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MOLECULAR MARKERS ASSOCIATED WITH
CHLORIDE TOLERANT SOYBEANS

Cross-Reference to Related Applications
[0001] This application claims priority to U.S. Provisional Application Ser. No. 61/695,050

filed on August 30, 2012, incorporated herein by reference in its entirety.

Incorporation of Sequence Listing
[0002] A sequence listing containing the file named “46_21_58552.txt” which is 23,173
bytes (measured in MS-Windows®) and created on August 26, 2013, comprises 52
nucleotide sequences, is provided herewith via the USPTO’s EFS system and is herein

incorporated by reference in its entirety.

Background of Invention

[0003] Deployment of chloride tolerant cultivars is an effective approach to minimize yield
loss in a saline soil. In soybean, Glycine max (L..) Merr., substantial genetic variation exists
for a response to salt stress. However, breeding for chloride tolerance is hampered because no
economically viable screening method has been developed for practical breeding.

[0004] Salt stress can lead to symptoms such as stunted growth, reduced yield and death in
sensitive soybean species. As agricultural land is increasingly salinized through inefficient
fertilizer practices, chloride-water intrusion, and use of poor quality irrigation water,
development of chloride tolerant cultivars becomes increasingly important as a means of
combating salt-related yield losses.

[0005] In soybean, the salinity stress inhibits seed germination and seedling growth, reduces
nodulation, and decreases biomass accumulation and seed yield. Previous studies identified
the Nel gene on linkage group N, which confers tolerance to the plant through chloride
exclusion; not allowing CI(-) to translocate from the roots into the rest of the plant where it
can accumulate and become toxic. However, the markers available to identify this gene are
not predictive and do not translate well from the laboratory to the field. As many as 20% of
soybean cultivars released for the southern USA have economic levels of chloride tolerance,
but no economically viable screening method for chloride tolerance has been developed for
practical breeding use. Marker assisted breeding has been proposed to accelerate the
development of chloride tolerant cultivars; however, there are few commercial examples of
successful marker-assisted breeding for tolerance to chloride, or other abiotic stresses, in

soybean.
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[0006] For these reasons, chloride tolerance may be a particularly good candidate for
adaptation to marker-assisted breeding. A prerequisite for such a breeding effort is

knowledge of the genomic location of the major gene for chloride tolerance in soybean.

Summary of Invention

[0007] Provided herein are soybean plants comprising an introgressed genomic region
associated with a chloride tolerant phenotype. Also provided herein are markers that reside
outside of a genomic region associated with a chloride tolerant phenotype and that facilitate
breeding activities that include, but are not limited to, introgression of this genomic region.
Markers and specific alleles thereof that are associated with a chloride tolerant phenotype are
also provided. Methods of obtaining a soybean plant that exhibits a chloride tolerant
phenotype and methods of obtaining a soybean plant comprising in its genome at least one
chloride tolerant locus are also provided. Methods of introgressing one or more genomic
regions associated with a chloride tolerant phenotype into soybean germplasm that lacks the
one or more genomic region associated with a chloride tolerant phenotype are provided.
Identification of molecular markers associated with loci that confer the chloride tolerant
phenotype has significant economic value. By using markers associated with the chloride
tolerant trait, breeders can select soybean varieties with the favorable alleles (i.e. alleles that
are associated with the chloride tolerant trait) for use in trait integration. They can also use
the markers to help them eliminate unfavorable alleles (i.e. alleles that are not associated with
the chloride tolerant trait) in soybean. This invention provides for commercially desirable
transgenic soybean lines that carry a genomic region that is associated with a “chloride
tolerant” phenotype and tolerate high dosages of glyphosate.

[0008] Methods of identifying a soybean plant that comprises a genotype associated with a
chloride tolerant phenotype are thus provided. In certain embodiments, methods of
identifying a soybean plant that comprises a genotype associated with a chloride tolerant
phenotype comprise: detecting in the soybean plant an allele in at least one chloride tolerant
marker locus associated with the chloride tolerant phenotype. In various embodiments, the
chloride tolerant marker locus is in a genomic region flanked by loci FE704412 (SEQ ID NO:
1) and AW760852 (SEQ ID NO: 36), and denotes that the plant comprises a genotype
associated with a chloride tolerant phenotype. In certain embodiments, the methods further
comprise the step of selecting the denoted plant from a population of plants. In certain
embodiments of any one of the aforementioned methods, the denoted plant comprises a

transgene that confers tolerance to glyphosate. In certain embodiments of the aforementioned
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methods, a plant that exhibits a chloride tolerant phenotype is selected. In certain
embodiments of the aforementioned methods, the genotype associated with a chloride
tolerant phenotype comprises at least one polymorphic allele of at least one marker in a first
sub-region of the chromosome 3 region that is flanked by loci BI972982 (SEQ ID NO: 2) and
BI1699634 (SEQ ID NO: 17) and/or at least one polymorphic allele of at least one marker in a
second sub-region of the chromosome 3 region that is flanked by loci BG047538 (SEQ ID
NO: 11) and AW719859 (SEQ ID NO: 35). In certain embodiments of the aforementioned
methods, the genotype associated with a chloride tolerant phenotype comprises at least one
polymorphic allele of at least one marker in the chromosome 3 region selected from the
group consisting of NS0124217 (SEQ ID NO: 3), NS0096117 (SEQ ID NO:8), NS0205902
(SEQ ID NO: 13), and NS0203171 (SEQ ID NO: 31) that is associated with a chloride
tolerant phenotype.

[0009] Also provided are methods for obtaining a soybean plant comprising in its genome at
least one chloride tolerant locus. In certain embodiments, the method comprises the steps of:
a) genotyping a plurality of soybean plants with respect to at least one chloride tolerant locus
in a first chromosome 3 genomic region flanked by loci FE704412 (SEQ ID NO: 1) and
AW760852 (SEQ ID NO: 36); and, b) selecting a soybean plant comprising in its genome at
least one chloride tolerant locus comprising a genotype associated with chloride tolerant
phenotype. In certain embodiments of these methods, the genotype associated with a chloride
tolerant phenotype comprises at least one polymorphic allele of at least one marker in a first
sub-region of the chromosome 3 region that is flanked by loci BI972982 (SEQ ID NO: 2) and
BI1699634 (SEQ ID NO: 17); and/or at least one polymorphic allele of at least one marker in a
second sub-region of the chromosome 3 region that is flanked by loci BG047538 (SEQ ID
NO: 11) and AW719859 (SEQ ID NO: 35). In certain embodiments of the aforementioned
methods, the genotype associated with a chloride tolerant phenotype comprises at least one
polymorphic allele of at least one marker in the first chromosome 3 region, the first sub-
region, or the second sub-region, wherein the marker is selected from the group consisting of
NS0124217 (SEQ ID NO: 3), NS0096117 (SEQ ID NO:8), NS0205902 (SEQ ID NO: 13),
and NS0203171 (SEQ ID NO: 31). In certain embodiments, the plurality of soybean plants
comprises a population that is obtained by: 1) crossing a parent plant comprising at least one
chloride tolerant locus with a parent plant comprising at least one chloride tolerant locus; or,
ii) obtaining seed or progeny from a parental plant segregating for at least one chloride
tolerant locus. In certain embodiments, the plurality of soybean plants comprises a population

that is obtained by: i) crossing a parent plant comprising at least one chloride tolerant locus
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with a parent plant that lacks the one or more genomic region associated with a chloride
tolerant phenotype; or, ii) obtaining seed or progeny from a parental plant segregating for at
least one chloride tolerant locus. In certain embodiments, the population contains plants that
comprise a transgene that confers tolerance to glyphosate. In certain embodiments, the
aforementioned methods can further comprise the step of assaying for the presence of at least
one additional marker, wherein the additional marker is either linked or unlinked to the
chromosome § genomic region. In certain embodiments of the aforementioned methods, the
plurality of soybean plants, the soybean plant, and/or progeny thereof comprising one or
more chloride tolerant locus and a transgene that confers tolerance to glyphosate are exposed
to a dosage of glyphosate sufficient to cause detrimental effects in a plant that does not confer
tolerance to glyphosate. In certain embodiments of the aforementioned methods, a plant that
exhibits a chloride tolerant phenotype is selected.

[0010] Also provided herein are methods for producing a soybean plant comprising in its
genome at least one introgressed chloride tolerant locus. In certain embodiments, the method
comprises the steps of: a) crossing a first chloride tolerant soybean plant with a second
soybean plant comprising: a chloride tolerant locus in a first chromosome 3 genomic region
flanked by loci FE704412 (SEQ ID NO: 1) and AW760852 (SEQ ID NO: 36), and at least
one linked polymorphic locus not present in the first chloride tolerant soybean plant to obtain
a population segregating for the chloride tolerant loci and the linked polymorphic locus; b)
detecting at least two polymorphic nucleic acids in at least one soybean plant from the
population, wherein at least one of the polymorphic nucleic acids is located in the first
chromosome 3 region and wherein at least one of the polymorphic amino acids is a linked
polymorphic locus not present in the first chloride tolerant soybean plant; and c¢) selecting a
soybean plant comprising a genotype associated with a chloride tolerant phenotype and at
least one linked marker found in the second soybean plant comprising a chloride tolerant
locus but not in the first chloride tolerant soybean plant, thereby obtaining a soybean plant
comprising in its genome at least one introgressed chloride tolerant locus. In certain
embodiments of the methods, at least one of the first or the second soybean plants comprises
a transgene that confers tolerance to glyphosate. In certain embodiments, the chloride tolerant
locus comprises at least one polymorphic allele of at least one marker in a first sub-region of
the chromosome 3 region that is flanked by loci BI972982 (SEQ ID NO: 2) and BI1699634
(SEQ ID NO: 17); and/or at least one polymorphic allele of at least one marker in a second
sub-region of the chromosome 3 region that is flanked by loci BG047538 (SEQ ID NO: 11)
and AW719859 (SEQ ID NO: 35). In certain embodiments of the aforementioned methods,
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the polymorphic nucleic acid detected in step (b) is detected with at least one marker selected
from the group consisting of NS0124217 (SEQ ID NO: 3), NS0096117 (SEQ ID NO:8),
NS0205902 (SEQ ID NO: 13), and NS0203171 (SEQ ID NO: 31). In certain embodiments of
the aforementioned methods, the linked polymorphic locus is detected with a genotypic
marker, a phenotypic marker, or both. In certain embodiments of the methods, the linked
polymorphic locus is detected with a marker that is located within about 1000, 500, 100, 40,
20, 10, or 5 kilobases (Kb) of the chloride tolerant locus. In certain embodiments, the linked
polymorphic locus is detected by at least one marker selected from the group consisting of
NS0124217 (SEQ ID NO: 3), NS0096117 (SEQ ID NO:8), NS0205902 (SEQ ID NO: 13),
and NS0203171 (SEQ ID NO: 31). Also provided herein are soybean plants comprising an
introgressed chloride tolerant locus made by the aforementioned methods. In certain
embodiments, a soybean plant comprises an introgressed chloride tolerant locus and one or
more polymorphic loci comprising alleles or combinations of alleles that are not found in a
chloride tolerant soybean variety and that are linked to the introgressed chloride tolerant
locus, wherein the plant is produced by the aforementioned methods. Also provided herein
are soybean plants comprising an introgressed chloride tolerant locus and a transgene that
confers tolerance to glyphosate, made by the aforementioned methods.

[0011] Also provided are soybean plants comprising an introgressed chloride tolerant locus
and one or more polymorphic loci comprising alleles or combinations of alleles that are not
found in a chloride tolerant soybean variety and that are linked to the introgressed chloride
tolerant locus.

[0012] In certain embodiments, methods for obtaining a soybean plant that exhibits a
chloride tolerant phenotype are described. The methods comprise the steps of: a) crossing a
soybean plant that exhibits a chloride tolerant phenotype with a soybean plant that exhibits a
chloride tolerant phenotype, wherein at least one of the soybean plants comprises a transgene
that confers tolerance to glyphosate, and b) selecting a progeny plant from the cross, wherein
the progeny plant comprises the transgene that confers glyphosate tolerance and wherein the
progeny plant exhibits a chloride tolerant phenotype are provided. In certain embodiments of
the methods, the selection in step b can comprise: i) genotyping the progeny plant with
respect to a chloride tolerant locus in a chromosome 3 genomic region flanked by FE704412
(SEQ ID NO: 1) and AW760852 (SEQ ID NO: 36); and/or ii) exposing the progeny plant to
glyphosate and scoring the plant for a chloride tolerant phenotype. In certain embodiments of
the methods, a soybean plant that exhibits a chloride tolerant phenotype comprises at least

one linked or unlinked marker not present in the first chloride tolerant soybean plant. In
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certain embodiments, the progeny plant is further selected for the presence of the linked or
unlinked marker.

[0013] Also provided are methods of breeding soybean plants. The methods comprise the
steps of: a) selecting a first soybean plant comprising a genotype in the chromosome 3
genomic region flanked by loci FE704412 (SEQ ID NO: 1) and AW760852 (SEQ ID NO:
36) that is associated with a chloride tolerant phenotype from a population of soybean plants
that is segregating for the genotype; and, b) crossing the selected soybean plant with a second
soybean plant. In certain embodiments of these methods, one or both of the soybean plants
comprises a transgene that confers glyphosate tolerance.

[0014] Further areas of applicability will become apparent from the description provided
herein. It should be understood that the description and specific examples are intended for

purposes of illustration only and are not intended to limit the scope of the present disclosure.

Detailed Description of Invention
L. Definition
[0015] As used herein, an “allele” refers to one of two or more alternative forms of a
genomic sequence at a given locus on a chromosome. When all the alleles present at a given
locus on a chromosome are the same, that plant is homozygous at that locus. If the alleles
present at a given locus on a chromosome differ, that plant is heterozygous at that locus.
[0016] As used herein, the term “denoting” when used in reference to a plant genotype refers
to any method whereby a plant is indicated to have a certain genotype. Such indications of a
certain genotype include, but are not limited to, any method where a plant is physically
marked or tagged. Physical markings or tags that can be used include, but not limited to, a
barcode, a radio-frequency identification (RFID), a label or the like. Indications of a certain
genotype also include, but are not limited to, any entry into any type of written or electronic
database whereby the plant’s genotype is provided.
[0017] A “locus” is a position on a genomic sequence that is usually found by a point of
reference; e.g., a short DNA sequence that is a gene, or part of a gene or intergenic region. A
locus may refer to a nucleotide position at a reference point on a chromosome, such as a
position from the end of the chromosome.
[0018] As used herein, “linkage group N corresponds to the soybean chromosome 3
described in Choi, et al., Genetics. 2007 May; 176(1): 685-696. Linkage group N, as used
herein, also corresponds to soybean chromosome 19 (as described on the World Wide Web at

soybase.org/LLG2Xsome.php).
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[0019] As used herein, “polymorphism™ means the presence of one or more variations of a
nucleic acid sequence at one or more loci in a population of at least two members. The
variation can comprise but is not limited to one or more nucleotide base substitutions, the
insertion of one or more nucleotides, a nucleotide sequence inversion, and/ or the deletion of
one or more nucleotides.

[0020] As used herein, the term “single nucleotide polymorphism,” also referred to by the
abbreviation “SNP,” means a polymorphism at a single site wherein the polymorphism
constitutes any or all of a single base pair change, an insertion of one or more base pairs,
and/or a deletion of one or more base pairs.

[0021] As used herein, “marker” means a detectable characteristic that can be used to
discriminate between organisms. Examples of such characteristics include, but are not limited
to, genetic markers, biochemical markers, fermentation yield, fermentation efficiency, energy
yield, secondary compounds, metabolites, morphological characteristics, and agronomic
characteristics.

[0022] As used herein, “marker assay” means a method for detecting a polymorphism at a
particular locus using a particular method. Marker assays thus include, but are not limited to,
measurement of at least one phenotype (such as seed color, flower color, or other visually
detectable trait as well as any biochemical trait ), restriction fragment length polymorphism
(RFLP), single base extension, electrophoresis, sequence alignment, allelic specific
oligonucleotide hybridization (ASO), random amplified polymorphic DNA (RAPD),
microarray-based polymorphism detection technologies, and the like.

[0023] As used herein, “genotype” means the genetic component of the phenotype and it can
be indirectly characterized using markers or directly characterized by nucleic acid
sequencing.

[0024] As used herein, the term “introgressed”, when used in reference to a genetic locus,
refers to a genetic locus that has been introduced into a new genetic background.
Introgression of a genetic locus can thus be achieved through both plant breeding methods or
by molecular genetic methods. Such molecular genetic methods include, but are not limited
to, various plant transformation techniques and/or methods that provide for homologous
recombination, non-homologous recombination, site-specific recombination, and/or genomic
modifications that provide for locus substitution or locus conversion. In certain embodiments,
introgression could thus be achieved by substitution of a chloride intolerant locus with a
corresponding chloride tolerant locus or by conversion of a locus from a chloride intolerant

genotype to a chloride tolerant genotype.



WO 2014/036047 PCT/US2013/056929

[0025] As used herein, “phenotype” means the detectable characteristics of a cell or organism
which can be influenced by gene expression.

[0026] As used herein, “linkage” refers to relative frequency at which types of gametes are
produced in a cross. For example, if locus A has genes “A” or “a” and locus B has genes “B”
or “b” and a cross between parent 1 with AABB and parent 2 with aabb will produce four
possible gametes where the genes are segregated into AB, Ab, aB and ab. The null
expectation is that there will be independent equal segregation into each of the four possible
genotypes, i.e. with no linkage % of the gametes will of each genotype. Segregation of
gametes into a genotypes differing from Y4 are attributed to linkage.

[0027] As used herein, the termed “linked”, when used in the context of markers and/or
genomic regions, means that the markers and/or genomic regions are located on the same
linkage group or chromosome.

[0028] As used herein, a “nucleic acid molecule,” be it a naturally occurring molecule or
otherwise may be “substantially purified”, if desired, referring to a molecule separated from
substantially all other molecules normally associated with it in its native state. More
preferably, a substantially purified molecule is the predominant species present in a
preparation. A substantially purified molecule may be at least about 60% free, preferably at
least about 75% free, more preferably at least about 90% free, and most preferably at least
about 95% free from the other molecules (exclusive of solvent) present in the natural mixture.
The term "substantially purified" is not intended to encompass molecules present in their
native state.

[0029] As used herein, “quantitative trait locus (QTL)” means a locus that controls
numerically representable traits that are usually continuously distributed.

[0030] As used herein, the term “transgene” means nucleic acid molecules in the form of
DNA, such as cDNA or genomic DNA, and RNA, such as mRNA or microRNA, which may
be single or double stranded.

[0031] As used herein, the term “event”, when used in the context of describing a transgenic
plant, refers to a particular transformed plant line. In a typical transgenic breeding program, a
transformation construct responsible for a trait is introduced into the genome via a
transformation method. Numerous independent transformants (events) are usually generated
for each construct. These events are evaluated to select those with superior performance.
[0032] As used herein, the term “soybean” means Glycine max and includes all plant
varieties that can be bred with soybean, including wild soybean species. In certain

embodiments, soybean plants from the species Glycine max and the subspecies Glycine max
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L. ssp. max or Glycine max ssp. formosana can be genotyped using the compositions and
methods of the present invention. In an additional aspect, the soybean plant is from the
species Glycine soja, otherwise known as wild soybean, can be genotyped using these
compositions and methods. Alternatively, soybean germplasm derived from any of Glycine
max, Glycine max L. ssp. max, Glycine max ssp. Formosana, and/or Glycine soja can be
genotyped using compositions and methods provided herein.

[0033] As used herein , the term “bulk” refers to a method of managing a segregating
population during inbreeding that involves growing the population in a bulk plot, harvesting
the self pollinated seed of plants in bulk, and using a sample of the bulk to plant the next
generation

[0034] As used herein, the term “comprising” means “including but not limited to”.

I1. Description of the Invention: Overview

[0035] In accordance with the present invention, Applicants have discovered genomic
regions, associated markers, and associated methods for identifying and associating
genotypes that effect chloride tolerance. For example, in one embodiment, a method of the
invention comprises screening a plurality of transgenic germplasm entries displaying a
heritable variation for at least one chloride tolerance trait wherein the heritable variation is
linked to at least one genotype; and associating at least one genotype from the transgenic
germplasm entries to at least one chloride tolerance trait. In another embodiment, a method of
the invention comprises crossing at least two germplasm entries with a test germplasm entry
for the evaluation of performance of at least one chloride tolerance trait in order to determine
preferred crossing schemes. The methods of the present invention can be used with traditional
breeding techniques as described below to more efficiently screen and identify genotypes
affecting a chloride tolerance trait.

[0036] The use of markers to infer a phenotype of interest results in the economization of a
breeding program by substituting costly, time-intensive phenotyping assays with genotyping
assays. Further, breeding programs can be designed to explicitly drive the frequency of
specific, favorable phenotypes by targeting particular genotypes (US Patent No. 6,399,855).
Fidelity of these associations may be monitored continuously to ensure maintained predictive
ability and, thus, informed breeding decisions (US Patent Application 2005/0015827). In this
case, costly, time-intensive phenotyping assays required for determining if a plant or plants
contains a genomic region associated with a “chloride tolerant” or “chloride intolerant”

phenotype can be supplanted by genotypic assays that provide for identification of a plant or
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plants that contain the desired genomic region.

III. A Genomic Region Associated with a Chloride Tolerant Phenotype

[0037] Provided herewith is a soybean genomic region that is shown herein to be associated
with a desirable chloride tolerant phenotype when present in certain allelic forms and when
combined with certain transgenic loci.

[0038] A soybean genomic region provided that can be associated with a desirable chloride
tolerant phenotype when present in certain allelic forms is located on the telomere proximal
end of the short arm of soybean chromosome 3 (linkage group N). A series of markers useful
in practicing the methods of this invention are provided herein in Table 1. Additional markers
useful in the practice of the invention are provided herein and in the priority document, the
entirety of which is incorporated herein by reference. Table 4 provides the Table 1 markers
with the relative positions of the markers on a physical map of chromosome 3 (linkage group
N).

[0001] Table 1. Markers spanning a genomic region associated with a desirable chloride

tolerant phenotype.
SEQ Allelic form(s)

Marker or Locus | ID Map Associated with Salt
Name NO: Position ' | tolerant Phenotype *
FE704412 1] 39551106
BI972982 2 | 39560541
NS0124217 3 AN’
NGMAX006180041 4 | 39583653
NGMAX006180060 5
NGMAX006182912 6 | 40240411
NS0206277 7 | 40240411
NS0096117 8 | 40304796 AA*
NGMAX008341275 9 | 40324148
NGMAX006182992 10 | 40371405
BG047538 11 | 40371824
NGMAX006183063 12 | 40382275
NS0205902 13 | 40462507 T’
NGMAX006183397 14 | 40470154
NS0262793 15
NGMAX006183445 16 | 40484053
B1699634 17 | 40493363
NGMAX006183501 18 | 40498170
NGMAX006183536 19 | 40516416
NGMAX006183624 20 | 40536381
NGMAX006183651 21 | 40552979

10
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NGMAX006183735 22 | 40569506
NGMAX006183784 23 | 40583780

NS0262794 24

NGMAX006183900 25 | 40602686
NGMAX008341277 26 | 40618350
NGMAX006184117 27 | 40633921
NGMAX006184138 28 | 40645818
NGMAX006184179 29 | 40661090

NS0205793 30 | 40678452

NS0203171 31 | 40682526 GGS
NGMAX006184354 32 | 40694726
NGMAX006184420 33 | 40701547
NGMAX006184463 34 | 40708067

AW719859 35 | 40714625

AW760852 36 | 40761388

" The relative positions of the middle position of the listed markers or loci based on nucleotide
positions on a physical map of soybean chromosome 3 (linkage group N) of Table 4 are provided
where nucleotide position 39546539 is telomere proximal and nucleotide position 40761293 is
centromere proximal. Polymorphic nucleotide bases are designated in the sequence listing provided
herewith according to the WIPO Standard ST.25 (1998), Table 1, as follows: r=g or a (purine); y=t/u
or ¢ (pyrimidine); m=a or ¢; (amino); k=g or t/u (keto); s=g or ¢ (strong interactions 3 H-bonds); w=a
or t/u (weak interactions 2H-bonds); b=g or ¢ or t/u (not a); d=a or g or t/u (not ¢); h=a or ¢ or t/u (not
g); v=a or g or ¢ (not t, not u); and n=a or g or ¢ or t/u (unknown, or other; any.)

*Both the maternal and paternal alleles of the single nucleotide polymorphisms that can be associated
with a chloride tolerant phenotype are shown.

* The identified polymorphic allele of marker NS0124217 is located at nucleotide 172 of SEQ ID NO:
3.

* The identified polymorphic allele of marker NS0096117 is located at nucleotide 378 of SEQ ID NO:
8.

> The identified polymorphic allele of marker NS0205902 is located at nucleotide 128 of SEQ ID NO:
13.

% The identified polymorphic allele of marker NS0203171 is located at nucleotide 149 of SEQ ID NO:
7.

[0039] Also provided herein are sub-regions of the chromosome 3 region that is flanked by
loci FE704412 (SEQ ID NO: 1) and AW760852 (SEQ ID NO: 36) that are associated with a
salt tolerant phenotype. A first sub-region of the chromosome 3 region associated with a salt
tolerant phenotype is flanked by loci BI972982 (SEQ ID NO: 2) and BI699634 (SEQ ID NO:
17). These loci flank a first sub-region that spans telomere proximal nucleotide 39560541 to

centromere proximal nucleotide 40462507 in the physical map of chromosome 3.
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Polymorphisms located in this first sub-region that are associated with a salt tolerant
phenotype can be detected with markers that include, but are not limited to, NS0124217
(SEQ ID NO: 3), NS0096117 (SEQ ID NO: 8), NS0205902 (SEQ ID NO: 13), and
NS0203171 (SEQ ID NO: 31). A second sub-region of the chromosome 3 region associated
with a salt tolerant phenotype is flanked by loci BG047538 (SEQ ID NO: 11) and AW719859
(SEQ ID NO: 35). These loci flank the second sub-region that spans telomere proximal
nucleotide 40371824 to centromere proximal nucleotide 40714625 in the physical map of
chromosome 3. Polymorphisms located in this second sub-region that are associated with a
salt tolerant phenotype can be detected with markers that include, but are not limited to,
NS0205902 (SEQ ID NO: 13), and NS0203171 (SEQ ID NO: 31). In certain embodiments of
invention, a polymorphism associated with a chloride tolerant phenotype is detected in only
one of these sub-regions. In other embodiments of the invention, at least one polymorphism
associated with a chloride tolerant phenotype is detected in both of these sub-regions.

[0040] Additional genetic markers can be used either in conjunction with the markers
provided in Table 1 and/or Table 4 or independently of the markers provided in Table 1
and/or Table 4 to practice the methods of the instant invention. Publicly available marker
databases from which useful markers can be obtained include, but are not limited to, the
soybase.org website on the internet (World Wide Web) that is administered by the United
States Agricultural Research Service, the United States Department of Agriculture, and lowa
State University. Additional soybean markers that can be used and that have been described
in the literature include, but are not limited to, Hyten et al., BMC Genomics. 11:38, 2010;
Choi et al, Genetics. 176(1):685-96, 2007; Yoon et al., Theor Appl Genet. 2007
Mar;114(5):885-99; and Hyten et al. Crop Sci. 2010 50: 960-968. Given the provision herein
of a genomic region on chromosome 3 (chromosome N) delimited or flanked by the telomere
proximal locus FE704412 (SEQ ID NO: 1) of Table 2 and the centromere proximal locus
AW7T60852 (SEQ ID NO: 36) of Table 2 as well as an assortment of soybean germplasms
exhibiting either a “intolerant” or “salt tolerant” phenotype, additional markers located either
within or near this genomic region that are associated with these phenotypes can be obtained
by merely typing the new markers in the various germplasms provided herein. The genomic
region on chromosome 3 delimited or flanked by the telomere proximal locus FE704412
(SEQ ID NO: 1) of Table 4 and the centromere proximal locus AW760852 (SEQ ID NO: 36)
of Table 4 can also be mapped relative to markers provided in any publicly available or other
soybean physical or genetic map to place this genetic locus on that map.

IV. Introgression of a Genomic Region Associated with a Salt Tolerant Phenotype

12
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[0041] Also provided herein are unique soybean germplasm comprising an introgressed
genomic region that is associated with a salt tolerant phenotype and methods of obtaining the
same. Marker-assisted introgression involves the transfer of a chromosomal region, defined
by one or more markers, from one germplasm to a second germplasm. Offspring of a cross
that contain the introgressed genomic region can be identified by the combination of markers
characteristic of the desired introgressed genomic region from a first germplasm (i.e. such as
a salt tolerant germplasm) and both linked and unlinked markers characteristic of the desired
genetic background of a second germplasm (i.e. a salt intolerant germplasm). In addition to
the markers provided herein that identify alleles of genomic region that is associated with a
salt tolerant phenotype, flanking markers that fall on both the telomere proximal end of the
genomic region on chromosome 3 (linkage group N) and the centromere proximal end of the
chromosome 3 (linkage group N) genomic region are also provided in Tables 1 and 4. Such
flanking markers are useful in a variety of breeding efforts that include, but are not limited to,
introgression of the genomic region associated with a salt tolerant phenotype into a genetic
background comprising markers associated with germplasm that ordinarily contains the
allelic forms of the genomic region that is associated with a “salt tolerant” phenotype.
Telomere proximal flanking markers that can be used in these methods include, but are not
limited to, any of the loci listed in Table 4. Such polymorphisms can be identified by
sequencing loci from chloride tolerant and chloride intolerant germplasms. Centromere
proximal flanking markers that can be used in these methods include, but are not limited to,
NS0124217 (SEQ ID NO: 3), NS0096117 (SEQ ID NO:8), NS0205902 (SEQ ID NO: 13),
and NS0203171 (SEQ ID NO: 31). Publicly available marker databases from which
additional useful markers located on chromosome 3 (linkage group N) and other
chromosomes can be obtained include, but are not limited to, the soybase.org website on the
internet that is administered by the United States Agricultural Research Service, the United
States Department of Agriculture, and lowa State University. Soybean plants or germplasm
comprising an introgressed genomic region that is associated with a salt tolerant phenotype
wherein at least 10%, 25%, 50%, 75%, 90%, or 99% of the remain genomic sequences carry
markers characteristic of soybean plants or germplasm that are otherwise or ordinarily
comprise a genomic region associated with the salt tolerant phenotype are thus provided.

[0042] In certain embodiments, the soybean plants provided herein or used in the methods
provided herein can comprise a transgene that confers tolerance to glyphosate. Transgenes
that can confer tolerance to glyphosate include, but are not limited to, transgenes that encode

glyphosate tolerant Class I EPSPS (5-enolpyruvylshikimate-3-phosphate synthases) enzymes
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or glyphosate tolerant Class II EPSPS (5-enolpyruvylshikimate-3-phosphate synthases)
enzymes. Useful glyphosate tolerant EPSPS enzymes provided herein are disclosed in US
Patent Nos. 6,803,501, RE39,247, 6,225,114, 5,188,642, and 4,971,908. In certain
embodiments, the glyphosate tolerant soybean plants can comprise a transgene encoding a
glyphosate oxidoreductase or other enzyme which degrades glyphosate. Glyphosate
oxidoreductase enzymes are described in US Patent No. 5,776,760 and US Reissue Patent
RE38,825. In certain embodiments the soybean plant can comprise a transgene encoding a
glyphosate N-acetyltransferase gene that confers tolerance to glyphosate. In certain
embodiments, the soybean plant can comprise a glyphosate n-acetyltransferase encoding
transgene, as described in US Patent No. 7,666,644. In still other embodiments, soybean
plants comprising combinations of transgenes that confer glyphosate tolerance are provided.
Soybean plants comprising both a glyphosate resistant EPSPS and a glyphosate N-
acetyltransferase are also provided herein. In certain embodiments, it is contemplated that the
soybean plants used herein can comprise one or more specific genomic insertion(s) of a
glyphosate tolerant transgene including, but not limited to, those found in: i) MON89788
soybean (deposited under ATCC accession number PTA-6708 and described in US Patent
Application Publication Number 20100099859), ii) GTS 40-3-2 soybean (Padgette et al.,
Crop Sci. 35: 1451-1461, 1995), iii) event 3560.4.3.5 soybean (seed deposited under ATCC
accession number PTA-8287 and described in US Patent Application Publication Number
20090036308), or any combination of i (MON89788 soybean), ii (GTS 40-3-2 soybean), and
iii (event 3560.4.3.5 soybean).

[0043] In certain embodiments, it is contemplated that genotypic assays that provide for non-
destructive identification of the plant or plants can be performed either in seed, the
emergence stage, the VC stage (i.e. cotyledons unfolded), the V1 stage (appearance of first
node and unifoliate leaves), the V2 stage (appearance of the first trifoliate leaf), and
thereafter. In certain embodiments, non-destructive genotypic assays are performed in seed
using apparati and associated methods as described in US Patent Nos. 6,959,617; 7,134,351;
7,454,989; 7,502,113; 7,591,101; 7,611,842; and 7,685,768, which are incorporated herein by
reference in their entireties. In certain embodiments, non-destructive genotypic assays are
performed in seed using apparati and associated methods as described in US Patent
Application Publication Nos. 20100086963, 20090215060, and 20090025288, which are
incorporated herein by reference in their entireties. Published U.S. Patent Application Nos.
2006/0042527,  2006/0046244, 2006/0046264,  2006/0048247,  2006/0048248,
2007/0204366, and 2007/0207485, which are incorporated herein by reference in their
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entirety, also disclose apparati and systems for the automated sampling of seeds as well as
methods of sampling, testing and bulking seeds. Thus, in certain embodiments, any of the
methods provided herein can comprise screening for markers in individual seeds of a

population wherein only seed with at least one genotype of interest is advanced.

V. Molecular Assisted Breeding Techniques

[0044] Genetic markers that can be used in the practice of the instant invention include, but
are not limited to, Restriction Fragment Length Polymorphisms (RFLP), Amplified Fragment
Length Polymorphisms (AFLP), Simple Sequence Repeats (SSR), Single Nucleotide
Polymorphisms (SNP), Insertion/Deletion Polymorphisms (Indels), Variable Number
Tandem Repeats (VNTR), and Random Amplified Polymorphic DNA (RAPD), and others
known to those skilled in the art. Marker discovery and development in crops provides the
initial framework for applications to marker-assisted breeding activities (US Patent
Application Publication Numbers 2005/0204780, 2005/0216545, 2005/0218305, and
2006/00504538). The resulting "genetic map" is the representation of the relative position of
characterized loci (DNA markers or any other locus for which alleles can be identified) along
the chromosomes. The measure of distance on this map is relative to the frequency of
crossover events between sister chromatids at meiosis.

[0045] As a set, polymorphic markers serve as a useful tool for fingerprinting plants to
inform the degree of identity of lines or varieties (US Patent No. 6,207,367). These markers
form the basis for determining associations with phenotype and can be used to drive genetic
gain. The implementation of marker-assisted selection is dependent on the ability to detect
underlying genetic differences between individuals.

[0046] Certain genetic markers for use in the present invention include "dominant" or
"codominant” markers. “Codominant markers” reveal the presence of two or more alleles
(two per diploid individual). “Dominant markers” reveal the presence of only a single allele.
The presence of the dominant marker phenotype (e.g., a band of DNA) is an indication that
one allele is present in either the homozygous or heterozygous condition. The absence of the
dominant marker phenotype (e.g., absence of a DNA band) is merely evidence that “some
other” undefined allele is present. In the case of populations where individuals are
predominantly homozygous and loci are predominantly dimorphic, dominant and codominant
markers can be equally valuable. As populations become more heterozygous and multiallelic,

codominant markers often become more informative of the genotype than dominant markers.
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[0047] Markers that include, but are not limited to, single sequence repeat markers (SSR),
AFLP markers, RFLP markers, RAPD markers, phenotypic markers, isozyme markers, single
nucleotide polymorphisms (SNPs), insertions or deletions (Indels), single feature
polymorphisms (SEPs, for example, as described in Borevitz et al. 2003 Gen. Res. 13:513-
523), microarray transcription profiles, DNA-derived sequences, and RNA-derived sequences
that are genetically linked to or correlated with salt tolerant loci, regions flanking salt tolerant
loci, regions linked to salt tolerant loci, and/or regions that are unlinked to salt tolerant loci
can be used in certain embodiments of the instant invention.

[0048] Nucleic acid-based analyses for determining the presence or absence of the genetic
polymorphism (i.e. for genotyping) can be used for the selection of seeds in a breeding
population. A wide variety of genetic markers for the analysis of genetic polymorphisms are
available and known to those of skill in the art. In certain embodiments of the instant
invention, the aforementioned analyses may be used to select for genes, portions of genes,
QTL, alleles, or genomic regions (genotypes) that comprise or are linked to a genetic marker
that is linked to or correlated with salt tolerant loci, regions flanking salt tolerant loci, regions
linked to salt tolerant loci, and/or regions that are unlinked to salt tolerant loci.

[0049] Herein, nucleic acid analysis methods include, but are not limited to, PCR-based
detection methods (for example, TagMan assays), microarray methods, mass spectrometry-
based methods and/or nucleic acid sequencing methods. In one embodiment, the detection of
polymorphic sites in a sample of DNA, RNA, or cDNA may be facilitated through the use of
nucleic acid amplification methods. Such methods specifically increase the concentration of
polynucleotides that span the polymorphic site, or include that site and sequences located
either distal or proximal to it. Such amplified molecules can be readily detected by gel
electrophoresis, fluorescence detection methods, or other means.

[0050] A method of achieving such amplification employs the polymerase chain reaction
(PCR) (Mullis et al. 1986 Cold Spring Harbor Symp. Quant. Biol. 51:263-273; European
Patent No. 50,424; European Patent No. 84,796; European Patent No. 258,017; European
Patent No. 237,362; European Patent No. 201,184; U.S. Patent No. 4,683,202; U.S. Patent
No. 4,582,788; and U.S. Patent No. 4,683,194), using primer pairs that are capable of
hybridizing to the proximal sequences that define a polymorphism in its double-stranded
form.

[0051] Methods for typing DNA based on mass spectrometry can also be used. Such methods
are disclosed in US Patent Nos. 6,613,509 and 6,503,710, and references found therein.
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[0052] Polymorphisms in DNA sequences can be detected or typed by a variety of effective
methods well known in the art including, but not limited to, those disclosed in U.S. Patent
Nos. 5,468,613, 5,217,863; 5,210,015; 5,876,930; 6,030,787; 6,004,744; 6,013,431;
5,595.,890; 5,762,876; 5,945,283; 5,468,613; 6,090,558; 5,800,944; 5,616,464; 7,312,039;
7,238,476; 7,297,485; 7,282,355; 7,270,981 and 7,250,252, all of which are incorporated
herein by reference in their entireties. However, the compositions and methods of the present
invention can be used in conjunction with any polymorphism typing method to type
polymorphisms in genomic DNA samples. These genomic DNA samples may include, but
are not limited to, genomic DNA isolated directly from a plant, cloned genomic DNA, or
amplified genomic DNA.

[0053] For instance, polymorphisms in DNA sequences can be detected by hybridization to
allele-specific oligonucleotide (ASO) probes as disclosed in U.S. Patent Nos. 5,468,613 and
5,217,863. US Patent No. 5,468,613 discloses allele specific oligonucleotide hybridizations
where single or multiple nucleotide variations in nucleic acid sequence can be detected in
nucleic acids by a process in which the sequence containing the nucleotide variation is
amplified, spotted on a membrane, and treated with a labeled sequence-specific
oligonucleotide probe.

[0054] Target nucleic acid sequence can also be detected by probe ligation methods as
disclosed in U.S. Patent No. 5,800,944 where sequence of interest is amplified and hybridized
to probes followed by ligation to detect a labeled part of the probe.

[0055] Microarrays can also be used for polymorphism detection, wherein oligonucleotide
probe sets are assembled in an overlapping fashion to represent a single sequence such that a
difference in the target sequence at one point would result in partial probe hybridization
(Borevitz et al., Genome Res. 13:513-523 (2003); Cui et al., Bioinformatics 21:3852-3858
(2005). On any one microarray, it is expected there will be a plurality of target sequences,
which may represent genes and/or noncoding regions wherein each target sequence is
represented by a series of overlapping oligonucleotides, rather than by a single probe. This
platform provides for high throughput screening of a plurality of polymorphisms. A single-
feature polymorphism (SFP) is a polymorphism detected by a single probe in an
oligonucleotide array, wherein a feature is a probe in the array. Typing of target sequences by
microarray-based methods is disclosed in US Patent Nos. 6,799,122; 6,913,879; and
6.996.476.

[0056] Target nucleic acid sequence can also be detected by probe linking methods as

disclosed in U.S. Patent No. 5,616,464, employing at least one pair of probes having
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sequences homologous to adjacent portions of the target nucleic acid sequence and having
side chains which non-covalently bind to form a stem upon base pairing of the probes to the
target nucleic acid sequence. At least one of the side chains has a photoactivatable group,
which can form a covalent cross-link with the other side chain member of the stem.

[0057] Other methods for detecting SNPs and Indels include single base extension (SBE)
methods. Examples of SBE methods include, but are not limited to, those disclosed in U.S.
Patent Nos. 6,004,744; 6,013,431; 5,595,890; 5,762,876; and 5,945,283. SBE methods are
based on extension of a nucleotide primer that is adjacent to a polymorphism to incorporate a
detectable nucleotide residue upon extension of the primer. In certain embodiments, the SBE
method uses three synthetic oligonucleotides. Two of the oligonucleotides serve as PCR
primers and are complementary to sequence of the locus of genomic DNA which flanks a
region containing the polymorphism to be assayed. Following amplification of the region of
the genome containing the polymorphism, the PCR product is mixed with the third
oligonucleotide (called an extension primer), which is designed to hybridize to the amplified
DNA adjacent to the polymorphism in the presence of DNA polymerase and two
differentially labeled dideoxynucleosidetriphosphates. If the polymorphism is present on the
template, one of the labeled dideoxynucleosidetriphosphates can be added to the primer in a
single base chain extension. The allele present is then inferred by determining which of the
two differential labels was added to the extension primer. Homozygous samples will result in
only one of the two labeled bases being incorporated, and thus, only one of the two labels
will be detected. Heterozygous samples have both alleles present, and will thus directly
incorporate both labels (into different molecules of the extension primer), thereforeboth
labels will be detected.

[0058] In another method for detecting polymorphisms, SNPs and Indels can be detected by
methods disclosed in U.S. Patent Nos. 5,210,015; 5,876,930; and 6,030,787 in which an
oligonucleotide probe having a 5° fluorescent reporter dye and a 3’ quencher dye covalently
linked to the 5° and 3’ ends of the probe. When the probe is intact, the proximity of the
reporter dye to the quencher dye results in the suppression of the reporter dye fluorescence,
e.g. by Forster-type energy transfer. During PCR, forward and reverse primers hybridize to a
specific sequence of the target DNA flanking a polymorphism while the hybridization probe
hybridizes to polymorphism-containing sequence within the amplified PCR product. In the
subsequent PCR cycle, DNA polymerase with 5° = 3’ exonuclease activity cleaves the probe
and separates the reporter dye from the quencher dye resulting in increased fluorescence of

the reporter.
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[0059] In another embodiment, the locus or loci of interest can be directly sequenced using
nucleic acid sequencing technologies. Methods for nucleic acid sequencing are known in the
art and include technologies provided by 454 Life Sciences (Branford, CT), Agencourt
Bioscience (Beverly, MA), Applied Biosystems (Foster City, CA), LI-COR Biosciences
(Lincoln, NE), NimbleGen Systems (Madison, WI), Illumina (San Diego, CA), and VisiGen
Biotechnologies (Houston, TX). Such nucleic acid sequencing technologies comprise formats
such as parallel bead arrays, sequencing by ligation, capillary electrophoresis, electronic
microchips, “biochips,” microarrays, parallel microchips, and single-molecule arrays, as
reviewed by R.I'. Service Science 2006 311:1544-1546.

[0060] The markers to be used in the methods of the present invention should preferably be
diagnostic of origin in order for inferences to be made about subsequent populations.
Experience to date suggests that SNP markers may be ideal for mapping because the
likelihood that a particular SNP allele is derived from independent origins in the extant
populations of a particular species is very low. As such, SNP markers appear to be useful for

tracking and assisting introgression of QTL, particularly in the case of genotypes.

Examples

[0061] The following examples are included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the techniques disclosed in
the following examples represent techniques discovered by the inventor to function well in
the practice of the invention, and thus can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present disclosure,
appreciate that many changes can be made in the specific embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit and scope of the
invention.

Example 1. Identification of a Locus Associated with Salt tolerance

[0062] Data collected using the described phenotypic method was used for an association
study. Data included 294 soybean lines with maturity ranges from which ranged from 4.0-6.9.
These entries were scored on a 1-5 scale and then coverted to a 1-9 scale for reporting. The
results of the study confirmed the location of one major QTL on chromosome 6 (linkage
group N). The data in the association study was evaluated using two statistical methods:
Maximum likelihood interval mapping (ML_IM) and Bayesian multimarker mapping
(Bayes_ MM). Both of these methods show on major peak (LOD score > 30), in the same

location.
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Example 2. Phenotyping Chloride Tolerance

[0063] Plants are phenotyped in a tub with drilled holes a cap mat liner and a 1.5-2 inch sand
base. A thin layer of vermiculite is added to just cover the sand. 15 1-inch rings of PVC
piping are pushed into the media. Label tags are placed in each well for identification and
fifteen (15) seeds are placed on the vermiculite layer. Plants are scored approximately fifteen
(15) days after the first addition of salt. Plants are then moved to an automated watering
system. Salt water (EC — 7.5 d/S/m) is added by flooding every other day. Plants are grown
in a greenhouse or growth chamber and watered normally for ten (10) days. PVP pipe is then
filled with another layer of vermiculite to cover seeds. Individual plants are rated on a 1-5
scale, which is subsequently converted to a 1-9 scale for reporting. Visual rating is based
both on chlorosis and necrosis. Only trifolates are considered in the rating. Individual ratings
are averaged across each line.

Example 3. Exemplary Marker Assays for Detecting Polymorphisms

[0064] In one embodiment, the detection of polymorphic sites in a sample of DNA, RNA, or
cDNA may be facilitated through the use of nucleic acid amplification methods. Such
methods specifically increase the concentration of polynucleotides that span the polymorphic
site, or include that site and sequences located either distal or proximal to it. Such amplified
molecules can be readily detected by gel electrophoresis, fluorescence detection methods, or
other means. Exemplary primers and probes for amplifying and detecting genomic regions

associated with a salt tolerant phenotype are given in Table 2.

Table 2: Exemplary Assays for Detecting Polymorphisms

Marker or | Marker SNP SEQ ID | SEQ ID | SEQ ID | SEQ ID
Locus SEQID Position Forward Reverse Probe 1 Probe 2
Name Primer Primer

NS0124217 | 3 172 37 38 39 40
NS0096117 | 8 378 41 42 43 44
NS0205902 | 13 128 45 46 47 43
NS0203171 | 31 111.6 49 50 51 52

Example 4: Oligonucleotide Probes Useful for Detecting Polymorphisms by Single Base
Extension Methods

[0065] Oligonucleotides can also be used to detect or type the polymorphisms disclosed
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herein by single base extension (SBE)-based SNP detection methods. Exemplary
oligonucleotides for use in SBE-based SNP detection are provided in Table 3. SBE methods
are based on extension of a nucleotide primer that is hybridized to sequences adjacent to a
polymorphism to incorporate a detectable nucleotide residue upon extension of the primer. It
is also anticipated that the SBE method can use three synthetic oligonucleotides. Two of the
oligonucleotides serve as PCR primers and are complementary to the sequence of the locus
which flanks a region containing the polymorphism to be assayed. Exemplary PCR primers
that can be used to type polymorphisms disclosed in this invention are provided in Table 4 in
the columns labeled “Forward Primer SEQ ID” and “Reverse Primer SEQ ID”. Following
amplification of the region containing the polymorphism, the PCR product is hybridized with
an extension primer which anneals to the amplified DNA adjacent to the polymorphism.
DNA polymerase and two differentially labeled dideoxynucleoside triphosphates are then
provided. If the polymorphism is present on the template, one of the labeled
dideoxynucleoside triphosphates can be added to the primer in a single base chain extension.
The allele present is then inferred by determining which of the two differential labels was
added to the extension primer. Homozygous samples will result in only one of the two
labeled bases being incorporated and thus only one of the two labels will be detected.
Heterozygous samples have both alleles present, and will thus directly incorporate both
labels (into different molecules of the extension primer), theroreforeboth labels will be

detected. Exemplary forward and reverse SBE probes are provided in Table 3.

Table 3: Exemplary SBE Probes for Detecting Polymorphisms

Marker or Marker SNP Probe (SBE) Probe (SEQ
Locus SEQ ID | Position ID NO.)
Name NO:

NS0124217 3 172 AACCTCACAATGCAGTCT 39

378 CCCCAAAAAATAAAA 43

NS0096117 8

128 TTGATGGGTAGTAGGTTGT 47
NS0205902 13 G
NS0203171 31 111.6 AGCTCTTGATTGGTTTTG 51

Table 4: Chloride Tolerant Genomic Region on Chromosome 3 (Linkage Group N)
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SE
. Locus/ I_QQ Source m m Additional Information
DisplayName NO: Position Position
UniRef100_0O81117
Cytochrome P450 94A1
n=1 Tax=Vicia sativa
Phaseolus_ RepID=C94A1_VICSA
FE704412 1 | vulgaris 39546539 | 39555673 | 1.00E-88
Glycine_max_
BI972982 2 | release_2 39560285 | 39560798 | NA
NS0124217 3 39579678 | 39580847
NGMAX00618
0041 4 39583503 | 39583804
NGMAX00618
0060 5 39628183 | 39628484
NGMAX00618
2912 6 40240068 | 40240755
NS0206277 7 40240068 | 40240755
NS0096117 8 40304441 | 40305151
NGMAX00834
1275 9 40323998 | 40324299
NGMAX00618
2992 10 40371255 | 40371556
Glycine_soja_
BG047538 11 | release_2 40371654 | 40371994 | NA
NGMAX00618
3063 12 40382125 | 40382426
NS0205902 13 40462307 | 40462708
NGMAX00618
3397 14 40470004 | 40470305
NS0262793 15
NGMAX00618
3445 16 40483903 | 40484204
HEAT [Medicago
Glycine_max_ truncatula (Barrel
BI1699634 17 | release_2 40490936 | 40495791 | medic)]
NGMAX00618
3501 18 40498020 | 40498321
NGMAX00618
3536 19 40516266 | 40516567
NGMAX00618
3624 20 40536231 | 40536532
NGMAX00618
3651 21 40552829 | 40553130
NGMAX00618
3735 22 40569356 | 40569657
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NGMAX00618
3784 23 40583630 | 40583931
NS0262794 24
NGMAX00618
3900 25 40602536 | 40602837
NGMAX00834
1277 26 40618200 | 40618501
NGMAX00618
4117 27 40633771 | 40634072
NGMAX00618
4138 28 40645668 | 40645969
NGMAX00618
4179 29 40660940 | 40661241
NS0205793 30 40678642 | 40678262
NS0203171 31 40682708 | 40682344
NGMAX00618
4354 32 40694576 | 40694877
NGMAX00618
4420 33 40701397 | 40701698
NGMAX00618
4463 34 40707917 | 40708218
Peptidase M 14,
carboxypeptidase A
Lotus_japonicus_ [Medicago truncatula
AW719859 35 | release_1 40714008 | 40715242 | (Barrel medic)]
Diaminopimelate
epimerase-like protein
Glycine_max_ [Arabidopsis thaliana
AWT760852 36 | release_2 40760783 | 40761994 | (Mouse-ear cress)]

Example 5. Using markers to select alleles associated with Salt Tolerance

[0066] Greenhouse studies demonstrate that using markers to screen soybean varieties for

salt tolerance is an effective means to select plants with the desired salt tolerance phenotype.

Plants are grown in a greenhouse under high salt conditions and phenotyped as described in

Example 2. A Chloride Reaction in the Greenhouse (CLLGH) rating (1-9 scale) is assigned to

plants, indicating the percentage of chlorosis/necrosis exhibited by a plant under the stressed

conditions. In one embodiment, soybean varieties comprising a T'T allele of marker
NS0205902 (SEQ ID NO: 13) have an average CLGH rating of 1.7, indicating tolerance to
high salt conditions; whereas varieties comprising a GG allele of NS0205902 (SEQ ID NO:

13) have an average CLLGH rating of 5.3, indicating intolerance to high salt conditions. In

another embodiment, soybean varieties comprising a GG allele of marker NS0203171 (SEQ

ID NO: 31) have an average CLGH rating of 1.8, indicating a tolerance to high salt
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conditions; whereas varieties comprising a CC allele of NS0203171 have an average CLGH
rating of 5.2, indicating intolerance to high salt conditions.

[0067] Having illustrated and described the principles of the present invention, it should be
apparent to persons skilled in the art that the invention can be modified in arrangement and
detail without departing from such principles.

[0068] Although the materials and methods of this invention have been described in terms of
various embodiments and illustrative examples, it will be apparent to those of skill in the art
that variations can be applied to the materials and methods described herein without
departing from the concept, spirit and scope of the invention. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit, scope and

concept of the invention as defined by the appended claims.
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We Claim:

1.

A method of selecting a soybean plant that comprises a genotype associated with
chloride tolerance, comprising:

detecting in a soybean plant an allele in at least one genetic locus associated with
chloride tolerance, wherein the genetic locus is on chromosome 3 and is flanked by

loci FE704412 (SEQ ID NO: 1) and AW760852 (SEQ ID NO: 36).

The method of claim 1, wherein said soybean plant or progeny thereof is exposed to a
dosage of chloride sufficient to cause a detrimental effect in a soybean variety that is

moderately sensitive or sensitive to chloride.

The method of claim 1, wherein said genotype associated with a chloride tolerance
comprises at least one polymorphic allele of at least one marker in a sub-region of
said genetic locus that is flanked by loci BI972982 (SEQ ID NO: 2) and BI1699634
(SEQ ID NO: 17).

The method of claim 3, wherein said genotype associated with chloride tolerance
comprises at least one polymorphic allele of at least one marker in said chromosome 3

region or sub-region comprises a 1T allele of NS0205902 (SEQ ID NO: 13).

The method of claim 1, wherein said genotype associated with a chloride tolerance
comprises at least one polymorphic allele of at least one marker in a sub-region of
said genetic locus that is flanked by loci BI699634 (SEQ ID NO: 17) and AW719859
(SEQ ID NO: 35).

The method of claim 5, wherein said genotype associated with chloride tolerance
comprises at least one polymorphic allele of at least one marker in said chromosome 3

region or sub-region comprises a GG allele of NS0203171 (SEQ ID NO: 31).

A method for obtaining a soybean plant comprising in its genome at least one chloride
tolerance locus, compromising the steps of:

a. genotyping a plurality of soybean plants with respect to at least one genetic
locus on chromosome 3 flanked by loci NGMAX006180041 (SEQ ID NO: 4)
and NGMAX006184463(SEQ ID NO:34); and
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10.

11.

12.

13.

14.

b. selecting a soybean plant comprising in its genome at least one genetic locus

comprising a genotype associated with chloride tolerance.

The method of claim 7, wherein said genotype associated with chloride tolerance
comprises at least one polymorphic allele of at least one marker selected from the
group consisting of NS0096117 (SEQ ID NO:8), NS0205902 (SEQ ID NO: 13), and
NS0203171 (SEQ ID NO: 31).

The method of claim 8, wherein said marker comprises a GG allele of NS0203171
(SEQ ID NO: 31).

The method of claim 8, wherein said marker comprises a TT allele of NS0205902
(SEQ ID NO: 13)

The method of claim 7, wherein said plurality of soybean plants comprises a
population that is obtained by: i) crossing a parent plant comprising at least one
chloride tolerance locus with a parent plant comprising at least one chloride
sensitivity locus; or, ii) obtaining seed or progeny from a parental plant segregating

for at least one chloride tolerance locus.

The method of claim 7, wherein said population contains plants that contain a
transgene that confers resistance to dicamba and/or a transgene that confers resistance

to glyphosate.

The method of claim 7, further comprising the step of assaying for the presence of at
least one additional marker, wherein said additional marker is either linked or

unlinked to said chromosome 3 genomic region.

A method for producing a soybean plant comprising in its genome at least one
introgressed chloride tolerance locus comprising the steps of:

a. crossing a first soybean plant with a chloride tolerance locus with a second
soybean plant comprising: a chloride sensitivity locus in a first chromosome
genomic region flanked by loci NGMAX006180041(SEQ ID NO: 4) and
NGMAX006184463 (SEQ ID NO: 34) and at least one linked polymorphic
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15.

16.

17.

18.

19.

20.

locus not present in said first soybean plant to obtain a population segregating
for the chloride tolerance loci and said linked polymorphic locus;

b. detecting at least two polymorphic nucleic acids in at least one soybean plant
from said population, wherein at least one of said polymorphic nucleic acids is
located in said first chromosome genomic region and wherein at least one of
said polymorphic amino acids is a linked polymorphic locus not present in
said first soybean plant; and

c. selecting a soybean plant comprising a genotype associated with chloride
tolerance and at least one linked marker found in said second soybean plant
comprising a chloride sensitivity locus but not found in said first soybean
plant, thereby obtaining a soybean plant comprising in its genome an

introgressed chloride tolerance locus.

The method of claim 14, wherein at least one of said first or said second soybean
plants comprises a transgene that confers resistance to dicamba and/or a transgene that

confers resistance to glyphosate.
The method of claim 14, wherein said population, said selected soybean plant, and/or
progeny of said selected soybean plant is exposed to a dosage of chloride sufficient to

cause a deleterious effect in a chloride sensitive variety.

The method of claim 14, wherein said polymorphic nucleic acid detected in step (b) is

detected with marker NS0203171 (SEQ ID NO: 31).

The method of claim 15, wherein said polymorphic nucleic acid detected in step (b)

comprises a GG allele of NS0203171 (SEQ ID NO: 31).

The method of claim 14, wherein said polymorphic nucleic acid detected in step (b) is

detected with marker NS0205902 (SEQ ID NO: 13).

The method of claim 15, wherein said polymorphic nucleic acid detected in step (b)

comprises a TT allele of NS0205902 (SEQ ID NO: 13).
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21.

22.

23.

24,

25.

26.

27.

The method of claim 14, wherein said linked polymorphic locus is detected with a

genotypic marker, a phenotypic marker, or both.

The method of claim 14, wherein said linked polymorphic locus is detected with a
marker that is located within about 1000, 500, 100, 40, 20, 10, or 5 kilobases (Kb) of

said chloride tolerance locus.

The method of claim 14, wherein said linked polymorphic locus is detected with at
least one marker selected from the group consisting of NS0096117 (SEQ ID NO:8),
NS0205902 (SEQ ID NO: 13), and NS0203171 (SEQ ID NO: 31).

A soybean plant made by the method of claim 14, wherein said soybean plant

comprises an introgressed chloride tolerance locus.

A soybean plant comprising an introgressed chloride tolerance locus, wherein at least
one linked marker found in said soybean plant is characteristic of germplasm
comprising a chloride sensitivity locus and is not associated with germplasm

comprising the chloride tolerance locus.

The soybean plant of claim 25, wherein said introgressed chloride tolerance locus

comprises a GG allele of NS0203171 (SEQ ID NO: 31).

The soybean plant of claim 25, wherein said introgressed chloride tolerance locus

comprises a TT allele of NS0205902 (SEQ ID NO: 13).
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