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(57) ABSTRACT 

The invention overcomes the de?ciencies 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 Gyl, Gy2, Gy3, Gy4, 
and Gy5, such as conferring a Gy3 and Gy4 null phenotype 
and increased [3-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 Gyl, 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 signi?cant in that 
soybeans from such plants are preferred dietary additives 
and provide important health bene?ts. 
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AGRONOMICALLY ELITE SOYBEANS WITH 
HIGH BETA-CONGLYCININ CONTENT 

BACKGROUND OF THE INVENTION 

[0001] This application claims the priority of US. Provi 
sional Application Ser. No. 60/714,779, ?led Sep. 7, 2005; 
and US. Provisional Application Ser. No. 60/722,493, ?led 
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 ?le entitled “MSUT015U.S.APP.TXT.” The material 
contained on the compact disc is speci?cally incorporated 
herein by reference. 

[0003] 
[0004] The present invention relates generally to the ?eld 
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 ?ve different subunits, designated 
A1aB2, A2B1a, A1bB1b, A5A4B3. A3B4, respectively. 
Each subunit is composed of tWo polypeptides, one acidic 
and one basic, covalently linked through a disul?de 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 identi?ed to encode these 
polypeptide subunits. They are designated as Gy1, 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] [3-conglycinin, on the other hand, is composed of a 
(~67 kda), (X' (~71 kDa) and [3 (~50 kDa) subunits and each 
subunit is processed by co- and post-translational modi?ca 
tions (Ladin et al., 1987; Utsumi, 1992). The [3-conglycinin 
subunits are encoded by the genes Cgy1, Cgy2 and Cgy3, 
respectively. Genetic analysis indicated that Cgy2 is tightly 
linked to Cgy3, Whereas Cgy1 segregates independently of 
the other tWo. The [3-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 [3-conglycinin levels 
and decreased glycinin levels Would provide substantial 
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bene?t. One reason for this is that [3-conglycinin is a soluble 
protein Whereas glycinin is much less soluble. It has also 
been found that [3-conglycinin, especially the (X' subunit, has 
signi?cantly 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 (X' subunit from soybean [3-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 [3-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 [3-conglycinin content in soybean seeds. 
Mutant soybean plants With decreased glycinin content have 
increased [3-conglycinin content. HoWever, since multiple 
glycinin alleles are involved in glycinin subunit production, 
breeding plants With reduced expression from multiple Gy 
subunits has proved dif?cult 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 un?lled 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 isozymesilipoxygenases 1, 2, 
and 3. These isoZymes contribute to the production of 
unpleasant ?avors in soybean seeds. The unpleasant ?avors 
are absent or less pronounced in seeds de?cient 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 
de?cient lines demonstrated that the absence of each Was 
due to single recessive alleles~lx1, 1x2, and 1x3, respec 
tively. The loci de?ned by 1x1 and 1x2 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 identi?ed, With 
KTI3 encoding the predominant KunitZ Trypsin Inhibitor 
Protein in cultivated soybean genotypes (Natarajan et al., 
2006). Some speci?c 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 [3-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 Gyl, Gy2, Gy3, Gy4, and Gy5. An increased seed 
[3-conglycinin content may be measured, for example, With 
respect to a plant of the same genotype as said plant but 
lacking the mutations. In speci?c embodiments, the non 
transgenic mutations may confer a Gy3, and Gy4 null 
phenotype and increased seed [3-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 [3-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 l5, l4, l3, 12, ll, 10, 9, 
8, 7, 6, 5, 4, 3, 2, l, or 0 percent ofthe 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 Gyl, 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 Gyl/Gy2 protein. As used herein 
“reduced levels of Gyl/Gy2 protein” means seed from 
plants comprising the non-transgenic mutation have reduced 
Gyl/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 Gyl/Gy2 may have a Gyl/Gy2 protein 
content of less than about 3.1% of total seed protein. In 
certain cases, the mutation conferring reduced Gyl/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 Gyl, 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 
Gyl, Gy2 Gy3, Gy4, and Gy5 phenotype. The seed of these 
plants may have a glycinin content of about or less than 
about l5, l4, l3, 12, ll, 10, 9, 8, 7, 6, 5, 4, 3, 2, l, or 0 
percent of the total protein. Thus plants of the invention 
comprising a decreased Gyl, Gy2, Gy3, Gy4 and Gy5 
phenotype may comprise seed With a [3-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 1x1, 1x2, and/or 
lx3 phenotype. In certain cases, the mutation conferring the 
1x1, 1x2, 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 1x1, 1x2, 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 ?oWers. 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 ?our 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 ?our compris 
ing crushing or grinding seed according to the invention. 
Such soy ?our or meal according to the invention may 
comprise genomic material of plants of the invention. In one 
embodiment, the food may be de?ned as comprising the 
genome of such a plant. In further embodiments soy meal or 
?our of the invention may be de?ned as comprising 
increased [3-conglycinin and decreased glycinin content, as 
compared to meal or ?our 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, ?our 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 ?llings, soft froZen products, 
confections or intermediate foods. Foods produced from the 
plants of the invention may comprise increased [3-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 de?ned as prepared by a method Wherein a plant 
comprising non-transgenic mutations conferring a Gy3, and 
Gy4 null phenotype and increased [3-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 de?ned as prepared by a method Wherein a plant 
comprising a non-transgenic mutation conferring a 1x1, 1x2, 
and/or 1x3 phenotype is crossed With a plant comprising 
reduced Gy3 and Gy4 protein content, and increased [3-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 Gyl/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 Gyl/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 Gyl/Gy2 and/or Gy4 phenotype and 
increased seed [3-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 Gyl/Gy2 and/or 
Gy4 alleles at each step. In certain embodiments of inven 
tion, the ?rst 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 Gyl/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 Gyl, 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 Gyl/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 
NS0l99002 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 Gyl. It is shoWn herein that plants With 
mutant Gyl,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 Gyl or Gy2, since these markers have been 
shoWn to associate With a reduced Gy3 phenotype in B2G2 
derived plants. Therefore, markers of Gyl or Gy2, for 
example NS0l99002 or NS0199008, may be used to deter 
mine the presence of mutant Gyl, 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 ?uorescently 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 1x1, 1x2, and/or lx3 phe 
notype may comprise mutations in Loxl, Lox2, and/ or Lox3 
alleles. In one embodiment of the invention, the mutant 
alleles conferring a 1x1, 1x2, 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 speci?cation 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 speci?c examples, While 
indicating preferred embodiments of the invention, are given 
by Way of illustration only, since various changes and 
modi?cations 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 
speci?cation 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 speci?c 
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 Gyl from Gy2 encoded protein 
subunits. 

[0034] FIG. 2A-B: Progeny plants comprising mutant Gyl 
and Gy2 alleles are distributed in tWo phenotypic groups 
based Gyl 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 Gyl 
and Gy2 encoded acidic proteins (x axis) FIG. 2B. Data from 
F2 progeny plants indicates that mutant Gyl and Gy2 
alleles, from B2G2 soybeans, are recessive. The number of 
progeny plants With Gyl 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. 

[0036] FIG. 4: The amount of Gy3 encoded protein is 
positively correlated With the amount of Gyl and Gy2 
encoded protein. FIG. 4A. Graph plots the observed amount 
of Gyl and Gy2 encoded acidic protein (x axis) versus the 
amount of Gy3 encoded protein (y axis). FIG. 4B. Table 
shoWs correlation coef?cients betWeen the expression levels 
of the Gyl, 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 Gy4 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 Gy4 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 [3-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 coef?cients betWeen expression 
of Gy encoded proteins and the expression of Cgyl-4 
encoded proteins. 

[0039] FIG. 7A-B: Genomic Gy markers effectively 
selected conventional plants that produce seed With high 
[3-conglycinin expression. FIG. 7A. Graph plots total [3-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 
NS0199008. 

[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 [3-conglycinin content to seed of mutant 
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plants. Thus, plants of the invention Will be of great value as 
[3-conglycinin provides improved nutritional characteristics 
and solubility as compared to glycinin. Additionally, plants 
provided herein comprise agronomically elite characteris 
tics, enabling a commercially signi?cant yield of high 
[3-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 Gyl and Gy2 null alleles and also provide such 
bene?ts. 

[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 
[3-conglycinin protein. [3-conglycinin in particular contains 
bioactive peptides that are responsible for cholesterol-loW 
ering and Weight management (through satiety effects and 
reduction in fat deposits) bene?ts. 

[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-?avors 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 bene?t for cardiovascular health. 

[0045] Also provided herein is a method for breeding 
soybean plants that comprise non-transgenic mutations con 
ferring a decreased Gyl, Gy2, Gy3 and Gy4 phenotype and 
agronomically elite characteristics. Studies detailed beloW 
identify polymorphisms that can be used to identify plants 
With decreased Gyl, Gy2, Gy3 and Gy4 protein content. 
Three of the markers identi?ed herein, NS0199002, 
NS0199003, and NS0199008, can be used to accurately 
predict a decreased Gyl, Gy2, Gy3, and Gy4 phenotype of 
soybean plants. As demonstrated beloW, the inheritance of 
Gyl and Gy2 is genetically linked, thus markers to either 
Gyl (NS0199008) or Gy2 (NS0199002) may be used to 
track the inheritance of the decreased Gyl 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 NS0199008 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 
NS0199003 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 Gy4 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 identi?ed 
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 identi?ed sequence variations associated 
With the lipoxygenase-2 null (1x2) phenotype in soybeans. 
Molecular markers have been developed out of these 
sequence variations for the 1x2 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 ?rst time, plants 
and derivatives thereof of soybean varieties that combine 
non-transgenic mutations conferring a Gy3, and Gy4 null 
phenotype and increased [3-conglycinin content With an 
agronomically elite phenotype. In some embodiments such 
plants may further comprise non-transgenic Gyl and Gy2 
null alleles. Such plants may be de?ned as having a com 
mercially signi?cant yield, for example, that is de?ned 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 Gyl-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 de?ned, 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 [3-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 1x1, 1x2, 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 ?oWers, 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 ?rst time, the creation of 
plants that combine these mutant Gy alleles that confer high 
seed [3-conglycinin content With a commercially signi?cant 
yield and an agronomically elite genetic background. Using 
the methods of the invention, loci conferring the “1 1S null” 
phenotype may be introduced into a desired soybean genetic 
background, for example, in the production of neW varieties 
With commercially signi?cant yield and high seed [3-cong 
lycinin content. 

[0050] Marker assisted introgression involves the transfer 
of a chromosome region de?ned 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. Brie?y, 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 
(BCl), F2, 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 [3-conglycinin content. Herein 
identi?ed are genetic markers for non-transgenic, mutant Gy 
alleles that enable breeding of soybean plants comprising the 
non-transgenic, mutant Gy 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. 

[0052] Also identi?ed are genetic markers for non-trans 
genic, mutant 1x1 and 1x2 alleles that enable the breeding of 
soybean plants comprising one or both of the non-trans 
genic, mutant 1x1 and 1x2 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 Gy alleles in agronomically superior plants as 
described above. 

[0053] A. Development and Use of Linked Genetic Mark 
ers 

[0054] A sample ?rst 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 arti?cial 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 speci?c 
chromosomal locus With the inheritance of the trait. In the 
case of complex inheritance, such as With quantitative traits, 
including speci?cally glycinin content and yield, linkage 
Will generally be much more dif?cult 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 de?ned as located 
less than about 45, 35, 25, l5, l0, 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 Gyl, 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 speci?ed 
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, eg an lod score. A lod score equal to 
or greater than 3, for example, is taken to con?rm 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 ?anking 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 dilferences 
(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), ampli?ed 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 ampli?ed products directly. Once the polymorphic 
sequence difference is known, rapid assays can be designed 
for progeny testing, typically involving some version of 
PCR ampli?cation of speci?c alleles (PASA, Sommer, et al., 
1992), or PCR ampli?cation of multiple speci?c alleles 
(PAMSA, Dutton and Sommer, 1991). 
[0064] One method for detection of SNPs in DNA samples 
is by use of PCR in combination with ?uorescent probes for 
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the polymorphism, as described in Livak et al., 1995 and 
Us. Pat. No. 5,604,099, incorporated herein by reference. 
Brie?y, 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 
?uorescent quencher and a minor groove binding moiety 
which lower background ?uorescence and lower the Tm of 
the oligonucleotide, respectively. The 5' ends of each probe 
are labeled with a different ?uorescent dye wherein ?uores 
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 ?anking 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 
?uorescent label activating its ?uorescent activity. There 
fore, test DNA that contains only wild type sequence will 
exhibit ?uorescence associated with the label on the wild 
type probe. On the other hand, DNA containing only the 
SNP sequence will have ?uorescent activity from the label 
on the SNP probe. However, in the case that the DNA is from 
heterogeneous sources, signi?cant ?uorescence 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 identi?cation of progeny soybean plants comprising 
mutant Gy alleles. 

[0065] Restriction fragment length polymorphisms 
(RFLPs) are genetic dilferences 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 identi?cation are identi?ed. 

[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=-l. 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 [3-conglycinin content in combination With a com 
mercially signi?cant 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 
Gyl, 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 Loxl, 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 ?rst preparing an 
F2 population by sel?ng an F1, 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 >F5, 
developed from continuously sel?ng F2 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 ?rst preparing an F2 population by sel?ng an F1 
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 signi?cant yield and agro 
nomically elite characteristics. Such plants may be de?ned, 
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 speci?c 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 NOzl67) 
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., 
1 992). 

[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 ?oWer is transferred to the same or another 
?oWer of the same plant, and cross-pollination Which occurs 
if pollen comes to it from a ?oWer 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 
speci?c 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 
?ve or more generations of sel?ng and selection: SlQS2; 
S2QS3; S3—>S4; S4—>S5, etc. A selfed generation (S) may 
be considered to be a type of ?lial generation (F) and may 
be named F as such. After at least ?ve generations, the 
inbred plant is considered genetically pure. 

[0077] Each breeding program should include a periodic, 
objective evaluation of the ef?ciency 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. Identi?cation of individu 
als that are genetically superior is dif?cult 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 identi?ed 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 pro?le) 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 in?uenced by the environment (i.e., quali 
tative characters) to control by many genes Whose effects are 
greatly in?uenced 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 
dif?cult 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 
identi?cation of transgressive segregates or superior geno 
types With the traits of interest is extremely dif?cult 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, [3-conglycinin content and at least a ?rst 
agronomic trait, it is extremely dif?cult 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 ?rst 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 ef?cient method for transferring 
speci?c desirable traits. This can be accomplished, for 
example, by ?rst 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 ?ve 
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 de?ned as a process including 
the steps of: 

[0083] (a) crossing a plant of a ?rst 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 ?rst genotype to a plant of a 
second genotype. 

[0087] lntrogression of a particular DNA element or set of 
elements into a plant genotype is de?ned 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 [3-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 Gy1, 
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 modi?ed 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 
simpli?ed 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 arti?cial 
crosses, ?owering and ?owering 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 ?oWering ranges from about 13 h for genotypes 
adapted to tropical latitudes to 24 h 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 ?oWer 
induction (BorthWick and Parker, 1938; Shanmugasundaram 
and Tsou, 1978). 

[0090] Either With or Without emasculation of the female 
?oWer, hand pollination can be carried out by removing the 
stamens and pistil With a forceps from a ?oWer of the male 
parent and gently brushing the anthers against the stigma of 
the female ?oWer. 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 ?oWers may have to be 
used to obtain suitable pollen shed When conditions are 
unfavorable, or the same male may be used to pollinate 
several ?oWers With good pollen shed. 

[0091] 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 Appln. 0 242 246), 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 Cladosporiumfulvum); 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 Zhuringiensis 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 modi?ed fatty acid metabolism, for example, by trans 
forming a plant With an antisense gene of stearoyl-ACP 


































































































































