US 20090203142A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2009/0203142 A1l

Booth et al.

(43) Pub. Date:

Aug. 13,2009

(54)

(735)

(73)

@

(22)

NUCLEOTIDE SEQUENCES OF A NEW
CLASS OF DIVERGED DELTA-9
STEAROYL-ACP DESATURASE GENES

Inventors: John R. Booth, Boothwyn, PA
(US); Rebecca E. Cahoon, Lincoln,
NE (US); William D. Hitz,
Wilmington, DE (US); Anthony J.
Kinney, Wilmington, DE (US);
Narendra S. Yadav, Wilmington,

DE (US)

Correspondence Address:

E I DU PONT DE NEMOURS AND COMPANY
LEGAL PATENT RECORDS CENTER
BARLEY MILL PLAZA 25/1122B, 4417 LAN-
CASTER PIKE

WILMINGTON, DE 19805 (US)

Assignee: E.L. DU PONT DE NEMOURS
AND COMPANY

Appl. No.: 12/357,474

Filed: Jan. 22, 2009

(60)

(60)

D

(52)

&7

Related U.S. Application Data

Division of application No. 10/981,293, filed on Nov.
4, 2004, now Pat. No. 7,498,427, which is a continua-
tion of application No. 09/934,900, filed on Aug. 22,
2001, now abandoned.

Provisional application No. 60/226,996, filed on Aug.
22, 2000.

Publication Classification

Int. Cl1.

CI2N 15/82 (2006.01)

CO7H 21/04 (2006.01)

CI2N 15/63 (2006.01)

C40B 30/04 (2006.01)

US.CL ... 435/468; 536/23.2; 435/320.1;
506/9

ABSTRACT

An isolated nucleic acid fragment encoding a diverged
delta-9 fatty acid desaturase is disclosed. Also the construc-
tion of a chimeric gene encoding all or a portion of the
diverged delta-9 fatty acid desaturase is disclosed, in sense or
antisense orientation, wherein expression of the chimeric
gene results in production of altered levels of the diverged
delta-9 fatty acid desaturase in a transformed host cell.
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NUCLEOTIDE SEQUENCES OF A NEW
CLASS OF DIVERGED DELTA-9
STEAROYL-ACP DESATURASE GENES

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/226,996, filed Aug. 22, 2000, the
entire contents of which are herein incorporated by reference.

FIELD OF THE INVENTION

[0002] This invention is relates to the field of plant molecu-
lar biology and, in particular, to nucleic acid fragments
encoding a diverged delta-9 fatty acid desaturase in plants and
seeds.

BACKGROUND OF THE INVENTION

[0003] Soybean oil accounts for about 70% of'the 14 billion
pounds of edible oil consumed in the United States and is a
major edible oil worldwide. It is used in baking, frying, salad
dressing, margarine, and a multitude of processed foods. In
1987/88 60 million acres of soybean were planted in the U.S.
Soybean is the lowest-cost producer of vegetable oil, which is
a by-product of soybean meal. Soybean is agronomically
well-adapted to many parts of the U.S. Machinery and facili-
ties for harvesting, storing, and crushing are widely available
across the U.S. Soybean products are also a major element of
foreign trade since 30 million metric tons of soybeans, 25
million metric tons of soybean meal, and 1 billion pounds of
soybean oil were exported in 1987/88. Nevertheless,
increased foreign competition has lead to recent declines in
soybean acreage and production. The low cost and ready
availability of soybean oil provides an excellent opportunity
to upgrade this commodity oil into higher value specialty oils
to both add value to soybean crop for the U.S. farmer and
enhance U.S. trade.

[0004] Soybean oil derived from commercial varieties is
composed primarily of 11% palmitic (16:0), 4% stearic (18:
0), 24% oleic (18:1), 54% linoleic (18:2) and 7% linolenic
(18:3) acids. Palmitic and stearic acids are, respectively, 16-
and 18-carbon-long saturated fatty acids. Oleic, linoleic and
linolenic are 18-carbon-long unsaturated fatty acids contain-
ing one, two and three double bonds, respectively. Oleic acid
is also referred to as a monounsaturated fatty acid, while
linoleic and linolenic acids are also referred to as polyunsatu-
rated fatty acids. The specific performance and health
attributes of edible oils is determined largely by their fatty
acid composition.

[0005] Soybean oil is high in saturated fatty acids when
compared to other sources of vegetable oil and contains a low
proportion of oleic acid, relative to the total fatty acid content
of'the soybean seed. These characteristics do not meet impor-
tant health needs as defined by the American Heart Associa-
tion.

[0006] More recent research efforts have examined the role
that monounsaturated fatty acid plays in reducing the risk of
coronary heart disease. In the past, it was believed that
monounsaturates, in contrast to saturates and polyunsatu-
rates, had no effect on serum cholesterol and coronary heart
disease risk. Several recent human clinical studies suggest
that diets high in monounsaturated fat may reduce the “bad”
(low-density lipoprotein) cholesterol while maintaining the
“good” (high-density lipoprotein) cholesterol. [See Mattson
et al. (1985) Journal of Lipid Research 26:194-202, Grundy
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(1986) New England Journal of Medicine 314:745-748, and
Mensink et al. (1987) The Lancet 1:122-125, all collectively
herein incorporated by reference.] These results corroborate
previous epidemiological studies of people living in Mediter-
ranean countries where a relatively high intake of monoun-
saturated fat and low consumption of saturated fat correspond
with low coronary heart disease mortality. [Keys, A., Seven
Countries: A Multivariate Analysis of Death and Coronary
Heart Disease, Cambridge: Harvard University Press, 1980,
herein incorporated by reference.] The significance of
monounsaturated fat in the diet was further confirmed by
international researchers from seven countries at the Second
Colloquim on Monounsaturated Fats held Feb. 26, 1987, in
Bethesda, Md., and sponsored by the National Heart, Lung
and Blood Institutes [Report, Monounsaturates Use Said to
Lower Several Major Risk Factors, Food Chemical News,
Mar. 2, 1987, p. 44, herein incorporated by reference].

[0007] Soybean oil is also relatively high in polyunsatu-
rated fatty acids—at levels in far excess of our essential
dietary requirement. These fatty acids oxidize readily to give
off-flavors and result in reduced performance associated with
unprocessed soybean oil. The stability and flavor of soybean
oil is improved by hydrogenation, which chemically reduces
the double bonds. However, the need for this processing
reduces the economic attractiveness of soybean oil.

[0008] A soybean oil low in total saturates and polyunsatu-
rates and high in monounsaturate would provide significant
health benefits to the United States population, as well as,
economic benefit to oil processors. Soybean varieties which
produce seeds containing the improved oil will also produce
valuable meal as animal feed.

[0009] Another type of differentiated soybean oil is an
edible fat for confectionary uses. More than 2 billion pounds
of cocoa butter, the most expensive edible oil, are produced
worldwide. The U.S. imports several hundred million dollars
worth of cocoa butter annually. The high and volatile prices
and uncertain supply of cocoa butter have encouraged the
development of cocoa butter substitutes. The fatty acid com-
position of cocoa butter is 26% palmitic, 34% stearic, 35%
oleic and 3% linoleic acids. About 72% of cocoa butter’s
triglycerides have the structure in which saturated fatty acids
occupy positions 1 and 3 and oleic acid occupies position 2.
Cocoa butter’s unique fatty acid composition and distribution
on the triglyceride molecule confer on it properties eminently
suitable for confectionary end-uses: it is brittle below 27° C.
and depending on its crystalline state, melts sharply at 25-30°
C. or 35-36° C. Consequently, it is hard and non-greasy at
ordinary temperatures and melts very sharply in the mouth. It
is also extremely resistant to rancidity. For these reasons,
producing soybean oil with increased levels of stearic acid,
especially in soybean lines containing higher-than-normal
levels of palmitic acid, and reduced levels of unsaturated fatty
acids is expected to produce a cocoa butter substitute in
soybean. This will add value to oil and food processors as well
as reduce the foreign import of certain tropical oils.

[0010] Only recently have serious efforts been made to
improve the quality of soybean oil through plant breeding,
especially mutagenesis, and a wide range of fatty acid com-
position has been discovered in experimental lines of soybean
(Table 1). These findings (as well as those with other oilcrops)
suggest that the fatty acid composition of soybean oil can be
significantly modified without affecting the agronomic per-
formance of a soybean plant. However, there is no soybean
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mutant line with levels of saturates less than those present in
commercial canola, the major competitor to soybean oil as a
“healthy” oil.

TABLE 1

Range of Fatty Acid Percentages Produced by Soybean Mutants

Range of
Fatty Acids Percentages
Palmitic Acid 6-28
Stearic Acid 3-30
Oleic Acid 17-50
Linoleic Acid 35-60
Linolenic Acid 3-12

[0011] There are serious limitations to using mutagenesis
to alter fatty acid composition. It is unlikely to discover muta-
tions a) that result in a dominant (“gain-of-function™) pheno-
type, b) in genes that are essential for plant growth, and ¢) in
an enzyme that is not rate-limiting and that is encoded by
more than one gene. Even when some of the desired muta-
tions are available in soybean mutant lines their introgression
into elite lines by traditional breeding techniques will be slow
and expensive, since the desired oil compositions in soybean
are most likely to involve several recessive genes.

[0012] Recent molecular and cellular biology techniques
offer the potential for overcoming some of the limitations of
the mutagenesis approach, including the need for extensive
breeding. Particularly useful technologies are: a) seed-spe-
cific expression of foreign genes in transgenic plants [see
Goldberg et al. (1989) Cell 56:149-160], b) use of antisense
RNA to inhibit plant target genes in a dominant and tissue-
specific manner [see van der Krol et al. (1988) Gene 72:45-
50], ¢) transfer of foreign genes into elite commercial variet-
ies of commercial oilcrops, such as soybean [Chee et al.
(1989) Plant Physiol. 91:1212-1218; Christou et al. (1989)
Proc. Natl. Acad. Sci. U.S.A. 86:7500-7504; Hinchee et al.
(1988) Bio/Technology 6:915-922; EPO publication 0 301
749 A2], rapeseed [De Block et al. (1989) Plant Physiol.
91:694-701], and sunflower [Everett et al. (1987) Bio/Tech-
nology 5:1201-1204], and d) use of genes as restriction frag-
ment length polymorphism (RFLP) markers in a breeding
program, which makes introgression of recessive traits into
elite lines rapid and less expensive [Tanksley et al. (1989)
Bio/Technology 7:257-264]. However, application of each of
these technologies requires identification and isolation of
commercially-important genes.

[0013] Oil biosynthesis in plants has been fairly well-stud-
ied [see Harwood (1989) in Critical Reviews in Plant Sci-
ences, Vol. 8(1):1-43]. The biosynthesis of palmitic, stearic
and oleic acids occur in the plastids by the interplay of three
key enzymes of the “ACP track™: palmitoyl-ACP elongase,
stearoyl-ACP  desaturase and acyl-ACP thioesterase.
Stearoyl-ACP desaturase introduces the first double bond on
stearoyl-ACP to form oleoyl-ACP. It is pivotal in determining
the degree of unsaturation in vegetable oils. Because of its key
position in fatty acid biosynthesis it is expected to be an
important regulatory step. While the enzyme’s natural sub-
strate is stearoyl-ACP, it has been shown that it can, like its
counterpart in yeast and mammalian cells, desaturate
stearoyl-CoA, albeit poorly [McKeon et al. (1982) J. Biol.
Chem. 257:12141-12147]. The fatty acids synthesized in the
plastid are exported as acyl-CoA to the cytoplasm. At least
three different glycerol acylating enzymes (glycerol-3-P
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acyltransferase, 1-acyl-glycerol-3-P acyltransferase and dia-
cylglycerol acyltransferase) incorporate the acyl moieties
from the cytoplasm into triglycerides during oil biosynthesis.
These acyltransferases show a strong, but not absolute, pref-
erence for incorporating saturated fatty acids at positions 1
and 3 and monounsaturated fatty acid at position 2 of the
triglyceride. Thus, altering the fatty acid composition of the
acyl pool will drive by mass action a corresponding change in
the fatty acid composition of the oil. Furthermore, there is
experimental evidence that, because of this specificity, given
the correct composition of fatty acids, plants can produce
cocoa butter substitutes [Bafor et al. (1990) JAOCS 67:217-
225].

[0014] Based on the above discussion, one approach to
altering the levels of stearic and oleic acids in vegetable oils is
by altering their levels in the cytoplasmic acyl-CoA pool used
for oil biosynthesis. There are two ways of doing this geneti-
cally: a) altering the biosynthesis of stearic and oleic acids in
the plastid by modulating the levels of stearoyl-ACP desatu-
rase in seeds through either overexpression or antisense inhi-
bition of its gene, and b) converting stearoyl-CoA to oleoyl-
CoA in the cytoplasm through the expression of the stearoyl-
ACP desaturase in the cytoplasm.

[0015] Inordertouse antisense inhibition of stearoyl-ACP
desaturase in the seed, it is essential to isolate the gene(s) or
c¢DNAC(s) encoding the target enzyme(s) in the seed, since
antisense inhibition requires a high-degree of complementa-
rity between the antisense RNA and the target gene that is
expected to be absent in stearoyl-ACP desaturase genes from
other species.

[0016] The purification and nucleotide sequences of mam-
malian microsomal stearoyl-CoA desaturases have been pub-
lished [Thiede et al. (1986) J. Biol. Chem. 262:13230-13235;
Ntambi et al. (1988) J. Biol. Chem. 263:17291-17300; Kaest-
ner et al. (1989) J. Biol. Chem. 264:14755-14761]. However,
the plant enzyme differs from them in being soluble, in uti-
lizing a different electron donor, and in its substrate-speci-
ficities. The purification and the nucleotide sequences for
animal enzymes do not teach how to purify the plant enzyme
or isolate a plant gene. The purification of stearoyl-ACP
desaturase was reported from safflower seeds [McKeon et al.
(1982) J. Biol. Chem. 257:12141-12147]. However, this puri-
fication scheme was notuseful for soybean, either because the
desaturases are different or because of the presence of other
proteins such as the soybean seed storage proteins in seed
extracts.

[0017] The rat liver stearoyl-CoA desaturase protein has
been expressed in E. coli [Strittmatter et al. (1988) J. Biol.
Chem. 263:2532-2535] but, as mentioned above, its substrate
specificity and electron donors are quite distinct from that of
the plant.

[0018] Plant stearoyl-ACP desaturase cDNAs have been
cloned from soybean [U.S. Pat. No. 5,760,206, the disclosure
of'which is hereby incorporated by reference], safflower [ Th-
ompson et al. (1991) Proc. Natl. Acad. Sci. 88:2578], castor
[Shanklin and Somerville (1991) Proc. Natl. Acad. Sci.
88:2510-2514], and cucumber [Shanklin et al. (1991) Plant
Physiol. 97:467-468]. Kutzon et al. [(1992) Proc. Natl. Acad.
Sci. 89:2624-2648] have reported that rapeseed stearoyl-ACP
desaturase when expressed in Brassica rapa and B. napa in an
antisense orientation can result in increase in 18:0 level in
transgenic seeds. All of the reported genes have 59-80%
identity to each other at the nucleotide and polypeptide level.
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[0019] U.S. Pat. No. 5,723,595, issued to Thompson et al.
on Mar. 3, 1998, describes stearoyl-ACP desaturases from
castor and safflower.

[0020] U.S. Pat. No. 5,443,974, issued to Hitz et al., on
Aug. 22, 1995, describes soybean stearoyl-ACP desaturase.
[0021] U.S. Pat. No. 5,760,206, issued to Hitz et al, on Jun.
2, 1998, describes soybean stearoyl-ACP desaturase.

SUMMARY OF THE INVENTION

[0022] The present invention concerns an isolated poly-
nucleotide comprising a nucleotide sequence selected from
the group consisting of: (a) a nucleotide sequence encoding a
polypeptide having delta-9 fatty acid desaturase activity that
has at least 80%, 85%, 90%, or 95% identity based on the
Clustal method of alignment when compared to a polypeptide
selected from the group consisting of SEQ ID NO:2, 4, 6, 8,
10, 12, 14, or 16, or (b) the complement of the nucleotide
sequence.

[0023] In a second embodiment, it is preferred that the
isolated polynucleotide of the claimed invention comprises a
nucleotide sequence which comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO:1, 3, 5, 7, 9, 11, 13, or that codes for a polypeptide
selected from the group consisting of SEQ ID NO:2, 4, 6, 8,
10,12, 14, or 16.

[0024] In a third embodiment, this invention relates to a
chimeric gene comprising an isolated polynucleotide of the
present invention operably linked to at least one suitable
regulatory sequence.

[0025] In a fourth embodiment, the present invention con-
cerns an isolated host cell comprising a chimeric construct of
the present invention or an isolated polynucleotide of the
present invention. The host cell may be eukaryotic, such as a
yeast or a plant cell, or prokaryotic, such as a bacterial cell.

[0026] In a fifth embodiment, the invention also relates to a
process for producing an isolated host cell comprising a chi-
meric construct of the present invention or an isolated poly-
nucleotide of the present invention, the process comprising
either transforming or transfecting an isolated compatible
host cell with a chimeric gene or isolated polynucleotide of
the present invention.

[0027] In a sixth embodiment, the invention concerns a
diverged delta-9 stearoyl desaturase polypeptide of at least
400 amino acids comprising at least 80% identity based on the
Clustal method of alignment compared to a polypeptide
selected from the group consisting of SEQ ID NO:2, 4, 6, 8,
10,12, 14, or 16.

[0028] Inan seventh embodiment, the invention relates to a
method of' selecting an isolated polynucleotide that affects the
level of expression of a diverged delta-9 stearoyl desaturase
polypeptide or enzyme activity in a host cell, preferably a
plant cell, the method comprising the steps of: (a) construct-
ing an isolated polynucleotide of the present invention or an
isolated chimeric construct of the present invention; (b) intro-
ducing the isolated polynucleotide or the isolated chimeric
construct into a host cell; (¢c) measuring the level of the
diverged delta-9 stearoyl desaturase polypeptide or enzyme
activity in the host cell containing the isolated polynucle-
otide; and (d) comparing the level of the diverged delta-9
stearoyl desaturase polypeptide or enzyme activity in the host
cell containing the isolated polynucleotide with the level of
the diverged delta-9 stearoyl desaturase polypeptide or
enzyme activity in the host cell that does not contain the
isolated polynucleotide.
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[0029] In an eighth embodiment, the invention concerns a
method of obtaining a nucleic acid fragment encoding a sub-
stantial portion of a diverged delta-9 stearoyl desaturase
polypeptide, preferably a plant diverged delta-9 stearoyl
desaturase polypeptide, comprising the steps of: synthesizing
an oligonucleotide primer comprising a nucleotide sequence
of at least one of 30 (preferably at least one of 40, most
preferably at least one of 60) contiguous nucleotides derived
from a nucleotide sequence selected from the group consist-
ing of SEQ ID NO:1, 3, 5, 7, 9, 11, 13, or 15, and the
complement of such nucleotide sequences; and amplifying a
nucleic acid fragment (preferably a cDNA inserted in a clon-
ing vector) using the oligonucleotide primer. The amplified
nucleic acid fragment preferably will encode a substantial
portion of a diverged delta-9 stearoyl desaturase amino acid
sequence.

[0030] In a ninth embodiment, this invention relates to a
method of obtaining a nucleic acid fragment encoding all or a
substantial portion of the amino acid sequence encoding a
diverged delta-9 stearoyl desaturase polypeptide comprising
the steps of: probing a ¢cDNA or genomic library with an
isolated polynucleotide of the present invention; identifying a
DNA clone that hybridizes with an isolated polynucleotide of
the present invention; isolating the identified DNA clone; and
sequencing the cDNA or genomic fragment that comprises
the isolated DNA clone.

[0031] In a tenth embodiment, this invention relates to a
method of obtaining a nucleic acid fragment encoding all or a
substantial portion of the amino acid sequence encoding a
diverged delta-9 stearoyl desaturase polypeptide comprising
the steps of: probing a ¢cDNA or genomic library with an
isolated polynucleotide of the present invention; identifying a
DNA clone that hybridizes with an isolated polynucleotide of
the present invention; isolating the identified DNA clone;
introducing said clone into a construct for expression in a
bacteria or yeast; and assaying for delta-9 desaturase activity
in the bacteria or yeast.

[0032] Inan eleventh embodiment, this invention relates to
a method of identifying an isolated polynucleotide that
encodes a delta-9 fatty acid desaturase comprising the steps
of: determining an amino acid sequence of the polypeptide
encoded by the isolated DNA; determining if the amino acid
sequence comprises at least two amino acid sequences
selected from the group consisting of HSMPPEK corre-
sponding to amino acids 67-73 of SEQ ID NO:2, LPLLKPVE
corresponding to amino acids 89-96 of SEQ ID NO:2, EYFV-
VLVGDM corresponding to amino acids 132-141 of SEQ ID
NO:2, EKTV corresponding to amino acids 205-208 of SEQ
1D NO:2, GMDPGT corresponding to amino acids 215-220
of SEQ ID NO:2, NNPYLGFVYTSFQERAT corresponding
to amino acids 222-238 of SEQ ID NO:2, VLLAR correspond-
ing to amino acids 256-259 of SEQ ID NO:2, RIVE corre-
sponding to amino acids 277-280 of SEQ ID NO:2,
ITMPAHL corresponding to amino acids 302-308 of SEQ ID
NO:2, or DFVCGLA corresponding to amino acids 364-370
of SEQ ID NO:2.

[0033] Inantwelfth embodiment, this invention relates to a
method ofidentifying an isolated polynucleotide that encodes
a delta-9 fatty acid desaturase comprising the steps of: deter-
mining the polypeptide sequence by one of the aforemen-
tioned methods; determining that the amino acid sequence of
the polypeptide does not contain at least one of the following
amino acid sequences KEIPDDYFWLVGDMITEEALP-
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TYQTMLNT corresponding to positions 116-145 of SEQ ID
NO:23; or DYADILEFLVGRWK corresponding to positions
324-337 of SEQ ID NO:23.

[0034] In an thirteenth embodiment, this invention relates
to a method of altering the level of expression of a diverged
delta-9 fatty acid desaturase in a host cell comprising: (a)
transforming a host cell with a chimeric construct of the
present invention; and (b) growing the transformed host cell
under conditions that are suitable for expression of the chi-
meric construct wherein expression of the chimeric construct
results in production of altered levels of the a diverged delta-9
fatty acid desaturase in the transformed host cell.

BRIEF DESCRIPTION OF THE DRAWINGS AND
SEQUENCE LISTINGS

[0035] 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.

[0036] FIG. 1 shows a comparison of the amino acid
stearoyl-ACP desaturase sequences of the soybean enzyme
[SEQ ID NO:2], corn [SEQID NOs:10 and 12], rice [SEQ ID
NOs:14 and 16], to the lupine [gi 4704824, SEQ ID NO:17],
jojoba[gi 267036, SEQIDNO:20], Arabidopsis [gi 6957724,
SEQIDNO:21], flax [gi 3355632, SEQ IDNO:22], and to the
soybean stearoyl-ACP desaturase [SEQ ID NO:23] found in
U.S. Pat. No. 5,760,206.

[0037] Table 2 lists the polypeptides that are described
herein, the designation of the cDNA clones that comprise the
nucleic acid fragments encoding polypeptides representing
all or a substantial portion of these polypeptides, and the
corresponding identifier (SEQ ID NO:) as used in the
attached Sequence Listing. The sequence descriptions and
Sequence Listing attached hereto comply with the rules gov-
erning nucleotide and/or amino acid sequence disclosures in
patent applications as set forth in 37 C.F.R. §1.821-1.825.

TABLE 2

Diverged Delta-9 Fatty Acid Desaturase

SEQ ID NO:

(Amino
Protein Clone Designation (Nucleotide)  Acid)
Soybean [Glycine max] 5e6.pk0026.a8 1 2
Corn [Zea mays) cbnl10.pk0061.a3 3 4
Corn [Zea mays) contig of: 5 6
cen7f.pk001.k12
cpdle.pk012.n9

cpdle.pk014.118
p0103.ciaad81r
p0106.cjlpm&8r

Rice [Oryza sativa) rdsle.pk007.g19 7 8
Corn [Zea mays) cbnl10.pk0061.a3:fis 9 10
Corn [Zea mays) cpdle.pk014.118:fis 11 12
Rice [Oryza sativa) rdsle.pk007.g19:fis 13 14
Rice [Oryza sativa) 1sl1n.pk008.j18:fis 15 16

[0038] 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 [TUPAC-
TUBMB 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-
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bols and format used for nucleotide and amino acid sequence
data comply with the rules set forth in 37 C.F.R. §1.822.

DETAILED DESCRIPTION OF THE INVENTION

[0039] A new diverged class of delta-9 steroyl desaturases
are disclosed herein. These desaturases were obtained from
soybean, corn, and rice and are less than 60% identical to the
previously characterized class. This new diverged class of
delta-9 steroyl desaturases still performs the substantially
identical biochemical function in plants as the previously
characterized class. In addition, evidence is presented to show
that the new class of desaturases may play a more important
role in regulating fatty acid synthesis than the previous class.
[0040] The terms “diverged delta-9 fatty acid desaturase”,
“diverged delta-9 stearoyl desaturase”, or “diverged delta-9
desaturase” are used interchangeably herein and include, but
are not limited to, all plant delta-9 stearoyl desaturases that
are less than 60% identical to the previously characterized
delta-9 stearoyl desaturases (PCT Publication Nos. WO
91/13972 and WO 91/18985). This new diverged class of
delta-9 steroyl desaturases still performs the substantially
identical biochemical function in plants as the previously
characterized class, namely the introduction of a double bond
between carbon atoms 9 and 10 of stearoyl-ACP to form
oleoyl-ACP.

[0041] In the context of this disclosure, a number of terms

(LIS

shall be utilized. The terms “polynucleotide”, “polynucle-
otide sequence”, “nucleic acid sequence”, and “nucleic acid
fragment”/“isolated nucleic acid fragment” are used inter-
changeably 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 option-
ally contains 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. An isolated poly-
nucleotide of the present invention may include at least one of
30 contiguous nucleotides, preferably at least one of 40 con-
tiguous nucleotides, most preferably one of at least 60 con-
tiguous nucleotides derived from SEQ ID NO:1,3,5,7,9, 11,
13, or 15, or the complement of such sequences.

[0042] The term “isolated” polynucleotide refers to a poly-
nucleotide that is substantially free from other nucleic acid
sequences, such as and not limited to other chromosomal and
extrachromosomal DNA and RNA. Isolated polynucleotides
may be purified from a host cell in which they naturally occur.
Conventional nucleic acid purification methods known to
skilled artisans may be used to obtain isolated polynucle-
otides. The term also embraces recombinant polynucleotides
and chemically synthesized polynucleotides. Nucleotides
(usually found in their 5'-monophosphate form) are referred
to by their single letter designation as follows: “A” for ade-
nylate or deoxyadenylate (for RNA or DNA, respectively),
“C” for cytidylate or deoxycytidylate, “G” for guanylate or
deoxyguanylate, “U” for uridylate, “T” for deoxythymidy-
late, “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.

[0043] The term “host” refers to any organism, or cell
thereof, whether human or non-human into which a recom-
binant construct can be stably or transiently introduced in
order to alter gene expression in the host.

[0044] The term “recombinant” means, for example, that a
nucleic acid sequence is made by an artificial combination of
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two otherwise separated segments of sequence, e.g., by
chemical synthesis or by the manipulation of isolated nucleic
acids by genetic engineering techniques.

[0045] As used herein, “contig” refers to a nucleotide
sequence that is assembled from two or more constituent
nucleotide sequences that share common or overlapping
regions of sequence homology. For example, the nucleotide
sequences of two or more nucleic acid fragments can be
compared and aligned in order to identify common or over-
lapping sequences. Where common or overlapping sequences
exist between two or more nucleic acid fragments, the
sequences (and thus their corresponding nucleic acid frag-
ments) can be assembled into a single contiguous nucleotide
sequence.

[0046] As used herein, “substantially similar” refers to
nucleic acid fragments wherein changes in one or more nucle-
otide bases results in substitution of one or more amino acids,
but do not affect the functional properties of the polypeptide
encoded by the nucleotide sequence. “Substantially similar”
also refers to nucleic acid fragments wherein changes in one
or more nucleotide bases does not affect the ability of the
nucleic acid fragment to mediate alteration of gene expres-
sion by gene silencing through for example antisense or co-
suppression technology. “Substantially similar” also refers to
modifications of the nucleic acid fragments of the instant
invention such as deletion or insertion of one or more nucle-
otides that do not substantially affect the functional properties
of'the resulting transcript vis-a-vis the ability to mediate gene
silencing or alteration of the functional properties of the
resulting protein molecule. It is therefore understood that the
invention encompasses more than the specific exemplary
nucleotide or amino acid sequences and includes functional
equivalents thereof. The terms “substantially similar” and
“corresponding substantially” are used interchangeably
herein.

[0047] Substantially similar nucleic acid fragments may be
selected by screening nucleic acid fragments representing
subfragments or modifications of the nucleic acid fragments
of the instant invention, wherein one or more nucleotides are
substituted, deleted and/or inserted, for their ability to affect
the level of the polypeptide encoded by the unmodified
nucleic acid fragment in a plant or plant cell. For example, a
substantially similar nucleic acid fragment representing at
least one of 30 contiguous nucleotides derived from the
instant nucleic acid fragment can be constructed and intro-
duced into a plant or plant cell. The level of the polypeptide
encoded by the unmodified nucleic acid fragment present in a
plant or plant cell exposed to the substantially similar nucleic
fragment can then be compared to the level of the polypeptide
in a plant or plant cell that is not exposed to the substantially
similar nucleic acid fragment.

[0048] For example, it is well known in the art that anti-
sense suppression and co-suppression of gene expression
may be accomplished using nucleic acid fragments represent-
ing less than the entire coding region of a gene, and by using
nucleic acid fragments that do not share 100% sequence
identity with the gene to be suppressed. In a preferred
embodiment, it has been found that suitable nucleic
sequences and their reverse complement can be used to alter
the expression of any homologous, endogensous RNA which
is in proximity to the suitable nucleic acid and its reverse
complement. This is described in greater detail in Applicant’s
Assignee’s co-pending provisional application having Appli-
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cation No. 60/213,961 filed Jun. 23, 2000, the disclosure of
which is hereby incorporated by reference.

[0049] In addition, alterations in a nucleic acid fragment
which result in the production of a chemically equivalent
amino acid at a given site, but do not effect the functional
properties of the encoded polypeptide, are well known in the
art. Thus, a codon for the amino acid alanine, a hydrophobic
amino acid, may be substituted by a codon encoding another
less hydrophobic residue, such as glycine, or a more hydro-
phobic residue, such as valine, leucine, or isoleucine. Simi-
larly, changes which result in substitution of one negatively
charged residue for another, such as aspartic acid for glutamic
acid, or one positively charged residue for another, such as
lysine for arginine, can also be expected to produce a func-
tionally equivalent product. Nucleotide changes which result
in alteration of the N-terminal and C-terminal portions of the
polypeptide molecule would also not be expected to alter the
activity of the polypeptide. Each of the proposed modifica-
tions is well within the routine skill in the art, as is determi-
nation of retention of biological activity of the encoded prod-
ucts. Consequently, an isolated polynucleotide comprising a
nucleotide sequence of at least one of 30 (preferably at least
one of 40, most preferably at least one of 60) contiguous
nucleotides derived from a nucleotide sequence selected from
the group consisting of SEQIDNO:1,3,5,7,9,11, 13, 0r 15,
and the complement of such nucleotide sequences may be
used in methods of selecting an isolated polynucleotide that
affects the expression of a diverged delta-9 stearoyl desatu-
rase polypeptide in a host cell. A method of selecting an
isolated polynucleotide that affects the level of expression of
a polypeptide in a virus or in a host cell (eukaryotic, such as
plant or yeast, prokaryotic such as bacterial) may comprise
the steps of: constructing an isolated polynucleotide of the
present invention or an isolated chimeric gene of the present
invention; introducing the isolated polynucleotide or the iso-
lated chimeric gene into a host cell; measuring the level of a
polypeptide or enzyme activity in the host cell containing the
isolated polynucleotide; and comparing the level of a
polypeptide or enzyme activity in the host cell containing the
isolated polynucleotide with the level of a polypeptide or
enzyme activity in a host cell that does not contain the isolated
polynucleotide.

[0050] Moreover, substantially similar nucleic acid frag-
ments may also be characterized by their ability to hybridize.
Estimates of such homology are provided by either DNA-
DNA or DNA-RNA hybridization under conditions of strin-
gency as is well understood by those skilled in the art (Hames
and Higgins, Eds. (1985) Nucleic Acid Hybridisation, IRL
Press, Oxford, U.K.). Stringency conditions can be adjusted
to screen for moderately similar fragments, such as homolo-
gous sequences from distantly related organisms, to highly
similar fragments, such as genes that duplicate functional
enzymes from closely related organisms. Post-hybridization
washes determine stringency conditions. One set of preferred
conditions uses a series of washes starting with 6xSSC, 0.5%
SDS at room temperature for 15 min, then repeated with
2xSSC, 0.5% SDS at 45° C. for 30 min, and then repeated
twice with 0.2xSSC, 0.5% SDS at 50° C. for 30 min. A more
preferred set of stringent conditions uses higher temperatures
in which the washes are identical to those above except for the
temperature of the final two 30 min washes in 0.2xSSC, 0.5%
SDS was increased to 60° C. Another preferred set of highly
stringent conditions uses two final washes in 0.1xSSC, 0.1%
SDS at 65° C.
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[0051] Substantially similar nucleic acid fragments of the
instant invention may also be characterized by the percent
identity of the amino acid sequences that they encode to the
amino acid sequences disclosed herein, as determined by
algorithms commonly employed by those skilled in this art.
Suitable nucleic acid fragments (isolated polynucleotides of
the present invention) encode polypeptides that are at least
about 70% identical, preferably at least about 80% identical
to the amino acid sequences reported herein. Preferred
nucleic acid fragments encode amino acid sequences that are
about 85% identical to the amino acid sequences reported
herein. More preferred nucleic acid fragments encode amino
acid sequences that are at least about 90% identical to the
amino acid sequences reported herein. Most preferred are
nucleic acid fragments that encode amino acid sequences that
are at least about 95% identical to the amino acid sequences
reported herein. Suitable nucleic acid fragments not only
have the above identities but typically encode a polypeptide
having at least 50 amino acids, preferably at least 100 amino
acids, more preferably at least 150 amino acids, still more
preferably at least 200 amino acids, and most preferably at
least 250 amino acids. Sequence alignments and percent iden-
tity calculations were performed using the Megalign program
of the LASERGENE bioinformatics computing suite
(DNASTAR Inc., Madison, Wis.). Multiple alignment of the
sequences was performed using the Clustal method of align-
ment (Higgins and Sharp (1989) CABIOS. 5:151-153) with
the default parameters (GAP PENALTY=10, GAP LENGTH
PENALTY=10). Default parameters for pairwise alignments
using the Clustal method were KTUPLE 1, GAP PEN-
ALTY=3, WINDOW=5 and DIAGONALS SAVED=5.

[0052] Itshould be appreciated by one skilled in the art that
genes encoding delta-9 desaturases can be identified in a
number of ways. Conserved sequence motifs such as HSMP-
PEK corresponding to amino acids 67-73 of SEQ ID NO:2,
LPLLKPVE corresponding to amino acids 89-96 of SEQ ID
NO:2, EYFVVLVGDM corresponding to amino acids 132-
141 of SEQ ID NO:2, EKTV corresponding to amino acids
205-208 of SEQID NO:2, GMDPGT corresponding to amino
acids 215-220 of SEQ ID NO:2, NNPYLGFVYTSFQERAT
corresponding to amino acids 222-238 of SEQ ID NO:2,
VLAR corresponding to amino acids 256-259 of SEQ ID
NO:2, RIVE corresponding to amino acids 277-280 of SEQ
1D NO:2, ITMPAHL corresponding to amino acids 302-308
of SEQ ID NO:2, or DFVCGLA corresponding to amino
acids 364-370 of SEQ ID NO:2, can be used once several
members of a diverged class are identified (as is the case in the
present invention). In addition one can use hybridization,
sequencing, and electronic alignment to aid the identification
of gene candidates. These approaches can be coupled to assay
of the polypeptide activity in bacterial, yeast, or plant host
cells. Stable transgenic plants would provide a preferred
method of determining the identity of a nucleic acid sequence
encoding a delta-9 desaturase.

[0053] A “substantial portion” of an amino acid or nucle-
otide sequence comprises an amino acid or a nucleotide
sequence that is sufficient to afford putative identification of
the protein or gene that the amino acid or nucleotide sequence
comprises. Amino acid and nucleotide sequences can be
evaluated either manually by one skilled in the art, or by using
computer-based sequence comparison and identification
tools that employ algorithms such as BLAST (Basic Local
Alignment Search Tool; Altschul et al. (1993) J. Mol. Biol.
215:403-410; see also www.ncbi.nlm.nih.gov/BLAST/). In
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general, a sequence of ten or more contiguous amino acids or
thirty or more contiguous nucleotides is necessary in order to
putatively identify a polypeptide or nucleic acid sequence as
homologous to a known protein or gene. Moreover, with
respect to nucleotide sequences, gene-specific oligonucle-
otide probes comprising 30 or more contiguous nucleotides
may be used in sequence-dependent methods of gene identi-
fication (e.g., Southern hybridization) and isolation (e.g., in
situ hybridization of bacterial colonies or bacteriophage
plaques). In addition, short oligonucleotides of 12 or more
nucleotides may be used as amplification primers in PCR in
order to obtain a particular nucleic acid fragment comprising
the primers. Accordingly, a “substantial portion” of a nucle-
otide sequence comprises a nucleotide sequence that will
afford specific identification and/or isolation of a nucleic acid
fragment comprising the sequence. The instant specification
teaches amino acid and nucleotide sequences encoding
polypeptides that comprise one or more particular plant pro-
teins. The skilled artisan, having the benefit of the sequences
as reported herein, may now use all or a substantial portion of
the disclosed sequences for purposes known to those skilled
in this art. Accordingly, the instant invention comprises the
complete sequences as reported in the accompanying
Sequence Listing, as well as substantial portions of those
sequences as defined above.

[0054] “Codon degeneracy” refers to divergence in the
genetic code permitting variation of the nucleotide sequence
without effecting the amino acid sequence of an encoded
polypeptide. Accordingly, the instant invention relates to any
nucleic acid fragment comprising a nucleotide sequence that
encodes all or a substantial portion of the amino acid
sequences set forth herein. The skilled artisan is well aware of
the “codon-bias” exhibited by a specific host cell in usage of
nucleotide codons to specify a given amino acid. Therefore,
when synthesizing a nucleic acid fragment for improved
expression in a host cell, it is desirable to design the nucleic
acid fragment such that its frequency of codon usage
approaches the frequency of preferred codon usage of the host
cell.

[0055] “Synthetic nucleic acid fragments” can be
assembled from oligonucleotide building blocks that are
chemically synthesized using procedures known to those
skilled in the art. These building blocks are ligated and
annealed to form larger nucleic acid fragments which may
then be enzymatically assembled to construct the entire
desired nucleic acid fragment. “Chemically synthesized”, as
related to a nucleic acid fragment, means that the component
nucleotides were assembled in vitro. Manual chemical syn-
thesis of nucleic acid fragments may be accomplished using
well established procedures, or automated chemical synthesis
can be performed using one of a number of commercially
available machines. Accordingly, the nucleic acid fragments
can be tailored for optimal gene expression based on optimi-
zation of the nucleotide sequence to reflect the codon bias of
the host cell. The skilled artisan appreciates the likelihood of
successful gene expression if codon usage is biased towards
those codons favored by the host. Determination of preferred
codons can be based on a survey of genes derived from the
host cell where sequence information is available.

[0056] “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
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sequences. “Chimeric gene” refers 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. “Endogenous gene” refers to a native gene in its
natural location in the genome of an organism. A “foreign-
gene” refers to a gene not normally found in the host organ-
ism, 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.

[0057] “Coding sequence” refers to a nucleotide 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 promoters, translation leader sequences, introns, and
polyadenylation recognition sequences.

[0058] “Promoter” refers to a nucleotide sequence capable
of controlling the expression of a coding sequence or func-
tional RNA. In general, a coding sequence is located 3' to a
promoter sequence. The promoter sequence consists of proxi-
mal and more distal upstream elements, the latter elements
often referred to as enhancers. Accordingly, an “enhancer” is
a nucleotide sequence which can stimulate promoter activity
and may be an innate element of the promoter or a heterolo-
gous element inserted to enhance the level or tissue-specific-
ity of a promoter. Promoters may be derived in their entirety
from a native gene, or may be composed of different elements
derived from different promoters found in nature, or may even
comprise synthetic nucleotide 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 conditions. Promoters which cause a nucleic
acid fragment 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 discovered; numerous examples may be found in the
compilation by Okamuro and Goldberg (1989) Biochemistry
of Plants 15:1-82. It is further recognized that since in most
cases the exact boundaries of regulatory sequences have not
been completely defined, nucleic acid fragments of different
lengths may have identical promoter activity.

[0059] “Translation leader sequence” refers to a 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 trans-
lation start sequence. The translation leader sequence may
affect processing of the primary transcript to mRNA, mRNA
stability or translation efficiency. Examples of translation
leader sequences have been described (Turner and Foster
(1995) Mol. Biotechnol. 3:225-236).

[0060] “3' non-coding sequences” refer to nucleotide
sequences located downstream of a coding sequence and
include polyadenylation recognition sequences and other
sequences encoding regulatory signals capable of affecting
mRNA processing or gene expression. The polyadenylation
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signal is usually characterized by affecting the addition of
polyadenylic acid tracts to the 3' end of the mRNA precursor.
The use of different 3' non-coding sequences is exemplified
by Ingelbrecht et al. (1989) Plant Cell 1:671-680.

[0061] “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 or it may be a RNA sequence derived from post-
transcriptional processing of the primary transcript and is
referred to as the mature RNA. “Messenger RNA (mRNA)”
refers to the RNA that is without introns and that can be
translated into polypeptides by the cell. “cDNA” refers to
DNA that is complementary to and derived from an mRNA
template. The cDNA can be single-stranded or converted to
double stranded form using, for example, the Klenow frag-
ment of DNA polymerase 1. “Sense-RNA” refers to an RNA
transcript that includes the mRNA and so can be translated
into a polypeptide by the cell. “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 (see U.S. Pat. No. 5,107,065, incorporated
herein by reference). The complementarity of an antisense
RNA may be with any part of the specific nucleotide
sequence, i.e., at the 5' non-coding sequence, 3' non coding
sequence, introns, or the coding sequence. “Functional RNA”
refersto sense RNA, antisense RNA, ribozyme RNA, or other
RNA that may not be translated but yet has an effect on
cellular processes.

[0062] The term “operably linked” refers to the association
of'two or more nucleic acid fragments on a single polynucle-
otide so that the function of one is affected by the other. For
example, a promoter is operably linked with a coding
sequence when it is capable of affecting the expression of that
coding sequence (i.e., that the coding sequence is under the
transcriptional control of the promoter). Coding sequences
can be operably linked to regulatory sequences in sense or
antisense orientation.

[0063] An “intron”isan 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.

[0064] The term “expression”, as used herein, refers to the
production of a functional end-product. Expression of a gene
involves transcription of the gene and translation of the
mRNA into a precursor or mature protein. “Antisense inhibi-
tion” refers to the production of antisense RNA transcripts
capable of suppressing the expression of the target protein.
“Overexpression” refers to the production of a gene product
in transgenic organisms that exceeds levels of production in
normal or non-transformed organisms. “Co-suppression”
refers to the production of sense RNA transcripts capable of
suppressing the expression of identical or substantially simi-
lar foreign or endogenous genes (U.S. Pat. No. 5,231,020, the
disclosure of which is hereby incorporated by reference).
[0065] A “protein” or “polypeptide” is a chain of amino
acids arranged in a specific order determined by the coding
sequence in a polynucleotide encoding the polypeptide. Each
protein or polypeptide has a unique function.
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[0066] “Altered levels” or “altered expression” refers to the
production of gene product(s) in transgenic organisms in
amounts or proportions that differ from that of normal or
non-transformed organisms.

[0067] “Null mutant” as used herein refers to a host cell
which either does not express a certain polypeptide or
expresses a polypeptide which is inactive or does not have any
detectable expected enzymatic function.

[0068] “Mature protein” or the term “mature” when used in
describing a 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” or the term “precursor” when used in
describing a protein refers to the primary product of transla-
tion of mRNA; i.e., with pre- and propeptides still present.
Pre- and propeptides may be but are not limited to intracel-
Iular localization signals.

[0069] A “chloroplast transit peptide” is an amino acid
sequence which is translated in conjunction with a protein
and directs the protein to the chloroplast or other plastid types
present in the cell in which the protein is made. “Chloroplast
transit sequence” refers to a nucleotide sequence that encodes
a chloroplast transit peptide. A “signal peptide” is an amino
acid sequence which is translated in conjunction with a pro-
tein and directs the protein to the secretory system
(Chrispeels (1991) Ann. Rev. Plant Phys. Plant Mol. Biol.
42:21-53). If the protein is to be directed to a vacuole, a
vacuolar targeting signal (supra) can further be added, orifto
the endoplasmic reticulum, an endoplasmic reticulum reten-
tion signal (supra) may be added. If the protein is to be
directed to the nucleus, any signal peptide present should be
removed and instead a nuclear localization signal included
(Raikhel (1992) Plant Phys. 100:1627-1632).

[0070] The present invention describes a nucleic acid frag-
ment that encodes a diverged delta-9 fatty acid desaturase.
This enzyme catalyzes the introduction of a double bond
between carbon atoms 9 and 10 of stearoyl-ACP to form
oleoyl-ACP. It can also convert stearoyl-CoA into oleoyl-
CoA, albeit with reduced efficiency. Transfer of the nucleic
acid fragment of the invention, or a part thereof that encodes
a functional enzyme, with suitable regulatory sequences into
aliving cell will result in the production or over-production of
stearoyl-ACP desaturase, which in the presence of an appro-
priate electron donor, such as ferredoxin, may result in an
increased level of unsaturation in cellular lipids, including oil,
in tissues when the enzyme is absent or rate-limiting.

[0071] “Transformation” refers to the transfer of a nucleic
acid fragment into the genome of a host organism, resulting in
genetically stable inheritance. Host organisms containing the
transformed nucleic acid fragments are referred to as “trans-
genic” organisms. Examples of methods of plant transforma-
tion include Agrobacterium-mediated transformation (De
Blaere et al. (1987) Meth. Enzymol. 143:277) and particle-
accelerated or “gene gun” transformation technology (Klein
etal. (1987) Nature (London) 327:70-73; U.S. Pat. No. 4,945,
050, incorporated herein by reference). Thus, isolated poly-
nucleotides of the present invention can be incorporated into
recombinant constructs, typically DNA constructs, capable
of introduction into and replication in a host cell. Such a
construct can be a vector that includes a replication system
and sequences that are capable of transcription and transla-
tion of a polypeptide-encoding sequence in a given host cell.
A number of vectors suitable for stable transfection of plant
cells or for the establishment of transgenic plants have been
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described in, e.g., Pouwels et al., Cloning Vectors: A Labo-
ratory Manual, 1985, supp. 1987; Weissbach and Weissbach,
Methods for Plant Molecular Biology, Academic Press, 1989;
and Flevin et al., Plant Molecular Biology Manual, Kluwer
Academic Publishers, 1990. Typically, plant expression vec-
tors include, for example, one or more cloned plant genes
under the transcriptional control of 5' and 3' regulatory
sequences and a dominant selectable marker. Such plant
expression vectors also can contain a promoter regulatory
region (e.g., a regulatory region controlling inducible or con-
stitutive, environmentally- or developmentally-regulated, or
cell- or tissue-specific expression), a transcription initiation
start site, a ribosome binding site, an RNA processing signal,
a transcription termination site, and/or a polyadenylation sig-
nal.

[0072] 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 (hereinafter “Maniatis™).

[0073] “PCR” or “polymerase chain reaction” is well
known by those skilled in the art as a technique used for the
amplification of specific DNA segments (U.S. Pat. Nos.
4,683,195 and 4,800,159).

[0074] The present invention concerns an isolated poly-
nucleotide comprising a nucleotide sequence selected from
the group consisting of: (a) first nucleotide sequence encod-
ing a polypeptide of at least 400 amino acids having at least
80% identity based on the Clustal method of alignment when
compared to a polypeptide selected from the group consisting
of SEQ ID NO:2, 4, 6, 8, 10, 12, 14, or 16, or (b) a second
nucleotide sequence comprising the complement of the first
nucleotide sequence.

[0075] Preferably, the first nucleotide sequence comprises
anucleic acid sequence selected from the group consisting of
SEQ ID NO:1, 3, 5, 7, 9, 11, 13, or 15, that codes for the
polypeptide selected from the group consisting of SEQ ID
NO:2, 4, 6,8, 10, 12, 14, or 16.

[0076] Nucleic acid fragments encoding at least a portion
of several diverged delta-9 fatty acid desaturases have been
isolated and identified by comparison of random plant cDNA
sequences to public databases containing nucleotide and pro-
tein sequences using the BLAST algorithms well known to
those skilled in the art. The nucleic acid fragments of the
instant invention may be used to isolate cDNAs and genes
encoding homologous proteins from the same or other plant
species. Isolation of homologous genes using sequence-de-
pendent protocols is well known in the art. Examples of
sequence-dependent protocols include, but are not limited to,
methods of nucleic acid hybridization, and methods of DNA
and RNA amplification as exemplified by various uses of
nucleic acid amplification technologies (e.g., polymerase
chain reaction, ligase chain reaction).

[0077] For example, genes encoding other diverged delta-9
stearoyl desaturases, either as cDNAs or genomic DNAs,
could be isolated directly by using all or a portion of the
instant nucleic acid fragments as DNA hybridization probes
to screen libraries from any desired plant employing method-
ology well known to those skilled in the art. Specific oligo-
nucleotide probes based upon the instant nucleic acid
sequences can be designed and synthesized by methods
known in the art (Maniatis). Moreover, an entire sequence can
be used directly to synthesize DNA probes by methods
known to the skilled artisan such as random primer DNA
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labeling, nick translation, end-labeling techniques, or RNA
probes using available in vitro transcription systems. In addi-
tion, specific primers can be designed and used to amplify a
part or all of the instant sequences. The resulting amplifica-
tion products can be labeled directly during amplification
reactions or labeled after amplification reactions, and used as
probes to isolate full length cDNA or genomic fragments
under conditions of appropriate stringency.

[0078] In addition, two short segments of the instant
nucleic acid fragments may be used in polymerase chain
reaction protocols to amplify longer nucleic acid fragments
encoding homologous genes from DNA or RNA. The poly-
merase chain reaction may also be performed on a library of
cloned nucleic acid fragments wherein the sequence of one
primer is derived from the instant nucleic acid fragments, and
the sequence of the other primer takes advantage of the pres-
ence of the polyadenylic acid tracts to the 3' end of the mRNA
precursor encoding plant genes. Alternatively, the second
primer sequence may be based upon sequences derived from
the cloning vector. For example, the skilled artisan can follow
the RACE protocol (Frohman et al. (1988) Proc. Natl. Acad.
Sci. USA 85:8998-9002) to generate cDNAs by using PCR to
amplify copies of the region between a single point in the
transcript and the 3' or 5' end. Primers oriented in the 3' and '
directions can be designed from the instant sequences. Using
commercially available 3' RACE or 5' RACE systems (BRL),
specific 3' or 5' cDNA fragments can be isolated (Ohara et al.
(1989) Proc. Natl. Acad. Sci. USA 86:5673-5677; Loh et al.
(1989) Science 243:217-220). Products generated by the 3'
and 5' RACE procedures can be combined to generate full-
length ¢cDNAs (Frohman and Martin (1989) Techniques
1:165). Consequently, a polynucleotide comprising a nucle-
otide sequence of at least one of 30 (preferably one of at least
40, most preferably one of at least 60) contiguous nucleotides
derived from a nucleotide sequence selected from the group
consisting of SEQ ID NO:1, 3,5,7,9, 11, 13, or 15 and the
complement of such nucleotide sequences may be used in
such methods to obtain a nucleic acid fragment encoding a
substantial portion of an amino acid sequence of a polypep-
tide.

[0079] The present invention relates to a method of obtain-
ing a nucleic acid fragment encoding a substantial portion of
a diverged delta-9 stearoyl desaturase polypeptide, preferably
a substantial portion of a plant diverged delta-9 stearoyl
desaturase polypeptide, comprising the steps of: synthesizing
an oligonucleotide primer comprising a nucleotide sequence
of at least one of 30 (preferably at least one of 40, most
preferably at least one of 60) contiguous nucleotides derived
from a nucleotide sequence selected from the group consist-
ing of SEQ ID NO:1, 3, 5, 7, 9, 11, 13, or 15, and the
complement of such nucleotide sequences; and amplifying a
nucleic acid fragment (preferably a cDNA inserted in a clon-
ing vector) using the oligonucleotide primer. The amplified
nucleic acid fragment preferably will encode a portion of a
diverged delta-9 stearoyl desaturase polypeptide.

[0080] Availability of the instant nucleotide and deduced
amino acid sequences facilitates immunological screening of
cDNA expression libraries. Synthetic peptides representing
portions of the instant amino acid sequences may be synthe-
sized. These peptides can be used to immunize animals to
produce polyclonal or monoclonal antibodies with specificity
for peptides or proteins comprising the amino acid sequences.
These antibodies can be then be used to screen cDNA expres-
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sion libraries to isolate full-length cDNA clones of interest
(Lerner (1984) Adv. Immunol. 36:1-34; Maniatis).

[0081] In another embodiment, this invention concerns
viruses and host cells comprising either the chimeric con-
structs of the invention as described herein or an isolated
polynucleotide of the invention as described herein.
Examples of host cells which can be used to practice the
invention include, but are not limited to, yeast, bacteria, and
plants.

[0082] As was noted above, the nucleic acid fragments of
the instant invention may be used to create transgenic plants
in which the disclosed polypeptides are present at higher or
lower levels than normal or in cell types or developmental
stages in which they are not normally found. This would have
the effect of altering the level of mono-, poly- and unsaturated
fatty acids in those cells.

[0083] Overexpression of the proteins of the instant inven-
tion may be accomplished by first constructing a chimeric
gene in which the coding region is operably linked to a pro-
moter capable of directing expression of a gene in the desired
tissues at the desired stage of development. The chimeric
gene may comprise promoter sequences and translation
leader sequences derived from the same genes. 3' Non-coding
sequences encoding transcription termination signals may
also be provided. The instant chimeric gene may also com-
prise one or more introns in order to facilitate gene expres-
sion.

[0084]

2 <

The terms “chimeric construct”, “recombinant con-
struct”, “expression construct” and “recombinant expression
construct” are used interchangeably herein. Such construct
may be 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 plants as is well
known to those skilled in the art. For example, a plasmid
vector can be used. The skilled artisan is well aware of the
genetic elements that must be present on the plasmid vector in
order to successtully transform, select and propagate host
cells containing the chimeric gene. The skilled artisan will
also recognize that different independent transformation
events will resultin 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 obtain lines displaying the
desired expression level and pattern. Such screening may be
accomplished by Southern analysis of DNA, Northern analy-
sis of mRNA expression, Western analysis of protein expres-
sion, or phenotypic analysis.

[0085] For some applications it may be useful to direct the
instant polypeptides to different cellular compartments, or to
facilitate its secretion from the cell. It is thus envisioned that
the chimeric gene described above may be further supple-
mented by directing the coding sequence to encode the instant
polypeptides with appropriate intracellular targeting
sequences such as transit sequences (Keegstra (1989) Cell
56:247-253), signal sequences or sequences encoding endo-
plasmic reticulum localization (Chrispeels (1991) Ann. Rev.
Plant Phys. Plant Mol. Biol. 42:21-53), or nuclear localiza-
tion signals (Raikhel (1992) Plant Phys. 100:1627-1632)
with or without removing targeting sequences that are already
present. While the references cited give examples of each of
these, the list is not exhaustive and more targeting signals of
use may be discovered in the future.

[0086] It may also be desirable to reduce or eliminate
expression of genes encoding the instant polypeptides in
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plants for some applications. In order to accomplish this, a
chimeric construct designed for co-suppression of the instant
polypeptide can be constructed by linking a gene or gene
fragment encoding that polypeptide to plant promoter
sequences. Alternatively, a chimeric construct designed to
express antisense RNA for all or part of the instant nucleic
acid fragment can be constructed by linking the gene or gene
fragment in reverse orientation to plant promoter sequences.
Either the co-suppression or antisense chimeric constructs
could be introduced into plants via transformation wherein
expression of the corresponding endogenous genes are
reduced or eliminated. In a preferred embodiment, it has been
found that suitable nucleic sequences and their reverse
complement can be used to alter the expression of any
homologous, endogenous RNA which is in proximity to the
suitable nucleic acid and its reverse complement. This is
described in greater detail in Applicant’s Assignee’s co-pend-
ing provisional application having Application No. 60/213,
961 filed Jun. 23, 2000, the disclosure of which is hereby
incorporated by reference.

[0087] Molecular genetic solutions to the generation of
plants with altered gene expression have a decided advantage
over more traditional plant breeding approaches. Changes in
plant phenotypes can be produced by specifically inhibiting
expression of one or more genes by antisense inhibition or
cosuppression (U.S. Pat. Nos. 5,190,931, 5,107,065 and
5,283,323). An antisense or cosuppression construct would
act as a dominant negative regulator of gene activity. While
conventional mutations can yield negative regulation of gene
activity these effects are most likely recessive. The dominant
negative regulation available with a transgenic approach may
be advantageous from a breeding perspective. In addition, the
ability to restrict the expression of a specific phenotype to the
reproductive tissues of the plant by the use of tissue specific
promoters may confer agronomic advantages relative to con-
ventional mutations which may have an effect in all tissues in
which a mutant gene is ordinarily expressed.

[0088] The person skilled in the art will know that special
considerations are associated with the use of antisense or
cosuppression technologies in order to reduce expression of
particular genes. For example, the proper level of expression
of sense or antisense genes may require the use of different
chimeric genes utilizing different regulatory elements known
to the skilled artisan. Once transgenic plants are obtained by
one of the methods described above, it will be necessary to
screen individual transgenics for those that most effectively
display the desired phenotype. Accordingly, the skilled arti-
san will develop methods for screening large numbers of
transformants. The nature of these screens will generally be
chosen on practical grounds. For example, one can screen by
looking for changes in gene expression by using antibodies
specific for the protein encoded by the gene being suppressed,
or one could establish assays that specifically measure
enzyme activity. A preferred method will be one which allows
large numbers of samples to be processed rapidly, since it will
be expected that a large number of transformants will be
negative for the desired phenotype.

[0089] In another embodiment, the present invention con-
cerns a polypeptide of at least 400 amino acids that has at least
80% identity based on the Clustal method of alignment when
compared to a polypeptide selected from the group consisting
of SEQ IDNO:2, 4, 6, 8, 10, 12, 14, or 16.

[0090] The instant polypeptides (or portions thereof) may
be produced in heterologous host cells, particularly in the
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cells of microbial hosts, and can be used to prepare antibodies
to these proteins by methods well known to those skilled in
the art. The antibodies are useful for detecting the polypep-
tides of the instant invention in situ in cells or in vitro in cell
extracts. Preferred heterologous host cells for production of
the instant polypeptides are microbial hosts. Microbial
expression systems and expression vectors containing regu-
latory sequences that direct high level expression of foreign
proteins are well known to those skilled in the art. Any of
these could be used to make a chimeric construct for produc-
tion of the instant polypeptides. This chimeric construct could
then be introduced into appropriate microorganisms via
transformation to provide high level expression of the
encoded diverged delta-9 fatty acid desaturase. An example
of a vector for high level expression of the instant polypep-
tides in a bacterial host is provided (Example 6).

[0091] Allorasubstantial portion of the polynucleotides of
the instant invention may also be used as probes for geneti-
cally and physically mapping the genes that they are a part of,
and used as markers for traits linked to those genes. Such
information may be useful in plant breeding in order to
develop lines with desired phenotypes. For example, the
instant nucleic acid fragments may be used as restriction
fragment length polymorphism (RFLP) markers. Southern
blots (Maniatis) of restriction-digested plant genomic DNA
may be probed with the nucleic acid fragments of the instant
invention. The resulting banding patterns may then be sub-
jected to genetic analyses using computer programs such as
MapMaker (Lander et al. (1987) Genomics 1:174-181) in
order to construct a genetic map. In addition, the nucleic acid
fragments of the instant invention may be used to probe
Southern blots containing restriction endonuclease-treated
genomic DNAs of a set of individuals representing parent and
progeny of a defined genetic cross. Segregation of the DNA
polymorphisms is noted and used to calculate the position of
the instant nucleic acid sequence in the genetic map previ-
ously obtained using this population (Botstein et al. (1980)
Am. J. Hum. Genet. 32:314-331).

[0092] The production and use of plant gene-derived
probes for use in genetic mapping is described in Bernatzky
and Tanksley (1986) Plant Mol. Biol. Reporter 4:37-41.
Numerous publications describe genetic mapping of specific
c¢DNA clones using the methodology outlined above or varia-
tions thereof. For example, F2 intercross populations, back-
cross populations, randomly mated populations, near
isogenic lines, and other sets of individuals may be used for
mapping. Such methodologies are well known to those
skilled in the art.

[0093] Nucleic acid probes derived from the instant nucleic
acid sequences may also be used for physical mapping (i.e.,
placement of sequences on physical maps; see Hoheisel et al.
in: Nonmammalian Genomic Analysis: A Practical Guide,
Academic press 1996, pp. 319-346, and references cited
therein).

[0094] Inanother embodiment, nucleic acid probes derived
from the instant nucleic acid sequences may be used in direct
fluorescence in situ hybridization (FISH) mapping (Trask
(1991) Trends Genet. 7:149-154). Although current methods
of FISH mapping favor use of large clones (several to several
hundred KB; see Laan et al. (1995) Genome Res. 5:13-20),
improvements in sensitivity may allow performance of FISH
mapping using shorter probes.

[0095] A variety of nucleic acid amplification-based meth-
ods of genetic and physical mapping may be carried out using
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the instant nucleic acid sequences. Examples include allele-
specific amplification (Kazazian (1989) J. Lab. Clin. Med.
11:95-96), polymorphism of PCR-amplified fragments
(CAPS; Sheffield et al. (1993) Genomics 16:325-332), allele-
specific ligation (Landegren et al. (1988) Science 241:1077-
1080), nucleotide extension reactions (Sokolov (1990)
Nucleic Acid Res. 18:3671), Radiation Hybrid Mapping
(Walter et al. (1997) Nat. Genet. 7:22-28) and Happy Map-
ping (Dear and Cook (1989) Nucleic Acid Res. 17:6795-
6807). For these methods, the sequence of a nucleic acid
fragment is used to design and produce primer pairs for use in
the amplification reaction or in primer extension reactions.
The design of such primers is well known to those skilled in
the art. In methods employing PCR-based genetic mapping, it
may be necessary to identify DNA sequence differences
between the parents of the mapping cross in the region cor-
responding to the instant nucleic acid sequence. This, how-
ever, is generally not necessary for mapping methods.

[0096] Loss of function mutant phenotypes may be identi-
fied for the instant cDNA clones either by targeted gene
disruption protocols or by identifying specific mutants for
these genes contained in a maize population carrying muta-
tions in all possible genes (Ballinger and Benzer (1989) Proc.
Natl. Acad. Sci. USA 86:9402-9406; Koes et al. (1995) Proc.
Natl. Acad. Sci. USA 92:8149-8153; Bensen et al. (1995)
Plant Cell 7:75-84). The latter approach may be accom-
plished in two ways. First, short segments of the instant
nucleic acid fragments may be used in polymerase chain
reaction protocols in conjunction with a mutation tag
sequence primer on DNAs prepared from a population of
plants in which Mutator transposons or some other mutation-
causing DNA element has been introduced (see Bensen,
supra). The amplification of a specific DNA fragment with
these primers indicates the insertion of the mutation tag ele-
ment in or near the plant gene encoding the instant polypep-
tides. Alternatively, the instant nucleic acid fragment may be
used as a hybridization probe against PCR amplification
products generated from the mutation population using the
mutation tag sequence primer in conjunction with an arbitrary
genomic site primer, such as that for a restriction enzyme
site-anchored synthetic adaptor. With either method, a plant
containing a mutation in the endogenous gene encoding the
instant polypeptides can be identified and obtained. This
mutant plant can then be used to determine or confirm the
natural function of the instant polypeptides disclosed herein.
[0097] Methods for assaying delta-9 fatty acid desaturase
activities in . coli have been previously described (U.S. Pat.
Nos. 5,443,974 and 5,760,206). Fatty acid analysis of oil
samples is performed by gas chromatography. Briefly, fatty
acid (FA) determination was done from a total of300-400 mg
of'tissue lyophilized for 24 hours. The tissue was then ground
using a FastPrep mill (Bio101) at 4.5 speed and 20 seconds in
the presence of 0.5 ml of 2.5% Sulfuric Acid+97.5% Metha-
nol and Heptadecanoic acid (17:0, stock 10 mg/ml in
Tuloene) as an external standard. Thereafter, another 0.5 ml
2.5% Sulfuric Acid+97.5% Methanol was used to wash each
tube and incubate in 95° C. for 1 hour for transesterification.
The tubes were removed from the water bath and allowed to
cool down to room temperature. FAs were extracted in one
volume of heptane:H,O (1:1) and cleared by centrifugation.
The supernatant (50 ul) containing the fatty acid methyl esters
were loaded into a Hewlett Packard 6890 gas chromatograph
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fitted with a 30 mx0.32 mm Omegawax column and the
separated peaks were analyzed and characterized.

EXAMPLES

[0098] 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.

[0099] The disclosure of each reference set forth herein is
incorporated herein by reference in its entirety.

Example 1

Composition of cDNA Libraries; Isolation and
Sequencing of cDNA Clones

[0100] cDNA libraries representing mRNAs from various
soybean, corn, and rice tissues were prepared. The character-
istics of the libraries are described below.

TABLE 3

cDNA Libraries from Soybean, Corn, and Rice

Library Description Clone

se6 Soybean Embryo, 26 Days After
Flowering

c¢bnl0  Corn Developing Kernel (Embryo and
Endosperm); 10 Days After Pollination

cpdle  Corn (Zea mays L.) pooled BMS treated
with chemicals related to protein kinases

rdslc Rice (Oryza sativa, YM) developing
seeds 1

1slln Rice (Oryza sativa, YM) 15 day old
seedling normalized

se6.pk0026.a8

cbnl10.pk0061.a3
cbnl10.pk0061.a3:fis
cpdle.pk014.118
cpdle.pk014.118:fis
rdslc.pk007.g19
rdslec.pk007.g19:fis
1sl1n.pk008.j18:fis

[0101] cDNA libraries may be prepared by any one of many
methods available. For example, the cDNAs may be intro-
duced into plasmid vectors by first preparing the cDNA librar-
ies in Uni-ZAP™ XR vectors according to the manufacturer’s
protocol (Stratagene Cloning Systems, La Jolla, Calif.). The
Uni-ZAP™ XR libraries are converted into plasmid libraries
according to the protocol provided by Stratagene. Upon con-
version, cDNA inserts will be contained in the plasmid vector
pBluescript. In addition, the ¢cDNAs may be introduced
directly into precut Bluescript II SK(+) vectors (Stratagene)
using T4 DNA ligase (New England Biolabs), followed by
transfection into DH10B cells according to the manufactur-
er’s protocol (GIBCO BRL Products). Once the cDNA inserts
are in plasmid vectors, plasmid DNAs are prepared from
randomly picked bacterial colonies containing recombinant
pBluescript plasmids, or the insert cDNA sequences are
amplified via polymerase chain reaction using primers spe-
cific for vector sequences flanking the inserted cDNA
sequences. Amplified insert DNAs or plasmid DNAs are
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sequenced in dye-primer sequencing reactions to generate
partial cDNA sequences (expressed sequence tags or “ESTs”;
see Adams et al., (1991) Science 252:1651-1656). The result-
ing ESTs are analyzed using a Perkin Elmer Model 377
fluorescent sequencer.

[0102] Full-insert sequence (FIS) data is generated utiliz-
ing a modified transposition protocol. Clones identified for
FIS are recovered from archived glycerol stocks as single
colonies, and plasmid DNAs are isolated via alkaline lysis.
Isolated DNA templates are reacted with vector primed M13
forward and reverse oligonucleotides in a PCR-based
sequencing reaction and loaded onto automated sequencers.
Confirmation of clone identification is performed by
sequence alignment to the original EST sequence from which
the FIS request is made.

[0103] Confirmed templates are transposed via the Primer
Island transposition kit (PE Applied Biosystems, Foster City,
Calif.) which is based upon the Saccharomyces cerevisiae
Ty1 transposable element (Devine and Boeke (1994) Nucleic
Acids Res. 22:3765-3772). The in vitro transposition system
places unique binding sites randomly throughout a popula-
tion of large DNA molecules. The transposed DNA is then
used to transform DHI10B electro-competent cells (Gibco
BRL/Life Technologies, Rockville, Md.) via electroporation.
The transposable element contains an additional selectable
marker (named DHFR; Fling and Richards (1983) Nucleic
Acids Res. 11:5147-5158), allowing for dual selection on agar
plates of only those subclones containing the integrated trans-
poson. Multiple subclones are randomly selected from each
transposition reaction, plasmid DNAs are prepared via alka-
line lysis, and templates are sequenced (ABI Prism dye-
terminator ReadyReaction mix) outward from the transposi-
tion event site, utilizing unique primers specific to the binding
sites within the transposon.

[0104] Sequence data is collected (ABI Prism Collections)
and assembled using Phred/Phrap (P. Green, University of
Washington, Seattle). Phrep/Phrap is a public domain soft-
ware program which re-reads the ABI sequence data, re-calls
the bases, assigns quality values, and writes the base calls and
quality values into editable output files. The Phrap sequence
assembly program uses these quality values to increase the
accuracy of the assembled sequence contigs. Assemblies are
viewed by the Consed sequence editor (D. Gordon, Univer-
sity of Washington, Seattle).

Example 2
Identification of cDNA Clones

[0105] cDNA clones encoding a diverged delta-9 fatty acid
desaturase were identified by conducting BLAST (Basic
Local Alignment Search Tool; Altschul et al. (1993) J. Mol.
Biol. 215:403-410; see also www.ncbi.nlm.nih.gov/BLAST/)
searches for similarity to sequences contained in the BLAST
“nr” database (comprising all non-redundant GenBank CDS
translations, sequences derived from the 3-dimensional struc-
ture Brookhaven Protein Data Bank, the last major release of
the SWISS-PROT protein sequence database, EMBL, and
DDBI databases). The cDNA sequences obtained in Example
1 were analyzed for similarity to all publicly available DNA
sequences contained in the “nr” database using the BLASTN
algorithm provided by the National Center for Biotechnology
Information (NCBI). The DNA sequences were translated in
all reading frames and compared for similarity to all publicly
available protein sequences contained in the “nr” database
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using the BLASTX algorithm (Gish and States (1993) Nat.
Genet. 3:266-272) provided by the NCBI. For convenience,
the P-value (probability) of observing a match of a cDNA
sequence to a sequence contained in the searched databases
merely by chance as calculated by BLAST are reported
herein as “pLog” values, which represent the negative of the
logarithm of the reported P-value. Accordingly, the greater
the pLog value, the greater the likelihood that the cDNA
sequence and the BLAST “hit” represent homologous pro-
teins.

[0106] ESTs submitted for analysis are compared to the
genbank database as described above. ESTs that contain
sequences more 5- or 3-prime can be found by using the
BLASTn algorithm (Altschul et al (1997) Nucleic Acids Res.
25:3389-3402.) against the Du Pont proprietary database
comparing nucleotide sequences that share common or over-
lapping regions of sequence homology. Where common or
overlapping sequences exist between two or more nucleic
acid fragments, the sequences can be assembled into a single
contiguous nucleotide sequence, thus extending the original
fragment in either the 5 or 3 prime direction. Once the most
5-prime EST is identified, its complete sequence can be deter-
mined by Full Insert Sequencing as described in Example 1.
Homologous genes belonging to different species can be
found by comparing the amino acid sequence of a known
gene (from either a proprietary source or a public database)
against an EST database using the tBLASTn algorithm. The
tBLASTn algorithm searches an amino acid query against a
nucleotide database that is translated in all 6 reading frames.
This search allows for differences in nucleotide codon usage
between different species, and for codon degeneracy.

Example 3

Characterization of cDNA Clones Encoding a
Diverged Delta-9, or Stearoyl-ACP, Desaturase

[0107] The BLASTX search using the EST sequences from
clones listed in Table 3 revealed similarity of the polypeptides
encoded by the cDNAs to a diverged delta-9, or stearoyl-ACP,
desaturase from lupine (Lupinus luteus), cucumber (Cucumis
sativus), Arabidopsis (Arabidopsis thaliana), jojoba (Sim-
mondsia chinensis), Arabidopsis (Arabidopsis thaliana), and
flax (Linum usitatissimum) (NCBI General Identifier Nos. gi
4704824, 1417820, gi 7523660, gi 267036, gi 6957724, and
gi 3355632 respectively). Shown in Table 4 are the BLAST
results for individual ESTs (“EST”™), the sequences of the
entire cDNA inserts comprising the indicated cDNA clones
(“FIS”), the sequences of contigs assembled from two or
more ESTs (“Contig”), sequences of contigs assembled from
an FIS and one or more ESTs (“Contig*”), or sequences
encoding an entire protein derived from an FIS, a contig, or an
FIS and PCR (“CGS”):

TABLE 4

BLAST Results for Sequences Encoding Polypeptides Homologous
to a Diverged Delta-9, or Stearoyl-ACP, Desaturase

Clone Status BLAST pLog gi#

566.pk0026.a8 CGS 254.00 4704824
cbn10.pk0061.a3 EST 2.52 4704824
cpdle.pk014.118 contig 107.00 417820
rds1c.pk007.g19 EST 33.04 7523660
cbnl10.pk0061.a3:fis CGS 113.00 267036
cpdlc.pk014.118:fis CGS 149.00 4704824
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TABLE 4-continued

BLAST Results for Sequences Encoding Polypeptides Homologous
to a Diverged Delta-9, or Stearoyl-ACP, Desaturase

Clone Status BLAST pLog gi#
rdslc.pk007.g19:fis FIS 60.52 6957724
1rs11n.pk008.j18:fis CGS 147.00 3355632

[0108] FIG. 1 presents an alignment of the amino acid
sequences set forth in SEQ ID NO:2, 10, 12, 14, and 16, and
the lupine, jojoba, Arabidopsis, and flax sequences (SEQ ID
NO:17, 20, 21, and 22) and the original soybean delta-9
desaturase presented in U.S. Pat. No. 5,760,206 (SEQ ID
NO:23). The data in Table 5 represents a calculation of the
percent identity of the amino acid sequences set forth in SEQ
ID NOs:2, 4, 6, 8, 10, 12, 14, and 16, and the lupine, cucum-
ber, Arabidopsis, jojoba, Arabidopsis, and flax sequences
(SEQ ID NOs:17, 18, 19, 20, 21, and 22; NCBI General
Identifier Nos. gi 4704824, g1 417820, gi 7523660, gi 267036,
g1 6957724, and gi 3355632 respectively).

TABLE §

Percent Identity of Polypeptides Homologous to
a Diverged Delta-9, or Stearoyl-ACP, Desaturase

SEQ ID NO. Percent Identity gi#
2 77.6% 4704824
4 16.4% 4704824
6 62.3% 417820
8 59.5% 7523660
10 49.2% 267036
12 64.2% 4704824
14 50.2% 6957724
16 64.0% 3355632

[0109] Sequence alignments and percent identity calcula-
tions were performed using the Megalign program of the
LASERGENE bioinformatics computing suite (DNASTAR
Inc., Madison, Wis.). Multiple alignment of the sequences
was performed using the Clustal method of alignment (Hig-
gins and Sharp (1989) CABIOS. 5:151-153) with the default
parameters (GAP PENALTY=10, GAP LENGTH PEN-
ALTY=10). Default parameters for pairwise alignments
using the Clustal method were KTUPLE 1, GAP PEN-
ALTY=3, WINDOW=5 and DIAGONALS SAVED=5.
Sequence alignments and BLLAST scores and probabilities
indicate that the nucleic acid fragments comprising the
instant ¢cDNA clones encode a substantial portion of a
diverged delta-9, or stearoyl-ACP, desaturase. Confirmation
of the biochemical identity of each clone is accomplished
according to methods well known to those skilled in the art
(U.S. Pat. No. 5,760,206).

Example 4
Expression of Chimeric Constructs in Monocot Cells

[0110] A chimeric construct comprising a cDNA encoding
the instant polypeptides in sense orientation with respect to
the maize 27 kD zein promoter that is located 5' to the cDNA
fragment, and the 10 kD zein 3' end that is located 3' to the
c¢DNA fragment, can be constructed. The cDNA fragment of
this gene may be generated by polymerase chain reaction
(PCR) of the cDNA clone using appropriate oligonucleotide
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primers. Cloning sites (Ncol or Smal) can be incorporated
into the oligonucleotides to provide proper orientation of the
DNA fragment when inserted into the digested vector
pML103 as described below. Amplification is then performed
in a standard PCR. The amplified DNA is then digested with
restriction enzymes Ncol and Smal and fractionated on an
agarose gel. The appropriate band can be isolated from the gel
and combined with a 4.9 kb Ncol-Smal fragment of the
plasmid pML103. Plasmid pML103 has been deposited
under the terms of the Budapest Treaty at ATCC (American
Type Culture Collection, 10801 University Blvd., Manassas,
Va. 20110-2209), and bears accession number ATCC 97366.
The DNA segment from pML103 contains a 1.05 kb Sall-
Ncol promoter fragment of the maize 27 kD zein gene and a
0.96 kb Smal-Sall fragment from the 3' end of the maize 10
kD zein gene in the vector pGem9Zf(+) (Promega). Vector
and insert DNA can be ligated at 15° C. overnight, essentially
as described (Maniatis). The ligated DNA may then be used to
transform E. coli XLL1-Blue (Epicurian Coli XL-1 Blue™;
Stratagene). Bacterial transformants can be screened by
restriction enzyme digestion of plasmid DNA and limited
nucleotide sequence analysis using the dideoxy chain termi-
nation method (Sequenase™ DNA Sequencing Kit; U.S. Bio-
chemical). The resulting plasmid construct would comprise a
chimeric construct encoding, in the 5' to 3' direction, the
maize 27 kD zein promoter, a cDNA fragment encoding the
instant polypeptides, and the 10 kD zein 3' region.

[0111] The chimeric construct described above can then be
introduced into corn cells by the following procedure. Imma-
ture corn embryos can be dissected from developing cary-
opses derived from crosses of the inbred corn lines H99 and
LH132. The embryos are isolated 10 to 11 days after pollina-
tion when they are 1.0 to 1.5 mm long. The embryos are then
placed with the axis-side facing down and in contact with
agarose-solidified N6 medium (Chu et al. (1975) Sci. Sin.
Peking 18:659-668). The embryos are kept in the dark at 27°
C. Friable embryogenic callus consisting of undifferentiated
masses of cells with somatic proembryoids and embryoids
borne on suspensor structures proliferates from the scutellum
of these immature embryos. The embryogenic callus isolated
from the primary explant can be cultured on N6 medium and
sub-cultured on this medium every 2 to 3 weeks.

[0112] The plasmid, p35S/Ac (obtained from Dr. Peter
Eckes, Hoechst Ag, Frankfurt, Germany) may be used in
transformation experiments in order to provide for a select-
able marker. This plasmid contains the Pat gene (see Euro-
pean Patent Publication 0 242 236) which encodes phosphi-
nothricin acetyl transferase (PAT). The enzyme PAT confers
resistance to herbicidal glutamine synthetase inhibitors such
as phosphinothricin. The pat gene in p35S/Ac is under the
control of the 35S promoter from Cauliflower Mosaic Virus
(Odell et al. (1985) Nature 313:810-812) and the 3' region of
the nopaline synthase gene from the T-DNA of the Ti plasmid
of Agrobacterium tumefaciens.

[0113] The particle bombardment method (Klein et al.
(1987) Nature 327:70-73) may be used to transfer genes to the
callus culture cells. According to this method, gold particles
(1 um in diameter) are coated with DNA using the following
technique. Ten pg of plasmid DNAs are added to 50 pulL of a
suspension of gold particles (60 mg per mL). Calcium chlo-
ride (50 uL. of a 2.5 M solution) and spermidine free base (20
ul of a 1.0 M solution) are added to the particles. The sus-
pension is vortexed during the addition of these solutions.
After 10 minutes, the tubes are briefly centrifuged (5 sec at
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15,000 rpm) and the supernatant removed. The particles are
resuspended in 200 pL. of absolute ethanol, centrifuged again
and the supernatant removed. The ethanol rinse is performed
again and the particles resuspended in a final volume of 30 ul.
of ethanol. An aliquot (5 pL.) of the DNA-coated gold par-
ticles can be placed in the center of a Kapton™ flying disc
(Bio-Rad Labs). The particles are then accelerated into the
corn tissue with a Biolistic™ PDS-1000/He (Bio-Rad Instru-
ments, Hercules Calif.), using a helium pressure of 1000 psi,
a gap distance of 0.5 cm and a flying distance of 1.0 cm.
[0114] For bombardment, the embryogenic tissue is placed
on filter paper over agarose-solidified N6 medium. The tissue
is arranged as a thin lawn and covered a circular area of about
5 cm in diameter. The petri dish containing the tissue can be
placed in the chamber of the PDS-1000/He approximately 8
cm from the stopping screen. The air in the chamber is then
evacuated to a vacuum of 28 inches of Hg. The macrocarrier
is accelerated with a helium shock wave using a rupture
membrane that bursts when the He pressure in the shock tube
reaches 1000 psi.

[0115] Seven days after bombardment the tissue can be
transferred to N6 medium that contains gluphosinate (2 mg
per liter) and lacks casein or proline. The tissue continues to
grow slowly on this medium. After an additional 2 weeks the
tissue can be transferred to fresh N6 medium containing
gluphosinate. After 6 weeks, areas of about 1 cm in diameter
of actively growing callus can be identified on some of the
plates containing the glufosinate-supplemented medium.
These calli may continue to grow when sub-cultured on the
selective medium.

[0116] Plants can be regenerated from the transgenic callus
by first transferring clusters of tissue to N6 medium supple-
mented with 0.2 mg per liter of 2,4-D. After two weeks the
tissue can be transferred to regeneration medium (Fromm et
al. (1990) Bio/Technology 8:833-839).

Example 5
Expression of Chimeric Constructs in Dicot Cells

[0117] A seed-specific expression cassette composed of the
promoter and transcription terminator from the gene encod-
ing the § subunit of the seed storage protein phaseolin from
the bean Phaseolus vulgaris (Doyle et al. (1986) J. Biol.
Chem. 261:9228-9238) can be used for expression of the
instant polypeptides in transformed soybean. The phaseolin
cassette includes about 500 nucleotides upstream (5') from
the translation initiation codon and about 1650 nucleotides
downstream (3') from the translation stop codon of phaseolin.
Between the 5' and 3' regions are the unique restriction endo-
nuclease sites Nco [ (which includes the ATG translation
initiation codon), Sma I, Kpn I and Xba 1. The entire cassette
is flanked by Hind III sites.

[0118] The cDNA fragment of this gene may be generated
by polymerase chain reaction (PCR) of the cDNA clone using
appropriate oligonucleotide primers. Cloning sites can be
incorporated into the oligonucleotides to provide proper ori-
entation of the DNA fragment when inserted into the expres-
sion vector. Amplification is then performed as described
above, and the isolated fragment is inserted into a pUC18
vector carrying the seed expression cassette.

[0119] Soybean embryos may then be transformed with the
expression vector comprising sequences encoding the instant
polypeptides. To induce somatic embryos, cotyledons, 3-5
mm in length dissected from surface sterilized, immature
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seeds of the soybean cultivar A2872, can be cultured in the
light or dark at 26° C. on an appropriate agar medium for 6-10
weeks. Somatic embryos which produce secondary embryos
are then excised and placed into a suitable liquid medium.
After repeated selection for clusters of somatic embryos
which multiplied as early, globular staged embryos, the sus-
pensions are maintained as described below.

[0120] Soybean embryogenic suspension cultures can be
maintained in 35 mL liquid media on a rotary shaker, 150
rpm, at 26° C. with florescent lights on a 16:8 hour day/night
schedule. Cultures are subcultured every two weeks by inocu-
lating approximately 35 mg of tissue into 35 mL of liquid
medium.

[0121] Soybean embryogenic suspension cultures may
then be transformed by the method of particle gun bombard-
ment (Klein et al. (1987) Nature (London) 327:70-73, U.S.
Pat. No. 4,945,050). A DuPont Biolistic™ PDS1000/HE
instrument (helium retrofit) can be used for these transforma-
tions.

[0122] A selectable marker gene which can be used to
facilitate soybean transformation is a chimeric construct
composed of the 35S promoter from Cauliflower Mosaic
Virus (Odell et al. (1985) Nature 313:810-812), the hygro-
mycin phosphotransferase gene from plasmid pJR225 (from
E. coli; Gritz et al. (1983) Gene 25:179-188) and the 3' region
of the nopaline synthase gene from the T-DNA of the Ti
plasmid of Agrobacterium tumefaciens. The seed expression
cassette comprising the phaseolin 5' region, the fragment
encoding the instant polypeptides and the phaseolin 3' region
can be isolated as a restriction fragment. This fragment can
then be inserted into a unique restriction site of the vector
carrying the marker gene.

[0123] To 50 uL of a 60 mg/mlL. 1 pm gold particle suspen-
sion is added (in order): 5 ul. DNA (1 pg/ul.), 20 pl spermi-
dine (0.1 M), and 50 pL, CaCl, (2.5 M). The particle prepa-
ration is then agitated for three minutes, spun in a microfuge
for 10 seconds and the supernatant removed. The DNA-
coated particles are then washed once in 400 pl. 70% ethanol
and resuspended in 40 pl. of anhydrous ethanol. The DNA/
particle suspension can be sonicated three times for one sec-
ond each. Five pL. of the DNA-coated gold particles are then
loaded on each macro carrier disk.

[0124] Approximately 300-400 mg of a two-week-old sus-
pension culture is placed in an empty 60x15 mm petri dish
and the residual liquid removed from the tissue with a pipette.
For each transformation experiment, approximately 5-10
plates of tissue are normally bombarded. Membrane rupture
pressure is set at 1100 psi and the chamber is evacuated to a
vacuum of 28 inches mercury. The tissue is placed approxi-
mately 3.5 inches away from the retaining screen and bom-
barded three times. Following bombardment, the tissue can
be divided in half and placed back into liquid and cultured as
described above.

[0125] Five to seven days post bombardment, the liquid
media may be exchanged with fresh media, and eleven to
twelve days post bombardment with fresh media containing
50 mg/mL hygromycin. This selective media can be refreshed
weekly. Seven to eight weeks post bombardment, green,
transformed tissue may be observed growing from untrans-
formed, necrotic embryogenic clusters. Isolated green tissue
is removed and inoculated into individual flasks to generate
new, clonally propagated, transformed embryogenic suspen-
sion cultures. Each new line may be treated as an independent
transformation event. These suspensions can then be subcul-
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tured and maintained as clusters of immature embryos or
regenerated into whole plants by maturation and germination
of individual somatic embryos.

Example 6

Expression of Chimeric Constructs in Microbial
Cells

[0126] The cDNAs encoding the instant polypeptides can
be inserted into the T7 E. coli expression vector pBT430. This
vectoris a derivative of pET-3a (Rosenberg et al. (1987) Gene
56:125-135) which employs the bacteriophage T7 RNA poly-
merase/T7 promoter system. Plasmid pBT430 was con-
structed by first destroying the EcoR I and Hind III sites in
pET-3a at their original positions. An oligonucleotide adaptor
containing EcoR I and Hind I11 sites was inserted at the BamH
Isite of pET-3a. This created pET-3aM with additional unique
cloning sites for insertion of genes into the expression vector.
Then, the Nde I site at the position of translation initiation was
converted to an Nco I site using oligonucleotide-directed
mutagenesis. The DNA sequence of pET-3aM in this region,
5'-CATATGG, was converted to 5'-CCCATGG in pBT430.

[0127] Plasmid DNA containing a cDNA may be appropri-
ately digested to release a nucleic acid fragment encoding the
protein. This fragment may then be purified on a 1% low
melting agarose gel. Buffer and agarose contain 10 pg/ml
ethidium bromide for visualization of the DNA fragment. The
fragment can then be purified from the agarose gel by diges-
tion with GELase™ (Epicentre Technologies, Madison,
Wis.) according to the manufacturer’s instructions, ethanol
precipitated, dried and resuspended in 20 uL. of water. Appro-
priate oligonucleotide adapters may be ligated to the frag-
ment using T4 DNA ligase (New England Biolabs (NEB),
Beverly, Mass.). The fragment containing the ligated adapters
can be purified from the excess adapters using low melting
agarose as described above. The vector pBT430 is digested,
dephosphorylated with alkaline phosphatase (NEB) and
deproteinized with phenol/chloroform as described above.
The prepared vector pBT430 and fragment can then be ligated
at 16° C. for 15 hours followed by transformation into DHS
electrocompetent cells (GIBCO BRL). Transformants can be
selected on agar plates containing [.B media and 100 pg/ml.
ampicillin. Transformants containing the gene encoding the
instant polypeptides are then screened for the correct orien-
tation with respect to the T7 promoter by restriction enzyme
analysis.

[0128] For high level expression, a plasmid clone with the
c¢DNA insert in the correct orientation relative to the T7 pro-
moter can be transformed into E. coli strain BL21 (DE3)
(Studier et al. (1986) J. Mol. Biol. 189:113-130). Cultures are
grown in L.B medium containing ampicillin (100 mg/L) at 25°
C. At an optical density at 600 nm of approximately 1, IPTG
(isopropylthio-f-galactoside, the inducer) can be added to a
final concentration of 0.4 mM and incubation can be contin-
ued for 3 h at 25°. Cells are then harvested by centrifugation
and re-suspended in 50 pl. of 50 mM Tris-HCI at pH 8.0
containing 0.1 mM DTT and 0.2 mM phenyl methylsulfonyl
fluoride. A small amount of 1 mm glass beads can be added
and the mixture sonicated 3 times for about 5 seconds each
time with a microprobe sonicator. The mixture is centrifuged
and the protein concentration of the supernatant determined.
One ng of protein from the soluble fraction of the culture can
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be separated by SDS-polyacrylamide gel electrophoresis.
Gels can be observed for protein bands migrating at the
expected molecular weight.

Example 7

Transformation of Somatic Soybean Embryo Cul-
tures

[0129] Soybean embryogenic suspension cultures were
maintained in 35 ml liquid media (SB55 or SBP6) on a rotary
shaker, 150 rpm, at 28° C. with mixed fluorescent and incan-
descent lights on a 16:8 h day/night schedule. Cultures were
subcultured every four weeks by inoculating approximately
35 mg of tissue into 35 ml of liquid medium.

TABLE 6

Stock Solutions (g/L):
MS Sulfate 100X Stock

MgSO, 7TH,0 37.0
MnSO, H,O 1.69
ZnS0, 7TH,0O 0.86
CuS0O, 5H,0 0.0025
MS Halides 100X Stock

CaCl, 2H,0 44.0
Kl 0.083
CoCl, 6H,0 0.00125
KH,PO, 17.0
H;3BO; 0.62
Na,Mo0O, 2H,0 0.025
MS FeEDTA 100X Stock

Na,EDTA 3.724
FeSO, 7H,0 2.784

BS5 Vitamin Stock

10 g m-inositol

100 mg nicotinic acid
100 mg pyridoxine HCI
1 g thiamine

SBS5S5 (per Liter, pH 5.7)

10 mL each MS stocks

1 mL BS Vitamin stock

0.8 g NH,NO,

3.033 g KNO,

1 mL 2,4-D (10 mg/mL stock)
60 g sucrose

0.667 g asparagine

SBP6

same as SB55 except 0.5 mL 2,4-D
SB103 (per Liter, pH 5.7)

1X MS Salts

6% maltose

750 mg MgCl,

0.2% Gelrite

SB71-1 (per Liter, pH 5.7)

1X B5 salts

1 ml B5 vitamin stock
3% sucrose

750 mg MgCl,

0.2% Gelrite

[0130] Soybean embryogenic suspension cultures were
transformed with pTC3 by the method of particle gun bom-
bardment (Kline et al. (1987) Nature 327:70). A DuPont
Biolistic PDS1000/HE instrument (helium retrofit) was used
for these transformations.
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[0131] To 50 ml of a 60 mg/ml 1 mm gold particle suspen-
sion was added (in order); 5 ul DNA (1 pg/ul), 20 pl spermi-
dine (0.1 M), and 50 pl CaCl, (2.5 M). The particle prepara-
tion was agitated for 3 min, spun in a microfuge for 10 sec and
the supernatant removed. The DNA-coated particles were
then washed once in 400 ul 70% ethanol and are suspended in
40 pul of anhydrous ethanol. The DNA/particle suspension
was sonicated three times for 1 sec each. Five pl of the
DNA-coated gold particles were then loaded on each macro
carrier disk.

[0132] Approximately 300-400 mg of a four week old sus-
pension culture was placed in an empty 60x15 mm petri dish
and the residual liquid removed from the tissue with a pipette.
For each transformation experiment, approximately 5-10
plates of tissue were normally bombarded. Membrane rup-
ture pressure was set at 1000 psi and the chamber was evacu-
ated to a vacuum of 28 inches of mercury. The tissue was
placed approximately 3.5 inches away from the retaining
screen and bombarded three times. Following bombardment,
the tissue was placed back into liquid and cultured as
described above.

[0133] Eleven days post bombardment, the liquid media
was exchanged with fresh SB55 containing 50 mg/ml hygro-
mycin. The selective media was refreshed weekly. Seven
weeks post bombardment, green, transformed tissue was
observed growing from untransformed, necrotic embryo-
genic clusters. Isolated green tissue was removed and inocu-
lated into individual flasks to generate new, clonally propa-
gated, transformed embryogenic suspension cultures. Thus
each new line was treated as independent transformation
event. These suspensions can then be maintained as suspen-
sions of embryos clustered in an immature developmental
stage through subculture or regenerated into whole plants by
maturation and germination of individual somatic embryos.
[0134] Independent lines of transformed embryogenic
clusters are removed from liquid culture and placed on a solid
agar media (SB103) containing no hormones or antibiotics.
Embryos are cultured for four weeks at 26° C. with mixed
fluorescent and incandescent lights on a 16:8 h day/night
schedule. During this period, individual embryos are
removed from the clusters and screened for alterations in their
fatty acid compositions (Example 8). Co-suppression of Fad2
results in a reduction of polyunsaturated fatty acids and an
increase in oleic acid content. Co-suppression of the delta-9
desaturases of the instant invention result in an increase in the
accumulation of stearic acid (18:0 fatty acid).

Example 8

The Phenotype of Transgenic Soybean Somatic
Embryos is Predictive of Seed Phenotypes from
Resultant Regenerated Plants

[0135] Mature somatic soybean embryos are a good model
for zygotic embryos. While in the globular embryo state in
liquid culture, somatic soybean embryos contain very low
amounts of triacylglycerol or storage proteins typical of
maturing, zygotic soybean embryos. At this developmental
stage, the ratio of total triacylglyceride to total polar lipid
(phospholipids and glycolipid) is about 1:4, as is typical of
zygotic soybean embryos at the developmental stage from
which the somatic embryo culture was initiated. At the globu-
lar stage as well, the mRNAs for the prominent seed proteins,
o' subunit of f-conglycinin, kunitz trypsin inhibitor 3, and
seed lectin are essentially absent. Upon transfer to hormone-
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free media to allow differentiation to the maturing somatic
embryo state, triacylglycerol becomes the most abundant
lipid class. As well, mRNAs for a'-subunit of p-conglycinin,
kunitz trypsin inhibitor 3 and seed lectin become very abun-
dant messages in the total mRNA population. On this basis
somatic soybean embryo system behaves very similarly to
maturing zygotic soybean embryos in vivo, and is therefore a
good and rapid model system for analyzing the phenotypic
effects of modifying the expression of genes in the fatty acid
biosynthesis pathway.

[0136] Most importantly, the model system is also predic-
tive of the fatty acid composition of seeds from plants derived
from transgenic embryos. This is illustrated with two difter-
ent antisense constructs in two different types of experiment
that were constructed following the protocols set forth in the
PCT Publication Nos. WO 93/11245 and WO 94/11516. Lig-
uid culture globular embryos were transformed with a chi-
meric gene comprising a soybean microsomal A'° desaturase
as described in PCT Publication No. WO 93/11245 which
was published on Jun. 10, 1993, the disclosure of which is
hereby incorporated by reference (experiment 1,) or a soy-
bean microsomal A'> desaturase as described in PCT Publi-
cation No. WO 94/11516 which was published on May 26,
1994, the disclosure of which is hereby incorporated by ref-
erence (experiment 2). Both gene constructs were introduced
in antisense orientation under the control of a seed-specific
promoter (-conglycinin promoter) and gave rise to mature
embryos. The fatty acid content of mature somatic embryos
from lines transformed with vector only (control) and the
vector containing the antisense chimeric genes as well as of
seeds of plants regenerated from them was determined.
[0137] One set of embryos from each line was analyzed for
fatty acid content and another set of embryos from that same
line was regenerated into plants. Fatty acid analysis of single
embryos was determined either by direct trans-esterification
of'individual seeds in 0.5 mL of methanolic H,SO, (2.5%) or
by hexane extraction of bulk seed samples followed by trans-
esterification of an aliquot in 0.8 mL. of 1% sodium methoxide
in methanol. Fatty acid methyl esters were extracted from the
methanolic solutions into hexane after the addition of an
equal volume of water. In all cases, if there was areduced 18:3
content in a transgenic embryo line when compared to an
untransformed control, then a corresponding reduction in
18:3 content was also observed in the segregating seeds ofthe
plant derived from that transformed line (Table 7).

TABLE 7

Percent 18:3 Content Of Embryos and Seeds of Control and
A'> Antisense Construct Transgenic Soybean Lines

Embryo Average Seed Average
Transformant Line (SD,n=10) (SD,n=10)
Control 12.1 (2.6) 8.9 (0.8)
A'? antisense, line 1 5.6 (1.2) 4.3 (1.6)
A'S antisense, line 2 8.9 (2.2) 2.5(1.8)
A'S antisense, line 3 7.3 (1.1) 4.9(1.9)
A' antisense, line 4 7.0 (1.9) 2.4 (1.7)
A'? antisense, line 5 8.5 (1.9) 4.52.2)
A'S antisense, line 6 7.6 (1.6) 4.6 (1.6)

*[Seeds which were segregating with wild-type phenotype and without a
copy of the transgene are not included in these averages]

[0138] Inaddition, different lines containing the same anti-
sense construct, were used for fatty acid analysis in somatic
embryos and for regeneration into plants. About 55% of the
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transformed embryo lines showed an increased 18:1 content
when compared with control lines (Table 8). Soybean seeds, TABLE 9
of plants regenerated from different somatic embryo lines i ]

L. . Lo Analysis of Seeds From Five Independent
containing the same antisense construct, had a similar fre- Plants Segregating From Plant Line 4
quency (53%) of high oleate transformants as the somatic
embryos (Table 8). On occasion, an embryo line may be Plant # Average seed 18:1% Highest seed 18:1%
chimeric. That is, 10-70% of the embryos in a line may not 1 18.0 26.3
contain the transgene. The remaining embryos that do contain i ig'g ;f;
the transgene, have been found in all cases to be clonal. In 9 320 573
such a case, plants with both wild type and transgenic phe- 11 24.5 41.7
notypes may be regenerated from a single, transgenic line,
even if most of the embryos analyzed from that line had a [0139] Mean of 15-20 seeds from 5 different plants regen-

transgenic phenotype. An example of this is shown in Table 9,
in which, of 5 plants regenerated from a single embryo line, 3
have a high oleic phenotype and two were wild type. In most
cases, all the plants regenerated from a single transgenic line
will have seeds containing the transgene. Thus, it was con-
cluded that an altered fatty acid phenotype observed in a
transgenic, mature somatic embryo line is predictive of an
altered fatty acid composition of seeds of plants derived from
that line.

TABLE 8

Oleate Levels in Somatic Embryos and Seeds of
Regenerated Soybeans Transformed With, or Without,
A!'? Desaturase Antisense Construct

#of # of Lines with Average*
Vector Lines High 18:1 %18:1
Somatic embryos:
Control 19 0 12.0
A'? antisense 20 11 35.3
Seeds of regenerated plants:
Control 6 0 18.2
A'? antisense 17 9 44.4

*average 18:1 of transgenics is the average of all embryos or seeds trans-
formed

with the A'? antisense construct in which at least one embryo or seed from
that line had an 18:1 content greater than 2 standard deviations from the con-
trol value (12.0 in embryos, 18.2 in seeds). The control average is the aver-
age of embryos or seeds which do not contain any transgenic DNA but have
been treated in an identical manner to the transgenics.

Eagl E

L v I S L I v E S

erated from a single embryo line. Only plants # 2, 9 and 11
have seeds with a high 18:1 phenotype.

Example 9

Suppression in Soybean of Fad2 by ELVISLIVES
Complementary Region

[0140] Cosuppression of plant genes is covered in a U.S.
provisional patent application 60/213,961 filed on Jun. 23,
2000, and nationally filed in the USPTO as application Ser.
No. 09/887,194 on Jun. 22, 2001, the contents of which are
hereby incorporated by reference. Constructs have now been
made which have “synthetic complementary regions” (SCR).
Since complementary regions from Fad 2 can successfully
suppress a thioesterase target, and a Cer3 complementary
region can suppress Fad2, it was deduced that it may be
possible to use any complementary sequence to reduce the
expression of a target. In this example the target sequence is
placed between complementary sequences that are not known
to be part of any biologically derived gene or genome (i.e.
sequences that are “synthetic” or conjured up from the mind
of the inventor). The target DNA would therefore be in the
sense or antisense orientation and the complementary RNA
would be unrelated to any known nucleic acid sequence. It is
possible to design a standard “suppression vector” into which
pieces of any target gene for suppression could be dropped.
The plasmids pKS106, pKS124, and pKS133 exemplify this.
One skilled in the art will appreciate that all of the plasmid
vectors contain antibiotic selection genes such as, but not
limited to, hygromycin phosphotransferase with promoters
such as the T7 inducible promoter.

[0141] pKS106 uses the beta-conglycinin promoter while
the pKS124 and 133 plasmids use the Kti promoter, both of
these promoters exhibit strong tissue specific expression in
the seeds of soybean. pKS106 uses a 3' termination region
from the phaseolin gene, and pKS124 and 133 use a Kti 3'
termination region. pKS106 and 124 have single copies of the
36 nucleotide Eagl-ELVISLIVES sequence surrounding a
Notl site (the amino acids given in parentheses are back-
translated from the complementary strand): SEQ 1D NO:24.

NotI

CGGCCG GAG CTG GTC ATC TCG CTC ATC GTC GAG TCG GCGGCCGC

(s) (E) (V)

(I) (L) (s) (I) (V) (L) (E) EagI

CGA CTC GAC GAT GAG CGA GAT GAC CAG CTC CGGCCG

pKS 133 has 2X copies of ELVISLIVES surrounding the NotI site:

Eagl E L

SEQ ID NO:25

v I 8§ L I V E 8 Eagl E L Vv I S

cggecggagetggteatetegeteategtegagteg geggeeg gagetggtcatceteg

L I V E

s NotI (8) (E (V) (I) (L) (S) (I) (V) (L) (E) Eagl

ctcategtegagteg geggecge cgactcgacgatgagegagatgaccagete cggecge

(s) (E) (V) (I) (L) (8) (I) (V) (L) (E)

Eagl

cgactegacgatgagegagatgaccagete cggecg
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[0142] The idea is that the single EL linker (SCR) can be
duplicated to increase stem lengths in increments of approxi-
mately 40 nucleotides. A series of vectors will cover the SCR
lengths between 40 bp and the 300 bp. Various target gene
lengths are also under evaluation. It is believed that certain
combinations of target lengths and complementary region
lengths will give optimum suppression of the target, although
preliminary results would indicate that the suppression phe-
nomenon works well over a wide range of sizes and
sequences. It is also believed that the lengths and ratios pro-
viding optimum suppression may vary somewhat given dif-
ferent target sequences and/or complementary regions.
[0143] The efficiency of Fad2 suppression using 1XEL
(pKS132) was compared to Fad2 suppression using the 2XEL
(pKS136) construct. Hygromycin resistant lines of soybean
embryos were isolated from independent transformation
experiments with pKS132 and pKS136. Out of 98 lines con-
taining pKS132, 69% displayed the high oleic phenotype.
Out of 54 lines containing pKS136, 70% displayed the high
oleic acid phenotype. Thus, both 1X and 2XEL constructs
efficiently suppressed the Fad2 target gene.

Example 10

Suppression the Diverged Delta-9 Desaturase
Results in High Stearate Phenotypes

[0144] The two soybean delta-9 desaturase genes previ-
ously identified, designated pDS 1 and 2 (U.S. Pat. Nos.
5,443,974 and 5,760,206) share a high degree of homology to
other known delta-9 desaturase genes such as castor and
safflower (U.S. Pat. No. 5,723,595). The genes of the present
invention have less than 65% amino acid sequence identity to
these previously described plant delta-9 desaturase polypep-
tides. All of the soybean delta-9 desaturase genes were placed
into E. coli and shown to have delta-9 desaturase activity. To
test if the three genes had comparable activities in vivo, trans-
genic plants were constructed.

[0145] Delta-9 desaturase enzymes introduce a double
bond into stearic acid to form oleic acid. Inhibition of this
activity should resultin an increase in stearic acid content and
a correlative reduction in unsaturated fatty acids in the oil. An
antisense construct of pDS1 (pKS6) was made using the
entire coding region in reverse orientation inserted into the
Smal/Xbal site of pCST2 (PCT Publication No. WO
94/11516, published May 26, 1994) behind a beta-conglyci-
nin promoter. A cosuppression construct was made (pRB1)
where the HindIII fragment containing the beta-conglycinin
promoter and the phaseolin 3' terminator from pAW35 (U.S.
Pat. No. 5,952,544) was inserted into the HindIII site of
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pML18 (PCT Publication No. WO 94/11516, published May
26, 1994) to form pBS19. The coding region of pDS1 was
inserted into the Not I site of pBS19 to form pRB1. Finally, a
cosuppression construct was made using pDS3 (pBS68, SEQ
1D NO:26) by placing approximately 950 basepairs of pDS3
in the sense orientation between 2XEL complementary
regions as described in Example 9 (the pDS region of pBS68
is from positions 6054-6611 linked to 1-411 of SEQ ID
NO:26). The construct has a Kti3 promoter (position 3260-
5348 of SEQ ID NO:26), a Kti3 terminator (position 523-725
of SEQ IDNO:26), and hygromycin selection (position 1920-
880 of SEQ ID NO:26). Soybean transformations were done
as previously described (Example 7), and soybean embryo
tissue was assayed. As outlined in Example 8, soybean
embryo tissue is representative of seed tissues when seed
specific promoters such as beta-conglycinin or Kti3 are used.
[0146] The results shown in Table 10 demonstrate that
pDS3 is as good, or better, than pDS1 at increasing stearic
acid content in oils when cosuppressed in plant tissue. On
average there is a 7.4-fold increase in 18:0 content with pDS3
(pBS68) versus 4.5 for the cosuppressed pDS1. Antisense or
cosuppression gave similar results. The tranformants that
showed the highest levels of stearic acid are shown in the
“best” columns.

TABLE 10

18:0 Content of Wild Type and Transgenic
High 18:0 Soybean Somatic Embryos

wild high #of

type 18:0 fold best bestfold high 18:0

(s.d.) (s.d.) increase 18:0  increase events
pKS6 3.6 (0.8) 16.7 (5.6) 4.6x 34.5 9.6x 40
pRB1 34(0.5) 1543.7) 4.5x 20.6 6.1x 10
pBS68 2.5(0.8) 18.6 (6.9) 7.4x 29.1 11.6x 10
[0147] These results confirm that the diverged delta-9

desaturase sequences do encode functional enzymes. Fur-
thermore, pDS3 may be the dominant activity found in soy-
beans. The conserved sequence elements KEIPDDYF-
WLVGDMITEEALPTYQTMLNT  corresponding  to
positions 116-145 of SEQ ID NO:23; and DYADILE-
FLVGRWK corresponding to positions 324-337 of SEQ ID
NO:23 from the Thompson patent (U.S. Pat. No. 5,723,595)
that are claimed to be indicative of delta-9 desaturases are not
conserved in the diverged sequences of the instant invention.
Therefore, the sequences of the instant invention define a new
functional class of plant delta-9 desaturase genes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 26

<210> SEQ ID NO 1

<211> LENGTH: 1560

<212> TYPE: DNA

<213> ORGANISM: Glycine max

<400> SEQUENCE: 1

gaggcgttgg atctggcact cgttttgetyg tggetgetet ctgaaactga aagcgaagca 60
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gcagccactg aaaagcagaa aacaaaggga aagaacaagc ttagccatgc tgagtattat 120
attcaaggaa ttcgtcaagt acaatagaca cgtaatcaaa accatgcaga tacgaacctg 180
ccactccatc accacccaaa cccttccaca acttcegtgt tcttctagaa aagcccacca 240
cecgccacctt cttcecegeegt taaacgctge ggtttecgeg gegecgttca aagcccggaa 300
ggcccactca atgcctccag aaaagaaaga aattttcaag tccttggagg gatgggectc 360
ggagtgggtc ctaccgctge tgaagccegt ggagcaatgce tggcagccac aaaacttcect 420
cecctgaccee teecttecge atgaagagtt cagccatcag gtgaaggagce ttcegegaacyg 480
cactaaagag ttacctgatg agtactttgt ggtgctggtg ggtgatatgg tcaccgagga 540
cgecgetteccoe acttaccaga ccatgatcaa caaccttgat ggagtgaaag atgacagcgg 600
cacgagcceg agcccegtggg cegtgtggac ccgggectgg accgccgagg aaaacagaca 660
cggggatctg ctcagaactt atttgtatct ctctgggagg gttgacatgg ctaaggtcga 720
aaagaccgta cattacctca tttcagctgg catggaccct gggacagaca acaacccata 780
tttggggttt gtgtacacgt cattccaaga gcgagcaaca tttgtggcgce acgggaacac 840

ggcteggete gegaaggagg gcggggatcece agtgetggeg cgectatgeg ggaccatcege 900
agcggacgag aagcggcacg agaacgegta ctcaagaatce gtggagaage ttctggaagt 960
ggaccccace ggggcaatgg tggccatagg gaacatgatg gagaagaaga tcacgatgec 1020
ggcgcacctt atgtacgatg gggatgaccc caggctattc gagcactact ccgectgtgge 1080
gcagcgcata ggcgtgtaca ccgccaacga ctacgcagac atcttggagt ttctegttga 1140
acggtggaga ttggagaagc ttgaaggatt gatggctgag gggaagcggg cgcaggattt 1200
cgtgtgtggg ttggcgccga ggattaggag gttgcaagaa cgcgctgatg agcgagcgceg 1260
taagatgaag aagcatcatg gcgttaagtt cagttggatt ttcaataaag aattgctttt 1320
gtgaaatttc agttaagact taagagataa gagatagagg tcaacgtgag tcaacaggtt 1380
tttggetttg tgactatttt gagtttttgt ttgtaggtgg catttttagt acgaataatg 1440
aacaatttaa catggattgc gtgtaatgga cattgttgga tccatggttg ttgttctggt 1500
ggatacacaa ccagtaggac ttttttgttg taacgtttgg cttgcatatt agcttagcett 1560
<210> SEQ ID NO 2

<211> LENGTH: 405

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 2

Met Leu Ser Ile Ile Phe Lys Glu Phe Val Lys Tyr Asn Arg His Val
1 5 10 15

Ile Lys Thr Met Gln Ile Arg Thr Cys His Ser Ile Thr Thr Gln Thr
20 25 30

Leu Pro Gln Leu Pro Cys Ser Ser Arg Lys Ala His His Arg His Leu
35 40 45

Leu Pro Pro Leu Asn Ala Ala Val Ser Ala Ala Pro Phe Lys Ala Arg
50 55 60

Lys Ala His Ser Met Pro Pro Glu Lys Lys Glu Ile Phe Lys Ser Leu
65 70 75 80

Glu Gly Trp Ala Ser Glu Trp Val Leu Pro Leu Leu Lys Pro Val Glu
85 90 95
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Gln Cys Trp Gln Pro Gln Asn Phe Leu Pro Asp Pro Ser Leu Pro His
100 105 110

Glu Glu Phe Ser His Gln Val Lys Glu Leu Arg Glu Arg Thr Lys Glu
115 120 125

Leu Pro Asp Glu Tyr Phe Val Val Leu Val Gly Asp Met Val Thr Glu
130 135 140

Asp Ala Leu Pro Thr Tyr Gln Thr Met Ile Asn Asn Leu Asp Gly Val
145 150 155 160

Lys Asp Asp Ser Gly Thr Ser Pro Ser Pro Trp Ala Val Trp Thr Arg
165 170 175

Ala Trp Thr Ala Glu Glu Asn Arg His Gly Asp Leu Leu Arg Thr Tyr
180 185 190

Leu Tyr Leu Ser Gly Arg Val Asp Met Ala Lys Val Glu Lys Thr Val
195 200 205

His Tyr Leu Ile Ser Ala Gly Met Asp Pro Gly Thr Asp Asn Asn Pro
210 215 220

Tyr Leu Gly Phe Val Tyr Thr Ser Phe Gln Glu Arg Ala Thr Phe Val
225 230 235 240

Ala His Gly Asn Thr Ala Arg Leu Ala Lys Glu Gly Gly Asp Pro Val
245 250 255

Leu Ala Arg Leu Cys Gly Thr Ile Ala Ala Asp Glu Lys Arg His Glu
260 265 270

Asn Ala Tyr Ser Arg Ile Val Glu Lys Leu Leu Glu Val Asp Pro Thr
275 280 285

Gly Ala Met Val Ala Ile Gly Asn Met Met Glu Lys Lys Ile Thr Met
290 295 300

Pro Ala His Leu Met Tyr Asp Gly Asp Asp Pro Arg Leu Phe Glu His
305 310 315 320

Tyr Ser Ala Val Ala Gln Arg Ile Gly Val Tyr Thr Ala Asn Asp Tyr
325 330 335

Ala Asp Ile Leu Glu Phe Leu Val Glu Arg Trp Arg Leu Glu Lys Leu
340 345 350

Glu Gly Leu Met Ala Glu Gly Lys Arg Ala Gln Asp Phe Val Cys Gly
355 360 365

Leu Ala Pro Arg Ile Arg Arg Leu Gln Glu Arg Ala Asp Glu Arg Ala
370 375 380

Arg Lys Met Lys Lys His His Gly Val Lys Phe Ser Trp Ile Phe Asn
385 390 395 400

Lys Glu Leu Leu Leu
405

<210> SEQ ID NO 3

<211> LENGTH: 563

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (308)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (458)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (483)
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<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: unsure
<222> LOCATION: (494)
<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: unsure
<222> LOCATION: (519)
<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: unsure
<222> LOCATION: (521)
<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: unsure
<222> LOCATION: (545)
<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: unsure
<222> LOCATION: (550)
<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: unsure
<222> LOCATION: (557)
<223> OTHER INFORMATION: n = a, ¢, g or t
<400> SEQUENCE: 3
agcgaccaaa cccgggcacce tcgtctaget cgecttcecat ttegtcccett cctattcata 60
ctaccttcta cgagtttgag cagccatgge ggcaacaaca ccactgettyg ctgtggetgg 120
acatggagta tcctacaaac cagcaaatgc taaagacagce tactactget tcaaatttge 180
atcatcggca agaacaagag tcaccctccece acagatcate cactggaggt gcaggagcag 240
tcatagcagce acggggacca cgaccatgge cgtccctgte ctcaagcegge gggagaagca 300
ggacgaanag caggaatgga tggggtacct ggccceggag aagctggagg tgctagcaca 360
cctggageceyg tgggeggagg cgcacgtget gecgetgetyg aageccgegyg aggagggtgg 420
aaccgtcgga catctecgga ccggcegeget ggecgacangg ctcacaccgt gcecgcaacte 480
gencegggygyg caantgccga cccactgggt getggtggna natatacgag gaggctgeca 540
gtcanagcgn ccaacgntca ggg 563
<210> SEQ ID NO 4
<211> LENGTH: 110
<212> TYPE: PRT
<213> ORGANISM: Zea mays
<220> FEATURE:
<221> NAME/KEY: UNSURE
<222> LOCATION: (75)
<223> OTHER INFORMATION: Xaa = any amino acid
<400> SEQUENCE: 4
Met Ala Ala Thr Thr Pro Leu Leu Ala Val Ala Gly His Gly Val Ser
1 5 10 15
Tyr Lys Pro Ala Asn Ala Lys Asp Ser Tyr Tyr Cys Phe Lys Phe Ala
20 25 30
Ser Ser Ala Arg Thr Arg Val Thr Leu Pro Gln Ile Ile His Trp Arg
35 40 45
Cys Arg Ser Ser His Ser Ser Thr Gly Thr Thr Thr Met Ala Val Pro
50 55 60
Val Leu Lys Arg Arg Glu Lys Gln Asp Glu Xaa Gln Glu Trp Met Gly
65 70 75 80
Tyr Leu Ala Pro Glu Lys Leu Glu Val Leu Ala His Leu Glu Pro Trp
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85

90

95

Ala Glu Ala His Val Leu Pro Leu Leu Lys Pro Ala Glu Glu

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

<400>

100

SEQ ID NO 5
LENGTH: 880
TYPE: DNA

ORGANISM: Zea mays

SEQUENCE: 5

cgteggcacy agcggcacga

cctecagegt

gcatcgccat

aatgcegegt

cgatgeegec

tgctgeeget

cctegtecga

ccgacgagta

accagaccat

CCtgggngt

gcaagtacat

acctcategyg

acacgagcett

dggcgeacgy

cgaaacaaaa

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

<400>

ceggeccegta

cegegecage

gtetgeggeg

dgagaaggcyg

gctcaagece

gatgttcggg

cttegtegtyg

gatcaacacyg

ctggacgege

gtacctatce

ctceggeatyg

ccaggagege

ggacgactte

cgggttaagg

SEQ ID NO 6
LENGTH: 257
TYPE :
ORGANISM: Zea

PRT

SEQUENCE: 6

Met Gln Ala His Gly Il

1

Thr

Val

Glu

Leu

65

Phe

Leu

Val

Ile

Gln

Gly

Lys

50

Leu

Leu

Arg

Gly

Asn

Ala

Ala

35

Ala

Pro

Pro

Ala

Asp

115

Thr

5

getegtgecy
cgecegegeag
gggccggtgg
geggteggeg
gaggtgttce
gtggaggagt
cacgaggtcc
ctegtgggeyg
ctcgacggeyg
gectggaccyg
ggecgegteg
gatcceggaa
gegacggecyg
ttggcgegeyg

ggcatcctee

mays

e Ala Ile

Pro Ala Arg Arg Arg

20

Pro Ala Al

a Arg Ala
40

Glu Val Phe Arg Ser

Leu Leu Lys Pro Val

70

Asp Ser Se
85

Arg Ala Al
100

r Ser Glu

a Gly Leu

Met Val Thr Glu Glu

120

Leu Asp Gly Val Arg

105

cgtecactee

ccaacccagce

cggegacgea

cgeeegecge

getegetgga

getggeagee

gegagetgeg

acatggtcac

tcegegacga

ccgaggagaa

acatgcgcat

cggagaacaa

tctegecacgy

cctgegggac

aagaagttgg

Arg Ala Arg

10

Gln Cys Arg
25
Arg Val Thr

Leu Glu Gly

Glu Glu Cys

75

Met Phe Gly

90

Pro Asp Glu
105

Ala Leu Pro

Asp Glu Thr

110

acagtcaccc
gggcacgatg
ggceceegeg
gegegecege
gggctgggeyg
ggcggactte
cgeceegegece
ggaagaggcg
gaccggegece
cegecacgge
ggtcgagaag
ccegtaccety
caacaccgceg

caaccgccge

Gly Pro Val
Val Ser Ala
30

His Ser Met
45

Trp Ala Ala

Trp Gln Pro

His Glu Val

Tyr Phe Val
110

Thr Tyr Gln
125

Gly Ala Ser

accgecegect
caggcccacg
cgcegacgge
gtgacgcact
gegeggtege
ctceceggact
geggggcetece
ctgecccacgt
agcaactgee
gacatccteg
accgteccagt
ggcttegtgt
cggcetececa

caacaagaaa

Ala Ala
15

Ala Ala

Pro Pro

Arg Ser

Ala Asp

80
Arg Glu
95
Val Leu

Thr Met

Asn Cys

60

120

180

240

300

360

420

480

540

600

660

720

780

840

880
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130 135 140

Pro Trp Ala Val Trp Thr Arg Ala Trp Thr Ala Glu Glu Asn Arg His
145 150 155 160

Gly Asp Ile Leu Gly Lys Tyr Met Tyr Leu Ser Gly Arg Val Asp Met
165 170 175

Arg Met Val Glu Lys Thr Val Gln Tyr Leu Ile Gly Ser Gly Met Asp
180 185 190

Pro Gly Thr Glu Asn Asn Pro Tyr Leu Gly Phe Val Tyr Thr Ser Phe
195 200 205

Gln Glu Arg Ala Thr Ala Val Ser His Gly Asn Thr Ala Arg Leu Pro
210 215 220

Arg Ala His Gly Asp Asp Phe Leu Ala Arg Ala Cys Gly Thr Asn Arg
225 230 235 240

Arg Gln Gln Glu Thr Lys Gln Asn Gly Leu Arg Gly Ile Leu Gln Glu
245 250 255

Val

<210> SEQ ID NO 7

<211> LENGTH: 463

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (334)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (350)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (358)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (431)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (434)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (436)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (444)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (452)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: unsure

<222> LOCATION: (463)

<223> OTHER INFORMATION: n = a, ¢, g or t

<400> SEQUENCE: 7

gtacctctee ggecgetteg acatggecga ggtggagege gecgtgcacce gectcatceg 60
ctceggeatyg geegtegace cgecgtgeag ccegtaccac gecttegtet acacggegtt 120
ccaggagege gccacggegg tegeccacgg caacacggeg cggetggteg gegegegagg 180

gecacggcgac gcecgeccteg cecgegtetyg cggcaccegte gecgecgacyg agaageggea 240
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cgaggecgee tacacccgca tegtctecag getectegag gecgaccegyg acgecggegt 300
gegegeggty gegegecatge tacggegagg ggtncececcaa tgccgaactn ggeccatnet 360
ccgacggeceg ccgcgacgac ctctaacgece tgegteggtyg tececteege cgaagcaggg 420
ccgggacgta nagngnggtc ggantaactg gntcaatccg tcn 463

<210> SEQ ID NO 8

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 8

Tyr Leu Ser Gly Arg Phe Asp Met Ala Glu Val Glu Arg Ala Val His
1 5 10 15

Arg Leu Ile Arg Ser Gly Met Ala Val Asp Pro Pro Cys Ser Pro Tyr
20 25 30

His Ala Phe Val Tyr Thr Ala Phe Gln Glu Arg Ala Thr Ala Val Ala
35 40 45

His Gly Asn Thr Ala Arg Leu Val Gly Ala Arg Gly His Gly Asp Ala
50 55 60

Ala Leu Ala Arg Val Cys Gly Thr Val Ala Ala Asp Glu Lys Arg His
65 70 75 80

Glu Ala Ala Tyr Thr Arg Ile Val Ser Arg Leu Leu Glu Ala Asp Pro
85 90 95

Asp Ala Gly Val Arg Ala Val Ala Arg Met Leu Arg Arg Gly Val
100 105 110

<210> SEQ ID NO 9

<211> LENGTH: 1483

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 9

gcacgagagce gaccaaaccc gggcaccteg tctagetege cttecattte gteccttect 60
attcatacta ccttctacga gtttgagecag ccatggegge aacaacacca ctgettgetg 120
tggctggaca tggagtatcce tacaaaccag caaatgctaa agacagctac tactgettca 180
aatttgcatc atcggcaaga acaagagtca cccteccaca gatcatccac tggaggtgca 240
ggagcagtca tagcagcacg gggaccacga ccatggccegt cectgtecte aageggeggyg 300

agaagcagga cgaagagcag gaatggatgg ggtacctgge ceccggagaag ctggaggtge 360
tagcacacct ggagcegtgg geggaggege acgtgetgece getgetgaag cccegeggagg 420

aggcegtggca gcegteggac atgcetecegg acccggegge getgggegac gagggettece 480

acgacgegtyg ccgcgagete cgegegeggg cggecagegt gecegacgee cacctggtgt 540
gectggtggyg caacatgatce actgaggagg ccctgeccac gtaccagage gtgectaacc 600
gettegagge cgtgegegac ctcaceggeg ccgactccac cgectgggeyg cgetggatec 660
geggetggte cgecgaggag aaccgcecacyg gcgacgcecct cagccactac atgtacctet 720
cgggeegegt cgacatgege caggtcgace gecaccgtgea cegectcate gecteceggea 780
tggccatgaa cgccgecagg ageccctace acggettecat ctacgteget ttcecaggage 840

gegecacege catctegcac ggcaacatgg cgceggcacgt cggegegeac ggecgaccacyg 900
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tgctegeceg cgtatgegge gecatcatgg cecgacgagaa gcegecacgag accgcataca 960
ccegeategt cgccaagete ttcgaggteg acccggacge ggecgtgege gegetegget 1020
acatgatgeg ccaccggatc accatgecgg cagegctcat gaccgacgge cgcgacgecce 1080
acctctacge ccactacgcce gecgecgege agcagaccegg cgtgtacact gegtcetgact 1140
accgaagcat cctggagcac ctcatacgge agtggcegegt ggaggagcetce geggegggge 1200
tcteeggega ggggaggcege gegcegggact acgtgtgegyg gcetgecgcac aagatccgga 1260
ggatggagga gaaggcccat gacagggcegg cccagaccca gaaaaagcecc acgtcetgtec 1320
cgtttagetg gatcttcgat agatccgtca atgtcgtgat tccgtaattt tectcaaaaa 1380
aaattgagaa tcaggttatg cttagaggtg cattcactgt tgtgtggatt atccttgcaa 1440
taaaaaaaca acgccttgceg ggtgaaaaaa aaaaaaaaaa aaa 1483
<210> SEQ ID NO 10

<211> LENGTH: 424

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<400> SEQUENCE: 10

Met Ala Ala Thr Thr Pro Leu Leu Ala Val Ala Gly His Gly Val Ser
1 5 10 15

Tyr Lys Pro Ala Asn Ala Lys Asp Ser Tyr Tyr Cys Phe Lys Phe Ala
20 25 30

Ser Ser Ala Arg Thr Arg Val Thr Leu Pro Gln Ile Ile His Trp Arg
35 40 45

Cys Arg Ser Ser His Ser Ser Thr Gly Thr Thr Thr Met Ala Val Pro
50 55 60

Val Leu Lys Arg Arg Glu Lys Gln Asp Glu Glu Gln Glu Trp Met Gly
65 70 75 80

Tyr Leu Ala Pro Glu Lys Leu Glu Val Leu Ala His Leu Glu Pro Trp
85 90 95

Ala Glu Ala His Val Leu Pro Leu Leu Lys Pro Ala Glu Glu Ala Trp
100 105 110

Gln Pro Ser Asp Met Leu Pro Asp Pro Ala Ala Leu Gly Asp Glu Gly
115 120 125

Phe His Asp Ala Cys Arg Glu Leu Arg Ala Arg Ala Ala Ser Val Pro
130 135 140

Asp Ala His Leu Val Cys Leu Val Gly Asn Met Ile Thr Glu Glu Ala
145 150 155 160

Leu Pro Thr Tyr Gln Ser Val Pro Asn Arg Phe Glu Ala Val Arg Asp
165 170 175

Leu Thr Gly Ala Asp Ser Thr Ala Trp Ala Arg Trp Ile Arg Gly Trp
180 185 190

Ser Ala Glu Glu Asn Arg His Gly Asp Ala Leu Ser His Tyr Met Tyr
195 200 205

Leu Ser Gly Arg Val Asp Met Arg Gln Val Asp Arg Thr Val His Arg
210 215 220

Leu Ile Ala Ser Gly Met Ala Met Asn Ala Ala Arg Ser Pro Tyr His
225 230 235 240

Gly Phe Ile Tyr Val Ala Phe Gln Glu Arg Ala Thr Ala Ile Ser His
245 250 255
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Gly Asn Met Ala Arg His Val Gly Ala His Gly Asp His Val Leu Ala
260 265 270

Arg Val Cys Gly Ala Ile Met Ala Asp Glu Lys Arg His Glu Thr Ala
275 280 285

Tyr Thr Arg Ile Val Ala Lys Leu Phe Glu Val Asp Pro Asp Ala Ala
290 295 300

Val Arg Ala Leu Gly Tyr Met Met Arg His Arg Ile Thr Met Pro Ala
305 310 315 320

Ala Leu Met Thr Asp Gly Arg Asp Ala His Leu Tyr Ala His Tyr Ala
325 330 335

Ala Ala Ala Gln Gln Thr Gly Val Tyr Thr Ala Ser Asp Tyr Arg Ser
340 345 350

Ile Leu Glu His Leu Ile Arg Gln Trp Arg Val Glu Glu Leu Ala Ala
355 360 365

Gly Leu Ser Gly Glu Gly Arg Arg Ala Arg Asp Tyr Val Cys Gly Leu
370 375 380

Pro His Lys Ile Arg Arg Met Glu Glu Lys Ala His Asp Arg Ala Ala
385 390 395 400

Gln Thr Gln Lys Lys Pro Thr Ser Val Pro Phe Ser Trp Ile Phe Asp
405 410 415

Arg Ser Val Asn Val Val Ile Pro
420

<210> SEQ ID NO 11

<211> LENGTH: 1415

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 11

gcacgagegg cacgagegge acgagcetegt gecgegtceca ctecacagte acccaccegec 60
gectecteca gegtecggee cgtacgecge gcagccaace cagcegggceac gatgeaggec 120
cacggcateg ccatcegege cegegggecg gtggeggega cgcaggecce cgegegecga 180

cggcaatgee gegtgtetge ggeggeggte ggegegeceg cegegegege ccegegtgacg 240

cactcgatge cgccggagaa ggcggaggtyg ttecgetege tggagggetyg ggeggegegg 300

tcgetgetge ctetgetcaa gecegtggag gagtgetgge ageeggegga cttecteceg 360
gactcctegt ccgagatgtt cgggcacgag gtecgegage tgegegeceyg cgecgegggyg 420
ctccccgacyg agtacttegt cgtgetegtyg ggegacatgg tcacggaaga ggegetgecce 480
acgtaccaga ccatgatcaa cacgctegac ggegtcegeg acgagacegg cgccagcaac 540
tgccecctggyg cggtetggac gegegectgg accgecgagg agaaccgeca cggcegacate 600
ctcggcaagt acatgtacct atccggecge gtegacatge geatggtega gaagaccegte 660
cagtacctca tecggeteegg catggatcce ggaacggaga acaacccgta cctgggette 720
gtgtacacga gcttccagga gegegegacyg gecegtetege acggcaacac cgegeggetca 780
gecagggege acggggacga cgtectggeyg cgegectgeg geaccatege cgecgacgag 840
aagcggcacyg agacggegta cgggegeate gtegageage tgctgecaget ggaccceggag 900
ggcgeegtge tegeegtege ggacatgatg cgcaagcegga tcaccatgec cgegeaccte 960

atgcacgacyg gccgegacat ggacctgtte gagcactteg cegecgtege ccagegecte 1020

ggcgtgtaca ccgcecccggga ctacgcggac atcgtcgagt tecttgtcaa gcggtggaag 1080
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ctggagacac tggagagcgg getcteegge gagggcecgea gggcecaggga cttegtetge 1140
gggetegege cgaggatgeg ccegggecgeg gagcegegecog aggacagggce caagaaggac 1200
gagcccagga tggtcaagtt cagcectggatc tttgataggg aagccgttgt ttaggcactt 1260
gttgctaact gtgatatgtg ctcagatcat gtcgctaget gtcagtgtct ttgtcacatt 1320
gtgtttatgt gtttgaaatg ccgtaagagt gtttttttec tgctattatc acaaaattct 1380
gcagaaatat atgttctaaa aaaaaaaaaa aaaaa 1415
<210> SEQ ID NO 12

<211> LENGTH: 380

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<400> SEQUENCE: 12

Met Gln Ala His Gly Ile Ala Ile Arg Ala Arg Gly Pro Val Ala Ala
1 5 10 15

Thr Gln Ala Pro Ala Arg Arg Arg Gln Cys Arg Val Ser Ala Ala Ala
20 25 30

Val Gly Ala Pro Ala Ala Arg Ala Arg Val Thr His Ser Met Pro Pro
35 40 45

Glu Lys Ala Glu Val Phe Arg Ser Leu Glu Gly Trp Ala Ala Arg Ser
50 55 60

Leu Leu Pro Leu Leu Lys Pro Val Glu Glu Cys Trp Gln Pro Ala Asp
65 70 75 80

Phe Leu Pro Asp Ser Ser Ser Glu Met Phe Gly His Glu Val Arg Glu
Leu Arg Ala Arg Ala Ala Gly Leu Pro Asp Glu Tyr Phe Val Val Leu
100 105 110

Val Gly Asp Met Val Thr Glu Glu Ala Leu Pro Thr Tyr Gln Thr Met
115 120 125

Ile Asn Thr Leu Asp Gly Val Arg Asp Glu Thr Gly Ala Ser Asn Cys
130 135 140

Pro Trp Ala Val Trp Thr Arg Ala Trp Thr Ala Glu Glu Asn Arg His
145 150 155 160

Gly Asp Ile Leu Gly Lys Tyr Met Tyr Leu Ser Gly Arg Val Asp Met
165 170 175

Arg Met Val Glu Lys Thr Val Gln Tyr Leu Ile Gly Ser Gly Met Asp
180 185 190

Pro Gly Thr Glu Asn Asn Pro Tyr Leu Gly Phe Val Tyr Thr Ser Phe
195 200 205

Gln Glu Arg Ala Thr Ala Val Ser His Gly Asn Thr Ala Arg Leu Ala
210 215 220

Arg Ala His Gly Asp Asp Val Leu Ala Arg Ala Cys Gly Thr Ile Ala
225 230 235 240

Ala Asp Glu Lys Arg His Glu Thr Ala Tyr Gly Arg Ile Val Glu Gln
245 250 255

Leu Leu Gln Leu Asp Pro Glu Gly Ala Val Leu Ala Val Ala Asp Met
260 265 270

Met Arg Lys Arg Ile Thr Met Pro Ala His Leu Met His Asp Gly Arg
275 280 285

Asp Met Asp Leu Phe Glu His Phe Ala Ala Val Ala Gln Arg Leu Gly



US 2009/0203142 Al Aug. 13,2009
28

-continued

290 295 300

Val Tyr Thr Ala Arg Asp Tyr Ala Asp Ile Val Glu Phe Leu Val Lys
305 310 315 320

Arg Trp Lys Leu Glu Thr Leu Glu Ser Gly Leu Ser Gly Glu Gly Arg
325 330 335

Arg Ala Arg Asp Phe Val Cys Gly Leu Ala Pro Arg Met Arg Arg Ala
340 345 350

Ala Glu Arg Ala Glu Asp Arg Ala Lys Lys Asp Glu Pro Arg Met Val
355 360 365

Lys Phe Ser Trp Ile Phe Asp Arg Glu Ala Val Val
370 375 380

<210> SEQ ID NO 13

<211> LENGTH: 773

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 13

gcaccaggta cctctcegge cgcttegaca tggccgaggt ggagegegeco gtgcaccegec 60

tcatcegete cggcatggece gtegaccege cgtgeagecce gtaccacgee ttegtctaca 120

cggegtteca ggagegegee acggeggteg cccacggcaa cacggegedg ctggteggeg 180

cgcgagggea cggcgacgece gecctegece gegtetgegg cacegtegee gecgacgaga 240
agcggcacga ggccgectac acccgeateg tctcecagget cetegaggee gacceggacg 300
ceggegtgeg cgeggtggeg cgcatgetac ggegaggggt cgccatgecg acctegecca 360
tctecgacgyg cegecgegac gacctcetacg cctgegtegt gtceectegee gagcaggecg 420
ggacgtacac ggtgtcggac tactgctcca tegtcegageca cctggtgegyg gagtggegeg 480

tggaggagct cgeggegggg cteteeggeg aagggeggeg cgegegggac tacgtgtgeg 540

agctgccgca gaagatccgg aggatgaagg agaaggecca tgagagggeg gtcaaggecce 600
agaagaagcce catcagcatce ccgattaatt ggatatttga taggcacgte agtgtcatge 660
tgccctaatt taattaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 720
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa 773

<210> SEQ ID NO 14

<211> LENGTH: 219

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 14

Tyr Leu Ser Gly Arg Phe Asp Met Ala Glu Val Glu Arg Ala Val His
1 5 10 15

Arg Leu Ile Arg Ser Gly Met Ala Val Asp Pro Pro Cys Ser Pro Tyr
20 25 30

His Ala Phe Val Tyr Thr Ala Phe Gln Glu Arg Ala Thr Ala Val Ala
35 40 45

His Gly Asn Thr Ala Arg Leu Val Gly Ala Arg Gly His Gly Asp Ala
50 55 60

Ala Leu Ala Arg Val Cys Gly Thr Val Ala Ala Asp Glu Lys Arg His
65 70 75 80

Glu Ala Ala Tyr Thr Arg Ile Val Ser Arg Leu Leu Glu Ala Asp Pro
85 90 95



US 2009/0203142 Al Aug. 13,2009
29

-continued

Asp Ala Gly Val Arg Ala Val Ala Arg Met Leu Arg Arg Gly Val Ala
100 105 110

Met Pro Thr Ser Pro Ile Ser Asp Gly Arg Arg Asp Asp Leu Tyr Ala
115 120 125

Cys Val Val Ser Leu Ala Glu Gln Ala Gly Thr Tyr Thr Val Ser Asp
130 135 140

Tyr Cys Ser Ile Val Glu His Leu Val Arg Glu Trp Arg Val Glu Glu
145 150 155 160

Leu Ala Ala Gly Leu Ser Gly Glu Gly Arg Arg Ala Arg Asp Tyr Val
165 170 175

Cys Glu Leu Pro Gln Lys Ile Arg Arg Met Lys Glu Lys Ala His Glu
180 185 190

Arg Ala Val Lys Ala Gln Lys Lys Pro Ile Ser Ile Pro Ile Asn Trp
195 200 205

Ile Phe Asp Arg His Val Ser Val Met Leu Pro
210 215

<210> SEQ ID NO 15

<211> LENGTH: 1318

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 15

gcacgagaac tagctactgt agttgactga cagtgatagt ggcagtcatg caggtegtgg 60
gaaccgtgeg tgtcagtgge tgcggegegyg tggtggegece ctegegeegyg cagtgecgeg 120
tgtcegegge ggtgctgacg gecgeggaga cggegacgge gacgeggege cgegtgacge 180

actcgatgece geccggagaag gceggaggtgt tceeggteget ggaagggtgg gegaggtegt 240

cgectgetgee getgetcaag ceegtggagg agtgetggea gecgacggac ttectgecegg 300
actcegtegte ggagatgtte gagcaccagg tccacgaget cegegegege geegegggge 360
tccccgacga gtacttegte gtgetggteg gggacatgat taccgaggag gegetgecga 420
cgtaccagac catgatcaac acgctegacg gegtecgega cgagaccgge gcecagegect 480
gecectggge cgtetggacg cgcacctgga ccegcecgagga gaaccgecac ggegacatec 540
tcggcaagta catgtaccte teeggecgeg tcgacatgeg catggtcgag aagaccgtece 600
agtacctcat cggcteegge atggatcegg ggacggagaa caaccegtac ctggggtteg 660
tgtacaccag cttccaggag cgcgcgacgg cegtgtegea cgggaacacg gegegecteg 720
ccagggegea cggggacgac gtectggege geacctgegg caccatcgee gecgacgaga 780

agcggcacga gacggegtac gggcgcateg tggagcaget getgeggete gacccggacyg 840
gegecatget cgecatcgece gacatgatge acaageggat caccatgecc gegcacctca 900
tgcacgacgg ccgcgacatg aacctgtteg accacttege cgecgtggeyg cagegectca 960
acgtctacac cgcgcgcgac tacgccgaca tcgtcgagtt cctcegtcaag cggtggaagce 1020
tggagaccct ggagactggg ctcectceeggeg agggcecggag ggcccgggac ttcegtgtgeg 1080
ggctegegaa gaggatgegg cgggecgegg agcegggctga ggacagggcet aagaaggatg 1140
agcagaggaa ggtcaagttc agctggatct atgataggga agtgattgtc tagtttaact 1200
tgtcttggtt gaattctgaa ttcccagtce tagatgatca tgccattteg ttatcatcte 1260

tgttcttgtg ttctetttge aatgcagtaa attggtaata aaaaaaaaaa aaaaaaaa 1318
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<210> SEQ ID NO 16

<211> LENGTH: 381

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 16

Met Gln Val Val Gly Thr Val Arg Val Ser Gly Cys Gly Ala Val Val
1 5 10 15

Ala Pro Ser Arg Arg Gln Cys Arg Val Ser Ala Ala Val Leu Thr Ala
20 25 30

Ala Glu Thr Ala Thr Ala Thr Arg Arg Arg Val Thr His Ser Met Pro
35 40 45

Pro Glu Lys Ala Glu Val Phe Arg Ser Leu Glu Gly Trp Ala Arg Ser
50 55 60

Ser Leu Leu Pro Leu Leu Lys Pro Val Glu Glu Cys Trp Gln Pro Thr
65 70 75 80

Asp Phe Leu Pro Asp Ser Ser Ser Glu Met Phe Glu His Gln Val His
Glu Leu Arg Ala Arg Ala Ala Gly Leu Pro Asp Glu Tyr Phe Val Val
100 105 110

Leu Val Gly Asp Met Ile Thr Glu Glu Ala Leu Pro Thr Tyr Gln Thr
115 120 125

Met Ile Asn Thr Leu Asp Gly Val Arg Asp Glu Thr Gly Ala Ser Ala
130 135 140

Cys Pro Trp Ala Val Trp Thr Arg Thr Trp Thr Ala Glu Glu Asn Arg
145 150 155 160

His Gly Asp Ile Leu Gly Lys Tyr Met Tyr Leu Ser Gly Arg Val Asp
165 170 175

Met Arg Met Val Glu Lys Thr Val Gln Tyr Leu Ile Gly Ser Gly Met
180 185 190

Asp Pro Gly Thr Glu Asn Asn Pro Tyr Leu Gly Phe Val Tyr Thr Ser
195 200 205

Phe Gln Glu Arg Ala Thr Ala Val Ser His Gly Asn Thr Ala Arg Leu
210 215 220

Ala Arg Ala His Gly Asp Asp Val Leu Ala Arg Thr Cys Gly Thr Ile
225 230 235 240

Ala Ala Asp Glu Lys Arg His Glu Thr Ala Tyr Gly Arg Ile Val Glu
245 250 255

Gln Leu Leu Arg Leu Asp Pro Asp Gly Ala Met Leu Ala Ile Ala Asp
260 265 270

Met Met His Lys Arg Ile Thr Met Pro Ala His Leu Met His Asp Gly
275 280 285

Arg Asp Met Asn Leu Phe Asp His Phe Ala Ala Val Ala Gln Arg Leu
290 295 300

Asn Val Tyr Thr Ala Arg Asp Tyr Ala Asp Ile Val Glu Phe Leu Val
305 310 315 320

Lys Arg Trp Lys Leu Glu Thr Leu Glu Thr Gly Leu Ser Gly Glu Gly
325 330 335

Arg Arg Ala Arg Asp Phe Val Cys Gly Leu Ala Lys Arg Met Arg Arg
340 345 350

Ala Ala Glu Arg Ala Glu Asp Arg Ala Lys Lys Asp Glu Gln Arg Lys



US 2009/0203142 Al Aug. 13,2009
31

-continued

355 360 365
Val Lys Phe Ser Trp Ile Tyr Asp Arg Glu Val Ile Val
370 375 380

<210> SEQ ID NO 17

<211> LENGTH: 384

<212> TYPE: PRT

<213> ORGANISM: Lupinus luteus

<400> SEQUENCE: 17

Met Gln Ile Gln Thr Cys Tyr Ser Ile Arg Ile Gln Ile Leu Pro Leu
1 5 10 15

Pro Trp Ala Arg Arg Thr Gly Arg His Lys Met Leu Pro Pro Ile Ala
20 25 30

Ala Ile Ser Ala Thr Pro Pro Ser Leu Lys Ser Pro Lys Thr His Ser
35 40 45

Met Pro Pro Glu Lys Ile Glu Ile Phe Lys Ser Leu Glu Ser Trp Ala
50 55 60

Ser Gln Ser Val Leu Pro Leu Leu Lys Pro Val Glu Gln Cys Trp Gln
Pro Gln Glu Phe Val Pro Asp Ser Ser Leu Pro Phe Gly Asp Phe Thr
85 90 95

Asp Gln Val Lys Ala Leu Arg Asp Arg Thr Ala Glu Leu Pro Glu Glu
100 105 110

Tyr Phe Val Val Leu Val Gly Asp Met Ile Thr Glu Asp Ala Leu Pro
115 120 125

Thr Tyr Gln Ser Met Ile Asn Asn Leu Asp Gly Val Arg Asp Glu Thr
130 135 140

Gly Ser Ser Pro Ser Pro Trp Ala Leu Trp Thr Arg Ala Trp Thr Ala
145 150 155 160

Glu Glu Lys Arg His Gly Asp Leu Leu Arg Thr Tyr Leu Tyr Leu Ser
165 170 175

Gly Arg Val Asp Met Lys Lys Ile Glu Lys Thr Val Gln Tyr Leu Ile
180 185 190

Gly Ser Gly Met Asp Pro Gly Thr Glu Asn Asn Pro Tyr Leu Gly Phe
195 200 205

Val Tyr Thr Ser Phe Gln Glu Arg Ala Thr Phe Val Ser His Gly Asn
210 215 220

Thr Ala Arg Leu Ala Lys Glu Gly Gly Asp Pro Val Leu Ala Arg Ile
225 230 235 240

Cys Gly Thr Ile Ala Ala Asp Glu Lys Arg His Glu Asn Ala Tyr Ser
245 250 255

Arg Ile Val Glu Lys Leu Leu Glu Leu Asp Pro Thr Gly Ala Met Val
260 265 270

Ala Ile Gly Asp Met Met Gln Lys Lys Ile Thr Met Pro Ala His Leu
275 280 285

Met Tyr Asp Gly Glu Asp Pro Lys Leu Phe Asp His Phe Ser Ala Val
290 295 300

Ala Gln Arg Met Gly Val Tyr Thr Ala Asn Asp Tyr Ala Asp Ile Leu
305 310 315 320

Glu Phe Leu Ile Gly Arg Trp Arg Leu Glu Lys Val Gln Asp Leu Lys
325 330 335
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Asp Glu Gly Lys Lys Ala Gln Asp Phe Val Cys Gly Leu Ala Pro Arg
340 345 350

Ile Arg Arg Leu Gln Glu Arg Ala Asp Glu Arg Ala Arg Lys Met Lys
355 360 365

Pro His Ala Val Lys Phe Ser Trp Ile Phe Asn Lys Glu Ile Ile Leu
370 375 380

<210> SEQ ID NO 18

<211> LENGTH: 396

<212> TYPE: PRT

<213> ORGANISM: Cucumis sativus

<400> SEQUENCE: 18

Met Ala Leu Lys Phe His Pro Leu Thr Ser Gln Ser Pro Lys Leu Pro
1 5 10 15

Ser Phe Arg Met Pro Gln Leu Ala Ser Leu Arg Ser Pro Lys Phe Val
20 25 30

Met Ala Ser Thr Leu Arg Ser Thr Ser Arg Glu Val Glu Thr Leu Lys
35 40 45

Lys Pro Phe Met Pro Pro Arg Glu Val His Leu Gln Val Thr His Ser
50 55 60

Met Pro Pro Gln Lys Met Glu Ile Phe Lys Ser Leu Glu Asp Trp Ala
65 70 75 80

Glu Glu Asn Leu Leu Val His Leu Lys Pro Val Glu Arg Cys Trp Gln
85 90 95

Pro Gln Asp Phe Leu Pro Asp Ser Ala Phe Glu Gly Phe His Glu Gln
100 105 110

Val Arg Glu Leu Arg Glu Arg Ala Lys Glu Leu Pro Asp Glu Tyr Phe
115 120 125

Val Val Leu Val Gly Asp Met Ile Thr Glu Glu Ala Leu Pro Thr Tyr
130 135 140

Gln Thr Met Leu Asn Thr Leu Asp Gly Val Arg Asp Glu Thr Gly Ala
145 150 155 160

Ser Pro Thr Pro Trp Ala Ile Trp Thr Arg Ala Trp Thr Ala Glu Glu
165 170 175

Asn Arg His Gly Asp Leu Leu Asn Lys Tyr Leu Tyr Leu Ser Gly Arg
180 185 190

Val Asp Met Arg Gln Val Glu Lys Thr Ile Gln Tyr Leu Ile Gly Ser
195 200 205

Gly Met Asp Pro Arg Thr Glu Asn Asn Pro Tyr Leu Gly Phe Ile Tyr
210 215 220

Thr Ser Phe Gln Glu Arg Ala Thr Phe Ile Ser His Gly Asn Thr Ala
225 230 235 240

Arg Leu Ala Lys Glu His Gly Asp Ile Lys Leu Ala Gln Ile Cys Gly
245 250 255

Thr Ile Thr Ala Asp Glu Lys Arg His Glu Thr Ala Tyr Thr Lys Ile
260 265 270

Val Glu Lys Leu Phe Glu Ile Asp Pro Glu Gly Thr Val Ile Ala Phe
275 280 285

Glu Glu Met Met Arg Lys Lys Val Ser Met Pro Ala His Leu Met Tyr
290 295 300

Asp Gly Arg Asp Asp Asn Leu Phe His His Phe Ser Ala Val Ala Gln
305 310 315 320
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Arg Leu Gly Val Tyr Thr Ala Lys Asp Tyr Ala Asp Ile Leu Glu Phe
325 330 335

Leu Val Gly Arg Trp Lys Val Glu Ser Leu Thr Gly Leu Ser Gly Glu
340 345 350

Gly Gln Lys Ala Gln Asp Tyr Val Cys Ala Leu Pro Ala Arg Ile Arg
355 360 365

Lys Leu Glu Glu Arg Ala Gln Gly Arg Ala Lys Glu Gly Pro Thr Ile
370 375 380

Pro Phe Ser Trp Ile Phe Asp Arg Gln Val Lys Leu
385 390 395

<210> SEQ ID NO 19

<211> LENGTH: 374

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 19

Met Pro Ser Pro Ser Thr Phe Leu Ala Ser Arg Pro Arg Gly Pro Ala
1 5 10 15

Lys Ile Ser Ala Val Ala Ala Pro Val Arg Pro Ala Leu Lys His Gln
20 25 30

Asn Lys Ile His Thr Met Pro Pro Glu Lys Met Glu Ile Phe Lys Ser
35 40 45

Leu Asp Gly Trp Ala Lys Asp Gln Ile Leu Pro Leu Leu Lys Pro Val
50 55 60

Asp Gln Cys Trp Gln Pro Ala Ser Phe Leu Pro Asp Pro Ala Leu Pro
Phe Ser Glu Phe Thr Asp Gln Val Arg Glu Leu Arg Glu Arg Thr Ala
85 90 95

Ser Leu Pro Asp Glu Tyr Phe Val Val Leu Val Gly Asp Met Ile Thr
100 105 110

Glu Asp Ala Leu Pro Thr Tyr Gln Thr Met Ile Asn Thr Leu Asp Gly
115 120 125

Val Arg Asp Glu Thr Gly Ala Ser Glu Ser Ala Trp Ala Ser Trp Thr
130 135 140

Arg Ala Trp Thr Ala Glu Glu Asn Arg His Gly Asp Leu Leu Arg Thr
145 150 155 160

Tyr Leu Tyr Leu Ser Gly Arg Val Asp Met Leu Met Val Glu Arg Thr
165 170 175

Val Gln His Leu Ile Gly Ser Gly Met Asp Pro Gly Thr Glu Asn Asn
180 185 190

Pro Tyr Leu Gly Phe Val Tyr Thr Ser Phe Gln Glu Arg Ala Thr Phe
195 200 205

Val Ser His Gly Asn Thr Ala Arg Leu Ala Lys Ser Ala Gly Asp Pro
210 215 220

Val Leu Ala Arg Ile Cys Gly Thr Ile Ala Ala Asp Glu Lys Arg His
225 230 235 240

Glu Asn Ala Tyr Val Arg Ile Val Glu Lys Leu Leu Glu Ile Asp Pro
245 250 255

Asn Gly Ala Val Ser Ala Val Ala Asp Met Met Arg Lys Lys Ile Thr
260 265 270

Met Pro Ala His Leu Met Thr Asp Gly Arg Asp Pro Met Leu Phe Glu
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275 280 285

His Phe Ser Ala Val Ala Gln Arg Leu Glu Val Tyr Thr Ala Asp Asp
290 295 300

Tyr Ala Asp Ile Leu Glu Phe Leu Val Gly Arg Trp Arg Leu Glu Lys
305 310 315 320

Leu Glu Gly Leu Thr Gly Glu Gly Gln Arg Ala Gln Glu Phe Val Cys
325 330 335

Gly Leu Ala Gln Arg Ile Arg Arg Leu Gln Glu Arg Ala Asp Glu Arg
340 345 350

Ala Lys Lys Leu Lys Lys Thr His Glu Val Cys Phe Ser Trp Ile Phe
355 360 365

Asp Lys Gln Ile Ser Val
370

<210> SEQ ID NO 20

<211> LENGTH: 398

<212> TYPE: PRT

<213> ORGANISM: Simmondsia chinensis

<400> SEQUENCE: 20

Met Ala Leu Lys Leu His His Thr Ala Phe Asn Pro Ser Met Ala Val
1 5 10 15

Thr Ser Ser Gly Leu Pro Arg Ser Tyr His Leu Arg Ser His Arg Val
20 25 30

Phe Met Ala Ser Ser Thr Ile Gly Ile Thr Ser Lys Glu Ile Pro Asn
35 40 45

Ala Lys Lys Pro His Met Pro Pro Arg Glu Ala His Val Gln Lys Thr
50 55 60

His Ser Met Pro Pro Gln Lys Ile Glu Ile Phe Lys Ser Leu Glu Gly
65 70 75 80

Trp Ala Glu Glu Asn Val Leu Val His Leu Lys Pro Val Glu Lys Cys
85 90 95

Trp Gln Pro Gln Asp Phe Leu Pro Asp Pro Ala Ser Glu Gly Phe Met
100 105 110

Asp Gln Val Lys Glu Leu Arg Glu Arg Thr Lys Glu Ile Pro Asp Glu
115 120 125

Tyr Leu Val Val Leu Val Gly Asp Met Ile Thr Glu Glu Ala Leu Pro
130 135 140

Thr Tyr Gln Thr Met Leu Asn Thr Leu Asp Gly Val Arg Asp Glu Thr
145 150 155 160

Gly Ala Ser Leu Thr Ser Trp Ala Ile Trp Thr Arg Ala Trp Thr Ala
165 170 175

Glu Glu Asn Arg His Gly Asp Leu Leu Asn Lys Tyr Leu Tyr Leu Thr
180 185 190

Gly Arg Val Asp Met Lys Gln Ile Glu Lys Thr Ile Gln Tyr Leu Ile
195 200 205

Gly Ser Gly Met Asp Pro Arg Ser Glu Asn Asn Pro Tyr Leu Gly Phe
210 215 220

Ile Tyr Thr Ser Phe Gln Glu Arg Ala Thr Phe Ile Ser His Gly Asn
225 230 235 240

Thr Ala Arg Leu Ala Lys Asp His Gly Asp Phe Gln Leu Ala Gln Val
245 250 255
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Cys Gly Ile Ile Ala Ala Asp Glu Lys Arg His Glu Thr Ala Tyr Thr
260 265 270

Lys Ile Val Glu Lys Leu Phe Glu Ile Asp Pro Asp Gly Ala Val Leu
275 280 285

Ala Leu Ala Asp Met Met Arg Lys Lys Val Ser Met Pro Ala His Leu
290 295 300

Met Tyr Asp Gly Lys Asp Asp Asn Leu Phe Glu Asn Tyr Ser Ala Val
305 310 315 320

Ala Gln Gln Ile Gly Val Tyr Thr Ala Lys Asp Tyr Ala Asp Ile Leu
325 330 335

Glu His Leu Val Asn Arg Trp Lys Val Glu Asn Leu Met Gly Leu Ser
340 345 350

Gly Glu Gly His Lys Ala Gln Asp Phe Val Cys Gly Leu Ala Pro Arg
355 360 365

Ile Arg Lys Leu Gly Glu Arg Ala Gln Ser Leu Ser Lys Pro Val Ser
370 375 380

Leu Val Pro Phe Ser Trp Ile Phe Asn Lys Glu Leu Lys Val
385 390 395

<210> SEQ ID NO 21

<211> LENGTH: 411

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 21

Met Ala Leu Leu Leu Asn Ser Thr Ile Thr Val Ala Met Lys Gln Asn
1 5 10 15

Pro Leu Val Ala Val Ser Phe Pro Arg Thr Thr Cys Leu Gly Ser Ser
20 25 30

Phe Ser Pro Pro Arg Leu Leu Arg Val Ser Cys Val Ala Thr Asn Pro
35 40 45

Ser Lys Thr Ser Glu Glu Thr Asp Lys Lys Lys Phe Arg Pro Ile Lys
50 55 60

Glu Val Pro Asn Gln Val Thr His Thr Ile Thr Gln Glu Lys Leu Glu
65 70 75 80

Ile Phe Lys Ser Met Glu Asn Trp Ala Gln Glu Asn Leu Leu Ser Tyr
85 90 95

Leu Lys Pro Val Glu Ala Ser Trp Gln Pro Gln Asp Phe Leu Pro Glu
100 105 110

Thr Asn Asp Glu Asp Arg Phe Tyr Glu Gln Val Lys Glu Leu Arg Asp
115 120 125

Arg Thr Lys Glu Ile Pro Asp Asp Tyr Phe Val Val Leu Val Gly Asp
130 135 140

Met Ile Thr Glu Glu Ala Leu Pro Thr Tyr Gln Thr Thr Leu Asn Thr
145 150 155 160

Leu Asp Gly Val Lys Asp Glu Thr Gly Gly Ser Leu Thr Pro Trp Ala
165 170 175

Val Trp Val Arg Ala Trp Thr Ala Glu Glu Asn Arg His Gly Asp Leu
180 185 190

Leu Asn Lys Tyr Leu Tyr Leu Ser Gly Arg Val Asp Met Arg His Val
195 200 205

Glu Lys Thr Ile Gln Tyr Leu Ile Gly Ser Gly Met Asp Ser Lys Phe
210 215 220
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Glu Asn Asn Pro Tyr Asn Gly Phe Ile Tyr Thr Ser Phe Gln Glu Arg
225 230 235 240

Ala Thr Phe Ile Ser His Gly Asn Thr Ala Lys Leu Ala Thr Thr Tyr
245 250 255

Gly Asp Thr Thr Leu Ala Lys Ile Cys Gly Thr Ile Ala Ala Asp Glu
260 265 270

Lys Arg His Glu Thr Ala Tyr Thr Arg Ile Val Glu Lys Leu Phe Glu
275 280 285

Ile Asp Pro Asp Gly Thr Val Gln Ala Leu Ala Ser Met Met Arg Lys
290 295 300

Arg Ile Thr Met Pro Ala His Leu Met His Asp Gly Arg Asp Asp Asp
305 310 315 320

Leu Phe Asp His Tyr Ala Ala Val Ala Gln Arg Ile Gly Val Tyr Thr
325 330 335

Ala Thr Asp Tyr Ala Gly Ile Leu Glu Phe Leu Leu Arg Arg Trp Glu
340 345 350

Val Glu Lys Leu Gly Met Gly Leu Ser Gly Glu Gly Arg Arg Ala Gln
355 360 365

Asp Tyr Leu Cys Thr Leu Pro Gln Arg Ile Arg Arg Leu Glu Glu Arg
370 375 380

Ala Asn Asp Arg Val Lys Leu Ala Ser Lys Ser Lys Pro Ser Val Ser
385 390 395 400

Phe Ser Trp Ile Tyr Gly Arg Glu Val Glu Leu
405 410

<210> SEQ ID NO 22

<211> LENGTH: 396

<212> TYPE: PRT

<213> ORGANISM: Linum usitatissimum

<400> SEQUENCE: 22

Met Ala Leu Lys Leu Asn Pro Val Thr Thr Phe Pro Ser Thr Arg Ser
1 5 10 15

Leu Asn Asn Phe Ser Ser Arg Ser Pro Arg Thr Phe Leu Met Ala Ala
20 25 30

Ser Thr Phe Asn Ser Thr Ser Thr Lys Glu Ala Glu Lys Leu Lys Lys
35 40 45

Ser His Gly Pro Pro Lys Glu Val His Met Gln Val Thr His Ser Met
50 55 60

Pro Pro Gln Lys Leu Glu Ile Phe Lys Ser Leu Glu Gly Trp Ala Glu
65 70 75 80

Asp Val Leu Leu Pro His Leu Lys Pro Val Glu Lys Cys Trp Gln Pro
85 90 95

Gln Asp Phe Leu Pro Glu Pro Glu Ser Asp Gly Phe Glu Glu Gln Val
100 105 110

Lys Glu Leu Arg Ala Arg Ala Lys Glu Leu Pro Asp Asp Tyr Phe Val
115 120 125

Val Leu Val Gly Asp Met Ile Thr Glu Glu Ala Leu Pro Thr Tyr Gln
130 135 140

Thr Met Leu Asn Thr Leu Asp Gly Val Arg Asp Glu Thr Gly Ala Ser
145 150 155 160

Leu Thr Pro Trp Ala Ile Trp Thr Arg Ala Trp Thr Ala Glu Glu Asn
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165 170 175

Arg His Gly Asp Leu Leu Asn Lys Tyr Leu Tyr Leu Ser Gly Arg Val
180 185 190

Asp Met Arg Gln Ile Glu Lys Thr Ile Gln Tyr Leu Ile Gly Ser Gly
195 200 205

Met Asp Pro Lys Thr Glu Asn Asn Pro Tyr Leu Gly Phe Ile Tyr Thr
210 215 220

Ser Phe Gln Glu Arg Ala Thr Phe Ile Ser His Gly Asn Thr Ala Arg
225 230 235 240

Leu Ala Lys Asp His Gly Asp Met Lys Leu Ala Gln Ile Cys Gly Ile
245 250 255

Ile Ala Ala Asp Glu Lys Arg His Glu Thr Ala Tyr Thr Lys Ile Val
260 265 270

Glu Lys Leu Phe Glu Ile Asp Pro Asp Gly Thr Val Leu Ala Leu Ala
275 280 285

Asp Met Met Arg Lys Lys Ile Ser Met Pro Ala His Leu Met Tyr Asp
290 295 300

Gly Glu Asp Asp Asn Leu Phe Asp Asn Tyr Ser Ser Val Ala Gln Arg
305 310 315 320

Ile Gly Val Tyr Thr Ala Lys Asp Tyr Ala Asp Ile Leu Glu Phe Leu
325 330 335

Val Gly Arg Trp Lys Val Asp Ala Phe Thr Gly Leu Ser Gly Glu Gly
340 345 350

Asn Lys Ala Gln Asp Phe Val Cys Gly Leu Pro Ala Arg Ile Arg Lys
355 360 365

Leu Glu Glu Arg Ala Ala Gly Arg Ala Lys Gln Thr Ser Lys Ser Val
370 375 380

Pro Phe Ser Trp Ile Phe Ser Arg Glu Leu Val Leu
385 390 395

<210> SEQ ID NO 23

<211> LENGTH: 391

<212> TYPE: PRT

<213> ORGANISM: Glycine max

<400> SEQUENCE: 23

Met Ala Leu Arg Leu Asn Pro Ile Pro Thr Gln Thr Phe Ser Leu Pro
1 5 10 15

Gln Met Pro Ser Leu Arg Ser Pro Arg Phe Arg Met Ala Ser Thr Leu
20 25 30

Arg Ser Gly Ser Lys Glu Val Glu Asn Ile Lys Lys Pro Phe Thr Pro
Pro Arg Glu Val His Val Gln Val Thr His Ser Met Pro Pro Gln Lys
50 55 60

Ile Glu Ile Phe Lys Ser Leu Glu Asp Trp Ala Asp Gln Asn Ile Leu
65 70 75 80

Thr His Leu Lys Pro Val Glu Lys Cys Trp Gln Pro Gln Asp Phe Leu
85 90 95

Pro Asp Pro Ser Ser Asp Gly Phe Glu Glu Gln Val Lys Glu Leu Arg
100 105 110

Glu Arg Ala Lys Glu Ile Pro Asp Asp Tyr Phe Val Val Leu Val Gly
115 120 125
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Asp Met Ile Thr Glu Glu Ala Leu Pro Thr Tyr Gln Thr Met Leu Asn
130 135 140

Thr Leu Asp Gly Val Arg Asp Glu Thr Gly Ala Ser Leu Thr Ser Trp
145 150 155 160

Ala Ile Trp Thr Arg Ala Trp Thr Ala Glu Glu Asn Arg His Gly Asp
165 170 175

Leu Leu Asn Lys Tyr Leu Tyr Leu Ser Gly Arg Val Asp Met Lys Gln
180 185 190

Ile Glu Lys Thr Ile Gln Tyr Leu Ile Gly Ser Gly Met Asp Pro Arg
195 200 205

Thr Glu Asn Ser Pro Tyr Leu Gly Phe Ile Tyr Thr Ser Phe Gln Glu
210 215 220

Arg Ala Thr Phe Ile Ser His Gly Asn Thr Ala Arg Leu Ala Lys Glu
225 230 235 240

His Gly Asp Ile Lys Leu Ala Gln Ile Cys Gly Met Ile Ala Ser Asp
245 250 255

Glu Lys Arg His Glu Thr Ala Tyr Thr Lys Ile Val Glu Lys Leu Phe
260 265 270

Glu Val Asp Pro Asp Gly Thr Val Met Ala Phe Ala Asp Met Met Arg
275 280 285

Lys Lys Ile Ala Met Pro Ala His Leu Met Tyr Asp Gly Arg Asp Asp
290 295 300

Asn Leu Phe Asp Asn Tyr Ser Ala Val Ala Gln Arg Ile Gly Val Tyr
305 310 315 320

Thr Ala Lys Asp Tyr Ala Asp Ile Leu Glu Phe Leu Val Gly Arg Trp
325 330 335

Lys Val Glu Gln Leu Thr Gly Leu Ser Gly Glu Gly Arg Lys Ala Gln
340 345 350

Glu Tyr Val Cys Gly Leu Pro Pro Arg Ile Arg Arg Leu Glu Glu Arg
355 360 365

Ala Gln Ala Arg Gly Lys Glu Ser Ser Thr Leu Lys Phe Ser Trp Ile
370 375 380

His Asp Arg Glu Val Leu Leu
385 390

<210> SEQ ID NO 24

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: ELVISLIVES
complementary region of pKS106 and pKS124

<400> SEQUENCE: 24
cggcecggage tggtcatete getcategte gagteggegg cegecgacte gacgatgage 60

gagatgacca gctccggcecg 80

<210> SEQ ID NO 25

<211> LENGTH: 154

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: ELVISLIVES
complementary region of pKsS133

<400> SEQUENCE: 25
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cggceggage tggtcatcte getcategte gagteggegyg ceggagetgyg tcatcteget 60
catcgtegag tceggeggecg ccgactcegac gatgagcegag atgaccaget ccggecgecg 120
actcgacgat gagcgagatg accagctccg gccg 154
<210> SEQ ID NO 26
<211> LENGTH: 6611
<212> TYPE: DNA
<213> ORGANISM: Plasmid pBS68
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (4436)..(4436)
<223> OTHER INFORMATION: n = A, C, G, or T
<400> SEQUENCE: 26
cgegectatyg cgggaccatce gcagcggacg agaagcggca cgagaacgceyg tactcaagaa 60
tegtggagaa gcttectggaa gtggacccca ceggggcaat ggtggccata gggaacatga 120
tggagaagaa gatcacgatg ccggcgcacce ttatgtacga tggggatgac cccaggctat 180
tcgagcacta ctcegetgtyg gegcagegea taggegtgta caccgccaac gactacgcag 240
acatcttgga tttectegttyg acggtgaaga ttggagaage ttgaaggatt gatgectgag 300
gggaagceggyg ccccaggatt tcegtgtgtg ggttgeccce gaggattagg aggttccaag 360
aacgcgcetga tgagegagceg cgtaagatga agaagcatca tgccgttaag ttcagttgga 420
ttttcaataa agaattgctt ttgtgagegg cegecgacte gacgatgage gagatgacca 480
gecteeggeeyg ccgactcgac gatgagcgag atgaccaget ceggecgega cacaagtgtg 540
agagtactaa ataaatgctt tggttgtacg aaatcattac actaaataaa ataatcaaag 600
cttatatatg ccttccgcta aggccgaatg caaagaaatt ggttcectttet cgttatcttt 660
tgccactttt actagtacgt attaattact acttaatcat ctttgtttac ggctcattat 720
atccgtcegac ggcgegeccg atcatcecgga tatagttect cctttcagea aaaaacccct 780
caagacccgt ttagaggccce caaggggtta tgctagttat tgctcagegyg tggcagcage 840
caactcagcet tccttteggg ctttgttage agecggateg atccaagetyg tacctcacta 900
ttectttgee ctceggacgag tgctggggeg teggttteca ctatcggega gtacttctac 960

acagccatcg gtccagacgg ccgcgcttcet gcgggcgatt tgtgtacgcece cgacagtcecce 1020
ggcteccggat cggacgattg cgtegcatcg accctgcgec caagctgcat catcgaaatt 1080
gccgtcaace aagctctgat agagttggtc aagaccaatg cggagcatat acgcccggag 1140
ccgcggcegat cctgcaaget ccggatgect ccgctcgaag tagcgegtcet getgcetcecat 1200
acaagccaac cacggectcce agaagaagat gttggcgace tegtattggg aatccccgaa 1260
catcgecteg ctceccagtcaa tgaccgetgt tatgecggceca ttgtccgtca ggacattgtt 1320
ggagccgaaa tccgegtgca cgaggtgccg gacttegggg cagtcectegg cccaaageat 1380
cagctcatcg agagcctgeg cgacggacgce actgacggtg tcgtccatca cagtttgeca 1440
gtgatacaca tggggatcag caatcgcgca tatgaaatca cgccatgtag tgtattgacce 1500
gattccttge ggtccgaatg ggccgaacce gcectcegtcectgg ctaagatcgg ccgcagcegat 1560
cgcatccata gectecgega ccggctgcag aacagcgggce agttceggttt caggcaggtce 1620
ttgcaacgtg acaccctgtyg cacggcggga gatgcaatag gtcaggctct cgctgaattce 1680

cccaatgtca agcactteeg gaatcgggag cgeggecgat gcaaagtgece gataaacata 1740
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acgatctttg tagaaaccat cggcgcagct atttacccge aggacatatc cacgccctcece 1800
tacatcgaag ctgaaagcac gagattcttce gcecctceccgag agctgcatca ggtcggagac 1860
gctgtcgaac ttttcgatca gaaacttcectce gacagacgtce gceggtgagtt caggctttte 1920
catgggtata tctccttett aaagttaaac aaaattattt ctagagggaa accgttgtgg 1980
tctcectata gtgagtcgta ttaatttcge gggatcgaga tctgatcaac ctgcattaat 2040
gaatcggceca acgcgcegggg agaggcggtt tgcgtattgg gegetcecttcece gcttectege 2100
tcactgactc gectgecgcteg gtegttegge tgcggcgage ggtatcaget cactcaaagg 2160
cggtaatacg gttatccaca gaatcagggg ataacgcagg aaagaacatyg tgagcaaaag 2220
gccagcaaaa ggccaggaac cgtaaaaagg ccgcegttget ggegttttte cataggetcece 2280
geeccectga cgagcatcac aaaaatcgac gctcaagtca gaggtggcega aacccgacag 2340
gactataaag ataccaggcg tttcecccectg gaagctccecet cgtgcegetcet cctgttecga 2400
ccetgeeget taccggatac ctgtcecgect ttetceccectte gggaagegtg gegetttete 2460
aatgctcacg ctgtaggtat ctcagttcgg tgtaggtegt tecgctccaag ctgggcetgtg 2520
tgcacgaacc ccccgttcag cccgaccgct gcgecttatce cggtaactat cgtcecttgagt 2580
ccaaccceggt aagacacgac ttatcgecac tggcagcage cactggtaac aggattagca 2640
gagcgaggta tgtaggcggt gctacagagt tcttgaagtg gtggcectaac tacggctaca 2700
ctagaaggac agtatttggt atctgcgctc tgctgaagcc agttaccttce ggaaaaagag 2760
ttggtagctce ttgatccggce aaacaaacca ccgctggtag cggtggtttt tttgtttgca 2820
agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg 2880
ggtctgacge tcagtggaac gaaaactcac gttaagggat tttggtcatg acattaacct 2940
ataaaaatag gcgtatcacg aggcccttte gtectegegeg ttteggtgat gacggtgaaa 3000
acctctgaca catgcagcte ccggagacgg tcacagettg tcectgtaageg gatgceccggga 3060
gcagacaagc ccgtcagggce gcgtcagegg gtgttggcegg gtgtcecggggce tggcttaact 3120
atgcggcatc agagcagatt gtactgagag tgcaccatat ggacatattg tcgttagaac 3180
gcggctacaa ttaatacata accttatgta tcatacacat acgatttagg tgacactata 3240
gaacggcgceg ccaagcttgg atcctcgaag agaagggtta ataacacatt ttttaacatt 3300
tttaacacaa attttagtta tttaaaaatt tattaaaaaa tttaaaataa gaagaggaac 3360
tctttaaata aatctaactt acaaaattta tgatttttaa taagttttca ccaataaaaa 3420
atgtcataaa aatatgttaa aaagtatatt atcaatattc tctttatgat aaataaaaag 3480
aaaaaaaaaa taaaagttaa gtgaaaatga gattgaagtg actttaggtg tgtataaata 3540
tatcaacccce gccaacaatt tatttaatcc aaatatattg aagtatatta ttccatagcec 3600
tttatttatt tatatattta ttatataaaa gctttatttg ttctaggttg ttcatgaaat 3660
atttttttgg ttttatctcc gttgtaagaa aatcatgtgce tttgtgtcge cactcactat 3720
tgcagcetttt tcatgcattg gtcagattga cggttgattg tatttttgtt ttttatggtt 3780
ttgtgttatg acttaagtct tcatctcttt atctcttcat caggtttgat ggttacctaa 3840
tatggtccat gggtacatgc atggttaaat taggtggcca actttgttgt gaacgataga 3900
atttttttta tattaagtaa actattttta tattatgaaa taataataaa aaaaatattt 3960

tatcattatt aacaaaatca tattagttaa tttgttaact ctataataaa agaaatactg 4020
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taacattcac attacatggt aacatctttc caccctttca tttgtttttt gtttgatgac 4080
tttttttett gtttaaattt atttcectte ttttaaattt ggaatacatt atcatcatat 4140
ataaactaaa atactaaaaa caggattaca caaatgataa ataataacac aaatatttat 4200
aaatctagct gcaatatatt taaactagct atatcgatat tgtaaaataa aactagctgc 4260
attgatactg ataaaaaaat atcatgtgct ttctggactg atgatgcagt atacttttga 4320
cattgcecttt attttatttt tcagaaaagc tttcecttagtt ctgggttctt cattatttgt 4380
ttcccatcecte cattgtgaat tgaatcattt gcttegtgtce acaaatacaa tttagntagg 4440
tacatgcatt ggtcagattc acggtttatt atgtcatgac ttaagttcat ggtagtacat 4500
tacctgccac gcatgcatta tattggttag atttgatagg caaatttggt tgtcaacaat 4560
ataaatataa ataatgtttt tatattacga aataacagtg atcaaaacaa acagttttat 4620
ctttattaac aagattttgt ttttgtttga tgacgttttt taatgtttac gctttcccce 4680
ttcttttgaa tttagaacac tttatcatca taaaatcaaa tactaaaaaa attacatatt 4740
tcataaataa taacacaaat atttttaaaa aatctgaaat aataatgaac aatattacat 4800
attatcacga aaattcatta ataaaaatat tatataaata aaatgtaata gtagttatat 4860
gtaggaaaaa agtactgcac gcataatata tacaaaaaga ttaaaatgaa ctattataaa 4920
taataacact aaattaatgg tgaatcatat caaaataatg aaaaagtaaa taaaatttgt 4980
aattaacttc tatatgtatt acacacacaa ataataaata atagtaaaaa aaattatgat 5040
aaatatttac catctcataa gatatttaaa ataatgataa aaatatagat tattttttat 5100
gcaactagct agccaaaaag agaacacggg tatatataaa aagagtacct ttaaattcta 5160
ctgtacttcce tttattcectg acgtttttat atcaagtgga catacgtgaa gattttaatt 5220
atcagtctaa atatttcatt agcacttaat acttttctgt tttattccta tcecctataagt 5280
agtcccgatt ctcccaacat tgcttattca cacaactaac taagaaagtc ttccatagcec 5340
cceccaagegg ccggagctgg tcatcteget catcgtegag teggcggceg gagctggtca 5400
tctegetecat cgtcgagteg geggcecgcetg agtgattget cacgagtgtg gtcaccatgce 5460
cttcagcaag taccaatggg ttgatgatgt tgtgggtttg acccttcact caacactttt 5520
agtcccttat ttctcatgga aaataagcca tcgceccgcecat cactccaaca caggttccect 5580
tgaccgtgat gaagtgtttg tcccaaaacc aaaatccaaa gttgcatggt tttccaagta 5640
cttaaacaac cctctaggaa gggctgttte tcttectegte acactcacaa tagggtggcece 5700
tatgtattta gccttcaatg tectctggtag accctatgat agttttgcaa gccactacca 5760
ccettatget cccatatatt ctaaccgtga gaggcttetg atctatgtet ctgatgttge 5820
tttgttttct gtgacttact ctectctaccg tgttgcaacc ctgaaagggt tggtttgget 5880
gctatgtgtt tatggggtgce ctttgctcat tgtgaacggt tttcecttgtga ctatcacata 5940
tttgcagcac acacactttg ccttgcctca ttacgattca tcagaatggg actggctgaa 6000
gggagctttyg gcaactatgg acagagatta agcggccgca tgcctccaga aaagaaagaa 6060
attttcaagt ccttggaggg atgggcctcg gagtgggtcecce taccgectget gaagceccgtg 6120
gagcaatgct ggcagccaca aaacttcctce cctgaccceet cecttecgca tgaagagtte 6180
agccatcagg tgaaggagct tcegcgaacgce actaaagagt tacctgatga gtactttgtg 6240

gtgctggtgg gtgatatggt caccgaggac gcgcttccca cttaccagac catgatcaac 6300



US 2009/0203142 Al

Aug. 13,2009

42
-continued
aaccttgatg gagtgaaaga tgacagcgge acgagceccga gecegtggge cgtgtggace 6360
cgggcctgga ccgccgagga aaacagacac ggggatctge tcagaactta tttgtatctce 6420
tctgggaggg ttgacatggce taaggtcgaa aagaccgtac attacctcat ttcagctggce 6480
atggaccctg ggacagacaa caacccatat ttggggtttg tgtacacgtc attccaagag 6540
cgagcaacat ttgtggcgca cgggaacacg geteggeteg cgaaggaggyg cggggatcca 6600
gtgctggege g 6611

1. An isolated polynucleotide comprising:

(a) a nucleotide sequence encoding a polypeptide having
delta-9 fatty acid desaturase activity that has at least 80%
identity based on the Clustal method of alignment when
compared to a polypeptide selected from the group con-
sisting of SEQ ID NO:2, 4, 6, 8, 10, 12, 14, or 16; or

(b) the complement of (a).

2-5. (canceled)

6. A chimeric construct comprising the isolated polynucle-
otide of claim 1 operably linked to at least one suitable regu-
latory sequence.

7-9. (canceled)

10. A method of obtaining a nucleic acid fragment encod-
ing a delta-9 fatty acid desaturase polypeptide comprising the
steps of:

(a) probing a cDNA or genomic library with an isolated
polynucleotide comprising at least one of 30 contiguous
nucleotides derived from a nucleotide sequence selected
from the group consisting of SEQ ID NO:1 and/or a
complement of the nucleotide sequence;

(b) identifying a DNA clone that hybridizes with the iso-
lated polynucleotide;

(c) isolating the identified DNA clone; and

(d) sequencing a cDNA or genomic fragment that com-
prises the isolated DNA clone.

11. A method of obtaining a nucleic acid fragment encod-
ing a delta-9 fatty acid desaturase polypeptide comprising the
steps of:

(a) probing a cDNA or genomic library with an isolated
polynucleotide comprising at least one of 30 contiguous
nucleotides derived from a nucleotide sequence selected
from the group consisting of SEQIDNO:1,3,5,7,9,11,
13, or 15 and/or a complement of such nucleotide
sequences;

(b) identifying a DNA clone that hybridizes with the iso-
lated polynucleotide;

(c) isolating the identified DNA clone;

(d) inserting the DNA clone into a plasmid suitable for
expression in a bacterial or yeast cell; and

(e) assaying for delta-9 desaturase activity or alterations in
fatty acid composition of the host cell.

12. A method of identitying an isolated polynucleotide that
encodes a delta-9 fatty acid desaturase comprising the steps
of:

(a) determining an amino acid sequence of the polypeptide

encoded by the isolated DNA;

(b) determining if the amino acid sequence comprises at
least two amino acid sequences selected from the group
consisting of HSMPPEK corresponding to amino acids
67-73 of SEQ ID NO:2, LPLLKPVE corresponding to
amino acids 89-96 of SEQ ID NO:2, EYFVVLVGDM
corresponding to amino acids 132-141 of SEQ ID NO:2,
EKTV corresponding to amino acids 205-208 of SEQ
1D NO:2, GMDPGT corresponding to amino acids 215-
220 of SEQ ID NO:2, NNPYLGFVYTSFQERAT cor-
responding to amino acids 222-238 of SEQ ID NO:2,
VLAR corresponding to amino acids 256-259 of SEQ
ID NO:2, RIVE corresponding to amino acids 277-280
of SEQ ID NO:2, ITMPAHL corresponding to amino
acids 302-308 of SEQ ID NO:2, or DFVCGLA corre-
sponding to amino acids 364-370 of SEQ ID NO:2.

13. A method of identifying an isolated polynucleotide that

encodes a delta-9 fatty acid desaturase comprising the steps
of:

(a) determining the polypeptide sequence of claim 10, 11,
or12;

(b) determining that the amino acid sequence of the
polypeptide does not contain at least one of the follow-
ing amino acid sequences KEIPDDYFWLVGDMITEE-
ALPTYQTMLNT corresponding to positions 116-145
of SEQ ID NO:23; or DYADILEFLVGRWK corre-
sponding to positions 324-337 of SEQ ID NO:23.

14. A method of altering the level of expression of a delta-9

fatty acid desaturase in a host cell comprising:

(a) transforming a host cell with the chimeric gene of claim
6; and

(b) growing the transformed host cell produced in step (a)
under conditions that are suitable for expression of the
chimeric construct wherein expression of the chimeric
construct results in production of altered levels of a
delta-9 fatty acid desaturase in the transformed host cell.

15. A method of altering the level of expression of a delta-9

fatty acid desaturase in a host cell comprising:

(a) transforming a host cell with the chimeric construct of
claim 6; and

(b) growing the transformed host cell produced in step (a)
under conditions that are suitable for expression of the
chimeric construct wherein expression of the chimeric
gene results in production of altered levels of a delta-9
fatty acid desaturase in the transformed host cell.
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