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(57) ABSTRACT 

This invention relates to polynucleotide sequences encoding 
a gene that can confer resistance to the plant pathogen 
Colletotrichum, which causes anthracnose stalk rot, leaf 
blight and top dieback in corn and other cereals. It further 
relates to plants and seeds of plants carrying chimeric genes 
comprising said polynucleotide sequences, which enhance 
or confer resistance to the plant pathogen Colletotrichum, 
and processes of making said plants and seeds. The inven 
tion further presents sequences that can be used as molecular 
markers that in turn can be used to identify the region of 
interest in corn lines resulting from new crosses and to 
quickly and efficiently introgress the gene from corn lines 
carrying said gene into other corn lines that do not carry said 
gene, in order to make them resistant to Colletotrichum and 
resistant to stalk rot. 
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POLYNUCLEOTDES AND METHODS FOR 
MAKING PLANTS RESISTANT TO FUNGAL 

PATHOGENS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to and the benefit 
of U.S. Provisional Application Nos. 60/668,241 and 
60/675,664, filed on Apr. 4, 2005 and Apr. 28, 2005, 
respectively, which are herein incorporated by reference in 
their entirety. 

THE NAMES OF THE PARTIES TO AJOINT 
RESEARCH AGREEMENT 

0002. A joint Research Project Agreement was executed 
on Feb. 18, 2002 for map-based cloning and gene expression 
studies of a maize gene(s) that confer(s) resistance to ASR. 
The names of the parties executing the joint Research 
Project Agreement are the University of Delaware and E.I. 
du Pont de Nemours and Company. 

Field of the Invention 

0003. This invention relates to compositions and methods 
useful in creating or enhancing pathogen-resistance in 
plants. Additionally, the invention relates to plants that have 
been genetically transformed with the compositions of the 
invention. 

BACKGROUND OF THE INVENTION 

0004 Colletotrichum graminicola (Ces.) (Cg), more 
commonly known as anthracnose, is the causative agent of 
anthracnose leafblight, anthracnose stalk rot (ASR) and top 
dieback that affects Zea mays (L.), also known as maize or 
corn. It is the only known common Stalk rot that also causes 
a leaf blight (Bergstrom, et al., (1999), Plant Disease, 
83:596-608, White, D. G. (1998), Compendium of Com 
Diseases, pp. 1-78). It has been known to occur in the United 
States since 1855 and has been reported in the Americas, 
Europe, Africa, Asia, and Australia (McGee, D.C. (1988), 
Maize Diseases: A Reference Source for Seed Technologists, 
APS Press, St. Paul, Minn.; White, (1998) supra; White, et 
al., (1979) Proc. Annu. Com Sorghum Res Conf(34"), 1-15). 
In the United States alone, over 37.5 million acres are 
infested annually with average yield losses of 6.6% nation 
wide (See FIG. 1). The yield losses are due both to low 
kernel weight in infected plants and "lodging,” that is, the 
falling over of the plants due to weakness in the stalks 
caused by the infection (Dodd, J., (1980), Plant Disease, 
64:533-537). Lodged plants are more difficult to harvest and 
are susceptible to other diseases. After infection, typically 
the upper portion of the stalk dies first while the lower stalk 
is still green. Externally, infection can be recognized by 
blotchy black patches on the outer rind of the stalk, while 
internally the pith tissue is discolored or black in appear 
ance. Inoculation occurs in a number of ways. Roots may 
grow through stalk debris and become infected. This will 
become an increasing problem as “no till methods of 
agriculture are more widely adopted due to their environ 
mental benefits. The fungus may also infect the stalks 
through insect damage and other wounds (White (1998) 
supra). Stalk infection may be preceded by leaf infection 
causing leaf blight and providing inoculum for stalk infec 
tion. There is controversy in the technical literature as to the 
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number of different varieties or races of Cg present in nature. 
The pathogen is transmitted by wind or contaminated seed 
lots. Spores remain viable for up to 2 years (McGee (1988) 
supra; Nicholson, et al., (1980), Phytopathology, 70:255 
261; Warren, H. L. (1977), Phytopathology, 67:160-162: 
Warren, et al., (1975), Phytopathology, 65:620-623). 

0005 Farmers may combat infection by corn fungal 
diseases such as anthracnose through the use of fungicides, 
but these have environmental side effects, and require moni 
toring of fields and diagnostic techniques to determine 
which fungus is causing the infection so that the correct 
fungicide can be used. Particularly with large field crops 
such as corn, this is difficult. The use of corn lines that carry 
genetic or transgenic sources of resistance is more practical 
if the genes responsible for resistance can be incorporated 
into elite, high yielding germplasm without reducing yield. 
Genetic sources of resistance to Cg have been described. 
There have been several maize lines identified that carry 
some level of resistance to Cg (White, et al. (1979) supra). 
These included A556, MP305, H21, SP288, CI88A, and 
FR16. A reciprocal translocation testcross analysis using 
A556 indicated that genes controlling resistance to ASR lie 
on the long arms of chromosomes 1, 4, and 8 as well as both 
arms of chromosome 6 (Carson, M. L. (1981), Sources of 
inheritance of resistance to anthracnose stalk rot of com. 
Ph.D. Thesis, University of Illinois, Urbana-Champaign). 
Introgression of resistance derived from Such lines is com 
plex. Another inbred, LB31, was reported to carry a single 
dominant gene controlling resistance to ASR but appears to 
be unstable, especially in the presence of European corn 
borer infestation (Badu-Apraku et al., (1987) Phytopathol 
ogy77: 957-959). The line MP305 was found to carry two 
dominant genes for resistance, one with a major effect and 
one with a minor effect (Carson (1981) supra). MP305 has 
been made available by the University of Mississippi 
through the National Plant Germplasm System (GRIN ID: 
NSL 250298) operated by the United States Department of 
Agriculture. See Compilation of North American Maize 
Breeding Germplasm, J. T. Gerdes et al., Crop Science 
Society of America, 1993. Seed of MP305 can be obtained 
through W. Paul Williams, Supervisory Research Geneticist 
USDA-ARS, Corn Host Plant Resistance Research Unit, 
Box 9555, 340 Dorman Hall, Mississippi State, Miss. 
39762. 

0006. It has been reported that there are two genes linked 
on the long arm of chromosome 4 that confer resistance to 
Cg (Toman, et al., (1993), Phytopathology, 83:981-986: 
Cowen, N et al. (1991) Maize Genetics Conference 
Abstracts 33). A significant resistance quantitative trait locus 
(QTL) on chromosome 4 has also been reported (Jung, et al., 
(1994), Theoretical and Applied Genetics, 89:413-418). 
Jung et al. (supra) reported that UMC15 could be used to 
select for the QTL on chromosome 4 in MP305, and 
Suggested that the QTL is on a 12 cM region of chromosome 
4 between UMC15 and UMC66. In fact, as discussed in 
more detail below, the region between UMC15 and UMC66 
as reported on the IBM2 neighbors 4 genetic map is approxi 
mately 129 cM, and selection for the QTL in the manner 
Suggested by Jung et al. (1994, Supra) would at best select 
a large chromosomal interval with considerable linkage drag 
and negative phenotypic effect, and at worst, a double 
recombination could occur between the two markers result 
ing in a false positive selection for the Rcg1 locus. 
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0007 Much work has been done on the mechanisms of 
disease resistance in plants in general. Some mechanisms of 
resistance are non-pathogen specific in nature, or so-called 
“non-host resistance.” These may be based on cell wall 
structure or similar protective mechanisms. However, while 
plants lack an immune system with circulating antibodies 
and the other attributes of a mammalian immune system, 
they do have other mechanisms to specifically protect 
against pathogens. The most important and best studied of 
these are the plant disease resistance genes, or “R” genes. 
One of very many reviews of this resistance mechanism and 
the R genes can be found in Bekhadir et al., (2004), Current 
Opinion in Plant Biology 7:391-399. There are 5 recognized 
classes of R genes: intracellular proteins with a nucleotide 
binding site (NBS) and a leucine-rich repeat (LRR); trans 
membrane proteins with an extracellular LRR domain (TM 
LRR); transmembrane and extracellular LRR with a 
cytoplasmic kinase domain (TM-CK-LRR); membrane sig 
nal anchored protein with a coiled-coil cytoplasmic domain 
(MSAP-CC); and membrane associated kinases with an 
N-terminal myristylation site (MAK-N) (See, for example: 
Cohn, et al., (2001), Immunology, 13:55-62; Dangl, et al. 
(2001), Nature, 411:826-833). 
0008. The resistance gene of the embodiments of the 
present invention encodes a novel R gene related to the 
NBS-LRR type. While multiple NBS-LRR genes have been 
described, they differ widely in their response to different 
pathogens and exact action. To Applicants’ knowledge, the 
novel R gene described in this disclosure is the only one 
demonstrated to provide resistance to Cg. 

SUMMARY OF THE INVENTION 

0009 Embodiments of this invention are based on the 
fine mapping, cloning and characterization of the gene 
responsible for the major portion of the resistance phenotype 
from the line MP305, the introgression of a truncated 
chromosomal interval with the MP305 resistance locus into 
other lines with little or no linkage drag, the demonstration 
of the use of that gene as a transgene and the use of 
molecular markers to move the gene or transgene into elite 
lines using breeding techniques. 

00.10 Embodiments include an isolated polynucleotide 
comprising a nucleotide sequence encoding a polypeptide 
capable of conferring resistance to Colletotrichum, wherein 
the polypeptide has an amino acid sequence of at least 50%, 
at least 75%, at least 80%, at least 85%, at least 90%, and at 
least 95% identity, when compared to SEQ ID NO:3 or the 
sequences deposited with the Agricultural Research Service 
(ARS) Culture Collection on Feb. 22, 2006 as Patent 
Deposit No. NRRL B-30895, based on the Needleman 
Wunsch alignment algorithm, or a complement of the nucle 
otide sequence, wherein the complement and the nucleotide 
sequence consist of the same number of nucleotides and are 
100% complementary. 

0.011) Additional embodiments of the present invention 
include a vector comprising the polynucleotide of an 
embodiment of the present invention, such as SEQ ID NO: 
3, or the sequences of the plasmid deposited as Patent 
Deposit No. NRRL-30895, and a recombinant DNA con 
struct comprising the polynucleotide of an embodiment of 
the present invention operably linked to at least one regu 
latory sequence. A plant cell, as well as a plant, each 
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comprising the recombinant DNA construct of an embodi 
ment of the present invention, and a seed comprising the 
recombinant DNA construct are also embodied by the 
present invention. 
0012. The methods embodied by the present invention 
include 1) a method for transforming a host cell, including 
a plant cell, comprising transforming the host cell with the 
polynucleotide of an embodiment of the present invention, 
2) a method for producing a plant comprising transforming 
a plant cell with the recombinant DNA construct of an 
embodiment of the present invention and regenerating a 
plant from the transformed plant cell, and 3) methods of 
conferring or enhancing resistance to Colletotrichum and/or 
stalk rot, comprising transforming a plant with the recom 
binant DNA construct of an embodiment of the present 
invention, thereby conferring and/or enhancing resistance to 
Colletotrichum or stalk rot. 

0013 Additional embodiments include methods of deter 
mining the presence or absence of the polynucleotides of an 
embodiment of the present invention, or the Rcgl locus, in 
a corn plant, comprising at least one of (a) isolating nucleic 
acid molecules from the corn plant and determining if an 
Rcg1 gene is present or absent by amplifying sequences 
homologous to the polynucleotide, (b) isolating nucleic acid 
molecules from the corn plant and performing a Southern 
hybridization, (c) isolating proteins from the corn plant and 
performing a western blot using antibodies to the Rcgl 
protein, (d) isolating proteins from the corn plant and 
performing an ELISA assay using antibodies to the Rcgl 
protein, or (e) demonstrating the presence of mRNA 
sequences derived from the Rcg1 mRNA transcript and 
unique to Rcgl. thereby determining the presence of the 
polynucleotide or the Rcg1 locus in the corn plant. 
0014 Methods of altering the level of expression of a 
protein capable of conferring resistance to Colletotrichum or 
stalk rot in a plant or plant cell comprising (a) transforming 
a plant cell with the recombinant DNA construct of an 
embodiment of the present invention and (b) growing the 
transformed plant cell under conditions that are suitable for 
expression of the recombinant DNA construct wherein 
expression of the recombinant DNA construct results in 
production of altered levels of a protein capable of confer 
ring resistance to Colletotrichum or stalk rot in the trans 
formed host are also embodied by the present invention. 
0015. An additional method embodied by the present 
invention is a method of conferring or enhancing resistance 
to Colletotrichum and/or stalk rot in a corn plant, comprising 
(a) crossing a first corn plant lacking the Rcg1 locus with a 
second corn plant containing the Rcg1 locus to produce a 
segregating population, (b) screening the segregating popu 
lation for a member containing the Rcgl locus with a first 
nucleic acid, not including UMC15a or UMC66, capable of 
hybridizing with a second nucleic acid linked to or located 
within the Rcg1 locus, and (c) selecting the member for 
further crossing and selection. 
0016 Methods of enhancing resistance to Colletotrichum 
and/or stalk rot, or introgressing Colletotrichum and/or stalk 
rot resistance into a corn plant, comprising performing 
marker assisted selection of the corn plant with a nucleic 
acid marker, wherein the nucleic acid marker specifically 
hybridizes with a nucleic acid molecule having a first 
nucleic acid sequence that is linked to a second nucleic acid 
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sequence that is located on the Rcg1 locus of MP305 and 
selecting the corn plant based on the marker assisted selec 
tion are also embodiments of the present invention. Specific 
FLP. MZA and Rcg1 specific SNP markers disclosed herein 
are further aspects of the invention. 
0017 Additional embodiments are an improved donor 
Source of germplasm for introgressing resistance or enhanc 
ing resistance to Colletotrichum or stalk rot into a corn plant, 
said germplasm comprising DE811 ASR (BC5) and progeny 
derived therefrom. Said progeny can be further character 
ized as containing the DE811 ASR (BC5) Rcg1 sequences 
disclosed herein, molecular markers in or genetically linked 
to Rcg1, resistance or enhanced resistance to Colletotri 
chum, or any combinations thereof. 
0018 Further embodiments include processes for identi 
fying corn plants that display newly conferred or enhanced 
resistance to Colletotrichum by detecting alleles of at least 
2 markers in the corn plant, wherein at least one of the 
markers is on or within the chromosomal interval below 
UMC2041 and above the Rcg1 gene, and at least one of the 
markers is on or within the interval below the Rcg1 gene and 
above UMC2200. Similar embodiments encompassed by 
this process include at least one of the markers being on or 
within the chromosomal interval below UMC1086 and 
above the Rcg1 gene, on or within the chromosomal interval 
below UMC2285 and above the Rcg1 gene, and at least one 
of the markers is on or within the interval below the Rcg1 
gene and above UMC2200, on or within the interval below 
the Rcg1 gene and above UMC2187, or on or within the 
interval below the Rcg1 gene and above UMC15a. Further 
embodiments related to the same process include those in 
which at least one of the markers is capable of detecting a 
polymorphism located at a position corresponding to nucle 
otides 7230 and 7535 of SEQ ID NO: 137, nucleotides 
11293 and 12553 of SEQ ID NO: 173, nucleotides 25412 
and 29086 of SEQ ID NO: 137, or nucleotides 43017 and 
50330 of SEQ ID NO: 137. 
0.019 Further embodiments include processes for identi 
fying corn plants that display newly conferred or enhanced 
resistance to Colletotrichum by detecting alleles of at least 
2 markers in the corn plant, wherein at least one of the 
markers on or within the chromosomal interval below 
UMC2041 and above the Rcg1 gene is selected from the 
markers listed in Table 16, and at least one of the markers on 
or within the interval below the Rcg1 gene and above 
UMC2200 is also selected from the markers listed in Table 
16. Embodiments include processes for identifying corn 
plants that display newly conferred or enhanced resistance to 
Colletotrichum by selecting for at least four markers or at 
least six, wherein at least two or three of the markers are on 
or within the chromosomal interval below UMC2041 and 
above the Rcg1 gene, and at least two or three of the markers 
are on or within the interval below the Rcg1 gene and above 
UMC2200. Additional embodiments include this same pro 
cess when the two or three markers on or within the 
chromosomal interval below UMC2041 and above the Rcg1 
gene, as well as the two or three markers on or within the 
interval below the Rcg1 gene and above UMC2200, are 
selected from those listed in Table 16. Another embodiment 
of this process includes detecting allele 7 at MZA1112, 
detecting allele 2 at MZA2591, or detecting allele 8 at 
MZA3434. Corn plants and seeds produced by the embodied 
processes are also embodiments of the invention, including 
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those corn plants which do not comprise the same alleles as 
MP305 at or above UMC2041, or at or below UMC2200 at 
the loci shown in Table 16. 

0020. Other embodiments include processes for identify 
ing corn plants that display newly conferred or enhanced 
resistance to Colletotrichum by detecting alleles of at least 
2 markers in the corn plant, wherein at least one of the 
markers is on or within the chromosomal interval below 
UMC2041 and above the Rcg1 gene, and at least one of the 
markers is on or within the interval below the Rcg1 gene and 
above UMC2200, and where the process detects the pres 
ence or absence of at least one marker located within the 
Rcg1 gene. A further such embodiment includes a modifi 
cation of this process in which four markers are selected for, 
in which two of the markers are within the chromosomal 
interval below UMC2285 and above the Rcg1 gene, and at 
least two of the markers are within the interval below the 
Rcg1 gene and above UMC15a. A further embodiment of 
this process includes the Rcg1 gene having been intro 
gressed from a donor corn plant, including MP305 or 
DE811 ASRCBC5), into a recipient corn plant to produce an 
introgressed corn plant. This process also includes the 
instance when the introgressed corn plant is selected for a 
recombination event below the Rcg1 gene and above 
UMC15a, so that the introgressed corn plant retains a first 
MP305 derived chromosomal interval below the Rcg1 gene 
and above UMC15a, and does not retain a second MP305 
derived chromosomal interval at and below UMC15a. Corn 
plants and seeds produced by these processes are also 
embodiments of the invention. Introgressed corn plants 
embodied by the invention include those that are Rcg1 locus 
conversions of PH705, PH5W4, PH51K or PH87P or prog 
eny thereof. 
0021. A further embodiment of the invention is a process 
of identifying a corn plant that displays enhanced resistance 
to Colletotrichum infection, by detecting in the corn plant 
the presence or absence of at least one marker at the Rcgl 
locus, and selecting the corn plant in which the at least one 
marker is present. Embodiments include when at least one 
marker is on or within SEQID NO: 137, and also when the 
at least one marker is capable of detecting a polymorphism 
located at a position in SEQ ID NO: 137 corresponding to 
the position between nucleotides 1 and 536, between nucle 
otides 7230 and 7535, between nucleotides 11293 and 
12553, between nucleotides 25412 and 29086; and between 
nucleotides 43017 and 50330, and also when at least one 
marker is on or within the Rcg1 coding sequence, or located 
on or within the polynucleotide set forth in SEQID NO: 1. 
Another embodiment includes when the process detects a 
single nucleotide polymorphism at a position in SEQ ID 
NO: 1 corresponding to one or more of position 413, 958, 
971, 1099, 1154, 1235, 1250,1308, 1607, 2001, 2598, and 
3342. Markers included by the processes in these embodi 
ments include SNP markers C00060-01 and C00060-02, 
markers that detect an mRNA sequence derived from the 
Rcg1 mRNA transcript and unique to Rcg1, and FLP mark 
ers on an amplicon generated by a primer pair set forth in 
this disclosure, such as those of SEQ ID NO:s 35-42, and 
their complements. Another embodiment includes when the 
process detects the presence or absence of at least two 
markers within the Rcg1 locus, including C00060-01 and 
C00060-02. Corn plants and seeds produced by these pro 
cesses are also embodiments of the invention. Introgressed 
corn plants embodied by the invention include those that are 
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Rcg1 locus conversions of PH705, PH5W4, PH51 K or 
PH87P or progeny thereof. Such embodiments include corn 
seed comprising a first MP305 derived chromosomal inter 
val defined by BNLG2162 and UMC1051, and not com 
prising a second MP305 derived chromosomal interval 
above UMC2041 or below UMC1051, and when the corn 
seed comprises the Rcg1 gene and, when grown, produces a 
corn plant that exhibits resistance to Colletotrichum infec 
tion. Seed of the embodiments also includes corn seed 
comprising a first MP305 derived chromosomal interval 
between, but not including, UMC2285 and UMC15a, and 
not comprising a second MP305 derived chromosomal inter 
val at or above UMC2285 or at or below UMC15a, and 
furthermore Such corn seed which comprises the Rcg1 gene 
and, when grown, produces a corn plant that exhibits resis 
tance to Colletotrichum infection. Corn plants and plant 
cells produced from this seed are also included in the 
embodiments of the invention. 

0022. Additional embodiments include seed of a corn 
variety designated DE811 ASRCBC5), or the corn seed 
deposited as ATCC accession number PTA-7434, or a prog 
eny seed derived from that variety, that comprises the Rcg1 
gene, that when grown, produces a plant that exhibits 
enhanced or newly conferred resistance to Colletotrichum 
infection. Plants and plant cells grown from this seed are 
also embodiments, as well as progeny seed that retain a first 
MP305 or DE811ASR(BC5) derived chromosomal interval 
within, but not including, UMC2285 and UMC15a, and 
progeny seed that do not comprise a second MP305 derived 
chromosomal interval at or above UMC2285 or at or below 
UMC15a. Plants and plant cells of the above seed are 
included as embodiments. Progeny seed that is an Rcg1 
locus conversion of PH705, PH5W4, PH51 K or PH87P or 
a progeny thereof is also embodied in the invention, as are 
progeny seed that comprise at least two or more of allele 7 
at MZA11123, allele 2 at MZA2591, or allele 8 at 
MZA3434. Further embodiments include progeny seed 
which comprise a cytosine nucleotide at MZA2591.32, a 
thymine nucleotide at MZA2591.35, and a cytosine nucle 
otide at MZA3434.17. 

0023. Additional embodiments include a computer sys 
tem for identifying a corn plant that displays newly con 
ferred or enhanced resistance to Colletotrichum infection 
comprising a database comprising an allele score informa 
tion for one or more corn plants for four or more marker loci 
closely linked to or within the Rcg1 locus, and instructions 
that examine said database to determine inheritance of the 
chromosomal interval or portions thereof defined by the four 
or more marker loci and compute whether or not the one or 
more corn plants comprise the Rcg1 gene. Further embodi 
ments include a computer system for identifying a corn plant 
that displays newly conferred or enhanced resistance to 
Colletotrichum infection comprising a database comprising 
allele score information for one or more corn plants for one 
or more marker loci within the Rcgl locus, and instructions 
that examine said database to determine inheritance of the 
Rcg1 locus. The allele score information for one or more 
corn plants for Such computer systems may further comprise 
two, three, or more marker loci within the Rcg1 locus. 
0024. Embodiments also include genetic markers on or 
within SEQ ID NOs: 140 through 146 for MZA3434, 
MZA2591, MZA11123, MZA15842, MZA1851, MZA8761 
and MZA11455, respectively. Other embodiments include 
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genetic markers located on or in the Rcg1 locus or the Rcgl 
gene, including those located on SEQ ID NO: 137, for 
example those located on regions corresponding to nucle 
otides between 1 and 536, between 7230 and 7535, between 
11293 and 12553, between 25412 and 29086, and the region 
between nucleotides 43017 and 50330. Embodied markers 
also include those located on SEQID NO: 1, such as those 
located on or within nucleotide positions 550-658 of SEQID 
NO: 1, or those located on or within nucleotide positions 
1562-1767 of SEQ ID NO: 1. Markers of the embodiments 
include those on markers located on amplicons generated by 
a primer pair wherein the first primer is an odd-numbered 
sequence from SEQ ID NO: 23 to 41, and wherein the 
second primer is an even-numbered sequence from SEQID 
NO: 24 to 42. 

0025) Further embodiments include corn plants obtain 
able by a method comprising: crossing MP305 or 
DE811 ASR(BC5) Deposit No. PTO-7434 as a first parent 
plant, with a different plant that lacks an Ricgl locus as a 
second parent plant, thereby to obtain progeny comprising 
the Rcg1 locus of the first parent; and optionally further 
comprising one or more further breeding steps to obtain 
progeny of one or more further generations comprising the 
Rcg1 locus of the first parent. Such embodied corn plants 
include both inbred and hybrid plants. Seeds of such plants, 
including those seeds which are homozygous and heterozy 
gous for the Rcg1 locus, and methods of obtaining corn 
products resulting from the processing of those seeds are 
embodied in the invention. Using such seed in food or feed 
or the production of a corn product, Such as corn flour, corn 
meal and corn oil is also an embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 is a map of the United States showing the 
severity of anthracnose stalk rot infestation by county for 
2002. 

0027 FIG. 2(a,b,c) is an alignment of a polypeptide 
sequence of the embodiments (SEQID NO: 3) comparing it 
to other known NBS-LRR polypeptides. 
0028 FIG. 3 is a graph produced by Windows QTL 
Cartographer software showing a statistical analysis of the 
chance (Y axis) that the locus responsible for the Cg 
resistance phenotype is located at a particular position along 
the chromosome (X axis) as defined by FLP markers. 
0029 FIG. 4 is an electrophoresis gel blot of aliquots of 
RT-PCR reactions which reveals the presence of a 260 bp 
band present in the samples derived from both infected and 
uninfected resistant plants but absent from susceptible 
samples. RT-PCR fragments were obtained from 12.5 ng 
total RNA from DE811 and DE811 ASR Stalk tissue. cDNA 
obtained by reverse transcription was amplified using Rcgl 
specific primers and 18S rRNA primers as an internal 
standard. 

0030 FIG. 5 is a schematic diagram of the Mu-tagging 
strategy used to validate the Rcg1 gene. 
0031 FIG. 6 is the gene structure of Rcg1 showing the 
location of four different mutator insertion sites. 

0032 FIG. 7(a-b) is a series of genetic map images with 
increasing resolution of the map of the region near the Rcgl 
gene. Map distances for 7(a) for the map labelled “A” are in 
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cM and in relation to the IBM2 Neighbors 4 genetic map. 
Map distances for 7(b) for the map labelled “B” were 
developed using 184 individuals from the BC7 population, 
and map distances for 7(b) for the map labelled “C” were 
developed using 1060 individuals from the BC7 population. 
Genetic mapping in the BC7 population increased the map 
resolution greater than 10-fold, when compared with the 
published map. The location of the markers shown to the 
right of each map is based on extrapolation of their location 
on the physical map. 
0033 FIG. 8(a-b) is a genetic map image showing the 
chromosomal interval with the Rcg1 gene in DE811 ASR 
(BC3), the reduced size of the chromosomal interval with 
the Rcg1 gene obtained in DE811 ASR (BC5) and the further 
reduced size of the chromosomal interval in inbreds 
obtained by initially using DE811 ASR (BC5) as a donor 
Source. For all markers, the map distances shown were 
reported on the IBM2 neighbors map publicly available on 
the Maize GDB, apart from for MZA15842, FLP27 and 
FLP56 for which map positions were extrapolated using 
regression analysis relative to the high resolution maps in 
FIG. 7(b), maps B and C, using the positions of UMC2285, 
PH1093 and CSU166a which were common to both maps. 
0034 FIGS. 9(a-b). FIG.9(a) shows the alignment of the 
non-colinear region from DE811 ASR (BC5) relative to B73 
and Mo17. The BAC sizes in FIG. 9(a) are estimates. FIG. 
9(b) shows a portion of the non-colinear region as set forth 
in SEQ ID NO: 137 on which Rcg1 resides, including the 
repetitive regions therein, as well as the Rcg1 exons 1 and 
2. 

0035 FIG. 10(a-b) show distributions of average leaf 
lesion size in different individual plants at 15 days after 
inoculation with Cg in the DE811ASR(BC5) and DE811 
lines, respectively. 
0.036 FIG. 11 shows a comparison of average leaflesion 
size on plants of DE811 and DE811ASR(BC5) infected with 
Cg at 7 and 15 days after inoculation. 
0037 FIG. 12 shows the average severity of disease four 
to five weeks after inoculation with Cg in stalks of hybrids 
derived from crossing DE811ASR(BC5) and DE811 to the 
line indicated. 

0038 FIG. 13 shows the improvement in yield at matu 
rity after inoculation with Cg in hybrids derived from 
crossing DE811 ASR(BC5) to the line indicated when com 
pared to the yield of hybrids derived from crossing DE811 
to the line indicated. 

0039 FIG. 14 shows the severity of disease at 5 different 
locations caused by Cg in stalks of inbred lines derived from 
DE811 ASRCBC5) or MP305 four to five weeks after inocu 
lation. Differences between the lines which were positive 
and negative for the Rcg1 gene are statistically significant at 
a P value of less than 0.05. 

0040 FIG. 15 shows disease progression in representa 
tive stalks from inbred PH705 lines which are positive and 
negative for Rcgl. 
0041 FIG. 16 shows disease progression in representa 
tive stalks from inbred PH87P lines which are positive and 
negative for Rcgl. 
0042 FIG. 17 shows the severity of disease four to-five 
weeks after inoculation at 5 different locations caused by Cg 

Oct. 5, 2006 

in stalks of hybrids derived from crossing DE811 ASRCBC5) 
to the line indicated. Differences between the lines which 
were positive and negative for the Rcg1 gene are statistically 
significant at a P value of less than 0.05, except for location 
5. 

0043 FIG. 18 shows disease progression in representa 
tive stalks from hybrids created from PH4CV and PH705 
lines which are positive and negative for Rcgl. 
0044 FIG. 19 shows disease progression in representa 
tive stalks from hybrids created from PH705 and PH87P 
lines which are positive and negative for Rcgl. 
0045 FIG. 20 shows the method of scoring for disease 
severity in corn Stalks. The Stalks are given a score, desig 
nated antgr75, which represents the number of internodes 
(up to 5, including the inoculated internode) that are more 
than 75% discolored. This results in a score ranging from 0 
to 5, with 0 indicating less than 75% discoloration in the 
inoculated internode, and 5 indicating 75% or more discol 
oration of the first five internodes, including the inoculated 
internode. 

0046 FIG. 21 shows a contig on the B73 physical map 
that is homologous to the region into which the Rcgl 
non-colinear region containing DE811 ASR (BC5) is 
inserted, which demonstrates that many B73 derived bacte 
rial artificial chromosomes (BACs) are available in the 
region of interest from which sequence information can be 
obtained. 

0047 FIG. 22 shows the alignment of the genetic map 
containing MZA and public markers with the physical maps 
of Mo17 and B73. The genetic map distances were devel 
oped by using 1060 individuals from the BC7 mapping 
population. An analysis of a Mo17 BAC library also showed 
the Rcgl locus to be non-colinear with the corresponding 
region of Mo17. The location of the markers shown by 
dotted lines to the B73 map are extrapolations from the 
Mo17 physical map location. The location of the markers 
shown by dotted lines to the Mo17 map are extrapolations 
from the B73 physical map location. 
0048 FIG. 23 shows the oligos for the Rcg1 hybridiza 
tion markers designed for use with InvaderTM reactions. 
0049 FIG. 24 shows the oligos for the Rcg1 hybridiza 
tion markers designed for use with TaqMane reactions. 
0050 FIG. 25 shows the results of a northern blot 
obtained from approximately 1.5 mg of polyA-enriched 
RNA isolated from resistant and susceptible plants 0, 3, 6, 9, 
and 13 days post inoculation (dpi). The membrane was 
probed with a random primer labeled 420 bp Rcg1 fragment. 
Resistant tissue is from DE811 ASRCBC5) and susceptible 
tissue is from DE811. 

0051 FIG. 26 shows that PCR amplification using Rcg1 
specific primer pairs only amplifies in the resistant line 
DE811 ASR(BC5) and donor parent MP305, but not in 
susceptible line DE811, with the exception of FLP110F-R, 
which amplifies the coiled coil-nucleotide binding site 
region, which is highly conserved, and thus amplifies a 
region elsewhere in the genome that is not Rcg1 in the 
DE811 line. A 100 bp ladder was used for fragment sizing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0052 Embodiments of the present invention provide 
compositions and methods (or processes) directed to induc 
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ing pathogen resistance, particularly fungal resistance, in 
plants. The compositions are novel nucleotide and amino 
acid sequences that confer or enhance resistance to plant 
fungal pathogens. Specifically, certain embodiments provide 
polypeptides having the amino acid sequence set forth in 
SEQID NO:3, and variants and fragments thereof. Isolated 
nucleic acid molecules, and variants and fragments thereof, 
comprising nucleotide sequences that encode the amino acid 
sequence shown in SEQ ID NO: 3 are further provided. 
0053 Nucleotide sequences that encode the polypeptide 
of SEQ ID NO: 3 are set forth in SEQ ID NOs: 1 and 4. 
Plants, plant cells, seeds, and microorganisms comprising a 
nucleotide sequence that encodes a polypeptide of the 
embodiments are also disclosed herein. 

0054) A deposit of the Rcg 1 nucleic acid molecule was 
made on Feb. 22, 2006 with the Agricultural Research 
Service (ARS) Culture Collection, housed in the Microbial 
Genomics and Bioprocessing Research Unit of the National 
Center for Agricultural Utilization Research (NCAUR), 
under the Budapest Treaty provisions. The deposit was given 
the following accession number: NRRL B-30895. The 
address of NCAUR is 1815 N. University Street, Peoria, Ill., 
61604. This deposit will be maintained under the terms of 
the Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purposes of Patent Pro 
cedure. This deposit was made merely as a convenience for 
those of skill in the art and is not an admission that a deposit 
is required under 35 U.S.C. S 112. The deposit will irrevo 
cably and without restriction or condition be available to the 
public upon issuance of a patent. However, it should be 
understood that the availability of a deposit does not con 
stitute a license to practice the Subject invention in deroga 
tion of patent rights granted by government action. 
0055) A sample of 2500 seeds of DE811 ASR (BC5) were 
deposited in the American Type Culture Collection (ATCC), 
10801 University Blvd., Manassas, Va. 20110-2209, USA on 
Mar. 13, 2006 and assigned Deposit No. PTO-7434. Access 
to this deposit will be available during the pendency of the 
application to the Commissioner of Patents and Trademarks, 
persons determined by the Commissioner to be entitled 
thereto upon request, and corresponding officials in foreign 
patent offices in which this patent application is filed. This 
deposit will be maintained under the terms of the Budapest 
Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure. The 
deposit will irrevocably and without restriction or condition 
be available to the public upon issuance of a patent. How 
ever, it should be understood that the availability of the 
deposit does not constitute a license to practice the Subject 
invention or methods in derogation of patent rights. 
0056. The full length polypeptide of the embodiments 
(SEQ ID NO: 3) shares varying degrees of homology with 
known polypeptides of the NBS-LRR family. In particular, 
the novel polypeptide of the embodiments shares homology 
with NBS-LRR proteins isolated from Oryza sativa (Acces 
sion Nos. NP 910480 (SEQ ID NO: 14), NP 910482 
(SEQ ID NO: 16), NP 921091 (SEQ ID NO: 17) and 
NP 910483 (SEQ ID NO: 15)) and Hordeum vulgare 
(Accession No. AAG37354 (SEQ ID NO: 18); Zhou et al., 
(2001) Plant Cell 13:337-350). FIG. 1 provides an align 
ment of the amino acid sequence set forth in SEQ ID NO: 
3 with the O. sativa and H. vulgare antifungal proteins (SEQ 
ID NOs: 14-18). 
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0057 Amino acid alignments using the GAP program 
indicate that SEQ ID NO:3 shares approximately 42.3% 
sequence similarity with the O. sativa antifungal protein 
NP 910480 (SEQ ID NO: 14), 41.7% sequence similarity 
with the O. sativa protein NP 91.0482 (SEQ ID NO: 16), 
56.9% similarity with the O. sativa protein NP 921091 
(SEQID NO: 17) and 42.1% sequence similarity with the O. 
sativa protein NP 91.0483 (SEQ ID NO: 15). Furthermore, 
SEQID NO: 3 shares approximately 42.8% sequence simi 
larity with the H. vulgare protein AAG37354 (SEQID NO: 
18). 
0058. The NBS-LRR group of R-genes is the largest class 
of R-genes discovered to date. In Arabidopsis thaliana, over 
150 are predicted to be present in the genome (Meyers, et al., 
(2003), Plant Cell, 15:809-834; Monosi, et al., (2004), 
Theoretical and Applied Genetics, 109: 1434-1447), while in 
rice, approximately 500 NBS-LRR genes have been pre 
dicted (Monosi, (2004) supra). The NBS-LRR class of R 
genes is comprised of two subclasses. Class 1 NBS-LRR 
genes contain a TIR-Toll/Interleukin-1 like domain at their 
N' terminus; which to date have only been found in dicots 
(Meyers, (2003) supra; Monosi, (2004) supra). The second 
class of NBS-LRR contain either a coiled-coil domain or an 
(nt) domain at their N terminus (Bai, et al. (2002) Genome 
Research, 12:1871-1884; Monosi, (2004) supra; Pan, et al., 
(2000), Journal of Molecular Evolution, 50:203-213). Class 
2 NBS-LRR have been found in both dicot and monocot 
species. (Bai, (2002) supra; Meyers, (2003) supra; Monosi, 
(2004) supra; Pan, (2000) supra). 
0059. The NBS domain of the gene appears to have a role 
in signaling in plant defense mechanisms (van der Biezen, et 
al., (1998), Current Biology: CB, 8:R226-R227). The LRR 
region appears to be the region that interacts with the 
pathogen AVR, products (Michelmore, et al., (1998), 
Genome Res., 8:1113-1130; Meyers, (2003) supra). This 
LRR region in comparison with the NBS domain is under a 
much greater selection pressure to diversify (Michelmore, 
(1998) supra; Meyers, (2003) supra; Palomino, et al., 
(2002), Genome Research, 12:1305-1315). LRR domains 
are found in other contexts as well; these 20-29-residue 
motifs are present in tandem arrays in a number of proteins 
with diverse functions, such as hormone—receptor interac 
tions, enzyme inhibition, cell adhesion and cellular traffick 
ing. A number of recent studies revealed the involvement of 
LRR proteins in early mammalian development, neural 
development, cell polarization, regulation of gene expres 
Sion and apoptosis signaling. 

0060. The gene of the embodiments is clearly related to 
the NBS-LRR of the class 2 family, but does not completely 
fit the classical mold. The amino end has homology to 
so-called nucleotide binding sites (NBS). There is a leucine 
rich region as well, located, as expected, downstream of the 
NBS. However, unlike previously studied NBS-LRR pro 
teins, the leucine rich region lacks the systematic repetitive 
nature found in more classical LRR domains, much less 
consistently following the typical LXX repeat pattern and in 
particular having no instances of the consensus sequences 
described by Wang et al. (1999) Plant J. 19:55-64; see 
especially, FIG. 5) or Bryan et al. (2000), Plant Cell 
12:2033-2045; see especially, FIG. 3). 
0061 As the LRR region is the receptor portion of an 
NBS-LRR, when a new LRR such as that of this disclosure 
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is found, the range of its activity, that is, the range of 
pathogens to which it will respond, is not immediately 
obvious from the sequence. The gene of the embodiments 
was isolated on the basis of the Cg resistance phenotype, and 
therefore the novel LRR responds to Cg. However, it is not 
excluded that it responds to other pathogens not tested in the 
work done heretofore. 

0062) The nucleic acids and polypeptides of the embodi 
ments find use in methods for conferring or enhancing 
fungal resistance to a plant. Accordingly, the compositions 
and methods disclosed herein are useful in protecting plants 
from fungal pathogens. "Pathogen resistance.”fungal resis 
tance.” and “disease resistance' are intended to mean that 
the plant avoids the disease symptoms that are the outcome 
of plant-pathogen interactions. That is, pathogens are pre 
vented from causing plant diseases and the associated dis 
ease symptoms, or alternatively, the disease symptoms 
caused by the pathogen are minimized or lessened. Such as, 
for example, the reduction of stress and associated yield 
loss. One of skill in the art will appreciate that the compo 
sitions and methods disclosed herein can be used with other 
compositions and methods available in the art for protecting 
plants from pathogen attack. 

0063 Hence, the methods of the embodiments can be 
utilized to protect plants from disease, particularly those 
diseases that are caused by plant fungal pathogens. As used 
herein, “fungal resistance' refers to enhanced resistance or 
tolerance to a fungal pathogen when compared to that of a 
wild type plant. Effects may vary from a slight increase in 
tolerance to the effects of the fungal pathogen (e.g., partial 
inhibition) to total resistance such that the plant is unaffected 
by the presence of the fungal pathogen. An increased level 
of resistance against a particular fungal pathogen or against 
a wider spectrum of fungal pathogens constitutes 
"enhanced’ or improved fungal resistance. The embodi 
ments of the invention also will enhance or improve fungal 
plant pathogen resistance. Such that the resistance of the 
plant to a fungal pathogen or pathogens will increase. The 
term "enhance' refers to improve, increase, amplify, multi 
ply, elevate, raise, and the like. Herein, plants of the inven 
tion are described as being resistant to infection by Cg or 
having enhanced resistance to infection by Cg as a result 
of the Rcgl locus of the invention. Accordingly, they typi 
cally exhibit increased resistance to the disease when com 
pared to equivalent plants that are susceptible to infection by 
Cg because they lack the Rcg1 locus. For example, using the 
scoring system described in Example 11 (also see FIG. 20), 
they typically exhibit a one point, two point or three point or 
more decrease in the infection score, or even a reduction of 
the score to 1 or 0, when compared to equivalent plants that 
are susceptible to infection by Cg because they lack the 
Rcgl locus 

0064. In particular aspects, methods for conferring or 
enhancing fungal resistance in a plant comprise introducing 
into a plant at least one expression cassette, wherein the 
expression cassette comprises a nucleotide sequence encod 
ing an antifungal polypeptide of the embodiments operably 
linked to a promoter that drives expression in the plant. The 
plant expresses the polypeptide, thereby conferring fungal 
resistance upon the plant, or improving the plants inherent 
level of resistance. In particular embodiments, the gene 
confers resistance to the fungal pathogen, Cg. 
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0065 Expression of an antifungal polypeptide of the 
embodiments may be targeted to specific plant tissues where 
pathogen resistance is particularly important, such as, for 
example, the leaves, roots, stalks, or vascular tissues. Such 
tissue-preferred expression may be accomplished by root 
preferred, leaf-preferred, vascular tissue-preferred, stalk 
preferred, or seed-preferred promoters. 

0066. As used herein, “nucleic acid' includes reference 
to a deoxyribonucleotide or ribonucleotide polymer in either 
single- or double-stranded form, and unless otherwise lim 
ited, encompasses known analogues (e.g., peptide nucleic 
acids) having the essential nature of natural nucleotides in 
that they hybridize to single-stranded nucleic acids in a 
manner similar to naturally occurring nucleotides. 
0067. The terms “polypeptide,”“peptide,” and “protein' 
are used interchangeably herein to refer to a polymer of 
amino acid residues. The terms apply to amino acid poly 
mers in which one or more amino acid residues is an 
artificial chemical analogue of a corresponding naturally 
occurring amino acid, as well as to naturally occurring 
amino acid polymers. Polypeptides of the embodiments can 
be produced either from a nucleic acid disclosed herein, or 
by the use of standard molecular biology techniques. For 
example, a truncated protein of the embodiments can be 
produced by expression of a recombinant nucleic acid of the 
embodiments in an appropriate host cell, or alternatively by 
a combination of ex vivo procedures, such as protease 
digestion and purification. 

0068. As used herein, the terms "encoding or “encoded” 
when used in the context of a specified nucleic acid mean 
that the nucleic acid comprises the requisite information to 
direct translation of the nucleotide sequence into a specified 
protein. The information by which a protein is encoded is 
specified by the use of codons. A nucleic acid encoding a 
protein may comprise non-translated sequences (e.g., 
introns) within translated regions of the nucleic acid or may 
lack Such intervening non-translated sequences (e.g., as in 
cDNA). 
0069. The embodiments of the invention encompass iso 
lated or substantially purified polynucleotide or protein 
compositions. An "isolated' or “purified’ polynucleotide or 
protein, or biologically active portion thereof, is Substan 
tially or essentially free from components that normally 
accompany or interact with the polynucleotide or protein as 
found in its naturally occurring environment. Thus, an 
isolated or purified polynucleotide or protein is substantially 
free of other cellular material, or culture medium when 
produced by recombinant techniques (e.g. PCR amplifica 
tion), or substantially free of chemical precursors or other 
chemicals when chemically synthesized. Optimally, an “iso 
lated polynucleotide is free of sequences (for example, 
protein encoding sequences) that naturally flank the poly 
nucleotide (i.e., sequences located at the 5' and 3' ends of the 
polynucleotide) in the genomic DNA of the organism from 
which the polynucleotide is derived. For example, in various 
embodiments, the isolated polynucleotide can contain less 
than about 5 kb, about 4 kb, about 3 kb, about 2 kb, about 
1 kb, about 0.5 kb, or about 0.1 kb of nucleotide sequence 
that naturally flank the polynucleotide in genomic DNA of 
the cell from which the polynucleotide is derived. A protein 
that is substantially free of cellular material includes prepa 
rations of protein having less than about 30%, about 20%, 
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about 10%, about 5%, or about 1% (by dry weight) of 
contaminating protein. When the protein of the embodi 
ments, or a biologically active portion thereof, is recombi 
nantly produced, optimally culture medium represents less 
than about 30%, about 20%, about 10%, about 5%, or about 
1% (by dry weight) of chemical precursors or non-protein 
of-interest chemicals. 

0070 Fragments and variants of the disclosed nucleotide 
sequences and proteins encoded thereby are also encom 
passed by the embodiments. "Fragment' is intended to mean 
a portion of the nucleotide sequence or a portion of the 
amino acid sequence and hence protein encoded thereby. 
Fragments of a nucleotide sequence may encode protein 
fragments that retain the biological activity of the native 
protein and hence have the ability to confer fungal resistance 
upon a plant. Alternatively, fragments of a nucleotide 
sequence that are useful as hybridization probes do not 
necessarily encode fragment proteins retaining biological 
activity. Thus, fragments of a nucleotide sequence may 
range from at least about 15 nucleotides, about 50 nucle 
otides, about 100 nucleotides, and up to the full-length 
nucleotide sequence encoding the polypeptides of the 
embodiments. 

0071. A fragment of a nucleotide sequence that encodes 
a biologically active portion of a polypeptide of the embodi 
ments will encode at least about 15, about 25, about 30, 
about 40, or about 50 contiguous amino acids, or up to the 
total number of amino acids present in a full-length polypep 
tide of the embodiments (for example, 980 amino acids for 
the peptide encoded by SEQ ID NO:1). Fragments of a 
nucleotide sequence that are useful as hybridization probes 
or PCR primers generally need not encode a biologically 
active portion of a protein. 
0072. As used herein, “full-length sequence,” in refer 
ence to a specified polynucleotide, means having the entire 
nucleic acid sequence of a native sequence. “Native 
sequence' is intended to mean an endogenous sequence, i.e., 
a non-engineered sequence found in an organism's genome. 

0073. Thus, a fragment of a nucleotide sequence of the 
embodiments may encode a biologically active portion of a 
polypeptide, or it may be a fragment that can be used as a 
hybridization probe or PCR primer using methods disclosed 
below. A biologically active portion of an antipathogenic 
polypeptide can be prepared by isolating a portion of one of 
the nucleotide sequences of the embodiments, expressing 
the encoded portion of the protein and assessing the ability 
of the encoded portion of the protein to confer or enhance 
fungal resistance in a plant. Nucleic acid molecules that are 
fragments of a nucleotide sequence of the embodiments 
comprise at least about 15, about 20, about. 50, about 75, 
about 100, or about 150 nucleotides, or up to the number of 
nucleotides present in a full-length nucleotide sequence 
disclosed herein (for example, 4212 nucleotides for SEQID 
NO: 1). 
0074 “Variants’ is intended to mean substantially similar 
sequences. For polynucleotides, a variant comprises a dele 
tion and/or addition of one or more nucleotides at one or 
more internal sites within the native polynucleotide and/or a 
Substitution of one or more nucleotides at one or more sites 
in the native polynucleotide. As used herein, a “native' 
polynucleotide or polypeptide comprises a naturally occur 
ring nucleotide sequence or amino acid sequence, respec 
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tively. One of skill in the art will recognize that variants of 
the nucleic acids of the embodiments will be constructed 
Such that the open reading frame is maintained. For poly 
nucleotides, conservative variants include those sequences 
that, because of the degeneracy of the genetic code, encode 
the amino acid sequence of one of the polypeptides of the 
embodiments. Naturally occurring allelic variants such as 
these can be identified with the use of well-known molecular 
biology techniques, as, for example, with polymerase chain 
reaction (PCR) and hybridization techniques as outlined 
below. Variant polynucleotides also include synthetically 
derived polynucleotides, such as those generated, for 
example, by using site-directed mutagenesis but which still 
encode a protein of the embodiments. Generally, variants of 
a particular polynucleotide of the embodiments will have at 
least about 40%, about 45%, about 50%, about 55%, about 
60%, about 65%, about 70%, about 75%, about 80%, about 
85%, about 90%, about 91%, about 92%, about 93%, about 
94%, about 95%, about 96%, about 97%, about 98%, about 
99% or more sequence identity to that particular polynucle 
otide as determined by sequence alignment programs and 
parameters described elsewhere herein. 

0075 Variants of a particular polynucleotide of the 
embodiments (i.e., the reference polynucleotide) can also be 
evaluated by comparison of the percent sequence identity 
between the polypeptide encoded by a variant polynucle 
otide and the polypeptide encoded by the reference poly 
nucleotide. Thus, for example, isolated polynucleotides that 
encode a polypeptide with a given percent sequence identity 
to the polypeptide of SEQ ID NO: 3 are disclosed. Percent 
sequence identity between any two polypeptides can be 
calculated using sequence alignment programs and param 
eters described elsewhere herein. Where any given pair of 
polynucleotides of the embodiments is evaluated by com 
parison of the percent sequence identity shared by the two 
polypeptides they encode, the percent sequence identity 
between the two encoded polypeptides is at least about 40%, 
about 45%, about 50%, about 55%, about 60%, about 65%, 
about 70%, about 75%, about 80%, about 85%, about 90%, 
about 91%, about 92%, about 93%, about 94%, about 95%, 
about 96%, about 97%, about 98%, about 99% or more 
sequence identity. 

0076) “Variant' protein is intended to mean a protein 
derived from the native protein by deletion or addition of 
one or more amino acids at one or more internal sites in the 
native protein and/or Substitution of one or more amino 
acids at one or more sites in the native protein. Variant 
proteins encompassed by the embodiments are biologically 
active, that is they continue to possess the desired biological 
activity of the native protein, that is, the ability to confer or 
enhance plant fungal pathogen resistance as described 
herein. Such variants may result, for example, from genetic 
polymorphism or from human manipulation. Biologically 
active variants of a native protein of the embodiments will 
have at least about 40%, about 45%, about 50%, about 55%, 
about 60%, about 65%, about 70%, about 75%, about 80%, 
about 85%, about 90%, about 91%, about 92%, about 93%, 
about 94%, about 95%, about 96%, about 97%, about 98%, 
about 99% or more sequence identity to the amino acid 
sequence for the native protein as determined by sequence 
alignment programs and parameters described elsewhere 
herein. A biologically active variant of a protein of the 
embodiments may differ from that protein by as few as about 
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1-15 amino acid residues, as few as about 1-10. Such as 
about 6-10, as few as about 5, as few as 4, 3, 2, or even 1 
amino acid residue. 

0077. The proteins of the embodiments may be altered in 
various ways including amino acid substitutions, deletions, 
truncations, and insertions. Methods for Such manipulations 
are generally known in the art. For example, amino acid 
sequence variants and fragments of the antipathogenic pro 
teins can be prepared by mutations in the DNA. Methods for 
mutagenesis and polynucleotide alterations are well known 
in the art. See, for example, Kunkel (1985) Proc. Natl. Acad. 
Sci. USA 82:488-492: Kunkel et al. (1987) Methods in 
Enzymol. 154:367-382: U.S. Pat. No. 4,873, 192: Walker and 
Gaastra, eds. (1983) Techniques in Molecular Biology (Mac 
Millan Publishing Company, New York) and the references 
cited therein. Guidance as to appropriate amino acid Substi 
tutions that do not affect biological activity of the protein of 
interest may be found in the model of Dayhoff et al. (1978) 
Atlas of Protein Sequence and Structure (Natl. Biomed. Res. 
Found. Washington, D.C.), herein incorporated by refer 
ence. Conservative Substitutions, such as exchanging one 
amino acid with another having similar properties, may be 
optimal. 

0078 Thus, the genes and polynucleotides of the embodi 
ments include both naturally occurring sequences as well as 
mutant forms. Likewise, the proteins of the embodiments 
encompass both naturally occurring proteins as well as 
variations and modified forms thereof. Such variants will 
continue to possess the desired ability to confer or enhance 
plant fungal pathogen resistance. Obviously, the mutations 
that will be made in the DNA encoding the variant must not 
place the sequence out of reading frame and optimally will 
not create complementary regions that could produce sec 
ondary mRNA structure. See, EP Patent No. 0075444. 

0079 The deletions, insertions, and substitutions of the 
protein sequences encompassed herein are not expected to 
produce radical changes in the characteristics of the protein. 
However, when it is difficult to predict the exact effect of the 
Substitution, deletion, or insertion in advance of doing so, 
one skilled in the art will appreciate that the effect will be 
evaluated by Screening transgenic plants which have been 
transformed with the variant protein to ascertain the effect on 
the ability of the plant to resist fungal pathogenic attack. 

0080 Variant polynucleotides and proteins also encom 
pass sequences and proteins derived from mutagenic or 
recombinogenic procedures, including and not limited to 
procedures such as DNA shuffling. One of skill in the art 
could envision modifications that would alter the range of 
pathogens to which the protein responds. With Such a 
procedure, one or more different protein coding sequences 
can be manipulated to create a new protein possessing the 
desired properties. In this manner, libraries of recombinant 
polynucleotides are generated from a population of related 
sequence polynucleotides comprising sequence regions that 
have substantial sequence identity and can be homologously 
recombined in vitro or in vivo. For example, using this 
approach, sequence motifs encoding a domain of interest 
may be shuffled between the protein gene of the embodi 
ments and other known protein genes to obtain a new gene 
coding for a protein with an improved property of interest, 
Such as increased ability to confer or enhance plant fungal 
pathogen resistance. Strategies for Such DNA shuffling are 
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known in the art. See, for example, Stemmer (1994) Proc. 
Natl. Acad. Sci. USA 91:10747-10751; Stemmer (1994) 
Nature 370:389-391; Crameri et al. (1997) Nature Biotech. 
15:436-438; Moore et al. (1997).J. Mol. Biol. 272:336-347; 
Zhang et al. (1997) Proc. Natl. Acad. Sci. USA 94:4504 
4509: Crameri et al. (1998) Nature 391:288-291; and U.S. 
Pat. Nos. 5,605,793 and 5,837,458. 
0081. The polynucleotides of the embodiments can be 
used to isolate corresponding sequences from other organ 
isms, particularly other plants. In this manner, methods such 
as PCR, hybridization, and the like can be used to identify 
Such sequences based on their sequence homology to the 
sequences set forth herein. Sequences isolated based on their 
sequence identity to the entire sequences set forth herein or 
to variants and fragments thereof are encompassed by the 
embodiments. Such sequences include sequences that are 
orthologs of the disclosed sequences. “Orthologs” is 
intended to mean genes derived from a common ancestral 
gene and which are found in different species as a result of 
speciation. Genes found in different species are considered 
orthologs when their nucleotide sequences and/or their 
encoded protein sequences share at least about 60%, about 
70%, about 75%, about 80%, about 85%, about 90%, about 
91%, about 92%, about 93%, about 94%, about 95%, about 
96%, about 97%, about 98%, about 99%, or greater 
sequence identity. Functions of orthologs are often highly 
conserved among species. Thus, isolated polynucleotides 
that encode for a protein that confers or enhances fungal 
plant pathogen resistance and that hybridize under stringent 
conditions to the sequences disclosed herein, or to variants 
or fragments thereof, are encompassed by the embodiments. 
0082 In a PCR approach, oligonucleotide primers can be 
designed for use in PCR reactions to amplify corresponding 
DNA sequences from cDNA or genomic DNA extracted 
from any organism of interest. Methods for designing PCR 
primers and PCR cloning are generally known in the art and 
are disclosed in Sambrook et al. (1989) Molecular Cloning: 
A Laboratory Manual (2d ed., Cold Spring Harbor Labora 
tory Press, Plainview, N.Y.). See also Innis et al., eds. (1990) 
PCR Protocols: A Guide to Methods and Applications 
(Academic Press, New York); Innis and Gelfand, eds. (1995) 
PCR Strategies (Academic Press, New York); and Innis and 
Gelfand, eds. (1999) PCR Methods Manual (Academic 
Press, New York). Known methods of PCR include, and are 
not limited to, methods using paired primers, nested primers, 
single specific primers, degenerate primers, gene-specific 
primers, vector-specific primers, partially-mismatched prim 
ers, and the like. 
0083. In hybridization techniques, all or part of a known 
polynucleotide is used as a probe that selectively hybridizes 
to other corresponding polynucleotides present in a popu 
lation of cloned genomic DNA fragments or cDNA frag 
ments (i.e., genomic or cDNA libraries) from a chosen 
organism. The hybridization probes may be genomic DNA 
fragments, cDNA fragments, RNA fragments, or other oli 
gonucleotides, and may be labeled with a detectable group 
such as P or any other detectable marker. Thus, for 
example, probes for hybridization can be made by labeling 
synthetic oligonucleotides based on the polynucleotides of 
the embodiments. Methods for preparation of probes for 
hybridization and for construction of cDNA and genomic 
libraries are generally known in the art and are disclosed in 
Sambrook et al. (1989) supra. 



US 2006/02231 O2 A1 

0084. For example, an entire polynucleotide disclosed 
herein, or one or more portions thereof, may be used as a 
probe capable of specifically hybridizing to corresponding 
polynucleotides and messenger RNAS. To achieve specific 
hybridization under a variety of conditions, such probes 
include sequences that are unique and are optimally at least 
about 10 nucleotides in length, at least about 15 nucleotides 
in length, or at least about 20 nucleotides in length. Such 
probes may be used to amplify corresponding polynucle 
otides from a chosen organism by PCR. This technique may 
be used to isolate additional coding sequences from a 
desired organism or as a diagnostic assay to determine the 
presence of coding sequences in an organism. Hybridization 
techniques include hybridization screening of plated DNA 
libraries (either plaques or colonies; see, for example, Sam 
brook et al. (1989) supra. 
0085) Hybridization of such sequences may be carried 
out under Stringent conditions. By 'stringent conditions' or 
“stringent hybridization conditions” is intended conditions 
under which a probe will hybridize to its target sequence to 
a detectably greater degree than to other sequences (e.g., at 
least 2-fold over background). Stringent conditions are 
sequence-dependent and will be different in different cir 
cumstances. By controlling the Stringency of the hybridiza 
tion and/or washing conditions, target sequences that are 
100% complementary to the probe can be identified 
(homologous probing). Alternatively, Stringency conditions 
can be adjusted to allow some mismatching in sequences so 
that lower degrees of similarity are detected (heterologous 
probing). Generally, a probe is less than about 1000 nucle 
otides in length, optimally less than 500 nucleotides in 
length. 

0.086 Typically, stringent conditions will be those in 
which the salt concentration is less than about 1.5 MNaion, 
typically about 0.01 to 1.0 M Na ion concentration (or other 
salts) at pH 7.0 to 8.3 and the temperature is at least about 
30° C. for short probes (e.g., 10 to 50 nucleotides) and at 
least about 60° C. for long probes (e.g., greater than 50 
nucleotides). Stringent conditions may also be achieved with 
the addition of destabilizing agents such as formamide. 
Exemplary low stringency conditions include hybridization 
with a buffer solution of 30 to 35% formamide, 1 M NaCl, 
1% SDS (sodium dodecyl sulphate) at 37°C., and a wash in 
1x to 2xSSC (20xSSC=3.0 M NaC1/0.3 M trisodium citrate) 
at 50 to 55° C. Exemplary moderate stringency conditions 
include hybridization in 40 to 45% formamide, 1.0 M NaCl, 
1% SDS at 37° C., and a wash in 0.5x to 1XSSC at 55 to 60° 
C. Exemplary high Stringency conditions include hybridiza 
tion in 50% formamide, 1 MNaCl, 1% SDS at 37° C., and 
a final wash in 0.1XSSC at 60 to 65° C. for at least 30 
minutes. Optionally, wash buffers may comprise about 0.1% 
to about 1% SDS. Duration of hybridization is generally less 
than about 24 hours, usually about 4 to about 12 hours. The 
duration of the wash time will be at least a length of time 
sufficient to reach equilibrium. 
0087 Specificity is typically the function of post-hybrid 
ization washes, the critical factors being the ionic strength 
and temperature of the final wash solution. For DNA-DNA 
hybrids, the thermal melting point (T) can be approximated 
from the equation of Meinkoth and Wahl (1984) Anal. 
Biochem. 138:267-284: T=81.5°C.+16.6 (log M)+0.41 (% 
GC)-0.61 (% form)-500/L: where M is the molarity of 
monovalent cations, '% GC is the percentage of guanosine 
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and cytosine nucleotides in the DNA, 96 form is the per 
centage of formamide in the hybridization Solution, and L is 
the length of the hybrid in base pairs. The T is the 
temperature (under defined ionic strength and pH) at which 
50% of a complementary target sequence hybridizes to a 
perfectly matched probe. T is reduced by about 1° C. for 
each 1% of mismatching; thus, T hybridization, and/or 
wash conditions can be adjusted to hybridize to sequences of 
the desired identity. For example, if sequences with 290% 
identity are sought, the T can be decreased 10° C. Gener 
ally, stringent conditions are selected to be about 5°C. lower 
than the T for the specific sequence and its complement at 
a defined ionic strength and pH. However, severely stringent 
conditions can utilize a hybridization and/or wash at 1, 2, 3, 
or 4°C. lower than the T, moderately stringent conditions 
can utilize a hybridization and/or wash at 6, 7, 8, 9, or 10° 
C. lower than the T, low stringency conditions can utilize 
a hybridization and/or wash at 11, 12, 13, 14, 15, or 20° C. 
lower than the T. Using the equation, hybridization and 
wash compositions, and desired T, those of ordinary skill 
will understand that variations in the stringency of hybrid 
ization and/or wash solutions are inherently described. If the 
desired degree of mismatching results in a T of less than 
45° C. (aqueous solution) or 32°C. (formamide solution), it 
is optimal to increase the SSC concentration so that a higher 
temperature can be used. An extensive guide to the hybrid 
ization of nucleic acids is found in Tijssen (1993) Labora 
tory Techniques in Biochemistry and Molecular Biology— 
Hybridization with Nucleic Acid Probes, Part I, Chapter 2 
(Elsevier, N.Y.); and Ausubel et al., eds. (1995) Current 
Protocols in Molecular Biology, Chapter 2 (Greene Publish 
ing and Wiley-Interscience, New York). See Sambrook et al. 
(1989) supra. 

0088 Various procedures can be used to check for the 
presence or absence of a particular sequence of DNA, RNA, 
or a protein. These include, for example, Southern blots, 
northern blots, western blots, and ELISA analysis. Tech 
niques such as these are well known to those of skill in the 
art and many references exist which provide detailed pro 
tocols. Such references include Sambrook et al. (1989) 
supra, and Crowther, J. R. (2001), The ELISA Guidebook, 
Humana Press, Totowa, N.J., USA. 

0089. The following terms are used to describe the 
sequence relationships between two or more polynucle 
otides or polypeptides: (a) “reference sequence.” (b) “com 
parison window, (c) “sequence identity,” and, (d) "percent 
age of sequence identity.” 

0090 (a) As used herein, “reference sequence' is a 
defined sequence used as a basis for sequence comparison. 
A reference sequence may be a Subset or the entirety of a 
specified sequence; for example, as a segment of a full 
length cDNA or gene sequence, or the complete cDNA or 
gene Sequence. 

0091 (b) As used herein, "comparison window” makes 
reference to a contiguous and specified segment of a poly 
nucleotide sequence, wherein the polynucleotide sequence 
in the comparison window may comprise additions or dele 
tions (i.e., gaps) compared to the reference sequence (which 
does not comprise additions or deletions) for optimal align 
ment of the two polynucleotides. Generally, the comparison 
window is at least about 20 contiguous nucleotides in length, 
and optionally can be about 30, about 40, about 50, about 
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100, or longer. Those of skill in the art understand that to 
avoid a high similarity to a reference sequence due to 
inclusion of gaps in the polynucleotide sequence a gap 
penalty is typically introduced and is Subtracted from the 
number of matches. 

0092 Methods of alignment of sequences for comparison 
are well known in the art. Thus, the determination of percent 
sequence identity between any two sequences can be accom 
plished using a mathematical algorithm. Non-limiting 
examples of such mathematical algorithms are the algorithm 
of Myers and Miller (1988) CABIOS 4:11-17; the local 
alignment algorithm of Smith et al. (1981) Adv. Appl. Math. 
2:482; the global alignment algorithm of Needleman and 
Wunsch (1970) J. Mol. Biol. 48:443-453; the search-for 
local alignment method of Pearson and Lipman (1988) Proc. 
Natl. Acad. Sci. 85:2444-2448; the algorithm of Karlin and 
Altschul (1990) Proc. Natl. Acad. Sci. USA 872264, modi 
fied as in Karlin and Altschul (1993) Proc. Natl. Acad. Sci. 
USA 90:5873-5877. 

0093 Computer implementations of these mathematical 
algorithms can be utilized for comparison of sequences to 
determine sequence identity. Such implementations include, 
and are not limited to: CLUSTAL in the PC/Gene program 
(available from Intelligenetics, Mountain View, Calif); the 
ALIGN program (Version 2.0) and GAP, BESTFIT, BLAST, 
FASTA, and TFASTA in the GCG Wisconsin Genetics 
Software Package, Version 10 (available from Accelrys Inc., 
9685 Scranton Road, San Diego, Calif., USA). Alignments 
using these programs can be performed using the default 
parameters. The CLUSTAL program is well described by 
Higgins et al. (1988) Gene 73:237-244 (1988); Higgins et al. 
(1989) CABIOS 5:151-153; Corpet et al. (1988) Nucleic 
Acids Res. 16:10881-90; Huang et al. (1992) CABIOS8:155 
65; and Pearson et al. (1994) Meth. Mol. Biol. 24:307-331. 
The ALIGN program is based on the algorithm of Myers and 
Miller (1988) supra. A PAM120 weight residue table, a gap 
length penalty of 12, and a gap penalty of 4 can be used with 
the ALIGN program when comparing amino acid sequences. 
The BLAST programs of Altschuletal (1990).J. Mol. Biol. 
215:403 are based on the algorithm of Karlin and Altschul 
(1990) supra. BLAST nucleotide searches can be performed 
with the BLASTN program, score=100, wordlength=12, to 
obtain nucleotide sequences homologous to a nucleotide 
sequence encoding a protein of the embodiments. BLAST 
protein searches can be performed with the BLASTX pro 
gram, score=50, wordlength=3, to obtain amino acid 
sequences homologous to a protein or polypeptide of the 
embodiments. To obtain gapped alignments for comparison 
purposes, Gapped BLAST (in BLAST 2.0) can be utilized as 
described in Altschul et al. (1997) Nucleic Acids Res. 
25:3389. Alternatively, PSI-BLAST (in BLAST 2.0) can be 
used to perform an iterated search that detects distant 
relationships between molecules. See Altschul et al. (1997) 
supra. When utilizing BLAST, Gapped BLAST, PSI 
BLAST, the default parameters of the respective programs 
(e.g., BLASTN for nucleotide sequences, BLASTX for 
proteins) can be used. See www.ncbi.nlm.nih.gov. Align 
ment may also be performed manually by inspection. 
0094. Unless otherwise stated, sequence identity/similar 
ity values provided herein refer to the value obtained using 
GAP Version 10 using the following parameters: % identity 
and % similarity for a nucleotide sequence using Gap 
Weight of 50 and Length Weight of 3, and the nwsgapd 
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na.cmp scoring matrix; % identity and % similarity for an 
amino acid sequence using Gap Weight of 8 and Length 
Weight of 2, and the BLOSUM62 scoring matrix; or any 
equivalent program thereof. By "equivalent program' is 
intended any sequence comparison program that, for any 
two sequences in question, generates an alignment having 
identical nucleotide or amino acid residue matches and an 
identical percent sequence identity when compared to the 
corresponding alignment generated by GAP Version 10. 
0.095 GAP uses the algorithm of Needleman and Wunsch 
(1970).J. Mol. Biol. 48:443-453, to find the alignment of two 
complete sequences that maximizes the number of matches 
and minimizes the number of gaps. GAP considers all 
possible alignments and gap positions and creates the align 
ment with the largest number of matched bases and the 
fewest gaps. It allows for the provision of a gap creation 
penalty and a gap extension penalty in units of matched 
bases. GAP must make a profit of gap creation penalty 
number of matches for each gap it inserts. If a gap extension 
penalty greater than Zero is chosen, GAP must, in addition, 
make a profit for each gap inserted of the length of the gap 
times the gap extension penalty. Default gap creation penalty 
values and gap extension penalty values in Version 10 of the 
GCG Wisconsin Genetics Software Package for protein 
sequences are 8 and 2, respectively. For nucleotide 
sequences the default gap creation penalty is 50 while the 
default gap extension penalty is 3. The gap creation and gap 
extension penalties can be expressed as an integer selected 
from the group of integers consisting of from 0 to 200. Thus, 
for example, the gap creation and gap extension penalties 
can be 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 
45, 50, 55, 60, 65 or greater. 
0096) GAP presents one member of the family of best 
alignments. There may be many members of this family, and 
no other member has a better quality. GAP displays four 
figures of merit for alignments: Quality, Ratio, Identity, and 
Similarity. The Quality is the metric maximized in order to 
align the sequences. Ratio is the quality divided by the 
number of bases in the shorter segment. Percent Identity is 
the percent of the symbols that actually match. Percent 
Similarity is the percent of the symbols that are similar. 
Symbols that are across from gaps are ignored. A similarity 
is scored when the scoring matrix value for a pair of symbols 
is greater than or equal to 0.50, the similarity threshold. The 
scoring matrix used in Version 10 of the GCG Wisconsin 
Genetics Software Package is BLOSUM62 (see Henikoff 
and Henikoff (1989) Proc. Natl. Acad. Sci. USA 89:10915). 
0097 (c) As used herein, “sequence identity” or “iden 
tity” in the context of two polynucleotides or polypeptide 
sequences makes reference to the residues in the two 
sequences that are the same when aligned for maximum 
correspondence over a specified comparison window. When 
percentage of sequence identity is used in reference to 
proteins it is recognized that residue positions which are not 
identical often differ by conservative amino acid substitu 
tions, where amino acid residues are substituted for other 
amino acid residues with similar chemical properties (e.g., 
charge or hydrophobicity) and therefore do not change the 
functional properties of the molecule. When sequences differ 
in conservative Substitutions, the percent sequence identity 
may be adjusted upwards to correct for the conservative 
nature of the substitution. Sequences that differ by such 
conservative substitutions are said to have “sequence simi 
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larity” or “similarity.” Means for making this adjustment are 
well known to those of skill in the art. Typically this involves 
scoring a conservative substitution as a partial rather than a 
full mismatch, thereby increasing the percentage sequence 
identity. Thus, for example, where an identical amino acid is 
given a score of 1 and a non-conservative Substitution is 
given a score of Zero, a conservative substitution is given a 
score between Zero and 1. The scoring of conservative 
Substitutions is calculated, e.g., as implemented in the pro 
gram PC/GENE (Intelligenetics, Mountain View, Calif.). 
0.098 (d) As used herein, “percentage of sequence iden 
tity” means the value determined by comparing two opti 
mally aligned sequences over a comparison window, 
wherein the portion of the polynucleotide sequence in the 
comparison window may comprise additions or deletions 
(i.e., gaps) as compared to the reference sequence (which 
does not comprise additions or deletions) for optimal align 
ment of the two sequences. The percentage is calculated by 
determining the number of positions at which the identical 
nucleic acid base or amino acid residue occurs in both 
sequences to yield the number of matched positions, divid 
ing the number of matched positions by the total number of 
positions in the window of comparison, and multiplying the 
result by 100 to yield the percentage of sequence identity. 

0099] The use of the term “polynucleotide' is not 
intended to limit the embodiments to polynucleotides com 
prising DNA. Those of ordinary skill in the art will recog 
nize that polynucleotides can comprise ribonucleotides and 
combinations of ribonucleotides and deoxyribonucleotides. 
Such deoxyribonucleotides and ribonucleotides include both 
naturally occurring molecules and synthetic analogues. The 
polynucleotides of the embodiments also encompass all 
forms of sequences including, and not limited to, single 
stranded forms, double-stranded forms, and the like. 

0100 Isolated polynucleotides of the embodiments can 
be incorporated into recombinant DNA constructs capable of 
introduction into and replication in a host cell. A “vector” 
may be such a construct that includes a replication system 
and sequences that are capable of transcription and transla 
tion of a polypeptide-encoding sequence in a given host cell. 
A number of vectors suitable for stable transfection of plant 
cells or for the establishment of transgenic plants have been 
described in, e.g., Pouwels et al., Cloning Vectors. A Labo 
ratory Manual, 1985, Supp. 1987; Weissbach and Weiss 
bach, Methods for Plant Molecular Biology, Academic 
Press, 1989; and Flevin et al., Plant Molecular Biology 
Manual, Kluwer Academic Publishers, 1990. Typically, 
plant expression vectors include, for example, one or more 
cloned plant genes under the transcriptional control of 5' and 
3' regulatory sequences and a dominant selectable marker. 
Such plant expression vectors also can contain a promoter 
regulatory region (e.g., a regulatory region controlling 
inducible or constitutive, environmentally- or developmen 
tally-regulated, or cell- or tissue-specific expression), a 
transcription initiation start site, a ribosome binding site, an 
RNA processing signal, a transcription termination site, 
and/or a polyadenylation signal. 

0101 The terms “recombinant construct.”“expression 
cassette,”“expression construct,”“chimeric construct,”“con 
struct,”“recombinant DNA construct” and “recombinant 
DNA fragment are used interchangeably herein and are 
nucleic acid fragments. A recombinant construct comprises 

Oct. 5, 2006 

an artificial combination of nucleic acid fragments, includ 
ing, and not limited to, regulatory and coding sequences that 
are not found together in nature. For example, a recombinant 
DNA construct may comprise regulatory sequences and 
coding sequences that are derived from different sources, or 
regulatory sequences and coding sequences derived from the 
same source and arranged in a manner different than that 
found in nature. Such construct may be used by itself or may 
be used in conjunction with a vector. If a vector is used then 
the choice of vector is dependent upon the method that will 
be used to transform host cells as is well known to those 
skilled in the art. For example, a plasmid vector can be used. 
The skilled artisan is well aware of the genetic elements that 
must be present on the vector in order to successfully 
transform, select and propagate host cells comprising any of 
the isolated nucleic acid fragments of the embodiments. 
Screening to obtain lines displaying the desired expression 
level and pattern of the polynucleotides or of the Rcg1 locus 
may be accomplished by amplification, Southern analysis of 
DNA, northern analysis of mRNA expression, immunoblot 
ting analysis of protein expression, phenotypic analysis, and 
the like. 

0102) The term “recombinant DNA construct” refers to a 
DNA construct assembled from nucleic acid fragments 
obtained from different sources. The types and origins of the 
nucleic acid fragments may be very diverse. 
0103) In some embodiments, expression cassettes com 
prising a promoter operably linked to a heterologous nucle 
otide sequence of the embodiments are further provided. The 
expression cassettes of the embodiments find use in gener 
ating transformed plants, plant cells, and microorganisms 
and in practicing the methods for inducing plant fungal 
pathogen resistance disclosed herein. The expression cas 
sette will include 5' and 3' regulatory sequences operably 
linked to a polynucleotide of the embodiments. “Operably 
linked' is intended to mean a functional linkage between 
two or more elements. “Regulatory sequences’ refer to 
nucleotides located upstream. (5' non-coding sequences), 
within, or downstream (3' non-coding sequences) of a cod 
ing sequence, and which may influence the transcription, 
RNA processing, stability, or translation of the associated 
coding sequence. Regulatory sequences may include, and 
are not limited to, promoters, translation leader sequences, 
introns, and polyadenylation recognition sequences. For 
example, an operable linkage between a polynucleotide of 
interest and a regulatory sequence (a promoter, for example) 
is functional link that allows for expression of the poly 
nucleotide of interest. Operably linked elements may be 
contiguous or non-contiguous. When used to refer to the 
joining of two protein coding regions, by operably linked is 
intended that the coding regions are in the same reading 
frame. The cassette may additionally contain at least one 
additional gene to be cotransformed into the organism. 
Alternatively, the additional gene(s) can be provided on 
multiple expression cassettes. Such an expression cassette is 
provided with a plurality of restriction sites and/or recom 
bination sites for insertion of the polynucleotide that 
encodes an antipathogenic polypeptide to be under the 
transcriptional regulation of the regulatory regions. The 
expression cassette may additionally contain selectable 
marker genes. 
0.104) The expression cassette will include in the 5'-3' 
direction of transcription, a transcriptional initiation region 
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(i.e., a promoter), translational initiation region, a polynucle 
otide of the embodiments, a translational termination region 
and, optionally, a transcriptional termination region func 
tional in the host organism. The regulatory regions (i.e., 
promoters, transcriptional regulatory regions, and transla 
tional termination regions) and/or the polynucleotide of the 
embodiments may be native/analogous to the host cell or to 
each other. Alternatively, the regulatory regions and/or the 
polynucleotide of the embodiments may be heterologous to 
the host cell or to each other. As used herein, "heterologous 
in reference to a sequence is a sequence that originates from 
a foreign species, or, if from the same species, is Substan 
tially modified from its native form in composition and/or 
genomic locus by deliberate human intervention. For 
example, a promoter operably linked to a heterologous 
polynucleotide is from a species different from the species 
from which the polynucleotide was derived, or, if from the 
same/analogous species, one or both are substantially modi 
fied from their original form and/or genomic locus, or the 
promoter is not the native promoter for the operably linked 
polynucleotide. 

0105 The optionally included termination region may be 
native with the transcriptional initiation region, may be 
native with the operably linked polynucleotide of interest, 
may be native with the plant host, or may be derived from 
another source (i.e., foreign or heterologous) to the pro 
moter, the polynucleotide of interest, the host, or any com 
bination thereof. Convenient termination regions are avail 
able from the Ti-plasmid of A. tumefaciens, such as the 
octopine synthase and nopaline synthase termination 
regions. See also Guerineau et al. (1991) Mol. Gen. Genet 
262:141-144; Proudfoot (1991) Cell 64:671-674; Sanfacon 
et al. (1991) Genes Dev. 5:141-149; Mogen et al. (1990) 
Plant Cell 2:1261-1272; Munroe et al. (1990) Gene 91:151 
158; Ballas et al. (1989) Nucleic Acids Res. 17:7891-7903; 
and Joshi et al. (1987) Nucleic Acids Res. 15:9627-9639. In 
particular embodiments, the potato protease inhibitor 11 
gene (PinII) terminator is used. See, for example, Keil et al. 
(1986) Nucl. Acids Res. 14:5641–5650; and An et al. (1989) 
Plant Cell 1:115-122, herein incorporated by reference in 
their entirety. 

0106 A number of promoters can be used in the practice 
of the embodiments, including the native promoter of the 
polynucleotide sequence of interest. The promoters can be 
selected based on the desired outcome. A wide range of plant 
promoters are discussed in the recent review of Potenza et al. 
(2004) In Vitro Cell Dev Biol Plant 40:1-22, herein incor 
porated by reference. For example, the nucleic acids can be 
combined with constitutive, tissue-preferred, pathogen-in 
ducible, or other promoters for expression in plants. Such 
constitutive promoters include, for example, the core pro 
moter of the Rsyn? promoter and other constitutive promot 
ers disclosed in WO99/43838 and U.S. Pat. No. 6,072,050; 
the core CaMV 35S promoter (Odell et al. (1985) Nature 
313:810-812); rice actin (McElroy et al. (1990) Plant Cell 
2:163-171); ubiquitin (Christensen et al. (1989) Plant Mol. 
Biol. 12:619-632 and Christensen et al. (1992) Plant Mol. 
Biol. 18:675-689); pEMU (Last et al. (1991) Theor: Appl. 
Genet. 81:581–588); MAS (Velten et al. (1984) EMBO J. 
3:2723-2730); ALS promoter (U.S. Pat. No. 5,659,026), and 
the like. Other constitutive promoters include, for example, 
U.S. Pat. Nos. 5,608,149; 5,608,144; 5,604,121 : 5,569,597; 
5,466,785; 5,399,680: 5,268,463; 5,608,142; and 6,177,611. 
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0.107. It may sometimes be beneficial to express the gene 
from an inducible promoter, particularly from a pathogen 
inducible promoter. Such promoters include those from 
pathogenesis-related proteins (PR proteins), which are 
induced following infection by a pathogen; e.g., PR proteins, 
SAR proteins, beta-1,3-glucanase, chitinase, etc. See, for 
example, Redolfi et al. (1983) Neth, J. Plant Pathol. 89:245 
254; Uknes et al. (1992) Plant Cell 4:645-656; and Van Loon 
(1985) Plant Mol. Virol. 4:111-116. See also WO99/43819, 
herein incorporated by reference. 

0.108 Of interest are promoters that result in expression 
of a protein locally at or near the site of pathogen infection. 
See, for example, Marineau et al. (1987) Plant Mol. Biol. 
9:335-342; Matton et al. (1989) Molecular Plant-Microbe 
Interactions 2:325-331; Somsisch et al. (1986) Proc. Natl. 
Acad. Sci. USA 83:2427-2430; Somsisch et al. (1988) Mol. 
Gen. Genet. 2:93-98; and Yang (1996) Proc. Natl. Acad. Sci. 
USA 93:14972-14977. See also, Chen et al. (1996) Plant J. 
10:955-966: Zhang et al. (1994) Proc. Natl. Acad. Sci. USA 
91:2507-2511; Warner et al. (1993) Plant J. 3:191-201; 
Siebertz et al. (1989) Plant Cell 1:961-968; U.S. Pat. No. 
5,750.386 (nematode-inducible); and the references cited 
therein. Of particular interest is the inducible promoter for 
the maize PRms gene, whose expression is induced by the 
pathogen Fusarum moniliforme (see, for example, Cordero 
et al. (1992) Physiol. Mol. Plant Path. 41.189-200). 
0.109 Additionally, as pathogens find entry into plants 
through wounds or insect damage, a wound-inducible pro 
moter may be used in the constructions of the embodiments. 
Such wound-inducible promoters include potato proteinase 
inhibitor (pin II) gene (Ryan (1990) Ann. Rev. Phytopath. 
28:425-449: Duan et al. (1996) Nature Biotechnology 
14:494-498); wun1 and wun2, U.S. Pat. No. 5,428,148; 
win1 and win2 (Stanford et al. (1989) Mol. Gen. Genet. 
215:200-208); systemin (McGurl et al. (1992) Science 
225:1570-1573); WIP1 (Rohmeier et al. (1993) Plant Mol. 
Biol. 22:783-792; Eckelkamp et al. (1993) FEBS Letters 
323:73-76); MPI gene (Corderok et al. (1994) Plant J. 
6(2): 141-150); and the like, herein incorporated by refer 
CCC. 

0110 Chemical-regulated promoters can be used to 
modulate the expression of a gene in a plant through the 
application of an exogenous chemical regulator. Depending 
upon the objective, the promoter may be a chemical-induc 
ible promoter, where application of the chemical induces 
gene expression, or a chemical-repressible promoter, where 
application of the chemical represses gene expression. 
Chemical-inducible promoters are known in the art and 
include, and are not limited to, the maize In2-2 promoter, 
which is activated by benzenesulfonamide herbicide safen 
ers, the maize GST promoter, which is activated by hydro 
phobic electrophilic compounds that are used as pre-emer 
gent herbicides, and the tobacco PR-1a promoter, which is 
activated by Salicylic acid. Other chemical-regulated pro 
moters of interest include Steroid-responsive promoters (see, 
for example, the glucocorticoid-inducible promoter in 
Schena et al. (1991) Proc. Natl. Acad. Sci. USA 88: 10421 
10425 and McNellis et al. (1998) Plant J. 14(2):247-257) 
and tetracycline-inducible and tetracycline-repressible pro 
moters (see, for example, Gatz et al. (1991) Mol. Gen. 
Genet. 227:229-237, and U.S. Pat. Nos. 5,814,618 and 
5,789,156), herein incorporated by reference. 
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0111 Tissue-preferred promoters can be utilized to target 
enhanced expression of the polypeptides of the embodi 
ments within a particular plant tissue. For example, a 
tissue-preferred promoter may be used to express a polypep 
tide in a plant tissue where disease resistance is particularly 
important, such as, for example, the roots, the Stalk or the 
leaves. Tissue-preferred promoters include Yamamoto et al. 
(1997) Plant J. 12(2):255-265; Kawamata et al. (1997) Plant 
Cell Physiol. 38(7):792-803; Hansen et al. (1997) Mol. Gen 
Genet 254(3):337-343; Russell et al. (1997) Transgenic Res. 
6(2): 157-168; Rinehart et al. (1996) Plant Physiol. 
112(3): 1331-1341; Van Camp et al. (1996) Plant Physiol. 
112(2):525-535; Canevascini et al. (1996) Plant Physiol. 
112(2):513-524; Yamamoto et al. (1994) Plant Cell Physiol. 
35(5):773-778; Lam (1994) Results Probl. Cell Differ. 
20:181-196; Orozco et al. (1993) Plant Mol Biol. 
23(6):1129-1138; Matsuoka et al. (1993) Proc Natl. Acad. 
Sci. USA 90(20):9586-9590; and Guevara-Garcia et al. 
(1993) Plant J. 4(3):495-505. Such promoters can be modi 
fied, if necessary, for weak expression. 

0112 Vascular tissue-preferred promoters are known in 
the art and include those promoters that selectively drive 
protein expression in, for example, xylem and phloem 
tissue. Vascular tissue-preferred promoters include, and are 
not limited to, the Prunus serotina prunasin hydrolase gene 
promoter (see, e.g., International Publication No. WO 
03/006651), and also those found in U.S. patent application 
Ser. No. 10/109,488. 

0113 Stalk-preferred promoters may be used to drive 
expression of a polypeptide of the embodiments. Exemplary 
stalk-preferred promoters include the maize MS8-15 gene 
promoter (see, for example, U.S. Pat. No. 5,986,174 and 
International Publication No. WO 98/00533), and those 
found in Graham et al. (1997) Plant Mol Biol 33(4): 729 
735. 

0114 Leaf-preferred promoters are known in the art. See, 
for example, Yamamoto et al. (1997) Plant J. 12(2):255-265; 
Kwon et al. (1994) Plant Physiol. 105:357-67: Yamamoto et 
al. (1994) Plant Cell Physiol. 35(5):773-778; Gotor et al. 
(1993) Plant J. 3:509-18; Orozco et al. (1993) Plant Mol. 
Biol. 23(6):1129-1138; and Matsuoka et al. (1993) Proc. 
Natl. Acad. Sci. USA 90(20):9586-9590. 
0115 Root-preferred promoters are known and can be 
selected from the many available from the literature or 
isolated de novo from various compatible species. See, for 
example, Hire et al. (1992) Plant Mol. Biol. 20(2):207-218 
(Soybean root-specific glutamine synthetase gene); Keller 
and Baumgartner (1991) Plant Cell 3(10): 1051-1061 (root 
specific control element in the GRP 1.8 gene of French 
bean); Sanger et al. (1990) Plant Mol. Biol. 14(3):433-443 
(root-specific promoter of the mannopine synthase (MAS) 
gene of Agrobacterium tumefaciens); and Miao et al. (1991) 
Plant Cell 3(1): 11-22 (full-length cDNA clone encoding 
cytosolic glutamine synthetase (GS), which is expressed in 
roots and root nodules of soybean). See also Bogusz et al. 
(1990) Plant Cell 207):633-641, where two root-specific 
promoters isolated from hemoglobin genes from the nitro 
gen-fixing nonlegume Parasponia andersonii and the 
related non-nitrogen-fixing nonlegume Trema tomentosa are 
described. The promoters of these genes were linked to 
B-glucuronidase reporter gene and introduced into both the 
nonlegume Nicotiana tabacum and the legume Lotus 
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comiculatus, and in both instances root-specific promoter 
activity was preserved. Leach and Aoyagi (1991) describe 
their analysis of the promoters of the highly expressed rolC 
and rolD root-inducing genes of Agrobacterium rhizogenes 
(see Plant Science (Limerick) 79(1):69-76). They concluded 
that enhancer and tissue-preferred DNA determinants are 
dissociated in those promoters. Teeri et al. (1989) used gene 
fusion to lacZ to show that the Agrobacterium T-DNA gene 
encoding octopine synthase is especially active in the epi 
dermis of the root tip and that the TR2 gene is root specific 
in the intact plant and stimulated by wounding in leaf tissue, 
an especially desirable combination of characteristics for use 
with an insecticidal or larvicidal gene (see EMBO J. 
8(2):343-350). The TR1 gene, fused to nptII (neomycin 
phosphotransferase 11) showed similar characteristics. 
Additional root-preferred promoters include the VfBNOD 
GRP3 gene promoter (Kuster et al. (1995) Plant Mol. Biol. 
29(4):759-772); and rolB promoter (Capana et al. (1994) 
Plant Mol. Biol. 25(4):681-691. See also U.S. Pat. Nos. 
5,837,876; 5,750,386; 5,633,363; 5,459.252: 5,401,836; 
5,110,732; and 5,023,179. 
0.116) “Seed-preferred” promoters include both “seed 
specific' promoters (those promoters active during seed 
development Such as promoters of seed storage proteins) as 
well as “seed-germinating promoters (those promoters 
active during seed germination). See Thompson et al. (1989) 
BioEssays 10:108, herein incorporated by reference. Such 
seed-preferred promoters include, and are not limited to, 
Cimi (cytokinin-induced message); cz 19B1 (maize 19 kDa 
Zein); milps (myo-inositol-1-phosphate synthase) (see WO 
00/11177 and U.S. Pat. No. 6.225,529; herein incorporated 
by reference). Gamma-Zein is a preferred endosperm-spe 
cific promoter. Glob-1 is a preferred embryo-specific pro 
moter. For dicots, seed-specific promoters include, and are 
not limited to, bean B-phaseolin, napin, B-conglycinin, Soy 
bean lectin, cruciferin, and the like. For monocots, seed 
specific promoters include, and are not limited to, maize 15 
kDa Zein, 22 kDa Zein, 27 kDa Zein, g-Zein, waxy, shrunken 
1, shrunken 2, globulin 1, etc. See also WO 00/12733, where 
seed-preferred promoters from end1 and end2 genes are 
disclosed; herein incorporated by reference. 
0117. Additional sequence modifications are known to 
enhance gene expression in a cellular host. These include 
elimination of sequences encoding spurious polyadenylation 
signals, exon-intron splice site signals, transposon-like 
repeats, and other Such well-characterized sequences that 
may be deleterious to gene expression. The G-C content of 
the sequence may be adjusted to levels average for a given 
cellular host, as calculated by reference to known genes 
expressed in the host cell. When possible, the sequence is 
modified to avoid predicted hairpin secondary mRNA struc 
tures. 

0118 Expression cassettes may additionally contain 5 
leader sequences. Such leader sequences can act to enhance 
translation. Translation leaders are known in the art and 
include: picornavirus leaders, for example, EMCV leader 
(Encephalomyocarditis 5' noncoding region) (Elroy-Stein et 
al. (1989) Proc. Natl. Acad. Sci. USA 86:6126-6130): 
potyvirus leaders, for example, TEV leader (Tobacco Etch 
Virus) (Gallie et al. (1995) Gene 165(2):233-238), MDMV 
leader (Maize Dwarf Mosaic Virus), and human immuno 
globulin heavy-chain binding protein (BiP) (Macejak et al. 
(1991) Nature 353:90-94); untranslated leader from the coat 
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protein mRNA of alfalfa mosaic virus (AMV RNA 4) 
(Jobling et al. (1987) Nature 325:622-625); tobacco mosaic 
virus leader (TMV) (Gallie et al. (1989) in Molecular 
Biology of RNA, ed. Cech (Liss, New York), pp. 237-256): 
and maize chlorotic mottle virus leader (MCMV) (Lommel 
et al. (1991) Virology;81:382-385). See also, Della-Cioppa et 
al. (1987) Plant Physiol. 84:965-968. Other methods known 
to enhance translation can also be utilized, for example, 
introns, and the like. 

0119). In preparing the expression cassette, the various 
DNA fragments may be manipulated, so as to provide for the 
DNA sequences in the proper orientation and, as appropri 
ate, in the proper reading frame. Toward this end, adapters 
or linkers may be employed to join the DNA fragments or 
other manipulations may be involved to provide for conve 
nient restriction sites, removal of superfluous DNA, removal 
of restriction sites, or the like. For this purpose, in vitro 
mutagenesis, primer repair, restriction, annealing, resubsti 
tutions, e.g., transitions and transversions, may be involved. 

0120) The expression cassette can also comprise a select 
able marker gene for the selection of transformed cells. 
Selectable marker genes are utilized for the selection of 
transformed cells or tissues. Marker genes include genes 
encoding antibiotic resistance, such as those encoding neo 
mycin phosphotransferase 11 (NEO) and hygromycin phos 
photransferase (HPT), as well as genes conferring resistance 
to herbicidal compounds, such as glufosinate ammonium, 
bromoxynil, imidazolinones, and 2,4-dichlorophenoxyac 
etate (2,4-D). Additional selectable markers include pheno 
typic markers such as B-galactosidase and fluorescent pro 
teins such as green fluorescent protein (GFP) (Su et al. 
(2004) Biotechnol Bioeng 85:610-9 and Fetter et al. (2004) 
Plant Cell 16:215-28), cyan florescent protein (CYP) (Bolte 
et al. (2004) J. Cell Science 117:943-54 and Kato et al. 
(2002) Plant Physiol 129:913-42), and yellow florescent 
protein (PhiYFPTM from Evrogen, see, Bolte et al. (2004).J. 
Cell Science 1 17:943-54). For additional selectable markers, 
see generally, Yarranton (1992) Curr. Opin. Biotech. 3:506 
511; Christopherson et al. (1992) Proc. Natl. Acad. Sci. USA 
89:6314-6318; Yao et al. (1992) Cell 71:63-72; Reznikoff 
(1992) Mol. Microbiol. 6:2419-2422; Barkley et al. (1980) 
in The Operon, pp. 177-220; Hu et al. (1987) Cell 48:555 
566; Brown et al. (1987) Cell 49:603612: Figge et al. (1988) 
Cell 52:713-722: Deuschle et al. (1989) Proc. Natl. Acad. 
Aci. USA 86:5400-5404: Fuerst et al. (1989) Proc. Natl. 
Acad. Sci. USA 86:2549-2553: Deuschle et al. (1990) Sci 
ence 248:480-483; Gossen (1993) Ph.D. Thesis, University 
of Heidelberg; Reines et al. (1993) Proc. Natl. Acad. Sci. 
USA 90:1917-1921; Labow et al. (1990) Mol. Cell. Biol. 
10:3343-3356: Zambretti et al. (1992) Proc. Natl. Acad. Sci. 
USA 89:3952-3956: Baim et al. (1991) Proc. Natl. Acad. Sci. 
USA 88:5072-5076; Wyborski et al. (1991) Nucleic Acids 
Res. 19:4647-4653: Hillenand-Wissman (1989) Topics Mol. 
Struc. Biol. 10:143-162: Degenkolb et a. (1991) Antimicrob. 
Agents Chemother: 35:1591-1595; Kleinschnidt et al. (1988) 
Biochemistry 27:1094-1104; Bonin (1993) Ph.D. Thesis, 
University of Heidelberg: Gossen et al. (1992) Proc. Natl. 
Acad. Sci. USA 89:5547-5551; Oliva et al. (1992) Antimi 
crob. Agents Chemother: 36:913–919; Hlavka et al. (1985) 
Handbook of Experimental Pharmacology, Vol. 78 ( 
Springer-Verlag, Berlin); Gill et al. (1988) Nature 334:721 
724. Such disclosures are herein incorporated by reference. 
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0121 The above list of selectable marker genes is not 
meant to be limiting. Any selectable marker gene can be 
used in the embodiments. 

0.122 The gene of the embodiments can be expressed as 
a transgene in order to make plants resistant to Cg. Using the 
different promoters described elsewhere in this disclosure, 
this will allow its expression in a modulated form in different 
circumstances. For example, one might desire higher levels 
of expression in stalks to enhance resistance to Cg-caused 
stalk rot. In environments where Cg-caused leaf blight is 
more of a problem, lines with higher expression levels in 
leaves could be used. However, one can also insert the entire 
gene, both native promoter and coding sequence, as a 
transgene. Finally, using the gene of the embodiments as a 
transgene will allow quick combination with other traits, 
Such as insect or herbicide resistance. 

0123. In certain embodiments the nucleic acid sequences 
of the embodiments can be stacked with any combination of 
polynucleotide sequences of interest in order to create plants 
with a desired phenotype. This stacking may be accom 
plished by a combination of genes within the DNA con 
struct, or by crossing Rcgl with another line that comprises 
the combination. For example, the polynucleotides of the 
embodiments may be stacked with any other polynucle 
otides of the embodiments, or with other genes. The com 
binations generated can also include multiple copies of any 
one of the polynucleotides of interest. The polynucleotides 
of the embodiments can also be stacked with any other gene 
or combination of genes to produce plants with a variety of 
desired trait combinations including and not limited to traits 
desirable for animal feed Such as high oil genes (e.g., U.S. 
Pat. No. 6.232,529); balanced amino acids (e.g. hordothion 
ins (U.S. Pat. Nos. 5,990,389; 5,885,801; 5,885,802; and 
5,703.409); barley high lysine (Williamson et al. (1987) Eur: 
J Biochem. 165:99-106; and WO 98/20122); and high 
methionine proteins (Pedersen et al. (1986) J. Biol. Chem. 
261:6279; Kirihara et al. (1988) Gene 71:359; and 
Musumura et al. (1989) Plant Mol. Biol. 12:123)); increased 
digestibility (e.g., modified storage proteins (U.S. applica 
tion Ser. No. 10/053,410, filed Nov. 7, 2001); and thiore 
doxins (U.S. application Ser. No. 10/005,429, filed Dec. 3, 
2001)), the disclosures of which are herein incorporated by 
reference. The polynucleotides of the embodiments can also 
be stacked with traits desirable for insect, disease or herbi 
cide resistance (e.g., Bacillus thuringiensis toxic proteins 
(U.S. Pat. Nos. 5,366,892; 5,747,450; 5,737,514; 5723,756; 
5,593.881; Geiser et al (1986) Gene 48:109); lectins (Van 
Damme et al. (1994) Plant Mol. Biol. 24:825); fumonisin 
detoxification genes (U.S. Pat. No. 5,792.931); avirulence 
and disease resistance genes (Jones et al. (1994) Science 
266:789; Martin et al. (1993) Science 262:1432: Mindrinos 
et al. (1994) Cell 78:1089); acetolactate synthase (ALS) 
mutants that lead to herbicide resistance such as the S4 
and/or Hra mutations; inhibitors of glutamine synthase Such 
as phosphinothricin or basta (e.g., bar gene); and glyphosate 
resistance (EPSPS genes, GAT genes such as those disclosed 
in U.S. Patent Application Publication US2004/0082770, 
also WO02/36782 and WO03/092360)); and traits desirable 
for processing or process products such as high oil (e.g., 
U.S. Pat. No. 6.232,529); modified oils (e.g., fatty acid 
desaturase genes (U.S. Pat. No. 5,952,544: WO94/11516)); 
modified Starches (e.g., ADPG pyrophosphorylases 
(AGPase), starch synthases (SS), starch branching enzymes 
(SBE) and starch debranching enzymes (SDBE)); and poly 
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mers or bioplastics (e.g., U.S. Pat. No. 5,602,321; beta 
ketothiolase, polyhydroxybutyrate synthase, and 
acetoacetyl-CoA reductase (Schubert et al. (1988).J. Bacte 
riol. 170:5837-5847) facilitate expression of polyhydroxy 
alkanoates (PHAs)), the disclosures of which are herein 
incorporated by reference. One could also combine the 
polynucleotides of the embodiments with polynucleotides 
providing agronomic traits such as male sterility (e.g., see 
U.S. Pat. No. 5.583,210), stalk strength, flowering time, or 
transformation technology traits such as cell cycle regulation 
or gene targeting (e.g. WO99/61619; WO 00/17364; WO 
99/25821), the disclosures of which are herein incorporated 
by reference. 

0.124. These stacked combinations can be created by any 
method including and not limited to cross breeding plants by 
any conventional or TopCross(R methodology, or genetic 
transformation. If the traits are stacked by genetically trans 
forming the plants, the polynucleotide sequences of interest 
can be combined at any time and in any order. For example, 
a transgenic plant comprising one or more desired traits can 
be used as the target to introduce further traits by subsequent 
transformation. The traits can be introduced simultaneously 
in a co-transformation protocol with the polynucleotides of 
interest provided by any combination of transformation 
cassettes. For example, if two sequences will be introduced, 
the two sequences can be contained in separate transforma 
tion cassettes (trans) or contained on the same transforma 
tion cassette (cis). Expression of the sequences can be driven 
by the same promoter or by different promoters. In certain 
cases, it may be desirable to introduce a transformation 
cassette that will Suppress the expression of the polynucle 
otide of interest. This may be combined with any combina 
tion of other suppression cassettes or overexpression cas 
settes to generate the desired combination of traits in the 
plant. 

0125 The methods of the embodiments may involve, and 
are not limited to, introducing a polypeptide or polynucle 
otide into a plant. “Introducing is intended to mean pre 
senting to the plant the polynucleotide. In some embodi 
ments, the polynucleotide will be presented in Such a manner 
that the sequence gains access to the interior of a cell of the 
plant, including its potential insertion into the genome of a 
plant. The methods of the embodiments do not depend on a 
particular method for introducing a sequence into a plant, 
only that the polynucleotide gains access to the interior of at 
least one cell of the plant. Methods for introducing poly 
nucleotides into plants are known in the art including, and 
not limited to, stable transformation methods, transient 
transformation methods, and virus-mediated methods. 
“Transformation” refers to the transfer of a nucleic acid 
fragment into the genome of a host organism, resulting in 
genetically stable inheritance. Host organisms containing 
the transformed nucleic acid fragments are referred to as 
“transgenic' organisms. “Host cell refers the cell into 
which transformation of the recombinant DNA construct 
takes place and may include a yeast cell, a bacterial cell, and 
a plant cell. Examples of methods of plant transformation 
include Agrobacterium-mediated transformation (De Blaere 
et al., 1987, Meth. Enzymol. 143:277) and particle-acceler 
ated or ugene gun' transformation technology (Klein et al., 
1987, Nature (London) 327:70-73: U.S. Pat. No.4,945,050), 
among others. 
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0.126 “Stable transformation' is intended to mean that 
the nucleotide construct introduced into a plant integrates 
into the genome of the plant and is capable of being inherited 
by the progeny thereof. “Transient transformation” or “tran 
sient expression' is intended to mean that a polynucleotide 
is introduced into the plant and does not integrate into the 
genome of the plant or a polypeptide is introduced into a 
plant. 
0.127 Transformation protocols as well as protocols for 
introducing polypeptides or polynucleotide sequences into 
plants may vary depending on the type of plant or plant cell, 
i.e., monocot or dicot, targeted for transformation. Suitable 
methods of introducing polypeptides and polynucleotides 
into plant cells include microinjection (Crossway et al. 
(1986) Biotechniques 4:320-334), electroporation (Riggs et 
al. (1986) Proc. Natl. Acad. Sci. USA 83:5602-5606, Agro 
bacterium-mediated transformation (U.S. Pat. Nos. 5,563, 
055 and 5,981,840), direct gene transfer (Paszkowski et al. 
(1984) EMBO.J. 3:2717-2722), and ballistic particle accel 
eration (see, for example, Sanford et al., U.S. Pat. Nos. 
4,945,050; 5,879,918; 5,886,244; and 5,932,782; Tomes et 
al. (1995) in Plant Cell, Tissue, and Organ Culture. Fun 
damental Methods, ed. Gamborg and Phillips (Springer 
Verlag, Berlin); McCabe et al. (1988) Biotechnology 6:923 
926); and Lec1 transformation (WO 00/28058). Also see, 
Weissinger et al. (1988) Ann. Rev. Genet. 22:421 -477; 
Sanford et al. (1987) Particulate Science and Technology 
5:27-37 (onion); Christou et al. (1988) Plant Physiol. 
87:671-674 (soybean); McCabe et al. (1988) Bio/Technol 
ogy 6:923-926 (soybean): Finer and McMullen (1991) In 
Vitro Cell Dev. Biol. 27P:175-182 (soybean): Singh et al. 
(1998) Theor: Appl. Genet. 96:319-324 (soybean); Datta et 
al. (1990) Biotechnology 8:736-740 (rice); Klein et al. 
(1988) Proc. Natl. Acad. Sci. USA 85:4305-4309 (maize): 
Klein et al. (1988) Biotechnology 6:559-563 (maize): U.S. 
Pat. Nos. 5,240,855; 5,322,783 and 5,324,646; Klein et al. 
(1988) Plant Physiol. 91:440-444 (maize): Fromm et al. 
(1990) Biotechnology 8:833-839 (maize): Hooykaas-Van 
Slogteren et al. (1984) Nature (London) 311:763-764; U.S. 
Pat. No. 5,736,369 (cereals); Bytebier et al. (1987) Proc. 
Natl. Acad. Sci. USA 84:5345-5349 (Liliaceae); De Wet et 
al. (1985) in The Experimental Manipulation of Ovule 
Tissues, ed. Chapman et al. (Longman, New York), pp. 
197-209 (pollen); Kaeppler et al. (1990) Plant Cell Reports 
9:415-418 and Kaeppler et al. (1992) Theor. Appl. Genet. 
84:560-566 (whisker-mediated transformation); DHalluin 
et al. (1992) Plant Cell 4:1495-1505 (electroporation); Liet 
al. (1993) Plant Cell Reports 12:250-255 and Christou and 
Ford (1995) Annals of Botany 75:407-413 (rice); Osjoda et 
al. (1996) Nature Biotechnology 14:745-750 (maize via 
Agrobacterium tumefaciens); all of which are herein incor 
porated by reference. 
0.128 Methods are known in the art for the targeted 
insertion of a polynucleotide at a specific location in the 
plant genome. In one embodiment, the insertion of the 
polynucleotide at a desired genomic location is achieved 
using a site-specific recombination system. See, for 
example, WO99/25821, WO99/25854, WO99/25840, 
WO99/25855, and WO99/25853, all of which are herein 
incorporated by reference. Briefly, the polynucleotide of the 
embodiments can be contained in transfer cassette flanked 
by two non-identical recombination sites. The transfer cas 
sette is introduced into a plant have stably incorporated into 
its genome a target site which is flanked by two non 
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identical recombination sites that correspond to the sites of 
the transfer cassette. An appropriate recombinase is pro 
vided and the transfer cassette is integrated at the target site. 
The polynucleotide of interest is thereby integrated at a 
specific chromosomal position in the plant genome. 
0129. The cells that have been transformed may be grown 
into plants in accordance with conventional ways. See, for 
example, McCormick et al. (1986) Plant Cell Reports 5:81– 
84. These plants may then be grown, and either pollinated 
with the same transformed strain or different strains, and the 
resulting progeny having constitutive expression of the 
desired phenotypic characteristic identified. Two or more 
generations may be grown to ensure that expression of the 
desired phenotypic characteristic is stably maintained and 
inherited and then seeds harvested to ensure expression of 
the desired phenotypic characteristic has been achieved. In 
this manner, the embodiments provides transformed seed 
(also referred to as “transgenic Seed') having a nucleotide 
construct of the embodiments, for example, an expression 
cassette of the embodiments, stably incorporated into their 
genome. 

0130. As used herein, the term “plant can be a whole 
plant, any part thereof, or a cell or tissue culture derived 
from a plant. Thus, the term “plant can refer to any of: 
whole plants, plant components or organs (including but not 
limited to embryos, pollen, ovules, seeds, leaves, flowers, 
branches, fruit, kernels, ears, cobs, husks, stalks, roots, root 
tips, anthers, and the like), plant tissues, plant cells, plant 
protoplasts, plant cell tissue cultures from which maize plant 
can be regenerated, plant calli, plant clumps, and plant 
seeds. A plant cell is a cell of a plant, either taken directly 
from a seed or plant, or derived through culture from a cell 
taken from a plant. Grain is intended to mean the mature 
seed produced by commercial growers for purposes other 
than growing or reproducing the species. Progeny, variants, 
and mutants of the regenerated plants are also included 
within the scope of the embodiments, provided that these 
parts comprise the introduced polynucleotides. 

0131 The embodiments of the invention may be used to 
confer or enhance fungal plant pathogen resistance or pro 
tect from fungal pathogen attack in plants, especially corn 
(Zea mays). It will protect different parts of the plant from 
attack by pathogens, including and not limited to stalks, ears, 
leaves, roots and tassels. Other plant species may also be of 
interest in practicing the embodiments of the invention, 
including, and not limited to, other monocot crop plants. 
0132) Where appropriate, the polynucleotides may be 
optimized for increased expression in the transformed 
organism. For example, the polynucleotides can be synthe 
sized using plant-preferred codons for improved expression. 
See, for example, Campbell and Gowri (1990) Plant 
Physiol. 92:1-11 for a discussion of host-preferred codon 
usage. Methods are available in the art for synthesizing 
plant-preferred genes. See, for example, U.S. Pat. Nos. 
5,380,831, and 5,436,391, and Murray et al. (1989) Nucleic 
Acids Res. 17:477498, herein incorporated by reference. 
0133. The embodiments of the present invention may be 
effective against a variety of plant pathogens, particularly 
fungal pathogens, such as, for example, Colletotrichum, 
including Cg. The embodiments of the present invention 
may also be effective against maize stalk rot, including 
anthracnose stalk rot, wherein the causative agent is Colle 
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totrichum. Other plant pathogenic fungi and oomycetes 
(many of the latter of which have been historically been 
considered fungi although modern taxonomists have now 
classified them separately) include, and are not limited to, 
the following: Soybeans: Phytophthora megasperma fsp. 
glycinea, Macrophomina phaseolina, Rhizoctonia Solani, 
Sclerotinia Sclerotiorum, Fusarium oxysporum, Diaporthe 
phaseolorum var. Sojae (Phomopsis sojae), Diaporthe 
phaseolorum var. caulivora, Sclerotium rolfsii, Cercospora 
kikuchii, Cercospora Sojina, Peronospora manshurica, Col 
letotrichum dematium (Colletotrichum truncatum), 
Corynespora casslicola, Septoria glycines, Phyllosticta Soji 
cola, Alternaria alternata, Microsphaera diffusa, Fusarium 
semitectum, Phialophora gregata, Glomerella glycines, 
Phakopsora pachyrhizi, Pythium aphanidermatum, Pythium 
ultimum, Pythium debaryanum, Fusarium Solani; Canola: 
Albugo candida, Alternaria brassicae, Leptosphaeria macu 
lans, Rhizoctonia Solani, Sclerotinia Sclerotiorum, 
Mycosphaerella brassiccola, Pythium ultimum, Perono 
spora parasitica, Fusarium roseum, Alternaria alternata, 
Alfalfa: Pythium ultimum, Pythium irregulare, Pythium 
splendens, Pythium debaryanum, Pythium aphanidermatum, 
Phytophthora megasperma, Peronospora trifoliorum, 
Phoma medicaginis var. medicaginis, Cercospora medicagi 
nis, Pseudopeziza medicaginis, Leptotrochila medicaginis, 
Fusarium oxysporum, Verticillium albO-atrum, Aphanomy 
ces euteiches, Stemphylium herbarum, Stemphyllium alfal 
fae, Colletotrichum trifolil, Leptosphaerulina briosiana, 
Uromyces striatus, Sclerotinia trifoliorum, Stagnospora 
meliloti, Stemphylium botryosum, Leptotrochila medicagi 
nis, Wheat: Urocystis agropyri, Alternaria altemata, Cla 
dosporium herbarum, Fusarium graminearum, Fusarium 
avenaceum, Fusarium culmorum, Ustilago tritici, Ascochyta 
tritici, Cephalosporium gramineum, Collotetrichum 
graminicola, Erysiphe graminis f.sp. tritici, Puccinia grami 
nis f.sp. tritici, Puccinia recondite f.sp. tritici, Puccinia 
Striiformis, Pyrenophora tritici-repentis, Septoria nodorum, 
Septoria tritici, Septoria avenae, Pseudocercosporella her 
potrichoides, Rhizoctonia Solani, Rhizoctonia cerealis, 
Gaeumannomyces graminis var. tritici, Pythium aphanider 
matum, Pythium arrhenomanes, Pythium ultimum, Bipolaris 
Sorokiniana, Claviceps purpurea, Tilletia tritici, Tilletia 
laevis, Ustilago tritici, Tilletia indica, Rhizoctonia Solani, 
Pythium arrhenomannes, Pythium gramicola, Pythium aph 
anidermatum, Sunflower: Plasmophora halstedii, Sclero 
tinia Sclerotiorum, Septoria helianthi, Phomopsis helianthi, 
Alternaria helianthi, Alternaria Zinniae, Botrytis cinerea, 
Phoma macdonaldii, Macrophomina phaseolina, Erysiphe 
cichoracearum, Rhizopus Oryzae, Rhizopus arrhizus, Rhizo 
pus stolonifer, Puccinia helianthi, Verticillium dahliae, 
Erwinia carotovorum pv. Carotovora, Cephalosporium acre 
monium, Phytophthora cryptogea, Albugo tragopogonis, 
Corn: Fusarium moniliforme var. subglutinans, Erwinia 
Stewartii, Fusarium moniliforme, Gibberella zeae 
(Fusarium graminearum), Stenocarpella maydi (Diplodia 
maydis), Pythium irregulare, Pythium debaryanum, Pythium 
graminicola, Pythium splendens, Pythium ultimum, Pythium 
aphanidermatum, Aspergillus flavus, Bipolaris maydis O, T 
(Cochliobolus heterostrophus), Helminthosporium car 
bonum I, II & III (Cochliobolus carbonum), Exserohilum 
turcicum I, II & III, Helminthosporium pedicellatum, Phy 
Soderma maydis, Phyllosticta maydis, Kabatiella maydis, 
Cercospora Sorghi, Ustilago maydis, Puccinia Sorghi, Puc 
cinia polysora, Macrophomina phaseolina, Penicillium 
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Oxalicum, Nigrospora Oryzae, Cladosporium herbarum, 
Curvularia lunata, Curvularia inaequalis, Curvularia pall 
escens, Trichoderma viride, Claviceps sorghi, Erwinia chry 
Santhemi pv. Zea, Erwinia carotovora, Diplodia mac 
rospora, Sclerophthora macrospora, Peronosclerospora 
Sorghi, Peronosclerospora philippinensis, Peronoscle 
rospora maydis, Peronosclerospora sacchari, Sphaceloth 
eca reiliana, Physopella zeae, Cephalosporium maydis, 
Cephalosporium acremonium, Sorghum: Exserohilum turci 
cum, Colletotrichum graminicola (Glomerella graminicola), 
Cercospora sorghi, Gloeocercospora sorghi, Ascochyta 
Sorghina, Puccinia purpurea, Macrophomina phaseolina, 
Perconia circinata, Fusarium moniliforme, Altenaria 
altemata, Bipolaris sorghicola, Helminthosporium Sorghi 
cola, Curvularia lunata, Phoma insidiosa, Ramulispora 
Sorghi, Ramulispora sorghicola, Phyllachara sacchari, 
Sporisorium reilianum (Sphacelotheca reiliana), Sphace 
lotheca cruenta, Sporisorium sorghi, Claviceps sorghi, 
Rhizoctonia Solani, Acremonium strictum, Sclerophthona 
macrospora, Peronosclerospora sorghi, Peronoscierospora 
philippinensis, Sclerospora graminicola, Fusarium 
graminearum, Fusarium oxysporum, Pythium arrhenom 
anes, Pythium graminicola, etc. 

0134) “Germplasm' refers to genetic material of or from 
an individual (e.g., a plant), a group of individuals (e.g., a 
plant line, variety or family), or a clone derived from a line, 
variety, species, or culture. The germplasm can be part of an 
organism or cell, or can be separate from the organism or 
cell. In general, germplasm provides genetic material with a 
specific molecular makeup that provides a physical founda 
tion for some or all of the hereditary qualities of an organism 
or cell culture. As used herein, germplasm includes cells, 
seed or tissues from which new plants may be grown, or 
plant parts, such as leaves, stems, pollen, or cells, that can 
be cultured into a whole plant. 

0135) The term “allele" refers to one of two or more 
different nucleotide sequences that occur at a specific locus. 
A first allele is found on one chromosome, while a second 
allele occurs at the same position on the homologue of that 
chromosome, e.g., as occurs for different chromosomes of a 
heterozygous individual, or between different homozygous 
or heterozygous individuals in a population. A “favorable 
allele is the allele at a particular locus that confers, or 
contributes to, an agronomically desirable phenotype, e.g., 
resistance to Cg infection. A favorable allele of a marker is 
a marker allele that segregates with the favorable phenotype. 
A favorable allelic form of a chromosome segment is a 
chromosome segment that includes a nucleotide sequence 
that contributes to Superior agronomic performance at one or 
more genetic loci physically located on the chromosome 
segment. “Allele frequency” refers to the frequency (pro 
portion or percentage) of an allele within a population, or a 
population of lines. One can estimate the allele frequency 
within a population by averaging the allele frequencies of a 
sample of individuals from that population. 

0136 An allele “positively correlates with a trait when 
it is linked to it and when presence of the allele is an 
indicator that the desired trait or trait form will occur in a 
plant comprising the allele. An allele negatively correlates 
with a trait when it is linked to it and when presence of the 
allele is an indicator that a desired trait or trait form will not 
occur in a plant comprising the allele. 
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0.137 An individual is “homozygous if the individual 
has only one type of allele at a given locus (e.g., a diploid 
individual has a copy of the same allele at a locus for each 
of two homologous chromosomes). An individual is "het 
erozygous' if more than one allele type is present at a given 
locus (e.g., a diploid individual with one copy each of two 
different alleles). A special case of a heterozygous situation 
is where one chromosome has an allele of a gene and the 
other chromosome lacks that gene, locus or region com 
pletely in other words, has a deletion relative to the first 
chromosome. This situation is referred to as “hemizygous.” 
The term “homogeneity' indicates that members of a group 
have the same genotype at one or more specific loci. In 
contrast, the term "heterogeneity' is used to indicate that 
individuals within the group differ in genotype at one or 
more specific loci. 

0.138. The embodiments provide not only a gene and its 
functional variants for use in transgenic applications, but 
sequences and processes that allow the Rcg1 resistance gene 
to be moved between corn lines using marker assisted 
breeding. The embodiments also relate to plants produced by 
these processes that retain a truncated chromosomal interval 
comprising the Rcg1 resistance gene. 

0.139. A genetic map is a graphical representation of a 
genome (or a portion of a genome such as a single chro 
mosome) where the distances between landmarks on a 
chromosome are measured by the recombination frequen 
cies between the landmarks. Recombinations between 
genetic landmarks can be detected using a variety of 
molecular genetic markers (also called molecular markers) 
that are described in more detail herein. 

0140 For markers to be useful at detecting recombina 
tions, they need to detect differences, or polymorphisms, 
within the population being monitored. For molecular mark 
ers, this means differences at the DNA level due to poly 
nucleotide sequence differences (eg SSRs, RFLPs, FLPs, 
SNPs). The genomic variability can be of any origin, for 
example, insertions, deletions, duplications, repetitive ele 
ments, point mutations, recombination events, or the pres 
ence and sequence of transposable elements. Molecular 
markers can be derived from genomic or expressed nucleic 
acids (e.g., ESTs). ESTs are generally well conserved within 
a species, while other regions of DNA (typically non 
coding) tend to accumulate polymorphism, and therefore, 
can be more variable between individuals of the same 
species. A large number of corn molecular markers are 
known in the art, and are published or available from various 
sources, such as the Maize GDB internet resource and the 
Arizona Genomics Institute internet resource run by the 
University of Arizona. 

0.141 Molecular markers can be used in a variety of plant 
breeding applications (eg see Staub et al. (1996) Hortscience 
31: 729-741; Tanksley (1983) Plant Molecular Biology 
Reporter. 1: 3-8). One of the main areas of interest is to 
increase the efficiency of backcrossing and introgressing 
genes using marker-assisted selection (MAS). A molecular 
marker that demonstrates linkage with a locus affecting a 
desired phenotypic trait provides a useful tool for the 
selection of the trait in a plant population. This is particularly 
true where the phenotype is hard to assay, e.g. many disease 
resistance traits, or, occurs at a late stage in the plants 
development, e.g. kernel characteristics. Since DNA marker 
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assays are less laborious, and take up less physical space, 
than field phenotyping, much larger populations can be 
assayed, increasing the chances of finding a recombinant 
with the target segment from the donor line moved to the 
recipient line. The closer the linkage, the more useful the 
marker, as recombination is less likely to occur between the 
marker and the gene causing the trait, which can result in 
false positives. Having flanking markers decreases the 
chances that false positive selection will occur as a double 
recombination event would be needed. The ideal situation is 
to have a marker in the gene itself. So that recombination can 
not occur between the marker. and the gene. Such a marker 
is called a perfect marker. 

0142. When a gene is introgressed by MAS, it is not only 
the gene that is introduced but also the flanking regions 
(Gepts. (2002). CropSci; 42: 1780-1790). This is referred to 
as “linkage drag. In the case where the donor plant is highly 
unrelated to the recipient plant, as in the case of the Rcgl 
locus being introgressed from MP305, an exotic source, into 
elite inbreds, these flanking regions carry additional genes 
that may code for agronomically undesirable traits. This 
“linkage drag may also result in reduced yield or other 
negative agronomic characteristics even after multiple 
cycles of backcrossing into the elite corn line. This is also 
sometimes referred to as "yield drag. The size of the 
flanking region can be decreased by additional backcrossing, 
although this is not always successful, as breeders do not 
have control over the size of the region or the recombination 
breakpoints (Young et al. (1998) Genetics 120:579-585). In 
classical breeding it is usually only by chance that recom 
binations are selected that contribute to a reduction in the 
size of the donor segment (Tanksley et al. (1989). Biotech 
nology 7: 257-264). Even after 20 backcrosses in back 
crosses of this type, one may expect to find a sizeable piece 
of the donor chromosome still linked to the gene being 
selected. With markers however, it is possible to select those 
rare individuals that have experienced recombination near 
the gene of interest. In 150 backcross plants, there is a 95% 
chance that at least one plant will have experienced a 
crossover within 1 cM of the gene, based on a single meiosis 
map distance. Markers will allow unequivocal identification 
of those individuals. With one additional backcross of 300 
plants, there would be a 95% chance of a crossover within 
1 cM single meiosis map distance of the other side of the 
gene, generating a segment around the target gene of less 
than 2 cM based on a single meiosis map distance. This can 
be accomplished in two generations with markers, while it 
would have required on average 100 generations without 
markers (See Tanksley et al., supra). When the exact location 
of a gene is known, a series of flanking markers Surrounding 
the gene can be utilized to select for recombinations in 
different population sizes. For example, in Smaller popula 
tion sizes recombinations may be expected further away 
from the gene, so more distal flanking markers would be 
required to detect the recombination. 
0143. The availability of integrated linkage maps of the 
maize genome containing increasing densities of public 
maize markers has facilitated maize genetic mapping and 
MAS. See, e.g. the IBM2 Neighbors 4 map online), re 
trieved on Mar. 21, 2006). Retrieved from the 
Internet:<URL: http://www.maizegdb.org/cgi-bin/display 
maprecord.cgi?id=871214> 
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0144. The key components to the implementation of 
MAS are: (i) Defining the population within which the 
marker-trait association will be determined, which can be a 
segregating population, or a random or structured popula 
tion; (ii) monitoring the segregation or association of poly 
morphic markers relative to the trait, and determining link 
age or association using statistical methods; (iii) defining a 
set of desirable markers based on the results of the statistical 
analysis, and (iv) the use and/or extrapolation of this infor 
mation to the current set of breeding germplasm to enable 
marker-based selection decisions to be made. The three 
types of markers described in this disclosure can be used in 
marker assisted selection protocols; simple sequence repeat 
(SSR, also known as microsatellite) markers, single nucle 
otide polymorphism (SNP) markers and fragment length 
polymorphic (FLP) markers. SSRs can be defined as rela 
tively short runs of tandemly repeated DNA with lengths of 
6 bp or less (Tautz (1989) Nucleic Acid Research 17: 
6463-6471; Wang et al. (1994) Theoretical and Applied 
Genetics, 88:1-6) Polymorphisms arise due to variation in 
the number of repeat units, probably caused by slippage 
during DNA replication (Levinson and Gutman (1987) Mol 
Biol Evol 4: 203-221). The variation in repeat length may be 
detected by designing PCR primers to the conserved non 
repetitive flanking regions (Weber and May (1989) Am J 
Hum Genet 44:388-396). SSRs are highly suited to mapping 
and MAS as they are multi-allelic, codominant, reproducible 
and amenable to high throughput automation (Rafalski et al. 
(1996) Generating and using DNA markers in plants. In: 
Non-mammalian genomic analysis: a practical guide. Aca 
demic press. pp 75-135). 
0145 For example, an SSR marker profile of MP305 is 
provided in Example 5 herein. This marker profile was 
generated by gel electrophoresis of the amplification prod 
ucts generated by the primer pairs for these markers. Scoring 
of marker genotype is based on the size of the amplified 
fragment, which in this case was measured by the base pair 
weight of the fragment. While variation in the primer used 
or in laboratory procedures can affect the reported base pair 
weight, relative values will remain constant regardless of the 
specific primer or laboratory used. Thus, when comparing 
lines, the SSR profiles being compared should be obtained 
from the same lab, so that the same primers and equipment 
is used. For this reason, when comparing plants or lines Vis 
a vis specific markers, it is preferable to state that Such plants 
or lines have the same (or different) alleles at specified loci 
(e.g. one can say that ifa plant does not comprise the MP305 
derived chromosomal interval at or below UMC15a, it will 
not comprise the same alleles as MP305 at all of the loci at 
or below UMC15a listed on Table 6 in Example 5). An SSR 
service for corn is available to the public on a contractual 
basis by DNA Landmarks in Saint-Jean-sur-Richelieu, Que 
bec, Canada. 
0146 Various types of FLP markers can be generated. 
Most commonly, amplification primers are used to generate 
fragment length polymorphisms. Such FLP markers are in 
many ways similar to SSR markers, except that the region 
amplified by the primers is not typically a highly repetitive 
region. Still, the amplified region, or amplicon, will have 
Sufficient variability among germplasm, often due to inser 
tions or deletions, such that the fragments generated by the 
amplification primers can be distinguished among polymor 
phic individuals, and Such indels are known to occur fre 
quently in maize (Bhattramakki et al. (2002). Plant Mol Biol 
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48, 539-547: Rafalski (2002b), supra). The term “indel' 
refers to an insertion or deletion, wherein one line may be 
referred to as having an insertion relative to a second line, 
or the second line may be referred to as having a deletion 
relative to the first line. The MZA markers disclosed herein 
are examples of amplified FLP markers that have been 
selected because they are in close proximity to the Rcgil 
gene. 

0147 SNP markers detect single base pair nucleotide 
substitutions. Of all the molecular marker types, SNPs are 
the most abundant, thus having the potential to provide the 
highest genetic map resolution (Bhattramakki et al. 2002 
Plant Molecular Biology 48:539-547). SNPs can be assayed 
at an even higher level of throughput than SSRs, in a 
so-called ultra-high-throughput fashion, as they do not 
require large amounts of DNA and automation of the assay 
may be straight-forward. SNPs also have the promise of 
being relatively low-cost systems. These three factors 
together make SNPs highly attractive for use in MAS. 
Several methods are available for SNP genotyping, includ 
ing but not limited to, hybridization, primer extension, 
oligonucleotide ligation, nuclease cleavage, minisequencing 
and coded spheres. Such methods have been reviewed in: 
Gut (2001) Hum Mutat 17 pp. 475-492; Shi (2001) Clin 
Chem 47, pp. 164-172; Kwok (2000) Pharmacogenomics 1, 
pp. 95-100; Bhattramakki and Rafalski (2001) Discovery 
and application of single nucleotide polymorphism markers 
in plants. In: R. J. Henry, Ed, Plant Genotyping. The DNA 
Fingerprinting of Plants, CABI Publishing, Wallingford. A 
wide range of commercially available technologies utilize 
these and other methods to interrogate SNPs including 
Masscode TM (Oiagen), Invader(R) (Third Wave Technolo 
gies), SnapShot R. (Applied Biosystems), Taqman(R) (Applied 
Biosystems) and BeadarraysTM (Illumina). 
0148. A number of SNPs together within a sequence, or 
across linked sequences, can be used to describe a haplotype 
for any particular genotype (Ching et al. (2002), BMC 
Genet. 3:19 pp Gupta et al. 2001, Rafalski (2002b), supra). 
Haplotypes can be more informative than single SNPs and 
can be more descriptive of any particular genotype. For 
example, a single SNP may be allele T for MP305, but the 
allele T might also occur in the maize breeding population 
being utilized for recurrent parents. In this case, a haplotype, 
e.g. a series of alleles at linked SNP markers, may be more 
informative. Once a unique haplotype has been assigned to 
a donor chromosomal region, that haplotype can be used in 
that population or any subset thereof to determine whether 
an individual has a particular gene. See, for example, 
WO2003054229. Using automated high throughput marker 
detection platforms known to those of ordinary skill in the 
art makes this process highly efficient and effective. 
0149. As described herein, many of the primers listed in 
Tables 1 and 2 can readily be used as FLP markers to select 
for the Rcg1 locus. These primers can also be used to 
convert these markers to SNP or other structurally similar or 
functionally equivalent markers (SSRs, CAPs, indels, etc), 
in the same regions. One very productive approach for SNP 
conversion is described by Rafalski (2002a) Current opinion 
in plant biology 5 (2): 94-100 and also Rafalski (2002b) 
Plant Science 162: 329-333. Using PCR, the primers are 
used to amplify DNA segments from individuals (preferably 
inbred) that represent the diversity in the population of 
interest. The PCR products are sequenced directly in one or 
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both directions. The resulting sequences are aligned and 
polymorphisms are identified. The polymorphisms are not 
limited to single nucleotide polymorphisms (SNPs), but also 
include indels, CAPS, SSRs, and VNTRs (variable number 
of tandem repeats). Specifically with respect to the fine map 
information described herein, one can readily use the infor 
mation provided herein to obtain additional polymorphic 
SNPs (and other markers) within the region amplified by the 
primers listed in this disclosure. Markers within the 
described map region can be hybridized to BACs or other 
genomic libraries, or electronically aligned with genome 
sequences, to find new sequences in the same approximate 
location as the described markers. 

0150. In addition to SSR’s, FLPs and SNPs as described 
above, other types of molecular markers are also widely 
used, including but not limited to expressed sequence tags 
(ESTs) and SSR markers derived from EST sequences, and 
randomly amplified polymorphic DNA (RAPD). As used 
herein, the term "Genetic Marker” shall refer to any type of 
nucleic acid based marker, including but not limited to, 
Restriction Fragment Length Polymorphism (RFLP), 
Simple Sequence Repeat (SSR), Random Amplified Poly 
morphic DNA (RAPD), Cleaved Amplified Polymorphic 
Sequences (CAPS) (Rafalski and Tingey, 1993, Trends in 
Genetics 9:275-280), Amplified Fragment Length Polymor 
phism (AFLP) (Vos et al., 1995, Nucleic Acids Res. 
23:4407-4414), Single Nucleotide Polymorphism (SNP) 
(Brookes, 1999, Gene 234:177-186), Sequence Character 
ized Amplified Region (SCAR) (Paran and Michelmore, 
1993, Theor. Appl. Genet. 85:985-993), Sequence Tagged 
Site (STS) (Onozaki et al., 2004, Euphytica 138:255-262), 
Single Stranded Conformation Polymorphism (SSCP) (Orita 
et al., 1989, Proc Natl Acad Sci USA 86:2766-2770), 
Inter-Simple Sequence Repeat (ISSR) (Blair et al., 1999, 
Theor. Appl. Genet. 98:780-792), Inter-Retrotransposon 
Amplified Polymorphism (IRAP), Retrotransposon-Micro 
satellite Amplified Polymorphism (REMAP) (Kalendar et 
al., 1999, Theor. Appl. Genet. 98:704-711), an RNA cleav 
age product (Such as a Lynx tag) and the like. 
0151 More generically, the term “molecular marker' 
may be used to refer to a genetic marker, as defined above, 
or an encoded product thereof (e.g., a protein) used as a point 
of reference when identifying a linked locus. A marker can 
be derived from genomic nucleotide sequences or from 
expressed nucleotide sequences (e.g., from a spliced RNA, 
a cDNA, etc.), or from an encoded polypeptide. The term 
also refers to nucleic acid sequences complementary to or 
flanking the marker sequences, such as nucleic acids used as 
probes or primer pairs capable of amplifying the marker 
sequence. A "molecular marker probe' is a nucleic acid 
sequence or molecule that can be used to identify the 
presence of a marker locus, e.g., a nucleic acid probe that is 
complementary to a marker locus sequence. Alternatively, in 
Some aspects, a marker probe refers to a probe of any type 
that is able to distinguish (i.e., genotype) the particular allele 
that is present at a marker locus. Nucleic acids are comple 
mentary' when they specifically hybridize in solution, e.g., 
according to Watson-Crick base pairing rules. Some of the 
markers described herein are also referred to as hybridiza 
tion markers when located on an indel region, such as the 
non-collinear region described herein. This is because the 
insertion region is, by definition, a polymorphism vis a Vis 
a plant without the insertion. Thus, the marker need only 
indicate whether the indel region is present or absent. Any 
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Suitable marker detection technology may be used to iden 
tify such a hybridization marker, e.g. SNP technology is 
used in the examples provided herein. 

0152. A “genomic nucleic acid' is a nucleic acid that 
corresponds in sequence to a heritable nucleic acid in a cell. 
Common examples include nuclear genomic DNA and 
amplicons thereof. A genomic nucleic acid is, in Some cases, 
different from a spliced RNA, or a corresponding cDNA, in 
that the spliced RNA or cDNA is processed, e.g., by the 
splicing machinery, to remove introns. Genomic nucleic 
acids optionally comprise non-transcribed (e.g., chromo 
Some structural sequences, promoter regions, enhancer 
regions, etc.) and/or non-translated sequences (e.g., introns), 
whereas spliced RNA/cDNA typically do not have non 
transcribed sequences or introns. A “template nucleic acid 
is a nucleic acid that serves as a template in an amplification 
reaction (e.g., a polymerase based amplification reaction 
Such as PCR, a ligase mediated amplification reaction Such 
as LCR, a transcription reaction, or the like). A template 
nucleic acid can be genomic in origin, or alternatively, can 
be derived from expressed sequences, e.g., a cDNA or an 
EST. 

0153. The term “amplifying in the context of nucleic 
acid amplification is any process whereby additional copies 
of a selected nucleic acid (or a transcribed form thereof) are 
produced. Typical amplification methods include various 
polymerase based replication methods, including the poly 
merase chain reaction (PCR), ligase mediated methods such 
as the ligase chain reaction (LCR) and RNA polymerase 
based amplification (e.g., by transcription) methods. An 
“amplicon' is an amplified nucleic acid, e.g., a nucleic acid 
that is produced by amplifying a template nucleic acid by 
any available amplification method (e.g., PCR, LCR, tran 
Scription, or the like). 
0154 Isozyme profiles and linked morphological charac 

teristics can, in Some cases, also be indirectly used as 
markers. Even though they do not directly detect DNA 
differences, they are often influenced by specific genetic 
differences. However, markers that detect DNA variation are 
far more numerous and polymorphic than isozyme or mor 
phological markers (Tanksley (1983) Plant Molecular Biol 
ogy Reporter 1:3-8). 
0155 Sequence alignments or contigs may also be used 
to find sequences upstream or downstream of the specific 
markers listed herein. These new sequences, close to the 
markers described herein, are then used to discover and 
develop functionally equivalent markers. 

0156 For example, different physical and/or genetic 
maps are aligned to locate equivalent markers not described 
within this disclosure but that are within similar regions. 
These maps may be within the maize species, or even across 
other species that have been genetically or physically 
aligned with maize, such as rice, wheat, barley or Sorghum. 
0157. As noted in Example 2, by using common 
sequences from the region flanking the Rcg1 locus that 
hybridized to BACs in the Mo17 and the B73 BAC libraries, 
the BACs from both libraries were lined up with BACs from 
the DE811 ASRCBC5) homologous region flanking the Rcg1 
locus in a tiling path as shown in FIG. 9(a). The public B73 
BACs, c0113f01 and co117e18 were identified as directly 
north and South, respectively, of the Rcg1 locus. 
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0158 With this information, an extended non-contiguous 
tiling path of B73 BACs between genetic markers 
UMC2285 and UMC15a, UMC2285 and UMC2187. 
UMC1086 and UMC2200, or UMC2041 and UMC2200, 
can be created by aligning genetic markers within this region 
with the physical map of the B73 BAC. Alignment infor 
mation of the genetic and physical maps of B73 is obtained 
from the maize genome database of the Arizona Genomics 
Institute on the world wide web, accessed by entering the 
following web address prefixed by “www.”: genome.arizo 
na.edu/fpc/maize/#webagcol. In the WebChrom view, one 
can select the genetic markers in the vicinity of the Rcgl 
gene and get a link to the physical contig where these genetic 
markers are located. By aligning the physical map in Such 
way with the genetic map one can find a plethora of B73 
BACs in the region between the chromosomal intervals 
defined by genetic markers UMC2285 and UMC15a, 
UMC2285 and UMC2187, UMC1086 and UMC2200, or 
UMC2041 and UMC2200. The BACs can be used by one of 
ordinary skill in the art to develop new markers for intro 
gression of the Rcgl locus into maize germplasm. In par 
ticular, such genetic markers would be useful for tracking 
the Rcg1 locus in any lines into which the Rcg1 locus or 
Rcg1 gene has been introgressed, and for selecting for 
recurrent parent genome in a backcrossing program. 

0159 For example, in order to design polymorphic mark 
ers that will be useful for introgression and selection of the 
Rcg1 gene or locus in other maize germplasm, sequence 
information of the region surrounding the Rcgl locus can be 
used. There are many B73 derived bacterial artificial chro 
mosomes (BACs) available in the region of interest from 
which sequence information can be obtained. An example of 
BACs in the region of interest is shown in FIG. 21, which 
shows a contig on the B73 physical map that is homologous 
to the Rcg1 region in DE811 ASR (BC5) FIG. 21 retrieved 
Mar. 10, 2006). Retrieved from the Internet <URL: http:// 
www.genome.arizona.edu/cgi-bin/WebAGCoL/WebFPC/ 
WebFPC Direct v2.1.cgi?name=maize&contig= 
187&mark er=ssuld. Sequence information is obtained 
either through information that is already publicly available 
(e.g. BAC end-sequence, sequence of Expressed Sequence 
Tags (ESTs) that hybridize to BACs in this region, overgo 
probes that often relate to these ESTs, etc.) or by obtaining 
new sequence by directly sequencing BAC clones in this 
region. From this sequence one can determine which regions 
are most unique using several different methods known to 
one of ordinary skill in the art. For example, by using gene 
prediction Software or by blasting the sequence against all 
available maize sequence, one can select for non-repetitive 
sequence. Low copy sequence can be used to develop a wide 
array of nucleic acid based markers. These markers are used 
to screen the plant material in which the Rcgl locus is 
present and the plant material in which the Rcg1 locus is 
absent. If a marker outside of the Rcg1 locus is desired, then 
the markers are used to screen the plant material in which the 
Rcgl locus is present and the plant material in which the 
Rcgl locus is absent to determine if the marker is polymor 
phic in Such germplasm. Polymorphic markers are then used 
for marker assisted introgression and selection of the Rcgl 
region and optimally also recurrent parent genome selection, 
in other maize germplasm. Thus, with the location of the 
Rcgl locus identified and its association with resistance to 
Colletotrichum established, one of ordinary skill in the art 
can utilize any number of existing markers, or readily 
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develop new markers, that can be used introgress or identify 
the presence or absence of the Rcgl locus in germplasm, and 
to select for recurrent parent genome in a backcrossing 
program. 

0160 On a genetic map, linkage of one molecular marker 
to a gene or another molecular marker is measured as a 
recombination frequency. In general, the closer two loci 
(e.g., two SSR markers) are on the genetic map, the closer 
they lie to each other on the physical map. A relative genetic 
distance (determined by crossing over frequencies, mea 
Sured in centimorgans; cM) can be proportional to the 
physical distance (measured in base pairs, e.g., kilobase 
pairs kb or mega-basepairs Mbp) that two linked loci are 
separated from each other on a chromosome. A lack of 
precise proportionality between cM and physical distance 
can result from variation in recombination frequencies for 
different chromosomal regions, e.g., some chromosomal 
regions are recombination "hot spots.” while others regions 
do not show any recombination, or only demonstrate rare 
recombination events. Some of the introgression data and 
mapping information suggest that the region around the 
Rcgl locus is one that does have a high amount of recom 
bination. 

0161 In general, the closer one marker is to another 
marker, whether measured in terms of recombination or 
physical distance, the more strongly they are linked. The 
closer a molecular marker is to a gene that encodes a 
polypeptide that imparts a particular phenotype (disease 
resistance), whether measured in terms of recombination or 
physical distance, the better that marker serves to tag the 
desired phenotypic trait. If possible, the best marker is one 
within the gene itself, since it will always remain linked with 
the gene causing the desired phenotype. 
0162 Genetic mapping variability can also be observed 
between different populations of the same crop species, 
including maize. In spite of this variability in the genetic 
map that may occur between populations, genetic map and 
marker information derived from one population generally 
remains useful across multiple populations in identification 
of plants with desired traits, counter-selection of plants with 
undesirable traits and in guiding MAS. 
0163 To locate equivalent markers across genetic maps, 
a mapping population may be used to confirm whether any 
Such equivalent marker is within the region described herein 
and therefore useful for selection of Rcgl. Using this 
method, the equivalent marker, along with the markers listed 
herein, are mapped on Such mapping population. Any 
equivalent marker that falls within the same region can be 
used to select for Rcgl. Mapping populations known in the 
art and that may be used for this purpose include, but are not 
limited to, the IBM populations and T218 X GT119 IF, 
population described in Sharopova, N. et al. (2002) Plant 
Mol Biol 48(5):463-481 and Lee, M. et al. (1999): Tools for 
high resolution genetic mapping in maize—status report. 
Proc. Plant Animal Genome VII, Jan. 17-21, 1999, San 
Diego, USA, P. 146; the UMC 98 population, described in 
Davis, G. L. et al. (1999) Genetics 152(3): 1137-72 and in 
Davis, M. D. et al., (1998) The 1998 UMC Maize Genetic 
Map: ESTs, Sequenced Core Markers, and Nonmaize Probes 
as a Foundation for Gene Discovery, Maize Genetics Con 
ference Abstracts 40. 
0164. As used herein, “introgression” or “introgressing 
shall refer to moving a gene or locus from one line to another 

22 
Oct. 5, 2006 

by: (1) crossing individuals of each line to create a popu 
lation; and (2) selecting individuals carrying the desired 
gene or locus. After each cross, the selection process is 
repeated. For example, the gene of the embodiments, or the 
locus containing it, may be introgressed into a recurrent 
parent that is not resistant or only partially resistant, mean 
ing that it is sensitive or Susceptible or partially so, to Cg. 
The recurrent parent line with the introgressed gene or locus 
then has enhanced or newly conferred resistance to Cg. This 
line into which the Rcg1 locus has been introgressed is 
referred to herein as an Rcg1 locus conversion. 
0.165. The process of introgressing is often referred to as 
“backcrossing when the process is repeated two or more 
times. In introgressing or backcrossing, the 'donor parent 
refers to the parental plant with the desired gene or locus to 
be introgressed. The “recipient parent (used one or more 
times) or “recurrent parent (used two or more times) refers 
to the parental plant into which the gene or locus is being 
introgressed. For example, see Ragot, M. et al. (1995) 
Marker-assisted backcrossing: a practical example, in Tech 
niques et Utilisations des Marqueurs Moleculaires (Les 
Colloques, Vol. 72, pp. 45-56 and Openshaw et al., (1994) 
Marker-assisted Selection in Backcross Breeding, Analysis 
of Molecular Marker Data, pp. 41-43. The initial cross gives 
rise to the F1 generation; the term “BC1 then refers to the 
second use of the recurrent parent, “BC2’ refers to the third 
use of the recurrent parent, and so on. 
0166 In the case of Rcg1, where the sequence of the gene 
and very nearby regions are available, DNA markers based 
on the gene itself or closely linked sequences can be 
developed for direct selection of the donor gene in the 
recurrent parent background. While any polymorphic DNA 
sequence from the chromosomal region carrying the gene 
could be used, the sequences provided in the embodiments 
allow the use of DNA markers within or close to the gene, 
minimizing false positive selection for the gene. Flanking 
markers limit the size of the donor genome fragments 
introduced into the recipient background, thus minimizing 
so called “linkage drag,' meaning the introduction of unde 
sirable sequences from the donor line that could impact plant 
performance in otherwise elite germplasm. The embodi 
ments provide multiple examples of DNA markers that 
could be so used, and the person skilled in the art will be able 
to use the genomic sequences provided to create even more 
markers. An example is to use markers that hybridize (in the 
case of RFLPassays) or anneal (in the case of PCR assays) 
specifically (exclusively) to sequences closely linked, 
including within, the locus. In principle, sequences that also 
hybridize or anneal elsewhere in the genome could be used 
if several such markers are used in combination. When PCR 
reactions are used, in practice the length of the primers used 
in the amplification reaction should be at least about 15 
nucleotides, but depending on the sequences and hybridiza 
tion conditions, any length that provides specific annealing 
can be used, such as about 16, about 17, about 18, about 19, 
about 20, about 21, about 22, about 23, about 24, about 25, 
about 26, about 27, about 28 or longer. For PCR reactions 
the term “anneal' is commonly used, and as used herein it 
shall be understood to have the same meaning as “hybrid 
1ze.” 

0.167 Thus, by using the markers and processes 
described herein, one may produce a plant comprising a 
truncated chromosomal interval comprising the Rcg1 locus 
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and/or the Rcg1 gene. The term "chromosomal interval or 
"chromosomal segment” refers to a contiguous linear span 
of genomic DNA that resides in planta on a single chromo 
some, usually defined with reference to two markers defin 
ing the end points of the chromosomal interval. The speci 
fied interval may include the markers at the end points (e.g. 
one or more markers on or within the chromosomal interval 
defined by marker A and marker B) or may exclude the 
markers at the end points of the interval (e.g. one or more 
markers within the chromosomal interval defined by marker 
A and marker B). A truncated chromosomal interval refers to 
a chromosomal interval that has been reduced in size by 
selecting for one or more recombination events that have 
reduced the size of the chromosomal interval. A “recombi 
nation event refers to the occurrence of recombination 
between homologous chromosomes, and refers to a specific 
chromosomal location where such a recombination has 
occurred (e.g. a recombination of a chromosomal interval 
internal to the end points of the chromosome will have a 
recombination event at each end of the chromosomal inter 
val). The truncated chromosomal interval may be defined 
with reference to one or both new markers at the end points 
of the segment. The length of two chromosomal segments 
may be measured by either centimorgans or base pairs. The 
genetic elements or genes located on a single chromosomal 
interval are physically linked. The size of a chromosomal 
interval is not particularly limited, but in the context of the 
embodiments of the present invention, generally the genetic 
elements located within a single chromosomal interval are 
also genetically linked. 

0168 By using the processes of the embodiments, it is 
possible to select for a plant that comprises a truncated 
chromosomal interval comprising the Rcg1 gene. Specifi 
cally, with respect to the invention described in more detail 
in the examples below, the chromosomal interval may be 
reduced to a length of 12 cM or less, 10 cM or less, 8 cM 
or less, 6 cM or less, 4 cM or less, 3 cM or less, 2.5 cM or 
less, 2 cM or less, 1.5 cM or less, 1 cM or less, 0.75 cM or 
less, 0.50 cM or less, or 0.25 cM or less, in each case as 
measured with respect to the map distances as shown on the 
IBM2 Neighbors 4 genetic map as in effect on Mar. 21, 
2006. As measured in base pairs, the chromosomal interval 
may be reduced to a length of 15 mbp or less, 10 mbp or less, 
5 mbp or less, 3 mbp or less, 1 mpb or less, 500 kbp or less, 
or 250 kbp or less. One of ordinary skill in the art would 
understand that it is undesirable to cause a break in the 
chromosomal region so proximal to the Rcg1 coding 
sequence (e.g. within 5 kpb or less, within 4 kbp or less, 3 
kbp or less, 2 kbp or less, 1 kbp or less, or 0.5 kbp or less), 
Such that the promoter and other upstream regulatory ele 
ments would be unlinked from the coding sequence. 

0169. The term “locus’ generally refers to a genetically 
defined region of a chromosome carrying a gene or, possibly, 
two or more genes so closely linked that genetically they 
behave as a single locus responsible for a phenotype. When 
used herein with respect to Rcg1, the “Rcg1 locus' shall 
refer to the defined region of the chromosome carrying the 
Rcg1 gene including its associated regulatory sequences, 
plus the region Surrounding the Rcg1 gene that is non 
colinear with B73, or any smaller portion thereofthat retains 
the Rcg1 gene and associated regulatory sequences. This 
locus has also been referred to elsewhere as the ASR locus, 
and will be referred to as the Rcg1 locus here. 
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0170 A “gene' shall refer to a specific genetic coding 
region within a locus, including its associated regulatory 
sequences. The region encoding the Rcg1 primary transcript, 
referred to herein as the “Reg1 coding sequence', will be 
used to define the position of the Rcg1 gene, and one of 
ordinary skill in the art would understand that the associated 
regulatory sequences will be within a distance of about 4 kb 
from the Rcgl coding sequence, with the promoter located 
upstream. One embodiment of the present invention is the 
isolation of the Rcg1 gene and the demonstration that it is 
the gene responsible for the phenotype conferred by the 
presence of the locus. 

0171 As used herein, “linked' or “linkage” (as distin 
guished from the term “operably linked') shall refer to the 
genetic or physical linkage of loci or genes. Loci or genes 
are considered genetically linked if the recombination fre 
quency between them is less than about 50% as determined 
on a single meiosis map. They are progressively more linked 
if the recombination frequency is about 40%, about 30%, 
about 20%, about 10% or less, as determined on a single 
meiosis map. Two or more genes are physically linked (or 
Syntenic) if they have been demonstrated to be on a single 
piece of DNA, such as a chromosome. Genetically linked 
genes will in practice be physically linked (or Syntenic), but 
the exact physical distance (number of nucleotides) may not 
have been demonstrated yet. As used herein, the term 
“closely linked’ refers to genetically linked markers within 
15 cMorless, including without limitation 12 cMorless, 10 
cM or less, 8 cM or less, 7 cM or less, 6 cM or less, 5 cM 
or less, 4 cMorless, 3 cMorless, 2 cM or less, 1 cMorless 
and 0.5 cM or less, as determined on the IBM2 neighbors 4 
genetic map publicly available on the Maize GDB website 
previously referenced in this disclosure. A DNA sequence, 
Such as a short oligonucleotide representing a sequence 
within a locus or one complementary to it, is also linked to 
that locus. 

0172 A “line' or “strain' is a group of individuals of 
identical parentage that are generally inbred to Some degree 
and that are generally homozygous and homogeneous at 
most loci. 

0173 An “ancestral line' or “progenitor” is a parent line 
used as a source of genes, e.g., for the development of elite 
lines. “Progeny’ are the descendents of the ancestral line, 
and may be separated from their ancestors by many genera 
tions of breeding. For example, many elite lines are the 
progeny of B73 or Mo 17. A "pedigree structure' defines the 
relationship between a descendant and each ancestor that 
gave rise to that descendant. A pedigree structure can span 
one or more generations, describing relationships between 
the descendant and its parents, grand parents, great-grand 
parents, etc. 

0.174 An “elite line' or “elite variety' is an agronomi 
cally Superior line or variety that has resulted from many 
cycles of breeding and selection for Superior agronomic 
performance. An “elite inbred line' is an elite line that is an 
inbred, and that has been shown to be useful for producing 
Sufficiently high yielding and agronomically fit hybrid vari 
eties (an “elite hybrid variety'). Numerous elite lines and 
varieties are available and known to those of skill in the art 
of corn breeding. Similarly, “elite germplasm' is an agro 
nomically Superior germplasm, typically derived from and/ 
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or capable of giving rise to a plant with Superior agronomic 
performance. Such as an existing or newly developed elite 
line of corn. 

0175. In contrast, an “exotic corn line' or “exotic corn 
germplasm' is germplasm derived from corn not belonging 
to an available elite line, elite variety or elite germplasm. In 
the context of a cross between two corn plants, an exotic line 
or exotic germplasm is not closely related by descent to the 
elite line, elite variety or elite germplasm with which it is 
crossed. Most commonly, the exotic line or exotic germ 
plasm is selected to introduce novel genetic elements (typi 
cally novel alleles) into a breeding program. 
0176 Units, prefixes, and symbols may be denoted in 
their SI accepted form. Unless otherwise indicated, nucleic 
acids are written left to right in 5' to 3' orientation; amino 
acid sequences are written left to right in amino to carboxyl 
orientation, respectively. Numeric ranges are inclusive of the 
numbers defining the range. Amino acids may be referred to 
herein by either their commonly known three letter symbols 
or by the one-letter symbols recommended by the IUPAC 
IUB Biochemical Nomenclature Commission. Nucleotides, 
likewise, may be referred to by their commonly accepted 
single-letter codes. The above-defined terms are more fully 
defined by reference to the specification as a whole. 
0177. With respect to map directions noted herein, 
instead of the terms 5' and 3', the terms “north” and “above' 
are used (e.g., a marker north of the Rcg1 gene refers to a 
marker above the Rcg1 gene, as determined with reference 
to the maps provided in a vertical orientation, such as FIGS. 
7 and 8, and to the left of the Rcg1 gene, as determined with 
reference to maps provided in a horizontal orientation, Such 
as FIG. 22). Likewise, the terms “south” and “below” are 
used (e.g. a marker South of the Rcg1 gene refers to a marker 
below the Rcg1 gene, as determined with reference to the 
vertically oriented maps provided herein, and to the right of 
the Rcg1 gene, as determined with reference to the horizon 
tally oriented maps provided herein). More specifically, 
above the Rcgl coding sequence refers to the chromosome 
above, or north of the primary transcript in SEQ ID NO: 1 
(at about FLP110F), and below the Rcg1 coding sequence 
refers to the chromosome below or south of the primary 
transcript in SEQ ID NO: 1 (at about FLPA1R). See FIG. 
26. The term “proximal’ and “distal are relative terms 
meaning, respectively, nearer and farther from a specified 
location (e.g., the Rcg1 gene) when used to compare two 
points on a map relative to the specified location. 
0178 The term “computer systems’ refers generally to 
various automated Systems used to perform some or all of 
the method steps described herein. The term “instructions' 
refers to computer code that instructs the computer system 
to perform some or all of the method steps. In addition to 
practicing some or all of the method steps, digital or analog 
Systems, e.g., comprising a digital or analog computer, can 
also control a variety of other functions such as a user 
viewable display (e.g., to permit viewing of method results 
by a user) and/or control of output features (e.g., to assist in 
marker assisted selection or control of automated field 
equipment). 

0179 Certain of the methods described herein are option 
ally (and typically) implemented via a computer program or 
programs (e.g., that store and can be used to analyze 
molecular marker data). Thus, the embodiments provide 
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digital systems, e.g., computers, computer readable media, 
and/or integrated Systems comprising instructions (e.g., 
embodied in appropriate Software) for performing the meth 
ods herein. The digital system will include information 
(data) corresponding to plant genotypes for a set of genetic 
markers, and optionally, phenotypic values and/or family 
relationships. The system can also aid a user in performing 
marker assisted selection for Rcg1 according to the methods 
herein, or can control field equipment which automates 
selection, harvesting, and/or breeding schemes. 
0180 Standard desktop applications such as word pro 
cessing software (e.g., Microsoft WordTM or Corel Word 
PerfectTM) and/or database software (e.g., spreadsheet soft 
ware such as Microsoft ExcelTM, Corel Quattro ProTM, or 
database programs such as Microsoft AccessTM or Para 
doxTM) can be adapted to the embodiments by inputting data 
which is loaded into the memory of a digital system, and 
performing an operation as noted herein on the data. For 
example, systems can include the foregoing software having 
the appropriate genotypic data, and optionally pedigree data, 
used in conjunction with a user interface (e.g., a GUI in a 
standard operating system such as a Windows, Macintosh or 
LINUX system) to perform any analysis noted herein, or 
simply to acquire data (e.g., in a spreadsheet) to be used in 
the methods herein. The computer can be, e.g., a PC (Intel 
x86 or Pentium chip-compatible DOS.TM OS2.TM WIN 
DOWSTM WINDOWS NTTM WINDOWS95,TM WIN 
DOWS98.TM LINUX, Apple-compatible, MACINTOSHTM 
compatible, Power PC compatible, or a UNIX compatible 
(e.g., SUNTM work station) machine) or other commercially 
common computer which is known to one of skill. Software 
for performing association analysis and/or phenotypic value 
prediction can be constructed by one of skill using a standard 
programming language such as Visuallbasic, Fortran, Basic, 
Java, or the like, according to the methods herein. 
0181 Any system controller or computer optionally 
includes a monitor which can include, e.g., a cathode ray 
tube (“CRT) display, a flat panel display (e.g., active matrix 
liquid crystal display, liquid crystal display), or others. 
Computer circuitry is often placed in a box which includes 
numerous integrated circuit chips, such as a microprocessor, 
memory, interface circuits, and others. The box also option 
ally includes a hard disk drive, a floppy disk drive, a high 
capacity removable drive such as a writeable CD-ROM, and 
other common peripheral elements. Inputting devices Such 
as a keyboard or mouse optionally provide for input from a 
user and for user selection of genetic marker genotype, 
phenotypic value, or the like in the relevant computer 
system. 

0182. The computer typically includes appropriate soft 
ware for receiving user instructions, either in the form of 
user input into a set of parameter fields, e.g., in a GUI, or in 
the form of preprogrammed instructions, e.g., prepro 
grammed for a variety of different specific operations. The 
Software then converts these instructions to an appropriate 
language for instructing the system to carry out any desired 
operation. For example, a digital system can instruct selec 
tion of plants comprising certain markers, or control field 
machinery for harvesting, selecting, crossing or preserving 
crops according to the relevant method herein. 

0183 The invention can also be embodied within the 
circuitry of an application specific integrated circuit (ASIC) 
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or programmable logic device (PLD). In such a case, the 
invention is embodied in a computer readable descriptor 
language that can be used to create an ASIC or PLD. The 
invention can also be embodied within the circuitry or logic 
processors of a variety of other digital apparatus. Such as 
PDAs, laptop computer systems, displays, image editing 
equipment, etc. 

EXAMPLES 

0184 The embodiments of the invention are further 
defined in the following examples, in which all parts and 
percentages are by weight and degrees are Celsius, unless 
otherwise stated. It should be understood that these 
examples, while indicating embodiments of the invention, 
are given by way of illustration only. From the above 
discussion and these examples, one skilled in the art can 
ascertain the essential characteristics of the embodiments of 
this invention, and without departing from the spirit and 
Scope thereof, can make various changes and modifications 
to adapt it to various usages and conditions. Thus, various 
modifications of the embodiments of the invention in addi 
tion to those shown and described herein will be apparent to 
those skilled in the art from the foregoing description. Such 
modifications are also intended to fall within the scope of the 
appended claims. The disclosure of each reference set forth 
herein is incorporated by reference in its entirety. Examples 
14 and 7-12 are actual. Examples 5, 6 and 13 are actual in 
part and prophetic in part. 

Example 1 

Fine Mapping of the Rcg1 Locus to a Specific 
Region of 4L 

0185. In order to map and clone the gene responsible for 
the resistance of corn line MP305 to Cg, lines had previously 
been created which differed as little as possible from each 
other genetically with the exception of the presence of the 
locus responsible for the resistant phenotype. Such lines are 
called near isogenic lines. To this end, DE811 had been 
crossed to MP305 and the progeny had been backcrossed to 
the sensitive line DE811 three times, at each backcross 
selecting for resistance to Cg and otherwise for character 
istics of DE811 (Weldekidan and Hawk, (1993), Maydica, 
38:189-192). The resulting line was designated DE811 ASR 
(BC3) (Weldekidan and Hawk, (1993) supra). This line was 
used as the starting point for the fine mapping of the Rcgl 
locus. It was first necessary to know roughly where in the 
maize genome it was located. Using standard genetic meth 
ods, Jung et al. (1994) supra) had previously localized the 
locus on the long arm of chromosome 4. 
0186. Since the Rcg1 locus had previously been mapped 
to the long arm of maize chromosome 4, using the infor 
mation on markers near the locus obtained by Jung et al. 
(1994) supra, all available public and private simple 
sequence repeat (SSR) markers located in the region of the 
chromosome designated 4.06-4.08 were analyzed to deter 
mine if these markers were polymorphic between the two 
near isogenic lines DE811 and DE811 ASR (BC5). The 
DE811 ASR (BC5) line was derived from the DE811ASR 
(BC3) line described by Weldekidan and Hawk (1993), 
supra through two backcrosses to DE811 under selection for 
resistance to Cg, followed by 5 generations of selfing and 
selection to obtain the BC5 line. The BC5 line was back 
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crossed twice more to DE811 to create the BC7 segregating 
population used for fine mapping. In order to be able to 
conduct phenotypic evaluation on a family basis, BC7 
individuals were selfed to create BC7S1 families. 

0187. From this analysis two SSR markers, PH1093 and 
UMC2041, were discovered to be polymorphic. Using the 
publicly available inter-mated (Coe et al. (2002) Plant 
Physiol. 128:9-12: Gardiner, et al., (2004), Plant Physiol., 
134:1317-1326; Yim et al., (2002) Plant Physiol. 130: 1686 
1696) B73 X Mo17 (IBM) neighbors map (Lee et al. (2002) 
Plant Mol Biol 48:453-61; Sharopova et al., (2002) Plant 
Mol Biol 48:463-81), the sequences of three nearby Restric 
tion Fragment Length Polymorphism (RFLP) markers, 
CDO365, CSU166 and CDO127, were used to create frag 
ment length polymorphic markers (hereafter designated 
FLPs). FLPs are markers that can be assayed using gel 
electrophoresis or any similar high-resolution fragment 
separation method following a PCR reaction using primers 
of a defined sequence. All three markers were found to be 
polymorphic. The FLPs used in mapping the Rcgl locus are 
summarized in Table 1. Any primers for the MZA FLPs 
shown on Table 1, which also have the same MZA markers 
names shown on Table 2, will amplify a region of the FLP 
internal to the internal sequence shown on Table 2. The 
annealing temperature for all the primers listed in Table 1 is 
60° C. 

0188 In order to determine whether the presence of these 
three polymorphic FLPs and two polymorphic SSRs was 
associated with the resistant phenotype, indicating that the 
region carrying the Rcg1 locus was located on a chromo 
Somal segment containing these three markers, a table was 
created in which the phenotypic status of 4784 individuals 
determined by field observation and the genotypic status 
relative to each of the five markers, determined by fragment 
size analysis, were entered. This data was Submitted sequen 
tially to the Software programs Joinmap (Van Ooijen, et al., 
(2001), Plant Research International, Wageningen, the 
Netherlands) and Windows QTL Cartographer (Wang, et al., 
(2004), (online, version 2.0 retrieved on Jun. 14, 2004 and 
version 2.5 retrieved on Feb. 22, 2005); retrieved from the 
North Carolina State University Statistical Genetics and 
Bioinformatics website on the Internet <URL: http://stat 
gen.ncsu.edu/qtlcart/WQTLCart.htm>. The former program 
determines the order of the markers along the chromosomal 
region. The latter determines if a particular allele of a marker 
(a particular form of the two polymorphic forms of the 
marker) is significantly associated with the presence of the 
phenotype. Markers for which the presence of one or the 
other allele is more significantly associated with the resistant 
phenotype are more likely to be closer to the gene respon 
sible for the resistant phenotype. FIG. 3 depicts a graph 
produced by Windows QTL Cartographer showing a statis 
tical analysis of the chance (Y axis) that the locus respon 
sible for the Cg resistance phenotype is located at a particu 
lar position along the chromosome (X axis) as defined by 
FLP markers. 

0189 From the integrated physical and genetic map as 
described by Fengler, et al., ((2004) Plant and Animal 
Genome XII Abstract Book, Page 192 (Poster number 
P487), January 10-14, San Diego, Calif.) and Gardiner, 
(2004) supra, it was possible to identify two bacterial 
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artificial chromosome (BAC) contigs, derived from a Mo 17 
BAC library, harboring the above mentioned genetic mark 
CS. 

0190. However, the two BAC contigs containing the 
markers flanking the region of interest contained a gap of 
unknown size. In order to identify further BACs to bridge 
this gap, a dense genetic map containing markers (Fengler, 
(2004) Supra) with known positions on the physical map was 
used to find additional markers genetically linked to markers 
previously identified on the two BAC contigs. These addi 
tional markers in Table 2, were used to identify BAC contigs 
from a B73 BAC library which closed the physical gap 
between the previously found Mo17-derived BAC contigs 
(Coe et al. (2002) supra; Gardiner (2004) supra; Yim et al. 
(2002) supra. Four markers, MZA11455, MZA6064, 
MZA2591 and MZA15842, were used for mapping pur 
poses. In Table 2, “E” stands for “external' and “I” stands 
for “internal,” which respectively refer to the outer and inner 
primers used during nested PCR. The external set is used in 
the first round of PCR, after which the internal sequences are 
used for a second round of PCR on the products of the first 
round. This increases the specificity of the reaction. Upper 
case letters indicate portions of the primer based on vector 
sequences, which are later used to sequence the PCR prod 
uct. They are not maize sequences. For the forward internal 
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nested MZA primers, the upper case portion of the sequence 
is SEQID NO: 126, and for the reverse internal nested MZA 
primers, the upper case portion is SEQ ID NO: 127. The 
sequences shown in Table 2 for the internal forward MZA 
nested primers are therefore a combination of SEQ ID NO: 
126 plus the SEQ ID NO: for each respective primer. 
Similarly, the sequences shown in Table 2 for the internal 
reverse MZA nested primers are a combination of SEQ ID 
NO: 127 plus the SEQ ID NO: for each respective primer. 
These combinations are indicated in the SEQ ID NO: 
column of Table 2. The annealing temperature for all the 
primers listed in Table 2 is 55° C. All markers set forth in 
Table 2 have shown polymorphism within a diverse panel of 
corn germplasm, including MP305 and the corn lines shown 
on Table 18. 

0191 The sequences of the ends of several of these 
BACs, as well as ESTs known to be located on these BACs, 
were used in order to identify new markers with which to 
further narrow the range in which the locus was located. The 
further markers used for this purpose are designated FLP8, 
FLP27, FLP33, FLP41, FLP56 and FLP95 in Table 1. In a 
manner similar to that described above, phenotype and 
genotypic correlations were made. It was determined that the 
locus was most likely located between FLP 8 and FLP 27 
(See FIG. 3). 

TABLE 1. 

Markers and primer pairs used in Examples 1, 4 and 5 

Used in SEQ SEQ 
Example Name Forward ID NO Reverse ID NO 

1 4 FLP8 CATGGAAGCCCCACAATAAC 24 ACATGGGTCCAAAGATCGAC 23 

1 4 FLP27 AGCCCTATTTCCTGCTCCTG 26 GCATGCCCCATCTGGTATAG 25 

1 4 FLP33 CTGTCGTTCGGTTTTGCTTC 28 GCATTCACAGTTCCTCACC 27 

1 4 FLP41 TGTGTTCGCATCAAGGTGT 30 CTGTAAGGCACCCGATGTTT 29 

1 4 FLP56 GGTCTGGGAATGCTAAAGAGG 32 TGTCCAGGGTTGACAGAAAACG 31 

1 4 FLP 95 ATTTCGACGGAGGGTTCTTC 33 GCAGCAGGAGGAGCTCATAG 34 

4 FLP 110 ATGGAGGCTGCCCTGCTGAG 35 CGTATACCTCTCTGGCAAGGACGG 36 

4 FLP111 TTCCTGTTCGTCTGTATCTGATCCG 37 TTTGATTCCGGTCGAGTATAACCTG 38 

4 FLP.112 GAAACTGCCTTCCCAGATAAACAATG 39 CAAGATCGGTGAGTTGGTGCTTC 40 

4 FLP 113F ATCACAGATGGGTCTCAAGGATTGC 41 

4 FLPA1R TTCCAAGCAATTCACAGCTC 42 

1, 5 UMC1612 AGGTCCAGGTTACAGAGCAAGAGA 43 GCTAGTAGGTGCATGGTGGTTTCT 44 

1 4 UMC2O41 CTACACAAGCATAGAGGCCTGGAG 45 CAGTACGAGACGATGGAGGACAT 46 

1, 4 CDO 1.27 GCTGTTGTTACTCGGGTTG 47 CTCTGCCTCAGCACAAATTC 48 

1 4 PHO93 AGTGCGTCAGCTTCATCGCCTACAAG 49 AGGCCATGCATGCTTGCAACAATGGATACA 50 

1, 4 CDO365 CTTCCAGAGGCAAAGCGTAG 51 TGTCACCCATGATCCAGTTG 52 

1 4 CSU166 TATTGGCACGTCACCTTGG 53 GGGCAGACTTACTGCTGGAG 54 

1, 4 UMC2285 ATCTGCCTCCTTTTCCTTGG 55 AAGTAGCTGGGCTTGGAGGG 56 

1, 4 MZA11455 ACGAAGCAATTTCACCTTCC 57 TGTGGAACTAACCCTCAGCATAG 58 
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TABLE 1-continued 

Markers and primer pairs used in Examples 1, 4 and 5 

Used in SEQ SEQ 
Example Name Forward ID NO Reverse ID NO 

1 MA6064 CGAGAACCGGAGAAGAAGG 59 TTGGGCTGCTGTATTTTGTG 60 

1, 4 MZA15842 GACGCAGCTGTGAAGTTGG 61 CACCGGAATACCTTGACCAC 62 

1, 5 UMC1086 CATGAAAGTTTTCCTGTGCAGATT 63. GGGCAACTTTAGAGGTCGATTTATT 64 

5 UMC1466 GATCCACTAGGGTTTCGGGGT 65 CGAAAGGGTCTCGCGTCTATCT 66 

5 UMC1418 GAGCCAAGAGCCAGAGCAAAG 67 TCACACACACACTACACTCGCAAT 68 

5 BNLG2162 CACCGGCATTCGATATCTTT 69 GTCTGCTGCTAGTGGTGGTG 70 

5 CSU166 AAATATCGGCTTTGGTCACG 71 TCGTCCTTCCTCAATTCGAC 72 

5 UMC1051 AATGATCGAATGCCATTATTTGT 73 CTGATCTGACTAAGGCCATCAAAC 74 

5 UMC218 ACCCAACAAGTCTTAATCGGGTTT 75 GTCCACCCTACCTCTCAACAAACA 76 

5 UMC1371 CATGTGAATGGAAGTGTCCCTTT 77 GCATCCTTTTCGTTTCAATATGC 78 

5 UMC1856 AGATCTGTTTTGCTTTGCTCTGCT 79 CAGCCTTTATTCTCACACTAACG 8O 

0192) 

TABLE 2 

Nested MZA Primer Pairs Used in Example 1 

SEQ SEQ 
Name Forward ID NOs: Reverse ID NOs: 

MZA1215 E Agcc caattctgtag atccala 81 Tg catgcaccggatcctitc 82 

M2A1215 I TGTAAAACGACGGCCAGTagcagoagacg at 126 + 83 GGAAACAGCTATGACCATGaggctgg.cggtgg acttga 127 - 84 
gCaaaga 

M2A1216 E Coggccitacggcaacaagaa 85 agggitacggtgaccc.gaag 86 

M2A1216. I TGTAAAACGACGGCCAGTttcagagacgctg. 126 + 87 GGAAACAGCTATGACCATGacgacgcatgg cactagota 127 - 88 
togtacct 

M2A3434 E Tgtaccgcagaactc.ca 89 ttgcattcacatgttcctcac 90 

M2A3434 I TGTAAAACGACGGCCAGTctactacgacggc 126 + 91 GGAAACAGCTATGACCATGttgcagtagttttgtag cagg 127 + 92 
cgcta 

MZA2591 E Agtaaataa.cago attgacctic 93 to caacggcggtoacticc 94 

MZA2591 I TGTAAAACGACGGCCAGTctatataacaggg 126 + 95 GGAAACAGCTATGACCATGcacaaag.cccacaagctaag 127 - 96 
cc citggaa 

MZA111.23 E. Accacaatctgaa.gcaagtag 97 cacagaaac atctggtgctg 98 

MZA11123 I TGTAAAACGACGGCCAGTaaag.accaagaaa 126 + 99 GGAAACAGCTATGACCATGaga catcacgtaac agitttcc 127 + 100 
tgcagticc 

MZA15842 E Ctcg attgg catacgcgata 101 titccttctocacgcagttca 102 

MZA15842 I TGTAAAACGACGGCCAGTagaagg tatttgc 126 + 103 GGAAACAGCTATGACCATGgtttcacttgctgaagg cagtc. 127 + 104 
catggctta 

MZA11455 E Gacc gatgaaggcaattgttga 105 accaaatagtcc tagataatgg 106 

MZA11455I ITGTAAAACGACGGCCAGTttcaaccttctga 126 + 107 GGAAACAGCTATGACCATGtaaacatagt cataaaaattac 127 + 108 
citgacacat 
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TABLE 2-continued 

Nested MZA Primer Pairs Used in Example 1 

SEQ SEQ 
Name Forward ID NOs: Reverse ID NOs: 

MZA6064 E Tc gaatgtattttittaatgcgg 109 atccacaatggc acttgggit 110 

MZA6064. I TGTAAAACGACGGCCAGTcagotattitttgt 126 + 111 GGAAACAGCTATGACCATGggtoag attccaattcggac 127 - 112 
cittctitcot 

MZA11394 E Tcgtoctaacagoctgtgtt 113 gtocggatcaaatggatcgt. 114 

MZA11394 I TGTAAAACGACGGCCAGTaacagoctgtgtt 126 + 115 GGAAACAGCTATGACCATGcgtgttcc.gtcgagggagt 127 - 116 
gaataaggt 

MZA8761 E Ttctittgattotacticttgagc 117 citt catggacgcct gagatt 118 

MZA8761.. I TGTAAAACGACGGCCAGTtagagctttctga 126 + 119 GGAAACAGCTATGACCATGttgg catttagcttctdtcca 127 + 120 
actgatago 

M2A1851 E Atatattgcaccacttaaag.cc 121 gggtgttat cacttgttctata 122 

M2A1841. I TGTAAAACGACGGCCAGTtggagtccttgac 126 + 123 GGAAACAGCTATGACCATGtatago acttctag cq agitat 127 + 124 
catttgc 

MZA16510 E Aacaacaaggc gacggtgat 127 Tcatctitcgtogtoctoatc 130 

MZA16510 I TGTAAAACGACGGCCAGTg atcatcctg.ccg 126 + 131 GGAAACAGCTATGACCATGaaccqaaaacacaccotc 127 - 132 
gagtt 

MZA1719 E ccagoggtagattatatacag 133 cggtttggtotgatgaggc 134 

MZA1719 I TGTAAAACGACGGCAGTctcgggaaccttgt 126 + 135 GGAAACAGCTATGACCATGtgaaatcc.gaacctcctttg 127 - 136 
tggga 

Example 2 

Isolation of BAC Clones from the Resistant Lines 
and Identification of Candidate Genes in the 

Region of the Rcg1 Locus 

0193 In order to isolate the gene responsible for the 
phenotype conferred by the Rcgl locus, BACs containing 
the region between the FLP 8 and FLP 27 markers were 
isolated from a BAC library prepared from the resistant line 
DE811 ASR (BC5). This library was prepared using standard 
techniques for the preparation of genomic DNA (Zhang et al. 
(1995) Plant Journal 7:175-184) followed by partial diges 
tion with HindIII and ligation of size selected fragments into 
a modified form of the commercially available vector 
pCC1BACTM (Epicentre, Madison, USA). After transforma 
tion into EPI300TM E. coli cells following the vendors 
instructions (Epicentre, Madison, USA), 125,184 recombi 
nant clones were arrayed into 326 384-well microtiter 
dishes. These clones were then gridded onto nylon filters 
(Hybond N-, Amersham Biosciences, Piscataway, USA). 

0194 The library was probed with overlapping oligo 
nucleotide probes (overgo probes; Ross et al. (1999) Screen 
ing large-insert libraries by hybridization, p. 5.6.1-5.6.52. In 
A. Boyl, ed. Current Protocols in Human Genetics. Wiley, 
New York) designed on the basis of sequences found in the 
BAC sequences shown in the previous example to be present 
between FLP8 and FLP27. BLAST search analyses were 
done to Screen out repeated sequences and identify unique 
sequences for probe design. The position and interspacing of 
the probes along the contig was verified by PCR. For each 

probe two 24-mer oligos self-complementary over 8bp were 
designed. Their annealing resulted in a 40 bp overgo, whose 
two 16 bp overhangs were filled in. The probes used in this 
way are presented in Table 4. Note that some of these probes 
were based on markers also used in Example 1 and Table 1, 
but the exact sequences are different as they were to be used 
as overgo probes rather than just PCR primers. Probes for 
hybridization were prepared as described (Ross et al. (1999) 
supra), and the filters prepared by the gridding of the BAC 
library were hybridized and washed as described by (Ross et 
al. (1999) supra). Phosphorimager analysis was used for 
detection of hybridization signals. Thereafter, the mem 
branes were stripped of probes by placing them in a just 
boiled solution of 0.1xSSC and 0.1% SDS and allowing 
them to cool to room temperature in the Solution overnight. 
0.195 BACs that gave a positive signal were isolated 
from the plates. Restriction mapping, PCR experiments with 
primers corresponding to the markers previously used and 
sequences obtained from the ends of each BAC were used to 
determine the order of the BACs covering the region of 
interest. Four BACs that spanned the entire region were 
selected for sequencing. These BACs were sequenced using 
standard shotgun sequencing techniques and the sequences 
assembled using the Phred/Phrap/Consed software package 
(Ewing et al. (1998) Genome Research, 8:175-185). 
0196. After assembly, the sequences thought to be in the 
region closest to the locus on the basis of the mapping data 
were annotated, meaning that possible gene-encoding 
regions and regions representing repetitive elements were 
deduced. Gene encoding (genic) regions were sought using 
the fienesH software package (Softberry, Mount Kisco, 
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N.Y., USA). f(GenesH predicted a portion of a protein, that 
when BLASTed (BLASTX/nr), displayed partial homology 
at the amino acid level to a portion of a rice protein that was 
annotated as encoding for a protein that confers disease 
resistance in rice. The portion of the maize sequence that 
displayed homology to this protein fell at the end of a 
contiguous stretch of BAC consensus sequence and 
appeared to be truncated. In order to obtain the full repre 
sentation of the gene in the maize BAC, the rice amino acid 
sequence was used in a tEBLASTn analysis against all other 
consensus sequences from the same maize BAC clone. This 
resulted in the identification of a consensus sequence rep 
resenting the 3' end of the maize gene. However, the center 
portion of the gene was not represented in the sequences so 
obtained. PCR primers were designed based on the 5' and 3' 
regions of the putative gene and used in a PCR experiment 
with DNA from the original maize BAC as a template. The 
sequence of the resulting PCR product contained sequence 
bridging the 5' and 3' fragments previously isolated. 
0197) DE811 ASR (BC5) has been deposited with the 
ATCC, and the methods described herein may be used to 
obtain a BAC clone comprising the Rcg1 locus. As shown 
in FIG. 9(a), the DE811 ASR (BC5) chromosomal interval 
with the Rcg1 locus is non-colinear with the corresponding 
region of B73 and Mo17 (See FIGS. 9 and 22), as deter 
mined by the analysis of BAC libraries. 
0198 Using common sequence that hybridize to BACs in 
the Mo17 and the B73 BAC libraries, the corresponding 
BACs from both libraries were lined up in a tiling path as 
shown in FIG. 22. The B73 BACs in FIG. 22 were given 
shorter names for the purposes of the figure. Table 3, below, 
shows the BAC ID for each BAC designation indicated on 
FIG. 22. The public B73 BACs, c0113 fo1 and co117e18 are 
directly north and south, respectively, of the Rcg1 locus 
indel region, with the deletion occurring in B73. Information 
about these two BACs can be viewed on several websites 
including the maize GDB website (maizegdb.org), the 
Gramene website (gramene.org) and the maize genome 
database of the Arizona Genomics Institute (genome.arizo 
na.edu). The Arizona Genomics Institute website also pro 
vides the Maize Agarose FPC Map, version Jul. 19, 2005, 
which identifies BACs contiguous with c0113 fo1 and 
c()117e 18. By searching on those databases, a multitude of 
BACs were identified that form a contig of the regions 
flanking the Rcg1 locus. Thus, the precise location of the 
Rcgl locus and Rcg1 gene have now been identified on both 
the maize genetic and physical map. See FIGS. 7(a,b) and 
22. 

TABLE 3 

BAC designations in FIG. 22, which were part of either the 187 
contig (B73a through B73p) or 188 contig (B73q through B73af) of B73as 

shown on the Arizona Genomics Institute website mentioned above. 

B73 BAC 
designation in FIG. 22 B73 BAC ID 

B73a cO1OOmO6 
B73b bOOSOk15 
B73c cO127nO1 
B73d cO449C09 
B73e cOO46cc)6 
B73f c0212g06 
B73g cO15314 
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TABLE 3-continued 

BAC designations in FIG. 22, which were part of either the 187 
contig (B73a through B73p) or 188 contig (B73q through B73af) of B73as 

shown on the Arizona Genomics Institute website mentioned above. 

B73 BAC 

designation in FIG. 22 B73 BAC ID 

B73 cO1OSc14 
B73 b0502a04 
B73i bO239106 
B73k b0171g07 
B731 cO273k24 
B73 cO113f)1 
B73 cO117 e18 

B73C cO11915 
B73p bO369n2O 
B73q bOO31c17 
B73r c0081g 12 
B73S cO303g03 
B73t cO222118 

B73 cO42812 
B73v cO314e18 

B73w cO15016 
B73x bOO85O1 
B73y cOO4OcO1 
B737 cOO18f13 
B73aa cOO91e23 

B73ab b0100g.11 
B73ac cO177eO3 
B73ad b0264h)8 
B73ae cO410a17 
B73af cO012f18 

0199 The complete sequence of the putative gene is set 
forth in SEQ ID NO: 1. The gene contains one intron, from 
nucleotide 950 to nucleotide 1452 of SEQ ID NO: 1. 
Reverse transcriptase-PCR using RNA prepared from DE81 
1ASR (BC5) plants was used to determine the borders of the 
intron. The protein coding sequence of the gene is set forth 
in SEQID NO: 2, and the amino acid translation is set forth 
in SEQ ID NO 3. The predicted protein has a molecular 
weight of 110.76 kD. 

0200. The amino end from approximately amino acids 
157 to 404 has homology to so-called nucleotide binding 
sites (NBS). There is a region with loose homology to LRR 
domains located approximately from amino acids 528 to 
846. However, unlike previously studied NBS-LRR pro 
teins, the leucine rich region lacks the systematic repetitive 
nature (LXX) found in more classical LRR domains and in 
particular having no instances of the consensus sequences 
described by Wang et al. (1999), Plant J. 19:55-64) or 
Bryan et al. (2000), Plant Cell 12:2033-2045). The gene has 
loose homology with a family of rice genes and a barley 
gene as shown in FIG. 2(a, b and c). Most of the homology 
is at the amino terminal end of the protein; the carboxyl end 
is quite distinct. This is demonstrated by the use of bold 
type, in FIG. 2(a, b and c), which are amino acids identical 
to the gene of the embodiments, while those which are 
non-identical are not shown in bold type. 
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Oligonucleotides annealed to synthesize overgo probes 

Associated SEQ 
Genetic marker Forward oligonucleotide sequence 

FLP8 cagggcct acttggtttagtaata 4 

None cggittaca aggtotacic caatctg 6 

FLP33/PHI93 tacaaaactactgcaacgcctata 8 

FLP27 cattgg acctctitcc.ccactaaga 10 

None gaaactagg.cgc.gtoaggtttitat 12 

Example 3 

Comparison of Genetic Structure in the Region of 
the Rcg1 Locus Between Resistant and Susceptible 
Lines and Expression Profiles of Candidate Genes 

Found in that Region Between Resistant and 
Susceptible Lines 

0201 Having found a candidate gene in the region 
genetically defined to carry the locus responsible for the 
resistance to anthracnose phenotype, efforts were under 
taken first to determine if there might be other genes present 
in the region and second to determine if the expression 
patterns of the candidate gene were consistent with its 
putative role. Fu and Dooner ((2002), Proc Natl Acad Sci 
99:9573-9578) and Brunner et al. (2005), Plant Cell 
17:343-360) have demonstrated that different corn inbred 
lines may have significant rearrangements and lack of colin 
earity with respect to each other. Comparison of Such 
genomes over larger regions can thus be complex. Such a 
comparison of the genomes of Mo17 (Missouri 17) and 
DE811 ASR (BC5) revealed that in the region where the 
candidate gene is found in DE811 ASR (BC5), a large 
insertion relative to Mo17 is present. Regions within and 
Surrounding the insertion were sequenced and Scanned for 
possible genes. A gene encoding a subunit of Ribulose 
bisphosphate carboxylase (Rubisco, a protein involved in 
carbon fixation after photosynthesis whose gene is present in 
multiple copies in the corn genome) was found in both the 
DE811 ASR (BC5) and Mo17 genomes, just downstream of 
the position of the Rcg1 gene. A pseudogene (a gene 
rendered nonfunctional due to mutations disrupting the 
coding sequence) related to a vegetative storage protein was 
found, present only in the DE811 ASR (BC5) genome some 
distance upstream of the Rcg1 gene. The only structurally 
intact gene likely to encode a protein with a function likely 
to be related to disease resistance was the Rcg1 gene isolated 
in the previous example. Other genes equally unlikely to be 
involved in disease resistance were located at a greater 
distance from the most likely position of the locus, as well 
as a large number of repetitive sequences. 
0202) In order to determine if and where the Rcg1 gene 
was transcribed, two techniques were used. First, the RNA 
profiles of resistant and Susceptible plant materials were 
Surveyed using Massively Parallel Signature Sequencing 
(MPSS: Lynx Therapeutics, Berkeley, USA). Briefly, cDNA 
libraries were constructed and immobilized on microbeads 
as described (Brenner, S. et al. (2000) Nat. Biotechnol. 

SEQ 
ID NO: Reverse oligonucleotide sequence ID NO : 

ggg tact acactagoctattacta 5 

gtoaaacagatago.cgcagattgg 7 

cct caccc.caagtatatatagg.cg 9 

to cittgagtccagtgctottagtg 11 

aaggcagcc actogaaaataaaacc 13 

18(6): 630-634). The construction of the library on a solid 
Support allows the library to be arrayed in a monolayer and 
thousands of clones to be subjected to nucleotide sequence 
analysis in parallel. The analysis results in a 'signature' 
17-mer sequence whose frequency of occurrence is propor 
tional to the abundance of that transcript in the plant tissue. 
cDNA derived from RNA prepared from DE811ASR(BC5) 
and from DE811 (control line, susceptible to Cg) was 
subjected to MPSS analysis. Bioinformatic inspection of the 
resulting signatures showed that a signature sequence, 
referred to herein as Lynx 19, (SEQID NO: 19) was present 
at 43 parts per million (ppm) in RNA samples from 
DE811 ASR (BC5) uninfected stalks and at 65 ppm in 
infected, resistant stalks 9 days post inoculation (DPI) with 
Cg. This signature sequence was not detected in cDNA 
libraries of uninfected or Cg-infected stalks of the suscep 
tible corn line DE811. An analysis of the sequence of Rcg1 
indicates that the 17-mer tag is present at nucleotides 3945 
to 3961 of SEQ ID NO: 1 in the putative 3' untranslated 
region of the gene. 

0203 Further proof that Rcg1 is exclusively expressed in 
corn lines that are derived from MP305 and resistant to 
anthracnose stalk rot was obtained by RT-PCR experiments. 
Total RNA was isolated from uninfected and Cg-infected 
stalks of resistant (DE811 ASR1 (BC5)) and susceptible 
(DE811) corn lines using RNA STAT-60TM (Iso-Tex Diag 
nostics, Friendswood, Tex., USA). Total RNA (250 ng) from 
0, 3, 6, 9, and 13 DPI resistant and susceptible samples was 
copied into cDNA and amplified using a GeneAmp(R) RNA 
PCR kit (Applied Biosystems, Foster City, Calif., USA). The 
cDNA synthesis reaction was assembled according to the kit 
protocol using random hexamers as primers and incubated at 
42°C. for 45 minutes. For PCR, KEB131 (SEQID NO: 20) 
and KEB138 (SEQ ID NO: 21), both designed from the 
putative 3' untranslated sequence of Rcg1, were used as the 
upstream and downstream primers, respectively. The cDNA 
was amplified for 30 cycles consisting of 1 minute at 94°C., 
2 minutes at 50° C. and 3 minutes at 72° C. followed by a 
7 minute extension at 72° C. As shown in FIG. 4, agarose 
gel electrophoresis of an aliquot of the RT-PCRs revealed 
the presence of a 260 bp band present in the samples derived 
from both infected and uninfected resistant plants but absent 
from Susceptible samples. DNA sequence analysis con 
firmed that this fragment corresponded to nt 3625 to 3884 of 
the Rcg1 sequence consistent with the amplification product 
predicted from primers KEB131 and KEB138. 
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Example 4 

Isolation of Lines Containing Mu Insertions in the 
Candidate Gene 

0204 One method to determine if a gene is responsible 
for a phenotype is to disrupt the gene genetically through the 
insertion of a transposition element (so-called transposon 
tagging) and then determine if the relevant phenotype of the 
plant is altered, in this case from resistant to Cg to Suscep 
tible to Cg. In corn this can be done using the mutator (Mu) 
element (Walbot, V. (1992) Annu. Rev. Plant Physiol. Plant 
Mol. Biol. 43:49-82). The basic strategy, outlined in FIG. 5, 
was to introduce active mutator elements into lines carrying 
the resistance gene, isolating plants homozygous for the 
resistance gene by assaying associated DNA markers as well 
as resistance to Cg by inoculation with Cg, then crossing 
those homozygous plants with a susceptible “tester line. If 
the resistance gene is dominant, in principle all the resulting 
progeny would be resistant but heterozygous for the gene. 
However, if a Mu element inserted into the resistance gene 
in a way that disrupted its function, that individual would be 
Susceptible to Cg. The disrupted gene can then be isolated 
and characterized. 

0205 MP305 was crossed with fifteen diverse mutator 
stocks (lines carrying active mutator elements). The result 
ing Fls were inter-mated (crossed with each other) in all 
possible combinations. To track the chromosomal region 4L 
on which the resistance locus was known to reside (see 
Example 1) a variety of DNA markers known to be in the 
vicinity of the locus from the work described in Example 1 
were selected and used on the Mu-tagged materials. About 
1500 progeny plants from the inter-mating process were 
examined for resistance to Cg and for the presence of these 
markers. Analysis of the markers was done using either 
Southern blots (Botstein et al., (1980) Am. J. Hum. Gen. 
32:314-331) for RFLP markers or by PCR for FLP markers 
as described in Example 1. Plants that were homozygous for 
all the markers tested and resistant to Cg were selected and 
test crossed with susceptible tester lines (A63, EH6WA and 
EF09B). About 16,000 test cross seeds generated from these 
homozygous and resistant plants were then planted and were 
used as female parents (meaning the pollen producing 
tassels were removed) and crossed with the susceptible 
tester lines used as males. All the female plants were 
screened for susceptibility to Cg. More than ten susceptible 
plants (putative knockout mutants) were identified. The 
open pollinated seed from each of these Susceptible plants 
was harvested, along with eight resistant siblings as controls. 
0206 DNA from a pool of 24 seedlings (grown in paper 
towels) from each of the putative knockouts and the control 
resistant siblings was extracted. This DNA was used as 
template for amplifying the flanking sequence from the site 
of Mu-insertion using gene-specific primers in combination 
with a consensus primer designed from the terminal inverted 
repeats (TIR) from the Mutator element sequence (SEQ ID 
NO: 125). In other words, PCR products would only be 
observed if a Mu element had inserted into the candidate 
gene isolated in Example 2. The primers FLP110F. 
FLP110R, FLP111F, FLP111 R, FLP112F, FLP112R, 
FLP113F, and FLPA 1R were used as the gene-specific 
primers (See Table 1). PCR amplified products were blotted 
onto nylon membranes and hybridized with a DNA probe 
from the candidate gene isolated in Example 2. PCR prod 
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ucts that showed strong hybridization were excised from the 
gel, purified, cloned and sequenced. The resulting sequences 
were analyzed by aligning with sequences from the candi 
date gene and Mu-TIR. Mutator elements cause a direct 9 bp 
duplication at the site of insertion. Based on the flanking 
sequence information and a direct 9 bp duplication, four 
independent insertions were identified in exon 1 of the 
candidate gene (FIG. 5). One insertion (m177) was detected 
approximately 97 bp upstream of the initiation codon, in the 
5' untranslated region of the gene. One common insertion 
event, 270 bp downstream of the initiation codon, was 
detected in three susceptible plants: m164, m159, and m179. 
The m171 susceptible plant was found to contain two 
Mu-insertions, 556 bp and 286 bp downstream of the 
initiation codon. When Southern blots were carried out using 
the exonl region of the gene as a DNA probe, the modified 
hybridization pattern observed further confirmed these 
results. 

0207. This and the preceding examples may be summa 
rized as follows. The earlier work cited in Example 1 
showed that a previously observed locus conferring resis 
tance to Cg was localized on the long arm of maize chro 
mosome 4. The nature of this locus, its exact location or the 
gene(s) encoded by it were completely unknown. The work 
done in Example 1 demonstrates that the locus can be 
mapped to a very small region of the long arm of chromo 
Some 4. Example 2 demonstrates that there is only one gene 
to be found in this chromosomal region likely to be such a 
resistance gene. It encodes a novel form of an NBS-LRR 
protein, a family of proteins known to be involved in 
resistance to pathogens but which vary widely in their 
sequence and specificity of resistance. Example 3 shows that 
this gene is present only in the resistant line, not the isogenic 
Susceptible line, and that transcripts corresponding to this 
gene are found in the resistant line, indicating that the gene 
is expressed, and these transcripts are found only in the 
resistant line. Example 4 demonstrates that in four indepen 
dently isolated Mu insertion events, when the gene is 
disrupted by insertion of a Mu element, the phenotype of 
these plants is changed from resistant to Susceptible to Cg. 
Taken together, these data provide overwhelming evidence 
that the subject of the embodiments of this invention is a 
gene that can enhance or confer Cg resistance to corn plants. 

Example 5 

Backcrossing of the Rcg1 Locus into Susceptible 
Lines 

0208 An Rcg1 locus introgression of an inbred was made 
to confirm that the Rcg1 locus could be successfully back 
crossed into inbreds, and that hybrids produced with the 
inbred line with the Rcg1 locus would have enhanced or 
conferred Cg resistance. DE811 ASR (BC5) was also devel 
oped and used as an improved donor source for introgression 
of the Rcg1 locus. Next, several additional inbreds were 
utilized as recurrent parents in order to use the marker 
assisted breeding methods described herein to efficiently 
introgress the Rcg1 locus into a variety of inbred and hybrid 
genetic backgrounds, thereby enhancing or conferring resis 
tance to Cg. Each of these examples are discussed in more 
detail below. 
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Proof of Concept (PH09B) 
TABLE 5 

0209 MP305 is a white kernel color inbred line with 
strong resistance to Cg, but its late flowering, poor yield and Effect of the introgressed Ricg1 region on degree of resistance to 
weak agronomic characteristics make it a poor donor parent anthracnose stalk rot in BC3S1 families and derived test crosses. 
in the absence of the use of the marker assisted breeding Number of Number of 
methods described herein. A molecular marker profile of internodes internodes >75% 
MP305 is provided in Table 6. Primers used for the SSRs Rcg1 infected infected 
reported in the table can be constructed from publicly BC3S1 Absent 3.1 2.4 
available sequences found in the MaizeGDB on the World Present 2.3 1.5 
Wide Web at maizegdb.org (sponsored by the USDA Agri- PH2EJ Rice g 
cultural Research Service), in Sharopova et al. (Plant Mol. Present 2.1 O.9 
Biol. 48(5-6):463481), and/or in Lee et al. (Plant Mol. Biol. Difference O.S O.6 
48(5-6): 453-461). UMC15a is an RFLP marker, and the PH2NO N 3. . 
score reported is based on EcoR1 restriction. Difference 0.6 os 

0210. To demonstrate the phenotypic value of the Rcg1 PH4CV M 3. 
locus, the locus was first introgressed into line PHO9B (U.S. Difference O6 O.8 
Pat. No. 5,859,354) through to the BC3 stage as follows. The PH8CW Absent 2.9 1.7 
F1 population derived from the cross between MP305 and Present 2.3 O.8 

Difference O6 O.9 line PHO9B was backcrossed once more to line PHO9B, 
resulting in a BC1 population. Seedlings were planted out 
and backcrossed again to line PH09B to develop a BC2 
population. DNA was prepared from leaf punches of BC2 0213) 
families. To determine which BC2 families to plant for 
further backcrosses, genotyping was carried out on DNA TABLE 6 
from BC2 families using primers for markers flanking the Molecul k file of MP3OS 

D region of interest, UMC2041, PH1093 and CSU166 (See OleCl8 l8Kei Ole O 
Table 1). Seeds from BC2 families were planted and indi- Marker Base Pair Base Pair 
vidual plants were genotyped again for the presence of the Name Weight Bin Marker Name Weight Bin 
MP305 version of that region of the chromosome using the phi295450 91.1 4.01 umc1667 54.65 4.08 
same three markers noted above. Positive plants were back- phi213984 302.23 4.01 phi438301 212.76 4.OS 
crossed to line PHO9B once more to develop BC3 popula- phiO96 235.07 4.04 unc1808 O6.67 4.08 
tions. Seed from these BC3 populations was planted and I. 2, C 23s 28. 

- C C 

plants were selfed to obtain BC3S1 families segregating for umc1662 16.14 4.05 dupssr28 O0.64 4.08 
the region of interest as well as BC3S1 families missing the umc2061 25.34 4.05 unc1466 10.91 4.08 
region of interest. These families were used for phenotypic phiO79 85.76 4.05 unc1418 53.12 4.08 
comparison (BC3S1 segregating versus BC3S1 without the bnlg1937 235.87 4.05 umc1899 11.81 4.08 
region of interest) unc1382 53.7 4.05 bnlg2162 44.98 4.08 

9. bnlg1217 94.36 4.05 umc2O41 65.17 4.08 
unc1390 33.46 4.05 umc2285 56 4.08 

(0211) In order to observe the performance of the Regl bnlg1265 221.83 4.05 unc1086 95.57 4.08 
gene in a heterozygous situation Such as would be found in unc1303 27.2 4.05 umc1612 O8.54 4.08 
a commercial hybrid, appropriate testcrosses were made. bnlg252 67.85 4.06 unc15a approx 10 kb 4.08 
Specifically, BC3S1 families segregating for the region of W 

(SCO 

interest were planted and individual BC3S1 plants were unc1895 42 4.05 ccdo365 411.5 4.08 
genotyped. Plants homozygous for the Rcg1 gene as well as unc1175 279.6 4.05 unc1051 25.9 4.08 
plants homozygous for the null allele (lacking the gene on unc1317 10.12 4.05 unc21.87 84.94 4.08 
both chromosomes) within each family were used to make C 2. s C . i. s 

C C 

testcrosses with inbreds PH2EJ (U.S. Pat. No. 6,333,453), umc1896 87.89 4.05 unc1856 56.88 4.08 
PH2NO (U.S. Pat. No. 6,124,533), PH4CV (U.S. Pat. No. umc1511 66.43 4.OS umc2153 31.97 4.08 
6,897.363) and PH8CW (U.S. Pat. No. 6,784,349). umc1851 14.13 4.05 unc2200 51 4.08 

unc1791 53.23 4.05 phiO66 60 4.08 

0212. In the case of both the BC3S1 lines and the hybrids, bnlg 7. 2. t we i. t 
C C 

the observed phenotypic differences indicated significant unc1346 96.39 4.05 unc1559 41.09 4.09 
improvement for ASR resistance in lines and hybrids con- umc1142 46.98 4.05 unc1999 31.55 4.09 
taining the region carrying Rcgl. The effect of the intro- mncO371 230.82 4.06 unc1820 38.94 4.09 
gressed Rcg1 locus in the BC3S1 families and the derived C 5. s C 3. S. s 
testcross hybrids resulted in an improvement in terms of N. il 4.06 w 328 6133 4.09 
both the number of internodes infected and the number of bnlg1621 84.11 4.06 umc1740 98.2 4.09 
internodes infected at more than 75%. The scores, using a umc1299 44.46 4.06 umc1643 45.23 4.09 
visual scoring system commonly used by plant breeders, are MES . s C g Sio s 
shown in Table 5 below. The data clearly demonstrate that SN 784 237.23 407 w 574 5s.11 4.09 
using crossing techniques to move the gene of the embodi- dupssr34 326.01 4.07 umc21.37 S8.1 4.08 
ments into other lines genetically competent to use the gene umc1651 99.59 4.07 unc1101 60.12 4.09 
result in enhanced resistance to Cg. 
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TABLE 6-continued 

Molecular marker profile of MP305 

Marker Base Pair Base Pair 
Name Weight Bin Marker Name Weight Bin 

umc2O38 122.19 4.07 umc2046 115.82 4.09 
umc1847 160.17 4.07 phi314704 143.54 4.09 
umc1620 148.2 4.07 bnlg1890 2S1.68 4.11 
umc1194 162.29 4.07 phiO76 158. OS 4.11 

DE811 ASRCBC5) as Most Improved Donor for Use in 
Backcrossing 

0214) Although MP305 was utilized in the above experi 
ment, as is illustrated in FIG. 8(a), DE811ASR(BC5) retains 
a smaller MP305 chromosomal interval with the Rcg1 locus 
than DE811 ASR(BC3) (and of course MP305 as well), and 
therefore is particularly useful as a donor source for the 
Rcg1 gene. The shortened chromosomal interval from the 
DE811 ASRCBC5) source has been shown to be associated 
with an improved agronomic phenotype. Twenty two plants 
from the DE811 ASR(BC3) derived line, 20 plants from the 
DE811 ASRCBC5)derived line, five DE811 plants and five 
MP305 plants were grown in a greenhouse from November 
2005 through March 2006 and data were taken for plant 
height and ear height; dates when 50% of the plants shed 
pollen (midshed), when 50% of the plants had visual ear 
shoots (midves) and when 50% of the plants had silks 
protruding from the earshoots (midslk); and kernel color was 
observed. On average, the DE811 ASR(BC5) line was 
shorter than DE811ASR(BC3) (293 cm vs 345 cm) and the 
location of the ear was lower in the DE811ASR(BC5) than 
in the DE811ASR(BC3) (146 cm vs 183 cm), both of which 
are positive traits in terms of elite variety development. 
DE811 ASRCBC5) was earlier for midshed, midves and 
midsilk compared to DE811ASR(BC3). Midshed was 
approximately 1 day earlier, midves was approximately 6 
days earlier and midsilk was approximately 3 days earlier for 
DE811ASR(BC5) compared to DE811ASR(BC3). 
0215) Kernels of DE811 ASR(BC5) had a yellowish 
brown (bronze) color whereas kernels of DE811 ASR(BC3) 
had a pale yellow cap. Dates for midshed, midves and 
midsilk were similar for DE811ASR(BC5) and DE811, 
whereas MP305 was approximately 11 days later for mid 
shed and did not produce 50% visual ear shoots, nor 50% 
silks during the growing period. While these data are based 
on only a few plants for DE811 and MP305, and ears were 
not produced on those few lines, these greenhouse results 
resemble observations of these lines in the field. These data 
indicate that DE811 ASRCBC5) resembles the DE811 recur 
rent parent much more closely than DE811 ASRCBC3). Thus, 
DE811 ASRCBC5) is an excellent initial donor source for the 
Rcgl locus and the Rcg1 gene, both genotypically and 
phenotypically. In addition, DE811 ASRCBC5) is particularly 
useful when introgressing the Rcgl locus into germplasm 
with similar adaptation to DE811. 
0216) DE811 was developed by J. Hawk (Hawk, J. A. 
(1985). CropScience Vol 25: p716) and has been described 
as a yellow dent inbred line that originated from selfing and 
selection for six generations in a pedigree program out of a 
cross of B68 to an inbred derived from B37 Ht X (C103.X 
Mp3204 double cross) sel.). DE811 silked 1 to 2 days later 
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than B73 in tests in Delaware, but 4 days later than B73 at 
Missouri. Limited yield trials indicate that DE811 has sat 
isfactory combining ability. It is a good silker (forms good 
silks, a component of the maize female flower important for 
fertility) and pollen shedder and can be crossed to earlier 
maturity germplasm for Northern US adaptation and to later 
maturity germplasm for Southern US adaptation. Thus, 
DE811 ASR (BC5), in combination with the markers and 
breeding methods disclosed herein, is useful as an initial 
donor Source for introgressing the Rcg1 gene into a wide 
variety of germplasm, including germplasm adapted to all of 
the regions in the US where Cg is present. 
Creation of Inbred Rcg1 Locus Conversions 
0217 Following the tests for successful Rcg1 locus intro 
gression in PH09B described above, additional Rcg1 locus 
conversions were carried out on other inbred lines. The first 
series had 5 backcrosses, with MP305 and 
DE811 ASRCBC5) as donors. For the second series of back 
crosses, molecular markers were used to reduce the chro 
mosome interval in the BC5 conversions from the first 
series. These BC5 conversions were selected for crossovers 
below the Rcg1 gene. Those selected plants were then 
backcrossed to create the BC6 generation. Plants with cross 
overs above the gene were selected in the BC6 generation. 
First Series of Backcrosses 

0218. In the first series, DE811 ASR(BC5) was used as 
the primary donor source, but parallel introgressions were 
also made to the same inbreds using MP305 as a donor 
source. These data, described in more detail below, show 
that while DE811 ASR(BC5) is the preferred donor in many 
situations, MP305 can also be effectively used with the 
marker assisted breeding methods of the embodiments 
taught herein. 
0219 Elite inbred lines primarily adapted to North 
American growing conditions were selected for use as 
recurrent parents. The inbreds lines initially selected for use 
as recurrent parents were lines PHOR8 (U.S. Pat. No. 
6,717,036), PH7CH (U.S. Pat. No. 6,730,835), PH705 (U.S. 
Pat. No. 6,903.25), PH5W4 (U.S. Pat. No. 6,717,040), 
PH51K (U.S. Pat. No. 6,881,881) and PH87P (U.S. Pat. No. 
6,888,051). Each of these lines was crossed with 
DE811 ASR (BC5) as well as with MP305. The F1 genera 
tion derived from each of these crosses was backcrossed 
once more to the respective inbred line, resulting in a first 
backcross (the recurrent parent BC1) generation. Seedlings 
were planted out and DNA was prepared from leaf punches. 
PCR reactions were carried out using primers for markers 
flanking the region of interest; UMC1466, UMC1418, 
BNLG2162, UMC1086, UMC2041, UMC1612, CSU166, 
UMC1051, UMC2187, UMC1371, and UMC1856 were 
used in the early BC rounds (See Table 1) while in later BC 
rounds, UMC1418, BNLG2162, UMC1051, UMC2041, 
UMC2187. UMC1371 and UMC1856 were used. Seedlings 
whose PCR reactions gave a positive result (meaning that 
the MP305 derived Rcg1 locus was present) were then 
further backcrossed to the respective inbred lines to make a 
BC2. This procedure, called “genotyping, identifies the 
genetic composition of a plant at the site of a particular 
marker. These steps were repeated for the recurrent parent 
BC3, BC4 and BC5 development. Analysis shows that, after 
five backcrosses, these lines retained a significantly trun 
cated chromosomal interval comprising the Rcg1 locus, and, 
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based on visual observations, no indication of negative 
effects resulting from the presence of the Rcg1 locus was 
observed. 

0220 Recurrent parent selection was also carried out by 
selecting the plants most phenotypically like the recurrent 
parent. Using these genotypic and phenotypic methods, high 
quality conversions were selected with a high percentage of 
recurrent parent across the whole genome. 
0221) This example also illustrates that flanking markers 
are not used exclusively to select either for or away from the 
Rcg1 gene. Seedlings whose PCR reactions gave a positive 
result (meaning that the MP305 derived Rcg1 locus was 
present) were then further backcrossed to the respective 
inbred lines to make the final backcross (the recurrent parent 
BC5 generation) in this first series. Where the closest 
flanking polymorphic markers determined that the gene was 
present, the next set of double flanking polymorphic markers 
more distal to the gene were used for recurrent parent 
selection. Thus, the use of markers flanking the Rcg1 gene 
or Rcgl locus serves to illuminate the recombination occur 
ring in the region. 
Second Series of Backcrossing 
0222. The inbred Rcg1 locus conversions made using the 
SSRs flanking the Rcg1 locus in the first series of back 
crossing were then used as donors in a successive round of 
backcrossing. For this series of backcrossing, SNP markers 
were developed for the Rcg1 gene that enabled marker 
assisted selection in a high throughput manner, as described 
in Example 13, to select for the Rcg1 gene. SNP markers 
were also designed in the region around the Rcg1 locus, 
allowing flanking markers to be used to select away from the 
MP305 chromosomal interval surrounding the Rcg1 locus, 
and to select for the recurrent parent genotype, thereby 
greatly reducing linkage drag. It is only through physically 
mapping and cloning the gene that such precise marker 
assisted recurrent parent selection is possible. 
0223 First, the recurrent parent BC5 plants resulting 
from the first series of backcrossing were re-screened with 
the more precise marker set, and recombination was selected 
for South of the Rcg1 gene. Flanking markers tightly linked 
to the Rcg1 gene (MZA8761, MZA1851, UMC1051, and 
UMC2187) were used to select for recurrent parent to the 
South of the gene in Small population sizes of approximately 
40 progeny. (See FIG. 8(a-b)). These progeny were then 
analyzed using the FLP markers disclosed herein, to more 
precisely determine the point of recombination. This data 
showed that some progeny were selected with recurrent 
parent genome less than 1 cM (based on IBM2 Neighbors 
genetic map distances) South of the Rcg1 gene, as shown in 
FIG. 8(b). Other progeny had recurrent parent genome less 
than 4 cM south of the Rcg1 gene. These marker-selected 
BC5 conversions were then used as donors, and crossed to 
near-isogenic counterparts of PH705, PH5W4, PH51K and 
PH87P as the recurrent parents to give a BC6 population. 
Markers in the Rcg1 gene were again used to select for 
Rcg1, with flanking markers to the north of Rcg1 this time 
being used to select for recurrent parent. In this round of 
selections, recombinations were detected in each population 
between Rcg1 and the marker MZA15842. The position of 
MZA15842 on the IBM2 Neighbors genetic map can be 
extrapolated from its position on the high resolution map 
shown in FIG. 7(b), map B, using regression relative to the 
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flanking markers UMC2285 and PH1093. This placed 
MZA15842 at 520.5 cM on the IBM2 Neighbors genetic 
map. Therefore, as shown in FIG. 8(b), in two rounds of 
backcrossing, the donor genome was reduced to a segment 
of less than 6 cM in each population, or less than 0.8% of 
chromosome 4, based on the IBM2 Neighbors genetic map 
distances, and in Some progeny the segment was less than 
2.1 cM, or less than 0.25% of chromosome 4. For compari 
son, the MP305 chromosomal interval with the Rcg1 locus 
in DE811ASR (BC3) was 131 cM, or approximately 16% of 
chromosome 4, based on the IBM2 Neighbors genetic map 
distances. It is only through physically mapping and cloning 
the gene that Such precise and efficient marker-assisted 
recurrent parent selection is possible. 

Further Analysis 

0224. Therefore, as a result of fine mapping the location 
of the Rcg1 gene, one may utilize any two flanking markers 
that are genetically linked with the Rcg1 gene to select for 
a small chromosomal region with crossovers both north and 
south of the Rcg1 gene. This has the benefit of reducing 
linkage drag, which can be a confounding factor when trying 
to introgress a specific gene from non-adapted germplasm, 
such as MP305, into elite germplasm, such as the inbred 
lines noted above. FIGS. 7 and 22, and Table 16 show many 
combinations of markers flanking the Rcg1 gene and locus 
that may be used for this purpose. Some specific flanking 
markers that may be used for selecting truncated chromo 
Somal intervals that include the Rcg1 gene or locus are 
UMC2285 and UMC15a, UMC2285 and UMC2187. 
UMC1086 and UMC2200, UMC2041 and UMC2200, 
UMC2041 and PH1093, MZA11455 and UMC15a, 
MZA11455 and MZA3434, MZA15842 and MZA3434, and 
FLP8 and FLP33. Optionally, on or within each of these 
chromosomal intervals, one could utilize at least 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 or more markers in 
order to locate the recombination event and select for the 
Rcg1 gene or Rcg1 locus with the maximum amount of 
recurrent parent genotype. Further, one may have at least 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or more markers 
between the north end of such chromosomal interval and the 
top of the Rcg1 gene and/or between the south end of such 
chromosomal interval and the bottom of the Rcg1 gene. 

0225. It is advantageous to have closely linked flanking 
markers for selection of a gene, and highly advantageous to 
have markers within the gene itself. This is an improvement 
over the use of a single marker or distant flanking markers, 
since with a single marker or with distant flanking markers 
the linkage associated with Rcg1 may be broken, and by 
selecting for Such markers one is more likely to inadvert 
ently select for plants without the Rcg1 gene. Since marker 
assisted selection is often used instead of phenotypic selec 
tion once the marker-trait association has been confirmed, 
the unfortunate result of such a mistake would be to select 
plants that are not resistant to Cg and to discard plants that 
are resistant to Cg. In this regard, markers within the Rcgl 
gene are particularly useful, since they will, by definition, 
remain linked with resistance to Cg as enhanced or con 
ferred by the gene. Further, markers within the Rcg1 locus 
are just as useful for a similar reason. Due to their very close 
proximity to the Rcg1 gene they are highly likely to remain 
linked with the Rcg1 gene. Once introgressed with the Rogl 
gene, such elite inbreds may be used both for hybrid seed 
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production and as a donor source for further introgression of 
the Rcg1 gene into other inbred lines. 
0226. Thus, the data clearly shows that inbred progeny 
converted by using DE811 ASRCBC5) as a donor source 
retain the truncated MP305 chromosomal interval. The 
inbreds comprising the truncated MP305 chromosomal 
interval are very useful as donor sources themselves, and 
there is no need to revert to DE811ASR(BC5) as a donor 
Source. By using marker assisted breeding as described 
herein, the truncated MP305 chromosomal interval can be 
further reduced in size as necessary without concern for 
losing the linkage between the markers and the Rcg1 gene. 
Phenotypically, a reduced chromosomal interval is associ 
ated with improved agronomic performance, as was dem 
onstrated for DE811ASR(BC5) versus DE811ASR(BC3) 
described above. 

Example 6 

Use of Rcg1 as a Transgene to Create Resistant 
Corn Plants 

0227. The Rcg1 gene can be expressed as a transgene as 
well, allowing modulation of its expression in different 
circumstances. The following examples show how the Rcg1 
gene could be expressed in different ways to combat differ 
ent diseases or protect different portions of the plant, or 
simply to move the Rcg1 gene into different corn lines as a 
transgene, as an alternative to the method described in 
Example 5. 

Example 6a: 
0228. In this example, the Rcg1 gene is expressed using 

its own promoter. The upstream region of the Rcg1 gene was 
sequenced using the same BACs which in Example 2 
provided the sequences of the protein-coding section of the 
gene. The sequence of 1684 bp 5' to the ATG is set forth in 
SEQ ID NO: 24. 
0229. In order to transform the complete Rcg1 gene, 
including the promoter and protein encoding region, a 5910 
bp fragment extending from position 41268 through position 
47176 in SEQ ID NO: 137 was amplified by PCR using 
BAC clone #24 (pk257m7) as template DNA. To enable 
cloning using the Gateway(R Technology (Invitrogen, Carls 
bad, USA), attB sites were incorporated into the PCR 
primers, and the amplified product was cloned into 
pDONR221 vector by Gateway(R) BP recombination reac 
tion. The resulting fragment, flanked by att, sites, was 
moved by the Gateways LR recombination reaction into a 
binary vector. The construct DNA was then used for corn 
transformation as described in Example 7. 

Example 6b: 

0230. In order to express the Rcg1 gene throughout the 
plant at a low level, the coding region of the gene and its 
terminator are placed behind the promoters of either a rice 
actin gene (U.S. Pat. No. 5,641,876 and U.S. Pat. No. 
5,684,239) or the F3.7 gene (U.S. Pat. No. 5,850,018). To 
enable cloning using the GatewayR Technology (Invitrogen, 
Carlsbad, USA), attB sites are incorporated into PCR prim 
ers that are used to amplify the Rcg1 gene starting 35 bp 
upstream from its initiation codon. A NotI site is added to the 
attB1 primer. The amplified Rcg1 product is cloned into 
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pDONR221 vector by Gateway(R) BP recombination reac 
tion (Invitrogen, Carlsbad, USA). After cloning, the result 
ing Rcg1 gene is flanked by att, sites and has a unique Not 
site at 35 bp upstream the initiation codon. Thereafter, 
promoter fragments are PCR amplified using primers that 
contain NotI sites. Each promoter is fused to the NotI site of 
Rcgl. In the final step, the chimeric gene construct is moved 
by Gateway(R) LR recombination reaction (Invitrogen, Carls 
bad, USA) into the binary vector PHP20622. This is used for 
corn transformation as described in Example 7. 

Example 6c: 
0231. In order to express the Rcg1 gene throughout the 
plant at a high level, the coding region of the gene and its 
terminator were placed behind the promoter, 5' untranslated 
region and an intron of a maize ubiquitin gene (Christensen 
et al. (1989) Plant Mol. Biol. 12:619-632: Christensen et al. 
(1992) Plant Mol. Biol. 18:675-689). To enable cloning 
using the Gateway(R Technology (Invitrogen, Carlsbad, 
USA), attB sites were incorporated into PCR primers that 
were used to amplify the Rcg1 gene starting at 142 bp 
upstream of the initiation codon. The amplified product was 
cloned into pl)ONR221 (Invitrogen, Carlsbad, USA) using 
a Gateway(R) BP recombination reaction (Invitrogen, Carls 
bad, USA). After cloning, the resulting Rcg1 gene was 
flanked by atti sites. In the final step, the Rcg1 clone was 
moved by Gateway(R) LR recombination reaction (Invitro 
gen, Carlsbad, USA) into a vector which contained the 
maize ubiquitin promoter, 5' untranslated region and first 
intron of the ubiquitin gene as described by Christensen et 
al.(supra) followed by Gateway(R ATTR1 and R2 sites for 
insertion of the Rcg1 gene, behind the ubiquitin expression 
cassette. The vector also contained a marker gene Suitable 
for corn transformation, so the resulting plasmid, carrying 
the chimeric gene (maize ubiquitin promoter ubiquitin 5' 
untranslated region ubiquitin intron 1—Rcgl.), was Suit 
able for corn transformation as described in Example 7. 

Example 6d: 
0232. In order to express the Rcg1 gene at a stalk 
preferred, low level of expression, the coding region of the 
gene and its terminator are placed behind the promoter of the 
Br2 gene (U.S. application Ser. No. 10/931,077). The frag 
ment described in Example 6b containing the Rcg1 coding 
region flanked by att, sites and containing a unique Not site 
35bp upstream of the Rcg1 initiation codon is used to enable 
cloning using the Gateways Technology (Invitrogen, Carls 
bad, USA). Promoter fragments of either Br2 or ZM-419 are 
PCR amplified using primers that contain NotI sites. Each 
promoter is fused to the NotI site of Rcgl. In the final step, 
the chimeric gene construct is moved by Gateway(R) LR 
recombination reaction (Invitrogen, Carlsbad, USA) into the 
binary vector PHP20622. This is used for corn transforma 
tion as described in Example 7. 

Example 7 

Agrobacterium-Mediated Transformation of Maize 
and Regeneration of Transgenic Plants 

0233. The recombinant DNA constructs prepared in 
Example 6a and 6c were used to prepare transgenic maize 
plants as follows. 
0234 Maize was transformed with selected polynucle 
otide constructs described in Example 6a and 6c using the 



US 2006/02231 O2 A1 

method of Zhao (U.S. Pat. No. 5,981,840, and PCT patent 
publication WO98/32326). Briefly, immature embryos were 
isolated from maize and the embryos contacted with a 
Suspension of Agrobacterium, where the bacteria were 
capable of transferring the polynucleotide construct to at 
least one cell of at least one of the immature embryos (step 
1: the infection step). In this step the immature embryos 
were immersed in an Agrobacterium suspension for the 
initiation of inoculation. The embryos were co-cultured for 
a time with the Agrobacterium (step 2: the co-cultivation 
step). The immature embryos were cultured on solid 
medium following the infection step. Following this co 
cultivation period an optional “resting step was performed. 
In this resting step, the embryos were incubated in the 
presence of at least one antibiotic known to inhibit the 
growth of Agrobacterium without the addition of a selective 
agent for plant transformants (step 3: resting step). The 
immature embryos were cultured on solid medium with 
antibiotic, but without a selecting agent, for elimination of 
Agrobacterium and for a resting phase for the infected cells. 
Next, inoculated embryos were cultured on medium con 
taining a selective agent, and growing transformed callus 
was recovered (step 4: the selection step). The callus was 
then regenerated into plants (step 5: the regeneration step), 
and calli grown on selective medium were cultured on Solid 
medium to regenerate the plants. 

Example 8 

Transgenic Plant Evaluation 
0235 Transgenic plants were made as described in 
Example 7 using the constructs described in Examples 6a 
and 6c, respectively. For both the native Rcg1 gene and the 
ubiquitin Rcg1 gene constructs, 30 independent events and 
10 vector only control events were generated. 
0236 Leaf discs of each native gene transgenic event 
were harvested for total RNA isolation. RT-PCR was per 
formed using the gene specific primers FLP111F and 
FLP111R set forth in SEQID NOS:37 and 38. In 30 out of 
30 transgenic events, the expected 637 bp RT-PCR band was 
present indicating expression of the native gene construct. 
Disease assays were performed in the greenhouse on the 
same 30 native Rcg1 transgenic events to determine if the 
plants were resistant to Cg. To accomplish this, leaf blight 
assays were first carried out on 5 sibling plants of each event 
using the procedures described in Example 10. A single 
event was found to show a significant reduction in disease 
relative to control plants lacking the native Rcg1 gene 
construct. Plants that had been subjected to the leaf blight 
assay were allowed to develop two weeks post anthesis and 
were then further tested by Cg inoculation into the first 
elongated Stalk internode. These stalk infection assays 
showed a single transgenic event expressing the native Rcgil 
transgene to be more resistant to infection by Cg when 
compared to control plants. However, this event differed 
from the positive event identified via the leaf infection 
assayS. 

0237 Plants transformed with the ubiquitin Rcg1 con 
struct described in Example 6c were analyzed in a similar 
fashion. RT-PCR analysis showed that 28 out of 30 trans 
genic events contained the expected transcript band, indi 
cating expression of the ubiquitin Rcg1 construct. When leaf 
infection assays were performed on 5 plants from each of the 
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30 events, a single event was identified that showed a 
statistically significant reduction in disease compared to 
control plants. The transgenic plants were further analyzed 
by stalk infection assays. Three events were found to exhibit 
increased resistance to stalk rot when compared to control 
plants lacking the ubiquitin Rcg1 gene. These transgenic 
events did not include the former positive event identified in 
the leaf blight assays. 

0238. The results of these experiments were considered 
encouraging for the events that showed some resistance but 
overall inconclusive for several reasons. Positive events 
showing increased disease resistance by the leafblight assay 
failed to correlate with those identified by the stalk infection 
assay. This is in contrast to the DE811 ASRCBC5) positive 
control which shows a clear increase in resistance relative to 
DE811 in both leaf blight and stalk infection assays. In 
addition, assays of the primary transgenics showed a higher 
degree of variability than assays of DE811 or 
DE811 ASR(BC5) controls. This was often seen within 
replicates as well as across negative control events. This 
latter observation may render discrimination of positive 
from negative events difficult. The possible causes for the 
inconclusive nature of the disease assay results include but 
are not limited to the following. It is well known to those 
skilled in the art that transgenic plants being tissue culture 
derived, exhibit greater plant to plant variability than control 
plants that are seed derived. Moreover, gene expression in 
primary transformants, that is, plants which have been 
through the transformation and regeneration process 
described in Example 7, is often unpredictable due to the 
stress of tissue culture procedures. If, in fact, the events are 
negative, which cannot be determined at this point, there are 
several technical reasons why this could be the case. The 
assays carried out also did not determine if the protein 
encoded by the Rcg1 gene is actually present in the trans 
genic lines—only the presence of a segment of the predicted 
mRNA was assayed using RT-PCR. It could be that artifacts 
were introduced into the gene cassette during transforma 
tion—extensive Southern blots or sequencing were not 
carried out to determine the integrity of the entire construct 
in the transgenic lines. In order to more carefully study these 
transgenic lines, plants of later generations will be grown in 
larger numbers under field conditions and assayed for dis 
ease resistance. It is anticipated that these future transgenic 
plants will more clearly exhibit increased resistance to Cg. 

Example 9 

Analysis of Rcg1 Gene Distribution Across 
Germplasm and Identification of Rcgil Sequence 

Variants 

0239 Following the identification, sequencing and fine 
mapping of Rcgl, other lines were screened for the Rcgl 
gene. To determine the presence of the Rcg1 gene in other 
maize germplasm, gene specific primers combinations 
FLP111F and FLP111 R as well as FLP113F and FLPA1R 
were used to amplify genomic DNA from a diverse panel of 
maize inbred lines, including those lines listed on Table 18 
and F2834T, by polymerase chain reaction. In only 14 
(including MP305) out of the panel of maize inbred lines an 
amplification product was detected, indicating that the Rcgl 
gene is only present in a very small percentage of the inbred 
lines that were screened. Thus, in addition to using MP305 
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or DE811 ASR (BC5) as the donor source, other sources 
containing the Rcg1 gene can also be used as a donor source. 
For example the public inbred lines TX601 (available under 
ID Ames 22763 from National Plant Germplasm System 
(NPGS)) and F2834T (available under ID Ames 27112 
from NPGS) which contain the Rcg1 gene can be used as 
donor sources in crosses with other maize inbred lines not 
containing the Rcg1 gene, and selecting for the Rcg1 gene 
by using markers as described herein. 
0240 Variants of the Rcg1 gene were also identified and 
analyzed for single nucleotide polymorphisms (SNPs). 
SNPs were identified at positions on Sequence ID number 1 
corresponding to one or more of position 413, 958, 971, 
1099, 1154, 1235, 1250, 1308, 1607, 2001, 2598 and 3342. 
(See Table 7). Not all of the allelic variants of the Rcg1 gene 
indicated a resistant phenotype. Therefore, these SNPs can 
be used as markers to precisely identify and track the Rcgl 
sequence in a plant breeding program, and to distinguish 
between resistant and susceptible allelic variants. Further, 
these SNPs indicate that there are variant sequences that 
show a resistant phenotype and can be used in the methods 
and products disclosed herein. Four other lines have also 
been found to contain an Rcg1 allele: BYD10. 7F11, 
CML261 and CML277. Testing of 10 plants did not provide 
sufficient data to conclusively determine whether line 7F11 
is resistant. No data are available on the resistance of the 
BYD10, CML261 and CML277 lines, and sequencing of 
these alleles has not been completed. 

TABLE 7 
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procedure. Four common household sewing needles were 
glued to a metal support such that the holes for the thread 
extended out from the piece of metal, with all four needles 
extending an equal distance. This apparatus was dipped in a 
suspension of Cg spores at 5x10" spores/mL and then 
pushed through the Surface of a young corn leaf such that the 
leaf was wounded and the wounds simultaneously inocu 
lated with the spores. A wet cotton Swab was placed on the 
midrib near the inoculation site and the entire area covered 

with plastic film and, over that, reflective cloth, both 
attached with tape, to keep it moist and shaded. The plants 
were left in this state for 50-54 hours in a standard green 
house, after which the tape, cloth and plastic film were 
removed. At 7 and 15 days after inoculation the size of the 
lesion was measured and recorded in units of square centi 
meters. 

0242 FIG. 10(a-b) shows the distribution of lesion sizes 
15 days after inoculation across all the individual leaves. 
Lesion sizes vary in each data set, but virtually all of the 
DE811 leaves (FIG. 10b) had lesion sizes significantly 
larger than the largest lesions to be found on the 
DE811 ASR(BC5) leaves (FIG. 10a). The data are summa 
rized for both the 7 day and 15 day post-inoculation data sets 
in FIG. 11. At both 7 and 15 days, the average lesion size 
was Smaller on the leaves carrying the Rcg1 gene. The 
difference becomes larger over time as the fungus has time 

SNPs identified in allelic variants of the Regl gene 

# Plants 

Phenotype Tested 413 958 971 

SEQ ID NO: 1 Resistant Over SOO A. A. G 
Ol plants over 
DE811ASR (BCS) 4–5 years 
PHBTB Resistant 150–210, over A. A. G 

3 years 
PH26T Resistant 50, over 1 A. A. G 

year 
TX601 insufficient 10, over 1 A. A. G 

data year 
F2834T No data A. A. G 
BS4 No data C C C 
PHORC insufficient 19, over 1 C C C 

data year 
PH277 insufficient 17, over 1 C C C 

data year 
PHDGP Susceptible 150–210, over C C C 

3 years 
PHDHT No data C C C 
MP305 (public) Resistant 50 A. A. G 

Length of Consensus = 4212 nucleotides. 
SEQ ID NO: 1 is the Rcg 
he “tga stop codon in the second exon. 
The consensus position is based on SEQ ID NO: 1. 

Example 10 

Lines Containing the Rcg1 Gene are Resistant to 
Anthracnose-Induced Leaf Blight 

0241 The near isogenic lines DE811 and DE811ASR 
described in Example 1 were tested for differences in 
resistance to leaf blight caused by Cg using the following 

Consensus position 

1099 1154 123S 12SO 1308 1607 2001. 2598 3342 

C C A. A. C A. A. G C 

C C A. A. A. A. G C 

C C A. A. A. A. G C 

C C A. A. A. G C 

C C A. A. A. A. G C 
r A. A. T G G A. A. 
r A. A. T G G A. A. 

r A. A. T G G A. A. 

r A. A. T G G A. A. 

r A. A. T : G G A. A. 
C C A. A. C A. A. G C 

sequence. For the remaining lines, the sequence available spanned from the atg start codon in the first exon to 

to grow and cause further damage, so that while the differ 
ence is approximately two fold at 7 days, by 15 days it is 
more than four fold and in fact the fungus has made only 
minor progress on the DE811 ASRCBC5) leaves. These 
results clearly demonstrate that the presence of the locus 
containing the Rcg1 gene confers resistance to anthracnose 
leaf blight. 
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Example 11 

Hybrid Lines Derived from DE811 ASR(BC5) have 
Higher Yield than Hybrids Derived from DE811 
when Infected with Colletotrichum graminicola 

0243 In order to demonstrate that corn hybrids contain 
ing the Rcg1 gene have higher yield potential when infected 
with Cg than hybrid lines without Rcg1, DE811 ASR (BC5) 
and DE811, the isogenic lines described in Example 1, were 
each crossed to inbred lines B73Ht and Mo17Ht, which are 
both susceptible to Cg. 
0244. The hybrid lines were grown and evaluated for 
response to Cg in 2005 at six locations in five different states 
of the USA. For each hybrid line, three replications of four 
rows were planted at approximately 74,000 plants per hect 
are. Plants were inoculated with Cg at the base of the stalk 
approximately 10 days after flowering. The first row of each 
four-row plot was evaluated to determine if the inoculations 
had been Successful by determining the response to Cg four 
to five weeks after inoculation. The stalks were split and the 
progression of the disease was scored by observation of the 
characteristic black color of the fungus as it grows up the 
stalk. Disease ratings were conducted as described by Jung 
et al. (1994) Theoretical and Applied Genetics, 89:413-418). 
The total number of internodes discolored greater than 75% 
(antgr75) was recorded on the first five internodes (See FIG. 
20). This provided a disease score ranging from 0 to 5, with 
Zero indicating no internodes more than 75% discolored and 
5 indicating complete discoloration of the first five intern 
odes. The center two plots were harvested via combine at 
physiological maturity and grain yield in kg/ha was deter 
mined. 

0245. The results summarized over all locations are 
shown in FIG. 12 for disease severity and in FIG. 13 for 
yield. The data show that hybrids containing Rcg1 
(DE811ASR(BC5)/B73Ht and DE811ASR(BC5)/Mo17Ht) 
have much less disease progression than hybrids without 
Rcg1 (DE811/B73Ht and DE811/Mo17Ht). The high scores 
for disease progression in the Susceptible hybrids (lacking 
Rcg1) show the successful infection of the experiment with 
Cg. Furthermore, the data show that when infected with Cg. 
hybrids containing Rcgl have a higher yield than hybrids 
lacking Rcgl. Differences of the individual pairwise com 
parisons are significant at P-0.05. 
0246 These results clearly demonstrate that by using the 
methods of the embodiments one can create hybrids which 
yield more kg of grain per hectare when infected with Cg. 

Example 12 

Inbred and Hybrid Rcg1 Locus Conversions 
Derived from DE811 ASR (BC5) or MP305 are 
Resistant to Colletotrichum ciraminicola Induced 

Stalk Rot 

0247. In order to demonstrate that commercial corn lines 
can be made resistant to Cg-induced stalk rot, MP305 and 
DE811 ASR (BC5) were crossed with PH87P, PH5W4, and 
PH705. The resulting progeny were crossed again to the 
same three lines (i.e., the lines were used as recurrent parents 
in a backcrossing program) three more times, each time 
selecting for the presence of the Rcg1 gene using molecular 
markers as described in Example 5 above. As controls, 
selected backcross lines which lacked the Rcg1 gene were 
also collected from the same backcrossing program. After 
three backcrosses were completed, several versions were 
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selected and selfed to obtain BC3S1 families. Individual 
BC3S1 plants were genotyped and plants homozygous posi 
tive and homozygous negative for Rcgl were selfed to 
obtain BC3S2 families, which were then phenotyped. 
BC3S2 versions containing Rcg1 and, as controls, selected 
versions without the gene, were planted in single row plots 
containing approximately 25 plants per row. The experiment 
was planted in five different locations in five different states 
of the United States, designated Locations 1, 2, 3, 4, and 5. 
At approximately two weeks after flowering, plants were 
inoculated with Cg at the base of the stalk. Four to five 
weeks later the stalks were split and progression of the 
disease evaluated by visually estimating the amount of 
disease in the stalk. A visual score was assigned to each stalk 
based on the degree of infection of each internode for the 
inoculated internode and the four internodes above the 
inoculation internode. A low score thus indicates resistance 
to the disease. The compiled results for all rows and loca 
tions are summarized in FIG. 14. Representative pictures of 
two lines are shown in FIGS. 15 and 16. The data show that 
at all locations, each of the elite inbred lines was made more 
resistant to the disease by the presence of the Rcg1 gene. 
0248 Corn seed sold to farmers is “hybrid,” meaning that 

it is most commonly the result of a cross of two inbred 
parents, referred to as a single cross hybrid. Many years of 
breeding and production experience have shown that the use 
of single cross hybrids result in higher yields. It is thus 
important for commercial applications that the Rcg1 gene 
function in the hybrid plants (those in the farmer's produc 
tion field) even when it is present in only one of the two 
parents used to make single cross hybrid seed. One of the 
inbred lines into which the Rcg1 line had been crossed, 
PH705, was thus used to create hybrid seed by crossing with 
PH4CV, an elite inbred that does not carry the Rcg1 gene. 
The resulting hybrid seeds were used in experiments iden 
tical to those described for the inbred lines as discussed 
above and scored in the same way at all five locations. The 
data are summarized for all locations in FIG. 17, which also 
shows the performance of the inbred PH705, and represen 
tative pictures shown in FIGS. 18 and 19. As can be seen, 
a clear difference in disease progression was observed in all 
locations for hybrid PH705xPH5W4 and in four of the five 
locations for PH705xPH87P. In the fifth location, environ 
mental conditions were very stressful for plant growth, 
resulting in plants that were in poor condition. Under these 
conditions, measurements of plant disease resistance are 
often not reliable. 

0249. The results with both inbred lines and hybrid 
combinations containing Rcgil clearly demonstrate that 
using the methods of the embodiments one can create 
commercially useful lines which are resistant to Cg-induced 
stalk rot. 

Example 13 
Markers within the Rcgl Coding Sequence, Marker 
Locations and Designs Within the Rcg1 Locus, and 
Haplotypes for the Flanking Chromosomal Region 

0250) Three levels of marker locations may be utilized as 
a result of the fine mapping and cloning of the Rcg1 gene, 
markers designed within the Rcg1 coding sequence, markers 
designed within the non-colinear region that identify the 
Rcgl locus (but outside of the Rcg1 coding sequence), and 
markers designed within the flanking colinear region. 

Markers within the Rcgl Coding Sequence 
0251 Following the identification and fine mapping of 
the Rcg1 gene, hybridization markers were designed that 
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will function on SNP platforms. Since the Rcg1 gene occurs 
in a non-colinear region of the maize genome, the hybrid 
ization marker will be present in lines comprising the Rcg1 
gene and absent onlines that do not comprise the Rcg1 gene. 
These markers identify polynucleotide sequences specific to 
the Rcg1 coding sequence listed on SEQID NO: 1. As noted 
in Table 7, there are other corn lines with variants of the 
Rcg1 coding sequence set forth in SEQID NO: 1, and these 
markers were also designed to also identify these Rcgl 
coding sequence variants. 
0252) To accomplish this, a consensus map of variant 
Rcgl coding sequence from different sources was created, as 
shown on Table 7. This consensus map aligned 4209 bases 
of the Rcg1 coding sequence isolated from MP305 with 
3451 bases from PHBTB and 3457 bases from PH26T. The 
Rcg1 gene in both PHBTB and PH26T show resistance to 
anthracnose. Next, segments of the Rcg1 coding sequence 
were BLASTed against several databases including NT 
(Public DNA from NCBI) and the highest homology hits 
were aligned with the Rcgl consensus sequence to deter 
mine the segments that shared high homology and had 
common segments with other resistance genes in the NBS 
LRR family. Regions unique to the Rcg1 coding sequence 
and common across the different sources of Rcg1 were 
selected for marker design. Specifically, since FLP111F and 
FLP111R primers produced a single amplicon that reliably 
diagnosed the presence of Rcg1 from different sources, the 
regions where FLP111F and FLP111R hybridized were 
therefore targeted for development of a SNP marker design. 
0253) An InvaderTM (Third Wave Technologies, Madi 
son, Wis.) marker was designed using a 1413 bp segment 
from the consensus sequence that contained both primer 
sites, with the primer regions themselves being targeted for 
probe and InvaderTM oligo hybridization. Primers were 
designed around each probe site to give an amplicon size 
below 150 bp. This marker indicated the presence of the 
Rcgl coding sequence with fluorescence due to hybridiza 
tion, with the absence of the Rcg1 coding sequence resulting 
in no fluorescence. A control fluorescence signal can also be 
generated by designing a marker that hybridizes to a second 
highly conserved maize gene, so that the presence of the 
Rcgl coding sequence results in fluorescence of two dyes 
(Rcg1 and the conserved gene) and the absence of Rcgil 
results in fluorescence due to the conserved gene only. This 
control florescence may be used to reduce lab error by 
distinguishing between the situations where the Rcg1 is in 
fact absent and the situation where a false negative has 
occurred because of a failed reaction. Such markers are not 
limited to a specific marker detection platform. Taqman(R) 
markers (Applied Biosystems) were also designed to the 
same location (primer pairs FLP111F and FLP111R), that 
were used as for the InvaderTM markers. The markers are 
shown on Table 15 and FIGS. 23 and 24. 

0254 The marker designs C00060-01-A and C00060 
02-A were tested across a wide variety of sources and were 
highly successful at identifying plants that contained the 
Rcgl locus and the Rcg1 gene, regardless of the source of 
the Rcgl locus or Rcg1 gene. These markers were also used 
against a control set of nearly 100 diverse inbred lines 
known not to carry the gene, and no fluorescence was 
detected in the control set. Plants in which one or both of 
marker designs C00060-01-A and C00060-02-A confirmed 
as having Rcg1 include those shown in Table 7. 
0255 Therefore, this example shows that, based on the 
teaching provided herein, markers can be constructed that 
identify the Rcgl coding sequence in a variety of sources. 
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Markers Within the Rcg1 Locus 
0256 Markers may be designed to the Rcg1 locus in 
addition to or instead of using markers within the Rcgl 
coding sequence itself. The close physical distance between 
the Rcgl coding sequence and the non-colinear region 
makes it unlikely that the linkage between markers within 
the non-colinear region but outside of the Rcg1 coding 
sequence would be lost through recombination. As with 
markers for the Rcg1 coding sequence, a marker showing as 
present or absent would be sufficient to identify the Rcg1 
locus. 

0257 To design markers for this region, a 64.460 bp 
segment of non-colinear region including the Rcg1 gene and 
the region directly north of the Rcg1 gene was sequenced. 
BACs in this sequence were broken up into sub-clones of 
approximately approximately 800 nucleotides in length and 
sequenced. These sequences were then assembled to con 
struct the BAC sequence, and genic and repetitive regions 
were identified. Repetitive regions were identified in order 
to avoid placing markers in repetitive regions. Similarly, 
sequences with high homology with known maize sequences 
were easily avoided by a simple BLAST search. Potential 
sequences were avoided that contained SSRs, runs of As, Ts 
or Gs, or that would result in the generation of probes low 
in GC content which can cause problems within the 
InvaderTM platform. See FIG. 9(b) and Table 17. 
0258 Selected segments were then put into Invader Cre 
atorTM software (Third Wave, Madison, Wis.), which gen 
erates oligos for an InvaderTM reaction. This produced a 
sense and an anti-sense design for all SNPs. The sense 
designs with the best scores and no penalties were selected. 
Although these markers have been designed, they have not 
yet been tested. 
0259 Primers were designed using Primer3 (Steve Rozen 
and Helen J. Skaletsky (2000) Primer3 available on the 
worldwide web for general users and for biologist program 
mers. In: Krawetz S, Misener S (eds) Bioinformatics Meth 
ods and Protocols. Methods in Molecular Biology. Humana 
Press, Totowa, N.J., pp. 365-386). Primers were selected 
outside of the InvaderTM components, and preferred primers 
close to or below 150 bp long were selected. Primer tem 
perature and length was adjusted to be most useful for the 
InvaderTM platform, although if using other detection plat 
forms primers would be optimized for use with such plat 
forms. 

Markers in the Colinear Region and Associated Haplotypes 
0260 Closely linked markers flanking the Rcg1 locus 
may be effectively used to select for a progeny plant that has 
inherited the Rcg1 locus from a parent that comprises the 
Rcgl locus. The markers described herein, such as those 
listed on Table 16, as well as other markers genetically or 
physically mapped to the same chromosomal segment, may 
be used to select for a truncated chromosomal segment 
comprising the Rcg1 locus. Typically, a set of these markers 
will be used, (e.g., 2 or more, 3 or more, 4 or more, 5 or 
more) in the flanking region above the gene and a similar set 
in the flanking region below the gene. Optionally, as 
described above, a marker within the Rcg1 gene and/or Rcgl 
locus may also be used. The parents and their progeny are 
screened for these sets of markers, and the markers that are 
polymorphic between the two parents are used for selection. 
The most proximal polymorphic markers to the Rcg1 gene 
or Rcg1 locus are used to select for the gene or locus, and 
the more distal polymorphic markers are used to select 
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against the gene or locus. In an introgression program, this 
allows for selection of the Rcg1 gene or Rcg1 locus geno 
type at the more proximal polymorphic markers, and selec 
tion for the recurrent parent genotype at the more distal 
polymorphic markers. As described in more detail in 
Example 5 above, this process allowed for the efficient 
selection of a truncated chromosomal segment comprising 
the Rcg1 locus. 
0261) The process described above requires knowledge 
of the parental genotypes used in the cross. Optionally, 
haplotypes may be used so that the Rcg1 gene or Rcg1 locus 
can be selected for without first genotyping the specific 
parents used in the cross. This is a highly efficient way to 
select for the Rcgl locus, especially in the absence of using 
markers within the Rcg1 gene or the Rcg1 locus. 
0262 All plants to be used in the breeding program, such 
as a gene introgression program, are screened with markers. 
The markers disclosed herein or equivalent markers on the 
same chromosomal segment may be used. The plant haplo 
types (a series of SNP or other markers in linkage disequi 
librium) are noted. The haplotype of the resistant plant 
around the Rcg1 locus is compared with the haplotype of the 
other plants to be used that do not comprise the Rcgl locus. 
A haplotype unique to the resistant plant around the Rcgl 
locus is then used for selection, and this haplotype will 
specifically identify the chromosomal segment from the 
resistant plant with the Rcg1 locus. 
0263 Based on an analysis of MP305 and a diverse set of 
several hundred corn lines, including 50 public corn lines 
shown in Table 18, a unique SNP haplotype for the MP305 
chromosomal segment with the Rcg1 locus was identified. 
This SNP haplotype uniquely identifies the MP305 chromo 
somal segment that extends across MZA3434, MZA2591 
and MZA11123. See FIG. 22, SEQ ID NO: 140, 141 and 
142, and Tables 8, 9 and 10. 

0264. First, the primer pairs described in Table 2 for these 
three MZA's were used to identify haplotypes. The primer 
pairs MZA3434E forward and reverse were used to amplify 
the genomic DNA of the set of corn lines. The PCR 
fragments were further purified by amplification with 
MZA3434 I forward and reverse primer pairs. This process 
was repeated for MZA2591 and MZA11123. The resulting 
PCR fragments were sequenced in the forward and reverse 
direction and the sequences were aligned to give a consensus 
sequence (see the sequences set forth in SEQID NOs: 140, 
141 and 142). SNPs and indels within these consensus 
sequences are shown in Tables 8, 9 and 10. These series of 
SNPs and indels were compared across the set of genotypes. 
0265 For MZA3434, haplotype 8 was a rare haplotype 
allele, and was unique to MP305 and only one other corn 
line. This process was repeated for MZA2591, and MP305 
was found to have haplotype 2 at MZA2591, which was 
shared by only two other corn lines. MP305 was the only 
corn line to have both haplotype 8 at MZA3434 and hap 
lotype 2 at MZA2591, and therefore, the combination of 
these two haplotypes, 8 at MZA3434 and 2 at MZA2591, 
uniquely identifies the MP305 chromosomal region com 
prising the Rcg1 locus. MP305 also had an informative 
haplotype at MZA11123. MP305 was found to have haplo 
type 7, which was shared by 66 other corn lines, but none of 
these corn lines had haplotype 8 at MZA3434, or haplotype 
2 at MZA2591. Therefore, any combination of 2 haplotypes 
at MZA3434, MZA2591 or MZA11123 could be used to 
uniquely identify MP305 among these genotypes. The hap 
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lotypes can then be interrogated by sequencing the fragment 
or by designing markers to each SNP or indel within a 
fragment. 
0266 Polymorphisms within haplotypes can be used to 
tag the haplotype. So called Tag-SNPs, or haplotype-tags 
can be very useful in plant breeding, as more information 
than the polymorphism itself can be determined via extrapo 
lation to the haplotype. A haplotype can also be defined as 
a series of polymorphisms across sequences, and these may 
be termed long-range haplotypes. 
0267 Rare polymorphisms were observed within haplo 
types that could be used as haplotype tags. For example, 
either the SNPs MZA2591.32 (allele c) or MZA2591.35 
(allele t) could be used to tag the haplotype 2 at MZA2591, 
and like haplotype 2, both were unique to MP305 and two 
other corn lines. The combination of SNPs MZA2591.32 
(allele c) and MZA2591.35 (allele t) combined with 
MZA3434.17 (allele c) gave a long-range haplotype that 
could be used to distinguish MP305 from all of the other 
genotypes in the study. 
0268. In addition, other markers, MZA15842, 
MZA11455, MZA8761 and MZA1851 also showed poly 
morphism with MP305. For MZA15842, only 18 of the 
other corn lines shared the same haplotype as MP305; for 
MZA11455, only 43 of the other corn lines shared the same 
haplotype as MP305; for MZA8761, only about half of the 
other corn lines shared the same haplotype as MP305; and 
for MZA1851, only about half of the other corn lines shared 
the same haplotype as MP305. Consensus sequences were 
developed for these markers, and are set forth in SEQ ID 
NOs: 143-146. SNPs and indels within these consensus 
sequences are shown in Tables 11-14. Four examples of 
unique haplotypes using the MZA markers are: 

0269 MZA11123 (haplotype 7) 
0270 MZA15842 (haplotype 3) 
0271 MZA8761 (haplotype 1) 
and 

0272 MZA11123 (haplotype 7) 
0273 MZA15842 (haplotype 3) 
0274 MZA1851 (haplotype 1) 
And 

0275 MZA11455 (haplotype 6) 
0276 MZA11123 (haplotype 7) 
0277 MZA15842 (haplotype 3) 
0278 MZA16510 (haplotype 4) 
and 

0279 MZA11455 (haplotype 6) 
0280 MZA11123 (haplotype 7) 
0281 MZA15842 (haplotype 3) 
0282) MZA11394 (haplotype 6). 

0283 Multiple combination within all of the markers 
disclosed herein, or other markers within the region, also 
will contain unique haplotypes that identify the Rcg1 locus. 
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TABLE 8 

MZA3434 Polymorphisms 

MZA3434.3 MZA3434.4 MZA3434.6 MZA3434.17 MZA3434.2 MZA3434.5 

Nucleotide position 282 283 327 343 377 387 
on SEQ ID NO: 140 
Type DEL DEL DEL SNP DEL DEL 
Size of indel 6 1 4 2 2 
MP305 W M W C W M 
Counter allele M W M T M W 

M = “Mutant: differs to consensus 
W = 'wild type: same as consensus, 

0284) 

TABLE 9 

MZA2591 Polymorphisms 

MZA259143 MZA2591.2O MZA2591.21 MZA2591.8 MZA2591.12 MZA25914 MZA2591.31 MZA2591.32 

Nucleotide 101 114 124 131 160 176 213 223 
position on 
SEQ ID NO: 141 
Type INS SNP SNP DEL DEL INS SNP SNP 
Size of indel 3 2 3 
MP305 W T C W W W T C 
Counter allele M A. T M M M C T 

MZA2591.1 MZA2591.33 MZA2591.35 MZA2591.36 MZA2591.37 MZA2591.38 MZA2591.10 MZA2591.39 

Nucleotide 238 250 257 264 271 282 290 310 
position on 
SEQ ID NO: 141 
Type DEL SNP SNP SNP SNP SNP DEL SNP 
Size of indel 2 4 
MP305 M C T C G C M T 
Counter allele W G A. G A. T W C 

MZA2591.3 MZA2591.40 MZA2591.41 MZA2591.6 MZA2591.7 MZA25919 

Nucleotide 313 325 332 332 371 404 
position on 
SEQ ID NO: 141 
Type DEL SNP SNP DEL DEL DEL 
Size of indel 2 1 
MP305 M T C W W W 
Counter Allele W C T M M M 

M = “Mutant: differs to consensus 
W = 'wild type: same as consensus, 

0285) 

TABLE 10 

MZA11123 Polymorphisms 

MZA11123.5 MZA11123.18 MZA11123.2 MZA11123.13 MZA11123.34 MZA11123.37 MZA11123.40 MZA11123.41 

Nucleotide 631 641 6SO 671 703 727 744 786 
position on 
SEQ ID 
NO: 142 
Type DEL INS INS INS SNP SNP SNP SNP 
Size of indel 1 1 1 10 
MP305 W W W W G T C A. 
Counter allele M M M M A. C A. G 
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TABLE 10-continued 

MZA11123 Polymorphisms 

MZA11123.45 MZA11123.48 MZA11123.9 MZA11123.19 MZA11123.59 MZA11123.17 

Nucleotide 807 864 915 934 956 991 
position on 
SEQ ID 
NO: 142 
Type SNP SNP INS DEL SNP DEL 
Size of indel 18 1 3 
MP305 C T W W C M 
Counter allele A. A. M M T W 

M = “Mutant: differs to consensus 
W = 'wild type: same as consensus, 

0286) 

TABLE 11 

MZA15842 Polymorphisms 

MZA15842.3 MZA15842.4 MZA15842.5 MZA15842.7 MZA15842.8 

Nucleotide position 287 295 313 337 353 
on SEQ ID NO: 143 
Type SNP SNP SNP SNP SNP 
MP305 T A. T C T 
Counter Allele C G A. T C 

MZA15842.9 MZA15842.10 MZA15842.11 MZA15842.12 MZA15842.3 

Nucleotide position 366 436 439 463 287 
on SEQ ID NO: 143 
Type SNP SNP SNP SNP SNP 
MP305 T G A. A. T 
Counter Allele C A. G G C 

M = “Mutant: differs to consensus 
W = 'wild type: same as consensus, 

0287) 

TABLE 12 

MZA8761 Polymorphisms 

MZA87613 MZA8761.6 MZA8761.7 MZA8761.8 MZA8761.9 MZA8761.10 MZA8761.11 

Nucleotide position 595 633 671 681 687 696 702 

on SEQ ID NO: 145 
Type DEL SNP SNP SNP SNP SNP SNP 
Size of indel 7 
MP305 W G T G T G C 

Counter allele M A. C C C T A. 

MZA87614 MZA8761.2 MZA8761.1 MZA8761.5 MZA8761.12 MZA8761.13 MZA8761.14 

Nucleotide position 710 710 710 722 779 882 901 

on SEQ ID NO: 145 
Type DEL DEL INS DEL SNP SNP SNP 
Size of indel 1 1 1 1 
MP305 W W W W T C T 
Counter allele M M M M G T C 

M = “Mutant: differs to consensus 

W = 'wild type: same as consensus, 
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MZA11123.16 

1010 

DEL 
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0288 

TABLE 13 

MZA1851 Polymorphisms 

MZA1851.24 MZA1851.41 MZA1851.32 MZA1851.49 MZA1851.51 MZA1851-52 

Nucleotide position 1213 1236 1271 146S 1615 1617 
on SEQ ID NO: 144 
Type INS SNP INS SNP SNP SNP 
Size of indel 19 34 
MP305 W G W A. C A. 
Counter Allele M A. M G A. C 

MZA1851.53 MZA1851.54 MZA1851.SS MZA1851.56 MZA1851.35 

Nucleotide position 1686 1697 1698 1701 1717 
on SEQ ID NO: 144 
Type SNP SNP SNP SNP DEL 
Size of indel 6 
MP305 T A. G T W 
Counter Allele C C C C M 

M = “Mutant: differs to consensus 
W = 'wild type: same as consensus, 

0289) 

TABLE 1.4 

MZA11455 Polymorphisms 

MZA11455.3 MZA11455.5 MZA11455.2 MZA11455.7 MZA11455.8 MZA114SS.10 MZA11455.11 MZA11455.12 

Nucleotide 373 392 402 425 426 432 435 491 
position on 
SEQ ID 
NO: 146 
Type DEL SNP DEL SNP SNP SNP SNP SNP 
Size of indel 1 10 
MP305 M G M G C C A. T 
Counter allele W C W A. G G G A. 

MZA11455.4 MZA11455.13 MZA11455.14 MZA11455.15 MZA11455.1 MZA11455.17 MZA11455.18 MZA11455.19 

Nucleotide 526 552 581 599 610 611 628 634 
position on 
SEQ ID 
NO: 146 
Type DEL SNP SNP SNP DEL SNP SNP SNP 
Size of indel 1 3 
MP305 M A. G G W G C A. 
Counter allele W G A. C M A. G C 

M = “Mutant: differs to consensus 
W = 'wild type: same as consensus, 

0290) 

TABLE 1.5 

Markers within the Regl Coding Sequence 

SNP Platform 

Invader Invader Taqman Taqman PCR 

Marker Name COOO60-01-A COOO60-02-A COOO60-01 COOO60-02 FLP111 
Forward Primer COOO60-01-F1 COOO60-02-F1 COOO60-01-F-Taq COOO60-02-F-Taq FLP111F 
Name 
Position on 550- 567 1562-1586 552 568 1634-1659 595-619 

SEQ ID NO: 1 
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TABLE 16-continued 

Markers contained within defined chromosomal intervals that can be 
used to select for Ricg1. 

The public markers are taken from the IBM2 neighbors 4 map, while the relative 
locations of the Pioneer markers (prefix MZA) were determined by mapping to 

the same genetic map, and by location on the physical map. 

Interval 
(and 
position on 
IBM2 Position 
neighbors 4 relative to 
map in cM) Ricg1 Markers that could be used for selection of Rcg1 

Within Above the MZA8136, MZA6064, NPI270, NPI300C, PHP20071, 
UMC228S Rcg1 gene, CDO127a, RGPI102, UAZ122, BNL17.05, MZA11455, 
(514.9) - within MZA15842, MZA11123, MZA2591 
UMC15a UMC2285 - 
(525.8) Rcg1 

Below the PHIO93, MZA1215, MZA1216, MZA3434, CL12681 1, 
Rcg1 gene, NPI444 
within Rcg1 - 
UMC15a 

0292) 

Marker 
Name 

PHDOOO1-0 
PHDOOO2-0 
PHDOOO3-0 
PHDOOO4-0 
PHDOOOS-O 

PHDOOO6-0 
PHDOOO7-0 

PHDOOO8-0 
PHDOOO9-0 

PHDOO10-0 
PHDOO11-0 

PHDOO12-0 
PHDOO13-0 

PHDOO14-0 
PHDOO15-0 

0293) 

38-11 
A165 
A188 
ASO9 
ASS6 
A619 
A632 
B 
B14 
B37 

TABLE 17 

Markers Within the Rcg1 Locus 

SNP sequence 
position on 

SEQ ID NO: 137 SNP Sequence Invader Oligo Invader Probe 

12-270 SEQ ID NO: 158 SEQ ID NO: 159 SEQ ID NO: 160 
272 530 SEQ ID NO: 163 SEQ ID NO: 164 SEQ ID NO: 165 
7232 7500 SEQ ID NO: 168 SEQ ID NO: 169 SEQ ID NO: 170 
11302–11580 SEQ ID NO: 173 SEQ ID NO: 174 SEQ ID NO: 175 
11581–11880 SEQ ID NO: 178 SEQ ID NO: 179 SEQ ID NO: 180 
11881-12170 SEQ ID NO: 183 SEQ ID NO: 184 SEQ ID NO: 185 
12171-12470 SEQ ID NO: 188 SEQ ID NO: 189 SEQ ID NO: 190 
25417-25690 SEQ ID NO: 193 SEQ ID NO: 194 SEQ ID NO: 195 
25692-25950 SEQ ID NO: 198 SEQ ID NO: 199 SEQ ID NO: 200 
25951-26200 SEQ ID NO: 203 SEQ ID NO: 204 SEQ ID NO: 205 
26602–26860 SEQ ID NO: 208 SEQ ID NO: 209 SEQ ID NO:210 
26932–27200 SEQ ID NO: 213 SEQ ID NO: 214 SEQ ID NO: 215 
27322–27580 SEQ ID NO: 218 SEQ ID NO: 219 SEQ ID NO: 220 
28472-287.40 SEQ ID NO: 223 SEQ ID NO: 224 SEQ ID NO: 225 
28791–2900? SEQ ID NO: 228 SEQ ID NO: 229 SEQ ID NO: 230 

TABLE 1.8 

List of Public Lines use in Haplotype Analysis 

CO109 MP305 
DO2 N28 
D146 OHO7 
F2 OH4OB 
F252 OH43 
F257 OH45 
F283 OS420 
F7 OS426 
GT119 PA91 
H34 R159 
H99 SC213R B42 

Forward Primer 

D NO: 
D NO: 
D NO: 
D NO: 
D NO: 

D NO: 
D NO: 

D NO: 
D NO: 

D NO: 
D NO: 

D NO: 
D NO: 

D NO: 
D NO: 

16 
166 
17 
176 
18 

186 
19 

196 
2O 

2O6 
21 

216 
22 

226 
23 

TABLE 18-continued 

Reverse Primer 

D NO: 
D NO: 
D NO: 
D NO: 
D NO: 

D NO: 
D NO: 

D NO: 
D NO: 

D NO: 
D NO: 

D NO: 
D NO: 

D NO: 
D NO: 

162 
167 
172 
177 
182 

187 
192 

197 
2O2 

2O7 
212 

217 
222 

227 
232 

Oct. 5, 2006 

List of Public Lines use in Haplotype Analysis 

B64 
B73 
B84 
B89 
B94 
C103 
C106 
CI66 
CM49 
CM7 

HATO4 
HY 
Indiana 
K187-11217 
K55 
L1546 
L317 
Minna-9 
MO13 
Mo17 

SD1 OS 
SRS303 
T232 
TR9-1-1-6 
TX601 
V3 
W153R 
WF9 
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0294 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 232 

<210> SEQ ID NO 1 
<211& LENGTH 4212 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 
&220s FEATURE 

<221s NAME/KEY: gene 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Nucleotide sequence for RC g1: 

bac811 h.pk257.m.04 
&220s FEATURE 
<221 NAME/KEY: exon 
<222> LOCATION: (143) . . . (948) 
&223> OTHER INFORMATION: exon 1 
&220s FEATURE 
<221 NAME/KEY: exon 
<222> LOCATION: (1452). . . (3588) 
&223> OTHER INFORMATION: exon 2 
&220s FEATURE 
<221 NAME/KEY: intron 
<222> LOCATION: (949) . . . (1451) 
<223> OTHER INFORMATION: intron 1 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (143) . . . (948) 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1452). . . (3588) 

<400 SEQUENCE: 1 

aaaaccotca ccacattt to citcaiaccaca tatggagat toggggctact agatact at g 60 

cctggtggta gacitggtagc tigatgtc.ttt gaccagtag ttggtgctag atttgttgaac 120 

totaccalagg tagaaacgg ag at g gag got gcc ct g citg agc ggg titc atc 172 
Met Glu Ala Ala Lieu Lleu Ser Gly Phe Ile 
1 5 10 

aaa acc atc ct g cca agg citc titc. tca citg gta caa gqg aga tac aag 220 
Lys. Thir Ile Leu Pro Arg Lieu Phe Ser Lieu Val Glin Gly Arg Tyr Lys 

15 2O 25 

citg cac aag ggc citc aag agc gac atc aaa tog citg gag aaa gag citc 268 
Lieu. His Lys Gly Lieu Lys Ser Asp Ile Lys Ser Leu Glu Lys Glu Lieu 

30 35 4 O 

cat at g atc got gtt aca atc gat gaa caa atc. tcg citg ggg agg aag 316 
His Met Ile Ala Val Thr Ile Asp Glu Glin Ile Ser Lieu Gly Arg Lys 

45 5 O 55 

gat cag gga got gtg citg agc ctic to a att gat gag citg cat gaa citg 364 
Asp Glin Gly Ala Val Lieu Ser Lieu Ser Ile Asp Glu Lieu. His Glu Lieu 

60 65 70 

gct cac caa atc gag gac toc at a gat cqc titc titg tac cat gtg acc 412 
Ala His Glin Ile Glu Asp Ser Ile Asp Arg Phe Leu Tyr His Val Thr 
75 8O 85 90 

agg gag cag caa goa toc titt titt cqt cqg act gta C gg tog cog aag 460 
Arg Glu Gln Glin Ala Ser Phe Phe Arg Arg Thr Val Arg Ser Pro Lys 

95 100 105 

act citg ttg to a cqt cag cqg citg got goc gag gtt cag titc citg aag 508 
Thr Lieu Lleu Ser Arg Glin Arg Lieu Ala Ala Glu Val Glin Phe Lieu Lys 

110 115 12 O 

aag at a CC g gag gag gcq CaC cag cqa gag aag agg tac agg gtC titc 556 
Lys Ile Pro Glu Glu Ala His Glin Arg Glu Lys Arg Tyr Arg Val Phe 

125 130 135 
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gcc ggc citt tot toc tot acc cgg cac act gaa tog tot toc tot tog 604 
Ala Gly Leu Ser Ser Ser Thr Arg His Thr Glu Ser Ser Ser Cys Ser 

14 O 145 15 O 

tot gta tot gat cog cac aca citt aag goc gac gtc gito ggc atc gac 652 
Ser Val Ser Asp Pro His Thr Lieu Lys Ala Asp Val Val Gly Ile Asp 
155 160 1.65 170 

ggt CCC agg gaC gag Ctt gtg Cag Cag tta acc gala gag gCa gag ggc FOO 
Gly Pro Arg Asp Glu Lieu Val Glin Glin Lieu. Thr Glu Glu Ala Glu Gly 

175 18O 185 

cita aca aag cag citc aag gtg atc. tcc atc gito ggg atc cat ggc to c 748 
Lieu. Thir Lys Glin Leu Lys Val Ile Ser Ile Val Gly Ile His Gly Ser 

190 195 2OO 

ggC aag acc gtC Ctt gcc aga gag gta tac gag agc gaC gtC gC cqg 796 
Gly Lys Thr Val Lieu Ala Arg Glu Val Tyr Glu Ser Asp Val Gly Arg 

2O5 210 215 

cag titc agt citc. c gg gca tog gtt tot got act gac aga ggit cog aga 844 
Glin Phe Ser Lieu Arg Ala Trp Val Ser Ala Thr Asp Arg Gly Pro Arg 

220 225 230 

gag gtg citc at g gag atc citc cqa aat titt ggit agg cca gtg gtg gat 892 
Glu Val Lieu Met Glu Ile Leu Arg Asn. Phe Gly Arg Pro Val Val Asp 
235 240 245 250 

agc tot agt att gac cag citt acg gta gat citc agg aaa cac ttg ggit 940 
Ser Ser Ser Ile Asp Glin Lieu. Thr Val Asp Leu Arg Lys His Leu Gly 

255 260 265 

gag aaa ag gtgaaaaaaa cctottctitt atgttattta ttatttatga agtttcttca 998 
Glu Lys Ser 

actacgggitt ttcatgttca aattgcctct citgaactitcg aaaacgttta ataccaattg O58 

aattgaggat cittagctttg gaaaag.cggit agtgttittga cqttittgcat acatttcto a 118 

cc.gittattitt attcatttat aatttagagt ttaag cagta tattoattitt gaaattitatg 178 

agatttctgt citgcacgctt actitc catgc ccaaaa.catg toc gatt gag aacagaaggt 238 

aattttgttt gatctttgag atcagacaca citgattgagt agtaa.cagga aacaagtgct 298 

caccalatcac ccaagt cact tacaaagaat titcatgctta caaaacacac to attgttaa 358 

ggatagagac tatgtttgat citgcatagitt taattittga titatgtcatc gttcgattgtt 418 

atcattaact tttgttggaa atttctottg tag c tat titc att gta atc gat 470 
Tyr Phe Ile Val Ile Asp 
27 O 275 

ggc at g caa aca gat cag togg agc acc att gala act gcc ttic coa gaa 518 
Gly Met Gln Thr Asp Gln Trp Ser Thr Ile Glu Thr Ala Phe Pro Glu 

280 285 29 O 

aac aat gtt gtt agc agc aga gta att gtt aca aca aca atc cqg to a 566 
Asn Asn Val Val Ser Ser Arg Val Ile Val Thir Thr Thr Ile Arg Ser 

295 3OO 305 

gta got aat tot toc agc tict tct aac ggit tat gtg cac aaa at g aaa 614 
Val Ala Asn. Ser Cys Ser Ser Ser Asn Gly Tyr Val His Lys Met Lys 

31 O 315 320 

aga citt agt gac gaa cac to a gag caa ttg titt atc aag aaa got togc 662 
Arg Lieu Ser Asp Glu His Ser Glu Gln Leu Phe Ile Lys Lys Ala Cys 

325 330 335 

cca aca aaa tat to a ggit tat act cqa cog gala toa aaa gala gtt citg 710 
Pro Thr Lys Tyr Ser Gly Tyr Thr Arg Pro Glu Ser Lys Glu Val Leu 
340 345 350 355 

aag aaa tot gat ggit caa cca citt gct citt gtt act at g g g c caa titc 758 
Lys Lys Cys Asp Gly Glin Pro Leu Ala Lieu Val Thr Met Gly Glin Phe 
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360 365 370 

ttg agg aaa aat ggit tog ccc aca gga ccc aac toc gala aat gtg tot 806 
Leu Arg Lys Asn Gly Trp Pro Thr Gly Pro Asn. Cys Glu Asn Val Cys 

375 38O 385 

aga gat citt aga C ga cat citg gag cag gat gat aca ttg gag aga atg 854 
Arg Asp Leu Arg Arg His Leu Glu Glin Asp Asp Thr Lieu Glu Arg Met 

39 O. 395 400 

cga agg gtg citt atc. cac agc tita tot agt citt cott agc cat gtt coc 902 
Arg Arg Val Leu Ile His Ser Leu Ser Ser Leu Pro Ser His Val Pro 

405 410 415 

aaa goc toc citt ttg tat titt ggit atg titt coa tot gat cat coc ata 95 O 
Lys Ala Cys Leu Leu Tyr Phe Gly Met Phe Pro Cys Asp His Pro Ile 
420 4.25 430 435 

aag agg aag agc Citg atg agg cqa togg tta gca gag gga titt gta Cala 998 
Lys Arg Lys Ser Leu Met Arg Arg Trp Lieu Ala Glu Gly Phe Val Glin 

4 40 445 450 

aca cag cott to a tot agt gala aac titc aac acc citc ata gac cqg aat 2O46 
Thr Glin Pro Ser Ser Ser Glu Asin Phe Asn Thr Leu Ile Asp Arg Asn 

455 460 465 

att att gag coc atc ggc ata tot aac gat gat cag gta aag aca to c 2094. 
Ile Ile Glu Pro Ile Gly Ile Cys Asn Asp Asp Glin Val Lys Thr Cys 

470 475 480 

aaa aca tat ggc atg atg cac gag titc att ttg tta atg to c acc to c 2142 
Lys Thr Tyr Gly Met Met His Glu Phe Ile Leu Leu Met Ser Thr Ser 

485 490 495 

cat gac titc att acc citg citt tot aat aat aaa gtt gaa cac aaa tat 21.90 
His Asp Phe Ile Thr Lieu Lleu. Cys Asn. Asn Lys Val Glu His Lys Tyr 
5 OO 505 510 515 

gtg cqt cqg citt tot citc cat cat cat agt gct aca agt ggc agt titt 22.38 
Val Arg Arg Leu Ser Leu. His His His Ser Ala Thr Ser Gly Ser Phe 

52O 525 530 

to g g to atc gac tta tot citt gtt aga tot citg atg gtt titt ggg gag 2286 
Ser Val Ile Asp Leu Ser Leu Val Arg Ser Leu Met Val Phe Gly Glu 

535 540 545 

gct ggc aaa act att ttg agt titc cqa aag tac gag cita ttg aga, gto 2334 
Ala Gly Lys. Thir Ile Leu Ser Phe Arg Lys Tyr Glu Lieu Lieu Arg Val 

550 555 560 

ttg gat citt gala caa tot acc gac ttg gala gat gat cac citc aaa gac 2.382 
Leu Asp Leu Glu Glin Cys Thr Asp Leu Glu Asp Asp His Lieu Lys Asp 

565 570 575 

ata toc aac citt titt citt atg aaa tat cita agc citc gga gaa act att 24.30 
Ile Cys Asn Lieu Phe Leu Met Lys Tyr Lieu Ser Leu Gly Glu Thir Ile 
58O 585 590 595 

aga agt citt coa aag gag ata gala aaa citg aag citc ttg gag aca citt 2478 
Arg Ser Lieu Pro Lys Glu Ile Glu Lys Lieu Lys Lieu Lleu Glu Thir Lieu 

600 605 610 

gac titg agg aga aca aag gtg aaa aca cita cott ata gag gtc. citc citg 2526 
Asp Leu Arg Arg Thr Lys Wall Lys Thr Lieu Pro Ile Glu Val Lieu Lieu 

615 62O 625 

citc. coc tot tta citc cat citg titt ggg aag titc caa ttt tot gat aaa 2574 
Leu Pro Cys Lieu Lleu. His Leu Phe Gly Lys Phe Glin Phe Ser Asp Lys 

630 635 640 

atc aag ata aca agt gac atg cag aag titt titc tta act gga cag agt 2622 
Ile Lys Ile Thr Ser Asp Met Gln Lys Phe Phe Leu Thr Gly Glin Ser 

645 650 655 

aac tta gag aca citt to a gga titt atc aca gat ggg tot caa goa ttg 2670 
Asn Lieu Glu Thir Lieu Ser Gly Phe Ile Thr Asp Gly Ser Glin Gly Lieu 
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965 970 975 

citg toga attgcttgga attgaaatgt gtc.ttcatac acct attgat cottgattgt 3638 
Leu 

ccatggtoag titt.cgttgca cittgcago at attactatoa ggctagtatic atgtaaatta 3698 

caaatcttitt gttgttaagg ccatalaattg catattatag cacaacaagc tigg tatgtct 3758 

caacaatggc attaatttitt tttctgcttg aatctacaaa tittcatcatt attittgcaat 381.8 

titc.gcttitta tacagatatg gtgatgcc at gttcattttga citttgcago a tatatgcaag 3878 

caacggtttg agttgctgga gttgctagaa tattgataca actitcagttt acticgaaggc 3938 

tacagg gatc. tcatalactag gatggttgaa gataatttgc gattgtttcc titcagtgtca 3998 

citgaaaag ac titttgtaaca ataaag cata cctittgctitc ctacttittitt gaagttactt 4058 

cagatgctaa gttc.gcagtt go.gc.ctggac tittat catgt ttatc.ca.gct gtttatttgt 4118 

ttcatgitaca ataataccgg tdattgctgttgttatataa totatattta tactatagitt 41.78 

aaagtatcag tittcaacggit totccc.gc.gc catc 421.2 

<210> SEQ ID NO 2 
&2 11s LENGTH 2943 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 
&220s FEATURE 

<221> NAME/KEY: gene 
<222> LOCATION: (1) . . . (2943) 
<223> OTHER INFORMATION: Coding region only of Cq r1 gene 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . . (2943) 

<400 SEQUENCE: 2 

atg gag got goc citg citg agc ggg titc atc aaa acc atc ct g cca agg 48 
Met Glu Ala Ala Leu Lleu Ser Gly Phe Ile Lys Thr Ile Leu Pro Arg 
1 5 10 15 

citc titc. tca citg gta caa gqg aga tac aag citg cac aag ggc citc aag 96 
Leu Phe Ser Lieu Val Glin Gly Arg Tyr Lys Lieu. His Lys Gly Lieu Lys 

2O 25 3O 

agc gac atc aaa tog citg gag aaa gag ctic cat atg atc got gtt aca 144 
Ser Asp Ile Lys Ser Leu Glu Lys Glu Lieu. His Met Ile Ala Val Thr 

35 40 45 

atc gat gaa caa atc. tcg citg ggg agg aag gat cag gga got gtg citg 192 
Ile Asp Glu Glin Ile Ser Lieu Gly Arg Lys Asp Glin Gly Ala Val Lieu 

5 O 55 60 

agc ctic toa att gat gag citg cat gaa citg got cac caa atc gag gac 240 
Ser Lieu Ser Ile Asp Glu Lieu. His Glu Lieu Ala His Glin Ile Glu Asp 
65 70 75 8O 

to C at a gat cqc titc ttg tac cat gtg acc agg gag cag caa goa to c 288 
Ser Ile Asp Arg Phe Leu Tyr His Val Thr Arg Glu Gln Glin Ala Ser 

85 90 95 

titt titt cqt cqg act gta C gg tog cc g aag act citg ttg to a cqt cag 336 
Phe Phe Arg Arg Thr Val Arg Ser Pro Llys Thr Leu Leu Ser Arg Glin 

100 105 110 

Cgg Ctg gct gCC gag gtt Cag titc Citg aag aag ata ccg gag gag gC g 384 
Arg Lieu Ala Ala Glu Val Glin Phe Lieu Lys Lys Ile Pro Glu Glu Ala 

115 120 125 

cac cag cqa gag aag agg tac agg gtc titc goc ggc citt tot to c tot 432 
His Glin Arg Glu Lys Arg Tyr Arg Val Phe Ala Gly Lieu Ser Ser Ser 

130 135 1 4 0 
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acc cqg cac act gaa tog tot toc tot to g tot gta tot gat cog cac 480 
Thr Arg His Thr Glu Ser Ser Ser Cys Ser Ser Val Ser Asp Pro His 
145 15 O 155 160 

aca citt aag goc gac gtc gito ggc atc gac ggit coc agg gac gag citt 528 
Thr Lieu Lys Ala Asp Val Val Gly Ile Asp Gly Pro Arg Asp Glu Lieu 

1.65 170 175 

gtg cag cag tta acc gaa gag goa gag ggc cta aca aag cag citc aag 576 
Val Glin Glin Lieu. Thr Glu Glu Ala Glu Gly Lieu. Thir Lys Glin Lieu Lys 

18O 185 19 O 

gtg atc. tcc atc gtc. g.gg atc cat ggc toc ggc aag acc gtc. citt go c 624 
Val Ile Ser Ile Val Gly Ile His Gly Ser Gly Lys Thr Val Leu Ala 

195 200 2O5 

aga gag gta tac gag agc gac gtc. g.gc cqg cag titc agt citc cqg goa 672 
Arg Glu Val Tyr Glu Ser Asp Val Gly Arg Glin Phe Ser Lieu Arg Ala 

210 215 220 

tgg gtt tot got act gac aga. g.gt cog aga gag gtg citc at g gag atc 720 
Trp Val Ser Ala Thr Asp Arg Gly Pro Arg Glu Val Leu Met Glu Ile 
225 230 235 240 

citc cqa aat titt got agg cca gtg gtg gat agc tict agt att gaC cag 768 
Leu Arg Asn. Phe Gly Arg Pro Val Val Asp Ser Ser Ser Ile Asp Glin 

245 250 255 

citt acg gta gat citc agg aaa cac ttg ggit gag aaa agg tat titc att 816 
Lieu. Thr Val Asp Leu Arg Lys His Leu Gly Glu Lys Arg Tyr Phe Ile 

260 265 27 O 

gta atc gat ggc atg caa aca gat cag togg agc acc att gala act gcc 864 
Val Ile Asp Gly Met Gln Thr Asp Gln Trp Ser Thr Ile Glu Thr Ala 

275 280 285 

titc cca gala aac aat gtt gtt agc agc aga gta att gtt aca aca aca 912 
Phe Pro Glu Asn Asn Val Val Ser Ser Arg Val Ile Val Thr Thr Thr 

29 O 295 3OO 

atc cqg to a gta gct aat tot toc agc tot tot aac ggit tat gtg cac 96.O 
Ile Arg Ser Val Ala Asn Ser Cys Ser Ser Ser Asn Gly Tyr Val His 
305 310 315 320 

aaa at g aaa aga citt agt gac gala cac to a gag caa ttg titt atc aag OO 8 
Lys Met Lys Arg Lieu Ser Asp Glu His Ser Glu Glin Lieu Phe Ile Lys 

325 330 335 

aaa got togc cca aca aaa tat to a ggit tat act c ga ccg gala toa aaa O56 
Lys Ala Cys Pro Thr Lys Tyr Ser Gly Tyr Thr Arg Pro Glu Ser Lys 

340 345 35 O 

gala gtt citg aag aaa tot gat ggit caa coa citt gct citt gtt act atg 104 
Glu Val Lieu Lys Lys Cys Asp Gly Glin Pro Leu Ala Lieu Val Thr Met 

355 360 365 

ggc caa titc titg agg aaa aat ggit togg ccc aca gga ccc aac toc gala 152 
Gly Glin Phe Leu Arg Lys Asn Gly Trp Pro Thr Gly Pro Asn. Cys Glu 

370 375 38O 

aat gtg tdt aga gat citt aga cqa cat citg gag cag gat gat aca ttg 200 
Asn Val Cys Arg Asp Lieu Arg Arg His Leu Glu Glin Asp Asp Thr Lieu 
385 390 395 400 

gag aga at g c ga agg gtg citt atc. cac agc tita tot agt citt cot agc 248 
Glu Arg Met Arg Arg Val Lieu. Ile His Ser Lieu Ser Ser Lieu Pro Ser 

405 410 415 

cat gtt coc aaa goc tdc citt ttg tat titt ggt atg titt coa tot gat 296 
His Val Pro Lys Ala Cys Leu Leu Tyr Phe Gly Met Phe Pro Cys Asp 

420 425 43 O 

cat coc ata aag agg aag agc citg at g agg cqa togg tta goa gag gga 344 
His Pro Ile Lys Arg Lys Ser Lieu Met Arg Arg Trp Lieu Ala Glu Gly 

435 4 40 4 45 
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ttg citg gaa citt coc cag titt gtc at a toa at g c gg ggit citc cqg gag 23O4. 
Leu Lieu Glu Lieu Pro Glin Phe Val Ile Ser Met Arg Gly Lieu Arg Glu 

755 760 765 

ata toc citt to a toa aca aaa ttg aca to g g g c citc citt goa aca citc 2352 
Ile Cys Lieu Ser Ser Thr Lys Lieu. Thir Ser Gly Lieu Lleu Ala Thr Lieu 

770 775 78O 

gct aac titg aaa goc ttg cag cat citc aag citg att gca gat gtc. citt 24 OO 
Ala Asn Lieu Lys Gly Lieu Glin His Lieu Lys Lieu. Ile Ala Asp Wall Leu 
785 790 795 8OO 

gala gat titt atc att gaa gqt cag goa titc ctd ggg citg cita cac cta 2448 
Glu Asp Phe Ile Ile Glu Gly Glin Ala Phe Leu Gly Lieu Lieu. His Lieu 

805 810 815 

tgt titt gtc. cita gaa cqt gcc acc tta coa ata att gaa gga gga got 2496 
Cys Phe Val Lieu Glu Arg Ala Thr Lieu Pro Ile Ile Glu Gly Gly Ala 

820 825 83O 

ttg ccg tac citc atc. tca citt aag cita atc toc aaa gat cita gtt ggc 2544 
Leu Pro Tyr Lieu. Ile Ser Lieu Lys Lieu. Ile Cys Lys Asp Leu Val Gly 

835 840 845 

citc ggit gac atc aaa atc aac cqc citc aaa tot citt aag gala gtc agt 2592 
Leu Gly Asp Ile Lys Ile Asn Arg Lieu Lys Cys Lieu Lys Glu Val Ser 

85 O 855 860 

cita gat cat aga gito got tog gala aca aga. gala atc togg gala aaa got 264 O 
Leu Asp His Arg Val Ala Ser Glu Thir Arg Glu Ile Trp Glu Lys Ala 
865 870 875 88O 

gcc gag aag cat coa aac cqg cc g aaa gta ttg ttg gtc. aac to a tot 2688 
Ala Glu Lys His Pro Asn Arg Pro Llys Val Lieu Lieu Val Asn. Ser Ser 

885 890 895 

gat gala agc gala att aag got gta gac tot tot gtt gct tca aga cca 2736 
Asp Glu Ser Glu Ile Lys Ala Wall Asp Cys Ser Val Ala Ser Arg Pro 

9 OO 905 910 

gct gtg agt gag got aat gga act tct coc atg to a gag gtt gat gta 2784 
Ala Val Ser Glu Ala Asn Gly. Thir Ser Pro Met Ser Glu Val Asp Val 

915 920 925 

cga gag gat gac att cag atg at a citt aac cag ggg citc. tct gcc got 2832 
Arg Glu Asp Asp Ile Glin Met Ile Lieu. Asn. Glin Gly Lieu Ser Ala Ala 

930 935 940 

gct gag aaa cag atgaat tdt gca gtt cag coa agt toa aaa got gala 2880 
Ala Glu Lys Glin Met Asn. Cys Ala Val Glin Pro Ser Ser Lys Ala Glu 
945 950 955 96.O 

citg aac tot gat ttcaat aat att agt titc cca gag gtt gog citt ggit 292.8 
Lieu. Asn. Ser Asp Phe Asn. Asn. Ile Ser Phe Pro Glu Val Ala Leu Gly 

965 970 975 

tta acc gag citg toga 2943 
Leu. Thr Glu Lieu. * 

98O 

<210> SEQ ID NO 3 
&2 11s LENGTH 980 
&212> TYPE PRT 

<213> ORGANISM: Zea mays 
&220s FEATURE 
<221 NAME/KEY: DOMAIN 
<222> LOCATION: (157) . . . (404) 
<223> OTHER INFORMATION: Region showing homology to nucleotide binding 

site (NBS) domain. 
&220s FEATURE 
<221 NAME/KEY: DOMAIN 
<222> LOCATION: (528) . . . (846) 
<223> OTHER INFORMATION: Region showing loose homology to leucine-rich 

repeat (LRR) domain. 
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<400 SEQUENCE: 3 

Met Glu Ala Ala Leu Lleu Ser Gly Phe Ile Lys Thr Ile Leu Pro Arg 
1 5 10 15 

Leu Phe Ser Lieu Val Glin Gly Arg Tyr Lys Lieu. His Lys Gly Lieu Lys 
2O 25 30 

Ser Asp Ile Lys Ser Leu Glu Lys Glu Lieu. His Met Ile Ala Val Thr 
35 40 45 

Ile Asp Glu Glin Ile Ser Lieu Gly Arg Lys Asp Glin Gly Ala Val Lieu 
50 55 60 

Ser Lieu Ser Ile Asp Glu Lieu. His Glu Lieu Ala His Glin Ile Glu Asp 
65 70 75 8O 

Ser Ile Asp Arg Phe Leu Tyr His Val Thr Arg Glu Gln Glin Ala Ser 
85 90 95 

Phe Phe Arg Arg Thr Val Arg Ser Pro Llys Thr Leu Leu Ser Arg Glin 
100 105 110 

Arg Lieu Ala Ala Glu Val Glin Phe Lieu Lys Lys Ile Pro Glu Glu Ala 
115 120 125 

His Glin Arg Glu Lys Arg Tyr Arg Val Phe Ala Gly Lieu Ser Ser Ser 
130 135 1 4 0 

Thr Arg His Thr Glu Ser Ser Ser Cys Ser Ser Val Ser Asp Pro His 
145 15 O 155 160 

Thr Lieu Lys Ala Asp Val Val Gly Ile Asp Gly Pro Arg Asp Glu Lieu 
1.65 170 175 

Val Glin Glin Lieu. Thr Glu Glu Ala Glu Gly Lieu. Thir Lys Glin Lieu Lys 
18O 185 19 O 

Val Ile Ser Ile Val Gly Ile His Gly Ser Gly Lys Thr Val Leu Ala 
195 200 2O5 

Arg Glu Val Tyr Glu Ser Asp Val Gly Arg Glin Phe Ser Lieu Arg Ala 
210 215 220 

Trp Val Ser Ala Thr Asp Arg Gly Pro Arg Glu Val Leu Met Glu Ile 
225 230 235 240 

Leu Arg Asn. Phe Gly Arg Pro Val Val Asp Ser Ser Ser Ile Asp Glin 
245 250 255 

Lieu. Thr Val Asp Leu Arg Lys His Leu Gly Glu Lys Arg Tyr Phe Ile 
260 265 27 O 

Val Ile Asp Gly Met Gln Thr Asp Gln Trp Ser Thr Ile Glu Thr Ala 
275 280 285 

Phe Pro Glu Asn Asn Val Val Ser Ser Arg Val Ile Val Thr Thr Thr 
29 O 295 3OO 

Ile Arg Ser Val Ala Asn Ser Cys Ser Ser Ser Asn Gly Tyr Val His 
305 310 315 320 

Lys Met Lys Arg Lieu Ser Asp Glu His Ser Glu Glin Lieu Phe Ile Lys 
325 330 335 

Lys Ala Cys Pro Thr Lys Tyr Ser Gly Tyr Thr Arg Pro Glu Ser Lys 
340 345 35 O 

Glu Val Lieu Lys Lys Cys Asp Gly Glin Pro Leu Ala Lieu Val Thr Met 
355 360 365 

Gly Glin Phe Leu Arg Lys Asn Gly Trp Pro Thr Gly Pro Asn. Cys Glu 
370 375 38O 

Asn Val Cys Arg Asp Lieu Arg Arg His Leu Glu Glin Asp Asp Thr Lieu 
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385 390 395 400 

Glu Arg Met Arg Arg Val Lieu. Ile His Ser Lieu Ser Ser Lieu Pro Ser 
405 410 415 

His Val Pro Lys Ala Cys Leu Leu Tyr Phe Gly Met Phe Pro Cys Asp 
420 425 43 O 

His Pro Ile Lys Arg Lys Ser Lieu Met Arg Arg Trp Lieu Ala Glu Gly 
435 4 40 4 45 

Phe Wall Glin Thr Glin Pro Ser Ser Ser Glu Asn. Phe Asn. Thir Lieu. Ile 
450 455 460 

Asp Arg Asn. Ile Ile Glu Pro Ile Gly Ile Cys Asn Asp Asp Glin Val 
465 470 475 480 

Lys Thr Cys Lys Thr Tyr Gly Met Met His Glu Phe Ile Leu Leu Met 
485 490 495 

Ser Thr Ser His Asp Phe Ile Thr Lieu Lieu. Cys Asn. Asn Lys Val Glu 
5 OO 505 51O. 

His Lys Tyr Val Arg Arg Lieu Ser Lieu. His His His Ser Ala Thr Ser 
515 52O 525 

Gly Ser Phe Ser Val Ile Asp Leu Ser Leu Val Arg Ser Leu Met Val 
530 535 540 

Phe Gly Glu Ala Gly Lys Thir Ile Leu Ser Phe Arg Lys Tyr Glu Lieu 
545 550 555 560 

Leu Arg Val Leu Asp Leu Glu Gln Cys Thr Asp Leu Glu Asp Asp His 
565 570 575 

Leu Lys Asp Ile Cys Asn Lieu Phe Leu Met Lys Tyr Lieu Ser Lieu Gly 
58O 585 59 O 

Glu Thir Ile Arg Ser Lieu Pro Lys Glu Ile Glu Lys Lieu Lys Lieu Lieu 
595 600 605 

Glu Thir Lieu. Asp Leu Arg Arg Thr Lys Wall Lys Thr Lieu Pro Ile Glu 
610 615 62O 

Val Lieu Lleu Lleu Pro Cys Lieu Lieu. His Leu Phe Gly Lys Phe Glin Phe 
625 630 635 640 

Ser Asp Lys Ile Lys Ile Thr Ser Asp Met Gln Lys Phe Phe Leu Thr 
645 650 655 

Gly Glin Ser Asn Leu Glu Thir Leu Ser Gly Phe Ile Thr Asp Gly Ser 
660 665 67 O 

Glin Gly Lieu Pro Gln Met Met Asn Tyr Met Asn Lieu Arg Lys Lieu Lys 
675 680 685 

Ile Trp Phe Glu Arg Ser Lys Arg Ser Thr Asn Phe Thr Asp Leu Val 
69 O. 695 7 OO 

Asn Ala Val Glin Lys Phe Ile His Asp Asp Lys Glu Ser Asn Asp Pro 
705 710 715 720 

Arg Ser Lieu Ser Lieu. His Phe Asp Asp Gly Thr Glu Asn. Ile Lieu. Asn 
725 730 735 

Ser Lieu Lys Ala Pro Cys Tyr Lieu Arg Ser Lieu Lys Lieu Lys Gly Asn 
740 745 750 

Leu Lieu Glu Lieu Pro Glin Phe Val Ile Ser Met Arg Gly Lieu Arg Glu 
755 760 765 

Ile Cys Lieu Ser Ser Thr Lys Lieu. Thir Ser Gly Lieu Lleu Ala Thr Lieu 
770 775 78O 

Ala Asn Lieu Lys Gly Lieu Glin His Lieu Lys Lieu. Ile Ala Asp Wall Leu 
785 790 795 8OO 
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Glu Asp Phe Ile Ile Glu Gly Glin Ala Phe Leu Gly Lieu Lieu. His Lieu 
805 810 815 

Cys Phe Val Lieu Glu Arg Ala Thr Lieu Pro Ile Ile Glu Gly Gly Ala 
820 825 83O 

Leu Pro Tyr Lieu. Ile Ser Lieu Lys Lieu. Ile Cys Lys Asp Leu Val Gly 
835 840 845 

Leu Gly Asp Ile Lys Ile Asn Arg Lieu Lys Cys Lieu Lys Glu Val Ser 
85 O 855 860 

Leu Asp His Arg Val Ala Ser Glu Thir Arg Glu Ile Trp Glu Lys Ala 
865 870 875 88O 

Ala Glu Lys His Pro Asn Arg Pro Llys Val Lieu Lieu Val Asn. Ser Ser 
885 890 895 

Asp Glu Ser Glu Ile Lys Ala Wall Asp Cys Ser Val Ala Ser Arg Pro 
9 OO 905 910 

Ala Val Ser Glu Ala Asn Gly. Thir Ser Pro Met Ser Glu Val Asp Val 
915 920 925 

Arg Glu Asp Asp Ile Glin Met Ile Lieu. Asn. Glin Gly Lieu Ser Ala Ala 
930 935 940 

Ala Glu Lys Glin Met Asn. Cys Ala Val Glin Pro Ser Ser Lys Ala Glu 
945 950 955 96.O 

Lieu. Asn. Ser Asp Phe Asn. Asn. Ile Ser Phe Pro Glu Val Ala Leu Gly 
965 970 975 

Lieu. Thr Glu Lieu 
98O 

<210> SEQ ID NO 4 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer a 20cforwa881 

<400 SEQUENCE: 4 

cagggcctac ttggtttagt aata 24 

<210 SEQ ID NO 5 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer a 20crev4920 

<400 SEQUENCE: 5 

ggg tactaca citagcc tatt act a 24 

<210> SEQ ID NO 6 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer a2Ofis 19 forw1110 

<400 SEQUENCE: 6 

cggittacaag gtc.tacccaa totg 24 

<210 SEQ ID NO 7 
<211& LENGTH 24 



US 2006/02231 O2 A1 Oct. 5, 2006 
57 

-continued 

&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer a2Ofis 19 rev1149 

<400 SEQUENCE: 7 

gtoaaacaga tagcc.gcaga ttgg 24 

<210 SEQ ID NO 8 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Oligonucleotide Primer n07 fis13 forwb.1524 

<400 SEQUENCE: 8 

tacaaaacta citgcaacgcc tata 24 

<210 SEQ ID NO 9 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Oligonucleotide Primer n07 fis13 rev51563 

<400 SEQUENCE: 9 

citcaccc.ca agtatatata gg.cg 24 

<210> SEQ ID NO 10 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer n07Bforw10439/53434 

<400 SEQUENCE: 10 

cattgg acct cittccccact aaga 24 

<210> SEQ ID NO 11 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer n07 Brevil 0478/53473 

<400 SEQUENCE: 11 

to cittgagtc. cagtgctott agtg 24 

<210> SEQ ID NO 12 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer n07 Aforwa333 

<400 SEQUENCE: 12 

gaaact aggc gcgtoaggitt titat 24 

<210> SEQ ID NO 13 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer n07 Arev4372 
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<400 SEQUENCE: 13 

aagg cago.ca citgaaaataa aacc 24 

<210> SEQ ID NO 14 
&2 11s LENGTH 954 
&212> TYPE PRT 

<213> ORGANISM: Oryza sativa 
&220s FEATURE 
<221 NAME/KEY: PEPTIDE 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Accession No: NP 910 480, Rice NBS-LRR 

<400 SEQUENCE: 14 

Met Glu Gly Ala Val Phe Ser Leu Thr Glu Gly Ala Val Arg Ser Leu 
1 5 10 15 

Lieu. Cys Lys Lieu Gly Cys Lieu Lieu. Thr Glu Asp Thr Trp Lieu Val Glin 
2O 25 30 

Gly Wal His Gly Glu Ile Glin Tyr Ile Lys Asp Glu Lieu Glu Cys Met 
35 40 45 

Asn Ala Phe Leu Arg Asn Lieu. Thir Ile Ser Glin Ile His Asp Asp Glin 
50 55 60 

Val Arg Ile Trp Met Lys Glin Val Arg Glu Ile Ala Tyr Asp Ser Glu 
65 70 75 8O 

Asp Cys Ile Asp Glu Phe Ile His Asn Leu Gly Glu Ser Ser Glu Met 
85 90 95 

Gly Phe Phe Gly Gly Lieu. Ile Ser Met Leu Arg Lys Lieu Ala Cys Arg 
100 105 110 

His Arg Ile Ala Leu Gln Leu Glin Glu Lieu Lys Ala Arg Ala Glin Asp 
115 120 125 

Val Gly Asp Arg Arg Ser Arg Tyr Gly Val Glu Lieu Ala Lys Ala Thr 
130 135 1 4 0 

His Glu Glu Ala His Pro Arg Lieu. Thir Arg His Ala Ser Lieu. His Ile 
145 15 O 155 160 

Asp Pro Glin Lieu. His Ala Leu Phe Ala Glu Glu Ala Glin Leu Val Gly 
1.65 170 175 

Ile Asp Glu Pro Arg Asn. Glu Lieu Val Ser Trp Leu Met Glu Glu Asp 
18O 185 19 O 

Leu Arg Lieu Arg Val Lieu Ala Ile Val Gly Phe Gly Gly Lieu Gly Lys 
195 200 2O5 

Thir Thr Leu Ala Arg Met Val Cys Gly Ser Pro Val Val Lys Ser Ala 
210 215 220 

Asp Phe Glin Cys Cys Pro Leu Phe Ile Ile Ser Gln Thr Phe Asin Ile 
225 230 235 240 

Arg Ala Leu Phe Gln His Met Val Arg Glu Leu Ile Glin Glu Pro His 
245 250 255 

Lys Ala Met Ala Ile Ala Gly Cys Lys His Gly Lieu. Ile Thr Asp Asp 
260 265 27 O 

Tyr Lieu Glu Gly Met Glu Arg Trp Glu Val Ala Ala Lieu. Thir Lys Asn 
275 280 285 

Leu Arg Arg Tyr Phe Glin Asp Lys Arg Tyr Ile Val Ile Leu Asp Asp 
29 O 295 3OO 

Ile Trp Thr Val Ser Ala Trp Glu Ser Ile Arg Cys Ala Leu Pro Asp 
305 310 315 320 
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Asn Lieu Lys Gly Ser Arg Ile Ile Val Thir Thr Arg Asn Ala Asp Val 
325 330 335 

Ala Asn. Thir Cys Cys Ser Arg Pro Glin Asp Arg Ile Tyr Asn. Ile Glin 
340 345 35 O 

Arg Leu Ser Glu Thir Thr Ser Arg Glu Leu Phe Phe Lys Lys Ile Phe 
355 360 365 

Gly Phe Ala Asp Asp Lys Ser Pro Thr Asp Glu Phe Glu Glu Val Ser 
370 375 38O 

Asn Ser Val Lieu Lys Lys Cys Gly Gly Lieu Pro Leu Ala Ile Val Asn 
385 390 395 400 

Ile Gly Ser Lieu Lleu Ala Ser Lys Thr Asn Arg Thr Lys Glu Glu Trp 
405 410 415 

Glin Lys Val Cys Asn. Asn Lieu Gly Ser Glu Lieu Glu Asn. Asn Pro Thr 
420 425 43 O 

Leu Glu Gly Val Lys Glin Val Lieu. Thir Lieu Ser Tyr Asn Asp Leu Pro 
435 4 40 4 45 

Tyr His Lieu Lys Ala Cys Phe Leu Tyr Lieu Ser Ile Phe Pro Glu Asn 
450 455 460 

Tyr Val Ile Lys Arg Gly Pro Leu Val Arg Arg Trp Ile Ala Glu Gly 
465 470 475 480 

Phe Val Ser Glin Arg His Gly Glin Ser Met Glu Gln Leu Ala Glu Ser 
485 490 495 

Tyr Phe Asp Glu Phe Val Ala Arg Ser Ile Val Glin Pro Val Arg Thr 
5 OO 505 51O. 

Asp Trp Thr Gly Lys Val Arg Ser Cys Arg Val His Asp Leu Met Lieu 
515 52O 525 

Asp Val Ile Val Ser Arg Ser Ile Glu Glu Asn Phe Ala Ser Phe Leu 
530 535 540 

Cys Asp Asn Gly Ser Thr Lieu Ala Ser His Asp Lys Ile Arg Arg Lieu 
545 550 555 560 

Ser Ile His Ser Ser Tyr Asn Ser Ser Glin Lys Thr Ser Ala Asn Val 
565 570 575 

Ser His Ala Arg Ser Phe Thr Met Ser Ala Ser Val Glu Glu Val Pro 
58O 585 59 O 

Phe Phe Phe Pro Glin Leu Arg Lieu Lieu Arg Val Lieu. Asp Leu Glin Gly 
595 600 605 

Cys Ser Cys Leu Ser Asn Glu Thr Leu. His Cys Met Cys Arg Phe Phe 
610 615 62O 

Glin Leu Lys Tyr Lieu Ser Leu Arg Asn. Thir Asn. Wal Ser Lys Lieu Pro 
625 630 635 640 

His Lieu Lieu Gly Asn Lieu Lys His Leu Glu Thir Lieu. Asp Ile Arg Ala 
645 650 655 

Thr Lieu. Ile Lys Lys Lieu Pro Ala Ser Ala Gly Asn Lieu Ser Cys Lieu 
660 665 67 O 

Lys His Lieu Phe Ala Gly. His Lys Val Glin Lieu. Thr Arg Thr Ala Ser 
675 680 685 

Val Lys Phe Leu Arg Glin Ser Ser Gly Leu Glu Val Ala Thr Gly Val 
69 O. 695 7 OO 

Val Lys Asn Met Val Ala Leu Glin Ser Leu Val His Ile Val Val Lys 
705 710 715 720 
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Asp Llys Ser Pro Val Lieu Arg Glu Ile Gly Lieu Lieu Glin Asn Lieu. Thr 
725 730 735 

Lys Lieu. Asn Val Lieu Lieu Arg Gly Val Glu Glu Asn Trp Asn Ala Phe 
740 745 750 

Leu Glu Ser Lieu Ser Lys Lieu Pro Gly Pro Leu Arg Ser Lieu Ser Ile 
755 760 765 

His Thr Lieu. Asp Glu Lys Glu. His Ser Lieu Ser Lieu. Asp Asn Lieu Ala 
770 775 78O 

Phe Val Glu Ser Pro Pro Leu Phe Ile Thr Lys Phe Ser Leu Ala Gly 
785 790 795 8OO 

Glu Lieu Glu Arg Lieu Pro Pro Trp Ile Pro Ser Leu Arg Asn Val Ser 
805 810 815 

Arg Phe Ala Lieu Arg Arg Thr Glu Lieu. His Ala Asp Ala Ile Gly Val 
820 825 83O 

Leu Gly Asp Leu Pro Asn Lieu Lieu. Cys Lieu Lys Lieu. Tyr His Lys Ser 
835 840 845 

Tyr Ala Asp Asn. Cys Ile Val Phe Cys His Gly Lys Phe Wall Lys Lieu 
85 O 855 860 

Lys Lieu Lieu. Ile Ile Asp Asn Lieu Glu Arg Ile Glu Lys Met Glin Phe 
865 870 875 88O 

Asp Ala Gly Ser Val Thr Asn Lieu Glu Arg Lieu. Thir Lieu Ser Phe Lieu 
885 890 895 

Arg Glu Pro Llys Tyr Gly Ile Ser Gly Lieu Glu Asn Lieu Pro Llys Lieu 
9 OO 905 910 

Lys Glu Ile Glu Phe Phe Gly Asp Ile Ile Leu Ser Val Val Thr Lys 
915 920 925 

Val Ala Ser Cys Val Lys Ala His Pro Asn His Pro Arg Val Ile Gly 
930 935 940 

Asp Llys Trp Asn. Ile Val Thr Glu Tyr Ala 
945 950 

<210 SEQ ID NO 15 
&2 11s LENGTH 953 
&212> TYPE PRT 

<213> ORGANISM: Oryza sativa 
&220s FEATURE 
<221 NAME/KEY: PEPTIDE 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Accession No. NP 910 483 Rice NBS-LRR 

<400 SEQUENCE: 15 

Met Glu Gly Ala Ile Phe Ser Val Ala Glu Gly. Thr Val Arg Ser Leu 
1 5 10 15 

Leu Ser Lys Lieu Ser Ser Lieu Lleu Ser Glin Glu Ser Trp Phe Val Arg 
2O 25 30 

Gly Wal His Gly Asp Ile Glin Tyr Ile Lys Asp Glu Lieu Glu Ser Met 
35 40 45 

Asn Ala Phe Leu Arg Tyr Lieu. Thr Val Lieu Glu Asp His Asp Thr Glin 
50 55 60 

Val Arg Ile Trp Met Lys Glin Val Arg Glu Ile Ala Tyr Asp Ala Glu 
65 70 75 8O 

Asp Cys Ile Asp Glin Phe Thr His His Leu Gly Glu Ser Ser Gly Ile 
85 90 95 

Gly Phe Leu Tyr Arg Lieu. Ile Tyr Ile Leu Gly Lys Lieu. Cys Cys Arg 
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100 105 110 

His Arg Ile Ala Met Gln Leu Glin Glu Lieu Lys Ala Arg Ala Glin Asp 
115 120 125 

Val Ser Glu Arg Arg Ser Arg Tyr Glu Val Met Leu Pro Llys Thr Thr 
130 135 1 4 0 

Leu Glin Gly Ala Gly Pro Arg Lieu. Thir Arg His Ala Ser Arg His Lieu 
145 15 O 155 160 

Asp Pro Glin Lieu. His Ala Leu Phe Thr Glu Glu Ala Glin Leu Val Gly 
1.65 170 175 

Leu Asp Glu Pro Arg Asp Lys Lieu Val Arg Trp Wal Met Glu Ala Asp 
18O 185 19 O 

Pro Cys Arg Arg Val Lieu Ala Ile Val Gly Phe Gly Gly Lieu Gly Lys 
195 200 2O5 

Thir Thr Leu Ala Arg Met Val Cys Glu Asn Pro Met Val Lys Gly Ala 
210 215 220 

Asp Phe His Cys Cys Pro Leu Phe Ile Val Ser Gln Thr Phe Asin Ile 
225 230 235 240 

Arg Thr Leu Phe Glin Tyr Met Ile Arg Glu Leu Ile Glin Arg Pro Asn 
245 250 255 

Lys Ala Met Ala Val Ala Gly Gly Lys His Gly His Thr Met Asp Gly 
260 265 27 O 

Asn Met Asp Gly Met Glu Arg Trp Glu Val Ala Val Leu Ala Glu Lys 
275 280 285 

Val Arg Glin Tyr Lieu Lieu. Asp Llys Tyr Ile Val Ile Phe Asp Asp Ile 
29 O 295 3OO 

Trp. Thir Ile Ser Ala Trp Glu Ser Ile Arg Cys Ala Lieu Pro Asp Asn 
305 310 315 320 

Lys Lys Gly Ser Arg Val Ile Ile Thir Thr Arg Asn. Glu Asp Wall Ala 
325 330 335 

Asn Thr Cys Cys Ser Gly Pro Glin Asp Glin Val Tyr Lys Met Glin Arg 
340 345 35 O 

Leu Ser Asp Ala Ala Ser Arg Glu Lieu Phe Phe Lys Arg Ile Phe Gly 
355 360 365 

Ser Ala Asp Ile Ser Ser Asn. Glu Glu Lieu. Asp Glu Val Ser Asn. Ser 
370 375 38O 

Ile Leu Lys Lys Cys Gly Gly Lieu Pro Leu Ala Ile Val Ser Ile Gly 
385 390 395 400 

Ser Lieu Val Ala Ser Lys Thr Asn Arg Thr Lys Glu Glu Trp Glin Lys 
405 410 415 

Ile Cys Asp Asn Lieu Gly Ser Glu Lieu Glu Thir Asn. Pro Thr Lieu Glu 
420 425 43 O 

Val Ala Lys Glin Val Lieu. Thir Lieu Ser Tyr Asn Asp Leu Pro Tyr His 
435 4 40 4 45 

Leu Lys Ala Cys Phe Leu Tyr Leu Ser Ile Phe Pro Glu Asn Tyr Val 
450 455 460 

Ile Arg Arg Gly Pro Leu Val Arg Arg Trp Ile Ala Glu Gly Phe Val 
465 470 475 480 

Asn Glin Arg His Gly Leu Ser Met Glu Glu Val Ala Glu Ser Tyr Phe 
485 490 495 

Asp Glu Phe Val Ala Arg Ser Ile Val Glin Pro Wall Lys Ile Asp Trip 
5 OO 505 51O. 
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Ser 

Ile 

Asn 
545 

His 

Wall 

Phe 

Lys 
625 

Ile 

Ile 

Teu 

Asn 
705 

Pro 

Asn 

Ser 

Teu 

Ala 
785 

Teu 

Ile 

Gly 

Ala 

Met 
865 

Glu 

Gly 

Ile 
530 

Gly 

Asn 

Arg 

Pro 

Telu 
610 

Telu 

Phe 
69 O. 

Met 

Ala 

Wall 

Telu 

Asp 
770 

Glu 

Glin 

Thr 

Asp 

Asp 
85 O 

Telu 

Gly 

Pro 

Lys 
515 

Ser 

His 

Ser 

Ser 

Glin 
595 

Asn 

Telu 

Asn 

Arg 

Wall 
675 

Arg 

Met 

Wall 

Telu 

Wall 
755 

Glu 

Ser 

Arg 

Phe 

Telu 
835 

Asp 

Wall 

Ser 

Wall 

Pro 

His 

Phe 

Met 

Asn 

Thr 

Telu 

Telu 
660 

Gly 

Pro 

Ala 

Lel 

Phe 
740 

Lel 

Arg 
820 

Pro 

His 

Ile 

Wall 

Asp 
9 OO 

Arg 

Ser 

Teu 

Asn 
565 

Thr 

Arg 

Ser 

Teu 

Lys 
645 

Pro 

His 

Asp 

Teu 

Ser 
725 

Arg 

Teu 

Glu 

Pro 

Pro 
805 

Asp 

Asn 

Ile 

Pro 
885 

Gly 

Thr 

Teu 

Wall 
550 

Ser 

Met 

Teu 

Thr 

Arg 
630 

Ser 

Glin 
710 

Glu 

Gly 

Thr 

His 

Teu 
790 

Pro 

Thr 

Teu 

Phe 

Asn 
870 

Asn 

Ile 

Cys 

Glu 
535 

Cys 

Wall 

Ser 

Teu 

Teu 
615 

Lys 

Teu 

Ser 

Wall 

Gly 
695 

Ser 

Ile 

Wall 

Gly 

Ser 
775 

Phe 

Trp 

Gly 

Teu 

Phe 
855 

Met 

Teu 

Thr 

Arg 

Glu 

His 

Glin 

Ala 

Arg 
600 

Asn 

Thr 

Glu 

Ala 

Glin 
680 

Telu 

Telu 

Gly 

Glu 

Ser 
760 

Ser 

Ile 

Ile 

Telu 

Cys 
840 

Ala 

Glu 

Glu 

Gly 

Wall 

Asn 

Asp 

Arg 

Ser 
585 

Wall 

Tyr 

Asn 

Thr 

Ser 
665 

Telu 

Glu 

Ala 

Glin 

Glu 
745 

Telu 

Ser 

Arg 

Pro 

His 
825 

Telu 

His 

Asn 

Trp 

Telu 
905 

His 

Phe 

Thr 
570 

Wall 

Telu 

Ile 

Ile 

Telu 
650 

Asn 

Thr 

Met 

His 

Telu 
730 

Asn 

Arg 

Telu 

Asn 

Ser 
810 

Ala 

Gly 

Ile 

Telu 
890 

Glu 

Asp 

Ala 

Ile 
555 

Arg 

Glu 

Asp 

Gly 
635 

Asp 

Teu 

Arg 

Thr 

Ile 
715 

Glin 

Trp 

Ser 

Glu 

Phe 
795 

Teu 

Glu 

Teu 

Asn 

Arg 
875 

Thr 

Asn 
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Met 

Ser 
540 

Arg 

Wall 

Glu 

Teu 

Lys 

Ile 

Ser 

Thr 

Ala 
7 OO 

Wall 

Asn 

Teu 

Tyr 

Ser 

Arg 

Ala 

Phe 
860 

Asn 

Ile 

Teu 

Met 
525 

Phe 

Arg 

Ser 

Wall 

Glin 
605 

Phe 

Teu 

Arg 

Thr 
685 

Gly 

Wall 

Teu 

Ala 

Ser 
765 

Teu 

Teu 

Asn 

Ile 

Glin 
845 

Teu 

Wall 

Ala 

Teu 

Telu 

Telu 

Telu 

Wall 

Pro 
59 O 

Gly 

Pro 

Ala 

Telu 
67 O 

Ser 

Wall 

Glin 

Phe 
750 

Ile 

Ala 

Wall 

Gly 
83O 

Arg 

His 

Phe 

Lys 
910 

Glu 

Cys 

Ser 

Ser 
575 

Met 

Ser 

Glin 

Arg 

Thr 
655 

Wall 

Wall 

Glu 

Lys 
735 

Telu 

His 

Telu 

Gly 

Ser 
815 

Wall 

Ser 

Telu 

Phe 

Telu 
895 

Telu 

Wall 

Asp 

Ile 
560 

His 

Phe 

Ser 

Telu 

Telu 
640 

Arg 

His 

Arg 
720 

Telu 

Glin 

Ile 

Ile 

Lys 
8OO 

Arg 

Telu 

Arg 

Glu 
88O 

Glin 

Oct. 5, 2006 
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Glu Ile Glu Phe Phe Gly Asp Ile Ile Leu Ser Met Val Thr Lys Val 
915 920 925 

Ala Ser Cys Met Lys Ala His Pro Asn Arg Pro Arg Val Ile Gly Asp 
930 935 940 

Lys Trp Asn. Asn Val Thr Glu Tyr Ala 
945 950 

<210> SEQ ID NO 16 
&2 11s LENGTH 989 
&212> TYPE PRT 

<213> ORGANISM: Oryza sativa 
&220s FEATURE 
<221 NAME/KEY: PEPTIDE 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Accession No: NP 910 482 Rice NBS-LRR 

<400 SEQUENCE: 16 

Met Glu Gly Ala Ile Val Ser Lieu. Thr Glu Gly Ala Val Arg Gly Lieu 
1 5 10 15 

Leu Arg Lys Lieu Ala Gly Val Lieu Ala Glin Glu Ser Ser Pro Ala Glin 
2O 25 30 

Arg Val His Gly Glu Val Glin Tyr Ile Lys Asp Glu Lieu Glu Ser Met 
35 40 45 

Asn Ala Phe Leu Arg Ser Val Ser Thr Ser Pro Glu Asp Ala Ala Gly 
50 55 60 

His Asp Asp Glin Val Arg Val Trp Met Lys Glin Val Arg Glu Ile Ala 
65 70 75 8O 

Tyr Asp Ala Glu Asp Cys Ile Asp Val Phe Val Arg Gly Arg Ser His 
85 90 95 

Pro Ala Ala Ala Ala Gly Asp Glu Gly Arg Lieu Val Ala Ser Lieu Arg 
100 105 110 

Arg Phe Val Arg Lieu Lleu Ala Gly Ala Leu Gly Val Gly Gly Gly Asp 
115 120 125 

Arg Ser Val Ala Ala Glin Leu Arg Glu Lieu Lys Ala Arg Ala Arg Asp 
130 135 1 4 0 

Ala Gly Glu Arg Arg Thr Arg Tyr Gly Val Ser Lieu Ala Ala Ala Ala 
145 15 O 155 160 

Val Arg Gly Gly Gly Gly Ser Ser Ser Ser Gly Arg Lieu. Asp Pro Arg 
1.65 170 175 

Lieu. His Ala Lieu Phe Thr Glu Glu Ala Glin Leu Val Gly Ile Asp Gly 
18O 185 19 O 

Pro Arg Glu Glu Leu Val Gly Trp Val Met Glu Glu Glu Pro Arg Leu 
195 200 2O5 

Arg Val Leu Ala Val Val Gly Phe Gly Gly Leu Gly Lys Thr Thr Leu 
210 215 220 

Ala Arg Met Val Cys Gly Ser Pro Arg Val Lys Gly Ala Ala Asp Phe 
225 230 235 240 

Gln Cys Ser Pro Pro Leu Val Val Val Ser Gln Thr Phe Ser Ile Thr 
245 250 255 

Ala Lieu Phe Glin His Lieu Lleu Arg Glu Lieu. Ile Glin Arg Pro Arg Lys 
260 265 27 O 

Ala Met Ala Ala Wall Ala Ala Ala Gly Gly Gly Gly Gly Asp Lieu Val 
275 280 285 

Ala Tyr Asp Ala Leu Glin Gly Met Glu Arg Trp Glu Thir Ala Ala Lieu 
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29 O 295 3OO 

Ala Ser Lys Ala Glu Gly Ile Pro Ala Arg Glin Lys Phe Val His Ile 
305 310 315 320 

Cys Gly. Thir Ile Thr Lieu. Tyr Arg Tyr Ile Val Ile Lieu. Asp Asp Ile 
325 330 335 

Trp Ser Ser Ser Ala Trp Glu Ser Ile Lys Cys Ala Phe Pro Asp Asn 
340 345 35 O 

Lys Lys Gly Ser Arg Ile Ile Val Thir Thr Arg Asn. Glu Asp Wall Ala 
355 360 365 

Asn Thr Cys Cys Cys Arg Pro Glin Asp Arg Ile Tyr Lys Ile Glin Arg 
370 375 38O 

Leu Ser Asp Ala Ala Ser Arg Glu Lieu Phe Phe Lys Arg Ile Phe Gly 
385 390 395 400 

Met Ala Asp Ala Gly Ala Pro Asp Asp Asp Glu Lieu Lys Glin Val Ser 
405 410 415 

Asp Ser Ile Leu Lys Lys Cys Gly Gly Lieu Pro Leu Ala Ile Val Ser 
420 425 43 O 

Ile Gly Ser Lieu Lleu Ala Ser Lys Pro Asn Arg Ser Lys Glu Glu Trp 
435 4 40 4 45 

Glin Lys Val Cys Asp Asn Lieu Gly Ser Glu Lieu Glu Ser Asn Pro Thr 
450 455 460 

Leu Glu Gly Thr Lys Glin Val Leu Thr Leu Ser Tyr Asn Asp Leu Pro 
465 470 475 480 

Tyr His Lieu Lys Ala Cys Phe Leu Tyr Lieu Ser Ile Phe Pro Glu Asn 
485 490 495 

His Val Ile Lys Arg Gly Pro Leu Val Arg Met Trp Ile Ala Glu Gly 
5 OO 505 51O. 

Phe Val Thr Glin Arg His Gly Leu Ser Met Glu Glin Val Gly Glu Arg 
515 52O 525 

Tyr Phe Asp Glu Phe Val Ser Arg Ser Met Val His Leu Val Arg Ile 
530 535 540 

Asp Trp Ser Gly Lys Val Arg Ser Cys Lys Wal His Asp Ile Met Lieu 
545 550 555 560 

Glu Val Ile Val Ser Lys Ser Leu Glu Glu Asn Phe Ala Ser Phe Phe 
565 570 575 

Cys Asp Asn Gly Thr Glu Lieu Val Ser His Asp Lys Ile Arg Arg Lieu 
58O 585 59 O 

Ser Ile Arg Ser Ser Ser Tyr Ser Ser Ala Glin Arg Thr Ser Asn Ser 
595 600 605 

Val Ala His Val Arg Thr Phe Arg Met Ser Pro Ser Ile Asp Asin Ile 
610 615 62O 

Pro Phe Phe Phe Pro Gln Leu Arg Leu Leu Arg Val Leu Asp Met Glin 
625 630 635 640 

Gly Ser Arg Cys Met Ser Asn Lys Asn Lieu. Asp Cys Ile Cys Arg Phe 
645 650 655 

Phe Glin Lieu Lys Tyr Lieu Ser Lieu Arg Asn. Thir Ser Val Ser Ile Leu 
660 665 67 O 

Pro Arg Lieu. Ile Gly Asn Lieu. Asn His Leu Glu Thir Lieu. Asp Ile Arg 
675 680 685 

Glu Thir Lieu. Ile Lys Lys Lieu Pro Ser Ser Ala Ala Asn Lieu. Thir Cys 
69 O. 695 7 OO 
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Leu Lys His Lieu Lleu Ala Gly His Lys Glu Glin Lieu. Thir Arg Thr Ser 
705 710 715 720 

Ser Val Lys Phe Leu Arg Pro Ser Ser Gly Leu Lys Met Ser His Gly 
725 730 735 

Val Ile Arg Asn Met Ala Lys Lieu Glin Ser Lieu Val His Val Glu Ile 
740 745 750 

Lys Glu His Pro Ser Val Phe Glin Glu Ile Ala Leu Lleu Glin Asn Lieu 
755 760 765 

Arg Lys Lieu Ser Val Lieu Phe Tyr Gly Ile Glu Val Asn Trp Llys Pro 
770 775 78O 

Phe Leu Glu Lieu Lleu. Asn Met Leu Ser Gly Ser Val Arg Ser Lieu Ser 
785 790 795 8OO 

Ile Asp Ile Phe Asp Ala Glin Gly Asn. Ile Ser Ile Ser Ser Lieu Glu 
805 810 815 

Met Leu Ser Ser Leu Wal Ser Pro Pro Ile Phe Ile Thr Ser Phe Ser 
820 825 83O 

Lieu. Thr Gly Lys Lieu Gly Ser Lieu Pro Pro Trp Val Ala Ser Lieu Arg 
835 840 845 

Ser Val Ser Arg Lieu. Thir Lieu Arg Arg Ser Glin Leu Arg Ala Asp Ala 
85 O 855 860 

Ile His Val Lieu Gly Gly Lieu Glin Asn Lieu Lieu. Cys Lieu Lys Lieu. Tyr 
865 870 875 88O 

His Lys Ser Tyr Ala Asp Asp Arg Lieu Val Phe Pro Glin Gly Gly Phe 
885 890 895 

Ala Arg Wall Lys Lieu Lieu. Ile Asp Asp Asn Lieu Val Asn Lieu Glu Lys 
9 OO 905 910 

Lieu. His Phe Asn. Glu Gly Ser Met Pro Asn Lieu Glu Arg Lieu. Thir Lieu 
915 920 925 

Ser Phe Leu Arg Glu Pro Lys Asp Gly Ile Ser Gly Lieu. Asn. Asn Lieu 
930 935 940 

Leu Lys Leu Lys Glu Val Glu Phe Phe Gly Asn Ile Val Ser Ser Val 
945 950 955 96.O 

Val Ser Lys Val Val Ser Cys Val Lys Asp His Pro Asn His Pro Arg 
965 970 975 

Val Val Gly Asp Lys Trp Asn Ile Val Thr Val Tyr Asn 
98O 985 

<210 SEQ ID NO 17 
&2 11s LENGTH 998 
&212> TYPE PRT 

<213> ORGANISM: Oryza sativa 
&220s FEATURE 
<221 NAME/KEY: PEPTIDE 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Accession No. NP 921091. 1 Rice disease 

resistance protein 

<400 SEQUENCE: 17 

Met Glu Thir Ala Val Leu Ser Ala Val Leu Arg Thr Leu Gly Pro Lys 
1 5 10 15 

Leu Tyr Ala Phe Leu Arg Asp Gly His Asp Leu Lleu Arg Arg Asp Lieu 
2O 25 30 

Glu Arg Asp Wal His Tyr Ile Arg Asn. Glu Lieu Ala Met Ile Ala Ala 
35 40 45 
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Ala Ile Glu Glu His Asp Arg Arg Pro Pro Pro Ala Ala Gly Asp Val 
50 55 60 

Arg Ser Ala Trp Ile Arg Gly Val Arg Asp Leu Ala Cys Asp Met Glu 
65 70 75 8O 

Asp Cys Val Asp Arg Phe Val His Arg Ala Thr Gly. His Gly Lieu Ala 
85 90 95 

Ser Met Gly Ala Arg Ala Lys Phe Ala Ala Val Ile Glin Glu Lieu Arg 
100 105 110 

Arg Lys Ser Glu Glu Lieu Ser Arg Lieu Arg Ala Ser Tyr Ala Ala Ala 
115 120 125 

Ala Gly Glu Pro Ser Cys Trp Val Ala Thr Gly Ser Ser Ala Leu Thr 
130 135 1 4 0 

Leu Pro Ala Ser Ser Ser Glu Ala His Thr Lieu Ala Ser Asp Ile Val 
145 15 O 155 160 

Gly Met Asp Gly Pro Arg Asp Glu Ile Leu Glu Lieu. Ile Gly Glu Thr 
1.65 170 175 

Glin Gly Glin Leu Lys Val Ile Ser Ile Val Gly Phe Gly Gly Lieu Gly 
18O 185 19 O 

Lys Thr Lieu Lieu Ala Arg Glin Ile Tyr Glu Ser Asp Ala Val Ala Ala 
195 200 2O5 

Glin Phe His Pro Arg Ile Trp Val Arg Ala Ala Gly Lys Asn Ala Glu 
210 215 220 

Asp Wall Leu Met Asp Ile Leu Glin Gln Leu Gly Met Pro Val His His 
225 230 235 240 

Cys His Ala Ser Asn Lieu Val Val Asn Lieu Arg Asn. Cys Lieu Glu Ser 
245 250 255 

Lys Arg Phe Phe Val Val Ile Asp Asp Met Glin Arg Glu Tyr Trp Asn 
260 265 27 O 

Ser Ser Phe Arg Asn Ala Phe Pro Ser Asp Thr Gly Leu Ser Ser Ile 
275 280 285 

Val Ile Val Thr Thr Ala Ile Glin Ser Ile Ala Asn Ala Cys Ser Ser 
29 O 295 3OO 

Arg Asn Ser His Val Tyr Val Met Arg Thr Leu Asn Glu Glu His Ser 
305 310 315 320 

Arg Glin Leu Phe Leu Lys Glu Ala Ser Trp Lys Asp Tyr Pro Pro Gly 
325 330 335 

Ser Glu Ala Ile Leu Lys Lys Cys Asp Gly Lieu Pro Leu Ala Lieu Val 
340 345 35 O 

Thir Thr Ala Glin Phe Leu Gln Ser Arg Cys Glin Gln Gln Pro Leu Gly 
355 360 365 

Cys Ala Lys Lieu. Cys Asp Asn Lieu Gly Lys His Leu Val Thr Glu Asp 
370 375 38O 

Thr Leu Ala Arg Met Lys Arg Val Leu Val His His Tyr Ser Ser Leu 
385 390 395 400 

Pro Gly. His Val Ile Lys Ala Cys Lieu Lleu Tyr Lieu Gly Ile Phe Pro 
405 410 415 

Ser Gly His Pro Val Arg Arg Lys Thr Lieu. Ile Arg Arg Trp Ser Ala 
420 425 43 O 

Glu Gly Phe Val Gly Ala Asp His His Arg Ser Ser Lieu. Asp Wall Ala 
435 4 40 4 45 
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Ile Asp Ser Phe Glu Glu Leu Val Asn Arg Ser Ile Ile Glin Pro Val 
450 455 460 

Asp Val Ser Ser Asn Thr Glu Val Lys Thr Cys Gln Thr His Gly Met 
465 470 475 480 

Met Leu Glu Phe Ile Leu. His Lys Ser Ile Cys Asp Asn Phe Ile Thr 
485 490 495 

Phe Leu Tyr Gly Glin Ala Arg Lieu Pro Asp Lys Ile Arg Cys Val Ser 
5 OO 505 51O. 

Ile Glin Glin Asn. Ser Gly Ser Lys Thr Arg Val Asp Ser Asp Ile Asp 
515 52O 525 

Leu Ser Lieu Val Arg Ser Lieu. Thir Ile Phe Gly Lys Ala His Lys Ser 
530 535 540 

Phe Lieu. Asn. Phe Ser Arg Tyr Lys Lieu Lieu Arg Val Lieu. Asp Leu Glu 
545 550 555 560 

Glu Cys Asp Glu Lieu Glu Asp Glu His Lieu Lys Lys Ile Cys Lys Arg 
565 570 575 

Leu Lleu Lleu Lys Tyr Lieu Ser Lieu Gly Arg Gly Ile Thr Val Lieu Pro 
58O 585 59 O 

Lys Glu Ile Ala Lys Lieu Lys Phe Leu Glu Thir Lieu. Asp Leu Arg Arg 
595 600 605 

Thr Val Ile Llys Phe Leu Pro Ile Glin Val Leu Glu Leu Pro Cys Leu 
610 615 62O 

Ile His Leu Phe Gly Val Phe Lys Ile Glin Asp Ala Asp Glin Gln Met 
625 630 635 640 

Arg Lys Lieu Lys Ser Phe Lieu. Thr Glu Lys Ser Lys Lieu Glu Thir Lieu 
645 650 655 

Ala Gly Phe Val Thr Asp Arg Cys Glin Thr Phe Pro Gln Leu Met Lys 
660 665 67 O 

His Met Thr Asn Lieu Ala Lys Wall Lys Ile Trp Cys Glu Asn. Thir Ala 
675 680 685 

Asp Ala Ser Ser Ser Ser Asn. Ser Asp Wal His Leu Ser Glu Ala Ile 
69 O. 695 7 OO 

Glin Glu Phe Ile Glin Arg Gly Thr Asp Wall Asn Asp Val Arg Ser Lieu 
705 710 715 720 

Ser Lieu. Asp Val Gly Glu Cys Ser Glin Glu Phe Lieu. Asn. Phe Ser Lieu 
725 730 735 

Gly Asp Ser Cys Tyr Lieu Ser Ser Lieu Lys Lieu Lys Gly Asn Lys Ile 
740 745 750 

Cys Arg Leu Pro Pro Phe Val Thr Ser Leu Ala Val Leu Thr Asp Leu 
755 760 765 

Cys Lieu Ser Ser Ser Asp Arg Lieu Ser Ser Asp Val Lieu Ala Ala Lieu 
770 775 78O 

Ser Asn Val Arg Ala Leu Arg Tyr Lieu Lys Lieu. Ile Ala Arg His Lieu 
785 790 795 8OO 

Asp Arg Phe Val Ile Glu Arg Gly Asp Leu Glin Ser Leu Arg Arg Lieu 
805 810 815 

His Ile Val Val Val Ser Met Thr Thr Met Ser Lys Glin Glin Pro Glu 
820 825 83O 

Ile Glin Glu Gly Ala Leu Pro Asn Lieu Glu Ser Phe His Lieu Lieu. Cys 
835 840 845 

Lys Asp Lieu. Asp Gly Pro Cys Gly His Gly Gly Ile Arg Ile Asp Ser 
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85 O 855 860 

Leu Gly Lieu Gly Cys Lieu Arg Glu Ile Val Lieu. Asp Asp Gly Val Arg 
865 870 875 88O 

Glu Thir Ala Lys Glu Gln Trp Lys Asp Ala Ala Arg Arg His Pro Lys 
885 890 895 

Arg Pro Llys Val Val Phe Val Gly Ala Gly Asp Val Val Asp Arg Arg 
9 OO 905 910 

Arg Val Gly Ala Ala Ala Ala Ala Ala Pro Ala Ala Gly Glu Ser Asn 
915 920 925 

Ser Ala Met Ala Pro Ala Ala Val Ala Ser Val Val Ala Ala Gly Asp 
930 935 940 

Wall Lys Arg Pro Ala Arg Glu Glu Ser Asp Ile Ser Ala Ala Lieu Ala 
945 950 955 96.O 

Ser Lieu Pro Ala Lys Met Ala Arg Lieu Lieu Gly Ala Ala Ser Ile His 
965 970 975 

Glin Ser Ser Gly Thr Glin Gly Glu Lieu Ser Cys Gly Gly Asn Gly Ala 
98O 985 99 O 

Ser Glin Arg His Phe Ser 
995 

<210> SEQ ID NO 18 
&2 11s LENGTH 958 
&212> TYPE PRT 

<213> ORGANISM: Hordeum vulgare 
&220s FEATURE 
<221 NAME/KEY: PEPTIDE 
<222> LOCATION: (0) . . . (O) 
<223> OTHER INFORMATION: Accession No. AAG37354, Barley powdery mildew 

resistance protein 

<400 SEQUENCE: 18 

Met Asp Ile Val Thr Gly Ala Ile Ser Asn Lieu. Ile Pro Llys Lieu Gly 
1 5 10 15 

Glu Lieu Lieu. Thr Glu Glu Phe Lys Lieu. His Lys Gly Wall Lys Lys Asn 
2O 25 30 

Ile Glu Asp Leu Gly Lys Glu Lieu Glu Ser Met Asn Ala Ala Lieu. Ile 
35 40 45 

Lys Ile Gly Glu Val Pro Arg Glu Gln Leu Asp Ser Glin Asp Llys Lieu 
50 55 60 

Trp Ala Asp Glu Val Arg Glu Lieu Ser Tyr Val Ile Glu Asp Val Val 
65 70 75 8O 

Asp Llys Phe Lieu Val Glin Val Asp Gly Ile Glin Phe Asp Asp Asn. Asn 
85 90 95 

Asn Lys Phe Lys Gly Phe Met Lys Arg Thr Thr Glu Lieu Lleu Lys Lys 
100 105 110 

Wall Lys His Lys His Gly Ile Ala His Ala Ile Lys Asp Ile Glin Glu 
115 120 125 

Glin Leu Gln Lys Val Ala Asp Arg Arg Asp Arg Asn Lys Val Phe Val 
130 135 1 4 0 

Pro His Pro Thr Arg Thr Ile Ala Ile Asp Pro Cys Lieu Arg Ala Lieu 
145 15 O 155 160 

Tyr Ala Glu Ala Thr Glu Lieu Val Gly Ile Tyr Gly Lys Arg Asp Glin 
1.65 170 175 

Asp Leu Met Arg Lieu Lleu Ser Met Glu Gly Asp Asp Ala Ser Asn Lys 






































































































































