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(57) ABSTRACT 

The invention overcomes the deficiencies of the art by 
providing an agronomically elite Soybean plant with non 
transgenic mutations of at least two of the glycinin subunits 
selected from the group consisting of Gy1, Gy2, Gy3, Gy4. 
and Gy5. Such as conferring a Gy3 and Gy4 null phenotype 
and increased B-conglycinin content in seed. The invention 
also provides derivatives, and plant parts of these plants and 
uses thereof. Methods for marker assisted selection of soy 
bean varieties comprising non-transgenic mutations confer 
ring a reduced Gy1, Gy2, Gy3, Gy4, and Gy5 phenotype are 
also provided as part of the current invention. Methods for 
producing Such plants that are further lipoxygenase and/or 
Kunitz Trypsin Inhibitor null and the plants produced 
thereby are also provided. The invention is significant in that 
soybeans from such plants are preferred dietary additives 
and provide important health benefits. 
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AGRONOMICALLY ELITE SOYBEANS WITH 
HIGH BETA-CONGLYCNN CONTENT 

BACKGROUND OF THE INVENTION 

0001. This application claims the priority of U.S. Provi 
sional Application Ser. No. 60/714,779, filed Sep. 7, 2005; 
and U.S. Provisional Application Ser. No. 60/722,493, filed 
Sep. 30, 2005; each of the disclosures of which are incor 
porated herein by reference. 

INCORPORATION BY REFERENCE OF 
SEQUENCE LISTING SUBMITTED ON A 

COMPACT DISC 

0002 The Sequence Listing is submitted on one compact 
disc (Copy 1), together with a duplicate thereof (Copy 2), 
each created on Sep. 7, 2006, and each containing one 79 
kb file entitled “MSUTO15U.S.APPTXT. The material 
contained on the compact disc is specifically incorporated 
herein by reference. 
0003) 
0004 The present invention relates generally to the field 
of plant breeding and molecular biology. In particular, the 
invention relates to agronomically elite Soybean varieties 
with increased beta-conglycinin content and materials for 
making Such plants. 
0005 2. Description of Related Art 

1. Field of the Invention 

0006 Glycinin and B-Conglycinin are two major storage 
proteins in Soybeans, accounting for approximately 70% of 
total proteins or 40% of total seed weight. The glycinin (11s 
globulin) is composed of five different subunits, designated 
Alab2, A2B1a, AlbB1b, A5A4B3. A3B4, respectively. 
Each subunit is composed of two polypeptides, one acidic 
and one basic, covalently linked through a disulfide bond. 
The two polypeptide chains result from post-translational 
cleavage of proglycinin precursors, a step that occurs after 
the precursor enters the protein bodies (Chrispeels et al., 
1982). Five major genes have been identified to encode these 
polypeptide Subunits. They are designated as Gyl, Gy2, 
Gy3, Gy4 and Gy5, respectively (Nielsen et al., 1997). In 
addition, a pseudogene, gy6, and minor gene, Gy7, were also 
reported (Beilinson et al., 2002). Genetic mapping of these 
genes has been reported by various groups (Diers et al., 
1993, Chen and Shoemaker 1998, Beilinson et al., 2002). 
Gy1 and Gy2 were located 3 kb apart and mapped to linkage 
group N (Nielsen et al., 1989), Gy3 was mapped to linkage 
group L (Beilinson et al., 2002). Gy4 and Gy5 were mapped 
to linkage groups O and F, respectively. All of these genes 
were mapped using RFLP probes on Southern Blots. 
0007 B-conglycinin, on the other hand, is composed of a 
(~67kda), C (-71 kDa) and B (-50 kDa) subunits and each 
Subunit is processed by co- and post-translational modifica 
tions (Ladin et al., 1987; Utsumi, 1992). The B-conglycinin 
Subunits are encoded by the genes Cgy1, Cgy2 and Cgy3, 
respectively. Genetic analysis indicated that Cgy2 is tightly 
linked to Cgy3, whereas Cgy 1 segregates independently of 
the other two. The B-conglycinin gene family contains at 
least 15 members divided into two major groups, which 
encode the 2.5 kb and 1.7 kb embryo mRNA, respectively 
(Harada et al., 1989). 
0008 Soybean plants with increased B-conglycinin levels 
and decreased glycinin levels would provide Substantial 
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benefit. One reason for this is that B-conglycinin is a soluble 
protein whereas glycinin is much less Soluble. It has also 
been found that B-conglycinin, especially the C. Subunit, has 
significantly higher nutritional value and a positive impact 
on human health as compared to glycinin (Baba et al., 2004). 
A number of experiments using animal models have indi 
cated that C. Subunit from soybean B-conglycinin could 
lower plasma triglycerides, and also increase LDL (“bad” 
cholesterol) removal from blood (Duranti et al., 2004, 
Moriyama et al., 2004, Adams et al., 2004, Nishi et al., 
2003). Therefore, soybean varieties with an increased f-con 
glycinin content will have higher value than traditional 
varieties and will be suitable for use in nutrition drinks and 
other food products. 
0009 Interestingly, mutations in the glycinin genes have 
a direct impact on B-conglycinin content in Soybean seeds. 
Mutant Soybean plants with decreased glycinin content have 
increased B-conglycinin content. However, since multiple 
glycinin alleles are involved in glycinin subunit production, 
breeding plants with reduced expression from multiple Gy 
subunits has proved difficult since such plants have other 
attributes, such as low yield, excessive lodging and green 
seed that render them commercially nonviable. Previous 
methods for determining the inheritance of mutations result 
ing in decreased glycinin content did not enable high 
throughput techniques required to select for these pheno 
types while introducing agronomically Superior 
characteristics. For example, previous assessment of Gy 
inheritance was dependent upon analysis of protein expres 
Sion, which is costly, labor intensive and cannot track the 
inheritance of recessive mutations. The possibility of pro 
ducing Such plants regardless of labor was also unknown, 
due to additional complications such as linkage drag and 
epistasis associated with attempts to introgress a mutant Gy 
allele. The combination of alleles are also unpredictable with 
respect to the phenotype obtained. Thus, there is a long 
standing but unfilled need in the art for agronomically elite 
soybean plants with reduced expression of multiple Gy 
protein subunits and methods for production of Such plants. 
0010 Lipoxygenases are enzymes that catalyze the 
dioxygenation of polyunsaturated fatty acids. Soybean seeds 
contain three lipoxygenase isozymes—lipoxygenases 1, 2, 
and 3. These isozymes contribute to the production of 
unpleasant flavors in soybean seeds. The unpleasant flavors 
are absent or less pronounced in seeds deficient in these 
isozymes, particularly those lacking lipoxygenase-2. 
Accordingly, soybean seeds lacking one or more lipoxyge 
nase isozymes are desirable for use in making drink and food 
products. Genetic studies of Lipoxygenase 1, 2, and 3 
deficient lines demonstrated that the absence of each was 
due to single recessive alleles—lx1, lx2, and lx3, respec 
tively. The loci defined by lx 1 and lx2 are closely linked and 
are not genetically linked to lx3 (Kitamura, 1984; Kitamura 
et al., 1985; Hajika et al., 1992; Hildebrand et al., 1982). The 
structural genes encoding Lipoxygenases 1, 2, and 3 have 
been cloned and designated LOX1, LOX2, and LOX3, respec 
tively (Shibata et al., 1987; Shibata et al., 1988; Yenofsky et 
al., 1988). 
0011 Kunitz, Trypsin inhibitor (KTI) is an antinutritional 
and allergenic factor in Soybeans that interferes with diges 
tion and absorption of proteins when present in a diet. Thus, 
soybean varieties with a KTI-null mutant trait have a higher 
commercial value than traditional varieties. Genetic and 
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biochemical studies of KTI production in soybean lines have 
been carried out (e.g. de Moraes et al., 2006; Natarajan et al., 
2006), and three related genes have been identified, with 
KTI3 encoding the predominant Kunitz, Trypsin Inhibitor 
Protein in cultivated Soybean genotypes (Natarajan et al., 
2006). Some specific DNA markers associated with loss of 
KTI production in certain soybean lines have been reported 
(de Moraes et al., 2006). 

SUMMARY OF THE INVENTION 

0012. The current invention provides, in one embodi 
ment, a plant of an agronomically elite Soybean variety with 
an increased seed B-conglycinin content, comprising non 
transgenic mutations providing a null phenotype of at least 
two of the glycinin subunits selected from the group con 
sisting of Gy1, Gy2, Gy3, Gy4, and Gy5. An increased seed 
B-conglycinin content may be measured, for example, with 
respect to a plant of the same genotype as said plant but 
lacking the mutations. In specific embodiments, the non 
transgenic mutations may confer a Gy3, and Gy4 null 
phenotype and increased seed B-conglycinin content. Thus, 
the plants of the current invention comprise, in one aspect, 
seeds with low glycinin content and high 3-conglycinin 
content. In certain embodiments, the seed B-conglycinin 
content for plants of the invention is about or at least about 
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 
50 percent or more of the total protein content. In some 
embodiments, a plant of the invention has a seed glycinin 
content of about or less than about 15, 14, 13, 12, 11, 10, 9, 
8, 7, 6, 5, 4, 3, 2, 1, or 0 percent of the total protein. In some 
cases, plants of the invention may comprise a mutant Gy4 
allele. For example, a mutant Gy4 allele may comprise a 
point mutation at nucleotide 682, such that the translation 
initiation codon is abrogated. In still further embodiments, 
plants provided by the invention may comprise Gyl and 
Gy2 null alleles. In one embodiment of the invention, one or 
more of any of the Gy1, Gy2, Gy3 and/or Gy4 alleles may 
be the same as the null alleles in line B2G2, a representative 
sample of seed of which have been deposited under ATCC 
Accession No. PTA-6893. 

0013 In certain embodiments of the invention, soybean 
plants are provided that further comprise a mutation that 
confers reduced levels of Gy1/Gy2 protein. As used herein 
“reduced levels of Gy1/Gy2 protein’ means seed from 
plants comprising the non-transgenic mutation have reduced 
Gy1/Gy2 protein levels as compared to plants with an 
identical genetic background that lack the mutation. For 
example plants comprising a non-transgenic mutation that 
confers reduced Gy1/Gy2 may have a Gy1/Gy2 protein 
content of less than about 3.1% of total seed protein. In 
certain cases, the mutation conferring reduced Gy1/Gy2 
protein content may be a non-transgenic mutation. In some 
aspects of the invention, a plant of the invention comprises 
a mutant Gyl allele. For example, the mutant Gyl allele may 
comprise a deletion spanning the upstream promoter region, 
exon I and intron I. 

0014. In certain embodiments, a plant of the invention 
may further comprise mutations conferring reduced Gy5 
protein levels. In certain cases, the mutation conferring 
reduced Gy5 protein content is a non-transgenic mutation. 
Thus in Some aspects, plants of the invention comprise 
mutations conferring reduced Gy1, Gy2, Gy3, Gy4 and Gy5 
protein levels. In certain aspects, plants of the invention may 
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comprise non-transgenic mutations conferring a decreased 
Gy 1, Gy2 Gy3, Gy4, and Gy5 phenotype. The seed of these 
plants may have a glycinin content of about or less than 
about 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, or 0 
percent of the total protein. Thus plants of the invention 
comprising a decreased Gy1, Gy2, Gy3, Gy4 and Gy5 
phenotype may comprise seed with a B-conglycinin content 
of about or at least about 34, 35, 36, 37, 38, 39, 40, 41, 42, 
43, 44, 45, 46, 47, 48, 49, 50 percent or greater of the total 
protein content. 
0015. In certain embodiments, a plant of the invention 
may further comprise mutations conferring a lx1, lx2, and/or 
lx3 phenotype. In certain cases, the mutation conferring the 
lx1, lx2, and/or lx3 phenotype is a non-transgenic mutation. 
Thus in Some aspects, plants of the invention comprise 
mutations conferring a reduced Gy3 and Gy4 phenotype and 
mutations conferring of one or more of a lx1, lx2, and/or lx3 
phenotype. In one embodiment of the invention, Such plants 
may further comprise mutations conferring a reduced Gyl, 
Gy2 Gy3, and Gy5 phenotype. 
0016 Plant parts are also provided by the invention. Parts 
of a plant of the invention include, but are not limited to, 
pollen, ovules, meristems, cells, and seed. Cells of the 
invention may further comprise, regenerable cells, such as 
embryos meristematic cells, pollen, leaves, roots, root tips, 
and flowers. Thus, these cells could be used to regenerate 
plants of the invention. 
0017 Also provided herein are parts of the seeds of a 
plant according to the invention. Thus, crushed seed, and 
meal or flour made from seed according to the invention is 
also provided as part of the invention. The invention further 
comprises, a method for making Soy meal or flour compris 
ing crushing or grinding seed according to the invention. 
Such soy flour or meal according to the invention may 
comprise genomic material of plants of the invention. In one 
embodiment, the food may be defined as comprising the 
genome of such a plant. In further embodiments Soy meal or 
flour of the invention may be defined as comprising 
increased B-conglycinin and decreased glycinin content, as 
compared to meal or flour made form seeds of a plant with 
an identical genetic background, but not comprising the 
non-transgenic, mutant Gy3 and Gy4 null alleles. 
0018. In yet a further aspect of the invention there is 
provided a method for producing a soybean seed, compris 
ing crossing the plant of the invention with itself or with a 
second soybean plant. Thus, this method may comprise 
preparing a hybrid Soybean seed by crossing a plant of the 
invention with a second, distinct, soybean plant. 
0019. Still yet another aspect of the invention is a method 
of producing a food product for human or animal consump 
tion comprising: (a) obtaining a plant of the invention; (b) 
cultivating the plant to maturity; and (c) preparing a food 
product from the plant. In certain embodiments of the 
invention, the food product may be protein concentrate, 
protein isolate, meal, oil, flour or soybean hulls. In some 
embodiments, the food product may comprise beverages 
Such as soymilk and other nutritional beverages, infused 
foods, sauces, condiments, salad dressings, fruit juices, 
syrups, desserts, icings and fillings, soft frozen products, 
confections or intermediate foods. Foods produced from the 
plants of the invention may comprise increased B-congly 
cinin content and thus be of greater nutritional value foods 
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made with typical Soybean varieties. Additionally, plants of 
the invention comprising decreased glycinin content may be 
used in food compositions requiring low amounts of 
insoluble protein. 

0020. In further embodiments, a plant of the invention 
may further comprise a transgene. For example, a plant may 
comprise transgenes conferring herbicide tolerance, disease 
resistance, insect and pest resistance, altered fatty acid, 
protein or carbohydrate metabolism, increased grain yield, 
altered plant maturity and/or altered morphological charac 
teristics. For example, a herbicide tolerance transgene may 
comprise a glyphosate resistance gene. 

0021. In certain embodiments, a plant of the invention 
may be defined as prepared by a method wherein a plant 
comprising non-transgenic mutations conferring a Gy3, and 
Gy4 null phenotype and increased B-conglycinin content is 
crossed with a plant comprising agronomically elite char 
acteristics. The progeny of this cross may be assayed for 
agronomically elite characteristics and Gy3 and Gy4 protein 
content, and progeny plants selected based on these char 
acteristics, thereby generating the plant of the invention. 
Thus in certain embodiments, a plant of the invention may 
be produced by crossing a selected Starting variety with a 
second soybean plant comprising agronomically elite char 
acteristics. In some embodiments, a plant of the invention 
may be defined as prepared by a method wherein a plant 
comprising a non-transgenic mutation conferring a lx1, lx2, 
and/or lx3 phenotype is crossed with a plant comprising 
reduced Gy3 and Gy4 protein content, and increased B-con 
glycinin content. 

0022. The current invention also provides a method of 
plant breeding wherein a plant is assayed for the presence of 
a polymorphism in a Soybean plant genomic region associ 
ated with Gy1/Gy2 and Gy4 alleles, comprising selecting 
the plant and crossing the plant with a second soybean plant 
to produce progeny. In some embodiments, the method of 
the invention may comprise selecting a progeny plant by 
assaying the plant for a polymorphism associated with a 
decreased Gy1/Gy2 or Gy4 phenotype and crossing the plant 
with a second soybean plant to produce further progeny 
plants. In certain embodiments of the invention, the second 
Soybean plant may comprise agronomically elite character 
istics. The method of the invention may also further com 
prise selecting a soybean plant comprising the polymor 
phism and agronomically elite characteristics. Thus, the 
invention enables the introduction of non-transgenic muta 
tions conferring a Gy1/Gy2 and/or Gy4 phenotype and 
increased seed B-conglycinin content into agronomically 
elite soybean plants. A method of the invention may be 
repeated 1, 2, 3, 4, 5, 10, 15, 20, or more times as desired to 
select agronomically elite progeny with polymorphisms 
indicative of non-transgenic mutations at Gy1/Gy2 and/or 
Gy4 alleles at each step. In certain embodiments of inven 
tion, the first soybean plant may be a plant of line B2G2, a 
representative sample of seed of which have been deposited 
under ATCC Accession No. PTA-6893. In a further embodi 
ment, a method of the invention may further comprise 
selecting a plant comprising polymorphisms indicative of a 
non-transgenic mutation in Gy1/Gy2 and Gy4 alleles. 

0023. In some embodiments, a method of the invention 
may further comprise selecting plants with markers indica 
tive of reduced Gy3 and/or Gy5 content. Thus, methods of 
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marker assisted plant breeding according to the invention 
may be used to breed soybeans that have reduced Gy1, Gy2, 
Gy3, Gy4, and Gy5 content. 

0024. In some embodiments of the current invention, 
non-transgenic mutations conferring a decreased Gyl, Gy2 
or Gy4 phenotype may comprise mutations in Gyl, Gy2, 
Gy3, or Gy4 alleles. In certain embodiments, the mutant Gy 
alleles are detected using genetic markers comprising poly 
morphisms within 50 cM of a Gy allele. In further, aspects 
of the invention, plants with a decreased Gy1/Gy2 pheno 
type comprise a mutant Gyl allele. In some cases, the 
mutant Gyl allele comprises a deletion, such as a deletion of 
the promoter region, exon I and intron I. In other embodi 
ments, mutant Gyl alleles can be detected using markers 
NS0199002 or NS0199008. In certain aspects of the inven 
tion, mutant Gyl alleles may be detected with markers of 
Gy2, since the two genes are closely linked. Thus, in other 
aspects of the invention, mutant Gy2 alleles may be detected 
with markers to Gy1. It is shown herein that plants with 
mutant Gy1.2 alleles also may have a decreased Gy3 phe 
notype. Thus, in Some aspects of the invention, plants 
comprising a reduced Gy3 phenotype may be selected with 
markers for Gy1 or Gy2, since these markers have been 
shown to associate with a reduced Gy3 phenotype in B2G2 
derived plants. Therefore, markers of Gy1 or Gy2, for 
example NS0199002 or NS0199008, may be used to deter 
mine the presence of mutant Gy1, Gy2, and Gy3 alleles. In 
certain embodiments of the invention, phenotypically Gy4 
null plants comprise mutant Gy4 alleles. In further embodi 
ments, mutant Gy4 alleles comprise point mutations such as 
an SNP that abrogates the translation initiation codon. In 
additional aspects of the invention, the Gy4 null allele may 
be detected with the NS0199003 marker. SNP markers may 
be detected, for example using fluorescently labeled oligo 
nucleotides. 

0025. In some embodiments, a method of the invention 
may further comprise selecting plants with markers indica 
tive of reduced lipoxygenase 1, 2, and/or 3 content. Thus, 
methods of marker assisted plant breeding according to the 
invention may be used to produce Soybeans that have 
reduced lipoxygenase 1, 2, and/or 3 content. 

0026. In particular embodiments of the invention, non 
transgenic mutations conferring a lx1, lx2, and/or lx3 phe 
notype may comprise mutations in LoX1, LOX2, and/or LOX3 
alleles. In one embodiment of the invention, the mutant 
alleles conferring a lx1, lx2, and/or lx3 phenotype are 
detected using genetic markers comprising polymorphisms 
within 50 cM of a LOX allele. In certain embodiments, lx1 
alleles are detected using one or more of INDEL 178-180, 
SNP 326, SNP 363, SNP 380, SNP 713, SNP 1196, SNP 
1253, SNP 1372, SNP 1388, SNPR 1527, SNP 1554, SNP 
2267, SNP 3088, SNP 3125, SNP 3139, INDEL 3832-3905, 
SNP 4043, SNP 4057, SNP 4193, SNP 4225, SNP 4247, 
SNP 4267, or SNP 4439 as shown below in Table 14. In 
Some embodiments, lx2 alleles can be detected using one or 
more of SNP 323, SNP 439, SNP 1390, SNP 1431, SNP 
1458, INDEL 2486-87, or SNP 2542 as shown below in 
Table 15. SNP 2542 is also referred to as the NS0203296 
marker. 

0027. In some embodiments, a method of the invention 
may further comprise selecting plants with markers indica 
tive of a KTI-null or KTI-reduced trait. Thus, methods of 
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marker assisted plant breeding according to the invention 
may be used to produce Soybeans that have reduced or 
undetectable Kunitz Trypsin Inhibitor content. 
0028. In certain embodiments of the invention, mutations 
conferring a KTI-null phenotype may comprise mutations in 
a gene encoding KTI. In a particular embodiment, mutations 
conferring a KTI-null phenotype comprise mutations in the 
KTI3 gene, also termed “KTIA'. In one embodiment of the 
invention, the mutant alleles conferring a KTI-null pheno 
type are detected using genetic markers comprising poly 
morphisms within 50 cM of a KTI allele. In certain embodi 
ments, KTI alleles are detected using one or more INDELs 
or SNPs located within the KTI3 gene, for instance as shown 
below in Table 18. Such selection may thus be based on 
marker information (plant genotype) rather than on enzy 
matic analysis of Trypsin activity or analysis of KTI content. 
0029 Embodiments discussed in the context of a method 
and/or composition of the invention may be employed with 
respect to any other method or composition described 
herein. Thus, an embodiment pertaining to one method or 
composition may be applied to other methods and compo 
sitions of the invention as well. 

0030. As used in the specification or claims, “a” or “an 
may mean one or more. As used herein in the claim(s), when 
used in conjunction with the word "comprising, the words 
a' or 'an' may mean one or more than one. As used herein 

"another may mean at least a second or more. 
0031. Other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description. It should be understood, however, that 
the detailed description and the specific examples, while 
indicating preferred embodiments of the invention, are given 
by way of illustration only, since various changes and 
modifications within the spirit and scope of the invention 
will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. The following drawings form part of the present 
specification and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of specific 
embodiments presented herein. 
0033 FIG. 1: Protein extracted from the seed of indicated 
soybean varieties was resolved by SDS-PAGE and visual 
ized by Coomassie staining. The mobility of acidic glycinin 
Subunits encoded by each gene is indicated. Gel resolution 
was insufficient to separate Gy1 from Gy2 encoded protein 
Subunits. 

0034 FIG. 2A-B: Progeny plants comprising mutant Gy1 
and Gy2 alleles are distributed in two phenotypic groups 
based Gy1 and Gy2 encoded protein content of seed. FIG. 
2A. Graph shows the number of F2 plants (y axis) compared 
to the percentage of total protein that is constituted by Gy1 
and Gy2 encoded acidic proteins (x axis) FIG.2B. Data from 
F2 progeny plants indicates that mutant Gy1 and Gy2 
alleles, from B2G2 soybeans, are recessive. The number of 
progeny plants with Gy1 and Gy2 encoded protein levels in 
the two classes were subjected to chi square analysis and 
probability values were determined in each case. 
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0035 FIG. 3A-B: Progeny of “11S null plants are dis 
tributed into two populations based on the percentage of 
total protein in the seed that is Gy3. FIG. 3A. Graph shows 
the number of F2 plants (y axis) compared to the percentage 
of total protein that is constituted by Gy3 encoded proteins 
(x axis). FIG. 3B. Data from progeny plants indicates that 
the mutant Gy3 allele from B2G2 soybeans is recessive. The 
number of progeny plants with Gy3 encoded protein levels 
in the two classes were Subjected to chi square analysis and 
probability values were determined in each case. 
0.036 FIG. 4: The amount of Gy3 encoded protein is 
positively correlated with the amount of Gy1 and Gy2 
encoded protein. FIG. 4A. Graph plots the observed amount 
of Gy1 and Gy2 encoded acidic protein (X axis) versus the 
amount of Gy3 encoded protein (y axis). FIG. 4B. Table 
shows correlation coefficients between the expression levels 
of the Gy1, Gy2, Gy3, Gy4 and Gy5 encoded proteins. 
0037 FIG. 5: Progeny of 11S null plants are distributed 
into two populations based on the percentage of total protein 
in the seed that is Gy4. FIG. 5A. Graph shows the number 
of F2 plants (y axis) compared to the percentage of total 
protein that is constituted by Gya encoded acidic protein (X 
axis). FIG. 5B. Data from progeny plants indicates that the 
mutant Gy4 allele from B2G2 soybeans is recessive. The 
number of progeny plants with Gya encoded protein levels 
in the two classes were Subjected to chi square analysis and 
probability values were determined in each case. 
0038 FIG. 6A-B: Decreased expression of glycinin in 
Soybean seed correlates with increased expression of B-con 
glycinin. FIG. 6A. Graph plots the percentage of total 
protein encoded by Gy alleles (X axis) versus the percentage 
of total protein encoded by Cgy alleles (y axis). FIG. 6B. 
Table shows the correlation coefficients between expression 
of Gy encoded proteins and the expression of Cgy 1-4 
encoded proteins. 
0.039 FIG. 7A-B: Genomic Gy markers effectively 
selected conventional plants that produce seed with high 
B-conglycinin expression. FIG. 7A. Graph plots total B-con 
glycinin protein content of seed (y axis) versus total seed 
glycinin content (X axis). Diamonds indicate plants selected 
by protein analysis of glycinin subunits. FIG. 7B. Graph is 
the same as in FIG. 7A, however diamonds indicate plants 
selected by markers NS0199002, NS0199003, and 
NSO1990O8. 

0040 FIG. 8: Allelogram for the Taqman assay designed 
for the SNP at position 2542 (Marker NS0203296). As 
shown in FIG. 8, this marker allowed a clear distinction 
between the “A” allele from the 1x2 mutant and the “T” 
allele from wild type as described in Example 13 and Table 
15. 

0041 FIG. 9: Alignment of sequences for Kunitz, Trypsin 
inhibitor showing deletion/insertion in Kunitz null mutant 
lines. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0042. The present invention provides plants and methods 
for producing plants comprising non-transgenic mutations 
that confer a Gy3, and Gy4 null phenotype and agronomi 
cally elite characteristics. These mutations confer low gly 
cinin and high B-conglycinin content to seed of mutant 
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plants. Thus, plants of the invention will be of great value as 
B-conglycinin provides improved nutritional characteristics 
and solubility as compared to glycinin. Additionally, plants 
provided herein comprise agronomically elite characteris 
tics, enabling a commercially significant yield of high 
B-conglycinin, low glycinin, soybeans. In certain aspects of 
the invention, plants with increased 3-conglycinin contents 
comprise non-transgenic null alleles for Gy3, and/or Gy4 
and therefore have the additional advantage of reduced 
governmental regulation as compared to soybean varieties 
containing corresponding transgenic alleles at these loci. 
Also provided are plants that further comprise non-trans 
genic Gy1 and Gy2 null alleles and also provide Such 
benefits. 

0043. The invention also provides plants and methods for 
producing plants comprising non-transgenic mutations that 
confer a lipoxygenase-2 null phenotype. The combination of 
a lipoxygenase-2 null and glycinin null phenotype provides 
an increased content of the highly functional and healthful 
B-conglycinin protein. B-conglycinin in particular contains 
bioactive peptides that are responsible for cholesterol-low 
ering and weight management (through Satiety effects and 
reduction in fat deposits) benefits. 

0044 Another valuable combination in accordance with 
the invention is a lipoxygenase-2 null and mid-oleic content 
(e.g., 40-65% oleic). This soybean will produce low levels 
of off-flavors because it lacks the main catalyst of lipid 
oxidation (lipoxygenase-2) and has much lower levels of the 
substrate (linoleic acid). In addition, such soybeans will 
have an improved (lower) ratio of omega-6 to omega-3 fatty 
acids, a benefit for cardiovascular health. 

0045 Also provided herein is a method for breeding 
Soybean plants that comprise non-transgenic mutations con 
ferring a decreased Gy1, Gy2, Gy3 and Gy4 phenotype and 
agronomically elite characteristics. Studies detailed below 
identify polymorphisms that can be used to identify plants 
with decreased Gy1, Gy2, Gy3 and Gy4 protein content. 
Three of the markers identified herein, NSO 199002, 
NS0199003, and NS0199008, can be used to accurately 
predict a decreased Gy1, Gy2, Gy3, and Gy4 phenotype of 
Soybean plants. As demonstrated below, the inheritance of 
Gy1 and Gy2 is genetically linked, thus markers to either 
Gy1 (NS0199008) or Gy2 (NSO199002) may be used to 
track the inheritance of the decreased Gy1 and Gy2 pheno 
type. Additionally, as shown in FIG. 4 the reduced Gy1.2 
phenotype closely correlates with a decreased Gy3 pheno 
type. Thus, markers to Gy1.2 (such as NSO199008 and 
NS0199002) may additionally be used to select for the 
decreased Gy3 phenotype of progeny plants. It is also shown 
that markers can be used to identify plants that are pheno 
typically null for Gy4 encoded proteins. For example, the 
NSO199003 marker was used in studies to accurately deter 
mine the Gy4 phenotype of soybean plants. Thus, by use of 
a Gy1.2.3 marker in combination with a Gyal genetic marker 
the invention enables the high throughput screening and 
marker assisted breeding of plants with non-transgenic 
mutations conferring a decreased Gyl, Gy2, Gy3 and Gy4 
phenotype, and high seed 3-conglycinin content. Sequenc 
ing studies were also undertaken herein that have identified 
markers that may be used to determine the inheritance of the 
decreased Gy5 phenotype and to directly select for a 
decreased Gy3 phenotype. 
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0046) Also provided is a method for breeding soybean 
plants comprising non-transgenic mutations conferring a 
decreased lipoxygenase-2 phenotype. For example, studies 
described below identified sequence variations associated 
with the lipoxygenase-2 null (lx2) phenotype in Soybeans. 
Molecular markers have been developed out of these 
sequence variations for the lx2 phenotypes. Using these 
markers associated with lipoxygenase-2 null trait, breeders 
can make selections based on marker information, or geno 
types, rather than on lipoxygenase analysis by SDS-PAGE. 
Marker data is more cost effective, faster and reliable, 
enabling one to test greater numbers and identify elite lines 
with multiple traits (e.g. Lipoxygenase-2 null and glycinin 
null). 

I. PLANTS OF THE INVENTION 

0047 The invention provides, for the first time, plants 
and derivatives thereof of soybean varieties that combine 
non-transgenic mutations conferring a Gy3, and Gy4 null 
phenotype and increased B-conglycinin content with an 
agronomically elite phenotype. In some embodiments such 
plants may further comprise non-transgenic Gy1 and Gy2 
null alleles. Such plants may be defined as having a com 
mercially significant yield, for example, that is defined as a 
yield of at least 103% of the check lines AG2703 and 
DKB23-51. In certain further embodiments, plants are pro 
vided comprising the non-transgenic Gy1-4 mutant alleles 
and increased beta-conglycinin content and a grain yield of 
at least about 90%, 94%, 98%, 100%, 105% or about 110% 
of these lines. Such plants may be defined, in certain 
embodiments of the invention, as having a yield a yield in 
excess of about 35, 37, 39, 41, 43 or 45 bushels per acre over 
at least 10 environments. In certain embodiments, the B-con 
glycinin content of the seeds of plants of the invention may 
be greater than about 34%, 35%, 36%, 37%, 38%, 39%, 
40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, or 
even 50% or any range derivable therein. In certain embodi 
ments, the plants of the invention may further comprise 
mutations conferring a lx1, lx2, and/or lx3 phenotype. 
0048 One aspect of the current invention is therefore 
directed to the aforementioned plants and parts thereof and 
methods for using these plants and plant parts. Plant parts 
include, but are not limited to, pollen, an ovule and a cell. 
The invention further provides tissue cultures of regenerable 
cells of these plants, which cultures regenerate Soybean 
plants capable of expressing all the physiological and mor 
phological characteristics of the starting variety. Such regen 
erable cells may include embryos, meristematic cells, pol 
len, leaves, roots, root tips or flowers, or protoplasts or callus 
derived therefrom. Also provided by the invention are soy 
bean plants regenerated from Such a tissue culture, wherein 
the plants are capable of expressing all the physiological and 
morphological characteristics of the starting plant variety 
from which the regenerable cells were obtained. 

II. MARKER ASSISTED SELECTION FOR 
PRODUCTION OF SOYBEAN VARIETIES 
WITH NON-TRANSGENIC MUTANT GY 

ALLELES AND AN AGRONOMICALLY ELITE 
PHENOTYPE 

0049. The current invention provides genetic markers 
and methods for the introduction of non-transgenic, mutant 
Gy alleles into agronomically elite Soybean plants. The 
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invention therefore allows, for the first time, the creation of 
plants that combine these mutant Gy alleles that confer high 
seed B-conglycinin content with a commercially significant 
yield and an agronomically elite genetic background. Using 
the methods of the invention, loci conferring the “11S null 
phenotype may be introduced into a desired soybean genetic 
background, for example, in the production of new varieties 
with commercially significant yield and high seed B-cong 
lycinin content. 
0050 Marker assisted introgression involves the transfer 
of a chromosome region defined by one or more markers 
from one germplasm to a second germplasm. The initial step 
in that process is the localization of the trait by gene 
mapping, which is the process of determining the position of 
a gene relative to other genes and genetic markers through 
linkage analysis. The basic principle for linkage mapping is 
that the closer together two genes are on the chromosome, 
the more likely they are to be inherited together. Briefly, a 
cross is generally made between two genetically compatible 
but divergent parents relative to traits under study. Genetic 
markers can then be used to follow the segregation of traits 
under study in the progeny from the cross, often a backcross 
(BC1), F, or recombinant inbred population. 
0051. The term quantitative trait loci, or QTL, is used to 
describe regions of a genome showing quantitative or addi 
tive effects upon a phenotype. The Gy loci represent exem 
plary QTL since multiple mutant Gy alleles result in increas 
ing reduction in total seed glycinin content and important 
concomitant increases in B-conglycinin content. Herein 
identified are genetic markers for non-transgenic, mutant Gy 
alleles that enable breeding of soybean plants comprising the 
non-transgenic, mutant Giy alleles with agronomically Supe 
rior plants, and selection of progeny that inherited the 
mutant Gy alleles. Thus, the invention allows the use of 
molecular tools to combine these QTLs with desired agro 
nomic characteristics. 

0.052 Also identified are genetic markers for non-trans 
genic, mutant lx 1 and lx2 alleles that enable the breeding of 
Soybean plants comprising one or both of the non-trans 
genic, mutant lx1 and lx2 alleles, and selection of progeny 
that inherited the mutant lx allele or alleles. Soybean plants 
having reduced lipoxygenase are useful in themselves and 
are useful in combination with other agronomic character 
istics. For example, reduced lipoxygenase and reduced gly 
cinin is a valuable trait combination. Another valuable 
combination is reduced lipoxygenase and mid-oleic content 
(e.g., 40-65% oleic). Thus, the invention allows the use of 
molecular tools to combine lx alleles with, for example, 
mutant Giy alleles in agronomically Superior plants as 
described above. 

0053 A. Development and Use of Linked Genetic Mark 
CS 

0054) A sample first plant population may be genotyped 
for an inherited genetic marker to form a genotypic database. 
As used herein, an “inherited genetic marker' is an allele at 
a single locus. A locus is a position on a chromosome, and 
allele refers to conditions of genes; that is, different nucle 
otide sequences, at those loci. The marker allelic composi 
tion of each locus can be either homozygous or heterozy 
gous. In order for information to be gained from a genetic 
marker in a cross, the marker must be polymorphic; that is, 
it must exist in different forms so that the chromosome 
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carrying the mutant gene can be distinguished from the 
chromosome with the normal gene by the form of the marker 
it also carries. 

0055 Formation of a phenotypic database can be accom 
plished by making direct observations of one or more traits 
on progeny derived from artificial or natural self-pollination 
of a sample plant or by quantitatively assessing the com 
bining ability of a sample plant. By way of example, a plant 
line may be crossed to, or by, one or more testers. Testers can 
be inbred lines, single, double, or multiple cross hybrids, or 
any other assemblage of plants produced or maintained by 
controlled or free mating, or any combination thereof. For 
Some self-pollinating plants, direct evaluation without prog 
eny testing is preferred. 

0056. The marker genotypes may be determined in the 
testcross generation and the marker loci mapped. To map a 
particular trait by the linkage approach, it is necessary to 
establish a positive correlation in inheritance of a specific 
chromosomal locus with the inheritance of the trait. In the 
case of complex inheritance. Such as with quantitative traits, 
including specifically glycinin content and yield, linkage 
will generally be much more difficult to discern. In this case, 
statistical procedures may be needed to establish the corre 
lation between phenotype and genotype. This may further 
necessitate examination of many offspring from a particular 
cross, as individual loci may have Small contributions to an 
overall phenotype. 

0057 Coinheritance, or genetic linkage, of a particular 
trait and a marker Suggests that they are physically close 
together on the chromosome. Linkage is determined by 
analyzing the pattern of inheritance of a gene and a marker 
in a cross. The unit of genetic map distance is the centimor 
gan (cM), which increases with increasing recombination. 
Two markers are one centimorgan apart if they recombine in 
meiosis about once in every 100 opportunities that they have 
to do so. The centimorgan is a genetic measure, not a 
physical one. Those markers located less then 50 cM from 
a second locus are said to be genetically linked, because they 
are not inherited independently of one another. Thus, the 
percent of recombination observed between the loci per 
generation will be less than 50%. In particular embodiments 
of the invention, a marker used may be defined as located 
less than about 45, 35, 25, 15, 10, 5, 4, 3, 2, or 1 or less cM 
apart from a locus. In certain embodiments of the invention, 
markers may be used for detecting polymorphisms within 
the contributing loci themselves and thus located at 0 cM 
respective to the loci, for example, comprising a mutation 
within a Gy1, Gy2, Gy3, Gy3, Gy4, or Gy5 coding sequence 
or regulatory element. 

0058. During meiosis, pairs of homologous chromo 
Somes come together and exchange segments in a process 
called recombination. The further a marker is from a gene, 
the more chance there is that there will be recombination 
between the gene and the marker. In a linkage analysis, the 
coinheritance of marker and gene or trait are followed in a 
particular cross. The probability that their observed inherit 
ance pattern could occur by chance alone, i.e., that they are 
completely unlinked, is calculated. The calculation is then 
repeated assuming a particular degree of linkage, and the 
ratio of the two probabilities (no linkage versus a specified 
degree of linkage) is determined. This ratio expresses the 
odds for (and against) that degree of linkage, and because 
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the logarithm of the ratio is used, it is known as the 
logarithm of the odds, e.g. an lod score. A lod score equal to 
or greater than 3, for example, is taken to confirm that gene 
and marker are linked. This represents 1000:1 odds that the 
two loci are linked. Calculations of linkage is greatly facili 
tated by use of statistical analysis employing programs. 
0059. The genetic linkage of marker molecules can be 
established by a gene mapping model Such as, without 
limitation, the flanking marker model reported by Lander 
and Botstein (1989), and the interval mapping, based on 
maximum likelihood methods described by Lander and 
Botstein (1989), and implemented in the software package 
MAPMAKER/QTL. Additional software includes Qgene, 
Version 2.23 (1996) (Department of Plant Breeding and 
Biometry, 266 Emerson Hall, Cornell University, Ithaca, 
N.Y.). 
0060) B. Inherited Markers 
0061 Genetic markers comprise detected differences 
(polymorphisms) in the genetic information carried by two 
or more plants. Genetic mapping of a locus with genetic 
markers typically requires two fundamental components: 
detectably polymorphic alleles and recombination or segre 
gation of those alleles. In plants, the recombination mea 
sured is virtually always meiotic, and therefore, the two 
inherent requirements of plant gene mapping are polymor 
phic genetic markers and one or more plants in which those 
alleles are segregating. 
0062 Markers are preferably inherited in codominant 
fashion so that the presence of both alleles at a diploid locus 
is readily detectable, and they are free of environmental 
variation, i.e., their heritability is 1. A marker genotype 
typically comprises two marker alleles at each locus in a 
diploid organism such as Soybeans. The marker allelic 
composition of each locus can be either homozygous or 
heterozygous. Homozygosity is a condition where both 
alleles at a locus are characterized by the same nucleotide 
sequence. Heterozygosity refers to different conditions of 
the gene at a locus. 
0063 A number of different marker types are available 
for use in genetic mapping. Exemplary genetic marker types 
for use with the invention include, but are not limited to, 
restriction fragment length polymorphisms (RFLPs), simple 
sequence length polymorphisms (SSLPs), amplified frag 
ment length polymorphisms (AFLPs), single nucleotide 
polymorphisms (SNPs), nucleotide insertions and/or dele 
tions (INDELS) and isozymes. Polymorphisms comprising 
as little as a single nucleotide change can be assayed in a 
number of ways. For example, detection can be made by 
electrophoretic techniques including a single strand confor 
mational polymorphism (Orita et al., 1989), denaturing 
gradient gel electrophoresis (Myers et al., 1985), or cleavage 
fragment length polymorphisms (Life Technologies, Inc., 
Gathersberg, Md. 20877), but the widespread availability of 
DNA sequencing machines often makes it easier to just 
sequence amplified products directly. Once the polymorphic 
sequence difference is known, rapid assays can be designed 
for progeny testing, typically involving some version of 
PCR amplification of specificalleles (PASA, Sommer, et al., 
1992), or PCR amplification of multiple specific alleles 
(PAMSA, Dutton and Sommer, 1991). 
0064 One method for detection of SNPs in DNA samples 

is by use of PCR in combination with fluorescent probes for 
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the polymorphism, as described in Livak et al., 1995 and 
U.S. Pat. No. 5,604,099, incorporated herein by reference. 
Briefly, two probe oligonucleotides, one of which anneals to 
the SNP site and the other which anneals to the wild type 
sequence, are synthesized. It is preferable that the site of the 
SNP be near the 5' terminus of the probe oligonucleotides. 
Each probe is then labeled on the 3' end with a non 
fluorescent quencher and a minor groove binding moiety 
which lower background fluorescence and lower the T of 
the oligonucleotide, respectively. The 5' ends of each probe 
are labeled with a different fluorescent dye wherein fluores 
cence is dependent upon the dye being cleaved from the 
probe. Some non-limiting examples of Such dyes include 
VICTM and 6-FAMTM. DNA suspected of comprising a given 
SNP is then subjected to PCR using a polymerase with 5'-3' 
exonuclease activity and flanking primers. PCR is per 
formed in the presence of both probe oligonucleotides. If the 
probe is bound to a complimentary sequence in the test DNA 
then exonuclease activity of the polymerase releases a 
fluorescent label activating its fluorescent activity. There 
fore, test DNA that contains only wild type sequence will 
exhibit fluorescence associated with the label on the wild 
type probe. On the other hand, DNA containing only the 
SNP sequence will have fluorescent activity from the label 
on the SNP probe. However, in the case that the DNA is from 
heterogeneous sources, significant fluorescence of both 
labels will be observed. This type of indirect genotyping at 
known SNP sites enables high throughput, inexpensive 
screening of DNA samples. Thus such a system is ideal for 
the identification of progeny Soybean plants comprising 
mutant Gy alleles. 
0065 Restriction fragment length polymorphisms 
(RFLPs) are genetic differences detectable by DNA frag 
ment lengths, typically revealed by agarose gel electro 
phoresis, after restriction endonuclease digestion of DNA. 
There are large numbers of restriction endonucleases avail 
able, characterized by their nucleotide cleavage sites and 
their source, e.g., EcoRI. RFLPs result from both single-bp 
polymorphisms within restriction site sequences and mea 
Surable insertions or deletions within a given restriction 
fragment. RFLPs are easy and relatively inexpensive to 
generate (require a cloned DNA, but no sequence) and are 
co-dominant. RFLPs have the disadvantage of being labor 
intensive in the typing stage, although this can be alleviated 
to some extent by multiplexing many of the tasks and 
reutilization of blots. Most RFLP are biallelic and of lesser 
polymorphic content than microsatellites. For these reasons, 
the use of RFLP in plant genetic maps has waned. 
0066 One of skill in the art would recognize that many 
types of molecular markers are useful as tools to monitor 
genetic inheritance and are not limited to RFLPs, SSRs and 
SNPs, and one of skill would also understand that a variety 
of detection methods may be employed to track the various 
molecular markers. One skilled in the art would also rec 
ognize that markers of different types may be used for 
mapping, especially as technology evolves and new types of 
markers and means for identification are identified. 

0067 For purposes of convenience, inherited marker 
genotypes may be converted to numerical scores, e.g., if 
there are 2 forms of an SNP, or other marker, designated A 
and B, at a particular locus using a particular enzyme, then 
diploid complements may be converted to a numerical score, 
for example, are AA=2, AB=1, and BB=0; or AA=1, AB=0 
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and BB=-1. The absolute values of the scores are not 
important. What is important is the additive nature of the 
numeric designations. The above scores relate to codomi 
nant markers. A similar scoring system can be given that is 
consistent with dominant markers. 

0068 C. Marker Assisted Selection 
0069. The invention provides soybean plants with 
increased B-conglycinin content in combination with a com 
mercially significant yield and agronomically elite charac 
teristics. Such plants may be produced in accordance with 
the invention by marker assisted selection methods com 
prising assaying genomic DNA for the presence of markers 
that are genetically linked to the non-transgenic, mutant 
Gy 1, Gy2, Gy3, Gy4, or Gy5 alleles, including all possible 
combinations thereof. The invention also provides soybean 
plants with reduced lipoxygenase content. Such plants may 
be produced in accordance with the invention by marker 
assisted selection methods comprising assaying genomic 
DNA for the presence of markers that are genetically linked 
to the non-transgenic, mutant LOX1, LOX2, or LOX3 alleles, 
including all possible combinations thereof. 
0070. In certain embodiments of the invention, it may be 
desired to obtain additional markers linked to Gy alleles. 
This may be carried out, for example, by first preparing an 
F. population by selfing an F, hybrid produced by crossing 
inbred varieties only one of which comprises mutant Gy 
allele conferring decreased glycinin content. Recombinant 
inbred lines (RIL) (genetically related lines; usually >Fs, 
developed from continuously selfing F lines towards 
homozygosity) can then be prepared and used as a mapping 
population. Information obtained from dominant markers 
can be maximized by using RIL because all loci are homozy 
gous or nearly so. It may also be desired to obtain additional 
markers linked to Lox alleles. This may be carried out, for 
example, by first preparing an F. population by selfing an F. 
hybrid produced by crossing inbred varieties only one of 
which comprises a mutant LoX allele conferring decreased 
lipoxygenase content. As above, recombinant inbred lines 
can then be prepared and used as a mapping population, and 
information obtained from dominant markers can be maxi 
mized by using RIL because all loci are homozygous or 
nearly so. 
0071. The invention also provides soybean plants with 
reduced content of KTI, such as a KTI-null trait, which may 
be obtained by marker assisted selection and provided in 
combination with commercially significant yield and agro 
nomically elite characteristics. Such plants may be defined, 
in certain embodiments of the invention, as having a yield in 
excess of about 35, 37, 39, 41, 43 or 45 bushels per acre over 
at least 10 environments. In certain embodiments of the 
invention, the markers used for Such marker assisted selec 
tion may include SNPs or INDELs. In specific embodiments 
of the invention, the one or more INDEL(s) may be found 
in a gene encoding Kunitz, Trypsin inhibitor. In one embodi 
ment of the invention, the marker may comprise a deletion 
at position 622-623 and/or an insertion at position 664 in a 
gene encoding Kunitz, Trypsin Inhibitor (SEQ ID NO:167) 
as shown in FIG. 9, and the plants may be produced in 
accordance with the invention by marker assisted selection 
methods comprising assaying genomic DNA for the pres 
ence of Such markers. 

0072 Backcross populations (e.g., generated from a cross 
between a desirable variety (recurrent parent) and another 
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variety (donor parent)) carrying a trait not present in the 
former can also be utilized as a mapping population. A series 
of backcrosses to the recurrent parent can be made to recover 
most of its desirable traits. Thus a population is created 
consisting of individuals similar to the recurrent parent but 
each individual carries varying amounts of genomic regions 
from the donor parent. Backcross populations can be useful 
for mapping dominant markers if all loci in the recurrent 
parent are homozygous and the donor and recurrent parent 
have contrasting polymorphic marker alleles (Reiter et al., 
1992). 
0073 Useful populations for mapping purposes are near 
isogenic lines (NIL). NILs are created by many backcrosses 
to produce an array of individuals that are nearly identical in 
genetic composition except for the desired trait or genomic 
region can be used as a mapping population. In mapping 
with NILs, only a portion of the polymorphic loci are 
expected to map to a selected region. Mapping may also be 
carried out on transformed plant lines. 
0074 D. Plant Breeding Methods 
0075 Certain aspects of the invention provide methods 
for marker assisted breeding of plants that enable the intro 
duction of non-transgenic, mutant Gy alleles into a heter 
ologous soybean genetic background. Certain aspects of the 
invention also provide methods for marker assisted breeding 
of plants that enable the introduction of non-transgenic, 
mutant LoX alleles into a heterologous Soybean genetic 
background. In general, breeding techniques take advantage 
of a plant's method of pollination. There are two general 
methods of pollination: self-pollination which occurs if 
pollen from one flower is transferred to the same or another 
flower of the same plant, and cross-pollination which occurs 
if pollen comes to it from a flower on a different plant. Plants 
that have been self-pollinated and selected for type over 
many generations become homozygous at almost all gene 
loci and produce a uniform population of true breeding 
progeny, homozygous plants. 

0076. In development of suitable varieties, pedigree 
breeding may be used. The pedigree breeding method for 
specific traits involves crossing two genotypes. Each geno 
type can have one or more desirable characteristics lacking 
in the other; or, each genotype can complement the other. If 
the two original parental genotypes do not provide all of the 
desired characteristics, other genotypes can be included in 
the breeding population. Superior plants that are the prod 
ucts of these crosses are selfed and are again advanced in 
each Successive generation. Each Succeeding generation 
becomes more homogeneous as a result of self-pollination 
and selection. Typically, this method of breeding involves 
five or more generations of selfing and selection: S1->S2: 
S2->S3; S3->S4; S4->S5, etc. A selfed generation (S) may 
be considered to be a type offilial generation (F) and may 
be named F as Such. After at least five generations, the 
inbred plant is considered genetically pure. 
0077. Each breeding program should include a periodic, 
objective evaluation of the efficiency of the breeding pro 
cedure. Evaluation criteria vary depending on the goal and 
objectives. Promising advanced breeding lines are thor 
oughly tested and compared to appropriate standards in 
environments representative of the commercial target area(s) 
for generally three or more years. Identification of individu 
als that are genetically Superior is difficult because genotypic 
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value can be masked by confounding plant traits or envi 
ronmental factors. One method of identifying a Superior 
plant is to observe its performance relative to other experi 
mental plants and to one or more widely grown standard 
varieties. Single observations can be inconclusive, while 
replicated observations provide a better estimate of genetic 
worth. 

0078 Mass and recurrent selections can be used to 
improve populations of either self-or cross-pollinating 
crops. A genetically variable population of heterozygous 
individuals is either identified or created by intercrossing 
several different parents. The best plants are 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 selec 
tion are continued. Descriptions of other breeding methods 
that are commonly used for different traits and crops can be 
found in one of several reference books (e.g., Allard, 1960; 
Simmonds, 1979; Sneep et al., 1979: Fehr, 1987 a, b). 
0079 The effectiveness of selecting for genotypes with 

traits of interest (e.g., high yield, disease resistance, fatty 
acid profile) in a breeding program will depend upon: 1) the 
extent to which the variability in the traits of interest of 
individual plants in a population is the result of genetic 
factors and is thus transmitted to the progenies of the 
selected genotypes; and 2) how much the variability in the 
traits of interest among the plants is due to the environment 
in which the different genotypes are growing. The inherit 
ance of traits ranges from control by one major gene whose 
expression is not influenced by the environment (i.e., quali 
tative characters) to control by many genes whose effects are 
greatly influenced by the environment (i.e., quantitative 
characters). Breeding for quantitative traits such as yield is 
further characterized by the fact that: 1) the differences 
resulting from the effect of each gene are Small, making it 
difficult or impossible to identify them individually; 2) the 
number of genes contributing to a character is large, so that 
distinct segregation ratios are seldom if ever obtained; and 
3) the effects of the genes may be expressed in different ways 
based on environmental variation. Therefore, the accurate 
identification of transgressive segregates or Superior geno 
types with the traits of interest is extremely difficult and its 
success is dependent on the plant breeder's ability to mini 
mize the environmental variation affecting the expression of 
the quantitative character in the population. 

0080. The likelihood of identifying a transgressive seg 
regant is greatly reduced as the number of traits combined 
into one genotype is increased. For example, if a cross is 
made between cultivars differing in three complex charac 
ters, such as yield, B-conglycinin content and at least a first 
agronomic trait, it is extremely difficult without molecular 
tools to recover simultaneously by recombination the maxi 
mum number of favorable genes for each of the three 
characters into one genotype. Consequently, all the breeder 
can generally hope for is to obtain a favorable assortment of 
genes for the first complex character combined with a 
favorable assortment of genes for the second character into 
one genotype in addition to a selected gene. 

0081 Backcrossing is an efficient method for transferring 
specific desirable traits. This can be accomplished, for 
example, by first crossing a Superior variety inbred (A) 
(recurrent parent) to a donor inbred (non-recurrent parent), 
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which carries the appropriate gene(s) for the trait in question 
(Fehr, 1987). The progeny of this cross are then mated back 
to the superior recurrent parent (A) followed by selection in 
the resultant progeny for the desired trait to be transferred 
from the non-recurrent parent. Such selection can be based 
on genetic assays, as mentioned below, or alternatively, can 
be based on the phenotype of the progeny plant. After five 
or more backcross generations with selection for the desired 
trait, the progeny are heterozygous for loci controlling the 
characteristic being transferred, but are like the superior 
parent for most or almost all other genes. The last generation 
of the backcross is selfed, or sibbed, to give pure breeding 
progeny for the gene(s) being transferred, for example, loci 
providing the plant with decreased seed glycinin content. 
0082 In one embodiment of the invention, the process of 
backcross conversion may be defined as a process including 
the steps of: 

0083 (a) crossing a plant of a first genotype containing 
one or more desired gene, DNA sequence or element, 
such as mutant Gy1, Gy2, Gy3, Gy4, and/or Gy5 alleles 
associated with decreased seed glycinin content, to a 
plant of a second genotype lacking said desired gene, 
DNA sequence or element; 

0084 (b) selecting one or more progeny plant(s) con 
taining the desired gene, DNA sequence or element; 

0085 (c) crossing the progeny plant to a plant of the 
second genotype; and 

0086) (d) repeating steps (b) and (c) for the purpose of 
transferring said desired gene, DNA sequence or ele 
ment from a plant of a first genotype to a plant of a 
Second genotype. 

0087 Introgression of a particular DNA element or set of 
elements into a plant genotype is defined as the result of the 
process of backcross conversion. A plant genotype into 
which a DNA sequence has been introgressed may be 
referred to as a backcross converted genotype, line, inbred, 
or hybrid. Similarly a plant genotype lacking the desired 
DNA sequence may be referred to as an unconverted geno 
type, line, inbred, or hybrid. During breeding, the genetic 
markers linked to decreased glycinin content may be used to 
assist in breeding for the purpose of producing soybean 
plants with decreased glycinin content and preferably 
increased B-conglycinin content. Backcrossing and marker 
assisted selection in particular can be used with the present 
invention to introduce the decreased glycinin content trait in 
accordance with the current invention into any variety by 
conversion of that variety with non-transgenic, mutant Gyl, 
Gy2, Gy3, Gy4, and/or Gy5 alleles associated. 
0088. The selection of a suitable recurrent parent is an 
important step for a successful backcrossing procedure. The 
goal of a backcross protocol is to alter or Substitute a trait or 
characteristic in the original inbred. To accomplish this, one 
or more loci of the recurrent inbred is modified or substituted 
with the desired gene from the nonrecurrent parent, while 
retaining essentially all of the rest of the desired genetic, and 
therefore the desired physiological and morphological, con 
stitution of the original inbred. The choice of the particular 
nonrecurrent parent will depend on the purpose of the 
backcross, which in the case of the present invention may be 
to add one or more allele(s) conferring decreased glycinin 
content. The exact backcrossing protocol will depend on the 
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characteristic or trait being altered to determine an appro 
priate testing protocol. Although backcrossing methods are 
simplified when the characteristic being transferred is a 
dominant allele, a recessive allele may also be transferred. In 
this instance it may be necessary to introduce a test of the 
progeny to determine if the desired characteristic has been 
Successfully transferred. In the case of the present invention, 
one may test the glycinin content of progeny lines generated 
during the backcrossing program, for example by SDS 
PAGE/Coomassie staining as well as using the marker 
system described herein to select lines based upon markers 
rather than visual traits. 

0089 Soybean plants (Glycine max L.) can be crossed by 
either natural or mechanical techniques (see, e.g., Fehr, 
1980). Natural pollination occurs in soybeans either by self 
pollination or natural cross pollination, which typically is 
aided by pollinating organisms. In either natural or artificial 
crosses, flowering and flowering time are an important 
consideration. Soybean is a short-day plant, but there is 
considerable genetic variation for sensitivity to photoperiod 
(Hamner, 1969: Criswell and Hume, 1972). The critical day 
length for flowering ranges from about 13 h for genotypes 
adapted to tropical latitudes to 24h for photoperiod-insen 
sitive genotypes grown at higher latitudes (Shibles et al., 
1975). Soybeans seem to be insensitive to day length for 9 
days after emergence. Photoperiods shorter than the critical 
day length are required for 7 to 26 days to complete flower 
induction (Borthwick and Parker, 1938: Shanmugasundaram 
and Tsou, 1978). 
0090. Either with or without emasculation of the female 
flower, hand pollination can be carried out by removing the 
stamens and pistill with a forceps from a flower of the male 
parent and gently brushing the anthers against the Stigma of 
the female flower. Access to the stamens can be achieved by 
removing the front sepal and keel petals, or piercing the keel 
with closed forceps and allowing them to open to push the 
petals away. Brushing the anthers on the Stigma causes them 
to rupture, and the highest percentage of Successful crosses 
is obtained when pollen is clearly visible on the stigma. 
Pollen shed can be checked by tapping the anthers before 
brushing the stigma. Several male flowers may have to be 
used to obtain suitable pollen shed when conditions are 
unfavorable, or the same male may be used to pollinate 
several flowers with good pollen shed. 

0.091 Genetic male sterility is available in soybeans and 
may be useful to facilitate hybridization in the context of the 
current invention, particularly for recurrent selection pro 
grams (Brim and Stuber, 1973). The distance required for 
complete isolation of a crossing block is not clear; however, 
outcrossing is less than 0.5% when male-sterile plants are 12 
m or more from a foreign pollen Source (Boerma and 
Moradshahi, 1975). Plants on the boundaries of a crossing 
block probably Sustain the most outcrossing with foreign 
pollen and can be eliminated at harvest to minimize con 
tamination. 

0092. Once harvested, pods are typically air-dried at not 
more than 38° C. until the seeds contain 13% moisture or 
less, then the seeds are removed by hand. Seed can be stored 
satisfactorily at about 25° C. for up to a year if relative 
humidity is 50% or less. In humid climates, germination 
percentage declines rapidly unless the seed is dried to 7% 
moisture and stored in an air-tight container at room tem 
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perature. Long-term storage in any climate is best accom 
plished by drying seed to 7% moisture and storing it at 110° 
C. or less in a room maintained at 50% relative humidity or 
in an air-tight container. 

III. TRAITS FOR MODIFICATION AND 
IMPROVEMENT OF SOYBEAN VARIETIES 

0093. In certain embodiments, a soybean plant provided 
by the invention may comprise one or more transgene(s). 
One example of Such a transgene confers herbicide resis 
tance. Common herbicide resistance genes include an 
EPSPS gene conferring glyphosate resistance, a neomycin 
phosphotransferase II (nptII) gene conferring resistance to 
kanamycin (Fraley et al., 1983), a hygromycin phospho 
transferase gene conferring resistance to the antibiotic 
hygromycin (Vanden Elzen et al., 1985), genes conferring 
resistance to glufosinate or broxynil (Comai et al., 1985; 
Gordon-Kamm et al., 1990; Stalker et al., 1988) such as 
dihydrofolate reductase and acetolactate synthase (Eichholtz 
et al., 1987, Shah et al., 1986, Charest et al., 1990). Further 
examples include mutant ALS and AHAS enzymes confer 
ring resistance to imidazalinone or a Sulfonylurea (Lee et al., 
1988: Miki et al., 1990), a phosphinothricin-acetyl-trans 
ferase gene conferring phosphinothricin resistance (Euro 
pean Applin. O 242 246), genes conferring resistance to 
phenoxy proprionic acids and cycloshexones, such as set 
hoxydim and haloxyfop (Marshall et al., 1992); and genes 
conferring resistance to triazine (psbA and gS+genes) and 
benzonitrile (nitrilase gene) (Przibila et al., 1991). 
0094. A plant of the invention may also comprise a gene 
that confers resistance to insect, pest, viral or bacterial 
attack. For example, a gene conferring resistance to a pest, 
such as soybean cyst nematode was described in PCT 
Application WO96/30517 and PCT Application WO93/ 
19181. Jones et al., (1994) describe cloning of the tomato 
Cf-9 gene for resistance to Cladosporium fillvum); Martin et 
al., (1993) describe a tomato Pto gene for resistance to 
Pseudomonas Syringae pv. and Mindrinos et al., (1994) 
describe an Arabidopsis RSP2 gene for resistance to 
Pseudomonas Syringae. Bacillus thuringiensis endotoxins 
may also be used for insect resistance. (See, for example, 
Geiser et al., (1986). A vitamin-binding protein such as 
avidin may also be used as a larvicide (PCT application 
US93/06487). 
0095 The use of use of viral coat proteins in transformed 
plant cells is known to impart resistance to viral infection 
and/or disease development affected by the virus from which 
the coat protein gene is derived, as well as by related viruses. 
(See Beachy et al., 1990). Coat protein-mediated resistance 
has been conferred upon transformed plants against alfalfa 
mosaic virus, cucumber mosaic virus, tobacco streak virus, 
potato virus X, potato virus Y. tobacco etch virus, tobacco 
rattle virus and tobacco mosaic virus. Id. Developmental 
arrestive proteins produced in nature by a pathogen or a 
parasite may also be used. For example, Logemann et al., 
(1992), have shown that transgenic plants expressing the 
barley ribosome-inactivating gene have an increased resis 
tance to fungal disease. 
0096. Transgenes may also be used conferring increased 
nutritional value or another value-added trait. One example 
is modified fatty acid metabolism, for example, by trans 
forming a plant with an antisense gene of Stearoyl-ACP 
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desaturase to increase Stearic acid content of the plant. (See 
Knutzon et al., 1992). A sense desaturase gene may also be 
introduced to alter fatty acid content. Phytate content may be 
modified by introduction of a phytase-encoding gene to 
enhance breakdown of phytate, adding more free phosphate 
to the transformed plant. Modified carbohydrate composi 
tion may also be affected, for example, by transforming 
plants with a gene coding for an enzyme that alters the 
branching pattern of starch. (See Shiroza et al., 1988) 
(nucleotide sequence of Streptococcus mutans fructosyl 
transferase gene); Steinmetz et al., (1985) (nucleotide 
sequence of Bacillus subtilis levansucrase gene); Pen et al., 
(1992) (production of transgenic plants that express Bacillus 
licheniformis C.-amylase); Elliot et al., (1993) (nucleotide 
sequences of tomato invertase genes); Søgaard et al., (1993) 
(site-directed mutagenesis of barley C.-amylase gene); and 
Fisher et al., (1993) (maize endosperm starch branching 
enzyme II)). 

0097 Transgenes may also be used to alter protein 
metabolism. For example, U.S. Pat. No. 5,545,545 describes 
lysine-insensitive maize dihydrodipicolinic acid synthase 
(DHPS), which is substantially resistant to concentrations of 
L-lysine which otherwise inhibit the activity of native 
DHPS. Similarly, EP 0640141 describes sequences encoding 
lysine-insensitive aspartokinase (AK) capable of causing a 
higher than normal production of threonine, as well as a 
Subfragment encoding anti sense lysine ketoglutarate reduc 
tase for increasing lysine. 

0098. In another embodiment, a transgene may be 
employed that alters plant carbohydrate metabolism. For 
example, fructokinase genes are known for use in metabolic 
engineering of fructokinase gene expression in transgenic 
plants and their fruit (see U.S. Pat. No. 6,031,154). A further 
example of transgenes that may be used are genes that alter 
grain yield. For example, U.S. Pat. No. 6,486.383 describes 
modification of starch content in plants with Subunit proteins 
of adenosine diphosphoglucose pyrophosphorylase (ADPG 
PPase'). In EP0797673, transgenic plants are discussed in 
which the introduction and expression of particular DNA 
molecules results in the formation of easily mobilized phos 
phate pools outside the vacuole and an enhanced biomass 
production and/or altered flowering behavior. Still further 
known are genes for altering plant maturity. U.S. Pat. No. 
6,774.284 describes DNA encoding a plant lipase and meth 
ods of use thereof for controlling senescence in plants. U.S. 
Pat. No. 6,140,085 discusses FCA genes for altering flow 
ering characteristics, particularly timing of flowering. U.S. 
Pat. No. 5,637,785 discusses genetically modified plants 
having modulated flower development Such as having early 
floral meristem development and comprising a structural 
gene encoding the LEAFY protein in its genome. 

0099 Genes for altering plant morphological character 
istics are also known and may be used in accordance with 
the invention. U.S. Pat. No. 6,184,440 discusses genetically 
engineered plants which display altered structure or mor 
phology as a result of expressing a cell wall modulation 
transgene. Examples of cell wall modulation transgenes 
include a cellulose binding domain, a cellulose binding 
protein, or a cell wall modifying protein or enzyme Such as 
endoxyloglucan transferase, Xyloglucan endo-transglycosy 
lase, an expansin, cellulose synthase, or a novel isolated 
endo-1,4-B-glucanase. 
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0.100 Methods for introduction of a transgene are well 
known in the art and include biological and physical, plant 
transformation protocols. See, for example, Miki et al. 
(1993). 
0101. Once a transgene is introduced into a variety it may 
readily be transferred by crossing. By using backcrossing, 
essentially all of the desired morphological and physiologi 
cal characteristics of a variety are recovered in addition to 
the locus transferred into the variety via the backcrossing 
technique. Backcrossing methods can be used with the 
present invention to improve or introduce a characteristic 
into a plant (Poehlman et al., 1995: Fehr, 1987 a, b). 

IV. TISSUE CULTURES AND IN VITRO 
REGENERATION OF SOYBEAN PLANTS 

0102) A further aspect of the invention relates to tissue 
cultures of a soybean variety of the invention. As used 
herein, the term “tissue culture' indicates a composition 
comprising isolated cells of the same or a different type or 
a collection of Such cells organized into parts of a plant. 
Exemplary types of tissue cultures are protoplasts, calli and 
plant cells that are intact in plants or parts of plants, such as 
embryos, pollen, flowers, leaves, roots, root tips, anthers, 
and the like. In a preferred embodiment, the tissue culture 
comprises embryos, protoplasts, meristematic cells, pollen, 
leaves or anthers. 

0.103 Exemplary procedures for preparing tissue cultures 
of regenerable Soybean cells and regenerating soybean 
plants therefrom, are disclosed in U.S. Pat. No. 4,992.375: 
U.S. Pat. No. 5,015,580; U.S. Pat. No. 5,024,944, and U.S. 
Pat. No. 5,416,011, each of the disclosures of which is 
specifically incorporated herein by reference in its entirety. 
0104. An important ability of a tissue culture is the 
capability to regenerate fertile plants. This allows, for 
example, transformation of the tissue culture cells followed 
by regeneration of transgenic plants. For transformation to 
be efficient and successful, DNA must be introduced into 
cells that give rise to plants or germ-line tissue. 
0105 Soybeans typically are regenerated via two distinct 
processes; shoot morphogenesis and Somatic embryogenesis 
(Finer, 1996). Shoot morphogenesis is the process of shoot 
meristem organization and development. Shoots grow out 
from a source tissue and are excised and rooted to obtain an 
intact plant. During Somatic embryogenesis, an embryo 
(similar to the Zygotic embryo), containing both shoot and 
root axes, is formed from Somatic plant tissue. An intact 
plant rather than a rooted shoot results from the germination 
of the somatic embryo. 
0106 Shoot morphogenesis and somatic embryogenesis 
are different processes and the specific route of regeneration 
is primarily dependent on the explant source and media used 
for tissue culture manipulations. While the systems are 
different, both systems show variety-specific responses 
where some lines are more responsive to tissue culture 
manipulations than others. A line that is highly responsive in 
shoot morphogenesis may not generate many Somatic 
embryos. Lines that produce large numbers of embryos 
during an induction step may not give rise to rapidly 
growing proliferative cultures. Therefore, it may be desired 
to optimize tissue culture conditions for each soybean line. 
These optimizations may readily be carried out by one of 
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skill in the art of tissue culture through small-scale culture 
studies. In addition to line-specific responses, proliferative 
cultures can be observed with both shoot morphogenesis and 
somatic embryogenesis. Proliferation is beneficial for both 
systems, as it allows a single, transformed cell to multiply to 
the point that it will contribute to germ-line tissue. 
0107 Shoot morphogenesis was first reported by Wright 
et al. (1986) as a system whereby shoots were obtained de 
novo from cotyledonary nodes of soybean seedlings. The 
shoot meristems were formed Subepidermally and morpho 
genic tissue could proliferate on a medium containing ben 
Zyl adenine (BA). This system can be used for transforma 
tion if the subepidermal, multicellular origin of the shoots is 
recognized and proliferative cultures are utilized. The idea is 
to target tissue that will give rise to new shoots and prolif 
erate those cells within the meristematic tissue to lessen 
problems associated with chimerism. Formation of chime 
ras, resulting from transformation of only a single cell in a 
meristem, are problematic if the transformed cell is not 
adequately proliferated and does not give rise to germ-line 
tissue. Once the system is well understood and reproduced 
satisfactorily, it can be used as one target tissue for Soybean 
transformation. 

0108) Somatic embryogenesis in soybean was first 
reported by Christianson et al. (1983) as a system in which 
embryogenic tissue was initially obtained from the Zygotic 
embryo axis. These embryogenic cultures were proliferative 
but the repeatability of the system was low and the origin of 
the embryos was not reported. Later histological studies of 
a different proliferative embryogenic soybean culture 
showed that proliferative embryos were of apical or surface 
origin with a small number of cells contributing to embryo 
formation. The origin of primary embryos (the first embryos 
derived from the initial explant) is dependent on the explant 
tissue and the auxin levels in the induction medium 
(Hartweck et al., 1988). With proliferative embryonic cul 
tures, single cells or Small groups of Surface cells of the 
older somatic embryos form the newer embryos. 
0109 Embryogenic cultures can also be used success 
fully for regeneration, including regeneration of transgenic 
plants, if the origin of the embryos is recognized and the 
biological limitations of proliferative embryogenic cultures 
are understood. Biological limitations include the difficulty 
in developing proliferative embryogenic cultures and 
reduced fertility problems (culture-induced variation) asso 
ciated with plants regenerated from long-term proliferative 
embryogenic cultures. Some of these problems are accen 
tuated in prolonged cultures. The use of more recently 
cultured cells may decrease or eliminate Such problems. 

V. UTILIZATION OF SOYBEAN PLANTS 

0110. A soybean plant provided by the invention may be 
used for any purpose deemed of value. Common uses 
include the preparation of food for human consumption, 
feed for non-human animal consumption and industrial uses. 
As used herein, “industrial use or “industrial usage” refers 
to non-food and non-feed uses for Soybeans or Soy-based 
products. 
0111 Soybeans are commonly processed into two pri 
mary products, soybean protein (meal) and crude Soybean 
oil. Both of these products are commonly further refined for 
particular uses. Refined oil products can be broken down 
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into glycerol, fatty acids and sterols. These can be for food, 
feed or industrial usage. Edible food product use examples 
include coffee creamers, margarine, mayonnaise, pharma 
ceuticals, Salad dressings, shortenings, bakery products, and 
chocolate coatings. 
0112 Soy protein products (e.g., meal), can be divided 
into soy flour concentrates and isolates which have both 
food/feed and industrial use. Soy flour and grits are often 
used in the manufacturing of meat extenders and analogs, 
pet foods, baking ingredients and other food products. Food 
products made from soy flour and isolate include baby food, 
candy products, cereals, food drinks, noodles, yeast, beer, 
ale, etc. Soybean meal in particular is commonly used as a 
Source of protein in livestock feeding, primarily Swine and 
poultry. Feed uses thus include, but are not limited to, 
aquaculture feeds, bee feeds, calf feed replacers, fish feed, 
livestock feeds, poultry feeds and pet feeds, etc. 
0113) Whole soybean products can also be used as food 
or feed. Common food usage includes products such as the 
seed, bean sprouts, baked soybean, full fat soy flour used in 
various products of baking, roasted Soybean used as con 
fectioneries, soy nut butter, soy coffee, and other Soy deriva 
tives of oriental foods. For feed usage, hulls are commonly 
removed from the soybean and used as feed. 
0114 Soybeans additionally have many industrial uses. 
One common industrial usage for soybeans is the prepara 
tion of binders that can be used to manufacture composites. 
For example, wood composites may be produced using 
modified soy protein, a mixture of hydrolyzed soy protein 
and PF resins, soy flour containing powder resins, and Soy 
protein containing foamed glues. Soy-based binders have 
been used to manufacture common wood products Such as 
plywood for over 70 years. Although the introduction of 
urea-formaldehyde and phenol-formaldehyde resins has 
decreased the usage of Soy-based adhesives in wood prod 
ucts, environmental concerns and consumer preferences for 
adhesives made from a renewable feedstock have caused a 
resurgence of interest in developing new soy-based products 
for the wood composite industry. 
0115 Preparation of adhesives represents another com 
mon industrial usage for soybeans. Examples of soy adhe 
sives include Soy hydrolyzate adhesives and Soy flour adhe 
sives. Soy hydrolyzate is a colorless, aqueous Solution made 
by reacting soy protein isolate in a 5 percent sodium 
hydroxide solution under heat (120° C.) and pressure (30 
psig). The resulting degraded soy protein Solution is basic 
(pH 11) and flowable (approximately 500 cps) at room 
temperature. Soy flour is a finely ground, defatted meal 
made from soybeans. Various adhesive formulations can be 
made from Soy flour, with the first step commonly requiring 
dissolving the flour in a sodium hydroxide solution. The 
strength and other properties of the resulting formulation 
will vary depending on the additives in the formulation. Soy 
flour adhesives may also potentially be combined with other 
commercially available resins. 
0116 Soybean oil may find application in a number of 
industrial uses. Soybean oil is the most readily available and 
one of the lowest-cost vegetable oils in the world. Common 
industrial uses for soybean oil include use as components of 
anti-static agents, caulking compounds, disinfectants, fun 
gicides, inks, paints, protective coatings, wallboard, anti 
foam agents, alcohol, margarine, paint, ink, rubber, short 
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ening, cosmetics, etc. Soybean oils have also for many years 
been a major ingredient in alkyd resins, which are dissolved 
in carrier Solvents to make oil-based paints. The basic 
chemistry for converting vegetable oils into an alkyd resin 
under heat and pressure is well understood to those of skill 
in the art. 

0117 Soybean oil in its commercially available unrefined 
or refined, edible-grade state, is a fairly stable and slow 
drying oil. Soybean oil can also be modified to enhance its 
reactivity under ambient conditions or, with the input of 
energy in various forms, to cause the oil to copolymerize or 
cure to a dry film. Some of these forms of modification have 
included epoxidation, alcoholysis or tranesterification, direct 
esterification, metathesis, isomerization, monomer modifi 
cation, and various forms of polymerization, including heat 
bodying. The reactive linoleic-acid component of soybean 
oil with its double bonds may be more useful than the 
predominant oleic- and linoleic-acid components for many 
industrial uses. 

0118 Solvents can also be prepared using soy-based 
ingredients. For example, methyl Soyate, a Soybean-oil 
based methyl ester, is gaining market acceptance as an 
excellent solvent replacement alternative in applications 
Such as parts cleaning and degreasing, paint and ink 
removal, and oil spill remediation. It is also being marketed 
in numerous formulated consumer products including hand 
cleaners, car waxes and graffiti removers. Methyl Soyate is 
produced by the transesterification of soybean oil with 
methanol. It is commercially available from numerous 
manufacturers and Suppliers. As a solvent, methyl Soyate has 
important environmental- and safety-related properties that 
make it attractive for industrial applications. It is lower in 
toxicity than most other solvents, is readily biodegradable, 
and has a very high flash point and a low level of volatile 
organic compounds (VOCs). The compatibility of methyl 
Soyate is excellent with metals, plastics, most elastomers and 
other organic solvents. Current uses of methyl Soyate 
include cleaners, paint Strippers, oil spill cleanup and biore 
mediation, pesticide adjuvants, corrosion preventives and 
biodiesel fuels additives. 

VI DEPOSIT INFORMATION 

0119) Deposits of at least 2500 seeds of the soybean lines 
B2G2 and Pedigree 3 disclosed herein have been made with 
the American Type Culture Collection (ATCC), 10801 Uni 
versity Boulevard, Manassas, Va. 20110-2209 USA on Jul. 
28, 2005. The deposits were assigned ATCC Accession Nos. 
PTA-6893, and PTA-6892, respectively. The seeds were 
deposited with the ATCC. Access to this deposit will be 
available during the pendency of the application in accor 
dance with the Budapest Treaty. The deposits will be main 
tained in the ATCC Depository, which is a public depository, 
for a period of 30 years, or 5 years after the most recent 
request, or for the enforceable life of the patent, whichever 
is longer, and will be replaced if it becomes nonviable during 
that period. 

Mar. 22, 2007 

VII. KITS 

0.120. Any of the compositions described herein may be 
comprised in a kit. In a non-limiting example, a composition 
for the detection of a polymorphism as described herein 
and/or additional agents, may be comprised in a kit. The kits 
may thus comprise, in Suitable container means, a probe or 
primer for detection of the polymorphism and/or an addi 
tional agent of the present invention. In specific embodi 
ments, the kit will allow detection of at least one non 
transgenic Gy null allele, and may further provide for the 
detection of a lipoxygenase and/or KTI null allele, for 
example, by detection of polymorphisms in Such alleles 
and/or otherwise in linkage disequilibrium with the allele(s). 
0121 The kits may comprise a suitably aliquoted agent 
composition(s) of the present invention, whether labeled or 
unlabeled for any assay format desired to detect such alleles. 
The components of the kits may be packaged either in 
aqueous media or in lyophilized form. The container means 
of the kits will generally include at least one vial, test tube, 
flask, bottle, Syringe or other container means, into which a 
component may be placed, and preferably, Suitably ali 
quoted. Where there are more than one component in the kit, 
the kit also will generally contain a second, third or other 
additional container into which the additional components 
may be separately placed. However, various combinations 
of components may be comprised in a vial. The kits of the 
present invention also will typically include a means for 
containing the detection composition and any other reagent 
containers in close confinement for commercial sale. Such 
containers may include injection or blow-molded plastic 
containers into which the desired vials are retained. 

0122) When the components of the kit are provided in 
one and/or more liquid solutions, the liquid Solution may be 
an aqueous solution, with a sterile aqueous solution being 
particularly preferred. However, the components of the kit 
may be provided as dried powder(s). When reagents and/or 
components are provided as a dry powder, the powder can 
be reconstituted by the addition of a suitable solvent. It is 
envisioned that the solvent may also be provided in another 
container means. The container means will generally include 
at least one vial, test tube, flask, bottle, Syringe and/or other 
container means, into which the composition for detecting a 
null allele are placed, preferably, suitably allocated. The kits 
may also comprise a second container means for containing 
a sterile buffer and/or other diluent. 

0123 The kits of the present invention will also typically 
include a means for containing the vials in close confine 
ment for commercial sale. Such as, e.g., injection and/or 
blow-molded plastic containers into which the desired vials 
are retained. Irrespective of the number and/or type of 
containers, the kits of the invention may also comprise, 
and/or be packaged with, an instrument for assisting with the 
use of the detection compositions. 

VIII. DEFINITIONS 

0.124. In the description and tables which follow, a num 
ber of terms are used. In order to provide a clear and 
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consistent understanding of the specification and claims, the 
following definitions are provided: 

0125 A: When used in conjunction with the word “com 
prising or other open language in the claims, the words 'a' 
and “an denote "one or more.” 

0126 Agronomically Elite: As used herein, means a 
genotype that has a culmination of many distinguishable 
traits such as seed yield, emergence, vigor, vegetative vigor, 
disease resistance, seed set, standability and threshability 
which allows a producer to harvest a product of commercial 
significance. 

0127. Allele: Any of one or more alternative forms of a 
gene locus, all of which alleles relate to a trait or charac 
teristic. In a diploid cell or organism, the two alleles of a 
given gene occupy corresponding loci on a pair of homolo 
gous chromosomes. 
0128 Backcrossing: A process in which a breeder repeat 
edly crosses hybrid progeny, for example a first generation 
hybrid (F), back to one of the parents of the hybrid progeny. 
Backcrossing can be used to introduce one or more single 
locus conversions from one genetic background into 
another. 

0129 Commercially Significant Yield: A yield of grain 
having commercial significance to the grower represented 
by an actual grain yield of at least 95% of the check lines 
AG2703 and DKB23-51 when grown under the same con 
ditions. 

0130 Crossing: The mating of two parent plants. 

0131 Cross-pollination: Fertilization by the union of two 
gametes from different plants. 

0132) Down-regulatory mutation: For the purposes of 
this application a down regulatory mutation is defined as a 
mutation that reduces the expression levels of a protein from 
a given gene. Thus a down-regulatory mutation comprises 
null mutations. 

0133) F. Hybrid: The first generation progeny of the 
cross of two nonisogenic plants. 

0134 Genotype: The genetic constitution of a cell or 
organism. 

0135 INDEL: Genetic mutations resulting from insertion 
or deletion of nucleotide sequence. 

0136 Industrial use: A non-food and non-feed use for a 
soybean plant. The term “soybean plant includes plant parts 
and derivatives of a Soybean plant. 

0137 Linkage: A phenomenon wherein alleles on the 
same chromosome tend to segregate together more often 
than expected by chance if their transmission was indepen 
dent. 

0138 Marker: A readily detectable phenotype, preferably 
inherited in codominant fashion (both alleles at a locus in a 
diploid heterozygote are readily detectable), with no envi 
ronmental variance component, i.e., heritability of 1. 

0139 Non-transgenic mutation: A mutation that is natu 
rally occurring, or induced by conventional methods (e.g. 
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exposure of plants to radiation or mutagenic compounds), 
not including mutations made using recombinant DNA 
techniques. 

0140 Null phenotype: A null phenotype as used herein 
means that a given protein is not expressed at levels that can 
be detected. In the case of the Gy subunits, expression levels 
are determined by SDS-PAGE and Coomassie staining. 

0.141 Phenotype: The detectable characteristics of a cell 
or organism, which characteristics are the manifestation of 
gene expression. 

0.142 Quantitative Trait Loci (QTL): Quantitative trait 
loci (QTL) refer to genetic loci that control to some degree 
numerically representable traits that are usually continu 
ously distributed. 

0.143 SNP: Refers to single nucleotide polymorphisms, 
or single nucleotide mutations when comparing two 
homologous sequences. 

0.144 Stringent Conditions: Refers to nucleic acid 
hybridization conditions of 5xSSC, 50% formamide and 42 
C. 

0145 Substantially Equivalent: A characteristic that, 
when compared, does not show a statistically significant 
difference (e.g., p=0.05) from the mean. 

0146 Tissue Culture: A composition comprising isolated 
cells of the same or a different type or a collection of such 
cells organized into parts of a plant. 

0147 Transgene: A genetic locus comprising a sequence 
which has been introduced into the genome of a soybean 
plant by transformation. 

IX. EXAMPLES 

0.148. The following examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow 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 

Soybean Varieties Used in Studies 

0149 The B2G2 or “11S null” soybean variety has a 
unique seed composition including high level of B-congly 
cinin and low amount of glycinin. However, the B2G2 
variety exhibits agronomically inferior characteristics Such 
as low yield, excessive lodging and green seed. A number of 
breeding lines were developed, which carried all or parts of 
the mutations present in the B2G2 lines. Fifteen such lines 
together with B2G2 lines were used as mutant lines in 
resequencing panel. Eight wild types were used for com 
parison in this study. Table 1 lists all the lines used in the 
sequencing panel. 
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TABLE 1. 

Line 
Name or 
Symbol Pedigree 

B1 AH (A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0042.0006.(a). 
B2 AH (A3244/(B2G2/A1923.077.):0001.0064.0001.)/DKB19-51:(a).0232.0002.(a). 
B3 AH (A3244/(B2G2/A1923.077.):0001.0064.0001.)/DKB19-51:(a).0228.0015.(a). 
B4 AH (A3244/(B2G2/A1923.077.):0001.0097.0011.)/DAK2501 AOR:(a).0314.0009.(a). 
B5 AH (A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0042.0012.(a). 
B6 AH (A3244/(B2G2/A1923.077.):0001.0011.0008.)/AG2402:(a).0028.0010. (a). 
B7 AH (A3244/(B2G2/A1923.077.):0001.0008.0016.)/DBL3201AOX:(a).0256.0014.(a). 
B8 AH (A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0234.0019.(a). 

AH 704416 

B9 24/((A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0005.):(a).0067.0016. 
B10 AH 704416-24/((A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0005.):(a).0067.0007. 
B11 AH 704416-24/((A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0005.):(a).0067.0003. 
B12 AH 704416-24/((A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0005.):(a).0067.0002. 
B13 AH DAK2301A1 R/((A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0013.):(a).0018.0001. 
B14 AH DAK2301A1 R/((A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0013.):(a).0114.0011. 
B15 AH DAK2301A1 R/((A3244/(B2G2/A1923.077.):0001.0097.0015.)/DJW2500COR:(a).0013.):(a).0130.0001. 
B2G2 

A1923 A1923 

A3244 A3244 

AG2403 AG2403 

AG2703 AG2703 

AG32O1 AG32O1 

AG32O2 AG32O2 

DKB17-51 DKB17-51 

DKB19-51 DKB19-51 

Example 2 

Design of Markers for Gy Alleles 
0150 DNA sequences for all the glycinin genes are 
available in GenBank (NCBI). These sequences were used 
as queries to blast against a Monsanto sequence database. 
Using "blastin' programs, a number of high score hits were 
obtained. The resulting sequences from the blast search were 
aligned to provide a high quality consensus sequences for 
use in primer design. Nested primers were designed to 
completely cover the entire gene at each locus and ampli 
cons were generated from different lines. Sequences of these 
amplicons were aligned to identify SNPs and INDELs 
associated with high B-conglycinin phenotypes. Initially 10 
pairs of primers were designed for Gy1, 7 pairs each for Gy2 
and Gy3, 14 pairs for Gy4, 10 pairs for Gy5 and 11 pairs for 
Gy7. Additional primers were designed once their sequences 
were known from this study. Table 2 lists the primers used 
in the study. 

0151. DNA was isolated with Qiagen Plant DNA kits, 
and PCR was performed with KOD protocol (EMD Bio 
sciences, Inc, Madison, Wis.). The reaction mix included 3.4 
ul 5M Betaine, 2 ul 10xKOD buffer, 2 ul of 2 mM dNTPs, 
0.8 ul 25 mM MgSO, 0.2 ul KOD enzyme (1 U/ul), 1.6 ul 
primers (5 uM) and 10 ul DNA template (2 ng/ul). PCR 
cycles were as follows: 94° C. 5 mins; 8 cycles of 94° C. 40 
sec, 62° C. 40 sec, 72° C. 1 min, 94° C. 40 sec, 60° C. 40 
sec, 72° C. 1 min, 94° C. 40 sec, 58° C. 40 sec, 72° C. 1 min, 

94° C. 40 sec, 56° C. 40 sec, 72° C. 1 min: 3 cycles of 94° 
C. 40 sec, 55° C. 40 sec, 72° C. 1 min; hold at 72° C. for 7 
min. PCR products were analyzed by electrophoresis in 1% 
agarose gels. For sequencing, 5 Jul PCR products were 
removed to a new tube and 1 ul Exonuclease I (1:10 diluted) 
and 1 ul Shrimp Alkaline Phosphatase (1:100 diluted). The 
mix was incubated at 37° C. for 20 min and then 80° C. for 

20 minto inactivate the enzyme. 40 ul H2O was added and 
6 Jul were used as template with 1 Jul sequencing primer. 
Sequencing was performed using a Capillary Sequencer 
ABI3730. Sequences were assembled and aligned using 
SeqMan II program of the DNAStarTM (LaserGene). 

0152 End point SNP/Taqman(R) assays, were designed 
and manufactured by Applied Biosystems based on the 
SNPs sequences provided to them. SNP detection was 
carried out according to Supplied instructions (Applied Bio 
systems). Taqman(R) assays, or Real Time PCR, detect the 
accumulation of a specific PCR product by hybridization 
and cleavage of a double-labeled fluorogenic probe during 
the amplification reaction. A Taqman assay includes four 
oligonucleotides, two of which serve as PCR primers and 
generate a PCR product encompassing the polymorphism to 
be detected. The other two are allele-specific fluorescence 
resonance-energy-transfer (FRET) probes; each probe has a 
unique fluorophore that is released upon probe degradation 
by Taq DNA polymerase, effectively signalling the amount 
of each allele present in the sample. 
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TABLE 2-continued 

CCTCTTCACACAATGATCCAAACTC 

CATTGTCCTTTCCTTACTGATTCTCC 

GATTCGATGAGGTTGTCAGGTTTC 

TGAGGTTGTTGGATACCTTGGAGTA 

AGTTTCGTCACAACCAGGAATTACA 

GAATATGTCACCCTGCTTCAGGTAA 

GTGGCCTGATAATGCTAAGACCTTT 

CACCTCTCTCTCCTTCTCCTTCTT 

CGGTTATTGGGTTGTAAGTGTGGT 

ATTATTCTTGAGCTCGCTCACTCC 

GAGGAAAGTACAAATAGCAACTGACAA 

CAGAAGTAGGGTGCTGAGCTTGAGACATT 

GCTTGGCCATGGTGATGACTGATGAGTGT 

CAACACCGGCACACTGGAATGGCTTGTT 

CCCTCTCTGAAGTGATAGATCTTCTGGTGA 

Primer 
Name Forward Primer Reverse Primer 

Gy7 1 SEQ ID NO : 97 SEQ ID NO : 98 
CGAGAACAATAGAAATAGACCATCAGG 

Gy7 2 SEQ ID NO : 99 SEQ ID NO : 100 
GTCCAGGGTCCATGTTATCGTCT 

Gy7 3 SEQ ID NO : 101 SEQ ID NO : 102 
TGACTGCATGTATCATGTATGTGAAAG 

Gy74 SEQ ID NO : 103 SEQ ID NO : 104 
CGGAGAATCAGTAAGGAAAGGACAA 

Gy7 5 SEQ ID NO : 105 SEQ ID NO : 106 
ACCATTCTGCGCTCCATTATTATTT 

Gy7 6 SEQ ID NO : 107 SEQ ID NO : 108 
GTTTAACCATTCGCGCTCCATTAT 

Gy7 7 SEQ ID NO : 109 SEQ ID NO : 110 
TGTAATTCCTGGTTGTGACGAAACT 

Gy7 8 SEQ ID NO : 111 SEQ ID NO : 112 
CGTTACCTGAAGCAGGGTGACATA 

Gy7 9 SEQ ID NO : 113 SEQ ID NO : 114 
CTTGGAACACGAAGTTAGAGAAGCA 

Gy7 10 SEQ ID NO : 115 SEQ ID NO : 116 
CCCAATGGGTTAAACTCTACAAGGT 

Gy711 SEQ ID NO : 117 SEQ ID NO : 118 
GTGGTGAACTCCCAGGGAAAGT 

Gy1 473 SEQ ID NO : 119 SEQ ID NO : 120 
CGAAGCCACCTCACACCATGAACTTCAT 

Gy1 579 SEQ ID NO : 121 SEQ ID NO : 122 
GTCCCTCATTCACCTTCCTCTCTTCCCTAT 

Gy1794 SEQ ID NO : 123 SE D NO.124 
CTCAATGCCCTCAAACCGGATAACCGTA 

Gy3 1264 SEQ ID NO : 125 SEQ ID NO : 126 
GCATGATATTCCCGGGTTGTCCTAGCACAT 

Gy3 1356 SEQ ID NO: 127 SEQ ID NO : 128 
CACTTCAGAGAGGGTGATTTGATTGCAGT GTTCTGGAAGCTGTTGGTGTCAATAAGAGA 
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Example 3 

Methods for Gy Expression Analysis 
0153 Genetic conformation of the Gy markers was car 
ried out in two F2 populations designated JB0305602 and 
JB0305605, which were derived from the crosses between 
AAH3504TOC/AHO209439-130 and AAH2104JOC/ 
AH0209439-130, respectively. Four hundred F2 individual 
plants were sampled and 372 plants were genotyped with 
SNP markers. 

0154 Protein analysis was carried out as follows: Eight 
Soybean seeds were pooled and ground using the CAT 
Mega-Grinder (SOP Asci-01-0002). Ground samples were 
stored at 4°C. For analysis, -30 mg of flour from each was 
weighed into one well of a 96 well 2 ml microtiter plate. 
Protein was extracted for 1 hour with shaking in 1.0 ml 1X 
Laemmli SDS buffer pH 6.8 containing 0.1M dithiothreitol 

(DTT) as a reductant. Following centrifugation, a portion of 
each extract was further diluted in SDS buffer to yield 
0.2-0.5ug/uL total protein, heated to 90-100° C. for 10 min, 
and cooled. For each sample, 1-2 ug total protein was loaded 
using a 12 channel pipet onto a 26 lane 15% T gradient 
Tris/HCl Criterion gel. Molecular weight standards and a 
parental control were included in two of the lanes in each 
gel. The gels were electrophoresed until the tracking dye 
reached the bottom of the gel ~1.2 hrs, then stained over 
night in Colloidal Coomassie Blue G-250, destained in DI 
water, and imaged using the GS800 Calibrated Densitom 
eter. An exemplary image of a stained gel is shown in FIG. 
1 and the protein bands associated with Gy alleles are 
indicated to the left of the figure. Quantitation was per 
formed using Bio-Rad Quantity OneTM Software. The soft 
ware was used to determine the relative quantity of each 
band in the sample lane. The percent acidic glycinin and 
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percent 3-conglycinin protein Sub-unit bands are reported as 
the relative percent of the total protein in the lane. The 
sample identities and weights are tracked using Master 
LIMSTM. 

Example 4 

Mutations in Gy1 and Gy2 

0155 F2 progeny plants were analyzed for total content 
of Gy1 and Gy2 encoded protein. As shown in FIG. 2, the 

Lines 

B1 
B2 

B10 
B11 
B12 
B13 
B14 
B15 
A1923 
A3244 
AG2403 
AG2703 
AG32O1 
AG32O2 
DKB17-51 
DKB19-51 
B2G2 

plants were distributed into two phenotypic groups, one 
group with less than 3% Gy1.2 encoded protein and another 
with 3.1% greater Gy1.2 encoded protein. Chi square analy 
sis (FIG. 2B) was consistent with the linked mutant Gy1.2 
alleles as recessive traits. 

0156 Good sequence coverage was obtained in most 
parts of the Gy1 gene. Two Small gaps exist due to the 
failures of two primer pairs. The consensus sequence is 
listed as SEQ ID NO: 163. The allelic scores at some 
selected nucleotide positions in Gy1 are given in Table 3. 
There are three SNPs at positions 643, 835 and 839 between 
JB7/JB8 and other lines. Because no sequence was recov 
ered from B2G2 lines at these positions, it was not deter 
mined if the SNPs were inherited from the B2G2 mutant 
line. No amplicon or sequence at the 5'end of the Gy1 gene 
were obtained from mutant line B2G2 and its derived lines 

JB3, JB4, JB13, JB14 and JB15, indicating a possible 
sequence deletion in the mutant lines. Additional PCR 
reactions were carried out with the first three pairs of primers 
and consistent results were obtained. This confirmed the 

deletion in the mutant lines. The deletion spans the upstream 
promoter regions, Exon I and Intron I. The junctions of the 

19 

195 

A 
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deletion have not yet been precisely determined. A dominant 
marker was designed on the deletion for use as diagnostic 
marker for Gy1 locus. 

0157 Sequencing of the Gy2 gene indicated only three 
identifiable SNPs and the rare allele all came from JB7 line. 

All other lines were identical. Because of high sequence 
homology among Gy1, Gy2 and Gy3, occasional cross 
contaminations do occur even with locus specific primers, 
thus other variations may exist that were not identified. 

TABLE 3 

Position. Allele 

4SO 600 643 800 83S 839 1 OOO 1300 2762 27703 

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

G 

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

C A. G T T G 
A. T T 
A. G A. C AG AG 

C C T G A. C G G 
G G 

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

C N G A. C G G 
C C T G A. C C G 
C C T G A. C C G G 
C C T G A. C C G G 
N C T G A. C C 
C C T G A. C C G G 
C C T G A. C C 
C C T G A. C G G 

C G G 

Example 5 

Mutations in Gy3 
0158 F2 progeny plants were analyzed for total content 
of Gy3 encoded protein. As shown in FIG. 3, the plants were 
distributed into two phenotypic groups, one group with less 
than 1% Gy3 encoded protein and another with 1.1% or 
greater Gy3 encoded protein. Chi square analysis (FIG. 3B) 
was consistent with the reduced Gy3 expression as a reces 
sive trait. 

0159. When the expression levels of Gy1.2 and Gy3 
subunits were compared (FIG. 4) it was found that expres 
sion of the Gy1.2 encoded proteins positively correlated 
with expression of Gy3 encoded protein, with a correlation 
coefficient of 0.88, see FIG. 4B. This data indicated that 
expression of low Gy3 encoded protein levels could be 
determined based upon the Gyl, and/or Gy2 genotype. 
0.160 DNA sequence variations at the Gy3 locus were 
determined by resequencing of the entire gene on multiples 
lines. The consensus sequence obtained is listed as SEQ ID 
NO: 164. Allelic scores of polymorphisms at this locus are 
given in Table 4. Five SNPs and two INDELs were detected 
among mutants and wild types. The original mutant line, 
B2G2, carried an insertion (TGAT) at positions 848-851 
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while all other lines carried a deletion at this location. B2G2 
also carried rare alleles on three SNPs at position 1083, 1120 
and 1866 while all other lines carried the abundant allele. 
The data indicated that these SNPs and INDEL were in 
linkage disequilibrium (LD) with the low expression of Gy3 
encoded protein. Three sequence variations at the 3' end of 
the gene, position 2504-2505, 2574 and 3189, however, did 
not seem to be in LD with the low expression of Gy3 
encoded protein, because rare alleles were detected not only 
on B2G2 but also in wild types AG2703 and DKB19-51. 
None of the B2G2 derived lines used in this study inherited 
the B2G2 alleles at Gy3 locus. 

TABLE 4 

Position Allele 

B1 
B2 

B10 
B11 
B12 
B13 
B14 
B15 
A1923 
A3244 
AG2403 
AG2703 
AG32O1 
AG32O2 
DKB17-51 
DKB19-51 
B2G2 

G C 
C 

G 

A C 

AT 

Example 6 

Mutations in Gy4 
0161 Progeny plants were subjected to protein analysis 
to determine the amount of Gy4 encoded polypeptides that 
were expressed. As shown in FIG. 5, the plants were 
distributed in two phenotypic groups, one group that was 
null for Gy4 and another group that demonstrated expression 
of Gy4 encoded polypeptides. Chi square analysis (FIG. 5B) 
was consistent with the Gy4 null allele as a recessive trait. 
0162 Sequence analysis of the Gy4 alleles revealed a 
mutation at the translation initiation codon in mutant line 
B2G2 and its derived lines (Table 5, position 682, SEQ ID 
NO:165). The mutation changes ATG to ATA. Since the 
translation initiation codon was lost, the peptide subunit 
encoded by this gene is most likely unable to translate. This 
SNP is ideal for use as molecular marker indicative of Gy4 
loss. The sequence obtained was used to design primers for 
detection of this marker, termed NS0199003 (see Table 8). 
0163 Additional polymorphisms at position 1620 and 
1632 were also observed in some sequence reads from B2G2 
and certain progeny lines, but these did not correlate with the 
loss of the Gy4 encoded protein subunits. Thus, these 

Lines 234 1318 1600 1866 2200 2SO4 2SOS 2574 28SO 31.89 

Lines 

Lines 

JB9 
JB10 
JB11 
JB12 
JB13 
JB14 
JB15 
A1923 
A3244 
AG2403 
AG2703 
AG32O1 
AG32O2 
DKB17-51 
DKB19-51 
B2G2 

TABLE 5 

682 

R 

682 

Mar. 22, 2007 

Position Allele 

1620 

C 
C 
C 

TABLE 5-continued 

Position Allele 

1620 

inconsistencies may be caused by nonspecific amplification 
with the primers at this region. 

1632 

TC 

1632 

TC 

TC 
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Example 7 

Mutations in Gy5 

0164 Sequence analysis of the Gy5 alleles indicated 
there are two SNPs (positions 363 and 612 on SEQID NO: 
166) and two INDELs (positions 447-453, 519–524) in 
B2G2 plants as compared to other parental varieties (Table 
6). Additionally, a SNP was identified at position 752 in 
Exon II which changes the amino acid residue from Serine 
to Asparagine. All five SNPs or INDELs form into two 
haplotypes in the lines tested. Mutant line B2G2 and its 
derived lines JB1, JB5 and JB8 shared one haplotype while 
others lines shares another haplotype. These SNPS/INDELs 
appear to be in linkage disequilibrium and are associated 
with the “11s null phenotypes. It is still unknown if these 
SNPs or INDELS actually caused the loss of A3 subunit in 
B2G2 as shown on FIG. 1. Since these are all sequence 
variations detected in the coding region there may be some 
other variations residing in the promoter regions which 
caused the loss of the A3 band as seen on the protein gel. 

TABLE 6 

Position Allele 

363 447-453 519–524 612 752 Lines 

::::::::::::::::::::: B1 

B9 
B10 
B11 
B12 
B13 
B14 
B15 
A1923 
A3244 
AG2403 
AG2703 
AG32O1 
AG32O2 
DKB17-51 
DKB19-51 
B2G2 

:::::::::::::::::: A. 

TA G 

. 

s 
::::::::::::::::::::: ::::::::::::::::::::: A. 

Example 8 

Development of Gy mutation Markers 

0165 PCR analyses, such as Taqman(R) assays, were 
designed for the SNPs or INDELs identified above. Table 7 
lists the primer and probe sequences of each assay as well as 
the marker name assigned to each marker. Two assays were 
designed for Gy1 and Gy3 respectively using SNPs at 
different positions. These assays were first run on the 
standard panel used in resequencing in this study and then 
used in segregating populations. 

Gene 
Marker 
Name 

NSO 1990O8 

NSO 1990O8 

NSO 1990O8 

NSO 1990O8 

NSO 199009 

NSO 199009 

NSO 199009 

NSO 199009 

NSO 1990O2 

NSO 1990O2 

NSO 1990O2 

NSO 1990O2 

NSO 1990 04 

NSO 1990 04 

NSO 1990 04 

NSO 1990 04 

NSO 199010 

NSO 99.010 

NSO 199010 

NSO 199010 

TABLE 7 

Descrip 
Assays tion 

GY1. conA- Forward 
644 Primer 

GY1. conA- Reverse 
644 Primer 

GY 1 conA- Wic 
644 Probe 

GY1. conA- FAM 
644 Probe 

GY1. conB- Forward 
839 Primer 

GY 1 conB- Reverse 
839 Primer 

GY 1 conB- Wic 
839 Probe 

GY 1 conB- FAM 
839 Probe 

GY2-102 Forward 
Primer 

GY2-102 Rewerse 
Primer 

GY2-102 Wic 
Probe 

GY2-102 FAM 
Probe 

GY3-89 Forward 
Primer 

GY3-89 Rewerse 
Primer 

GY3-89 Wic 
Probe 

GY3-89 FAM 
Probe 

GY3 conA- Forward 
1866 Primer 

GY3 conA- Reverse 
1866 Primer 

GY3 conA- Wic 
1866 Probe 

GY3 conA- FAM 
1866 Probe 
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Sequence 

SEQ ID NO: 129 
AATAACCACGCCTCAGGT 
TCTC 

SEQ ID NO : 130 
GAGTGTTTAAGGACCAAT 
GGAGAGA 

SEQ ID NO : 131 
CTTCACAACT CAAACAT 

SEQ ID NO : 132 
TTCACAACACAAACAT 

SEQ ID NO : 133 
CCCTCAAACCGGATAACC 
GTATAG 

SEQ ID NO : 134 
CACTGGAATGGCTTGTTG 
TTAGG 

SEQ ID NO : 135 
ATGTCTCAATGAGCCC 

SEQ ID NO : 136 
ATGTCTCAATGAACCC 

SEQ ID NO : 137 
CGTACATCATACATGTTA 
TAAATTAAGCTCAACAA 

SEQ ID NO : 138 
GCATATGCAAGTGCTAAG 
ATAACTTGT 

SEQ ID NO : 139 
ACACATTTTAATTACTAT 
ATATAACT 

SEQ ID NO: 140 
CACATTTTAATTACTATA 

TATAGCT 

SEQ ID NO: 141 
AGAGCCCTTTTTGCATGT 
GCTA 

SEQ ID NO: 142 
TCGTTCTTATTTATTGCT 
ACGCACACT 

SEQ ID NO: 143 
CAAAAGGACAAAAGTGT 

SEQ ID NO: 144 
AAAAGGACGAAAGTGT 

SEQ ID NO: 145 
GGAACCAAGAGCAAGAGT 

TTCTACA 

SEQ ID NO: 146 
CGCTTTCCTTTCTGGCT 
TTGAGTA 

SEQ ID NO: 147 
CTCCTTGCTGCTTCT 

SEQ ID NO: 148 
CCTCCTTTCTGCTTCT 
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TABLE 7-continued 

Marker Descrip 
Gene Name Assays tion Sequence 

Gy4 NSO 1990O3 GY 4-93 Forward SEQ ID NO : 149 
Primer TCCAATTCACCAACTCCT 

TCAAACT 

Gy4 NSO 1990O3 GY 4-93 Reverse SEQ ID NO: 150 
Primer CAAAGGGAAGAAAGAGAG 

AGAGTGA 

Gy4 NSO 1990O3 GY 4-93 Wic SEQ ID NO: 151 
Probe CTTCCTTAGTTCAATATA 

GG 

Gy4 NSO 1990O3 GY 4-93 FAM SEQ ID NO: 152 
Probe CCTTAGTTCAATATGGG 

Gy7 NSO 199001 GY7-72 Forward SEQ ID NO : 153 
Primer CATAGGAGAACACGAGGG 

ATGTG 

Gy7 NSO 199001 GY7-72 Reverse SEQ ID NO: 154 
Primer GGCTTCTACTTTGCTCTT 

CCTCTT 

Gy7 NSO 199001 GY7-72 Wic SEQ ID NO: 155 
Probe AATGCGAAGATAAAG 

Gy7 NSO 199001 GY7-72 FAM SEQ ID NO: 156 
Probe ATGCGAAAATAAAG 

Population 

JBO3OS605 

JBO3OS602 

JBO3OS605 

JBO3OS602 

Example 9 

High Correspondence Between Gy Markers and 
Protein Subunits 

0166 F1 progeny plants were analyzed to determine total 
content of the glycinin and beta-conglycinin protein. The 
graph in FIG. 6A shows total glycinin protein versus total 
beta-conglycinin protein for each plant. The data indicates 
that lower expression of glycinin correlates with higher 
expression of beta-conglycinin (Cgy) subunits (FIG. 6B). 

0167 Genetic correlation between molecular markers 
and their corresponding glycinin subunits was carried out in 
two F2 segregating populations, JB0305602 and 
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JB0305605. To establish which genetic markers were indica 
tive of the mutant Gy alleles, all the individuals of the two 
populations were analyzed for protein content on SDS 
PAGE and genotyped with SNP markers developed in this 
study together with a number of markers selected throughout 
the genome. As indicated above and in FIG. 1, protein bands 
for Gy1 and Gy2 were clustered together and thus they were 
measured as one unit. Table 8 shows that segregation of 
protein bands, expressed as percentage of total protein, is 
highly correlated with the SNP markers. For example, plants 
with the mutant allele at Gyl always contain lower glycinin 
A1a, A1b and A2 subunits, 2.5 and 2.4%, respectively in 
both populations while those with “TT allele contain higher 
glycinin A1a, A1b and A2 subunits, 7.6 and 8.1% respec 
tively. The correlation is highly significant (P-values of 
1.7x10 and 4.1x10' respectively) and a similar correla 
tion was observed in the case of Gy2. At the Gy4 locus, 
individuals carrying 'AA' alleles contain lower glycinin 
subunits A4B3A5, 0.6% and 0.1% in their respective popu 
lations, while heterozygotes (“AG”) contain 1.8% in both 
populations and those with "GG” contain highest glycinin 
subunits A4B3A5, 2.9% and 3.3% in their respective popu 
lations. The correlation is highly significant, with P-values 
of 2.3x10' and 2.3x10' respectively. Data indicated that 
the NSO199008, NSO199002 and NSO199003 marker in 
particular correlated well with reduced expression of indi 
cated glycinin subunits, and could be used to predict a 
reduced glycinin phenotype. 

TABLE 8 

Marker Protein iof F2 
Name Allele Mean (%) Plants DF ProbF Rsquare 

NSO1990O8 :::::: 2.5 103 1 1.7OE-SS O49 
NSO1990O8 TT 7.6 269 1 
NSO1990O2 :::::: 2.8 109 1 1.OOE-49 O45 
NSO1990O2 TT 7.6 263 
NSO1990O8 :::::: 2.4 89 1 4.1OE-62 O49 
NSO1990O8 TT 8.1 283 1 
NSO1990O2 :::::: 3 102 1 2.7OE-54 O48 
NSO1990O2 TT 8.1 270 
NSO1990O3 AA O6 112 2 2.3OE-40 O43 
NSO1990O3 AG 1.8 128 
NSO1990O3 GG 2.9 92 
NSO1990O3 AA O.1 93 2 2.3OE-69 O.62 
NSO1990O3 AG 1.8 149 
NSO1990O3 GG 3.3 88 

Example 10 

Variation in Protein Expression in Gy3 and Gy4 
Null Soybean Plants 

0168 Agronomically elite soybean plants comprising 
non-transgenic mutations conferring a null Gy3 and Gy4 
phenotype and a reduced Gy1/Gy2 phenotype were analyzed 
for total content of various glycinin and 3-conglycinin 
Subunits. Three distinct lines, Pedigree 1 
(AH DAK2301A1 R/((A3244/(B2G2/ 
A1923.077).0001.0097.0015.)/DJW2500COR:(a). 
0013.): (a).0114.0008. (a): Pedigree 2 (AH DAK2301A1 R/ 
((A3244/(B2G2/A1923.077):0001.0097.0015.)/ 
DJW2500COR:(a). 0013.): (a).0096.0007.(a); and Pedigree 3 
(AH DAK2301A1 R/((A3244/(B2G2/ 
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A1923.077):0001.0097.0015.)/DJW2500COR: (a). 
0013.): (a).0105.0006.(a) (deposited as ATCC Accession No. 
PTA-6892) were studied and data for each is presented in 
Tables 9, 10 and 11 respectively. 
0169. In the case of each line, plants grown in various 
locations, during the 2004-2005 season were analyzed. Data 
presented in these tables indicates the total content of 
Gy1/Gy2, Gy5, O' BC, C. BC and BBC protein subunits as 
a percentage of the total seed protein content. Also indicated 
is the total content of acidic glycinin Subunits and total 
B-conglycinin content. For each of the three pedigrees the 
average data (Avg.) and standard deviation from the mean 
(St. Dev.) is indicated in the last two rows of each table. 

Pedigree 

Avg. 1 
St. Dew. 1 

Pedigree 

2 
Avg. 2 

St. Dew.2 

Pedigree 

Avg. 3 
St. Dew.3 

Values were calculated using the methods described above, 
in Example 3. In no case was detectable Gy3 or Gy4 
encoded protein observed. 
0170 The studies outlined in Tables 9-11 indicated that 
the content of various glycinin and beta-conglycinin protein 
subunits was variable both between the three plant lines 
tested (e.g. effects from differing genomic backgrounds) and 
in plants grown in different environments conditions (at 
different locations). These data highlight the advantage of 
selection of Gy mutant plants by the use polymorphism 
markers, since detection of these markers will not be subject 
to variability based on genomic background and environ 
mental conditions. 

TABLE 9 

B 
Gy1, 2 Gy5 C." BC C. BC B BC Acidic Glycinins Conglycinins 

1.98 4.36 12.3OO 15.63O 7.OO 6.34 34.93 
2.46 6.83 12.276 14.274 9.91 9.29 36.46 
3.01 6.12 12.375 16.158 7.19 9.13 35.72 
2.98 6.69 12.63 16.731 6.79 9.67 36.15 
2.35 4.94 12.693 15.393 4.94 7.29 33.03 
2.48 4.97 11.906 14.579 9.06 7.45 35.55 
2.54 S6S 12.36 15.46 7.48 8.20 35.31 
O.39 1.03 0.28 O.93 1.77 1.35 1.23 

0171 

TABLE 10 

B 
Gy1, 2 Gy5 C." BC C. BC B BC Acidic Glycinins Conglycinins 

1.69 531. 13.301 18.618, 6.01 7.OO 37.93 
2.33 S.72 13.351 16.49S 6.98 8.OS 36.83 
2.21 544 11.661 18.332 847 7.65 38.46 
2.32 S.61 13.194 18.020 7.28 7.93 38.49 
2.22 6.43 14.027 18.156 6.14 8.65 38.32 
1.93 5.92 12.711 18.036 9.62 7.85 40.37 
2.12 S.74 13.04 17.94 7.42 7.86 38.40 
O.25 0.40 O.80 O.74 140 O.S4 1.15 

0172 

TABLE 11 

B 
Gy1, 2 Gy5 C." BC C. BC B BC Acidic Glycinins Conglycinins 

2.70 S.73 14.090 19.8O2 6.63 8.43 40.52 

1.90 445 15.315 21.201 6.08 6.35 42.60 

2.33 S.94 14.608. 20.974 8.63 8.27 44.21 

2.66 540 12.277 18.842 8.12 8.06 39.24 

2.91 6.96 14.863 20.699 540 9.87 40.96 

1.77 S.73 13.3O3 17.909 8.65 7.50 39.86 

2.38 S.7O 1408. 19.90 7.25 8.08 4123 

O46 0.81 1.12 1.31 140 1.16 1.85 
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Example 11 

Gy Genomic Markers can be Used to Select Low 
Glycinin Soybean Plants 

0173 Segregation of Gy1 (NSO199008), 
Gy2(NS0199002) and Gy4(NS0199003) markers was ana 
lyzed on two F2 populations. As shown in Table 9, both Gy1 
and Gy2 are dominant markers, and each segregates in a 3:1 
ratio. Gya is a co-dominant marker. 
0174 The three identified markers can be used to identify 
plants with low glycinin and high B-conglycinin seed con 
tent. FIG. 7 illustrates the glycinin and B-conglycinin con 
tent of F2 plants. Plants were selected based on either 
protein analysis of subunit expression (FIG. 7A) or using the 
three mutant Gy markers (FIG. 7B). The data shows that the 
selection based on markers misidentified less than 1% (7/754) 
F2 plants. 

Example 12 

Color Analysis of Soybean Seeds of Low Glycinin 
Soybean Plants Produced 

0175 Green seed color is often viewed as less desirable 
by Soybean farmers and consumers. Eliminating the green 
seed color of a line would therefore be desirable. An analysis 
was carried out on low glycinin Soybeans produced as 
described herein to analyze the extent to which the green 
seed color was eliminated. Color analysis was carried out on 
whole soybeans using the ColorFlexTM Reflectance Spec 
trophotometer (Model 45/0). The spectrometer was stan 
dardized using black glass and white tile. The standardiza 
tion was checked using a green tile having color values 
certified by the manufacturer, Hunter Associates Laboratory, 
Inc. (Reston, Va., USA). 
0176) The spectrophotometer measures the CIE Tristimu 
lus Color Scale Values X, Y and Z and from these values and 
calculates the CIELAB Color Scale Values L*, a and b*. 
The CIELAB Color Scale allows the specification of color 
perception in terms of three-dimensional space (CIE, Colo 
rimetry, Publication 15.2, Second Edition, Vienna, 1986), 
with a CIELAB Color Space organized in a cube. The 
L*-axis runs from top to bottom and is known as the 
lightness value, which extends from 0 (black) to 100 (white). 
Thea and the baxes have no specific numerical limits. The 
coordinate a represents redness when positive, gray when 
Zero and greenness when negative. The coordinate b rep 
resents yellowness when positive, gray when Zero and 
blueness when negative. 
0177. A multi-layer of whole soybeans filled the 35x10 
mm style polystyrene tissue culture dish with the lid on the 
bottom of the dish in order to protect the reading surface. 
The lid was removed from the bottom of the tissue culture 
dish before it was placed on the spectrophotometer port. The 
tissue culture dish with the whole soybeans was placed on 
the spectrometer port with the side to be measured towards 
the port. The light trap was placed over the sample in order 
to restrict any external light interference. 
0178. The CIE Tristimulus Color Scale screen was dis 
played on the ColorFlex. The Read Key was pressed and the 
CIE Tristimulus Color Scale Values were measured for the 
whole Soybean sample. The color capture program recorded 
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the values into an Excel spread-sheet. The view was toggled 
to the CIELAB Color Scale screen, the Read Key was 
pressed, and the spectrophotometer was used to calculate the 
CIELAB Color Scale Values L*, a and b* for the whole 
Soybean sample. 
0.179 Five replicates of whole soybeans in a multi-layer 
arrangement were measured for each sample. The same 
whole soybeans were repacked four times in order to 
achieve five color measurements. The results of the color 
analysis can be summarized in Table 12 as follows. 

TABLE 12 

a: stdev L* Stdew 

Commercial control Commercial control 7.08 O.3 54.SS 1 
(AG1901) (Ag1901) 
B2G2 B2G2 1.91 O.28 51.65 1.34 
JB5 HBC Line segregating 3.73 0.59 53.65 0.76 

for color 
AB2OO2KOC HBC line retaining 7.36 O2S 52.39 1.69 
(A3244/ some off-color 
(B2G2/ 
A1923.077.) 
Pedigree 3 Elite HBC variety 7.34 0.2 57.66 0.84 

Elite = a -5 and L* >54 

Example 13 

Sequence Variations in Lipoxygenase Genes 

0180. The Lox2 sequence from GenBank, G1505137, 
was used as a query to blast against a Monsanto sequence 
database. Sixty high hits were downloaded and assembled 
using the SeqMan program (DNASTAR, INC, Madison, 
Wis.). Two distinct transcripts were identified in the Mon 
santo DNA sequence collection. One of the transcripts 
corresponded to a lipoxygenase-1 (LOX1) gene in GenBank 
and was thus named lx 1 (SEQ ID NO:157), and the other 
corresponded to the Lox2 (lx2) gene (SEQ ID NO:158). 
Gene-specific primers were designed and used to generate 
amplicons from a panel of eight lines. The panel consisted 
of six mutants and two wild types. Table 13 lists the lines 
used in the sequencing panel. 

0181 Amplicon sequencing revealed that there were 27 
polymorphisms among eight lines on the LOX1 locus, includ 
ing 21 SNPs and 6 INDELS (Table 14). Out of these 
polymorphisms, 10 were located in exons. Based on the 
allelic scores at all these polymorphisms, eight lines in the 
sequence panel fall into six haplotypes. Both wild types 
A3469 and A2247 belong to the same haplotype while other 
mutants are of different haplotypes. A 74 bp deletion was 
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detected in IA2025, IA2032 and PI408251. The deletion 
appears to be associated with lx1 mutant phenotypes (Table 
13). 
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TABLE 1.4 

EX INT INT INT INT EX INT INT INT INT EX INT INT 
Variety Haplo 178–180 326 363 380 713 1196 1253 1372 1388 1527 1554 2267 3055 

PI86023 A. r T T A A G C 
L2-3 Hap2 GCG : C A. A A. r T T A A G C 
IA2025 Hab5 *** A. T : G A. r T T A. A C A. 
IA2032 Ha6 GCG : C A. A A. r T T A. A C A. 
PI408251 Hap4 *** A. T : G T A G C T C C A. 
PI417458 Hab1 GCG : C A. A T A G C T C C A. 
A3469 Hap3 *** A. T : G T A G C T C C A. 
A2247 Hap3 *** A. T : G T A G C T C C A. 

INT EX INT EX INT INT EX EX EX EX EX EX 
Variety Haplo 3088 3125 3139 3204 3278 3832-3905 4043 4057 4193 4225 4247 4267 4430 4439 

PI86023 T : T C C GATCf A. : C T A C A G 
L2-3 Hap2 T : T C C GATC A. : C T A C A G 
IA2O2S Habs G. G. A. G. A :::::::::::: C A G C G T C A 
IA2032 Hap6 G. G. A. G. A :::::::::::: C A G C G T C A 
P408251 Hab4 G. G. A. G. A :::::::::::: C A G C G T C A 
PI417458 Hab1 G. G. A. G. A GATC C A G C G T C A 
A3469 Hap3 G. G. A. G. A GATC C A G C G T C A 
A2247 Hap3 G. G. A. G. A GATC C A G C G T C A 

Note: 
"GATC represents the 74 bp sequence deleted in IA2025, IA2032, and PI408251. 

0182 Polymorphisms at the Lox2 locus are shown on 
Table 15. Six SNPs and a 2 bp INDEL were detected and two TABLE 16-continued 
distinct haplotypes are formed in these eight lines. The SNP 203296 
haplotypes are clearly associated with lx2 phenotypes (Table 
13). All of these polymorphisms except the one at position AssayID 1915582-19230-203296 
2542 are located in introns. The SNP at position 2542 is a 
missense mutation, causing a change in genetic codon from 
CAT encoding for Histidine to CAA encoding for 
Glutamine. 

TABLE 1.5 

Hap 
lo 

Variety type 323 439 1390 1431 1458 2486-87 2542 

PI86023 C A. A. C G :::::: A. 
L2-3 Hapl C A. A. C G :::::: A. 
IA2O2S Hapl C A. A. C G :::::: A. 
IA2032 Hapl C A. A. C G :::::: A. 
PI408251 Hap2 T G G T T AT T 
PI417458 Hap2 T G G T T AT T 
A3469 Hap2 T G G T T AT T 
A2247 Hap2 T G G T T AT T 

0183 A Taqman assay was designed from the SNP at 
position 2542. The assay information is given in Table 16. 
The allelogram of this assay is shown on FIG.8. This marker 
allowed a clear distinction between the 'A' allele from the 
mutant at Lox2 and the “T” allele from wild type. 

TABLE 16 

Marker NSO2O3296 

Gene Lox2 

GCTATCATCAACTCATGAGCCATTG 

(SEQ ID NO: 159) 
Fwd Primer 

GTGTCGGTTTGTTGCTATGATGAA 

(SEQ ID NO:160) 
Rev Primer 

WicProbe CAATCACCGCTTGAGTAT 

(SEQ ID NO:161) 

WicAllele A. 

FamProbe AATCACCGCATGAGTAT 

(SEQ ID NO: 162) 

FamAllele T 

Example 14 

Sequence Variations Associated with Kunitz 
Trypsin Inhibitor Null Phenotype in Soybeans 

0.184 Candidate sequences encoding the Kunitz Trypsin 
Inhibitor Protein (KTI) of soybean were identified from four 
candidate sequences encoding KTI in Soybeans. One can 
didate sequence, KTIA (SEQ ID NO:167) was utilized as a 
template to design primers for Subsequent PCR amplifica 
tion reactions. Locus specific primers were designed from 
the candidate sequence, and PCR amplicons were generated 
from 5 KTI-null mutant lines and 7 wild-type lines (Table 
17). Alignment of sequences from these amplicons allowed 
identification of nucleotide variations that are associated 
with the Kunitz phenotypes (FIG. 9). A 2-bp deletion at 
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position 622-623 and one base mutation at position 624 (see 
FIG. 9) were detected in all Kunitz null mutants while a 
“GAG” was present in all the wild types in the same 
positions. The deletion/insertion is a nonsense mutation, 
causing the protein to terminate prematurely, explaining the 
phenotype of the mutant lines, which display the Kunitz null 
phenotype. This INDEL can be used as a genetic marker for 
marker-assisted selections for Kunitz null soybean lines and 
varieties. 

TABLE 17 

Line Genotypes 

PIS42044 Tit 
PI157440 Tit 
IS2O6-17 Tit 
PI547656 Tit 
PI547816 Tit 
PI518671 TT 
A3935 TT 
DKB19-15 TT 
AG2703 TT 
AG3302 TT 
AG2403 TT 

0185. A PCR-based TAQMAN marker-assisted assay 
employing primers (e.g. SEQID NOs: 168-171) was utilized 
to allow identification of the KTI-null trait (Table 18), and 
validation of the assay showed that the KTI-null marker 
segregated with the KTI-null phenotype. 

TABLE 1.8 

KTI Assay information. Marker Name: NS02O1535 

Primer1 321-1F GAGAACAAAGATGCAATGGATGGTT 
(SEQ ID NO: 168) 

Primer2 321-1R GCTGTGGACAGAACACAAGCTTATA 
(SEQ ID NO:169) 

Vic probe 321-1W2 AGAAACTCTCTCAAGTCT 
(SEQ ID NO: 170) 

FAM probe 321-1M2 CATCAGAAACTCTAAGTCT 
(SEQ ID NO: 171) 

KTI Null 

Wild Type GAG 

0186 All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 
apparent to those of skill in the art that variations may be 
applied to the compositions and methods and in the steps or 
in the sequence of steps of the method described herein 
without departing from the concept, spirit and scope of the 
invention. More specifically, it will be apparent that certain 
agents which are both chemically and physiologically 
related may be substituted for the agents described herein 
while the same or similar results would be achieved. All 

Such similar Substitutes and modifications apparent to those 
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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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gtttaattac 

gctaagaatt 

gcaccacttg 

gag.cgcaagg 

gatalaga.gtg 

Cgtaggggaa 

aatttaaatg 

ttgcttgggit 

atttitttittg 

agacco gaat 

to acttgaag 

gcc.ggc gttc 

agatgtgcat 

tatic cc citta 

to caca acct 

aatcttgaat 

attaattaat 

cattatgttt 

ttggg tagtg 

tggtgtaaat 

tdaaatttga 

aatggttgtt 

toctgcaatc 

gtacacaatg 

aaagtaatta 

tittatgttag 

totgccalaga 

ccagtggc.ca 

caagttcgt.ct 

tatgtcatcg 

tittitcattitt 

totcaagtgt 

gagc catt.cg 

citg acticcitc 

aatgctaatg 

toggcggttt 

aggtaattaa 

gaaatatata 

aaaagtgttgt 

aaaaaattica 

tggagtacag 

aatatgatag 

aaaagttagc 

gaactggtog 

aattgtaa.ca 

atatgtgaca 

gatgattaag 

act gagaaac 

totaaggatg 

gaatctg.cgt. 

gacittgtatg 

ccagtgatca 

cacgtogttc 

taatcaatga 

gacattttgg 

tittatgaaat 

agt cagtctg 

ccctdogtaa 

tgtccacgta 

cittctittaat 

tatggtgatc 

gacgaggtaa 

attaaaacta 

attaccatga 

cittatgcgac 

to gaattaag 

tacctgctaa 

taaatgactic 

cattgctata 

a tattaatta 

toatagdaac 

actato gtaa 

gcataataga 

ataagaattg 

ttaagtaaat 

ggtata catt 

gtgtgtgttga 

atttaatgta 

agaagaagaa 

gatctatoat 

togtocagtt 

aggtocaa.ca 

ttgactittitt 

cgittataaat 

tittittacaca 

aaggc galagt 

citcttgagat 

to gatttgaa 

alaggtggaat 

aagaactcta 

aaggtgttgat 

cataataaat 

toatacalaat 

ggittatto.ca 

catggatgac 

titcgtggtot 

aaattaggta 

taaatggatt 

aaag.cagtaa 

acatgcgaag 

attgaattitt 

tat cittcatg 

aaggactato 

tittgccacat 

ggalaggtgtt 

ttgctaccat 

tat caa.cata 

cittittgattt 

acaccgacat 

caa.catgaac 

gacaacctitt 

ggittittcact 

citctictatat 

ttgttacaaa 

aatgtctaat 

atgtag acat 

ttgaagagtt 

tatgatgtct 

Cttggagggit 

gttacaggitt 

ataatgttat 

taattittgca 

ttgttgtttc 

attittatgtt 

tggaacaaaa 

atccacgc.ca 

taagctitcct 

togtacc gat 

aaataaatat 

ataataalacc 

cgitatcgitat 

tittaataagg 

tgatgaagaa 

tgaagtaagt 

gtatato goc 

gtaggagttc 

gataa.ca.gca 

cgaagga att 

gtggtacagg 

ccatatgttga 

citttittttga 

totgctgggg 

gagag cacala 

caact catga 

tatagataaa 

cittcataggit 

cittagcgtgc 

atcaacgcac 

ttgcc citcaa 

gatcaag cac 

cactagaaaa 

gcataatgat 

29 

-continued 

ggcaagttct tcaagtttala 

atgtacctag tdagacacca 

talagaggaala taggaacggga 

acaatgattt go.gcaa.ccca 

citagdaccitt toccitaccct 

agtcttctat g gttctatat 

ggtoag.cgta gtacaa.cata 

citatgattot gattatttitt 

citaatcaatt tdaattcaac 

ccaagagatgaaaatttagg 

totttatcto aaattgtc.ca 

attgagtttc atagottcca 

agagatgtaa ttagcacaat 

ggtoa acaca to citcaagtt 

aataaaccac toatacttga 

actgatactt gaaatcttga 

to acgaacaa attcaaaact 

attitt cittitt tattattaat 

tittgctagag agatgattgc 

toaaatattt atttataaaa. 

agtaataaac taaaatacta 

cct coaaaaa gtaatctgga 

gattoccittg atctagatgg 

gatacaataa tttitcctcitt 

cacttggtag togaaggitta 

ggcagataaa totagotgaat 

gagaagatgg aactittaaag 

atctgtcago toccgtoagt 

tittggctact agccaaagct 

gcc attggta taaattittca 

ttcaatctot aatcc citctic 

taaatactica toc gg.cgatg 

ttcaccoa at ttacaagctt 

ttgcc aggca atctotaatt 

agtattotgt ggagatgtct 

tacct gcaga tottatcaag 

aaaatgtgac ataaaggttt 

ggatgcatct atatattata 

1920 

1980 

20 40 

2100 

216 O 

2220 

228O 

234. O 

24 OO 

2460 

252O 

258O 

264 O 

27 OO 

276 O. 

282O 

2880 

2.940 

3060 

312 O 

318O 

324 O 

3360 

342O 

3480 

354. O 

3600 

3660 

372 O 

378 O. 

384 O 

39 OO 

396 O 

4020 

408 O 

414 O 
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ttttgtttga cittagaggag togcaattaa gqatc catca accocacatg gagttcgtot 4200 

totgatagag gacitat cott atgcc.gctga tigg acto gag atatgggct g caattalagac 4260 

atgg gttcaa gaatatgtgc ccttgtacta tocaa.gagat gatgatgtca aaaatgattic 4320 

tgaacticcaa cattggtgga aagaagctgt agagaaaggc catggtgatt togaaagacaa 4.380 

gccatggtgg cctaagttgc agacacttga agaccittgtt gaagtttgcc to attat cat 4 440 

atggattgct tcagotcitcc atgcago.cgt taattittggit cagtatoctit atggaggttt 4500 

gataatgaac cqc coaactg. cittctagaag gttgctitcct gagaaaggca coccagaata 45 60 

tgaagaaatg attaataa.cc atgaaaaggc titatttgaga acaattacat caaagttgcc 462O 

gact citcatt agc ctittcag tdatagagat cittgtc.gaca catgcttctg atgaggtota 4680 

ccittggccag agggacaa.cc cacattggac citctgattca aaa.gcattac aag cotttca 474. O 

aaagtttgga aacaagctica aggaaattga ggaaaaactt gtgaggagga acaatgatcc 4800 

gagtctgcag ggcaatcgac ttggc.ccggit toaac tocca tacactittgc tittatcc tag 4860 

cagtgaggaa go.gitta actt ttaggggaat to caaatago atctotatot aagggagcct 4920 

gtggitt tact citaattactic tatatatagt gcatgttgtac citt.ccaataa aaaagatgca 4.980 

agacitagaga toc gataaat cittgcatctt atctaatgtt toaattatct tatgttittaa 5040 

ttaatgttgt aattgagcto acagtttggit totggtttgc aaataataag agcagtgagc 51OO 

actattagtt tatgtttagc toct9tcatc atgtttggta ttatacattt tacagattac 5 160 

gtaacacaaa tittatgttat tagtaaaaaa actgtattgt acgaatattt totattataa 5220 

gtatataaga aataaaaatt attagtatta gtgtttcagg ggaaggggga gat catagag 528 O 

caattittatg taatgtttitt cacattgctg cagttitttitt cotttggaga taacatagat 5340 

gttgaattgg citttittattt cittatgcatc gagttcatgttggttgatta tattgttatc 5 400 

attatgggga agtcgattga tttgttgtagt citctatagaa attgtgcttg attctatocc 546 O 

totcaaatcg aaatggaaag toggaaactgg aaaaa 5495 

<210> SEQ ID NO 2 
&2 11s LENGTH 385 6 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 2 

attittctgat tittagcaa at taaaatagta gtgttattgg taggittittgg caaagatgtt 60 

ttcagttcca ggggtgtcgg gaatcctgaa cagaggagga ggg catalaga taaaagggac 120 

agtggtgttg atgaggaaga atgtgttgga cittcaa.cago gtggctgatc titactaaagg 18O 

aaatgttggg g g actoatag goaccggcct caacgttgtt goctoaacac ttgata acct 240 

cact gott to ttggg.ccgaa gtgtc.gc.cct acagotcatt agtgctacca aacct cittgg 3OO 

ttcatttctt cittcctitcca cacaatcaat aacttctata ttcaaaatta agtgtttaat 360 

citctatactic to attcattt cattcaatga aaaaaaaatc ataag actitt taactaaaat 420 

taacctatot aaagaatcac aaacaaaaaa citatataata ttaagttitat titacttittitt 480 

tataatgaca aaaaaaatta ttgtatatgg to cacaaatt tttgtactct taaaaatata 540 
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toactittata catagocaaa catatttatt ttgtatagta ttaacttatt taggtacgta 600 

ccittaataat attattatgt gtgitatgtat ggtctgtttg tag caaatgg aaaaggaaaa 660 

gttggaaagg atacgttctt goaagggatt attgttgtcgt tacca actitt goggag caggg 720 

gagtctgcat tdaatattoa gtttgaatgg gacgaaag.ca toggaatccc cqgtgcgttt 78O 

tacataaaga act acatgca agttgagttt tacct caaga gtttgacitct togalagacgtt 840 

ccaaac caag galaccattcg citttgtttgc aactcatggg tittatalacac taaactttac 9 OO 

aaaag.cgtgc gcattttctt toccaaccat gtaagctatt tat attacgt acttagctag 96.O 

tagtttataa ttaaaattica gitatgtatat atatatatag titcatttgtc. c.gtctotaat O20 

ggcaagat.ct ttaatacgtt aatttaatga attgtag aca tatgttccala gtgagacacc O8O 

agCagc actt gtggggtaca gagaagaaga attgaagaat ttalagaggag atggaaaagg 14 O 

agag cqcaaa galacatgata ggatctatoga titatgatgtc. tacaatgatt toggcaatcc 200 

agat cacggit gaaaattittg citc.gc.cca at tottggaggg totag cactic atc.ccitaccc 260 

togtagggga agaactgg to gat atccaac aaggaaaggit tagttittcta tatatgcttic 320 

tatttgttta agtgaattga tattatatgt gtgaagctaa tittaattitat tittagcattg 38O 

ttcttttacg atgttatggc cagcc aggtt caaacaagtgaaagtaticta toc gtacata 4 40 

tittattittitt attaaaatga titttatgtat ataagttatt ttgttgctatg attctgattit 5 OO 

atttittcCta atcaattitca acagatcaga attctgagaa gCC agg.cgaa gtttatgttc 560 

caagagatga aaattittggit cacttgaagt cotcggattt tottgcatat ggaataaaat 62O 

citttatctoa atatgtctta coggc gttcg aatctgttitt cqatttgaac titcacgc.caa 680 

atgagtttga tagctt.ccaa gatgtgcgtg accitccacga aggtogaatt aagct tccta 740 

cagaagtaat tag cacaatt atgcc cittac cqgtggtoaa agaactcittt cqtacagatg 800 

gtgaacaagt cottcaagttt coaccaccitc atgtcattca agtgagtaag totgcatgga 860 

tgaccgatga agaatttgca agagagatgg ttgcgggtgt aaatc catgc gtaattcgtg 920 

gtottcaaga gtttcc toca aaaag caatc tdgatcc tac aatctatogt gag caaacca 98O 

gtaagataac agcagatgcc cittgatctag atggatacac agtggac gag gtaaacatat 20 40 

tdaagt citca taatttalacc acaggaagaa gqaactittaa gtaattaaaa gtgcttgttgt 2100 

atgatctgat tacaataa at ttaatttgttg gcacagg cac tag caagtcg gaggittattt 216 O 

atgttagatt accatgatgt attcatgcca tatataaggc ggataaatca gacatatgcc 2220 

aaggct tatgc gacaaggac tat cotttitt citgagagaaa atggaac citt aaa.gc.ca.gtg 228O 

gccatc gaat taagtttgcc acatcctgct g g g gacctgt caggtgctgt cagtcaagtic 234. O 

atcttacctg caaaagaagg togttgaaagt acaatttggc tactggccaa agctitatgtg 24 OO 

gtogtaaatg acticittgcta totatoaactc atgagccatt gotatataaa acaattcaat 2460 

tdaatctoca totatgatgt atgttatgtc. tcaattittat tittatttitta tttitttattt 252O 

tgttcatagg ttaaatactc. aag.cggtgat tdagc cattc atcatagdala caaaccqiaca 258O 

ccttagtgct cittcacco aa tittataagct tctaactcct cactaccgtg acaccatgaa 264 O 

catcaacgca cittgctaggc aatctotcat taatgctgat gg cataatag agaaatctitt 27 OO 

tittgcc ctica aag cattcc.g. ttgagatgtc titcagoggitt tataagaatt go.gttitt cac 276 O. 

tgat caag.ca citacct gcag atcittatcaa gaggtaatta atctotctaa actictaaa.ca 282O 
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taaaactato aaatataggit acatagtttgttattgattt atattttgtt to attcagag 2880 

gagtggcaat taaggatcca totgc.cccac atggactitcg acttctgata gaggact acc 2.940 

cittatgctgt tatgggcta gagatatggg citgcaattaa gacatggg to caagaatatg 3OOO 

tgtc.cittgta citatgcaaga gatgatgatg toaaacctga ttctgaactic caa.ca.gtggit 3060 

ggaaagaa.gc tigtagaga aa got catggtg atctgaaaga caa.gc.catgg togcctaagt 312 O 

tgcaaacaat tdaagagctt gttgaaattit gcaccattat catatgg act gcttcagocc 318O 

to catgcago C gttaactitt gotcaatato catatggagg titt cattctgaatcgcc caa 324 O 

cittcttctag aaggttgctt cotgagaaag goaccc.caga atatgaagaa atggtgaaaa 33OO 

gtoatcaaaa ggcttatttg agaactatta catcaaagtt toaaacticta gttgacctitt 3360 

cagtgataga gatcttgtca agg catgctt citgatgaggit citaccttggc caaagggiaca 342O 

acco acattg gaccitctgac toaaaag.cat tacaa.gc.citt toaaaaattit gcaaacaagc 3480 

toaaagaaat taggaaaaa cittgcaagga agaacaatga toaaagttct c tocaatcgac 354. O 

ttggg.ccggit toaact gcca tacactittgc ticcatccitaa cagtgagga a gqgttgacitt 3600 

gcagggggat toctaatago atctotatict aagggag cat gtggtotact ttaattacag 3660 

tact gtacct accittccaat aaaaaagatg caaggctaga gatccaataa atcttgcatc 372 O 

citatctaatg tittcaattat cittgttgttitt aatgctgitaa taggagcctac aatttgcaaa 378 O. 

ttaattaaga gCaccgagca Citattagttt gcgtttagct tctgtcatgt ttattaagat 384 O 

atatttc.gca gattgt 3856 

<210> SEQ ID NO 3 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 3 

ccatgcatcg toccct cqtc atcacga 27 

<210> SEQ ID NO 4 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 4 

cc ct cattta toaaa.cccitt aaa.ca tatt 29 

<210 SEQ ID NO 5 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 5 

gaactt catg aggtgtag ca cocaaggott 30 
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<210> SEQ ID NO 6 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 6 

gattatgtta cqt catatgg aagaaatcaa 

<210 SEQ ID NO 7 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 7 

ccatatgacg taacataatc atato attga t 

<210 SEQ ID NO 8 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 8 

gaattataat atctaatatt gctatotggc 

<210 SEQ ID NO 9 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 9 

citcaacaaag aggacaaag.c agcagacca 

<210> SEQ ID NO 10 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 10 

gatgacctcc ttgctcittgc tigatattt 

<210> SEQ ID NO 11 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 11 

caccctggaa ttcttggaac atgcattca 

Synthetic 

30 

Synthetic 

31 

Synthetic 

30 

Synthetic 

29 

Synthetic 

28 

Synthetic 

29 
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<210> SEQ ID NO 12 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 12 

ggagagatcc aaactcagoa citgagtc. 

<210> SEQ ID NO 13 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 13 

gCgtggacaa gCagatagcg aa 

<210> SEQ ID NO 14 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 14 

cittgcggaga gatccaaact ca 

<210 SEQ ID NO 15 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 15 

gaggatgaga agccacagtg Caaggg 

<210> SEQ ID NO 16 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 16 

gtatgttgat citttgatgaa to atgtacgt a 

<210 SEQ ID NO 17 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 17 

Synthetic 

27 

Synthetic 

22 

Synthetic 

22 

Synthetic 

26 

Synthetic 

31 

Synthetic 

Mar. 22, 2007 
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ggatgaattt gttgttgactic ttgcatgca 

<210> SEQ ID NO 18 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 18 

citgagacitcc tdaggtggaa ccaggaact 

<210 SEQ ID NO 19 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 19 

gcagataaag aacaacaa.cc ctittcaag 

<210> SEQ ID NO 20 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 20 

caac actitcc taaagatato atcgatcaa 

<210> SEQ ID NO 21 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 21 

gcaattgcat gcaatacaaa cacactt 

<210> SEQ ID NO 22 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 22 

gccacagttt caatcaattt tactaacaa 

<210> SEQ ID NO 23 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

29 

Synthetic 

29 

Synthetic 

28 

Synthetic 

29 

Synthetic 

27 

Synthetic 

29 

Synthetic 

Mar. 22, 2007 



US 2007/0067.871 A1 
36 

-continued 

<400 SEQUENCE: 23 

ccatgaactt aatgaggtgt aac acacala 

<210> SEQ ID NO 24 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 24 

aagataggitt goacggittaa gaagaa 

<210> SEQ ID NO 25 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 25 

accgtocaac citatcttata tattoaia 

<210> SEQ ID NO 26 
&2 11s LENGTH 26 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 26 

caccctcitct gaag.cgatgt acctitt 

<210 SEQ ID NO 27 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 27 

cctago actt atcaagagcc gcaagaat 

<210> SEQ ID NO 28 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 28 

citgcatgttc acgc.cgaacg cittctitt 

<210 SEQ ID NO 29 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

29 

Synthetic 

26 

Synthetic 

27 

Synthetic 

26 

Synthetic 

28 

Synthetic 

27 
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37 

-continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 29 

atat cagoag cagoagcaag gaggttcc 

<210 SEQ ID NO 30 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 30 

gcaagtgcta agataactitt gtcgtca 

<210> SEQ ID NO 31 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 31 

cittgaaagaa gogttcgg.cg tdaac at 

<210> SEQ ID NO 32 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 32 

gcaagtgcta agataactitt gtcgtca 

<210 SEQ ID NO 33 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 33 

ggatgaataa catgttgttga ttaacgta 

<210> SEQ ID NO 34 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 34 

caaggaagct gaaagg gttg ttgttcttic 

<210 SEQ ID NO 35 
&2 11s LENGTH 27 
&212> TYPE DNA 

Synthetic 

28 

Synthetic 

27 

Synthetic 

27 

Synthetic 

27 

Synthetic 

28 

Synthetic 

29 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 35 

caccattaac ttaatagtgt aag acag 

<210 SEQ ID NO 36 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 36 

ccittgttgaa taalaggttgt aagttggatt 

<210 SEQ ID NO 37 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 37 

gattcc.gaag coaccttaca coattaactt a 

EQ ID NO 38 
ENGTH 30 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

EQUENCE: 38 

ggataaaatg aaccttgttgaataaaggitt 

<210 SEQ ID NO 39 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 39 

gtotta agct cago accoca cittctgagt 

<210> SEQ ID NO 40 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 40 

ggataaaatg aaccttgttgaataaaggitt 

<210> SEQ ID NO 41 

Synthetic 

27 

Synthetic 

30 

Synthetic 

31 

Synthetic 

30 

Synthetic 

29 

Synthetic 

30 
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<400 

39 

-continued 

LENGTH 29 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 41 

ccitcaagagt aac gttaagg acatcgata 

<400 

EQ ID NO 42 
ENGTH 29 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

SEQUENCE: 42 

cagttattta aagtgattitc acciac gagg 

<400 

EQ ID NO 43 
ENGTH 2.8 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

SEQUENCE: 43 

aagaaattgg acaacgttgt aac atgca 

<400 

SEQ ID NO 44 
LENGTH 29 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 44 

caatgtttgt citttctogto acaatctgg 

<400 

SEQ ID NO 45 
LENGTH 2.8 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 45 

aagaaattgg acaacgttgt aac atgca 

<400 

SEQ ID NO 46 
LENGTH: 31 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 46 

gcttittataa catgaattaa to atgtaagt a 

Synthetic 

29 

Synthetic 

29 

Synthetic 

28 

Synthetic 

29 

Synthetic 

28 

Synthetic 

31 
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<400 

40 

-continued 

SEQ ID NO 47 
LENGTH 2.8 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 47 

gattaacgta cacttgatgt atggtgca 

<400 

SEQ ID NO 48 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 48 

gcataggtac ttgagtgact cattacacaa 

<400 

EQ ID NO 49 
ENGTH 27 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

SEQUENCE: 49 

gcacagtaaa acagttcaaa ttgagaa 

<400 

EQ ID NO 50 
ENGTH 27 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

SEQUENCE: 50 

cattcttcac cittgcatggc tattgtt 

<400 

SEQ ID NO 51 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 51 

gcaaggtgaa gaatgtcaca aactcagoaa 

<400 

SEQ ID NO 52 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 52 

Synthetic 

28 

Synthetic 

30 

Synthetic 

27 

Synthetic 

27 

Synthetic 

30 

Synthetic 
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-continued 

ggtgacaaat ggattaatat acact gagaa 

<400 

SEQ ID NO 53 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 53 

ggatgatcat catc.gc.ccaa gotaat 

<400 

SEQ ID NO 54 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 54 

citggtgactg. tcc totag cit gct gott 

<400 

SEQ ID NO 55 
LENGTH 27 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 55 

tdaaggtogc agaagcagca gctacag 

<400 

EQ ID NO 56 
ENGTH 2.8 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille 

S EQUENCE: 56 

tgagagggaa tttgttcatc titcatcat 

<400 

EQ ID NO 57 
ENGTH 30 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

SEQUENCE: 57 

gatgatgaag atgaacaa at tocct citcac 

SEQ ID NO 58 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

30 

Synthetic 

26 

Synthetic 

27 

Synthetic 

27 

Synthetic 

28 

Synthetic 

30 

Synthetic 
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-continued 

<400 SEQUENCE: 58 

gtagaggaca acatattggg cactgagttg 

<210 SEQ ID NO 59 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 59 

caccctccca gcc citcc.gcc aattcca 

<210 SEQ ID NO 60 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 60 

gtoacataga toacactgtt to cattcaga 

<210> SEQ ID NO 61 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 61 

ttactcitcca cattggaatc tdaatgca 

<210> SEQ ID NO 62 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 62 

gccacticaga tataaacata ggctogctg 

<210 SEQ ID NO 63 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 63 

cataaatgac aag catgatg gtgtgagga 

<210> SEQ ID NO 64 
&2 11s LENGTH: 31 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

30 

Synthetic 

27 

Synthetic 

30 

Synthetic 

28 

Synthetic 

29 

Synthetic 

29 

Synthetic 
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-continued 

Primer 

<400 SEQUENCE: 64 

ccagtaaaca tataatcagt attactcatt t 

<210 SEQ ID NO 65 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 65 

agcc atgcaa gotgaagaat gtcacaaa 

<210 SEQ ID NO 66 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 66 

aagagtatica ccago attitc. tcagtgt 

<210 SEQ ID NO 67 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 67 

citttgttgac atatoaatca cottaa 

<210 SEQ ID NO 68 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 68 

gtgaaagaat taacaagtaa goaga aca 

<210 SEQ ID NO 69 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 69 

gttctoctita cittgttaatt citttcactt 

<210 SEQ ID NO 70 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 

31 

Synthetic 

28 

Synthetic 

27 

Synthetic 

26 

Synthetic 

28 

Synthetic 

29 
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-continued 

&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 70 

gtoctogtoc taggtottgtt cacgctt 

EQ ID NO 71 
ENGTH 2.8 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

EQUENCE: 71 

gaagatcaac citc.gcaa.gag cog cqaat 

<210 SEQ ID NO 72 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 72 

CaactacCCC tag agaatca Citaaagaat 

<210 SEQ ID NO 73 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 73 

gtoagtaagt atgttgtagg gttggatt 

<210> SEQ ID NO 74 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 74 

ccatcatgct tdtcatttat gcg actitt 

<210 SEQ ID NO 75 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 75 

caaggctoac ccc.gtgttaa agtc.gcat 

<210 SEQ ID NO 76 
&2 11s LENGTH 29 

Synthetic 

27 

Synthetic 

28 

Synthetic 

29 

Synthetic 

28 

Synthetic 

28 

Synthetic 

28 
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-continued 

&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 76 

gaataaagac aaaacgtgaa gactgacat 

<210 SEQ ID NO 77 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 77 

citcottcaaa cittattaa.ca ctitt 

<210 SEQ ID NO 78 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400> SEQUENCE: 78 

ccittgaacga caatgatcat tt 

<210 SEQ ID NO 79 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 79 

citcaaggtog cagoagcaac tacaa 

<210 SEQ ID NO 80 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 80 

gagggagttt gttcatatto titcg 

<210> SEQ ID NO 81 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 81 

gaagaatatgaacaaacticc citctt 

Synthetic 

29 

Synthetic 

24 

Synthetic 

22 

Synthetic 

25 

Synthetic 

24 

Synthetic 

25 
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-continued 

<210> SEQ ID NO 82 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 82 

ggacaa.cata ttgggcactg agticc 

<210 SEQ ID NO 83 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 83 

citcc cagocc toc gocaatt cqg 

<210> SEQ ID NO 84 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 84 

cacatagatc acactgttcg cqttcaag 

<210 SEQ ID NO 85 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 85 

tact citccac attggaactt gaacg.cg 

<210 SEQ ID NO 86 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 86 

cacticagata ttaa.catagg citgggto 

<210 SEQ ID NO 87 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 87 

ggcc ctittgg to aaccorata aataa 

Synthetic 

25 

Synthetic 

23 

Synthetic 

28 

Synthetic 

27 

Synthetic 

27 

Synthetic 

25 
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-continued 

<210 SEQ ID NO 88 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 88 

aag actgaca ttittattaag gogatto 

<210 SEQ ID NO 89 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 89 

catggaactc. tcaiacaccct gagctgcaa 

<210 SEQ ID NO 90 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 90 

ccitctagata taagatagtg ttcttcaa 

<210 SEQ ID NO 91 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 91 

gtoactgttt coaaacgcac cotcaa 

<210 SEQ ID NO 92 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 92 

gggttcc.cag caaggtaaaa tacctt 

<210 SEQ ID NO 93 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 93 

Synthetic 

27 

Synthetic 

29 

Synthetic 

28 

Synthetic 

26 

Synthetic 

26 

Synthetic 
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-continued 

gtgttccitta citgg accitat aac act 

<210 SEQ ID NO 94 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 94 

gggtgatcag gac gaggttg atctt 

<210 SEQ ID NO 95 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 95 

gtoactgcat agitatcatac acactt 

<210 SEQ ID NO 96 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 96 

gtotgacatc citctitccacg tdgtt 

<210 SEQ ID NO 97 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 97 

cgagaacaat agaaatagac catcagg 

<210 SEQ ID NO 98 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 98 

cctottcaca caatgatcca aactc 

<210 SEQ ID NO 99 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

26 

Synthetic 

25 

Synthetic 

26 

Synthetic 

25 

Synthetic 

27 

Synthetic 

25 

Synthetic 
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-continued 

<400 SEQUENCE: 99 

gtoc aggg to catgttatcg tot 

<210> SEQ ID NO 100 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 100 

cattgtc.citt toctitactga ttctoc 

<210> SEQ ID NO 101 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 101 

tgacto catg tat catgitat gtgaaag 

<210> SEQ ID NO 102 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 102 

gattic gatga ggttgtcagg tittc 

<210> SEQ ID NO 103 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 103 

Cggaga atca gta aggaaag gaCaa 

<210> SEQ ID NO 104 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 104 

tgaggttgtt goataccttg gagta 

<210 SEQ ID NO 105 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

23 

Synthetic 

26 

Synthetic 

27 

Synthetic 

24 

Synthetic 

25 

Synthetic 

25 
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-continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 105 

accattctgc gctccattat tattt 

<210> SEQ ID NO 106 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 106 

agtttcgt.ca caaccaggaa ttaca 

<210 SEQ ID NO 107 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 107 

gtttaaccat tctg.cgctcc attat 

<210 SEQ ID NO 108 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 108 

gaatatgtca ccctgcttca ggtaa 

<210 SEQ ID NO 109 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 109 

tgtaattic ct g gttgttgacg aaact 

<210> SEQ ID NO 110 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 110 

gtggcctgat aatgctaaga cctitt 

<210> SEQ ID NO 111 
<211& LENGTH 24 
&212> TYPE DNA 

Synthetic 

25 

Synthetic 

25 

Synthetic 

25 

Synthetic 

25 

Synthetic 

25 

Synthetic 

25 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 111 

cgttacct ga agcagggtga cata 

<210> SEQ ID NO 112 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 112 

caccitottct totcottctic ctitc.tt 

<210> SEQ ID NO 113 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 113 

cittggalacac gaagttagag aagca 

EQ ID NO 114 
ENGTH 25 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

EQUENCE: 114 

cggittattgt ggttgtaagt gtggit 

<210> SEQ ID NO 115 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 115 

cc caatgggit taalactictac aaggit 

<210> SEQ ID NO 116 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 116 

attattottg agctc.gctca cittcc 

<210> SEQ ID NO 117 

Synthetic 

24 

Synthetic 

26 

Synthetic 

25 

Synthetic 

25 

Synthetic 

25 

Synthetic 

25 

Mar. 22, 2007 



US 2007/0067.871 A1 

<400 

52 

-continued 

LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 117 

gtggtgaact cocagggaaa gt 

<400 

EQ ID NO 118 
ENGTH 27 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

SEQUENCE: 118 

gaggaaagta caaatago aa citgacaa 

<400 

EQ ID NO 119 
ENGTH 2.8 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

SEQUENCE: 119 

cgaagccacc toacac catgaactt cat 

<400 

SEQ ID NO 120 
LENGTH 29 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 120 

cagaagtagg gtgctgagct to agacatt 

<400 

SEQ ID NO 121 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 121 

gtoccitcatt cacctitccitc. tctitcccitat 

<400 

SEQ ID NO 122 
LENGTH 29 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

SEQUENCE: 122 

gcttggcc at ggtgatgact gatgagtgt 

Synthetic 

22 

Synthetic 

27 

Synthetic 

28 

Synthetic 

29 

Synthetic 

30 

Synthetic 

29 
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-continued 

<210> SEQ ID NO 123 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 123 

citcaatgc.cc toaaac cqga taaccgta 

<210> SEQ ID NO 124 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 124 

caac accggc acactggaat ggcttgtt 

<210> SEQ ID NO 125 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 125 

gcatgatatt cocgggttgt cottagcacat 

<210> SEQ ID NO 126 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 126 

cc ct citctga agtgatagat cittctggtga 

<210> SEQ ID NO 127 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 127 

cactitcagag agggtgattt gattgcagt 

<210> SEQ ID NO 128 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 128 

Synthetic 

28 

Synthetic 

28 

Synthetic 

30 

Synthetic 

30 

Synthetic 

29 

Synthetic 
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-continued 

gttctggaag citgttggtgt caataagaga 

<210> SEQ ID NO 129 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 129 

aataac cacg cctoraggttc. tc 

<210> SEQ ID NO 130 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 130 

gagtgtttaa gaccalatgg agaga 

<210> SEQ ID NO 131 
&2 11s LENGTH 17 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 131 

cittcacaact caaacat 

<210> SEQ ID NO 132 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 132 

titcaca acac aaa.cat 

<210> SEQ ID NO 133 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 133 

cc citcaaacc ggataa.ccgt. atag 

<210> SEQ ID NO 134 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

30 

Synthetic 

22 

Synthetic 

25 

Synthetic 

17 

Synthetic 

16 

Synthetic 

24 

Synthetic 
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-continued 

<400 SEQUENCE: 134 

cactggaatg gcttgttgtt agg 

<210 SEQ ID NO 135 
&2 11s LENGTH 16 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 135 

atgtc.tcaat gagccc 

<210> SEQ ID NO 136 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 136 

atgtc.tcaat galaccc 

<210 SEQ ID NO 137 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 137 

cgtacatcat acatgttata aattalagotc aacaa 

<210 SEQ ID NO 138 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 138 

gcatatgcaa gtgctaagat aactttgt 

<210 SEQ ID NO 139 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 139 

acacattitta attactatat attalact 

<210> SEQ ID NO 140 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

23 

Synthetic 

16 

Synthetic 

16 

Synthetic 

35 

Synthetic 

28 

Synthetic 

26 

Synthetic 
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-continued 

Primer 

<400 SEQUENCE: 140 

cacattittaa ttactatata tagct 

<210> SEQ ID NO 141 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 141 

agagcc ctitt ttgcatgtgc ta 

<210> SEQ ID NO 142 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 142 

togttctitat ttattgctac goacact 

<210> SEQ ID NO 143 
&2 11s LENGTH 17 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 143 

caaaaggaca aaagtgt 

<210> SEQ ID NO 144 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 144 

aaaaggacga aagtgt 

<210> SEQ ID NO 145 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 145 

ggalaccalaga gcaa.gagttt citaca 

<210> SEQ ID NO 146 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 

25 

Synthetic 

22 

Synthetic 

27 

Synthetic 

17 

Synthetic 

16 

Synthetic 

25 
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-continued 

&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 146 

cgctittccitt totggctttg agta 

EQ ID NO 147 
ENGTH 15 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: 
Lille P 

EQUENCE: 147 

citccittgctg. cittct 

<210> SEQ ID NO 148 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Primer 

<400 SEQUENCE: 148 

cctcctttct gcttct 

<210> SEQ ID NO 149 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 149 

to caatticac caactic ctitc. aalact 

<210 SEQ ID NO 150 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 150 

Calaagggaag aaagagagag agtga 

<210> SEQ ID NO 151 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 151 

cittccittagt toaatatagg 

<210> SEQ ID NO 152 
&2 11s LENGTH 18 

Synthetic 

24 

Synthetic 

15 

Synthetic 

16 

Synthetic 

25 

Synthetic 

25 

Synthetic 

20 
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-continued 

&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 152 

to cittagttcaatatggg 18 

<210 SEQ ID NO 153 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 153 

Cataggagala Cac gagggat gtg 23 

<210> SEQ ID NO 154 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400> SEQUENCE: 154 

ggcttctact ttgctcittcc tott 24 

<210 SEQ ID NO 155 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 155 

aatgcgaaga taaag 15 

<210 SEQ ID NO 156 
<211& LENGTH: 14 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 156 

atgc gaaaat aaag 14 

<210 SEQ ID NO 157 
&2 11s LENGTH 5495 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 157 

aaaaccotaa accitaa acco coaa.gc.gctg cattggtoat coattgttgg aac attctot 60 

gattaccaac aatgagaCCC cc.gagaggcg gtggacgcgg cqgcggattic agaggtogCC 120 

gCgacggtgg toggtogcggC agaggtggitt ttggtc.gcgg cqgaggtggt tittggtogcg 18O 
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gC9g.cgg.cgg 

to cattittga 

cc.gtgtttga 

ttygtttctg 

aaaaagattt 

cagaggtgtc 

agaaagttcc 

ttgatgaaat 

gttittaacat 

tgttatctgg 

ttgttgctac 

citcttgcaag 

gtggtogtgg 

Caaggggtgg 

tottct tott 

agatgtttitc 

tggaagittaa 

totocottca 

acttittittoc 

ttctataitac 

gattcaayga 

ttagaaatat 

ggtacgtacg 

aaggaaaagt 

gagcaggaga 

gtgc gttitta 

aagccatttc 

aactittacala 

gtttaattac 

gctaagaatt 

gcaccacttg 

gag.cgcaagg 

gatalaga.gtg 

Cgtaggggaa 

aatttaaatg 

ttgcttgggit 

atttitttittg 

agacco gaat 

cggatato git 

aacttcagaa 

agattgaaaa 

ggittittgata 

titatttittat 

atcttittatg 

citttittcaat 

atttggcc cc 

gttggttgct 

tgctitcgttg 

ttcttattoa 

atttct tcca 

tggatgtaga 

gag aggtggit 

tattittctica 

agcaggcc at 

CCCtgatggC 

gctcattagt 

atcatcatca 

gaaaagtaag 

tagtatacac 

atcacgtagt 

taa.cat agta 

tggaaaggat 

gtotgcattc 

cataaagaac 

aalaccalagga 

aag.cgtgcgc 

aaaagtgttgt 

aaaaaattica 

tggagtacag 

aatatgatag 

aaaagttagc 

gaactggtog 

aattgtaa.ca 

atatgtgaca 

gatgattaag 

act gagaaac 

gacgaaggac 

gcgtttcaat 

aaaaaatgtg 

atttgcaagg 

ttttgttgttg 

catgcatgcg 

gctccitatitt 

atcaatgaag 

totgttattt 

gtgaacatgc 

to C gg.cgaca 

caa.cccaagg 

ggtggcc.gtg 

cct cocaggg 

ttittgccaaa 

aagatcaaag 

tdag cagttg 

gctaccalagg 

to cacaatca 

tgtaaagagt 

attittitta.ca 

aatacatalac 

ttattawitat 

acgttcttgg 

aatattoaitt 

tacatgcaag 

accatcc.gct 

attittctittg 

gtgtgtgttga 

atttaatgta 

agaagaagaa 

gatctatoat 

togtocagtt 

aggtocaa.ca 

ttgactittitt 

cgittataaat 

tittittacaca 

aaggc galagt 

caccotcc.ga 

ttctatgttc 

citttgtggtg 

aaataa.cata 

tittatc.ttitt 

agg gagatgc 

atctgaaaaa 

citgtgggttt 

tttittggtot 

agtacttcto 

agttittatat 

gacaatcago 

gaggtggtgg 

gtggtgcagg 

citaaaatagt 

gga Cagtggit 

acaac cittaa. 

citgatggitta 

toactittcta 

ttaaataatt 

tittittaattic 

caaagatatt 

gtgtgitatga 

aagggattaa 

ttgaatggga 

ttgagttctt 

ttgtttgcaa 

ccaac catgt 

aatgtctaat 

atgtag acat 

ttgaagagtt 

tatgatgtct 

Cttggagggit 

gttacaggitt 

ataatgttat 

taattittgca 

ttgttgtttc 

attittatgtt 

59 

-continued 

agtcgtaggit tatttcttct 

totgttgggit atttcatcaa 

tittgctgcta atgacatgat 

actittatcta gcttagttaa 

taattcattt ggtgtatatg 

agtgacaaag cittacaaatg 

catgacticag attgggaaag 

citctdattitt ttgtttgttt 

gttatggaac toggttittga 

aattalagatg atggaaggga 

tgatccalagg aaactgttgc 

tggtagaggt ggaggtggag 

tttitcgtgga agggg.cgctic 

cittitt tottt titctitc.ttct 

tgtgttggta gotttggcaa 

gttgatgcc c aagaatgagt 

tgctttctt g g gCCgwagtg 

attaatttct tcwtcgtttc 

tattaaaaat talactittaat 

tttgtaaaat aktaatttct 

atagagggitt ttgttittcta 

tatatagittt aaacttactic 

totgtttgta gcamatggaa 

tactitcgitta coaactittgg 

cggaag cat g g gaatcc.ccg 

cct caag agt ttgacitcttg 

citcatgg gtt tatalacacta 

aagct ctitta gcaattagta 

ggcaagttct tcaagtttala 

atgtacctag tdagacacca 

talagaggaala taggaacggga 

acaatgattt go.gcaa.ccca 

citagdaccitt toccitaccct 

agtcttctat g gttctatat 

ggtoag.cgta gtacaa.cata 

citatgattot gattatttitt 

citaatcaatt tdaattcaac 

ccaagagatgaaaatttagg 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

O20 

14 O 

200 

260 

320 

4 40 

5 OO 

560 

680 

740 

800 

860 

920 

20 40 

2100 

216 O 

2220 

228O 

234. O 

24 OO 

2460 
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-continued 

to acttgaag totaaggatg citcttgagat tdgaacaaaa totttatcto aaattgtc.ca 252O 

gcc.ggc gttc gaatctg.cgt to gatttgaa atccacgc.ca attgagtttc atagottcca 258O 

agatgtgcat gacittgtatg aaggtggaat taagctitcct agagatgtaa ttagcacaat 264 O 

tatc.cccitta ccagtgatca aagaactcta togtacc gat ggtoa acaca toc to aagtt 27 OO 

to caca acct cacgtogttcaaggtgttgat aaataaatat aataalaccac toatacttga 276 O. 

aatcttgaat taatcaatga cataataaat ataataalacc actgatactt gaaatcttga 282O 

attaattaat gacattttgg toatacaaat cqtatcgitat tcacgaacaa attcaaaact 2880 

cattatgttt tittatgaaat ggittatto.ca tittaataagg attittcttitt tattattaat 2.940 

ttggg tagtg agt cagtctg catggatgac tatgaagaa tittgctagag agatgattgc 3OOO 

tggtgtaaat coctoc gtaa titcgtggtot taagtaagt toaaatattt atttataaaa 3060 

toaaatttga tigtccacgta aaattaggta gtatato goc agtaataaac taaaatact a 312 O 

aatggttgtt cittctittaat taaatggatt gtaggagttc cct coaaaaa gtaatctgga 318O 

to citgcaatc tatggtgatc aaag.cagtaa gataa.cagoa gattccott g atctagatgg 324 O 

gtacacaatg gac gaggtaa acatgcgaag cqaaggaatt gatacaataa tttitcct citt 33OO 

aaagtaatta attaaaacta attgaattitt gtggtacagg cacttggtag togaaggitta 3360 

tittatottag attaccatga tat cittcatg ccatatgttga ggcagataaa totagotgaat 342O 

totgcCaaga Cittatagcgac aaggactato Ctttittittga gagaagatgg aactittaaag 3480 

ccagtggcca to gaattaag tittgccacat totgctogggg atctgtcago toccgtoagt 354. O 

caagttcgt.ct tacctgctaa goalaggtgtt gagag cacaa tittggctact agccaaagct 3600 

tatgtcatcg taaatgactic ttgctaccat caacticatga gcc attggta taaattittca 3660 

ttitt cattitt cattgctata tatcaacata tatagataaa ttcaatctot aatcc citcto 372 O 

totcaagtgt atattaatta cittittgattt cittcataggit taaatactica tag.cgg.cgatg 378 O. 

gagc catt.cg tdatagdaac acaccgacat cittagcgtgc titcacccaat ttacaag citt 384 O 

citgacticcitc act atcgtaa caa.catgaac atcaacgcac ttgcc aggca atctotaatt 39 OO 

aatgctaatg gcataataga gacaaccttt ttgcc citcaa agtattotgt ggagatgtct 396 O 

toggcggttt ataagaattg ggttittcact gatcaag cac tacct gcaga tottatcaag 4020 

aggtaattaa ttaagtaaat citctotatat cactagaaaa aaaatgtgac ataaaggttt 408 O 

gaaatatata ggtata catt ttgttacaaa goataatgat ggatgcatgt atatattata 414 O 

ttttgtttga cittagaggag togcaattaa gqatc catca accocacatg gagttcgtot 4200 

totgatagag gacitat cott atgcc.gctga tigg acto gag atatgggct g caattalagac 4260 

atgg gttcaa gaatatgtgc ccttgtacta tocaa.gagat gatgatgtca aaaatgattic 4320 

tgaacticcaa cattggtgga aagaagctgt agagaaaggc catggtgatt togaaagacaa 4.380 

gccatggtgg cctaagttgc agacacttga agaccittgtt gaagtttgcc to attat cat 4 440 

atggattgct tcagotcitcc atgcago.cgt taattittggit cagtatoctit atggaggttt 4500 

gataatgaac cqc coaactg. cittctagaag gttgctitcct gagaaaggca coccagaata 45 60 

tgaagaaatg attaataa.cc atgaaaaggc titatttgaga acaattacat caaagttgcc 462O 

gact citcatt agc ctittcag tdatagagat cittgtc.gaca catgcttctg atgaggtota 4680 

ccittggccag agggacaa.cc cacattggac citctgattca aaa.gcattac aag cotttca 474. O 
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-continued 

aaagtttgga aacaagctica aggaaattga ggaaaaactt gtgaggagga acaatgatcc 4800 

gagtctgcag ggcaatcgac ttggc.ccggit toaac tocca tacactittgc tittatcc tag 4860 

cagtgaggaa go.gitta actt ttaggggaat to caaatago atctotatot aagggagcct 4920 

gtggitt tact citaattactic tatatatagt gcatgttgtac citt.ccaataa aaaagatgca 4.980 

agacitagaga toc gataaat cittgcatctt atctaatgtt toaattatct tatgttittaa 5040 

ttaatgttgt aattgagcto acagtttggit totggtttgc aaataataag agcagtgagc 51OO 

actattagtt tatgtttagc toct9tcatc atgtttggta ttatacattt tacagattac 5 160 

gtaacacaaa tittatgttat tagtaaaaaa actgtattgt acgaatattt totattataa 5220 

gtatataaga aataaaaatt attagtatta gtgtttcagg ggaaggggga gat catagag 528 O 

caattittatg taatgtttitt cacattgctg cagttitttitt cotttggaga taacatagat 5340 

gttgaattgg citttittattt cittatgcatc gagttcatgttggttgatta tattgttatc 5 400 

attatgggga agtcgattga tttgttgtagt citctatagaa attgtgcttg attctatocc 546 O 

totcaaatcg aaatggaaag toggaaactgg aaaaa 5495 

<210 SEQ ID NO 158 
&2 11s LENGTH 385 6 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400> SEQUENCE: 158 

attittctgat tittagcaa at taaaatagta gtgttattgg taggittittgg caaagatgtt 60 

ttcagttcca ggggtgtcgg gaatcctgaa cagaggagga ggg catalaga taaaagggac 120 

agtggtgttg atgaggaaga atgtgttgga cittcaa.cago gtggctgatc titactaaagg 18O 

aaatgttggg g g actoatag goaccggcct caacgttgtt goctoaacac ttgata acct 240 

cact gott to ttggg.ccgaa gtgtc.gc.cct acagotcatt agtgctacca aacct cittgg 3OO 

ttcatttctt cittcctitcca cacaatcaat aacttctata ttcaaaatta agtgtttaat 360 

citctatactic to attcattt cattcaatga aaaaaaaatc ataag actitt taactaaaat 420 

taacctatot aaagaatcac aaacaaaaaa citatataata ttaagttitat titacttittitt 480 

tataatgaca aaaaaaatta ttgtatatgg to cacaaatt tttgtactct taaaaatata 540 

toactittata catagocaaa catatttatt ttgtatagta ttaacttatt taggtacgta 600 

ccittaataat attattatgt gtgitatgtat ggtctgtttg tag caaatgg aaaaggaaaa 660 

gttggaaagg atacgttctt goaagggatt attgttgtcgt tacca actitt goggag caggg 720 

gagtctgcat tdaatattoa gtttgaatgg gacgaaag.ca toggaatccc cqgtgcgttt 78O 

tacataaaga act acatgca agttgagttt tacct caaga gtttgacitct togalagacgtt 840 

ccaaac caag galaccattcg citttgtttgc aactcatggg tittatalacac taaactttac 9 OO 

aaaag.cgtgc gcattttctt toccaaccat gtaagctatt tat attacgt acttagctag 96.O 

tagtttataa ttaaaattica gitatgtatat atatatatag titcatttgtc. c.gtctotaat 1020 

ggcaagat.ct ttaatacgtt aatttaatga attgtag aca tatgttccala gtgagacacc 1080 

agCagc actt gtggggtaca gagaagaaga attgaagaat ttalagaggag atggaaaagg 1140 

agag cqcaaa galacatgata ggatctatoga titatgatgtc. tacaatgatt toggcaatcc 1200 

agat cacggit gaaaattittg citc.gc.cca at tottggaggg totag cactic atc.ccitaccc 1260 
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togtagggga agaactgg to gat atccaac aaggaaaggit tagttittcta tatatgcttic 320 

tatttgttta agtgaattga tattatatgt gtgaagctaa tittaattitat tittagcattg 38O 

ttcttttacg atgttatggc cagcc aggtt caaacaagtgaaagtaticta toc gtacata 4 40 

tittattittitt attaaaatga titttatgtat ataagttatt ttgttgctatg attctgattit 5 OO 

atttitt.ccita atcaattitca acagatcaga attctgagaa goc aggc gala gtttatgttc 560 

caagagatga aaattittggit cacttgaagt cotcggattt tottgcatat ggaataaaat 62O 

citttatctoa atatgtctta coggc gttcg aatctgttitt cqatttgaac titcacgc.caa 680 

atgagtttga tagctt.ccaa gatgtgcgtg accitccacga aggtogaatt aagct tccta 740 

cagaagtaat tag cacaatt atgcc cittac cqgtggtoaa agaactcittt cqtacagatg 800 

gtgaacaagt cottcaagttt coaccaccitc atgtcattca agtgagtaag totgcatgga 860 

tgaccgatga agaatttgca agagagatgg ttgcgggtgt aaatc catgc gtaattcgtg 920 

gtottcaaga gtttcc toca aaaag caatc tdgatcc tac aatctatogt gag caaacca 98O 

gtaagataac agcagatgcc cittgatctag atggatacac agtggac gag gtaaacatat 20 40 

tdaagt citca taatttalacc acaggaagaa gqaactittaa gtaattaaaa gtgcttgttgt 2100 

atgatctgat tacaataa at ttaatttgttg gcacagg cac tag caagtcg gaggittattt 216 O 

atgttagatt accatgatgt attcatgcca tatataaggc ggataaatca gacatatgcc 2220 

aaggctitatg Cqacaaggac tatcCtttitt Ctgagagaaa atggaac Ctt aaag.ccagtg 228O 

gccatc gaat taagtttgcc acatcctgct g g g gacctgt caggtgctgt cagtcaagtic 234. O 

atcttacctg caaaagaagg togttgaaagt acaatttggc tactggccaa agctitatgtg 24 OO 

gtogtaaatg acticittgcta totatoaactc atgagccatt gotatataaa acaattcaat 2460 

tdaatctoca totatgatgt atgttatgtc. tcaattittat tittatttitta tttitttattt 252O 

tgttcatagg ttaaatactc. aag.cggtgat tdagc cattc atcatagdala caaaccqiaca 258O 

ccttagtgct cittcacco aa tittataagct tctaactcct cactaccgtg acaccatgaa 264 O 

catcaacgca cittgctaggc aatctotcat taatgctgat gg cataatag agaaatctitt 27 OO 

tittgcc ctica aag cattcc.g. ttgagatgtc titcagoggitt tataagaatt go.gttitt cac 276 O. 

tgat caag.ca citacct gcag atcittatcaa gaggtaatta atctotctaa actictaaa.ca 282O 

taaaactato aaatataggit acatagtttgttattgattt atattttgtt to attcagag 2880 

gagtggcaat taaggatcca totgc.cccac atggactitcg acttctgata gaggact acc 2.940 

cittatgctgt tatgggcta gagatatggg citgcaattaa gacatggg to caagaatatg 3OOO 

tgtc.cittgta citatgcaaga gatgatgatg toaaacctga ttctgaactic caa.ca.gtggit 3060 

ggaaagaa.gc tigtagaga aa got catggtg atctgaaaga caa.gc.catgg togcctaagt 312 O 

tgcaaacaat tdaagagctt gttgaaattit gcaccattat catatgg act gcttcagocc 318O 

to catgcago C gttaactitt gotcaatato catatggagg titt cattctgaatcgcc caa 324 O 

cittcttctag aaggttgctt cotgagaaag goaccc.caga atatgaagaa atggtgaaaa 33OO 

gtoatcaaaa ggcttatttg agaactatta catcaaagtt toaaacticta gttgacctitt 3360 

cagtgataga gatcttgtca agg catgctt citgatgaggit citaccttggc caaagggiaca 342O 

acco acattg gaccitctgac toaaaag.cat tacaa.gc.citt toaaaaattit gcaaacaagc 3480 

toaaagaaat taggaaaaa cittgcaagga agaacaatga toaaagttct c tocaatcgac 354. O 
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ttggg.ccggit toaact gcca tacactittgc ticcatccitaa cagtgagga a gqgttgacitt 3600 

gcagggggat toctaatago atctotatict aagggag cat gtggtotact ttaattacag 3660 

tact gtacct accittccaat aaaaaagatg caaggctaga gatccaataa atcttgcatc 372 O 

citatctaatg tittcaattat cittgttgttitt aatgctgitaa taggagcctac aatttgcaaa 378 O. 

ttaattaaga gcaccgagca citattagttt gcgtttagot totgtcatgt ttattaagat 384 O 

atatttc.gca gattgt 3856 

<210 SEQ ID NO 159 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 159 

gctato atca act catgagc cattg 25 

<210> SEQ ID NO 160 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 160 

gtgtcggttt gttgctata togaat 25 

<210> SEQ ID NO 161 
&2 11s LENGTH 18 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Primer 

<400 SEQUENCE: 161 

caatcaccgc titgagtat 18 

EQ ID NO 162 
ENGTH 17 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: Synthetic 
Lille P 

<400 SEQUENCE: 162 

aatcaccgca tagtat 17 

<210> SEQ ID NO 163 
&2 11s LENGTH 3524 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 163 

tagcctaagt acgtacticaa aatgccaa.ca aataaaaaaa aagttgctitt aataatgcca 60 

aaacaaatta ataaaacact tacaacaccg gatttitttitt aattaaaatg taccatttag 120 
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gataaatagt 

atttggttga 

aaaaataagk 

gaaattgaaa 

aatcCaggaa 

atttgcaata 

acct cacacic 

aagaatgtct 

titcc citataa. 

ggtoctitaaa 

gcttittcagt 

ccagatccala 

cattgaga.ca 

citgcaccotc 

citacatccala 

tatgtttalag 

ttittgagttt 

catatoattg 

aggtaagggit 

acalaccitcaia 

cittcagagag 

tgaaga cact 

c gaccagatg 

taalatatoat 

tgccaattga 

atggacaata 

gaattcttaa 

ttggcagaga 

gCaaggaggt 

cago at attg 

gatago gaaa 

gaaaggaggt 

agaggaagaa 

acgc.ccc.cga 

catgagacitt 

cggtag cqtc 

tgctgagttt 

tata cattaa. 

taatatttitt 

aaatattaat 

gkacgkggitt 

gc gagtictaa 

gaaaagaaat 

gaalacactga 

atgaactt.ca 

caagcticago 

atalaccacgc 

cactcatcag 

ggctgctgct 

aaactcaatg 

tggaac cota 

aac cqcaacg 

caaggtocat 

ggitttgataa 

ttatat atta 

ataatgttgg 

atttittggca 

Caaagaggac 

ggtgatttga 

cctgttgttg 

ccitagg gtga 

tittagttcgt 

atccttatag 

ttgtagctga 

gttctaatac 

ttctatottg 

catcaaag.cc 

agtggctt.ca 

aacctacaag 

citgagcgtga 

gaagaagagg 

ggalagccaaa 

cgc.cacaa.ca 

acaa.ccgc.ca 

ggatctotcc 

actaatattt 

aataattatt 

atgtttaaat 

aac attagta 

tittittaaatt 

gaawccatgc 

alacaccittitc. 

tgaggtotag 

accotactitc. 

citcaggttct 

toatcaccat 

togctttcag 

cc citcaaacc 

acaacaagcc 

ccctitcgtag 

cittgtccaaa 

atgagggaat 

aaattitttgt 

gttcctaatt 

tgatatacco 

aaag.ca.gcag 

togcagtgcc 

cc.gtttctat 

gcc acatago 

ggagttgcac 

ttgttgtttitt 

taaaaaaagg 

tagctggitta 

citgggalacca 

agaaaggaaa 

ccctdgaatt 

gagagaacga. 

taaalaccacc 

atgagaagcc 

gCaaaag.ca.g 

ttggccagac 

ccago cittga 

gCalaggtacg 

gttgccaaat 

taaaaag.ccg 

caa.cacaatc 

cagtaatata 

atgaacct gc 

atggtoccot 

totttgtcac 

cacccaaggc 

tgtgacgtgt 

cc.gctitcaca 

ggccaagcta 

titccagagag 

ggata accqt 

attccagtgt 

acct tcc tac 

cittcacatat 

tittattittag 

tittgatttct 

tttgtttgtt 

gggttgtc.ct 

accacaagac 

tactggtgtt 

tattgacacc 

aat attagat 

tittctaattit 

titatic caatt 

aaactgg act 

cagattgaca 

agagcaa.gag 

gcatcagcaa 

cittggaacat 

aggggalagac 

Cacggacgag 

acagtgcaag 

aagaaatggc 

titcatcacct 

cittcc.cagoc 

tacatcattc 

atttattaat 

64 

-contin 

tatic tactaa 

taitcaaaatt 

agaggaaaat 

atatataaaa. 

cgtcatcacg 

ttaattgaga 

titccatagoc 

cc citcattca 

actcaaacat 

gttttitt.ccc 

cagoctoagc 

atagagt cag 

gcc.ggtgttg 

accaacggto 

aaatatataa. 

atttittaata 

to catatgac 

tgttgttittg 

agcacatttg 

cgtcaccaga 

gCatggtgga 

aac agcttgg 

attataattic 

agtacctata 

tggttcttgt 

acattgtaac 

actatttgtt 

tittctaaaat 

gaagaagaaa 

gcattcagog 

aagggagc.ca 

cagdaacaaa 

ggtaaag aca 

attgacgaga 

gacatctaca 

citctogtggc 

atcaaagatc 

tittattgata 

ued 

aatgatttitt 

aalactaaaaa. 

gagaaattaa 

ggaaagaaag 

agtttctg.cc 

tgc.cgaa.gc.c 

atgcatactg 

cotto citc.tc. 

tototcCatt 

tttgttittct 

aaaacgagtg 

aaggagggct 

cccitctotcg 

cc.caggaaat 

tag acttaaa 

atttitttittg 

gtaacataat 

taatatgaat 

aagagccitca 

agatctataa 

tgtacaacaa 

agaaccagot 

tittaaaggitt 

gattaaaata 

cittgaaataa 

gttaagatta 

ttgacaattic 

atcagdalaga 

acgaaggagg 

tggacaa.gca 

ttgttgacagt 

gaccc.cagga 

aac actocca 

ccatatgcac 

accotcaagc 

to agacticag 

aa.catacatt 

attaatttitt 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

O20 

14 O 

200 

260 

320 

4 40 

5 OO 

560 

680 

740 

800 

860 

920 

20 40 

2100 

216 O 

2220 

228O 

234. O 

24 OO 
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ttagaaaatt tatttgatca cittittaatgg agtctittcat cittaattaca ttatttatac 2460 

ttagacitaat gatttattga ttaataataa tottagatac actataaaat gtgttgacgga 252O 

gttatcttaa cacttgcatg gattotatot tittctgtctt tatatataga aatagagaga 258O 

aaaaaaaaga aaagattgat gaaaaaag.ca aaacaaaaaa tag tattatt ataaaaatat 264 O 

tggatgaatt tottgttgact cittgcatgca ttgatgitayg rtgcagaatg catgttcgtg 27 OO 

ccacactaca acctgaacgc galacagoata atatacgcat tdaatggacg ggcattgata 276 O. 

Caagtggtga attgcaa.cgg toga gaga.gtg tittgatggag agctgcaaga gggacgggtg 282O 

citgatcgtgc cacaaaactt totggtggct gcaagat cac agagtgacaa citt.cgagtat 2880 

gtgtcattca agaccalatga tacacccatg atcgg cactc ttgcaggggc aaact cattg 2.940 

ttgaacgcat taccagagga agtgattoag cacactittca accitaaaaag ccago aggcc 3OOO 

aggcagataa agaacaacaa ccctttcaag titcctggttc. caccitcagga gttcto agaag 3060 

agagctgtgg cittagagc.cc tittttgtatg to citaccc.ca cittttgtc.tt tittggcaata 312 O 

gtgctago aa ccaataaata ataataataa taatgaataa gaaaacaaag gotttagctt 318O 

gccttttgtt cactgtaaaa taataatgta agtactcitct ataatgagtc acgaaactitt 324 O 

tgcgggaata aaaggaga aa titccaatgag titttctgtca aatcttcttt totct citct c 33OO 

totcitctott tttitttittct ttcttctgag cittcttgcaa aacaaaaggc aaacaataac 3360 

gattggtoca atgatagitta gCttgatcga tagatatottt aggaagtgtt g gCaggacag 342O 

gacatgatgt agaagacitaa aattgaaagt attgcag acc caatagttga agattaactt 3480 

taagaatgaa gacgtottat caggttctitc atgacittgga gctic 3524. 

<210> SEQ ID NO 164 
&2 11s LENGTH 364 O 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 164 

tgaaagga aa gaaagaag ca gaggaagaaa agaaatgaaa ccatgcatgg tocccaccc.c 60 

agga catcat gggtttctgc catttgcaat acaaacactd aaa.caccittt citctttgtca 120 

cgtaatcgag attcc.gaagc caccittacac catta actta atagt gtaag acaga agggit 18O 

to catago.ca to catact ga agaatgtc.tt aagcticagoa ccc cacttct gagacgtgtc 240 

cctdattoac ctitcctcitct tcc ctataaa taaccacgcc tdaggttcto cqcttcacaa 3OO 

cacaaacatt citctocattt gtccttgaat ataatactica gcatggctaa gottgttctt 360 

toccitttgtt ttctgcttitt cagtggctgc tigctitc.gctt toagtttcag agag cago.ca 420 

cago: aaaacg agtgccagat coaacgc.citc aatgcc.citca aaccq gataa cc.gtatagag 480 

to agaaggtg gottcattga gacatggaac cctaacaa.ca agc cattcca gtgtgcc.ggit 540 

gttgcc citct citc.gctgcac cotcaaccgc aacg.ccctitc gcag acctitc ctacaccaac 600 

gctccc.cagg agatctacat coaacaaggt titttittattt tatcatcaaa tattagttta 660 

ttagttittat taaaaatatt aatcgaaaaa aatccaactt acaacctitta ttcaacaagg 720 

titcatttitat coacactitta taatacatac atacatatat atatatatat atatatatat 78O 

atatatatat atatatatat atatatatat atatatatat atatatatat atatatgtat 840 

gtatgtatga ttgatttact aacgtatata cctatattitt tittagcagag gactgttatt 9 OO 



US 2007/0067.871 A1 Mar. 22, 2007 
66 

-continued 

tagtacaa.ca aatcattgca caaattgcaa gaaaagaaac atcaacggct galactitttgt 96.O 

totaaaacaaa tacttaattg gaaaataata aaataaaaac toggaaattga cittaatgcac O20 

tottcatgcg ttttittaact aaaactgttt catacattaa caaatacttig cigggattitat O8O 

caacttacat attcttatct ttittagtatg aatacattag caaattatat cattgtatat 14 O 

tittaagatat tctittatcta taattcactg gtaaaaaaac catattagca aaaccotcaa 200 

gagtaacgtt aaggacatcg ataatgttitt gtttgttatca gttitt cagaa ttaaaac att 260 

ttgaaacgaa aatggittatt atagtaatgt ttttgttgatt gtttaatgtg aatagg tagt 320 

gg tatttittg gcatgatatt cocgg gttgt cottagcacat ttgaagagcc toaacaaaaa 38O 

ggacaaag.ca gcaggc.ccca agaccgtoac cagaagatct atc actticag agagggtgat 4 40 

ttgattgcag toccaa.ccgg ttittgcatac toggatgtaca acaatgaaga cactcctgtt 5 OO 

gttgcc gttt citcttattga caccalacago titccaga acc agcto gacca gatgccitagg 560 

gtacgtgagc cacatatata gcattagata ttaga attct ttaaagattit aaatatottt 62O 

ttggitttgtt tdcagttgca citttittaatt tagtatctat agattaaatg tdaattittat 680 

cittcataatt gtgtttittitt atgcaatttg gtcctcgtgg togaaatcact ttaaataact 740 

ggaaaaaatt gtagctgata aaaaaaagaa attggacaac gttgtaa.cat gcattaagat 800 

tagaactcitt aagttctaat actggttaca gaattaacaa gtatttgttt togataaaata 860 

tacacttggC agagattcta tottgctggg aaccaag agc aag agtttct acagtatcag 920 

ccacagaa.gc agcaaggagg tactcaaagc cagaaaggaa agcgtcagoa agaagaagaa 98O 

aacgaaggag goag catatt gagtggctitc gcc.ccggaat tottggalaca toc gttcgto 20 40 

gtggaCaggC agatagtgag aaagctacaa gotgagalacg aagaggaaga galagggtgCC 2100 

attgttgacag togaaaggagg totcagogtg ataagcc cac ccacggaaga gcagoaacaa 216 O 

agacco gagg aagaggagaa goc agattgt gacgagaaag acaaacattg ccaaag.ccala 2220 

agcagaaatg gcattgacga gaccatttgc acaatgagac titcgc.cacaa cattggc.ca.g 228O 

actitcatcac citgacatctt caaccotcaa gotggtag catcaca accgc taccagocto 234. O 

gactitcc.cag cccitct cqtg gottcaaactc agit gcc.cagt ttggatcact cogcaaggta 24 OO 

cittacatcat taattcatgt tataaaagct caaaaaatgt taaaatgata citaatagitta 2460 

tatatagitaa ttaaaatgttg togacaaaatc atcttalacac citgcatgcat atgcattatt 252O 

ttttgttctitt ttittggtgca aatatgcgct gtatgtctat atatatatat gttatggaaa 258O 

atgttalacca gttitttittgg atattggitta aggaatgaga aataattitta citaagattra 264 O 

gttittaatat gatcttcata ataaacattt ttwaaattitt tittaattaat gtacttagta 27 OO 

cactaattaa caaaatcata tatatatgat titt catagga ttgcaaagaa aagagatatg 276 O. 

attgagagat ggaataatta citgttgataat aaaaagatat gttatgatta acgtacactt 282O 

gatgtatggit gcagaatgct atgttcgtgc cacactacaa cct galacgca aac agcataa 2880 

tatacgcatt gaatggacgg gcattggtac aagtggtgaa ttgcaatggit gagagagtgt 2.940 

ttgatggaga gctgcaa.gag ggacaggtgt taattgttgcc acaaaactitt gcggtggctg 3OOO 

caagat caca gag.cgacaac titcgagtatgttt cattcaa gaccalatgat aga.ccctic ga 3060 

toggcaacct to caggtgca aactcattgttgaacgcatt gcc.ggaggaa gtgattcago 312 O 

aaacttittaa cctaaggagg cagoaggcca ggcaggtoaa gaacaacaac cotttcagot 318O 
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to citggttcc accitaaggag totcagagga gagttgttggc titagagccct ttittgcatgt 324 O 

gctaccacac titt.cgtc.citt ttggg cacta gttagtgtgc gtagcaataa ataagaacga 33OO 

ataaaacaac aaaggotttg citgcc citttgttalagtataa aataacgggit aatgtaattg 3360 

tacccittgtg taatgagtica citcaagtacc tatgcgg gala aatcatalaat taaaagagaa 342O 

atttcaatga attittctgtc. aaatctottt totttittatt cittttgtttc tittcttatcc 3480 

ttcttgcaga acaaaataag gaaaatagta ttgaaaacaa ttggtocaaa toatagotag 354. O 

citttgacaat gatatataat agtttittatt gtagaattitc gtgacatgtt gtgcgctcta 3600 

atttatttgt aagaacctitc attggitttcg tatgcgtttd 364 O 

<210 SEQ ID NO 165 
&2 11s LENGTH 3544 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 165 

citatacaata taagat cata gtactgacaa aatgcacagt aaaac agttcaaattgagaa 60 

ggattsttaa cacaccatag tatttaatat atatotttac agaga caatt atgctggagg 120 

attcaggcaa agattatata ttgttggattt gttttittaat aattaacgca toatatgaaa 18O 

gatcgatgat atatactaat ggittataaga aaaatattta acagtttcta taacctttitt 240 

cittittatctt ttactgtaat attatttatt ttatttcaca tttittaatca gcttatcto a 3OO 

tittataaacg aaattgtata aaaatataca tatgaactgaatagaacaa tattgatctg 360 

atattotcat attgtataag aggatagact ttgaga.cgcg gagaatctgt aggaggggac 420 

cattcagagt gccitccaatt ttggtgttgttcattgtacc attgcaaata taaacgaagc 480 

atgcatgctt atgitat gagg totaacaaaa ttggaaacaa tag coatgca aggtgaagaa 540 

tgtcacaaac toagcaacco titattoattg acgtgtc.cct cagtcactct cotctdatac 600 

citataaatca coacticcitca tottctttcc aattcaccaa citccttcaaa cittaattatt 660 

aacactitcct tagttcaata trigggaagcc ctitcacticto tctotttctt coctittgctt 720 

gctact cittg to gagtgcat gotttgct at tagcticcago aag citcaacg agtgccaact 78O 

caacaaccitc aacgc.gttgg aacco gacca cc.gc.gttgag toc galaggtg gtttgatto a 840 

aacatggaac totcaa.cacc citgagctgaa atgc.gc.cggit gtcactgttt coaaacticac 9 OO 

cctdaaccgc aatggcctcc acttgccatc titacticacct tatcc.ccgga tigatcatcat 96.O 

cgcc caaggit aatcatatat aaggagtgct tctaacacac atato agaaa gagtatcacc O20 

agcatttcto agtgtatatt aatccatttgtcaccacttg ttcaaattitc aacatcacat O8O 

taccatagat catttacitaa agataataat gatttalagta aatagitatct citatagtaaa 14 O 

ttttacatga ttatttaact acaaattatt attattatat atagaatgac tttgttgaca 200 

tatcaatcac cittaaaagtt ttattaagtt atatatatoa actaagatat citgattaaat 260 

aaaaatgtga ttgttttgtt togtgatgat tdatgtacag ggaaaggagc acttggagtt 320 

gcaatticoag gatgtc.ctga gacgtttgag gagccacaag aacaatcaaa cagaagaggc 38O 

tdaaggtogc agaagcagca gctacaggac agt caccaga agatticgtoa cittcaatgaa 4 40 

ggagacgtac togtgatticc toctogtgtt cottactgga cctatalacac togcgatgaa 5 OO 

ccagttgttg ccatcagtct tcttgacacc totaactitca ataaccagot tdatcaaacc 560 
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ccitagg gtaa ttatcaattic 

tgttaattitt ttcactittca 

gag.accatgc aacaacaa.ca 

Cagcaggagg aagaggaaga 

gcacaatcct tcaiacaccala 

aggaag caga togtgacagt 

caacaagatg aagatgaaga 

ccitcct cqcc gaccaa.gc.ca 

gata aaccitc gtoctagt cq 

gaggacgaag atgaagatga 

acacaa.ccca gaag acctag 

ggggttgagg aaaatatotg 

gctgacittct acaaccotaa 

gcc.citcc.gcc aatticcaact 

cctdattoat attactaagt 

accagtaatt titt.ccgtgga 

ataaaaagaa agcacaaaag 

tagaag acat ataaaaatgt 

taaaat atca tttgatatgg 

tgtattataa ttgttgcattg 

tgataataat tatagittact 

ttggtotaaa tatataatat 

to catgcaga atggaattta 

gtgactic gag gaCaaggaaa 

ggtgagctta ggaggggaca 

gcc.ggagaac aaggattcga 

tacttgaagg atgtgtttag 

cgacagagtc. aagtgtctga 

gagt citcaiac aaggct cacc 

ggatgaggcc atcittatgaa 

atggcc catg taccatcc.ca 

atc.gc.cittaa taaaatgtca 

ttgtgggcaa gottagcttitt 

gasg 

<400 

SEQ ID NO 166 
LENGTH 3355 
TYPE DNA 

aattit cattt 

gg tattttac 

acago agaaa 

aggtgcago 

c gaggacata 

ggalaggaggt 

tgaagacgaa 

tggaaag.cgt 

accaa.gc.caa 

agatcaac ct 

acaagaagaa 

caccittgaag 

agctggtogc 

cagtgcc.caa 

aatcaiacatg 

tattoaattg 

ggaaaaatct 

cagtaagtat 

gtaattctitt 

atttittatga 

tgttggttct 

ataataataa. 

citctic cacat 

ggittagagtt 

attgctggtg 

atacatagta 

ggcaatticco 

gottaagtat 

cc.gtgttaaa 

ataataacaa. 

gc gagccitat 

gtottcacgt 

atctacttitt 

ORGANISM: Glycine max 

SEQUENCE: 166 

actattaa.ca 

cittgctggga 

agt catggtg 

gtgcticagtg 

gct gagaaac 

citcagogtta 

gatgatgaag 

gaacaagacg 

ggaaag.cgtg 

cgcaa.gagcc 

ccacgtgaaa 

citt cacgaga 

attagtacco 

tatgttgtcc 

aalactaatat 

tdaattagtc 

titatgtcata 

gttgtagggit 

agtgattcto 

gttactittaa 

actacttitta 

tgatgat gat 

tggaatctga 

gtgaact gcc 

gtaccacaga 

ttcaaga cac 

to a gaggttc 

gaaggaaatt 

gtogcataaa 

ataaataaat 

gtttatatot 

tttgttctitta 

aaatgagtaa 

68 

-continued 

aaaac catgttctoctoact 

accoagatat agagtaccca 

gacgcaa.gca ggggcaa.cac 

gcttcagdaa acacttcttg 

ttcagtc.tcc agacgacgaa 

totagocccaa gtggcaagaa 

atgaacaaat tcc citctdac 

aggacgagga C galagatgaa 

aacaagacca ggaccaggac 

gCgaatggag atcgaaaaag 

gaggatgcga gaCaagaaac 

acattgctog cccttcacgc 

tdaacag cot caccotccca 

totacaaggt atgtaattica 

acgtacatac ttacacatct 

tat cittgaga aaattaagaa 

aatcatatga tataataatt 

tggattcctt taaatgtcat 

tagggg tagt togaactgtaa 

catgtcaatg aagacittatt 

ataaaaaaat aataaaaata 

acgtaacaca tottattata 

atgcaaacag tdtgatctat 

aagggaatgc agtgttcgac 

actitcgtggt gg.cggagcaa 

accacaacgc agt cactago 

ttgcc cattc ttaca accitt 

ggggtoctitt gotcaa.ccct 

tgacaag cat gatggtgttga 

tttgtatgat aataaaaagt 

gagtggc gtt gtacctttca 

ttctgttgttt attittcttitt 

tactgattat atgtttactg 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

20 40 

2100 

216 O 

2220 

228O 

234. O 

24 OO 

2460 

252O 

258O 

264 O 

27 OO 

276 O. 

282O 

2880 

2.940 

3060 

312 O 

318O 

324 O 

3360 

342O 

3480 

354. O 

3544 
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-continued 

ccaacticcitt caaacttatt aac acttitcc ttagttcaat atggggaagic ccttcttcac 60 

totcitctott tottcc ctitt gcttgctact cittgtcgagt gcatgctittg citattacctc 120 

cagdaagttcaac gagtgcc aactcaacaa cct caacgcg ttggaac cog accaccgc.gt 18O 

tgagtc.cgaa gqtggtotta ttgaaacatg gaact citcaa caccctgagc tigcaatgcgc 240 

cggtgtcact gtttccaaac goacccitcaa cc.gcaa.cggc citccacttgc catcttactic 3OO 

accittatc.cc caaatgatca ttgtc gttca aggtgcgtaa tattagtaag aagtattitat 360 

cagottaacg tdataacaat aatagtaata tdaaatattt attaaattitt ttataattaa 420 

totctgctag aaaatttgat taatcatttt tagtagaatt tatttittcto aactaggittt 480 

taalacaccac attatggcat agitat catct aataaaacta ataataataa taataataat 540 

aatactatat atctatatgt citaatcacaa tittgatgact aactatotta caagttatat 600 

gaatgaactc ttaacaatta to atgacitaa agagtgttaa ttagttgata attaatgttga 660 

ttgttittgct tatgatgat tdatgcacag ggaagggagc aattggattit gcatttc.cgg 720 

gatgtc.ct ga gacgtttgag aagccacaac arcaatcaag cagaagaggc tica aggtogc 78O 

agcago aact acaaga cagt caccagaaga titcgtcactt caatgaagga gacgtactag 840 

tgattocticc tdgtgttcct tactggacct ataac acto g c gatgalacca gttgttgc.ca 9 OO 

toagtc.ttct tacaccitcc aacttcaa.ca atcagottga toaaaac coc agagtacgta 96.O 

attataatga gcagtgatac acatgtcact gCatagitatc atacacactt aaaaagacac O20 

ctaacaaaat atttitttatt attattittct tittattaaat atactaagta ataaaataat O8O 

taatatactt tatato acat catttggatg titatgttitta ttatttatga aaaatgtttg 14 O 

aagaac acta tottatat ct a gagggagaa atgaaaaaga aaaaaataca tataaatagg 200 

atagaattta taatgtgata agaaaagaga aataagttat attaatggag tdtttaaaat 260 

agttggatat atacttgtat catgattgga tatcaattga actitcattta citattaacta 320 

ttattittatt attaaaaaaa acatgttcto citcacatgtt aattitttitta attactittca 38O 

agg tattitta ccttgctggg aacco agata tagag cacco agagaccatg caacaa.cago 4 40 

agCagc agaa gagtcatggt ggacgcaa.gc aggggcaa.ca C Cagcagcag gaggaagaag 5 OO 

gtgg cagtgt gcticagtggc titcagoaaac atttcttagc acaatcc titc aacaccaacg. 560 

aggacacago to agaaactt cqgtotccag atgacgaaag galagcagatc gtgacagtgg 62O 

agg gaggcct cagogittatc agc.cccaagt ggcaagaaca agaagacgaa gacgaagatg 680 

aagacgaaga atatgaacaa acticcictott atcct coacg acgaccalagc catggaaag.c 740 

atgaagatga C gaggacgag gacgaagaag aagat calacc togtoctoat cacccitccac 800 

agcgaccalag caggc.ccgaa caacaagaac cacgtggaag aggatgtcag act agaaatg 860 

gggttgagga aaatatttgc accatgaagc titcac gagaa cattgctcgc cctitcacgtg 920 

citgacittcta caa.cccaaaa gotggtogca ttagc accot caa.ca.gtctic accotcc cag 98O 

cc citcc.gc.ca attcgg acto agtgcc.caat atgttgtcct citacagggta totaattcac 20 40 

ttcattcata ttacaagtaa toaacatgaa actaatatac gtgcatactt gcacatctac 2100 

catagtag to tttttgtgga ttittcagtgt taattagtgt atcttcagag aaagaaataa 216 O 

aagaaag.cac taaaagaggg ggaaaatcat aattcatagg toatatacga tacaataaga 2220 

agacataaaa atgttaacaa gtatgttgta gggttgg gtt cottittaatg to atttaaat 228O 
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-continued 

taaatctoac tittgatagat aacto attitt tagaggittat gtag aggtaa ttittatagitt 234. O 

ataatggagt aaaattgttt gtattotaaa tttgttgcatt gattittittaa agtgagtttc 24 OO 

gacatataat ttaaaatata toattacctd ttatttgata ataattaaac atttatcatt 2460 

tatataataa taataataat atgta acatg tattattata to catgcatg cagaatggaa 252O 

tttact citcc acattggaac ttgaacgcga acagtgttgat citatgtgact c gagggaagg 258O 

alagagttaga gtggtgaact gccaagggala tec agtgttc gacggtgagc talaggagggg 264 O 

acaattgcta gtggtgcc.gc agaactttgt ggtggct gag caagggggag aacaaggatt 27 OO 

ggaatacgta gtgttcaaga cacaccacaa cqc.cgtgagc agctacatta aggatgtgtt 276 O. 

tagg gcaatc cctitcggagg ttcttitccaa ttcttacaac cittggccaga gtcaagtgcg 282O 

totagotcaag tat caaggaa acticcggc.cc tittggtoaac ccataaataa caacaag cat 2880 

atatgaaggt gtggtgaggc catcttatat gaaataatat caaaatatat tttgttgtaat 2.940 

aataaaacta togccitatgt atttaccacc citc.cga.ccca gcc tatgtta attatctgagt 3OOO 

ggcgttgtac ctittgaatcg ccttaataaa atgtcagtct taaaaaaaaa aaaaattittc 3060 

tgtctitccat cqctcaagtt gtgtgctitta attgcttata actc.gagatg totgtctatt 312 O 

aacgaaaatc aat attaa.ca actgaactitc toc toccatt aaaggttgaa aaaaaatgct 318O 

tittattgttgt aattaattitt atatataagt aacttittitta agtaatcaaa ttaatgatta 324 O 

tataaattaa totttittaag taagatacaa atttgatatt ttattaattgaatttgaatt 33OO 

tattacgata gaagttatga ttataatagt aattaaatta attattataa aatta 3355 

<210 SEQ ID NO 167 
<211& LENGTH 1011 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 167 

gtactitccitt tattoctdac gtttittatat caagtggaca tacgtgaaga titttaattat 60 

cagtctaaat atttcattag cacttaatac titttctgttt tattoctato citataagtag 120 

toccg attct cocaiacattg cittattoaca caactaacta agaaagttctt coatagoccc 18O 

ccaaaaatga agagcaccat cittctittgct citctittctot tttgttgcctt caccaccitca 240 

tacctacctt cago catcgc tigattitcgtg citcgataatg aaggtaacco tottgaaaat 3OO 

ggtggcacat attatatott gtcagacata acago atttg gtggaataag agcagc.ccca 360 

acgggaaatgaaagatgc.cc totcactgtg gtgcaatcto goaatgagct c gacaaaggg 420 

attggaacaa to atctogto: cccatatoga atc.cgttitta togcc galagg ccatcctittg 480 

agccittaagt to gatt catt to cagittata atgctgtgtg ttgga attcc taccgagtgg 540 

totgttgttgg aggatctacc agaag gacct gctgttaaaa ttggtgagaa caaagatgca 600 

atggatggitt gotttagact to agagagtt totgatgatgaatticaataa citataag citt 660 

gtgttctgtc. cacagoaa.gc tigaggatgac aaatgttgggg atattgggat tag tattgat 720 

catgatgatg galaccaggcg tittggtggtg totaagaaca aaccqttagt ggttcagttt 78O 

caaaaactitg ataaagaatc actggccaag aaaaatcato goctttctog cagtgagtga 840 

gacacaagtg tdagagtact aaataaatgc tittggttgta C gaaatcatt acactaaata 9 OO 

aaataatcaa agcttatata tocct tcc.gc taaggcc gala togcaaagaaa ttggttctitt 96.O 
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-continued 

citcgittatct tittgcc actt ttactagtac gitattaatta citacttaatc a 1011 

<210 SEQ ID NO 168 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 168 

gagaacaaag atgcaatgga tiggitt 

<210 SEQ ID NO 169 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

Primer 

<400 SEQUENCE: 169 

gctgtggaca galacacaagc titata 

EQ ID NO 170 
ENGTH 18 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

rimer 

EQUENCE: 170 

agaaactcitc. tcaagttct 

EQ ID NO 171 
ENGTH 19 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

rimer 

<400 SEQUENCE: 171 

catcagaaac totalagtot 

What is claimed is: 
1. A plant of an agronomically elite Soybean variety with 

an increased seed B-conglycinin content, comprising non 
transgenic mutations providing a null phenotype of at least 
two of the glycinin subunits selected from the group con 
sisting of Gy1, Gy2, Gy3, Gy4, and Gy5. 

2. The plant of claim 1, defined as comprising non 
transgenic mutations providing a Gy3 and Gy4 null pheno 
type conferring increased seed B-conglycinin content. 

3. The plant of claim 1, wherein the seed B-conglycinin 
content is at least about 30%. 

4. The plant of claim 1, wherein the seed B-conglycinin 
content is at least about 40%. 

5. The plant of claim 3, wherein the seed B-conglycinin 
content is further defined as selected from the group con 
sisting of from about 30% to about 60%, from about 35% to 

THER INFORMATION: Description of Artificial Sequence: 

THER INFORMATION: Description of Artificial Sequence: 

Synthetic 

25 

Synthetic 

25 

Synthetic 

18 

Synthetic 

19 

about 60%, from about 40% to about 60%, from about 35% 
to about 55%, from about 40% to about 55%, and from about 
40% to about 50%. 

6. The plant of claim 1, defined as comprising a seed 
acidic glycinin content of less than about 25% of total 
extracted protein. 

7. The plant of claim 1, defined as comprising a seed 
acidic glycinin content of less than about 18% of total 
extracted protein. 

8. The plant of claim 1, defined as comprising a seed 
acidic glycinin content of less than about 10% of total 
extracted protein. 

9. The plant of claim 1, defined as comprising a seed 
acidic glycinin content of less than about 8% of total 
extracted protein. 
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10. The plant of claim 2, wherein the non-transgenic 
mutations providing a Gy3 and Gy4 null phenotype confer 
decreased Gyl and Gy2 expression relative to a plant 
lacking said non-transgenic mutations. 

11. The plant of claim 1, defined as comprising the Gy1 
and Gy2 mutations found in line B2G2, a representative 
sample of the seed of which is deposited under ATCC 
Accession No. PTA-6893. 

12. The plant of claim 2, wherein the mutations providing 
a Gy3 and Gy4 null phenotype conferring increased seed 
B-conglycinin content are the mutations providing a Gy3 
and Gy4 null phenotype found in line Pedigree 3, a repre 
sentative sample of the seed of which is deposited under 
ATCC Accession No. PTA-6892. 

13. The plant of claim 1, defined as comprising a deletion 
in the Gy1 locus spanning the upstream promoter region, 
Exon I and Intron I. 

14. The plant of claim 1, wherein the plant comprises a 
Gy3 allele containing an insertion of nucleotides TGAT 
corresponding to nucleotides 848-851 of SEQID NO:164 at 
the position in said allele. 

15. The plant of claim 1, wherein the plant comprises a 
Gy4 allele comprising an adenine at the position of said 
allele corresponding to nucleotide 682 of SEQ ID NO:165 
that abrogates the translation initiation codon. 

16. The plant of claim 1, defined as comprising a mutation 
resulting in reduced Gy5 protein content. 

17. The plant of claim 1, wherein the plant comprises a 
Gy5 allele comprising at least a first polymorphism selected 
from the group consisting of a single nucleotide polymor 
phism (SNP) at position 363, a SNP at position 612, a 
deletion at positions 447-453 and a deletion at positions 
519-524, wherein the position is the position in said allele 
corresponding to SEQ ID NO:166. 

18. The plant of claim 2, wherein the Gy3 and Gy4 null 
phenotype is provided by genetic means for the expression 
of said null phenotype found in line B2G2, a representative 
sample of the seed of said line B2G2 having been deposited 
under ATCC Accession No. PTA-6893. 

19. The plant of claim 1, defined as producing soybeans 
with a CIELAB Color Scale a value of at least 5 and an L. 
value greater than 54. 

20. The plant of claim 1, further defined as comprising a 
transgene. 

21. The plant of claim 20, wherein the transgene is further 
defined as conferring a trait selected from the group con 
sisting of herbicide tolerance; disease resistance; insect or 
pest resistance; altered fatty acid, protein or carbohydrate 
metabolism; increased grain yield; altered plant maturity, 
and altered morphological characteristics. 

22. The plant of claim 21, wherein the transgene confers 
tolerance to glyphosate herbicide. 

23. The plant of claim 1, further comprising a lipoxyge 
nase null allele selected from the group consisting of lx1, lx2 
and lx3. 

24. The plant of claim 23, further defined as comprising 
at least two of said null alleles. 

25. The plant of claim 23, further defined as comprising 
a lx1, lx2 null phenotype. 

26. The plant of claim 23, further defined as comprising 
a lx1, lx2 and lx3 null phenotype. 

27. The plant of claim 23, wherein the lipoxygenase null 
allele is a non-transgenic null allele. 
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28. The plant of claim 23, wherein the lipoxygenase null 
allele is lx2. 

29. The plant of claim 1, further defined as comprising a 
Kunitz Trypsin Inhibitor (KTI) null allele. 

30. A plant part of the plant of claim 1. 
31. The plant part of claim 30, further defined as pollen, 

an ovule, a seed, a meristem or a cell. 
32. The plant part of claim 30, further comprising parts of 

a seed. 
33. A tissue culture of regenerable cells of the plant of 

claim 1. 
34. The tissue culture of claim 33, wherein the regener 

able cells are embryos, meristematic cells, pollen, leaves, 
roots, root tips or flowers. 

35. The plant of claim 1, defined as prepared by a method 
comprising the steps of: 

(a) crossing first and second soybean plants, wherein the 
first and second plants collectively comprise non-trans 
genic mutations resulting in a Gy3 and Gy4 null 
phenotype and increased seed B-conglycinin content, 
and wherein the first and second plants collectively 
comprise germplasm capable of conferring agronomi 
cally elite characteristics to a progeny plant of said 
plants; and 

(b) assaying progeny Soybean plants resulting from the 
crossing for agronomically elite characteristics and for 
Gy3 and Gy4 protein content; and 

(c) selecting at least a first progeny plant comprising said 
Gy3 and Gy4 null phenotype and agronomically elite 
characteristics to obtain the plant of claim 1. 

36. The plant of claim 35, wherein one of the first or 
second soybean plants is variety B2G2, wherein a represen 
tative sample of seed of B2G2 has been deposited under 
ATCC Accession No. PTA-6893. 

37. The plant of claim 35, wherein the first and second 
plants collectively comprise non-transgenic mutations 
resulting in a Gyl-Gyal null phenotype and increased seed 
B-conglycinin content, and wherein the first progeny plant 
comprises the non-transgenic mutations resulting in a Gyl 
Gy4 null phenotype. 

38. A method of producing a soybean food or feed 
commodity product comprising obtaining the plant of claim 
1 or a part thereof and producing the food or feed therefrom. 

39. The method of claim 38, comprising obtaining seed 
from the plant of claim 1 and preparing food from the seed. 

40. The method of claim 38, wherein the food is protein 
concentrate, protein isolate, soybean hulls, meal or flour. 

41. The method of claim 38, wherein the food is oil. 
42. The method of claim 38, wherein the food comprises 

beverages, infused foods, sauces, condiments, salad dress 
ings, fruit juices, syrups, desserts, icings and fillings, soft 
frozen products, confections or intermediate food. 

43. Food produced by the method of claim 38, wherein the 
food comprises genomic material from the plant of claim 1. 

44. A method of producing soybean seed, comprising 
crossing the plant of claim 1 with itself or a second soybean 
plant. 

45. The method of claim 44, further defined as a method 
of preparing hybrid soybean seed, comprising crossing the 
plant of claim 1 to a second, distinct soybean plant. 

46. A method of predicting the phenotype of a soybean 
plant for glycinin and B-conglycinin content, comprising 
assaying the Soybean plant for the presence of at least a first 
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polymorphism in a Soybean plant genomic region within 50 
cM of a non-transgenic mutant Gyl, Gy2, or Gy4 allele to 
identify at least a first allele that confers decreased glycinin 
and increased B-conglycinin content. 

47. A method of plant breeding comprising the steps of 
(a) assaying Soybean plants for the presence of at least a 

first polymorphism in a soybean plant genomic region 
within 50 cM of a non-transgenic mutant Gy1, Gy2, or 
Gy4 allele that confers decreased glycinin and 
increased B-conglycinin content; 

(b) selecting at least a first soybean plant comprising said 
polymorphism to select said allele; and 

(c) crossing the first soybean plant comprising said poly 
morphism to a second soybean plant to generate a 
progeny plant comprising at least a first non-transgenic 
mutant Gy1, Gy2, or Gy4 allele that confers decreased 
glycinin and increased B-conglycinin content. 

48. The method of claim 47, further comprising the step 
of: 

(d) repeating steps (a)-(c) with the progeny plant of step 
(c) as starting material at least about 2-10 times to 
produce additional progeny plants. 

49. The method of claim 47, wherein the second soybean 
plant is of an agronomically elite variety. 

50. The method of claim 47, comprising selecting a 
Soybean plant comprising said polymorphism and agro 
nomically elite characteristics. 

51. The method of claim 47, wherein the mutant Gy1 
allele comprises a deletion. 

52. The method of claim 47, wherein the non-transgenic 
mutant Gy1, Gy2, or Gy4 allele corresponds to the mutant 
allele found in line B2G2, a representative sample of the 
seed of which is deposited under ATCC Accession No. 
PTA-6893. 

53. The method of claim 47, wherein the mutant Gy4 
allele comprises a point mutation that abrogates the trans 
lation initiation codon. 

54. The method of claim 47, further comprising selecting 
a first soybean plant that is homozygous for said polymor 
phism. 

55. The method of claim 47, further comprising selecting 
a first soybean plant comprising at least two polymorphisms. 

56. The method of claim 47, comprising assaying poly 
morphisms within 50 cM of Gy1 and Gy4 alleles. 

57. The method of claim 47, comprising assaying poly 
morphisms within 50 cM of Gy2 and Gy4 alleles. 

58. The method of claim 47, comprising assaying a 
polymorphism in the Gy4 allele corresponding to nucleotide 
682 of SEQ ID NO:165. 

59. The method of claim 47, further comprising selecting 
a first soybean plant comprising at least three polymor 
phisms. 

60. The method of claim 47, further comprising selecting 
a first soybean plant comprising a polymorphism within 50 
cM of a non-transgenic mutant Gy3 allele. 

61. The method of claim 60, wherein selecting the first 
Soybean plant comprises detecting at least a first polymor 
phism in the Gy3 allele selected from the group consisting 
of an insertion at position 848-851, a SNP at position 1083, 
a SNP at position 1120, and a SNP at position or 1866; 
wherein the position is the position in said allele correspond 
ing to SEQ ID NO:164. 
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62. The method of claim 47, further comprising selecting 
a first soybean plant comprising a polymorphism within 50 
cM of a non-transgenic mutant Gy5 allele. 

63. The method of claim 62, wherein selecting the plant 
comprises detecting at least a first polymorphism in the Gy5 
allele selected from the group consisting of a single nucle 
otide polymorphism (SNP) at position 363, a SNP at posi 
tion 612, a deletion at positions 447-453 and a deletion at 
positions 519-524, wherein the position is the position in 
said allele corresponding to SEQ ID NO:166. 

64. The method of claim 47, comprising detecting a 
marker selected from the group consisting of NSO199002, 
NSO1990O3 and NSO 1990O8. 

65. The method of claim 47, further comprising selecting 
a first soybean plant comprising a polymorphism within 50 
cM of a non-transgenic mutant lx2 allele. 

66. The method of claim 63, wherein the polymorphism 
comprises a polymorphism in the lx2 allele selected from the 
group consisting of a single nucleotide polymorphism (SNP) 
at position 323, a SNP at position 439, a SNP at position 
1390, a SNP at position 1431, a SNP at position 1458, a 
deletion at positions 2486-2487 and a SNP at position 2542: 
wherein the position is the position in said allele correspond 
ing to SEQ ID NO:158. 

67. The method of claim 47, wherein assaying soybean 
plants for a polymorphism comprises PCR. 

68. The method of claim 47, wherein the polymorphism 
is detected by hybridization with a labeled nucleotide probe. 

69. The method of claim 47, wherein the polymorphism 
is detected by DNA sequencing. 

70. The method of claim 47, wherein step (a) further 
comprises assaying soybean plants for the presence of at 
least a first polymorphism in a soybean plant genomic region 
within 50 cM of a Kunitz Trypsin Inhibitor (KTI) null allele. 

71. The method of claim 47, wherein selecting at least a 
first soybean plant in step (b) further comprises selecting a 
first soybean plant comprising a polymorphism within 50 
cM of Kunitz, Trypsin Inhibitor (KTI) null allele to select 
said null allele. 

72. The method of claim 70, wherein the polymorphism 
within 50 cM of Kunitz Trypsin Inhibitor (KTI) null allele 
is selected from the group consisting of a 2-bp deletion at 
position 622-623 and a mutation at position 624, wherein the 
position is the position in said allele corresponding to SEQ 
ID NO:167. 

73. The method of claim 70, wherein assaying soybean 
plants for a polymorphism comprises PCR. 

74. The method of claim 70, wherein the polymorphism 
is detected by hybridization with a labeled nucleotide probe. 

75. The method of claim 70, wherein the polymorphism 
is detected by DNA sequencing. 

76. A method of plant breeding comprising the steps of: 
(a) assaying Soybean plants for the presence of at least a 

first polymorphism in a lox2 allele selected from the 
group consisting of SNP 1390, SNP 1431, SNP 1458, 
and INDEL 2486-2487, wherein the allele is associated 
with decreased lipoxygenase-2 content; 

(b) selecting at least a first soybean plant comprising said 
polymorphism to select said allele; and 

(c) crossing the first soybean plant to a second soybean 
plant to generate a progeny plant comprising said 
polymorphism and said allele. 
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77. The method of claim 76, further comprising the step 
of: 

(d) repeating steps (a)-(c) with the progeny plant of step 
(c) as starting material for step (a) at least about 2-10 
times to produce additional progeny plants. 

78. The method of claim 76, further comprising selecting 
a first soybean plant that is homozygous for said polymor 
phism. 

79. The method of claim 76, further comprising selecting 
a first soybean plant comprising at least two of said poly 
morphisms. 

80. The method of claim 76, further comprising selecting 
a first soybean plant comprising at least three of said 
polymorphisms. 

74 
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81. A kit comprising a probe or primer that amplifies 
and/or hybridizes to at least a first polymorphism in linkage 
disequilibrium with a non-transgenic soybean mutant Gyl, 
Gy2, or Gy4 allele conferring decreased glycinin and 
increased C-conglycinin content. 

82. A kit comprising a probe or primer that amplifies 
and/or hybridizes to at least a first polymorphism in linkage 
disequilibrium with a lox2 null allele, wherein the polymor 
phism is selected from the group consisting of SNP 1390, 
SNP 1431, SNP 1458, and INDEL 2486-2487. 


