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MOLECULAR MARKERS FOR BLACKLEG RESISTANCE GENE RLLM4 IN BRASSICA
NAPUS, AND METHODS OF USING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This Application claims priority from, and benefit of, U.S. Provisional Application 61/875,845,
filed 10 September 2013. The entire contents of this application are hereby incorporated by reference

into this application.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to compositions and methods for identifying canola plants that
have resistance to blackleg disease, where the methods use molecular genetic markers to identify, select
and/or construct blackleg resistant plants, and specifically to select or construct plants with the blackleg
resistance gene Rlm4. The disclosure also relates to canola plants that are blackleg resistant that are

generated by the methods of the invention.

BACKGROUND

[0003] Blackleg is a serious disease of canola that can result in significant yield loss in susceptible
varieties in Canada, Furope, and Australia. Blackleg is the most common name, but stem canker or
Phoma stem canker are also used for this disease. It is caused by the fungus Leptosphaeria maculans.
In Saskatchewan a highly aggressive strain of the blackleg fungus was first detected in 1975, but now

occurred in most canola-growing areas in western Canada.

[0004] Canola disease field surveys are conducted annually in the main canola production regions of
western Canada. Disease surveys from recent years indicate that blackleg is commonly found in 35

to 55 per cent of crops surveyed. Average disease incidence values (percentage of plants showing
blackleg symptoms) are typically one per cent for basal stem cankers and three per cent for lesions
occurring elsewhere on the stem. Lesions occurring elsewhere on the stem will have less impact on
seed yield and quality than will basal stem cankers. The highest incidence values are often observed in

crops that had received hail damage.

[0005] As is indicated in the disease surveys, it is not unusual to observe blackleg symptoms in

canola crops, even when resistant varieties are being grown. However, to prevent blackleg from
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negatively impacting seed yield and quality, it is important to be familiar with blackleg symptoms, the

disease cycle, and disease management practices.

[0006] Blackleg is the most serious disease of canola in Australia. The severity of blackleg has risen
in recent years due to increased acreage and intensity of production. Although not common, yield
losses of 50 per cent and greater have been recorded in some seasons with up to 90 per cent yield loss
occurring in cases where L. maculans has overcome major blackleg resistance genes within certain

varieties.

[0007] In the autumn and winter, rainfall triggers spore release from the stubble. Within two weeks
of spores landing on canola cotyledons and young leaves, clearly visible off-white coloured lesions
develop, within the lesion pycnidial fruiting bodies (dark coloured dots) release rain-splashed spores.
Blackleg infections may occur on cotyledons, leaves, stems and pods. The plant is susceptible to
blackleg infection from the seedling to pod-set stages. Lesions occurring on the leaves are dirty white
and are round to irregularly. On stems, blackleg lesions can be quite variable, but are usually found at
the base of the stem, or at points of leaf attachment. Once a lesion has formed, the fungus grows
within the plants vascular system to the crown where it causes the crown of the plant to rot, resulting
in a canker. Severe canker will sever the roots from the stem, whereas a less severe infection will
result in internal infection of the crown restricting water and nutrient flow within the plant. Stem
lesions may be up to several inches in length, and are usually white or grey with a dark border. Stem
lesions may also appear as a general blackening at the base. Severe infection usually results in a dry
rot or canker at the base of the stem. The stem becomes girdled and, as plants ripen prematurely, the
crop is more likely to lodge. Seed may be shriveled and pods shatter easily at harvest, resulting in

seed loss.

[0008] In recent years blackleg symptoms have also been found in the plant roots, this root infection
in severe cases appears to cause the entire plant to die prematurely. The root rot form of the disease is
caused by the same blackleg strains that cause the stem canker and management practices to control

normal blackleg are the same for the root rot form of the disease.

[0009] With increasing acres of canola and often tighter rotations, blackleg disease has again started

to become an important yield and quality reducing disease.

[0010] Varietal resistance is the best defense, to date, against blackleg disease. The development of
blackleg resistant varieties has lead to reduced economic losses due to blackleg. As a result, many
farmers are growing resistant varieties and they have been able to get away with tighter and tighter

rotations. Preliminary observations from the 2010 canola disease survey show that in Manitoba the R-
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rated varieties are starting to show higher incidence and severity of the blackleg disease. L. maculans
has developed new variants and these new variants are now able to infect the earlier R-rated canola

varieties.

[0011] When the blackleg resistant varieties were first developed, researchers categorized the
pathogen into “PG” patho-groups, which were based on the infectivity of an isolate on 3 varieties -
Westar, Glacier and Quinta. With changing blackleg populations, the PG classification is insufficient
to describe newer variants. This means the PG system cannot identify variability among isolates as a
result of sources of resistance not found in ‘Quinta’ and ‘Glacier’. Based on molecular markers,
pathogen isolates have been able to be classified into PG groups, much quicker than the traditional

plant inoculation method (Dusabenyagasani, M., and Fernando, W. G. D. 2008).

[0012] In a newer approach, by using varieties or lines of Brassica spp. carrying 14 specific
resistance genes, new isolates of L. maculans can be differentiated or characterized into races based
on the reactions observed. Rimmer (2007) had reported these 14 genes of specific resistance,
designated Rlm 1 to Rlm 10 and LepR1 to LepR4. A study of 96 western Canadian isolates of
blackleg fungus, using ten resistance genes indicated considerable variation in the pathogen

population for many of these genes (Kutcher et al. 2010).

[0013] There are numerous steps in the development of any novel, desirable plant germplasm. Plant
breeding programs combine desirable traits from two or more cultivars or various broad-based sources
into breeding pools, from which cultivars are developed by selfing and selection of desired phenotypes.
The new cultivars are evaluated to determine which have commercial potential. Plant breeding begins
with the analysis and definition of problems and weaknesses of the current germplasm, the establishment
of program goals, and the definition of specific breeding objectives. The next step is selection of
germplasm that possess the traits to meet the program goals. The goal is to combine in a single variety an
improved combination of desirable traits from the parental germplasm. These important traits may
include higher seed yield, resistance to diseases and insects, better stems and roots, tolerance to drought

and heat, and better agronomic quality.

[0014] Choice of breeding or selection methods depends on the mode of plant reproduction, the
heritability of the trait(s) being improved, and the type of cultivar used commercially (e.g.. F, hybrid
cultivar, pureline cultivar, etc.). For highly heritable traits, a choice of superior individual plants
evaluated at a single location may be effective, whereas for traits with low heritability, selection should
be based on mean values obtained from replicated evaluations of families of related plants. Popular
selection methods commonly include pedigree selection, modified pedigree selection, mass selection, and

recurrent selection.
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[0015] The complexity of inheritance influences the choice of the breeding method. Backcross breeding
is used to transfer favorable alleles of one or a few genes for a highly heritable trait into a desirable
cultivar. This approach has been used extensively for breeding disease-resistant cultivars. Various
recurrent selection techniques are used to improve quantitatively-inherited traits controlled by numerous
genes. The use of recurrent selection in self-pollinating crops depends on the ease of pollination, the
frequency of successful hybrids from each pollination, and the number of hybrid offspring from each

successful cross.

[0016] Each breeding program should include a periodic, objective evaluation of the efficiency of the
breeding procedure. Evaluation criteria vary depending on the goal and objectives, but should include
gain from selection per year (based on comparisons to an appropriate standard), overall value of the
advanced breeding lines, and the number of successful cultivars produced per unit of input (e.g., per year,
per dollar expended, etc.). Promising advanced breeding lines are then thoroughly tested and compared
to appropriate standards in environments representative of the commercial target area(s) for three or more
years. Candidates for new commercial cultivars are selected from among the best lines; those still
deficient in a few traits may be used as parents to produce new populations for further selection. These
processes, which lead to the final step of marketing and distribution, usually take from 8 to 12 years from
the time the first cross is made. Therefore, development of new cultivars is a time-consuming process

that requires precise forward planning, efficient use of resources, and a minimum of changes in direction.

[0017] A most difficult task in plant breeding is the identification of individuals that are genetically
superior. One method of identifying a superior plant is to observe its performance relative to other
experimental plants and to a widely grown standard cultivar. If a single observation is inconclusive,
replicated observations provide a better estimate of its genetic worth. This task is so difficult, because
(for most traits) the true genotypic value is masked by other confounding plant traits or environmental

factors.

[0018] The goal of canola plant breeding is to develop new, unique, and superior canola cultivars and
hybrids. The breeder initially selects and crosses two or more parental lines, followed by repeated selfing
and selection, producing many new genetic combinations. The breeder can theoretically generate billions
of different genetic combinations via crossing, selfing, and mutagenesis. Such a breeder has no direct
control of the process at the cellular level. Therefore, two breeders will never develop the same line, or

even very similar lines, having the same canola traits.

[0019] Each year, the plant breeder selects the germplasm to advance to the next generation. This

germplasm is grown under unique and different geographical, climatic, and soil conditions. Further
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selections are then made, during and at the end of the growing season. The cultivars that are developed
are unpredictable. This unpredictability is due to the breeder's selection, which occurs in unique
environments, and which allows no control at the DNA level (using conventional breeding procedures),
with millions of different possible genetic combinations being generated. A breeder of ordinary skill in
the art cannot predict the final resulting lines he develops, except possibly in a very gross and general
fashion. Similarly, the same breeder cannot produce the same cultivar twice by using the exact same
original parents and the same selection techniques. This unpredictability results in the expenditure of

large amounts of resources, monetary and otherwise, to develop superior new canola cultivars.

[0020] The development of new canola cultivars requires the development and selection of canola
varieties, crossing of these varieties, and selection of superior hybrid crosses. Hybrid seed is produced by
manual crosses between selected male-fertile parents, or by using male sterility systems. These hybrids
are selected for certain single gene traits (e.g., pod color, flower color, pubescence color, and herbicide
resistance) that indicate that the seed is truly a hybrid. Data on parental lines, as well as the phenotype of

the hybrid, influence the breeder's decision regarding whether to continue with the specific hybrid cross.

[0021] Pedigree breeding is used commonly for the improvement of self-pollinating crops. In pedigree
breeding, two parents that possess favorable, complementary traits are crossed to produce F, progeny.
An F, population is produced by selfing one or several plants from the F; progeny generation. Selection
of the best individuals may begin in the I, population; then, beginning in the F;, the best individuals in
the best families are selected. To improve the effectiveness of selection for traits with low heritability,
replicated testing of families can begin in the F, generation. At an advanced stage of inbreeding (e.g., Fe
or F;), the best lines or mixtures of lines with similar phenotypes are tested for potential release as new
cultivars. Mass and recurrent selections can be used to improve populations of either self- or cross-
pollinating crops. A genetically variable population of heterozygous individuals may be either identified
or created by intercrossing several different parents. The best plants may be selected based on individual
superiority, outstanding progeny, or excellent combining ability. The selected plants are intercrossed to

produce a new population, in which further cycles of selection may be continued.

[0022] Backcross breeding has been used to transfer genes for a simply- and highly-heritable trait into a
desirable homozygous cultivar, or inbred line, which is the recurrent parent. The source of the trait to be
transferred is the “donor parent.” The resulting plant is expected to have the attributes of the recurrent
parent (e.g., cultivar), and the desirable trait transferred from the donor parent. After the initial cross,
individuals possessing the phenotype of the donor parent are selected, and repeatedly crossed
(backcrossed) to the recurrent parent. The resulting plant is expected to have the attributes of the

recurrent parent and the desirable trait transferred from the donor parent.
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[0023] In canola breeding, the “single-seed descent procedure” refers to the planting of a segregating
population, followed by harvesting a sample of one seed per resulting plant, and using the harvested one-
seed sample to plant the next generation. When the population has been advanced from the F, generation
to the desired level of inbreeding, the plants from which lines are derived will each trace to different I,
individuals. The number of plants in a population declines each generation, due to failure of some seeds
to germinate or some plants to produce at least one seed. As a result, not all of the F, plants originally

sampled in the population will be represented by a progeny when generation advance is completed.

[0024] In a multiple-seed procedure, canola breeders commonly harvest seeds from each plant in a
population and thresh them together to form a bulk. Part of the bulk is used to plant the next generation,
and part is put in reserve. This procedure has been referred to as modified single-seed descent. The
multiple-seed procedure has been used to save labor involved in the harvest. It is considerably faster to
remove seeds with a machine, than to remove one seed from each by hand for the single-seed procedure.
The multiple-seed procedure also makes it possible to plant the same number of seeds of a population for
each generation of inbreeding. Enough seeds are harvested to compensate for the number of plants that

did not germinate or produce seed.

[0025] Proper testing should detect any major faults and establish the level of superiority or
improvement of a new cultivar over current cultivars. In addition to showing superior performance, there
should be a demand for a new cultivar that is compatible with industry standards, or that creates a new
market. The testing preceding release of a new cultivar should take into consideration research and
development costs as well as technical superiority of the final cultivar. The introduction of a new cultivar
can incur additional costs to the seed producer, the grower, the processor, and the consumer due to special
required advertising and marketing, altered seed and commercial production practices, and new product

utilization. For seed-propagated cultivars, it must be feasible to produce seed easily and economically.

[0026] It is the goal of the plant breeder to select plants and enrich the plant population for individuals
that have desired traits, for example, disease resistance or blackleg resistance, leading ultimately to
increased agricultural productivity. Consistent with the foregoing, a continuing goal of canola breeders is
to develop stable, high-yielding cultivars that are agronomically sound. Current goals include
maximization of the amount of grain produced on the land used, and the supply of food for both animals
and humans. To accomplish these goals, the canola breeder must select and develop canola plants that
have traits that result in superior cultivars, and do so in the most cost-effective manner. Molecular
markers may be used in the process of marker-assisted selection (MAS) to aid in the identification and
selection of individuals or families of individuals that possess inherited attributes that are linked to the

markers.
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BRIEF SUMMARY OF THE DISCLOSURE

[0027] Molecular markers that are linked to blackleg resistance may be used to facilitate marker-assisted
selection for the blackleg resistance trait in canola. Marker-assisted selection provides significant
advantages with respect to time, cost, and labor, when compared to blackleg resistance phenotyping.
Disclosed herein are particular markers identified to be within or near blackleg resistance regions in the
canola genome that are polymorphic in parent genotypes and linked (e.g., tightly-linked) to a blackleg
resistance phenotype. These markers, offer superior utility in marker-assisted selection of canola plants

and cultivars having blackleg resistance.

[0028] Described herein are methods of identifying a first canola plant that displays blackleg resistance
or germplasm comprised within such a canocla plant. A first canola plant or germplasm that displays
blackleg resistance may in some examples be a plant or germplasm comprising blackleg resistance (or
improved blackleg resistance) than is observed in a parental plant or germplasm of the first plant or
germplasm. A first canola plant or germplasm that displays blackleg resistance may in some examples be
a plant or germplasm comprising a better blackleg resistance than is observed in a particular conventional
plant or germplasm of the same species (e.g., canola) as the first plant or germplasm. Some embodiments
of such methods may comprise detecting in the first canola plant or germplasm at least one marker linked
to blackleg resistance, wherein the at least one marker is selected from the group consisting of:
DBSNP10503, DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910,
DBSNP05704 and DBSNP05705; and markers linked (e.g., tightly-linked) to any of DBSNP10503,
DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704 and
DBSNP05705.

Also described are methods of producing a canola plant or germplasm having blackleg resistance. Some
embodiments of such methods may comprise introgressing at least one marker linked to blackleg
resistance from a first canola plant or germplasm into a second canola plant or germplasm to produce a
canola plant or germplasm that is likely to have blackleg resistance. In such examples, the at least one
marker may be selected from the group consisting of: DBSNP10503, DBSNP10504, DBSNP31606,
DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704 and DBSNP05705. A canola plant or

germplasm produced by the foregoing methods is also included in particular embodiments.

[0029] Also described are methods of producing a canola plant or germplasm having blackleg
resistance. Some embodiments of such methods may comprise introgressing at least one marker linked to

blackleg resistance from a first canola plant or germplasm into a second canola plant or germplasm to
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produce a canola plant or germplasm that is likely to have blackleg resistance. In such examples, the at
least one marker may be selected from the group consisting of: DBSNP(09246, DBSNP01407,
DBSNP05863, and DBSNP01261. A canola plant or germplasm produced by the foregoing methods is

also included in particular embodiments.

[0030] Some embodiments include methods for producing a transgenic canola plant. Examples of such
methods may comprise introducing one or more exogenous nucleic acid molecule(s) into a target canola
plant or progeny thereof, wherein at least one of the one or more exogenous nucleic acid molecule(s)
comprises a canola genomic nucleotide sequence that is linked to at least one marker that is linked to
blackleg resistance, or wherein at least one of the one or more exogenous nucleic acid molecule(s)
comprises a nucleotide sequence that is specifically hybridizable to a nucleotide sequence that is linked to
at least one marker that is linked to blackleg resistance. A marker that is linked to blackleg resistance
may be selected from the group consisting of: DBSNP10503, DBSNP10504, DBSNP31606,
DBSNP30220, DBSNP01654, DBSNP01910, DBSNP0O5704, DBSNP05705 DBSNP28066,
DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607, DBSNP04906, DBSNP07219,
DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169, DBSNP0O(0787, and DBSNP01590 and
markers linked to any of DBSNP10503, DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654,
DBSNP01910, DBSNP05704 and DBSNP05705. In certain examples the foregoing methods for

producing a transgenic canola plant, a resulting transgenic canola plant may comprise blackleg resistance.

[0031] Some embodiments include systems and kits for identifying a canola plant that is likely to
comprise blackleg resistance. Particular examples of such systems and kits may comprise a set of nucleic
acid probes, each comprising a nucleotide sequence that is specifically hybridizable to a nucleotide
sequence that is linked in canola to at least one marker that is linked to blackleg resistance. A marker that
is linked in canola to blackleg resistance may be selected from the group consisting of: DBSNP10503,
DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704,
DBSNP05705 DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607,
DBSNP04906, DBSNP(07219, DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169,
DBSNP00787, and DBSNP01590 and markers linked to any of DBSNP10503, DBSNP10504,
DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704, DBSNP05705
DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607, DBSNP04906,
DBSNP07219, DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169, DBSNP00787, and
DBSNPO01590. Particular examples of systems and kits for identifying a canola plant that is likely to
comprise blackleg resistance may also comprise a detector that is configured to detect one or more signal
outputs from the set of nucleic acid probes, or an amplicon thereof, thereby identifying the presence or

absence of the at least one marker that is linked to blackleg resistance. Specific examples include
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instructions that correlate the presence or absence of the at least one marker with the likely resistance to

blackleg.

BRIEF DESCRIPTION OF THE FIGURES

DETAILED DESCRIPTION

Overview of several embodiments

[0032] It is desirable for a number of reasons to grow canola having blackleg resistance. Embodiments
of the invention include, for example, compositions and methods for identifying canola plants comprising
a blackleg resistance and/or germplasm carrying a genotype that is predictive and determinative of a
blackleg resistant phenotype. Methods of making such canola plants and germplasm are included in
some embodiments. Such methods may include, for example and without limitation, introgression of
desired blackleg resistance marker alleles and/or genetic transformation methods. Canola plants and/or
germplasm made by the methods such as the foregoing are included in particular embodiments. Systems
and kits for selecting canola plants comprising a blackleg resistance and/or germplasm carrying a
genotype that is predictive and determinative of blackleg resistance are also a feature of certain

embodiments.

[0033] The identification and selection of canola plants comprising a blackleg resistance using MAS are
capable of providing an effective and environmentally friendly approach for generating plants with
desirable disease resistance. Embodiments of the present invention provide a number of canola marker
loci and QTL chromosome intervals that demonstrate statistically significant co-segregation with (and
therefore are predictive and determinative of) blackleg resistance. Detection of these markers, or
additional loci linked to the markers that are therefore equivalent thereto, may be used in marker-assisted

canola breeding programs to produce blackleg resistant plants and germplasm.

[0034] Some embodiments provide methods for identifying a first canola plant or germplasm (e.g., a
line or variety) that displays blackleg resistance. In some examples, at least one allele of one or more
marker locus (e.g., a plurality of marker loci) that is linked (e.g., tightly-linked) with a blackleg resistance
trait is/are detected in the first canola plant or germplasm. The marker loci may be selected from the loci
in FIG. 2 including: DBSNP10503, DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654,
DBSNP01910, DBSNP05704, DBSNP0O5705 DBSNP28066, DBSNP27644, DBSNP28099,
DBSNP33158, DBSNP14607, DBSNP04906, DBSNP07219, DBSNP08872, DBSNP08485,
DBSNP00547, DBSNP08169, DBSNP00787, and DBSNP01590 and other markers that are linked to at

9
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least one of the foregoing QTL markers. More specifically, the marker loci may be selected from the loci
in FIG. 2 including: DBSNP10503, DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654,
DBSNP01910, DBSNP05704 and DBSNP05705, and other markers that are linked to at least one of the
foregoing QTL. markers.

[0035] In some examples, a plurality of maker loci may be selected or identified in the same plant or
germplasm.  All combinations of, for example, DBSNP10503, DBSNP10504, DBSNP31606,
DBSNP30220, DBSNP01654, DBSNP01910, DBSNP0O5704, DBSNP05705 DBSNP2800606,
DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607, DBSNP04906, DBSNP07219,
DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169, DBSNP0O(0787, and DBSNP01590 and
other markers that are linked to at least one of the foregoing QTL markers, may be included in a plurality

of marker loci to be selected or identified in a plant or germplasm.

[0036] In aspects of some embodiments, the resistance to blackleg of a canola plant can be quantitated

using any suitable means or method known in the art.

L II. Abbreviations

[0037] AFLP  amplified fragment length polymorphism
[0038] ASH allele specific hybridization

[0039] CCD charge coupling device

[0040] EST expressed sequence tag

[0041] FAME fatty acid methyl ester

[0042] FID flame ionization detector

[0043] GC gas chromatography

[0044] LCR ligase chain reaction

[0045] LG linkage group

[0046] LNA locked nucleic acid

[0047] LOD logarithm (base 10) of odds

[0048] MAS marker-assisted selection

[0049] NASBA nucleic acid sequence based amplification
[0050] NIR near infrared (spectroscopy)

[0051] NMR  nuclear magnetic resonance (Spectroscopy)
[0052] ORF open reading frame

[0053] PCR polymerase chain reaction

[0054] PNA peptide nucleic acid

[0055] QTL quantitative trait locus

[0056] RAPD  randomly amplified polymorphic DNA
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[0057] RFLP  restriction fragment length polymorphism
[0058] RT-PCR reverse transcriptase-PCR

[0059] SNP single nucleotide polymorphism

[0060] SSCP  single-strand conformation polymorphism
[0061] SSR simple sequence repeat

Terms

[0062] As used in this application, including the claims, terms in the singular and the singular forms,

"o

a," “an,” and "the," for example, include plural referents, unless the content clearly dictates otherwise.

"on

Thus, for example, a reference to "plant," "the plant,” or "a plant” also refers to a plurality of plants.
Furthermore, depending on the context, use of the term, "plant,” may also refer to genetically-similar or
identical progeny of that plant. Similarly, the term, “nucleic acid," may refer to many copies of a nucleic

acid molecule. Likewise, the term, "probe," may refer to many similar or identical probe molecules.

[0063] Numeric ranges are inclusive of the numbers defining the range, and include each integer and
non-integer fraction within the defined range. Unless defined otherwise, all technical and scientific terms

used herein have the same meaning as commonly understood by one of ordinary skill in the art.

[0064] In order to facilitate review of the various embodiments described in this disclosure, the

following explanation of specific terms is provided:

[0065] Isolated: An “isolated” biological component (such as a nucleic acid or protein) has been
substantially separated, produced apart from, or purified away from other biological components in the
cell of the organism in which the component naturally occurs (i.e., other chromosomal and extra-
chromosomal DNA and RNA, and proteins), while effecting a chemical or functional change in the
component (e.g., a nucleic acid may be isolated from a chromosome by breaking chemical bonds
connecting the nucleic acid to the remaining DNA in the chromosome). Nucleic acid molecules and
proteins that have been "isolated”" include nucleic acid molecules and proteins purified by standard
purification methods. The term also embraces nucleic acids and proteins prepared by recombinant

expression in a host cell, as well as chemically-synthesized nucleic acid molecules, proteins, and peptides.

[0066] Mapping population: As used herein, the term “mapping population” may refer to a plant
population (e.g., a canola plant population) used for gene mapping. Mapping populations are typically
obtained from controlled crosses of parent genotypes, as may be provided by two inbred lines. Decisions
on the selection of parents, mating design for the development of a mapping population, and the type of

markers used depend upon the gene to be mapped, the availability of markers, and the molecular map.
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The parents of plants within a mapping population should have sufficient variation for a trait(s) of interest
at both the nucleic acid sequence and phenotype level. Variation of the parents’ nucleic acid sequence is
used to frace recombination events in the plants of the mapping population. The availability of
informative polymorphic markers is dependent upon the amount of nucleic acid sequence variation.
Thus, informative markers may not be identified in particular crosses of parent genotypes, though such

markers may exist.

[0067] A “‘genetic map” is a description of genetic linkage relationships among loci on one or more
chromosomes (or linkage groups) within a given species, as may be determined by analysis of a mapping
population. In some examples, a genetic map may be depicted in a diagrammatic or tabular form. The
term “‘genetic mapping” may refer to the process of defining the linkage relationships of loci through the
use of genetic markers, mapping populations segregating for the markers, and standard genetic principles
of recombination frequency. A “‘genetic map location” refers to a location on a genetic map (relative to
surrounding genetic markers on the same linkage group or chromosome) where a particular marker can
be found within a given species. In contrast, a “physical map of the genome” refers to absolute distances
(for example, measured in base pairs or isolated and overlapping contiguous genetic fragments) between
markers within a given species. A physical map of the genome does not necessarily reflect the actual
recombination frequencies observed in a test cross of a species between different points on the physical

map.

[0068] Cross: As used herein, the term “cross” or “crossed” refers to the fusion of gametes via
pollination to produce progeny (e.g., cells, seeds, and plants). This term encompasses both sexual crosses
(i.e., the pollination of one plant by another) and selfing (i.e., self-pollination, for example, using pollen

and ovule from the same plant).

[0069] Backcrossing: Backcrossing methods may be used to introduce a nucleic acid sequence into
plants. The backcrossing technique has been widely used for decades to introduce new traits into plants.

Jensen, N., Ed. Plant Breeding Methodology, John Wiley & Sons, Inc., 1988. In a typical backcross

protocol, the original variety of interest (recurrent parent) is crossed to a second variety (non-recurrent
parent) that carries a gene of interest to be transferred. The resulting progeny from this cross are then
crossed again to the recurrent parent, and the process is repeated until a plant is obtained wherein
essentially all of the desired morphological and physiological characteristics of the recurrent plant are

recovered in the converted plant, in addition to the transferred gene from the non-recurrent parent.

[0070] Introgression: As used herein, the term “introgression” refers to the transmission of an allele at a
genetic locus into a genetic background. In some embodiments, introgression of a specific allele form at

the locus may occur by transmitting the allele form to at least one progeny via a sexual cross between two
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parents of the same species, where at least one of the parents has the specific allele form in its genome.
Progeny comprising the specific allele form may be repeatedly backcrossed to a line having a desired
genetic background. Backcross progeny may be selected for the specific allele form, so as to produce a
new variety wherein the specific allele form has been fixed in the genetic background. In some
embodiments, introgression of a specific allele form may occur by recombination between two donor
genomes (e.g., in a fused protoplast), where at least one of the donor genomes has the specific allele form
in its genome. Introgression may involve transmission of a specific allele form that may be, for example

and without limitation, a selected allele form of a marker allele; a QTL; and/or a transgene.

[0071] Germplasm: As used herein, the term "germplasm" refers to genetic material of or from an
individual plant, a group of plants (e.g.. a plant line, variety, and family), and a clone derived from a plant
or group of plants. A germplasm may be part of an organism or cell, or it may be separate (e.g., isolated)
from the organism or cell. In general, germplasm provides genetic material with a specific molecular
makeup that is the basis for hereditary qualities of the plant. As used herein, “germplasm” refers to cells
of a specific plant; seed; tissue of the specific plant (e.g., tissue from which new plants may be grown);

and non-seed parts of the specific plant (e.g., leaf, stem, pollen, and cells).

[0072] As used herein, the term “germplasm” is synonymous with “genetic material,” and it may be
used to refer to seed (or other plant material) from which a plant may be propagated. A “‘germplasm
bank” may refer to an organized collection of different seed or other genetic material (wherein each
genotype is uniquely identified) from which a known cultivar may be cultivated, and from which a new
cultivar may be generated. In embodiments, a germplasm utilized in a method or plant as described
herein is from a canola line or variety. In particular examples, a germplasm is seed of the canola line or

variety. In particular examples, a germplasm is a nucleic acid sample from the canola line or variety.

[0073] Gene: As used herein, the term “‘gene” (or “‘genetic element™) may refer to a heritable genomic
DNA sequence with functional significance. The term “‘gene” may also be used to refer to, for example

and without limitation, a cDNA and/or an mRNA encoded by a heritable genomic DNA sequence.

[0074] Genotype: As used herein, the term “‘genotype” refers to the genetic constitution of an individual
(or group of individuals) at one or more particular loci. The genotype of an individual or group of
individuals is defined and described by the allele forms at the one or more loci that the individual has
inherited from its parents. The term genotype may also be used to refer to an individual's genetic
constitution at a single locus, at multiple loci, or at all the loci in its genome. A “haplotype” is the
genotype of an individual at a plurality of genetic loci. In some examples, the genetic loci described by a
haplotype may be physically and genetically linked; i.e., the loci may be positioned on the same

chromosome segment.
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[0075] Quantitative trait locus: Specific chromosomal loci (or intervals) may be mapped in an
organism's genome that correlates with particular quantitative phenotypes. Such loci are termed
quantitative trait loci, or QTL. As used herein, the term “‘quantitative trait locus” (QTL) may refer to
stretches of DNA that have been identified as likely DNA sequences (e.g., genes, non-coding sequences,
and/or intergenic sequences) that underlie a quantitative trait, or phenotype, that varies in degree, and can
be attributed to the interactions between two or more DNA sequences (e.g., genes, non-coding sequences,
and/or intergenic sequences) or their expression products and their environment. Thus, the term
"quantitative trait locus" includes polymorphic genetic loci with at least two alleles that differentially
affect the expression of a phenotypic trait in at least one genetic background (e.g., in at least one breeding
population or progeny). In practice, QTLs can be molecularly identified to help map regions of the

genome that contain sequences involved in specifying a quantitative trait, such as blackleg resistance.

[0076] As used herein, the term “QTL interval” may refer to stretches of DNA that are linked to the
genes that underlie the QTL trait. A QTL interval is typically, but not necessarily, larger than the QTL
itself. A QTL interval may contain stretches of DNA that are 5’ and/or 3” with respect to the QTL.

[0077] Multiple experimental paradigms have been developed to identify and analyze QTLs. See, e.g.,
Jansen (1996) Trends Plant Sci 1:89. The majority of published reports on QTL mapping in crop species
have been based on the use of a bi-parental cross (LLynch and Walsh (1997) Genetics and Analysis of

Quantitative Traits, Sinauer Associates, Sunderland). Typically, these paradigms involve crossing one or

more parental pairs that can be, for example, a single pair derived from two inbred strains, or multiple
related or unrelated parents of different inbred strains or lines, which each exhibit different characteristics
relative to the phenotypic trait of interest. Typically, this experimental protocol involves deriving 100 to
300 segregating progeny from a single cross of two divergent inbred lines that are, for example, selected
to maximize phenotypic and molecular marker differences between the lines. The parents and
segregating progeny are genotyped for multiple marker loci, and evaluated for one to several quantitative
traits (e.g., disease resistance). QTLs are then identified as significant statistical associations between
genotypic values and phenotypic variability among the segregating progeny. The strength of this
experimental protocol comes from the utilization of the inbred cross, because the resulting F; parents all
have the same linkage phase (how the alleles were joined in the parental generation). Thus, after selfing
of F, plants, all segregating F, progeny are informative and linkage disequilibrium is maximized, the
linkage phase is known, there are only two QTL alleles, and (except for backcross progeny) the frequency

of each QTL allele is 0.5.

[0078] Numerous statistical methods for determining whether markers are genetically linked to a QTL

(or to another marker) are known to those of skill in the art and include, for example and without
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limitation, standard linear models, such as ANOVA or regression mapping (Haley and Knott (1992)
Heredity 69:315); and maximum likelihood methods, such as expectation-maximization algorithms (e.g.,
Lander and Botstein (1989) Genetics 121:185-99; Jansen (1992) Theor. Appl. Genet. 85:252-60; Jansen
(1993) Biometrics 49:227-31; Jansen (1994) "Mapping of quantitative trait loci by using genetic markers:

an overview of biometrical models," In J. W. van Ooijen and J. Jansen (eds.), Biometrics in Plant

breeding: applications of molecular markers, pp. 116-24, CPRO-DLO Metherlands; Jansen (1996)
Genetics 142:305-11; and Jansen and Stam (1994) Genetics 136:1447-55).

[0079] Exemplary statistical methods include single point marker analysis; interval mapping (Lander
and Botstein (1989) Genetics 121:185); composite interval mapping; penalized regression analysis;
complex pedigree analysis; MCMC analysis; MQM analysis (Jansen (1994) Genetics 138:871); HAPLO-
IM+ analysis, HAPLO-MQM analysis, and HAPLO-MQM+ analysis; Bayesian MCMC; ridge
regression; identity-by-descent analysis; and Haseman-Elston regression, any of which are suitable in the
context of particular embodiments of the invention. Alternative statistical methods applicable to complex
breeding populations that may be used to identify and localize QTLs in particular examples are described
in U.S. Patent 6,399,855 and PCT International Patent Publication No. W00149104 A2. All of these
approaches are computationally intensive and are usually performed with the assistance of a computer
based system and specialized software. Appropriate statistical packages are available from a variety of

public and commercial sources, and are known to those of skill in the art.

[0080] Marker: Although specific DNA sequences that encode proteins are generally well-conserved
across a species, other regions of DNA (e.g., non-coding DNA and introns) tend to develop and
accumulate polymorphism, and therefore, may be variable between individuals of the same species. The
genomic variability can be of any origin, for example, the variability may be due to DNA insertions,
deletions, duplications, repetitive DNA elements, point mutations, recombination events, and the
presence and sequence of transposable elements. Such regions may contain useful molecular genetic
markers. In general, any differentially inherited polymorphic trait (including nucleic acid

polymorphisms) that segregates among progeny is a potential marker.

[0081] As used herein, the terms “marker” and ‘“‘molecular marker” refer to a nucleotide sequence or
encoded product thereof (e.g., a protein) used as a point of reference when identifying a linked locus.
Thus, a marker may refer to a gene or nucleotide sequence that can be used to identify plants having a
particular allele. A marker may be described as a variation at a given genomic locus. A genetic marker
may be a short DNA sequence, such as a sequence surrounding a single base-pair change (single
nucleotide polymorphism, or “SNP”), or a long one, for example, a microsatellite/simple sequence repeat
(“SSR”). A “marker allele” or “‘marker allele form” refers to the version of the marker that is present in a

particular individual. The term “marker” as used herein may refer to a cloned segment of chromosomal
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DNA, and may also or alternatively refer to a DNA molecule that is complementary to a cloned segment
of chromosomal DNA. The term also refers to nucleic acid sequences complementary to genomic marker

sequences, such as nucleic acid primers and probes.

[0082] A marker may be described, for example, as a specific polymorphic genetic element at a specific
location in the genetic map of an organism. A genetic map may be a graphical representation of a
genome (or a portion of a genome, such as a single chromosome) where the distances between landmarks
on the chromosome are measured by the recombination frequencies between the landmarks. A genetic
landmark can be any of a variety of known polymorphic markers, for example and without limitation:
simple sequence repeat (SSR) markers; restriction fragment length polymorphism (RFLP) markers; and
single nucleotide polymorphism (SNP) markers. As one example, SSR markers can be derived from

genomic or expressed nucleic acids (e.g., expressed sequence tags (ESTSs)).

[0083] Additional markers include, for example and without limitation, ESTs; amplified fragment length
polymorphisms (AFLPs) (Vos et al. (1995) Nucl. Acids Res. 23:4407; Becker et al. (1995) Mol. Gen.
Genet. 249:65; Meksem ef al. (1995) Mol. Gen. Genet. 249:74); randomly amplified polymorphic DNA
(RAPD), and isozyme markers. Isozyme markers may be employed as genetic markers, for example, to
track isozyme markers or other types of markers that are linked to a particular first marker. Isozymes are
multiple forms of enzymes that differ from one another with respect to amino acid sequence (and
therefore with respect to their encoding nucleic acid sequences). Some isozymes are multimeric enzymes
containing slightly different subunits. Other isozymes are either multimeric or monomeric, but have been
cleaved from a pro-enzyme at different sites in the pro-enzyme amino acid sequence. Isozymes may be
characterized and analyzed at the protein level or at the nucleic acid level. Thus, any of the nucleic acid

based methods described herein can be used to analyze isozyme markers in particular examples.

[0084] ““Genetic markers” include alleles that are polymorphic in a population, where the alleles of may
be detected and distinguished by one or more analytic methods (e.g., RFLP analysis, AFLP analysis,
isozyme marker analysis, SNP analysis, and SSR analysis). The term “‘genetic marker” may also refer to
a genetic locus (a "marker locus") that may be used as a point of reference when identifying a genetically

linked locus (e.g., QTL). Such a marker may also be referred to as a “QTL marker.”

[0085] The nature of the foregoing physical landmarks (and the methods used to detect them) vary, but
all of these markers are physically distinguishable from each other (as well as from the plurality of alleles
of any one particular marker) on the basis of polynucleotide length and/or sequence. Numerous methods
for detecting molecular markers and identifying marker alleles are well-established. A wide range of
protocols are known to one of skill in the art for detecting this variability, and these protocols are

frequently specific for the type of polymorphism they are designed to detect. Such protocols include, for
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example and without limitation, PCR amplification; detection of single-strand conformation
polymorphism (SSCP), e.g., via electrophoresis; and self-sustained sequence replication (3SR) (see Chan
and Fox (1999) Reviews in Medical Microbiology 10:185-96).

[0086] The primary motivation for developing molecular marker technologies from the perspective of
plant breeders has been to increase breeding efficiency through MAS. A molecular marker allele that
demonstrates linkage disequilibrium with a desired phenotypic trait (e.g., a QTL) provides a useful tool
for the selection of the desired trait in a plant population. The key components to the implementation of
an MAS approach are the creation of a dense (information rich) genetic map of molecular markers in the
plant germplasm; the detection of at least one QTL based on statistical associations between marker and
phenotypic variability; the definition of a set of particular useful marker alleles based on the results of the
QTL analysis; and the use and/or extrapolation of this information to the current set of breeding

germplasm to enable marker-based selection decisions to be made.

[0087] Genetic variability, for example as determined in a mapping population, may be observed
between different populations of the same species (e.g., canola). In spite of the variability in the genetic
map that may occur between populations of the same species, genetic map and marker information
derived from one population generally remains useful across multiple populations for the purposes of
identification and/or selection of plants and/or germplasm comprising traits that are linked to the markers

and counter-selection of plants and/or germplasm comprising undesirable traits.

[0088] Two types of markers used in particular MAS protocols described herein are SSR and SNP
markers. SSR markers include any type of molecular heterogeneity that results in nucleic acid sequence
length variability. Exemplary SSR markers are short (up to several hundred base pairs) segments of
DNA that consist of multiple tandem repeats of a short (ie, between two and ten) base-pair sequence. The
repeated sequences, therefore, could be two, three, four, five, six, seven, eight, nine, or ten base pairs
long. These repeated sequences result in highly polymorphic DNA regions of variable length due to poor
replication fidelity (e.g., by polymerase slippage). SSRs appear to be randomly dispersed through the
genome, and are generally flanked by conserved regions. SSR markers may also be derived from genic

sequences (in the form of a cDNA, a partial cDNA, or an EST), as well as non-genic material.

[0089] The heterogeneity of SSR markers make them well-suited for use as molecular genetic markers.
For example, SSR genomic variability is inherited, and it is multi-allelic, co-dominant, and reproducibly
detectable. The proliferation of increasingly sophisticated amplification-based detection techniques (e.g.,
PCR-based techniques) provides a variety of sensitive methods for the detection of nucleotide sequence
heterogeneity between samples. Probes (e.g., nucleic acid primers) may be designed to hybridize to

conserved regions that flank the SSR, and the probes may be used to amplify the variable SSR region.
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The differently sized amplicons generated from an SSR region have characteristic and reproducible sizes.
Differently sized SSR amplicons observed from two homologous chromosomes from an individual, or
from different individuals, in the plant population define SSR marker alleles. As long as there exist at
least two SSR marker alleles that produce PCR products with different sizes, the SSR may be employed

as a marker.

[0090] Linkage (dis)equilibrium: As used herein, the term “linkage equilibrium” refers to the situation
where two markers independently segregate; i.e., the markers sort randomly among progeny. Markers
that show linkage equilibrium are considered unlinked (whether or not they lie on the same chromosome).
As used herein, the term “linkage disequilibrium” refers to the situation where two markers segregate in a
non-random manner; i.e., the markers have a recombination frequency of less than 50% (and thus by
definition, are separated by less than 50 ¢cM on the same linkage group). In some examples, markers that

show linkage disequilibrium are considered linked.

[0091] Linked, tightly linked, and extremely tightly linked: As used herein, linkage between genes or
markers may refer to the phenomenon in which genes or markers on a chromosome show a measurable
probability of being passed on together to individuals in the next generation. Thus, linkage of one marker
to another marker or gene may be measured and/or expressed as a recombination frequency. The closer
two genes or markers are to each other, the closer to “1” this probability becomes. Thus, the term
“linked” may refer to one or more genes or markers that are passed together with a gene with a
probability greater than 0.5 (which is expected from independent assortment where markers/genes are
located on different chromosomes). When the presence of a gene contributes to a phenotype in an
individual, markers that are linked to the gene may be said to be linked to the phenotype. Thus, the term

“linked” may refer to a relationship between a marker and a gene, or between a marker and a phenotype.

[0092] A relative genetic distance (determined by crossing over frequencies and measured in
centimorgans (cM)) is generally proportional to the physical distance (measured in base pairs) that two
linked markers or genes are separated from each other on a chromosome. One centimorgan is defined as
the distance between two genetic markers that show a 1% recombination frequency (i.e., a crossing-over
event occurs between the two markers once in every 100 cell divisions). In general, the closer one
marker is to another marker or gene (whether the distance between them is measured in terms of genetic
distance or physical distance), the more tightly they are linked. Because chromosomal distance is
approximately proportional to the frequency of recombination events between traits, there is an
approximate physical distance that correlates with recombination frequency. For example, in canola, 1

cM correlates, on average, to about 400 kb.
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[0093] Thus, the term “linked” may refer herein to one or more genes or markers that are physically
located within about 4.0 Mb of one another on the same canola chromosome (i.e., about 10 cM). Thus,
two “linked” genes or markers may be separated by 4.1 Mb; about 4.0 Mb; about 3.0 Mb; about 2.5 Mb;
2.1 Mb; 2.00 Mb; about 1.95 Mb; about 1.90 Mb; about 1.85 Mb; about 1.80 Mb; about 1.75 Mb; about
1.70 Mb; about 1.65 Mb; about 1.60 Mb; about 1.55 Mb; about 1.50 Mb; about 1.45 Mb; about 1.40 Mb;
about 1.35 Mb; about 1.30 Mb; about 1.25 Mb; about 1.20 Mb; about 1.15 Mb; about 1.10 Mb; about
1.05 Mb; about 1.00 Mb; about 0.95 Mb; about 0.90 Mb; about 0.85 Mb; about .80 Mb; about (.75 Mb;
about (.70 Mb; about 0.65 Mb; about 0.60 Mb; about 0.55 Mb; about (.50 Mb; about 0.45 Mb; about
0.40 Mb; about 0.35 Mb; about (.30 Mb; about 0.25 Mb; about 0.20 Mb; about (.15 Mb; about 0.10 Mb;
about (.05 Mb; about 0.025 Mb; and about 0.01 Mb.

[0094] As used herein, the term “tightly-linked” may refer to one or more genes or markers that are
located within about 2.0 Mb of one another on the same chromosome. Thus, two “tightly-linked” genes
or markers may be separated by 2.1 Mb; about 1.75 Mb; about 1.5 Mb; about 1.0 Mb; about 0.9 Mb;
about 0.8 Mb; about 0.7 Mb; about 0.6 Mb; about 0.55 Mb; 0.5 Mb; about 0.45 Mb; about 0.4 Mb; about
0.35 Mb; about 0.3 Mb; about 0.25 Mb; about 0.2 Mb; about 0.15 Mb; about 0.1 Mb; and about 0.05 Mb.

[0095] As used herein, the term “extremely tightly-linked” may refer to one or more genes or markers
that are located within about 500 kb of one another on the same chromosome. Thus, two “extremely
tightly-linked” genes or markers may be separated by 600 kb; about 450 kb; about 400 kb; about 350 kb;
about 300 kb; about 250 kb; about 200 kb; about 175 kb; about 150 kb; about 125 kb; about 120 kb;
about 115 kb; about 110 kb; about 105 kb; 100 kb; about 95 kb; about 90 kb; about 85 kb; about 80 kb;
about 75 kb; about 70 kb; about 65 kb; about 60 kb; about 55 kb; about 50 kb; about 45 kb; about 40 kb;
about 35 kb; about 30 kb; about 25 kb; about 20 kb; about 15 kb; about 10 kb; about 5 kb; and about 1 kb.

[0096] The closer a particular marker is to a gene that encodes a polypeptide that contributes to a
particular phenotype (whether measured in terms of genetic or physical distance), the more tightly-linked
is the particular marker to the phenotype. In view of the foregoing, it will be appreciated that markers
linked to a particular gene or phenotype include those markers that are tightly linked, and those markers
that are extremely tightly linked, to the gene or phenotype. In some embodiments, the closer a particular
marker is to a gene that encodes a polypeptide that contributes to a blackleg resistance phenotype
(whether measured in terms of genetic or physical distance), the more tightly-linked is the particular
marker to the blackleg resistance phenotype. Thus, linked, tightly linked, and extremely tightly genetic
markers of a blackleg resistance phenotype in canola may be useful in MAS programs to identify canola
varieties comprising improved blackleg resistance (when compared to parental varieties and/or at least

one particular conventional variety), to identify individual canola plants comprising blackleg resistance
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(or improved blackleg resistance), and to breed this trait into other canola varieties to introduce or

improve blackleg resistance.

[0097] In some embodiments, the linkage relationship between a molecular marker and a phenotype
may be expressed as a “probability” or “adjusted probability.” Within this context, a probability value is
the statistical likelihood that a particular combination of a phenotype and the presence or absence of a
particular marker allele form is random. Thus, the lower the probability score, the greater the likelihood
that the phenotype and the particular marker allele form will co-segregate. In some examples, the
probability score may be described as “significant” or “non-significant.” In particular examples, a
probability score of 0.05 (p = 0.05 (a 5% probability)) of random assortment is considered a “‘significant”
indication of co-segregation. However, a significant probability may in other examples be any
probability of less than 50% (p = 0.5). For instance, a significant probability may be less than 0.25; less
than 0.20; less than 0.15; or less than (.1.

[0098] In some embodiments, a marker that is linked to a blackleg resistance phenotype may be selected
from the QTL markers of canola linkage group N10 that are illustrated in FIG. 2. In some embodiments,
a marker that is linked to a blackleg resistance phenotype may be selected from those markers that are
located within about 10 cM of a QTL marker illustrated in FIG. 2. Thus, marker that is linked to a
blackleg resistance phenotype may be, for example, within 10 ¢cM; 9 ¢cM; 8 cM; 7 cM; 6 cM; 5 cM; 4 cM;
3cM; 2 cM; 1 cM; 0.75 cM; 0.5 ¢M; 0.25 ¢M; or less, from a QTL marker illustrated in FIG. 2.

[0099] A plant breeder can advantageously use molecular markers to identify desired individuals by
identifying marker alleles that show a statistically significant probability of co-segregation with a desired
phenotype (e.g., blackleg resistance), manifested as linkage disequilibrium. By identifying a molecular
marker or clusters of molecular markers that co-segregate with a quantitative trait, the breeder is thus
identifying a QTL. By identifying and selecting a marker allele (or desired alleles from multiple markers)
that associates with the desired phenotype, the plant breeder is able to rapidly select the phenotype by
selecting for the proper molecular marker allele (i.e., MAS). The more molecular markers that are placed

on the genetic map, the mare potentially useful that map becomes for conducting MAS.

[00100] Marker set: As used herein, a “set” of markers or probes refers to a specific collection of
markers or probes (or data derived therefrom) that may be used to identify individuals comprising a trait
of interest. In some embodiments, a set of markers linked to the blackleg resistance phenotype may be
used to identify canola plants comprising blackleg resistance. Data corresponding to a marker set or
probe set (or data derived from the use of such markers or probes) may be stored in an electronic

medium. While each marker in a marker set may possess utility with respect to trait identification,
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individual markers selected from the set and subsets including some, but not all, of the markers may also

be effective in identifying individuals comprising the trait of interest.

[00101] Allele: As used herein, the term "allele" refers to one of two or more different nucleotide
sequences that occur at a specific locus. For example, a first allele may occur on one chromosome, while
a second allele may occur on a second homologous chromosome; e.g., as occurs for different
chromosomes of a heterozygous individual, or between different homozygous or heterozygous
individuals in a population. In some embodiments, a particular allele at a particular locus may be linked
to an agronomically desirable phenotype (e.g., blackleg resistance). In some embodiments, a particular
allele at the locus may allow the identification of plants that do not comprise the agronomically desirable
phenotype (e.g., blackleg susceptibility) such that those plants may be removed from a breeding program
or planting. A marker allele may segregate with a favorable phenotype, therefore providing the benefit of
identifying plants comprising the phenotype. An “allelic form of a chromosome segment” may refer to a
chromosome segment that comprises a marker allele nucleotide sequence that contributes to, or is linked

to, a particular phenotype at one or more genetic loci physically located on the chromosome segment.

[00102] "Allele frequency” may refer to the frequency (expressed as a proportion or percentage) at which
an allele is present at a locus within a plant, within a line, or within a population of lines. Thus, for an
allele "A," a diploid individual of genotype "AA," "Aa," or "aa," has an allele frequency of 1.0, 0.5, or
0.0, respectively. The allele frequency within a line may be estimated by averaging the allele frequencies
of a sample of individuals from that line. Similarly, the allele frequency within a population of lines may
be calculated by averaging the allele frequencies of lines that make up the population. For a population
with a finite number of individuals or lines, an allele frequency may be expressed as a count of

individuals or lines (or any other specified grouping) containing the allele.

[00103] A marker allele "positively” correlates with a trait when the marker is linked to the trait, and
when presence of the marker allele is an indicator that the desired trait or trait form will occur in a plant
comprising the allele. A marker allele “negatively” correlates with a trait when the marker is linked to the
trait, and when presence of the marker allele is an indicator that the desired trait or trait form will not

occur in a plant comprising the allele.

[00104] A “homozygous” individual has only one form of allele at a given locus (e.g., a diploid plant has
a copy of the same allele form at a particular locus for each of two homologous chromosomes). An
individual is “heterozygous” if more than one allele form is present at the locus (e.g., a diploid individual
has one copy of a first allele form and one copy of a second allele form at the locus). The term

“homogeneity” refers to members of a group that have the same genotype (i.e., the same allele frequency)
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at one or more specific loci of interest. In contrast, the term “heterogeneity” refers to individuals within a

eroup that differ in genotype at one or more specific loci of interest.

[00105] Any technique that may be used to characterize the nucleotide sequence at a locus may be used
to identify a marker allele. Methods for marker allele detection include, for example and without
limitation, molecular identification methods (e.g., amplification and detection of a marker amplicon). For
example, an allelic form of an SSR marker, or of a SNP marker, may be detected by an amplification
based technology. In a typical amplification-based detection method, a marker locus or a portion of the
marker locus is amplified (using, e.g., PCR, LCR, and transcription using a nucleic acid isolated from a
canola plant of interest as an amplification template), and the resulting amplified marker amplicon is
detected. In some embodiments, plant RNA may be utilized as the template for an amplification reaction.
In some embodiments, plant genomic DNA may be utilized as the template for the amplification reaction.
In some examples, the QTL. marker is an SNP marker, and the detected allele is a SNP marker allele, and
the method of detection is allele specific hybridization (ASH). In some examples, the QTL marker is an
SSR marker, and the detected allele is an SSR marker allele.

[00106] ASH technology is based on the stable annealing of a short, single-stranded, oligonucleotide
probe to a completely complementary single-strand target nucleic acid. Detection may be accomplished
via detection of an isotopic or non-isotopic label attached to the probe. For each polymorphism, two or
more different ASH probes may be designed to have identical DNA sequences, except at site of a
polymorphism. Each probe may be perfectly homologous with one allele sequence, so that the range of
probes can distinguish all the known alternative allele sequences. When each probe is hybridized to
target DNA under appropriate probe design and hybridization conditions, a single-base mismatch
between the probe and target DNA prevents hybridization. In this manner, only one of the alternative
probes will hybridize to a target sample that is homozygous for an allele. Samples that are heterozygous

or heterogeneous for two alleles will hybridize to both of two alternative probes.

[00107] ASH markers may be used as dominant markers, where the presence or absence of only one
allele is determined from hybridization or lack of hybridization by only one probe. The alternative allele
may be inferred from a lack of hybridization. In examples, ASH probe and target molecules may be
RNA or DNA molecules; a target molecule may comprise any length of nucleotides beyond the sequence
that is complementary to the probe; the probe may be designed to hybridize with either strand of a DNA
target; and the size of the probe may be varied to conform with the requirements of different

hybridization conditions.

[00108] Amplified variable sequences refer to amplified sequences of the plant genome that exhibit high

nucleic acid residue variability between members of the same species. All organisms have variable
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genomic sequences, and each organism (with the exception of a clone) has a different set of variable
sequences. Once identified, the presence of specific variable sequence can be used to predict phenotypic
traits. DNA from a plant may in some examples be used as a template for amplification with primers that

flank a variable sequence of DNA. The variable sequence may be amplified and then sequenced.

[00109] Self-sustained sequence replication may also and alternatively be used to identify genetic
markers. Self-sustained sequence replication refers to a method of nucleic acid amplification using target
nucleic acid sequences that are replicated exponentially in vitro under substantially isothermal conditions,
using three enzymatic activities involved in retroviral replication: reverse transcriptase; Rnase H; and a
DNA-dependent RNA polymerase. Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 87:1874. By
mimicking the retroviral strategy of RNA replication by means of ¢cDNA intermediates, this reaction

accumulates cDNA and RNA copies of the original target.

[00110] Data representing detected marker allele(s) may be transmiitted (for example, electronically; and
via infrared, wireless, or optical transmission) to a computer or computer-readable medium for analysis or

storage.

[00111] For example, an amplification primer or amplification primer pair may be admixed with a
genomic nucleic acid isolated from a first canola plant or germplasm, wherein the primer or primer pair is
complementary or partially complementary to at least a portion of a marker locus, and the primer or
primer pair is capable of initiating DNA polymerization by a DNA polymerase using the canola genomic
nucleic acid as a template. The primer or primer pair (e.g., a primer pair provided in Table 3 is extended
in a DNA polymerization reaction utilizing a DNA polymerase and a template genomic nucleic acid to

generate at least one amplicon.

[00112] “Positional cloning” refers to a particular cloning procedure in which a target nucleic acid is
identified and isolated by its genomic proximity to a marker. For example, a genomic nucleic acid clone
may include all or part of two more chromosomal regions that are proximal to one another. If a marker
can be used to identify the genomic nucleic acid clone from a genomic library, standard methods such as
sub-cloning and/or sequencing may be used to identify and or isolate sub-sequences of the clone that are

located near the marker.

[00113] Locus: As used herein, the term “locus” refers to a position on the genome that corresponds to a
measurable characteristic (e.g., a trait) or polymorphism. An SNP locus is defined by a probe that

hybridizes to DNA contained within the locus.
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[00114] Marker-assisted breeding: As used herein, the term “marker-assisted breeding” may refer to an
approach to breeding directly utilizing MAS for one or more traits (e.g., improved blackleg resistance).
In current practice, plant breeders attempt to identify easily detectable traits, such as flower color, seed
coat appearance, or isozyme variants that are linked to an agronomically desired trait. The plant breeders
then follow the agronomic trait in the segregating, breeding populations by following the segregation of
the easily detectable trait. However, there are very few of these linkage relationships available for use in

plant breeding.

[00115] Marker-assisted breeding provides a time- and cost-efficient process for improvement of plant
varieties. Several examples of the application of marker-assisted breeding involve the use of isozyme

markers. See, e.g., Tanksley and Orton, eds. (1983) Isozymes in Plant Breeding and Genetics,

Amsterdam: Elsevier. One example is an isozyme marker associated with a gene for resistance to a
nematode pest in tomato. The resistance, controlled by a gene designated Mi, is located on chromosome
6 of tomato and is very tightly linked to Apsl, an acid phosphatase isozyme. Use of the Aps! isozyme
marker to indirectly select for the Mi gene provided the advantages that segregation in a population can
be determined unequivocally with standard electrophoretic techniques; the isozyme marker can be scored
in seedling tissue, obviating the need to maintain plants to maturity; and co-dominance of the isozyme
marker alleles allows discrimination between homozygotes and heterozygotes. See Rick (1983) in

Tanksley and Orton, supra.

[00116] Probe: In some embodiments, the presence of a marker in a plant may be detected through the
use of a nucleic acid probe. A probe may be a DNA molecule or an RNA molecule. RNA probes can be
synthesized by means known in the art, for example, using a DNA molecule template. A probe may
contain all or a portion of the nucleotide sequence of the marker and additional, contiguous nucleotide
sequence from the plant genome. This is referred to herein as a “contiguous probe.” The additional,
contiguous nucleotide sequence is referred to as “upstream” or “downstream” of the original marker,
depending on whether the contiguous nucleotide sequence from the plant chromosome is on the 5° or the
3’ side of the original marker, as conventionally understood. As is recognized by those of ordinary skill
in the art, the process of obtaining additional, contiguous nucleotide sequence for inclusion in a marker
may be repeated nearly indefinitely (limited only by the length of the chromosome), thereby identifying

additional markers along the chromosome.

[00117] An oligonucleotide probe sequence may be prepared synthetically or by cloning. Suitable
cloning vectors are well-known to those of skill in the art. An oligonucleotide probe may be labeled or
unlabeled. A wide variety of techniques exist for labeling nucleic acid molecules, including, for example
and without limitation: radiolabeling by nick translation; random priming; tailing with terminal

deoxytransferase; or the like, where the nucleotides employed are labeled, for example, with radioactive
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*P. Other labels which may be used include, for example and without limitation: Fluorophores (e.g.,
FAM and VIC); enzymes; enzyme substrates; enzyme cofactors; enzyme inhibitors; and the like.
Alternatively, the use of a label that provides a detectable signal, by itself or in conjunction with other
reactive agents, may be replaced by ligands to which receptors bind, where the receptors are labeled (for
example, by the above-indicated labels) to provide detectable signals, either by themselves, or in

conjunction with other reagents. See, e.g., Leary et al. (1983) Proc. Natl. Acad. Sci. USA 80:4045-9.

[00118] A probe may contain a nucleotide sequence that is not contiguous to that of the original marker;
this probe is referred to herein as a “noncontiguous probe.” The sequence of the noncontiguous probe is
located sufficiently close to the sequence of the original marker on the genome so that the noncontiguous
probe is genetically linked to the same gene or trait (e.g., blackleg resistance). For example, in some
embodiments, a noncontiguous probe is located within about 10 ¢cM; 9 ¢M; 8 ¢M; 7 cM; 6 cM; 5 cM; 4
cM; 3 cM; 2 cM; 1 eM; 0.75 cM; 0.5 ¢cM; 0.25 cM; or less, from a QTL marker illustrated in FIG. 2

[00119] A probe may be an exact copy of a marker to be detected. A probe may also be a nucleic acid
molecule comprising, or consisting of, a nucleotide sequence which is substantially identical to a cloned
segment of the subject organism’s (e.g., canola) chromosomal DNA. As used herein, the term
“substantially identical” may refer to nucleotide sequences that are more than 85% identical. For
example, a substantially identical nucleotide sequence may be 85.5%; 86%; 87%; 88%; 89%; 90%; 91%;
92%; 93%; 94%; 95%; 96%; 97%; 98%; 99% or 99.5% identical to a reference sequence.

[00120] A probe may also be a nucleic acid molecule that is “specifically hybridizable” or “specifically
complementary” to an exact copy of the marker to be detected (“DNA target”). “Specifically
hybridizable” and “specifically complementary” are terms that indicate a sufficient degree of
complementarity such that stable and specific binding occurs between the nucleic acid molecule and the
DNA target. A nucleic acid molecule need not be 100% complementary to its target sequence to be
specifically hybridizable. A nucleic acid molecule is specifically hybridizable when there is a sufficient
degree of complementarity to avoid non-specific binding of the nucleic acid to non-target sequences

under conditions where specific binding is desired, for example, under stringent hybridization conditions.

[00121] Hybridization conditions resulting in particular degrees of stringency will vary depending upon
the nature of the hybridization method of choice and the composition and length of the hybridizing
nucleic acid sequences. Generally, the temperature of hybridization and the ionic strength (especially the
Na" and/or Mg*™* concentration) of the hybridization buffer will determine the stringency of hybridization,
though wash times also influence stringency. Calculations regarding hybridization conditions required
for attaining particular degrees of stringency are known to those of ordinary skill in the art, and are

discussed, for example, in Sambrook ef al. (ed.) Molecular Cloning: A Laboratory Manual, 2 ed., vol.
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1-3, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989, chapters 9 and 11; and Hames
and Higgins (eds.) Nucleic Acid Hybridization, IRL Press, Oxford, 1985. Further detailed instruction and

guidance with regard to the hybridization of nucleic acids may be found, for example, in Tijssen,
“Overview of principles of hybridization and the strategy of nucleic acid probe assays,” in Laboratory

Techniques in Biochemistry and Molecular Biology- Hybridization with Nucleic Acid Probes, Part I,

Chapter 2, Elsevier, NY, 1993; and Ausubel ef al., Eds., Current Protocols in Molecular Biology, Chapter
2, Greene Publishing and Wiley-Interscience, NY, 1995.

[00122] As used herein, “stringent conditions” encompass conditions under which hybridization will only
occur if there is less than 50% mismatch between the hybridization molecule and the DNA target.
“Stringent conditions” include further particular levels of stringency. Thus, as used herein, “moderate
stringency” conditions are those under which molecules with more than 50% sequence mismatch will not
hybridize; conditions of “high stringency” are those under which sequences with more than 20%
mismatch will not hybridize; and conditions of “very high stringency” are those under which sequences

with more than 10% mismatch will not hybridize.

[00123] The following are representative, non-limiting hybridization conditions.

[00124] Very High Stringency (detects sequences that share at least 90% sequence identity):
Hybridization in 5x SSC buffer at 65 °C for 16 hours; wash twice in 2x SSC buffer at room temperature

for 15 minutes each; and wash twice in 0.5x SSC buffer at 65 °C for 20 minutes each.

[00125] High Stringency (detects sequences that share at least 80% sequence identity): Hybridization in
5x-6x SSC buffer at 65-70 °C for 16-20 hours; wash twice in 2x SSC buffer at room temperature for 5-20

minutes each; and wash twice in 1x SSC buffer at 55-70 °C for 30 minutes each.

[00126] Moderate Stringency (detects sequences that share at least 50% sequence identity):
Hybridization in 6x SSC buffer at room temperature to 55 °C for 16-20 hours; wash at least twice in 2x-

3x SSC buffer at room temperature to 55 °C for 20-30 minutes each.

[00127] With respect to all probes discussed, supra, the probe may comprise additional nucleic acid
sequences, for example, promoters; transcription signals; and/or vector sequences. Any of the probes
discussed, supra, may be used to define additional markers that are linked to a gene involved blackleg
resistance in canola, and markers thus identified may be equivalent to exemplary markers named in the

present disclosure, and thus are within the scope of the invention.
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[00128] Sequence identity: The term “sequence identity” or “identity,” as used herein in the context of
two nucleic acid or polypeptide sequences, may refer to the residues in the two sequences that are the

same when aligned for maximum correspondence over a specified comparison window.

[00129] As used herein, the term “‘percentage of sequence identity” may refer to the value determined by
comparing two optimally aligned sequences (e.g., nucleic acid sequences) over a comparison window,
wherein the portion of the 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
alignment of the two sequences. The percentage is calculated by determining the number of positions at
which the identical nucleotide or amino acid residue occurs in both sequences to yield the number of
matched positions, dividing the number of matched positions by the total number of positions in the

comparison window, and multiplying the result by 100 to yield the percentage of sequence identity.

[00130] Methods for aligning sequences for comparison are well-known in the art. Various programs and
alignment algorithms are described in, for example: Smith and Waterman (1981) Adv. Appl. Math.
2:482; Needleman and Wunsch (1970) J. Mol. Biol. 48:443; Pearson and Lipman (1988) Proc. Natl.
Acad. Sci. U.S.A. 85:2444; Higgins and Sharp (1988) Gene 73:237-44, Higgins and Sharp (1989)
CABIOS 5:151-3; Corpet et al. (1988) Nucleic Acids Res. 16:10881-90; Huang et al. (1992) Comp.
Appl. Biosci. 8:155-65; Pearson et al. (1994) Methods Mol. Biol. 24:307-31; Tatiana et al. (1999) FEMS
Microbiol. Lett. 174:247-50. A detailed consideration of sequence alignment methods and homology
calculations can be found in, e.g., Altschul et al. (1990) J. Mol. Biol. 215:403-10.

[00131] The National Center for Biotechnology Information (NCBI) Basic Local Alignment Search Tool
(BLAST™; Altschul et al. (1990)) is available from several sources, including the National Center for
Biotechnology Information (Bethesda, MD), and on the internet, for use in connection with several
sequence analysis programs. A description of how to determine sequence identity using this program is
available on the internet under the “help” section for BLAST™. For comparisons of nucleic acid
sequences, the “Blast 2 sequences” function of the BLAST™ (Blastn) program may be employed using
the default BLOSUMG62 matrix set to default parameters. Nucleic acid sequences with even greater
similarity to the reference sequences will show increasing percentage identity when assessed by this

method.

[00132] Nucleic acid molecule: As used herein, the term “nucleic acid molecule” may refer to a
polymeric form of nucleotides, which may include both sense and anti-sense strands of RNA, cDNA,
genomic DNA, and synthetic forms and mixed polymers of the above. A nucleotide may refer to a
ribonucleotide, deoxyribonucleotide, or a modified form of either type of nucleotide. A “nucleic acid

’

molecule” as used herein is synonymous with “nucleic acid” and “polynucleotide.” The term includes

27

SUBSTITUTE SHEET (RULE 26)



WO 2015/038470 PCT/US2014/054538

single- and double-stranded forms of DNA. A nucleic acid molecule can include either or both naturally
occurring and modified nucleotides linked together by naturally occurring and/or non-naturally occurring

nucleotide linkages.

[00133] An “exogenous” molecule is a molecule that is not native to a specified system (e.g., a
germplasm, variety, elite variety, and/or plant) with respect to nucleotide sequence and /or genomic
location for a polynucleotide, and with respect to amino acid sequence and/or cellular localization for a
polypeptide. In embodiments, exogenous or heterologous polynucleotides or polypeptides may be
molecules that have been artificially supplied to a biological system (e.g., a plant cell, a plant gene, a
particular plant species or variety, and/or a plant chromosome) and are not native to that particular
biological system. Thus, the designation of a nucleic acid as ‘“‘exogenous” may indicate that the nucleic
acid originated from a source other than a naturally-occurring source, or it may indicate that the nucleic

acid has a non-natural configuration, genetic location, or arrangement of elements.

[00134] In contrast, for example, a “native” or “endogenous” nucleic acid is a nucleic acid (e.g., a gene)
that does not contain a nucleic acid element other than those normally present in the chromosome or other
genetic material on which the nucleic acid is normally found in nature. An endogenous gene transcript is
encoded by a nucleotide sequence at its natural chromosomal locus, and is not artificially supplied to the

cell.

[00135] The term “recombinant” refers to a material (e.g., recombinant nucleic acid, recombinant gene,
recombinant polynucleotide, and/or recombinant polypeptide) that has been altered by human
intervention. For example, the arrangement of the parts or elements of a recombinant molecule may not
be a native arrangement, and/or the primary sequence of the recombinant molecule may been changed
from its native sequence in some way. A material may be altered to produce a recombinant material
within or removed from its natural environment or state. An open reading frame of a nucleic acid is
recombinant if the nucleotide sequence of the open reading frame has been removed from it natural
context and cloned into any type of artificial nucleic acid (e.g., a vector). Protocols and reagents to
produce recombinant molecules, especially recombinant nucleic acids, are common and routine in the art.
The term “recombinant” may also herein refer to a cell or organism that comprises recombinant material
(e.g., a plant and/or plant cell that comprises a recombinant nucleic acid). In some examples, a
recombinant organism is a transgenic organism.

[00136] As used herein, the term “introduced,” when referring to translocation of a heterologous or
exogenous nucleic acid into a cell, refers to the incorporation of the nucleic acid into the cell using any
methodology available in the art. This term encompasses nucleic acid introduction methods including,

for example and without limitation, transfection; transformation; and transduction.
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[00137] As used herein, the term ““vector” refers to a polynucleotide or other molecules that is capable of
transferring at least one nucleic acid segment(s) into a cell. A vector may optionally comprise
components/elements that mediate vector maintenance and enable its intended use (e.g., sequences
necessary for replication, genes imparting drug or antibiotic resistance, a multiple cloning site, and/or
operably-linked promoter/enhancer elements that enable the expression of a cloned gene). Vectors may
be derived, for example, from plasmids, bacteriophages, or plant or animal viruses. A “cloning vector,”
“shuttle vector,” or “subcloning vector” generally comprises operably-linked elements to facilitate
cloning or subcloning steps (e.g., a multiple cloning site containing multiple restriction endonuclease

sites).

[00138] The term “‘expression vector,” as used herein, refers to a vector comprising operably-linked
polynucleotide sequences that may facilitate expression of a coding sequence in a particular host
organism. For example, a bacterial expression vector may facilitate expression of a coding sequence in a
bacterium. A plant expression vector may facilitate expression of a coding sequence in a plant cell.
Polynucleotide sequences that facilitate expression in prokaryotes may include, for example and without
limitation, a promoter; an operator; and a ribosome binding site. Eukaryotic expression vectors (e.g., a
plant expression vector) comprise promoters, enhancers, termination, and polyadenylation signals (and

other sequences) that are generally different from those used in prokaryotic expression vectors.

[00139] Single-nucleotide polymorphism: As used herein, the term “‘single-nucleotide polymorphism”
(SNP) may refer to a DNA sequence variation occurring when a single nucleotide in the genome (or other
shared sequence) differs between members of a species or paired chromosomes in an individual. Within
a population, SNPs can be assigned a minor allele frequency that is the lowest allele frequency at a locus
that is observed in a particular population. This is simply the lesser of the two allele frequencies for
single-nucleotide polymorphisms. Different populations are expected to exhibit at least slightly different
allele frequencies. Particular populations may exhibit significantly different allele frequencies. In some

examples, markers linked to SCN resistance are SNP markers.

[00140] SNPs may fall within coding sequences of genes, non-coding regions of genes, or in the
intergenic regions between genes. SNPs within a coding sequence will not necessarily change the amino
acid sequence of the protein that is produced, due to degeneracy of the genetic code. An SNP in which
both forms lead to the same polypeptide sequence is termed ‘“‘synonymous” (sometimes called a silent
mutation). If a different polypeptide sequence is produced, they are termed “non-synonymous.” A non-
synonymous change may either be missense or nonsense, where a missense change results in a different
amino acid, and a nonsense change results in a premature stop codon. SNPs that are not in protein-coding

regions may still have consequences for gene splicing, transcription factor binding, or the sequence of
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non-coding RNA. SNPs are usually biallelic and thus easily assayed in plants and animals.

Sachidanandam (2001) Nature 409:928-33.

[00141] Plant: As used herein, the term "plant” may refer to a whole plant, a cell or tissue culture derived
from a plant, and/or any part of any of the foregoing. Thus, the term "plant” encompasses, for example
and without limitation, whole plants; plant components and/or organs (e.g., leaves, stems, and roots);
plant tissue; seed; and a plant cell. A plant cell may be, for example and without limitation, a cell in
and/or of a plant, a cell isolated from a plant, and a cell obtained through culturing of a cell isolated from
a plant. Thus, the term "canola plant” may refer to, for example and without limitation, a whole canola
plant; multiple canola plants; canola plant cell(s); canola plant protoplast; canola tissue culture (e.g., from
which a canola plant can be regenerated); canola plant callus; canola plant parts (e.g., canola seed, canola
flower, canola cotyledon, canola leaf, canola stem, canola bud, canola root, and canola root tip); and

canola plant cells that are intact in canola plants or in parts of canola plants.

[00142] A “transgenic plant” is a plant comprising within at least one of its cells an exogenous
polynucleotide. In examples, the exogenous polynucleotide is stably-integrated within the genome of the
cell, such that the polynucleotide may be inherited in successive generations. In some examples, the
heterologous polynucleotide may be integrated into the genome as part of a recombinant expression
cassette. The term “transgenic” is used herein to refer to any cell, cell line, callus, tissue, plant part, or
plant, the genotype of which has been altered by the presence of a exogenous nucleic acid. Thus, this
term encompasses transgenic organisms and cells that have been initially altered to comprise the
exogenous polynucleotide, and those organisms and cells created by crosses or asexual propagation of the
initial transgenic organism or cell. The term “transgenic,” as used herein, does not encompass genome
(chromosomal or extra-chromosomal) alternations introduced by conventional plant breeding methods
(e.g., crosses of only non-transgenic organisms) or by naturally-occurring events (e.g., random cross-
fertilization, non-recombinant viral infection, non-recombinant bacterial transformation, non-recombinant

transposition, and spontaneous mutation).

[00143] A plant “line,” “variety,” or “strain” is a group of individual plants having the same parentage.
Plants of a line generally are inbred to some degree, and are generally homozygous and homogeneous at
most genetic loci. A “subline” may refer to an inbred subset of descendents from a common progenitor
that are genetically distinct from other similarly inbred subsets descended from the same progenitor. In
some embodiments, a “subline” may be produced by inbreeding seed from an individual canola plant
selected at the F; to Fs generation until the residual segregating loci are homozygous across most or all

loci.
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[00144] Commercial canola varieties are typically produced by aggregating the self-pollinated progeny
(“bulking”) of a single F; to Fs plant from a controlled cross between 2 genetically different parents.
‘While such a variety typically appears uniform, a self-pollinating variety derived from the selected plant
eventually (for example, by the Iy generation) becomes a mixture of homozygous plants that may vary in
genotype at any locus that was heterozygous in the originally selected F; to Fs plant. In embodiments
described herein, marker-based sublines that differ from each other based on qualitative marker
polymorphism at the DNA level at one or more specific loci, are produced by genotyping a sample of
seed derived from individual self-pollinated progeny derived from a selected Fs to Fs plant. Such a seed
sample may be genotyped directly as seed, or as plant tissue grown from seed. In some examples, seed
sharing a common genotype at one or more specified marker locus are bulked to produce a subline that is

genetically homogenous at one or more locus that is linked to a trait of interest (e.g., blackleg resistance).

[00145] An “ancestral line” refers to a parent line that is or has been used as a source of genetic material,
for example, for the development of elite lines. An “ancestral population” refers to a group of ancestors
that have contributed the bulk of the genetic variation that was used to develop an elite line.
“Descendants” are progeny of ancestors, and descendents may be separated from their ancestors by many
generations of breeding. For example, elite lines are the descendants of their ancestors. A pedigree may
be used to describe the relationship between a descendant and each of its ancestors. A pedigree may span
one or more generations, and thus may describe relationships between a descendant and its ancestors

removed by 1, 2, 3, 4, etc. generations.

[00146] An “elite line” or “elite strain” refers to an agronomically superior line that has been bred and
selected (often through many cycles) for superior agronomic performance. Numerous elite canola lines
are available and known to those of skill in the art. An elite population is an assortment of elite lines or
individuals from elite lines that may be used to represent the state of the art in terms of the available
agronomically superior genotypes of a given crop species (e.g., canola). Similarly, an elite germplasm or
elite strain of germplasm is an agronomically superior germplasm. An elite germplasm may be obtained
from a plant with superior agronomic performance, and may capable of being used to generate a plant

with superior agronomic performance, such as a canola of an existing or newly-developed elite line.

[00147] In contrast to elite lines, an “‘exotic line” or “exotic strain” (or an “‘exotic germplasm”) refers to a
line or germplasm obtained from a canola not belonging to an available elite canola line or strain of
germplasm. In the context of a cross between two canola plants or germplasms, an exotic germplasm is
not closely related by descent to the elite germplasm with which it is crossed. Most commonly, exotic
germplasm has been selected to introduce a novel genetic element (e.g., an allele form of interest) into a

breeding program.
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[00148] Trait or phenotype: The terms “trait” and “phenotype” are used interchangeably herein to refer
to a measurable or observable heritable characteristic. A phenotype may in some examples be directly
controlled by a single gene or genetic locus (i.e., a single gene trait). In other examples, a phenotype may
be the result of an interaction between several genes (a complex trait). Thus, a QTL can act through a
single gene mechanism or by a polygenic mechanism. In some examples, a trait or phenotype can be
assigned a “phenotypic value,” which corresponds to a quantitative value measured for the phenotypic

trait.

[00149] The term “‘molecular phenotype” may refer to a phenotype that is detectable at the level of a
population of (one or more) molecules. In some examples, the molecular phenotype may only be
detectable at the molecular level. The detectable molecules of the phenotype may be nucleic acids (e.g.,
genomic DNA or RNA); proteins; and/or metabolites. For example, a molecular phenotype may be an
expression profile for one or more gene products (e.g., at a specific stage of plant development, or in

response to an environmental condition or stress).

[00150] Blackleg resistance: For the purposes of the present disclosure, a trait of particular interest is

’

“blackleg resistance.” Those in the art understand that blackleg resistance is predominantly determined
by heritable genetic factors. Thus, for example, the selection of a particular canola variety for cultivation
may be based at least in part on the characteristic disease (for instance, blackleg) resistance of that
particular variety under normal field growing conditions (e.g., conditions without drought, disease, and
adequate soil nutrients). In examples, a canola plant having a blackleg susceptibility may comprise a

blackleg susceptibility rating of 0, 1, 3, 5, 7 or 9, (See Table 1), where a rating of 9 indicates great

susceptibility, or limited resistance to, blackleg discase.

[00151] In some embodiments, “blackleg resistance” is determined by comparison with the characteristic
blackleg resistance of a wild-type or parental variety. Thus, a first canola comprising a blackleg
resistance phenotype may have “increased” or “greater” levels of blackleg resistance (or “decreased” or
“lower” levels of blackleg susceptibility) relative to a wild-type canola, or relative to a parental canola
variety from which the first canola was derived. Increased or greater are relative terms, indicating that the
plant resists blackleg disease better, or to a greater degree, than a similar wild-type plant. Decreased and
lowered are relative terms, indicating that the plant is more susceptible to blackleg disease or is

susceptible to a greater degree, than a similar wild-type plant.

[00152] Description of how blackleg resistance rating is scored.

Detection of Markers for Blackleg resistance in Canola
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[00153] Methods for detecting (identifying) canola plants or germplasm that carry particular alleles of
blackleg resistance marker loci are a feature of some embodiments. In some embodiments, any of a
variety of marker detection protocols available in the art may be used to detect a marker allele, depending
on the type of marker being detected. In examples, suitable methods for marker detection may include
amplification and identification of the resulting amplified marker by, for example and without limitation,
PCR; LCR; and transcription-based amplification methods (e.g., ASH, SSR detection, RFLLP analysis,

and many others).

[00154] In general, a genetic marker relies on one or more property of nucleic acids for its detection.
For example, some techniques for detecting genetic markers utilize hybridization of a probe nucleic acid
to a nucleic acid corresponding to the genetic marker (e.g., an amplified nucleic acid produced using a
genomic canola DNA molecule as a template). Hybridization formats including, for example and without
limitation, solution phase; solid phase; mixed phase; and in situ hybridization assays may be useful for
allele detection in particular embodiments. An extensive guide to the hybridization of nucleic acids may
be found, for example, in Tijssen (1993) Laboratory Techniques in Biochemistry and Molecular Biology-
Hybridization with Nucleic Acid Probes Elsevier, NY.

[00155] Markers corresponding to genetic polymorphisms between members of a population may be
detected by any of numerous methods including, for example and without limitation, nucleic acid
amplification-based methods; and nucleotide sequencing of a polymorphic marker region. Many
detection methods (including amplification-based and sequencing-based methods) may be readily
adapted to high throughput analysis in some examples, for example, by using available high throughput

sequencing methods, such as sequencing by hybridization.

[00156] Amplification primers for amplifying SSR-type marker loci are included in particular examples
of some embodiments. Table 6 provides specific primers for amplification of particular markers
described herein. However, one of skill will immediately recognize that other sequences on either side of
the given primers may be used in place of the given primers, so long as the primers are capable of
amplifying a nucleotide sequence comprising the allele to be detected. Further, the precise probe used for
allele detection may vary. For example, any probe capable of identifying the region of a marker amplicon
to be detected may be substituted for the exemplary probes listed herein. Further, the configuration of
amplification primers and detection probes may also vary. Thus, embodiments are not limited to the
primers and probes specifically recited herein. Although many specific examples of primers are provided
herein (see Table 6), suitable primers to be used with the invention may be designed using any suitable
method. For example, equivalent primers may be designed using any suitable software program, such as

for example and without limitation, LLASERGENE®.

33

SUBSTITUTE SHEET (RULE 26)



WO 2015/038470 PCT/US2014/054538

[00157] Molecular markers may be detected by established methods available in the art including, for
example and without limitation: ASH, or other methods for detecting SNPs; AFLP detection; amplified
variable sequence detection; RAPD detection; RFLP detection; self-sustained sequence replication
detection; SSR detection; SSCP detection; and isozyme markers detection. While the exemplary markers
provided in FIG. 1 and Table 6 are SSR markers, any of the aforementioned marker types may be
employed in particular embodiments to identify chromosome segments encompassing a genetic element

that contributes to a blackleg resistance phenotype in canola.

[00158] For example, markers that comprise RFLPs may be detected, for example, by hybridizing a
probe (which is typically a sub-fragment or synthetic oligonucleotide corresponding to a sub-fragment) of
the nucleic acid to be detected to restriction-digested genomic DNA. The restriction enzyme is selected
so as to provide restriction fragments of at least two alternative (or polymorphic) lengths in different
individuals or populations. Determining one or more restriction enzyme(s) that produces informative
fragments for each cross is a simple procedure that is easily accomplished by those of skill in the art after
provision of the target DNA sequence. After separation by length in an appropriate matrix (e.g., agarose
or polyacrylamide) and transfer to a membrane (e.g., nitrocellulose or nylon), a labeled probe may be
hybridized under conditions that result in equilibrium binding of the probe to the target, followed by

removal of excess probe by washing, and detection of the labeled probe.

[00159] In some embodiments, an amplification step is utilized as part of a method to detect/genotype a
marker locus. However, an amplification step is not in all cases a requirement for marker detection. For
example, an unamplified genomic DNA may be detected simply by performing a Southern blot on a
sample of genomic DNA. Separate detection probes may also be omitted in amplification/detection
methods, for example and without limitation, by performing a real time amplification reaction that detects
product formation by modification of an amplification primer upon incorporation into a product;
incorporation of labeled nucleotides into an amplicon; and by monitoring changes in molecular rotation

properties of amplicons as compared to unamplified precursors (e.g., by fluorescence polarization).

[00160] PCR, RT-PCR, real-time PCR, and LCR are in particularly broad use as amplification and
amplification-detection methods for amplifying and detecting nucleic acids (e.g., those comprising
marker loci). Details regarding the use of these and other amplification methods can be found in any of a
variety of standard texts including, for example, Sambrook et ai., Molecular Cloning- A Laboratory

Manual (2000) 3rd Ed., Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY; Current

Protocols in Molecular Biology, (supplemented through 2002) F. M. Ausubel et al., eds., Current

Protocols, a joint venture between Greene Publishing Associates, Inc. and John Wiley & Sons, Inc.; and

PCR Protocols A Guide to Methods and Applications (1990) Innis ef al. eds) Academic Press Inc., San
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Diego, CA. Additional details regarding detection of nucleic acids in plants can also be found, for

example, in Plant Molecular Biology (1993) Croy (ed.) BIOS Scientific Publishers, Inc.

[00161] Additional details regarding techniques sufficient to direct persons of skill through particular in
vitro amplification and detection methods, including the polymerase chain reaction (PCR), the ligase
chain reaction (ILCR), Q-replicase amplification, and other RN A polymerase-mediated techniques (e.g.,
NASBA), and examples thereof, may also be found in, for example: U.S. Patent 4,683,202; Arnheim and
Levinson (1991) J. NIH Res. 3:81-94; Kwoh e al. (1989) Proc. Natl. Acad. Sci. USA 86:1173; Guatelli
et al. (1990), supra; Lomell et al. (1989) J. Clin. Chem. 35:1820; Landegren et al. (1988) Science
241:1077-80; Van Brunt (1990) Biotechnology 8:291-4; Wu and Wallace (1989) Gene 4:560; Barringer
et al. (1990) Gene 89:117; and Sooknanan and Malek (1995) Biotechnology 13:563-4. Improved
methods of amplifying large nucleic acids by PCR, which may be useful in some applications of
positional cloning, are further described in Cheng et al. (1994) Nature 369: 684, and the references cited
therein, in which PCR amplicons of up to 40 kb are generated.

[00162] Many available biology texts also have extended discussions regarding PCR and related
amplification methods. One of skill will appreciate that essentially any RNA can be converted into a
double-stranded DNA that is suitable for restriction digestion, PCR amplification, and sequencing using

reverse transcriptase and a polymerase (e.g., by RT-PCR).

[00163] In some embodiments, a nucleic acid probe may be used to detect a nucleic acid that comprises
a marker allele nucleotide sequence. Such probes can be used, for example, in positional cloning to
isolate nucleotide sequences that are linked to a marker allele sequence. Nucleic acid probes that are
useful in particular embodiments are not limited by any particular size constraint. In some embodiments,
a nucleic acid probe may be, for example and without limitation, at least 20 nucleotides in length; at least
50 nucleotides in length; at least 100 nucleotides in length; and at least 200 nucleotides in length. Nucleic

acid probes to a marker locus may be cloned and/or synthesized.

[00164] Any suitable label may be used with a probe in particular examples. Detectable labels suitable
for use with nucleic acid probes include any composition detectable by spectroscopic, radioisotopic,
photochemical, biochemical, immunochemical, electrical, optical, or chemical means. Thus, a hybridized
probe may be detected using, for example, autoradiography, fluorography, or other similar detection
techniques, depending on the particular label to be detected. Useful labels include biotin (for staining
with labeled streptavidin conjugate), magnetic beads, fluorescent dyes, radiolabels, enzymes, and
colorimetric labels. Other labels include ligands that bind to antibodies or specific binding targets labeled
with fluorophores, chemiluminescent agents, and enzymes. A probe may also comprise radiolabelled

PCR primers that are used to generate a radiolabelled amplicon. Additional information regarding
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labeling strategies for labeling nucleic acids, and corresponding detection strategies may be found, for

example, in Haugland (1996) Handbook of Fluorescent Probes and Research Chemicals, Sixth Edition,

Molecular Probes, Inc., Eugene OR; and Haugland (2001) Handbook of Fluorescent Probes and Research
Chemicals, Figth Edition, Molecular Probes, Inc., Eugene, OR (Available on CD ROM). In particular

examples, PCR detection and quantification is carried out using dual-labeled fluorogenic oligonucleotide

probes, for example, TagMan® probes (Applied Biosystems).

[00165] In some embodiments, primers are not labeled, and marker PCR amplicons may be visualized,
for example, following their size resolution (e.g., following agarose gel electrophoresis). In particular
examples, ethidium bromide staining of PCR amplicons following size resolution allows visualization of

differently size amplicons corresponding to different marker alleles.

[00166] Primers for use in embodiments are not limited to those capable of generating an amplicon of
any particular size. For example, primers used to amplify particular marker loci and alleles are not
limited to those amplifying the entire region of the relevant locus. The primers may generate an amplicon
of any suitable length that is longer or shorter than those given in the allele definitions. In examples,
marker amplification may produce an amplicon that is, for example and without limitation, at least 20
nucleotides in length; at least 50 nucleotides in length; at least 100 nucleotides in length; and at least 200

nucleotides in length.

[00167] Synthetic methods for making oligonucleotides and useful compositions comprising
oligonucleotides (e.g., probes, primers, molecular beacons, PNAs, and LNAs) are generally well-known
by those of skill in the art. For example, oligonucleotides may be synthesized chemically according to
the solid phase phosphoramidite triester method described in, for example, Beaucage and Caruthers
(1981) Tetrahedron Letts. 22(20):1859-62. Such methods may employ an automated synthesizer, for
example and without limitation, as described in Needham-VanDevanter ef al. (1984) Nucleic Acids Res.
12:6159-68. Oligonucleotides (including modified oligonucleotides) may also be ordered from a variety
of commercial sources including, for example and without limitation, The Midland Certified Reagent
Company; The Great American Gene Company; ExpressGen Inc.; and Operon Technologies Inc.
Similarly, PNAs may be custom ordered from any of a variety of sources including, for example and
without limitation, PeptidoGenic; HTI Bio-Products, Inc.; BMA Biomedicals Lid (U.K.); and
Bio.Synthesis, Inc.

[00168] In some embodiments, an in silico method may be used to detect a marker allele. For example,
the sequence of a nucleic acid comprising a marker sequence may be stored in a computer. The desired

marker locus sequence (or its homolog) may be identified using an appropriate nucleic acid search
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algorithm, as provided by, for example and without limitation, BLAST™, or even simple word

Processors.

[00169] In some embodiments, a marker allele is detected using a PCR-based detection method, where
the size or sequence of a PCR amplicon comprising the marker is indicative of the absence or presence of
a particular marker allele. In some examples, PCR primers are hybridized to conserved regions flanking
the polymorphic marker region. PCR primers so used to amplify a molecular marker are sometimes

referred to in the art as “PCR markers,” or simply “markers.”

[00170] A primary motivation for development of molecular markers in crop species is the potential for
increased efficiency in plant breeding through marker assisted selection (MAS). Genetic markers that are
linked to a trait or gene of interest may be used to identify plants that contain a desired marker allele at
one or more loci, which plants are thus expected to transfer the desired marker allele, along with the trait
or gene of interest, to their progeny. Genetic markers may be used to identify plants that contain a
particular genotype at one locus, or at several unlinked or linked loci (e.g., a haplotype). Similarly,
marker alleles described herein may be introgressed into any desired canola genetic background,
germplasm, plant, line, variety, etc., as part of an overall MAS breeding program designed to enhance

canola yield.

[00171] According to some embodiments, markers described herein provide the means to identify
canola plants and germplasm that comprise blackleg resistance (or increased blackleg resistance, or
decreased blackleg susceptibility) by identifying plants and germplasm comprising a specific allele at a
locus such as DBSNP09246, DBSNP01407, DBSNP05863, DBSNP01261, and/or a marker locus linked
to at least one of the foregoing. By identifying plants lacking a marker allele that co-segregates with
blackleg resistance, blackleg susceptible plants and germplasm (or plants with a lesser degree of blackleg

resistance) may be identified, for example, for elimination from subsequent crosses and breeding.

[00172] According to the foregoing, embodiments of the invention include molecular markers that have
a significant probability of co-segregation with a QTL that contributes to or imparts a blackleg resistance
phenotype. These QTL markers find use in marker assisted selection for desired traits (blackleg
resistance), and also have other uses. Embodiments of the invention are not limited to any particular

method for the detection or analysis of these markers.

Introgression of Markers for Blackleg resistance into Canola Lines
[00173] As set forth, supra, identification of canola plants or germplasm that includes a marker allele or
alleles that is/are linked to blackleg resistant phenotype provides a basis for performing marker assisted

selection of canola. In some embodiments, at least one canola plant that comprises at least one marker
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allele that is positively correlated blackleg resistance is selected, while canola plants that comprise marker

alleles that are negatively correlated with blackleg resistance may be selected against.

[00174] Desired marker alleles that are positively correlated blackleg resistance may be introgressed
into canola having a particular (e.g., elite or exotic) genetic background, so as to produce an introgressed
blackleg resistant canola plant or germplasm. In some embodiments, a plurality of blackleg resistance
markers may be sequentially or simultaneous selected and/or introgressed into canola. The particular
combinations of blackleg resistance markers that may be selected for in a single plant or germplasm is not
limited, and can include a combination of markers such as those set forth in FIG. 2, any markers linked to

the markers recited in FIG. 2, or any markers located within the QTL intervals defined herein.

[00175] In embodiments, the ability to identify QTL marker alleles that are positively correlated with
blackleg resistance of a canola plant provides a method for selecting plants that have favorable marker
loci as well. For example, any plant that is identified as comprising a desired marker allele (e.g., a marker
allele that positively correlates with blackleg resistance) may be selected for, while plants that lack the
allele (or that comprise an allele that negatively correlates with blackleg resistance) may be selected
against. Thus, in particular embodiments, subsequent to identification of a marker allele in a first plant or
germplasm, an introgression method includes selecting the first canola plant or germplasm, or selecting a
progeny of the first plant or germplasm. In some examples, the resulting selected canola plant or
germplasm may be crossed with a second canola plant or germplasm (e.g., an elite canola or an exotic
canola), so as to produce progeny comprising the marker allele and desirable characteristics and/or alleles

of the second plant or germplasm.

[00176] In some embodiments, a method of introgressing a blackleg resistance QTL may include, for
example, providing at least one marker linked to blackleg resistance (e.g., a marker that co-segregates
with blackleg resistance); determining the marker allele in a first plant or germplasm comprising blackleg
resistance QTL; and introgressing the marker allele into a second canola plant or germplasm, so as to
produce an introgressed canola plant or germplasm. In particular embodiments, the second canola plant
or germplasm may comprise improved blackleg resistance as compared to the first canola plant or
germplasm, while the introgressed canola plant or germplasm will comprise a blackleg resistance as
compared to the second plant or germplasm. As discussed in more detail below, an introgressed canola
plant or germplasm produced by these and other embodiments are also included in embodiments of the

invention.

[00177] In some embodiments, where an introgressed canola plant or germplasm is produced by any of
the methods provided herein, the introgressed canola plant or germplasm may be characterized by the

blackleg susceptibility or resistance of the plant. An introgressed plant or germplasm may comprise, for
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example and without limitation, a blackleg susceptibility rating of 0, 1, 3, or 5. In some examples, such

an introgressed canola plant or germplasm comprises a blackleg susceptibility rating of 0, 1, 3, 5, or 7.

[00178] In addition to introgressing selected marker alleles (e.g., through standard breeding methods)
into desired genetic backgrounds, so as to introgress a blackleg resistance QTL into the background,
transgenic approaches may be used in some embodiments to produce blackleg resistance canola plants
and/or germplasm. In some embodiments, an exogenous nucleic acid (e.g., a gene or open reading frame)
that is linked to at least one marker described herein in canola may be introduced into a target plant or
germplasm. For example, a nucleic acid coding sequence linked to at least one marker described herein
may be cloned from canola genomic DNA (e.g., via positional cloning) and introduced into a target plant

or germplasm.

[00179] Thus, particular embodiments include methods for producing a canola plant or germplasm
comprising a blackleg resistance phenotype, wherein the method comprises introducing an exogenous
nucleic acid into a target canola plant or progeny thereof, wherein the exogenous nucleic acid is
substantially identical to a nucleotide sequence that is linked to at least one positively-correlated marker
allele at one or more marker locus that is linked to blackleg resistance. In some examples, the marker
locus may be selected from: DBSNP10503, DBSNP10504, DBSNP31606, DBSNP3(0220,
DBSNP01654, DBSNP01910, DBSNP05704 and DBSNP05705; and a marker that is linked (e.g.,
demonstrating not more than 10% recombination frequency) to at least one of the foregoing. In some
embodiments, a plurality of linked markers may be used to construct a transgenic plant. Which of the

markers described herein that are used in such a plurality is within the discretion of the practitioner.

[00180] Any of a variety of methods can be used to provide an exogenous nucleic acid to a canola plant
or germplasm. In some embodiments, a nucleotide sequence is isolated by positional cloning, and is
identified by linkage to a marker allele that is positively correlated with blackleg resistance. For example,
the nucleotide sequence may correspond to an open reading frame (ORF) that encodes a polypeptide that,
when expressed in a canola plant, results in or contributes to the canola plant having blackleg resistance.
The nucleotide sequence may then be incorporated into an exogenous nucleic acid molecule. The precise
composition of the exogenous nucleic acid may vary. For example, an exogenous nucleic acid may
comprise an expression vector to provide for expression of the nucleotide sequence in the plant wherein

the exogenous nucleic acid is introduced.

[00181] Markers linked to blackleg resistance may be introgressed (for example, thereby introgressing
a blackleg resistance phenotype) into a canola plant or germplasm utilizing a method comprising marker
assisted selection. In embodiments, MAS is performed using polymorphic markers that have been

identified as having a significant likelihood of co-segregation with a blackleg resistance trait. Such

39

SUBSTITUTE SHEET (RULE 26)



WO 2015/038470 PCT/US2014/054538

markers (e.g., those set forth in FIG. 2) are presumed to map within or near a gene or genes that
contribute to the blackleg resistance of the plant (compared to a plant comprising the wild-type gene or
genes). Such markers may be considered indicators for the trait, and may be referred to as QTL markers.
In embodiments, a plant or germplasm is tested for the presence of a positively correlated allele in at least

one QTL marker.

[00182] In embodiments, linkage analysis is used to determine which polymorphic marker allele
demonstrates a statistical likelihood of co-segregation with a blackleg resistance phenotype. Following
identification of such a positively correlated marker allele for the blackleg resistance phenotype, the
marker may then be used for rapid, accurate screening of plant lines for the blackleg resistance allele
without the need to grow the plants through their life cycle and await phenotypic evaluations.
Furthermore, the identification of the marker permits genetic selection for the particular blackleg
resistance allele, even when the molecular identity of the actual blackleg resistance QTL is unknown. A
small tissue sample (for example, from the first leaf of the plant) may be taken from a progeny canola
plant produced by a cross and screened with the appropriate molecular marker. Thereby, it may be

rapidly determined whether the progeny should be advanced for further breeding.

[00183] In some embodiments comprising MAS, a polymorphic QTL marker locus may be used to
select a plant that contains a marker allele (or alleles) that is positively correlated with a blackleg
resistance phenotype. For example, a nucleic acid corresponding to the marker nucleic acid allele may be
detected in a biological sample from the plant to be selected. This detection may take the form of
hybridization of a probe nucleic acid to a marker allele or amplicon thereof (e.g., using allele-specific
hybridization, Southern analysis, northern analysis, in sifu hybridization, and hybridization of primers
followed by PCR amplification of a region of the marker). After the presence (or absence) of the
particular marker allele in the biological sample is verified, the plant is selected, and may in some

examples be used to make progeny plants by selective breeding.

[00184] Canola plant breeders desire combinations of blackleg resistance marker loci with
markers/genes other desirable traits (e.g., high yield) to develop improved canola varieties. Screening
large numbers of samples by non-molecular methods (e.g., trait evaluation in canola plants) is generally
expensive, time consuming, and unreliable. Use of the polymorphic markers described herein, which are
linked to blackleg resistance QTL, provides an effective method for selecting desirable varieties in
breeding programs. Advantages of marker-assisted selection over field evaluations for blackleg
resistance include, for example, that MAS can be done at any time of year, regardless of the growing
season. Moreover, as set forth, supra, environmental effects are largely irrelevant to marker-assisted

selection.
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[00185] When a population is segregating for multiple marker loci linked to one or more traits (e.g.,
multiple markers linked to blackleg resistance), the efficiency of MAS compared to phenotypic screening
becomes even greater, because all of the marker loci may be evaluated in the lab together from a single
sample of DNA. In particular embodiments of the invention, the DBSNP10503, DBSNP10504,
DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704, DBSNP05705
DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607, DBSNP04906,
DBSNP(07219, DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169, DBSNP0O0787, and
DBSNP01590 markers, as well as markers linked to at least one of the foregoing, may be assayed

simultaneously or sequentially from a single sample, or from a plurality of parallel samples.

[00186] Another use of MAS in plant breeding is to assist the recovery of the recurrent parent genotype
by backcross breeding. Backcrossing is usually performed for the purpose of introgressing one or a few
markers or QTL loci from a donor parent (e.g., a parent comprising desirable blackleg resistance marker
loci) into an otherwise desirable genetic background from a recurrent parent (e.g., an otherwise high
yielding canola line). The more cycles of backcrossing that are done, the greater the genetic contribution
of the recurrent parent to the resulting introgressed variety. In some examples, many cycles of
backcrossing may be carried out, for example, because blackleg resistance plants may be otherwise
undesirable, e.g., due to low yield, low fecundity, etc. In contrast, strains which are the result of intensive
breeding programs may have excellent yield, fecundity, etc., merely being deficient in one desirable
respect, such as blackleg susceptibility. In marker assisted backcrossing of specific markers from a donor
source, which may or may not constitute an elite genetic background to an elite variety that will serve as
the recurrent line, the practitioner may select among backcross progeny for the donor marker, and then
use repeated backcrossing to the recurrent line to reconstitute as much of the recurrent line’s genome as

possible.

[00187] According to the foregoing, markers and methods described herein may be utilized to guide
marker assisted selection or breeding of canola varieties with the desired complement (set) of allelic
forms of chromosome segments associated with superior agronomic performance (e.g., blackleg
resistance, along with any other available markers for yield, disease resistance, etc.). Any of the
described marker alleles may be introduced into a canola line vig introgression (e.g., by traditional
breeding, via transformation, or both) to yield a canola plant with superior agronomic performance. If
nucleic acids from a plant are positive for a desired genetic marker allele, the plant may be self-fertilized
in some embodiments to create a true breeding line with the same genotype, or it may be crossed with a
plant comprising the same marker allele, or other desired markers and/or characteristics to create a

sexually-crossed hybrid generation.
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[00188] Often, a method of the present invention is applied to at least one related canola plant such as
from progenitor or descendant lines in the subject canola plants pedigree such that inheritance of the
desired blackleg resistance allele can be traced. The number of generations separating the canola plants
being subject to the methods of the present invention will generally be from 1 to 20, commonly 1 to 5,
and typically 1, 2, or 3 generations of separation, and quite often a direct descendant or parent of the

canola plant will be subject to the method (i.e., one generation of separation).

[00189] Genetic diversity is important in breeding programs. With limited diversity, the genetic gain
achieved in a breeding program will eventually plateau when all of the favorable alleles have been fixed
within the elite population. Therefore, one objective of plant breeding is to incorporate diversity into an
elite pool without losing the genetic gain that has already been made, and with the minimum possible
investment. MAS provide an indication of which genomic regions, and which favorable alleles from the
original ancestors, have been selected for and conserved over time, facilitating efforts to incorporate
favorable variation from exotic germplasm sources (parents that are unrelated to the elite gene pool) in
the hopes of finding favorable alleles that do not currently exist in the elite gene pool. Thus, in some
embodiments, markers described herein may be used for MAS in crosses involving (elite X exotic) canola
lines by subjecting segregating progeny to MAS to maintain major yield alleles, along with the blackleg

resistance marker alleles herein.

[00190] The molecular marker loci and alleles described herein (e.g., DBSNP10503, DBSNP10504,
DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704, DBSNP05705
DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607, DBSNP04906,
DBSNP07219, DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169, DBSNP00787, and
DBSNPO01590, and markers linked to at least one of the foregoing) may be used in some embodiments, as
indicated previously, to identify a blackleg resistance QTL, which may then be cloned by familiar
procedures. Such increase blackleg resistance clones may be first identified by their genetic linkage to
markers described herein. For example, “positional gene cloning” takes advantage of the physical
proximity of a blackleg resistance marker to define an isolated chromosomal fragment containing a
blackleg resistance QTL gene. The isolated chromosomal fragment may be produced by such well-
known methods as, for example and without limitation, digesting chromosomal DNA with one or more
restriction enzymes, by amplifying a chromosomal region using PCR, and any suitable alternative
amplification reaction. The digested or amplified fragment may subsequently be ligated into a vector
suitable for replication and/or expression of the inserted fragment. Markers that are adjacent to an ORF
associated with a phenotypic trait may be specifically hybridized to a DNA clone (e.g., a clone from a
genomic DNA library), thereby identifying a clone on which the ORF (or a fragment of the ORF) is
located. If a marker is more distant from the blackleg resistance QTL gene, a fragment containing the

ORF may be identified by successive rounds of screening and isolation of clones, which together
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comprise a contiguous sequence of DNA. This process is commonly referred to as “chromosome

walking,” and it may be used to produce a “contig” or “contig map.”

[00191] Protocols sufficient to guide one of skill through the isolation of clones associated with linked
markers are found in, for example, Sambrook ef al. (ed.) Molecular Cloning: A [aboratory Manual, o

ed., vol. 1-3, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989; and Ausubel et al.,

Eds., Current Protocols in Molecular Biology, Chapter 2, Greene Publishing and Wiley-Interscience, NY,
1995.

Plants Comprising Markers for Blackleg resistance

[00192] Some embodiments include methods for making a canola plant, and further include these
canola plants, per se. In particular embodiments, such a method may comprise crossing a first parent
canola plant comprising at least one marker allele that is positively correlated with blackleg resistance
with a second canola plant at a marker linked to blackleg resistance described herein, and growing the
female canola plant under plant growth conditions to yield canola plant progeny. Such canola plant
progeny may be assayed for marker alleles linked to blackleg resistance, and desired progeny may be
selected. Such progeny plants, or seed thereof, may be subject to a variety of uses including, for example
and without limitation, they may be sold commercially for canola production; used for food; processed to
obtain a desired canola product (e.g., canola oil or canola meal); and/or further utilized in subsequent
rounds of breeding. Canola plants according to some embodiments include progeny plants that comprise
at least one of the allelic forms of the markers described herein, such that further progeny are capable of

inheriting the marker allele.

[00193] Some embodiments include methods for producing a canola plant comprising blackleg
resistance. In particular embodiments, such methods may include production of such a plant by
conventional plant breeding or by introducing an exogenous DNA (e.g., a transgene) into a canola variety

or plant.

[00194] Thus, some embodiments include host cells and organisms that are transformed with nucleic
acids corresponding to a blackleg resistance QTL identified using at least one marker linked to blackleg
resistance described herein. In some examples, such nucleic acids may include chromosome intervals
(e.g., genomic fragments), ORFs, and/or cDNAs that encode expression products that contribute to a

blackleg resistance phenotype.

[00195] Host cells may be genetically engineered (e.g., transduced, transfected, transformed, etc.) with

a vector (e.g., a cloning vector, shuttle vector, or expression vector) that comprises an ORF linked to a
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marker of blackleg resistance. Vectors include, for example and without limitation, plasmids; phagemids;
Agrobacterium; viruses; naked polynucleotides (linear or circular); and conjugated polynucleotides.

Many vectors may be introduced into bacteria, especially for the purpose of propagation and expansion.

[00196] Vectors may be introduced into plant tissues, cultured plant cells, and plant protoplasts by any
of a variety of standard methods known in the art including, for example and without limitation:
electroporation (From ef al. (1985) Proc. Natl. Acad. Sci. USA 82:5824); infection by viral vectors such
as cauliflower mosaic virus (CaMV) (see, e.g., U.S. Patent 4,407,956); ballistic penetration by small
particles comprising the nucleic acid (Klein ez al. (1987) Nature 327:70); use of pollen as vector (PCT
International Patent Publication No. WO 85/01856); and use of Agrobacterium tumefuciens or A.
rhizogenes carrying a T-DNA plasmid in which DNA fragments are cloned (Fraley et al. (1983) Proc.
Natl. Acad. Sci. USA 80:4803). Any suitable method, including without limitation the specific methods
explicitly identified herein, which provides for effective introduction of a nucleic acid into a cell or

protoplast, may be employed in certain embodiments of the invention.

[00197] Engineered host cells can be cultured in conventional nutrient media or media modified for, for
example, activating promoters or selecting transformants. In some embodiments, host plant cells may be
cultured into transgenic plants. Plant regeneration from cultured protoplasts is described in, for example,
Evans et al. (1983) “Protoplast Isolation and Culture,” In Handbook of Plant Cell Cultures 1, MacMillan
Publishing Co., NY, pp. 124-176; Davey (1983) “Recent Developments in the Culture and Regeneration

of Plant Protoplasts,” In Protoplasts, Birkhauser, Basel, pp. 12-29; Dale (1983) “Protoplast Culture and
Plant Regeneration of Cereals and Other Recalcitrant Crops,” In Protoplasts, supra, pp. 31-41; and
Binding (1985) “Regeneration of Plants,” In Plant Protoplasts, CRC Press, Boca Raton, FL, pp. 21-73.
Additional resources providing useful details regarding plant cell culture and regeneration include Payne
et al. (1992) Plant Cell and Tissue Culture in Liquid Systems, John Wiley & Sons, Inc., NY; Gamborg
and Phillips (eds.) (1995) Plant Cell. Tissue and Organ Culture; Fundamental Methods, Springer Lab
Manual, Springer-Verlag (Berlin Heidelberg NY); and R. R. D. Croy (Ed.) Plant Molecular Biology
(1993) Bios Scientific Publishers, Oxford, UK (ISBN 0 12 198370 6).

[00198] Transformed plant cells that are produced using any of the above transformation techniques
may be cultured to regenerate a whole plant that possesses the transformed genotype and thus the desired
phenotype. Such regeneration techniques generally rely on manipulation of certain phytohormones in a
tissue culture growth medium, typically relying on a biocide and/or herbicide marker that has been
introduced into the cell together with the desired nucleotide sequences. Regeneration and growth
processes used to produce a whole plant generally include the steps of selection of transformant cells and

shoots; rooting the transformant shoots; and growth of the plantlets in soil.
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[00199] Plant transformation with nucleic acids that provide blackleg resistance (e.g., that comprise
markers described herein) may be used to transform species other than canola. For example, it is
contemplated that expression products from QTLs that contribute to or provide a blackleg resistance
phenotype in canola can also confer blackleg resistance when transformed and expressed in other
agronomically and horticulturally important plant species. Such species include dicots, for example and
without limitation, of the genera: Sinapis, Raphanus, Descurainia, Sisymbrium, and Thlaspi in addition to
the various members of the Brassicaceae family, including oilseed rape (canola), rutabaga (swede),
oilseed turnip rape, turnip, kale, cress, radish, horseradish, stock, bok choy, broccoli, and vegetable and
seed crops of cabbage.. Common crop plants which may be used in particular examples include, for
example and without limitation: canola, broccoli, brussel sprouts, cabbage, cauliflower, kale, and

kohlrabi,.

Systems for Detecting and/or Correlating Blackleg resistance Markers

[00200] Systems, including automated systems, for identifying plants that comprise at least one marker
linked to the blackleg resistance phenotype in canola, and/or for correlating presence of a specific linked
marker allele with blackleg resistance, are also included in some embodiments. Exemplary systems may
include probes useful for allele detection at a marker locus described herein; a detector for detecting
labels on the probes; appropriate fluid handling elements and temperature controllers, for example, that
mix probes and templates and/or amplify templates; and/or system instructions that correlate label

detection to the presence of a particular marker locus or allele.

[00201] In particular embodiments, a system for identifying a canola plant predicted to have blackleg
resistance is provided. Such a system may include, for example and without limitation: a set of marker
primers and/or probes configured to detect at least one allele of at least one marker linked to blackleg
resistance (e.g., DBSNP10503, DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654,
DBSNP01910, DBSNP05704, DBSNP05705 DBSNP28066, DBSNP27644, DBSNP28099,
DBSNP33158, DBSNP14607, DBSNP04906, DBSNP(07219, DBSNP08872, DBSNPO8485,
DBSNP00547, DBSNP08169, DBSNP00787, DBSNP01590, and a marker linked to at least one of the
foregoing); a detector that is configured to detect one or more signal outputs from the set of marker
probes or primers, or amplicon thereof, thereby identifying the presence or absence of the allele; and

system instructions that correlate the presence or absence of the allele with blackleg resistance.

[00202] A system that performs marker detection and/or correlation may include a detector that is
configured to detect one or more signal outputs from the set of marker probes or primers, or amplicon
thereof. The precise configuration of the detector may depend on the type of label used to detect a marker
allele. Particular examples may include light detectors and/or radioactivity detectors. For example,

detection of light emission or other property of a labeled probe may be indicative of the presence or
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absence of a marker allele interacting with the probe (e.g., via specific hybridization). The detector(s)
optionally monitors one or a plurality of signals from an amplification reaction. For example, a detector

may monitor optical signals which correspond to “real time” amplification assay results.

[00203] A wide variety of signal detection devices are available including, for example and without
limitation, photo multiplier tubes; spectrophotometers; CCD arrays; arrays and array scanners; scanning
detectors; phototubes and photodiodes; microscope stations; galvo-scanns; and microfluidic nucleic acid
amplification detection appliances. In addition to the type of label used to detect a marker allele, the
precise configuration of a detector may depend, in part, on the instrumentation that is most conveniently
obtained for the user. Detectors that detect fluorescence, phosphorescence, radioactivity, pH, charge,

absorbance, luminescence, temperature, or magnetism may be used in some examples.

[00204] The precise form of instructions provided in a system according to some embodiments may
similarly vary, depending on the components of the system. For example, instructions may be present as
system software in one or more integrated unit(s) of the system, or they may be present in one or more
computers or computer readable media operably coupled to a detector. In some examples, system
instructions include at least one reference table that includes a correlation between the presence or
absence of a particular marker allele in a plant or germplasm and the presence or absence of blackleg
resistance. Instructions may also include directions for establishing a user interface with the system; e.g.,

to permit a user to view results of a sample analysis and to input parameters into the system.

[00205] A system may include in particular embodiments components for storing or transmitting
computer readable data representing or designating detected marker alleles, for example, in an automated
(e.g., Tully automated) system. For example, a computer readable media may be provided that includes
cache, main, and storage memory, and/or other electronic data storage components (e.g., hard drives,
floppy drives, and storage drives) for storage of computer code. Data representing alleles detected by the
method of the present invention can also be electronically, optically, or magnetically transmitted in a
computer data signal embodied in a transmission medium over a network, such as an intranet or internet
or combinations thereof. A system may also or alternatively transmit data vig wireless, infrared, or other

available transmission alternatives.

[00206] During operation, the system typically comprises a sample that is to be analyzed, such as a
plant tissue, or material isolated from the tissue such as genomic DNA, amplified genomic DNA, cDNA,

amplified cDNA, RNA, amplified RNA, or the like.

[00207] In some embodiments, a system may be comprised of separate clements, or may alternatively

be integrated into a single unit for convenient detection of markers alleles, and optionally for additionally
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performing marker-phenotype correlations. In particular embodiments, the system may also include a
sample, for example and without limitation, genomic DNA; amplified genomic DNA; cDNA; amplified

cDNA; RNA; and amplified RNA, from canola or from a selected canola plant tissue.

[00208] Automated systems provided in some embodiments optionally include components for sample
manipulation; e.g., robotic devices. For example, an automated system may include a robotic liquid
control armature for transferring solutions (e.g., plant cell extracts) from a source to a destination (e.g.,
from a microtiter plate to an array substrate) that may be operably linked to a digital computer (e.g., in an
integrated computer system). An input device for entering data to the digital computer to control high
throughput liquid transfer by the robotic liquid control armature (and, optionally, to control transfer by the
armature to the solid support) may also be a feature of an automated system. Many automated robotic
fluid handling systems are commercially available. For example, a variety of automated systems that
utilize various Zymate™ systems, and typically include, robotics and fluid handling modules, are
available from Caliper Technologies Corp. (Hopkinton, MA). Similarly, the common ORCA® robot,
which i3 used in a variety of laboratory systems (e.g., for microtiter tray manipulation) is also
commercially available from, for example, Beckman Coulter, Inc. (Fullerton, CA). As an alternative to
conventional robotics, microfluidic systems for performing fluid handling and detection are now widely

available from Caliper Technologies and Agilent technologies (Palo Alto, CA).

[00209] In particular embodiments, a system for molecular marker analysis may include, for example
and without limitation, a digital computer comprising high-throughput liquid control software; a digital
computer comprising image analysis software for analyzing data from marker labels; a digital computer
comprising data interpretation software; a robotic liquid control armature for transferring solutions from a
source to a destination; an input device (e.g., a computer keyboard) for entering data into the system (e.g.,
to control high throughput liquid transfer by the robotic liquid control armature); and an image scanner

for digitizing label signals from labeled probes.

[00210] Optical images (e.g., hybridization patterns) viewed and/or recorded by a camera or other
device (e.g., a photodiode and data storage device) may be further processed in any of the embodiments
herein. For example and without limitation, such images may be processed by digitizing the image
and/or storing and analyzing the image on a computer. A variety of commercially available peripheral
equipment and software is available for digitizing, storing and analyzing a digitized video or digitized

optical image, for example, using various computer and programming platforms.

[00211] Some embodiments also include kits useful for identifying plants that comprise at least one
marker linked to blackleg resistance in canola, and/or for correlating presence of a specific linked marker

allele with blackleg resistance. In some examples, such a kit may include appropriate primers or probes
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for detecting at least one marker linked to blackleg resistance and particular marker alleles; and
instructions for using the primers or probes to detect the at least one marker and correlate the marker
allele with blackleg resistance. A kit may in some examples include packaging materials for packaging
probes, primers, and/or instructions; and controls (e.g., control amplification reactions that include

probes, primers or template nucleic acids for amplifications, and molecular size markers).

[00212] In some embodiments, a kit or system for identifying plants that comprise at least one marker
linked to blackleg resistance in canola, and/or for correlating presence of a specific linked marker allele
with blackleg resistance may include nucleic acids that detect particular QTL markers described herein.
For example, a system or kit may comprise an amplification primer pair capable of initiating DNA
polymerization by a DNA polymerase on a canola nucleic acid template to generate a canola marker
amplicon, where the marker amplicon corresponds to a canola marker selected from DBSNP10503,
DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704,
DBSNP05705 DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607,
DBSNP04906, DBSNP07219, DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169,
DBSNP00787, DBSNP01590, and a marker linked to at least one of the foregoing. For example, the
primer pair that is specific for the marker can be selected from the primer pairs set forth in Table 3, or

their equivalents.

EXAMPLES
[00213] The following examples are offered to illustrate, but not to limit, certain embodiments of the
invention. It is understood that the examples and embodiments described herein are for illustrative
purposes only, and persons skilled in the art will recognize various reagents, techniques, systems, and

parameters that can be altered without departing from the spirit or scope of the invention.

Example 1: Plant material and DNA extraction

[00214] The Nex845CL/NT152346//Nex845CL population, consisting of 731 BCI1F1 progeny, was
used for fine mapping Rim4. Nex845CL, a Dow AgroSciences (DAS) spring canola line with the
Omega-9 oil profile, is the recurrent parent. NT152346, a spring canola line, is the Rim4 donor parent.
[00215] DNA was extracted using the MagAttract DNA extraction method (Qiagen, Valencia, CA)
using the Biocel 1800 (Agilent Technologies, Santa Clara, CA). DNA was quantified using the

Nanodrop 8000 Spectrophotometer (Thermo Scientific, Rockford, IL) per manufacturer’s instructions.

Example 2: Phenotyping the mapping population
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Plant grow out

[00216] Seeds were sown in soil in a 36-well insert flats in growth chambers. Single plant was
inoculated on 4 lobes of the cotyledon. Normal plant growing conditions were maintained (16:8
light/dark photoperiods, 19°C at day time and 16°C at night). Watering and fertilization were applied

as normal.

Inoculation

[00217] Inoculation was done at 10 days after planting when cotyledons were fully expanded. Each
lobe of the cotyledon was wounded using a tissue teeth forceps. Ten microliters (ul) of Leptosphaeria
maculans ( L. maculans) pycnidiospore suspension in H,O at a concentration of 2 x 107 spores/ml
using a repeating pipette was dropped on each lobe. Four droplets on two cotyledons were dropped on
a single plant. In cases where a single plant was used {rom segregating populations, for example
backcross or F2 populations, 4 ratings of one plant were treated as replicates. Inoculated cotyledons

were kept at room temperature for 6 - 8 hours before being moved back to growth chambers.

Rating

[00218] Disease symptoms were recorded on 11 and 12 days post inoculation (dpi). Symptoms
started to appear in 7 dpi as limited necrotic tissue around the wound in resistant phenotypes and as a
faint bleaching around wound in susceptible phenotypes. 0-9 rating scales were assigned to each
inoculation site at the time of rating according to lesion size, amount of dark margin around the

wound, and presence of tissue collapse and sporulation (Table 1).

Table 1. Disease rating and description for L. maculans.

Rating Description

0 No darkening around wound; the same as water control.
Limited blackening around wound, lesion diameter = (0.5-1.5 mm;
1 faint chlorotic halo may be present; sporulation absent.
Dark necrotic lesions, 1.5-3.0 mm, chlorotic halo may be present;
3 sporulation absent.
3-6 mm lesion, sharply delimited by dark necrotic margin; may
show grey-green tissue collapse as in scales 7 and 9 or dark necrosis
5 throughout; sporulation absent.
Grey-green tissue collapse 3-5 mm diameter; sharply delimited, no

7 darkened margin; sporulation absent.
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Rapid tissue collapse, accompanied by profuse sporulation in large,

9 more than 5 mm lesion with diffuse margins.

Disease Index calculation and classification

[00219] A disease index (DI) was calculated based on the formula:

[00220]
9
2 (I'xj)
i=0
DI =
n

[00221] Where n=total plants, i=rating scales, and j=number of plants/scale. Plants with a DI <3
were classified as resistant; those with a DI = 3-5 were classified as intermediate resistant; plants with

a DI > 5 were scored as susceptible.

Example 3: The KBioscience Competitive Allele-Specific PCR genotyping system (KASPar™)

[00222] The KASPar™ genotyping system is comprised of two components (1) the SNP-specific
assay (a combination of three unlabelled primers), and (2) the universal Reaction Mix, supplied at 2X
concentration, and containing Taq polymerase enzyme, the passive reference dye, ROX, 50mM
MgCl,, and DMSO. The three primers, allele-specific 1 (A1), allele-specific 2 (A2), and common
(C1), or reverse, were designed using the assay design algorithm of the workflow manager, Kraken

(KBiosciences, Hoddesdon, Hertfordshire, UK).

[00223] An Assay Mix of the 3 primers was made, consisting of 12 micromolar (uM) each of Al
and A2 and 30 uM of C1. The universal Reaction Mix was diluted to 1x and an additional amount of
MgCl, is added so that the final MgCl, concentration of Reaction Mix at 1X concentration is 1.8
millimolar (mM). DNA was dispensed into 384 well PCR plates at a concentration of 1-5 ng/ul per
well and was dried down in the plates in a 65° C oven for 1 hour and 15 minutes. The Assay Mix and

universal Reaction Mix were combined in a 1:54 ratio and 4 ul was dispensed into the DNA plates
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using a liquid handler robot, so that the final amount of the Assay Mix in the plate was 0.07 pl and the
final amount of the diluted Reaction Mix was 3.93 ul. GeneAmp PCR system 9700 machines
(Applied Biosystems, Foster City, CA) were used for thermocycling with the following conditions:
94° C for 15 minutes, 20 cycles of 94° C for 10 seconds, 57° C for 5 seconds, 72° C for 10 seconds; 22
cycles of 94° C for 10 seconds, 57° C for 20 seconds, 72° C for 40 seconds. After thermocycling was
complete, allele-specific fluorescent intensities were read using a PHERAStar® Spectrofluorometer
(BMG LabTech, Cary, NC) at room temperature and data was uploaded to the Kraken system for

analysis.

[00224] KASPar™ uses the fluorophores FAM and VIC for distinguishing genotypes. The passive
reference dye ROX is also used to allow normalization of variations in signal caused by differences in
well-to-well liquid volume. In Kraken, the FAM and VIC data are plotted on the x- and y- axes,

respectively. Genotypes can then be determined according to sample clusters (Figure 1).

[00225] SNP markers and a high-density consensus SNP map developed at DAS were leveraged by
selecting 66 SNP markers that were mapped on LG N7 on the consensus map and were polymorphic
between the mapping parents, Nex845CL and NT152346. Thirty-seven of the 66 selected SNP
markers were successfully converted to KASPar™ assays, and genotyped on the BC1F1 mapping
population. Table 2 provides the list of the 37 SNP markers that were converted into KASPar™
assays and were used for fine mapping Rim4. Table 3 provides the sequences of the KASPar™

primers for the eight markers that are most tightly linked to Rim4.

[00226] Table 2. Sequences of 37 SNP markers used for fine mapping of Rim4. GD: Genetic
distance; Nex845CL: Rim4 susceptible parent; NT152346: RIm4 resistant parent.

Nex845CL | NT152346 | SEQID
Marker GD SNP Allele Allele NO
DBSNP01453 0.0 [A/G] A G 1
DBSNP15570 4.6 [A/G] A 2
DBSNP04989 53 [A/G] A G 3
DBSNP01193 9.0 [A/G] A G 4
DBSNPO1558 139 [T/C] C T 5
DBSNP01434 16.1 [A/C] A C 6
DBSNP05861 16.9 [T/C] C T 7
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DBSNP04014 16.9 [T/C] C T 8

DBSNP0O0475 17.2 [T/C] C T 9

DBSNP05420 17.5 [A/C] A C 10
DBSNP04982 18.9 [T/C] T C 11
DBSNP01751 19.0 [A/G] A G 12
DBSNP06441 28.5 [1T/G] G T 13
DBSNP06442 28.5 [T/C] C T 14
DBSNP00502 38.1 [A/G] G A 15
DBSNP03065 38.1 [A/C] C A 16
DBSNP28066 479 [A/G] A G 17
DBSNP27644 48.0 [T/C] T C 18
DBSNP28099 48.0 [T/C] T C 19
DBSNP33158 48.0 [T/C] C T 20
DBSNP14607 48.1 [A/G] G A 21
DBSNP30220 56.1 [A/T] T A 22
DBSNP31606 56.1 [A/T] T A 23
DBSNP10503 56.1 [A/G] G A 24
DBSNP10504 56.1 [A/G] G A 25
DBSNP01654 56.1 [A/T] A T 26
DBSNP01910 56.8 [A/G] G A 27
DBSNP05704 57.1 [T/C] C T 28
DBSNP05705 57.1 [1T/G] G T 29
DBSNP07219 58.9 [T/C] C T 30
DBSNP04906 58.9 [A/G] A G 31
DBSNP03872 60.3 [1T/G] T G 32
DBSNP00547 60.4 [T/C] C T 33
DBSNP08485 60.4 [A/G] G A 34
DBSNP08169 60.5 [A/C] A C 35
DBSNPO0O0787 60.9 [A/G] G A 36
DBSNP01590 64.1 [A/G] A G 37

[00227] Table 3. Primer sequences for the KASPar™ assays developed for eight SNP
markers (DBSNP30220, DBSNP31606, DBSNP10503, DBSNP10504, DBSNP01654,
DBSNP01910, DBSNP05704 and DBSNP05705) within 1.0 cM of Rim4.
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Marker Primer SEQ ID NO
Allele Specific Primer 1 38
Allele Specific Primer 2 39
DBSNP30220 Common Reverse Primer 40
Allele Specific Primer 1 41
Allele Specific Primer 2 42
DBSNP31606 Common Reverse Primer 43
Allele Specific Primer 1 44
Allele Specific Primer 2 45
DBSNP10503 Common Reverse Primer 46
Allele Specific Primer 1 47
Allele Specific Primer 2 48
DBSNP10504 Common Reverse Primer 49
Allele Specific Primer 1 50
Allele Specific Primer 2 51
DBSNP01654 Common Reverse Primer 52
Allele Specific Primer 1 53
Allele Specific Primer 2 54
DBSNP01910 Common Reverse Primer 55
Allele Specific Primer 1 56
Allele Specific Primer 2 57
DBSNP05704 Common Reverse Primer 58
Allele Specific Primer 1 59
Allele Specific Primer 2 60
DBSNP05705 Common Reverse Primer 61

Example 4: Linkage analysis and map construction

[00228] MAPMAKER/EXP 3.0 (Lander et al. 1987) was used to construct a linkage group (L.G) to

confirm that the markers were mapped with their phenotypic trait together on LG N7.

MAPMAKER/EXP 3.0 requires only one input file from each population, referred to as a locus

genotype file. In the locus genotype file of F2 population, elite parent alleles were called “A”, donor

parent alleles were called “B”, while heterozygous alleles were called “H”. Missing data were

represented with a dash (-) in the locus genotype file.
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[00229] A genetic linkage map of LG N7 with 37 SNP markers was constructed. Since Rim4 is a
qualitative, single race-specific trait, the phenotypic data was classified as R (DI <5) and S (DI > 5),
and mapped as a marker on the L(G7 linkage map. Eight SNP markers, DBSNP10503, DBSNP10504,
DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704 and DBSNP0O5705,
within 1.0 cM of Blackleg resistance Rlm4 were identified (Figure 2). SNP markers DBSNP10503,
DBSNP10504, DBSNP31606, DBSNP30220 and DBSNP01654 completely co-segregated with Rim4
(Figure 2). The eight high throughput SNP markers identified and developed at DAS greatly facilitate
the marker assisted selection of Rlm4 in the DAS breeding program.
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‘What may be claimed is:

1. A method for identifying a first canola plant or germplasm that comprises blackleg resistance, the
method comprising:
detecting in the first canola plant or germplasm at least one marker linked to blackleg resistance,
wherein the at least one marker is selected from the group consisting of DBSNP10503, DBSNP10504,
DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704, DBSNP05705
DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607, DBSNP04906,
DBSNP(07219, DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169, DBSNP00787,
DBSNP01590, and a marker linked to at least one of DBSNP10503, DBSNP10504, DBSNP31606,
DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704, DBSNP05705 DBSNP28060,
DBSNP27644, DBSNP23099, DBSNP33158, DBSNP14607, DBSNP04906, DBSNP07219,
DBSNP08872, DBSNP08485, DBSNP00547, DBSNP03169, DBSNP00787, or DBSNP0O1590

2. The method according to claim 1, wherein the method comprises detecting in the first canola plant or
germplasm a marker linked to at least one of DBSNP10503, DBSNP10504, DBSNP31606,
DBSNP30220, DBSNP01654, DBSNP01910, DBSNP0O5704, DBSNP05705 DBSNP28066,
DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607, DBSNP04906, DBSNP07219,
DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169, DBSNP0O0787, and DBSNP01590.

3. The method according to claim 2, wherein the detected marker displays a genetic recombination
frequency of less than about 10% with the at least one marker of DBSNP10503, DBSNP10504,
DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704, DBSNP05705
DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607, DBSNP04906,
DBSNP07219, DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169, DBSNP00787, and
DBSNP01590.

4. The method according to claim 1, wherein the detected marker of is selected from the group consisting
of DBSNP10503, DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910,
DBSNP05704, DBSNPO05705 DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158,
DBSNP14607, DBSNP04906, DBSNP07219, DBSNP08872, DBSNP08485, DBSNP00547,

DBSNP08169, DBSNP00787, and DBSNP01590.

5. The method according to claim 1, wherein the germplasm is a canola line or canola variety.

55

SUBSTITUTE SHEET (RULE 26)



WO 2015/038470 PCT/US2014/054538

6. The method according to claim 1, wherein the detecting comprises detecting at least one allelic form

of a single nucleotide polymorphism (SNP ).

7. The method according to claim 1, wherein the detecting comprises amplifying the marker or a portion
of the marker to yield an amplified marker amplicon, and detecting the resulting amplified marker

amplicon.

8. The method according to claim 7, wherein the amplifying comprises:
admixing an amplification primer or amplification primer pair with a nucleic acid isolated from
the first canola plant or germplasm, wherein the primer or primer pair is complementary or partially
complementary to at least a portion of the marker, and is capable of initiating DNA polymerization by
a DNA polymerase using the canola nucleic acid as a template; and
extending the primer or primer pair in a DNA polymerization reaction comprising a DNA

polymerase and a template nucleic acid to generate at least one amplicon.

9. The method according to claim 7, wherein the amplifying comprises utilizing a polymerase chain
reaction (PCR) or ligase chain reaction (ILCR) using a nucleic acid isolated from the first canola plant or

germplasm as a template in the PCR or LCR.

10. A method for producing an introgressed canola plant or germplasm, the method comprising:

introgressing at least one marker allele that is positively correlated with blackleg resistance from
a first canola plant or germplasm into a second canola plant or germplasm, to produce an introgressed
canola plant or germplasm, wherein the at least one marker is selected from the group consisting of
DBSNP10503, DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910,
DBSNP05704, DBSNP05705 DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158,
DBSNP14607, DBSNP04906, DBSNP(07219, DBSNP08872, DBSNP08485, DBSNP00547,
DBSNP08169, DBSNP00787, DBSNP01590, and a marker linked to at least one of DBSNP10503,
DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704,
DBSNP05705 DBSNP28066, DBSNP27644, DBSNP28099, DBSNP33158, DBSNP14607,
DBSNP04906, DBSNP07219, DBSNP08872, DBSNP08485, DBSNP00547, DBSNP08169,
DBSNPO0787, or DBSNP01590.

11. The method according to claim 10, wherein the second canola plant or germplasm displays blackleg
resistance as compared to the first canola plant or germplasm, and wherein the introgressed canola plant
or germplasm displays an increased resistance to blackleg disease as compared to the second plant or

germplasm.
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12. The introgressed canola plant or germplasm produced by the method according to claim 10.

13. The method according to claim 10, wherein the second canola plant or germplasm is a plant or

germplasm from an elite canola variety or an exotic canola variety.

14. The method according to claim 2, wherein the detected marker is determined using the mapping

population Nex845CL/NT152344//Nex845CL.

15. The method according to claim 24, comprising crossing the selected first canola plant or germplasm

with a second canola plant or germplasm.

16. The method according to claim 15, wherein the second canola plant or germplasm is a plant or

germplasm from an elite canola variety or an exotic canola variety.

17. A method for producing a transgenic plant having a blackleg resistance phenotype, the method
comprising:

introducing one or more exogenous nucleic acid into a target plant to produce a transgenic plant,
wherein at least one of the one or more exogenous nucleic acid comprises an endogenous nucleotide
sequence from a canola plant that is linked in the canola plant to at least one marker selected from the
group consisting of  DBSNP10503, DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654,
DBSNP01910, DBSNP05704, DBSNP0O5705 DBSNP28066, DBSNP27644, DBSNP28099,
DBSNP33158, DBSNP14607, DBSNP04906, DBSNP07219, DBSNP08872, DBSNP0848S5,
DBSNP00547, DBSNP08169, DBSNP00787, and DBSNP(1590, wherein the resulting transgenic plant

displays blackleg resistance.

18. The method according to claim 17, wherein the target plant is a canola plant.

19. The method according to claim 17, wherein the endogenous nucleotide sequence from the canola
plant is linked in the canola plant to the at least one marker such that the endogenous nucleotide sequence
displays a genetic recombination frequency of not more than about 10% with the at least one marker.

20. The method according to claim 17, wherein the exogenous nucleic acid corresponds to an open

reading frame (ORF) that encodes a polypeptide that, when expressed in a canola plant, results in the

canola plant having blackleg resistance.
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Figure 1. Example of a distribution graph for a BC1F1 population based on Relative
Fluorescence Units (RFU). Clusters for the donor, heterozygous and elite genotypes are shown.

NTC represents the no template controls.
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)
N7
0.0 DBSNP01453
46 DBSNP15570
5.3 DBSNP04989
9.0 DBSNP01193
13.9 DBSNP01558
16.1 DBSNP01484
16.9 DBSNP05861 DBSNP04014
17.2 DBSNP00475
17.5 DBSNP05420
18.9 DBSNP04962
19.0 DBSNP01751
28.5 DBSNP06441 DBSNP06442
38.1 DBSNP00502 DBSNP03065
47.9 DBSNP28066
DBSNP27644 DBSNP28099
48.0 DBSNP33158
48.1 DBSNP14607
DBSNP30220 DBSNP31606
56.1 DBSNP10503 DBSNP10504
DBSNP01654 Rim4
56.8 DBSNP01910
57.1 DBSNP05704 DBSNP05705
58.9 DBSNP04906 DBSNP07219
60.3 DBSNP08872
60.4 DBSNP08485 DBSNP00547
60.5 DBSNP08169
60.9 DBSNP00787
64.1 DBSNP01590

Figure 2. Canola linkage group N7 constructed with 731 BC1F1 progeny of
Nex845CL/NT152346//Nex845CL genotyped with 37 SNP markers. Eight SNP markers, DBSNP10503,
DBSNP10504, DBSNP31606, DBSNP30220, DBSNP01654, DBSNP01910, DBSNP05704 and
DBSNP05705, were within 1.0 ¢cM of Rim4.
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<120>

72075_WO_PCT_20140908_ST25
SEQUENCE LTSTING

Dow AgroSciences LLC

GENE RLM4 IN CANOLA (BRASSICA NAPUS L.)

<130>
<160> 61
<210> 1
<211> 530
<212> DNA
<213>

<400> 1
ctgaccccac

ttggaagagg
caaggaggaa
tcaatcgctc
aatggaataa
ggtttcagcg
ccatcattaa
aaccgcaagc
gcacgcactg
<210> 2

<211> 601
<212> DNA
<213>

<400> 2
ttrttetttt

ccttaagatt
aatattacac
tcaactcaac
cttgagagtt
gttgtctcct
ttcttcagct
aatcctcaaa
cctaaaaatc
tcccgacgtt

C

72075-US-NP

Brassica napus

cgaatgaaaa
aatatgtggg
aagaaatgtc
gtgttttctc
aggaagatga
gcagtgatcc
gagacaggtt
ttgtgtttga

gcttgacctc

Brassica napus

ttttttcccg
ccaacaaact
gataacgaag
atrtacttag
tttcttgaga
ttaagaagaa
tcatccaaca
tctttctget
aagttgatag

tcaattctct

ccaggatcag
aaatccagaa
tctgaaatgt
ttgggaagat
agactggtat
gcttatgacc
tgccaacaag
ctgcgtcaat

tggattcgac

aaaatagtaa
caataatttc
agaagaaggc
caaaagcttt
gaaaagtcta
tccttccaag
ctaggttcat
caaaaagcca
gttgagtcat

ctctctctct

ccgagtccag
tgttctgggt
agtcttatag
gagtcataca
tacttcatca
cggtggcact
gaacccatca
gccatcataa

aatgtggaac

tttccattaa
tcaaaccttg
attgtcagtt
ggatataatc
tcactttccc
ttgttttctg
gtattcgtca
aatctggatc
aatcctttga

ctcaagcttc

Page 1

tttcggtttt
caaccaagcc
acaaatcacc
cagacatrac
aaacgctttt
caccagatag
aacgcaggaa
cagagacaac

atgtttggac

ccaaaaagag
ttactaactt
aactgaagaa
gaaaagccca
gtgttcatca
gtgttcttct
aacccagtga
ctagctttgc

actttggtgc
ggtggacaag

DEVELOPMENT OF SNP MARKERS TIGHTLY LINKED TO BLACKLEG RESISTANCE

acagcatcct
atggaccagc
tccaatagga
taaacccgga
aaaaacatcc
ccctttggaa
ccagcgatca

atcaacagct

gcaataccat
actacattgc
gaagaggagc
tgtactaatc
tcagcgttat
tgatgctcac
ttcttccttc
tttgaagaaa
tcgccattge

aagacggacg

60
120
180
240
300
360
420
480
530

60
120
180
240
300
360
420
480
540
600
601



<210> 3

<211> 1698
<212> DNA
<213> Bras

<400> 3
agatagaggg

gtggaatcat
agcgatgatt
aagaagaaga
gagatttaat
ctgtaaaaag
gacttggagg
cartgacacc
tccatgagat
ttgtctcttg
tccctgagea
accttcctat
atggcttgat
gaagagcgac
gcagcactta
acaaccaaac
ctgctactag
ggcctagaag
catcagtagt
tctctccaag
agcagttgca
acttccagct
gagtgatctt
ctctctctge
gcgaaggtta
agaaggcctt
tgcctatcct
tgaatgtaat
tctttcacaa
<210> 4

<211> 676
<212> DNA

sica napus

agagaggttc
gcaaacgtag
gtctctgttt
acaataagct
ttcaatcatt
agagatgtct
gatctctaag
atcggagaac
catcaggagg
tgcttctgtc
gtgtgggaaa
tcaatgcttt
gccttctgag
atgcactgac
tgttggcaag
aggatcatcc
ctatacctca
gatgcattgc
taaagaagaa
cttgttggat
gtgctggtge
tgtggcagac
acagtttggc
ttttcaagct
aagttaactg
tctgatcttc
aattcactgt
gattgttgta

ttaaactg
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gttttgcatc
tcaccaacga
cttcgttttt
ccccgecgat
tcgtcgtttg
tttaaaagca
cgaggctggt
atcccgcaga
gttgaagaga
tgtaaatcgt
ctcactttcc
attaaaagga
atggagaatg
tttgtaatct
ctaaggtctg
actgcacaag
ggaagcataa
gttatggact
gtatcttcag
cagccgctgg
ctcaacttca
attgaccctt
aaaatcggca
tttgctatat
ctgagtgaaa
tctgagccat
gacgaaaact

tccaacgtaa

cctgagatcg
aaccgtcttt
tctctccgat
cgaatcttgc
atccatcgat
tccttcgtga
caaagtcttc
gcccctggge
gcgagaccgc
ggagaggaat
ctatctcatt
acagagcaac
acaagctatt
cactttctgc
gttttctagg
cccaacctaa
cctacgagct
ctataccact
gcgaaaccag
ttctcaaaaa
aggggagagt
ctttagatgc
aggacatttt
gcatcagcag
atccaattat
gaaaatgctt

tgatggggct
tatattataa

Page 2

gcggeggagt
cttcccggag
ctggcctcte
agctccttct
ttcatcgagt
tctgaaggaa
ccacattgct
ttctttgecg
ttggcccgee
cacaatggag
gaaacagccg
agctacatat
gttagcagca
caaaaacttc
aaccaagttc
gcaagcatct
caatgttctt
ctcttctgtt
ctcaacagac
caagtccccg
gaccgttgct
gctgcctgaa
caccatggat
ctttgacacc
ctctgcaaat
tttgtattat
cttcggtgga

acagaaagct

tataacgacg
acaaagaggc
tgatccggtg
tttctcagaa
ttttggcatg
gtgagggatg
cctgatcata
cctgagttgce
cgagcggctg
actgtgagag
ggtccgegag
attctctact
agaagagtta
tcaaggagaa
acaatatatg
cctaagttac
cgcacaaggg
atctctgagc
aaagagaata
agatggcacg
tcggtcaaga
gagcatgaga
tatcgttatc
aaaccggctt
catccatcat
gctttaaaat
taagctttac

ttacatataa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1698



<213>

<400> 4
cgattccgtg

ctccttttat
tgtatgcatt
agtggaggct
agctttgctc
tgtggcgagt
caaaatgaat
ccttgccgag
gtttgtctat
ggaaaagcaa
ttagaaagat
aggatttgag
<210> 5

<211> 681

<212> DNA
<213>

<220>
<221>
<222>
<223>

<400> 5
aagatcatgt

cacgcgctcg
tctccggega
gagaggatag
gagacggcgg
aaggagatcg
aagcggccga
tgaagtgacg
atgtaaaaga
attgggtcaa
atgatttttt
gtaggttccg
<210> 6

<211> 755
<212> DNA

Brassica napus

gatcgactct
ccacaggttt
gatggaaagc
acagtacaaa
aagacagccc
taaatgtcgt
ttttttttgg
tctactctac
agctgttaga
agaagaaatg
actgataact

aagttt

Brassica napus

misc_feature
(403)..(403)
nisa,c, g, ort

cggatctgaa
aggacgaaga
agccgtggaa
ygaatccttc
cgaaggagat
aggaggattt
ggaccgttca
cttgatgcct
ttatgtaatt
gtcttgaagc
ttcttcccaa

gttgattaat
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atgtagagga
acgctgctat
cccatttaca
agtctggtgc
aggtacacag
ttggctagtg
togtttttctt
aagaaaggga
gatacaagtc
atatgaaata

cattactcac

gacggtgagg
agaagagggg
tctgaggaaa
gccgecgagg
gatgatgcgg
cgtggcgget
gaagaagctc
ataaggtccc
cagttgccgt
tcccttecct
cttgttctga

a

atttgcaata
tgttaatatc
tggtttcaag
actaacctta
crttttgttt
tttcctgcga
cttttattgg
aacacaatgt
tgctcctcta
cgagattcga

aaaatgccac

gataagatca
aagaccgacg
aggagggcecg
gtgaaggaga
cggggcaggt
cttgggcacc
gacagcttgc
tgaagaaacc
gaagtttcaa
gtcctgttct

ataaacggta

Page 3

cttttaggga
attgagaagc
cttgggtcag
acttctggtg
ttctttttga
tgcatagagt
cggtcttctc
agatcgttat
acttatgaag
tgttagttta

tttaatgaaa

cgcaatcgat
agtccggccg
cgtgcaagga
gaggcggagt
tctccgtgaa
gaccaccgcg
atncctgggt
aagaatatac
agagttgtca
gctaatttct

Caaaaagctt

atcacttttc
cgtgggagcg
agaaccatac
ttgcaggact
attttctgtc
tattggtttg
tcgtttagtc
acatgtcctt
ttgagggaga
tcagtctgtt

atgaacagtc

gttcagggaa
cgagaaggtt
gcctgtttcg
ggtggaagce
gctgtcgaag
ccggccaaag
tttatctgag
agcgatgatg
atcttttgaa
cgttttgtta

tggagaatgt

60
120
180
240
300
360
420
480
540
600
660
676

60
120
180
240
300
360
420
480
540
600
660
681



<213>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> 6
gtcgacgatt

tatatggtag
cacatgctca
atgtgatgtg
aactaatgga
tctgatcgtg
cactattcag
gtatgagagg
tgcatccaga
ttttcatcca
attgtgtctg
atctaatata
gtaatttgta
<210> 7

<211> 706
<212> DNA
<213>

<400> 7
actatcagct

cgacaatgac
aacaaccaag
tcatgcgtaa
aagaatgcgt
gtgagcaacg
tygatgatta
atcgtgggtg
tggggtttca
tggtcatggg
gtggcggtgg

Brassica napus

misc_feature

(15)-.(15)

nisa,c, g, ort

misc_feature
167)..(167)
nisa,c, g, ort

tcgtngcaaa
gggagattga
ccggaaaacc
ctcgagggag
cagccaaagg
gctagggtta
gcgaccccga
attgacaaga
gacatggaca
tctatcgatc
ggtgtttagt
tgcaagtatg

aagtgtcact

Brassica napus

acccaaatct
cggctccatc
catgcctcgt
aatcttaccg
ctccgagtac
taagacaata
cgttggacca
ttcacttaga
cggcccacct
tggtggtcgg
atcttcctct

72075_WO_PCT_20140908_ST25

acatccgtca
gacaagtatt
aaaagatctt
agcctggaaa
tgatgaagga
ttgggggaga
aacaaagagg
aggtggctga
aaatgctttc
tatcatctat
atatatttct
tcataatcat

tgtttcgtty

aactctggac
ggtgcatgcg
gagcaagacc
ccacacgcca
atcagcttcg
actgctgaag
ctcaacgtgt
ggtgagtcat
ccaccgggtt
tactaccata

tctatgaatg

gaaaaaatgg
gagatcaamg
ccggaagcca
agttggccgt
gaggatcgag
tctaatgaaa
acccggaagt
cccagaggac
ttctgaattc
ccgtccgact
caataatgtg
gcacgatgcc

ctatc

tgaacttgga
acgacaagaa
aatacatgcc
aaatctctga
tgaccggtga
atatcctttg
tcattaaccg
catttaaacc
cttatggtta

acggatcggg

gaatgccggt
Page 4

tacaggctac
cttccgcecca
gtcctgnaca
attctctcct
gcactggagc
gagttcaaga
gttgttaagt
atactcgtgt
tagaggattc
atgtgtctat
atctctctat

tagtgcgtac

ccagcacaac
caagactatc
aatcgcaaac
cgacgcaaaa
agctaacgag
ggcaatgagc
gtaccgtgag
ggtctatgga
tggtatgttg
tccggatgga

ttatgaccag

gatgcagtct
gaagtactac
acctccagag
ggaactatgt
cggagaagaa
acttcttcct
gtcacctgaa
tgtttgtcaa
ttcggaaatc
ctatctatat
aactgaagag

gtttgaagtt

aactcaatcc
ttgccgcage
gtgataagga
gaaacgattc
cgttgccaac
aaacttgggt
ttcgagaccg
ggaagtggta
gatcagtcta
tcagtaggtg
tatggtcagt

60
120
180
240
300
360
420
480
540
600
660
720
755

60
120
180
240
300
360
420
480
540
600
660



ataagtgaag

<210> 8

<211> 1017
<212> DNA
<213> Bras

<400> 8
ggctttggag

tccaaacaac
tttcattaac
tacatccaac
cgcattccag
tgacgacaag
ggacttcaaa
caacgagcca
aaagaacgtg
aatyttggac
agatgcaact
ttacttcaga
ctttataagc
gacagctgag
gctagcctag
tttctttgtc
acgcctgcect
<210> 9

<211> 0931

<212> DNA
<213> Bras

<220>
<221>
<222>
<223>

misc
(342

<220>
<221>
<222>
<223>

misc
(846

<400> 9

atgaacattt

sica napus

aagtttgtga
cacccttatg
ttcaccggag
aagggacagg
tactttggac
aagtacctga
gatggaaaag
gtgaaggttg
ttgcttgagt
gaagtggctg
gcaaacgact
tcagcgagcg
ttcattgaca
gccactaaag
tttggtagtt
tattagtttt

cgtttcttgt

sica napus

feature

)--(342)

nisa,c, g, ort

feature

) - - (846)

nisa,c, g, ort

72075_WO_PCT_20140908_ST25

ctttgatttt ctgcatgtct attcaa

aagaatcgag
ttatcaaatt
aatcagctga
gtcttagctt
tcgaagagag
aaacaaatgt
tgtcccctca
ttgttggtga
tctatgcacc
tgtcatacca
tcccacgtga
gaaacgttgt
agaacaagga
acgagctctg
ttgaggaaaa
gtttttttat
tttttggtta

cattccgctt
ctttgacagc
gactcttaaa
ccttctcggt
ccaagttcct
ggaggttgac
caaaaaatct
gagccttgac
atggtgtgga
aagcgatcca
taccttcgat
cctgtacgaa
cacagctgga
aaaaggagaa
tacacagaag
atgcagaatt
attgttcgtt

atcaccgtct
cctaacacta
tcaaagtacc
gatgctgaga
ctcatcatca
cagattggtt
caacctgtcc
gacatggtct
cactgccaaa
agtgttgtca
gtgaagggat
ggagacagga
gagcctaaga
gcgtgttccg
accacacttc
ttctaaacaa

ttttgacctc

ttgacaagga
aggcgatgtt
gtgaagttgc
acagccaagg
tccaaactgc
catggatcaa
caaccgaaaa
tcaactctgg
agcttgttcc
tagctaagct
tcccaaccat
caaaggaaga
cggaggacaa
tctcttaget
ttagcgaatg
taaccgaata

tgtcctc

cgtcttctca gatttctcct ccgttctcct cgaaaaaagc tccaaacttc actcccacaa

accctactct tccgatgtcg atcttcgagt acaatggaag tgcggtcgta gctatggtgg

ggaagaactg cttcgcyatc gccagtgatc gaaggctcgg tgtgcagctt cagacaatcg

Page 5

706

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1017

60
120
180



ccaccgattt
tcgccaccga
ttcgtgaaga
tacgagaaga
tgacaagcct
cgttgtatct
tgatatggaa
ccgtgattgt
agaaaggatc
tatccaagtt
ggttaattca
ttggantatt
aaaaagcttg
<210> 10

<211> 688
<212> DNA
<213>

<400> 10
tctattttga

acaactctat
gattagctat
cctctccatc
ttaatcgcag
acggtaagga
agaaagatcc
aggcaatgaa
aaaaaccatc
cttctgctgc
agtatccaag
tcatgttaat
<210> 11

<211>

<212>
<213>

DNA

<400> 11
aagatacaat

ctttgcatca

1830

ccagagaatc
tgtccaaaca
gagagacatg
gatttggtcc
ttcatctgca
ggaactgctt
gcggaggage
ctgagtggtt
ctaaagggaa
gttgtctttt
tagaaccatt
ttattagagt

tcctcggecg

Brassica napus

tgtcttatcc
cttctatttg
gacacattca
accgaggtca
ggatattgtg
cgaggcaatg
gaatgtgagt
ggcctccatg
ttcatcttct
tccegttgtt
caaaatggtc

tcacgctact

Brassica napus

acagtctcac

tccatggatc

72075_WO_PCT_20140908_ST25

tccaagatcc
ctgtaccagc
aagcctgaaa
ttacttatgc
ccatggactc
cagaatcact
tgtttgagac
ggggaggcca
ggatggatta
ctctgttaac
ccttctctga
taacgcctgt

cgaccacgct

aaatccaacc
tgtctaccaa
ctctctcctc
caaccgcaga
gtgggattag
gcggcagcaa
ggagttcagg
gctaaactta
ccttctgetm
gttgaagctg
taaacctttc

gtacttta

acgatcgcgt
gcttggtgtt
ctttcgctag
caaccagtga
cattggcgcc
gtatggagcc
gatatcgcaa
tgtctacgtt
atctaatcca
cggtttaaag
gattgtggat
tctgtaaaaa

a

aatgagcatg
gtctttgttc
tcctaccgge
ctcctcccat
gcagtgcgct
gacggccgcc
ctaaggtatt
gagagagagg
ctgttgttgt
aacaaactcc

tatttatctt

cttcatcggc
tcgtcataag
tnctcgtctc
ttgctggatt
aaggagttgg
tgcgaagcaa
gcacttctct
gtaacaccga
tcaacatcat
tagaataccc
gaagtttgat

aaaaaaaaaa

cagatataaa
cttgctttta
tgctcacgcc
catccttcaa
atggagttgg
tccaccacca
agcgagtaag
caaatctgtt
taaagatgag
ttcttctget

ctctaccaaa

ctctctggtc
ctgtaccagc
tgccattctt
tgggagaaga
ctaaagattt
tgtacaagcc
cgtcagttga
ctgagattaa
catctgcttc
atcacatccc
tttctcctct

aaaaaaaaaa

ttgcaatact
cgcattcttg
ggtagcccct
gttccaccaa
gacgccctga
gcagttgaga
aagcgtaaag
gttgatgaag
ccaactcctc
tctgatcaat

ttttatccta

ctaaaaaccg tgaaggaggc aaaatccgaa tcaaaatcgt

cttacagggt tcgtccttca agcgctcatg attcgccctt
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240
300
360
420
480
540
600
660
720
780
840
900
931

60
120
180
240
300
360
420
480
540
600
660
688

60
120



cttcacgaca
cagaggtccg
ggagcggatt
agtcactcat
gactcctgtc
cagagatcct
cgggaacaac
cgccctgaaa
ctcacaccac
acaggactac
cgggaaagct
tgatgaggaa
tgactcaatc
tgctcacgag
tatcttacct
ttaatgagaa
cagacgataa
ttggaccaaa
accatgaagg
ggttgaaccc
atcgtgagaa
gatcctggga
agcctcgegt
aatctctggg
catctcaaaa
gctctttggt
actactagtt
ataattaaaa
cgcgtgcatg
<210>
<211>

<212>
<213>

12
1753
DNA
Bras

<220>
<221>
<222>

misc
(492

aactcgggtg
attcttttgg
cctgagaggg
gacatcacac
attgttcgtt
cgtggtttcg
ttccctgtct
ccgaacccca
cctgagagtc
aggcacatgg
cactacgtga
gctatcaagg
gctgctggga
gacaagtttg
ctgcagcctg
tgagcagatt
gctactccag
ctatctgcag
tttcatgaac
ggttcgccat
gtgcatgatt
cgcagacagg
gacgcacgag
acagaaacta
gactaagtga
aatagttcat
catgttgtaa
ttaaaaaaaa

cgacgtcata

sica napus

feature

)--(492)

72075_WO_PCT_20140908_ST25

ctcctgtctg
aagactacca
tggttcacgc
accttacttg
tctctactgt
ctgtcaagtt
tcttcatccg
aatcccacat
ttcacatgtt
atggctttgg
agttccactg
tcggaggatc
actatccaga
acttcgaccc
ttggacgctt
gctttctgec
accaggatct
ctgccggtca
ttcatgcaca
gctgacaaat
gagaaggaga
caagagcgtt
atccgcagca
gcttcccgtc
acccaatatg
ttaaataaaa
tctttctatt
aaaaaaaggg

gctcttctat

gaacaacaac
tctgcttgag
cagaggtgcc
tgctgatttt
gatccacgag
ctacaccaga
cgacgggatg
tcaggagaat
ttcattcctc
tgtcaacacc
gaaaccctct
caatcacagc
gtggaatctc
tcttgatgtg
ggtcttgaac
ctgctattgt
tctcctacge
atgcccccaa
gagatgagga
accctacaac
acaactttca
tcgtgaagcg
tttggatatc
ttaacgtgag
tgctcttatt
accgtgacaa
cacaatgtca

cggccgctct
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tcctctttga
aaactcgcca
agtgccaaag
ctccgaggac
cgtggcagcc
gaggggaact
aagttccctg
tggaggatac
tttgacgatc
tacatgctta
tgtggggtta
catgcaacca
ttcgttcaag
acaaagatct
aaaaacattc
ggttcctggce
tgatagtcag
atgtgctcac
ggtgaattac
tcctgttttc
gcagccaggg
ttttgttgaa
ytactggact
gccaaagtac
gcggtttggt
tgaaatgttt
acgaatattt

agaggatcca

ctgctggaac
actttgacag
gtttctttga
ctggcgtcca
ccgagactct
ttgatcttgt
acatggtcca
tggacttctt
tcggtatccc
tcaacaaagc
aatgcctcct
aggatctcta
tgatggatcc
ggcctgaaga
gacaacttct
gtccattact
agacaccgtc
cataacaatc
ttcccttcaa
tgctctggaa
gaacgatacc
gcacttgcgg
caggcagaca
tgaatggtat
ttctgtgtaa
aaagaagggt
tctaaggcaa

agcttacgta

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1830



<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> 12
ctggacgcct

gcggacgegt
gtgctccggt
ttgaggacta
gagtggttca
ccaacctcac
gtttctccac
tcgcecgtcaa
tgttcttcat
ccgaaaacaa
agtctcctca
atggaaggtt
gtgaagttcc
gtagttggag

ggtaacntac

nisa,c, g,

misc_feature
(847)..(847)
nisa, c, g,

misc_feature
(988) . .(988)
nisa,c, g,

misc_feature
(999)..(999)
nisa, c, g,

misc_feature
(1574)..(1574)
nisa,c, g, ort

misc_feature
(1674)..(1674)
nisa,c, g, ort

misc_feature
(1726)..(1726)
nisa,c, g, ort

misc_feature
(1738)..(1738)
nisa,c, g, ort

gtgggaccgg
gggcggacge
ctcgaacaac
ccatctgatc
tgccagaggg
ttgtgctgat
tgtcgttcac
gttttacacc
cncgcgacgg
atatccagga
catggtgctg
tcggcgtcca
actggaaacc
gagccaatca

cctgagtgga

72075_WO_PCT_20140908_ST25

or t

or t

or t

or t

tccggaattt
gtgggcgegt
atctcctccc
gagaaggttg
atcagtgcta
ttcctcagag
gagcgtgcca
agagagggga
gattcagttc
gtactggagg
gatgtttgat
cacctacact
aacttgtggg
cagccacgcg

agctttttat

cgggtcgacg
acaacgctcc
tcaccatcgg
ctaacttcac
agggcttctt
cccctggtgt
gccctgaaac
actttgatct
ccggatgttg
atactggact
gacgtcggta
ctagtctcca
atcaagaatc
actaaggatc

tcagacaatg
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aagcgtccge
gttttacacc
agaaagaggt
cagggagagg
tgaggtcacc
tcagactccg
catgagagac
cgttggaaac
tccacgccct
acatgtccca
tcccacaaga
aatccggaaa
tcactgatga
ttcacgatgc

gatcctgcgg

ccacgcgtcc
acaaacggcg
ccggttcttc
attcctgaga
catgacatct
gtcatcgtcc
atccgtggct
aacactccgg
gaagccgaac
cttaccagag
ctacaggcac
ggttctcttc
agaggctaag
tattgcgtct

atgaggataa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900



gtttgacttc
gcctgttggt
cagcttgctt
cttcagtgta
ctgcagcttc
atgaacttca
cggtgcgceag
atcatcaaga
gacaggcaag
catgagatcc
aaactagcaa
ggaaaggtac
tgttgttgtt
aaaccaaatg
agaaaaaaat
<210>
<211>

<212>
<213>

13
1007
DNA
Bras

<400> 13
tattaaaaaa

caagagaaca
ccatccctat
ctttactctc
tcgtccgtgg
tcgaaagggt
gccaaggaag
ccgactgttg
gaagggatta
gaaagggcag
ccagaaccaa
gatcctccat
cgaatgattg
aaatgggacg
gcagaggagt
aagtattctg

gacccgcttg
cggttggttc
tcaaccctgg
ggatctttgc
cggttaatgc
tgcacagaga
agaaagttcc
aggagaacaa
acaggtttgt
gcagcatctg
gccgtctcaa
aaantcatat
gttgctgttt
tttccttggt

cag

sica napus

aactgcaatt
catcgcgtgc
ccttcttcaa
gccctagggt
tggtggcggce
ttgtggagga
gtgagaaaga
aaggttactt
ttcatcagtc
agaaattgga
ctgatactgg
cattcatttg
gaagaaaggt
gcgacctttc
ggacgagaga
gtgagatact

72075_WO_PCT_20140908_ST25

atgtgaccaa
tgaacagnga
tcttgtggtt
gtatggtgac
tcccaaatgt
tgaggagatc
tatccctaac
cttcaagcag
gaagagatgg
gatctcttac
cgtgaggcca
gatactctcc
cgtgtctgta

attttacttg

gggaatatgt
cttccttcca
aaacccccaa
tcagaatcca
gacggcggeg
gatgaggttt
gacaaaakct
gaggtttttg
cactttccca
cactgatctg
taaaaaatat
tcacttctac
ggcggaaagg
cggattgttg
agagaagaat

tcgtctcata

gatctggcct
ctattgatna
cctgggatct
actcagagac
gctcaccaca
aattactacc
aaatcataca
ccaggagaca
gttgagatac
tggtctcagg
agcatctagg
atcatcactt
taataaaaat

tcaaactctg

gtccctettyg
tcaaccatgg
ctcaccagac
agtctgctca
gagaagcaga
gtggcgatga
cccgaggaac
gtggatagca
acttatgcgg
aagtggttca
tctcagtatt
aacatctact
attctcgaca
cagaacgtga
cattgtttgg

ttgtcctgat
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gaggatatct
acttctttaa
actactcgga
atcgtcttgg
acaatcacca
catcaaagtt
ctggaatcag
gatacagatc
tgtcagagcc
ctgatcgatc
gagaccartc
aaaattcctc
gatgctttgt

ggcttngtaa

tctcctccat
cttactcagc
tctcgttccc
cgaagaacaa
agaagagata
gacttcacac
gtcctgtcge
agttggttta
aattcaagaa
aagaacaagg
taaaggattt
tcgcccacag
atagagaact
gggaaaaact
aagagaccga

tcctctecttt

tgcctctgeca
tgagactgag
tgacaagctg
accgaactat
tgaagggttt
tgatcctgtc
aacaaagtgc
atgggcacca
gcgtctgact
actgggacag
tcttgtcatc
aagaagatta
aatncctttt

tcatctcntc

tccattactt
tcccatatct
tttctcccca
gacgtggtcg
ccctggagaa
gaaggagcag
taaatgggaa
cgacacgctt
cactgggctg
ctacgagatt
agcagacaag
cgctggtggt
cgagttttac
gaacaaagtt
gaaatcgttc

atatacgcgc

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1753

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



ttgtggcaac

<210>
<211>
<212>
<213>

14
1007
DNA
Bras

<400> 14
tattaaaaaa

caagagaaca
ccatccctat
ctttactctc
tcgtcegtgg
tcgaaagggt
gccaaggaag
ccgactgttg
gaagggatta
gaaagggcag
ccagaaccaa
gatcctccat
cgaatgattg
aaatgggacg
gcagaggagt
aagtattctg
ttgtggcaac
<210>
<211>

<212>
<213>

15
637
DNA
Bras

<400> 15
ttcccgggtc

ctcagcattc
gattcactct
aatgaatact
agctgagaag
tgctaaattc
gattatgcaa
gaaagttgaa

tcataaaacc

taaaatccct

sica napus

aactgcaatt
catcgcgtgce
ccttcttcaa
gccctagggt
tggtggcgge
ttgtggagga
gtgagaaaga
aaggytactt
ttcatcagtc
agaaattgga
ctgatactgg
cattcatttg
gaagaaaggt
gcgacctttc
ggacgagaga
gtgagatact

taaaatccct

sica napus

gacggcagat
ccaagtgtag
gtcttggatt
gttctagctc
atactaacca
ttgctgggaa
ctccaggttt
gaatggattg

ctttacggag

72075_WO_PCT_20140908_ST25

gctcaagttt tttattcctg tattata

gggaatatgt
cttccttcca
aaacccccaa
tcagaatcca
gacggcggcg
gatgaggttt
gacaaaatct
gaggtttttg
cactttccca
cactgatctg
taaaaaatat
tcacttctac
ggcggaaagg
cggattgttg
agagaagaat
tcgtctcata

gctcaagttt

ttaagctctt
ctgatcattg
ggcatcacac
catttcttgg
agtctctgtc
gtagccaacc
tggatgagaa
agaatacgag

CCaaagacCaa

gtccctcttg
tcaaccatgg
ctcaccagac
agtctgctca
gagaagcaga
gtggcgatga
cccgaggaac
gtggatagca
acttatgcgg
aagtggttca
tctcagtatt
aacatctact
attctcgaca
cagaacgtga
cattgtttgg
ttgtcctgat

tttattcctg

cgagagtcac
gtaccccaat
caatttacgc
ccgttctcta
cactctagag
atccgtagct
agatcgtctt
aaaggcgaca

atttgacaag
Page 10

tctcctccat
cttactcagc
tctcgttcce
cgaagaacaa
agaagagata
gacttcacac
gtcctgtcge
agttggttta
aattcaagaa
aagaacaagg
taaaggattt
tcgcccacag
atagagaact
gggaaaaact
aagagaccga
tcctctettt

tattata

gccatcttga
gatctttcca
cctggtgcag
gattcraaag
actttttggc
gatcttagcc
aggctgttta
cagcctcact

cagcggaaga

tccattactt
tcccatatct
tttctcccca
gacgtggtcg
ccctggagaa
gaaggagcag
taaatgggaa
cgacacgctt
cactgggctg
ctacgagatt
agcagacaag
cgctggtggt
cgagttttac
gaacaaagtt
gaaatcgttc

atatacgcgc

tttatcttgc
agagagccaa
ctggatatgt
cagctgctga
ttaagggcaa
ttgtatgcga
gtccttacaa
ttgatgtggt

tgtcgaacgc

1007

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1007

60
120
180
240
300
360
420
480
540
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gggtcttcaa tctaagatgt aagaaaccaa acttgtattg gtgacggttt ggccaaaacc 600
ggtttaacgg ttcactgtaa tacctcggta caacatt 637
<210> 16

<211> 779

<212> DNA

<213> Brassica hapus

<220>

<221> misc_feature

<222> (14)..(15)

<223> nisa, c, g, ort

<220>

<221> misc_Tfeature

<222> (22)..(24)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (34)..(34)

<223> nisa, c, g, ort

<220>

<221> misc_feature

<222> (43)..(43)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (54)..(54%)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (93)..(93)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (103)..(103)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (120)..(120)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (128)..(128)

<223> nisa, c, g, ort

;iggiagégg gacnntacta tnnntttatg attngaaact tgnatgccag atancagaca 60
atttaagata aaggtaataa caataattca gcnagaaatc canaaaaaaa aagcagagtn 120
aaaacganag agtttacaac aataattgcc agatattatt ttttgctttg gtcttttgtg 180
ttcaatatta tatctgtaaa aactgttctt gaaaaacatc catggctgaa gcaggaagtc 240
caagaagcac attgatgctc ctcctctgtt ctccatgaga caaaaacaaa gtcacttctt 300
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tctcaggcaa
gaaaacccaa
ttgttacctc
cttctcttac
atattgagtt
acttggctct
gtgacttggt
gagattcact
<210> 17

<211> 272
<212> DNA
<213>

<400> 17
tttttccagy

atccgccgtt
gtgcttgttt
gcctctgett
ttcaggaaga
<210> 18

<211> 315
<212> DNA
<213>

<400> 18
tacaaacacc

ctaagtttct
tatcacaccg
agcgcagttt
taggtgactg
ttctcaccag
<210> 19

<211> 274
<212> DNA
<213>

<400> 19
ttagctcctt

acccaactcc
gcattcaaga

atcaatggtt

acgaaggggc

agctactgga
tctcgaccat
aaagtaatca
taatccaaca
tgtgagaact
accatcaaag
tcttgctcte

gttctctgtt

Brassica napus

aatagcaaca
acctgtgggc
crccaccttt
caatggtctt

ttcatgggaa

Brassica napus

ttataacaga
tgttgctctt
ccttcactgg
tgtaagtggt
gagttcagca

agctt

Brassica napus

ctggactgct
aagctacgag
gatgctatat
ttgaatgtct

tccacgaatc

72075 _WO_PCT_20140908_ST25
ccggacaaaa ccggttctcc ccaaccgaag

gtagtgatca
atggcagatc
gcgtagccca
attccattcc
gcgaagagaa
cacacaaaag

gcttggagct

aacattcctt
aaggcctctg
ttggtgaact
tccatcagga

acatgttaac

gaagccattt
tgcttatccc
ggttgcacta
ttgttcagat

aacatacagc

ctaagtttct
tatcacaccg
agtgcagttt
taggtgactg

ttctcaccag

gaagagtgga
tcatgtatcc
aaggtttctc
cgaaataccc
gctttgtttt
cagacaaagc

taagtttctt

agggtgaaaa
gaccaagcaa
ctgtagtggc
caaacctaca

aa

gactgtgcag
accccygaga
ggaattgtga
agtgtcctta

caattccacc

tgttgctctt
ccttcactgg
tgtaaatggt
gcgttcagca

agct
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agaaagagaa
atcagttacc
ggttagctct
tttgggaagt
ctgatcactc
ttcaaaagtt

gattttctct

tatttaaaac
aaatagaggc
gtgttactgt

attttccccc

ttagctcctt
acccaactcc
gcattcaaga
atcaatgttt

acgaaggagc

tgcttatccc
ggttgcacta
ttattcagag

aacatacagc

tctgtggtat
ggtcttgmtc
atcttaatgg
ccagcttcac
ggaggctcaa
aacatcttca
gtgcaggaga
gggtcaaag

aaacatcaaa
tatgctgttg
gccatgagct

aaaatattaa

ctggactgct
aagctacgag
attgttatat
ttgctcgtct

tccacgaatc

accccygaga
ggaattgtga
agtagcctta

cagttccacc

360
420
480
540
600
660
720
779

60
120
180
240
272

60
120
180
240
300
315

60
120
180
240
274



<210> 20

<211> 292
<212> DNA
<213>

<400> 20
ctgaacggcg

tccacctctg
gccgggacga
ccatcgagaa
gtctggttge
<210> 21

<211> 764
<212> DNA
<213>

<400> 21
ttattattaa

gtctttcttc
cacactctag
gatatccacg
gaagaagttg
ttgttgggtc
ggtcgagcag
atcaacagac
caagatctca
gggacccaag
tgtctgatca
accggctaag
gaggatctcc
<210> 22

<211> 252
<212> DNA
<213>

<400> 22
aaaaaattta

tcttatccga
caaaatatcc
gttaaaacag

aaccagtttg

Brassica napus

ggttctaaat
ttgttccage
cctacatcgt
ggytgaccac

ctgttcctta

Brassica napus

agtagtccaa
aaaacaagat
ttggactgac
gtaggcctga
ctgatcaagt
aggttgtagt
ttgtccacca
tcratcacac
atctgagcca
tcaccagctg
atctttccca
acaacactcc

catacaggat

Brassica napus

agatgattga
agaacaaatg
tcatgattct
atgattgaat

aa

72075_WO_PCT_20140908_ST25

cagcatcatc
caccaccacc
tcctgtagcc

cataccctgg

aatgaggagg

acaaaagcat
tacataggaa
gcagctctgg
gctctgcgeca
ctttgttgat
cgaaccttgg
tgaacgacac
tctcgttgat
tcatgagggc
gtctggactt
ttgggaatgc
tgatttcgct

agaaggatgc

caccgacatt
tacaagaaag
catcaataca

caagcgttct

tccaaacgga
gccaccacct
accgcctcca
acgatcattc

aacataagca

tcactcacgc
agagactgat
tcgaacaaaa
gacctggata
tggtgcacca
tgcccatttc
tcctctagceg
gatctctgag
aacgtaaact
cctgacgcgt
aggtaaaccc
gccagctgct

actgtatgca

taaaaaaaaa
attccttcac
Cgcaacacac

tataggttac
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ttaacttcac
cctcgtccac
ccaactccac
tgtggcgaag
ggctttgccc

ctacaacttc
aacatttcaa
tctgcatctt
gcaccatgga
ttgtccacag
ctcgatccca
tgcataaacg
taagagtgac
ccagcggtga
tcaccgacct
tccttatcgt
acatcctcgt

gtct

aaggactgat
aatttgatac
attttgttt

aagcaaatga

ggtcccatcc
cataaccttg
ctccaggagc
gagcaacagg

tg

caaaaccatc
acactgataa
gaggcactga
ctggatcagc
ccaccagagc
atcttgctgt
ggttcagaga
ccttcttcct
agggatacaa
tccacattct
agaagcgacg

agcattcata

ggtatwgcct
tttcacggct
tgtggatcac

gcaaaaggca

60
120
180
240
292

60
120
180
240
300
360
420
480
540
600
660
720
764

60
120
180
240
252



<210> 23

<211> 268
<212> DNA
<213>

<400> 23
actgccgcct

tccttcaget
cgtcagcata
cactggtgtg
tctttcatat
<210>
<211>

<212>
<213>

24
404
DNA

<400> 24
ctgcaggaag
ctaagtatcg
attttgttat
gttgggcagg
tgtatattcc
aatcaatggg
agcaggaagc
<210>
<211>

<212>
<213>

25
404
DNA

<400> 25

ctgcaggaag
ctaagtatcg
attttgttat
gttgggcagg
tgtatattcc
aatcaatggg
agcaggaagc
<210> 26

<211>

<212>
<213>

DNA

<400> 26
cccgggcetge

1006

Brassica napus

tccatttaca
ccacgctatt
ccaactatca
ttctacttty

gaaaacgaag

Brassica napus

atacttgtca
caaggtttat
ctacttgtct
gataaatctg
tctccecgge
aaatcaacgg

tgtgtcagta

Brassica napus

atacttgtca
caaggtttat
ctacttgtct
gataaatctg
tctccecegge
aaatcaacgg

tgtgtcagta

Brassica napus

aggattcggc

72075_WO_PCT_20140908_ST25

aagctgtgaa
caatcttaga
aaatgatctt
tcaagccwga

tcggtatt

acttcctaat
ctccaaattt
ggaacaacta
atgatgatat
atgaggatct

attccacatc

agggagagag

acttcctaat
ctccaaattt
ggaacaacta
atgatgatat
atgaggatct

attccacatc

agggagagag

acgagcaaga

gacagagttt
cacttgtttt
ccaaggtagg

tgcatctcta

aagtatctcc
tagctctgaa
gagggaaata
aagtgttgcc
atctctaaat
tatcgcaacc

gttagtcctt

aagtatctcc
tagctctgaa
gagggaaata
aagtgttgcc
atctctaaat
tatcgcaacc

gttagtcctt

ctaaaatagt
aacctcacaa
gctgagcttg
gtctgcttgg

agccacttat
gttctctatt
aactgagcaa
agccccagtt
aatgttgcaa
aatcaaccaa

ttaa

agccacttat
gttctctatt
aactgarcaa
agccccagtt
aatgttgcaa
aatcaaccaa

ttaa

tctctgggtt
gttatgaaga
aagtggatgt

ccttggcaag

tcaccgaact
tgragttttc
ataaattttg
atgataacta
gtgcgcatge

cagagattcc

tcaccgaact
tgaagttttc
ataaattttg
atgataacta
gtgcgcatgc

cagagattcc

tcttctctaa tctctaccta tctctctctc

Page 14

60
120
180
240
268

60
120
180
240
300
360
404

60
120
180
240
300
360
404

60



atctctctct
gagtctcgtg
caattcgaga
gcgtgcagct
ctcctcaaaa
ggaggcacga
tagaaaacat
tttaggtggc
catgaagaag
taagttgggt
acttgctgag
cgaaagagag
agcagcagct
cgctgtcaaa
cagaggagta
cctcatcgcg
<210>
<211>

<212>
<213>

27
DNA

<220>
<221>
<222>
<223>

<400> 27
ccacgcgtcc

acgtctagaa
gtacggtcca
tcttggtacc
tggagacttt
caaaatttcr
tctcgatggg
tctaggagag
tgatcctgat
cagtatcgct
acgaggcctc

tctggatact

1130

ttcatggctg
gctagtcact
agaaacggtg
cttgttcaag
cctccggtta
gctttaagtc
ggctctcagce
ttcgcgttca
agagctggtg
caaggtttat
cttcaggatg
ttagactcat
accctcggcc
gtccaacgcc
gggaaactca

agttcgcctg

Brassica napus

misc_feature
(1040) . . (1040)
nisa,c, g, ort

gctcagtttg
accattagaa
atagactatg
aaggttggag
ctccccacag
gaagaggaga
gctcctaatg
tattcaggtg
gtctttcgat
gcttacaaaa
atgaacgcgt

cgcgaacgac

72075_WO_PCT_20140908_ST25

ttactggctt
cgccgegttt
aaaaatccaa
ctaagcccag
tccaataccg
gagccgttgg
ctctcaaggc
agttagggat
agctcagaaa
ccacccgacc
ctttgccaac
ctctagaatc
aggtttacaa
ccgggatcga
taaacaaata

cagagtctac

aaggaaaacc
ggtcagctct
atgcaccagc
ttggcatagc
gaagtgatag
aagccacgct
atcaaactgc
ctgctacgct
tgcttggaga
tttctgagaa
atctagctgc

tgaatacaag

ctctctctga
aactctaacc
acttttcttg
agaagacgga
acgagctgat
tgcttctgtt
tttgcagaga
tgatcagagg
gattttcact
cgacctctgt
cttccctgac
catcttctcc
agctcacctc
agaagccatc
cgcagacttc

caggagctca

tggtcgatct
tgagaagaaa
accagtccag
tgttgttgtc
tccaacggag
tcagcaaagg
tctagagggc
tcttgagaaa
agtaaatttt
ggtttctaat
taagaaacca

gaaaacaagc
Page 15

ttttctcgaa
ggcgacggceg
ctaaatcgaa
gcggtggcaa
ctcgcggatg
tattctccag
agtctggaga
caagggaagc
cgtctgggge
ccacctgatt
gcagaagcct
tctgtatccc
aggtactcag
ggtctcgact
atcacccacg

actacg

ttcgatatag
aagacagaag
acagatcaga
tttggtttag
aagacctctg
ctcaaagagt
gcagctgtga
ttggctaagg
gaacttaaga
ggcattgatc
gacgaggctg

acagcagaca

gttacacgat
tttccttacg
ggagatcagc
gctcttccce
atctccaagc
aactaatcgc
tattgtcagc
tagagcwgaa
ccacttttgt
acctcgaaga
ttacttgcat
ctaagccaat
ggcaagttgt
tctacctcat

acgtcctcge

actttgagga
tagttaacga
aaacaattgg
tttttgctct
tggttaaaaa
ttgaaacaac
cactgactaa
agagaccaac
actatgaagg
ttgaagtcac
tcaaatttct

gtgtttccge

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1006

60
120
180
240
300
360
420
480
540
600
660
720



tgaaactgaa
agactgggga
tgaagacttc
agatgcagag
tgtggataga
gcttgtcttt
gtcaataaga
<210>
<211>

<212>
<213>

28
890
DNA

<400> 28

tgcctcgtgg
ccacgtcacg
cgacgggatc
caaggtgttt
tggycaggag
tattgcgaat
ctctgtgttc
ggcctttgat
caccttgatc
tgatgctgcg
acaatctttt
tccatatgtt
ggcaagtctg
trttttttta
ctcatcaatt
<210>
<211>

<212>
<213>

29
890
DNA

<400> 29

tgcctcgtgg
ccacgtcacg
cgacgggatc
caaggtgttt

tggccaggag

ccagatctag
catatcagcg
cgagggtact
agaatgttca
tattcgaagc
ttttcaaccn

ttcatctgcg

Brassica napus

cgcatcattt
gcgatccgeg
cttaagctcc
tacctcaaga
aggaaagacg
gcagagctag
tactacgaga
gacgcgatag
atgcagctgc
gatgagatca
gagtgaactg
tcctaggtcg
aaccatcgat
tgtgggttaa

tgaagatact

Brassica napus

cgcatcattt
gcgatccgceg
cttaagctcc
tacctcaaga

aggaaagacg

72075_WO_PCT_20140908_ST25

acccaattca
acgctatagc
tggctaaggg
tccaggcacg
tgtgatcagt
taagtttata

cagtttatac

cgtcgatcga
attacagatc
tcgattcgag
tgaaaggtga
ccgccgagaa
caccaactca
tccttaactc
ccgagttgga
tccgtgacaa
aggaagcatc
ctaagtttct
tcgcttgccc
catcttctat
tgatttcagt

tttgtcggtc

cgtcgatcga
attacagatc
tcgattcgag
tgaaaggtga

ccgccgagaa

ggttgagttg
tgtttatgac
aattttactg
gtttttcgca
agctggtttt
gccagagttg

aaaaaaaaaa

gcagaaggaa
taagatcgag
gctcgtccce
ttaccacagg
cactctctcc
cccaatccgt
tcctgatcgt
cactctaggt
cctcactctc
agctccaaaa
agggggtttg
attcgctttt
ctcagttgct
gtctgccatc

tgaaaaaaaa

gcagaaggaa
taagatcgag
gctcgtcccc
ttaccacagg

cactctctcc

Page 16

cttcttggaa
cggcttatct
aaagaaaatg
ccagacaaag
gtatatatgt
taacaagaga

aaaaaaaagg

gagagccgcg
acggagctct
gccgetgett
tacttggctg
gcttacaaag
ctaggtctgg
gcctgcagec
gaagagtcgt
tggacatccg
ccaacagagg
aaactttgtt
attcattcat
tgattttctt
gaaccttgct

aaaaaaaaaa

gagagccgceg
acggagctct
gccgectgett
tacttggctg

gcttacaaag

aagcttactc
atgaacatcc
gaagcagagg
ccaaggcctt
acgcacatgg

atattccaag

gcaacgacga
ctggaatctg
ccggcgattc
agtttaagac
ccgctcagga
cattgaactt
tcgccaaaca
acaaagacag
acatgcagga
aacagcagta
ttctctttcg
cataatttct
ttgtttttcc

ttgtgtgttt

gcaacgacga
ctggaatctg
ccggcgattc
agtttaagac

ccgctcagga

780
840
900
960
1020
1080
1130

60
120
180
240
300
360
420
480
540
600
660
720
780
840
890

60
120
180
240
300



tattgcgaat
ctctgtgttc
ggcctttgat
caccttgatc
tgatgctgcg
acaatctttt
tccatatgtt
ggcaagtctg
ttttttttta
ctcatcaatt
<210>
<211>

<212>
<213>

30
875
DNA

<400> 30
aaattctagg
cagcgagatg
gtgtccccga
agttcccttt
tcgaggcetgce
tccatttgag
gcgeegggge
cttgcgcgag
gggctcatgc
tcattgtcag
gacagtccaa
cgttggctaa
gatgatttgt
tgttacagtt
agtatcaata
<210>
<211>

<212>
<213>

31
916
DNA

<400> 31
tccaagcccc

aacccatctc

gcagagctag
tactacgaga
gacgcgatag
atgcagctkc
gatgagatca
gagtgaactg
tcctaggtcg
aaccatcgat
tgtgggttaa

tgaagatact

Brassica napus

gttttgcacc
ctaccgtcag
ccccaagatc
ctgcgtccac
tcgtatcgece
gattagggtt
tgataggctc
ggttgcgatt
tcaggaggcg
caggaaatgg
gagggttgtt
ccgtcagcct
tgttgtcgaa
gaaaacatga

tctcagcctc

Brassica napus

tccgaccaat

ctcctaagtc

72075_WO_PCT_20140908_ST25

caccaactca cccaatccgt ctaggtctgg

tccttaactc
ccgagttgga
tccgtgacaa
aggaagcatc
ctaagtttct
tcgecttgecc
catcttctat
tgatttcagt

tttgtcggte

acacaatcgc
atcaagggga
cgcatctacg
ctcgtctcct
tgcaacaagt
caccctttcc
cagactggta
gggcaggtge
cttaggaggg
ggtttcacca
ccggatggtg
ggaagtgcct
ctgagaatyt
ttcatcgtat

tagtttatct

ggcggcgaca

CCCaaaccaa

tcctgatcgt
cactctaggt
cctcactctc
agctccaaaa
agggggtttg
attcgctttt
ctcagttgct
gtctgccatc

tgaaaaaaaa

cgaacgaatc
agccctaccc
acgtcggcat
gggagaagga
acatggtcaa
atgtcctgag
tgagaggtgc
ttttgtctgt
ctaagtttaa
agttcaaccg
tcaatgctaa
tcatatcagc
agtttctgca
gactacattt

acttt

gcctgcagec
gaagagtcgt
tggacatccg
ccaacagagg
aaactttgtt
attcattcat
tgattttctt
gaaccttgct

aaaaaaaaaa

caacaccatg
gaagtcccgce
gaagaagaaa
gaacgtctcc
atccgccgga
gatcaacaag
gtttggtaag
gaggtgtaag
gttcccgggg
tgcggattac
gtttctgtcg
caccagcgat
gttttttgtt

tttcttggac

cattgaactt
tcgccaaaca
acaaagacag
acatgcagga
aacagcagta
ttctctttcg
cataatttct
ttgtttttcc

ttgtgtgttt

ggacgaagac
tactgccgcg
ggagtcgacg
agcgaagccc
aaagacgcct
atgctctcgt
gcettgggga
gataaccatg
cgtcagaaga
actaggttga
aaccatggtc
taagaatgaa
ttgtttttgt

aaatgttttt

atggcaacat cagccacatg catgtcctta

accaaaccca tctcctcatc aaaacccttc

Page 17

360
420
480
540
600
660
720
780
840
890

60
120
180
240
300
360
420
480
540
600
660
720
780
840
875

60
120



atcaccctcc
gccggegeceg
gccgagcetcg
ccgatcgtcc
atcaacaaga
gctgcgtcag
gcggegatgg
gtggttgcac
ctcaataaaa
taatcctttg
atatatctcg
ttatgcgatt
taccctaagg
catatcaata
<210> 32

<211> 182
<212> DNA
<213>

<400> 32
ctgcaggtaa

atgtgtgcgc
aaaccgagag
aa

<210> 33
<211>

<212>
<213>

DNA
<400> 33

ccacgcgtcc
gaaacagaga
cttcaaagaa
caggattcct
tcagaaaccc
tctcaacagc
caggtacaga
gcagactgta

ctgtatgagg

1298

caacaccact
tattctccac
cggcagcggce
cggcgatcgg
tgcgcgagag
ggcttttgac
cggaagcggce
cggctctact
tgaggtctga
ttttatggac
cctactatat
ttggtgtttc
ttaaggatta

acactc

Brassica napus

gcctatatat
tgctatggtc

gtatacatat

Brassica napus

gtggatctcc
catgtcttca
acaccaatca
cgcagctgct
accatgagaa
atgatctacc
ctgcagagca
tccaattgag

gcctccatgg

72075_WO_PCT_20140908_ST25

aaaacccacc
cctcagctac
cgcgggaggt
atgggtgctc
caaaggagtc
tatgcctccg
tgccaaaggt
ttgggttctt
gtaataatat
agttttttat
actcgatgtc
aaatccatct

aaacctccca

gtctctctcg
tccgaacccg
agcgacaacc
ttcaacattc
gtcgcgggtce
gaggcctccg
gaagacaaca
tacaatatat
attatcatcg
gtttaaaatt
ttataagttt
ataccagaac

tgttttgtag

ccgtcacaag
ccttcgctge
gaggactagc
tccagccagc
ttggcrtcgg
ccagtgtatt
ggggacagtt
tgcagcctge
ttgggattca
ttggacatat
tcaaccgcca
ctagtgttat

atgcttccac

caccgccctc
ccaccagatc
tcttctcctc
tctcaaccag
cggtggtctc
taaccagatg
gttgttgttc
tttgaaccaa
aatgtaaaat
cctttgttat
tcactagtcc
gtcttggact

atattatttg

agctggackc atcatattat tagtggtcat tctataaagc

cctgtcttcc ttaccctcat gctcgctaaa agaagcgttc

gaaatgatga cacaccctta ttctcggact ttgacgcttt

gtgttcctat
ggtgaggggg
ggtatatccg
gccacaaact
ccacctagca
gctgagagca
tcttccccaa
gagagatatg

aggacaacaa

ttgagatgtg
cttctgtgta
taatcccaac
tatccggcge
cggttattct
catcgtttac
atcccaacga
ccagctgctt

ctaaaggatc

Page 18

tgatatagga
gtgagtctgg
cattgatgca
ctggccaatc
agacgggtct
gtcctgtgat
acccctgtaa
ggaaaagctg

acatttccca

gagatctgat
tcaccataag
atgttgcata
aagtgtgtgg
gcaagtccca
ccaatttttc
tttacaatca
catggtgaaa

ttctccttgg

180
240
300
360
420
480
540
600
660
720
780
840
900
916

60
120
180
182

60
120
180
240
300
360
420
480
540



tctccgaaga
cagaaacatt
tgaaagatgc
atggccaaga
aaccgaagct
gtgttttatt
agggtgaagt
tattggccta
cgtattcgta
agggatatca
aaggctatcg

aactacccgg

ttgaggagga

<210>
<211>
<212>
<213>

34
267
DNA
Bras

<400> 34
ttaaactagc

tctcacaagc
atcctaactt
ccttgtcact
cccctgatcc
<210>
<211>

<212>
<213>

35
237
DNA
Bras

<400> 35
ctgcaggcat

atgttgaccg
tcaattcagc

agcctgggga

<210>
<211>
<212>
<213>

36
2463
DNA
Bras

<220>

<221> misc

cgatacatat
actggtccga
agcacgacga
tcgaaaccgg
cttgtcctct
tgtatatgaa
tgcctagaaa
agttattaca
tgaggaaact
agagagaatt
agaccgagtt
agcttgagtg
ggaagaagag

sica napus

ttcttctttt
ccagtctgat
tattagtttt
gttttctcag

tggcaaaccc

sica napus

catggcacgt
catagtggag
tggtaggctc

ccgattttgce

sica napus

_feature

72075_WO_PCT_20140908_ST25

atagcttcaa
gtatcccatc
ggtcatatgg
aatcttctgt
cgctaacagc
gacaatagag
ctacgagaag
gcacaagatc
tgctctcaag
aagaagagag
gctagagcgt
gaacatgttc

gaggagccag

gtagatattc
actaagatgg
attctttgaa
gaggagtatg

cctgcag

aaccggaagg
aagacgtamg
tggcactttg

taggttgaac

aaggtctttt
cctgcgtcge
caagtcatca
agaaaccctt
cgttacgcca
agagcccata
gctcttgaaa
aagcaaagac
accagggaga
gagaaggctg
ttgaagaagg
ttgatgaaga

agattgaa

tcaatcaaca
ttcagtcgcet
gttattttgt

aaaggactgg

gtgcgggcac
ccaacgagtt
agatacccaa

cgatctttga

Page 19

ggccccttcg
cggatttgaa
gacacaagca
acaacgtaac
ccatcagaga
tgccaaagaa
ccattgacaa
tgaccaaaat
agataatgac
ttaaagcagc
gtatttatgg

aaagaaattg

gttgaaaatg
tgtggcartt
tggtctcttc

cgtgtatgat

cacgcacgtt
cctatgcgag
cgctgctaac

ttcttcgtta

gtgagacatt
aactccaccg
ctgcagttac
gggtatttgy
ccacgatggt
cttgtgggag
gcacttgttg
gactcagatg
gacaccaagg
agtcttggat

tgacatatac

gcagaaggtg

tacaactccc
tgggaggttc
cctgacctaa

gcacctatac

ttccttcatg
aagtacagag
atgagcgacc

cttttaa

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1298

60
120
180
240
267

60
120
180
237
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<222> (1590)..(1590)

<223> nisa, c, g, ort

<220>

<221> misc_Tfeature

<222> (1648)..(1648)

<223> nis a, ¢, g, or

<220>

<221> misc_feature

<222> (1650)..(1650)

<223> n is a, ¢, g, or

<220>

<221> misc_Tfeature

<222> (1658)..(1658)

<223> n is a, c, g, or

<220>

<221> misc_feature

<222> (1660)..(1660)

<223> n is a, ¢, g, or

<220>

<221> misc_Tfeature

<222> (1670)..(1670)

<223> n is a, c, g, or

<220>

<221> misc_feature

<222> (1675)..(1675)

<223> n is a, ¢, g, or

<220>

<221> misc_Tfeature

<222> (1678)..(1678)

<223> n is a, c, g, or

<220>

<221> misc_feature

<222> (1689)..(1689)

<223> n is a, ¢, g, or

<220>

<221> misc_feature

<222> (1698)..(1698)

<223> n is a, c, g, or

<220>

<221> misc_feature

<222> (2174)..(2174)

<223> n is a, ¢, g, or

<400> 36

cgggtcgacg atcccgtgcg caagctggga
agaagagttt cggaaactat gtgagcagta
ctgaaatcga caagaagatc gagattctga
agaagagcag gaagcttctg tcagcgaatc
rgctgcgtga agagaaacgc aagcgtactg
tctcagcatt aaaaccgctt ctaaaaggga
tggacttcaa agattctgaa gggatgcagc

gaagtctgga
acgtgatggt
cgtcagagat
agtacaagga
aatttcgaaa
tggaagacgg

agtcagtccc

Page 20

ggaagccaaa
tgctgccaag
aagcgatgag
gatcactgca
aaggatggaa
aaacttaccg

tgcggtttac

aagttagttg
gaggagcttg
gcgatagata
cttcagggag
ctcgaaaggt
tttatatgtt

ttggggcata

60
120
180
240
300
360
420



tcgattcatt
tgaacgtaat
tggccecttgg
acaggactgg
tgaaggctct
gaagtatgtg
tcctgagceag
ctgctgaaca
gatcagcagg
agatgaaacg
cgtctggttg
acattaacac
acgagctctg
aactagctgg
acaacaacta
aacaaagaag
tggatgttca
tgatgatgga
atctcttggc
ctgctgcagce
tccatgttag
tacactatnt
taggaccaaa
actgtggaag
atcaaccaaa
tgagaaaggt
tgaagagcca
aagacgatgc
tatcttacac
cctgtttaga
tgtggaggta
gtccgttgtt
ggtatatatc

atttttcagg

taacggttca
cgaggatgaa
ctctgataac
cttccccaac
tcttgacaaa
gagaatggaa
cctctccgag
atacaaggaa
gttcagagaa
gctcaaggcg
gaaagacttc
acacttgata
gctcgcaatg
cgtatgtgcg
tatatacgag
ctcgcttata
gttctctggt
atgtgcaatg
tcagattcct
agatatcatg
caatgtcttt
taaggatncc
caagagaact
ctaatccctt
agaatgtctt
cattggccgg
ctggcaacaa
aaaacatcct
tccaaaccgt
tagnattcga
agatgcaaaa
cagaagcatc
ttcatcagga

ctttcttgat
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aagcttcaga
ccggeggetg
tcatggtatc
actgctctag
gcagatatgc
ggatctctag
gaagacgagg
caaagaagca
tacaagaaaa
agatcgagac
atgcgcataa
tttcctctgg
gtgctccgga
agtttagtct
ccgtctgata
aagcttcaag
atggttgaag
gacgaaggtg
aagttgcctg
gaccgtccan
agtcaacntn
agaacaaatt
ttgagttaat
ccagtattcc
taaaagcgtg
tgagaagttt
cagggtcttg
ctgtgtcgaa
tactaatctt
ggattctcct
gtttgatcca
atagataatt
aggagaacac

ttctcatata

agatgatgtc
atgagcctat
tcttcactga
cgacaggaga
agtgggataa
agacatggtc
tgttgcacat
aagtgtcgcg
ttctggagaa
gcctcataaa
gcaatgtgat
gtgaaacagc
acaaagtcct
ccgaaggcat
cagtagttga
agaagcatga
cttgggcctc
atcttgctcg
atattgaccc
ccaatcagcg
aaaaatancn
tttcattcag
gttacaacat
tctcttccga
agaagttgct
ttggtaactt
tctgetttgg
tacataggag
aacttgatcc
tcacattagg
tggatatgga
ttgtcggtgt
gagcattgtc
agtatagctg
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tttggatgag
tgttaaacca
gaaatggata
tgctttgect
actatccgat
ctggagttta
gtcccaagag
gttgaagaag
cgctaagctg
ccgtttagag
tcacgagagc
tgctgctatc
ggtcgatctc
taaagttcga
tgtggttaac
ggttgagatt
tgggctaagc
tttgttgcga
caagctgcaa
agcttgccgg
attagaaccn
gtgattaatg
acaaaagctt
caaagctcaa
ctgttcaaca
tgtatcctcc
tttgaaacct
acctttgaag
tcaccatttt
ttgactggaa
tgtcacatca
cgacagttca
ataataaaca

gtgtagcttg

tcctttgegt
tcttactatg
aggactgttt
cgagaaatca
tccgagetcg
aacgtgcctg
tatgacaacg
aggatatcac
acggttgaga
cagatcgaac
agagcgttgg
agaggagaga
aagcctcctc
ccgtggagag
ttcttagagg
tcttgttgtt
tggaaagaga
cgcaccattg
cgtagtgcag
ttaaagaggc
tgagngtntg
ttggaaagaa
tatatacaca
tgctgagtat
gtggcaagtg
tttgcctgat
tcttcctctt
aactgcaggt
tacgcttatt
aggaatttat
ggcttatcat
cattcaatgc
gcatcaagat

ttgtccatct

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460



cat

<210>
<211>
<212>
<213>

37
815
DNA

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> 37
ccacgcgtcc

gaggacgaga
gaaacagaga
aacgtttgag
nagacagtat
aagaaggagg
aacaacagcc
tgttgaggga
acgtggtrgc
aaaggcctga
gagatgcaac
acctttgtct
gcataagaag
gatcaagcaa
<210>
<211>

<212>
<213>

38
53
DNA

<220>
<223>

<400> 38

Brassica napus

misc_feature
(153)..(153)
nisa,c, g, ort

misc_feature
(241)..(241)
nisa,c, g, ort

gcggacgcegt
catataactt
aggacgagta
agagaacaca
aggcaacctg
tggtaagtct
tttagcactg
tgtgatcaaa
ttgtgcttct
ggtttctggg
aatgcaatgc
cagtcctgct
aaccacttac

cacctacatt
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gggcggacgce
ctacatagag
aaacagaaca
ccaaaacaat
tctcgecgta
cgcggttcgg
gtggttcaag
aggctggaag
gtttgcaggt
aagatcacgt
tttatcaaga
ttgttggtcg
acagagtacg

ggcaagatca

Artificial Sequence

synthetic oligonucleotide

gaaggtgacc aagttcatgc tgacatttaa

<210> 39
<211> 53
<212> DNA
<213>
<220>
<223>

Artificial Sequence

synthetic oligonucleotide

gtgggcgtag
agagaaagag
agngaaggaa
gtcgttccgt
gcttcgactt
ttcaagactg
aaaccccttg
agagcgagag
cgtggagaga
ttcctgtttc
gggataagtc
agaatggaaa
tcatctccat

ggtct

tttgtttccg
acagcaaaac
gacagagatt
agcatagtac
caagctgagc
tcacgaggaa
ggcgaatctg
cgcgtggect
tatgtgcaaa
gcttaaacag
taacttgact
gtttcttctc

gcacgcagac

cgtgctcgaa
ccaagcagtt
ctggttctcc
gcgatgtgag
agccttcaca
caacaacaac
cctcccgage
gcgaggaagc
gagattgttc
cctggaccaa
taccatttgt
tcggcgaaac

accatttcaa

aaaaaaaaag gactgatggt ata

Page 22

2463

60
120
180
240
300
360
420
480
540
600
660
720
780
815

53
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<400> 39
gaaggtcgga gtcaacggat tgacatttaa aaaaaaaaag gactgatggt att 53

<210> 40

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 40
gaatctttct tgtacatttg ttcttcggat 30

<210> 41

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 41
gaaggtgacc aagttcatgc tggtgtgttc tactttgtca agcca 45

<210> 42

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 42
gaaggtcgga gtcaacggat tggtgtgttc tactttgtca agcct 45

<210> 43

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 43
aaggccaagc agactagaga tgcat 25

<210> 44

<211> 51

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 44
gaaggtgacc aagttcatgc tcaaatttta gctctgaagt tctctatttg a 51

<210> 45
<211> 50
<212> DNA
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<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 45
gaaggtcgga gtcaacggat taaattttag ctctgaagtt ctctatttgg

<210> 46
<211> 28
<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 46
cctctagttg ttccagacaa gtagataa

<210> 47

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 47
gaaggtgacc aagttcatgc tatccctgcc caaccaaaat ttatttgt

<210> 48

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 48
gaaggtcgga gtcaacggat tccctgccca accaaaattt atttgc

<210> 49
<211> 29
<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 49
cttgtctgga acaactagag ggaaataaa

<210> 50

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 50
gaaggtgacc aagttcatgc tagaggcaag ggaagctaga gca
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50

28

48

46

29

43



<210>
<211>
<212>
<213>

<220>
<223>

<400>
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51

43

DNA

Artificial Sequence

synthetic oligonucleotide

51

gaaggtcgga gtcaacggat tagaggcaag ggaagctaga gct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

52

25

DNA

Artificial Sequence

synthetic oligonucleotide

52

gctcaccagc tctcttcttc atgtt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gaaggtgacc aagttcatgc tgaagcgtgg ctttctcctc ttct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

53

44

DNA

Artificial Sequence

synthetic oligonucleotide

53

54

43

DNA

Artificial Sequence

synthetic oligonucleotide

54

gaaggtcgga gtcaacggat taagcgtggc tttctcctct tcc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55
25
DNA
Artificial Sequence

synthetic oligonucleotide

55

caacggagaa gacctctgtg gttaa

<210>
<211>
<212>
<213>

<220>
<223>

56

46

DNA

Artificial Sequence

synthetic oligonucleotide
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43

25

a4

43

25
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<400> 56
gaaggtgacc aagttcatgc tgtacttggc tgagtttaag actggt

<210> 57

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 57
gaaggtcgga gtcaacggat tacttggctg agtttaagac tggc

<210> 58

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 58
gagtgttctc ggcggcgtct tt

<210> 59

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 59
gaaggtgacc aagttcatgc tgagagtgag gttgtcacgg aga

<210> 60

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 60
gaaggtcgga gtcaacggat tagagtgagg ttgtcacgga gc

<210> 61

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 61
gagtcgtaca aagacagcac cttgat
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a4

22

43

42
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