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(57) ABSTRACT 

This document provides methods and materials related to 
plants having modulated (e.g., increased) levels of sugars 
(e.g., glucose, fructose, and/or sucrose). For example, this 
document provides plants having increased sugar levels as 
Well as methods and materials for making plants and plant 
products having increased sugar levels. 

MERSAA Y LKDEYAKFEL KDT DASMANA LRRVMI AEvP 
MERSAA Y LKDEYAKFEL KDT DASMANA LRRVMI AEvP 
—MDRPS Y LKDDYAKFEL RDT DASMANA LRRVMI AEvP 
—MDRPS Y LKDDYAKFEL RDTDASMANA LRRVMI AEvP 
MERAAG Y LKDDYAKFEL RDT DASMANA LRRVMI AEvP 
MERAAG Y LKDDYAKFEL RDT DASMANA LRRVMI AEVF‘ 
——-MEG Y LKDDYAKFEL RDT DASI ANA LRRVMI AEvP 
———MEG Y LKDDYAKFEL RDTDASI ANA LRRVMI AEvP 
-—--MD Y LKDDYAKFEL RETD MANA LRRVMI SEVP 
————MD Y LKDDYAKFEL RETD MANA LRRVMI sEvP 
————MD Y LKDDYAKFEL RETD MANA LRRVMI sEvP 

---- ——G—SY ORFPRVRI RE LKDDYAKFEL RDT DASMANA LRRVMI AEvP 

TVAI DLVEI E SNSSVLNDEF LAHRLGLI PL SSAAMSMRF RDCDACDCD 
TVAI DLVEI E s SSVLNDEF LAHRLGLI PL TSSAAMSMRF RDCDACDGD 
TVAI DLVEI E NSSVLNDEF AHRLGLI PL TSAAAM RF RDCDACDGD 
TVAI DLVEI E NSSVLNDEF AHRLGLI PL TSAAAM RF RDCDACDGD 
TVAI OLVEI E NSSVLNDEF AHRLGLI PL TSAAAMAMRF RDCDACDGD 
TVAI DLVEI E NSSVLNDEF AHRLGLI PL TSAAAMAMRF RDCDACDGD 
TVAI DLVEI E NSSVLNDEF AHRLCLI PL RDCDACDGD 
TVAI DLVEI E NSSVLNDEF AHRLGLI PL RDCDACDCD 
TMAI BVKI E NSSVLNDEF AQRL Ll PL 0 DCEQCNGD 
TVAI DLVEI E NSSVLNDEF AHRLGLI RDCDACOGD 
TVAl DLVEI E NSSVLNDEF AHRLGLI RDCDACDGD 

TVAI DLVEI E VNSSVLNDEF | AHRLCLI PL TSAAAMSMRF SRDCDACDGD 
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Figure 1 

aatataaccacctcacatttttttcatcactccttaaagatgacaacagcagaaaaaacttcaaacttggatctcatacgccaacacctctttggt 

gaaaacatcatctcagactcctcctcctttgtctccaatctccatcatcatcctgtgaaacttgaacccccctcatcaccagaatttgatttcacct 

catatatcttagataacaacacaagcagcaacttcttcacattccttgaaggctatgatttggtggcagacatgaagtttgtaattgattcagaca 

acaccaccaccatggtgatcccttcaaaggaggttataaagaaatgcaatattaattctcctgaagaacaaccaatggtgtcatcatcatcaga 

agagaagccaacaatgaaaaagtcagaacattatgatgaggcaaagcgttataggggagttaggagaaggccatgggggaaatttgctgc 

tgaaatccgtgaccctacaaggaaagggacaagggttactagaagatcttcgtcgtccaatgcttccttgcccgcaagcccattgcgataatt 

agttacagcattggaaaagaataagcaatgttctcgattgcacttcattccctttcaaaagaaggcaatttgggggcaagcttcttttttgttcata > 

gccgaattagtcacaacatttattcattggatgcaacattgggactcttggaaagtgttggc 
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Figure 2 

Met Thr Thr Ala Glu Lys Thr Ser Asn Leu Asp Leu Ile Arg Gln His Leu Phe Gly Glu Asn 116 Ile 

Ser Asp Ser Ser Ser Phe Val Ser Asn Leu His His His Pro Val Lys Leu Glu Pro Pro Ser Ser Pro 

Glu Phe Asp Phe Thr Ser Tyr Ile Leu Asp Asn Asn Thr Ser Ser Asn Phe Phe Thr Phe Leu Glu 

Gly Tyr Asp Leu Val Ala Asp Met Lys Phe Val Ile Asp Ser Asp Asn Thr Thr Thr Met Val Ile 

Pro Ser Lys Glu Val Ile Lys Lys Cys Asn Ile Asn Ser Pro Glu Glu Gln Pro Met Val Ser Ser Ser 

Ser Glu Glu Lys Pro Thr Met Lys Lys Ser Glu His Tyr Asp Glu Ala Lys Arg Tyr Arg Gly Val 

Arg Arg Arg Pro Trp Gly Lys Phe Ala Ala Glu Ile Arg Asp Pro Thr Arg Lys Gly Thr Arg Val 

Thr Arg Arg Ser Ser Ser Ser Asn Ala Ser Leu Pro Ala Ser Pro Leu Arg 
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Figure 3 

ctctccaaatttcttcttcttctccggcgaagaaatcgaaaagtcattaccctaagagtcccagagtcgtcagaaggaacagcttttgaaatgg 
acggtgtcacataccaaagattcccaacggtgaagatccgtgagcttaaagatgactacgccaagttcgagcttcgtgaaaccgacgtttca 
atggccaacgctctcc gtc gcgtaatgatctcc gaagtccccaccatggcaatccatctc gtcaaaatc gaggttaattcctctgttctcaac g 
acgagttcattgctcaacgacttcgtctcatccctctcactagcgagcgtgctatgagcatgcggttctgtcaagattgtgaagattgtaacgga 
gatgaacattgcgagttctgctctgttgagtttccccttagtgctaagtgtgttactgaccaaaccctagatgttactagtagggatctctacagt 
gctgatcctactgttactcctgttgatttcactagtaactcatctacttctgattcaagcgageacaagggaattatcattgcgaaactacgcagg 
ggacaagagttgaagcttaaagcattagggaggaaaggaattgggaaagatcatgcgaaatggtctcctgcagctactgttacgtatatgtat 
gagcctgacattattatcazitgaagagatgatgaacactttgacagatgaggaaaaaattgacttgattgagagcagtcctaccaaagtgtttg 
gcattaccggacaggttaatttcgatgttctgtaagaataacatctatacaagtttatagctttgagacttcaatatgattgtactactttataggcta 
ccatgctttgaaatatatgtatgtgatgtggtgtatgaattttctttaagtgtttagtgcgtttagccc 



Patent Application Publication Mar. 16, 2006 Sheet 4 0f 9 US 2006/0059585 A1 

Figure 4 

Met Asp Gly Val Thr Tyr Gln Arg Phe Pro Thr Val Lys Ile Arg Glu Leu Lys Asp Asp Tyr Ala 

Lys Phe Glu Leu Arg Glu Thr Asp Val Ser Met Ala Asn Ala Leu Arg Arg Val Met Ile Ser Glu 

Val Pro Thr Met Ala Ile His Leu Val Lys Ile Glu Val Asn Ser Ser Val Leu Asn Asp Glu Phe Ile ' 

Ala Gln Arg Leu Arg Leu Ile Pro Leu Thr Ser Glu Arg Ala Met Ser Met Arg Phe Cys Gln Asp ‘ 

Cys Glu Asp Cys Asn Gly Asp Glu His Cys Glu Phe Cys Ser Val Glu Phe Pro Leu Ser Ala Lys 

Cys Val Thr Asp Gln Thr Leu Asp Val Thr Ser Arg Asp Leu Tyr Ser Ala Asp Pro Thr Val Thr 

Pro Val Asp Phe Thr Ser Asn Ser Ser Thr Ser Asp Ser Ser Glu His Lys Gly Ile Ile Ile Ala Lys 

Leu Arg Arg Gly Gln Glu Leu Lys Leu Lys Ala Leu Ala Arg Lys Gly Ile Gly Lys Asp His Ala 

Lys Trp Ser Pro Ala Ala Thr Val Thr Tyr Met ~Tyr Glu Pro Asp Ile Ile Ile Asn Glu Glu Met Met 

Asn Thr Leu Thr Asp Glu Glu Lys Ile Asp Leu Ile Glu Ser Ser Pro Thr Lys Val Phe Gly lle Thr 

Gly Gln Val Asn Phe Asp Val Leu ‘ 
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Figure 5 
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MODULATING PLANT SUGAR LEVELS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This Application claims priority under 35 USC 
119 to US. Provisional Application No. 60/610,356, ?led 
Sep. 14, 2004, incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD 

[0002] This document provides methods and materials 
related to plants having modulated (e.g., increased) levels of 
sugars (e.g., glucose, fructose, and/or sucrose). For eXample, 
this document provides plants having increased sugar levels 
as Well as methods and materials for making plants and plant 
products having increased sugar levels. 

BACKGROUND 

[0003] A sugar is a carbohydrate that is sWeet to taste. 
Sugars are used in food and drink as a source of sWeetness 
and energy and are important in biochemistry. Sucrose, also 
called “table sugar,” is a White crystalline solid. Sucrose is 
a disaccharide composed of tWo monosaccharides, glucose 
and fructose, joined together by a 1Q2-ot,[3-glycosidic bond. 
Sucrose is commercially extracted from either sugar cane or 
sugar beet and then puri?ed and crystalliZed. Other com 
mercial sources are sorghum, date palm, and sugar maples. 
The monosaccharides, such as glucose (Which is produced 
from sucrose by enZymes or acid hydrolysis), are a store of 
energy that is used by biological cells. OXidation of glucose 
is knoWn as glycolysis. It occurs in virtually all cells. 
Glucose is oXidiZed to either lactate or pyruvate. Under 
aerobic conditions, the dominant product in most tissues is 
pyruvate and the pathWay is knoWn as aerobic glycolysis. 
When oXygen is depleted, as for instance during prolonged 
vigorous eXercise, the dominant glycolytic product in many 
tissues is lactate and the process is knoWn as anaerobic 
glycolysis. Other sugars besides glucose, such as fructose, 
can enter glycolysis after being converted to appropriate 
intermediates that can enter the pathWay. Glycolysis results 
in production of NADH and ATP. The NADH generated 
during glycolysis is used to fuel mitochondrial ATP synthe 
sis via oXidative phosphorylation. ATP poWers virtually 
every activity of the cell and organism. Organisms from the 
simplest bacteria to humans use ATP as their primary energy 
currency. 

SUMMARY 

[0004] This document provides methods and materials 
related to modulating sugar levels in plants. For eXample, 
this document provides plants having increased levels of 
sugars, plant cells and seeds having the ability to groW into 
plants having increased levels of sugars, plant products (e.g., 
sugar eXtracts, sugar syrup, molasses, food, foodstuffs, and 
animal feed) having increased levels of sugars, and methods 
for making such plants, plant cells, and plant products. 
Plants having the ability to produce increased levels of 
sugars can be used as sugar sources or sources of plant 
products having increased levels of sugars. For eXample, 
making sugars from plants having the ability to produce 
increased levels of sugars can alloW sugar manufacturers to 
increase sugar yields (e.g., tons of sugar per acre). In 
addition, plants and plant products having increased levels 
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of sugars can be used as foods or ingredients in food 
products having increased nutritional value and ?avor per 
serving. 
[0005] In one embodiment, a method of modulating the 
level of a sugar in a plant is provided. The method can 
include introducing into a plant cell an isolated nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
having 80 percent or greater sequence identity to an amino 
acid sequence selected from the group consisting of SEQ ID 
NO:14, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:10, SEQ 
ID NO:6, SEQ ID NO:11, SEQ ID NO:4, Ceres clone SEQ 
ID NO:9, SEQ ID NO:7, SEQ ID NO:12, SEQ ID NO:3, 
SEQ ID NO:8, and the Consensus sequence set forth in FIG. 
6, Where a plant produced from the plant cell has a different 
sugar level as compared to a sugar level in a corresponding 
control plant that does not include the isolated nucleic acid. 
The sequence identity can be 85 percent or greater, 90 
percent or greater, or 95 percent or greater. 

[0006] In another embodiment, a method of modulating 
the level of a sugar in a plant is provided. The method can 
include introducing into a plant cell an isolated nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
having 80 percent or greater sequence identity to an amino 
acid sequence selected from the group consisting of SEQ ID 
NO:14, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:10, SEQ 
ID NO:6, SEQ ID NO:11, SEQ ID NO:4, SEQ ID N019, and 
the Consensus sequence set forth in FIG. 6, Where a plant 
produced from the plant cell has a different sugar level as 
compared to a sugar level in a corresponding control plant 
that does not include the isolated nucleic acid. The sequence 
identity can be 85 percent or greater, 90 percent or greater, 
or 95 percent or greater. 

[0007] In another embodiment, a method of modulating 
the level of a sugar in a plant is provided. The method can 
include introducing into a plant cell an isolated nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
having 80 percent or greater sequence identity to an amino 
acid sequence selected from the group consisting of SEQ ID 
NO:14, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ 
ID NO:4, and the Consensus sequence set forth in FIG. 6, 
Where a plant produced from the plant cell has a different 
sugar level as compared to a sugar level in a corresponding 
control plant that does not include the isolated nucleic acid. 
The sequence identity can be 85 percent or greater, 90 
percent or greater, or 95 percent or greater. 

[0008] In a further embodiment, a method of modulating 
the level of a sugar in a plant is provided. The method can 
include introducing into a plant cell an isolated nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
having 80 percent or greater sequence identity to an amino 
acid sequence selected from the group consisting of SEQ ID 
NO:14, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, and 
SEQ ID NO:4, Where a plant produced from the plant cell 
has a different sugar level as compared to a sugar level in a 
corresponding control plant that does not include the iso 
lated nucleic acid. The sequence identity can be 85 percent 
or greater, 90 percent or greater, or 95 percent or greater. 

[0009] In another aspect, a method of modulating the level 
of a sugar in a plant is provided. The method can include 
introducing into a plant cell an isolated nucleic acid includ 
ing a nucleic acid sequence encoding a polypeptide includ 
ing an amino acid sequence corresponding to SEQ ID NO:2, 
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Where a plant produced from the plant cell has a different 
sugar level as compared to a sugar level in a corresponding 
control plant that does not include the isolated nucleic acid. 

[0010] In another aspect, a method of modulating the level 
of a sugar in a plant is provided. The method can include 
introducing into a plant cell an isolated nucleic acid includ 
ing a nucleic acid sequence encoding a polypeptide includ 
ing an amino acid sequence corresponding to SEQ ID 
N0114, Where a plant produced from the plant cell has a 
different sugar level as compared to a sugar level in a 
corresponding control plant that does not include the iso 
lated nucleic acid. 

[0011] In yet another aspect, a method of modulating the 
level of a sugar in a plant is provided. The method can 
include introducing into a plant cell an isolated nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
including an amino acid sequence corresponding to the 
Consensus sequence set forth in FIG. 6, Where a plant 
produced from the plant cell has a different sugar level as 
compared to a sugar level in a corresponding control plant 
that does not include the isolated nucleic acid. 

[0012] In another embodiment, a method of modulating 
the level of a sugar in a plant is provided. The method can 
include introducing into a plant cell (a) a ?rst isolated 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide having 80 percent or greater sequence identity 
to an amino acid sequence selected from the group consist 
ing of SEQ ID N015, SEQ ID N0110, SEQ ID N016, SEQ 
ID N0111, SEQ ID N014, SEQ ID N019, SEQ ID N012, 
SEQ ID N017, SEQ ID N0112, SEQ ID N013, SEQ ID 
N018, and the Consensus sequence set forth in FIG. 6; and 
(b) a second isolated nucleic acid including a nucleic acid 
sequence encoding a polypeptide having 80 percent or 
greater sequence identity to an amino acid sequence corre 
sponding to SEQ ID N0114; Where a plant produced from 
the plant cell has a different sugar level as compared to a 
sugar level in a corresponding control plant that does not 
include the ?rst isolated nucleic acid or the second isolated 
nucleic acid. 

[0013] In a further embodiment, a method of modulating 
the level of a sugar in a plant is provided. The method can 
include introducing into a plant cell (a) a ?rst isolated 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide including an amino acid sequence selected from 
the group consisting of SEQ ID N015, SEQ ID N0110, SEQ 
ID N016, SEQ ID N0111, SEQ ID N014, SEQ ID N019, 
SEQ ID N012, SEQ ID N017, SEQ ID N0112, SEQ ID 
N013, SEQ ID N018, and the Consensus sequence set forth 
in FIG. 6; and (b) a second isolated nucleic acid including 
a nucleic acid sequence encoding a polypeptide including an 
amino acid sequence corresponding to SEQ ID N0114; 
Where a plant produced from the plant cell has a different 
sugar level as compared to a sugar level in a corresponding 
control plant that does not include the ?rst isolated nucleic 
acid or the second isolated nucleic acid. 

[0014] In another embodiment, a method of modulating 
the level of a sugar in a plant is provided. The method can 
include introducing into a plant cell (a) a ?rst isolated 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide having 80 percent or greater sequence identity 
to an amino acid sequence selected from the group consist 
ing of SEQ ID N015, SEQ ID N0110, SEQ ID N016, SEQ 

Mar. 16, 2006 

ID N0111, SEQ ID N014, SEQ ID N019, SEQ ID N012, 
SEQ ID N017, SEQ ID N0112, SEQ ID N013, and SEQ ID 
N018; and (b) a second isolated nucleic acid including a 
nucleic acid sequence encoding a polypeptide having 80 
percent or greater sequence identity to an amino acid 
sequence corresponding to SEQ ID N0114; Where a plant 
produced from the plant cell has a different sugar level as 
compared to a sugar level in a corresponding control plant 
that does not include the ?rst isolated nucleic acid or the 
second isolated nucleic acid. 

[0015] In yet another embodiment, a method of modulat 
ing the level of a sugar in a plant is provided. The method 
can include introducing into a plant cell (a) a ?rst isolated 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide including an amino acid sequence selected from 
the group consisting of SEQ ID N015, SEQ ID N0110, SEQ 
ID N016, SEQ ID N0111, SEQ ID N014, SEQ ID N019, 
SEQ ID N012, SEQ ID N017, SEQ ID N0112, SEQ ID 
N013, and SEQ ID N018; and (b) a second isolated nucleic 
acid including a nucleic acid sequence encoding a polypep 
tide including an amino acid sequence corresponding to 
SEQ ID N0114; Where a plant produced from the plant cell 
has a different sugar level as compared to a sugar level in a 
corresponding control plant that does not include the ?rst 
isolated nucleic acid or the second isolated nucleic acid. 

[0016] A different sugar level can be an increased level of 
one or more sugars, such as glucose, fructose, or sucrose. A 
different sugar level can be an increased level of glucose and 
fructose, or an increased level of glucose, fructose, and 
sucrose. 

[0017] In another embodiment, a method of producing a 
plant having a modulated level of a sugar is provided. The 
method can include (a) introducing into a plant cell an 
isolated nucleic acid including a nucleic acid sequence 
encoding a polypeptide having 80 percent or greater 
sequence identity to an amino acid sequence selected from 
the group consisting of SEQ ID N0114, SEQ ID N012, SEQ 
ID N015, SEQ ID N0110, SEQ ID N016, SEQ ID N0111, 
SEQ ID N014, SEQ ID N019, SEQ ID N017, SEQ ID 
N0112, SEQ ID N013, SEQ ID N018, and the Consensus 
sequence set forth in FIG. 6; and (b) groWing a plant from 
the plant cell. The sequence identity can be 85 percent or 
greater, 90 percent or greater, or 95 percent or greater. 

[0018] In another embodiment, a method of producing a 
plant having a modulated level of a sugar is provided. The 
method can include (a) introducing into a plant cell an 
isolated nucleic acid including a nucleic acid sequence 
encoding a polypeptide having 80 percent or greater 
sequence identity to an amino acid sequence selected from 
the group consisting of SEQ ID N0114, SEQ ID N012, SEQ 
ID N015, SEQ ID N0110, SEQ ID N016, SEQ ID N0111, 
SEQ ID N014, SEQ ID N019, and the Consensus sequence 
set forth in FIG. 6; and (b) groWing a plant from the plant 
cell. The sequence identity can be 85 percent or greater, 90 
percent or greater, or 95 percent or greater. 

[0019] In a further embodiment, a method of producing a 
plant having a modulated level of a sugar is provided. The 
method can include (a) introducing into a plant cell an 
isolated nucleic acid including a nucleic acid sequence 
encoding a polypeptide having 80 percent or greater 
sequence identity to an amino acid sequence selected from 
the group consisting of SEQ ID N0114, SEQ ID N012, SEQ 



US 2006/0059585 A1 

ID N015, SEQ ID N016, SEQ ID N014, and the Consensus 
sequence set forth in FIG. 6; and (b) growing a plant from 
the plant cell. The sequence identity can be 85 percent or 
greater, 90 percent or greater, or 95 percent or greater. 

[0020] In another aspect, a method of producing a plant 
having a modulated level of a sugar is provided. The method 
can include (a) introducing into a plant cell an isolated 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide having 80 percent or greater sequence identity 
to an amino acid sequence selected from the group consist 
ing of SEQ ID N0114, SEQ ID N012, SEQ ID N015, SEQ 
ID N016, and SEQ ID N014; and (b) groWing a plant from 
the plant cell. The sequence identity can be 85 percent or 
greater, 90 percent or greater, or 95 percent or greater. 

[0021] In another aspect, a method of producing a plant 
having a modulated level of a sugar is provided. The method 
can include (a) introducing into a plant cell an isolated 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide including an amino acid sequence correspond 
ing to SEQ ID N0114; and (b) groWing a plant from the plant 
cell. 

[0022] In another aspect, a method of producing a plant 
having a modulated level of a sugar is provided. The method 
can include (a) introducing into a plant cell an isolated 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide including an amino acid sequence correspond 
ing to SEQ ID N012; and (b) groWing a plant from the plant 
cell. 

[0023] In yet another aspect, a method of producing a 
plant having a modulated level of a sugar is provided. The 
method can include (a) introducing into a plant cell an 
isolated nucleic acid including a nucleic acid sequence 
encoding a polypeptide including an amino acid sequence 
corresponding to the Consensus sequence set forth in FIG. 
6; and (b) groWing a plant from the plant cell. 

[0024] In another embodiment, a method of producing a 
plant having a modulated level of a sugar is provided. The 
method can include (a) introducing into a plant cell a ?rst 
isolated nucleic acid including a nucleic acid sequence 
encoding a polypeptide having 80 percent or greater 
sequence identity to an amino acid sequence selected from 
the group consisting of SEQ ID N015, SEQ ID N0110, SEQ 
ID N016, SEQ ID N0111, SEQ ID N014, SEQ ID N019, 
SEQ ID N012, SEQ ID N017, SEQ ID N0112, SEQ ID 
N013, SEQ ID N018, and the Consensus sequence set forth 
in FIG. 6, and a second isolated nucleic acid including a 
nucleic acid sequence encoding a polypeptide having 80 
percent or greater sequence identity to an amino acid 
sequence corresponding to SEQ ID N0114; and (b) groWing 
a plant from the plant cell. 

[0025] In a further embodiment, a method of producing a 
plant having a modulated level of a sugar is provided. The 
method can include (a) introducing into a plant cell a ?rst 
isolated nucleic acid including a nucleic acid sequence 
encoding a polypeptide including an amino acid sequence 
selected from the group consisting of SEQ ID N015, SEQ ID 
N0110, SEQ ID N016, SEQ ID N0111, SEQ ID N014, SEQ 
ID N019, SEQ ID N012, SEQ ID N017, SEQ ID N0112, 
SEQ ID N013, SEQ ID N018, and the Consensus sequence 
set forth in FIG. 6, and a second isolated nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
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including an amino acid sequence corresponding to SEQ ID 
N0114; and (b) groWing a plant from the plant cell. 

[0026] In another embodiment, a method of producing a 
plant having a modulated level of a sugar is provided. The 
method can include (a) introducing into a plant cell a ?rst 
isolated nucleic acid including a nucleic acid sequence 
encoding a polypeptide having 80 percent or greater 
sequence identity to an amino acid sequence selected from 
the group consisting of SEQ ID N015, SEQ ID N0110, SEQ 
ID N016, SEQ ID N0111, SEQ ID N014, SEQ ID N019, 
SEQ ID N012, SEQ ID N017, SEQ ID N0112, SEQ ID 
N013, and SEQ ID N018, and a second isolated nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
having 80 percent or greater sequence identity to an amino 
acid sequence corresponding to SEQ ID N0114; and (b) 
groWing a plant from the plant cell. 

[0027] In yet another embodiment, a method of producing 
a plant having a modulated level of a sugar is provided. The 
method can include (a) introducing into a plant cell a ?rst 
isolated nucleic acid including a nucleic acid sequence 
encoding a polypeptide including an amino acid sequence 
selected from the group consisting of SEQ ID N015, SEQ ID 
N0110, SEQ ID N016, SEQ ID N0111, SEQ ID N014, SEQ 
ID N019, SEQ ID N012, SEQ ID N017, SEQ ID N0112, 
SEQ ID N013, and SEQ ID N018, and a second isolated 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide including an amino acid sequence correspond 
ing to SEQ ID N0114; and (b) groWing a plant from the plant 
cell. 

[0028] A modulated sugar level can be an increased level 
of one or more sugars, such as glucose, fructose, or sucrose. 
Amodulated sugar level can be an increased level of glucose 
and fructose, or an increased level of glucose, fructose, and 
sucrose. 

[0029] An isolated nucleic acid or an eXogenous nucleic 
acid can be operably linked to a regulatory region, such as 
a promoter. The promoter can be a broadly expressing 
promoter, such as p326, YP0158, YP0214, YP0380, 
PT0848, PT0633, YP0050, YP0144, or YP0190. Apromoter 
can be a cell-speci?c or tissue-speci?c promoter, such as a 
seed-speci?c promoter, a root-speci?c promoter, or a non 
seed fruit tissue promoter. A seed-speci?c promoter can be 
the napin promoter, the Arcelin-5 promoter, the phaseolin 
gene promoter, the soybean trypsin inhibitor promoter, the 
ACP promoter, the stearoyl-ACP desaturase gene, the soy 
bean ot subunit of [3-conglycinin promoter, the oleosin 
promoter, the 15 kD Zein promoter, the 16 kD Zein promoter, 
the 19 kD Zein promoter, the 22 kD Zein promoter, the 27 kD 
Zein promoter, the 0sgt-1 promoter, the beta-amylase gene 
promoter, or the barley hordein gene promoter. A root 
speci?c promoter can be the root speci?c subdomains of the 
CaMV 35S promoter or the tobacco RD2 gene promoter. A 
non-seed fruit tissue promoter can be a polygalacturonidase 
promoter, the banana TRX promoter, or the melon actin 
promoter. Apromoter can be a constitutive promoter, such as 
35S, p32449, or p13879. A promoter can be an inducible 
promoter. 

[0030] Plant cells are also provided. In one embodiment, 
a plant cell can include an eXogenous nucleic acid including 
a nucleic acid sequence encoding a polypeptide having 80 
percent or greater sequence identity to an amino acid 
sequence selected from the group consisting of SEQ ID 
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N0114, SEQ ID N012, SEQ ID N015, SEQ ID N0110, SEQ 
ID N016, SEQ ID N0111, SEQ ID N014, SEQ ID N019, 
SEQ ID N017, SEQ ID N0112, SEQ ID N013, SEQ ID 
N018, and the Consensus sequence set forth in FIG. 6, 
Where expression of the exogenous nucleic acid in a plant 
produced from the plant cell is effective to result in a 
different sugar level as compared to a sugar level in a 
corresponding control plant that does not include the exog 
enous nucleic acid. The sequence identity can be 85 percent 
or greater, 90 percent or greater, or 95 percent or greater. 

[0031] In another embodiment, a plant cell is provided. 
The plant cell can include an exogenous nucleic acid includ 
ing a nucleic acid sequence encoding a polypeptide having 
80 percent or greater sequence identity to an amino acid 
sequence selected from the group consisting of SEQ ID 
N0114, SEQ ID N012, SEQ ID N015, SEQ ID N0110, SEQ 
ID N016, (SEQ ID N0111, SEQ ID N014, SEQ ID N019, 
and the Consensus sequence set forth in FIG. 6, Where 
expression of the exogenous nucleic acid in a plant produced 
from the plant cell is effective to result in a different sugar 
level as compared to a sugar level in a corresponding control 
plant that does not include the exogenous nucleic acid. The 
sequence identity can be 85 percent or greater, 90 percent or 
greater, or 95 percent or greater. 

[0032] In another aspect, a plant cell is provided. The plant 
cell can include an exogenous nucleic acid including a 
nucleic acid sequence encoding a polypeptide having 80 
percent or greater sequence identity to an amino acid 
sequence selected from the group consisting of SEQ ID 
N0114, SEQ ID N012, SEQ ID N015, SEQ ID N016, SEQ 
ID N014, and the Consensus sequence set forth in FIG. 6, 
Where expression of the exogenous nucleic acid in a plant 
produced from the plant cell is effective to result in a 
different sugar level as compared to a sugar level in a 
corresponding control plant that does not include the exog 
enous nucleic acid. The sequence identity can be 85 percent 
or greater, 90 percent or greater, or 95 percent or greater. 

[0033] In yet another embodiment, a plant cell is provided. 
The plant cell can include an exogenous nucleic acid includ 
ing a nucleic acid sequence encoding a polypeptide having 
80 percent or greater sequence identity to an amino acid 
sequence selected from the group consisting of SEQ ID 
N0114, SEQ ID N012, SEQ ID N015, SEQ ID N016, and 
SEQ ID N014, Where expression of the exogenous nucleic 
acid in a plant produced from the plant cell is effective to 
result in a different sugar level as compared to a sugar level 
in a corresponding control plant that does not include the 
exogenous nucleic acid. The sequence identity can be 85 
percent or greater, 90 percent or greater, or 95 percent or 
greater. 

[0034] In a further embodiment, a plant cell is provided. 
The plant cell can include an exogenous nucleic acid includ 
ing a nucleic acid sequence encoding a polypeptide includ 
ing an amino acid sequence corresponding to SEQ ID N012, 
Where expression of the exogenous nucleic acid in a plant 
produced from the plant cell is effective to result in a 
different sugar level as compared to a sugar level in a 
corresponding control plant that does not include the exog 
enous nucleic acid. 

[0035] In another embodiment, a plant cell is provided. 
The plant cell can include an exogenous nucleic acid includ 
ing a nucleic acid sequence encoding a polypeptide includ 
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ing an amino acid sequence corresponding to SEQ ID 
N0114, Where expression of the exogenous nucleic acid in 
a plant produced from the plant cell is effective to result in 
a different sugar level as compared to a sugar level in a 
corresponding control plant that does not include the exog 
enous nucleic acid. 

[0036] In another aspect, a plant cell is provided. The plant 
cell can include an exogenous nucleic acid including a 
nucleic acid sequence encoding a polypeptide including an 
amino acid sequence corresponding to the Consensus 
sequence set forth in FIG. 6, Where expression of the 
exogenous nucleic acid in a plant produced from the plant 
cell is effective to result in a different sugar level as 
compared to a sugar level in a corresponding control plant 
that does not include the exogenous nucleic acid. 

[0037] In still another aspect, a plant cell is provided. The 
plant cell can include (a) a ?rst exogenous nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
having 80 percent or greater sequence identity to an amino 
acid sequence selected from the group consisting of SEQ ID 
N015, SEQ ID N0110, SEQ ID N016, SEQ ID N0111, SEQ 
ID N014, SEQ ID N019, SEQ ID N012, SEQ ID N017, SEQ 
ID N0112, SEQ ID N013, SEQ ID N018, and the Consensus 
sequence set forth in FIG. 6; and (b) a second exogenous 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide having 80 percent or greater sequence identity 
to an amino acid sequence corresponding to SEQ ID N0114; 
Where expression of the ?rst exogenous nucleic acid and the 
second exogenous nucleic acid in a plant produced from the 
plant cell is effective to result in a different sugar level as 
compared to a sugar level in a corresponding control plant 
that does not include the ?rst exogenous nucleic acid or the 
second exogenous nucleic acid. 

[0038] In another embodiment, a plant cell is provided. 
The plant cell can include (a) a ?rst exogenous nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
including an amino acid sequence selected from the group 
consisting of SEQ ID N015, SEQ ID N0110, SEQ ID N016, 
SEQ ID N0111, SEQ ID N014, SEQ ID N019, SEQ ID 
N012, SEQ ID N017, SEQ ID N0112, SEQ ID N013, SEQ 
ID N018, and the Consensus sequence set forth in FIG. 6; 
and (b) a second exogenous nucleic acid including a nucleic 
acid sequence encoding a polypeptide including an amino 
acid sequence corresponding to SEQ ID N0114; Where 
expression of the ?rst exogenous nucleic acid and the second 
exogenous nucleic acid in a plant produced from the plant 
cell is effective to result in a different sugar level as 
compared to a sugar level in a corresponding control plant 
that does not include the ?rst exogenous nucleic acid or the 
second exogenous nucleic acid. 

[0039] In another embodiment, a plant cell is provided. 
The plant cell can include (a) a ?rst exogenous nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
having 80 percent or greater sequence identity to an amino 
acid sequence selected from the group consisting of SEQ ID 
N015, SEQ ID N0110, SEQ ID N016, SEQ ID N0111, SEQ 
ID N014, SEQ ID N019, SEQ ID N012, SEQ ID N017, SEQ 
ID N0112, SEQ ID N013, and SEQ ID N018; and (b) a 
second exogenous nucleic acid including a nucleic acid 
sequence encoding a polypeptide having 80 percent or 
greater sequence identity to an amino acid sequence corre 
sponding to SEQ ID N0114; Where expression of the ?rst 
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exogenous nucleic acid and the second exogenous nucleic 
acid in a plant produced from the plant cell is effective to 
result in a different sugar level as compared to a sugar level 
in a corresponding control plant that does not include the 
?rst exogenous nucleic acid or the second exogenous nucleic 
acid. 

[0040] In yet another embodiment, a plant cell is provided. 
The plant cell can include (a) a ?rst exogenous nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
including an amino acid sequence selected from the group 
consisting of SEQ ID N015, SEQ ID N0110, SEQ ID N016, 
SEQ ID N0111, SEQ ID N014, SEQ ID N019, SEQ ID 
N012, SEQ ID N017, SEQ ID N0112, SEQ ID N013, and 
SEQ ID N018; and (b) a second exogenous nucleic acid 
including a nucleic acid sequence encoding a polypeptide 
including an amino acid sequence corresponding to SEQ ID 
N0114; Where expression of the ?rst exogenous nucleic acid 
and the second exogenous nucleic acid in a plant produced 
from the plant cell is effective to result in a different sugar 
level as compared to a sugar level in a corresponding control 
plant that does not include the ?rst exogenous nucleic acid 
or the second exogenous nucleic acid. 

[0041] A different sugar level can be an increased level of 
one or more sugars, such as glucose, fructose, or sucrose. A 
different sugar level can be an increased level of glucose and 
fructose, or an increased level of glucose, fructose, and 
sucrose. An increased level of one or more sugars can be in 

the non-seed tissue, seed, root, or fruit of a plant produced 
from a plant cell. 

[0042] Aplant or plant cell can be a member of one of the 
folloWing genera1 Abies, Agrostis, Allium, Alseoa'aphne, 
Anacara'ium, Ananus, Andropogon, Arabidopsis, Arachis, 
Apium, Aragrostis, Ascophyllum, Asparagus, Atropa, Avena, 
Beilschmiea'ia, Bixa, Brassica, Calendula, Capsicum, 
Carthamus, Chona'rus, Chicorium, Cinnamomum, Citrus, 
Citrullus, Cocculus, Cocos, Co?rea, Corylus, Cracilaria, 
Croton, Crypthecoa'inium, Cucumis, Cucurbita, Cunning 
hamia, Cuphea, Cynodon, Daucus, Dianthus, Duguetia, 
Elaeis, Enteromorpha, Euphoria, Festuca, Festulolium, 
Ficus, Fragaria, Fucus, Glaucium, Glycine, Glycyrrhiza, 
Gossypium, Haematococcus, Helianthus, Heterocallis, 
Hevea, Himanthalia, Hordeum, Hyoscyamus, Lactuca, 
Landolphia, Lemna, Linum, Litsea, Lolium, Lycopersicon, 
Lupinus, Majorana, Malus, Manihot, Medicago, Mentha, 
Musa, Nicotiana, Odontella, Olea, Oryza, Palmaria, Pani 
cum, Pannesetum, Parthenium, Persea, Petunia, Phaseolus, 
Phleum, Phoenix, Picea, Pinus, Pistacia, Pisum, Poa, Popu 
lus sect., Porphyra, Prunus, Pyrus, Raphanus, Ricinus, 
Rosa, Rosmarinus, Rubus, Saccharum, Salix, 
Schizochytrium, Secale, Senecio, Sinapis, Solanum, Sor 
ghum, Spinacia, Spirulina, Stephania, Triticum, Tagetes, 
Theobroma, Trifolium, Trigonella, Ulva, Undaria, Vac 
cinium, V?cia, Vigna, Wtis, Zea. 
[0043] Aplant or plant cell can be a member of one of the 
folloWing species1 Ananus comosus, Arabidopsis thaliana, 
Brassica rapa, Brassica napus, Brassica oleracea, Bixa 
orellana, Calendula O?cLCiI’lLlliS, Cinnamomum camphora, 
Co?rea arabica, Glycine max, Glycyrrhiza glabra, Gos 
sypium hirsutum, Gossypium herbaceum, Lactuca sativa, 
Lycopersicon esculentum, Mentha piperita, Mentha spicata, 
Musa paradisiaca, Oryza sativa, Parthenium argentatum, 
Rosmarinus o?icinalis, Solanum tuberosum, Theobroma 
cacao, T riticum aestivum, Vitis vinifera, and Zea mays. 
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[0044] A plant or plant cell can be one of the following: 
alfalfa, amaranth, apple, beans (including kidney beans, lima 
beans, dry beans, green beans), broccoli, cabbage, carrot, 
castor bean, chick peas, cherry, chicory, chocolate, clover, 
coffee, cotton, cottonseed, crambe, eucalyptus, ?ax, grape, 
grapefruit, lemon, lentils, lettuce, linseed, mango, melon 
(e.g., Watermelon, cantaloupe), mustard, orange, peanut, 
peach, pear, peas, pepper, plum, poplar, potato, rapeseed 
(high erucic acid and canola), saf?oWer, sesame, soybean, 
spinach, straWberry, sugarbeet, sun?oWer, tea, tomato, 
banana, barley, date palm, ?eld corn, garlic, millet, oat, oil 
palm, onion, pineapple, popcorn, rice, rye, sorghum, sudan 
grass, sugarcane, sWeet corn, sWitchgrass, turf grasses, 
Wheat, ?r, pine, spruce, broWn seaWeeds, green seaWeeds, 
red seaWeeds, and microalgae. 
[0045] Transgenic plants having modulated levels of one 
or more sugars as compared to corresponding control plants 
are also provided. In one embodiment, a transgenic plant can 
include an exogenous nucleic acid including a nucleic acid 
sequence encoding a polypeptide having 80 percent or 
greater sequence identity to an amino acid sequence selected 
from the group consisting of SEQ ID N0114, SEQ ID N012, 
SEQ ID N015, SEQ ID N0110, SEQ ID N016, SEQ ID 
N0111, SEQ ID N014, SEQ ID N019, SEQ ID N017, SEQ 
ID N0112, SEQ ID N013, SEQ ID N018, and the Consensus 
sequence set forth in FIG. 6. The sequence identity can be 
85 percent or greater, 90 percent or greater, or 95 percent or 
greater. 

[0046] In another embodiment, a transgenic plant having 
a modulated level of one or more sugars as compared to a 

corresponding control plant is provided. The transgenic 
plant can include an exogenous nucleic acid including a 
nucleic acid sequence encoding a polypeptide having 80 
percent or greater sequence identity to an amino acid 
sequence selected from the group consisting of SEQ ID 
N0114, SEQ ID N012, SEQ ID N015, SEQ ID N0110, SEQ 
ID N016, SEQ ID N0111, SEQ ID N014, SEQ ID N019, and 
the Consensus sequence set forth in FIG. 6. The sequence 
identity can be 85 percent or greater, 90 percent or greater, 
or 95 percent or greater. 

[0047] In another aspect, a transgenic plant having a 
modulated level of one or more sugars as compared to a 
corresponding control plant is provided. The transgenic 
plant can include an exogenous nucleic acid including a 
nucleic acid sequence encoding a polypeptide having 80 
percent or greater sequence identity to an amino acid 
sequence selected from the group consisting of SEQ ID 
N0114, SEQ ID N012, SEQ ID N015, SEQ ID N016, SEQ 
ID N014, and the Consensus sequence set forth in FIG. 6. 
The sequence identity can be 85 percent or greater, 90 
percent or greater, or 95 percent or greater. 

[0048] In yet another aspect, a transgenic plant having a 
modulated level of one or more sugars as compared to a 
corresponding control plant is provided. The transgenic 
plant can include an exogenous nucleic acid including a 
nucleic acid sequence encoding a polypeptide having 80 
percent or greater sequence identity to an amino acid 
sequence selected from the group consisting of SEQ ID 
N0114, SEQ ID N012, SEQ ID N015, SEQ ID N016, and 
SEQ ID N014. The sequence identity can be 85 percent or 
greater, 90 percent or greater, or 95 percent or greater. 

[0049] In another embodiment, a transgenic plant having 
a modulated level of one or more sugars as compared to a 



US 2006/0059585 A1 

corresponding control plant is provided. The transgenic 
plant can include an exogenous nucleic acid including a 
nucleic acid sequence encoding a polypeptide including an 
amino acid sequence corresponding to SEQ ID N012. 

[0050] In a further embodiment, a transgenic plant having 
a modulated level of one or more sugars as compared to a 

corresponding control plant is provided. The transgenic 
plant can include an exogenous nucleic acid including a 
nucleic acid sequence encoding a polypeptide including an 
amino acid sequence corresponding to SEQ ID N0114. 

[0051] In another embodiment, a transgenic plant having 
a modulated level of one or more sugars as compared to a 

corresponding control plant is provided. The transgenic 
plant can include an exogenous nucleic acid including a 
nucleic acid sequence encoding a polypeptide including an 
amino acid sequence corresponding to the Consensus 
sequence set forth in FIG. 6. 

[0052] In yet another embodiment, a transgenic plant 
having a modulated level of one or more sugars as compared 
to a corresponding control plant is provided. The transgenic 
plant can include (a) a ?rst exogenous nucleic acid including 
a nucleic acid sequence encoding a polypeptide having 80 
percent or greater sequence identity to an amino acid 
sequence selected from the group consisting of SEQ ID 
N015, SEQ ID N0110, SEQ ID N016, SEQ ID N0111, SEQ 
ID N014, SEQ ID N019, SEQ ID N012, SEQ ID N017, SEQ 
ID N0112, SEQ ID N013, SEQ ID N018, and the Consensus 
sequence set forth in FIG. 6; and (b) a second exogenous 
nucleic acid including a nucleic acid sequence encoding a 
polypeptide having 80 percent or greater sequence identity 
to an amino acid sequence corresponding to SEQ ID N0114. 

[0053] In another aspect, a transgenic plant having a 
modulated level of one or more sugars as compared to a 
corresponding control plant is provided. The transgenic 
plant can include (a) a ?rst exogenous nucleic acid including 
a nucleic acid sequence encoding a polypeptide including an 
amino acid sequence selected from the group consisting of 
SEQ ID N015, SEQ ID N0110, SEQ ID N016, SEQ ID 
N0111, SEQ ID N014, SEQ ID N019, SEQ ID N012, SEQ 
ID N017, SEQ ID N0112, SEQ ID N013, SEQ ID N018, and 
the Consensus sequence set forth in FIG. 6; and (b) a second 
exogenous nucleic acid including a nucleic acid sequence 
encoding a polypeptide including an amino acid sequence 
corresponding to SEQ ID N0114. 

[0054] In still a further aspect, a transgenic plant having a 
modulated level of one or more sugars as compared to a 

corresponding control plant is provided. The transgenic 
plant can include (a) a ?rst exogenous nucleic acid including 
a nucleic acid sequence encoding a polypeptide having 80 
percent or greater sequence identity to an amino acid 
sequence selected from the group consisting of SEQ ID 
N015, SEQ ID N0110, SEQ ID N016, SEQ ID N0111, SEQ 
ID N014, SEQ ID N019, SEQ ID N012, SEQ ID N017, SEQ 
ID N0112, SEQ ID N013, and SEQ ID N018; and (b) a 
second exogenous nucleic acid including a nucleic acid 
sequence encoding a polypeptide having 80 percent or 
greater sequence identity to an amino acid sequence corre 
sponding to SEQ ID N0114. 

[0055] In yet another aspect, a transgenic plant having a 
modulated level of one or more sugars as compared to a 

corresponding control plant is provided. The transgenic 
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plant can include (a) a ?rst exogenous nucleic acid including 
a nucleic acid sequence encoding a polypeptide including an 
amino acid sequence selected from the group consisting of 
SEQ ID N015, SEQ ID N01I0, SEQ ID N016, SEQ ID 
N0111, SEQ ID N014, SEQ ID N019, SEQ ID N012, SEQ 
ID N017, SEQ ID N0112, SEQ ID N013, and SEQ ID N018; 
and (b) a second exogenous nucleic acid including a nucleic 
acid sequence encoding a polypeptide including an amino 
acid sequence corresponding to SEQ ID N0114. 

[0056] Also provided are transgenic plant products, meth 
ods of producing products from transgenic plants, and 
articles of manufacture produced from transgenic plants. In 
one embodiment, tissues from a transgenic plant are pro 
vided, such as non-seed tissue, stalk, seed, or fruit. In 
another embodiment, a food product including non-seed 
tissue from a transgenic plant is provided. In a further 
embodiment, a food product including seed from a trans 
genic plant is provided. In another embodiment, animal feed 
including non-seed tissue or seeds is provided. In yet another 
embodiment, animal feed derived from a stalk is provided. 

[0057] In one embodiment, a method of producing a sugar 
is provided. The method includes extracting a sugar from a 
transgenic plant provided herein, such as sugarcane or 
sugarbeet. The extract can be a liquid or a solid. The sugar 
can be one or more of sucrose, glucose, and/or fructose. 

[0058] In another embodiment, a method of producing 
ethanol is provided. The method includes fermenting plant 
material from a transgenic plant provided herein, such as 
com. 

[0059] In another aspect, articles of manufacture based on 
transgenic plants are provided, including sugar, molasses, a 
bag of seeds, a bag of sugar, a bottle of sugar syrup, a liquid 
extract, or a solid extract. 

[0060] An isolated nucleic acid is also provided. The 
isolated nucleic acid can include a nucleic acid sequence 
encoding a polypeptide having 80 percent or greater 
sequence identity to an amino acid sequence selected from 
the group consisting SEQ ID N0114, SEQ ID N012, SEQ ID 
N015, SEQ ID N0110, SEQ ID N016, SEQ ID N0111, SEQ 
ID N014, SEQ ID N019, SEQ ID N017, SEQ ID N0112, 
SEQ ID N013, SEQ ID N018, and the Consensus sequence 
set forth in FIG. 6. A recombinant vector including the 
nucleic acid is also provided. 

[0061] Sugar-modulating polypeptides are provided 
herein. A sugar-modulating polypeptide can include the 
amino acid sequence corresponding to SEQ ID N015. A 
sugar-modulating polypeptide can include the amino acid 
sequence corresponding to SEQ ID N0110. A sugar-modu 
lating polypeptide can include the amino acid sequence 
corresponding to SEQ ID N016. A sugar-modulating 
polypeptide can include the amino acid sequence corre 
sponding to SEQ ID N0111. A sugar-modulating polypep 
tide can include the amino acid sequence corresponding to 
SEQ ID N014. A sugar-modulating polypeptide can include 
the amino acid sequence corresponding to SEQ ID N019. A 
sugar-modulating polypeptide can include the amino acid 
sequence corresponding to SEQ ID N017. A sugar-modu 
lating polypeptide can include the amino acid sequence 
corresponding to SEQ ID N0112. A sugar-modulating 
polypeptide can include the amino acid sequence corre 
sponding to SEQ ID N013. A sugar-modulating polypeptide 
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can include the amino acid sequence corresponding to SEQ 
ID NO:8. A sugar-rnodulating polypeptide can include the 
amino acid sequence corresponding to the Consensus 
sequence set forth in FIG. 6. 

[0062] A sugar-rnodulating polypeptide can include a 
polypeptide having at least 80 percent sequence identity 
(e.g., 80 percent, 85 percent, 90 percent, 93 percent, 95 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:5. A sugar-rnodulating polypeptide can include a 
polypeptide having at least 80 percent sequence identity 
(e.g., 80 percent, 85 percent, 90 percent, 93 percent, 95 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:10. A sugar-rnodulating polypeptide can include a 
polypeptide having at least 80 percent sequence identity 
(e.g., 80 percent, 85 percent, 90 percent, 93 percent, 95 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:6. A sugar-rnodulating polypeptide can include a 
polypeptide having at least 80 percent sequence identity 
(e.g., 80 percent, 85 percent, 90 percent, 93 percent, 95 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:11. In some cases, a sugar-rnodulating polypeptide 
can include a polypeptide having at least 80 percent 
sequence identity (e.g., 80 percent, 85 percent, 90 percent, 
93 percent, 95 percent, 97 percent, 98 percent, or 99 percent 
sequence identity) to an amino acid sequence corresponding 
to SEQ ID NO:4. A sugar-rnodulating polypeptide can 
include a polypeptide having at least 80 percent sequence 
identity (e.g., 80 percent, 85 percent, 90 percent, 93 percent, 
95 percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:9. In some cases, a sugar-rnodulating polypeptide 
can include a polypeptide having at least 80 percent 
sequence identity (e.g., 80 percent, 85 percent, 90 percent, 
93 percent, 95 percent, 97 percent, 98 percent, or 99 percent 
sequence identity) to an amino acid sequence corresponding 
to SEQ ID NO:7. A sugar-rnodulating polypeptide can 
include a polypeptide having at least 80 percent sequence 
identity (e.g., 80 percent, 85 percent, 90 percent, 93 percent, 
95 percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:12. A sugar-rnodulating polypeptide can include a 
polypeptide having at least 80 percent sequence identity 
(e.g., 80 percent, 85 percent, 90 percent, 93 percent, 95 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:3. A sugar-rnodulating polypeptide can include a 
polypeptide having at least 80 percent sequence identity 
(e.g., 80 percent, 85 percent, 90 percent, 93 percent, 95 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:8. A sugar-rnodulating polypeptide can include a 
polypeptide having at least 80 percent sequence identity 
(e.g., 80 percent, 85 percent, 90 percent, 93 percent, 95 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to the 
Consensus sequence set forth in FIG. 6. 

[0063] Nucleic acids encoding sugar-rnodulating polypep 
tides are provided herein. Such nucleic acids can be used to 
transform plant cells. Anucleic acid encoding a polypeptide 
that includes an amino acid sequence corresponding to SEQ 
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ID NO:5 can be used to transform a plant cell. Anucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:10 can be used to 
transform a plant cell. Anucleic acid encoding a polypeptide 
that includes an amino acid sequence corresponding to SEQ 
ID NO:6 can be used to transform a plant cell. Anucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:11 can be used to 
transform a plant cell. Anucleic acid encoding a polypeptide 
that includes an amino acid sequence corresponding to SEQ 
ID NO:4 can be used to transform a plant cell. Anucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:9 can be used to 
transform a plant cell. Anucleic acid encoding a polypeptide 
that includes an amino acid sequence corresponding to SEQ 
ID NO:7 can be used to transform a plant cell. Anucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:12 can be used to 
transform a plant cell. Anucleic acid encoding a polypeptide 
that includes an amino acid sequence corresponding to SEQ 
ID NO:3 can be used to transform a plant cell. Anucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:8 can be used to 
transform a plant cell. Anucleic acid encoding a polypeptide 
that includes an amino acid sequence corresponding to the 
Consensus sequence set forth in FIG. 6 can be used to 
transform a plant cell. 

[0064] A nucleic acid encoding a polypeptide having at 
least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID NO:5 can be used to 
transform a plant cell. In some cases, a nucleic acid encoding 
a polypeptide having at least 80 percent sequence identity 
(e.g., 80 percent, 85 percent, 90 percent, 93 percent, 95 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:10 can be used to transform a plant cell. A nucleic 
acid encoding a polypeptide having at least 80 percent 
sequence identity (e.g., 80 percent, 85 percent, 90 percent, 
93 percent, 95 percent, 97 percent, 98 percent, or 99 percent 
sequence identity) to an amino acid sequence corresponding 
to SEQ ID NO:6 can be used to transform a plant cell. A 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID NO:11 can be used to transform a 
plant cell. A nucleic acid encoding a polypeptide having at 
least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID NO:4 can be used to 
transform a plant cell. In some cases, a nucleic acid encoding 
a polypeptide having at least 80 percent sequence identity 
(e.g., 80 percent, 85 percent, 90 percent, 93 percent, 95 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:9 can be used to transform a plant cell. Anucleic acid 
encoding a polypeptide having at least 80 percent sequence 
identity (e.g., 80 percent, 85 percent, 90 percent, 93 percent, 
95 percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:7 can be used to transform a plant cell. Anucleic acid 
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encoding a polypeptide having at least 80 percent sequence 
identity (e.g., 80 percent, 85 percent, 90 percent, 93 percent, 
95 percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID NO:12 can be used to transform a plant cell. A nucleic 
acid encoding a polypeptide having at least 80 percent 
sequence identity (e.g., 80 percent, 85 percent, 90 percent, 
93 percent, 95 percent, 97 percent, 98 percent, or 99 percent 
sequence identity) to an amino acid sequence corresponding 
to SEQ ID NO:3 can be used to transform a plant cell. A 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID NO:8 can be used to transform a plant 
cell. In some cases, a nucleic acid encoding a polypeptide 
having at least 80 percent sequence identity (e. g., 80 percent, 
85 percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to the Consensus sequence set forth 
in FIG. 6 can be used to transform a plant cell. 

[0065] A ?rst nucleic acid encoding a polypeptide that 
includes an amino acid sequence corresponding to SEQ ID 
NO:5, and a second nucleic acid encoding a polypeptide that 
includes an amino acid sequence corresponding to SEQ ID 
NO:14 can be used to transform a plant cell. A ?rst nucleic 
acid encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:10, and a second 
nucleic acid encoding a polypeptide that includes an amino 
acid sequence corresponding to SEQ ID NO:14 can be used 
to transform a plant cell. In some cases, a ?rst nucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:6, and a second 
nucleic acid encoding a polypeptide that includes an amino 
acid sequence corresponding to SEQ ID NO:14 can be used 
to transform a plant cell. A ?rst nucleic acid encoding a 
polypeptide that includes an amino acid sequence corre 
sponding to SEQ ID NO:11, and a second nucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:14 can be used to 
transform a plant cell. A ?rst nucleic acid encoding a 
polypeptide that includes an amino acid sequence corre 
sponding to SEQ ID NO:4, and a second nucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:14 can be used to 
transform a plant cell. A ?rst nucleic acid encoding a 
polypeptide that includes an amino acid sequence corre 
sponding to SEQ ID N019, and a second nucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:14 can be used to 
transform a plant cell. In some cases, a ?rst nucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID N017, and a second 
nucleic acid encoding a polypeptide that includes an amino 
acid sequence corresponding to SEQ ID NO:14 can be used 
to transform a plant cell. A ?rst nucleic acid encoding a 
polypeptide that includes an amino acid sequence corre 
sponding to SEQ ID NO:12, and a second nucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:14 can be used to 
transform a plant cell. A ?rst nucleic acid encoding a 
polypeptide that includes an amino acid sequence corre 
sponding to SEQ ID N013, and a second nucleic acid 
encoding a polypeptide that includes an amino acid 
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sequence corresponding to SEQ ID NO:14 can be used to 
transform a plant cell. In some cases, a ?rst nucleic acid 
encoding a polypeptide that includes an amino acid 
sequence corresponding to SEQ ID NO:8, and a second 
nucleic acid encoding a polypeptide that includes an amino 
acid sequence corresponding to SEQ ID NO:14 can be used 
to transform a plant cell. A ?rst nucleic acid encoding a 
polypeptide that includes an amino acid sequence corre 
sponding to the Consensus sequence set forth in FIG. 6, and 
a second nucleic acid encoding a polypeptide that includes 
an amino acid sequence corresponding to SEQ ID NO:14 
can be used to transform a plant cell. 

[0066] A ?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID NO:5, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID NO:14 can be used to transform a 
plant cell. A?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID NO:10, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID NO:14 can be used to transform a 
plant cell. A?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID NO:6, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID NO:14 can be used to transform a 
plant cell. A?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID NO:11, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID NO:14 can be used to transform a 
plant cell. A?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID NO:4, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID NO:14 can be used to transform a 
plant cell. A?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
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percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID N019, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID N0114 can be used to transform a 
plant cell. A ?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID N017, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID N0114 can be used to transform a 
plant cell. A ?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID N0112, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID N0114 can be used to transform a 
plant cell. A ?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID N013, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID N0114 can be used to transform a 
plant cell. A ?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID N018, and a second 
nucleic acid encoding a polypeptide having at least 80 
percent sequence identity (e.g., 80 percent, 85 percent, 90 
percent, 93 percent, 95 percent, 97 percent, 98 percent, or 99 
percent sequence identity) to an amino acid sequence cor 
responding to SEQ ID N0114 can be used to transform a 
plant cell. A ?rst nucleic acid encoding a polypeptide having 
at least 80 percent sequence identity (e.g., 80 percent, 85 
percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to the Consensus sequence set forth 
in FIG. 6, and a second nucleic acid encoding a polypeptide 
having at least 80 percent sequence identity (e. g., 80 percent, 
85 percent, 90 percent, 93 percent, 95 percent, 97 percent, 98 
percent, or 99 percent sequence identity) to an amino acid 
sequence corresponding to SEQ ID N0114 can be used to 
transform a plant cell. 

[0067] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention pertains. Although methods and materials similar 
or equivalent to those described herein can be used to 
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practice the invention, suitable methods and materials are 
described beloW. All publications, patent applications, pat 
ents, and other references mentioned herein are incorporated 
by reference in their entirety. In case of con?ict, the present 
speci?cation, including de?nitions, Will control. In addition, 
the materials, methods, and examples are illustrative only 
and not intended to be limiting. 

[0068] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

DESCRIPTION OF THE DRAWINGS 

[0069] FIG. 1 is the nucleotide sequence of Ceres clone 
625627 (SEQ ID NO113). 

[0070] FIG. 2 is the amino acid sequence encoded by 
Ceres clone 625627 (SEQ ID NO:14). 

[0071] FIG. 3 is the nucleotide sequence of Ceres clone 
32380 (SEQ ID N011). 

[0072] FIG. 4 is the amino acid sequence encoded by 
Ceres clone 32380 (SEQ ID N012). 

[0073] FIG. 5 is a graph plotting levels of glucose and 
fructose in T2 ME02225 plants relative to control plants. 

[0074] FIG. 6 is an alignment of the amino acid sequence 
of SEQ ID N012 With functionally homologous and ortholo 
gous amino acid sequences SEQ ID N015, SEQ ID NO:10, 
SEQ ID N016, SEQ ID N0111, SEQ ID N017, SEQ ID 
N0112, SEQ ID N014, SEQ ID N019, SEQ ID N013, and 
SEQ ID N018. A consensus sequence determined by the 
alignment is set forth. 

DETAILED DESCRIPTION 

[0075] The materials and methods provided herein can be 
used to make plants, plant tissues, and plant products having 
modulated levels of sugars (e.g., glucose, fructose, and 
sucrose). For eXample, plants having increased levels of 
sugars in seeds and/or non-seed tissues are provided herein. 
The methods can include transforming a plant cell With one 
or more nucleic acids that encode sugar-modulating 
polypeptides, Wherein expression of the one or more 
polypeptides results in modulated levels (e.g., increased or 
decreased levels) of one or more sugars. Plants and plant 
materials (e.g., seeds, non-seed tissues) produced using such 
methods can be used as food sources of sugars, or as sources 

of sugars for inclusion in nutritional supplements, for 
eXample. 
Polypeptides 
[0076] Isolated polypeptides, including sugar-modulating 
polypeptides, are provided herein. The term “polypeptide” 
as used herein refers to a compound of tWo or more subunit 
amino acids, amino acid analogs, or other peptidomimetics, 
regardless of post-translational modi?cation (e.g., phospho 
rylation or glycosylation). The subunits may be linked by 
peptide bonds or other bonds such as, for eXample, ester or 
ether bonds. The term “amino acid” refers to natural and/or 
unnatural or synthetic amino acids, including D/L optical 
isomers. Full-length proteins, analogs, mutants, and frag 
ments thereof are encompassed by this de?nition. 
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[0077] By “isolated” or “puri?ed” With respect to a 
polypeptide it is meant that the polypeptide is separated to 
some extent from the cellular components With Which it is 
normally found in nature (e.g, other polypeptides, lipids, 
carbohydrates, and nucleic acids). A puri?ed polypeptide 
can yield a single major band on a non-reducing polyacry 
lamide gel. A puri?ed polypeptide can be at least about 75 
percent pure (e.g., at least 80 percent, 85 percent, 90 percent, 
95 percent, 97 percent, 98 percent, 99 percent, or 100 
percent pure). Puri?ed polypeptides can be obtained by, for 
example, extraction from a natural source, by chemical 
synthesis, or by recombinant production in a host cell or 
transgenic plant, and can be puri?ed using, for example, 
af?nity chromatography, immunoprecipitation, siZe exclu 
sion chromatography, and ion exchange chromatography. 
The extent of puri?cation can be measured using any 
appropriate method, including, Without limitation, column 
chromatography, polyacrylamide gel electrophoresis, or 
high-performance liquid chromatography. 

[0078] Described herein are sugar-modulating polypep 
tides. A sugar-modulating polypeptide can be effective to 
modulate a level of one or more sugars by any mechanism. 
For example, a sugar-modulating polypeptide can modulate 
sugar biosynthesis, stability, and/or degradation. In some 
cases, such a polypeptide is a transcription factor containing 
an AP2 DNA-binding domain. An AP2 DNA-binding 
domain is a distinguishing characteristic of a family of 
transcription factors unique to plants. The prototypic mem 
bers of the family are AP2 (APETALA2) and EREBPs 
(ethylene-responsive element binding proteins). AP2/REBP 
genes form a large multigene family, and they play a variety 
of roles throughout the plant life cycle: from being key 
regulators of several developmental processes, like ?oral 
organ identity determination or control of leaf epidermal cell 
identity, to forming part of the mechanisms used by plants 
to respond to various types of biotic and environmental 
stress. 

[0079] SEQ ID N0114 shoWn in FIG. 2 sets forth the 
amino acid sequence of a clone identi?ed herein as Ceres 
clone 625627, Which is predicted to include an AP2 DNA 
binding domain. A sugar-modulating polypeptide can be a 
polypeptide including the amino acid sequence set forth in 
SEQ ID N0114. Alternatively, a sugar-modulating polypep 
tide can be an ortholog, homolog, or variant of the polypep 
tide having the sequence set forth in SEQ ID N0114. For 
example, a sugar-modulating polypeptide can have an amino 
acid sequence With at least 60 percent sequence identity 
(e.g., 61 percent, 66 percent, 68 percent, 70 percent, 72 
percent, 74 percent, 76 percent, 78 percent, 80 percent, 81 
percent, 82 percent, 83 percent, 84 percent, 85 percent, 86 
percent, 87 percent, 88 percent, 89 percent, 90 percent, 91 
percent, 92 percent, 93 percent, 94 percent, 95 percent, 96 
percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to the amino acid sequence set forth in SEQ ID 
N0114. 

[0080] In other cases, a sugar-modulating polypeptide is a 
DNA-directed RNA polymerase, such as DNA-directed 
RNA polymerase II. A DNA-directed RNA polymerase 
catalyZes the transcription of DNA into RNA. 

[0081] SEQ ID N012 shoWn in FIG. 4 sets forth the amino 
acid sequence of an Arabia'opsis clone identi?ed herein as 
Ceres clone 32380, Which is predicted to include a DNA 
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directed RNApolymerase II third largest subunit. Homologs 
and orthologs of the polypeptide having the amino acid 
sequence set forth in SEQ ID N012 are provided in FIG. 6. 

[0082] A sugar-modulating polypeptide can be a polypep 
tide including the amino acid sequence set forth in SEQ ID 
N012. Alternatively, a sugar-modulating polypeptide can be 
an ortholog, homolog, or variant of the polypeptide having 
the sequence set forth in SEQ ID N012. For example, a 
sugar-modulating polypeptide can have an amino acid 
sequence With at least 60 percent sequence identity (e.g., 61 
percent, 66 percent, 68 percent, 70 percent, 72 percent, 74 
percent, 76 percent, 78 percent, 80 percent, 81 percent, 82 
percent, 83 percent, 84 percent, 85 percent, 86 percent, 87 
percent, 88 percent, 89 percent, 90 percent, 91 percent, 92 
percent, 93 percent, 94 percent, 95 percent, 96 percent, 97 
percent, 98 percent, or 99 percent sequence identity) to the 
amino acid sequence set forth in SEQ ID N012. For 
example, a sugar-modulating polypeptide can include the 
amino acid sequence corresponding to Ceres clone 698259 
(SEQ ID N015), Ceres clone 698259T (SEQ ID N0110), 
Ceres clone 244359 (SEQ ID N016), Ceres clone 244359T 
(SEQ ID N0111), Ceres clone 692249 (SEQ ID N014), 
Ceres clone 692249T (SEQ ID N019), gi|50898416 (SEQ ID 
N017), gi|50898416T (SEQ ID N0112), gi|21593370 (SEQ 
ID N013), gi|21593370T (SEQ ID N018), or the Consensus 
sequence set forth in FIG. 6. 

[0083] In some cases, a sugar-modulating polypeptide can 
include a polypeptide having at least 80 percent sequence 
identity (e.g., 80 percent, 85 percent, 90 percent, 93 percent, 
95 percent, 97 percent, 98 percent, or 99 percent sequence 
identity) to an amino acid sequence corresponding to SEQ 
ID N015, SEQ ID N0110, SEQ ID N016, SEQ ID N0111, 
SEQ ID N014, SEQ ID N019, SEQ ID N017, SEQ ID 
N0112, SEQ ID N013, SEQ ID N018, or the Consensus 
sequence set forth in FIG. 6. 

[0084] A consensus amino acid sequence for a sugar 
modulating polypeptide can be determined by aligning 
homologous and/or orthologous amino acid sequences (e.g., 
amino acid sequences set forth in FIG. 6) and determining 
the most common amino acid or type of amino acid at each 
position. For example, a consensus sequence can be deter 
mined by aligning amino acid sequences corresponding to 
SEQ ID N015, SEQ ID N0110, SEQ ID N016, SEQ ID 
N0111, SEQ ID N017, SEQ ID N0112, SEQ ID N014, SEQ 
ID N019, SEQ ID N012, SEQ ID N013, and SEQ ID N018 
as shoWn in FIG. 6. 

[0085] Other means by Which sugar-modulating polypep 
tides can be identi?ed include functional complementation 
of sugar-modulating polypeptide mutants. Suitable sugar 
modulating polypeptides also can be identi?ed by analysis 
of nucleotide and polypeptide sequence alignments. For 
example, performing a query on a database of nucleotide or 
polypeptide sequences can identify homologs and/or 
orthologs of the polypeptide having the amino acid sequence 
set forth in SEQ ID N012. Sequence analysis can involve 
BLAST, Reciprocal BLAST, or PSI-BLAST analysis of 
nonredundant databases. Those proteins in the database that 
have greater than 35% sequence identity to the speci?c 
query polypeptide can be candidates for further evaluation 
for suitability as sugar-modulating polypeptides. If desired, 
manual inspection of such candidates can be carried out in 
order to reduce the number of candidates to be further 
























































