, 857, and 858. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 81 include SEQ ID NO: 1261. SNP markers used 
to monitor the introgression of Goss’ Wilt resistance locus 82 
include SEQ ID NO: 874. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 83 include those 
selected from the group consisting of SEQ ID NOs: 876, 880, 
and 882. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 84 include SEQ ID NO: 885. 
[0062] In the present invention Goss’ Wilt resistance loci 
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, and 127 are 
located on Chromosome 7. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 85 include SEQ 
ID NO: 893. SNP markers used to monitor the introgression 
of Goss’ Wilt resistance locus 86 include those selected from 
the group consisting of SEQ ID NOs: 897 and 896. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 87 include SEQ ID NO: 1262. SNP markers used 
to monitor the introgression of Goss’ Wilt resistance locus 88 
include those selected from the group consisting of SEQ ID 
NOs: 915, 926, and 1288. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 89 include those 
selected from the group consisting of SEQ ID NOs: 940 and 
942. SNP markers used to monitor the introgression of Goss’ 
Wilt resistance locus 90 include those selected from the group 
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consisting of SEQ ID NOs: 949 and 951. SNP markers used 
to monitor the introgression of Goss’ Wilt resistance locus 91 
include SEQ ID NO: 957 and 963. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 92 
include those selected from the group consisting of SEQ ID 
NO: 964 and 1289. SNP markers used to monitor the intro 
gression of Goss’ Wilt resistance locus 93 include those 
selected from the group consisting of SEQ ID NO: 974 and 
976. SNP markers used to monitor the introgression of Goss’ 
Wilt resistance locus 94 include SEQ ID NO: 1263. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 95 include those selected from the group consist 
ing of SEQ ID NO: 981 and 1291. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 96 
include SEQ ID NOs: 983 and 990. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 127 
include SEQ ID NO: 1290. 
[0063] In the present invention Goss’ Wilt resistance loci 
97, 98, 99, 100, 101, 102, 103, and 131 are located on Chro 
mosome 8. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 97 include those selected from the 
group consisting of SEQ ID NOs: 997, 999, and 1000. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 98 include those selected from the group consist 
ing of SEQ ID NOs: 1016 and 1264. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 99 
include those selected from the group consisting of SEQ ID 
NOs: 1027, 1265, and 1303. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 100 include SEQ 
ID NO: 1043. SNP markers used to monitor the introgression 
ofGoss’ Wilt resistance locus 101 include SEQ ID NO: 1049. 
SNP markers used to monitor the introgression of Goss’ Wilt 
resistance locus 102 include SEQ ID NO: 1056. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 103 include SEQ ID NO: 1075. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 131 
include SEQ ID NO: 1015. 
[0064] In the present invention Goss’ Wilt resistance loci 
104,105,106,107,108,109,110,111,112,113,114,and115 
are located on Chromosome 9. SNP markers used to monitor 
the introgression of Goss’ Wilt resistance locus 104 include 
those selected from the group consisting of SEQ ID NOs: 
1266 and 1081. SNP markers used to monitor the introgres 
sion of Goss’ Wilt resistance locus 105 include SEQ ID NO: 
1087. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 106 include SEQ ID NO: 1088. 
SNP markers used to monitor the introgression of Goss’ Wilt 
resistance locus 107 include SEQ ID NO: 1098. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 108 include those selected from the group consisting of 
SEQ ID NOs: 1099, 1100, 1104, 1105, 1108, 1110, and 1292. 
SNP markers used to monitor the introgression of Goss’ Wilt 
resistance locus 109 include those selected from the group 
consisting of SEQ ID NOs: 1267 and 1115. SNP markers 
used to monitor the introgression of Goss’ Wilt resistance 
locus 1 10 include those selected from the group consisting of 
SEQ ID NOs: 1122, 1268, 113 1, and 1 133. SNP markers used 
to monitor the introgression of Goss’ Wilt resistance locus 
111 include those selected from the group consisting of SEQ 
ID NOs: 1269 and 1142. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 112 include those 
selected from the group consisting of SEQ ID NOs: 1143, 
1145,1146,1148,and1149.SNPmarkersusedtomonitorthe 
introgression of Goss’ Wilt resistance locus 1 13 include SEQ 
ID NO: 1270. SNP markers used to monitor the introgression 
ofGoss’ Wilt resistance locus 114 include SEQ ID NO: 1159. 
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[0065] In the present invention Goss’ Wilt resistance loci 
115,116,117,118,119,120,121,and122 are located on 
Chromosome 10. SNP markers used to monitor the introgres 
sion of Goss’ Wilt resistance locus 115 include SEQ ID NO: 
1168. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 116 include SEQ ID NO: 1174. 
SNP markers used to monitor the introgression of Goss’ Wilt 
resistance locus 117 include those selected from the group 
consisting of SEQ ID NOs: 1271, 1184, and 1186. SNP 
markers used to monitor the introgression of Goss’ Wilt resis 
tance locus 118 include those selected from the group con 
sisting of SEQ ID NO: 1272 and 1196. SNP markers used to 
monitor the introgression of Goss’ Wilt resistance locus 119 
include SEQ ID NO: 1204. SNP markers used to monitor the 
introgression of Goss’ Wilt resistance locus 120 include those 
selected from the group consisting of SEQ ID NOs: 1212 and 
1215. SNP markers used to monitor the introgression of 
Goss’ Wilt resistance locus 121 include SEQ ID NO: 1273. 
SNP markers used to monitor the introgression of Goss’ Wilt 
resistance locus 128 include SEQ ID NO: 1293. 
[0066] Exemplary marker assays for screening for Goss’ 
Wilt resistance loci are provided in Tables 3, 4, and 5. Illus 
trative Goss’ Wilt resistance locus 87 SNP marker DNA 
sequence SEQ ID NO: 896 can be ampli?ed using the primers 
indicated as SEQ ID NOs: 1332 through 1333 and detected 
With probes indicated as SEQ ID NOs: 1334 through 1335. 
Illustrative Goss’ Wilt resistance locus 91 SNP marker DNA 
sequence SEQ ID NO: 951 can be ampli?ed using the primers 
indicated as SEQ ID NOs: 1336 through 1337 and detected 
With probes indicated as SEQ ID NOs: 1338 through 1339. 
Illustrative Goss’ Wilt resistance locus 72 SNP marker DNA 
sequence SEQ ID NO: 733 can be ampli?ed using the primers 
indicated as SEQ ID NOs: 1340 through 1341 and detected 
With probes indicated as SEQ ID NOs: 1342 through 1343. 
Illustrative Goss’ Wilt resistance locus 109 SNP marker DNA 
sequence SEQ ID NO: 1098 can be ampli?ed using the prim 
ers indicated as SEQ ID NOs: 1344 through 1345 and 
detected With probes indicated as SEQ ID NOs: 1346 through 
1347. Illustrative oligonucleotide hybridization probes for 
Goss’ Wilt resistance locus 87 SNP marker DNA sequence 
SEQ ID NO: 896 are provided as SEQ ID NO: 1348 and SEQ 
ID NO 1349. Illustrative oligonucleotide hybridization 
probes for Goss’ Wilt resistance locus 91 SNP marker DNA 
sequence SEQ ID NO: 951 are provided as SEQ ID NO: 1350 
and SEQ ID NO 1351. Illustrative oligonucleotide hybridiza 
tion probes for Goss’ Wilt resistance locus 72 SNP marker 
DNA sequence SEQ ID NO: 733 are provided as SEQ ID NO: 
1352 and SEQ ID NO 1353. Illustrative oligonucleotide 
hybridization probes for Goss’ Wilt resistance locus 109 SNP 
marker DNA sequence SEQ ID NO: 1098 are provided as 
SEQ ID NO: 1354 and SEQ ID NO 1355. An illustrative 
probe for single base extension assays for Goss’ Wilt resis 
tance locus 87 SNP marker DNA sequence SEQ ID NO: 896 
is provided as SEQ ID NO: 1356. An illustrative probe for 
single base extension assays for Goss’ Wilt resistance locus 
91 SNP marker DNA sequence SEQ ID NO: 951 is provided 
as SEQ ID NO: 1357. An illustrative probe for single base 
extension assays for Goss’ Wilt resistance locus 72 SNP 
marker DNA sequence SEQ ID NO: 733 is provided as SEQ 
ID NO: 1358. An illustrative probe for single base extension 
assays for Goss’ Wilt resistance locus 109 SNP marker DNA 
sequence SEQ ID NO: 1098 is provided as SEQ ID NO: 1359. 
[0067] As used herein, Goss’ Wilt refers to any Goss’ Wilt 
variant or isolate. A corn plant of the present invention can be 
resistant to one or more bacteria capable of causing or induc 
ing Goss’ Wilt. In one aspect, the present invention provides 
plants resistant to Goss’ Wilt as Well as methods and compo 
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sitions for screening corn plants for resistance or susceptibil 
ity to Goss’ Wilt, caused by the genus Clavibacler. In a 
preferred aspect, the present invention provides methods and 
compositions for screening corn plants for resistance or sus 
ceptibility to Clavibacler michiganense spp. 
[0068] In an aspect, the plant is selected from the genus 
Zea. In another aspect, the plant is selected from the species 
Zea mays. In a further aspect, the plant is selected from the 
subspecies Zea mays L. ssp. mays. In an additional aspect, the 
plant is selected from the group Zea mays L. subsp. mays 
Indentata, otherWise knoWn as dent corn. In another aspect, 
the plant is selected from the group Zea mays L. subsp. mays 
Indurata, otherWise knoWn as ?int corn. In an aspect, the plant 
is selected from the group Zea mays L. subsp. mays Saccha 
rata, otherWise knoWn as sWeet corn. In another aspect, the 
plant is selected from the group Zea mays L. subsp. mays 
Amylacea, otherWise knoWn as ?our corn. In a further aspect, 
the plant is selected from the group Zea mays L. subsp. mays 
Everta, otherWise knoWn as pop corn. Zea plants include 
hybrids, inbreds, partial inbreds, or members of de?ned or 
unde?ned populations. 
[0069] Plants of the present invention can be a corn plant 
that is very resistant, resistant, substantially resistant, mid 
resistant, comparatively resistant, partially resistant, mid 
susceptible, or susceptible. 
[0070] In a preferred aspect, the present invention provides 
a corn plant to be assayed for resistance or susceptibility to 
Goss’ Wilt by any method to determine Whether a corn plant 
is very resistant, resistant, substantially resistant, mid-resis 
tant, comparatively resistant, partially resistant, mid-suscep 
tible, or susceptible. 
[0071] Phenotyping for Goss’ Wilt is based on visually 
screening plants to determine percentage of infected leaf area. 
The percentage of leaf area infected is used to rate plants on 
a scale of 1 (very resistant) to 9 (susceptible). 
[0072] A disease resistance QTL of the present invention 
may be introduced into an elite corn inbred line. 
[0073] In another aspect, the corn plant can shoW a com 
parative resistance compared to a non-resistant control corn 
plant. In this aspect, a control corn plant Will preferably be 
genetically similar except for the Goss’ Wilt resistant allele or 
alleles in question. Such plants can be groWn under similar 
conditions With equivalent or near equivalent exposure to the 
pathogen. In this aspect, the resistant plant or plants has less 
than 25%, 15%, 10%, 5%, 2% or 1% ofleaf area infected. 
[0074] A disease resistance QTL of the present invention 
may be introduced into an elite corn inbred line. An “elite 
line” is any line that has resulted from breeding and selection 
for superior agronomic performance. 
[0075] A Goss’ Wilt resistance QTL of the present inven 
tion may also be introduced into an elite corn plant compris 
ing one or more transgenes conferring herbicide tolerance, 
increased yield, insect control, fungal disease resistance, 
virus resistance, nematode resistance, bacterial disease resis 
tance, mycoplasma disease resistance, modi?ed oils produc 
tion, high oil production, high protein production, germina 
tion and seedling groWth control, enhanced animal and 
human nutrition, loW ra?inose, environmental stress resis 
tant, increased digestibility, industrial enZymes, pharmaceu 
tical proteins, peptides and small molecules, improved pro 
cessing traits, improved ?avor, nitrogen ?xation, hybrid seed 
production, reduced allergenicity, biopolymers, and biofuels 
among others. In one aspect, the herbicide tolerance is 
selected from the group consisting of glyphosate, dicamba, 
glufosinate, sulfonylurea, bromoxynil and nor?uraZon herbi 
cides. These traits can be provided by methods of plant bio 
technology as transgenes in corn. 
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[0076] A disease resistant QTL allele or alleles can be 
introduced from any plant that contains that allele (donor) to 
any recipient cornplant. In one aspect, the recipient complant 
can contain additional Goss’ Wilt resistant loci. In another 
aspect, the recipient corn plant can contain a transgene. In 
another aspect, While maintaining the introduced QTL, the 
genetic contribution of the plant providing the disease resis 
tant QTL can be reduced by back-crossing or other suitable 
approaches. In one aspect, the nuclear genetic material 
derived from the donor material in the corn plant can be less 
than or about 50%, less than or about 25%, less than or about 
13%, less than or about 5%, 3%, 2% or 1%, but that genetic 
material contains the Goss’ Wilt resistant locus or loci of 
interest. 
[0077] It is further understood that a corn plant of the 
present invention may exhibit the characteristics of any rela 
tive maturity group. In an aspect, the maturity group is 
selected from the group consisting of RM90-95, RM 95-100, 
RM 100-105, RM 105-110, RM 110-115, and RM 115-120. 
[0078] The present invention also includes a method of 
introgressing an allele into a corn plant comprising: (A) 
crossing at least one Goss’ Wilt resistant corn plant With at 
least one Goss’ Wilt sensitive corn plant in order to form a 
segregating population; (B) screening the segregating popu 
lation With one or more nucleic acid markers to determine if 
one or more com plants from the segregating population 
contains a Goss’ Wilt resistant allele, Wherein the Goss’ Wilt 
resistant allele is an allele selected from the group consisting 
ofGoss’Wilt resistant locus 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24,25, 26, 27, 28, 29, 
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 
47, 48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 
98,99,100,101,102,103,104,105,106,107,108,109,110, 
111,112,113,114,115,116,117,118,119,120,121,122, 
132, 124,125,126, 127, 128,129, 130, and Goss’Wilt resis 
tant locus 131. 

[0079] The present invention includes isolated nucleic acid 
molecules. Such molecules include those nucleic acid mol 
ecules capable of detecting a polymorphism genetically or 
physically linked to a Goss’ Wilt locus. Such molecules can 
be referred to as markers. Additional markers can be obtained 
that are linked to Goss’ Wilt resistance locus 1, 2, 3, 4, 5, 6, 7, 
8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24, 
25, 26,27, 28, 29, 30, 31,32, 33, 34, 35, 36,37, 38, 39, 40, 41, 
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 
59, 60,61, 62, 63, 64, 65,66, 67, 68, 69,70,71,72,73,74,75, 
76,77,78,79, 80, 81, 82,83, 84, 85, 86, 87,88, 89, 90, 91, 92, 
93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 
107,108,109,110,111,112,113,114,115,116,117,118, 
119,120,121,122,123,124,125,126,127,128,129,130, 
and Goss’ Wilt resistant locus 131 by available techniques. In 
one aspect, the nucleic acid molecule is capable of detecting 
the presence or absence of a marker located less than 30, 20, 
10, 5, 2, or 1 centimorgans from a Goss’ Wilt resistance locus. 
In another aspect, a marker exhibits a LOD score of 2 or 
greater, 3 or greater, or 4 or greater With Goss’ Wilt, measur 
ing using Qgene Version 2.23 (1996) and default parameters. 
In another aspect, the nucleic acid molecule is capable of 
detecting a marker in a locus selected from the group Goss’ 
Wilt resistance locus 1 through resistance locus 131. In a 
further aspect, a nucleic acid molecule is selected from the 
group consisting of SEQ ID NOs: 13, 19, 24, 27, 36, 50, 53, 
90,94,95,97,99,101,102,106,110,111,119,121,122,124, 
128, 130-132, 136, 138, 141, 146, 153, 158-160, 162, 164, 
166, 169, 172, 175, 177, 186, 200, 202, 203, 207, 208, 215, 


































