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(57) ABSTRACT 

This invention relates to an isolated nucleic acid fragment 

encoding a starch R1 phosphorylation protein. The invention 
also relates to the construction of a chimeric gene encoding 
all or a portion of the starch R1 phosphorylation protein, in 
sense or antisense orientation, Wherein expression of the 
chimeric gene results in production of altered levels of the 
starch R1 phosphorylation protein in a transformed host cell. 
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STARCH R1 PHOSPHORYLATION PROTEIN 
HOMOLOGS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of US. patent appli 
cation Ser. No. 09/679,933 ?led Oct. 5, 2000, noW pending, 
Which is a continuation of International Application No. 
PCT/US99/07639 ?led Apr. 8, 1999, noW pending, Which 
claims priority bene?t of US. Provisional Application Serial 
No. 60/081,143 ?led Apr. 9, 1998. 

FIELD OF THE INVENTION 

[0002] This invention is in the ?eld of plant molecular 
biology. More speci?cally, this invention pertains to nucleic 
acid fragments encoding starch RI phosphorylation proteins 
in plants and seeds. 

BACKGROUND OF THE INVENTION 

[0003] Starch is a mixture of tWo polysaccharides, amy 
lose and amylopectin. Amylose is an unbranched chain of up 
to several thousand ot-D-glucopyranose units linked by 
ot-1,4 glycosidic bonds. Amylopectin is a highly branched 
molecule made up of up to 50,000 ot-D-glucopyranose 
residues linked by ot-1,4 and ot-1,6 glycosidic bonds. 
Approximately 5% of the glycosidic linkages in amylopectin 
are ot-1,6 bonds, Which leads to the branched structure of the 
polymer. 
[0004] Amylose and amylopectin molecules are organiZed 
into granules that are stored in plastids. The starch granules 
produced by most plants are 15-30% amylose and 70-85% 
amylopectin. The ratio of amylose to amylopectin and the 
degree of branching of amylopectin affects the physical and 
functional properties of the starch. Functional properties, 
such as viscosity and stability of a gelatiniZed starch deter 
mine the usefulness and hence the value of starches in food 
and industrial applications. 

[0005] The R1 protein of potato appears to be a granule 
associated enZyme that is involved in starch phosphorylation 
(Lorberth, R. et al. (1998) Nature Biotechnology 16:473 
477). Nucleic acid fragments encoding starch R1 phospho 
rylation proteins have been isolated from other species, 
including rice (PCT International Application No. PCT/ 
EP99/08506) and corn (Patent Application No. 
DE19653176-A1). 
[0006] R1 activity has been associated With starch degra 
dation in potato tubers. Studies have shoWn that inhibition of 
RI activity leads to the synthesis of modi?ed starch that is 
not degraded by enZymes present in potato tissue. If changes 
in starch degradation are a direct consequence of changes in 
the degree of phosphorylation this suggests that starch 
phosphorylation is an important modi?cation that promotes 
degradation. 
[0007] Accordingly, the availability of nucleic acid 
sequences encoding all or a portion of R1 proteins in other 
plants Would facilitate studies to better understand starch 
degradation and provide genetic tools for the manipulation 
of starch modi?cation, biosynthesis and metabolism in plant 
cells. 

SUMMARY OF THE INVENTION 

[0008] The present invention concerns an isolated poly 
nucleotide comprising: (a) a ?rst nucleotide sequence encod 
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ing a ?rst polypeptide comprising at least 50 or 100 amino 
acids, Wherein the amino acid sequence of the ?rst polypep 
tide and the amino acid sequence of SEQ ID NO:6 have at 
least 80%, 85%, 90%, or 95% identity based on the Clustal 
alignment method, (b) a second nucleotide sequence encod 
ing a second polypeptide comprising at least 100 amino 
acids, Wherein the amino acid sequence of the second 
polypeptide and the amino acid sequence of SEQ ID NO:4, 
SEQ ID NO:8, or SEQ ID NO:14 have at least 90% or 95% 
identity based on the Clustal alignment method, (c) a third 
nucleotide sequence encoding a third polypeptide compris 
ing at least 150 amino acids, Wherein the amino acid 
sequence of the third polypeptide and the amino acid 
sequence of SEQ ID NO:2 have at least 80%, 85%, 90%, or 
95% identity based on the Clustal alignment method, (d) a 
fourth nucleotide sequence encoding a fourth polypeptide 
comprising at least 150 amino acids, Wherein the amino acid 
sequence of the fourth polypeptide and the amino acid 
sequence of SEQ ID NO: 10 have at least 85%, 90%, or 95% 
identity based on the Clustal alignment method, (e) a ?fth 
nucleotide sequence encoding a ?fth polypeptide compris 
ing at least 350 amino acids, Wherein the amino acid 
sequence of the ?fth polypeptide and the amino acid 
sequence of SEQ ID NO: 12 have at least 80%, 85%, 90%, 

or 95% identity based. on the Clustal alignment method, a siXth nucleotide sequence encoding a siXth polypeptide 

comprising at least 600 amino acids, Wherein the amino acid 
sequence of the siXth polypeptide and the amino acid 
sequence of SEQ ID NO:20 have at least 80%, 85%, 90%, 
or 95% identity based on the Clustal alignment method, (g) 
a seventh nucleotide sequence encoding a seventh polypep 
tide comprising at least 1337 amino acids, Wherein the 
amino acid sequence of the seventh polypeptide and the 
amino acid sequence of SEQ ID NO: 16 or SEQ ID NO:18 
have at least 80%, 85%, 90%, or 95% identity based on the 
Clustal alignment method, or (h) the complement of the ?rst, 
second, third, fourth, ?fth, siXth, or seventh nucleotide 
sequence, Wherein the complement and the ?rst, second, 
third, fourth, ?fth, siXth, or seventh nucleotide sequence 
contain the same number of nucleotides and are 100% 
complementary. The ?rst polypeptide preferably comprises 
the amino acid sequence of SEQ ID NO:6, the second 
polypeptide preferably comprises the amino acid sequence 
of SEQ ID NO:4, SEQ ID NO:8, or SEQ ID NO:14, the third 
polypeptide preferably comprises the amino acid sequence 
of SEQ ID NO:2, the fourth polypeptide preferably com 
prises the amino acid sequence of SEQ ID NO:10, the ?fth 
polypeptide preferably comprises the amino acid sequence 
of SEQ ID NO:12, the siXth polypeptide preferably com 
prises the amino acid sequence of SEQ ID NO:20, and the 
seventh polypeptide preferably comprises the amino acid 
sequence of SEQ ID NO: 16 or SEQ ID NO: 18. The ?rst 
nucleotide sequence preferably comprises the nucleotide 
sequence of SEQ ID NO:5, the second nucleotide sequence 
preferably comprises the nucleotide sequence of SEQ ID 
NO:3, SEQ ID NO:7, or SEQ ID NO:13, the third nucleotide 
sequence preferably comprises the nucleotide sequence of 
SEQ ID NO:1, the fourth nucleotide sequence preferably 
comprises the nucleotide sequence of SEQ ID NO:9, the 
?fth nucleotide sequence preferably comprises the nucle 
otide sequence of SEQ ID NO:11, the siXth nucleotide 
sequence preferably comprises the nucleotide sequence of 
SEQ ID NO:19, and the seventh nucleotide sequence pref 
erably comprises the nucleotide sequence of SEQ ID NO:15 
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or SEQ ID NO:17. The ?rst, second, third, fourth, ?fth, 
sixth, and seventh polypeptides preferably are starch R1 
phosphorylation proteins. 

[0009] In a second embodiment, the present invention 
relates to a chimeric gene comprising any of the isolated 
polynucleotides of the present invention operably linked to 
a regulatory sequence. 

[0010] In a third embodiment, the present invention relates 
to a vector comprising any of the isolated polynucleotides of 
the present invention. 

[0011] In a fourth embodiment, the present invention 
relates to an isolated polynucleotide fragment comprising a 
nucleotide sequence comprised by any of the polynucle 
otides of the present invention, Wherein the nucleotide 
sequence contains at least 30, 40, or 60 nucleotides. 

[0012] In a ?fth embodiment, the present invention relates 
to an isolated polypeptide comprising: (a) a ?rst amino acid 
sequence comprising at least 50 or 100 amino acids, Wherein 
the ?rst amino acid sequence and the amino acid sequence 
of SEQ ID NO:6 have at least 80%, 85%, 90%, or 95% 
identity based on the Clustal alignment method, (b) a second 
amino acid sequence comprising at least 100 amino acids, 
Wherein the second amino acid sequence and the amino acid 
sequence of SEQ ID NO:4, SEQ ID NO:8, or SEQ ID NO: 
14 have at least 90% or 95% identity based on the Clustal 
alignment method, (c) a third amino acid sequence com 
prising at least 150 amino acids, Wherein the third amino 
acid sequence and the amino acid sequence of SEQ ID NO:2 
have at least 80%, 85%, 90%, or 95% identity based on the 
Clustal alignment method, (d) a fourth amino acid sequence 
comprising at least 150 amino acids, Wherein the fourth 
amino acid sequence and the amino acid sequence of SEQ 
ID NO:10 have at least 85%, 90%, or 95% identity based on 
the Clustal alignment method, (e) a ?fth amino acid 
sequence comprising at least 350 amino acids, Wherein the 
?fth amino acid sequence and the amino acid sequence of 
SEQ ID NO:12 have at least 80%, 85%, 90%, or 95% 
identity based on the Clustal alignment method, a sixth 
amino acid sequence comprising at least 600 amino acids, 
Wherein the sixth amino acid sequence and the amino acid 
sequence of SEQ ID NO:20 have at least 80%, 85%, 90%, 
or 95% identity based on the Clustal alignment method, or 
(g) a seventh amino acid sequence comprising at least 1337 
amino acids, Wherein the seventh amino. acid sequence and 
the amino acid sequence of SEQ ID NO: 16 or SEQ ID 
NO:18 have at least 80%, 85%, 90%, or 95% identity based 
on the Clustal alignment method. The ?rst amino acid 
sequence preferably comprises the amino acid sequence of 
SEQ ID NO:6, the second amino acid sequence preferably 
comprises the amino acid sequence of SEQ ID NO:4, SEQ 
ID NO:8, or SEQ ID NO: 14, the third amino acid sequence 
preferably comprises the amino acid sequence of SEQ ID 
NO:2, the fourth amino acid sequence preferably comprises 
the amino acid sequence of SEQ ID NO:10, the ?fth amino 
acid sequence preferably comprises the amino acid sequence 
of SEQ ID NO: 12, the sixth amino acid sequence preferably 
comprises the amino acid sequence of SEQ ID NO:20, and 
the seventh amino acid sequence preferably comprises the 
amino acid sequence of SEQ ID NO: 16 or SEQ ID NO: 18. 
The polypeptide preferably is a starch R1 phosphorylation 
protein. 
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[0013] In a sixth embodiment, the present invention 
relates to a method for transforming a cell comprising 
introducing any of the isolated polynucleotides of the 
present invention into a cell, and the cell transformed by this 
method. Advantageously, the cell is eukaryotic, e.g., a yeast 
or plant cell, or prokaryotic, e.g., a bacterium. 

[0014] In a seventh embodiment, the present invention 
relates to a virus, preferably a baculovirus, comprising any 
of the isolated polynucleotides of the present invention or 
any of the chimeric genes of the present invention. 

[0015] In an eighth embodiment, the invention relates to a 
method of selecting an isolated polynucleotide that affects 
the level of expression of a starch RI phosphorylation 
protein 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 iso 
lated chimeric 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 starch Ri phos 
phorylation protein or enZyme activity in the host cell 
containing the isolated polynucleotide; and (d) comparing 
the level of the starch R1 phosphorylation protein or enZyme 
activity in the host cell containing the isolated polynucle 
otide With the level of the starch R1 phosphorylation protein 
or enZyme activity in the host cell that does not contain the 
isolated polynucleotide. 
[0016] In a ninth embodiment, the invention concerns a 
method of obtaining a nucleic acid fragment encoding a 
substantial portion of a starch RI phosphorylation protein, 
preferably a plant starch Ri phosphorylation protein, com 
prising the steps of: synthesiZing an oligonucleotide primer 
comprising a nucleotide sequence of at least one of 60 
(preferably at least one of 40, most preferably at least one of 
30) contiguous nucleotides derived from a nucleotide 
sequence selected from the group consisting of SEQ ID 
NOs:l, 3, 5, 7, 9, 11, 13, 15, 17, and 19, and the complement 
of such nucleotide sequences; and amplifying a nucleic acid 
fragment (preferably a cDNA inserted in a cloning vector) 
using the oligonucleotide primer. The ampli?ed nucleic acid 
fragment preferably Will encode a substantial portion of a 
starch R1 phosphorylation protein amino acid sequence. 

[0017] 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 
starch R1 phosphorylation protein comprising the steps of: 
probing a cDNA or genomic library With an isolated poly 
nucleotide of the present invention; identifying a DNA clone 
that hybridiZes With an isolated polynucleotide of the present 
invention; isolating the identi?ed DNA clone; and sequenc 
ing the cDNA or genomic fragment that comprises the 
isolated DNA clone. 

[0018] In an eleventh embodiment, this invention con 
cerns a method for positive selection of a transformed cell 
comprising: (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, 
preferably a plant cell, such as a monocot or a dicot, under 
conditions Which alloW expression of the starch R1 phos 
phorylation protein polynucleotide in an amount suf?cient to 
complement a null mutant to provide a positive selection 
means. 

[0019] In a tWelfth embodiment, this invention relates to a 
method of altering the level of expression of a starch R1 
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phosphorylation protein in a host cell comprising: (a) trans 
forming 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 eXpression of the chimeric gene results in 
production of altered levels of the starch R1 phosphorylation 
protein in the transformed host cell. 

BRIEF DESCRIPTION OF THE DRAWING AND 
SEOUENCE LISTING 

[0020] The invention can be more fully understood from 
the folloWing detailed description and the accompanying 
draWing and Sequence Listing Which form a part of this 
application. 
[0021] FIG. 1 depicts an alignment of amino acid 
sequences of starch R1 phosphorylation protein encoded by 
the nucleotide sequences derived from corn clone 
p0126.cnlbZ79r (SEQ ID NO:16), a contig assembled from 
rice clones rlm4n.pk003.p17 and rlr6.pk0099.d9 and PCR 
fragment sequence (SEQ ID NO:18), and soybean clone 
scrlc.pk004.nl9 (SEQ ID NO:20), and the starch R1 phos 
phorylation protein from Solanum tuberosum (NCBI GI No. 
3287270; SEQ ID NO:21). Amino acids Which are con 
served among all and at least tWo sequences With an amino 

acid at that position are indicated With an asterisk Dashes are used by the program to maXimiZe alignment of 

the sequences. 

[0022] 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 identi?er (SEQ ID NO:) as used in the 
attached Sequence Listing. Table 1 also identi?es the cDNA 
clones as individual ESTs (“EST”), 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 one 
or more FISs and one or more ESTs or PCR fragment 

sequence (“Contig*”), or sequences encoding the entire 
protein derived from an EST, an FIS, a contig, or an FIS and 
PCR fragment sequence (“CGS”). The sequence descrip 
tions and Sequence Listing attached hereto comply With the 
rules governing nucleotide and/or amino acid sequence 
disclosures in patent applications as set forth in 

TABLE 1 

Starch R1 Phosphorylation Proteins 

SEQ ID NO: 

Clone (Nucleo- (Amino 
Protein (Plant Source) Designation Status tide) Acid) 

Starch R1 Phosphory- acs2c.pkOO1.g2O EST 1 2 
lation 
Protein (Arabidopsis) 
Starch R1 Phosphory- ecr1c.pkOO7.l19 EST 3 4 
lation 
Protein (Ginger) 
Starch R1 Phosphory- emm1c.pkOO1. EST 5 6 
lation p18 
Protein (Moss) 
Starch R1 Phosphory- etr1c.pkOO3.c21 EST 7 8 
lation 
Protein (Cattail) 

TABLE 1-continued 
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Starch R1 Phosphorylation Proteins 

SEQ ID NO: 

Clone (Nucleo- (Amino 
Protein (Plant Source) Designation Status tide) Acid) 

Starch R1 Phosphory- Contig of Contig" 9 1O 
lation rlm4n.pkOO3.p17 
Protein (Rice) rlOn.pkO88.j11 

(FIS) 
Starch R1 Phosphory- Contig of Contig" 11 12 
lation scr1c.pkOO3.e3 
Protein (Soybean) ses4d.pkOO19.b5 

(FIS) 

(FIS) 

(FIS) 
Starch R1 Phosphory- scr1c.pkOO2.k14 EST 13 14 
lation 
Protein (Soybean) 
Starch R1 Phosphory- p0126.cnlbz79r CGS 15 16 
lation 
Protein (Corn) 
Starch R1 Phosphory- Contig of CGS 17 18 
lation rlm4n.pkOO3.p17 
Protein (Rice) rlr6.pkOO99.d9 

(FIS) 
PCR fragment 
sequence 

Starch R1 Phosphory- scr1c.pk004.n19 CGS 19 2O 
lation (FIS) 
Protein (Soybean) 

[0023] The Sequence Listing contains the one letter code 
for nucleotide sequence characters and the three letter codes 
for amino acids as de?ned in conformity With the IUPAC 
IUBMB standards described in Nucleic Acids Res. 13:3021 
3030 (1985) and in the Biochemical] 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 rules set forth in 37 C.F.R. 
§1.822. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] 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 herein. These terms encompass nucleotide 
sequences and the like. Apolynucleotide may be a polymer 
of RNA or DNA that is single- or double-stranded, that 
optionally contains synthetic, non-natural or altered nucle 
otide bases. A polynucleotide in the form of a polymer of 
DNA may be comprised of one or more segments of cDNA, 
genomic DNA, synthetic DNA, or miXtures thereof. An 
isolated polynucleotide of the present invention may include 
at least one of 60 contiguous nucleotides, preferably at least 
one of 40 contiguous nucleotides, most preferably one of at 
least 30 contiguous nucleotides derived from SEQ ID 
NOs:1, 3, 5, 7, 9, 11, 13, 15, 17, or 19, or the complement 
of such sequences. 
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[0025] The term “isolated” polynucleotide refers to a 
polynucleotide that is substantially free from other nucleic 
acid sequences, such as other chromosomal and extrachro 
mosomal DNA and RNA, that normally accompany or 
interact With it as found in its naturally occurring environ 
ment. Isolated polynucleotides may be puri?ed from a host 
cell in Which they naturally occur. Conventional nucleic acid 
puri?cation methods knoWn to skilled artisans may be used 
to obtain isolated polynucleotides. The term also embraces 
recombinant polynucleotides and chemically synthesiZed 
polynucleotides. 
[0026] The term “recombinant” means, for example, that 
a nucleic acid sequence is made by an arti?cial 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. As used 
herein, “contig” refers to a nucleotide sequence that is 
assembled from tWo or more constituent nucleotide 
sequences that share common or overlapping regions of 
sequence homology. For example, ihe 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. 

[0027] As used herein, “substantially similar” refers to 
nucleic acid fragments Wherein changes in one or more 
nucleotide bases results in substitution of one or more amino 

acids, but do not affect the functional properties of the 
polypeptide encoded by the nucleotide sequence. “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 mediate alteration of 
gene expression by gene silencing through for example 
antisense or co-suppression technology. “Substantially simi 
lar” also refers to modi?cations of the nucleic acid frag 
ments 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 func 
tional properties of the resulting protein molecule. It is 
therefore understood that the invention encompasses more 
than the speci?c exemplary nucleotide or amino acid 
sequences and includes functional equivalents thereof. The 
terms “substantially similar” and “corresponding substan 
tially” are used interchangeably herein. 

[0028] Substantially similar nucleic acid fragments may 
be selected by screening nucleic acid fragments representing 
subfragments or modi?cations 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 unmodi?ed 
nucleic acid fragment in a plant or plant cell. For example, 
a substantially similar nucleic acid fragment representing at 
least one of 30 contiguous nucleotides derived from the 
instant nucleic acid fragment can be constructed and intro 
duced into a plant or plant cell. The level of the polypeptide 
encoded by the unmodi?ed nucleic acid fragment present in 
a plant or plant cell exposed to the substantially similar 
nucleic fragment can then be compared to the level of the 
polypeptide in a plant or plant cell that is not exposed to the 
substantially similar nucleic acid fragment. 
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[0029] 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 
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 
modi?cations 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 one of 60 
(preferably at least one of 40, most preferably at least one of 
30) 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, and 19, and the complement 
of such nucleotide sequences may be used in methods of 
selecting an isolated polynucleotide that affects the expres 
sion of a starch R1 phosphorylation protein in a host cell. A 
method of selecting an isolated polynucleotide that affects 
the level of expression of a polypeptide in a virus or in a host 
cell (eukaryotic, such as plant or yeast, prokaryotic such as 
bacterial) may comprise the steps of: constructing an iso 
lated polynucleotide of the present invention or an isolated 
chimeric gene of the present invention; introducing the 
isolated polynucleotide or the isolated chimeric gene into a 
host cell; measuring the level of a polypeptide or enZyme 
activity in the host cell containing the isolated polynucle 
otide; and comparing the level of a polypeptide or enZyme 
activity in the host cell containing the isolated polynucle 
otide With the level of a polypeptide or enZyme activity in a 
host cell that does not contain the isolated polynucleotide. 

[0030] 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, 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 6X 
SSC, 0.5% SDS at room temperature for 15 min, then 
repeated With 2X SSC, 0.5% SDS at 45° C. for 30 min, and 
then repeated tWice With 0.2X SSC, 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 
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those above except for the temperature of the ?nal tWo 30 
min Washes in 0.2X SSC, 0.5% SDS Was increased to 6° C. 
Another preferred set of highly stringent conditions uses tWo 
?nal Washes in 0.1X SSC, 0.1% SDS at 65° C. 

[0031] Substantially similar nucleic acid fragments of the 
instant invention may also be characteriZed by the percent 
identity of the amino acid sequences that they encode to the 
amino acid sequences disclosed herein, as determined by 
algorithms commonly employed by. those skilled in this art. 
Suitable nucleic acid fragments (isolated polynucleotides of 
the present invention) encode polypeptides that are at least 
about 70% identical, preferably at least about 80% identical 
to the amino acid sequences reported herein. Preferred 
nucleic acid fragments encode amino acid sequences that are 
about 85% identical to the amino acid sequences reported 
herein. More preferred nucleic acid fragments encode amino 
acid sequences that are at least about 90% identical to the 
amino acid sequences reported herein. Most preferred are 
nucleic acid fragments that encode amino acid sequences 
that are at least about 95% identical to the amino acid 
sequences reported herein. Suitable nucleic acid fragments 
not only have the above identities but typically encode a 
polypeptide having at least 50 amino acids, preferably at 
least 100 amino acids, more preferably at least 150 amino 
acids, still more preferably at least 200 amino acids, and 
most preferably at least 250, 350, 600, or 1337 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 alignments 
using the Clustal method Were KTUPLE 1, GAP PEN 
ALTY=3, WINDOW=5 and DIAGONALS SAVED=5. 

[0032] A “substantial portion” of an amino acid or nucle 
otide sequence comprises an amino acid or a nucleotide 
sequence that is suf?cient to afford putative identi?cation 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 
?cation 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. Moreover, With respect to nucleotide sequences, gene 
speci?c oligonucleotide probes comprising 30 or more con 
tiguous nucleotides may be used in sequence-dependent 
methods of gene identi?cation (e.g., Southern hybridization) 
and isolation (e.g., in situ hybridiZation of bacterial colonies 
or bacteriophage plaques). In addition, short oligonucle 
otides of 12 or more nucleotides may be used as ampli?ca 
tion primers in PCR in order to obtain a particular nucleic 
acid fragment comprising the primers. Accordingly, a “sub 
stantial portion” of a nucleotide sequence comprises a 
nucleotide sequence that Will afford speci?c identi?cation 
and/or isolation of a nucleic acid fragment comprising the 
sequence. The instant speci?cation teaches amino acid and 
nucleotide sequences encoding polypeptides that comprise 
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one or more particular plant proteins. The skilled artisan, 
having the bene?t of the sequences as reported herein, may 
noW use all or a substantial portion of the disclosed 

sequences for purposes knoWn to those skilled in this art. 
Accordingly, the instant invention comprises the complete 
sequences as reported in the accompanying Sequence List 
ing, as Well as substantial portions of those sequences as 
de?ned above. 

[0033] “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 speci?c 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. 

[0034] “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 re?ect 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. 

[0035] “Gene” refers to a nucleic acid fragment that 
expresses a speci?c 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. 
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[0036] “Coding sequence” refers to a nucleotide sequence 
that codes for a speci?c amino acid sequence. “Regulatory 
sequences” refer to nucleotide sequences located upstream 
(5‘ non-coding sequences), Within, or downstream (3‘ non 
coding sequences) of a coding sequence, and Which in?u 
ence the transcription, RNA processing or stability, or trans 
lation of the associated coding sequence. Regulatory 
sequences may include prornoters, translation leader 
sequences, introns, and polyadenylation recognition 
sequences. “Prornoter” 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 upstrearn elements, the latter 
elernents 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 elernent inserted to enhance the 
level or tissue-speci?city of a promoter. Prornoters may be 
derived in their entirety from a native gene, or may be 
composed of different elements derived from different pro 
rnoters found in nature, or may even cornprise synthetic 
nucleotide segrnents. It is understood by those skilled in the 
art that different prornoters 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. Prornoters Which cause a nucleic acid fragrnent 
to be expressed in most cell types at most times are corn 
rnonly referred to as “constitutive prornoters”. NeW prornot 
ers of various types useful in plant cells are constantly being 
discovered; numerous examples may be found in the corn 
pilation by Okarnuro 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 de?ned, nucleic acid fragments of different 
lengths may have identical promoter activity. 

[0037] “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 rnRNA upstream 
of the translation start sequence. The translation leader 
sequence may affect processing of the primary transcript to 
rnRNA, rnRNA stability or translation ef?ciency. Examples 
of translation leader sequences have been described (Turner 
and Foster (1995) Mol. Biotechnol. 3:225-236). 

[0038] “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 precur 
sor. The use of different 3‘ non-coding sequences is exern 
pli?ed by Ingelbrecht et al. (1989) Plant Cell 1:671-680. 

[0039] “RNA transcript” refers to the product resulting 
from RNA polyrnerase-catalyZed transcription of a DNA 
sequence. When the RNA transcript is a perfect cornple 
rnentary 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 
(rnRNA)” refers to the RNA that is Without introns and that 
can be translated into polypeptides by the cell. “cDNA” 
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refers to DNA that is complementary to and derived from an 
MRNA template. The cDNA can be single-stranded or 
converted to double stranded form using, for example, the 
Klenow fragment of DNA polymerase I. “Sense-RNA” 
refers to an RNA transcript that includes the rnRNA and so 
can be translated into a polypeptide by the cell. “Antisense 
RN ” refers to an RNA transcript that is complementary to 
all or part of a target prirnary transcript or rnRNA and that 
blocks the expression of a target gene (see US. Pat. No. 
5,107,065, incorporated herein by reference). The cornple 
rnentarity of an antisense RNA may be With any part of the 
speci?c 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, riboZyrne RNA, or other RNA that may not be 
translated but yet has an effect on cellular processes. 

[0040] The term “operably linked” refers to the associa 
tion of tWo or more nucleic acid fragrnents 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. 

[0041] The term “expression”, as used herein, refers to the 
transcription and stable accumulation of sense (rnRNA) 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 
suppressing the expression of the target protein. “Overex 
pression” refers to the production of a gene product in 
transgenic organisms that exceeds levels of production in 
normal or non-transforrned organisrns. “Co-suppression” 
refers to the production of sense RNA transcripts capable of 
suppressing the expression of identical or substantially simi 
lar foreign or endogenous genes (US. Pat. No. 5,231,020, 
incorporated herein by reference). 
[0042] A “protein” or “polypeptide” is a chain of amino 
acids arranged in a speci?c order determined by the coding 
sequence in a polynucleotide encoding the polypeptide. 
Each protein or polypeptide has a unique function. 

[0043] “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-transforrned organisrns. 

[0044] “Null rnutant” 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 detect 
able expected enZyrnatic function. 

[0045] “Mature protein” or the term “rnature” When used 
in describing a protein refers to a post-translationally pro 
cessed polypeptide; i.e., one from Which any pre- or propep 
tides 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 rnRNA; i.e., With pre- and propeptides still 
present. Pre- and propeptides may be but are not limited to 
intracellular localiZation signals. 

[0046] A “chloroplast transit peptide” is an amino acid 
sequence Which is translated in conjunction With a protein 
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and directs the protein to the chloroplast or other plastid 
types present in the cell in Which the protein is made. 
“Chloroplast transit sequence” refers to a nucleotide 
sequence that encodes a chloroplast transit peptide. A “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). 
[0047] “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 technol 
ogy (Klein et al. (1987) Nature (London) 327:70-73; US. 
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 regu 
latory region controlling inducible or constitutive, environ 
mentally- or developmentally-regulated, or cell- or tissue 
speci?c expression), a transcription initiation start site, a 
ribosome binding site, an RNA processing signal, a tran 
scription termination site, and/or a polyadenylation signal. 

[0048] 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”). 

[0049] “PCR” or “polymerase chain reaction” is Well 
knoWn by those skilled in the art as a technique used for the 
ampli?cation of speci?c DNA segments (US. Pat. Nos. 
4,683,195 and 4,800,159). 

[0050] The present invention concerns an isolated poly 
nucleotide comprising: (a) a ?rst nucleotide sequence encod 
ing a ?rst polypeptide comprising at least 50 or 100 amino 
acids, Wherein the amino acid sequence of the ?rst polypep 
tide and the amino acid sequence of SEQ ID NO:6 have at 
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least 80%, 85%, 90%, or 95% identity based on the Clustal 
alignment method, (b) a second nucleotide sequence encod 
ing a second polypeptide comprising at least 100 amino 
acids, Wherein the amino acid sequence of the second 
polypeptide and the amino acid sequence of SEQ ID NO:4, 
SEQ ID NO:8, or SEQ ID NO: 14 have at least 90% or 95% 
identity based on the Clustal alignment method, (c) a third 
nucleotide sequence encoding a third polypeptide compris 
ing at least 150 amino acids, Wherein the amino acid 
sequence of the third polypeptide and the amino acid 
sequence of SEQ ID NO:2 have at least 80%, 85%, 90%, or 
95% identity based on the Clustal alignment method, (d) a 
fourth nucleotide sequence encoding a fourth polypeptide 
comprising at least 150 amino acids, Wherein the amino acid 
sequence of the fourth polypeptide and the amino acid 
sequence of SEQ ID NO: 10 have at least 85%, 90%, or 95% 
identity based on the Clustal alignment method, (e) a ?fth 
nucleotide sequence encoding a ?fth polypeptide compris 
ing at least 350 amino acids, Wherein the amino acid 
sequence of the ?fth polypeptide and the amino acid 
sequence of SEQ ID NO:12 have at least 80%, 85%, 90%, 

or 950/o identity based on the Clustal alignment method, a sixth nucleotide sequence encoding a sixth polypeptide 

comprising at least 600 amino acids, Wherein the amino acid 
sequence of the sixth polypeptide and the amino acid 
sequence of SEQ ID NO:20 have at least 80%, 85%, 90%, 
or. 95% identity based on the Clustal alignment method, (g) 
a seventh nucleotide sequence encoding a seventh polypep 
tide comprising at least 1337 amino acids, Wherein the 
amino acid sequence of the seventh polypeptide and the 
amino acid sequence of SEQ ID NO:16 or SEQ ID NO:18 
have at least 80%, 85%, 90%, or 95% identity based on the 
Clustal alignment method, or (h) the complement of the ?rst, 
second, third, fourth, ?fth, sixth, or seventh nucleotide 
sequence, Wherein the complement and the ?rst, second, 
third, fourth, ?fth, sixth, or seventh nucleotide sequence 
contain the same number of nucleotides and are 100% 
complementary. The ?rst polypeptide preferably comprises 
the amino acid sequence of SEQ ID NO:6, the second 
polypeptide preferably comprises the amino acid sequence 
of SEQ ID NO:4, SEQ ID NO:8, or SEQ ID NO:14, the third 
polypeptide preferably comprises the amino acid sequence 
of SEQ ID NO:2, the fourth polypeptide preferably com 
prises the amino acid sequence of SEQ ID NO:10, the ?fth 
polypeptide preferably comprises the amino acid sequence 
of SEQ ID NO:12, the sixth polypeptide preferably com 
prises the amino acid sequence of SEQ ID NO:20, and the 
seventh polypeptide preferably comprises the amino acid 
sequence of SEQ ID NO:16 or SEQ ID NO:18. The ?rst 
nucleotide sequence preferably comprises the nucleotide 
sequence of SEQ ID NO:5, the second nucleotide sequence 
preferably comprises the nucleotide sequence of SEQ ID 
NO:3, SEQ ID NO:7, or SEQ ID NO:13, the third nucleotide 
sequence preferably comprises the nucleotide sequence of 
SEQ ID NO: 1, the fourth nucleotide sequence preferably 
comprises the nucleotide sequence of SEQ ID NO:9, the 
?fth nucleotide sequence preferably comprises the nucle 
otide sequence of SEQ ID NO: 11, the sixth nucleotide 
sequence preferably comprises the nucleotide sequence of 
SEQ ID NO:19, and the seventh nucleotide sequence pref 
erably comprises the nucleotide sequence of SEQ ID NO:15 
or SEQ ID NO:17. The ?rst, second, third, fourth, ?fth, 
sixth, and seventh polypeptides preferably are starch R1 
phosphorylation proteins. 
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[0051] Nucleic acid fragments encoding at least a portion 
of several starch RI phosphorylation proteins have been 
isolated and identi?ed 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?cation as exempli?ed by 
various uses of nucleic acid ampli?cation technologies (e.g., 
polymerase chain reaction, ligase chain reaction). 
[0052] For example, genes encoding other starch RI phos 
phorylation protein, 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 meth 
odology Well knoWn to those skilled in the art. Speci?c 
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, speci?c primers can be designed and used to 
amplify a part or all of the instant sequences. The resulting 
ampli?cation products can be labeled directly during ampli 
?cation reactions or labeled after ampli?cation reactions, 
and used as probes to isolate full length cDNA or genomic 
fragments under conditions of appropriate stringency. 
[0053] 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‘ 
RACE or 5‘ RACE systems (BRL), speci?c 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 one of 60 (preferably one of at least 40, most 
preferably one of at least 30) 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, and 19 
and the complement of such nucleotide sequences may be 
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used in such methods to obtain a nucleic acid fragment 
encoding a substantial portion of an amino acid sequence of 
a polypeptide. 

[0054] The present invention relates to a method of obtain 
ing a nucleic acid fragment encoding a substantial portion of 
a starch Ri phosphorylation protein, preferably a substantial 
portion of a plant starch R1 phosphorylation protein, com 
prising the steps of: synthesiZing an oligonucleotide primer 
comprising a nucleotide sequence of at least one of 60 
(preferably at least one of 40, most preferably at least one of 
30) 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, and 19, and the complement 
of such nucleotide sequences; and amplifying a nucleic acid 
fragment (preferably a cDNA inserted in a cloning vector) 
using the oligonucleotide primer. The ampli?ed nucleic acid 
fragment preferably Will encode a portion of a starch RI 
phosphorylation protein. 

[0055] 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 
speci?city for peptides or proteins comprising the amino 
acid sequences. These antibodies can be then be used to 
screen cDNA expression libraries to isolate full-length 
CDNA clones of interest (Lerner (1984) Adv. Immunol. 
36:1-34; Maniatis). 
[0056] 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, yeast, bacteria, and plants. 

[0057] As Was noted above, the nucleic acid fragments of 
the instant invention may be used to create transgenic plants 
in Which the disclosed polypeptides are present at higher or 
loWer levels than normal or in cell types or developmental 
stages in Which they are not normally found. This Would 
have the effect of altering the level of starch phosphorylation 
in those transgenic plants. 

[0058] Overexpression of the proteins of the instant inven 
tion may be accomplished by ?rst constructing a chimeric 
gene in Which the coding region is operably linked to a 
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. 

[0059] Plasmid vectors comprising the instant isolated 
polynucleotide (or chimeric gene) may be constructed. 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 successfully transform, select 
and propagate host cells containing the chimeric gene. The 
skilled artisan Will also recogniZe that different independent 
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transformation events Will result in different levels and 
patterns of expression (Jones et al. (1985) EMBOJ 4:2411 
2418; De Almeida et al. (1989) M01. 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 analy 
sis. 

[0060] 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. 

[0061] 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. 

[0062] 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 speci?cally 
inhibiting expression of one or more genes by antisense 
inhibition or cosuppression (US. 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 speci?c phenotype to the reproductive tissues of the 
plant by the use of tissue speci?c 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. 

[0063] 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 
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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 speci?c for the protein encoded by the gene 
being suppressed, or one could establish assays that speci? 
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. 

[0064] In another embodiment, the present invention 
relates to an isolated polypeptide comprising: (a) a ?rst 
amino acid sequence comprising at least 50 or 100 amino 
acids, Wherein the ?rst amino acid sequence and the amino 
acid sequence of SEQ ID NO:6 have at least 80%, 85%, 
90%, or 95% identity based on the Clustal alignment 
method, (b) a second amino acid sequence comprising at 
least 100 amino acids, Wherein the second amino acid 
sequence and the amino acid sequence of SEQ ID NO:4, 
SEQ ID NO:8, or SEQ ID NO:14 have at least 90% or 95% 
identity based on the Clustal alignment method, (c) a third 
amino acid sequence comprising at least 150 amino acids, 
Wherein the third amino acid sequence and the amino acid 
sequence of SEQ ID NO:2 have at least 80%, 85%, 90%, or 
95% identity based on the Clustal alignment method, (d) a 
fourth amino acid sequence comprising at least 150 amino 
acids, Wherein the fourth amino acid sequence and the amino 
acid sequence of SEQ ID NO:10 have at least 85%, 90%, or 
95% identity based on the Clustal alignment method, (e) a 
?fth amino acid sequence comprising at least 350 amino 
acids, Wherein the ?fth amino acid sequence and the amino 
acid sequence of SEQ ID NO: 12 have at least 80%, 85%, 
90%, or 95% identity based on the Clustal alignment 
method, a sixth amino acid sequence comprising at least 
600 amino acids, Wherein the sixth amino acid sequence and 
the amino acid sequence of SEQ ID NO:20 have at least 
80%, 85%, 90%, or 95% identity based on the Clustal 
alignment method, or (g) a seventh amino acid sequence 
comprising at least 1337 amino acids, Wherein the seventh 
amino acid sequence and the amino acid sequence of SEQ 
ID NO:16 or SEQ ID NO:18 have at least 80%, 85%, 90%, 
or 95% identity based on the Clustal alignment method. The 
?rst amino acid sequence preferably comprises the amino 
acid sequence of SEQ ID NO:6, the second amino acid 
sequence preferably comprises the amino acid sequence of 
SEQ ID NO:4, SEQ ID NO:8, or SEQ ID NO:14, the third 
amino acid sequence preferably comprises the amino acid 
sequence of SEQ ID NO:2, the fourth amino acid sequence 
preferably comprises the amino acid sequence of SEQ ID 
NO: 10, the ?fth amino acid sequence preferably comprises 
the amino acid sequence of SEQ ID NO:12, the sixth amino 
acid sequence preferably comprises the amino acid sequence 
of SEQ ID NO:20, and the seventh amino acid sequence 
preferably comprises the amino acid sequence of SEQ ID 
NO: 16 or SEQ ID NO: 18. The polypeptide preferably is a 
starch RI phosphorylation protein. 

[0065] 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 
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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 starch R1 phosphorylation protein. An 
example of a vector for high level expression of the instant 
polypeptides in a bacterial host is provided (Example 6). 

[0066] 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 de?ned 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). 

[0067] The production and use of plant gene-derived 
probes for use in genetic mapping is described in BernatZky 
and Tanksley (1986) Plant Mol. Biol. Reporter 4:37-41. 
Numerous publications describe genetic mapping of speci?c 
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. 

[0068] 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). 

[0069] In another embodiment, nucleic acid probes 
derived from the instant nucleic acid sequences may be used 
in direct ?uorescence 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. 

[0070] Avariety of nucleic acid ampli?cation-based meth 
ods of genetic and physical mapping may be carried out 
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using the instant nucleic acid sequences. Examples include 
allele-speci?c ampli?cation (KaZaZian (1989) J. Lab. Clin 
Med 11:95-96), polymorphism of PCR-ampli?ed fragments 
(CAPS; Shef?eld et al. (1993) Genomics 16:325-332), 
allele-speci?c ligation (Landegren et al. (1988) Science 
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. 1 
7:6795-6807). For these methods, the sequence of a nucleic 
acid fragment is used to design and produce primer pairs for 
use in the ampli?cation reaction or in primer extension 
reactions. The design of such primers is Well knoWn to those 
skilled in the art. In methods employing PCR-based genetic 
mapping, it may be necessary to identify DNA sequence 
differences betWeen the parents of the mapping cross in the 
region corresponding to the instant nucleic acid sequence. 
This, hoWever, is generally not necessary for mapping 
methods. 

[0071] Loss of function mutant phenotypes may be iden 
ti?ed for the instant CDNA clones either by targeted gene 
disruption protocols or by identifying speci?c 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 ampli?cation of a speci?c DNA fragment With 
these primers indicates the insertion of the mutation tag 
element in or near the plant gene encoding the instant 
polypeptide. Alternatively, the instant nucleic acid fragment 
may be used as a hybridiZation probe against PCR ampli 
?cation products generated from the mutation population 
using the mutation tag sequence primer in conjunction With 
an arbitrary genomic site primer, such as that for a restriction 
enZyme site-anchored synthetic adaptor. With either method, 
a plant containing a mutation in the endogenous gene 
encoding the instant polypeptide can be identi?ed and 
obtained. This mutant plant can then be used to determine or 
con?rm the natural function of the instant polypeptides 
disclosed herein. 

EXAMPLES 

[0072] The present invention is further de?ned 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 
modi?cations of the invention to adapt it to various usages 
and conditions. Thus, various modi?cations 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 modi?cations are also intended to fall 
Within the scope of the appended claims. 
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[0073] The disclosure of each reference set forth herein is 
incorporated herein by reference in its entirety. 

Example 1 

Composition of cDNA Libraries: Isolation and 
Seguencing of cDNA Clones 

[0074] cDNA libraries representing mRNAs from various 
Arabidopsis (Arabidopsis thaliana), ginger (Curcuma 
zedoaria), cattail (Typha latifolia), moss (Brachythecium 
0xyclaa'0n, Plagiomnium cuspidatum, Amblystegium 
varium), corn (Zea mays), rice (Oryza sativa) and soybean 
(Glycine max) tissues Were prepared. The characteristics of 
the libraries are described beloW. 

TABLE 2 

cDNA Libraries from Arabidopsis, Ginger, Cattail, Moss, Corn, Rice and 
Soybean 

Library Tissue Clone 

acs2c Arabidopsis Landsberg erecta fertilized 
carpels With developing seeds 6-7 days after 
fertilization 

ecr1c Ginger (Curcuma zealoaria. aka shoti starch) ecr1c.pkOO7.l19 
developing rhizomes 

emm1c Moss of three variety (Brachythecium emm1c.pkOO1. 
oxycladon, Plagiomnium cuspidamm, p18 
Amblystegium varium) 

etr1c Cattail (Typha latifolia) root 
rlm4n Rice Leaf 15 Days After Germination rlm4n.pkOO3.p17 

Harvested 2-72 Hours Following Infection 
With Magnaporta grisea (4360-R-62 and 
4360—R—67)* 

nlOn Rice (Oryza sativa L.) 15 day old leaf" rlOn.pkO88.j11 
rlr6 Rice (Oryza sativa L.) leaf 15 days after rlr6.pkOO99.d9 

germination, 6 hours after infection of strain 
Magaporthe grisea 4360-R-62 (AVR2 
YAMO); Resistant 

scr1c Soybean (Glycine max L., 2872) embryo- scr1c.pkOO3.e3 
genic suspension culture subjected to 4 scr1c.pkOO2.k14 
vacuum cycles and collected 12 hrs later scn1c.pkOO4.n19 

ses4d Soybean (Glycine max L.) embryogenic ses4d.pkOO19.b5 
suspension 4 days after subculture 

sl1 Soybean (Glycine max L.) TWo Week old sl1.pkO109.f9 
developing seedlings 

sl2 Soybean (Glycine max L.) tWo Week old sl2.pkOO41.d7 
developing seedlings treated With 2.5 ppm 
chlorimuron 

src3c Soybean (Glycine max L., Bell) 8 day old src3c.pkOO6.d11 
root inoculated With eggs of cyst nematode src3c.pk026.j6 
Heterodera glycines (Race 14) for 4 days. 

p0126 Corn Leaf Tissue From V8-Y1O Stages**, p0126.cnlbz79r 
Pooled, Night-Harvested 

*These libraries Were normalized essentially as described in US. Pat. No. 
5,482,845, incorporated herein by reference. 
**Corn developmental stages are explained in the publication “HoW a 
corn plant develops” from the IoWa State University Coop. Ext. Service 
Special Report No. 48 reprinted June 1993. 

[0075] cDNA libraries may be prepared by any one of 
many methods available. For example, the cDNAs may be 
introduced into plasmid vectors by ?rst 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 pBluescript. In addition, the 
cDNAs may be introduced directly into precut Bluescript II 
SK(+) vectors (Stratagene) using T4 DNA ligase (NeW 
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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 ampli?ed via polymerase 
chain reaction using primers speci?c for vector sequences 
?anlking the inserted cDNA sequences. Ampli?ed 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 ?uorescent 
sequencer. 

[0076] Full-insert sequence (FIS) data is generated utiliz 
ing a modi?ed transposition protocol. Clones identi?ed 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. 
Con?rmation of clone identi?cation is performed by 
sequence alignment to the original EST sequence from 
Which the FIS request is made. 

[0077] Con?rmed 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) 
NucleicAcia's 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 DH10B 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 subcloneso 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 
speci?c to the binding sites Within the transposon. 

[0078] 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 ?les. 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 

Identi?cation of cDNA Clones 

[0079] cDNA clones encoding starch R1 phosphorylation 
protein Were identi?ed by conducting BLAST (Basic Local 
Alignment Search Tool; Altschul et al. (1993) J Mol. Biol. 
215:403-410; see also WWW.ncbi.nlm.nih.gov/BLAST/) 
searches for similarity to sequences contained in the BLAST 
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“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 
compared 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 
“pLog” values, Which represent the negative of the loga 
rithm of the reported P-value. Accordingly, the greater the 
pLog value, the greater the likelihood that the cDNA 
sequence and the BLAST “hit” represent homologous pro 
teins. 

[0080] ESTs submitted for analysis are compared to the 
genbank database as described above. ESTs that contain 
sequences more 5- or 3-prime can be found by using the 
BLASTn algorithm (Altschul et al (1997) Nucleic Acids 
Res. 25:3389-3402.) against the Du Pont proprietary 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 identi?ed, 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 tBLASTn 
algorithm. The tBLASTn algorithm searches an amino acid 
query against a nucleotide database that is translated in all 6 
reading frames. This search alloWs for differences in nucle 
otide codon usage betWeen different species, and for codon 
degeneracy. 

EXample 3 

Characterization of cDNA Clones Encoding Starch 
R1 Phosphorylation Protein 

[0081] The BLASTX search using the EST sequences 
from clones listed in Table 3 revealed similarity of the 
polypeptides encoded by the cDNAs to starch Ri phospho 
rylation protein from Solanum tuberosum (NCBI GenBank 
Identi?er (GI) No. 3287270). 

[0082] In the process of comparing the ESTs it Was found 
that rice clones rlm4n.pk003.pl7, r10n.pk088.j11 and 
rlr6.pk0099.d9 had overlapping regions of homology. Soy 
bean clones scr1c.pk003.e3, ses4d.pk0019.b5, 
s11.pk0109.f9, s12.pk0041.d7, src3c.pk006.d11 and 
src3c.pk026.j6 Were also found to have overlapping regions 
of homology. Using this homology it Was possible to align 
the ESTs and assemble tWo individual contigs encoding 
unique rice and soybean starch R1 phosphorylation proteins. 
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[0083] 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 one or 
more FISs and one or more ESTs or PCR fragment sequence 

(“Contig*”), or sequences encoding an entire protein 
derived from an EST, an FIS, a contig, or an FIS and PCR 
fragment sequence (“CGS”): 

TABLE 3 

BLAST Results for Sequences Encoding Polypeptides Homologous 
to Solanum tuberosum Starch R1 Phosphorylation Protein 

BLAST pLog Score 
Clone Status NCBI GI No. 3287270 

acs2c.pk001.g20 EST 62.10 
ecr1c.pk007.l19 EST 75.00 
emm1c.pk001.p18 EST 56.00 
etr1c.pk003.c21 EST 53.00 
Contig of Contig" >250.00 
rlm4n.pk003.p17 

rlr6.pk0099.d9 (FIS) 
Contig of Contig" >250.00 
scr1c.pk003.e3 

sl2.pk0041.d7 (FIS) 
src3c.pk006.d11 (FIS) 

scr1c.pk002.k14 EST 94.70 

[0084] The sequence of a portion of the cDNA insert from 
clone acs2c.pkOO l.g20 is shoWn in SEQ ID NO: 1; the 
deduced amino acid sequence of this cDNA, Which repre 
sents 11% of the protein (middle region), is shoWn in SEQ 
ID NO:2. The sequence of a portion of the cDNA insert from 
clone ecrlc.pl<007.119 is shoWn in SEQ ID NO:3; the 
deduced amino acid sequence of this CDNA, Which repre 
sents 9.7% of the protein (middle region) is shoWn in SEQ 
ID NO:4. The sequence of a portion of the cDNA insert from 
clone emm1c.pl<001 .p18 is shoWn in SEQ ID NO:5; the 
deduced amino acid sequence of this cDNA, Which repre 
sents 10.7% of the protein (middle region) is shoWn in SEQ 
ID NO:6. The sequence of a portion of the cDNA insert from 
clone etrlc.pkOO3.c21 is shoWn in SEQ ID NO:7; the 
deduced amino acid sequence of this cDNA, Which repre 
sents 7.7% of the protein (middle region), is shoWn in SEQ 
ID NO:8. 

[0085] The sequence of the rice contig composed of clones 
rlm4n.pk003.p17, r10n.pk088.j11 and r1r6.pk0099.d9 is 
shoWn in SEQ ID NO:9; the deduced amino acid sequence 
of this contig, Which represents 33% of the protein (C-ter 
minal region) is shoWn in SEQ ID NO: 10. A calculation of 
the percent similarity of the amino acid sequence set forth in 
SEQ ID NO:10 and the Solanum tuberosum sequence 
(NCBI GI No. 3287270; SEQ ID NO:21) (using the Clustal 
algorithm) revealed that the protein encoded by the contig is 
75.1% similar to the Solanum tuberosum starch R1 phos 
phorylation protein. 

[0086] The sequence of the soybean contig composed of 
clones scr1c.pk003.e3, ses4d.pk0019.b5, s11.pk0019.f9, 
s12.pk0041.d7, src3c.pk006.d11 and src3c.pk026.j6 is 
shoWn in SEQ ID NO:11; the deduced amino acid sequence 












































































