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PLANT BIOTIN SYNTHASE 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/172,929, filed Dec. 21, 1999. 

FIELD OF THE INVENTION 

0002 This invention is in the field of plant molecular 
biology. More Specifically, this invention pertains to nucleic 
acid fragments encoding biotin Synthase in plants and Seeds. 

BACKGROUND OF THE INVENTION 

0.003 Biotin is an essential component for all living 
organisms even though many, including humans, cannot 
Synthesize biotin and are dependent upon its uptake from 
their environment or diet (Eisenberg (1973) Adv. Enzymol 
38:317-372, Pai (1975) J Bacteriol 121:1-8). Biotin serves 
as a cofactor that covalently binds to carboxylases and 
facilitates the transfer of carboxyl groups during enzymatic 
reactions involving carboxylation, decarboxylation and tran 
scarboxylation (Dakshinamurti and Bhagavan, eds., (1985) 
“Biotin”, Ann NYAcadSci 447: 1-441; Knowles (1989) Ann 
Rev Biochem 58:195-221). 
0004 Biotin biosynthesis has been extensively studied in 
microorganisms, using biotin auxotrophic mutants to char 
acterize the pathway. The biosynthesis of biotin involves 
four enzymatic Steps in all microorganisms that Starts with 
the precursor pimeloyl-CoA. The final Step in this pathway 
involves the addition of Sulfur to desthiobiotin to form 
biotin. The enzyme responsible for this reaction is known as 
biotin synthase and is encoded by the bioB gene (Birch et al. 
(1995) J Biol Chem 270:19158-19165). 
0005 The biotin biosynthetic pathway in plant cells has 
also been elucidated biochemically (Baldet (1993) Eur J 
Biochem 217:479-485) and genetically (Patton et al. (1998) 
Plant Physiol 116:935-946. This pathway is very similar to 
the bacterial pathways. Recent work has shown that increas 
ing the level of biotin Synthase activity in cells can direct the 
production of more biotin (U.S. Pat. Nos. 5,859,335 and 
5,869,719). The present invention describes the identifica 
tion of Several new plant genes encoding biotin Synthase. 
The use of these genes in plants as targets for herbicide 
treatment is disclosed. 

SUMMARY OF THE INVENTION 

0006 The present invention concerns an isolated poly 
nucleotide comprising a nucleotide Sequence Selected from 
the group consisting of: (a) a first nucleotide sequence 
encoding a polypeptide of at least 52 amino acids having at 
least 85% identity based on the Clustal method of alignment 
when compared to a Second polypeptide Selected from the 
group consisting of SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, and 
16, or preferably a third polypeptide of at least 100 amino 
acids, the polypeptide having a Sequence identity of at least 
85% identity based on the Clustal method of alignment 
when compared to a fourth polypeptide Selected from the 
group consisting of SEQ ID NOS:18, 20, 22, 24, 26, 28, 30, 
and 32, and (b) a second nucleotide sequence comprising the 
complement of the first nucleotide Sequence. 
0007. In a second embodiment, it is preferred that the 
isolated polynucleotide of the invention comprises a first 
nucleotide Sequence which comprises a nucleic acid 
Sequence Selected from the group consisting of SEQ ID 
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NOS:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 
31, that codes for the polypeptide Selected from the group 
consisting of SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 
22, 24, 26, 28, 30, and 32. 

0008. In a third embodiment, this invention concerns an 
isolated polynucleotide comprising a nucleotide Sequence of 
at least 150 (preferably at least 400, most preferably at least 
600) contiguous nucleotides derived from a nucleotide 
Sequence Selected from the group consisting of SEQ ID 
NOS:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 
31, and the complement of Such nucleotide Sequences. 
0009. In a fourth 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. 

0010. In a fifth embodiment, the present invention con 
cerns an isolated host cell comprising a chimeric gene 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. 
The present invention also relates to a virus, preferably a 
baculovirus, comprising an isolated polynucleotide of the 
present invention or a chimeric gene of the present inven 
tion. 

0011. In a sixth embodiment, the invention also relates to 
a process for producing an isolated host cell comprising a 
chimeric gene of the present invention or an isolated poly 
nucleotide of the present invention, the process comprising 
either transforming or transfecting an isolated Suitable host 
cell with a chimeric gene or isolated polynucleotide of the 
present invention. 
0012. In a seventh embodiment, the invention concerns a 
biotin Synthase polypeptide of at least 52 amino acids 
comprising at least 85% identity based on the Clustal 
method of alignment compared to a polypeptide Selected 
from the group consisting of SEQ ID NOS:2, 4, 6, 8, 10, 12, 
14, and 16, or preferably a biotin Synthase polypeptide of at 
least 100 amino acids comprising at least 85% identity based 
on the Clustal method of alignment compared to a polypep 
tide selected from the group consisting of SEQ ID NOS:18, 
20, 22, 24, 26, 28, 30, and 32. 

0013 In an eighth embodiment, the invention relates to a 
method of Selecting an isolated polynucleotide that affects 
the level of expression of a biotin Synthase polypeptide or 
enzyme activity in a host cell, preferably a plant cell, the 
method comprising the steps of: (a) constructing an isolated 
polynucleotide of the present invention or an isolated chi 
meric gene of the present invention; (b) introducing the 
isolated polynucleotide or the isolated chimeric gene into a 
host cell; (c) measuring the level of the biotin Synthase 
polypeptide or enzyme activity in the host cell containing 
the isolated polynucleotide; and (d) comparing the level of 
the biotin Synthase polypeptide or enzyme activity in the 
host cell containing the isolated polynucleotide with the 
level of the biotin Synthase polypeptide or enzyme activity 
in the host cell that does not contain the isolated polynucle 
otide. 

0014. In a ninth embodiment, the invention concerns a 
method of obtaining a nucleic acid fragment encoding a 
Substantial portion of a biotin Synthase polypeptide, prefer 
ably a plant biotin Synthase polypeptide, comprising the 
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Steps of: Synthesizing an oligonucleotide primer comprising 
a nucleotide Sequence of at least 30 (preferably at least 40, 
most preferably at least 60) contiguous nucleotides derived 
from a nucleotide Sequence Selected from the group con 
sisting of SEQ ID NOS:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 
23, 25, 27, 29, and 31, and the complement of such nucle 
otide Sequences, and amplifying a nucleic acid fragment 
(preferably a cDNA inserted in a cloning vector) using the 
oligonucleotide primer. The amplified nucleic acid fragment 
preferably will encode a substantial portion of a biotin 
Synthase amino acid Sequence. 

0.015. 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 
biotin Synthase 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 Sequenc 
ing the cDNA or genomic fragment that comprises the 
isolated DNA clone. 

0016. In an eleventh embodiment, this invention con 
cerns a composition, Such as a hybridization mixture, com 
prising an isolated polynucleotide of the present invention. 

0.017. In a twelfth embodiment, this invention concerns a 
method for positive Selection of a transformed cell compris 
ing: (a) transforming a host cell with the chimeric gene of 
the present invention or an expression cassette of the present 
invention; and (b) growing the transformed host cell, pref 
erably a plant cell, Such as a monocot or a dicot, under 
conditions which allow expression of the biotin Synthase 
polynucleotide in an amount Sufficient to complement a null 
mutant to provide a positive Selection means. 

0.018. In a thirteenth embodiment, this invention relates 
to a method of altering the level of expression of a biotin 
Synthase in a host cell comprising: (a) transforming a host 
cell with a chimeric gene of the present invention; and (b) 
growing the transformed host cell under conditions that are 
Suitable for expression of the chimeric gene wherein expres 
Sion of the chimeric gene results in production of altered 
levels of the biotin synthase in the transformed host cell. 

0.019 A further embodiment of the instant invention is a 
method for evaluating at least one compound for its ability 
to inhibit the activity of a biotin synthase, the method 
comprising the steps of: (a) transforming a host cell with a 
chimeric gene comprising a nucleic acid fragment encoding 
a biotin Synthase polypeptide, operably linked to Suitable 
regulatory sequences; (b) growing the transformed host cell 
under conditions that are Suitable for expression of the 
chimeric gene wherein expression of the chimeric gene 
results in production of biotin in the transformed host cell; 
(c) optionally purifying the biotin Synthase polypeptide 
expressed by the transformed host cell; (d) treating the biotin 
Synthase polypeptide with a compound to be tested; and (e) 
comparing the activity of the biotin Synthase polypeptide 
that has been treated with a test compound to the activity of 
an untreated biotin Synthase polypeptide, thereby Selecting 
compounds with potential for inhibitory activity. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
AND SEQUENCE LISTINGS 

0020. 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. 

0021 FIG. 1 shows a comparison of the amino acid 
sequences of the barley (SEQ ID NO: 18), corn (SEQ ID 
NOS:20, 22, and 24), prickly poppy (SEQ ID NO:26), 
soybean (SEQ ID NOS:28 and 30), and wheat (SEQ ID 
NO:32) biotin synthase polypeptides to the enzymes from 
Arabidopsis thaliana (SEQ ID NO:33), fission yeast 
(Schizosaccharomyces pombe, SEQ ID NO:34), and yeast 
(Saccharomyces cerevisiae, SEQ ID NO:35). The conserved 
iron binding consensus sequence (GXCXEDCXYCXQ) is 
highlighted in italics and underlined (SEQ ID NO:36). 
0022 FIG. 2 shows a comparison of the sequences from 
nucleotides 301-441 of clone cdt2c.pk002.c17:fis (SEQ ID 
NO:19) and the comparable region (nucleotides 253-492) of 
clone cho1c.pk009.j14:fis (SEQ ID NO:21). The SEQ ID 
NO:19 sequence has a 99 nucleotide “deletion” from this 
region with respect to the SEQ ID NO:21 sequence. This 
region encompasses the conserved iron binding Sequence 
noted in FIG. 1. The “deleted” sequence shown in SEQ ID 
NO 21 has consensus intron border sequences (GT. . . AG) 
and the two Sequences may represent alternative splice 
products of the same precursor. 
0023 Table 1 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 
governing nucleotide and/or amino acid Sequence disclo 
Sures in patent applications as set forth in 37 C.F.R.S1.821 
1825. 

TABLE 1. 

Biotin Synthase 

SEO ID NO: 

Protein Clone Designation (Nucleotide) (Amino Acid) 

barley bsh1.pk0005.d10 1. 2 
Hordeum vulgare 
maize (Zea mays cdt2c.pk002.c17 3 4 
maize (Zea mays choi1c.pk009.j14 5 6 
maize Zea mays Contig of: 

cca.pk0012.g11 7 8 

p0041.crtax65r 
p0094.cssth33r 
p0094.cssth33ra 

prickly poppy pps1c.pk008.m.8 9 1O 
Argemone 
mexicana 
soybean Contig of: 

Glycine max sahl.c.pk001.b19 11 12 
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TABLE 1-continued 

Biotin Synthase 

SEO ID NO: 

Protein Clone Designation (Nucleotide) (Amino Acid) 

sr1.pk0026.d1 
src2c.pk025.k23 
ssm.pk0072.h10 

soybean sls2c.pk010.124 13 14 
Glycine max 
wheat-common wr1.pk0104.b6 15 16 
Triticum 
aestivum 
barley bsh1.pk0005.d10 17 18 
Hordeum vulgare 
maize (Zea mays cdt2c.pk002.c17 19 2O 
maize (Zea mays choi1c.pk009.j14 21 22 
maize Zea mays cca.pk0012.g11:fis 23 24 
prickly poppy pps1c.pk008.m8:fis 25 26 
Argemone 
mexicana 
soybean sgc5c.pk001.j23:fis 27 28 
Glycine max 
soybean Contig of: 

Glycine max sls1c.pk015.d12 29 3O 
sls2c.pk010.124:fis 

wheat-common wr1.pk0104.b6:fis 31 32 
Triticum 
aestivum 

0024. The Sequence Listing contains the one letter code 
for nucleotide Sequence characters and the three letter codes 
for amino acids as defined in conformity with the IUPAC 
IUBMB Standards described in Nucleic Acids Res. 13:3021 
3030 (1985) and in the Biochemical J 219 (No. 2):345-373 
(1984) which are herein incorporated by reference. The 
Symbols and format used for nucleotide and amino acid 
sequence data comply with the requirements of 37 C.F.R. 
S1.822. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.025 In the context of this disclosure, a number of terms 
shall be utilized. The terms “polynucleotide,”“polynucle 
otide Sequence,”“nucleic acid Sequence,” and “nucleic acid 
fragment'/'isolated nucleic acid fragment” are used inter 
changeably. These terms encompass nucleotide Sequences 
and the like. A polynucleotide may be an RNA or DNA that 
is single- or double-Stranded, that optionally contains Syn 
thetic, non-natural or altered nucleotide bases. A polynucle 
otide 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 polynucleotide of the 
present invention may include at least 30 contiguous nucle 
otides, preferably at least 40 contiguous nucleotides, most 
preferably at least 60 contiguous nucleotides derived from 
SEQ ID NOS:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 
29, and 31, or the complement of Such Sequences. 
0026. The term "isolated” refers to materials, such as 
nucleic acid molecules and/or proteins, which are Substan 
tially free from components that normally accompany or 
interact with the materials in a naturally occurring environ 
ment. Isolated polynucleotides may be purified from a host 
cell in which they naturally occur. Conventional nucleic acid 
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purification methods known to skilled artisans may be used 
to obtain isolated polynucleotides. The term also embraces 
recombinant polynucleotides and chemically Synthesized 
polynucleotides. 

0027. The term “recombinant’ means, for example, that 
a nucleic acid Sequence is made by an artificial combination 
of two otherwise Separated Segments of Sequence, e.g., by 
chemical Synthesis or by the manipulation of isolated 
nucleic acids by genetic engineering techniques. 
0028. As used herein, “contig” refers to a nucleotide 
Sequence that is assembled from two or more constituent 
nucleotide Sequences that share common or overlapping 
Sequences. For example, the nucleotide Sequences of two or 
more nucleic acid fragments can be compared and aligned in 
order to identify common or overlapping Sequences. Where 
common or overlapping Sequences exist between two or 
more nucleic acid fragments, the Sequences (and thus their 
corresponding nucleic acid fragments) can be assembled 
into a single contiguous nucleotide Sequence, to form a 
“contig”. 

0029. As used herein, “substantially similar,” in the case 
of nucleic acid fragments, refers to changes in one or more 
nucleotide bases that result in Substitution of one or more 
amino acids, but do not affect the functional properties of the 
polypeptide encoded by the nucleotide Sequence. “Substan 
tially 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 alter gene expression 
patterns 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 
nucleotides 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 prop 
erties 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 "Substan 
tially similar' and “corresponding Substantially are used 
interchangeably herein. 
0030. In one embodiment, Substantially similar nucleic 
acid fragments may be obtained 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 frag 
ment representing at least one of 30 contiguous nucleotides 
derived from the instant nucleic acid fragment can be 
constructed and introduced 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 frag 
ment. 

0031. For example, it is well known in the art that 
antisense Suppression and co-Suppression of gene expres 
Sion may be accomplished using nucleic acid fragments 
representing less than the entire coding region of a gene, and 
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by using nucleic acid fragments that do not share 100% 
Sequence identity with the gene to be Suppressed. Moreover, 
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 hydro 
phobic residue, Such as glycine, or a more hydrophobic 
residue, Such as Valine, leucine, or isoleucine. Similarly, 
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 functionally 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 
modifications is well within the routine skill in the art, as is 
determination of retention of biological activity of the 
encoded products. Consequently, an isolated polynucleotide 
comprising a nucleotide Sequence of at least 30 (preferably 
at least 40, most preferably at least 60) contiguous nucle 
otides derived from a nucleotide Sequence Selected from the 
group consisting of SEQ ID NOS:1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, and 31, and the complement of Such 
nucleotide Sequences may be used in methods of Selecting 
an isolated polynucleotide that affects the expression of a 
biotin Synthase 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 a plant cell or a yeast cell, or prokary 
otic Such as a bacterial cell) may comprise the steps of 
constructing an isolated polynucleotide of the present inven 
tion or an isolated chimeric gene of the present invention; 
introducing the isolated polynucleotide or the isolated chi 
meric 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. 

0.032 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 Hybridisa 
tion, IRL Press, Oxford, U.K.). Stringency conditions can be 
adjusted to Screen for moderately Similar fragments, Such as 
homologous Sequences from distantly related organisms, to 
highly similar fragments, Such as genes that duplicate func 
tional enzymes from closely related organisms. Post-hybrid 
ization 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. 
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Another preferred Set of highly Stringent conditions uses two 
final washes in 0. IX SSC, 0.1% SDS at 65° C. 

0033 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. 

0034) Suitable nucleic acid fragments (isolated poly 
nucleotides of the present invention) encode polypeptides 
that are at least about 80% identical, preferably at least about 
85%, more preferably at least about 90%, still more prefer 
ably at least about 95%, and most preferably at least about 
98% identical to the amino acid Sequences reported herein. 

0035) Suitable nucleic acid fragments not only have the 
above identities but typically encode a polypeptide having at 
least 20, preferably 40, more preferably 50, still more 
preferably 80, more preferably at least 100, more preferably 
at least 150 amino acids, preferably at least 200 amino acids, 
more preferably at least 250 amino acids, Still more prefer 
ably at least 300 amino acids, again more preferably at least 
350 amino acids, and most preferably at least 400 amino 
acids. Sequence alignments and percent identity calculations 
were performed using the Megalign program of the LASER 
GENE bioinformatics computing suite (DNASTAR Inc., 
Madison, Wis.). Multiple alignment of the sequences was 
performed using the Clustal method of alignment (Higgins 
and Sharp (1989) CABIOS. 5:151-153) with the default 
parameters (GAP PENALTY=10, GAP LENGTH PEN 
ALTY=10). Default parameters for pairwise aligminents 
using the Clustal method were KTUPLE 1, GAP PEN 
ALTY-3, WINDOW-5 and DIAGONALS SAVED=5. 

0036) 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 identi 
fication 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 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. More 
over, with respect to nucleotide Sequences, gene-specific 
oligonucleotide probes comprising 30 or more contiguous 
nucleotides may be used in Sequence-dependent methods of 
gene identification (e.g., Southern hybridization) and isola 
tion (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 “Substan 
tial portion' of a nucleotide Sequence comprises a nucleotide 
Sequence that will afford Specific identification and/or iso 
lation 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 proteins. 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 
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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. 

0037 “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. There 
fore, 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. 

0.038 “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 Synthe 
sis 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 opti 
mization 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. 

0.039 “Gene” refers to a nucleic acid fragment that 
expresses a Specific protein, including regulatory Sequences 
preceding (5' non-coding sequences) and following (3' non 
coding sequences) the coding Sequence. “Native gene’ 
refers to a gene as found in nature with its own regulatory 
Sequences. “Chimeric gene' referS 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 regu 
latory 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 organism, but that is introduced into the host organism 
by gene transfer. Foreign genes can comprise native genes 
inserted into a non-native organism, or chimeric genes. A 
“transgene' is a gene that has been introduced into the 
genome by a transformation procedure. 

0040 “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 
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coding sequences) of a coding sequence, and which influ 
ence the transcription, RNA processing or Stability, or trans 
lation of the associated coding Sequence. Regulatory 
Sequences may include promoters, translation leader 
Sequences, introns, and polyadenylation recognition 
Sequences. 

0041) “Promoter” refers to a nucleotide sequence capable 
of controlling the expression of a coding Sequence or 
functional RNA. In general, a coding Sequence is located 3 
to a promoter Sequence. The promoter Sequence consists of 
proximal 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 heterologous element inserted to enhance the 
level or tissue-specificity of a promoter. Promoters may be 
derived in their entirety from a native gene, or may be 
composed of different elements derived from different pro 
moters 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 com 
monly referred to as “constitutive promoters”. New promot 
ers of various types useful in plant cells are constantly being 
discovered; numerous examples may be found in the com 
pilation 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. 

0042 “Translation leader sequence” refers to a nucle 
otide Sequence located between the promoter Sequence of a 
gene and the coding Sequence. The translation leader 
Sequence is present in the fully processed mRNA upstream 
of the translation start Sequence. The translation leader 
Sequence 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). 
0043 “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 
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. 
0044) “RNA transcript” refers to the product resulting 
from RNA polymerase-catalyzed transcription of a DNA 
Sequence. When the RNA transcript is a perfect comple 
mentary copy of the DNA sequence, it is referred to as the 
primary transcript or it may be a RNA sequence derived 
from posttranscriptional 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 
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converted to double Stranded form using, for example, the 
Klenow fragment of DNA polymerase I. “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 comple 
mentarity 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” refers to sense RNA, antisense 
RNA, ribozyme RNA, or other RNA that may not be 
translated but yet has an effect on cellular processes. 

004.5 The term “operably linked” refers to the associa 
tion of two or more nucleic acid fragments on a Single 
polynucleotide 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 expres 
Sion 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. 

0046) The term “expression”, as used herein, refers to the 
transcription and Stable accumulation of Sense (mRNA) or 
antisense RNA derived from the nucleic acid fragment of the 
invention. Expression may also refer to translation of mRNA 
into a polypeptide. “Antisense inhibition” refers to the 
production of antisense RNA transcripts capable of Sup 
pressing the expression of the target protein. “Overexpres 
Sion” 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 similar foreign or 
endogenous genes (U.S. Pat. No. 5,231,020, incorporated 
herein by reference). 
0047 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. “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-trans 
formed organisms. “Null mutant” refers here to a host cell 
which either lacks the expression of a certain polypeptide or 
expresses a polypeptide which is inactive or does not have 
any detectable expected enzymatic function. "Mature pro 
tein' 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 translation of 
mRNA; i.e., with pre- and propeptides Still present. Pre- and 
propeptides may be but are not limited to intracellular 
localization signals. 
0.048. 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 
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Sequence that encodes a chloroplast transit peptide. A “Sig 
nal peptide' is an amino acid Sequence which is translated 
in conjunction with a protein 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, or if to the endoplasmic reticulum, an endoplasmic 
reticulum retention 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). 
0049 “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 
“transgenic' organisms. Examples of methods of plant 
transformation include Agrobacterium-mediated transfor 
mation (De Blaere et al. (1987) Meth. Enzymol. 143:277) 
and particle-accelerated or “gene gun', transformation tech 
nology (Klein et al. (1987) Nature (London)327:70-73; U.S. 
Pat. No. 4,945,050, incorporated herein by reference). Thus, 
isolated polynucleotides 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 tran 
Scription and translation 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 described in, e.g., Pouwels et 
al., Cloning Vectors: A Laboratory Manual, 1985, Supp. 
1987; Weissbach and Weissbach, Methods for Plant Molecu 
lar Biology, Academic Press, 1989; and Flevin et al., Plant 
Molecular Biology Manual, Kluwer Academic Publishers, 
1990. Typically, plant expression vectors include, for 
example, one or more cloned plant genes under the tran 
Scriptional 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 regul 
latory region controlling inducible or constitutive, environ 
mentally- or developmentally-regulated, or cell- or tissue 
Specific expression), a transcription initiation start Site, a 
ribosome binding Site, an RNA processing Signal, a tran 
Scription termination site, and/or a polyadenylation Signal. 
0050 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”). 
“PCR' or “polymerase chain reaction” is well known by 
those skilled in the art as a technique used for the amplifi 
cation of specific DNA segments (U.S. Pat. Nos. 4,683,195 
and 4,800,159). 
0051. 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 52 amino acids having at least 
85% identity based on the Clustal method of alignment 
when compared to a polypeptide Selected from the group 
consisting of SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, and 16, or 
preferably a polypeptide of at least 100 amino acids having 
at least 85% identity based on the Clustal method of align 
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ment when compared to a polypeptide Selected from the 
group consisting of SEQ ID NOS:18, 20, 22, 24, 26, 28, 30, 
and 32, or (b) a second nucleotide Sequence comprising the 
complement of the first nucleotide Sequence. 

0.052 Preferably, the first nucleotide sequence comprises 
a nucleic acid Sequence Selected from the group consisting 
of SEQ ID NOS:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 
27, 29, and 31, that codes for the polypeptide selected from 
the group consisting of SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, 
and 16. 

0.053 Nucleic acid fragments encoding at least a portion 
of several biotin synthases have been isolated and identified 
by comparison of random plant cDNA sequences to public 
databases containing nucleotide and protein 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-dependent 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 ampli 
fication as exemplified by various uses of nucleic acid 
amplification technologies (e.g., polymerase chain reaction, 
ligase chain reaction). 
0.054 For example, genes encoding other biotin syn 
thases, 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 methodology well known 
to those skilled in the art. Specific oligonucleotide 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 labeling, nick 
translation, end-labeling techniques, or RNA probes using 
available in vitro transcription Systems. In addition, Specific 
primers can be designed and used to amplify a part or all of 
the instant Sequences. The resulting amplification 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 con 
ditions of appropriate Stringency. 

0055. 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 
presence 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 5' directions can be designed 
from the instant Sequences. Using commercially available 3' 
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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). Conse 
quently, a polynucleotide comprising a nucleotide Sequence 
of at least 30 (preferably one of at least 40, most preferably 
at least 60) contiguous nucleotides derived from a nucleotide 
Sequence Selected from the group consisting of SEQ ID 
NOS:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, and 
31, 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 polypeptide. 

0056. The present invention relates to a method of obtain 
ing a nucleic acid fragment encoding a Substantial portion of 
a biotin Synthase polypeptide, preferably a Substantial por 
tion of a plant biotin Synthase polypeptide, comprising the 
Steps of: Synthesizing an oligonucleotide primer comprising 
a nucleotide Sequence of at least 30 (preferably at least 40, 
most preferably at least 60) contiguous nucleotides derived 
from a nucleotide Sequence Selected from the group con 
sisting of SEQ ID NOS:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 
23, 25, 27, 29, and 31, and the complement of such nucle 
otide Sequences, and amplifying a nucleic acid fragment 
(preferably a cDNA inserted in a cloning vector) using the 
oligonucleotide primer. The amplified nucleic acid fragment 
preferably will encode a portion of a biotin Synthase 
polypeptide. 
0057 Availability of the instant nucleotide and deduced 
amino acid Sequences facilitates immunological Screening 
of cDNA expression libraries. Synthetic peptides represent 
ing portions of the instant amino acid Sequences may be 
Synthesized. These peptides can be used to immunize ani 
mals 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 cI)NA expression libraries to isolate full-length 
cDNA clones of interest (Lerner (1984) Adv: Immunol. 
36:1-34; Maniatis). 
0058. In another embodiment, this invention concerns 
Viruses and host cells comprising either the chimeric genes 
of the invention as described herein or an isolated poly 
nucleotide of the invention as described herein. Examples of 
host cells which can be used to practice the invention 
include, but are not limited to, a yeast cell, a bacterial cell, 
and a plant cell. 
0059 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 overexpressed, or 
their expression is Suppressed, in various cell types or 
developmental Stages. This would have the effect of altering 
the level of biotin in those cells. Biotin synthase could also 
be used as a target for herbicides Since the loSS of the enzyme 
leads to and embryo-defective phenotype (Patton et al. 
(1998) Plant Physiol 116:935-946). Altering the levels of 
biotin Synthase in cells could make them more or leSS 
Susceptible to herbicidal compounds. 
0060. 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 
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promoter 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 trans 
lation 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 comprise one or more introns in order to facilitate gene 
expression. 

0061 Plasmid vectors comprising the instant isolated 
polynucleotide (or chimeric gene) may be constructed. The 
skilled artisan readily recognizes that the choice of plasmid 
vector is dependent upon many factors, Such as whether the 
vector is for protein expression, gene-overexpression or 
Suppression, and in what type of host cell the vectors are 
propagated. The choice of plasmid vector is dependent upon 
the method that will be used to transform host plants. The 
skilled artisan is well aware of the genetic elements that 
must be present on the plasmid vector in order to Success 
fully transform, Select and propagate host cells containing 
the chimeric gene. The Skilled artisan will also recognize 
that different independent transformation events will result 
in different levels and patterns of expression (Jones et al. 
(1985) EMBOJ 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 
analysis of mRNA expression, Western analysis of protein 
expression, or phenotypic analysis. 

0.062 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. 

0.063. It may also be desirable to reduce or eliminate 
expression of genes encoding the instant polypeptides in 
plants for Some applications. In order to accomplish this, a 
chimeric gene 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 gene 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 genes could 
be introduced into plants via transformation wherein expres 
Sion of the corresponding endogenous genes are reduced or 
eliminated. 

0.064 Molecular genetic solutions to the generation of 
plants with altered gene expression have a decided advan 
tage over more traditional plant breeding approaches. 
Changes in plant phenotypes can be produced by Specifically 
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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 conventional mutations 
which may have an effect in all tissues in which a mutant 
gene is ordinarily expressed. 

0065. 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 artisan 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 Specifi 
cally 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. 

0066. In another embodiment, the present invention con 
cerns a polypeptide of at least 52 amino acids that has at least 
85% identity based on the Clustal method of alignment 
when compared to a polypeptide Selected from the group 
consisting of SEQ ID NOS:2, 4, 6, 8, 10, 12, 14, and 16, or 
preferably a polypeptide of at least 100 amino acids that has 
at least 85% identity based on the Clustal method of align 
ment when compared to a polypeptide Selected from the 
group consisting of SEQ ID NOS:18, 20, 22, 24, 26, 28, 30, 
and 32. 

0067. The instant polypeptides (or portions thereof) may 
be produced in heterologous host cells, particularly in the 
cells of microbial hosts, and can be used to prepare anti 
bodies to these proteins by methods well known to those 
skilled in the art. The antibodies are useful for detecting the 
polypeptides 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 con 
taining regulatory Sequences that direct high level expres 
Sion of foreign proteins are well known to those skilled in 
the art. Any of these could be used to construct a chimeric 
gene for production of the instant polypeptides. This chi 
meric gene could then be introduced into appropriate micro 
organisms via transformation to provide high level expres 
Sion of the encoded biotin Synthases. An example of a vector 
for high level expression of the instant polypeptides in a 
bacterial host is provided (Example 6). 
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0068 Additionally, the instant polypeptides can be used 
as a target to facilitate design and/or identification of inhibi 
tors of those enzymes that may be useful as herbicides. This 
is desirable because the polypeptides described herein cata 
lyze various Steps in biotin biosynthesis. Accordingly, inhi 
bition of the activity of one or more of the enzymes 
described herein could lead to inhibition of plant growth. 
Thus, the instant polypeptides could be appropriate for new 
herbicide discovery and design. 
0069 All or a substantial portion of the polynucleotides 
of the instant invention may also be used as probes for 
genetically 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 
Subjected 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 previously obtained using this population (Botstein et 
al. (1980) Am. J. Hum. Genet. 32:314-331). 
0070 The production and use of plant gene-derived 
probes for use in genetic mapping is described in Bematzky 
and Tanksley (1986) Plant Mol. Biol. Reporter 4:37-41. 
Numerous publications describe genetic mapping of Specific 
cDNA clones using the methodology outlined above or 
variations thereof. For example, F2 intercroSS populations, 
backcroSS 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. 

0.071) 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). 
0.072 In another 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 perfor 
mance of FISH mapping using shorter probes. 
0073. A variety of nucleic acid amplification-based meth 
ods of genetic and physical mapping may be carried out 
using 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 
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241:1077-1080), nucleotide extension reactions (Sokolov 
(1990) Nucleic Acid Res. 18:3671), Radiation Hybrid Map 
ping (Walter et al. (1997) Nat. Genet. 7:22-28) and Happy 
Mapping (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 reac 
tions. 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 corresponding to the instant nucleic acid Sequence. 
This, however, is generally not necessary for mapping 
methods. 

0074 Loss of function mutant phenotypes may be iden 
tified for the instant cl)NA 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 
accomplished 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 muta 
tion-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 
element in or near the plant gene encoding the instant 
polypeptides. Alternatively, the instant nucleic acid frag 
ment may be used as a hybridization probe against PCR 
amplification products generated from the mutation popu 
lation using the mutation tag Sequence primer in conjunction 
with an arbitrary genomic Site primer, Such as that for a 
restriction enzyme site-anchored Synthetic adapter. With 
either method, a plant containing a mutation in the endog 
enous gene encoding the instant polypeptides can be iden 
tified and obtained. This mutant plant can then be used to 
determine or confirm the natural function of the instant 
polypeptides disclosed herein. 

EXAMPLES 

0075) The present invention is further defined in the 
following 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 
apparent to those skilled in the art from the foregoing 
description. Such modifications are also intended to fall 
within the Scope of the appended claims. 

0076. The disclosure of each reference set forth herein is 
incorporated herein by reference in its entirety. 
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Example 1 

Composition of cDNA Libraries; Isolation and 
Sequencing of cDNA Clones 

0077 cDNA libraries representing mRNAs from various 
barley, corn, prickly poppy, Soybean, and wheat tissues were 
prepared. The characteristics of the libraries are described 
below. 

TABLE 2 

cDNA Libraries from Barley, Corn, Prickly Poppy, Soybean, and Wheat 

Library Tissue Clone 

bsh1 Barley Sheath, Developing Seedling 
cdt2c Corn (Zea mays L.) developing tassel 2 
cho1c Corn (Zea mays L., Alexho Synthetic 

High Oil) embryo 20 DAP 
Leaf collars for the Ear leaf, screened 1 (EL) p0094.cssth33r 
and the next leaf above and below the EL 
Growth conditions: field; control or 
untreated tissues 

pps1c Prickly poppy developing seeds pps1c.pk008.m.8 
sgc5c Soybean (Glycine max L., Wye) germinating sgc5c.pk001.j23 

cotyledon (3/4 yellow; 15–24 DAG) 
sls1c Soybean (Glycine max L., S1990) infected 

with Sclerotinia sclerotiorum mycelium. 
sls2c Soybean (Glycine max L., Manta) infected 

with Sclerotinia sclerotiorum mycelium 
wr1 Wheat Root From 7 Day Old Seedling 

p0094 

0078 cDNA libraries may be prepared by any one of 
many methods available. For example, the cDNAS may be 
introduced into plasmid vectors by first preparing the cDNA 
libraries in Uni-ZAPTM XR vectors according to the manu 
facturer's protocol (Stratagene Cloning Systems, La Jolla, 
Calif.). The Uni-ZAPTM XR libraries are converted into 
plasmid libraries according to the protocol provided by 
Stratagene. Upon conversion, cDNA inserts will be con 
tained in the plasmid vector p3lueScript. 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 manufacturer'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 Specific for vector Sequences 
flanking the inserted cDNA sequences. Amplified insert 
DNAS or plasmid DNAS are 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 resulting ESTs are 
analyzed using a Perkin Elmer Model 377 fluorescent 
Sequencer. 

0079 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. 
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0080 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 
population of large DNA molecules. The transposed DNA is 
then used to transform DH 10B electro-competent cells 
(Gibco BRL/Life Technologies, Rockville, Md.) via elec 
troporation. The transposable element contains an additional 
selectable marker (named DHFR; Fling and Richards (1983) 
Nucleic Acids Res. 11:5147-5158), allowing for dual selec 
tion on agar plates of only those Subclones containing the 
integrated transposon. Multiple Subclones are randomly 
Selected from each transposition reaction, plasmid DNAS are 
prepared via alkaline lysis, and templates are Sequenced 
(ABI Prism dye-terminator ReadyReaction mix) outward 
from the transposition event Site, utilizing unique primers 
Specific to the binding sites within the transposon. 
0081 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, University of Washington, Seattle). 

Example 2 

Identification of cDNA Clones 

0082 cDNA clones encoding biotin synthases were iden 
tified 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 similar 
ity to sequences contained in the BLAST “nr” database 
(comprising all non-redundant GenBank CDS translations, 
Sequences derived from the 3-dimensional Structure 
Brookhaven Protein Data Bank, the last major release of the 
SWISS-PROT protein sequence database, EMBL, and 
DDBJ 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 com 
pared for Similarity to all publicly available protein 
sequences contained in the “nr” database using the BLASTX 
algorithm (Gish and States (1993) Nat. Genet. 3:266-272) 
provided by the NCBI. For convenience, the P-value (prob 
ability) 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 
“p og Values, which represent the negative of the loga 
rithm of the reported P-value. Accordingly, the greater the 
pI og value, the greater the likelihood that the cDNA 
sequence and the BLAST “hit” represent homologous pro 
teins. 

0083 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 
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BLASTn algorithm (Altschul et al (1997) Nucleic Acids 
Res. 25:3389-3402.) against the DuPont proprietary data 
base comparing nucleotide Sequences that share common or 
overlapping 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 
determined by Full Insert Sequencing as described in 
Example 1. Homologous genes belonging to different Spe 
cies 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 tELASTn 
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 nucle 
otide codon usage between different Species, and for codon 
degeneracy. 

Example 3 

Characterization of cDNA Clones Encoding Biotin 
Synthase 

0084. The BLASTX search using the EST sequences 
from clones listed in Table 3 revealed similarity of the 
polypeptides encoded by the cDNAS to biotin synthase from 
Arabidopsis thaliana and fission yeast (Schizosaccharomy 
ces pombe) (NCBI Accession No. gi 1705463 and gi 
2995363, respectively). Shown in Table 3 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 3 

BLAST Results for Sequences Encoding Polypeptides 
Homologous to Biotin Synthase 

Clone Status Accession No. BLAST pI og Score 

bsh1.pk0005.d10 EST 
cdt2c.pk002.c17 EST 
cho1c.pk009.j14 EST 
Contig of: Contig 
cca.pk0012.g11 
ccoln.pk069.fl 
p0004.cb1hi7Or 
p0041.crtax65r 
p0094.cssth33r 
p0094.cssth33ra 
pps1c.pk008.m.8 EST 
Contig of: Contig 
sahl.c.pk001.b19 
sfl1.pk128.m2 
sgc5c.pk001.j23 
sgs2c.pk003.p6 
sr1.pk0026.d1 
src2c.pk025.k23 
ssm.pk0072.h10 
sls2c.pk010.124 EST 
wr1.pk0104.b6 EST 

1705463 56.2O 
1705463 25.30 
1705463 32.30 
1705463 254.OO 

1705463 52.50 
1705463 254.OO 

2995363 18.7O 
1705463 34.70 

0085. The sequence of the entire cDNA insert in the 
clones listed in Table 3 was determined. Further Sequencing 
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and Searching of the DuPont proprietary database allowed 
the identification of other corn, rice, Soybean and/or wheat 
clones encoding biotin synthase. The BLASTX search using 
the EST sequences from clones listed in Table 4 revealed 
similarity of the polypeptides encoded by the cDNAS to 
biotin synthase from Arabidopsis thaliana and yeast (Sac 
charomyces cerevisiae) (NCBI Accession No.gi 1705463 
and gi 6321725, 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”), 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 the entire protein derived from an FIS, a contig, or 
an FIS and PCR (“CGS”): 

TABLE 4 

BLAST Results for Sequences Encoding Polypeptides 
Homologous to Biotin Synthase 

Clone Status Accession No. BLAST pI og Score 

bsh1.pk0005.d10:fis FIS 1705463 18O.OO 
cdt2c.pk002.c17:fis FIS 1705463 152.OO 
choi1c.pk009.j14:fiS FIS 1705463 179.OO 
cca.pk0012.g11:fis FIS 1705463 178.00 
pps1c.pk008.m8:fis FIS 1705463 18O.OO 
sgc5c.pk001.j23:fis FIS 1705463 18O.OO 
Contig of: 

sls1c.pk015.d12 Contig 6321725 119.OO 
sls2c.pk010.124:fis 
wr1pk0104.b6:fis FIS 1705463 127.00 

0086 FIG. 1 shows a comparison of the amino acid 
sequences of the barley (SEQ ID NO:18), corn (SEQ ID 
NOS:20, 22, and 24), prickly poppy (SEQ ID NO:26), 
soybean (SEQ ID NOS:28 and 30), and wheat (SEQ ID 
NO:32) biotin synthase polypeptides to the enzymes from 
Arabidopsis thaliana (SEQ ID NO:33), fission yeast 
(Schizosaccharomyces pombe, SEQ ID NO:34), and yeast 
(Saccharomyces cerevisiae, SEQ ID NO:35). The conserved 
iron binding consensus sequence (GXCXEDCXYCXQ) is 
highlighted in black (SEQ ID NO:36). The sequence for 
clone cdt2c.pk002.c17 (SEQ ID NOS:3, 4 and 19, 20) is very 
Similar to the other two corn biotin Synthase Sequences with 
the exception of a 99 nucleotide deletion (33 amino acids) 
which includes the iron binding consensus motif (see FIGS. 
1 and 2). It is very likely that this clDNA clone represents a 
splice variant of the mRNA represented in SEQ ID NO:21. 
The deleted Sequence has consensus GT . . . AG intron 
border Sequences, and the Surrounding Sequences fall within 
the requirements for a functional Splice site junction. 
Whether this alternative splice product has any biological or 
regulatory role within the plant is unknown at this time. The 
second soybean sequence (SEQ ID NOS:13, 14 and 29, 30) 
is the only one analyzed in this group that shows higher 
homology to yeast biotin Synthase genes than to plant biotin 
synthase sequences. The cDNA libraries that these clones 
were isolated from (Sls1c, Sls2c) were Soybean tissues 
infected with the fungus Sclerotinia. It can not be ruled out 
that, this clone may represent a fungal rather than plant 
biotin Synthase Sequence. 
0087. 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, 16, 18, 20, 22, 24, 26, 28, 30, 
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and 32, and the Arabidopsis thaliana and fission yeast 
(Schizosaccharomyces pombe) (NCBI Accession No. gi 
1705463 and gi 2995363, respectively and SEQ ID NO:33 
and 34). 

TABLE 5 

Percent Identity of Amino Acid Sequences Deduced From the Nucleotide 
Sequences of cDNA Clones Encoding Polypeptides 

Homologous to Biotin Synthase 

Percent Identity to Percent Identity to 
SEO ID NO. 1705463 2995363 

2 71.5% 
4 53.9% 
6 68.4% 
8 83.1% 
1O 72.3% 
12 80.2% 
14 65.4% 
16 83.3% 
18 79.4% 
2O 77.3% 
22 79.8% 
24 79.6% 
26 82.3% 
28 79.9% 
3O 54.5% 
32 81.7% 

0088 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 BLAST Scores and probabilities 
indicate that the nucleic acid fragments comprising the 
instant cDNA clones encode a substantial portion of a biotin 
Synthase. These Sequences represent the first monocot, corn, 
Soybean, wheat, and prickly poppy Sequences encoding 
biotin Synthase known to Applicant. 

Example 4 

Expression of Chimeric Genes in Monocot Cells 
0089 Achimeric gene 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 
cDNA 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 
primers. Cloning sites (NcoI or SmaI) 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 per 
formed in a standard PCR. The amplified DNA is then 
digested with restriction enzymes NcoI and SmaI and frac 
tionated on an agarose gel. The appropriate band can be 
isolated from the gel and combined with a 4.9 kb Nco-SmaI 
fragment of the plasmid pML103. Plasmid pML103 has 
been deposited under the terms of the Budapest Treaty at 
ATCC (American Type Culture Collection, 10801 Univer 
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sity Blvd., Manassas, Va. 20110-2209), and bears accession 
number ATCC 97366. The DNA segment from pML103 
contains a 1.05 kb SalI-NcoI promoter fragment of the maize 
27 kD Zein gene and a 0.96 kb SmaI-SalI 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 (Mania 
tis). The ligated DNA may then be used to transform E. coli 
XL1-Blue (Epicurian Coli XL-1 Blue"M; Stratagene). Bac 
terial transformants can be Screened by restriction enzyme 
digestion of plasmid DNA and limited nucleotide Sequence 
analysis using the dideoxy chain termination method 
(SequenaseTM DNA Sequencing Kit; U.S. Biochemical). 
The resulting plasmid construct would comprise a chimeric 
gene encoding, in the 5' to 3' direction, the maize 27 kD Zein 
promoter, a cDNA fragment encoding the instant polypep 
tides, and the 10 kD Zein 3' region. 
0090 The chimeric gene described above can then be 
introduced into corn cells by the following procedure. 
Immature corn embryos can be dissected from developing 
caryopses derived from crosses of the inbred corn lines H99 
and LH132. The embryos are isolated 10 to 11 days after 
pollination 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 undiffer 
entiated 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. 

0.091 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 0242 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. 

0092. 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 m in diameter) are coated with DNA using the 
following technique. Ten lug of plasmid DNAS are added to 
50 u, of a Suspension of gold particles (60 mg per mL). 
Calcium chloride (50 uL of a 2.5M solution) and spermidine 
free base (20 ul of a 1.0 M solution) are added to the 
particles. The Suspension is Vortexed during the addition of 
these solutions. After 10 minutes, the tubes are briefly 
centrifuged (5 sec at 15,000 rpm) and the Supernatant 
removed. The particles are resuspended in 200 till of abso 
lute ethanol, centrifuged again and the Supernatant removed. 
The ethanol rinse is performed again and the particles 
resuspended in a final volume of 30 till of ethanol. An 
aliquot (5 uD) of the DNA-coated gold particles can be 
placed in the center of a KaptonTM flying disc (Bio-Rad 
Labs). The particles are then accelerated into the corn tissue 
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with a BiolisticTM PDS-1000/He (Bio-Rad Instruments, Her 
cules Calif.), using a helium pressure of 1000 psi, a gap 
distance of 0.5 cm and a flying distance of 1.0 cm. 
0.093 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. 
0094. 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. 

0.095 Plants can be regenerated from the transgenic cal 
lus by first transferring clusters of tissue to N6 medium 
supplemented 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 Genes in Dicot Cells 

0.096] A seed-specific expression cassette composed of 
the promoter and transcription terminator from the gene 
encoding the f3 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 endonuclease sites Nco I (which includes the 
ATG translation initiation codon), Sma I, Kpn I and Xba I. 
The entire cassette is flanked by Hind III sites. 
0097. 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 
orientation of the DNA fragment when inserted into the 
expression vector. Amplification is then performed as 
described above, and the isolated fragment is inserted into a 
pUC18 Vector carrying the Seed expression cassette. 
0.098 Soybean embryos may then be transformed with 
the expression vector comprising Sequences encoding the 
instant polypeptides. To induce Somatic embryos, cotyle 
dons, 3-5 mm in length dissected from Surface Sterilized, 
immature 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 
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Suitable liquid medium. After repeated Selection for clusters 
of Somatic embryos which multiplied as early, globular 
Staged embryos, the Suspensions are maintained as described 
below. 

0099 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 
inoculating approximately 35 mg of tissue into 35 mL of 
liquid medium. 
0100 Soybean embryogenic suspension cultures may 
then be transformed by the method of particle gun bom 
bardment (Klein et al. (1987) Nature (London) 327:70-73, 
U.S. Pat. No. 4,945.050). A DuPont BiolisticTM PDS1000/ 
HE instrument (helium retrofit) can be used for these trans 
formations. 

0101. A selectable marker gene which can be used to 
facilitate Soybean transformation is a chimeric gene com 
posed of the 35S promoter from Cauliflower Mosaic Virus 
(Odell et al. (1985) Nature 313:810-812), the hygromycin 
phosphotransferase gene from plasmid plR225 (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. 
0102) To 50 till of a 60 mg/mL 1 lim gold particle 
Suspension is added (in order): 5 till DNA (1 lug?u), 20 u, 
spermidine (0.1M), and 50 uL CaCl (2.5 M). The particle 
preparation 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 u, 70% 
ethanol and resuspended in 40 till of anhydrous ethanol. The 
DNA/particle Suspension can be Sonicated three times for 
one Second each. Five ul of the DNA-coated gold particles 
are then loaded on each macro carrier disk. 

0103) Approximately 300-400 mg of a two-week-old 
Suspension 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 approximately 3.5 inches away from the retaining 
screen and bombarded three times. Following bombard 
ment, the tissue can be divided in half and placed back into 
liquid and cultured as described above. 
0104 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 
untransformed, necrotic embryogenic clusters. Isolated 
green tissue is removed and inoculated into individual flaskS 
to generate new, clonally propagated, transformed embryo 
genic Suspension cultures. Each new line may be treated as 
an independent transformation event. These Suspensions can 
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then be Subcultured 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 Genes in Microbial Cells 
0105 The cDNAs encoding the instant polypeptides can 
be inserted into the T7 E. coli expression vector pBT430. 
This vector is a derivative of pET3a (Rosenberg et al. 
(1987) Gene 56:125-135) which employs the bacteriophage 
T7 RNA polymerase/T7 promoter system. Plasmid pBT430 
was constructed by first destroying the EcoRI and Hind III 
Sites in peT3a at their original positions. An oligonucleotide 
adapter containing EcoRI and Hind III Sites was inserted at 
the BamH I site 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 Nico I Site using 
oligonucleotide-directed mutagenesis. The DNA sequence 
of p.T-3aM in this region, 5'-CATATGG, was converted to 
5'-CCCATGG in pBT430. 
0106 Plasmid DNA containing a cDNA may be appro 
priately 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 ug/ml 
ethidium bromide for visualization of the DNA fragment. 
The fragment can then be purified from the agarose gel by 
digestion with GELaseTM (Epicentre Technologies, Madi 
Son, Wis.) according to the manufacturer's instructions, 
ethanol precipitated, dried and resuspended in 20 till of 
water. Appropriate oligonucleotide adapters may be ligated 
to the fragment using T4DNA 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 DH5 electrocompetent cells (GIBCO 
BRL). Transformants can be selected on agar plates con 
taining LB media and 100 lug/mL amplicillin. Transformants 
containing the gene encoding the instant polypeptides are 
then Screened for the correct orientation with respect to the 
T7 promoter by restriction enzyme analysis. 
0107 For high level expression, a plasmid clone with the 
cDNA insert in the correct orientation relative to the T7 
promoter can be transformed into E. coli strain BL21 (DE3) 
(Studier et al. (1986) J. Mol. Biol. 189: 113-130). Cultures 
are grown in LB medium containing amplicillin (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 continued for 3 h at 25. Cells are then harvested by 
centrifugation and re-suspended in 50 till of 50 mM Tris 
HCl 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 lug of protein from the Soluble 
fraction of the culture can be separated by SDS-polyacry 
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lamide gel electrophoresis. Gels can be observed for protein 
bands migrating at the expected molecular weight. 

Example 7 

Evaluating Compounds for Their Ability to Inhibit 
the Activity of Biotin Synthase 

0108. The polypeptides described herein may be pro 
duced using any number of methods known to those skilled 
in the art. Such methods include, but are not limited to, 
expression in bacteria as described in Example 6, or expres 
Sion in eukaryotic cell culture, in planta, and using viral 
expression Systems in Suitably infected organisms or cell 
lines. The instant polypeptides may be expressed either as 
mature forms of the proteins as observed in Vivo or as fusion 
proteins by covalent attachment to a variety of enzymes, 
proteins or affinity tags. Common fusion protein partners 
include glutathione S-transferase (“GST), thioredoxin 
(“Trx'), maltose binding protein, and C- and/or N-terminal 
hexahistidine polypeptide (“(His)"). The fusion proteins 
may be engineered with a protease recognition site at the 
fusion point So that fusion partners can be separated by 
protease digestion to yield intact mature enzyme. Examples 
of Such proteases include thrombin, enterokinase and factor 
Xa. However, any protease can be used which specifically 
cleaves the peptide connecting the fusion protein and the 
enzyme. 

0109 Purification of the instant polypeptides, if desired, 
may utilize any number of Separation technologies familiar 
to those skilled in the art of protein purification. Examples 
of Such methods include, but are not limited to, homogeni 
Zation, filtration, centrifugation, heat denaturation, ammo 
nium Sulfate precipitation, desalting, pH precipitation, ion 
eXchange chromatography, hydrophobic interaction chroma 
tography and affinity chromatography, wherein the affinity 
ligand represents a Substrate, Substrate analog or inhibitor. 
When the instant polypeptides are expressed as fusion 
proteins, the purification protocol may include the use of an 
affinity resin which is specific for the fusion protein tag 
attached to the expressed enzyme or an affinity resin con 
taining ligands which are specific for the enzyme. For 
example, the instant polypeptides may be expressed as a 
fusion protein coupled to the C-terminus of thioredoxin. In 
addition, a (His) peptide may be engineered into the N-ter 
minus of the fused thioredoxin moiety to afford additional 
opportunities for affinity purification. Other suitable affinity 
resins could be Synthesized by linking the appropriate 
ligands to any Suitable resin Such as Sepharose-4B. In an 
alternate embodiment, a thioredoxin fusion protein may be 
eluted using dithiothreitol; however, elution may be accom 
plished using other reagents which interact to displace the 
thioredoxin from the resin. These reagents include P-mer 
captoethanol or other reduced thiol. The eluted fusion pro 
tein may be subjected to further purification by traditional 
means as Stated above, if desired. Proteolytic cleavage of the 
thioredoxin fusion protein and the enzyme may be accom 
plished after the fusion protein is purified or while the 
protein is still bound to the ThioBond TM affinity resin or 
other resin. 

0110 Crude, partially purified or purified enzyme, either 
alone or as a fusion protein, may be utilized in assays for the 
evaluation of compounds for their ability to inhibit enzy 
matic activation of the instant polypeptides disclosed herein. 
ASSayS may be conducted under experimental conditions 
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which permit optimal enzymatic activity. For example, those skilled in the art from the foregoing description. Such 
assays for biotin Synthase are presented by Birch et al. modifications are also intended to fall within the scope of the 
(1995) J Biol Chem 270:19158-19165. appended claims. 

0111 Various modifications of the invention in addition 0112 The disclosure of each reference set forth above is 
to those shown and described herein will be apparent to incorporated herein by reference in its entirety. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 36 

<210> SEQ ID NO 1 
&2 11s LENGTH 512 
&212> TYPE DNA 

<213> ORGANISM: Hordeum vulgare 
&22O > FEATURE 
<221> NAME/KEY: unsure 
<222> LOCATION: (94) 
&223> OTHER INFORMATION in 
&22O > FEATURE 
<221> NAME/KEY: unsure 
<222> LOCATION: (460) 
&223> OTHER INFORMATION in 
&22O > FEATURE 
<221> NAME/KEY: unsure 
<222> LOCATION: (462) 
&223> OTHER INFORMATION in 

: Af C G O T 

: Af C G O T 

: Af C G O T 

<400 SEQUENCE: 1 

caacticcict c gg cagtatcg cc tagtgcag cagoggctoc gttc.cggcca gCtttgctcg 60 

cc.gagcc.ggc catgatgct g citgctcgc.gc gcanctitc.gc toccgc gtcc ggtocc cctt 120 

cgc.citcc.gcc gttagc.gc.cg cqcccittct c atcggitatcg gC ggcc.gcgg cqgaggcgga 18O 

cggg.cggtgc gggacgggcc caggaacgac to gacco goc co gagatcca ggccatctac 240 

gactic ccc.gc. tccitc gacct cotctitccac ggggctdaag to cataggaa totccataaa 3OO 

tittagagaag togcaacaatig cacacttctt to aataaaga citggtgggtg cago galagat 360 

tgttcatact gcc.cacagtic ttcaagatac agtaccggat tdaaggctga aaaattaatg 420 

aagaaagatg cc.gtoctaga agcagotaaa aaggcaaagn angctgggag caccc.gattt 480 

tgattggagc gatggagaga gacaattggC ag 512 

<210> SEQ ID NO 2 
&2 11s LENGTH 137 
&212> TYPE PRT 

<213> ORGANISM: Hordeum vulgare 
&22O > FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: (131) 
&223> OTHER INFORMATION Xaa = ANY AMINO ACID 

<400 SEQUENCE: 2 

Met Met Lieu Lleu Lieu Ala Arg Ser Lieu Arg Ser Arg Val Arg Ser Pro 
1 5 10 15 

Phe Ala Ser Ala Wal Ser Ala Ala Pro Phe Ser Ser Wal Ser Ala Ala 
20 25 30 

Ala Ala Glu Ala Glu Arg Ala Val Arg Asp Gly Pro Arg Asn Asp Trp 
35 40 45 

Thr Arg Pro Glu Ile Glin Ala Ile Tyr Asp Ser Pro Leu Lleu. Asp Lieu 
50 55 60 

Leu Phe His Gly Ala Glin Val His Arg Asn. Wal His Llys Phe Arg Glu 
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-continued 

&212> TYPE PRT 

<213> ORGANISM: Zea mays 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: (23) 
&223> OTHER INFORMATION Xaa 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: (72) 
&223> OTHER INFORMATION Xaa 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: (89) 
&223> OTHER INFORMATION Xaa 

ANY AMINO ACID 

ANY AMINO ACID 

ANY AMINO ACID 

<400 SEQUENCE: 6 

Met Ala Lieu Met Leu Lleu Ala Arg Asn Lieu Arg Ser Arg Lieu Arg Pro 
1 5 10 15 

Pro Leu Ala Ala Ala Ala Xala Phe Ser Ser Ala Ala Ala Glu Ala Glu 
2O 25 30 

Arg Ala Ile Arg Asp Gly Pro Arg Asn Asp Trp Ser Arg Pro Glu Ile 
35 40 45 

Glin Ala Val Tyr Asp Ser Pro Leu Lieu. Asp Leu Lleu Phe His Gly Ala 
5 O 55 60 

Glin Val His Arg Asn Val His Xaa Ser Arg Glu Val Glin Gln Cys Thr 
65 70 75 8O 

Leu Lleu Ser Ile Lys Thr Gly Gly Xaa Ser Glu Asp Cys Ser Tyr Cys 
85 90 95 

Pro Glin 

<210 SEQ ID NO 7 
&2 11s LENGTH 1152 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 7 

gcago.cgacg aggcgaggag cqtgcaattic cqtagctgca acgaacticcic to gaccgitat 60 

cgc.ccgctg.c toctotatoc ctittcctgct gctgctacta cottaagcta toactatoat 120 

ggccttgatg citgctagogc gcaacctg.cg citc.ccgc.citc cqc coaccgc ticgcc.gcc.gc 18O 

cgcggC gttc. tcgtcggCCg C gg.cggaggc ggagaggg.cg atacgggacg gg.ccg.cggaa 240 

cgactggagc cqg ccc.gaga toc aggcc.gt citacgactica cc.gcticcitcg accitcct citt 3OO 

to acggggct caggtocaca gaaatgtc.ca taaattcaga gaagtgcago: aatgcacact 360 

totttcaatc aag actgg to gatgcagtga agattgttct tactgtc.ctic agt catcaag 420 

atacaa.cact ggattgaagg cccaaaaatt gatgaacaaa tatgctgtct toggaagcago 480 

aaaaaaggca aaagagtctg g gag cacccg tttittgcato ggagctgcat ggagagaaac 540 

cattgg cagg aaatcaaact tcaiaccagat tottgaatat gtcaaggaaa taaggggitat 600 

ggg catggag gtctgttgca cactaggcat gatagagaaa caacaagct g aagaacticaa 660 

gaaggctgga cittacago at ataatcataa cctagataca toaa.gagagt attatcc caa 720 

catt attacc acaagatcat atgatgatag actgcag act cittgagcatgtc.cgtgaagc 78O 

tggaataagc atctgctcag gtggaatcat tdgtottggit galagcagagg agg accgggit 840 

agggttgttg cataccctag citaccttgcc tacacaccca gaga.gc.gttc citattaatgc 9 OO 

attggttgct gtaaaaggca cacct cittga ggaccagaag cct gtagaga totgggaaat 96.O 
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-continued 

gatcc.gcatg atc.gcc acto citcggatcac gatgccaaag goaatggtga ggctttcago 1020 

aggcc.gagta cqgttctoga tigccagaa.ca agcgctdtgc titccitcqct g g g gccaactic 1080 

catccttgcc ggc gagaaac ttcto acaac cqcaaacaac gactittgat g c ggaccaagc 1140 

gatgttcaag at 1152 

<210 SEQ ID NO 8 
<211& LENGTH 34 4 
&212> TYPE PRT 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 8 

Met Ala Lieu Met Leu Lleu Ala Arg Asn Lieu Arg Ser Arg Lieu Arg Pro 
1 5 10 15 

Pro Leu Ala Ala Ala Ala Ala Phe Ser Ser Ala Ala Ala Glu Ala Glu 
2O 25 30 

Arg Ala Ile Arg Asp Gly Pro Arg Asn Asp Trp Ser Arg Pro Glu Ile 
35 40 45 

Glin Ala Val Tyr Asp Ser Pro Leu Lieu. Asp Leu Lleu Phe His Gly Ala 
5 O 55 60 

Glin Val His Arg Asn Val His Llys Phe Arg Glu Val Glin Gln Cys Thr 
65 70 75 8O 

Leu Lleu Ser Ile Lys Thr Gly Gly Cys Ser Glu Asp Cys Ser Tyr Cys 
85 90 95 

Pro Glin Ser Ser Arg Tyr Asn Thr Gly Lieu Lys Ala Glin Lys Lieu Met 
100 105 110 

Asn Lys Tyr Ala Val Lieu Glu Ala Ala Lys Lys Ala Lys Glu Ser Gly 
115 120 125 

Ser Thr Arg Phe Cys Met Gly Ala Ala Trp Arg Glu Thir Ile Gly Arg 
130 135 1 4 0 

Lys Ser Asn. Phe Asn Glin Ile Leu Glu Tyr Val Lys Glu Ile Arg Gly 
145 15 O 155 160 

Met Gly Met Glu Val Cys Cys Thr Leu Gly Met Ile Glu Lys Glin Glin 
1.65 170 175 

Ala Glu Glu Lieu Lys Lys Ala Gly Lieu. Thir Ala Tyr Asn His Asn Lieu 
18O 185 190 

Asp Thr Ser Arg Glu Tyr Tyr Pro Asn Ile Ile Thr Thr Arg Ser Tyr 
195 200 2O5 

Asp Asp Arg Lieu Glin Thr Lieu Glu His Val Arg Glu Ala Gly Ile Ser 
210 215 220 

Ile Cys Ser Gly Gly Ile Ile Gly Lieu Gly Glu Ala Glu Glu Asp Arg 
225 230 235 240 

Val Gly Leu Leu. His Thr Leu Ala Thr Leu Pro Thr His Pro Glu Ser 
245 250 255 

Val Pro Ile Asn Ala Lieu Val Ala Wall Lys Gly Thr Pro Leu Glu Asp 
260 265 27 O 

Gln Lys Pro Val Glu Ile Trp Glu Met Ile Arg Met Ile Ala Thr Ala 
275 280 285 

Arg Ile Thr Met Pro Lys Ala Met Val Arg Leu Ser Ala Gly Arg Val 
29 O 295 3OO 

Arg Phe Ser Met Pro Glu Glin Ala Lieu. Cys Phe Leu Ala Gly Ala Asn 
305 310 315 320 



US 2003/0192073 A1 Oct. 9, 2003 
20 

-continued 

Ser Ile Leu Ala Gly Glu Lys Lieu Lieu. Thir Thr Ala Asn. Asn Asp Phe 
325 330 335 

Asp Ala Asp Glin Ala Met Phe Lys 
340 

<210 SEQ ID NO 9 
&2 11s LENGTH 562 
&212> TYPE DNA 

<213> ORGANISM: Argemone mexicana 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (553) 
<223> OTHER INFORMATION: n = A, C G or T 

<400 SEQUENCE: 9 

cattcgagaa ataaagagct gtaaaattitt tagggitttitt citgcataact citacacticga. 60 

agctitcatca atagaaatat cataaacaga agaattcaaa atgcttaaag titcaatctitt 120 

gag agctogt ctitcg accitt to attittcat ttctacattt tottctotct catcatctitc 18O 

ttcttcttica gctgctgctd ttcaa.gcaga aagaacgatt aaagaaggto caagaaacga 240 

ttggag caga gatgaaatta aatcggittta to attctoca gttctogatc ttctottcca 3OO 

tgcagotcaa gtccatagac atgct cacaa cittcagg gaa gtgcagoaat gtact cittct 360 

citctgttaag acaggtgggit gcagtgaaga ttgttcatat tdtccacaat cittcc aggta 420 

tgacactgga gtgaaag.ccc aaaagctgat gaacaaggga cigcagttctg caaggaagca 480 

agaaaaggca aaggaggcgg ggtag tacac gttitt.cgcaa taggtggctgc alatggggaga 540 

tacaatgggg aangaagaac aa 562 

<210> SEQ ID NO 10 
&2 11s LENGTH 119 
&212> TYPE PRT 
<213> ORGANISM: Argemone mexicana 

<400 SEQUENCE: 10 

Met Leu Lys Val Glin Ser Leu Arg Ala Arg Lieu Arg Pro Lieu. Ile Phe 
1 5 10 15 

Ile Ser Thr Phe Ser Ser Leu Ser Ser Ser Ser Ser Ser Ser Ala Ala 
2O 25 30 

Ala Val Glin Ala Glu Arg Thr Ile Lys Glu Gly Pro Arg Asn Asp Trip 
35 40 45 

Ser Arg Asp Glu Ile Lys Ser Val Tyr Asp Ser Pro Val Lieu. Asp Lieu 
5 O 55 60 

Leu Phe His Ala Ala Glin Val His Arg His Ala His Asn. Phe Arg Glu 
65 70 75 8O 

Val Glin Gln Cys Thr Leu Leu Ser Val Lys Thr Gly Gly Cys Ser Glu 
85 90 95 

Asp Cys Ser Tyr Cys Pro Glin Ser Ser Arg Tyr Asp Thr Gly Wall Lys 
100 105 110 

Ala Glin Lys Lieu Met Asn Lys 
115 

<210> SEQ ID NO 11 
&2 11s LENGTH 1340 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 
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-continued 

<400 SEQUENCE: 11 

citagtact gc ticcictotgcg actitcgtttc gtagagggat tittggcc.gcc aaataaa.ca.g 60 

totcaccata aactccaaag toccaacgct aaacgaalacc aaaccocaaa cacaaatacc 120 

gttgttgttct gttgttctotg togtgtctat attcgcagat citctoactica ttctotgttg 18O 

tittctotgcc caactitcgaa titcgaaag.ca aaaacatgtt tittgg.cgaga cccatttitcc 240 

gag cacccitc cctittggg.cg ttgcactcitt cotacgc.gta titccitctgcc toagcagotg 3OO 

caattcaa.gc tigagagagcc atcaaagaag gacccagaaa cqattggagc cqagaccaag 360 

toaaatccat citacgactict cocattctog atcttctott coatggggct caagttcaca 420 

gacatgctica taactticagg gaagttcaac agtgtactct tctgtctato aaaac aggag 480 

ggtgcagtga agattgttcc tattgtcc to aatcc totaa gtatgataca ggagtcaaaa 540 

ggccaa.gc.ct tatgaacaag gaagctgttc. tcc aggctgc aaagaaggca aaagaggctg 600 

ggag cacticg cittttgtatg g g toc toc gt ggagggatac act aggaaga aagaccaact 660 

to aaccagat cottgaatat gtgaaagaca taagggacat gggaatggag gtttgttgca 720 

cc cittggcat gctggaga aa cagoaggctg. ittgaacticaa gaagg caggt citcactgctt 78O 

ataatcacaa tottgacact tca agggagt attatccaaa cataatcaca acaaggacitt 840 

atgatgagcg tottcaaacc cittgagtttgttcgg gatgc agg gatcaat gtttgttctg 9 OO 

gaggaattat agggcttgga gaagcagagg aggat.cgtgt aggtttgtta catacattgt 96.O 

caac actitcc cacccatcca gagagtgttc ctattaatgc acttgttgct gtaaagggaa 1020 

cc cctott ga ggatcagaag cct gttgaaa tatgg gagat gatto goat g atagdaactg 1080 

cacgitatcgt aatgccaaaa goaatggtca ggittatcago togcagagtt cqattct coa 1140 

tgcctdag ca ggcattgttgc tittcttgctg gtgcaaattic tatatto act ggtgaaaag.c 1200 

ttctoactac toctaacaat gattittgatg citgatcaact catgtttaaa gttcttggac 1260 

ttct cocaaa agctocaa.gc titacatgaag gtgaaactag tdtgacagaa gattataagg 1320 

aag cagctitc ttctagttga 1340 

<210> SEQ ID NO 12 
&2 11s LENGTH 374 
&212> TYPE PRT 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 12 

Met Phe Leu Ala Arg Pro Ile Phe Arg Ala Pro Ser Leu Trp Ala Leu 
1 5 10 15 

His Ser Ser Tyr Ala Tyr Ser Ser Ala Ser Ala Ala Ala Ile Glin Ala 
2O 25 30 

Glu Arg Ala Ile Lys Glu Gly Pro Arg Asn Asp Trp Ser Arg Asp Glin 
35 40 45 

Wall Lys Ser Ile Tyr Asp Ser Pro Ile Leu Asp Leu Lleu Phe His Gly 
5 O 55 60 

Ala Glin Val His Arg His Ala His Asn. Phe Arg Glu Val Glin Glin Cys 
65 70 75 8O 

Thr Lieu Lleu Ser Ile Lys Thr Gly Gly Cys Ser Glu Asp Cys Ser Tyr 
85 90 95 

Cys Pro Glin Ser Ser Lys Tyr Asp Thr Gly Val Lys Arg Pro Ser Lieu 
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100 105 110 

Met Asn Lys Glu Ala Wall Leu Glin Ala Ala Lys Lys Ala Lys Glu Ala 
115 120 125 

Gly Ser Thr Arg Phe Cys Met Gly Ala Ala Trp Arg Asp Thr Lieu Gly 
130 135 1 4 0 

Arg Lys Thr Asn. Phe Asn Glin Ile Leu Glu Tyr Val Lys Asp Ile Arg 
145 15 O 155 160 

Asp Met Gly Met Glu Val Cys Cys Thr Lieu Gly Met Leu Glu Lys Glin 
1.65 170 175 

Glin Ala Val Glu Lieu Lys Lys Ala Gly Lieu. Thr Ala Tyr Asn His Asn 
18O 185 190 

Leu Asp Thr Ser Arg Glu Tyr Tyr Pro Asn Ile Ile Thr Thr Arg Thr 
195 200 2O5 

Tyr Asp Glu Arg Lieu Glin Thr Lieu Glu Phe Val Arg Asp Ala Gly Ile 
210 215 220 

Asn Val Cys Ser Gly Gly Ile Ile Gly Lieu Gly Glu Ala Glu Glu Asp 
225 230 235 240 

Arg Val Gly Leu Lleu. His Thr Leu Ser Thr Leu Pro Thr His Pro Glu 
245 250 255 

Ser Val Pro Ile Asn Ala Leu Val Ala Val Lys Gly Thr Pro Leu Glu 
260 265 27 O 

Asp Glin Lys Pro Val Glu Ile Trp Glu Met Ile Arg Met Ile Ala Thr 
275 280 285 

Ala Arg Ile Val Met Pro Lys Ala Met Val Arg Lieu Ser Ala Gly Arg 
29 O 295 3OO 

Val Arg Phe Ser Met Pro Glu Glin Ala Leu Cys Phe Leu Ala Gly Ala 
305 310 315 320 

Asn Ser Ile Phe Thr Gly Glu Lys Lieu Lieu. Thir Thr Pro Asn. Asn Asp 
325 330 335 

Phe Asp Ala Asp Glin Leu Met Phe Lys Wall Leu Gly Lieu Lleu Pro Lys 
340 345 350 

Ala Pro Ser Leu. His Glu Gly Glu Thir Ser Val Thr Glu Asp Tyr Lys 
355 360 365 

Glu Ala Ala Ser Ser Ser 
370 

<210> SEQ ID NO 13 
&2 11s LENGTH 479 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 13 

gg.cg actotc agaactitccc tatcacgatc cctoatccto ctitc.gctcca atacccctaa 60 

actc.gcacct atctottcct citgttcgtct tcaagttcaa aagtc.gagaa actatggitac 120 

cgitatcatct gttcct cotc aagctacaga aacatcaagc acatcaccita gtaaggatgt 18O 

citaccaagaa goacticaacg caactgaacc cc.gcago aat togacaa gag aagaaatcaa 240 

ggcgatctat gataagcc at tdatggagtt atgttggggit gctgg tagtt to cacaggaa 3OO 

attccatata cct ggggcta ttcagatgtg tacattgttgaac atcaaga cqggtggttg 360 

citcggaggga ttgttcttac togcgc.ccaa to atc.ccgct accaaac cqg totcaaag.cc 420 

citccaaaaat ggtoctoc git cqaatctgtc. citc.gcaa.gcc gcc.ccgcatc gccaaaaga 479 
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<210> SEQ ID NO 14 
&2 11s LENGTH 52 
&212> TYPE PRT 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 14 

Arg Ser Asn Trp Thr Arg Glu Glu 
1 5 

Leu Met Glu Lieu. Cys Trp Gly Ala 

Ile Pro Gly Ala Ile Gln Met Cys 
35 

Gly Cys Ser Glu 
5 O 

<210 SEQ ID NO 15 
&2 11s LENGTH 589 
&212> TYPE DNA 
<213> ORGANISM: Triticum aestivum 
&220s FEATURE 
<221> NAMEAKEY: unsure 

<222> LOCATION: (321) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (332) 
<223> OTHER INFORMATION: n = A, C, G 
&220s. FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (335) . . (336) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (403) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (407) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (516) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (539) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (547) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (550) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (555) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (.566) 
<223> OTHER INFORMATION: n = A, C, G 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (577) . . (578) 
<223> OTHER INFORMATION: n = A, C, G 

<400 SEQUENCE: 15 

40 

23 

-continued 

Ile Lys Ala Ile Tyr Asp 
10 

Gly Ser Lieu. His Arg Lys 
25 30 

Thir Lieu Lieu. Asn. Ile Lys 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

45 

Lys 
15 

Phe 

Thr 

Pro 

His 

Gly 
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gcatgctaga gaalacago aa gotgaagaac toaagaaggc tigg acttaca gcttataatc 660 

atalaccitaga tacatcaaga gaatattacc cqaac attat ttctacaaga togtatgatg 720 

atagattaca gacitcttcag catgtc.cgtg aagctggaat aag.cgtotgc ticaggtggaa 78O 

ttattggtot to gagaggcg gaggaag acc gtgtagg gCt gttgcataca citggccactt 840 

tgccalacaca cccagagagt gttccitatica atgcattgat togctgtcaaa gocacgc.ctic 9 OO 

ttcaggat.ca gaagcctgta gagatatggg aaatgatccg catgattgcc agcgctogga 96.O 

ttgttgatgcc aaaggcaatg gtgag actitt cqg cagggcg agtacggttc. tccatgc.ca.g 1020 

agcaa.gctict citgctttctt gctggggcca acticgatctt cqc.cggtgaa aag citcc toga 1080 

caactgcaaa caacgactitt gatgcggacc aggcaatgtt caagatcctt gocct gattic 1140 

ccaagg cacc gaactittggc gatgaggagg ccaccgtggc atcatccacg gagagatgtg 1200 

agcaa.gcc.gc titc gatgtaa aatgttggta tag attctog agaccacatc cqgtgcaaaa 1260 

citgg caccat tat citccago tagagctttg tactgtaggg atcatgatat tttgtactcc 1320 

citcc gttcct aaatataagt cittittaag.cg atttcaaaaa aaaaaaaaaa aaaaaaaaaa 1380 

aaaaaaaaaa aaaaaa. 1396 

<210> SEQ ID NO 18 
&2 11s LENGTH 405 
&212> TYPE PRT 
<213> ORGANISM: Hordeum vulgare 

<400s. SEQUENCE: 18 

Thir Thr Thr Pro Ser Ala Wal Ser Pro Ser Ala Ala Ala Ala Pro Phe 
1 5 10 15 

Arg Pro Ala Lieu Lleu Ala Glu Pro Ala Met Met Leu Lleu Lieu Ala Arg 
2O 25 30 

Ser Leu Arg Ser Arg Val Arg Ser Pro Phe Ala Ser Ala Val Ser Ala 
35 40 45 

Ala Pro Phe Ser Ser Val Ser Ala Ala Ala Ala Glu Ala Glu Arg Ala 
5 O 55 60 

Val Arg Asp Gly Pro Arg Asn Asp Trp Thr Arg Pro Glu Ile Glin Ala 
65 70 75 8O 

Ile Tyr Asp Ser Pro Leu Lieu. Asp Leu Lleu Phe His Gly Ala Glin Val 
85 90 95 

His Arg Asn. Wal His Lys Phe Arg Glu Val Glin Glin Cys Thr Lieu Lieu 
100 105 110 

Ser Ile Lys Thr Gly Gly Cys Ser Glu Asp Cys Ser Tyr Cys Pro Glin 
115 120 125 

Ser Ser Arg Tyr Ser Thr Gly Lieu Lys Ala Glu Lys Lieu Met Lys Lys 
130 135 1 4 0 

Asp Ala Wall Leu Glu Ala Ala Lys Lys Ala Lys Glu Ala Gly Ser Thr 
145 15 O 155 160 

Arg Phe Cys Met Gly Ala Ala Trp Arg Glu Thir Ile Gly Arg Lys Thr 
1.65 170 175 

Asn Phe Asin Glin Ile Leu Glu Tyr Val Lys Asp Ile Arg Gly Met Gly 
18O 185 190 

Met Glu Val Cys Cys Thr Lieu Gly Met Leu Glu Lys Glin Glin Ala Glu 
195 200 2O5 

Glu Lieu Lys Lys Ala Gly Lieu. Thir Ala Tyr Asn His Asn Lieu. Asp Thr 
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210 215 220 

Ser Arg Glu Tyr Tyr Pro Asn. Ile Ile Ser Thr Arg Ser Tyr Asp Asp 
225 230 235 240 

Arg Lieu Glin Thr Lieu Gln His Val Arg Glu Ala Gly Ile Ser Val Cys 
245 250 255 

Ser Gly Gly Ile Ile Gly Lieu Gly Glu Ala Glu Glu Asp Arg Val Gly 
260 265 27 O 

Leu Lleu. His Thir Leu Ala Thr Leu Pro Thr His Pro Glu Ser Wall Pro 
275 280 285 

Ile Asn Ala Lieu. Ile Ala Wall Lys Gly Thr Pro Leu Glin Asp Gln Lys 
29 O 295 3OO 

Pro Val Glu Ile Trp Glu Met Ile Arg Met Ile Ala Ser Ala Arg Ile 
305 310 315 320 

Val Met Pro Lys Ala Met Val Arg Leu Ser Ala Gly Arg Val Arg Phe 
325 330 335 

Ser Met Pro Glu Glin Ala Lieu. Cys Phe Lieu Ala Gly Ala Asn. Ser Ile 
340 345 350 

Phe Ala Gly Glu Lys Lieu Lleu Thir Thr Ala Asn. Asn Asp Phe Asp Ala 
355 360 365 

Asp Glin Ala Met Phe Lys Ile Leu Gly Lieu. Ile Pro Lys Ala Pro Asn 
370 375 38O 

Phe Gly Asp Glu Glu Ala Thr Val Ala Ser Ser Thr Glu Arg Cys Glu 
385 390 395 400 

Glin Ala Ala Ser Met 
405 

<210 SEQ ID NO 19 
&2 11s LENGTH 1467 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 19 

gcacgagtcc aatcgggtgg cagtttittaa gqaalaccagg gaccgcago a gcaa.gcc.gc.c 60 

ccago.cgacg aggcgaggag cqtgcaattic cqtagctgca acgaacticcic to gaccgitat 120 

cgc.ccgctg.c toctotatoc ctittcctgct gctgctacta cottaagcta toactatoat 18O 

ggccttgatg citgctagogc gcaacctg.cg citc.ccgc.citc cqc coaccgc ticgcc.gcc.gc 240 

cgcggC gttc. tcgtcggCCg C gg.cggaggc ggagaggg.cg atacgggacg gg.ccg.cggaa 3OO 

cgactggagc cqg ccc.gaga toc aggcc.gt citacgactica cc.gcticcitcg accitcct citt 360 

to acggggct cagtcatcaa gatacaacac toggattgaag gCC caaaaat tdatgaacaa 420 

atatgctgtc. ttggaag cag caaaaaaggc aaaag agtct gg gag caccc gtttittgcat 480 

gggagctgca toggagaga aa ccattggcag gaaatcaaac ttcaaccaga ttcttgaata 540 

tgtcaaggaa ataaggggta toggcatgga ggtotgttgc acact aggca toatagagaa 600 

acaacaagct gaagaactica agaaggctgg acttacagoa tataatcata accitagatac 660 

atcaagagag tattatcc.ca acatt attac cacaagatca tatgatgata gactgcagac 720 

tott gag cat gtc.cgtgaag citggaataag catctgctoa ggtggaatca ttggtottgg 78O 

tgaagcagag gaggaccggg tagggttgtt gcatacccta gctaccttgc ctacacaccc 840 

agaga.gc.gtt cot attaatg cattggttgc tigtaaaaggc acaccitcttg agg accagaa 9 OO 



US 2003/0192073 A1 Oct. 9, 2003 
27 

-continued 

gcct gtagag atctgggaaa to atcc.gcat gatc.gcc act gctic ggatca cqatgccaaa 96.O 

ggcaatggtg aggctttcag caggcc.gagt acggttctog atgcc agaac aag.cgctgtg O20 

cittcct cqct ggggccaact coatctttgc cqgc.gagaaa cittct cacaa cc.gcaaacaa O8O 

cgactittgat gcggaccagg cqatgttcaa gatcc ttggc citgatcc cca aggcticcaag 14 O 

citttgg.cgag gaa gaggcgt citgcggcggc ticccacagaa toc gagaggit citcagcaa.gc 200 

tgctitc gatg tagaatatat acatatoatt accgattatc cqtat cacgg ttgggg.cgaa 260 

actagaacta cc.gttgtagc tagag cattg gattgtagaa accacaa.cat titcattattt 320 

tgtaattgct tag actogala togggggatac ccatgtcggg citagatcaat ggacaacttic 38O 

cacacaacca aatccaaaca ttgaaactica tttittcatca cagttittaat aaacttctoc 4 40 

cactitaticitt aaaaaaaaaa aaaaaaa. 4.67 

<210> SEQ ID NO 20 
<211& LENGTH 34 4 
&212> TYPE PRT 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 20 

Met Ala Lieu Met Leu Lleu Ala Arg Asn Lieu Arg Ser Arg Lieu Arg Pro 
1 5 10 15 

Pro Leu Ala Ala Ala Ala Ala Phe Ser Ser Ala Ala Ala Glu Ala Glu 
2O 25 30 

Arg Ala Ile Arg Asp Gly Pro Arg Asn Asp Trp Ser Arg Pro Glu Ile 
35 40 45 

Glin Ala Val Tyr Asp Ser Pro Leu Lieu. Asp Leu Lleu Phe His Gly Ala 
5 O 55 60 

Glin Ser Ser Arg Tyr Asn Thr Gly Lieu Lys Ala Glin Lys Lieu Met Asn 
65 70 75 8O 

Lys Tyr Ala Val Lieu Glu Ala Ala Lys Lys Ala Lys Glu Ser Gly Ser 
85 90 95 

Thr Arg Phe Cys Met Gly Ala Ala Trp Arg Glu Thir Ile Gly Arg Lys 
100 105 110 

Ser Asn. Phe Asin Glin Ile Leu Glu Tyr Val Lys Glu Ile Arg Gly Met 
115 120 125 

Gly Met Glu Val Cys Cys Thr Leu Gly Met Ile Glu Lys Glin Glin Ala 
130 135 1 4 0 

Glu Glu Lieu Lys Lys Ala Gly Lieu. Thir Ala Tyr Asn His Asn Lieu. Asp 
145 15 O 155 160 

Thr Ser Arg Glu Tyr Tyr Pro Asn Ile Ile Thr Thr Arg Ser Tyr Asp 
1.65 170 175 

Asp Arg Lieu Glin Thr Lieu Glu His Val Arg Glu Ala Gly Ile Ser Ile 
18O 185 190 

Cys Ser Gly Gly Ile Ile Gly Lieu Gly Glu Ala Glu Glu Asp Arg Val 
195 200 2O5 

Gly Leu Leu. His Thr Leu Ala Thr Leu Pro Thr His Pro Glu Ser Val 
210 215 220 

Pro Ile Asn Ala Leu Val Ala Wall Lys Gly Thr Pro Leu Glu Asp Glin 
225 230 235 240 

Lys Pro Val Glu Ile Trp Glu Met Ile Arg Met Ile Ala Thr Ala Arg 
245 250 255 
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aaaaaaaaaa aaaaa. 

<210> SEQ ID NO 22 
&2 11s LENGTH 377 
&212> TYPE PRT 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 22 

Met 
1 

Pro 

Arg 

Glin 

Glin 
65 

Teu 

Pro 

Asn 

Ser 

Lys 
145 

Met 

Ala 

Asp 

Asp 

Ile 
225 

Wall 

Wall 

Glin 

Arg 

Arg 
305 

Ser 

Asp 

Ala Leu Met Lieu Lleu Ala 
5 

Leu Ala Ala Ala Ala Ala 
2O 

Ala Ile Arg Asp Gly Pro 
35 

Ala Val Tyr Asp Ser Pro 
5 O 55 

Val His Arg Asn Val His 
70 

Leu Ser Ile Lys Thr Gly 
85 

Glin Ser Ser Arg Tyr Asn 
100 

Lys Asp Ala Wall Leu Glu 
115 

Thr Arg Phe Cys Met Gly 
130 135 

Ser Asn. Phe Asn Glin Ile 
15 O 

Gly Met Glu Val Cys Cys 
1.65 

Glu Glu Lieu Lys Lys Ala 
18O 

Thr Ser Arg Glu Tyr Tyr 
195 

Asp Arg Lieu Glin Thr Lieu 
210 215 

Cys Ser Gly Gly Ile Ile 
230 

Gly Lieu Lieu. His Thr Lieu 
245 

Pro Ile Asn Ala Leu Wall 
260 

Lys Pro Val Glu Ile Trp 
275 

Ile Thr Met Pro Lys Ala 
29 O 295 

Phe Ser Met Pro Glu Glin 
310 

Ile Phe Ala Gly Glu Lys 
325 

Ala Asp Glin Ala Met Phe 
340 

Arg 

Phe 

Arg 
40 

Telu 

Gly 

Thr 

Ala 
120 

Ala 

Telu 

Thr 

Gly 

Pro 
200 

Glu 

Gly 

Ala 

Ala 

Glu 
280 

Met 

Ala 

Telu 

Asn 

Ser 
25 

Asn 

Telu 

Phe 

Gly 
105 

Ala 

Ala 

Glu 

Telu 

Telu 
185 

Asn 

His 

Telu 

Thr 

Wall 
265 

Met 

Wall 

Telu 

Telu 

Ile 
345 

Telu 
10 

Ser 

Asp 

Asp 

Arg 

Ser 
90 

Telu 

Gly 
170 

Thr 

Ile 

Wall 

Gly 

Telu 
250 

Ile 

Arg 

Thr 
330 

Telu 

Arg 

Ala 

Trp 

Teu 

Glu 
75 

Glu 

Arg 

Wall 
155 

Met 

Ala 

Ile 

Arg 

Glu 
235 

Pro 

Gly 

Arg 

Teu 

Phe 
315 

Thr 

Gly 

29 

-continued 

Ser 

Ala 

Ser 

Teu 
60 

Wall 

Asp 

Ala 

Ala 

Glu 
1 4 0 

Thr 

Glu 
220 

Ala 

Thr 

Thr 

Met 

Ser 

Teu 

Ala 

Teu 

Arg 

Ala 

Arg 
45 

Phe 

Glin 

Glin 

Lys 
125 

Thr 

Glu 

Glu 

Asn 

Thr 

Ala 

Glu 

His 

Pro 

Ile 
285 

Ala 

Ala 

Asn 

Ile 

Teu 

Glu 
30 

Pro 

His 

Glin 

Ser 

Tys 
110 

Glu 

Ile 

Ile 

His 
190 

Arg 

Glu 

Pro 

Teu 
27 O 

Ala 

Asn 

Pro 
350 

Arg 
15 

Ala 

Glu 

Gly 

Cys 

Tyr 
95 

Telu 

Ser 

Gly 

Arg 

Glin 
175 

Asn 

Ser 

Ile 

Asp 

Glu 
255 

Glu 

Thr 

Arg 

Ala 

Asp 
335 

Lys 

Pro 

Glu 

Ile 

Ala 

Thr 

Met 

Gly 

Arg 

Gly 
160 

Glin 

Telu 

Ser 

Arg 
240 

Ser 

Asp 

Ala 

Wall 

Asn 
320 

Phe 

Ala 

1515 

Oct. 9, 2003 
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Arg Ala Ile Arg Asp Gly Pro Arg Asn Asp Trp Ser Arg Pro Glu Ile 
35 40 45 

Glin Ala Val Tyr Asp Ser Pro Leu Lieu. Asp Leu Lleu Phe His Gly Ala 
5 O 55 60 

Glin Val His Arg Asn Val His Llys Phe Arg Glu Val Glin Gln Cys Thr 
65 70 75 8O 

Leu Lleu Ser Ile Lys Thr Gly Gly Cys Ser Glu Asp Cys Ser Tyr Cys 
85 90 95 

Pro Glin Ser Ser Arg Tyr Asn Thr Gly Lieu Lys Ala Glin Lys Lieu Met 
100 105 110 

Asn Lys Tyr Ala Val Lieu Glu Ala Ala Lys Lys Ala Lys Glu Ser Gly 
115 120 125 

Ser Thr Arg Phe Cys Met Gly Ala Ala Trp Arg Glu Thir Ile Gly Arg 
130 135 1 4 0 

Lys Ser Asn. Phe Asn Glin Ile Leu Glu Tyr Val Lys Glu Ile Arg Gly 
145 15 O 155 160 

Met Gly Met Glu Val Cys Cys Thr Leu Gly Met Ile Glu Lys Glin Glin 
1.65 170 175 

Ala Glu Glu Lieu Lys Lys Ala Gly Lieu. Thir Ala Tyr Asn His Asn Lieu 
18O 185 190 

Asp Thr Ser Arg Glu Tyr Tyr Pro Asn Ile Ile Thr Thr Arg Ser Tyr 
195 200 2O5 

Asp Asp Arg Lieu Glin Thr Lieu Glu His Val Arg Glu Ala Gly Ile Ser 
210 215 220 

Ile Cys Ser Gly Gly Ile Ile Gly Lieu Gly Glu Ala Glu Glu Asp Arg 
225 230 235 240 

Val Gly Leu Leu. His Thr Leu Ala Thr Leu Pro Thr His Pro Glu Ser 
245 250 255 

Val Pro Ile Asn Ala Lieu Val Ala Wall Lys Gly Thr Pro Leu Glu Asp 
260 265 27 O 

Gln Lys Pro Val Glu Ile Trp Glu Met Ile Arg Met Ile Ala Thr Ala 
275 280 285 

Arg Ile Thr Met Pro Lys Ala Met Val Arg Leu Ser Ala Gly Arg Val 
29 O 295 3OO 

Arg Phe Ser Met Pro Glu Glin Ala Lieu. Cys Phe Leu Ala Gly Ala Asn 
305 310 315 320 

Ser Ile Phe Ala Gly Glu Lys Lieu Lieu. Thir Thr Ala Asn. Asn Asp Phe 
325 330 335 

Asp Ala Asp Glin Ala Met Phe Lys Ile Leu Gly Lieu. Ile Pro Lys Ala 
340 345 350 

Pro Ser Phe Gly Glu Glu Glu Ala Ser Ala Ala Ala Pro Thr Glu Ser 
355 360 365 

Glu Arg Ser Glu Glin Ala Ala Ser Met 
370 375 

<210> SEQ ID NO 25 
&2 11s LENGTH 1477 
&212> TYPE DNA 
<213> ORGANISM: Argemone mexicana 

<400 SEQUENCE: 25 

gcac gag cat to gagaaata aagagctgta aaattitt tag ggtttittctg catalacticta 60 
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cacticgaagc titcatcaata gaaat atcat aaacagaaga attcaaaatg cittaaagttc 120 

aatctittgag agctogtott cq acctttgattittcatttc tacattttct tctotctoat 18O 

catcttctitc ttcttcagot gctgctgttcaag cagaaag aac gattaaa galaggtocaa 240 

gaaacgattg gag cagagat galaattaaat cqgtttatga ttcto cagtt citc gatcttic 3OO 

tottccatgc agctdaagttc catagacatg citcacaactt cagggaagtg cagdaatgta 360 

citcttctotc. tottaagaca ggtgggtgca gtgaagattg titcat attgt coacaatctt 420 

ccagg tatga cactggagtgaaag.cccalaa agctgatgaa caaggacgca gttctgcagg 480 

cago agaaaa gocaaaggag goggg tagta cacgtttctg catgggtgct gcatggagag 540 

atacagtggg caggaag acc aacttcaaac agatccitcqa atatgtaaaa galaattcggg 600 

gtatgg gaat ggagg tatgc tigcactittag gCatgatcga gaagcago aa gotgtggaac 660 

toaa.gcaggc tigggct caca gcttacaatc ataatcttga tacttcaaga gag tattacc 720 

citaa catcat caccacaaga tottacgatg agcgcttgga aactottcag titcgtc.cggg 78O 

aag cagggat caatgtctgc ticaggaggaa taatagg gct aggagaa.gca gaggaggatc 840 

gagttggtot tittgcataca citagcaacgc titcctitcaca tocagaaagt gttcc catca 9 OO 

atgcattgct togcagtcaaa gocacaccitc ttgaagatca gaa.gc.cagtt gaaatatggg 96.O 

agatgatt.cg gatgattgct actgctagaa ttgtaatgcc aaaa.gcaat g g to aggctat O20 

cago aggtog togttcgattt to catgtc.cg agcaa.gctot citgct tcctt gctgg.cgc.ca O8O 

attcCatctt cactggtgag aaactattga caacticccaa caatgattitt gacgcag atc 140 

aaatgatgtt taagattitta gggctgacac caaaagctoc aaattittgac caaacatcaa 200 

catcttitcga agcc.gagaga tigtgaacaag aag caactgc gtcat agttc ttgctitc gat 260 

gagattatat atttatccaa atgaagaaat tcc.cgtocac cqtgtaagct tctittcttitt 320 

acatgaagtt totttgtatg aattatgaaa cctocaaaat aagctatact atttataaca 38O 

ggaagttact gctaaattitt caatticcatg ggaaatctat tittatgaact caaaaaaaaa 4 40 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaa. 477 

<210> SEQ ID NO 26 
&2 11s LENGTH 379 
&212> TYPE PRT 
<213> ORGANISM: Argemone mexicana 

<400 SEQUENCE: 26 

Met Leu Lys Val Glin Ser Leu Arg Ala Arg Lieu Arg Pro Lieu. Ile Phe 
1 5 10 15 

Ile Ser Thr Phe Ser Ser Leu Ser Ser Ser Ser Ser Ser Ser Ala Ala 
2O 25 30 

Ala Val Glin Ala Glu Arg Thr Ile Lys Glu Gly Pro Arg Asn Asp Trip 
35 40 45 

Ser Arg Asp Glu Ile Lys Ser Val Tyr Asp Ser Pro Val Lieu. Asp Lieu 
5 O 55 60 

Leu Phe His Ala Ala Glin Val His Arg His Ala His Asn. Phe Arg Glu 
65 70 75 8O 

Val Glin Gln Cys Thr Leu Leu Ser Val Lys Thr Gly Gly Cys Ser Glu 
85 90 95 

Asp Cys Ser Tyr Cys Pro Glin Ser Ser Arg Tyr Asp Thr Gly Wall Lys 
100 105 110 
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Ala Glin Lys Lieu Met Asn Lys Asp Ala Val Lieu Glin Ala Ala Glu Lys 
115 120 125 

Ala Lys Glu Ala Gly Ser Thr Arg Phe Cys Met Gly Ala Ala Trp Arg 
130 135 1 4 0 

Asp Thr Val Gly Arg Lys Thr Asn. Phe Lys Glin Ile Leu Glu Tyr Val 
145 15 O 155 160 

Lys Glu Ile Arg Gly Met Gly Met Glu Val Cys Cys Thr Leu Gly Met 
1.65 170 175 

Ile Glu Lys Glin Glin Ala Val Glu Lieu Lys Glin Ala Gly Lieu. Thir Ala 
18O 185 190 

Tyr Asn His Asn Lieu. Asp Thir Ser Arg Glu Tyr Tyr Pro Asn. Ile Ile 
195 200 2O5 

Thir Thr Arg Ser Tyr Asp Glu Arg Leu Glu Thir Leu Gln Phe Val Arg 
210 215 220 

Glu Ala Gly Ile Asn Val Cys Ser Gly Gly Ile Ile Gly Lieu Gly Glu 
225 230 235 240 

Ala Glu Glu Asp Arg Val Gly Lieu Lieu. His Thr Lieu Ala Thr Lieu Pro 
245 250 255 

Ser His Pro Glu Ser Val Pro Ile Asn Ala Lieu Lleu Ala Wall Lys Gly 
260 265 27 O 

Thr Pro Leu Glu Asp Gln Lys Pro Val Glu Ile Trp Glu Met Ile Arg 
275 280 285 

Met Ile Ala Thr Ala Arg Ile Val Met Pro Lys Ala Met Val Arg Leu 
29 O 295 3OO 

Ser Ala Gly Arg Val Arg Phe Ser Met Ser Glu Glin Ala Leu Cys Phe 
305 310 315 320 

Leu Ala Gly Ala Asn. Ser Ile Phe Thr Gly Glu Lys Lieu Lieu. Thir Thr 
325 330 335 

Pro Asn. Asn Asp Phe Asp Ala Asp Gln Met Met Phe Lys Ile Leu Gly 
340 345 350 

Leu Thr Pro Lys Ala Pro Asn Phe Asp Glin Thr Ser Thr Ser Phe Glu 
355 360 365 

Ala Glu Arg Cys Glu Glin Glu Ala Thr Ala Ser 
370 375 

<210 SEQ ID NO 27 
&2 11s LENGTH 1526 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 27 

gcacgagcta gtactgctico citctg.cgact tcgtttcgta gagggattitt goccgc.caaa 60 

taalacagtict caccataaac tocaaagtcc caacgctaaa cigaalaccalaa ccc.caaacac 120 

aaataccgitt gttgttctgtt gtotctgtcg tdtctatatt cqcag atcto tcactcattc 18O 

totgttgttt citctg.cccala citt.cgaattic gaaagcaaaa acatgtttitt goc gaga.ccc 240 

atttitcc.gag caccotccct ttggg.cgttg cactcittcct acgcg tatto citctgccitca 3OO 

gcagotgcaa ttcaagctga gaga.gc.catc aaagaaggac ccagaaacga ttggagcc.ga 360 

gaccaagttcaaatccatcta cq actictocc attctogatc ttctottcca taggggctcaa 420 

gttcacagac atgctdataa cittcagggaa gttcago agt gtact cittct gttctato aaa. 480 
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acaggagggit gcagtgaaga ttgttccitat tdtcc to aat cotctaagta toatacagga 540 

gtoaaaggcc aacgc.cittat gaacaaggaa gotgttctac aggctgcaaa gaaggcaaaa 600 

gaggctggga gcactc.gctt ttgtatgggit gctgcatgga gggatacact gggaagaaag 660 

acca acttica accagatcct togaatatgtgaaaga cataa goggacatggg aatggaggitt 720 

tgttgcaccc ttggcatgct ggagaaacag caggctgttgaactcaagaa goc aggtotc 78O 

actgccitata atcacaatct togacactitca agg gagtatt atccaaacat catcacaaca 840 

aggacittatg atgagcgtct tcaaaccott gagtttgttc gtgatgcagg gatcaatgtt 9 OO 

tgttctggag gaattatagg gcttggagaa goagaggagg atcgtgtagg tttgttacat 96.O 

acattgttcaa cactitcccac coatccagag agtgttccta ttaatgcact tattgctgta O20 

aagg galaccc citcttgagga totagaagcct gttgaaatat gggagatgat togcatgata O8O 

gcaactgcac gitatcgtaat gccaaaag.ca atggtoaggit tat cagotgg cagagttcga 14 O 

ttctocatgc citgagcaggc attgttgctitt cittgctggtg caaattctat attcactggit 200 

gaaaagctitc. tcactactcc taacaatgat tittgatgctg atcaactcat gtttaaagtt 260 

cittggactitc. tcc caaaagc ticcaagctta catgaaggtog aaact agtgt gacagaagat 320 

tataaggaag cagcttctitc tagttgagtt gttcaacggitt toaaaacaat atctgttgatc 38O 

cittcaactitc. tctaattgct cattagoatg tactgatgtt aggtttcatt gaatttgtct 4 40 

aatctoagct ttgaag acac aaactccaac acttaaaaat aaatattgaa attattgatt 5 OO 

ttitcCCtaala aaaaaaaaaa aaaaaa. 526 

<210> SEQ ID NO 28 
&2 11s LENGTH 415 
&212> TYPE PRT 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 28 

Thr Lys Pro Asn. Pro Lys His Lys Tyr Arg Cys Cys Lieu Lleu Ser Lieu 
1 5 10 15 

Ser Cys Leu Tyr Ser Glin Ile Ser His Ser Phe Ser Val Val Ser Leu 
2O 25 30 

Pro Asin Phe Glu Phe Glu Ser Lys Asn Met Phe Leu Ala Arg Pro Ile 
35 40 45 

Phe Arg Ala Pro Ser Leu Trp Ala Leu. His Ser Ser Tyr Ala Tyr Ser 
5 O 55 60 

Ser Ala Ser Ala Ala Ala Ile Glin Ala Glu Arg Ala Ile Lys Glu Gly 
65 70 75 8O 

Pro Arg Asn Asp Trp Ser Arg Asp Glin Wall Lys Ser Ile Tyr Asp Ser 
85 90 95 

Pro Ile Lieu. Asp Leu Lleu Phe His Gly Ala Glin Val His Arg His Ala 
100 105 110 

His Asn Phe Arg Glu Val Glin Gln Cys Thr Leu Leu Ser Ile Lys Thr 
115 120 125 

Gly Gly Cys Ser Glu Asp Cys Ser Tyr Cys Pro Glin Ser Ser Lys Tyr 
130 135 1 4 0 

Asp Thr Gly Val Lys Gly Glin Arg Lieu Met Asn Lys Glu Ala Val Lieu 
145 15 O 155 160 

Glin Ala Ala Lys Lys Ala Lys Glu Ala Gly Ser Thr Arg Phe Cys Met 
1.65 170 175 
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Gly Ala Ala Trp Arg Asp Thr Lieu Gly Arg Lys Thr Asn. Phe Asn Glin 
18O 185 190 

Ile Leu Glu Tyr Val Lys Asp Ile Arg Asp Met Gly Met Glu Val Cys 
195 200 2O5 

Cys Thr Lieu Gly Met Leu Glu Lys Glin Glin Ala Val Glu Lieu Lys Lys 
210 215 220 

Ala Gly Lieu. Thir Ala Tyr Asn His Asn Lieu. Asp Thr Ser Arg Glu Tyr 
225 230 235 240 

Tyr Pro Asn Ile Ile Thr Thr Arg Thr Tyr Asp Glu Arg Leu Glin Thr 
245 250 255 

Leu Glu Phe Val Arg Asp Ala Gly Ile Asin Val Cys Ser Gly Gly Ile 
260 265 27 O 

Ile Gly Lieu Gly Glu Ala Glu Glu Asp Arg Val Gly Lieu Lieu. His Thr 
275 280 285 

Leu Ser Thir Leu Pro Thr His Pro Glu Ser Wall Pro Ile Asn Ala Leu 
29 O 295 3OO 

Val Ala Val Lys Gly Thr Pro Leu Glu Asp Gln Lys Pro Val Glu Ile 
305 310 315 320 

Trp Glu Met Ile Arg Met Ile Ala Thr Ala Arg Ile Val Met Pro Lys 
325 330 335 

Ala Met Val Arg Leu Ser Ala Gly Arg Val Arg Phe Ser Met Pro Glu 
340 345 350 

Gln Ala Leu Cys Phe Leu Ala Gly Ala Asn Ser Ile Phe Thr Gly Glu 
355 360 365 

Lys Lieu Lieu. Thir Thr Pro Asn. Asn Asp Phe Asp Ala Asp Glin Leu Met 
370 375 38O 

Phe Lys Val Lieu Gly Lieu Lleu Pro Lys Ala Pro Ser Lieu. His Glu Gly 
385 390 395 400 

Glu Thir Ser Val Thr Glu Asp Tyr Lys Glu Ala Ala Ser Ser Ser 
405 410 415 

<210 SEQ ID NO 29 
&2 11s LENGTH 1659 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 29 

aaag agtgta tacagataga titt coaaact coacticactc accactato g c gactictoag 60 

aactitcccita toacgatccc to atcctoct tcgctccaat accoctaaac togcaccitat 120 

citctitcctct gttcgtctitc aagttcaaaa gtc.gagaaac tatgg taccg tatcatctgt 18O 

to citcc to aa got acagaaa catcaag cac atcaccitagt aag gatgtct accaagaagc 240 

actcaacgca actgaaccoc goagcaattg gacaaga gaa gaaatcaagg cqatctatoga 3OO 

taagcc attg atggagittat gttggggtgc tigg tagtttg cacaggaaat to catatacc 360 

tggggctatt cagatgtgta cattgttgaa catcaagacg ggtggttgct c ggaggattg 420 

ttcttactgc gcc caatcat cocgctacca aaccqgtcto aaag.cctcca aaatggtotc 480 

cgtogaatct gtc.citc.gcag cc.gc.ccgcat cqccaaagac aacgg tagta cacgtttctg 540 

catgggagcc gcgtgg.cgcg atatgcgtgg acgaaaaacc aatctoaaaa atgtcaaaac 600 

aatggittagc gagatticgcg gaatgggitat ggaagtatgt gtcacgctt g g tatgattga 660 
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tgcagagcaa gotcaggaac toaaagaagc cqgtotcacg gcttataatc ataatgtgga 720 

tacg to gagg gatttctato coaaggittat cac gaccagg actitatgatg agagattgga 78O 

taccattaag aatgtgagag aggcc.ggaat caatgtttgt acgggtggala toctoggatt 840 

aggagaaaat aagtctgacc atattggact tittggagacg gttgctacgt toccittcgca 9 OO 

to cq gaatca tttcct gtga acatgttagt ggctato aaa goalacaccac toggaaggaaa 96.O 

caagaaggtg gaatttgaga atatgttgag aatggttgcg acggctagaa togtoatgcc O20 

taaaac catc gtgcgtttgg cagctggaag aggagaattg agc gaggaac aac aggtott O8O 

atgttt catg gcc.ggagcca atgcc gttitt cacaggagaa acaatgttaa ccacaccago 14 O 

cgttggatgg g g totcgatt cog to gttitt caacagatgg ggattalagac ccatggaaag 200 

tittc gaggitt gaagccittga agaac gataa acctgcc act actaatacgg aaataccggit 260 

agaggcaagt aaggcagaga tigc.caggtac agttgcttga ttgattgttt gatttggata 320 

cc cagggcgt ttggtgcgct catcatctog agtttittgca aggagattog aac agtggaa 38O 

gtgcc.gttgc gccaccattg ggattggcgt atcgg actoga gattgacitgt gcc acgaaaa 4 40 

tgttittgcgc tatcgtgttgttgtcatctog tagg gaattta gcgttgtttgttttgtttitt 5 OO 

ggittttgttt gatgtgagag aatgattgtt tagaagggga gaatgtatat acggalacagt 560 

agaatatatt cittgttctata agattatata ggataaatat atataagctt atcctcaaaa 62O 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaa. 659 

<210 SEQ ID NO 30 
&2 11s LENGTH 417 
&212> TYPE PRT 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 30 

Met Ala Thr Lieu Arg Thr Ser Lieu Ser Arg Ser Lieu. Ile Leu Lieu Arg 
1 5 10 15 

Ser Asn Thr Pro Lys Leu Ala Pro Ile Ser Ser Ser Val Arg Leu Gln 
2O 25 30 

Val Glin Lys Ser Arg Asn Tyr Gly Thr Val Ser Ser Val Pro Pro Glin 
35 40 45 

Ala Thr Glu Thir Ser Ser Thr Ser Pro Ser Lys Asp Val Tyr Glin Glu 
5 O 55 60 

Ala Lieu. Asn Ala Thr Glu Pro Arg Ser Asn Trp Thr Arg Glu Glu Ile 
65 70 75 8O 

Lys Ala Ile Tyr Asp Llys Pro Leu Met Glu Lieu. Cys Trp Gly Ala Gly 
85 90 95 

Ser Leu. His Arg Lys Phe His Ile Pro Gly Ala Ile Gln Met Cys Thr 
100 105 110 

Leu Lieu. Asn. Ile Lys Thr Gly Gly Cys Ser Glu Asp Cys Ser Tyr Cys 
115 120 125 

Ala Glin Ser Ser Arg Tyr Glin Thr Gly Lieu Lys Ala Ser Lys Met Val 
130 135 1 4 0 

Ser Val Glu Ser Val Lieu Ala Ala Ala Arg Ile Ala Lys Asp Asn Gly 
145 15 O 155 160 

Ser Thr Arg Phe Cys Met Gly Ala Ala Trp Arg Asp Met Arg Gly Arg 
1.65 170 175 

Lys Thr Asn Lieu Lys Asn. Wall Lys Thr Met Val Ser Glu Ile Arg Gly 
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18O 185 190 

Met Gly Met Glu Val Cys Val Thr Leu Gly Met Ile Asp Ala Glu Gln 
195 200 2O5 

Ala Glin Glu Lieu Lys Glu Ala Gly Lieu. Thir Ala Tyr Asn His Asn Val 
210 215 220 

Asp Thr Ser Arg Asp Phe Tyr Pro Llys Val Ile Thr Thr Arg Thr Tyr 
225 230 235 240 

Asp Glu Arg Lieu. Asp Thir Ile Lys Asn Val Arg Glu Ala Gly Ile Asn 
245 250 255 

Val Cys Thr Gly Gly Ile Leu Gly Lieu Gly Glu Asn Lys Ser Asp His 
260 265 27 O 

Ile Gly Leu Leu Glu Thr Val Ala Thr Leu Pro Ser His Pro Glu Ser 
275 280 285 

Phe Pro Val Asn Met Leu Val Ala Ile Lys Gly Thr Pro Leu Glu Gly 
29 O 295 3OO 

Asn Lys Lys Val Glu Phe Glu Asn Met Leu Arg Met Val Ala Thr Ala 
305 310 315 320 

Arg Ile Wal Met Pro Lys Thr Ile Val Arg Lieu Ala Ala Gly Arg Gly 
325 330 335 

Glu Lieu Ser Glu Glu Glin Glin Val Lieu. Cys Phe Met Ala Gly Ala Asn 
340 345 350 

Ala Val Phe Thr Gly Glu Thir Met Leu Thir Thr Pro Ala Val Gly Trp 
355 360 365 

Gly Val Asp Ser Val Val Phe Asin Arg Trp Gly Leu Arg Pro Met Glu 
370 375 38O 

Ser Phe Glu Val Glu Ala Lieu Lys Asn Asp Llys Pro Ala Thir Thr Asn 
385 390 395 400 

Thr Glu Ile Pro Val Glu Ala Ser Lys Ala Glu Met Pro Gly Thr Val 
405 410 415 

Ala 

<210> SEQ ID NO 31 
&2 11s LENGTH 1032 
&212> TYPE DNA 
<213> ORGANISM: Triticum aestivum 

<400 SEQUENCE: 31 

gcac gagaga t gcc.gtcc ta gaagcagoaa aaaaggcaaa gaggctggg agc acco gat 60 

tittgcatggg agcc.gcatgg agagagacaa ttggcaggaa aacaaattitc aaccagattic 120 

ttgaatatgt caagga cata agagg tatgg gcatggaggit citgttgcacc citggg catgc 18O 

tagagaaa.ca acaagctgaa gaacticaaga aggctgg act tacagottat aatcatalacc 240 

tagata catc aagagaat at taccc.caa.ca ttatttctac aagat.cgtac gatgatagat 3OO 

tacagacitct tcagoatgtc. c.gtgaagctg gaataag.cgt citgcticaggt ggaattattg 360 

gtottggaga gg.cggaggaa gaccgtgtag ggctgttgca tacactggcc actittgccala 420 

cacacccaga gag.cgttcct atcaatgcat tattgctgt caaaggcacg cct cittcagg 480 

atcagaagcc totagagata toggaaatga toc goatgat toccago go a cqgattgttga 540 

tgccalaaggc aatggtgaga cittitcggcag ggagagtacg gttitt coat g c cagaacaag 600 

citctict gctt totc.gctggg gccaactcga tottcgc.cgg togaaaagctic ctdacaactg 660 
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cgaacaatga citttgatgcg gaccaggcaa tottcaagat cottggcct g attcc caagg 720 

citccaaactt toggcgatgaa gaggtoatgg tag cago acc cacggagaga tigtgagcaag 78O 

cc.gctttgat gtaaaatgtc. g.gtatagatt citc.gagacca catcc.ggtgc aaaactggca 840 

ccattatcto caccitagagt tttgtact.gt agagatcatg acattittata gitaactitcag 9 OO 

attcatcgaa ataaaatagg g g gttctotg caaaaaaaaa aaaaaaaaaa aaaaaaaaaa 96.O 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa. 1020 

aaaaaaaaaa.. a.a. 1032 

<210> SEQ ID NO 32 
&2 11s LENGTH 2.63 
&212> TYPE PRT 
<213> ORGANISM: Triticum aestivum 

<400 SEQUENCE: 32 

Thr Arg Asp Ala Val Lieu Glu Ala Ala Lys Lys Ala Lys Glu Ala Gly 
1 5 10 15 

Ser Thr Arg Phe Cys Met Gly Ala Ala Trp Arg Glu Thir Ile Gly Arg 
2O 25 30 

Lys Thr Asn. Phe Asn Glin Ile Leu Glu Tyr Val Lys Asp Ile Arg Gly 
35 40 45 

Met Gly Met Glu Val Cys Cys Thr Leu Gly Met Leu Glu Lys Glin Glin 
5 O 55 60 

Ala Glu Glu Leu Lys Lys Ala Gly Leu Thr Ala Tyr Asn His ASn Leu 
65 70 75 8O 

Asp Thr Ser Arg Glu Tyr Tyr Pro Asn Ile Ile Ser Thr Arg Ser Tyr 
85 90 95 

Asp Asp Arg Lieu Glin Thr Lieu Gln His Val Arg Glu Ala Gly Ile Ser 
100 105 110 

Val Cys Ser Gly Gly Ile Ile Gly Lieu Gly Glu Ala Glu Glu Asp Arg 
115 120 125 

Val Gly Leu Leu. His Thr Leu Ala Thr Leu Pro Thr His Pro Glu Ser 
130 135 1 4 0 

Val Pro Ile Asn Ala Lieu. Ile Ala Wall Lys Gly Thr Pro Leu Glin Asp 
145 50 155 160 

Gln Lys Pro Val Glu Ile Trp Glu Met Ile Arg Met Ile Ala Ser Ala 
1.65 170 175 

Arg Ile Val Met Pro Lys Ala Met Val Arg Leu Ser Ala Gly Arg Val 
18O 185 190 

Arg Phe Ser Met Pro Glu Glin Ala Lieu. Cys Phe Leu Ala Gly Ala Asn 
195 200 2O5 

Ser Ile Phe Ala Gly Glu Lys Lieu Lieu. Thir Thr Ala Asn. Asn Asp Phe 
210 215 220 

Asp Ala Asp Glin Ala Met Phe Lys Ile Leu Gly Lieu. Ile Pro Lys Ala 
225 230 235 240 

Pro Asin Phe Gly Asp Glu Glu Val Met Val Ala Ala Pro Thr Glu Arg 
245 250 255 

Cys Glu Glin Ala Ala Lieu Met 
260 

<210 SEQ ID NO 33 
&2 11s LENGTH 378 



US 2003/0192073 A1 Oct. 9, 2003 
39 

-continued 

&212> TYPE PRT 
<213> ORGANISM: Arabidopsis thaliana 

<400 SEQUENCE: 33 

Met Met Leu Val Arg Ser Val Phe Arg Ser Gln Leu Arg Pro Ser Val 
1 5 10 15 

Ser Gly Gly Lieu Glin Ser Ala Ser Cys Tyr Ser Ser Lieu Ser Ala Ala 
2O 25 30 

Ser Ala Glu Ala Glu Arg Thr Ile Arg Glu Gly Pro Arg Asn Asp Trp 
35 40 45 

Ser Arg Asp Glu Ile Lys Ser Val Tyr Asp Ser Pro Leu Lieu. Asp Lieu 
5 O 55 60 

Leu Phe His Gly Ala Glin Val His Arg His Val His Asn Phe Arg Glu 
65 70 75 8O 

Val Glin Glin Cys Thr Lieu Lleu Ser Ile Lys Thr Gly Gly Cys Ser Glu 
85 90 95 

Asp Cys Ser Tyr Cys Pro Gln Ser Ser Arg Tyr Ser Thr Gly Val Lys 
100 105 110 

Ala Glin Arg Lieu Met Ser Lys Asp Ala Val Ile Asp Ala Ala Lys Lys 
115 120 125 

Ala Lys Glu Ala Gly Ser Thr Arg Phe Cys Met Gly Ala Ala Trp Arg 
130 135 1 4 0 

Asp Thir Ile Gly Arg Lys Thr Asn. Phe Ser Glin Ile Leu Glu Tyr Ile 
145 15 O 155 160 

Lys Glu Ile Arg Gly Met Gly Met Glu Val Cys Cys Thr Leu Gly Met 
1.65 170 175 

Ile Glu Lys Glin Glin Ala Lieu Glu Lieu Lys Lys Ala Gly Lieu. Thir Ala 
18O 185 190 

Tyr Asn His Asn Lieu. Asp Thir Ser Arg Glu Tyr Tyr Pro Asn Val Ile 
195 200 2O5 

Thir Thr Arg Ser Tyr Asp Asp Arg Lieu Glu Thir Lieu Ser His Val Arg 
210 215 220 

Asp Ala Gly Ile Asn Val Cys Ser Gly Gly Ile Ile Gly Lieu Gly Glu 
225 230 235 240 

Ala Glu Glu Asp Arg Ile Gly Lieu Lieu. His Thr Lieu Ala Thr Lieu Pro 
245 250 255 

Ser His Pro Glu Ser Val Pro Ile Asn Ala Lieu Lleu Ala Wall Lys Gly 
260 265 27 O 

Thr Pro Leu Glu Asp Gln Lys Pro Val Glu Ile Trp Glu Met Ile Arg 
275 280 285 

Met Ile Gly. Thr Ala Arg Ile Val Met Pro Lys Ala Met Val Arg Leu 
29 O 295 3OO 

Ser Ala Gly Arg Val Arg Phe Ser Met Ser Glu Glin Ala Leu Cys Phe 
305 310 315 320 

Leu Ala Gly Ala Asn. Ser Ile Phe Thr Gly Glu Lys Lieu Lieu. Thir Thr 
325 330 335 

Pro Asn. Asn Asp Phe Asp Ala Asp Gln Leu Met Phe Lys Thr Lieu Gly 
340 345 350 

Lieu. Ile Pro Llys Pro Pro Ser Phe Ser Glu Asp Asp Ser Glu Ser Glu 
355 360 365 

Asn. Cys Glu Lys Wall Ala Ser Ala Ser His 
370 375 
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<210> SEQ ID NO 34 
&2 11s LENGTH 363 
&212> TYPE PRT 
<213> ORGANISM: Schizosaccharomyces pombe 

<400 SEQUENCE: 34 

Met Phe Thr Arg Thr Ile Arg Glin Glin Ile Arg Arg Ser Ser Ala Leu 
1 5 10 15 

Ser Lieu Val Arg Asn. Asn Trp Thr Arg Glu Glu Ile Glin Lys Ile Tyr 
2O 25 30 

Asp Thr Pro Lieu. Ile Asp Lieu. Ile Phe Arg Ala Ala Ser Tle His Arg 
35 40 45 

Lys Phe His Asp Pro Lys Lys Val Glin Glin Cys Thr Lieu Lleu Ser Ile 
5 O 55 60 

Lys Thr Gly Gly Cys Thr Glu Asp Cys Lys Tyr Cys Ala Glin Ser Ser 
65 70 75 8O 

Arg Tyr Asn Thr Gly Wall Lys Ala Thr Lys Lieu Met Lys Ile Asp Glu 
85 90 95 

Val Lieu Glu Lys Ala Lys Ile Ala Lys Ala Lys Gly Ser Thr Arg Phe 
100 105 110 

Cys Met Gly Ser Ala Trp Arg Asp Lieu. Asn Gly Arg Asn Arg Thr Phe 
115 120 125 

Lys Asn. Ile Leu Glu Ile Ile Lys Glu Val Arg Ser Met Asp Met Glu 
130 135 140 

Val Cys Val Thr Lieu Gly Met Lieu. Asn. Glu Glin Glin Ala Lys Glu Lieu 
145 15 O 155 160 

Lys Asp Ala Gly Lieu. Thr Ala Tyr Asn His Asn Lieu. Asp Thir Ser Arg 
1.65 170 175 

Glu Tyr Tyr Ser Lys Ile Ile Ser Thr Arg Thr Tyr Asp Glu Arg Leu 
18O 185 190 

Asn. Thir Ile Asp Asn Lieu Arg Lys Ala Gly Lieu Lys Val Cys Ser Gly 
195 200 2O5 

Gly Ile Leu Gly Lieu Gly Glu Lys Lys His Asp Arg Val Gly Lieu. Ile 
210 215 220 

His Ser Leu Ala Thr Met Pro Thr His Pro Glu Ser Wall Pro Phe Asn 
225 230 235 240 

Leu Leu Val Pro Ile Pro Gly Thr Pro Val Gly Asp Ala Val Lys Glu 
245 250 255 

Arg Lieu Pro Ile His Pro Phe Leu Arg Ser Ile Ala Thr Ala Arg Ile 
260 265 27 O 

Cys Met Pro Llys Thr Ile Ile Arg Phe Ala Ala Gly Arg Asn. Thir Cys 
275 280 285 

Ser Glu Ser Glu Glin Ala Lieu Ala Phe Met Ala Gly Ala Asn Ala Val 
29 O 295 3OO 

Phe Thr Gly Glu Lys Met Leu Thir Thr Pro A 
305 310 

a. Val Ser Trp Asp Ser 
320 3 5 

Asp Ser Gln Leu Phe Tyr Asn Trp Gly Leu Glu Gly Met Glin Ser Phe 
325 330 335 

Glu Tyr Gly Thr Ser Thr Glu Gly Glu Asp Gly Thr Phe Thr Leu Pro 
340 345 350 

Pro Lys Glu Arg Lieu Ala Pro Ser Pro Ser Lieu 
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<400 

355 

Met Met Ser 
1 

Thr 

Glu 

Pro 

Pro 
65 

His 

Gly 

Asp 

Gly 
145 

Ile 

Wall 

Ala 

Ile 
225 

Teu 

Teu 

Wall 

Ser 

Arg 
305 

Thr 

Ser 

Lys 

Ala 

Ser 
5 O 

Telu 

Asp 

Gly 

Thr 

Glu 
130 

Ala 

Glin 

Thr 

Gly 

Ser 
210 

Gly 

Ser 

Ala 

Lys 
29 O 

Ile 

Met 

Ile 

Tyr 

Ser 
35 

His 

Telu 

Pro 

Cys 

Gly 
115 

Ala 

Ala 

Glu 

Telu 

Telu 
195 

Asn 

Telu 

Asn 

Ile 
275 

Phe 

PRT 

SEQUENCE: 

Thr 

Ala 

Thr 

Ser 

Glu 

Thr 

Ser 
100 

Telu 

Glu 

Trp 

Met 

Gly 
18O 

Thr 

Wall 

Wall 

Gly 

Met 
260 

Telu 

Met 

Glu 

Thr 
340 

SEQ ID NO 35 
LENGTH 
TYPE 
ORGANISM 

375 

Saccharomyces cerevisiae 

35 

Ile 
5 

Thr 

Teu 

Trp 

Teu 

Lys 
85 

Glu 

Glu 

Arg 

Wall 
1.65 

Met 

Ala 

Ile 

Glin 

Glu 
245 

Ser 

Gly 

Glin 

Pro 

Thr 
325 

Gly 

Asn 

Gly 

Thr 

Thr 
70 

Wall 

Asp 

Ala 

Ala 

Asp 
15 O 

Thr 

Wall 

Thr 

Glu 
230 

Ser 

Pro 

Thr 

Phe 

Lys 
310 

Glu 

Arg 

Ala 

Ala 

Lys 
55 

His 

Glin 

Glu 

Lys 
135 

Met 

Asp 

Asn 

Thr 
215 

Ser 

Glu 

His 

Pro 

Asp 
295 

Ala 

Glin 

360 

His 

Ala 

Telu 
40 

Ser 

Ala 

Telu 

Lys 
120 

Arg 

Lys 

Wall 

Glin 

His 
200 

Gly 

Asp 

Pro 

Met 
280 

Glu 

Ile 

Phe 

Met 

Telu 

Wall 
25 

Glin 

Glin 

Ala 

Tyr 
105 

Met 

ASn 

Gly 

Asn 

Asp 
185 

Asn 

Thr 

Ile 

Asp 

Glu 
265 

Ala 

Ile 

Ile 

Wall 

Telu 
345 

Ser 
10 

Telu 

Glin 

Thr 
90 

Wall 

Gly 

Asp 
170 

Glin 

Ile 

His 
250 

Ser 

Glu 

Telu 

Arg 

Cys 
330 

Thr 

Thr 

Ser 

Ala 

Teu 
75 

Teu 

Ala 

Ser 

Lys 
155 

Met 

Ala 

Asp 

Asp 

Ala 
235 

Ile 

Teu 

Glu 

Arg 

Teu 
315 

Phe 

Thr 

41 

-continued 

Ala 

Thr 

Teu 

Glu 
60 

Glin 

Met 

Glin 

Wall 

Thr 
1 4 0 

Ser 

Gly 

Thr 

Asp 
220 

Gly 

Pro 

Teu 

Thr 

Ala 

Met 

Met 

Thr 

Ser 
45 

Ile 

His 

Asn 

Ser 

Asp 
125 

Arg 

Ala 

Teu 

Glin 

Ser 

Arg 

Thr 

Phe 

Ile 

Ala 
285 

Ile 

Ala 

Ala 

Pro 

Ala 
30 

Teu 

Tyr 

Arg 

Ile 

Ser 
110 

Glu 

Phe 

Met 

Glu 

Teu 
190 

Arg 

Teu 

Gly 

Ile 

Asn 
27 O 

Ala 

Gly 

Gly 

Asn 
350 

Ala 
15 

Ser 

Asp 

His 

Lys 

Lys 
95 

Arg 

Wall 

Cys 

Lys 

Thr 
175 

Lys 

Glu 

Glin 

Gly 

Tyr 
255 

Arg 

Pro 

Thr 

Arg 

Cys 
335 

Gly 

Telu 

Ser 

Glu 

Thr 

Trp 

Ser 

Asn 

Ile 

Leu 

Arg 
160 

Cys 

His 

Thr 

Ile 
240 

Thr 

Telu 

Lys 

Ala 

Tyr 
320 

Asn 

Trp 
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Asp Glu Asp Lys Ala Met Leu Ala Lys Trp Gly Lieu Gln Pro Met Glu 
355 360 365 

Ala Phe Lys Tyr Asp Arg Ser 
370 375 

<210 SEQ ID NO 36 
<211& LENGTH: 12 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: (2) 
&223> OTHER INFORMATION Xaa = ANY AMINO ACID 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: (4) 
&223> OTHER INFORMATION Xaa = ANY AMINO ACID 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: (8) 
&223> OTHER INFORMATION Xaa = ANY AMINO ACID 
&220s FEATURE 
<221 NAME/KEY: UNSURE 
<222> LOCATION: (11) 
&223> OTHER INFORMATION Xaa = ANY AMINO ACID 

<400 SEQUENCE: 36 

Gly Xaa Cys Xala Glu Asp Cys Xaa Tyr Cys Xaa Glin 
1 5 10 

What is claimed is: 
1. An isolated polynucleotide that encodes (1) a first 

polypeptide of at least 52 amino acids, the polypeptide 
having a sequence identity of at least 85% based on the 
Clustal method of alignment when compared to a Second 
polypeptide Selected from the group consisting of SEQ ID 
NOS:2, 4, 6, 8, 10, 12, 14, and 16, or (2) a third polypeptide 
of at least 100 amino acids, the polypeptide having a 
sequence identity of at least 85% based on the Clustal 
method of alignment when compared to a fourth polypeptide 
selected from the group consisting of SEQ-ID NOS:18, 20, 
22, 24, 26, 28, 30, and 32. 

2. A polynucleotide Sequence of claim 1, wherein the 
sequence identity is at least 90%. 

3. A polynucleotide Sequence of claim 1, wherein the 
sequence identity is at least 95%. 

4. The polynucleotide of claim 1 wherein the first is 
selected from the group consisting of SEQ ID NOS:2, 4, 6, 
8, 10, 12, and 14, and the third polypeptide is Selected from 
the group consisting of SEQ ID NOS:16, 18, 20, 22, 24, 26, 
28, 30, and 32. 

5. The polynucleotide of claim 1, wherein the polynucle 
otide comprises a nucleotide Sequence Selected from the 
group consisting of SEQ ID NOS:1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, and 31. 

6. The polynucleotide of claim 1, wherein the first or third 
polypeptide is a biotin Synthase. 

7. An isolated complement of the polynucleotide of claim 
1, wherein 

(a) the complement and the polynucleotide consist of the 
Same number of nucleotides, and 

(b) the nucleotide Sequences of the complement and the 
polynucleotide have 100% complementarity. 

8. An isolated nucleic acid molecule that 

(a) comprises at least 300 nucleotides and 
(b) remains hybridized with the isolated polynucleotide of 

claim 1 under a wash condition of 0.1xSSC, 0.1% SDS, 
and 65 C. 

9. A cell comprising the polynucleotide of claim 1. 
10. The cell of claim 9, wherein the-cell is selected from 

the group consisting of a yeast cell, a bacterial cell and a 
plant cell. 

11. A transgenic plant comprising the polynucleotide of 
claim 1. 

12. A method for transforming a cell comprising intro 
ducing into a cell the polynucleotide of claim 1. 

13. A method for producing a transgenic plant, comprising 
(a) transforming a plant cell with the polynucleotide of 

claim 1, and 
(b) regenerating a plant from the transformed plant cell. 
14. A method for producing a nucleic acid molecule 

comprising 

(a) Selecting a polynucleotide of claim 1, and 
(b) synthesizing a nucleic acid molecule, containing the 

nucleotide Sequence of the polynuclotide. 
15. The method of claim 14, wherein the nucleic acid 

molecule is produced in Vivo. 
16. An isolated polypeptide Selected from the group 

consisting of (1) a first polypeptide of at least 52 amino 
acids, which has a Sequence identity of at least 85% based 
on the Clustal method compared to an amino acid Sequence 
selected from the group consisting of SEQ ID NOS:2, 4, 6, 
8, 10, 12, 14, and 16; and (2) a second polypeptide of at least 
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100 amino acids, which has a Sequence identity of at least 
85% based on the Clustal method compared to an amino acid 
Sequence Selected from the group consisting of SEQ ID 
NOS:18, 20, 22, 24, 26, 28, 30, and 32. 

17. The polypeptide of claim 16, wherein the sequence 
identity is at least 90%. 

18. The polypeptide of claim 16, wherein the sequence 
identity is at least 95%. 

19. The polypeptide of claim 16, wherein the polypeptide 
has a Sequence Selected from the group consisting of SEQID 
NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,and 
32. 

20. The polypeptide of claim 16, wherein the polypeptide 
is a biotin Synthase. 

21. A chimeric gene comprising the polynucleotide of 
claim 6 operably linked to at least one Suitable regulatory 
Sequence. 

22. A method for altering the level of biotin synthase 
expression in a host cell, the method comprising: 

(a) transforming a host cell with the chimeric gene of 
claim 21; and 

(b) growing the transformed cell in Step (a) under condi 
tions Suitable for the expression of the chimeric gene. 

Oct. 9, 2003 

23. A method for evaluating a compound for its ability to 
inhibit the activity of a biotin synthase, the method com 
prising: 

(a) transforming a host cell with a chimeric gene of claim 
21, 

(b) growing the transformed host cell under conditions 
Suitable for expression of the chimeric gene wherein 
expression of the chimeric gene results in production of 
the biotin Synthase; 

(c) optionally purifying the biotin Synthase polypeptide 
expressed by the transformed host cell; 

(d) treating the biotin Synthase polypeptide with a com 
pound to be tested; and 

(e) comparing the activity of the biotin Synthase polypep 
tide that has been treated with the test compound to the 
activity of an untreated biotin Synthase polypeptide, 
thereby Selecting compounds having inhibitory activ 
ity. 


