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(57) ABSTRACT 

Soy protein products obtained from high oleic Soybeans, 
wherein such products, have improved whiteness, reduced 
Viscosity and reduced gel-strength, are described. Use of such 
products in food, beverage and animal feed are also disclosed. 
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SOY PROTEIN PRODUCTS HAVING 
ALTERED CHARACTERISTICS 

FIELD OF THE INVENTION 

0001. This invention relates to soy protein products 
obtained from high oleic soybeans wherein the protein prod 
uct(s) have improved whiteness, reduced viscosity and 
reduced gel-strength. 

BACKGROUND OF THE INVENTION 

0002 Soybeans have the highest protein content of all 
cereals and legumes. In particular, soybeans have about 40% 
protein, while other legumes have 20-30%, and cereals have 
about 8-15% protein. Soybeans also contain about 20% oil 
with the remaining dry matter mostly carbohydrate (35%). 
On a wet basis (as is), soybeans contain about 35% protein, 
17% oil, 31% carbohydrates and 4.4% ash. Soybean storage 
protein and lipid bodies are contained in the usable meat of 
the soybean called the cotyledon. The complex carbohydrate 
(or dietary fiber) is also contained in the cell walls of the 
cotyledon. The outer layer of cells (called the seed coat) 
makes up about 8% of the soybean's total weight. The raw, 
dehulled soybean is, depending on the variety, approximately 
18% oil, 15% insoluble carbohydrates, 14% moisture and ash 
and 38% protein. 
0003 Plant protein materials are used as functional food 
ingredients, and have numerous applications in enhancing 
desirable characteristics in food products. Soy protein mate 
rials, in particular, have seen extensive use as functional food 
ingredients. Soy protein materials are used as an emulsifier in 
meats to bind the meat and give the meat a good texture and a 
firm bite. Another common application for soy protein mate 
rials as functional food ingredients is as a thickening agent to 
provide a creamy viscosity to the food product. 
0004. In general, soy protein materials include soy flakes, 
soy grits, soy meal, soy flour, soy protein concentrates, and 
soy protein isolates with a primary difference between these 
materials being the degree of refinement relative to whole 
Soybeans. 
0005 Apart from the soy protein content, flavor, gel 
strength, whiteness-index, and Viscosity of a soy protein 
material are also a relevant criteria for the selection of a soy 
protein material as a functional food ingredient. Conventional 
soy protein material may have a strong beany, bitter flavorand 
odoras a result of the presence of certain Volatile compounds 
and/or an undesired appearance due to the presence of other 
relatively low molecular weight compounds in the Soy protein 
material. 
0006. The present disclosure generally relates to a soy 
protein-containing composition having reduced gel-strength, 
reduced viscosity, and improved whiteness. 
0007 U.S. Pat. No. 6,599,556 B2, issued to Starket al. on 

Jul. 29, 2003, describes confectionary products, which 
include high protein content modified oilseed material. 
0008 U.S. Pat. No. 6,716.469 B2, issued to Starket al. on 
Apr. 6, 2004, describes frozen dessert products, which 
include high protein content modified oilseed material. 
0009 U.S. Pat. No. 6,720,020 B2, issued to Karleskind et 

al. on Apr. 13, 2004, describes beverage compositions, which 
include high protein content modified oilseed material. 
0010 JP Patent No. 5,168,416A1 issued to Takeshi et al. 
on Jul. 2, 1993, describes obtaining a concentrated soybean 
having improved taste, flavor and color tone and useful as a 
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food material, etc., with simple operation at a low cost with 
out changing the nature of the protein by washing soybeans, 
etc., with a water-containing alcohol under weakly acidic 
condition in the presence of an acid. 
00.11 JP Patent No. 4,207,159 A1, issued to Hiroko etal 
on Jul. 29, 1992, describes the title raw material having bright 
and white color tone and useful for marine and knead eater 
-dispersed liquid of acid-precipitated Soybean protein with an 
alkali metal hydroxide to control pH. 
0012 WO2007013146A1, published Feb. 1, 2007, 
describes compositions for processed soy protein foods. 

SUMMARY OF THE INVENTION 

0013. In a first embodiment, the invention concerns a soy 
protein product obtained from a high oleic Soybean wherein 
said product has at least one characteristic selected from the 
group consisting of improved whiteness, reduced gel strength 
and reduced viscosity when compared to a soy protein prod 
uct obtained from a commodity soybean using the same pro 
cess as that to obtain the Soy protein product from a high oleic 
Soybean. 
0014. In a second embodiment, the invention concerns a 
soy protein product derived from high oleic soybeans having 
an at least 3% increase in the whiteness index compared to a 
soy protein product derived from commodity Soybean using 
the same process as that to obtain the soy protein product from 
a high oleic Soybean. 
0015. In a third embodiment, the invention concerns an 
unhydrolyzed soy protein product derived from high oleic 
Soybeans having a reduction of viscosity by at least 9% com 
pared to a soy protein product obtained from a commodity 
Soybean using the same process as that to obtain the Soy 
protein product from a high oleic soybean. 
0016. In a fourth embodiment, the invention concerns a 
soy protein product derived from high oleic soybeans having 
reduction in gel strength by at least 25% compared to a Soy 
protein product obtained from a commodity Soybean using 
the same process as that to obtain the Soy protein product from 
a high oleic Soybean. 
0017. In a fifth embodiment the invention concerns soy 
protein products selected from the group consisting of a Soy 
protein isolate, a soy protein concentrate, Soy meal, full fat 
flour, defatted flour, soymilk powder, soymilk, textured pro 
teins, textured flours, textured concentrates and textured iso 
lates. 

0018. In a sixth embodiment the invention concerns a 
method for improving drying efficiency of a soy protein prod 
uct, comprising feeding at least one soy protein product 
obtained from a high oleic soybean seed at higher feed solids 
to a pasteurizer or a dryer compared to feeding at least one Soy 
protein product obtained from a commodity soybean. 
0019. In a seventh embodiment the invention concerns a 
method for improving drying efficiency of a soy protein prod 
uct, comprising feeding at least one soy protein product 
obtained from a high oleic soybean seed at no less than 14% 
feed solids to a pasteurizer or a dryer. 
0020. Additional embodiments of the invention include 
soy protein products with at least 40%. 65%, or 90% protein 
(Nx6.25) on a moisture-free basis. 
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0021. In other aspects, the soy protein products of the 
invention can be used in food, beverages, and animal feed 
containing the Soy protein product of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS AND 
SEQUENCE LISTINGS 

0022. The invention can be more fully understood from 
the following detailed description and the accompanying 
drawings and Sequence Listing, which form a part of this 
application. 
0023 FIG. 1 depicts plasmid pKS210. 
0024 FIG. 2 depicts plasmid PHP17731. 
0025 FIG.3 depicts plasmid PHP17064. 
0026 FIG. 4 depicts fragment PHP19340A. 
0027 FIG.5 depicts fragment PHP17752A. 
0028 FIG. 6 depicts plasmid PHP19340. 
0029 FIG.7 depicts plasmid PHP17752. 
0030 SEQID NO:1 sets forth the sequence of the recom 
binant DNA fragment PHP21676A 
0031 SEQ ID NO:2 sets forth the sequence of the 1533 
polynucleotide fragment comprising 470 nucleotides from 
the soybean FAD2-2 gene, 420 nucleotides from the soybean 
FAD2-1 gene, 643 nucleotides from the soybean FAD3 gene. 
0032 SEQID NO:3 sets forth the nucleotide sequence of 
oligonucleotide primer BM35 used to amplify an approxi 
mately 0.9 Kb fragment from recombinant DNA fragment 
KSFAD2-hybrid. 
0033 SEQID NO.4 sets forth the nucleotide sequence of 
oligonucleotide primer BM39 used to amplify an approxi 
mately 0.9 kb fragment from recombinant DNA fragment 
KSFAD2-hybrid. 
0034 SEQID NO:5 sets forth the nucleotide sequence of 
oligonucleotide primer BM40 used to amplify an approxi 
mately 0.65 kb DNA fragment from plasmid XF1. 
0035) SEQID NO:6 sets forth the nucleotide sequence of 
oligonucleotide plasmid BM41 used to amplify an approxi 
mately 0.65 kb DNA fragment from plasmid pXF1. 
0036 SEQID NO:7 sets forth the nucleotide sequence of 
recombinant DNA fragment KSFAD2-hybrid which contains 
about 470 nucleotides from the soybean FAD2-2 gene and 
420 nucleotides from the soybean FAD2-1 gene. 
0037 SEQID NO:8 sets forth the nucleotide sequence of 
oligonucleotide primer KS1 used to amplify about 470 nucle 
otides from the soybean FAD2-2 gene. 
0038 SEQID NO:9 sets forth the nucleotide sequence of 
oligonucleotide primer KS2 used to amplify about 470 nucle 
otides of the soybean FAD2-2 gene. 
0039 SEQID NO:10 sets forth the nucleotide sequence of 
oligonucleotide primer KS3 used to amplify about 420 nucle 
otides of the soybean FAD2-1 gene. 
0040 SEQID NO:11 sets forth the nucleotide sequence of 
oligonucleotide primer KS4 used to amplify about 420 nucle 
otides of the soybean FAD2-1 gene. 
0041 SEQID NO:12 sets forth the nucleotide sequence of 
the seed-specific gene expression-silencing cassette from 
pKS 133 which comprises nucleotides for a Kti3 promoter 
and terminator bordering a string of nucleotides that promote 
formation of a stem structure which are Surrounding a unique 
Not I restriction endonuclease site. 
0042 SEQID NO:13 sets forth the nucleotide sequence of 
plasmid pKS210. 
0043 SEQID NO:14 sets forth the nucleotide sequence of 
plasmid PHP17731. 
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0044 SEQID NO:15 sets forth the nucleotide sequence of 
recombinant DNA fragment PHP17731A. 
0045 SEQID NO:16 sets forth the nucleotide sequence of 
the ALS selectable marker recombinant DNA fragment. This 
recombinant DNA fragment comprises a promoter operably 
linked to a nucleotide fragment encoding a soybean acetolac 
tate synthase to which mutations have been introduced to 
make it resistant to treatment with sulfonylurea herbicides. 
0046 SEQID NO:17 sets forth the amino acid sequence 
of the soybean herbicide-resistant ALS including mutations 
in Subsequences B and F. 
0047 SEQID NO:18 is the wildtype amino acid sequence 
of conserved ALS “subsequence B' disclosed in U.S. Pat. No. 
5,013,659. 
0048 SEQID NO:19 sets forth the wild type amino acid 
sequence of conserved ALS “subsequence F disclosed in 
U.S. Pat. No. 5,013,659. 
0049 SEQID NO:20 sets forth the amino acid sequence 
of the additional five amino acids introduced during cloning 
at the amino-terminus of the soybean ALS. 
0050 SEQID NO:21 sets forth the nucleotide sequence of 
plasmid PHP17064 SEQID NO:22 sets forth the nucleotide 
sequence of recombinant DNA fragment PHP17064A. 
0051 SEQID NO:23 sets forth the nucleotide sequence of 
fragment PHP19340A. 
0052 SEQID NO:24 sets forth the nucleotide sequence of 
fragment PHP17752A. 
0053 SEQID NO:25 sets forth the nucleotide sequence of 
plasmid PHP19340. 
0054 SEQID NO:26 sets forth the nucleotide sequence of 
plasmid PHP17752. 
0055. The Sequence Listing contains the one letter code 
for nucleotide sequence characters and the three letter codes 
for amino acids as defined in conformity with the IUPAC 
IUBMB Standards described in Nucleic Acids Res. 13:3021 
3030 (1985) and in the Biochemical J. 219 (No. 2):345-373 
(1984) which are herein incorporated by reference. The sym 
bols and format used for nucleotide and amino acid sequence 
data comply with the rules set forth in 37C.F.R.S 1.822. 

DETAILED DESCRIPTION OF THE INVENTION 

0056 All patents, patent applications, and publications 
cited herein are incorporated by reference in their entirety. 
0057. In the context of this disclosure, a number of terms 
shall be utilized. 
0.058 As used herein, “soybean” refers to the species Gly 
cine max, Glycine soia, or any species that is sexually cross 
compatible with Glycine max. A “line' is a group of plants of 
similar parentage that display little or no genetic variation 
between individuals for a least one trait. Such lines may be 
created by one or more generations of self-pollination and 
selection, or vegetative propagation from a single parent 
including by tissue or cell culture techniques. An 'agronomi 
cally elite line' or “elite line' refers to a line with desirable 
agronomic performance that may or may not be used com 
mercially. A “variety”, “cultivar”, “elite variety”, or “elite 
cultivar” refers to an agronomically Superior elite line that has 
been extensively tested and is or was being used for commer 
cial soybean production. “Mutation” refers to a detectable 
and heritable genetic change (either spontaneous or induced) 
not caused by segregation or genetic recombination. 
“Mutant” refers to an individual, or lineage of individuals, 
possessing a mutation. 
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0059. The “whiteness index” of a soy protein product 
refers to the color of the Soy-protein-containing composition. 
Many soy protein-containing feed compositions will have, to 
varying degrees, a yellowish or brownish color. In general, the 
color of these compositions can be “improved, i.e., the 
“whiteness index” of the product can be increased by the 
process of the present invention. In general, the whiteness 
index is determined using a colorimeter which provides the L. 
a, and b color values for the composition from which the 
whiteness index may be calculated using a standard expres 
sion of the Whiteness Index (WI), WI-L-3b. The L compo 
nent generally indicates the whiteness or, “lightness', of the 
sample; L values near 0 indicate a black sample while L 
values near 100 indicate a white sample. The b value indicates 
yellow and blue colors present in the sample; positive b values 
indicate the presence of yellow colors while negative b values 
indicate the presence of blue colors. The a value, which may 
be used in other color measurements, indicates red and green 
colors; positive values indicate the presence of red colors 
while negative values indicate the presence of green colors. 
For the band a values, the absolute value of the measurement 
increases directly as the intensity of the corresponding color 
increases. Generally, the colorimeter is standardized using a 
white standard tile provided with the colorimeter. A sample is 
then placed into a glass cell which is introduced to the calo 
rimeter. The sample cell is covered with an opaque cover to 
minimize the possibility of ambient light reaching the detec 
tor through the sample and serves as a constant during mea 
Surement of the sample. After the reading is taken, the sample 
cell is emptied and typically refilled as multiple samples of 
the same material are generally measured and the whiteness 
index of the material expressed as the average of the measure 
ments. Suitable colorimeters generally include those manu 
factured by HunterLab (Reston, Va.) including, for example, 
Model # DP-9000 with Optical Sensor D25. 
0060. Whiteness index measurements of a 5% by weight 
Solids sample of the Suspension before and after treatment are 
determined using a HunterLab DP-9000 calorimeter includ 
ing an optical sensor D-25, both manufactured by Hunter 
Associates Laboratory (HunterLab) (Reston, Va.). For the 
whiteness index measurement in the large scale production 
platform, protein samples are dispersed on a 5% w/w basis: 
(5.25 g) is added to deionized water (100 mL). For the white 
ness index measurement in the Small scale production plat 
form, 1 g protein Sample is dispersed in 19 mL of deionized 
water on a w/v basis. The results obtained using the Hunter 
Colorimeter are reported in units of L., a, and b. Whiteness 
Index is calculated from the L and b scale values using the 
following: Whiteness Index=L-3b. 
0061. In addition to the improved color, the soy protein 
product produced by the processes in the present disclosure 
can have a reduced viscosity. 
0062 Viscosity, gelation and other indicators of structure 
formation are important properties of soybean proteins since 
they contribute to the overall utility of the product in use. 
Proteins contribute to the solidity and elasticity of products by 
formation of a three dimensional network of aggregated pro 
tein molecules which entrap water. It is sometimes desirable 
to have these properties, for example in the case of meat-like 
products, or it may be desired to have less functionality, for 
example in beverage applications. Forbeverage applications, 
a lower viscosity may be desirable for sensory, mouthfeel and 
textural properties of the beverage. Lower viscosity soy pro 
tein-containing compositions may be intended for use in liq 
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uid products (i.e., beverages); and additionally, in some 
embodiments, lower viscosity soy protein-containing com 
positions may be desired for use in meat products. 
0063 As used herein, the term “viscosity’ means the 
apparent viscosity of aqueous slurry or a solution as measured 
with a rotating spindle viscometer utilizing a large annulus, 
where a particularly preferred rotating spindly viscometer is 
a Brookfield viscometer. In another embodiment, the appar 
ent viscosity can be measured using a Rapid Visco Analyzer 
(RVA) viscometer, or an AR-1000 Rheometer. 
0064. In general, the term viscosity refers to the apparent 
Viscosity of a slurry or a solution as measured with a rotating 
spindle viscometer utilizing a large annulus, where a particu 
larly preferred rotating spindle viscometer is a Brookfield 
Viscometer. The apparent viscosity of a soy protein material 
may be measured, for example, by weighing a sample of the 
soy material and water to obtain a known ratio of the Soy 
material to water (preferably 1 part soy material to 9 parts 
water, by weight), combining and mixing the Soy material and 
water in a blender or mixer to form a homogenous slurry of 
the Soy material and water at ambient temperature and neutral 
pH, and measuring the apparent viscosity of the slurry with 
the rotating spindle viscometer utilizing a large annulus, 
operated at approximately 60 revolutions per minute and at a 
torque of from 30 to 70%. 
0065. Another important functional characteristic is the 
gel forming property of a protein. Protein gelation is impor 
tant to obtain desirable sensory and textural structures in 
foods. 
0066. The formation of a protein gel is a two step process 
which initiates through partial denaturation of the protein 
molecules. As the proteins denature, the Viscosity of the 
slurry increases as a result of an increase in the molecular 
changes associated with the unfolding proteins. During the 
second part of the process there is a large increase in Viscosity 
resulting from protein association and development of the 
molecular network. 
0067 Gelation phenomenon requires a driving force to 
unfold the native protein structure, followed by an aggrega 
tion retaining a certain degree of order in the matrix formed 
by association between protein Strands. Protein gelation has 
been traditionally achieved by heating, but some physical and 
chemical processes form protein gels in an analogous way to 
heat-induction. A physical means, besides heat, is high pres 
Sure. Chemical means are acidification, enzymatic cross-link 
ing, and use of salts and urea, causing modifications in pro 
tein-protein and protein-medium interactions. The 
characteristics of each gel are different and dependent upon 
factors like protein concentration, degree of denaturation 
caused by pH, temperature, ionic strength and/or pressure. 
0068. The term 'gel-strength” refers to the ability or a 
measure of a protein to form gels. 
0069. The term “fatty acids’ refers to long-chain aliphatic 
acids (alkanoic acids) of varying chain length, from about C. 
to C (although both longer and shorter chain-length acids 
are known). The predominant chain lengths are between Ce 
and C. The structure of a fatty acid is represented by a 
simple notation system of “X:Y”, where X is the total number 
of C atoms in the particular fatty acid and Y is the number of 
double bonds. 
0070 Generally, fatty acids are classified as saturated or 
unsaturated. The term “saturated fatty acids’ refers to those 
fatty acids that have no “double bonds' between their carbon 
backbone. In contrast, “unsaturated fatty acids have “double 
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bonds' along their carbon backbones (which are most com 
monly in the cis-configuration). "Monounsaturated fatty 
acids have only one “double bond along the carbon back 
bone (e.g., usually between the 9" and 10" carbonatomas for 
palmitoleic acid (16:1) and oleic acid (18:1)), while “polyun 
saturated fatty acids” (or “PUFAs) have at least two double 
bonds along the carbon backbone (e.g., between the 9" and 
10", and 12" and 13" carbon atoms for linoleic acid (18:2): 
and between the 9' and 10", 12" and 13", and 15" and 16' 
for C-linolenic acid (18:3)). 
(0071. The term “total fatty acid content” refers to the sum 
of the five major fatty acid components found in Soybeans, 
namely C16:0, C18:0, C18:1, C18:2, and C18:3. The term 
“total polyunsaturated fatty acid content” refers to the total 
C18:2 plus C18:3 content. 
0072 For the purposes of the present disclosure, the 
omega-reference system will be used to indicate the number 
of carbons, the number of double bonds and the position of 
the double bond closest to the omega carbon, counting from 
the omega carbon (which is the terminal carbon of the ali 
phatic chain and is numbered 1 for this purpose). This nomen 
clature is shown below in Table 1, in the column titled "Short 
hand Notation'. 

TABLE 1. 

Nomenclature of Polyunsaturated Fatty Acids 

Shorthand 
Common Name Abbreviation Chemical Name Notation 

Linoleic LA cis-9,12-octadecadienoic 18:2 co-6 
C-Linolenic CLIN cis-9,12,15- 18:3 (O-3 

octadecatrienoic 

0073. The term “desaturase' refers to a polypeptide that 
can desaturate, i.e., introduce a double bond, in one or more 
fatty acids to produce a mono- or polyunsaturated fatty acidor 
precursor which is of interest. Despite use of the omega 
reference system throughout the specification in reference to 
specific fatty acids, it is more convenient to indicate the 
activity of a desaturase by counting from the carboxyl end of 
the Substrate using the A-system. 
0074 The terms “FAD and fatty acid desaturase are used 
interchangeably and refer to membrane bound microsomal 
oleoyl- and linoleoyl-phosphatidylcholine desaturases that 
convertoleic acid to linoleic acid and linoleic acid to linolenic 
acid, respectively, in reactions that reduce molecular oxygen 
to water and require the presence of NADH. 
0075. The term “high oleic soybean” refers to soybean 
seeds that have an oleic acid content of at least 60%, 61%, 
62%, 63%, 64%. 65%, 66%, 67%, 68%, 69%, 70%, 71%, 
72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, and 95% of the seed by weight. Preferred 
high oleic Soybean oil starting materials are disclosed in 
World Patent Publication WO94/11516, the disclosure of 
which is hereby incorporated by reference. 
0076. The termenzyme “activity” refers to the ability of an 
enzyme to convert a Substrate to a product. 
0077. The terms “polynucleotide”, “polynucleotide 
sequence”, “nucleic acid sequence”, “nucleic acid fragment'. 
and "isolated nucleic acid fragment” are used interchange 
ably herein. These terms encompass nucleotide sequences 
and the like. A polynucleotide may be a polymer of RNA or 
DNA that is single- or double-stranded, that optionally con 
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tains synthetic, non-natural or altered nucleotide bases. A 
polynucleotide in the form of a polymer of DNA may be 
comprised of one or more segments of cDNA, genomic DNA, 
synthetic DNA, or mixtures thereof. Nucleotides (usually 
found in their 5'-monophosphate form) are referred to by a 
single letter designation as follows: “A” for adenylate or 
deoxyadenylate (for RNA or DNA, respectively), “C” for 
cytidylate or deoxycytidylate, “G” for guanylate or deox 
yguanylate, “U” for uridylate, “T” for deoxythymidylate, “R” 
for purines (A or G), “Y” for pyrimidines (C or T), “K” for G 
or T. “H” for A or C or T. “I” for inosine, and “N” for any 
nucleotide. 

0078. The terms “subfragment that is functionally equiva 
lent” and “functionally equivalent subfragment” are used 
interchangeably herein. These terms refer to a portion or 
Subsequence of an isolated nucleic acid fragment in which the 
ability to alter gene expression or produce a certain phenotype 
is retained whether or not the fragment or subfragment 
encodes an active enzyme. For example, the fragment or 
Subfragment can be used in the design of chimeric genes to 
produce the desired phenotype in a transformed plant. 
0079 Chimeric genes can be designed for use in suppres 
sion by linking a nucleic acid fragment or subfragment 
thereof, whether or not it encodes an active enzyme, in the 
sense or antisense orientation relative to a plant promoter 
Sequence. 

0080. The terms “homology”, “homologous”, “substan 
tially similar and “corresponding substantially are used 
interchangeably herein. They refer to nucleic acid fragments 
wherein changes in one or more nucleotide bases do not affect 
the ability of the nucleic acid fragment to mediate gene 
expression or produce a certain phenotype. These terms also 
refer to modifications of the nucleic acid fragments of the 
instant invention Such as deletion or insertion of one or more 
nucleotides that do not substantially alter the functional prop 
erties of the resulting nucleic acid fragment relative to the 
initial, unmodified fragment. It is therefore understood, as 
those skilled in the art will appreciate, that the invention 
encompasses more than the specific exemplary sequences. 
I0081 “Gene' refers to a nucleic acid fragment that 
expresses a specific protein, including regulatory sequences 
preceding (5' non-coding sequences) and following (3' non 
coding sequences) the coding sequence. “Native gene' refers 
to a gene as found in nature with its own regulatory 
sequences. “Chimeric gene' refers to any gene that is not a 
native gene, comprising regulatory and coding sequences that 
are not found together in nature. Accordingly, a chimeric gene 
may comprise regulatory sequences and coding sequences 
that are derived from different sources, or regulatory 
sequences and coding sequences derived from the same 
Source, but arranged in a manner different than that found in 
nature. A “foreign' gene refers to a gene not normally found 
in the host organism, but that is introduced into the host 
organism by gene transfer. Foreign genes can comprise native 
genes inserted into a non-native organism, or chimeric genes. 
A “transgene' is a gene that has been introduced into the 
genome by a transformation procedure. An “allele is one of 
several alternative forms of a gene occupying a given locus on 
a chromosome. When all the alleles presentata given locus on 
a chromosome are the same that plant is homozygous at that 
locus. If the alleles present at a given locus on a chromosome 
differ that plant is heterozygous at that locus. A "codon 
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optimized gene' is a gene having its frequency of codon 
usage designed to mimic the frequency of preferred codon 
usage of the host cell. 
0082 “Coding sequence” refers to a DNA sequence that 
codes for a specific amino acid sequence. "Regulatory 
sequences’ refer to nucleotide sequences located upstream (5' 
non-coding sequences), within, or downstream (3' non-cod 
ing sequences) of a coding sequence, and which influence the 
transcription, RNA processing or stability, or translation of 
the associated coding sequence. Regulatory sequences may 
include, but are not limited to, promoters, translation leader 
sequences, introns, and polyadenylation recognition 
Sequences. 
I0083 “Promoter” refers to a region of DNA capable of 
controlling the expression of a coding sequence or functional 
RNA. The promoter sequence consists of proximal and more 
distal upstream elements. These upstream elements are often 
referred to as enhancers. Accordingly, an "enhancer is a 
DNA sequence that can stimulate promoteractivity, and may 
be an innate element of the promoter or a heterologous ele 
ment inserted to enhance the level or tissue-specificity of a 
promoter. Promoters may be derived in their entirety from a 
native gene, or be composed of different elements derived 
from different promoters found in nature, or even comprise 
synthetic DNA segments. It is understood by those skilled in 
the art that different promoters may direct the expression of a 
gene in different tissues or cell types, or at different stages of 
development, or in response to different environmental con 
ditions. It is further recognized that since in most cases the 
exact boundaries of regulatory sequences have not been com 
pletely defined, DNA fragments of some variation may have 
identical promoter activity. Promoters that cause a gene to be 
expressed in most cell types at most times are commonly 
referred to as “constitutive promoters'. New promoters of 
various types useful in plant cells are constantly being dis 
covered; numerous examples may be found in the compila 
tion by Okamuro and Goldberg (1989) Biochemistry of Plants 
15:1-82. 
0084 Any seed-specific promoter can be used in accor 
dance with the method of the invention. Thus, the origin of the 
promoter chosen to drive expression of the recombinant DNA 
fragment is not critical as long as it is capable of accomplish 
ing the invention by transcribing enough RNA from the 
desired nucleic acid fragment(s) in the seed. 
I0085. A plethora of promoters is described in WO 
00/18963, published on Apr. 6, 2000, the disclosure of which 
is hereby incorporated by reference. Examples of seed-spe 
cific promoters include, and are not limited to, the promoter 
for soybean Kunitz trypsin inhibitor (Kti3, Jofuku and Gold 
berg (1989) Plant Cell 1:1079-1093) B-conglycinin (Chen et 
al. (1989) Dev. Genet. 10: 112-122), the napin promoter, and 
the phaseolin promoter. 
I0086 Specific examples of promoters that may be useful 
in expressing the nucleic acid fragments of the invention 
include, but are not limited to, the SAM synthetase promoter 
(PCT Publication WO0/37662, published Jun. 29, 2000), the 
CaMV 35S (Odelletal (1985) Nature 313:810-812), and the 
promoter described in PCT Publication WO02/099063 pub 
lished Dec. 12, 2002. 
0087. The “translation leader sequence” refers to a poly 
nucleotide sequence located between the promoter sequence 
of a gene and the coding sequence. The translation leader 
sequence is present in the fully processed mRNA upstream of 
the translation start sequence. The translation leader sequence 
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may affect processing of the primary transcript to mRNA, 
mRNA stability or translation efficiency. Examples of trans 
lation leader sequences have been described (Turner and Fos 
ter (1995) Mol. Biotechnol. 3:225-236). 
I0088. The '3' non-coding sequences” or “transcription ter 
minator/termination sequences’ refer to DNA sequences 
located downstream of a coding sequence and include poly 
adenylation recognition sequences and other sequences 
encoding regulatory signals capable of affecting mRNA pro 
cessing or gene expression. The polyadenylation signal is 
usually characterized by affecting the addition of polyade 
nylic acid tracts to the 3' end of the mRNA precursor. The use 
of different 3' non-coding sequences is exemplified by Ingel 
brecht et al. (1989) Plant Cell 1:671-680. 
I0089. An "intron’ is an intervening sequence in a gene that 
does not encode a portion of the protein sequence. Thus, such 
sequences are transcribed into RNA but are then excised and 
are not translated. The term is also used for the excised RNA 
sequences. An 'exon' is a portion of the sequence of a gene 
that is transcribed and is found in the mature messenger RNA 
derived from the gene, but is not necessarily a part of the 
sequence that encodes the final gene product. 
(0090 “RNA transcript” refers to the product resulting 
from RNA polymerase-catalyzed transcription of a DNA 
sequence. When the RNA transcript is a perfect complemen 
tary copy of the DNA sequence, it is referred to as the primary 
transcript. An RNA transcript is referred to as the mature 
RNA when it is an RNA sequence derived from post-tran 
scriptional processing of the primary transcript. "Messenger 
RNA (mRNA) refers to the RNA that is without introns and 
that can be translated into protein by the cell. “cDNA refers 
to a DNA that is complementary to and synthesized from a 
mRNA template using the enzyme reverse transcriptase. The 
cDNA can be single-stranded or converted into the double 
stranded form using the Klenow fragment of DNA poly 
merase I. “Sense RNA refers to RNA transcript that includes 
the mRNA and can be translated into protein within a cell or 
in vitro. Antisense RNA refers to an RNA transcript that is 
complementary to all or part of a target primary transcript or 
mRNA, and that blocks the expression of a target gene (U.S. 
Pat. No. 5,107,065). The complementarity of an antisense 
RNA may be with any part of the specific gene transcript, i.e., 
at the 5' non-coding sequence, 3' non-coding sequence, 
introns, or the coding sequence. “Functional RNA refers to 
antisense RNA, ribozyme RNA, or other RNA that may not be 
translated but yet has an effect on cellular processes. The 
terms “complement” and “reverse complement” are used 
interchangeably herein with respect to mRNA transcripts, 
and are meant to define the antisense RNA of the message. 
(0091. The term “operably linked” refers to the association 
of nucleic acid sequences on a single nucleic acid fragment so 
that the function of one is regulated by the other. For example, 
a promoter is operably linked with a coding sequence when it 
is capable of regulating the expression of that coding 
sequence (i.e., that the coding sequence is under the transcrip 
tional control of the promoter). Coding sequences can be 
operably linked to regulatory sequences in a sense or anti 
sense orientation. In another example, the complementary 
RNA regions of the invention can be operably linked, either 
directly or indirectly, 5' to the target mRNA, or 3' to the target 
mRNA, or within the target mRNA, or a first complementary 
region is 5' and its complement is 3' to the target mRNA. 
0092. The term “endogenous RNA” refers to any RNA 
which is encoded by any nucleic acid sequence present in the 
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genome of the host prior to transformation with the recombi 
nant construct of the present invention, whether naturally 
occurring or non-naturally occurring, i.e., introduced by 
recombinant means, mutagenesis, etc. 
0093. The term “non-naturally occurring” means artifi 

cial, not consistent with what is normally found in nature. 
0094 Standard recombinant DNA and molecular cloning 
techniques used herein are well known in the art and are 
described more fully in Sambrook et al., Molecular Cloning: 
A Laboratory Manual: Cold Spring Harbor Laboratory Press: 
Cold Spring Harbor, 1989. Transformation methods are well 
known to those skilled in the art and are described below. 
0095 “PCR' or “Polymerase Chain Reaction” is a tech 
nique for the synthesis of large quantities of specific DNA 
segments, consists of a series of repetitive cycles (Perkin 
Elmer Cetus Instruments, Norwalk, Conn.). Typically, the 
double stranded DNA is heat denatured, the two primers 
complementary to the 3' boundaries of the target segment are 
annealed at low temperature and then extended at an interme 
diate temperature. One set of these three consecutive steps is 
referred to as a cycle. 
0096. The term “recombinant” refers to an artificial com 
bination of two otherwise separated segments of sequence, 
e.g., by chemical synthesis or by the manipulation of isolated 
segments of nucleic acids by genetic engineering techniques. 
0097. The terms “plasmid”, “vector” and “cassette” refer 
to an extra chromosomal element often carrying genes that 
are not part of the central metabolism of the cell, and usually 
in the form of circular double-stranded DNA fragments. Such 
elements may be autonomously replicating sequences, 
genome integrating sequences, phage or nucleotide 
sequences, linear or circular, of a single- or double-stranded 
DNA or RNA, derived from any source, in which a number of 
nucleotide sequences have been joined or recombined into a 
unique construction which is capable of introducing a pro 
moter fragment and DNA sequence for a selected gene prod 
uct along with appropriate 3' untranslated sequence into a 
cell. “Transformation cassette' refers to a specific vector 
containing a foreign gene and having elements in addition to 
the foreign gene that facilitates transformation of a particular 
host cell. “Expression cassette' refers to a specific vector 
containing a foreign gene and having elements in addition to 
the foreign gene that allow for enhanced expression of that 
gene in a foreign host. 
0098. The terms “recombinant construct”, “expression 
construct”, “chimeric construct”, “construct’, and “recombi 
nant DNA construct” are used interchangeably herein. A 
recombinant construct comprises an artificial combination of 
nucleic acid fragments, e.g., regulatory and coding sequences 
that are not found together in nature. For example, a chimeric 
construct may comprise regulatory sequences and coding 
sequences that are derived from different sources, or regula 
tory sequences and coding sequences derived from the same 
Source, but arranged in a manner different than that found in 
nature. Such construct may be used by itself or may be used in 
conjunction with a vector. If a vector is used then the choice 
of vector is dependent upon the method that will be used to 
transform host cells as is well knownto those skilled in theart. 
For example, a plasmid vector can be used. The skilled artisan 
is well aware of the genetic elements that must be present on 
the vector in order to successfully transform, select and 
propagate host cells comprising any of the isolated nucleic 
acid fragments of the invention. The skilled artisan will also 
recognize that different independent transformation events 
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will result in different levels and patterns of expression (Jones 
et al., (1985) EMBO J. 4:2411-2418; De Almeida et al., 
(1989) Mol. Gen. Genetics 218:78-86), and thus that multiple 
events must be screened in order to obtainlines displaying the 
desired expression level and pattern. Such screening may be 
accomplished by Southern analysis of DNA, Northern analy 
sis of mRNA expression, immunoblotting analysis of protein 
expression, or phenotypic analysis, among others. 
(0099. The term “expression', as used herein, refers to the 
production of a functional end-product e.g., a mRNA or a 
protein (precursor or mature). 
0100. The term “expression cassette' as used herein, 
refers to a discrete nucleic acid fragment into which a nucleic 
acid sequence or fragment can be moved. 
0101 "Mature' protein refers to a post-translationally 
processed polypeptide; i.e., one from which any pre- or 
propeptides present in the primary translation product have 
been removed. “Precursor protein refers to the primary prod 
uct of translation of mRNA; i.e., with pre- and propeptides 
still present. Pre- and propeptides may be but are not limited 
to intracellular localization signals. 
0102 “Cosuppression” refers to the production of sense 
RNA transcripts capable of Suppressing the expression of 
identical or substantially similar native genes (U.S. Pat. No. 
5,231,020, which issued to Jorgensen et al. on Jul. 27, 1999). 
Co-suppression constructs in plants have been previously 
designed by focusing on overexpression of a nucleic acid 
sequence having homology to a native mRNA, in the sense 
orientation, which results in the reduction of all RNA having 
homology to the overexpressed sequence (see Vaucheret etal. 
(1998) Plant J. 16:651-659; and Gura (2000) Nature 404: 
804-808). “Antisense inhibition” refers to the production of 
antisense RNA transcripts capable of Suppressing the expres 
sion of the target protein. Plant viral sequences may be used to 
direct the Suppression of proximal mRNA encoding 
sequences (PCT Publication WO 98/36083 published on 
Aug. 20, 1998). “Hairpin' structures that incorporate all, or 
part, of an mRNA encoding sequence in a complementary 
orientation resulting in a potential 'stem-loop' structure for 
the expressed RNA have been described (PCT Publication 
WO99/53050 published on Oct. 21, 1999). In this case the 
stem is formed by polynucleotides corresponding to the gene 
of interest inserted in either sense or anti-sense orientation 
with respect to the promoter and the loop is formed by some 
polynucleotides of the gene of interest, which do not have a 
complement in the construct. This increases the frequency of 
coSuppression or silencing in the recovered transgenic plants. 
For review of hairpin suppression see Wesley et al. (2003) 
Methods in Molecular Biology, Plant Functional Genomics: 
Methods and Protocols 236:273-286. A construct where the 
stem is formed by at least 30 nucleotides from a gene to be 
Suppressed and the loop is formed by a random nucleotide 
sequence has also effectively been used for suppression (WO 
99/61632 published on Dec. 2, 1999). The use of poly-T and 
poly-A sequences to generate the stem in the stem-loop struc 
ture has also been described (WO 02/00894 published Jan. 3, 
2002). Yet another variation includes using synthetic repeats 
to promote formation of a stem in the stem-loop structure. 
Transgenic organisms prepared with Such recombinant DNA 
fragment show reduced levels of the protein encoded by the 
polynucleotide from which the nucleotide fragment forming 
the loop is derived as described in PCT Publication WO 
02/00904, published Jan. 3, 2002. The use of constructs that 
result in dsRNA has also been described. In these constructs 
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convergent promoters direct transcription of gene-specific 
sense and antisense RNAS inducing gene Suppression (see for 
example Shiet al. (2000) RNA 6:1069-1076; Bastinet al. 
(2000) J. Cell Sci. 113:3321-3328; Giordanoet al. (2002) 
Genetics 160:637-648; LaCount, and Donelson. US patent 
Application No. 20020182223, published Dec. 5, 2002: Tra 
net al. (2003) BMC Biotechnol. 3:21; and Applicant's U.S. 
Provisional Application No. 60/578,404, filed Jun. 9, 2004). 
0103). Other methods for suppressing an enzyme include, 
but are not limited to, use of polynucleotides that may form a 
catalytic RNA or may have ribozyme activity (U.S. Pat. No. 
4,987,071 issued Jan. 22, 1991), and microRNA (also called 
miRNA) interference (Javier et al. (2003) Nature 425:257 
263). 
0104 MicroRNAs (miRNA) are small regulatory RNAs 
that control gene expression. miRNAS bind to regions of 
target RNAs and inhibit their translation and, thus, interfere 
with production of the polypeptide encoded by the target 
RNA. miRNAs can be designed to be complementary to any 
region of the target sequence RNA including the 3' untrans 
lated region, coding region, etc. miRNAS are processed from 
highly structured RNA precursors that are processed by the 
action of a ribonuclease III termed DICER. While the exact 
mechanism of action of miRNAS is unknown, it appears that 
they function to regulate expression of the target gene. See, 
e.g., U.S. Patent Publication No. 2004/0268441 Al which was 
published on Dec. 30, 2004. 
0105. The term “expression', as used herein, refers to the 
production of a functional end-product, be it mRNA or trans 
lation of mRNA into a polypeptide. 
0106 “Antisense inhibition” refers to the production of 
antisense RNA transcripts capable of suppressing the expres 
sion of the target protein. “Co-suppression” refers to the 
production of sense RNA transcripts capable of Suppressing 
the expression of identical or substantially similar foreign or 
endogenous genes (U.S. Pat. No. 5,231,020). 
0107 “Overexpression” refers to the production of a func 
tional end-product in transgenic organisms that exceeds lev 
els of production when compared to expression of that func 
tional end-product in a normal, wild type or non-transformed 
organism. 
0108 “Stable transformation refers to the transfer of a 
nucleic acid fragment into a genome of a host organism, 
including both nuclear and organellar genomes, resulting in 
genetically stable inheritance. In contrast, “transient transfor 
mation” refers to the transfer of a nucleic acid fragment into 
the nucleus, or DNA-containing organelle, of a host organism 
resulting in gene expression without integration or stable 
inheritance. Host organisms containing the transformed 
nucleic acid fragments are referred to as “transgenic' organ 
1SS. 

0109 Standard recombinant DNA and molecular cloning 
techniques used herein are well known in the art and are 
described by Sambrook et al., Molecular Cloning: A Labora 
tory Manual, 2nd ed., Cold Spring Harbor Laboratory: Cold 
Spring Harbor, N.Y. (1989); by Silhavy et al., Experiments 
with Gene Fusions, Cold Spring Harbor Laboratory: Cold 
Spring Harbor, N.Y. (1984); and by Ausubel et al., Current 
Protocols in Molecular Biology, published by Greene Pub 
lishing Assoc. and Wiley-Interscience (1987). Once the 
recombinant construct has been made, it may then be intro 
duced into a plant cell or yeast cell of choice by methods well 
known to those of ordinary skill in the art including, for 
example, transfection, transformation and electroporation 
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(see below). Oilseed plant cells are the preferred plant cells. 
The transformed plant cell is then cultured and regenerated 
under Suitable conditions permitting expression of the recom 
binant construct which is then recovered and purified. 
0110 Recombinant constructs may be introduced into one 
plant cellor, alternatively, a construct may be introduced into 
separate plant cells. 
0111 Expression in a plant cell may be accomplished in a 
transient or stable fashion as is described above. 
0112 Plant parts include differentiated and undifferenti 
ated tissues, including but not limited to: roots, stems, shoots, 
leaves, pollen, seeds, tumor tissue, and various forms of cells 
and culture Such as single cells, protoplasts, embryos, and 
callus tissue. The plant tissue may be in plant or in organ, 
tissue or cell culture. 
0113. The term “plant organ” refers to plant tissue or 
group of tissues that constitute a morphologically and func 
tionally distinct part of a plant. The term “genome' refers to 
the following: 1. The entire complement of genetic material 
(genes and non-coding sequences) is present in each cell of an 
organism, or virus or organelle. 2. A complete set of chromo 
Somes inherited as a (haploid) unit from one parent. The term 
“stably integrated’ refers to the transfer of a nucleic acid 
fragment into the genome of a host organism or cell resulting 
in genetically stable inheritance. 
0114 Methods for transforming dicots, primarily by use 
of Agrobacterium tumefaciens, and obtaining transgenic 
plants have been published, among others, for cotton (U.S. 
Pat. No. 5,004,863, U.S. Pat. No. 5,159,135): soybean (U.S. 
Pat. No. 5,569,834, U.S. Pat. No. 5,416,011); Brassica (U.S. 
Pat. No. 5,463,174); peanut (Cheng et al. (1996) Plant Cell 
Rep. 15:653-657, McKently et al. (1995) Plant Cell Rep. 
14:699-703); papaya (Ling et al. (1991) Bio/technology 
9:752-758); and pea (Grant et al. (1995) Plant Cell Rep. 
15:254-258). For a review of other commonly used methods 
of plant transformation see Newell (2000) Mol. Biotechnol. 
16:53-65. One of these methods of transformation uses Agro 
bacterium rhizogenes (Tepfler, and Casse-Delbart (1987) 
Microbiol. Sci. 4:24-28). Transformation of soybeans using 
direct delivery of DNA has been published using PEG fusion 
(PCT publication WO92/17598), electroporation (Chowrira 
et al. (1995) Mol. Biotechnol. 3:17-23; Christou et al. (1987) 
Proc. Natl. Acad. Sci. U.S.A. 84:3962-3966), microinjection, 
or particle bombardment (McCabeet. al. (1988) Bio/Technol 
ogy 6:923; Christou et al. (1988) Plant Physiol. 87:671-674). 
0115 There are a variety of methods for the regeneration 
of plants from plant tissue. The particular method of regen 
eration will depend on the starting plant tissue and the par 
ticular plant species to be regenerated. The regeneration, 
development and cultivation of plants from single plant pro 
toplast transformants or from various transformed explants is 
well known in the art (Weissbach and Weissbach, (1988) In...: 
Methods for Plant Molecular Biology, (Eds.), Academic: San 
Diego, Calif.). This regeneration and growth process typi 
cally includes the steps of selection of transformed cells, 
culturing those individualized cells through the usual stages 
of embryonic development through the rooted plantlet stage. 
Transgenic embryos and seeds are similarly regenerated. The 
resulting transgenic rooted shoots are thereafter planted in an 
appropriate plant growth medium Such as soil. Preferably, the 
regenerated plants are self-pollinated to provide homozygous 
transgenic plants. Otherwise, pollen obtained from the regen 
erated plants is crossed to seed-grown plants of agronomi 
cally important lines. Conversely, pollen from plants of these 
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important lines is used to pollinate regenerated plants. A 
transgenic plant of the present invention containing a desired 
polypeptide is cultivated using methods well known to one 
skilled in the art. 

0116. In addition to the above discussed procedures, prac 
titioners are familiar with the standard resource materials 
which describe specific conditions and procedures for the 
construction, manipulation and isolation of macromolecules 
(e.g., DNA molecules, plasmids, etc.), generation of recom 
binant DNA fragments and recombinant expression con 
structs and the screening and isolating of clones, (see for 
example, Sambrooketal. (1989) Molecular Cloning: A Labo 
ratory Manual, Cold Spring Harbor: NY; Maliga et al. (1995) 
Methods in Plant Molecular Biology, Cold Spring Harbor: 
NY: Birren et al. (1998) Genome Analysis: Detecting Genes, 
1, Cold Spring Harbor: NY: Birren et al. (1998) Genome 
Analysis: Analyzing DNA, 2, Cold Spring Harbor: NY: Plant 
Molecular Biology: A Laboratory Manual, eds. Clark, 
Springer: NY (1997)). 
0117. In one aspect, the present invention includes protein 
products derived from high oleic soybeans. 
0118. The present invention includes a protein product 
obtained from high oleic Soybeans wherein said product has 
at least one characteristic selected from the group consisting 
of improved whiteness, reduced gel strength and reduced 
Viscosity when compared to a soy protein product obtained 
from a commodity soybean using the same process as that to 
obtain the Soy protein product from a high oleic soybean. 
0119) Another embodiment concerns a protein product 
obtained from high oleic soybeans, wherein the whiteness 
index is increased by at least 3%, 4%, 5%, 6%, 7%, 8%, 9%, 
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 
20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 
30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 
40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, or 
50% when compared to a soy protein product obtained from 
a commodity Soybean using the same process as that to obtain 
the Soy protein product from a high oleic soybean. 
0120. An additional embodiment concerns a protein prod 
uct obtained from high oleic Soybeans, wherein the gel 
strength is reduced by at least 25%, 26%, 27%, 28%, 29%, 
30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%. 
40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, or 
60% when compared to a soy protein product obtained from 
a commodity Soybean using the same process as that to obtain 
the Soy protein product from a high oleic soybean. 
0121. An additional embodiment concerns an unhydro 
lyzed protein product obtained from high oleic soybeans, 
wherein the gel strength is reduced when compared to a Soy 
protein product obtained from a commodity Soybean using 
the same process as that to obtain the Soy protein product from 
a high oleic soybean. 
0122) An additional embodiment concerns an unhydro 
lyzed protein product obtained from high oleic soybeans, 
wherein the gel strength is reduced by at least 25%, 26%, 
27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 
37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 
47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 
57%, 58%, 59%, or 60% when compared to a soy protein 
product obtained from a commodity soybean using the same 
process as that to obtain the Soy protein product from a high 
oleic soybean. 
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I0123 Yet another embodiment concerns a protein product 
obtained from high oleic soybeans, wherein the viscosity is 
reduced by at least 9%, 10%, 11%, 12%, 13%, 14%, 15%, 
16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 
26%. 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 
36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 
46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 
56%, 57%, 58%, 58%, 60%, 61%. 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 
86%, or 87%, when compared to a soy protein product 
obtained from a commodity soybean using the same process 
as that to obtain the Soy protein product from a high oleic 
Soybean. 
0.124 One advantage to having reduced viscosity is that it 
improves drying efficiency. Currently with commodity Soy 
there is a limitation in the feed solids concentration that can be 
fed to the dryer as a result of the viscosity and propensity to 
aggregate and form a gel as a result of exposure to heat. If 
commodity Soy must be dried at high Solids, it is necessary to 
increase the temperature of the feed solids to prevent protein 
aggregation with resultant gelling; this increased heat is 
costly and results in severe damage to the solubility of the 
protein. 
0.125 Reduced viscosity and gel properties allow the 
operator to significantly increase the feed solid concentration, 
because the slurry can be easily pumped through the equip 
ment at normal temperatures without gelling. 
That means that during the drying process, less water has to be 
removed for every pound fed to the dryer. This translates into 
decreased energy usage and more Solids that can be dried per 
hour resulting in more protein product for sale. 
0.126 Another embodiment of the invention concerns a 
soy protein product selected from the group consisting of a 
soy protein isolate, a soy protein concentrate, soy meal, full 
fat flour, defatted flour, soymilk, textured proteins, textured 
flours, textured concentrates and textured isolates. 
I0127. As used herein, “soymilk” refers to an aqueous mix 
ture of any one or more of the following, finely ground Soy 
beans, soy flour, soy flakes, soy concentrate, isolated Soy 
protein, Soy whey protein, and aqueous extracts of any one or 
more of the following, soybeans, soy flakes and soy flour 
where insoluble material has been removed. Soymilk may 
comprise additional components including but not limited to 
fats, carbohydrates, Sweeteners, colorants, stabilizers, thick 
eners, flavorings, acids, bases. 
0128 
The stabilizers (carboxymethylcellulose and carrageenan) 
are dry-blended with some sugar and added to 90% water. The 
mix is agitated with moderate to high shear for one minute or 
until no lumps are observed. Sequestrants agents (potassium 
citrate, sodium hexametaphosphate and potassium phos 
phate) are added mixed for one minute. The protein is added 
and dispersed well. The slurry is heated to 170°F. and hold for 
10 minutes. The remaining dry ingredients are added to the 
protein slurry and mixed for 5 minutes. The soybean oil is 
added with constant agitation and mixed for three minutes. 
Vitamins and minerals blend is disperse in 10% water, added 
to the protein slurry and mixed for 5 minutes. The pH of the 
slurry is adjusted to 7.0–7.2 using NaOH as needed. The slurry 
is homogenized at 500 psi (second stage) and 2500 psi (first 
stage). The slurry is pasteurized by ultra-high temperature 
(UHT) processing at 141° C. (286°F) for 6 seconds. The 

One way to prepare soymilk is described below. 



US 2009/01 76001 A1 

mixture is cooled to 31°C. (88°F) and packaged insterilized 
bottles. The product is stored at refrigerated temperatures. 
0129. As used herein, “soymilk powder refers to a dewa 
tered soymilk. Soymilk may be dewatered by many processes 
that include but are not limited to spray drying, tray drying, 
tunnel drying, and freeze drying. 
0130. Another embodiment of the invention concerns a 
method for improving drying efficiency of a soy protein prod 
uct, comprising feeding at least one soy protein product 
obtained from a high oleic soybean seed at higher feed solids 
to a pasteurizer or a dryer compared to feeding at least one Soy 
protein product obtained from a commodity soybean to a 
pasteurizer or dryer. 
0131. An additional embodiment of the invention con 
cerns a method for improving drying efficiency, comprising 
feeding high oleic soy protein products to a pasteurizer or a 
dryer at no less than 14%, 15%, 15%, 17%, 18%, 19%, 20%, 
21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, or 30% 
feed solids compared to feeding commodity soy protein prod 
ucts using the same process as that to obtain the Soy protein 
product from a high oleic Soybean. 
0132) Soy protein products fall into three major groups. 
These groups are based on protein content, and range from 
40% to over 90%. All three basic soy protein product groups 
(except full-fat flours) are derived from defatted flakes. They 
are the following: soy flours and grits, soy protein concen 
trates and soy protein isolates. These are discussed more fully 
below. 
0133. As used herein the term "unhydrolyzed protein 
product”, “unhydrolyzed soy protein product” refers to a 
protein product that has not undergone an enzymatic protein 
hydrolysis step. 
0134. As used herein the term “enzymatic hydrolysis’ 
refers to the breakdown of proteins or chemical compounds 
by the addition of specific enzymes. 
0135 Additional embodiments of the invention include 
soy protein products with at least 40%, 41%, 42%, 43%, 44%, 
45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 
55%, 56%, 57%, 58%, 59%, 60%, 61%. 62%, 63%, 64%, 
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 
85%. 86%, 87%, 88%.%, 89%, 90%, 91%, 92%, 93%, 94%, 
95%, 96% or 97% protein (Nx6.25) on a moisture-free basis. 
0136. The soy protein products of the invention can be 
incorporated into food, beverages, and animal feed. 
0137 The term “animal feed” refers to food that is given to 
animals, such as livestock and pets. Some feeds provide a 
healthy and nutritious diet, while others may be lacking in 
nutrients. Animals are given a wide range of different feeds, 
but the two major types of animal feed are processed animal 
feeds (compound feed) and fodder. 
0138 Compound feeds are feedstuffs that are blended 
from various raw materials and additives. The main ingredi 
ents used in commercially prepared feed are the feed grains, 
which include corn, soybeans, Sorghum, oats, and barley. 
These blends are formulated according to the specific require 
ments of the target animal (including different types of live 
stock and pets). They are manufactured by feed compounders 
as meal type, pellets or crumbles. 
0139 Compound feeds can be complete feeds that provide 

all the daily required nutrients, concentrates that provide a 
part of the ration (protein, energy) or Supplements that only 
provide additional micro-nutrients such as minerals and Vita 
1S. 
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0140. Oxidation and therefore the shelflife of animal feed 
ingredients is a common problem in the industry. Oxidation is 
an irreversible chemical reaction in which oxygen reacts with 
feed and feed components and can result in decreased animal 
health and performance. The negative effects of oxidation can 
be seen in loss of palatability, degradation of the oil compo 
nent, development of unwanted breakdown products, 
changes in color, and loss of energy. Meat obtained from 
animals grown on oxidized feed has significantly lower oxi 
dative status compared to animals fed a feed that has not 
undergone significant oxidation. Meat from animals fed diets 
containing high oleic corn products show extended shelflife 
and greater oxidative stability (PCT Publication WO/2006/ 
002052, published Jan.5, 2006), particularly when combined 
with antioxidants such as tocols. Therefore it is highly desir 
able to prevent oxidation of feed and feed ingredients to 
protect both nutritional value and organoleptic quality. 
0141 Synthetic antioxidants are used to preserve feed 
quality by preventing the oxidation of lipids, which can lead 
to improved animal performance. Generally, synthetic anti 
oxidants can act as free radical scavengers and thereby reduce 
lipid oxidation. Synthetic antioxidants can prolong animal 
feed shelf-life and protect nutritional and organoleptic quality 
0142. There are multiple methods to test the oxidation 
status of Solid materials including soybean meal and other 
Soybean protein products including accelerating aging meth 
ods which predict a material's shelf-life. One test which can 
be used is to age a material either at room temperature or 
elevated temperatures and to measure the oxidative status of 
the material at specific time points. The OSI instrument is 
useful in this regard in that it reflects the length of time needed 
to start the oxidation process known as the induction time. A 
longer induction time means that the material has greater 
oxidative stability and thereby shelf-life. Other methods 
include the measurement of Volatiles and color change. 
0.143 Methods for obtaining soy protein products are well 
known to those skilled in the art. For example soybean protein 
products can be obtained in a variety of ways. Conditions 
typically used to prepare soy protein isolates have been 
described by (Cho, et al., (1981) U.S. Pat. No. 4.278,597; 
Goodnight, etal. (1978) U.S. Pat. No. 4,072,670). Soy protein 
concentrates are produced by three basic processes: acid 
leaching (at about pH 4.5), extraction with alcohol (about 
55-80%), and denaturing the protein with moist heat prior to 
extraction with water. Conditions typically used to prepare 
soy protein concentrates have been described by Pass (1975) 
U.S. Pat. No. 8,975,74) and Campbell et al. (1985) in New 
Protein Foods, ed. by Altschul and Wilcke, Academic Press, 
Vol. Chapter 10, Seed Storage Proteins, pp. 302-338). 
0144) “Soybean-containing products” or "Soy products' 
can be defined as those products containing/incorporating a 
soy protein product. 
0145 For example, “soy protein products' can include, 
and are not limited to, those items listed in Table 2. 

TABLE 2 

Soy Protein Products Derived from Soybean Seeds 

Whole Soybean Products 

Roasted Soybeans 
Baked Soybeans 
Soy Sprouts 
Soy Milk 
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TABLE 2-continued 

Soy Protein Products Derived from Soybean Seeds 

Specialty Soy Foods/Ingredients 

Soy Milk 
Tofu 
Tempeh 
Miso 
Soy Sauce 
Hydrolyzed Vegetable Protein 
Whipping Protein 
Processed Soy Protein Products 

Full Fat and Defatted Flours 
Soy Grits 
Soy Hypocotyls 
Soybean Meal 
Soy Milk 
Soy Milk Powder 
Soy Protein Isolates 
Soy Protein Concentrates 
Textured Soy Proteins 
Textured Flours and Concentrates 
Textured Concentrates 
Textured Isolates 
Soy Crisps 

See Soy Protein Products: Characteristics, Nutritional Aspects and Utiliza 
tion (1987). Soy Protein Council. 

0146 “Processing” refers to any physical and chemical 
methods used to obtain the products listed in Table 2 and 
includes, and is not limited to, heat conditioning, flaking and 
grinding, extrusion, solvent extraction, or aqueous soaking 
and extraction of whole or partial seeds. Furthermore, “pro 
cessing includes the methods used to concentrate and isolate 
soy protein from whole or partial seeds, as well as the various 
traditional Oriental methods in preparing fermented soy food 
products. Trading Standards and Specifications have been 
established for many of these products (see National Oilseed 
Processors Association Yearbook and Trading Rules 1991 
1992). 
0147 Defatted flakes refer to flaked, dehulled cotyledons 
that have been defatted and treated with controlled heat to 
remove the remaining hexane. This term can also refer to a 
flour or grit that has been ground. 
0148. “White” flakes refer to flaked, dehulled cotyledons 
that have been defatted and treated with controlled heat to 
remove the remaining hexane. This term can also refer to a 
flour that has been ground. 
0149 "Grits” refer to defatted, dehulled cotyledons hav 
ing a U.S. Standard screen size of between No. 10 and 80. 
0150 “Soy Protein Concentrates” refer to those products 
produced from dehulled, defatted soybeans and typically con 
tain 65 wt % to 90 wt % soy protein on a moisture free basis. 
Soy protein concentrates are typically manufactured by three 
basic processes: acid leaching (at about pH 4.5), extraction 
with alcohol (about 55-80%), and denaturing the protein with 
moist heat prior to extraction with water. Conditions typically 
used to prepare soy protein concentrates have been described 
by Pass (1975) U.S. Pat. No. 3,897,574; Campbell et al., 
(1985) in New Protein Foods, ed. by Altschul and Wilcke, 
Academic Press, Vol. 5, Chapter 10, Seed Storage Proteins, 
pp 302-338). 
0151. As used herein, the term "soy protein isolate” or 
isolated soy protein’ refers to a soy protein containing mate 

rial that contains at least 90% soy protein by weight on a 
moisture free basis. 
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I0152 “Extrusion” refers to processes whereby material 
(grits, flour or concentrate) is passed through a jacketed auger 
using high pressures and temperatures as a means of altering 
the texture of the material. “Texturing” and "structuring 
refer to extrusion processes used to modify the physical char 
acteristics of the material. The characteristics of these pro 
cesses, including thermoplastic extrusion, have been 
described previously (Atkinson (1970) U.S. Pat. No. 3,488, 
770, Horan (1985) In New Protein Foods, ed. by Altschul and 
Wilcke, Academic Press, Vol. 1A, Chapter 8, pp. 367-414). 
Moreover, conditions used during extrusion processing of 
complex foodstuff mixtures that include soy protein products 
have been described previously (Rokey (1983) Feed Manu 
facturing Technology III, 222-237; McCulloch, U.S. Pat. No. 
4.454,804). 
0153. Residual fatty acid analysis. The commercial pro 
cess used to de-fat soy flakes with hexane leaves a residue of 
fatty acids that can act as substrate for generation of off-flavor 
compounds. Depending on the method of analysis, the 
residual fat content of hexane-defatted soy flakes can range 
from, 0.6-1.0% (W:W) (ether extractable; AOCS Method 
920.39 (Official Methods of Analysis of the AOAC Interna 
tional (1995), 16" Edition, Method920.39C, Locator #42.01 
(modified)) to 2.5-3% (W:W) (acid hydrolysable; AOAC 
Method 922.06 (Official Methods of Analysis of the AOAC 
International (1995), 16" Edition, Method 922.06, Locator 
32.1.13 (modified)). The principle reason for the discrepancy 
between these two methods of estimating residual fatty acids 
is the chemical nature of the fat classes associated with the 
protein matrix after hexane extraction. A small proportion of 
the residual fatty acid is in the form of neutral lipid (i.e., 
triglyceride) and the remainder is present as polar lipid (e.g., 
phospholipids, a.k.a., lecithin). Because of its polar nature the 
phospholipid is inaccessible to ether extraction and is only 
removed from the protein matrix if acid hydrolysis or some 
other stringent extraction protocol is performed. Therefore, 
the ether extraction technique gives an estimation of the neu 
tral lipid fraction whereas the acid hydrolysable method gives 
a better estimate of the total residual fatty acid content (i.e., 
neutral and polar fractions). 
I0154) Both of the AOAC methods described above rely on 
gravimetric determinations of the residual fatty acids and, 
although in combination they give an indication of the fat 
classes (neutral vs. polar), such estimates are crude and are 
Subject to interference from other hydrophobic materials (e.g. 
Saponins). Further, no information is obtained on the fatty 
acid composition and how it may have been affected by 
Various experimental treatments or by the genetics of the 
starting material. AOAC methods for the determination of the 
fatty acid composition of residual fatty acids are available 
(Official Methods of Analysis of the AOAC International 
(2000), 17" Edition, Method 983.23 Locator 45.4.02, 
Method 969.33 Locator 41.1.28, Method 996.06 Locator 
41.1.28A). These are based on the conversion of residual fatty 
acids, extracted by acid hydrolysis, to fatty acid methyl esters 
prior to analysis by gas chromatography. Such techniques are 
rarely used to assess the residual fatty acid content of food 
materials in commercial settings although they are used for 
fatty acid evaluations in support of nutritional labeling. A 
report in which these methods have been used to determine 
the residual fatty acid composition of commercial soy protein 
isolates has recently been published (Solina et al. (2005) 
Volatile aroma components of soy protein isolate and acid 
hydrolysed vegetable protein Food Chemistry 90: 861-873) 
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0155. A facile method for determining the fatty acid com 
position of the residual fats in soy protein products is 
described in Example 24. The advantage of this method over 
others is that it requires no extraction of the residual fats from 
the matrix prior to derivatization for GCanalysis. Further, the 
technique is suitable for all forms of fatty acids i.e., whether 
they are initially present as free fatty acids or as fatty acid 
esters e.g., tri-glycerides or phospholipids (Chistie (1989) 
Gas Chromatography and Lipids; The Oily Press. Ayr, Scot 
land). The technique will also remove fatty acids from the 
protein matrix even if the polar head group of the phospho 
lipid is covalently bound to the protein. 
0156 Also, within the scope of this invention are food, 
food Supplements, food bars, and beverages as well as animal 
feed (such as pet foods) that have incorporated therein a 
soybean protein product of the invention. The beverage can be 
in a liquid or in a dry powdered form. 
0157. The foods to which the soybean protein product of 
the invention can be incorporated/added include almost all 
foods, beverages and feed (such as pet foods). For example, 
there can be mentioned food Supplements, food bars, meats 
Such as meat alternatives, ground meats, emulsified meats, 
marinated meats, and meats injected with a soybean protein 
product of the invention. Included may be beverages such as 
nutritional beverages, sports beverages, protein-fortified bev 
erages, juices, milk, milk alternatives, and weight loss bever 
ages. Mentioned may also be cheeses such as hard and soft 
cheeses, cream cheese, and cottage cheese. Included may also 
be frozen desserts Such as ice cream, ice milk, low fat frozen 
desserts, and non-dairy frozen desserts. Finally, yoghurts, 
Soups, puddings, bakery products, salad dressings, spreads, 
and dips (such as mayonnaise and chip dips) may be included. 
0158. A soy protein product can be added in an amount 
selected to deliver a desired amount to a food and/or beverage. 
The terms “soybean protein product' and “soy protein prod 
uct” are used interchangeably herein. 
0159. Any high oleic soybean seed, whether transgenic or 
non-transgenic, can be used as a source of soy protein prod 
uct 

0160 Soybeans with decreased levels of saturated fatty 
acids have been described resulting from mutation breeding 
(Erickson et al. (1994).J. Hered. 79:465-468; Schnebly et al. 
(1994) CropSci. 34:829-833; and Fehretal. (1991) CropSci. 
31:88-89) and transgenic modification (U.S. Pat. No. 5,530, 
186). Soybeans with decreased levels of polyunsaturated 
fatty acids have been described resulting from mutation 
breeding and selection. Reduced levels of linolenic acid have 
been achieved at relatively constant linoleic acid (U.S. Pat. 
No. 5,710,369 and U.S. Pat. No. 5,986,118). Decreased 
linoleic and linolenic acids combined have also been 
achieved using mutation breeding, genetic crosses and selec 
tion (Rahman, S. M. et al. (2001) CropSci. 41:26-29). These 
methods produced soybean seeds with oil profiles having 
linolenic acid contents of from 1% to 3% of the total fatty 
acids and total levels of polyunsaturated fatty acids of about 
30 to 35% as compared to greater than 6% linolenic acid and 
greater than 50% total polyunsaturated fatty acids in com 
modity soybeans. 
0161 The discovery of a method for altering the expres 
sion of the enzymes responsible for introduction of the sec 
ond (international patent publication WO94/11516) and third 
(international patent publication WO 93/11245) double 
bonds into Soybean seed storage lipid in a directed manner has 
allowed the production of soybeans with a high mono-unsat 
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urated, very low polyunsaturated fatty acid content and espe 
cially a very low linolenic acid content. The genetic combi 
nation of these two transgene profiles described in U.S. Pat. 
No. 6,426,448 leads to a soybean line with minimal poly 
unsaturates and high mono-unsaturates and extreme environ 
mental stability of the seed fatty acid profile. 
0162 The gene for microsomal delta-12 fatty acid desatu 
rases described in WO94/11516, can be used to make a high 
oleic acid soybean variety. The resulting high oleic acid soy 
bean variety was one in which the polyunsaturated fatty acids 
were reduced from 70% of the total fatty acids to less than 5%. 
0163 Two soybean fatty acid desaturases, designated 
FAD2-1 and FAD2-2, are A-12 desaturases that introduce a 
second double bond into oleic acid to form linoleic acid, a 
polyunsaturated fatty acid. FAD2-1 is expressed only in the 
developing seed (Heppard et al. (1996) Plant Physiol. 110: 
311-319). The expression of this gene increases during the 
period of oil deposition, starting around 19 days after flow 
ering, and its gene product is responsible for the synthesis of 
the polyunsaturated fatty acids found in soybean oil. GmFad 
2-1 is described in detail by Okuley, J. et al. (1994) Plant Cell 
6:147-158 and in WO94/11516. It is available from the ATCC 
in the form of plasmid pSF2-169K (ATCC accession number 
69092). FAD 2-2 is expressed in the seed, leaf, root and stem 
of the Soy plant at a constant level and is the "housekeeping 
12-desaturase gene. The Fad 2-2 gene product is responsible 
for the synthesis of polyunsaturated fatty acids for cell mem 
branes. 
(0164. Since FAD2-1 is the major enzyme of this type in 
soybean seeds, reduction in the expression of FAD2-1 results 
in increased accumulation of oleic acid (18:1) and a corre 
sponding decrease in polyunsaturated fatty acid content. 
0.165 Reduction of expression of FAD2-2 in combination 
with FAD2-1 leads to a greater accumulation of oleic acid and 
corresponding decrease in polyunsaturated fatty acid content. 
(0166 FAD3 is a A-15 desaturase that introduces a third 
double bond into linoleic acid (18:2) to form linolenic acid 
(18:3). Reduction of expression of FAD3 in combination with 
reduction of FAD2-1 and FAD2-2 leads to a greater accumu 
lation of oleic acid and corresponding decrease in polyun 
saturated fatty acid content, especially linolenic acid. 
0.167 Nucleic acid fragments encoding FAD2-1, FAD2-2, 
and FAD3 have been described in WO 94/11516 and WO 
93/11245. Chimeric recombinant constructs comprising all 
or a part of these nucleic acid fragments or the reverse 
complements thereof operably linked to at least one suitable 
regulatory sequence can be constructed wherein expression 
of the chimeric gene results in an altered fatty acid phenotype. 
A chimeric recombinant construct can be introduced into 
Soybean plants via transformation techniques well known to 
those skilled in the art. 
0168 Transgenic soybean plants resulting from a transfor 
mation with a recombinant DNA are assayed to select plants 
with altered fatty acid profiles. The recombinant construct 
may contain all or part of 1) the FAD2-1 gene or 2) the 
FAD2-2 gene or 3) the FAD3 gene or 4) combinations of all or 
portions of the FAD2-1, Fad2-2, or FAD3 genes. 
0169. Recombinant constructs comprising all or part of 1) 
the FAD2-1 gene with or without 2) all or part of the Fad2-2 
gene with or without all or part of the FAD3 gene can be used 
in making a transgenic Soybean plant having a high oleic 
phenotype. An altered fatty acid profile, specifically an 
increase in the proportion of oleic acid and a decrease in the 
proportion of the polyunsaturated fatty acids, indicates that 



US 2009/01 76001 A1 

one or more of the soybean seed FAD genes (FAD2-1, Fad2 
2, FAD3) have been Suppressed. Assays may be conducted on 
Soybean Somatic embryo cultures and seeds to determine 
suppression of FAD2-1, Fad2-2, or FAD3. 
0170 It is well understood by those skilled in the art that 
recombinant constructs comprising sequences other than 
those specifically exemplified which have similar functions, 
may be used. These constructs may include any seed-specific 
promoter. These constructs may or may not also include any 
nucleotides that promote stem-loop formation. These con 
structs may contain a polynucleotide having a nucleotide 
sequence identical to any portion of the gene or genes men 
tioned above inserted in sense or anti-sense orientation with 
respect to the promoter. Finally, these constructs may or may 
not contain any transcription termination signal. 
0171 Once sufficient transgenic seeds having the desired 
phenotype have been obtained, soy protein products Such as 
protein isolates or whole bean soymilk may be prepared. 

EXAMPLES 

0172. The present invention is further defined in the fol 
lowing Examples, in which parts and percentages are by 
weight and degrees are Celsius, unless otherwise stated. It 
should be understood that these Examples, while indicating 
preferred embodiments of the invention, are given by way of 
illustration only. From the above discussion and these 
Examples, one skilled in the art can ascertain the essential 
characteristics of this invention, and without departing from 
the spirit and scope thereof, can make various changes and 
modifications of the invention to adapt it to various usages 
and conditions. Thus, various modifications of the invention 
in addition to those shown and described herein will be appar 
ent to those skilled in the art from the foregoing description. 
Such modifications are also intended to fall within the scope 
of the appended claims. 
0173 The production high oleic soybean lines is described 
in detail in Examples 3, 5 and 8, but is not limited to the 
methods described therein. 

Example 1 

Transformation of Soybean (Glycine max) 
Embryo Cultures and Regeneration of Soybean Plants. 

0.174 Soybean embryogenic suspension cultures are 
transformed by the method of particle gun bombardment 
using procedures known in the art (Klein et al. (1987) Nature 
(London) 327:70-73: U.S. Pat. No. 4,945,050; Hazel et al. 
(1998) Plant Cell. Rep. 17:765-772; Samoylov et al. (1998) In 
Vitro Cell Dev. Biol.-Plant 34:8-13). In particle gun bom 
bardment procedures it is possible to use purified 1) entire 
plasmid DNA or, 2) DNA fragments containing only the 
recombinant DNA expression cassette(s) of interest. 
0175 Stock tissue for transformation experiments are 
obtained by initiation from soybean immature seeds. Second 
ary embryos are excised from explants after 6 to 8 weeks on 
culture initiation medium. The initiation medium is an agar 
solidified modified MS (Murashige and Skoog (1962) 
Physiol. Plant. 15:473-497) medium supplemented with vita 
mins, 2,4-D and glucose. Secondary embryos are placed in 
flasks in liquid culture maintenance medium and maintained 
for 7-9 days on a gyratory shaker at 26+/-2°C. under ~80 
uEm-2S-1 light intensity. The culture maintenance medium is 
a modified MS medium supplemented with vitamins, 2,4-D, 
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Sucrose and asparagine. Prior to bombardment, clumps of 
tissue are removed from the flasks and moved to an empty 
60x15 mm petri dish for bombardment. Tissue is dried by 
blotting on Whatman #2 filter paper. Approximately 100-200 
mg of tissue corresponding to 10-20 clumps (1-5 mm in size 
each) are used per plate of bombarded tissue. 
(0176 After bombardment, tissue from each bombarded 
plate is divided and placed into two flasks of liquid culture 
maintenance medium per plate of bombarded tissue. Seven 
days post bombardment, the liquid medium in each flask is 
replaced with fresh culture maintenance medium Supple 
mented with 100 ng/ml selective agent (selection medium). 
For selection of transformed soybean cells the selective agent 
used can be a sulfonylurea (SU) compound with the chemical 
name, 2-chloro-N-(4-methoxy-6 methyl-1,3,5-triazine-2- 
yl)aminocarbonyl) benzenesulfonamide (common names: 
DPX-W4189 and chlorsulfuron). Chlorsulfuron is the active 
ingredient in the DuPont sulfonylurea herbicide, GLEANR). 
The selection medium containing SU is replaced every week 
for 6-8 weeks. After the 6-8 week selection period, islands of 
green, transformed tissue are observed growing from untrans 
formed, necrotic embryogenic clusters. These putative trans 
genic events are isolated and kept in media with SU at 100 
ng/ml for another 2-6 weeks with media changes every 1-2 
weeks to generate new, clonally propagated, transformed 
embryogenic Suspension cultures. Embryos spend a total of 
around 8-12 weeks in contact with SU. Suspension cultures 
are subcultured and maintained as clusters of immature 
embryos and also regenerated into whole plants by matura 
tion and germination of individual Somatic embryos. 

Example 2 
Fatty Acid Analysis of Soybeans 

0177. In order to determine altered fatty acid composition 
as a result of Suppression of the fatty acid desaturase, the 
relative amounts of the fatty acids, palmitic, Stearic, oleic, 
linoleic and linolenic, can be determined as follows. Fatty 
acid methyl esters are prepared from single, mature, Somatic 
Soybean embryos or soybean seed chips by transesterifica 
tion. One embryo, or a chip from a seed, is placed in a vial 
containing 50 LL of trimethylsulfonium hydroxide and incu 
bated for 30 minutes at room temperature while shaking. 
After 30 minutes 0.5 mL of hexane is added, the sample is 
mixed and allowed to settle for 15 to 30 minutes to allow the 
fatty acids to partition into the hexane phase. Fatty acid 
methyl esters (5 L from hexane layer) are injected, sepa 
rated, and quantified using a Hewlett-Packard 6890 Gas 
Chromatograph fitted with an Omegawax 320 fused silica 
capillary column (Supelco Inc., Catil 24152). The oven tem 
perature is programmed to hold at 220° C. for 2.7 minutes, 
increase to 240° C. at 20° C. per minute, and then hold for an 
additional 2.3 minutes. Carrier gas is supplied with a What 
man hydrogen generator. Retention times were compared to 
those for methyl esters of commercially available standards 
(Nu-Chek Prep, Inc. catalog #U-99-A). 

Example 3 
Production of Soybeans with High Levels Oleic Acid 
and/or High Levels of Stearic Acid and/or Low Lev 
els of Polyunsaturated Fatty Acids by Suppression of 

Fatty Acid Desaturases 
0.178 Recombinant DNA fragments were prepared and 
used in transformation of Soybean for the simultaneous Sup 
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pression of fatty acid desaturases FAD2-1 and FAD2-2 and 
fatty acid desaturase FAD3. A description of the construction 
of the recombinant DNA fragments follows. 

A. Recombinant DNA Fragment PHP21676A 

(0179 Recombinant DNA fragment PHP21676A contains 
a gene expression silencing cassette designed to silence 
expression of the FAD2-1 and FAD2-2 genes, and the FAD3 
gene, linked in a head to head configuration to the ALS 
selectable marker recombinant DNA fragment of Example 
1D below. The nucleotide sequence of recombinant DNA 
fragment PHP21676A is shown in SEQID NO:1. Recombi 
nant DNA fragment PHP21676A contains in 5' to 3' orienta 
tion: 

0180 a) the complementary strand of the ALS select 
able marker recombinant DNA fragment of Example 1D 
below, 

0181 b) about 2088 nucleotides of the Kti3 promoter, 
0182 c) a 74-nucleotide synthetic sequence, 
0183 d) an approximately 1500 polynucleotide frag 
ment comprising about 470 nucleotides from the Soy 
bean FAD2-2 gene, 420 nucleotides from the soybean 
FAD2-1 gene, and 643 nucleotides from the soybean 
FAD3 gene inserted at a unique Not I restriction endo 
nuclease site, 

0.184 e) an inverted repeat of the 74-nucleotide syn 
thetic sequence in c), and 

0185 f) about 202 nucleotides of the Kti3 transcription 
terminator. 

0186 The sequence of the approximately 1500 polynucle 
otide fragment of item d) above is shown in SEQID NO:2. 
The approximately 1500 polynucleotide fragment compris 
ing about 470 nucleotides from the soybean FAD2-2 gene, 
about 420 nucleotides from the soybean FAD2-1 gene, about 
643 nucleotides from the soybean FAD3 gene was con 
structed by PCR amplification as follows. 
0187. An approximately 0.9 kb DNA fragment, compris 
ingaportion of the Soybean FAD2-2 gene and a portion of the 
soybean FAD2-1 gene, was obtained by PCR amplification 
using primers BM35 (SEQ ID NO:3) and BM39 (SEQ ID 
NO:4) and using as a template, recombinant DNA fragment 
KSFAD2-hybrid, described in Example 1B below. 
0188 An approximately 0.65 kb DNA fragment, compris 
ing a portion of a FAD3 gene, was obtained by PCR amplifi 
cation using primers BM40 (SEQID NO:5) and BM41 (SEQ 
ID NO:6) and using plasmid pXF1 as template. Plasmid 
pXF1 comprises a polynucleotide encoding a soybean delta 
15 desaturase (FAD3) and is described in U.S. Pat. No. 5,952, 
544 issued on Sep. 14, 1999. Plasmid pXF1 was deposited 
with the AmericanType Culture Collection (ATCC) of Rock 
ville, Md. on Dec. 3, 1991 under the provisions of the Budap 
est Treaty, and bears Accession Number ATCC 68874. 
0189 The approximately 0.9 kb fragment, comprising a 
portion of the soybean FAD2-2 gene and a portion of the 
soybean FAD2-1 gene, and the approximately 0.65 kb frag 
ment, comprising a portion of a FAD3 gene, were mixed and 
used as template for a PCR amplification with BM35 and 
BM41 as primers to yield an approximately 1533 bp fragment 
that was cloned into the commercially available plasmid 
pCR2.1 using the TOPOTA Cloning Kit (Invitrogen). 
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After digestion with NotI the approximately 1500 bp frag 
ment having the nucleotide sequence shown in SEQID NO:2 
was ligated into the NotI site of plasmid pKS210 (Example 
1C below). 

B. Recombinant DNA Fragment KSFAD2-Hybrid 
(0190. Recombinant DNA Fragment KSFAD2-hybrid con 
tains an approximately 890 polynucleotide fragment com 
prising about 470 nucleotides from the soybean FAD2-2 gene 
and 420 nucleotides from the soybean FAD2-1 gene. The 
nucleotide sequence of recombinant DNA fragment 
KSFAD2-hybrid is shown in SEQ ID NO:7 Recombinant 
DNA Fragment KSFAD2-hybrid was constructed as follows. 
0191 An approximately 0.47 kb DNA fragment compris 
ing a portion of the soybean FAD2-2 gene was obtained by 
PCR amplification using primers KS1 (SEQ ID NO:8) and 
KS2 (SEQID NO:9) and using genomic DNA purified from 
leaves of Glycine max cv. Jack as a template. 
0.192 An approximately 0.42 kb DNA fragment compris 
ing a portion of the soybean FAD2-1 gene was obtained by 
PCR amplification using primers KS3 (SEQ ID NO:10) and 
KS4 (SEQID NO:11) and using genomic DNA purified from 
leaves of Glycine max cv. Jack as a template. 
0193 The 0.47 kb fragment comprising a portion of the 
Soybean FAD2-2 gene and the 0.42 kb fragment comprising a 
portion of the Soybean FAD2-1 gene were gel purified using 
GeneClean (Qbiogene, Irvine, Calif.), mixed, and used as 
template for PCR amplification with KS1 and KS4 as primers 
to yield an approximately 890 bp fragment that was cloned 
into the commercially available plasmid pGEM-T Easy 
(Promega, Madison, Wis.) to create a plasmid comprising 
recombinant DNA Fragment KSFAD2-hybrid. 
C. Preparation of Plasmid pKS210 and Plasmid PHP17731 
(0194 Plasmid pKS210 is derived from the commercially 
available cloning vector pSP72 (Promega). The beta lacta 
mase coding region has been replaced by a hygromycin phos 
photransferase gene for use as a selectable marker in E. coli. 
In addition, a gene expression silencing cassette linked in a 
head to head configuration to the ALS selectable marker 
recombinant DNA fragment of Example 1B has been added. 
The gene expression silencing cassette in plasmid pKS210 
comprises the KTi3 promoter, a 74 nucleotide synthetic 
sequence, a unique Not restriction endonuclease site, an 
inverted repeat of the 74 nucleotide synthetic sequence, and 
the Kti3 terminator region. The gene encoding Kti3 has been 
described (Jofuku and Goldberg (1989) Plant Cell 1:1079 
1093). The 74-nucleotide synthetic sequences of c) and e) 
(above) promote formation of a stem structure. Insertion of a 
nucleotide fragment from a desired gene in the unique Not I 
site has been shown to result in suppression of the desired 
gene as described in PCT Publication WO 02/00904, pub 
lished 3 Jan. 2002. The nucleotide sequence of this seed 
specific gene expression-silencing cassette from pKS133 is 
shown in SEQID NO:12. A map of plasmid pKS210 is shown 
in FIG. 1 and its nucleotide sequence is disclosed in SEQID 
NO:13. 
(0195 The recombinant plasmid PHP17731, containing 
gene sequences for the simultaneous silencing of one of the 
Soybean delta-9 desaturase genes and the Soybean delta-12 
desaturase gene FAD2-1, was prepared. The soybean KTI 
promoter, terminator regions along with a synthetic inverted 
repeat sequence were taken from plasmid KS133 (WO 
2002016565A2, A3). A fragment of the FAD2-1 gene was 
amplified by PCR using soybean genomic DNA and the 
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sequence in SEQID NO 5 of U.S. Pat. No. 6,372,965 B1 as 
template to produce the fragment of base pairs 5423 to 6033 
of SEQID NO:14 (PHP17731). Adjacent to that fragment a 
portion of the coding sequence of copy 3 of the Soybean 
delta-9 desaturase (sequence 1 of WO 2002016565A2, A3) 
was placed, which now comprises bases 6054 to 411 of 
PHP17731. Fragment PHP17731A (SEQ ID NO:15) was 
removed from cloning vector PHP17731 by digestion with 
restriction endonuclease Asci and purified as described in 
section E below. A map of plasmid PHP17731 is shown in 
FIG 2. 

D. ALS Selectable Marker Recombinant DNA Fragment 
0196. A recombinant DNA fragment comprising a consti 
tutive promoter directing expression of a mutant soybean 
acetolactate synthase (ALS) gene followed by the soybean 
ALS 3' transcription terminator was used as a selectable 
marker for soybean transformation. The constitutive pro 
moter used is a 1.3-Kb DNA fragment that functions as the 
promoter for a Soybean S-adenosylmethionine synthase 
(SAMS) gene and is described in PCT publication No. WO 
00/37662 published 29 Jun. 2000. The nucleotide sequence of 
this recombinant DNA fragment used as a selectable marker 
is shown in SEQ ID NO:16. The mutant soybean ALS gene 
encodes an enzyme that is resistant to inhibitors of ALS. Such 
as Sulfonylurea herbicides. The deduced amino acid sequence 
of the mutant soybean ALS present in the recombinant DNA 
fragment used as a selectable marker is shown in SEQ ID 
NO:17. 
0.197 Mutant plant ALS genes encoding enzymes resis 
tant to sulfonylurea herbicides are described in U.S. Pat. No. 
5,013,659. One such mutant is the tobacco SURB-Hra gene, 
which encodes a herbicide-resistant ALS with two substitu 
tions in the amino acid sequence of the protein. This tobacco 
herbicide-resistant ALS contains alanine instead of proline at 
position 191 in the conserved “subsequence B (SEQ ID 
NO:18) and leucine instead of tryptophan at position 568 in 
the conserved “subsequence F (SEQ ID NO:19) (U.S. Pat. 
No. 5,013,659; Lee et al. (1988) EMBO J. 7:1241-1248). 
0198 The ALS selectable marker recombinant DNA frag 
ment was constructed using a polynucleotide for a soybean 
ALS to which the two Hra-like mutations were introduced by 
site directed mutagenesis. Thus, this recombinant DNA frag 
ment will translate to a Soybean ALS having alanine instead 
of proline at position 183 and leucine instead of tryptophan at 
position 560. 
0199. In addition, during construction of the SAMS pro 
moter-mutant ALS expression cassette, the coding region of 
the soybean ALS gene was extended at the 5'-end by five 
additional codons, resulting in five amino acids (M-P-H-N-T: 
SEQ ID NO:20), added to the amino-terminus of the ALS 
protein. These extra amino acids are adjacent to and presum 
ably removed with the transit peptide during targeting of the 
mutant soybean ALS protein to the plastid. A DNA fragment 
comprising a polynucleotide encoding the Soybean ALS was 
digested with KpnI, blunt ended with T4 DNA polymerase, 
digested with Sal, and inserted into a plasmid containing the 
SAMS promoter which had been previously digested with 
NcoI and blunt ended by filling-in with Klenow DNA poly 
CaS. 

0200. A second selectable marker plasmid and subsequent 
fragment was prepared by Substituting an alternative consti 
tutively expressed plant promoter for the SAMS promoter 
described above. The synthetic promoter SCP1 (U.S. Pat. No. 
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6,072,050) was placed in front of the mutant soybean ALS 
coding sequence to form plasmid PHP17064 (SEQID NO 21 
and FIG. 3). For use in soybean transformation fragment 
PHP17064A (SEQ ID NO:22) was excised from its cloning 
vector using restriction endonuclease Xbal and purified as 
described in section E below. 

E. Preparation of Recombinant DNA Fragments, 
PHP21676A. PHP17731A and PHP17064A, for Soybean 
Transformation. 

0201 For use in plant transformation experiments, the 
7993 bp recombinant DNA fragment PHP21676A was 
removed from its cloning plasmid using restriction endonu 
clease AscI. Each one of the recombinant DNA fragments 
PHP21676A, PHP17731A and PHP17064A was separated 
from the remaining plasmid DNA by agarose gel electro 
phoresis. Precipitation of the recombinant DNA fragment 
onto gold particles and soybean transformation was per 
formed as described in Example 1. For every eight bombard 
ment transformations, 30 ul of solution were prepared with 3 
mg of 0.6 um gold particles and 1 to 90 picograms (pg) of 
DNA fragment per base pair of DNA fragment. 
(0202 Alternatively, mixtures of fragments PHP17064A 
and PHP17731A at either equal parts or two parts 
PHP17731A to PHP17064A were added to gold particles at 
the same weight per base pair as described above and used in 
transformation to silence the delta-9 and delta-12 desaturase 
genes. 

Example 4 
Fatty Acid Analysis of Soybean Transformed with 

Recombinant DNA Fragments PHP21676A and with 
PHP17064A and PHP17731A Combined 

0203. In a soybean transformation experiment using 
recombinant DNA fragment PHP21676A as described above, 
67 independently transformed embryogenic Suspension cul 
tures found to be resistant to sulfonylurea herbicide were 
obtained. An increase in oleic acid as a percentage of the five 
major fatty acids, palmitic, Stearic, oleic, linoleic and lino 
lenic, is indicative of suppression of the FAD2 genes. Thir 
teen of the 67 herbicide resistant embryogenic suspension 
cultures (19%) produced somatic embryos with greater than 
25% oleic acid, compared to about 8% oleic acid for untrans 
formed embryos. 
0204 Plants were regenerated and T1 seeds were pro 
duced from 9 of the 13 events. Seeds were tested for suppres 
sion of fatty acid desaturases by measuring fatty acid com 
position of the seed oil as described in Example 2. Plants 
derived from 5 transformation events produced seeds exhib 
iting the high oleic acid-low polyunsaturated fatty acid phe 
notype. 
0205. In a soybean transformation experiment, using the 
mixture of recombinant DNA fragments PHP17064A and 
PHP17731A, transformed embryogenic suspension cultures 
found to be resistant to sulfonylurea herbicide were obtained, 
screened for the number of copies of the transgene fragments 
present by southern analysis and then by fatty acid profile of 
the somatic embryo. A rise in the level of stearic and of oleic 
acid was taken as indicator of silencing of the seed expressed 
delta-9 desaturase and delta-12 desaturase. Thirty-three 
transformed candidate lines were regenerated to mature Soy 
bean plants and seed from the initial transformants was ana 
lyzed for fatty acid profile. From these lines further selections 
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were made from seed obtained from selfed plants in two 
additional generations. One candidate line was chosen in 
which the sum of linoleic and linolenic acid was less than 
14% of total fatty acids and in which the stearic acid content 
was greater than 16% of total fatty acids. 

Example 5 

Genetic Material Used to Produce the High Oleic 
Trait (Version 1) 

0206 High oleic soybeans were prepared by recombinant 
manipulation of the activity of oleoyl 12-desaturase. 
0207 GmFad 2-1 was placed under the control of a strong, 
seed-specific promoter derived from the O'-subunit of the 
Soybean (Glycine max) B-conglycinin gene. This promoter 
allows high level, seed specific expression of the trait gene. It 
spans the 606 bp upstream of the start codon of the O' subunit 
of the Glycine max B-congylcinin storage protein. The B-con 
glycinin promoter sequence represents an allele of the pub 
lished B-conglycinin gene (Doyle et al., (1986).J. Biol. Chem. 
261:9228-9238) having differences at 27 nucleotide posi 
tions. It has been shown to maintain seed specific expression 
patterns in transgenic plants (Barker et al., (1988) Proc. Natl. 
Acad. Sci. 85:458–462 and Beachy et al., (1985) EMBO J. 
4:3047-3053). The reading frame was terminated with a 3' 
fragment from the phaseolin gene of green bean (Phaseolus 
vulgaris). This is a 1174 bp stretch of sequences 3' of the 
Phaseolus vulgaris phaseolin gene stop codon (originated 
from clone described in Doyle et al., 1986). 
0208. The GmRad 2-1 open reading frame (ORF) was in a 
sense orientation with respect to the promoter so as to produce 
a gene silencing of the sense GmRad 2-1 cDNA and the 
endogenous Gmad 2-1 gene. This phenomenon, known as 
“sense suppression' is an effective method for deliberately 
turning off genes in plants and is described in U.S. Pat. No. 
5,034,323. 
0209 For maintenance and replication of the plasmid in E. 
coli the GmRad 2-1 transcriptional unit described above was 
cloned into plasmid pGEM-9Z(-) (Promega Biotech, Madi 
son Wis., USA). 
0210 For identification of transformed soybean plants the 
B-glucuronidase gene (GUS) from E. coli was used. The 
cassette used consisted of the three modules; the Cauliflower 
Mosaic Virus 35S promoter, the B-glucuronidase gene (GUS) 
from E. Coli and a 0.77 kb DNA fragment containing the gene 
terminator from the nopaline synthase (NOS) gene of the 
Ti-plasmid of Agrobacterium tumefaciens. The 35S promoter 
is a 1.4 kb promoter region from CaMV for constitutive gene 
expression in most plant tissues (Odell et al. (1985) Nature 
303:810-812), the GUS gene a 1.85 kb fragment encoding the 
enzyme B-glucuronidase (Jefferson et al. (1986) PNAS USA 
83:8447-8451) and the NOS terminator a portion of the 3' end 
of the nopaline synthase coding region (Fraley et al., (1983) 
PNAS US 80:4803-4807). The GUS cassette was cloned into 
the GmPad 2-1/pGEM-9Z(-) construct and was designated 
pBS43. 
0211 Plasmid pPS43 was transformed into meristems of 
the elite soybean line A2396, by the method of particle bom 
bardment as described in Example 1. Fertile plants were 
regenerated using methods well known in the art. 
0212. From the initial population of transformed plants, a 
plant was selected which was expressing GUS activity and 
which was also positive for the GmRad 2-1 gene (Event 
260-05) when evaluated by PCR. Small chips were taken 
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from a number of R1 seeds of plant 260-05 and screened for 
fatty acid composition. The chipped seed was then planted 
and germinated. Genomic DNA was extracted from the 
leaves of the resulting plants and cut with the restriction 
enzyme Bam HI. The blots were probed with a phaseolin 
probe. 
0213 From the DNA hybridization pattern it was clear 
that in the original transformation event the GmPad 2-1 con 
struct had become integrated at two different loci in the soy 
bean genome. At one locus (Locus A) the GmPad 2-1 con 
struct was causing a silencing of the endogenous GmPad 2-1 
gene, resulting in oleic acid contents as shown in Table 3. For 
comparison elite Soybean varieties have an oleic acid content 
of about 20%. At locus Athere were two copies of p3S43. On 
the DNA hybridization blot this was seen as two cosegregat 
ing bands. At the other integration locus (Locus B) the GmRad 
2-1 was over-expressing, thus decreasing the oleic acid con 
tent to about 4%. 

0214 Fourth generation segregant lines (R4 plants), gen 
erated from the original transformant, were allowed to grow 
to maturity. R4 seeds, which contained only the silencing 
Locus A (e.g., G94-1) did not contain any detectable GmPad 
2-1 mRNA (when measured by Northern blotting) in samples 
recovered 20 days after flowering. Gimfad 2-2 mRNA, 
although reduced somewhat compared with controls, was not 
suppressed. Thus the GmRad 2-1 sense construct had the 
desired effect of preventing the expression of the GmPad 2-1 
gene and thus increasing the oleic acid content of the seed. All 
plants homozygous for the GmPad 2-1 silencing locus had an 
identical Southern blot profile over a number of generations. 
This indicates that the insert was stable and at the same 
position in the genome over at least four generations. 

Example 6 

Fatty Acid Analysis High Oleic Trait (Version 1) 

0215. A summary of the oleic acid contents found in the 
different generations of recombinant soybean plants and 
seeds is presented in Table 7. The Fatty Acid composition was 
determined as described in Example 2. 

TABLE 3 

Generation Seed 
Plant ID Planted Analyzed Bulk Oleic Acid (%) 

G253 RO:1 R1:2 84.1% 
G276 RO:1 R1:2 84.2% 
G296 RO:1 R1:2 84.1% 
G313 RO:1 R1:2 83.8% 
G328 RO:1 R1:2 84.0% 
G168-187 R1:2 R2:3 84.4% 
G168-171 R1:2 R2:3 85.2% 
G1 68-59-4 R2:3 R3:4 84.0% 
G168-72-1 R2:3 R3:4 84.1% 
G168-72-2 R2:3 R3:4 84.5% 
G168-72-3 R2:3 R3:4 84.3% 
G168-72-4 R2:3 R3:4 83.3% 

R0:1 indicates the seed and the plant grown from seed after selfing of the 
first generation transformant. R1:2 indicates the seed and the plant grown 
from Seed after selfing of the second generation transformant. R2:3 indicates 
the seed and the plant grown from Seed after selfing of the third generation 
transformant. R3:4 indicates the seed and the plant grown from seed after 
Selfing of the fourth generation transformant. 
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Example 7 

Genetic Material Used to Produce the High Oleic 
Trait (Version 2) 

0216 A Soybean (Glycine max) event was produced by 
particle co-bombardment as described in Example 1 with 
fragments PHP19340A (FIG. 4: SEQ ID NO:23) and 
PHP17752A(FIG.5: SEQID NO:24). These fragments were 
obtained by AscI digestion from a source plasmid. Fragment 
PHP19340A was obtained from plasmid PHP19340 (FIG. 6; 
SEQID NO:25) and fragment PHP17752Awas obtained from 
plasmid PHP17752 (FIG. 7: SEQ ID NO:26). The 
PHP19340A fragment contains a cassette with a 597 bp frag 
ment of the Soybean microsomal omega-6 desaturase gene 1 
(gm-fad2-1) (Heppard et al., 1996, Plant Physiol. 110: 311 
319). 
0217. The presence of the gm-fad2-1 fragment in the 
expression cassette acts to Suppress expression of the endog 
enous omega-6 desaturases, resulting in an increased level of 
oleic acid and decreased levels of palmitic, linoleic, and lino 
lenic acid levels. Upstream of the gm-fad2-1 fragment is the 
promoter region from the Kunitz, trypsin inhibitor gene 3 
(KT13) (Jofuku and Goldberg, 1989, Plant Cell 1: 1079-1093: 
Jofuku et al., 1989, Plant Cell 1: 427-435) regulating expres 
sion of the transcript. The KTi3 promoter is highly active in 
soy embryos and 1000-fold less active in leaf tissue (Jofuku 
and Goldberg, 1989, Plant Cell 1: 1079-1093). The 3' 
untranslated region of the KTi3 gene (KTi3 terminator) (Jo 
fuku and Goldberg, 1989, Plant Cell 1: 1079-1093) termi 
nates expression from this cassette. 
0218. The PHP17752A fragment contains a cassette with 
a modified version of the Soybean acetolactate synthase gene 
(gm-hra) encoding the GM-HRA protein with two amino acid 
residues modified from the endogenous enzyme and five 
additional amino acids at the N-terminal region of the protein 
derived from the translation of the soybean acetolactate syn 
thase gene 5' untranslated region (Falco and Li, 2003, US 
Patent Application: 2003/0226,166). The gm-hra gene 
encodes a form of acetolactate synthase, which is tolerant to 
the sulfonylurea class of herbicides. The GM-HRA protein is 
comprised of 656 amino acids and has a molecular weight of 
approximately 71 kDa. 
0219. The expression of the gm-hra gene is controlled by 
the 5' promoter region of the S-adenosyl-L-methionine syn 
thetase (SAMS) gene from soybean (Falco and Li, 2003, US 
Patent Application: 2003/02261.66). This 5' region consists of 
a constitutive promoter and an intron that interrupts the 
SAMS 5' untranslated region (Falco and Li, 2003). The ter 
minator for the gm-hra gene is the endogenous soybean aceto 
lactate synthase terminator (als terminator) (Falco and Li, 
2003, US Patent Application: 2003/0226,166). 

Example 8 

Transformation and Selection for the Soybean High 
Oleic Event (Version 2) 

0220. For transformation of soybean tissue, a linear por 
tion of DNA, containing the gm-fad2-1 gene sequence and the 
regulatory components necessary for expression, was excised 
from the plasmid PHP19340 through the use of the restriction 
enzyme ASC I and purified using agarose gel electrophoresis. 
A linear portion of DNA, containing the gm-hra gene 
sequences and the regulatory components necessary for 
expression, was excised from the plasmid PHP17752 through 
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the use of the restriction enzyme Asc I and purified using 
agarose gel electrophoresis. The linear portion of DNA con 
taining the gm-fad2-1 gene is designated insert PHP19340A 
and is 2924bp in size. The linear portion of DNA containing 
the gm-hra gene is designated insert PHP17752A and is 4511 
bp in size. The only DNA introduced into transformation 
event DP-305423-1 was the DNA of the inserts described 
above. 
0221) The transgenic plants from event DP-305423-1 
were obtained by microprojectile bombardment as described 
in Example 1. Embryogenic tissue samples were taken for 
molecular analysis to confirm the presence of the gm-fad2-1 
and gm-hra transgenes by Southern analysis. Plants were 
regenerated from tissue derived from each unique event and 
transferred to the greenhouse for seed production. 

Example 9 
Southern Analysis of Plants Containing the High 

Oleic Event Version 2 

0222 Materials and Methods: Genomic DNA was 
extracted from frozen soybean leaf tissue of individual plants 
of the T4 and T5 generations of DP-305423-1 and of control 
(variety: Jack) using a standard Urea Extraction Buffer 
method. Genomic DNA was quantified on a spectrofluorom 
eter using Pico Green(R) reagent (Molecular Probes, Invitro 
gen). Approximately 4 Jug of DNA per sample was digested 
with HindIII or Nco I. For positive control samples, approxi 
mately 3 pg (2 genome copy equivalents) of plasmid 
PHP19340 or PHP17752 was added to control soybean 
genomic DNA prior to digestion. Negative control samples 
consisted of unmodified soybean genomic DNA (variety: 
Jack). DNA fragments were separated by size using agarose 
gel electrophoresis. 
0223 Following agarose gel electrophoresis, the sepa 
rated DNA fragments were depurinated, denatured, neutral 
ized in situ, and transferred to a nylon membrane in 20xSSC 
buffer using the method as described for TURBOBLOT 
TERTM Rapid Downward Transfer System (Schleicher & 
Schuell). Following transfer to the membrane, the DNA was 
bound to the membrane by UV crosslinking. 
0224 DNA probes for gm-fad2-1 and gm-hra were 
labeled with digoxigenin (DIG) by PCR using the PCR DIG 
Probe Synthesis Kit (Roche). 
0225 Labeled probes were hybridized to the target DNA 
on the nylon membranes for detection of the specific frag 
ments using DIG Easy Hyb solution (Roche) essentially as 
described by manufacturer. Post-hybridization washes were 
carried out at high stringency. DIG-labeled probes hybridized 
to the bound fragments were detected using the CDP-Star 
Chemiluminescent Nucleic Acid Detection System (Roche). 
Blots were exposed to X-ray film at room temperature for one 
or more time points to detect hybridizing fragments. The fatty 
Acid composition of the event was determined as described in 
Example 2. Oleic acid levels determined in 29 different events 
(T1 generation) ranged from 61.5-84.6%. Oleic acid level 
from one event (T4-T5 generation) ranged from 72-82%. 

Example 10 
Small Scale Soy Protein Isolate Preparation 

0226 Soy protein isolate preparation is performed as 
described below. 

a) Production of Yellow Flake: 
0227 Full fat soy flake is prepared in the following man 
ner. A Volume of Soybeans is placed in a closed container, 
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with a small amount of water to prevent drying of the beans 
during Subsequent microwave heating. Soybeans are heated 
in a microwave until the temperature reaches 150°F. and then 
held for 1 minute. The beans are quickly cooled to room 
temperature in a fluid bed cooler for about 1 minute. The 
Soybeans are then fed through a cracker to produce /2 and 4 
cracks. Hulls are removed in an aspirator and the resulting 
“meats' carried forward to produce flakes. The meats are 
placed in a sealed container with a small amount of water and 
heated in a microwave until the temperature reaches 150°F. 
and then held for 1 minute. The hot meats are then fed through 
a flaker to produce Soybean flakes that are then cooled quickly 
to room temperature in a fluid bed cooler for about 1 minute. 
Flakes with a high Protein Dispersibility Index (PDI) are 
produced with sufficient character for oil removal by solvent 
extraction. Flakes with lower PDI are produced by increasing 
the amount of water, temperature and time of exposure during 
production. 

b) Production of White Flake: 
0228. White flake may be produced by contacting yellow 
flake with hexane to remove oil. In addition to hexane, flakes 
are extracted solely, or in combination with, other solvent 
systems that have some degree of oil solubility Such as etha 
nol, ethanol water mixtures, hexane ethanol mixtures, Super 
critical CO2 ethanol water mixtures, etc. Yellow flake is 
loaded into a batch or a semi continuous extractorata solvent: 
flake ratio, temperature, and extraction time number, Suffi 
cient to remove oil. In a batch extractor, hexane warmed to 
60° C. is added at a 3:1 solvent:flake ratio and circulated 
through a bed of flake for 45 minutes. The used solvent 
miscella is removed and the solvent extraction procedure 
described above is repeated. The flakes are given a final one to 
one rinse with fresh solvent. The semi continuous extractor 
uses approximately the same solvent to flake ratio but fresh 
Solvent is continuously regenerated through the use of a solid/ 
liquid in-vessel filter followed by vaporization of the solvent 
from the oils and recycle of the condensate back to the extrac 
tor. This semi continuous extractor is used to generate any 
number of solvent turnovers. In eitherapparatus, the resulting 
hexane-laden white flake is allowed to air dry in a fume hood 
overnight. If desired, commercial steam treatment during 
desolventization is simulated by adding water to the flake 
(typically 5-10% dry flake basis), and placing the wetted flake 
in a sealed container and heating for 6 minutes at 100° C. in 
the microwave. The hot flakes are then placed in a vacuum 
oven and quickly cooled to about 50° C. to produce high PDI 
flake. Increasing the amount of water, time, or temperature 
during this step produced low PDI flakes. Flakes are milled 
into flour to a particle size suitable for efficient protein extrac 
tion or this step may be skipped entirely. 

c) Production of Wet Curd: 

0229. A quantity of soy flour is extracted with water (may 
be warmed, typically 33°C.) at a water to flour ratio at least 
sufficient to make a movable slurry (typically 6: 1) in a vessel 
capable of imparting good water flake contact and/or further 
flour grinding capability (typically a colloid mill). If desired, 
the extraction pH may be increased with a base (typically 
Ca(OH) up to a pH of about 9.7) or decreased with an acid to 
a pH of about 2.0. Defoaming agents at a quantity Sufficient to 
prevent foaming (typically less than 1% on a flake basis) and 
sulfite (NaSO typically less than 1% on a flake basis) may 
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be added at this point to aid extraction. The extract is mixed 
(typically in a colloid mill) for approximately 10-15 minutes. 
The slurry is fed into a centrifuge (either batch or semicon 
tinuous) at rpms and time sufficient to separate Solids (typi 
cally above Log 4.0 Gsec. at 33°C.). The liquid is decanted 
and the Solids re-extracted at a water to Solids ratio at least 
sufficient to make a movable slurry (typically 4 to 1). The 
slurry (typically 33°C.) is mixed (typically in a colloid mill) 
and separated in a centrifuge as described above. If desired, 
the pH of the second extract may also be increased or 
decreased at this point. Following centrifugation, the liquid is 
decanted and the spent flake discarded. The first and second 
liquid extracts are combined and carried forward. Additional 
extractions can be done if desired. To precipitate the protein, 
the pH is adjusted to a pH sufficient to separate the proteins of 
interest (typically to 4.5) with an acid (typically 1 MHCl) and 
fed into a semi-continuous or batch centrifuge at the condi 
tions described above. The liquid is decanted and discarded 
and the solids resuspended with fresh water (typically in a 
homogenizer). The re-slurry water may be warmed if desired 
(typical wash water temperature is about 50-60° C.). The 
wash described above may be repeated if desired. 

d) Production of Isolated Soy Protein: 
0230. The wet curd is re-suspended to a solids content 
suitable for pasteurization of the protein slurry. Typically, the 
solids content will be approximately 10-20%. The slurry is 
mixed (typically in a colloid mill or homogenizer) and the pH 
adjusted with a base (typically NaOH) to approximately 6.8- 
7.2. The slurry is pasteurized continuously with steam injec 
tion at a temperature and time sufficient to reduce microbial 
counts and trypsin inhibitor activity to safe levels for human 
ingestion. Typical conditions may be approximately 120 
160° C. for 4-60 seconds. The pasteurized slurry is cooled 
(typically flash cooled to 50-60° C. by use of 100-150 mm 
vacuum). The slurry is fed into a spray drier at conditions 
necessary to achieve a dry product of less than about 5% 
moisture. Typical conditions include an inlet temperature of 
about 250-300° C. and an outlettemperature of about 90-100° 
C. 
0231. The conditions set forth in this examples comprise 
the process parameters that are used to produce the SuproR 
760, SuproR 670 and Supro(R) 500E-type protein isolates in 
the Small scale production platform. 

Example 11 

Large Scale Defatted Flake Production 
0232. The soy flake material may be formed from soy 
beans according to the following process. The Soybeans are 
detrashed by passing the Soybeans through a magnetic sepa 
rator to remove iron, Steel, and other magnetically Susceptible 
objects, followed by shaking the Soybeans on progressively 
Smaller meshed screens to remove soil residues, pods, stems, 
weed seeds, undersized beans, and other trash. The detrashed 
Soybeans are then cracked by passing the Soybeans through 
cracking rolls. Cracking rolls are spiral-cut corrugated cylin 
ders which loosen the hull as the Soybeans pass through the 
rolls and crack the soybean material into several pieces. Pref 
erably the cracked soybeans are conditioned to 10% to 11% 
moisture at 63 to 74°C. to improve the storage quality reten 
tion of the soybean material. The cracked soybeans are then 
dehulled, preferably by aspiration. Soy hypocotyls, which are 
much smaller than the cotyledons of the Soybeans, may be 
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removed by shaking the dehulled soybeans on a screen of 
Sufficiently Small mesh size to remove the hypocotyls and 
retain the cotyledons of the beans. The hypocotyls need not be 
removed since they comprise only about 2%, by weight, of 
the soybeans while the cotyledons comprise about 90% of the 
soybeans by weight, however, it is preferred to remove the 
hypocotyls since they are associated with the beany taste of 
soybeans. The dehulled soybeans, with or without hypocot 
yls, are then flaked by passing the Soybeans through flaking 
rolls. The flaking rolls are smooth cylindrical rolls positioned 
to form flakes of the soybeans as they pass through the rolls 
having a thickness of from about 0.01 inch to about 0.015 
inch. 
0233. The flakes are then defatted. The flakes are defatted 
by extracting the flakes with a suitable solvent to remove the 
oil from the flakes. Preferably the flakes are extracted with 
n-hexane or n-heptane in a countercurrent extraction. The 
defatted flakes should contain less than 1.5% fat or oil con 
tent, and preferably less than 0.75%. The solvent-extracted 
defatted flakes are then desolventized to remove any residual 
Solvent using conventional desolventizing methods, includ 
ing desolventizing with a flash desolventizer-deodorizer 
stripper, a vapor desolventizer-vacuum deodorizer, or desol 
ventizing by down-draft desolventization. 
0234 Preferably, the defatted flakes are comminuted into 
a soy flour or a soy gritto improve the protein extraction yield 
from the flakes. The flakes are comminuted by grinding the 
flakes to the desired particle size using conventional milling 
and grinding equipment such as a hammer mill or an air jet 
mill. Soy flour has a particle size wherein at least 97%, by 
weight, of the flour has a particle size of 150 microns or less 
(is capable of passing through a No. 100 mesh U.S. Standard 
Screen). Soy grits, more coarsely ground than Soy flour, have 
a particle size greater than Soy flour but Smaller than Soy 
flakes. Preferably the soy grit has a particle size of from 150 
microns to about 1000 microns (is capable of passing though 
a No. 10-No. 80 U.S. Standard Screen). 

Example 12 

Large Scale Soy Protein Isolate Preparation 

0235. To produce the soy protein curd material, the HO 
defatted soy flour is extracted with water oran aqueous solu 
tion having a pH of from 6.5 to 10 to extract the protein in the 
flour from insoluble materials such as fiber. The soy flour is 
preferably extracted with an aqueous sodium hydroxide Solu 
tion having a pH from about 8 to about 10, although other 
aqueous alkaline extractants such as ammonium hydroxide 
are also effective. Preferably the weight ratio of the extractant 
to the soy flour material is from about 8:1 to about 16:1. 
0236. After extraction, the extract is separated from the 
insoluble materials. Preferably the separation is effected by 
filtration or by centrifugation and separation of the extract 
from the insoluble materials. The pH of the separated extract 
is then adjusted to about the isoelectric point of soy protein to 
precipitate a soy protein curd so that the Soy protein can be 
separated from soy solubles including flatulence inducing 
oligosaccharides and other water soluble carbohydrates. The 
pH of the separated extract is adjusted with a suitable acid to 
the isoelectric point of soy protein, preferably to a pH of from 
about pH4 to about pH 5, most preferably from about pH 4.4 
to about pH 4.6. Suitable edible acids for adjusting the pH of 
the extract to about the isoelectric point of soy protein include 
hydrochloric acid, phosphoric acid, Sulfuric acid, nitric acid, 
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or acetic acid. The protein material is precipitated preferably 
with hydrochloric acid or phosphoric acid. The precipitated 
protein material (curd) is separated from the extract (whey), 
preferably by centrifugation or filtration to produce the soy 
protein curd material. The separated soy protein curd material 
is preferably washed with water to remove residual solubles, 
preferably at a weight ratio of water to protein material of 
about 4:1 to about 10:1. The conditions set forth in examples 
11 and 12 describe essentially the process parameters that are 
used to produce the SuproR 760, Supro(R) 1610, Supro(R) 651, 
SuproR 500E and SuproR 670-type protein isolates in the 
large scale production platform. A detailed description of the 
production of SuproR 760 is described in Examples 13 and 
14. 
0237. The production of SuproR 670 includes a hydroliza 
tion step that was not applied in the production of the other 
isolates and is described In Examples 16-18. 

Example 13 

Process for Solae SuproR 760 Type Protein from 
Defatted HO Flours 

0238. To produce the SuproR 760 type protein material, 
the soy protein curd material produced as described in 
Example 12 is first neutralized to a pH of 6.8 to 7.2 with an 
aqueous alkaline Solution or an aqueous alkaline earth solu 
tion, preferably a sodium hydroxide Solution or a potassium 
hydroxide solution. The neutralized soy protein curd material 
is then heated. Preferably the neutralized soy curd is heated at 
a temperature of from about 75° C. to about 160° C. for a 
period of from about 2 seconds to about 2 hours, where the 
curd is heated for a longer time period at lower temperatures 
and a shorter period at higher temperatures. More preferably 
the soy protein curd material is treated at an elevated tem 
perature and under a positive pressure greater than atmo 
spheric pressure. 
0239. The preferred method of heating the soy protein 
curd material is treating the Soy curd at a temperature elevated 
above ambient temperatures by injecting pressurized steam 
into the curd, hereafter referred to as jet-cooking.” The fol 
lowing description is a preferred method of jet-cooking the 
soy protein curd material, however, the invention is not lim 
ited to the described method and includes any obvious modi 
fications which may be made by one skilled in the art. 
0240. The soy protein curd material is introduced into a 
jet-cooker feed tank where the Soy curd is kept in Suspension 
with a mixer which agitates the soy curd. The curd is directed 
from the feed tank to a pump which forces the curd through a 
reactor tube. Steam is injected into the curd under pressure as 
the curd enters the reactor tube, instantly heating the curd to 
the desired temperature. The temperature is controlled by 
adjusting the pressure of the injected Steam, and preferably is 
from about 75° C. to about 160° C., more preferably from 
about 100° C. to about 155° C. The curd is treated at the 
elevated temperature for treatment time being controlled by 
the flow rate of the slurry through the tube. Preferably the flow 
rate is about 18.5 lbs./minute, and the cook time is about 9 
seconds at about 150° C. 
0241. To produce the protein material of the present inven 
tion the heated neutralized curd is then cooled and dried. The 
curd may be cooled and dried in any conventional manner 
known in the art. In a preferred embodiment of the present 
invention, the curd is cooled by flash vaporization. The heated 
curd is flash vaporized by introducing the hot curd into a 
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vacuumized chamber having an internal temperature of from 
20°C. to 85°C., which instantly drops the pressure about the 
curd to a pressure of from about 25 mm to about 100 mm Hg, 
and more preferably to a pressure of from about 25 mm Hg to 
about 30 mm Hg. Most preferably the hot curd is discharged 
from the reactor tube of the jet-cooker into the vacuumized 
chamber, resulting in an instantaneous large pressure and 
temperature drop which vaporizes a Substantial portion of 
water from the curd, instantly cooling the curd to a tempera 
ture. Preferably the vacuumized chamber has an elevated 
temperature up to about 85°C. to prevent the gelation of the 
soy protein curd material upon introduction of the curd into 
the vacuumized chamber. The heat treatment under pressure 
followed by the rapid pressure drop and vaporization of water 
also causes vaporization of substantial amounts of the Volatile 
components from the Soy material, and thereby improving the 
taste of the Soy material. 
0242. The flash vaporized protein material may then be 
dried, preferably by spray drying. Preferably the spray-dryer 
is a co-current flow dryer where hot inlet air and the structural 
protein material, atomized by being injected into the dryer 
underpressure through an atomizer, pass through the dryer in 
a co-current flow. 
0243 In a preferred embodiment, the protein material is 
injected into the dryer through a nozzle atomizer. Although a 
noZZle atomizer is preferred, other spray-dry atomizers. Such 
as a rotary atomizer, may be utilized. The curd is injected into 
the dryer under enough pressure to atomize the slurry. Pref 
erably the slurry is atomized under a pressure of about 3000 
psig to about 5500 psig, and most preferably about 3500 to 
5000 psig. Hot air is injected into the dryer through a hot air 
inlet located so the hot air entering the dryer flows co-cur 
rently with the atomized soy curd sprayed from the atomizer. 
The hot air has a temperature of about 285°C. to about 315° 
C., and preferably has a temperature of about 290°C. to about 
300° C. 
0244. The dried soy protein material is collected from the 
spray dryer. Conventional means and methods may be used to 
collect the Soy material, including cyclones, bag filters, elec 
trostatic precipitators, and gravity collection. 

Example 14 

Production of the SUPROR 760-type High Oleic 
Soy Protein Isolate 

0245. The SUPROR 760-type High Oleic Soy Protein 
Isolate was produced from High Oleic Soybeans according to 
the following process. 100 lbs of defatted High Oleic soybean 
flakes were placed in an extraction tank and extracted with 
1,000 lbs of water heated to 32° C. This provided a weight 
ratio of water to flakes of 10:1. The flakes were separated 
from the extract and re-extracted with 600 lbs of water heated 
to 32° C. and having sufficient calcium hydroxide added to 
adjust the pH to 9.7. This second extraction step provided a 
weight ratio of water to flakes of 6:1. The flakes were removed 
by centrifugation, and the first and second extracts were com 
bined and adjusted to a pH of 4.5 with hydrochloric acid to 
precipitate a protein curd. The acid precipitated curd was 
separated from the extract by centrifugation, leaving aqueous 
whey (discarded), and then was washed with water in a 
weight amount of seven times that of the starting flake mate 
rial to provide an isoelectric protein isolate. 
0246 To produce the SUPROR 760-type High Oleic pro 
tein material, water was added to the bioelectric soy protein 
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material and the pH was adjusted to between 6.9 and 7.3 with 
an aqueous Solution of sodium hydroxide to produce a neu 
tralized soy protein slurry and then heated by injecting pres 
surized steam into the slurry, hereafter referred to as jet 
cooking. The neutral Soy protein slurry was introduced into 
a jet-cooker feed tank where it was kept in Suspension with a 
mixer that agitated the slurry. The slurry was directed from 
the feed tank to a pump that forced the slurry through a reactor 
tube. Steam was injected into the slurry under pressure as the 
slurry entered the reactor tube, instantly heating the slurry to 
the desired temperature. The temperature was controlled by 
adjusting the pressure of the injected Steam. The heat treat 
ment was about 9 seconds at about 150°C. The heated neutral 
slurry was then cooled by flash vaporization, which vaporized 
a substantial portion of water from the hot neutral protein 
slurry, instantly cooling the neutral protein material. 
0247 The cooled neutral protein slurry was then homog 
enized and transferred to a spray dryer wherein most of the 
moisture was evaporated by the addition of heat to achieve the 
final SUPROR 760-type soy protein isolate. 

Example 15 

Process of Production of Solae Supro(R) 760 Type 
Protein from Defatted HO Flours 

0248. To produce the SuproR 760-type protein product of 
the present invention, 60 lbs of HO soy flour were extracted 
with 600 lbs of 32°C. water at a 10:1 water to flour ratio in a 
mixer which agitates the soy flour for good water-flake con 
tact. Defoaming agent was added at a quantity Sufficient to 
prevent foaming and 54.48 g sulfite (Na2SO) was added at 
this point. Slurry pH was 6.6. The slurry was mixed 10 min 
utes. The slurry was fed into a batch centrifuge at 12.2 lb/min 
at 8.1% solids to separate solids from liquid. The liquid was 
decanted and the Solids were returned to the mixing vessel, 
and re-extracted at a 5:1 water to flake ratio at 32°C. The pH 
of the slurry was increased with NaOH to 9.7 and the slurry 
was mixed for 10 min and separated in a batch centrifuge at 
12.2 lb/min with 3.9% feed solids. Following centrifugation 
the liquid was decanted and the spent flake discarded. The 
first and second liquid extracts were combined and carried 
forward. To precipitate the protein, the pH was adjusted to 4.5 
with HCl and held for 10 minutes. The material was fed into 
a batch centrifuge at 25 lb/min, 6.0% solids and 55° C. to 
separate liquid whey from curd. The liquid was decanted and 
discarded and the solids reslurried with fresh water in a 7:1 
water to flake ratio and passed through a Dispax grinder to 
ensure effective washing. The ground slurry was fed into a 
batch centrifuge at 25 lb/min at 59° C. to separate the liquid 
wash from the curd. The wet curd was resuspended with water 
to 11.3% solids suitable for pasteurization of the protein 
slurry. The pH of the slurry was increased with NaOH to a pH 
of 7.1 and the slurry was homogenized at 550 psig. The slurry 
was introduced into a jet-cooker feed tank where the Soy curd 
was kept in Suspension with a mixer which agitated the Soy 
curd. The curd slurry was directed from the feed tank to a 
pump which forced the curd through a reactor tube 0.94 
inches in diameter and 33 inches long. Steam was injected 
into the curd under pressure as the curd entered the reactor 
tube, instantly heating the curd to the desired temperature. 
The temperature was controlled by adjusting the pressure of 
the injected steam and was 149°C. The curd was treated at the 
elevated temperature for 9 seconds. The heated curd was then 
cooled and dried. The curd was cooled by flash vaporization. 
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The heated curd was flash vaporized by introducing the hot 
curd into a vacuumized chamber having an internal tempera 
ture of 63°C. which instantly dropped the pressure to 26 mm 
Hg. The instantaneous large pressure and temperature drop 
vaporized a substantial portion of water from the curd, 
instantly cooling the curd to 68°C. 
0249. The flash vaporized proteinmaterial was spray dried 
using a co-current flow dryer where hot inlet air and protein 
material was atomized by being injected into the dryer under 
pressure through an atomizer and passed through the dryer in 
a co-current flow. 
0250. The curd slurry was fed into a homogenizer and 
homogenized at 1500 psig at 57°C. The homogenized slurry 
was injected into the dryer through a nozzle atomizer at an 
atomization pressure of 4000 psig. Hot air was injected into 
the dryer through a hot air inlet located so the hot air entering 
the dryer flowed co-currently with the atomized soy curd 
sprayed from the atomizer. The hot air had a temperature of 
265° C. The dryer outlet temperature was 89° C. 
0251. The dried High Oleic Supro(R760-type isolated soy 
protein was collected by gravity collection from the outlet of 
the spray dryer. 

Example 16 

Process for Production of Solae SuproR 670 Type 
Protein from Defatted HO Flours Including an Enzy 

matic Hydrolization step 

0252. The Supro(R 670 type protein material is formed 
from the Soy protein curd material in much the same manner 
as the SuproR670 protein material described in Example 15, 
however, an enzymatic protein hydrolysis step is included to 
hydrolyze the protein. The soy protein curd material is first 
diluted to about 12-15% solids and neutralized to a pH of 
from 7.5 to 8.1 with an aqueous alkaline Solution or an aque 
ous alkaline earth solution, preferably a sodium hydroxide 
Solution or a potassium hydroxide Solution. The neutralized 
soy protein curd is heated and cooled, preferably by jet cook 
ing and flash cooling, in the same manner as described above 
with respect to preparation of the SuproR 760 protein mate 
rial. Preferably the curd is cooled to 55° C. to 60° C. after 
heating. 
0253. After the flash cooling, an enzyme (Bromelain) hav 
ing an activity of about 2400 TU/g is added to the solution at 
about a 0.02% based on curd solids. The enzyme treated 
solution is allowed to react for about 15 minutes to 65 minutes 
preferrably 20-45 minutes under continuous mixing. The 
hydrolysis is terminated by heating the hydrolyzed soy pro 
tein curd material to a temperature effective to inactivate the 
enzyme. Most preferably the hydrolyzed soy protein curd 
material is jet cooked to inactivate the enzyme, and flash 
cooled then dried as described above with respect to produc 
ing the dried SuproR760 protein material. The dried hydro 
lyzed material is the dried SuproR 670 protein material. 

Example 17 

Production of the SUPROR 670-Type High Oleic 
Soy Protein Isolate 

0254 The SUPROR 670-type high oleic soy protein iso 
late was prepared essentially as described in Example 16, but 
with the following experimental details. HO soy flour (60 lbs) 
was extracted with 600 lbs of 41° C. water at a 10:1 water to 
flour ratio in a mixer which agitates the Soy flour for good 
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water-flake contact. Defoaming agent was added at a quantity 
sufficient to prevent foaming and 54.48 g sulfite (Na2SO) 
was added at this point. Slurry pH was 6.5. The slurry was 
mixed 10 minutes. The slurry was fed into a batch centrifuge 
at 10.0 lb/min at 8.2% solids to separate solids from liquid. 
The liquid was decanted and the Solids returned to the mixing 
vessel, and re-extracted at a 5:1 water to flake ratio at 33°C. 
The pH of the slurry was increased with NaOH to 9.7 and the 
slurry was mixed for 10 min and separated in a batch centri 
fuge at 12.0 lb/min with 3.8% feed solids. Following centrifu 
gation the liquid was decanted and the spent flake discarded. 
The first and second liquid extracts were combined and car 
ried forward. To precipitate the protein, the pH was adjusted 
to 4.5 with HCl, held for 10 minutes. The material was fed 
into a batch centrifuge at 24 lb/min, 6.0.0% solids and 57°C. 
to separate liquid whey from curd. The liquid was decanted 
and discarded and the solids reslurried with fresh water in a 
7:1 water to flake ratio and passed through a Dispax grinder to 
ensure effective washing. The ground slurry was fed into a 
batch centrifuge at 14 lb/min at 56°C. to separate the liquid 
wash from the curd. The wet curd was resuspended with water 
to 11.3% solids suitable for pasteurization of the protein 
slurry. The pH of the slurry was increased with NaOH to a pH 
of 7.7 and the slurry was homogenized at 550 psig. The slurry 
was introduced into a jet-cooker feed tank where the Soy curd 
was kept in Suspension with a mixer which agitated the Soy 
curd. The curd slurry was directed from the feed tank to a 
pump which forced the curd through a reactor tube 0.94 
inches in diameter and 33 inches long. Steam was injected 
into the curd under pressure as the curd entered the reactor 
tube, instantly heating the curd to the desired temperature. 
The temperature was controlled by adjusting the pressure of 
the injected steam and was 129°C. The curd was treated at the 
elevated temperature for 9 seconds. The heated curd was then 
cooled and dried. The curd was cooled by flash vaporization. 
The heated curd was flash vaporized by introducing the hot 
curd into a vacuumized chamber having an internal tempera 
ture of 63°C. which instantly dropped the pressure to 23 mm 
Hg. The instantaneous large pressure and temperature drop 
vaporized a substantial portion of water from the curd, 
instantly cooling the curd to 70° C. 
0255. After the flash cooling, an enzyme (Bromelain) hav 
ing an activity of about 2400 TU/g was added to the solution 
at a 0.03% based on curd solids. The enzyme treated solution 
was allowed to react for 35 minutes under continuous mixing. 
The hydrolysis was terminated by heating the hydrolyzed soy 
protein curd material to a temperature effective to inactivate 
the enzyme. The hydrolyzed soy protein curd material was jet 
cooked at 142°C. for 9 seconds to inactivate the enzyme, and 
flash cooled. The heated curd was flash vaporized by intro 
ducing the hot curd into a vacuumized chamber having an 
internal temperature of 61° C. which instantly dropped the 
pressure to 25 mm Hg. The instantaneous large pressure and 
temperature drop vaporized a Substantial portion of water 
from the curd, instantly cooling the curd to 61° C. 
0256 The flash vaporized protein material was homog 
enized and spray dried using a co-current flow dryer where 
hot inlet air and protein material were atomized by being 
injected into the dryer under pressure through an atomizer 
and passed through the dryer in a co-current flow. 
0257 The curd slurry was fed into a homogenizer and 
homogenized at 2000 psig at 54°C. The homogenized slurry 
was injected into the dryer through a nozzle atomizer at an 
atomization pressure of 4000 psig. Hot air was injected into 
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the dryer through a hot air inlet located so the hot air entering 
the dryer flowed co-currently with the atomized soy curd 
sprayed from the atomizer. The hot air had a temperature of 
307 C. The dryer outlet temperature was 93° C. 
0258. The dried hydrolyzed High Oleic Supro(R670-type 
isolated soy protein was collected by gravity collection from 
the outlet of the spray dryer. 

Example 18 
Production of the SUPROR 670-Type High Oleic 

Soy Protein Isolate 
0259. The SUPROR 670-type High Oleic Soy Protein 
Isolate was produced from High Oleic Soybeans according to 
the following process. 100 lbs of defatted High Oleic soybean 
flakes were placed in an extraction tank and extracted with 
1,000 lbs of water heated to 32° C. This provided a weight 
ratio of water to flakes of 10:1. The flakes were separated 
from the extract and re-extracted with 600 lbs of water heated 
to 32° C. and having sufficient calcium hydroxide added to 
adjust the pH to 9.7. This second extraction step provided a 
weight ratio of water to flakes of 6:1. The flakes were removed 
by centrifugation, and the first and second extracts were com 
bined and adjusted to a pH of 4.5 with hydrochloric acid to 
precipitate a protein curd. The acid precipitated curd was 
separated from the extract by centrifugation, leaving aqueous 
whey (discarded), and then was washed with water in a 
weight amount of seven times that of the starting flake mate 
rial to provide an isoelectric protein isolate. 
0260. To produce the SUPROR 670-type High Oleic pro 
tein material, water was added to the isoelectric soy protein 
material and the pH was adjusted to between 7.3 and 7.7 with 
an aqueous Solution of Sodium hydroxide to produce a neu 
tralized soy protein slurry and then heated by injecting pres 
surized steam into the slurry, hereafter referred to as jet 
cooking. The neutral Soy protein slurry was introduced into 
a jet-cooker feed tank where it was kept in Suspension with a 
mixer that agitated the slurry. The slurry was directed from 
the feed tank to a pump that forced the slurry through a reactor 
tube. Steam was injected into the slurry under pressure as the 
slurry entered the reactor tube, instantly heating the slurry to 
the desired temperature. The temperature was controlled by 
adjusting the pressure of the injected Steam. The heat treat 
ment was about 9 seconds at about 130°C. The heated neutral 
slurry was then cooled by flash vaporization, which vaporized 
a substantial portion of water from the hot neutral protein 
slurry, instantly cooling the neutral protein material to about 
61° C. Bromelain enzyme was added to the cooled protein 
slurry and allowed to react for a time sufficient to enzyme 
hydrolyze the protein to a TNBS value of about 50. The 
enzyme treated slurry was then heat treated by jet-cooking to 
inactivate the bromelain enzyme. The enzyme treated slurry 
was cooked in the jet-cooker for about 9 seconds at about 
152°C. The heated neutral slurry was then cooled by flash 
vaporization, which vaporized a Substantial portion of water 
from the hot neutral protein slurry, instantly cooling the neu 
tral protein material to about 82°C. 
0261 The cooled neutral protein slurry was then homog 
enized and transferred to a spray dryer wherein most of the 
moisture was evaporated by the addition of heat to achieve the 
final SUPROR 670-type soy protein isolate. 

Example 19 
Gel Strength Measurements of High Oleic Protein 
Soy Protein Isolates (Small Scale Production Plat 

form) 
0262 The effect of high oleic protein isolates (essentially 
prepared as described in Example 10) on gel strength of 
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refrigerated and pasteurized gels compared to isolates from 
commodity or low linolenic (low lin) acid soybeans were 
analyzed. The fatty acid composition of the low linolenic acid 
soybeans used herein has been dislosed in Table 2 of U.S. Pat. 
No. 5,981,781, issued Nov. 9, 1999). Oleic acid levels in the 
low lin lines are similar to the levels found in commodity 
soybeans, whereas linolenic acid levels are about 3 fold lower. 
Low lin Samples were used for comparison to high oleic 
samples in addition to isolates from commodity soybeans. 
Gels were prepared by mixing 75 mL ddHO and 15 g of 
protein isolate in a Waring blender on a mix setting of #2 for 
30 seconds (initial hydration). The mixer was stopped and any 
residual dry protein was scraped from the bowl surface. 
0263. In some cases, gels were prepared by adding 0.84g 
NaCl at this point and mixing was resumed for a total of 3 
minutes with additional scraping every 30 seconds. Follow 
ing preparation, gels were packed into 5 mL glass vials using 
a disposable cartridge minigun dispenser. Care was taken to 
eliminate any residual air bubbles. Vials were sealed with 
tightly crimped septum and cap. Sealed vials were either 
placed immediately in the refrigerator and stored for 16-24 
hours (refrigerated gel) or incubated in an 80° C. bath for 30 
minutes, cooled for 30 minutes in a 25°C. water bath prior to 
refrigeration for 16-24 hrs (pasteurized gel). Gel strength was 
measured either on a texture Analyzer (TAXT.2i, Stable 
Micro Systems, UK) or an an AR-1000 Rheometer (TA 
Instruments). When gel strength was measured on the texture 
Analyzer, gels were removed from the refrigerator and 
warmed in a 25°C. Decapped sample vials were centered on 
the loading platform and a 3 mm diameter stainless cylinder 
punch probe was used for measurement. Gels were penetrated 
twice in the center of the vial to a depth of 10 mm and the data 
recorded using the instrument manufacturer's Software. The 
area under the positive portion of the curve was integrated and 
recorded (labeled area). Gel preparation and measurements 
were replicated on a second day and the data averaged and 
recorded. 

0264. The results are shown in Table 4. The average gel 
strength and standard deviation of the high oleic Soybean 
isolates compared to non-high oleic Soybean isolates was 
168-45 gs and 346+59 gs, respectively. The reduction in 
gel strength of high oleic compared to non-high oleic Soybean 
isolates ranged from 25%-70% (calculated from the aver 
ages). 

TABLE 4 

Gel strength of High Oleic isolates compared to control 
Soybean isolates 

Gel texture 1:52% 
Commercial NaCl Past. Area, 

Inventory ID Trait protein type’ g*s 

PPIOO2385 High Oleic v. 1 Supro (R) 500E 127 
PPIOO2391 Commodity Supro (R) 500E 460 
PPIOO2419 High Oleic v. 1 Supro (R) 500E 140 
PPIOO2581 High Oleic v.2 Supro (R) 760 173 
PPIOO2582 Commodity Supro (R) 760 338 
PPIOO2583 High Oleic v. 1 Supro (R) 760 106 
PPIOO2584 Low Lin Supro (R) 760 3.18 
PPIOO2588 Low Lin Supro (R) 760 315 
PPIOO2589 High Oleic v.2 Supro (R) 760 248 
PPIOO2590 Commodity Supro (R) 760 350 
PPIOO2599 High Oleic v.2 Supro (R) 760 194 
PPIOO2600 High Oleic v.2/High Supro (R) 760 146 

Stearic 
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TABLE 4-continued 

Gel strength of High Oleic isolates compared to control 
soybean isolates 

Gel texture 1:52% 
Commercial NaCl Past. Area, 

Inventory ID Trait protein type g*s 

PPIO02601 High Oleic v.2 Supro (R) 760 162 
PPIO02602 High Oleic v.2 Supro (R) 760 195 
PPIOO6508 Commodity Supro (R) 760 294 

'High Oleic, High Oleic v.1 (version 1) and High Oleic v.2 (version 2) soy 
bean protein isolates were prepared as described in Examples 3, 5, and 8. 
Commodity and Low Lin (see Table 8) soybean isolates were used as con 
trols and are referred to as “commodity” lines for the purpose of this inven 
tion. Resulting numbers for gel strength were rounded up or down after the 
decimal point. 
‘the commercial name refers to the specific process parameters by which the 
isolates were made. 

Example 20 

Hunter Color Determination High Oleic Soybean 
(Protein) Products (Small Scale Production Plat 

form) 
0265 Color measurements were made on 5% protein iso 
late slurries (essentially prepared as described in Example 10) 
on a Hunter Colorflex 4570 LAV instrument with an instru 
ment setting of D65/10. A custom ring provided by the manu 
facturer for Small Volume measurements was used to reduce 
the amount of sample necessary for analysis by placement 
within the sample cup. Either 14 mL (for 10 mm ring) or 8 mL 
(for 5 mm ring) of the 5% isolate slurry was dispensed by 
pipette into the center of the ring reaching a fluid level just 
above the top of the ring. The sample cup was placed on the 
instrument and topped with the white or black disk when 
prompted by the software provided by the instrument manu 
facturer. Data for L value and Difference from White were 
calculated by the software and recorded. The L., a, and b scale 
values obtained for the samples are reported as the sample 
color. Whiteness Index is calculated from the L and b scale 
values using the following: 

Whiteness Index=L-3b 

0266 The Color LValue, Color difference from white and 
the Whiteness index of High Oleic, Low Lin and Commodity 
soybean samples are listed in Table 5. The values were mea 
sured in 5% protein slurries. High oleic samples have higher 
L values, a lower difference from white value and increased 
whiteness indices. The average whiteness index and standard 
deviation of the high oleic soybean samples was 45-4.4 and 
that of non-high oleic soybean samples 37-4.9. An increase 
ranging from 3%-35% (calculated from the averages) in the 
whiteness index in high oleic samples compared to non-high 
oleic samples was observed. 

TABLE 5 

Color Whiteness 
Differ- index 
(CE (defined 

Commercial L from by Solae 
Inventory ID Trait protein type’ value White as L-3b) 

PPIOO2385 High Oleic Supro (R) 500E 74 27 51 
PPIOO2391 Commodity Supro (R) 500E 56 45 28 
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TABLE 5-continued 

Color Whiteness 
Differ- index 
(CE (defined 

Commercial L from by Solae 
nventory ID Trait protein type’ value White as L-3b) 

PPIOO2419 High Oleic Supro (R) 500E 72 29 47 
PPIOO2581 High Oleic Supro (R) 760 71 30 44 

w. 

PPIOO2582 Commodity Supro (R) 760 64 38 33 
PPIOO2583 High Oleic Supro (R) 760 68 34 36 

v.1 
PPIOO2584 Low Lin Suro (R) 760 65 36 38 
PPIOO2588 Low Lin Suro (R) 760 65 36 41 

PPIOO2589 High Oleic Supro (R) 760 67 34 42 
w. 

PPIOO2590 Commodity Supro (R) S760 65 35 43 
PPIOO2599 High Oleic Supro (R) S760 70 31 45 

v.2 

PIOO2600 High Oleic Supro (R) 760 73 29 44 
v.2/High 
Stearic 

PPIOO26O1 High Oleic Supro (R) 760 73 28 50 
v.2 

PPIO02602 High Oleic Supro (R) 760 71 30 45 
v.2 

PPIOO6492 Commodity Supro (R) 760 62 39 36 
PPIOO6493 Low Lin Suro (R) 760 62 39 36 

PPIOO6495 High Oleic Supro (R) 760 70 31 46 
v.2 

PPIOO6508 Commodity Supro (R) 760 67 34 41 

Example 21 

Pasteurizer Feed Viscosity Measurements (Small 
Scale Production Platform) 

0267 A small sample of pasteurizer feed was collected 
during the preparation of protein isolates (essentially pre 
pared as described in Example 10) following adjustment of 
the Solids concentration and pH. To prepare a sample for 
Viscosity measurements, the sample was loaded onto the plat 
form of an AR-1000 Rheometer (TA Instruments) with a 
disposable pipette and the head lowered to 1500 mm. Excess 
sample was cleaned from around the edge of the geometry 
and the cover placed over the geometry in preparation for 
measurement. The Viscosity was measured 60 minutes post 
pasteurizer feed preparation using a 40 mm flat plate geom 
etry at a gap setting of 1000 um. Viscosity (measured in 
centipoises) was recorded and analyzed using the Rheology 
Advantage Data Analysis software Supplied by the instru 
ment manufacturer. 

High Oleic samples have lower Pasteurizer feed Viscosity 
compared to Low Lin or commodity samples (Table 6). 
0268. The average viscosity and standard deviation of the 
high oleic soybean samples compared to non-high oleic Soy 
bean isolates were 110+57.8 cp and 449+125 cp, respectively, 
with a 96 reduction (calculated from the averages) in Viscosity 
ranging from around 9% to 52% for high oleic samples com 
pared to non-high oleic samples. 
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TABLE 6 

Viscosity Measurements of High Oleic Soybean Isolates 

Pasteurizer 
Feed 

Viscosity 
AR1OOO 

Commercial Viscosity at 
Inventory ID Trait protein type’ 30s 

PPIOO2385 High Oleic Supro (R) 500E 135 
PPIOO2391 Commodity Supro (R) 500E 566 
PPIOO2419 High Oleic Supro (R) 500E 24 
PPIOO2588 Low Lin Supro (R) 760 465 
PPIOO2589 High Oleic Supro (R) 760 155 

v.2 
PPIOO2590 Commodity Supro (R) 760 317 
PPIOO26O1 High Oleic Supro (R) 760 79 

v.2 
PPIOO26O2 High Oleic Supro (R) 760 158 

v.2 

Example 22 

Improvement of Drying Efficiency by Using High 
Oleic Soybeans 

0269. High Oleic protein products were fed to a pasteur 
izer or a dryer at higher feed solids (above 14%) compared to 
commodity soy protein products (Table 7 & Table 8 in 
Example 23). This can be explained by the reduced viscosity 
of high oleic soy protein products. When protein products are 
fed to a pasteurizer or a dryer at increased feed Solids, less 
water has to be removed in every pound fed to the dryer 
resulting in decreased energy costs, and more solids can be 
dried per hour resulting in better capital utilization as well as 
higher production quantities. 

Jul. 9, 2009 
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TABLE 7 

Measured solid content of slurry to the Spray dryer for High 
Oleic vs Commodity beans 

Solid 
Slurry content of 

Defatted concentration Dryer feed by 
flake Commercial type measured by CEM CEM 

Commodity Supro (R) 76.0-type 3.43 1.99 
Commodity Supro (R) 76.0-type 3.28 1.84 
Commodity Supro (R) 670-type 2.22 9.69 
Commodity Supro (R) 670-type 2.01 O.38 
High Oleic Supro (R) 76.0-type 3.49 1.77 
High Oleic Supro (R) 76.0-type 4.01 2.28 
High Oleic Supro (R) 76.0-type 6.56 4.62 
High Oleic Supro (R) 76.0-type 7.12 4.89 
High Oleic Supro (R) 76.0-type 9.40 S.S4 
High Oleic Supro (R) 76.0-type 8.89 6.09 
High Oleic Supro (R) 670-type 3.41 0.27 
High Oleic Supro (R) 670-type 3.55 1.38 
High Oleic Supro (R) 670-type 7.02 4.18 
High Oleic Supro (R) 670-type 7.02 5.31 
High Oleic Supro (R) 670-type 8.34 5.19 
High Oleic Supro (R) 670-type 7.51 6.18 

Example 23 
Gel Strength Measurement of High Oleic Soy Pro 

tein Products 
0270. High Oleic soy protein products have a gel strength 
comparable to the gel strength of commodity soy protein 
products when fed at no less than 14% feed solids to a dryer. 
0271 Gelstrength was measured on the AR-1000 Rheom 
eter, a sample of the gel was placed on the rheometer platform 
using a metal spatula and the head lowered to 1500 um. 
Excess gel was trimmed from the edge of the geometry and 
the cover placed on top. A 40 mm cross-hatched geometry ata 
gap of 1400 um was used for measurement in an oscillatory 
mode controlled by the instrument software. The G' (labeled 
gel elasticity, expressed in units of Pascals (Pa), from 2 
replicates per sample was recorded (Table 8). 

TABLE 8 

Measured Slurry Solid Concentration and % Protein in the Final Product of High 
Oleic Soybeans compared to Commodity Soybeans 

Defatted 
Sample flake 
No. SOUCC 

a2122 Commodity 

b2123 Commodity 

c2121 Commodity 

d2131 Commodity 

e2124 HO 

f2137 HO 

g2136 HO 

2128 HO 

2135 HO 

Prod. 90 
Slurry concentration Protein by Average of Average of 

Commercial measured Comb. Refrigerated Pasteurized 
protein by oven Leco (as Gel Gel 
type (%) is) N* 6.25 Elasticity Elasticity 

Suro (R) 3.1 91.67 1129 3204 
500E type 
Suro (R) 3.2 91.88 698 3340 
500E type 
Suro (R) 3.6 91.07 972 2897 
500E type 
Suro (R) 3.7 92.21 700 3075 
500E type 
Suro (R) 2.6 91.98 26 591 
500E type 
Suro (R) 5.8 92.78 68 697 
500E type 
Suro (R) 6.1 92.71 64 649 
500E type 
Suro (R) 9 92 172 1698 
500E type 
Suro (R) 2O.S 92.32 288 2243 
500E type 
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TABLE 8-continued 
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Measured Slurry Solid Concentration and % Protein in the Final Product of High 
Oleic Soybeans compared to Commodity Soybeans 

Prod. 90 
Slurry concentration Protein by 

Defatted Commercial measured Comb. 
Sample flake protein by oven Leco (as 
No. SOUCC type (%) is) N* 6.25 

2134 HO Supro (R) 20.9 93.24 
500E type 

k2133 HO Supro (R) 24.7 91.87 
500E type 

2138 HO Supro (R) 24.8 91.08 
500E type 

Example 24 

Residual Fatty Acid Analysis by Acid Methanolysis 

0272 Triplicate samples (approximately 100 mg) were 
weighed, to a precision of 0.1 mg, into 13x100 mm screw 
capped (PTFE liners) tubes. After addition of C17:0 triacylg 
lycerol internal standard (10 ul, 5% W:V stock in toluene), 1 
ml of fresh methanolysis solution (5% sulfuric acid in anhy 
drous methanol) was added to each tube. The tubes were 
capped, vortex mixed and heated at 80° C. for 30 min, with 
vortex mixing every 10 minutes. The samples were cooled to 
room temperature and 1 ml of saline solution (25% sodium 
chloride in water), followed by 1 ml heptane, was added to 
each tube. After Vortex mixing, the phases were separated by 
centrifugation (3000xg for 10 min) and the upper, organic 
phases, were transferred to GC sample vials. Fatty acid analy 
sis was performed on an Agilent 6890 with FID detector. The 
GC was fitted with an OmegaWax-320, 30mx0.32 mmx0.25 
um column (Supelco, Bellefonte, Pa.). The carrier gas was 
hydrogen (28 cm/sec linear Velocity) and the following tem 
perature profile was used; 220° C. for 2.6 min, ramp at 10°C. 
to 240°C., hold for 1.4 min. Peak areas of the individual fatty 
acids were integrated, individual fatty acids were quantified 
relative to the C17 internal standard and fatty acid composi 
tions were estimated based on these values. The assumption 
was made that the detector response for each fatty acid was 
the same (Morrison et al. (1980) Methods for the quantitative 
analysis of lipids in cereal grains and similar tissues. Journal 
of Science Food and Agriculture 31:329-340). 
0273. Using the above-described technique, the fatty acid 
profile of residual fatty acids associated with hexane-ex 
tracted Soy white flake flours and soy protein isolates manu 
factured from them was determined for commodity soybeans 
and two genetically altered soybean varieties, high oleic acid 
Soybeans and low linolenic acid soybeans. The results are 
shown in Tables 9. Although it is recognized that other fatty 
acids are present in Soybean oil and the residual lipid in Soy 
products, they are only present attrace levels (<3% of total). 
For the sake of comparison in this patent we have restricted 
our analysis to the most abundant fatty acids i.e., palmitic 
(16:0), stearic (18:0), oleic (18:1), linoleic (18:2) and lino 
lenic (18:3) acids. 
0274 The residual fatty acids associated with the hexane 
defatted white flake flour and soy protein isolate is principally 
in the form of phospholipid, and therefore derived from mem 
brane lipids, while the hexane-extracted soy oil is principally 
composed of storage triglycerides. Prior to this work it was 

Average of Average of 
Refrigerated Pasteurized 

Gel Gel 
Elasticity Elasticity 

269 1982 

664 207 7 

637 1836 

not known how closely the residual fatty acid profile would be 
related to the fatty acid profile of hexane-extracted soy oil. 
From the data shown in Table 9 it can be seen that the level of 
palmitic acid increases in the residual fatty acids present in 
soy white flake flour and soy protein isolate compared to 
hexane-extracted soy oil in the three genetically different 
soybean varieties tested. In contrast, the level of oleic acid 
decreases in the residual fatty acids compared to hexane 
extracted Soy oil significantly in the commodity and low 
linolenic acid soybeans, but only marginally in the high oleic 
Soybeans. The polyunsaturated fatty acids, linoleic and lino 
lenic, are at similar levels in the residual fatty acids and 
hexane-extracted soy oil from the three genetically different 
Soybean varieties. 
0275. The residual fatty acid content in soy white flake 
flour and soy protein isolate from low linolenic acid soybeans 
is lower in oxidatively unstable linolenic acid than that of 
commodity soy protein products, indicating that soy protein 
products produced from low linolenic acid soybeans are less 
likely to generate off-flavor compounds. Similarly, the 
residual fatty acid content in soy white flake flour and soy 
protein isolate from high oleic acid soybeans is lower in both 
of the polyunsaturated fatty acids, linoleic and linolenic, than 
that of commodity soy protein products, indicating that Soy 
protein products produced from high oleic acid soybeans are 
less likely to generate off-flavor compounds. 

TABLE 9 

Fatty acid profiles of soy oils, of residual fatty acids in flours produced 
from hexane-defatted soy white flake, and of soy protein isolates 

16:0 18:0 18:1 18:2 18:3 % Total poly 
Sample ID % % % % % unSaturates 

Commodity Soy 8-13 2-6 18-27 51-59 6-10 57-69 
Oil 
High Oleic Soy Oil 6-7 4-5 79-86 2-4 2-5 4-9 
Low Linolenic Soy 10 5 29 53 3 62 
Oil? 
High Oleic High 12 22 60 3 3 6 
Saturate Soy Oil 
High Oleic High 6 19 62 6 6 12 
Stearic Soy Oil 
Commodity Soy 17-27 5-7 11 49-58 7-9 56-67 
WFF? Residual 
Fatty Acids 
High Oleic Soy 9-10 3-4 78-82 2-4 3-5 S-9 
WFF? Residual 
Fatty Acids 
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TABLE 9-continued 

Fatty acid profiles of soy oils, of residual fatty acids in flours produced 
from hexane-defatted soy white flake, and of soy protein isolates 

16:0 18:0 18:1 18:2 18:3 % Total poly 
Sample ID % % % % % unSaturates 

Low Linolenic Soy 24 7 10 57 3 60 
WFF? Residual 
Fatty Acids 
Commodity Soy 18-24 S-7 14-15 45-SS S-7 SO-62 
SPI Residual 
Fatty Acids 
High Oleic Soy 8-10 3 80-83 2-3 3-4 5-7 
SPI Residual 
Fatty Acids 
Low Linolenic Soy 26 6 15 52 2 S4 
SPI Residual 
Fatty Acids 

For this table fatty acid % relates the individual fatty acid to the sum of the 
five major fatty acids indicated. Other fatty acid types that are sometimes 
present and represent less than 3% of the total fatty acids are not considered 
or purposes of comparison. 
'Value ranges for the five major fatty acids in commodity soy oil are taken 
rom “The Lipid Handbook' 2" ed., (1994) Gunstone, F. D., Harwood, J. L., 
Padley, F. B., Chapman & Hall. 
*WFF = White flake flour from hexane-extracted soybeans 
SPI = Soy protein isolate produced from white flake flour 
Table X U.S. Pat. No. 5,710,369 
Table 9 U.S. Pat. No. 6,426,448 
16:0 = palmitic acid, 
18:O = Stearic acid, 
18:1 = oleic acid, 
18:2 = linoleic acid, 
18:3 = linolenic acid 

Example 25 

Fatty Acid Analysis of High Oleic and Commodity 
Soybean Isolates 

0276 Isolates from SuproR760 type high oleic, 
Supo R760 type ver. 2 and commodity soybeans were pre 
pared as described in Example 13. 
0277 Fatty acid analysis of the isolates was performed as 
described below and the results are shown in Table 10. 

0278. The relative amounts of the fatty acids of isolated 
soy protein was determined as follows. The isolated soy pro 
tein was extracted by the acid hydrolysis fat method (AOAC 
922.06). Extracted lipid was saponified with alcoholic 
sodium hydroxide. The fatty acids was esterified in methanol, 
with boron trifluoride as a catalyst, taken up in heptane, and 
injected on an Agilent 5890 Gas Chromatograph equipped 
with a flame ionization detector and cool on-column injector. 
Fatty acid methyl esters were separated on a Supelco SP-2560 
column (100 mx0.25 mm ID). The column oven temperature 
was set to 140° C. for 5 minutes, then heated at 4° C. per 
minute to a maximum temperature of 240°C. and held at that 
temperature to the end of the analysis. The percent of indi 
vidual fatty acid methyl esters were calculated from a set of 
standards containing known concentrations of prepared 
methyl esters of selected fatty acids. 
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TABLE 10 

Fatty acid analysis of HO Supro (R) 760 type and Commodity 
Supro is 760 type Isolates 

Fatty HO Commodity Supro (R) 760 
Acid (FA) Analysis Supro (R) 760 type type 

Fat Total (%) 4.O3 2.07 
Saturated FA O.S9 O.82 
Monounsaturated FA 2.89 0.44 
Trans FA <0.04 <0.04 
Fatty Acid Profile (%) 

Palmitic 9.99 31.1 
Stearic 3.44 7.61 
Oleic 73.1 19.5 
Vaccenic 1.56 2.19 
Linoleic 3.17 32.O 
Linolenic 3.59 2.69 
Others 5.15 4.91 

Example 26 
Viscosity Measurements of Soy Protein Slurries Pre 
pared from Isolates Produced Using Large Scale 

Production Platform 

0279 Viscosity measurements were made using a Brook 
field Viscometer, Model DV-II+. 
0280 Samples were prepared by weighing out a desig 
nated amount of protein (+0.1 g) into a plastic cup for 5 and 
10% protein slurry. 
0281 Into a 250 mL graduated cylinder, a designated 
amount of deionized water of 260+1°C. was measured. The 
water was poured into a glass pint blenderjar and the protein 
sample was carefully added. The jar was immediately caped 
with the blade assembly and the sample mix was vigorously 
shaken for 20 seconds to disperse the protein and keep it from 
adhering to the sides of the jar. Subsequently the sample was 
blended for 1 minute using the lowest speed of the blender. 
Then the protein slurry was added to a 600 mL beaker and 
three drops of antifoam were added to the slurry and the 
mixture was swirled. The beaker was covered and left stand 
ing for 30 minutes, then Swirled to dissipate and remove any 
remaining foam. 
0282. The BrookfieldViscometer was set up (according to 
the manufacturer's instructions), and viscosity of the sample 
was measured. Viscosity was measured in centipoises (cps). 
The Brookfield spindle number was 1, rotational speed was at 
100 rpm and temperature at which the data was recorded was 
22O C. 
0283 As can be seen in Table 11, viscosity measured in 
cps for 5% and 10% dispersion of soy protein from High 
Oleic protein samples was substantially reduced compared to 
the respective sample from commodity soybean (a 83% 
reduction in 5% slurries and 87% reduction in 10% slurries). 

TABLE 11 

Brookfield Viscosity measurements of High Oleic and commodity 
Soybean Supro & 760 - 5% and 10% protein slurries 

Sample % protein slurry Viscosity (cps) 

HO Supro (R) 760 5 8 
Commodity Supro (R) 760 5 47 
HO Supro (R) 760 10 82 
Commodity Supro (R) 760 10 630 
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Example 27 

Viscosity Measurements of Soy Protein Slurries Pre 
pared from Isolates Produced Using Large Scale 

Production Platform 

0284. For rheological evaluation, protein isolates were 
hydrated by placing 90 g DI water into an 8-ounce plastic 
blenderjar, followed by addition of 10 g isolate powder to the 
surface of the water. The mixture was blended with an Oster 
blender using the “blend setting for 90 seconds. After this 
time, the mixture was decanted into a 16-ounce plastic cup. 
The cup was capped with a plastic lid, and the slurry was 
allowed to stand for about 4 hours at 22°C. to permit a major 
portion of the foam atop the fluid to dissipate prior to the 
rheological measurements. 
0285 Rheological measurements were performed in 
duplicate on a combination of Anton Paar MCR-300 and 
MCR-301 rheometers. Each rheometer was equipped with a 
concentric cylinder geometry (Anton Paar CC27) having an 
active length of 119.2 mm, a position length of 72.5 mm, and 
a gap length of 40 mm. Temperature control was achieved by 
circulating 22°C. water from controlled-temperature baths to 
a Peltier sample heater that controlled the temperature of the 
measuring cell. All measurements were carried out at 25-0. 
05° C. Viscosity curves for each sample were obtained via the 
following 4-step procedure: (1) A 19 mL sample was loaded 
into the concentric cylinder cup and pre-sheared for 30s at a 
shear rate of 10 1/s to erase sample loading history. (2) Imme 
diately after the pre-shear step, the sample was allowed to 
equilibrate at 25°C. for 10 minutes. (3) The sample was then 
subjected to a 1-100 1/s shear rate ramp during which 20 
logarithmically-spaced data points were recorded at an inter 
val of 30s per point. (4) The sample was then immediately 
exposed to a downward shear rate ramp which had the same 
characteristics as the upward ramp, but was applied in the 
opposite direction (100-1 1/s). The resulting viscosity versus 
shear rate curves were fit to a 2" log polynomial model: 
viscosity=A (shear rate) b+c In (shear rate), where A, b, and 
care fitting constants. Shear stress versus shear rate curves 
were also recorded during these measurements and were fit 
ted to a Herschel-Bulkley power law model: (shear stress)=K 
(shear rate)n, where K and n are the Herschel-Bulkley con 
sistency and flow indices, respectively. The shear stress hys 
teresis area (HA) bounded by the upward and downward 
shear rate ramps was also recorded during each measurement. 
0286 The rheological characteristics of high oleic and 
commodity SUPRORISP products resulting from these mea 
surements are compared in Table 10-A. Mean values of A, K, 
n (from the upward shear rate ramp only) and hysteresis area 
are reported in the table. Mean coefficients of variation for 
each parameter were 2.3, 1.5,0.4, and 7.4, respectively. Sig 
nificant rheological differences were observed between the 
commodity and high oleic variants of SUPROR 760, 
SUPROR 1610, and SUPROR 651 ISP products. Reductions 
in the values of A, K, and hysteresis area ranged from 
67-90%, 41-86%, and 45-90%, respectively for the high oleic 
samples versus their commodity analogs. The SUPROR 760 
and SUPROR 651 high oleic ISP samples also exhibited 
larger flow indices-indicative of more Newtonian behavior— 
Versus their commodity variants. In contrast, virtually no 
rheological differences were observed between the high oleic 
and commodity variants of the SUPROR 670 ISP product. 
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TABLE 12 

Rheological comparison of High Oleic and commodity SUPRO (R) type 
ISP products - 10 wt % aqueous dispersions at 25 C. 

Product A mPas K mPa) l HA Pa?s 

SUPRO (R) 760 Type 

Commodity 6978.7 SO32.3 O.473 175.00 
High Oleic 2293.3 2278.4 O.S.48 96.28 
SUPRO (R) 1610 Type 

Commodity 7680.9 2811.7 O.S64 18.6.20 
High Oleic 1712.3 1667.4 O492 85.48 
SUPRO (R) 651 Type 

Commodity 872.8 637.9 0.658 51.50 
High Oleic 91.1 89.8 O.817 5.35 
SUPRO (R) 670 Type 

Commodity 10.8 11.3 O.946 O.OS 
High Oleic 12.O 12.4 O.945 O.OO 

Example 28 

Hunter Color Determination High Oleic Soybean 
(Protein) Products (Large Scale Production Platform) 

0287 Color measurements using the Hunter colorimeter 
were made on high oleic protein and commodity protein 
powders and 5% aqueous slurries. Two units of L value dif 
ferences can be detected and one unit of Whiteness index 
differences can be detected. The whiteness index was 
increased by 11% in HO Powder compared to commodity 
powder and 34% in HO slurries compared to commodity 
slurries. The data are shown in Tables 13 and 14. 

0288 Whiteness index measurements of a 5% by weight 
Solids sample of the Suspension for HO and commodity iso 
lates made were determined using a HunterLab Labscan XE 
calorimeter manufactured by Hunter Associates Laboratory 
(HunterLab, Reston, Va.). For the whiteness index measure 
ment, protein samples were dispersed on a 5% w/w basis: 
(5.25 g) is added to deionized water (100 mL). The results 
obtained using the Hunter Colorimeter are reported in units of 
L., a, and b. Whiteness Index is calculated from the L and b 
scale values using the following: 

Whiteness Index=L-3b. 

TABLE 13 

Hunter Color Determination of High Oleic and Commodity 
Soybean Samples 

Whiteness 
Sample Trait L value index 

Supro (R) 760 High Oleic 87.9 58.0 
powder 
Supro (R) 760 Commodity 86.3 51.8 
powder 
Supro (R) 760 High Oleic 69.9 47.5 
slurry 
Supro (R) 760 Commodity 68.2 31.2 
slurry 
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TABLE 1.4 

Hunter Color Determination of High Oleic and Commodity 
Soybean Samples 

Whiteness 
Sample Trait L value index 

Subro (R) 1610 Commodity 82.78 40.6 
Type, Powder 
Subro (R) 1610 High Oleic 8434 44.38 
Type, Powder 
Subro (R) 1610 Commodity 48.01 25.81 
Type, Slurry 
Subro (R) 1610 High Oleic S1.94 28.09 
Type, Slurry 
Subro (R) 651 Commodity 84.07 39.52 
Type, Powder 
Subro (R) 651 High Oleic 86.62 47.41 
Type, Powder 
Subro (R) 651 Commodity 60.36 24.9 
Type, Slurry 
Subro (R) 651 High Oleic 63.27 32.43 
Type, Slurry 
Subro (R) 670 Commodity 83.26 40.15 
Type, Powder 
Subro (R) 670 High Oleic 85.5 48.48 
Type, Powder 
Subro (R) 670 Commodity 58.99 29.95 
Type, Slurry 
Subro (R) 670 High Oleic 60.09 38.52 
Type, Slurry 
Subro (R) 760 Commodity 83.7 44.64 
Type, Powder 
Subro (R) 760 High Oleic 85.7 49.2 
Type, Powder 
Subro (R) 760 Commodity 48.81 29.58 
Type, Slurry 
Subro (R) 760 High Oleic 55.45 37.54 
Type, Slurry 

Example 29 
Preparation of Plain Flavored Soymilk 

0289. About 20 pounds of dry, whole soybeans were 
soaked in an excess (40 pounds or more) of cold tap water, and 
then allowed to sit quiescently overnight. The excess water 
was then drained of and discarded. The 40 pounds of rehy 
drated soybeans were ground through a mill or grinder. A 
Sufficient amount of water was continuously added during the 
grinding to keep the slurry moving through the mill. Suffi 
cient water to bring the total slurry weight to up to approxi 
mately 180 pounds was then added. The slurry was next 
transferred to a pressure cooker and the temperature rose, 
through steam injection, to 116°C., and the temperature was 
held constant for approximately 40 seconds. The slurry or 
soymilk was vented out of the pressure cooker and strained 
through a coarse mesh cloth. The Soy residue (okara) was 
pressed in the bag to remove the trapped soymilk and the 
okara was then discarded. The resulting soymilk was strained 
through a fine mesh cloth and then into a container. This 
procedure yielded approximately 200 pounds of 93.3° C. 
soymilk. Lecithin (93g), corn oil (533 g) and yeast flavor (180 
g) were added and the mixture is agitated using a Tekmar 
High Speed Shear Mixer for 30 seconds. 

Example 30 
Preparation of Flavored Soymilk 

0290 Soy milk beverages, including the ingredients as set 
forth in the table below, was made from the product described 
above (example plain flavored soymilk) and a soy protein 
isolate (Supro(R) 760). 
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100% of water was heated to 65.6°C. and maintained at 65.6° 
C. with agitation until all ingredients were added. The protein 
product was added with agitation and mixed until dissolved. 
Sucrose, carboxymethylcellulose and carrageenan were dry 
blended and added to the protein slurry and mixed until dis 
solved. Calcium carbonate and sodium chloride were added 
and dispersed. The soybean oil was then added followed by 
flavors and vitamin premix. The pH of the system was 
adjusted between 6.8 and 7.0 using HCl or NaOH as needed. 
The products were then processed in an ultra high tempera 
ture short time processor at 143° C. for 10 seconds. Then the 
products were homogenized in a 2 stage homogenizer at 2000 
and 500 psi, cooled and filled into clean bottles, and stored in 
a refrigerator. Whiteness Index and viscosity of samples are 
shown in Table 15. The whiteness index and viscosity of HO 
flavored soymilk compared to flavored soymilk from com 
modity soybeans were increased by 22% and reduced by 
40%, respectively. 

TABLE 1.5 

Whiteness Viscosity 
Sample Trait index (cps) 

Supro (R) 760 High Oleic 27.67 6.25 
Flavored 
soymilk 
Supro (R) 760 Commodity 21.52 10.4 
Flavored 
soymilk 

Example 31 

Plain Soymilk Physical Characteristics 
0291 Plain soymilk from high oleic and commodity soy 
bean was prepared as described in Example 30. The white 
ness index and viscosity of the samples are shown in Table 16. 
The viscosity of HO soymilk was reduced by 17% compared 
to commodity soymilk. The Whiteness Index of HO soymilk 
was increased by 7.5% compared to soymilk prepared from 
commodity Soybeans. 

TABLE 16 

Whiteness Viscosity 
Sample Trait index (cps) 

Supro (R) 760 High Oleic 55.27 3.45 
plain soymilk 
Supro (R) 760 Commodity 51.14 4.15 
plain soymilk 

Example 32 

Solid Phase MicroExtraction (SPME) GCMS 
Method for Soy Volatile Analysis 

0292 Samples for the analysis of soy volatile compounds 
using the SPME GC MS methods are prepared by weighing 
out 2.5+0.005 g of the sample to be analyzed into a weigh 
boat. Then 47.5+0.1 g of reverse-osmosis (e.g., Mili-Q or 
Labcono) water are measured into a 250 mL Waring blender 
cup. The blender is started at minimum speed and the 
weighed-out sample is sprinkled into the water over approxi 
mately 10 seconds. The sample and water are blended into a 
slurry using minimal speed to keep foaming to a minimum. 
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Blending time should be enough to achieve good dispersion 
of the sample and should be around 30 seconds and not 
exceed 60 seconds. This should be kept consistent for each 
sample matrix. If foam develops, it should be scooped off 
with a spoon and manually stirred back into the sample mix. 
0293. In order to suspend the slurry and to make it as 
homogenous as possible it is briefly stirred with a spoon or 
scoop. Then 30 g of the slurry are quickly transferred from the 
blender cup into a tared SPME vial (50 mL serum bottle: 
Supelco pin 33108-u) containing 11.1 g NaCl (Omnipur 
grade, EMD Chemicals). 
0294. Of the 49.2 ppm internal standard stock solution of 
4-heptanone, 100 uL are pipetted into the SPME vial to yield 
164 ppb internal standard concentration upon mixing. A 1" 
(/16" diameter) Teflon stir bar is dropped into the vial and the 
vial is sealed with crimp-top septum cap (Supelco) fitted with 
a Natural Teflon/Blue Silicone septum (Microanalytical Sup 
plies) to ensure a good airtight seal. The bottle is then placed 
on the center of a stirplate and stirred for 5 min at 300 rpm to 
allow thorough mixing and equilibration of the headspace. 
0295 Sample extraction is performed as follows. The 
SPME fiber is preconditioned as recommended by the manu 
facturer's manual (Supelco) for 30 min at 250°C. with mini 
mal carrier gas flow if used for the first time. Re-conditioning 
of the fiber is done by inserting it into the rear injection port at 
280°C. in between runs for a minimum of 30 min. Once the 
headspace is equilibrated, the sheathed SPME fiberis inserted 
through the septum. It has to be ensured that neither sheath 
nor fiber touches or immerses into the liquid. 
0296. Then the SPME fiber has to be extended out of its 
sheath, and exposed to the headspace for 30 min. The height 
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of the fiber should be adjusted such that the end is approxi 
mately 4" over the surface of the liquid. Subsequently the 
SPME fiber is retracted into its sheath and withdrawn from 
the septum. The fiber containing the volatiles should be 
injected as soon as possible for analysis. Analysis is carried 
out on an Agilent 6890NGC with a 7973 MSD detector and 
Agilent ChemStation software. The sample is injected with 
the sheathed SPME fiber through the injector septum, then 
rapidly unsheathing the fiber into the injector body. Separa 
tion begins when GC is started. The SPME should be left 
unsheathed in the injector for 1.5 min, after which it is 
removed and re-conditioned and retracted back into its 
sheath. 
0297. The data are analyzed using the Agilent ChemSta 
tion Software and peak areas were calculated by manual 
integration The calculated peak areas for each target Volatile 
were converted to ppb by the following formula: Concentra 
tion of volatile in slurry (ug/kg slurry)-164Xtarget peak area/ 
int.std. peak area 

Example 33 
Volatile Analysis of Soy Isolates 

0298 Sample preparation and analysis was performed as 
described in Example 32, and the concentration of volatiles in 
the slurry' are shown in Table 17. 
0299. As can be seen from Table 17 (hexanal levels in high 
oleic samples are Substantially lower compared to the hexanal 
levels in the respective samples form commodity soybean. It 
is believed that lower hexanal levels correspond to improved 
flavor of soybean protein products. 

TABLE 17 

Protein Product 

High High 
Oleic Commodity Commodity Oleic Commodity High Oleic 

SUPRO (R) SUPRO (R) SUPRO (R) SUPRO (R) Alpha TM Alpha TM 
Volatiles 760 type 760 type 670 type 670 type 5800 type 5800 type 

Pentenal 2.71 11.8 3.9 ND 2.5 ND 
Hexanal 10.6 17 35.9 3.6 19.6 1.7 
2-Heptanone 1.4 26.5 12.4 1.6 8.O O.34 
Heptanal 1.1 2.60 0.57 O.25 O.30 O45 
1-Octen-3-ol O2S O.68 O.19 ND O.13 ND 
2-Octanone O.11 .5 O.S4 O.12 0.27 ND 
2-Pentylfuran O90 59.7 15.7 1.5 2.52 O.12 
3-Octen-2-one ND2 O.6O O.61 ND ND ND 
2-Nonanone O.93 .2 O.96 O.96 O.15 O.11 
Nonanal 2.3 2.4 O.64 O.65 O.39 O46 
Decanal ND O.S2 ND 0.27 O.08 O.22 

"All concentrations are expressed as Lig volatile/kg 5% slurry relative to the 4-heptanone internal std. 
which was present at 164 g/kg 5% slurry. 
2ND = not detected 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 26 

<210 SEQ ID NO 1 
&2 11s LENGTH: 7993 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 
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at attgaagt at attatt co atagocttta tittatttata tattt attat ataaaagctt 438 O 

tatttgttct aggttgttca tdaaatattt ttittggittitt atcto cqttg taagaaaatc 4 44 O 

atgtgctttgtgtc.gc.cact cactattgca gctttitt cat gcattggtca gattgacggit 4500 

tgattg tatt tttgttttitt atggttttgt gttatgactt aagtc.tt cat citctittatct 456 O 

Cttcat Cagg tttgatggitt acctaatatg gtc catgggit acatgcatgg ttalaattagg 462O 

tggccaactt togttgttgaac gatagaattt tttittatatt aagtaaact a tttittatatt 468O 

atgaaataat aataaaaaaa at attittatc attattaa.ca aaatcatatt agittaatttg 474. O 

ttaactictat aataaaagaa atact.gtaac attcacatta catgg talaca tottt coacc 48OO 

cittt catttgtttitttgttt gatgacttitt tttcttgttt aaatttattt cocttcttitt 486 O 

aaatttggaa tacattat catcatatataa actaaaatac taaaaac agg attacacaaa 492 O 

tgataaataa taacacaaat atttataaat ctagotgcaa tatatttaaa ctagotatat 498O 

cgatattgta aaataaaact agctgcattg at actgataa aaaaatat ca totgctttct 5040 

ggactgatga tigcagtatac ttittgacatt gcc tittattt tatttitt cag aaaagctitt c 51OO 

ttagttctgg gttctt catt atttgttt co catct coatt gtgaattgaa toatttgctt 516 O 

cgtgtcacaa atacaattta gntagg taca togcattgg to agatt cacgg titt attatgt 522 O 

catgacittaa gttcatggta gtacattacc tdccacgcat gcattatatt ggittagattit 528 O 

gataggcaaa tttggttgtc. aacaatataa atataaataa totttittata ttacgaaata 534 O 

acagtgat ca aaacaaacag ttittatctitt attaacaaga titttgtttitt gtttgatgac 54 OO 

gttttittaat gtttacgctt tocc ccttct tttgaattta gaacactitta t catcataaa 546 O 

atcaaatact aaaaaaatta Catattt Cat aaataataac acaaatattt ttaaaaaatc. 552O 

tgaaataata atgaacaata ttacat atta t cacgaaaat t cattaataa aaat attata 558 O 

taaataaaat gtaatagtag titatatgtag gaaaaaagta citgcacgcat aatatataca 564 O 

aaaagattaa aatgaact at tataaataat alacactaaat taatggtgaa toatat caaa st OO 

ataatgaaaa agtaaataaa atttgtaatt aacttictata totattacac acacaaataa 576. O 

taaataatag taaaaaaaat tatgataaat atttaccatc. tcatalagata tittaaaataa 582O 

tgataaaaat atagattatt ttt tatgcaa ctagotagoc aaaaagagaa cacgggtata 588 O 

tataaaaaga gtacctittaa attctact.gt acttic ctitta titcctgacgt ttittatat ca 594 O 

agtgga cata cqtgaagatt ttaattatca gtctaaatat tt cattagca cittaatactt 6 OOO 

ttctgttitta titccitatcct ataagtag to cog attct co caa.cattgct tatt cacaca 6 O6 O 

actalactaag aaagttctitcc atagoccc cc aag.cgg.ccgg agctggit cat citcgct catc 612 O 

gtcgagtcgg C9gc.cggagc tiggtcatcto got catcgt.c gag toggcgg cc.gc.cggtcC 618O 

tctict ctitt C. c9tggcatgg caatctattgggctgtc.cag ggttgcatcc titactggtgt 624 O 

ttgggt catt gcc catgagt gtggt cacca to attcagt gactaccagc tigCttgatga 63 OO 

tattgttggc ctitatic ct co act cogct ct c ctagt cccg tacttitt cat ggaaatacag 636 O 

c catcgc.cgt caccacticca acactggttct cittgagcgg gatgaagitat ttgtgccaaa 642O 

gcagaagt cc tdtat caagt gig tactictaa ataccttaac aatcc to cag gcagagt cct 648 O 

cact cittgct gtcaccctica cacttggttg gcc cttgtac ttggctittaa atgtttctgg 654 O 

aaggcc titat gatagatttg cittgccacta tdacc catat gigt cc cattt actctgatcg 66OO 
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ttgct cattg togaacggttt tottgttgact at cacatatt togcagcacac acactittgcc 6OO 

ttgcct catt acgatt catc agaatgggac totgalagg gagctttggc alactatggac 660 

agagattatg ggattctgaa caaggtgttt cat cacataa citgat actica totggct cac 72 O 

catctottct c tacaatgcc acattaccat gcaatggagg caaccaatgc aatcaa.gc.ca 78O 

at attgggtgagtact acca atttgatgac acaccatttt acaaggc act gtggagagaa 84 O 

gcga.gaga.gt gcct ctatgt ggagccagat gaaggaacat ccdagaaggg Ctic ct coacc 9 OO 

gtttaagatt gcagaaatca gagcttcaat accaaaa.cat tdctggg to a agaatccatg 96.O 

gagat.ccctic agittatgttct cagggatgt gcttgtaatt gctgcattgg toggctgcagc O2O 

aatt cactitc gacaactggc titctic tiggct aatctattgc cc cattcaag goacaatgtt O8O 

ctgggct citc tttgttcttg gacatgattg tdgc.catgga agcttitt cag atagocctitt 14 O 

gctgaatago citggtgggac acatc.ttgca ttcct caatt cittgtgc.cat accatggatg 2OO 

gaga attagc cacagalactic accatcaaaa C catggacac attgaga agg atgagt catg 26 O 

ggttcc atta acagagaaga tttacaagaa totagacago atgacaagac to attagatt 32O 

cactgtgcca ttt coattgt ttgtgitat co aatttatttgttittcaagaa goccc.ggaaa 38O 

ggaaggct ct cacttcaatc cct acago aa totgttcc.ca cccagtgaga gaaaaggaat 44 O 

agcaat atca acactgttgtt gggctaccat gttitt citctg. cittatctatic tict catt cat SOO 

aactag toca Cttctagtgc ticaagctcta togg 533 

<210 SEQ ID NO 3 
<211 LENGTH: 28 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 3 

gcggcc.gc.cg gtc.ct Ctctic titt CC gtg 28 

<210 SEQ ID NO 4 
<211 LENGTH: 31 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 4 

taaacggtgg aggagc cctt Ctcggatgtt C 31 

<210 SEQ ID NO 5 
<211 LENGTH: 33 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 5 

gaac atcc.ga gaagggct Co. tccaccgttt aag 33 

<210 SEQ ID NO 6 
<211 LENGTH: 28 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 



US 2009/01 76001 A1 Jul. 9, 2009 
34 

- Continued 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 6 

gcggcc.gc.cc atagagcttg agcactag 28 

<210 SEQ ID NO 7 
<211 LENGTH: 890 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: recombinant construct 

<4 OO SEQUENCE: 7 

cggit cotctic tictitt.ccgtg gcatggcaat c tattgggct gtc.cagggitt gcatccttac 6 O 

tggtgtttgg gtcattgc cc atgagtgtgg to accatgca ttcagtgact accagctgct 12 O 

tgatgatatt gttggc citta t cct coactic cqct citccta gtc.ccgtact titt catggaa 18O 

atacagc.cat cqc cqt cacc act coaacac tdgttct citt gagcdggatg aag tatttgt 24 O 

gccaaag.cag aagt cctdta t caagtggta citctaaatac cittaacaatic ctic caggcag 3OO 

agtic ct cact cittgctgtca ccct cacact tdgttggc.cc ttgtacttgg ctittaaatgt 360 

ttctggaagg cct tatgata gatttgcttg ccactatgac ccatatggtc. ccatttactic 42O 

tgat cqtgaa cqacttcaaa tatatatat c agatgcagga gtacttgcag gact tactict 48O 

Ctct accgtg ttgcaa.ccct gaaagggttg gtttggctgc tatgtgttta toggggtgcct 54 O 

ttgct cattg togaacggttt tottgttgact at cacatatt togcagcacac acactittgcc 6OO 

ttgcct catt acgatt catc agaatgggac totgalagg gagctttggc alactatggac 660 

agagattatg ggattctgaa caaggtgttt cat cacataa citgat actica totggct cac 72 O 

catctottct c tacaatgcc acattaccat gcaatggagg caaccaatgc aatcaa.gc.ca 78O 

at attgggtgagtact acca atttgatgac acaccatttt acaaggc act gtggagagaa 84 O 

gcga.gaga.gt gcct ctatgt ggagccagat gaaggaacat ccdagaaggg 890 

<210 SEQ ID NO 8 
<211 LENGTH: 28 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 8 

gcggcc.gc.cg gtc.ct Ctctic titt CC gtg 28 

<210 SEQ ID NO 9 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 9 

tagagaga.gt aagtcCtgca agtacticctg 3 O 

<210 SEQ ID NO 10 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 
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<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 10 

caggagtact togcagg actt act ct citcta 3 O 

<210 SEQ ID NO 11 
<211 LENGTH: 29 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 11 

gcggc.cggcc cct tct cqga tigttcCttic 29 

<210 SEQ ID NO 12 
<211 LENGTH: 24 6 O 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: recombinant construct 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1186).. (1186) 
<223> OTHER INFORMATION: n is a, c, g, or t 

<4 OO SEQUENCE: 12 

ccaagcttgg atcctcqaag agaagggitta ataacacatt ttttaacatt tittaacacaa 6 O 

attittagtta tittaaaaatt tattaaaaaa tittaaaataa gaagaggaac totttaaata 12 O 

aatctaactt acaaaattta tdatttittaa taagttitt.ca ccaataaaaa atgtcataaa 18O 

aatatgttaa aaagtatatt at caatatt c tictittatgat aaataaaaag aaaaaaaaaa 24 O 

taaaagttaa gtgaaaatga gattgaagtg actittaggtg togtataaata tat caac ccc 3OO 

gccaacaatt tatttaatcc aaatatattgaagtatatta t t c catagoc tittatttatt 360 

tatatattta ttatataaaa gotttatttgttctaggttgttcatgaaat atttittittgg 42O 

tttitat ct co gttgtaagaa aat catgtgc tittgttgtc.gc cact cactat tdcagcttitt 48O 

t catgcattg gtcagattga cqgttgattg tattitttgtt ttt tatggitt ttgttgttatg 54 O 

acttaagt ct t catct ctitt atctott cat caggtttgat gigttacctaa tatgg to cat 6OO 

gggtacatgc atggittaa at taggtggc.ca actttgttgt galacgataga atttitttitta 660 

tattaagtaa act atttitta tattatgaaa taataataaa aaaaatattt tat cattatt 72 O 

aacaaaatca tattagittaa tttgttaact ctataataaa agaaatact.g. taacatt cac 78O 

attacatggit aacatctitt c caccottt catttgttttitt gtttgatgac ttitttitt citt 84 O 

gtttaaattt attitcc ctitc ttittaaattt ggaatacatt atcat catat ataaactaaa 9 OO 

atactaaaaa caggattaca caaatgataa ataataacac aaatattitat aaatctagot 96.O 

gcaatatatt taalactagot at atcgat at td taaaataa alactagotgc attgatactg 1 O2O 

ataaaaaaat at catgtgct ttctggactg atgatgcagt at acttittga cattgcc titt 108 O 

attittattitt to agaaaagc titt cittagtt ctdggttctt cattatttgt titcc.cat ct c 114 O 

cattgttgaat tdaatcattt gctitcgtgtc. acaaatacaa tittagntagg tacatgcatt 12 OO 

ggtcagattic acggitt tatt atgtcatgac ttaagttcat gigtag tacat tacct gccac 126 O 

gcatgcatta tattggittag atttgatagg caaatttggit tdt caacaat ataaatataa 132O 
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ataatgttitt tat attacga aataa.cagtg atcaaaacaa acagtttitat ctitt attaac 38O 

aagattttgt ttttgtttga tigacgtttitt taatgtttac gctitt coccc ttcttittgaa 44 O 

tittagaacac tittatcatca taaaatcaaa tactaaaaaa attacatatt toataaataa SOO 

taacacaaat atttittaaaa aatctgaaat aataatgaac aat attacat attat cacga 560 

aaattic atta ataaaaat at tatataaata aaatgtaata gtagttatat gtaggaaaaa 62O 

agtactgcac gcataatata tacaaaaaga ttaaaatgaa citattataaa taataac act 68O 

aaattaatgg togaat catat caaaataatgaaaaagtaaa taaaatttgt aatta acttic 74 O 

tatatgtatt acacacacaa ataataaata at agtaaaaa aaattatgat aaatatttac 8OO 

catctoataa gat atttaaa ataatgataa aaatatagat tatttittitat gcaactagot 86 O 

agccaaaaag agaacacggg tatatataaa aagagtacct ttaaatticta citg tact tcc 92 O 

tittatt cotg acgtttitt at atcaagtgga catacgtgaa gattittaatt atcagtictaa 98 O 

at attt catt agc acttaat acttittctgt tittattocta t cotataagt agt cc.cgatt 2O4. O 

citcc caac at tdcttatt ca cacaactaac taagaaagtic titc catagoc ccc caag.cgg 21OO 

ccggagctgg tdatct cqct catcgt.cgag ticggcggc.cg gagctggtca t ct cot cat 216 O 

cgt.cgagt cq gcggcc.gc.cg act cacgat gagcgagatg accagct cog gcc.gc.cgact 222 O 

cgacgatgag cagatgacc agct ccdgcc gcgacacaag titgagagta Ctaaataaat 228O 

gctttggttg tacgaaatca ttacactaaa taaaataatc aaagcttata tatgcct tcc 234 O 

gctaaggc.cg aatgcaaaga aattggttct ttct cqttat cittittgccac titt tact agt 24 OO 

acgt attaat tact acttaa totatotttgt ttacggctica ttatat ccgt cqacgg.cgc.g 246 O 

<210 SEQ ID NO 13 
<211 LENGTH: 8966 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: recombinant construct 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1177) . . (1177) 
<223> OTHER INFORMATION: n is a, c, g, or t 

<4 OO SEQUENCE: 13 

gatcct cqaa gagaagggitt aataacacat tttittaa.cat ttitta acaca aattittagtt 6 O 

atttaaaaat ttattaaaaa atttaaaata agaagaggaa citctittaaat aaatctaact 12 O 

tacaaaattt atgatttitta ataagtttitc accaataaaa aatgtcataa aaatatgtta 18O 

aaaagtatat tat caatatt ct citt tatga taaataaaaa gaaaaaaaaa ataaaagtta 24 O 

agtgaaaatg agattgaagt gactittaggt gtgtataaat at atcaa.ccc cqc caacaat 3OO 

ttatttaatc caaatatatt gaagtatatt atticcatago ctittattitat ttatatattt 360 

attatataaa agctittattt gttctaggitt gttcatgaaa tatttittittg gttittat ct c 42O 

cgttgtaaga aaat catgtg Ctttgttgtcg ccact cacta ttgcagottt tt catgcatt 48O 

ggtcagattg acggttgatt gtattitttgt tttittatggit tttgttgttat gacittaagtic 54 O 

ttcatctott tat ct citt catcaggitttga tiggittaccta atatggit coa tdggtacatg 6OO 

catggittaaa ttaggtggcc aactttgttg tdaacgatag aatttitttitt at attaagta 660 

aact atttitt at attatgaa ataataataa aaaaaatatt titat cattat taacaaaatc 72 O 
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Ctagaaggac agt atttggt atctg.cgctic tictgaagcc agttaccttic ggaaaaagag 276 O 

ttggtagctic ttgatc.cggc aaacaaacca cc.gctggtag cigtggttitt tttgtttgca 282O 

agcagcagat tacgc.gcaga aaaaaaggat Ctcaagaaga t cctttgat C titt totacgg 288O 

ggtctgacgc ticagtggaac gaaaact cac gittaagggat tittggtcatg acattalacct 294 O 

ataaaaatag gcgitat cacg aggcc ctitt C gtc.tc.gc.gcg titt cqgtgat gacggtgaaa 3 OOO 

acct Ctgaca catgcagctic ccggagacgg to acagottgtctgtaagcg gatgc.cggga 3 O 6 O 

gCagacaa.gc ccgtcagggc gcgtcagogg gtgttggcgg gtgtcggggc tiggctta act 312 O 

atgcggcatc agagcagatt gtactgagag to accatat gga catattg tcgittagaac 318O 

gcc.gctacaa ttaatacata acct tatgta t catacacat acgatttagg togacactata 324 O 

gaacggcgcg C caagcttgg atcct Caag agaagggitta atalacacatt ttttalacatt 33 OO 

titta acacaa attittagtta tittaaaaatt tattaaaaaa tittaaaataa gaagaggaac 3360 

t ctittaaata aatctaactt acaaaattta tdatttittaa taagttittca ccaataaaaa 342O 

atgtcatalaa aatatgttaa aaagtatatt atcaatatto tctittatgat aaataaaaag 3480 

aaaaaaaaaa taaaagttaa gtgaaaatga gattgaagtg actittaggtg ttataaata 354 O 

tat caa.cccc gccaacaatt tatttaatcc aaatatattgaagtatatta t t c catago c 36OO 

tittatttatt tatatattta ttatataaaa gottt atttgttctaggttg tt catgaaat 366 O 

atttittittgg ttttatct co gttgtaagaa aat catgtgc tttgttgtc.gc. cactcactat 372 O 

tgcagotttt to atgcattg gttcagattga cqgttgattig tattitttgtt ttt tatggitt 378 O 

ttgttgttatg acttaagt ct t catctottt atctgttcat caggitttgat ggittacctaa 384 O 

tatggit coat ggg tacatgc atggittaa at taggtggcca actttgttgt gaacgataga 3900 

atttitttitta tattaagtaa act atttitta tattatgaaa taataataaa aaaaatattt 396 O 

tat cattatt aacaaaatca tattagttaa tttgttaact citataataaa agaaatactg 4 O2O 

taac attcac attacatggit aac at ctitt c caccctitt catttgttttitt gtttgatgac 4 O8O 

tttittittctt gtttaaattt atttic cct tc ttittaaattt ggaatacatt atcat catat 414 O 

ataaactaaa atactaaaaa caggattaca caaatgataa ataataacac aaatattitat 42OO 

aaatctagot gcaatatatt taalactagot at atcgatat totaaaataa alactagotgc 426 O 

attgat actg ataaaaaaat at catgtgct ttctggactg atgatgcagt at acttittga 432O 

cattgc ctitt attittattitt to agaaaagc titt cittagtt citgggttctt cattatttgt 438 O 

titcc catcto cattgttgaat tdaat cattt gctitcgtgtc. acaaatacaa tittagntagg 4 44 O 

tacatgcatt ggit cagattic acggtttatt atgtcatgac ttaagttcat gig tag tacat 4500 

tacctgccac gcatgcatta tattggittag atttgatagg caaatttggit tdt caacaat 456 O 

ataaatataa ataatgttitt tat attacga aataa.ca.gtg atcaaaacaa acagtttitat 462O 

ctitt attaac aagattttgt ttttgtttga tigacgtttitt taatgtttac gottt coccc 468O 

ttcttittgaa tittagaacac tittat catca taaaatcaaa tactaaaaaa attacatatt 474. O 

t cataaataa taacacaaat atttittaaaa aatctgaaat aataatgaac aat attacat 48OO 

attat cacga aaattic atta ataaaaat at tatataaata aaatgtaata gtagttatat 486 O 

gtaggaaaaa agtactgcac gcataatata tacaaaaaga ttaaaatgaa citattataaa 492 O 

taataa cact aaattaatgg togaat catat caaaataatgaaaaagtaaa taaaatttgt 498O 
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taaaaatatgttaaaaagta tattatcaat attct ctitta t dataaataa aaagaaaaaa 24 O 

aaaataaaag ttaagtgaaa atgagattga agtgactitta ggtgttgtata aatatat caa 3OO 

cc.ccgc.caac aatttattta atccaaatat attgaagitat attatt ccat agc ctittatt 360 

tatttatata titt attatat aaaagctitta tttgttctag gttgttcatgaaatatttitt 42O 

ttggittittat citcc.gttgta agaaaatcat gtgctttgtg tcgcc actica citattgcagc 48O 

tttitt catgc attggit caga ttgacggttg attgt attitt tdttttittat ggittttgttgt 54 O 

tatgacittaa gtc.tt catct ctittatct ct tcatcaggitt tdatggittac ctaatatggit 6OO 

c catggg tac atgcatggitt aaattaggtg gccaactttgttgttgaacga tagaatttitt 660 

tittatattaa gtaaactatt tittatatt at gaaataataa taaaaaaaat attittat cat 72 O 

tattaacaaa at catattag ttaatttgtt aactictataa taaaagaaat actgtaacat 78O 

t cacattaca tdgtaa catc titt coaccct tt catttgtt ttttgtttga tigactitttitt 84 O 

t cittgtttaa atttatttico Cttcttittaa atttggaata cattatcatc atatataaac 9 OO 

taaaatacta aaaacaggat tacacaaatgataaataata acacaaatat ttataaatct 96.O 

agctgcaata tatttaaact agctatat cq atattgtaaa ataaaac tag ctgcattgat O2O 

actgataaaa aaatat catg togctttctgg act gatgatg cagtatactt ttgacattgc O8O 

ctittattitta tttitt cagaa aagctttctt agttctgggit tott cattat ttgtttcc.ca 14 O 

totccattgt gaattgaatc atttgctt.cg tdt cacaaat acaatttagn taggtacatg 2OO 

cattggtcag attcacggitt tattatgtca tact taagt to atgg tagt acattacctg 26 O 

ccacgcatgc attatattgg ttagatttga taggcaaatt toggttgtcaa caatataaat 32O 

ataaataatgtttittatatt acgaaataac agtgatcaaa acaaacagtt ttatctititat 38O 

taacaagatt ttgtttttgt ttgatgacgt tttittaatgt ttacgctitt c ccc cttctitt 44 O 

tgaatttaga acactittatc at cataaaat caaatactaa aaaaattaca tattt cataa SOO 

ataataacac aaatatttitt aaaaaatctgaaataataat gaacaatatt acat attatc 560 

acgaaaattic attaataaaa at attatata aataaaatgt aatag tagtt atatgtagga 62O 

aaaaagtact gcacgcataa tatatacaaa aagattaaaa togaact atta taaataataa 68O 

cactaaatta atggtgaatc at atcaaaat aatgaaaaag taaataaaat ttgtaattaa 74 O 

cittctatatg tattacacac acaaataata aataatagta aaaaaaatta tdataaatat 8OO 

ttaccatcto ataagatatt taaaataatgataaaaatat agattattitt titatgcaact 86 O 

agctagocaa aaa.gagaa.ca cqggtatata taaaaagagt acctittaaat t c tactgtac 92 O 

titcc tittatt cotgacgttt ttatat caag toggacatacg togaagattitt aattatcagt 98 O 

ctaaat attt cattagcact taatacttitt ctdttittatt cct atccitat aagtagt ccc 2O4. O 

gatt ct coca acattgctta titcacacaac taactaagaa agt ct tccat agc cc cc caa 21OO 

gcggc.cggag Ctggtcatct cqct catcgt cagt cq9cg gcc.ggagct g g to at ct cqc 216 O 

t catcgt.cga gtcggcggcc gctgagtgat tict cacgag titggtcacc atgcctt cag 222 O 

caagtaccaa tdggttgatg atgttgtggg tttgaccctt cacticaacac titt tagt ccc 228O 

ttatttctica toggaaaataa gocatcgc.cg ccatcacticc aacacaggitt cocttgaccg 234 O 

tgatgaagtg tttgtc.ccaa aaccaaaatc caaagttgca toggttitt coa agtacttaaa 24 OO 

caac cct cita ggaagggctg tttct cittct cqt cacactic acaatagggit ggcctatgta 246 O 
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agtggagggit aagtttgatc ttggaggttg gagagaa.gag attaatgtgc agaalacacala 264 O 

gttt CC attg ggttacaaga cattcCagga cqcgatttct CCC agcatg ctatcgaggit 27 OO 

tcttgatgag ttgactaatg gagatgct at tittagtact ggggttgggc agcatcaaat 276 O 

gtgggctg.cg cagttt taca agtacaagag accgaggcag tigttgacct Caggggg.tct 282O 

tggagc catg ggttittggat tcctg.cggc tattggtgct gctgttgcta accctggggc 288O 

tgttgtggitt gacattgatggggatggtag titt catcatgaatgttcagg agttggccac 294 O 

tataagagtg gagaat ct co cagttaagat attgttgttgaacaatcagc atttgggitat 3 OOO 

ggtggttcag ttggaggata ggttctacaa gtcCaataga gct cacacct atcttggaga 3 O 6 O 

tccgt.ctagg gaga.gc.gaga tatt cccalaa catgct Caag tittgctgatg Cttgttgggat 312 O 

accggcagcg cgagtgacga agaaggaaga gct tagagcg gcaattcaga gaatgttgga 318O 

cacc cctdgc ccctacct to ttgatgtcat tdtgc cc cat caggagcatg tdttgc.cgat 324 O 

gatt CC cagt aatggat.cct tcaaggatgt gataactgag ggtgatggta gaacgaggta 33 OO 

citgattgcct agaccalaatgttcCttgatg cittgttttgt acaatatata taagataatg 3360 

Ctgtcc tagt to aggattt ggcctgtggit gag catcata gtctgtagta gttittgg tag 342O 

caagacattt tattitt cott ttatttaact tact acatgc agtag catct atctatotict 3480 

gtag totgat atctoctdtt gtctg tattg togcc.gttgga titttittgctg. tagtgagact 354 O 

gaaaatgatgtctagtaat aat atttctg ttagaaatct aagtagaga a tictgttgaag 36OO 

aagttcaaaag ctaatggaat caggttacat atcaatgttt ttctttittitt agcggttggit 366 O 

agacgtgtag attcaactitc. tcttggagct caccitaggca at cagtaaaa tdcat attcc 372 O 

ttttittaact togc cattt at titacttittag tdgaaattgt gaccalatttgttcatgtaga 378 O 

acggatttgg accattgcgt. c cacaaaacg tot cittittgc ticgatct tca caaag.cgata 384 O 

ccgaaatcca gagatagttt toaaaagt ca gaaatggcaa agittataaat agtaaaa.ca.g 3900 

aatagatgct gtaatcgact t caataacaa gtggcatcac gtttctagtt citaga ccc.gg 396 O 

gtac 3964 

<210 SEQ ID NO 17 
<211 LENGTH: 656 
&212> TYPE: PRT 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic construct 

<4 OO SEQUENCE: 17 

Met Pro His Asn Thr Met Ala Ala Thr Ala Ser Arg Thr Thr Arg Phe 
1. 5 1O 15 

Ser Ser Ser Ser Ser His Pro Thr Phe Pro Lys Arg Ile Thr Arg Ser 
2O 25 3 O 

Thr Lieu Pro Leu Ser His Glin Thr Lieu. Thir Lys Pro Asn His Ala Leu 
35 4 O 45 

Lys Ile Lys Cys Ser Ile Ser Llys Pro Pro Thr Ala Ala Pro Phe Thr 
SO 55 6 O 

Lys Glu Ala Pro Thr Thr Glu Pro Phe Val Ser Arg Phe Ala Ser Gly 
65 70 7s 8O 

Glu Pro Arg Lys Gly Ala Asp Ile Lieu Val Glu Ala Lieu. Glu Arg Glin 
85 9 O 95 
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Gly 
OO 

Lell 
65 

Ala 
8O 

Glin 
95 

yr 
210 

Phe 
225 

Pro 
245 

Wall 
26 O 

Ala 
27s 

Wall 
290 

Arg 
3. OS 

Lell 
3.25 

Met 
34 O 

Lell 
355 

Glu 
37O 

Ala 
385 

Lell 
4 OS 

Wall 
42O 

Glin 
435 

Ser 
450 

Ala 
465 

Phe 
485 

Gly 

Wall 

Glin 

Glu 

Luell 

Wall 

Ile 

Glu 

Luell 

Phe 

Asn 

Glin 

Luell 

Phe 

Gly 

His 

Luell 

Ala 

Glu 

Glu 

Pro 

Ile 

Ala 

Thir 

Ala 

Glin 

Pro 

Ser 

Thir 

Thir 

Ile 

Wall 

Asp 

Luell 

Luell 

Wall 

Thir 

Gly 

Ala 

Phe 

Ile 

Luell 

Gly 

His 

Glin 

Wall 

Met 

Thir 

Luell 

Gly 

Gly 

Gly 

Gly 

Pro 

Luell 

Ala 

Wall 

Pro 

Glu 

Wall 

Glu 

Phe 

Thir 

Phe 

Ala 

Gly 

Ala 

His 

Ser 

Gly 

Wall 

Thir 

Gly 

Wall 

Lell 

Glin 

Ile 

Asp 

Thir 

Glin 

Gly 

His 

Gly 

Lell 

Pro 

Wall 

Gly 

Ser 

Lys 

Lell 

Phe 

Phe 

Ala 

Thir 

Lys 

Phe 

Phe 
OS 

Wall 
35 

SO 

Ala 
70 

Wall 
85 

Wall 
2 OO 

Wall 
215 

Ser 
23 O 

Glin 
250 

Tyr 
265 

Ile 
28O 

Gly 
295 

Thir 
310 

Ile 
330 

Tyr 
345 

Wall 
360 

Arg 
375 

Asn 
390 

Lys 
410 

Asp 
425 

Pro 
4 4 O 

Ile 
45.5 

Gly 
470 

Arg 
490 

Gly 

Ala 

Ser 

Phe 

Ile 

Asp 

Ala 

Glu 

Asp 

Gly 

Glin 

Lell 

Wall 

Gly 

Gly 

Gly 

Ala 

Arg 

Ala 

Gly 

Lell 

Lell 

Glu 

Wall 

Pro 

Lell 

Ala 

Ala 

Ala 

Ala 

Arg 

Wall 

Asp 

Arg 

Luell 

Ala 

Arg 

Ser 

Ile 

Asp 

Asn 

Phe 

Glin 

Ile 

Gly 

Gly 

Wall 

Gly 

Arg 

Pro 

Pro 

Ala 

Ala 

Thir 

Luell 

Arg 

Ser 

Ile 

Pro 

Ala 

Arg 

Luell 

Luell 

Pro 

Glu 

Asp 

Ile 

Ala 

Asn 

Gly 

Luell 

Glin 

Glin 

Ala 

Gly 

Ile 

Glu 

Ser 

Met 

Met 

Arg 

Pro 

Gly 

Wall 

Luell 

Ile 

Asn 

Wall 

Ala 

Asp 

Wall 

His 

Met 

Trp 

Lys 

Asp 

His 

Trp 

Ala 

Gly 
1O 

le 
90 

Ser 
2O5 

Arg 
22O 

Pro 
235 

Pro 
255 

Pro 
27 O 

Met 
285 

Ser 
3 OO 

Ala 
315 

Ser 
335 

Wall 
350 

Arg 
365 

His 
38O 

Wall 
395 

Ile 
415 

Arg 
43 O 

Thir 
445 

Glu 
460 

Glin 
47s 

Luell 
495 

Ile 

48 

- Continued 

Ala 

Asn 

Pro 

Ser 

Gly 

Ile 

Wall 

Wall 

Asn 

Arg 

Glu 

Ser 

Ser 

Lell 

Asp 

Wall 

Ile 

Ser 

Lell 

Glu 

Phe 

Lell 

Met 

Thir 

Gly 

Ser 

Wall 

Ala 

Gly 

Wall 

Thir 

Thir 

Wall 

Lell 

Trp 

Pro 

Ala 

Ala 

Thir 

Glin 

Asn 

Thir 

Asp 

Wall 

Glu 

Glu 

Glin 

Thir 

Trp 

Ser 

Ala 

Met 

Luell 

Arg 

Ala 

Pro 

Asp 

Ala 

Ile 

Asp 

Pro 

Glin 

Glu 

Luell 

Met 

Ser 

Gly 

Ile 

Glu 

Ile 

Asp 

Asn 

Ala 

Gly 

Ala 

Glu 

Pro 

Ser 

Thir 

Wall 

Ala 

His 

Glu 

Asp 

Glu 

Ala 

Luell 

Met 

Luell 

Asp 

Asp 

Ala 

Asn 

Ala 

Gly 

Ala 

Gly 

Wall 

Ile 

Arg 

Ser 

Asn 
160 

Wall 

Phe 

Asn 

Ala 

Ile 
24 O 

Pro 

Glu 

Pro 

Arg 

Gly 

Gly 

Luell 

Luell 

Ser 

Asp 
4 OO 

Gly 

Wall 

Ile 

Asp 

Glin 

Luell 

Ala 

Jul. 9, 2009 
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5 OO 5 OS 510 

Asn Pro Gly Ala Val Val Val Asp Ile Asp Gly Asp Gly Ser Phe Ile 
515 52O 525 

Met Asn Val Glin Glu Lieu Ala Thir Ile Arg Val Glu Asn Lieu Pro Val 
53 O 535 54 O 

Lys Ile Lieu. Lieu. Lieu. Asn. Asn Gln His Lieu. Gly Met Val Val Glin Lieu. 
5.45 550 555 560 

Glu Asp Arg Phe Tyr Llys Ser Asn Arg Ala His Thr Tyr Lieu. Gly Asp 
565 st O sfs 

Pro Ser Ser Glu Ser Glu Ile Phe Pro Asn Met Leu Lys Phe Ala Asp 
58O 585 590 

Ala Cys Gly Ile Pro Ala Ala Arg Val Thir Lys Lys Glu Glu Lieu. Arg 
595 6 OO 605 

Ala Ala Ile Glin Arg Met Lieu. Asp Thr Pro Gly Pro Tyr Lieu. Lieu. Asp 
610 615 62O 

Wall Ile Wall Pro His Glin Glu. His Wall Leu Pro Met Ile Pro Ser Asn 
625 630 635 64 O 

Gly Ser Phe Lys Asp Val Ile Thr Glu Gly Asp Gly Arg Thr Arg Tyr 
645 650 655 

<210 SEQ ID NO 18 
<211 LENGTH: 4 
&212> TYPE: PRT 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic construct 

<4 OO SEQUENCE: 18 

Gly Glin Val Pro 
1. 

<210 SEQ ID NO 19 
<211 LENGTH: 10 
&212> TYPE: PRT 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (4) ... (4) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<4 OO SEQUENCE: 19 

Gly Met Val Xala Glin Trp Glu Asp Arg Phe 
1. 5 1O 

<210 SEQ ID NO 2 O 
<211 LENGTH: 5 
&212> TYPE: PRT 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic construct 

<4 OO SEQUENCE: 2O 

Met Pro His Asn. Thir 
1. 5 

<210 SEQ ID NO 21 
<211 LENGTH: 6547 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 
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gattaatgtg cagaaacaca agttt coatt gggittacaag acatt coagg acgcgatttic 1920 

tcc.gcagcat gct atcgagg ttcttgatga gttgactaat ggagatgct a ttgttagtac 198O 

tggggttggg cagcatcaaa ttgggctgc gcagttttac aagtacaaga gaccgaggca 2O4. O 

gtggttgacc ticaggggg.tc ttggagc.cat gggttittgga ttgcctg.cgg ctattggtgc 21OO 

tgctgttgct aaccotgggg Ctgttgttggit tacattgat ggggatggta gtttcat cat 216 O 

gaatgttcag gagttggc.ca ctataagagt ggaga at Ctc C cagttalaga tattgttgtt 222 O 

gaacaatcag catttgggta tigtggttca gttggaggat aggttctaca agt ccaatag 228O 

agct cacacic tat cittggag atc.cgt.ctag cdagagc gag atatt cocaa acatgct caa 234 O 

gtttgctgat gcttgttggga taccggcago go.gagtgacg aagaaggaag agcttagagc 24 OO 

ggcaatticag agaatgttgg acacic cctdg ccc ctacctt cittgatgtca ttgtgc.ccca 246 O 

t caggagcat gtgttgc.cga tigatt Cocag taatggatcc ttcaaggatg tdata actga 252O 

gggtgatggit agaacgaggit actgattgcc tagaccalaat gttcCttgat gcttgttittg 2580 

tacaatatat ataagataat gctgtc.ctag ttgcaggatt toggcc tigtgg tdagcatcat 264 O 

agtctgtagt agttittggta gcaagacatt ttattitt cott tittatttaac titact acatg 27 OO 

cagtag catc tat citat citc togtag totga tat ct cotgt tdtctgtatt gtgcc.gttgg 276 O 

atttitttgct gtag tigagac togaaaatgat gtgctagtaa taatatttct gttagaaatc 282O 

taagtagaga atctgttgaa gaagttcaaaa gctaatggaa t caggttaca tat caatgtt 288O 

tittcttttitt tag.cggttgg tagacgtgta gattcaactt citcttggagc ticaccitaggc 294 O 

aatcagtaaa atgcatatt c ctitttittaac ttgccattta titt acttitta gtggaaattg 3 OOO 

tgaccalattt gttcatgtag aacggatttg gaccattgcg tccacaaaac gtc.tc.ttittg 3 O 6 O 

citcgat ctitc acaaag.cgat accqaaatcc agagatagitt ttcaaaagtic agaaatggca 312 O 

aagttataaa tagtaaaa.ca gaatagatgc tigtaatcgac ttcaataa.ca agtggcatca 318O 

cgtttctagt t 3.191 

<210 SEQ ID NO 23 
<211 LENGTH: 2924 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: recombinant construct 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1191) . . (1191) 
<223> OTHER INFORMATION: n is a, c, g, or t 

<4 OO SEQUENCE: 23 

cgc.gc.caa.gc titggat.cct c gaagagaagg gttaataa.ca cacttittitta acatttittaa 6 O 

cacaaattitt agittatttaa aaatttatta aaaaatttaa aataagaaga gqaactic titt 12 O 

aaataaatct aacttacaaa atttatgatt tittaataagt titt caccaat aaaaaatgtc 18O 

ataaaaatat gttaaaaagt at attatcaa tatt citctitt atgataaata aaaagaaaaa 24 O 

aaaaataaaa gttaagtgaa aatgagattg aagtgactitt aggtgtgitat aaatatat ca 3OO 

acccc.gc.caa caatttattt aatccaaata tattgaagta tattatt coa tagcc tittat 360 

ttatttatat atttattata taaaagctitt atttgttcta ggttgttcat gaaat attitt 42O 

tittggttitta t ct cogttgt aagaaaatca tdtgctttgt gtc.gc.cactic act attgcag 48O 
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Ctttitt catg cattggtcag attgacggitt gattg tattt ttgttttitta tdgttttgttg 54 O 

titatgactta agt citt catc tictittatc to ttcat caggit ttgatggitta cctaatatgg 6OO 

tccatgggta catgcatggit taaattaggt ggc.ca actitt gttgttgaacg atagaattitt 660 

tttitat atta agtaaact at ttittatatta tdaaataata ataaaaaaaa tattittatca 72 O 

ttattaacaa aat cat atta gttaatttgt taactictata ataaaagaaa tactgta aca 78O 

ttcacattac atggta acat ctitt.ccaccc titt catttgt ttitttgtttg atgactittitt 84 O 

ttcttgttta aatttattitc cct tcttitta aatttggaat acattat cat catatataaa 9 OO 

ctaaaatact aaaaac agga ttacacaaat gataaataat aacacaaata tittataaatc 96.O 

tagctgcaat at atttaaac tagctatat c gat attgtaa aataaaact a gctgcattga O2O 

tactgataaa aaaatat cat gtgctttctg gactgatgat gcagtatact tttgacattg O8O 

c ctittattitt atttitt caga aaa.gctttct tagttctggg ttctt catta tttgttt coc 14 O 

atct coattg tdaattgaat catttgctitc gtgtcacaaa tacaatttag intagg tacat 2OO 

gcattggit ca gatt cacggit ttattatgtc atgacittaag tt catgg tag tacattacct 26 O 

gccacgcatg cattatattg gttagatttgataggcaaat ttggttgtca acaatataaa 32O 

tataaataat gtttittatat tacgaaataa cagtgat caa aacaaacagt tittat ctitta 38O 

ttaacaagat tttgtttittg tttgatgacg ttttittaatgtttacgctitt coccott citt 44 O 

ttgaatttag aac actittat catcataaaa toaaatacta aaaaaattac atatttcata SOO 

aataataa.ca caaatattitt taaaaaatct gaaataataa togaacaat at tacat attat 560 

cacgaaaatt cattaataaa aat attatat aaataaaatg taatagtagt tatatgtagg 62O 

aaaaaagtac togcacgcata atatatacaa aaagattaaa atgaactatt ataaataata 68O 

acactaaatt aatggtgaat catat caaaa taatgaaaaa gtaaataaaa tttgtaatta 74 O 

acttctatat g tattacaca cacaaataat aaataatagt aaaaaaaatt atgataaata 8OO 

tttaccatct cataagat at ttaaaataat gataaaaata tagattattt tittatgcaac 86 O 

tagctagoca aaaagagaac acgggtatat ataaaaagag tacctittaaa ttctact.gta 92 O 

ctitcctitt at tcc tdacgtt tittatat caa gtgga catac gitgaagattt taattat cag 98 O 

tctaaatatt to attagcac ttaatactitt totgttittat tcc tat cct a taagtag to c 2O4. O 

cgattct c cc aac attgctt attcacacaa ctaactaaga aagtc.tt coa tagcc.ccc.ca 21OO 

agcggcc.gct gagtgattgc ticacgagtgt ggt caccatg cct tcagcaa gtaccalatgg 216 O 

gttgatgatgttgtgggttt gaccc.ttcac toaac actitt tagt ccc.tta titt ct catgg 222 O 

aaaataagcc atcgcc.gc.ca toacticcaac acaggttc.cc ttgaccgtga tigaagtgttt 228O 

gtcc caaaac caaaatccaa agttgcatgg tttitccaagt acttaaacaa ccctic tagga 234 O 

agggctgttt citcttct cqt cacact caca at agggtggc ctatog tattt agc ctitcaat 24 OO 

gtct citgg ta gaccctatga tagttittgca agccact acc accct tatgc ticc catatat 246 O 

tctaac cqtg agaggcttct gatctatotic tictdatgttg citttgttitt c tdtgactitac 252O 

tctict ct acc gtgttgcaac Cctgaaaggg ttggtttggc tigctatgtgt titatggggtg 2580 

c ctittgct cattgttgaacgg ttittcttgtg act at cacat atttgcago a cacacactitt 264 O 

gccttgcctic attacgattic at Cagaatgg gactggctga agggagctitt ggcaact atg 27 OO 

gacagagatt aag.cggcc.gc gacacaagtg tagagtact aaataaatgc tittggttgta 276 O 
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aataacacaa at atttataa atctagotgc aatatattta aactagot at atcgatattg 372 O 

taaaataaaa ctagotgcat tdatactgat aaaaaaatat catgtgctitt ctogact gat 378 O 

gatgcagtat acttittgaca ttgcc titt at tittatttitt.c agaaaagct t t cittagttct 384 O 

gggttct tca ttatttgttt cc catctoca ttgttgaattgaat catttgc titcgtgtcac 3900 

aaatacaatt tagntaggta catgcattgg toagatt cac gig titt attat gtcatgacitt 396 O 

aagttcatgg tag tacatta cct gccacgc atgcattata ttggittagat ttgataggca 4 O2O 

aatttggttgtcaacaat at aaatataaat aatgtttitta tattacgaaa taacagtgat 4 O8O 

caaaacaaac agittittatct ttattaacaa gattttgttt ttgtttgatg acgttttitta 414 O 

atgtttacgc titt coccctt cittittgaatt tagaacactt tat catcata aaatcaaata 42OO 

ctaaaaaaat tacatattt cataaataata acacaaatat ttittaaaaaa totgaaataa 426 O 

taatgaacaa tattacat at tat cacgaaa att cattaat aaaaat atta tataaataaa 432O 

atgtaatagt agittatatgt aggaaaaaag tactgcacgc ataatatata caaaaagatt 438 O 

aaaatgaact attataaata ataacactaa attaatggtgaat catat ca aaataatgaa 4 44 O 

aaagtaaata aaatttgtaa tta acttcta tatgt attac acacacaaat aataaataat 4500 

agtaaaaaaa attatgataa at atttacca tot catalaga tatttaaaat aatgataaaa 456 O 

atatagatta tttitt tatgc aactagotag ccaaaaagag aac acgggta tatataaaaa 462O 

gagtacctitt aaattctact g tact tcctt tattoctogac gtttttatat caagtggaca 468O 

tacgtgaaga ttittaattat cagtictaaat attt cattag cacttaatac ttittctgttt 474. O 

tatt cotatic ctataagtag toccgatt ct c ccaa.cattg cittatt caca caactaacta 48OO 

agaaagttctt C catagcc cc cca agcggcc gctgagtgat tict cacgag ttggtcacc 486 O 

atgc ctitcag caagtaccaa togggttgatg atgttgttggg tttgaccctt cact caacac 492 O 

ttittagt ccc titatttctica toggaaaataa gocatcgc.cg ccatcactic c aacacaggitt 498O 

c ccttgaccg tdatgaagtg tttgtc.ccaa aaccaaaatc caaagttgca tdgttitt coa 5040 

agtact taaa caa.cccticta ggaagggctg tttct cittct cqt cacactic acaatagggit 51OO 

ggcc tatgta tittagc ctitc aatgtctic td gtag acccta tdatagttitt gcaa.gc.cact 516 O 

accacc citta togcticc cata tatt ctaacc gtgagaggct tctgat citat gtc.tctgatg 522 O 

ttgctttgtt ttctgtgact tact citct ct accotgttgc aaccotgaaa goggttggittt 528 O 

ggctgctatgtgtttatggg gtgcc tittgc ticattgttgaa cqgttitt Ctt gtgact atca 534 O 

catatttgca gcacacacac tittgccttgc ct cattacga titcatcagaa tdggactggc 54 OO 

tgaagggagc tittggcaact atggacagag attaa.gc 5437 

<210 SEQ ID NO 26 
<211 LENGTH: 7025 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: recombinant construct 

<4 OO SEQUENCE: 26 

gatc.cgt.cga cqgcgc.gc.cc gat catc.cgg atatagttcc ticctitt cago: aaaaaac ccc 6 O 

t caaga ccc.g. tittagaggcc cca aggggitt atgct agitta ttgct cagcg gtggcagcag 12 O 

c caact cago titc ctitt.cgg gctttgttag cagc.cggat.c gatccaa.gct gtacct cact 18O 
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ccgat.ccgt.c gacggcgc.gc gcgc.ctictag ttgaagacac gttcatgtct t catcgtaag 69 OO 

aaga cactica gtagt ctt.cg gcc agaatgg ccc.ggaccga agcttctgca gga attctga 696 O 

gctagogaag titcc tatt co gaagttcc ta ttct citagaa agtataggaa citt cagatcc 7 O2O 

actag 

What is claimed is: 
1. A soy protein product obtained from a high oleic soybean 

wherein said product has at least one characteristic selected 
from the group consisting of improved whiteness, reduced gel 
strength and reduced viscosity when compared to a soy pro 
tein product obtained from a commodity Soybean using the 
same process as that to obtain the Soy protein product from a 
high oleic soybean. 

2. The soy protein product of claim 1, wherein: 
a) the whiteness index is increased by at least 3%; or 
b) the gel strength is reduced by at least 25%; or 
c) the Viscosity of an unhydrolyzed soy protein product is 

reduced by at least 9%. 
3. The soy protein product of anyone of claims 1, or 2 

wherein said protein product has at least 40% protein (Nx6. 
25) on a moisture-free basis. 

4. The soy protein product of anyone of claims 1, or 2 
wherein said protein product has at least 65% protein (Nx6. 
25) on a moisture-free basis. 

5. The soy protein product of anyone of claims 1, or 2 
wherein said protein product has at least 90% protein (Nx6. 
25) on a moisture-free basis. 

7 O25 

6. The soy protein product of anyone of claims 1, or 2 
wherein said product is selected from the group consisting of 
a soy protein isolate, a soy protein concentrate, soy meal, full 
fat flour, soymilk powder, defatted flour, soymilk, textured 
proteins, textured flours, textured concentrates and textured 
isolates. 

7. A food which has incorporated therein the soy protein 
product of anyone of claims 1, or 2. 

8. A beverage which has incorporated therein the soy pro 
tein product of anyone of claims 1, or 2. 

9. Animal feed which has incorporated therein the soy 
protein product of anyone of claims 1, or 2. 

10. A method for improving drying efficiency of a Soy 
protein product, comprising feeding at least one soy protein 
product obtained from a high oleic soybean seed at higher 
feed Solids to a pasteurizer or a dryer compared to feeding at 
least one soy protein product obtained from a commodity 
Soybean. 

11. A method for improving drying efficiency of a soy 
protein product, comprising feeding at least one soy protein 
product obtained from a high oleic soybean seed at no less 
than 14% feed solids to a pasteurizer or a dryer 

c c c c c 


