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(57) ABSTRACT 

The present invention relates to a new plant breeding 
process. The proceSS improves the agronomic performance 
of crop plants by using genetic material that is also used in 
classical breeding. Instead of Sexually recombining entire 
genomes at random, as is done in classical breeding, specific 
genetic elements are rearranged in Vitro and inserted back 
into individual plant cells. Plants obtained through this new 
plant breeding process do not contain foreign nucleic acid 
but only contain nucleic acid from the plant species Selected 
for transformation or plants that are Sexually compatible 
with the Selected plant Species. Plants developed through 
this new plant breeding proceSS are provided. In particular, 
potato plants displaying improved tuber Storage and health 
characteristics are provided. 
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Figure 1. Diagrams for some P-DNA vectors 
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Figure 3. Gene-free expression cassettes 
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Figure 4. Alignment of the 3’-end of tuber-expressed PPO genes and trailers associated with these genes. 
Stop codons (TAA) are underlined. The trailer sequence used for genetic modification of potato plants was 
isolated from "P-PPO3, and is downstream from the stop codon (TTAGTC...ACAATT). 

P-PPO3 CTGGCGATAACGGAACTGTTGGAGGATATTGGTTTGGAAGATGAAGATACTATTGCGGTG 60 
PPOM-41. CTGGCGATAACGGAACTGTTGGAGGATATTGGATTGGAAGATGAAGATACTATTGCGGTA 60 
PPOM-44 CTGGCGATAACGGAACTGTTGGAGGATAATGGATTGGAAGATGAAGGTACTATNGCGGTA 60 

P-PPO3 ACTCTGGTGCCAAAGAGAGGTGGTGAAGGTATCTCCATTGAAAGGCGACGATCAGTCTT 120 
PPOM-41. ACTTTGGTTCCAAAAGTAGGTGGGAAGGTGTATCCATTGAAAGTGGGAGATCAAGCTT 120 
PPOM-44 ACTTTGGTTCCAAAAGTTGGTGGTGAAGGTGTATCCATTGAAAGTGCGGAGATCAAGCT 120 

P-PPO3 GCAGATGTTAATTAGTCTCTA-TTGA-ATCTGCTG----AGATTACAC-TTTGATGGAT 1.73 
PPOM-41. GAGGATTGTTAAGTCCTCATGAGTTGGTGGCTACGGTACCAAATTTTATGTTTAATTAGT 180 
PPOM-44 GAGGATTGTTAAGTCCTCATGAGTTGGTGGCTATGGTACCAAATTNTATGTTTAATTAGT 180 

P-PPO3 GAIGCTCTGTT--TTTGTTTTCTTGTTCTGTTTTTTCCTC-TGTTGAAATCAGCTTGTT 230 
PPOM-41. ATTAATGTGTGTATGTGTTTGATTATGTTTCGGTTAAAAGTATCAGCTGGAAGCTGAT 240 
PPOM-44 ATTAAGTGTG----TGTTTGATTATGTTTCGGTTAAAATGTATCANCTGGAAGCGAT 236 

P-PPo3 -GCTTGATTTC---ATTGAAGTTGTTATTCAAGAA-TAAATCAGTTA-CAATT------- 277 
PPOM-41. TACTAGCCTTGCCAGTTGTTAATGCTATGTATGAAATAAATAAATAAATGGTTGTCTTCT 300 
PPOM-44 TACTAGCCTTCCCAGTTGTTAATGCTAGTATGAAATACATAAATAAATGGTTGTCTCC 296 
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Figure 5. Diagrams for some LifeSuppot-yectors. 
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PRECISE BREEDING 

FIELD OF THE INVENTION 

0001. This application claims priority to U.S. provisional 
application Ser. numbers 60/357,661 and 60/377,602, which 
are incorporated herein by reference. The present invention 
relates to methods for improving the nutritional, health, and 
agronomic characteristics of a plant by modifying specific, 
well-characterized DNA in the plant's genome. AS opposed 
to classical plant breeding, the inventive proceSS does not 
introduce unknown or potentially toxic genes into the plant 
genetic make-up. Furthermore, the inventive method, unlike 
conventional genetic engineering Strategies, does not incor 
porate nucleic acids from foreign species, i.e., Species that 
are not inter-fertile with the plant to be modified by genetic 
engineering, into the plant genome. Plants developed 
through the inventive plant breeding process display 
improved agronomic characteristics. Particularly preferred 
plants of the present invention include potatoes that exhibit 
improved health and tuber Storage characteristics, and turf 
grasses that exhibit improved disease and drought tolerance. 

BACKGROUND 

0002 The agronomic performance of plants has typically 
been improved by either classical plant breeding or genetic 
engineering. Classical breeding typically results in the trans 
fer of unknown nucleic acids from one plant to another. 
Genetic engineering techniques introduce foreign nucleic 
acids into the plant genome, i.e., DNA that is not from a 
plant or that is not from a plant that is naturally interfertile 
with the plant to be modified by genetic engineering. For 
example, genetic engineering introduces non-plant nucleic 
acids into a plant genome. Both classical breeding and 
genetic engineering Strategies create plant genomes that 
contain undesirable and unwanted genetic material, and the 
resultant cross-bred or transgenic plants can exhibit unfa 
vorable traits. The inadequacies of both Strategies can prove 
harmful to the transgenic plants, as well as to the animals 
and humans who consume Such products. 
0.003 Conventional Breeding Relies on the Transfer of 
Unknown DNA 

0004 Plant breeding typically relies on the random 
recombination of plant chromosomes to create varieties that 
have new and improved characteristics. Thus, by Screening 
large populations of progeny that result from plant crosses, 
breeders can identify those plants that display a desired trait, 
Such as an increase in yield, improved vigor, enhanced 
resistance to diseases and insects, or greater ability to 
Survive under drought conditions. However, classical breed 
ing methods are laborious and time-consuming, and new 
varieties typically display only relatively modest improve 
mentS. 

0005 Furthermore, classical plant breeding typically 
results in the transfer of hundreds of unknown genes into a 
plant genome. It is likely that Some of those transferred 
genes encode potentially harms allergens, Such as patatin, 
lectins, chitinases, proteases, thaumatin-like proteins, lipid 
transfer proteins, amylases, trypsin inhibitors, and Seed 
Storage proteins (Breiteneder et al., J Allergy Clin Immunol 
106: 27-36). 
0006 Similarly, introgressed genes can be involved in the 
biosynthesis of toxins including lathyrogens, hydrazines, 
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glucosinolates and goitrogens, cumarins, Saponins, alka 
loids, glycoalkaloids, biogenic amines, enzyme inhibitors, 
Such as lectins (haemagglutinins), trypsin inhibitors, chelat 
ing Substances Such as phytates and oxalates, ribotoxins, 
antimicrobial peptides, amino acids Such as beta-N-oxaly 
lamino-L-alanine, atractyloSide, oleandrine, taxol, and iso 
quinoline (Pokorny, Cas Lek Cesk 136: 267-20 70, 1997). 
The risk of inadvertently introducing Such poisons into 
human and animal food Supplies is further increased through 
efforts to “untap” the genetic diversity of wild crop relatives 
that have not been used before for food consumption (Hois 
ington et al., Proc Natl AcadSci USA 96: 593743, 1999). 
0007 Although classical plant breeding can easily intro 
duce genes involved in undesirable anti-nutritional com 
pounds into food crops and plants, it cannot easily remove 
them. For instance, it took about 15 years to reduce harmful 
phytate levels in corn and rice by inactivating Lipa genes 
(Raboy, J Nutr 132: 503S-505S, 2002). The long timeframe 
for realizing positive results is not practical, especially since 
there is an urgent need for methods that more effectively and 
efficiently improve the quality of food crops. One example 
of a gene that only recently was found to be associated with 
the Synthesis of anti-nutritional compounds is the polyphe 
nol oxidase (PPO) gene, which oxidizes certain phenolic 
compounds to produce mutagenic, carcinogenic and cyto 
toxic agents like phenoxyl radicals and quinoid derivatives 
(Kagan et al., Biochemistry 33:9651-60, 1994). The pres 
ence of multiple copies of this gene in the genome of plants 
such as potato makes it particularly difficult to reduce PPO 
activity through breeding. 

0008 Even more time is needed for the removal of 
anti-nutritional compounds if little or nothing is known 
about their genetic basis. For instance, no genes have been 
linked to the accumulation of high concentrations of acry 
lamide, a potent neurotoxin and mutagen, in Some potatoes 
that are heated to 160° C. or higher (Tareke et al., J Agric 
Food Chem. 50: 4998-5006, 2002). It is therefore very 
difficult to efficiently develop new potato varieties that 
produce less acrylamide during processing using conven 
tional breeding. Thus, there is a need to grow potatoes and 
other carbohydrate-rich foods, Such as wheat, with reduced 
levels of Such dangerous compounds, but without the use of 
unknown or foreign nucleic acids. 

0009. Other anti-nutritional compounds that can accumu 
late during processing and are difficult to minimize or 
eliminate through breeding include the Maillard-reaction 
products N-Nitroso-N-(3-keto-1,2-butanediol)-3'-nitro 
tyramine (Wang et al., Arch Toxicol 70: 10-5, 1995), and 
5-hydroxymethyl-2-furfural (Janzowski et al., Food Chem 
Toxicol 38: 801-9, 2000). Additional Maillard reaction prod 
ucts that have not been well characterized are also known to 
display mutagenic properties (Shibamoto, Prog Clin Biol 
Res 304:359-76, 1989). 
0010. It can be equally difficult to rapidly increase levels 
of positive nutritional compounds in food crops due to the 
inherent imprecision of conventional plant breeding. For 
instance, it would be desirable to increase levels of “resistant 
starch” (Topping et al., Physiol Rev 81: 1031-64, 2001) in a 
variety of crops. Such Starch is ultimately responsible for 
promoting immune responses, Suppressing potential patho 
gens, and reducing the incidence of diseases including 
colorectal cancer (Bird et al., Curr Issues Intest Microbiol 1: 
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25-37, 2000). However, the only available plants with 
increased levels of resistant Starch are low-yielding varieties 
like maize mutants "amylose extender”, “dull”, and "Sugary 
2. Creation of new high resistant Starch Sources, Such as 
potato, would enable broader dietary incorporation of this 
health-promoting component. 
0.011 The inability to safely manipulate the genotypes of 
plants often leads to the use of external chemicals to induce 
a desired phenotype. Despite numerous breeding programs 
to delay tuber Sprouting, for example, no potato varieties are 
available commercially that can be stored for months with 
out treatment with sprout inhibitors. The latter, such as 
isopropyl-N-chlorophenyl-carbamate (CIPC), is linked to 
acute toxicity and tumor development, and can be present in 
processed potato foods at concentrations between 1 mg/kg 
and 5 mg/kg. 
0012 Genetic Engineering Relies on the Transfer of 
Foreign DNA 
0013 Genetic engineering can be used to modify, pro 
duce, or remove certain traits from plants. While there has 
been limited progreSS in improving the nutritional value and 
health characteristics of plants, most improvements target 
plant traits that promote ease of crop cultivation. Thus, 
certain plants are resistant to the glyphosate herbicide 
because they contain the bacterial gene 5-enolpyruvylshiki 
mate-3-phosphate Synthase (Padgette et al., Arch Biochem 
Biophys. 258: 564-73, 1987). Similarly, genetic engineering 
has produced insect-, Viral-, and fungal-resistant plant Vari 
eties (Shah et al., Trends in Biotechnology 13: 362-368, 
1995; Gao et al., Nat Biotechnol. 18: 1307-10, 2000; Osusky 
et al., Nat Biotechnol. 18: 1162-6, 2000), but few with 
enhanced nutrition or health benefits. 

0.014. According to standard, well-known techniques, 
genetic "expression cassettes, comprising genes and regu 
latory elements, are inserted within the borders of Agrobac 
terium-isolated transfer DNAS ("T-DNAs”) and integrated 
into plant genomes. Thus, Agrobacterium-mediated transfer 
of T-DNA material typically comprises the following stan 
dard procedures: (1) in vitro recombination of genetic ele 
ments, at least one of which is of foreign origin, to produce 
an expression cassette for Selection of transformation, (2) 
insertion of this expression cassette, often together with at 
least one other expression cassette containing foreign DNA, 
into a T-DNA region of a binary vector, which usually 
consists of Several hundreds of basepairs of Agrobacterium 
DNA flanked by T-DNAborder sequences, (3) transfer of the 
sequences located between the T-DNA borders, often 
accompanied with Some or all of the additional binary vector 
Sequences from Agrobacterium to the plant cell, and (4) 
Selection of Stably transformed plant cells. See, e.g., U.S. 
Pat. Nos. 4,658,082, 6,051,757, 6,258,999, 5.453,367, 
5,767,368, 6,403,865, 5,629,183, 5,464,763, 6,201,169, 
5.990,387, 4,693,976, 5,886,244, 5,221,623, 5,736,369, 
4,940,838, 6,153,812, 6,100.447, 6,140,553, 6,051,757, 
5,731,179, 5,149,645 and EP 0120,516, EPO 257,472, EP 
O 561,082, 1,009,842A1, 0 853,675A1, O 486,233B1, 0 
554,273A1, O 270,822A1, O 174,166A1, and WO 01/25459. 
0.015 Thus, genetic engineering methods rely on the 
introduction of foreign nucleic acids into the food Supply. 
Those techniques transfer complex fusions of a few to more 
than 20 genetic elements isolated from Viruses, bacteria, and 
plants, that are not indigenous to the transformed plant 
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Species. Such foreign elements include regulatory elements 
Such as promoters and terminators, and genes that are 
involved in the expression of a new trait or function as 
markers to identify or Select for transformation events. 
Despite the testing of foods containing foreign DNA for 
Safety prior to regulatory approval, many consumers are 
concerned about the long-term effects of eating foods that 
express foreign proteins, which are produced by genes 
obtained from other, non-plant Species. 

0016 One commonly used regulatory element is the 35S 
“super” promoter of cauliflower mosaic virus (CaMV), 
which is typically used in plant engineering to induce high 
levels of expression of transgenes to which it is directly 
linked. However, the 35S promoter also can enhance the 
expression of native genes in its vicinity (Weigel et al., Plant 
Physiol., 122: 1003-13, 2000). Such promoters may thus 
induce unpredictable alterations in the expression of endog 
enous genes, possibly resulting in undesirable effects Such as 
increased alkaloid production. Preferred “Strong promoters 
are generally those isolated from viruses, Such as rice tungro 
bacilliform virus, maize Streak virus, cassava Vein virus, 
mirabilis virus, peanut chlorotic Streak caulimovirus, figwort 
mosaic virus and chlorella virus. Other frequently used 
promoters are cloned from bacterial Species and include the 
promoters of the nopaline Synthase and Octopine Synthase 
gene. 

0017. To obtain appropriate termination of gene transla 
tion, terminator Sequences are fused to the 3'-end of 
transgenes and include genetic elements from the nopaline 
Synthase and Octopine Synthase genes from Agrobacterium. 
Other genetic elements may be used to further enhance gene 
expression or target the expressed protein to certain cell 
compartments. These elements include introns to boost 
transgene expression and Signal peptide Sequences to target 
the foreign gene to certain cellular compartments, often 
derived from foreign plant species. 

0018 Certain genes involved in expression of a new trait 
are most frequently derived from foreign Sources. If native 
genes are used, they are often inverted to Silence the 
expression of that gene in transgenic plants and co-trans 
formed with foreign DNA such as a selectable marker. The 
main disadvantage of this “antisense' technology is that the 
inverted DNA usually contains new and uncharacterized 
open reading frames inserted between a promoter and ter 
minator. Thus, potato plants that were genetically modified 
with antisense constructs derived from the Starch related 
gene R1 (Kossmann et al., U.S. Pat. No. 6,207,880), the L 
and H-type glucan phosphorylase genes (Kawchuk et al., 
U.S. Pat. No. 5,998,701, 1999), the polyphenol oxidase gene 
(Steffens, U.S. Pat. No. 6,160,204, 2000), and genes for 
starch branching enzymes I and II (Schwall et al., Nature 
Biotechnology 18: 551-554, 2000) all potentially express 
new peptides consisting of at least 50 amino acids (Table 1). 
These new peptides may interfere with plant development 
and/or reduce the nutritional value of potato, and are there 
fore undesirable. 

0019 Conventional marker genes are incorporated into 
genetic constructs and used to Select for transformation 
events. They confer either antibiotic or herbicide resistance 
(U.S. Pat. No. 6,174,724), a metabolic advantage (U.S. Pat. 
No. 5,767,378), or a morphologically abnormal phenotype 
(U.S. Pat. No. 5,965,791) to the transformed plant. Such 
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markers are typically derived from bacterial Sources. Fur 
thermore, because of the infidelity of T-DNA transfer, about 
75% of transformation events in plants such as tomato, 
tobacco, and potato contain plasmid “backbone' Sequences 
in addition to the T-DNA (Kononov et al., Plant J. 11: 
945-57, 1997). The presence of such backbone sequences is 
undesirable because they are foreign and typically contain 
origins of replication and antibiotic resistance gene markers. 
0020. There do exist various methods for removing ele 
ments like foreign marker genes, but few are easily appli 
cable to plant genetic engineering. According to one Such 
method, the marker gene and desired gene or nucleotide 
Sequence are placed on different vectors. The infection of 
plants with either a single Agrobacterium Strain carrying 
both vectors (U.S. Pat. No. 6,265,638) or two Agrobacte 
rium Strains each of which carries one of the vectors can 
occasionally result in unlinked integration events, which 
may be separated genetically through outbreeding. The main 
disadvantage of this method is that the genetic Separation of 
loci can be very laborious and time-consuming, especially if 
T-DNA integration events are linked. Furthermore, this 
method is not widely applicable in apomictic plants, which 
reproduce asexually, Such as Kentucky bluegrass, or Veg 
etatively propagated crops Such as potato, which cannot be 
readily bred due to inbreeding depression, high levels of 
heterozygosity, and low fertility levels. 
0021 Another method for removing foreign genetic ele 
ments relies on inserting the foreign gene, like the Selectable 
marker, into a transposable element. The modified transpoS 
able element may then be spliced out from the genome at 
low frequencies. Traditional crosses with untransformed 
plants must then be performed to Separate the transposed 
element from the host (U.S. Pat. No. 5,482,852). As 
described for the previous method, this alternative method 
cannot be used for vegetatively propagated or apomictic 
plant Systems. 

0022. A third method of removing a marker gene uses the 
Cre/lox site-specific recombination System of bacteriophage 
P1 (Dale & Ow, Proc. Natl. Acad. Sci. USA, 88: 10558-62, 
1991). Insertion of a marker gene together with the Cre 
recombinase gene and a chimeric gene involved in induction 
of Cre (both with their own promoters and terminators) 
between two loX sites leads to excision of the region 
delineated by the loX sites during the regeneration proceSS 
(Zuo et al., Nat. Biotechnol., 19: 157-61, 2001). This com 
plicated proceSS is inefficient and not reliable, and may cause 
genome instability. 

0023 Recent studies report that some plant genes them 
Selves may be used as transformation markers. Examples of 
Such plant markers include Pga22 (Zuo et al., Curr Opin 
Biotechnol. 13: 173-80, 2002), Cki1 (Kakimoto, Science 
274: 982-985, 1996) and Esr1 (Banno et al., Plant Cell 13: 
2609-18, 2001). All of the genes, however, trigger cytokinin 
responses, which confer an undesirable phenotype to the 
transformed plant. Furthermore, Such plant markers would 
still need to be removed upon transformation by any of the 
methods described above. 

0024. Alternative methods to transform plants are also 
based on the in vitro recombination of foreign genetic 
elements, and rely on bacterial plasmid Sequences for main 
tenance in E. coli, parts of which are co-integrated during the 
transformation process. Examples of Such methods to trans 
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form plants with foreign DNA are described in U.S. Pat. 
Nos. 5,591,616, 6,051,757, 4,945,050, 6,143,949, 4,743, 
548, 5,302,523, and 5,284,253. 
0025 Marker-free transgenic plants may also be obtained 
by omitting any Selection procedures prior to regeneration. 
A disadvantage of this method is that most events generated 
through this method will represent untransformed or chi 
meric plants because they will usually not be derived from 
Single transformed plant cells. It is extremely difficult and 
laborious to use a marker-free procedure for the identifica 
tion of transgenic plants that contain the same DNA inser 
tion(s) in all their cells. 
0026. Thus, there is a very important need to improve 
plants beyond that which can be accomplished through the 
classical breeding crosses and conventional genetic engi 
neering techniques, and which does not rely on the insertion 
of unknown or foreign nucleic acid into a plant genome. 
Accordingly, the present invention provides methods and 
compositions for precisely modifying a plant's own genetic 
material. Thus, the inventive “precise breeding Strategy 
does not induce undesirable phenotypes and does not intro 
duce unknown or foreign nucleic acid into a plant genome. 

SUMMARY 

0027. The present invention provides methods of geneti 
cally enhancing the nutritional value and agronomic perfor 
mance of a plant without the permanent or Stable incorpo 
ration of either unknown or foreign DNA into the genome of 
that plant. According to the methods of the present inven 
tion, Specific, well-characterized nucleic acids, gene ele 
ments, and genes are isolated from a desired plant Species or 
from a plant Species that is Sexually compatible with the 
desired plant, modified, and then reinserted back into the 
genome of the desired plant species. The modification may 
entail mutating the isolated nucleic acid Sequence, deleting 
parts of the isolated nucleic acid, or simply joining the 
isolated nucleic acid to another polynucleotide, Such as 
Subcloning the isolated nucleic acid into a plasmid vector. 
0028. Accordingly, transgenic plants produced by the 
inventive methodology do not possess genomes that com 
prise any foreign species nucleic acids. Thus, the methods 
of the present invention produces a transgenic plant whose 
genome does not comprise a non-plant Species promoter, 
does not comprise a non-plant species terminator, does not 
comprise a non-plant Species 5'-untranslated region, does 
not comprise a non-plant Species 3'-untranslated region, 
does not comprise a non-plant Species marker gene, does not 
comprise a non-plant species regulatory element, does not 
comprise a non-plant species gene, and does not comprise 
any other polynucleotide that is obtained from a non-plant 
Species genome. 
0029. Thus, the present invention provides a method for 
producing a stable transgenic plant that exhibits a modified 
phenotype that is not exhibited by the non-transformed 
plant, comprising (a) transforming plant cells with a desired 
polynucleotide; (b) growing plants from the transformed 
cells; and (c) Selecting a plant stably transformed with Said 
desired polynucleotide which exhibits a new phenotype that 
is not exhibited by plants grown from the corresponding 
non-transformed plant cells. Preferably, the desired poly 
nucleotide consists essentially of (i) nucleic acid sequences 
that are isolated from and/or native to the genome of the 
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plant cells, or to other plants of the same Species, or are 
isolated from and/or native to the genome of a plant Species 
that is sexually compatible with the plant from which the 
plant cells were isolated; and (ii) at least one DNA sequence 
that is a border-like Sequence that has a Sequence that is 
native to the genome of Said plant cells or is native to the 
genome of plant cells of the same Species, or is native to a 
plant that is sexually compatible with the plant from which 
the plant cells were isolated, and wherein the border-like 
Sequence is capable of Stably integrating the desired poly 
nucleotide into the genome of Said plant cells. 

0030) A preferred method of the present invention entails 
producing a transgenic plant that exhibits a modified phe 
notype that is not exhibited by the non-transformed plant, 
comprising (a) infecting explants with Agrobacterium car 
rying (i) a “P-DNA” vector, which contains a desired 
polynucleotide that is native to the transgenic plant, and (ii) 
a “LifeSupport' vector that contains an expression cassette 
containing a selectable marker gene; (b) selecting for tran 
Sient expression of the Selectable marker gene, preferably for 
1-10 days, for 3-7 days, or for 4-5 days; (c) transferring 
explants to regeneration media to allow shoot formation; (d) 
Screening populations of shoots to determine which com 
prise at least one copy of the desired polynucleotide in their 
genomes and, of those, which shoots do not contain any 
foreign nucleic acids, Such as the Selectable marker gene, in 
their genomes; and (e) allowing shoots which contain the 
desired polynucleotide in their genomes but not any marker 
gene DNA, to develop into whole plants, wherein the 
resultant whole plants exhibit a modified phenotype that is 
not exhibited by plants grown from non-transformed plant 
cells of the Same Species. 

0031. According to such a method, the desired polynucle 
otide (i) consists essentially of only elements that are 
isolated from and/or native to the genome of the plant cell 
Species or sexually compatible species thereof; (ii) com 
prises at least one border element that has a Sequence that is 
isolated from, or native to, the genome of the plant cell 
Species or Sexually compatible Species thereof, and is 
capable of Stably integrating the desired polynucleotide into 
the genome of a plant cell exposed to the vector; and (iii) is 
Stably integrated into the genome of the transformed plant; 
wherein the method does not integrate non-plant Species or 
foreign DNA into the genome of the transformed plant. 

0032. Furthermore, any selectable marker gene may be 
used as an indicator of Successful transformation. For 
instance, a “neomycin phosphotransferase' marker gene, or 
an “hpt marker gene may be used to confer resistance to the 
aminoglycoside antibiotics, kanamycin and hygromycin 
respectively. Other marker genes include the “bar” marker 
gene, which conferS resistance to herbicide phosphinothri 
cin; the “DHFR' marker gene, which confers resistance to 
methotrexate; and the “ESPS' marker gene, which confers 
resistance to Round-up herbicide. It is well known in the art 
how to follow expression of Such marker genes to determine 
whether or not the marker gene has been Stably expressed 
into the genome of a transformed plant cell. Accordingly, the 
skilled artisan knows how to follow expression of the 
marker gene to determine that the marker gene is only 
transiently expressed in the transformed plant cell. 

0033. In another aspect of the invention, there is provided 
a method of making a stably transformed plant comprising 
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the steps of: (1) identifying a target gene; (2) isolating a 
leader or trailer DNA sequence associated with Said target 
gene; (3) optionally modifying said isolated leader or trailer 
DNA; (4) operably linking said leader or trailer DNA to 
native regulatory elements to form an expression cassette; 
(5) inserting said expression cassette into a P-DNA that is 
located on a binary vector, wherein the binary vector also 
carries an operable cytokinin gene Such that the inadvertent 
insertion of additional binary vector Sequences, which are of 
foreign origin, are detected by expression of the cytokinin 
gene; (6) introducing the modified binary vector into Agro 
bacterium; (7) stably integrating the rearranged native DNA 
into the genomes of plant cells using LifeSupport-mediated 
transformation; (8) regenerating plant cells that contain the 
rearranged native DNA; (9) discarding plants that display a 
cytokinin-Overproducing phenotype and do not fully regen 
erate; and (10) maintaining for further analysis the desirable 
plants that are indistinguishable from untransformed plants. 
0034. In another aspect of the instant invention, a method 
of modifying the expression of a trait in a Selected plant 
Species is provided. In one embodiment, the method com 
prises (1) identifying the trait to be modified; (2) construct 
ing a recombinant DNA molecule consisting essentially of 
genetic elements isolated from, or native to, the Selected 
plant species, wherein the recombinant DNA molecule, 
when integrated into the genome of the Selected plant 
Species, modifies the expression of the trait in the trans 
formed plant species; (3) stably integrating the recombinant 
DNA molecule into cells of the selected plant species using 
LifeSupport-mediated transformation; and (4) identifying 
transformed plants exhibiting modified expression of the 
trait. 

0035) In a preferred embodiment, polynucleotide that is 
native to a desired plant is inserted into the desired plant's 
genome by infecting explants with two different Agrobac 
terium Strains. A first Agrobacterium Strain is capable of 
transferring the native DNA from P-DNA vectors to plant 
cells, a Second Strain can transfer a T-DNA carrying an 
expression cassette for a Selectable marker gene to plant 
cells. Examples of the latter vector include the So-called, 
“LifeSupport' vectors described herein. By preferably 
Selecting plants that transiently express the marker gene for 
1-10 days, for 3-7 days, or for 4-5 days, and Subsequently 
transferring explants to regeneration media, a population of 
events is obtained, part of which represents plants that 
contain at least one copy of the polynucleotide, but which 
lack any copies of the T-DNA or marker gene. 
0036). In another embodiment, a single Agrobacterium 
strain is used that carries both a P-DNA vector, which houses 
the desired, native gene of interest or polynucleotide 
between P-DNA border-like sequences, and a LifeSupport 
vector, which contains a marker gene. The marker gene may, 
or may not, be inserted between P-DNA border-like 
sequences, T-DNA border sequences, or other T-DNA-like 
border Sequences. 
0037 Thus, in another preferred embodiment, the 
P-DNA vector contains at least two expression cassettes, one 
of which comprises a native Screenable or Selectable marker 
gene driven by a native promoter and followed by a native 
terminator. 

0038. By preferably selecting for at least 2 days and more 
preferably for at least 5 days for native marker gene expres 
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Sion and Subsequently transferring explants to regeneration 
media, a population of events is obtained that represent 
plants containing at least one copy of the introduced DNA 
Stably integrated into their genomes. In preferred embodi 
ments, the plant-derived marker gene encodes a mutant 
5-enolpyruvul-3-phosphoshikimic acid Synthase or tryp 
tophan decarboxylase. In a more preferred embodiment, the 
Selectable marker encodes for Salt tolerance. In a most 
preferred embodiment, the Salt tolerance gene has the nucle 
otide sequence shown in SEQID 35 and is used to select for 
transformation events in potato. 
0039. In yet another embodiment, the modified expres 
Sion of the trait is characterized by an increase in expression, 
a decrease in expression, or in undetectable expression. 

0040. In another aspect of the instant invention, a plant 
made by the method of (1) identifying the trait to be 
modified; (2) constructing a recombinant DNA molecule 
consisting essentially of genetic elements isolated from the 
Selected plant species, wherein the recombinant DNA mol 
ecule when integrated into the genome of the Selected plant 
Species modifies the expression of the trait in the trans 
formed plant species; (3) stably integrating the recombinant 
DNA molecule into cells of the selected plant species 
through LifeSupport-mediated transformation; and (4) iden 
tifying transformed plants exhibiting modified expression of 
the trait, is provided. 
0041. In a further aspect, a method of modifying expres 
Sion of a trait in a selected plant species is provided. This 
method comprises (1) identifying the trait to be modified; (2) 
constructing a recombinant DNA molecule consisting essen 
tially of (a) genetic elements isolated from the Selected plant 
Species, wherein the genetic elements when integrated into 
the genome of the Selected plant Species modifies the 
expression of the trait in the transformed plant species, and 
(b) a Selectable marker gene that is isolated from the same 
plant species; (3) stably integrating the recombinant DNA 
molecule into cells of the Selected plant Species through 
LifeSupport-mediated transformation; (4) detecting the 
Selectable marker gene; and (5) identifying transformed 
plants exhibiting modified expression of the trait. 
0042. In yet one other aspect, a plant exhibiting a modi 
fied expression of a trait is provided. In one embodiment, the 
plant has stably integrated into its genome a recombinant 
DNA molecule consisting essentially of genetic elements 
isolated from a plant of the same Species, or from a plant that 
is Sexually compatible with that Species, wherein the recom 
binant DNA molecule modifies the expression of the trait. 
0043. In another aspect of the present invention, an 
isolated nucleotide sequence referred to as “plant-DNA” 
(“P-DNA") is provided. In a preferred embodiment, the 
P-DNA itself lacks any genes or parts thereof and is delin 
eated by terminal, T-DNA “border-like” sequences that 
share at least 50%, at least 75%, at least 90% or at least 95% 
Sequence identity with the nucleotide Sequence of the 
T-DNA borders of any virulent Agrobacterium strain, and 
which support an efficient transfer of the entire P-DNA from 
Agrobacterium to plant cells. 

0044) In a preferred embodiment a “border-like” 
Sequence promotes and facilitates the integration of a poly 
nucleotide to which it is linked. In another preferred embodi 
ment, each terminal sequence of the modified P-DNA is 
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between 5-100 bp in length, 10-80 bp in length, 15-75 bp in 
length, 15-60 bp in length, 15-50 bp in length, 15-40 bp in 
length, 15-30 bp in length, 16-30 bp in length, 20-30 bp in 
length, 21-30 bp in length, 22-30 bp in length, 23-30 bp in 
length, 24-30 bp in length, 25-30 bp in length, or 26-30 bp 
in length. More preferably, the border-like Sequence is 
between 20 and 28 nucleotides in length. 

0045. In a preferred embodiment, the P-DNA left and 
right border Sequences of the present invention are isolated 
from and/or are native to the genome of a plant that is to be 
modified and are not identical in nucleotide Sequence to any 
known Agrobacterium-derived T-DNA border sequence. 
Thus, in one embodiment, a P-DNA border sequence may 
possess 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, or more nucleotides that are different from a 
T-DNA border sequence from an Agrobacterium species, 
Such as Agrobacterium tumefaciens or Agrobacterium rhizo 
genes. Alternatively, in another embodiment, a P-DNA bor 
der, or a border-like Sequence of the present invention has at 
least 95%, at least 90%, at least 80%, at least 75%, at least 
70%, at least 60% or at least 50% sequence identity with a 
T-DNA border sequence from an Agrobacterium species, 
Such as Agrobacterium tumefaciens or Agrobacterium rhizo 
genes. More preferably, a native plant P-DNA border 
sequence that shares greater than or equal to 99%, 98%, 
97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 
87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 
77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 
67%, 66%, 65%, 64%, 63%, 62%, 61%, or 60% nucleotide 
sequence identity with anAgrobacterium T-DNA border 
Sequence. 

0046. In another preferred embodiment, a border-like 
Sequence can be isolated from a plant genome and then 
modified or mutated to change the efficiency by which they 
are capable of integrating a nucleotide Sequence into another 
nucleotide Sequence. In another embodiment, other poly 
nucleotide Sequences may be added to or incorporated 
within a border-like Sequence of the present invention. Thus, 
in yet another embodiment, a P-DNA left border or a P-DNA 
right border may be modified So as to possess 5'- and 
3'-multiple cloning sites, or additional restriction Sites. In a 
further embodiment, a P-DNA border sequence may be 
modified to increase the likelihood that backbone DNA from 
the accompanying vector is not integrated into the plant 
genome. 

0047. In an even more preferred embodiment, the 
P-DNAS are isolated from any plant by using degenerate 
primers in a polymerase chain reaction. In one preferred 
embodiment, the P-DNA is derived from potato, is delin 
eated by 25-bp termini with 80 and 88% identity to con 
ventional T-DNA borders, respectively, and has the nucle 
otide sequence shown in SEQ ID NO. 1. In another most 
preferred embodiment, the P-DNA is derived from wheat, is 
delineated by 25-bp termini with 72% and 92% identity with 
conventional T-DNA borders, respectively, and contains the 
nucleotide sequence shown in SEQ ID NO. 34. 

0048 Such a P-DNA may be modified so as to comprise 
other polynucleotides positioned between the border-like 
sequences. In a preferred embodiment, the modified P-DNA 
consists essentially of, in the 5'- to 3'-direction, a first 
border-like Sequence that promotes DNA transfer, a pro 
moter, a desired polynucleotide that is operably linked to the 
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promoter, a terminator and a Second border-like Sequence 
that also promotes DNA transfer. In one other embodiment, 
the desired polynucleotide represents one or Several copies 
of a leader, a trailer or a gene in Sense and/or antisense 
orientations. In a more preferred embodiment, the modified 
P-DNA contains expression cassettes for both a mutant PPO 
gene and an invertase inhibitor gene. 
0049. Thus, in a preferred embodiment, the desired poly 
nucleotide comprises a Sense and antisense Sequence of a 
leader Sequence. In a more preferred embodiment, the leader 
Sequence is associated with a gene that is endogenous to a 
cell of the Selected plant Species. In yet a more preferred 
embodiment, the leader is associated with a gene that is 
Selected from the group consisting of a PPO gene, an R1 
gene, a type L or H alpha glucan phosphorylase gene, an 
UDPglucose glucosyltransferase gene, a HOS1 gene, a 
S-adenosylhomocysteine hydrolase gene, a class II cin 
namate 4-hydroxylase gene, a cinnamoyl-coenzyme A 
reductase gene, a cinnamoyl alcohol dehydrogenase gene, a 
caffeoyl coenzyme A O-methyltransferase gene, an actin 
depolymerizing factor gene, a Nin88 gene, a Lol p 5 gene, 
an allergen gene, a P450 hydroxylase gene, an ADP-glucose 
pyrophosphorylase gene, a proline dehydrogenase gene, an 
endo-1,4-beta-glucanase gene, a ZeaXanthin epoxidase gene, 
and a 1-aminocyclopropane-1-carboxylate Synthase gene. 

0050. In yet another preferred embodiment, the desired 
polynucleotide Sequence comprises a Sense and antisense 
Sequence of a trailer Sequence. In a preferred embodiment, 
the trailer Sequence is associated with a gene Selected from 
the group consisting of a PPO gene, an R1 gene, a type L or 
H alpha glucan phosphorylase gene, an UDPglucose glu 
cosyltransferase gene, a HOS1 gene, a S-adenosylhomocys 
teine hydrolase gene, a class II cinnamate 4-hydroxylase 
gene, a cinnamoyl-coenzyme A reductase gene, a cinnamoyl 
alcohol dehydrogenase gene, a caffeoyl coenzyme AO-me 
thyltransferase gene, an actin depolymerizing factor gene, a 
Nin88 gene, a Lol p 5 gene, an allergen gene, a P450 
hydroxylase gene, an ADP-glucose pyrophosphorylase 
gene, a proline dehydrogenase gene, an endo-1,4-beta-glu 
canase gene, a zeaxanthin epoxidase gene, and a 1-aminocy 
clopropane-1-carboxylate Synthase gene. 

0051. In a preferred embodiment, the desired polynucle 
otide, Such as a gene, is isolated from, and/or is native to the 
plant that is to be transformed. In another preferred embodi 
ment, the desired polynucleotide is modified or mutated. In 
one embodiment, a mutation to the isolated polynucleotide 
may render the desired nucleotide greater than or equal to 
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 
89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 
79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 
69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, or 60% 
dissimilar to its unmutated form. 

0.052 In a preferred embodiment of the present invention, 
the promoter of an expression cassette located within a 
P-DNA is a constitutive promoter. In a more preferred 
embodiment the constitutive promoter is the promoter of the 
Ubiquitin-3 gene of potato. In an even more preferred 
embodiment the constitutive promoter is the promoter of the 
Ubiquitin-7 gene of potato. 

0053. In another embodiment, the promoter of an expres 
sion cassette located within a P-DNA is a regulatable 
promoter. In a more preferred embodiment, the regulat 
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ablepromoter is Sensitive to temperature. In an even more 
preferred embodiment, the regulatable promoter is a ci21A 
promoter or a C17 promoter, each isolated from potato 
(Schneider et al., Plant Physiol. 113: 335-45, 1997; Kirchet 
al., Plant Mol Biol 33:897-909, 1997). 
0054. In another embodiment, the promoter of an expres 
sion cassette located within a P-DNA can be regulated in a 
temporal fashion. In a preferred embodiment, the promoter 
is an rbcS promoter (Ueda et al., Plant Cell 1:217-27, 1989). 
0055. In yet another embodiment, the promoter of an 
expression cassette located within a P-DNA is regulated by 
any one of abscisic acid, wounding, methyl jasmonate or 
gibberellic acid. In a further embodiment, this promoter is a 
promoter Selected from either a Rab 16A gene promoter, an 
C.-amylase gene promoter or a pin2 gene promoter. 

0056. In another embodiment, the promoter of an expres 
sion cassette located within a P-DNA is a tissue-specific 
promoter. In a particularly preferred embodiment, this pro 
moter is a GBSS promoter isolated from S. tuberosum. 
0057. In one embodiment, the present invention provides 
a P-DNA vector that is capable of replication in both E.coli 
and Agrobacterium, and contains either a P-DNA or a 
modified P-DNA. In a preferred embodiment, this vector 
also contains an expression cassette for a cytokinin gene in 
its backbone to enable the Selection against backbone inte 
gration events. 

0058. In another preferred embodiment, the desired 
nucleotide Sequence further comprises a Spacer element. In 
a more preferred embodiment, the Spacer element is a Ubi 
intron Sequence or a GBSS spacer Sequence. 

0059. In another preferred embodiment, the desired 
nucleotide Sequence comprises a mutated native gene encod 
ing a functionally inactive protein, which reduces the overall 
activity of that protein if expressed in transgenic plants. In 
yet a more preferred embodiment, this mutated gene encodes 
a functionally inactive polyphenol oxidase lacking a copper 
binding domain. 

0060. In another preferred embodiment, the desired 
nucleotide Sequence comprises a native gene encoding a 
functionally active protein. In yet a more preferred embodi 
ment, this gene encodes for a protein with homology to the 
tobacco vacuolar invertase inhibitor. 

0061. In another embodiment, the terminator of an 
expression cassette located within a P-DNA is a Ubi3 
terminator Sequence or a 3'-untranslated region of a gene of 
a Selected plant Species. 

0062. In another aspect of the instant invention, a method 
for modifying a target plant cell is provided. In one embodi 
ment, the method comprises: (1) inserting a modified 
P-DNA into the genome of at least one cell in the target plant 
cell using LifeSupport-mediated transformation; and (2) 
observing if there is a phenotypic change in the target plant 
cell; wherein the promoter in the modified P-DNA tran 
Scribes the Sense and/or antisense untranslated Sequences 
asSociated with a native gene to reduce expression of that 
native gene, thereby modifying the target plant cell. In 
another preferred embodiment, the promoter in the modified 
P-DNA transcribes a gene to overexpress that gene in the 
target plant cell. 
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0.063. In yet another aspect, there is provided a method of 
making a transgenic plant cell of a Selected plant Species that 
contains a modified P-DNA. The method comprises - co 
transfecting a plant cell of the Selected plant Species with a 
P-DNA vector and a LifeSupport vector that comprises a 
marker gene flanked by a T-DNA left border and a T-DNA 
right border and a mutant Vir)2 gene inserted into the Vector 
backbone, and Selecting for a plant cell that transiently 
expresses the marker gene, and isolating a plant cell that 
contains the modified P-DNA integrated into its genome but 
does not contain any nucleotides from the LifeSupport 
vector. In a preferred embodiment, the marker gene confers 
resistance to kanamycin. In a most preferred embodiment 
the yeast ADH terminator follows the kanamycin resistance 
gene. 

0064. In a preferred embodiment, the plant cell of the 
Selected plant Species targeted for transformation is in cul 
ture. In another preferred embodiment, the plant cell of the 
Selected plant species targeted for transformation is within a 
plant. 

0065. The present invention also provides a plant of the 
Selected Species that comprises at least one cell with a 
genome that contains a modified P-DNA. In a preferred 
embodiment, the modified P-DNA consists essentially of, in 
the 5'- to 3'-direction, a first terminus that functions like a 
T-DNA border followed by P-DNA sequences, a promoter, 
a desired nucleotide Sequence operably linked to both a 
promoter, a terminator and additional P-DNA sequences 
delineated by a Second terminus. In another embodiment, the 
desired polynucleotide represents one or Several copies of a 
leader, a trailer and a gene in the Sense and/or antisense 
orientation. 

0.066. In another embodiment, a plant that comprises at 
least one cell with a genome that contains a modified P-DNA 
is envisioned. 

0067. In another aspect of the invention, a method for 
reducing the expression of a gene in a Selected plant Species 
is provided. The method comprises the LifeSupport-medi 
ated transformation of a plant cell from a Selected plant 
species with a P-DNA vector, wherein the modified P-DNA 
of this vector is stably integrated into the genome of the 
plant cell. In another aspect of the invention, the modified 
P-DNA comprises a desired polynucleotide that reduces 
expression of an endogenous gene from the Selected plant 
Species. 

0068. In another aspect of the instant invention, a gene 
native to the Selected plant Species may be mutated and 
reintroduced into the plant using the inventive methods. 
Preferably, the mutated gene, for instance a mutated PPO 
gene, is integrated into the plant cell genome using a P-DNA 
VectOr. 

0069. The present invention also provides a method for 
reducing the undesirable expression of the polyphenol oxi 
dase gene in a Selected plant Species. In a preferred embodi 
ment, the method comprises integrating into a genome of a 
selected plant species a modified P-DNA comprised only of 
nucleotide Sequences isolated from the Selected plant Species 
or from a plant that is Sexually compatible with the Selected 
plant Species, consisting essentially of, in the 5'- to 3'-di 
rection, a first P-DNA terminus that functions like a T-DNA 
border followed by flanking P-DNA sequences; a promoter; 
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a desired nucleotide which is a Sense-oriented trailer nucle 
otide Sequence associated with a specific PPO gene; an 
antisense-oriented Sequence of the trailer nucleotide 
Sequence from the Specific PPO gene, a termination 
Sequence, and additional P-DNA sequences delineated by a 
Second terminus that functions like a T-DNA border, 
wherein the promoter produces a double-stranded RNA 
molecule that reduces the expression of the specific PPO 
gene, thereby reducing black Spot bruising in Specific tissues 
of the plant. In another embodiment, the Sense- and anti 
Sense-oriented nucleotide Sequences from the leader nucle 
otide Sequences are obtained from the 5'-untranslated region 
preceding the specific PPO gene. In a further embodiment, 
the Sense- and antisense-oriented leader or trailer Sequence 
associated with the PPO gene may be separated by another 
polynucleotide Sequence, referred to herein, as either an 
intron or a "spacer.” In a preferred embodiment, the leader 
or trailer Sequence is associated with a potato PPO gene. In 
a more preferred embodiment, the leader or trailer Sequence 
is associated with a potato PPO gene that is expressed in 
potato tubers. In a most preferred embodiment, the leader or 
trailer Sequence is associated with a potato PPO gene that is 
expressed in all parts of the potato tuber except for the 
epidermis. 
0070 The present invention also provides a method for 
reducing acrylamide production, Sprout-induction during 
Storage, phosphate accumulation, and/or cold-induced 
Sweetening in tubers of a Selected plant Species. 
0071. In a preferred embodiment, the method comprises 
the LifeSupport-mediated transformation of a Selected plant 
species with a modified P-DNA comprised only of nucle 
otide Sequences isolated from the Selected plant Species, or 
from plants that are Sexually compatible with the Selected 
plant Species, consisting essentially of, in the 5'- to 3'-di 
rection, a first P-DNA with a left border-like sequence, a 
promoter, a desired nucleotide Sequence, which is a Sense 
oriented nucleotide Sequence from the leader Sequence asso 
ciated with the R1 gene, an antisense-oriented Sequence 
from this leader Sequence, a termination Sequence, and a 
right border-like Sequence. Upon expression, a leader-RNA 
dupleX is produced that reduces expression of the R1 gene, 
thereby reducing cold-induced Sweetening in the plant. In 
another embodiment, the desired Sense- and antisense-ori 
ented nucleotide Sequences represent the trailer associated 
with the R1 gene. In a further embodiment, the Sense- and 
antisense-oriented leader or trailer associated with R1 may 
be separated by another polynucleotide Sequence, referred to 
herein, as either an intron or a "spacer.’ 
0072. In another preferred embodiment, the method com 
prises the LifeSupport-mediated transformation of a Selected 
plant species with a modified P-DNA that is similar to the 
one described above but contains a leader- or trailer 
Sequence associated with an alpha glucan phosphorylase 
gene. 

0073. In yet another preferred embodiment, the method 
comprises the LifeSupport-mediated transformation of a 
selected plant species with a modified P-DNA that contains 
an invertase inhibitor gene. 
0074. In another preferred embodiment, the modified 
P-DNA described in the preceding paragraphs are used to 
reduce the accumulation of additional undesirable products 
of the Maillard reaction, which occurs during the heating of 
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carbohydrate-rich foods Such as potato tubers. These unde 
Sirable products include advanced glycation end products 
(AGES) that have been associated with various pathologies. 
0075. The present invention also provides a method for 
increasing resistant Starch levels in the Storage organs of 
plants and food crops. 
0.076. In a preferred embodiment, the method comprises 
the LifeSupport-mediated transformation of a Selected plant 
species with a modified P-DNA that contains an expression 
cassette for a fusion of the trailer Sequences associated with 
the Starch branching enzyme I and II genes. 
0077. The present invention also provides isolated nucle 
otide Sequences comprising the promoters of the potato 
GBSS gene and the potato proteinase inhibitor gene, which 
are predominantly expressed in tubers. The isolated promot 
ers have the nucleotide sequence shown in SEQ ID NO.: 6 
and SEQ ID NO.:40, respectively. 
0078. In one aspect, the present invention provides a 
method of modifying a trait of a Selected plant comprising: 

0079 a. stably transforming cells from the selected 
plant with a desired polynucleotide, wherein the 
desired polynucleotide consists essentially of a 
nucleic acid Sequence that is native to the Selected 
plant, native to a plant from the same Species, or is 
native to a plant that is sexually interfertile with the 
Selected plant, 

0080 b. obtaining a stably transformed plant from 
the transformed plant cells wherein the transformed 
plant contains the desired polynucleotide Stably inte 
grated into the genome and wherein the desired 
polynucleotide modifies the trait. 

0081. In a preferred embodiment, the method further 
comprises co-transfecting the plant cells with a Selectable 
marker gene that is transiently expressed in the plant cells, 
and identifying transformed plant cells, and transformed 
plants obtained from the transformed plant cells, wherein the 
Selectable marker gene is not stably integrated and the 
desired polynucleotide is Stably integrated into the genome. 
0082 In a preferred embodiment, the desired polynucle 
otide comprises a P-DNA, GBSS promoter, UbiT promoter, 
Ubi3 promoter, PIP promoter, modified PPO gene, invertase 
inhibitor gene, Salt tolerance gene, R1-associated leader, 
phosphorylase-associated leader, R1-associated trailer, 
SBE-associated trailers, Ubi-intron, GBSS spacer, UbiT. 
0.083. In another preferred embodiment, a “plant” of the 
present invention is a monocotyledenous plant, Selected 
from the group consisting of wheat, turf, turfgrass, cereal, 
maize, rice, oat, wheat, barley, Sorghum, orchid, iris, lily, 
onion, banana, Sugarcane, Sorghum, and palm. 
0084. In yet another embodiment, a “plant” of the present 
invention is a dicotyledenous plant, Selected from the group 
consisting of avacado, potato, tobacco, tomato, Sugarbeet, 
broccoli, cassava, Sweet potato, pepper, cotton, poinSetta, 
legumes, alfalfa, Soybean, carrot, Strawberry, lettuce, oak, 
maple, Walnut, rose, mint, Squash, daisy, and cactus. 
0085. In yet another embodiment, plants and plant cells 
of the present inventive methods are transformed Via Agro 
bacterium-mediated transformation. Preferably, the Agro 
bacterium-mediated transformation relies on the use of at 
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least one binary vector. In yet another embodiment, the 
Agrobacterium-mediated transformation method uses a first 
binary vector and a Second binary vector. In a preferred 
embodiment the first binary vector contains the desired 
polynucleotide and the Second binary vector contains a 
Selectable marker gene, wherein the Selectable marker gene 
is operably linked to a promoter and a terminator. 
0086 According to the present methods, the trait that is 
modified is Selected from the group consisting of enhanced 
health and nutritional characteristics, improved Storage, 
enhanced yield, enhanced Salt tolerance, enhanced heavy 
metal tolerance, increased drought tolerance, increased dis 
ease tolerance, increased insect tolerance, increased water 
StreSS tolerance, enhanced cold and frost tolerance, enhanced 
color, enhanced Sweetness, improved vigor, improved taste, 
improved texture, decreased phosphate content, increased 
germination, increased micronutrient uptake, improved 
Starch composition, improved flower longevity. 
0087. The present invention also encompasses a plant 
made by the present methods. 
0088. In another aspect, the present invention provides a 
method of modifying a trait in a Selected plant comprising: 

0089 (a) identifying the trait to be modified; 
0090 (b) constructing a first polynucleotide consist 
ing essentially of native genetic elements isolated 
from the Selected plant, a plant from the same 
species, or a plant that is sexually interfertile with the 
Selected plant, wherein the native genetic elements 
are capable of modifying the expression of a gene 
that controls the trait 

0091 (c) constructing a second polynucleotide com 
prising a Selectable marker gene that is operably 
linked to a promoter and a terminator; 

0092 (d) co-transfecting plant cells from the 
Selected plant with the first and Second polynucle 
otides, 

0093 (e) selecting for the transient expression of the 
Selectable marker gene, 

0094 (f) screening for plant cells stably transformed 
with the first polynucleotide but do not contain the 
Second DNA molecule integrated into the genome; 
and 

0.095 (g) obtaining a stably transformed plant from 
the transformed plant cells that exhibit a modified 
expression of the trait. 

0096. In one embodiment, the genetic elements comprise 
at least one of a promoter, Sequence of interest, terminator 
enhancer, intron, Spacer, or regulatory elements. In another 
embodiment, method of claim 4, wherein the plant cells are 
transfected with the first polynucleotide before the second 
polynucleotide or Vice versa. 
0097. In one embodiment, the sequence of interest is a 
gene. In another embodiment, the gene is a mutated or 
wild-type polyphenol oxidase gene or a mutated or wild 
type R1 gene. In one other embodiment, the Sequence of 
interest is a leader or trailer Sequence, wherein the leader or 
trailer Sequence represents a Sequence upstream or down 
Stream of a gene that is native to the plant cell. In yet another 
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embodiment, the Sequence of interest comprises a Sense 
oriented leader Sequence operably linked to an antisense 
leader Sequence. In another embodiment, the Sequence of 
interest comprises a Sense-oriented trailer Sequence operably 
linked to an antisense trailer Sequence. In another embodi 
ment, the promoter is an inducible promoter. In another 
embodiment, the terminator is a yeast ADH terminator 
Sequence. 

0098. According to the present invention, a leader con 
Struct comprises in 5'-to 3'-direction, a promoter, a Sense 
oriented leader Sequence, the antisense Sequence of the 
leader, and a terminator, wherein expression of the leader 
construct produces a double-stranded RNA molecule that 
facilitates the down-regulation of expression of the gene to 
which it is associated. In one other embodiment, the leader 
Sequence is associated with, and located upstream of, the 
coding region of the PPO gene, the R1 gene, an L-type 
phosphorylase gene, or an alpha glucan phosphorylase gene. 

0099. In another embodiment, the trailer construct com 
prises in 5'-to 3'-direction, a promoter, a Sense-oriented 
trailer Sequence, the antisense Sequence of the trailer, and a 
terminator, wherein expression of the trailer construct pro 
duces a double-stranded RNA molecule that facilitates the 
down-regulation of expression of the gene to which it is 
asSociated. In a preferred embodiment, the trailer Sequence 
is associated with, and located downstream of, the coding 
region of the PPO gene, the R1 gene, an L-type phospho 
rylase gene, or an alpha glucan phosphorylase gene. 
0100. The method further comprises exposing the plant 
cell to a Second vector that comprises a marker element, 
wherein the marker is transiently expressed in the trans 
formed plant and is not stably integrated into the genome of 
the transformed plant. In one embodiment, the marker is a 
herbicide resistance gene, an antibiotic resistance gene, or 
NPTII. 

0101 Preferably, the plant cells are transformed via 
Agrobacterium-mediated transformation. In one embodi 
ment, the Agrobacterium-mediated transformation relies on 
the use of at least one binary vector. In yet another embodi 
ment, the Agrobacterium-mediated transformation method 
uses a first binary vector and a Second binary vector. In one 
other embodiment, the first binary vector carries the first 
polynucleotide and the Second binary vector carries the 
Second polynucleotide. 
0102) The present invention provides another method of 
modifying the expression of a gene in a Selected plant 
comprising: 

0103 (a) identifying the functional gene; 
0104 (b) constructing a first polynucleotide consist 
ing essentially of native genetic elements isolated 
from the Selected plant, a plant of the same Species 
as the Selected plant, or a plant that is Sexually 
interfertile with the selected plant, wherein the native 
genetic elements are capable of modifying the 
expression of the gene, 

0105 (c) constructing a second polynucleotide com 
prising a functional Selectable marker gene; 

0106 (d) co-transfecting plant cells from the 
Selected plant with the first and Second poylnucle 
otides, 
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0107 (e) selecting for the transient expression of the 
Selectable marker gene, 

0108 (f) screening for plant cells stably transformed 
with the first polynucleotide but do not contain the 
Second polynucleotide integrated into the genome; 
and 

0109 (g) obtaining a transformed plant from the 
transformed plant cells that exhibit modified expres 
Sion of the gene. 

0110 Preferably, the plant cells are transformed via Agro 
bacterium-mediated transformation. In one embodiment, the 
Agrobacterium-mediated transformation relies on the use of 
at least one binary vector. In yet another embodiment, the 
0111 Agrobacterium-mediated transformation method 
uses a first binary vector and a Second binary vector. In one 
other embodiment, the first binary vector carries the first 
polynucleotide and the Second binary vector carries the 
Second polynucleotide. 
0112 In another embodiment, the first polynucleotide 
comprises at least one of a P-DNA, GBSS promoter, UbiT 
promoter, Ubi3 promoter, PIP promoter, modified PPO gene, 
invertase inhibitor gene, Salt tolerance gene, R1-associated 
leader, phosphorylase-associated leader, R1-associated 
trailer, SBE-associated trailers, Ubi-intron, GBSS spacer, 
UbiT. 

0113. In another embodiment, the second polynucleotide 
comprises at least one of a Selectable marker gene, an 
omega-mutated Vir)2 polynucleotide, a codA polynucle 
otide, and a codA::upp fusion polynucleotide. 
0114. The present invention also encompases a plant 
made by Such method. 
0.115. In one other embodiment, a transgenic plant is 
provided which exhibits a modified expression of a trait 
compared to the non-trasgenic plant from which it was 
derived, wherein the transgenic plant is Stably transformed 
with a desired polynucleotide consisting essentially of native 
genetic elements isolated from the plant, a plant in the same 
Species, or a plant that is Sexually interfertile with the plant, 
and wherein the polynucleotide modifies the expression of 
the trait. 

0116. In another preferred embodiment, the “plant” of the 
present invention is a monocotyledenous plant, Selected 
from the group consisting of wheat, turf, turfgrass, cereal, 
maize, rice, oat, wheat, barley, Sorghum, orchid, iris, lily, 
onion, banana, Sugarcane, Sorghum, and palm. 
0117. In yet another embodiment, the “plant” of the 
present invention is a dicotyledenous plant, Selected from 
the group consisting of avacado, potato'? tobacco, tomato, 
Sugarbeet, broccoli, cassava, Sweet potato, pepper, cotton, 
poinsetta, legumes, alfalfa, Soybean, carrot, Strawberry, let 
tuce, oak, maple, Walnut, rose, mint, Squash, daisy, and 
CactuS. 

0118. In another embodiment, the trait is selected from 
the group consisting of enhanced health and nutritional 
characteristics, improved Storage, enhanced yield, enhanced 
Salt tolerance, enhanced heavy metal tolerance, increased 
drought tolerance, increased disease tolerance, increased 
insect tolerance, increased water-StreSS tolerance, enhanced 
cold and frost tolerance, enhanced color, enhanced Sweet 
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neSS, improved vigor, improved taste, improved texture, 
decreased phosphate content, increased germination, 
increased micronutrient uptake, improved Starch composi 
tion, improved flower longevity. 
0119). In another embodiment, the desired polynucleotide 
comprises at least one of a P-DNA, GBSS promoter, Ubi 7 
promoter, Ubi3 promoter, PIP promoter, modified PPO gene, 
invertase inhibitor gene, Salt tolerance gene, R1-associated 
leader, phosphorylase-associated leader, R1-associated 
trailer, SBE-associated trailers, Ubi-intron, GBSS spacer, 
UbiT. 

0120) The present invention also encompasses an iso 
lated, border-like nucleotide Sequence ranging in size from 
20 to 100 bp that shares between 52% and 96% sequence 
identity with a T-DNAborder sequence from Agrobacterium 
tunafaciens. In a preferred embodiment, the isolated nucle 
otide Sequence is isolated from a monocotyledenous plant, 
Selected from the group consisting of wheat, turf, turfgrass, 
cereal, maize, rice, oat, wheat, barley, Sorghum, orchid, iris, 
lily, onion, banana, Sugarcane, Sorghum, and palm. In 
another embodiment, the nucleotide Sequence is isolated 
from a dicotyledenous plant Selected from the group con 
Sisting of potato, tobacco, tomato, Sugarbeet, broccoli, cas 
Sava, Sweet potato, pepper, cotton, poinSetta, legumes, 
alfalfa, Soybean, carrot, Strawberry, lettuce, oak, maple, 
Walnut, rose, mint, Squash, daisy, and cactus. 
0121. In yet another embodiment, the isolated nucleotide 
Sequence is isolated from potato, and has a nucleotide 
sequence shown in either SEQ ID NO. 94 or 95. In a 
preferred embodiment, the isolated nucleotide Sequence 
shares 52% sequence identity with a T-DNA border 
Sequence from Agrobacterium tunafaciens. The present 
invention encompasses a vector that comprises Such nucle 
otide Sequences. 
0122) The present invention also provides method of 
making a plant Stably transformed with a desired polynucle 
otide comprising: 

0123 (a) isolating a P-DNA that is flanked by bor 
der-like Sequences from the plant wherein the bor 
der-like sequences share between 52% and 96% 
Sequence identity with an Agrobacterium tumafia 
ciens T-DNA border sequence; 

0124 (b) inserting the desired polynucleotide 
between the P-DNA border-like sequences to form a 
P-DNA construct; and 

0125 (c) transforming aa plant cell from the plant 
with the P-DNA construct; and 

0126 (d) recovering a plant from the transformed 
plant cell stably transformed with the P-DNA con 
Struct. 

0127. In one embodiment, the P-DNA construct is carried 
on a vector comprised of a backbone integration marker 
gene and transformed plant cells are Selected that do not 
contain the backone integration marker gene. In another 
embodiment, the backbone integration marker gene is a 
cytokinin gene. In another embodiment, plant shoots are not 
Selected that exhibit a cytokinin-overproducing phenotype. 
In yet another embodiment, the backinone integraton marker 
gene is the IPT gene, and plant shoots are not Selected that 
exhibit an abnormal phenotype or cannot develop roots. 
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0128. In one other embodiment, the plant cells are from 
a monocotyledenous plant Selected from the group consist 
ing of Wheat, turf, turfgrass, cereal, maize, rice, oat, wheat, 
barley, Sorghum, orchid, iris, lily, onion, banana, Sugarcane, 
Sorghum, and palm. 

0129. In another embodiment, the plant cells are from a 
dicotyledenous plant Selected from the group consisting of 
potato, tobacco, tomato, Sugarbeet, broccoli, cassava, Sweet 
, potato, pepper, cotton, poinSetta, legumes, alfalfa, Soybean, 
carrot, Strawberry, lettuce, oak, maple, Walnut, rose, mint, 
Squash, daisy, and cactus. 
0.130 Preferably, the plant cells are transformed via 
Agrobacterium-mediated transformation. In one embodi 
ment, the Agrobacterium-mediated transformation relies on 
the use of at least one binary vector. In yet another embodi 
ment, the Agrobacterium-mediated transformation method 
uses a first binary vector and a Second binary vector. In one 
other embodiment, the first binary vector carries the first 
polynucleotide and the Second binary vector carries the 
Second polynucleotide. In one further embodiment, the 
Second binary vector comprises at least one of a negative 
Selectable marker gene and an omega-mutated Vir)2 gene, 
wherein the negative Selectable marker gene is positioned 
within the right T-DNA border and the left T-DNA border, 
and wherein the omega-mutated Vir)2 gene is positioned 
within the backbone of the second binary vector. In a 
preferred embodiment, the Second binary vector comprises 
both a negative Selectable marker gene positioned within the 
right T-DNA border and the left T-DNA border, and an 
omega-mutated Vir)2 gene positioned within the backbone 
of the second binary vector. 
0131 The present invention also provides a P-DNA con 
sisting essentially of, in the 5'- to 3'-direction, a first T-DNA 
border-like Sequence, a promoter, a desired polynucleotide 
Sequence operably linked to the promoter, a terminator, and 
a second T-DNA border-like sequence, wherein the border 
like Sequences have less than 100% sequence identity with 
T-DNA border sequences 
0.132. In a preferred embodiment, the T-DNA border-like 
Sequences, the promoter, the desired polynucleotide, and the 
terminator, are all isolated from the same plant, the same 
plant Species, or plants that are Sexually interfertile. 

0133). In another embodiment, the P-DNA further con 
Sists essentially of a Selectable marker gene. 

0.134. In yet another embodiment, the T-DNA border-like 
Sequences, the promoter, the desired polynucleotide, the 
terminator and the Selectable marker gene, are all isolated 
from the Same plant, the same plant Species, or plants that 
are Sexually interfertile. 
0135) In yet another embodiment, the desired polynucle 
otide Sequence in the P-DNA is a Sequence upstream or 
downstream of the coding region of a gene, wherein the 
upstream Sequence is a leader Sequence, and wherein the 
downstream Sequence is a trailer Sequence. In this embodi 
ment, the T-DNA border-like sequences, the promoter, the 
leader Sequence, the trailer Sequence, the terminator and the 
Selectable marker gene are all isolated from the same plant, 
the same plant Species, or plants that are Sexually interfertile. 

0.136. In another embodiment, vectors comprising such 
P-DNA constructs are provided by the present invention. 
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0.137 In another embodiment, the promoter is a regulat 
able promoter. In yet another embodiment, the regulatable 
promoter is Sensitive to temperature. In a preferred embodi 
ment, the regulatable promoter is a wheat WCS120 promoter. 
In another embodiment, the promoter is under temporal 
regulation. In yet another embodiment, the promoter is a 
carboxylase promoter. In a further embodiment, the car 
boxylase promoter is a maize carboxylase promoter. 
0.138. The promoter may be regulated by any one of 
abscisic acid, wounding, methyl jasmonate or gibberellic 
acid. In another embodiment, the promoter is a promoter 
Selected from either a Rab 16A gene promoter, an a-amylase 
gene promoter or a pin2 gene promoter. In yet another 
embodiment, the promoter is a tissue-specific promoter. 

0.139. In one other embodiment, the leader sequence is a 
part of a 5'-untranslated region of a gene that is endogenous 
to a cell of the Selected plant Species. In another embodi 
ment, the 5'-untranslated region is upstream of a start codon 
of a gene that is Selected from the group consisting of a PPO 
gene, an R1 gene, a HOS 1 gene, a S-adenosylhomocysteine 
hydrolase gene, a class II cinnamate 4-hydroxylase gene, a 
cinnamoyl-coenzyme A reductase gene, a cinnamoyl alcohol 
dehydrogenase gene, a caffeoyl coenzyme AO-methyltrans 
ferase gene, an actin depolymerizing factor gene, a Nin88 
gene, a Lol p 5 gene, an allergen gene, a P450 hydroxylase 
gene, an ADP-glucose pyrophosphorylase gene, a pro line 
dehydrogenase gene, an endo-1,4-beta-glucanase gene, a 
Zeaxanthin epoxidase gene, and a 1-aminocyclopropane-1- 
carboxylate Synthase gene. 

0140. In another embodiment, the trailer sequence is a 
part of the 3'-untranslated region of a gene that is down 
Stream of a termination codon of a gene Selected from the 
group consisting of a PPO gene, an R1 gene, a HOS1 gene, 
a S-adenosylhomocysteine hydrolase gene, a class II cin 
namate 4-hydroxylase gene, a cinnamoyl-coenzyme A 
reductase gene, a cinnamoyl alcohol dehydrogenase gene, a 
caffeoyl coenzyme A O-methyltransferase gene, an actin 
depolymerizing factor gene, a Nin88 gene, a Lol p 5 gene, 
an allergen gene, a P450 hydroxylase gene, an ADP-glucose 
pyrophosphorylase gene, a proline dehydrogenase gene, an 
endo-1,4-beta-glucanase gene, a ZeaXanthin epoxidase gene, 
and a 1-aminocyclopropane-1-carboxylate Synthase gene. 

0.141. The present vector may further comprise a spacer 
element that is either an Ubi intron sequence or a GBSS 
Spacer Sequence. In another embodiment, the vector com 
prises a terminator that is a Ubi3 terminator Sequence or a 
3'-untranslated region of an endogenous plant gene. 

0142. In another embodiment, the vector comprises a 
Selectable marker gene operably linked to a constitutive 
promoter and a Cre gene operably linked to an inducible 
promoter, wherein the Selectable marker gene and the Cre 
gene are flanked by a first recombinase recognition site and 
a Second recombinase recognition Site. In another embodi 
ment, the first recombinase recognition site and the Second 
recombinase recognition Site are lox sites. 

0143. In another embodiment, the inducible promoter is 
a temperature-Sensitive promoter, a chemically-induced pro 
moter, or a temporal promoter. In yet another embodiment, 
the inducible promoter is a Ha hsp17.7 G4 promoter, a wheat 
WCS120 promoter, a Rab 16A gene promoter, an O-amylase 
gene promoter, a pin2 gene promoter, a carboxylase pro 
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moter. In yet another preferred embodiment, further com 
prises a plant-derived marker gene. In another preferred 
embodiment, the plant-derived marker gene is an enolpyru 
Vul-3-phosphoshikimic acid Synthase gene. 
0144. In another aspect of the present invention, a 
method for modifying a plant cell is provided, comprising 
integrating a P-DNA sequence into the genome of a plant 
cell, wherein the P-DNA consists essentially of, in the 5'- to 
3'-direction, a first T-DNAborder-like sequence, a promoter, 
a desired polynucleotide Sequence operably linked to the 
promoter, a terminator, and a second T-DNA border-like 
Sequence, wherein the border-like Sequences have less than 
100% sequence identity with T-DNA border sequences, and 
wherein the T-DNAborder-like sequences, the promoter, the 
desired polynucleotide, and terminator, are all isolated from 
or native to the genome of the plant cell, wherein the desired 
polynucleotide comprises Sense and antisense Seqeunces of 
a leader Sequence or trailer Sequence that are associated with 
the upstream or downstream non-coding regions of a gene in 
the plant, and wherein expression of the desired polynucle 
otide produces a double-Stranded RNA transcript that targets 
the gene associated with the desired polynucleotide, thereby 
modifying the plant cell. 
0145 The present invention also encompasses a method 
for modifying a plant, comprising: 

0146 (i) transfecting at least one cell in the plant 
with the vector of the present invention; 

0147 (ii) selecting a cell expressing the functional 
Selectable marker; 

0148 (iii) isolating the cell expressing the func 
tional Selectable marker; 

0149 (iii) inducing the expression of the functional 
Cre gene in the isolated cell; 

0150 (iv) culturing the isolated cell; and 
0151 (ii) observing the phenotype of cultured cells; 

0152 wherein a phenotype that is different to an untrans 
fected plant cell indicates that the target plant cell has been 
modified. 

0153. In a preferred embodiment the selecting step of this 
and other methods of the present invention is performed by 
identifying which cells are resistant to an antibiotic. 
0154) In another aspect, a method for identifying a target 
plant cell whose genome contains a P-DNA, comprises 
co-transfecting a plant target cell with the vector of the 
present invention and a Second Agrobacterium-derived vec 
tor that comprises a marker gene flanked by a T-DNA left 
border and a T-DNA right border and a omega-mutated 
vir)2 gene, wherein the P-DNA is integrated into the 
genome of the plant target cell, and wherein no part of the 
Second Agrobacterium-derived vector is integrated into the 
genome of the plant target cell. In a preferred embodiment, 
the marker in the Second Agrobacterium-derived vector is a 
neomycin phosphotransferase gene. 
O155 In another aspect, the method for identifying a 
target plant cell whose genome contains at least a part of an 
integration cassette is provided, further comprises Selecting 
cells that Survive temporary growth on a kanamycin-con 
taining media, wherein the genomes of the Selected cells 
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contain only the integration cassette. In one embodiment, the 
target plant cell is within a plant. A plant comprising at least 
one cell whose genome comprises Such a P-DNA is also 
encompassed by the present invention. 
0156 The present invention also encompasses a plant 
comprising at least one cell whose genome is artificially 
manipulated to contain only plant-derived nucleic acids, 
wherein no cells of the plant contain foreign nucleic acids 
integrated into the cell genome. 
O157 The present invention also encompasses a poly 
nucleotide comprising the polynucleotide Sequence of SEQ 
ID NO. 93, wherein the polynucleotide is between 20 and 80 
nucleotides in length. In one embodiment, the polynucle 
otide is between 21 and 70 nucleotides in length, between 22 
and 50 nucleotides in length, between 23 and 40 nucleotides 
in length, or between 24 and 30 nucleotides in length. 
0158. In another aspect, the invention encompasses a 
tuber-specific promoter as shown in SEQ ID NO. 40. 
0159. The present invention also encompasses an Agro 
bacterium-based method of making transgenic plant cells 
that do not contain a Selectable marker gene Stably inte 
grated in nuclear DNA comprising: 

0160 a... constructing a first binary vector comprised 
of a polynucleotide consisting essentially of a 
desired functional gene operably linked to T-DNA 
borders or T-DNAborder-like sequences at the 5' and 
3' ends of the desired functional gene; 

0.161 b. constructing a second binary vector com 
prised of a functional Selectable marker gene oper 
ably linked to T-DNA borders or T-DNA border-like 
sequences at the 5' and 3' ends of the functional 
Selectable marker gene, 

0162 C. incubating plants cells with: 
0163 i. an Agrobacterium strain carrying the first 
and the Second binary vectors, or 

0.164 ii. a first Agrobacterium strain carrying the 
first binary vector and a Second Agrobacterium Strain 
carrying the Second binary vector; 

0.165 d. Selecting plant cells wherein the desired 
functional gene is integrated into plant nuclear DNA 
without integration of the Selectable marker gene 
into plant nuclear DNA following incubation for an 
appropriate time period on a medium containing an 
appropriate Selection agent. 

0166 In a preferred embodiment, the selectable marker 
gene is a herbicide resistance gene or an antibiotic resistance 
gene. In another preferred embodiment, the antibiotic resis 
tance gene is the nNPTII gene. In another embodiment, the 
antibiotic resistance gene is the npt II Structural gene oper 
ably linked to the promoter from the Ubiquitin-7 gene and 
the termininator from yeast alcohol dehydrogenase 1 
(ADH1) gene. According to this method, the plant cells are 
first incubated with the first Agrobacterium strain and then 
Subsequently incubated with the Second Agrobacterium 
Strain or -Vice versa. 

0167. In a preferred embodiment, the first binary vector 
further comprises a binary integration marker gene that can 
be used to detect plant cells stably transformed with binary 
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vector backbone Sequences. In another embodiment, the 
binary vector integration marker gene is Selected from the 
group consisting of herbicide resistance gene, antibiotic 
resistance gene, or NPTII. In yet another embodiment, the 
Second binary vector further comprises a gene fusion 
between the bacterial cytosine deaminase (coda) and uracil 
phophoribsyltransferase (upp) genes, which is inserted 
between the T-DNA or T-DNA border-like sequences, and 
plant cells are exposed to 5-fluorocytosine following incu 
bation with the first and second Agrobacterium strains in 
order to Select against those plant cells transformed with the 
Second binary vector. 
0.168. In yet another embodiment, the secondary binary 
vector further comprises a gene that reduces the probability 
of backbone integration. In one embodiment, Such a gene is 
the omega-mutated Vir)2 gene, wherein the omega-mutated 
Vir)2 gene reduces the frequency of integration of the 
Selectable marker gene into the plant nuclear DNA. 
0169. The present invention also encompasses an isolated 
nucleotide Sequence comprising the GBSS promoter iso 
lated from S. tuberosum. In a preferred embodiment, this 
isolated nucleotide Sequence has the nucleotide Sequence 
that is SEO ID. NO. 6 or 13. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0170 FIG. 1. Schematic illustrations of some P-DNA 
vectors used in the present invention. P-DNA region is 
indicated as grey box. “ipt'=expression cassette for the ipt 
gene, “mpt'=expression cassette for the nptI gene; 
“mPPO'=expression cassette for a modified PPO gene; 
“INH’=expression cassette for an invertase inhibitor gene; 
“GUS”-expression cassette for the GUS gene; “LPPO".= 
expression cassette for a Sense and antisense copy of the 
leader associated with a PPO gene; “LPH'=expression cas 
Sette for a Sense and antisense copy of the leader associated 
with a phosphorylase gene, "Alf'=expression cassette for a 
potato Alfin homolog. See text for details. 
0171 
0172 FIG. 3. Alignment of potato and tobacco invertase 
inhibitor proteins. “St’=Solanum tuberosum (potato); “Nt'= 
Nicotiana tabacum (tobacco) 
0173 FIG. 4. Alignment of trailers associated with vari 
ous PPO genes. 
0174 FIG. 5. Schematic illustrations of some LifeSup 
port vectors used in the present invention. “codA' is an 
expression cassette for the codA gene, “codA::upp' is an 
expression cassette for the codA gene fused to upp; 
“S2virl)2” is an expression cassette for the C2vir)2 gene. 

FIG. 2. Gene-free expression cassettes 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.175. The “precise breeding” strategy of the present 
invention improves the agronomic performance, nutritional 
value, and health characteristics of plants and crops without 
introducing unknown nucleic acid, or nucleic acid from a 
foreign species into a plant species genome, and without 
producing undesirable phenotypes or harmful Side-effects. 
0176 Thus, the present invention provides a transgenic 
plant, and methods for making Such a plant that do not 
integrate nucleic acid from non-plant Species into that 
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plant's genome. Nucleic acids, promoters, regulatory ele 
ments, other non-coding gene Sequences, markers, poly 
nucleotides, and genes that are integrated into the Selected 
plant genome are all preferably isolated from the plant that 
is to be transformed, plants of the same Species to be 
transformed, or plants that are Sexually interfertile with the 
plant to be transformed. Such “native' nucleic acids can be 
mutated, modified or cojoined with other native nucleic 
acids in an expression cassette and reintegrated into the 
Selected plant genome, according to the methods described 
herein. Accordingly, the genotype and phenotype of the 
transgenic plant is altered using only that Selected plant's 
own nucleic acid, or using nucleic acid from a plant that is 
Sexually compatible with the Selected plant. 

0177 To facilitate the production of such transgenic 
plants, the present invention makes use of the fact that not 
all T-DNA vectors used in Agrobacterium-mediated trans 
formation are actually integrated into the plant genome; i.e., 
while a vector may be taken up by the plant cell, an actual 
integration event may not occur. According to the present 
invention, one may use Such a vector to carry a Selectable 
marker gene into a plant cell. Plant cells can then be 
Screened to determine whether the marker has been Stably 
integrated into the plant genome by determining for how 
long the marker gene is expressed. Accordingly, plant cells 
that only transiently express the Selectable marker gene are 
desired because they represent cells that took up, but did not 
integrate into their genomes, the Selectable marker gene. 

0.178 Thus, by co-transforming a plant with Such a 
“marker vector” and also with another vector that contains 
the desired native gene or polynucleotide, one can Select 
plant cells that took up both vectors and, from those, 
determine which cells possess genomes that contain only the 
desired gene or polynucleotide. The “marker vector” can be 
modified to further reduce the possibility that the marker 
will be integrated into the plant genome. The present inven 
tion provides such “marker vectors' in the form of “Life 
Support' vectors. 

0179 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Generally, the nomenclature used herein, 
and the laboratory procedures in cell culture, molecular 
genetics, and nucleic acid chemistry and hybridization 
described herein, are those well known and commonly 
employed in the art. Standard techniques are used for 
recombinant nucleic acid methods, polynucleotide Synthe 
sis, microbial culture, cell culture, tissue culture, transfor 
mation, transfection, transduction, analytical chemistry, 
organic Synthetic chemistry, chemical Syntheses, chemical 
analysis, and pharmaceutical formulation and delivery. Gen 
erally, enzymatic reactions and purification and/or isolation 
StepS are performed according to the manufacturers’ Speci 
fications. The techniques and procedures are generally per 
formed according to conventional methodology disclosed, 
for example, in Molecular cloning a laboratory manual, 2d 
ed., Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y. (1989), and Current protocols in molecular 
biology, John Wiley & So Baltimore, Md. (1989). 
0180 Amino acid sequence: as used herein, includes an 
oligopeptide, peptide, polypeptide, or protein and fragments 
thereof, that are isolated from, native to, or naturally occur 
ring in a plant, or are Synthetically made but comprise the 
nucleic acid Sequence of the endogenous counterpart. 
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0181 Artificially manipulated: as used herein, “artifi 
cially manipulated” means to move, arrange, operate or 
control by the hands or by mechanical means or recombinant 
means, Such as by genetic engineering techniques, a plant or 
plant cell, So as to produce a plant or plant cell that has a 
different biological, biochemical, morphological, or physi 
ological phenotype and/or genotype in comparison to unma 
nipulated, naturally-occurring counterpart. 
0182 Asexual propagation: producing progeny by gen 
erating an entire plant from leafcuttings, Stem cuttings, root 
cuttings, tuber eyes, Stolons, Single plant cells protoplasts, 
callus and the like, that does not involve fusion of gametes. 
0183 Backbone: nucleic acid sequence of a binary vector 
that excludes the T-DNA or P-DNA sequence intended for 
transfer. 

0.184 Border and Border-like sequences: “border 
Sequences” are specific Agrobacterium-derived Sequences. 
Typically, a left border Sequence and a right border Sequence 
flanka T-DNA and they both function as recognition sites for 
Vir)2-catalyzed nicking reactions. Such activity releases 
nucleic acid that is positioned between Such borders. See 
Table 2 below for examples of border sequences. The 
released nucleic acid, complexed with Vir)2 and VirB2, is 
targeted to plant cell nuclei where the nucleic acid is often 
integrated into the genome of the plant cell. Usually, two 
border Sequences, a left-border and a right-border, are used 
to integrate a nucleotide Sequence that is located between 
them into another nucleotide Sequence. It is also possible to 
use only one border, or more than two borders, to accom 
plish integration of a desired nucleic acid in Such fashion. 
0185. According to the present invention, a “border-like” 
Sequence is isolated from the Selected plant Species that is to 
be modified, or from a plant that is Sexually-compatible with 
the plant Species to be modified, and functions like the 
border Sequences of Agrobacterium. That is, a border-like 
Sequence of the present invention promotes and facilitates 
the integration of a polynucleotide to which it is linked. A 
plant-DNA, i.e., P-DNA, of the present invention preferably 
contains border-like Sequences. 

0186. A border-like sequence of a P-DNA is between 
5-100 bp in length, 10-80 bp in length, 15-75 bp in length, 
15-60 bp in length, 15-50 bp in length, 15-40 bp in length, 
15-30 bp in length, 16-30 bp in length, 20-30 bp in length, 
21-30 bp in length, 22-30 bp in length, 23-30 bp in length, 
24-30 bp in length, 25-30 bp in length, or 26-30 bp in length. 

0187. The border-like sequences of the present invention 
can be isolated from any plant, Such as from potato and 
wheat. See SEQ ID NO. 1 and SEQ ID NO. 34, for 
Sequences which contain, at either end, the border-like 
Sequences isolated from potato and wheat respectively. 
Thus, a P-DNA left and right border sequences of use for the 
present invention are isolated from and/or native to the 
genome of a plant that is to be modified. A P-DNA border 
like Sequence is not identical in nucleotide Sequence to any 
known Agrobacterium-derived T-DNA border sequence. 
Thus, a P-DNA border-like Sequence may possess 1, 2, 3, 4, 
5, 6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more 
nucleotides that are different from a T-DNAborder sequence 
from an Agrobacterium species, Such as Agrobacterium 
tumefaciens or Agrobacterium rhizogenes. That is, a P-DNA 
border, or a border-like Sequence of the present invention 
has at least 95%, at least 90%, at least 80%, at least 75%, at 
least 70%, at least 60% or at least 50% sequence identity 
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with a T-DNA border sequence from an Agrobacterium 
Species, Such as Agrobacterium tumefaciens or Agrobacte 
rium rhizogenes, but not 100% sequence identity. As used 
herein, the descriptive terms “P-DNA border” and “P-DNA 
border-like” are exchangeable. 
0188 A native P-DNAborder sequence is greater than or 
equal to 99%, 98%, 97%, 96%, 95%.94%.93%.92%.91%, 
90%.89%.88%.87%,86%,85%,84%.83%,82%, 81%,80%, 
79%.78%.77%.76%,75%o, 74%,73%,72%, 71%,70%.69%, 
68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 
58%, 57%.56%.55%.54%, 53%, 52%, 51% or 50% similar 
in nucleotide sequence to aÁgrobacterium a T-DNA border 
Sequence. Aborder-like Sequence can, therefore, be isolated 
from a plant genome and be modified or mutated to change 
the efficiency by which they are capable of integrating a 
nucleotide Sequence into another nucleotide Sequence. Other 
polynucleotide Sequences may be added to or incorporated 
within a border-like Sequence of the present invention. Thus, 
a P-DNA left border or a P-DNA right border may be 
modified So as to possess 5'- and 3'-multiple cloning sites, or 
additional restriction sites. A P-DNA border sequence may 
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be modified to increase the likelihood that backbone DNA 
from the accompanying vector is not integrated into the 
plant genome. 
0189 Table 2 below depicts the sequences of known 
T-DNA border Sequences and Sequences identified herein as 
border-like Sequences. None of the Sequences identified as 
“border-like” in Table 2 have been identified previously as 
having a T-DNA border-like structure. The potato border 
like Sequences were isolated by the present inventive meth 
ods using degenerate primers in polymerase chain reactions 
from potato genomic DNA. The present invention encom 
passes the use of any P-DNA border-like sequence for 
transferring a cojoined polynucleotide into the genome of a 
plant cell. 
0.190 Indeed, the present invention encompasses any 
border-like Sequence that has the nucleic acid Sequence 
structure of SEQ ID NO. 93: ANGATNTATN6GT (SEQ ID 
NO. 93), where “N” is any nucleotide, such as those 
represented by “A,”“G,”“C.” or “T” This sequence repre 
Sents the consensus Sequence of border-like nucleic acids 
identified by the present invention. 

TABLE 2 

"Border" and "Border-Like" sequences 

Agrobacterium T-DNA borders 

TGACAGGATATATTGGCGGGTAAAC (SEQ ID NO. 41) Agrobacterium nopaline strains (RB) 

TGGCAGGATATATTGTGGTGTAAAC (SEQ ID NO. 42) Agrobacterium nopaline strains (LB) 

TGGCAGGATATATACCGTTGTAATT (SEQ ID NO. 43) Agrobacterium octopine strains (RB) 

CGGCAGGATATATTCAATTGTAATT (SEQ ID NO. 44) Agrobacterium octopine strains (LB) 

TGGTAGGATATATACCGTTGTAATT (SEQ ID NO. 45) LB mutant 

TGGCAGGATATATGGTACTGTAATT (SEQ ID NO. 46) LB mutant 

YGRYAGGATATATWSNVBKGTAAWY (SEQ ID NO. 47) Border motif 

Border-like sequences 

CGGCAGGATATATCCTGATGTAAAT (SEQ ID NO. 48) R. leguminosarum 

TGGCAGGAGTTATTCGAGGGTAAAC (SEQ ID NO. 49) T. tengcongensis 

TGACAGGATATATCGTGATGTCAAC (SEQ ID NO. 50) Arabidopsis thaliana 

GGGAAGTACATATTGGCGGGTAAAC (SEQ ID NO. 51) A. thaliana CHR1v07 142002 

TTACAGGATATATTAATATGTATGA (SEQ ID NO. 52) Oryza sativa AC078894 

TAACATGATATATTCCCTTGTAAAT (SEQ ID NO. 53) Homo sapiens clone HQ0089 

TGACAGGATATATGGTAATGTAAAC (SEQ ID NO. 54) potato (left border seguence)* 

TGGCAGGATATATACCGATGTAAAC (SEQ ID NO. 55) potato (right border seguence) * 

Y = C or T; R = A or G; K = G or T; M = A or C; W = A or T; S = C or G; W = A, 
C, or G; B = C, G, or T. 
The accession numbers for the border-like sequences are : Oryza sativa chromo 
some 10 BAC OSJNBa0096G08 genomic sequence (ACO78894. 11); Arabidopsis thaliana 
chromosome 3 (NM 114337.1); Arabidopsis thaliana chromosome 1 (NM 105664. 1); 
T. tengcongens is strain MB4T, section 118 of 244 of the complete genome 
(AEO 13091. 1); Homo sapiens clone HQ0089 (AFO90888. 1); Rhizobium Clone: 
rhiz98e12. glk. 
* potato left and right border sequences were obtained and isolated according 
to the presently-described inventive methods. 
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0191 Carrier DNA: a “carrier DNA” is a DNA segment 
that is used to carry certain genetic elements and deliver 
them into a plant cell. In conventional foreign DNA transfer, 
this carrier DNA is often the T-DNA of Agrobacterium, 
delineated by border sequences. The carrier DNA described 
here is obtained from the Selected plant Species to be 
modified and contains ends that may be structurally and 
functionally different from T-DNA borders but shares with 
such T-DNAS the ability to support both DNA transfer from 
Agrobacterium to the nuclei of plant cells or certain other 
eukaryotes and the Subsequent integration of this DNA into 
the genomes of Such eukaryotes. 
0.192 Consisting essentially of: a composition “consist 
ing essentially of certain elements is limited to the inclu 
Sion of those elements, as well as to those elements that do 
not materially affect the basic and novel characteristics of 
the inventive composition. Thus, So long as the composition 
does not affect the basic and novel characteristics of the 
instant invention, that is, does not contain foreign DNA that 
is not from the Selected plant Species or a plant that is 
Sexually compatible with the Selected plant Species, then that 
composition may be considered a component of an inventive 
composition that is characterized by “consisting essentially 
of language. 
0193 Degenerate primer: a “degenerate primer' is an 
oligonucleotide that contains Sufficient nucleotide variations 
that it can accommodate base mismatches when hybridized 
to Sequences of Similar, but not exact, homology. 
0194 Dicotyledon (dicot): a flowering plant whose 
embryos have two Seed leaves or cotyledons. Examples of 
dicots include, but are not limited to, tobacco, tomato, 
potato, Sweet potato, cassava, legumes including alfalfa and 
Soybean, carrot, Strawberry, lettuce, oak, maple, walnut, 
rose, mint, Squash, daisy, and cactus. 
0.195 Regulatory sequences: refers to those sequences 
which are Standard and known to those in the art, that may 
be included in the expression vectors to increase and/or 
maximize transcription of a gene of interest or translation of 
the resulting RNA in a plant System. These include, but are 
not limited to, promoters, peptide export Signal Sequences, 
introns, polyadenylation, and transcription termination sites. 
Methods of modifying nucleic acid constructs to increase 
expression levels in plants are also generally known in the 
art (see, e.g. Rogers et al., 260J. Biol. Chem. 3731-38, 1985; 
Cornejo et al., 23 Plant Mol. Biol. 567: 81,1993). In engi 
neering a plant System to affect the rate of transcription of a 
protein, various factors known in the art, including regula 
tory Sequences Such as positively or negatively acting 
Sequences, enhancers and Silencers, as well as chromatin 
Structure may have an impact. The present invention pro 
vides that at least one of these factors may be utilized in 
engineering plants to express a protein of interest. The 
regulatory Sequences of the present invention are native 
genetic elements, i.e., are isolated from the Selected plant 
Species to be modified. 
0196. Foreign: “foreign,” with respect to a nucleic acid, 
means that that nucleic acid is derived from non-plant 
organisms, or derived from a plant that is not the same 
Species as the plant to be transformed or is not derived from 
a plant that is not interfertile with the plant to be trans 
formed, does not belong to the Species of the target plant. 
0.197 According to the present invention, foreign DNA 
or RNA represents nucleic acids that are naturally occurring 
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in the genetic makeup of fungi, bacteria, Viruses, mammals, 
fish or birds, but are not naturally occurring in the plant that 
is to be transformed. Thus, a foreign nucleic acid is one that 
encodes, for instance, a polypeptide that is not naturally 
produced by the transformed plant. A foreign nucleic acid 
does not have to encode a protein product. According to the 
present invention, a desired transgenic plant is one that does 
not contain any foreign nucleic acids integrated into its 
genome. 

0198 Native genetic elements, on the other hand, can be 
incorporated and integrated into a Selected plant Species 
genome according to the present invention. Native genetic 
elements are isolated from plants that belong to the Selected 
plant species or from plants that are Sexually compatible 
with the selected plant species. For instance, native DNA 
incorporated into cultivated potato (Solanum tuberOSum) can 
be derived from any genotype of S. tuberOSum or any 
genotype of a wild potato Species that is Sexually compatible 
with S. tuberosum (e.g., S. demissium). 
0199 Gene: “gene” refers to the coding region and does 
not include nucleotide Sequences that are 5'- or 3'- to that 
region. A functional gene is the coding region operably 
linked to a promoter or terminator. 
0200 Genetic rearrangement: refers to the reassociation 
of genetic elements that can occur Spontaneously in Vivo as 
well as in vitro which introduce a new organization of 
genetic material. For instance, the Splicing together of 
polynucleotides at different chromosomal loci, can occur 
Spontaneously in Vivo during both plant development and 
Sexual recombination. Accordingly, recombination of 
genetic elements by non-natural genetic modification tech 
niques in vitro is akin to recombination events that also can 
occur through Sexual recombination in Vivo. 
0201 In frame: nucleotide triplets (codons) are translated 
into a nascent amino acid Sequence of the desired recombi 
nant protein in a plant cell. Specifically, the present inven 
tion contemplates a first nucleic acid linked in reading frame 
to a Second nucleic acid, wherein the first nucleotide 
Sequence is a gene and the Second nucleotide is a promoter 
or Similar regulatory element. 
0202 Integrate: refers to the insertion of a nucleic acid 
Sequence from a Selected plant Species, or from a plant that 
is from the same Species as the Selected plant, or from a plant 
that is Sexually compatible with the Selected plant species, 
into the genome of a cell of a Selected plant species. 
“Integration” refers to the incorporation of only native 
genetic elements into a plant cell genome. In order to 
integrate a native genetic element, Such as by homologous 
recombination, the present invention may “use' non-native 
DNA as a step in Such a process. Thus, the present invention 
distinguishes between the “use of a particular DNA mol 
ecule and the “integration” of a particular DNA molecule 
into a plant cell genome. 
0203 Introduction: as used herein, refers to the insertion 
of a nucleic acid Sequence into a cell, by methods including 
infection, transfection, transformation or transduction. 
0204 Isolated: “isolated” refers to any nucleic acid or 
compound that is physically Separated from its normal, 
native environment. The isolated material may be main 
tained in a Suitable Solution containing, for instance, a 
Solvent, a buffer, an ion, or other component, and may be in 
purified, or unpurified, form. 
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0205 Leader: Transcribed but not translated sequence 
preceding (or 5' to) a gene. 
0206 LifeSupport Vector: a LifeSupport vector is a con 
Struct that contains an expressable Selectable marker gene, 
Such as a neomycin phosphotransferase marker, that is 
positioned between T-DNA or T-DNA-like borders. The 
LifeSupport vector may be modified to limit integration of 
Such a marker, as well as other polynucleotides, that are 
Situated between the border or border-like Sequences, into a 
plant genome. For instance, a LifeSupport vector may 
comprise a mutated Vir)2, codA::upp fusion, or any com 
bination of such genetic elements. Thus, a modified vir)2 
protein will still support T-DNA transfer to plant nuclei but 
will limit the efficiency of a Subsequent genomic integration 
of T-DNAS (Shurvinton et al., Proc Natl AcadSci USA, 89: 
11837-11841, 1992; Mysore et al., Mol Plant Microbe 
Interact, 11: 668-683, 1998). Alternatively, codA::upp gene 
fusion can be used as negative Selectable marker prior to 
regeneration. In one preferred construct, the LifeSupport 
vector comprises the npt marker operably linked to the yeast 
ADH terminator element. 

0207 Monocotyledon (monocot): a flowering plant 
whose embryos have one cotyledon or Seed leaf. Examples 
of monocots include, but are not limited to turfgrass, maize, 
rice, oat, wheat, barley, Sorghum, orchid, iris, lily, onion, and 
palm. 

0208 Native: a “native” genetic element refers to a 
nucleic acid that naturally exists in, orginates from, or 
belongs to the genome of a plant that is to be transformed. 
Thus, any nucleic acid, gene, polynucleotide, DNA, RNA, 
MRNA, or cDNA molecule that is isolated either from the 
genome of a plant or plant Species that is to be transformed 
or is isolated from a plant or Species that is Sexually 
compatible or interfertile with the plant species that is to be 
transformed, is “native' to, i.e., indigenous to, the plant 
Species. In other words, a native genetic element represents 
all genetic material that is accessible to plant breeders for the 
improvement of plants through classical plant breeding. Any 
variants of a native nucleic acid also are considered “native” 
in accordance with the present invention. In this respect, a 
“native' nucleic acid may also be isolated from a plant or 
Sexually compatible Species thereof and modified or mutated 
So that the resultant variant is greater than or equal to 99%, 
98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 
88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 
78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 
68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, or 60% 
Similar in nucleotide Sequence to the unmodified, native 
nucleic acid isolated from a plant. A native nucleic acid 
variant may also be less than about 60%, less than about 
55%, or less than about 50% similar in nucleotide sequence. 

0209. A “native' nucleic acid isolated from a plant may 
also encode a variant of the naturally occurring protein 
product transcribed and translated from that nucleic acid. 
Thus, a native nucleic acid may encode a protein that is 
greater than or equal to 99%, 98%, 97%, 96%, 95%, 94%, 
93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 
83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 
73%, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 
63%, 62%, 61%, or 60% similar in amino acid sequence to 
the unmodified, native protein expressed in the plant from 
which the nucleic acid was isolated. 
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0210 Naturally occurring nucleic acid: this phrase means 
that the nucleic acid is found within the genome of a Selected 
plant species and may be a DNA molecule or an RNA 
molecule. The Sequence of a restriction Site that is normally 
present in the genome of a plant Species can be engineered 
into an exogenous DNA molecule, Such as a vector or 
oligonucleotide, even though that restriction Site was not 
physically isolated from that genome. Thus, the present 
invention permits the Synthetic creation of a nucleotide 
Sequence, Such as a restriction enzyme recognition 
Sequence, So long as that Sequence is naturally occurring in 
the genome of the Selected plant species or in a plant that is 
Sexually compatible with the Selected plant species that is to 
be transformed. 

0211 Operably linked: combining two or more mol 
ecules in Such a fashion that in combination they function 
properly in a plant cell. For instance, a promoter is operably 
linked to a structural gene when the promoter controls 
transcription of the Structural gene. 

0212 P-DNA: according to the present invention, 
P-DNA (“plant-DNA") is isolated from a plant genome and 
comprises at each end, or at only one end, a T-DNA 
border-like Sequence. The border-like Sequence preferably 
shares at least 50%, at least 60%, at least 70%, at least 75%, 
at least 80%, at least 90% or at least 95%, but less than 100% 
Sequence identity, with a T-DNA border Sequence from an 
Agrobacterium species, Such as Agrobacterium tumefaciens 
or,Agrobacterium rhizogenes. Thus, P-DNAS can be used 
instead of T-DNAS to transfer a nucleotide sequence from 
Agrobacterium to another polynucleotide Sequence. The 
P-DNA may be modified to facilitate cloning and should 
preferably not naturally encode proteins or parts of proteins. 
The P-DNA is characterized in that it contains, at each end, 
at least one border sequence, referred to as either a “P-DNA 
border sequence” or “P-DNA border-like sequence,” which 
are interexchangeable terms. See the definition of a “border 
sequence” and “border-like” above. A P-DNA may also be 
regarded as a “T-DNA-like” sequence, see definition below. 
0213 Plant: includes angiosperms and gymnosperms 
Such as potato, tomato, tobacco, alfalfa, lettuce, carrot, 
Strawberry, Sugarbeet, cassava, Sweet potato, Soybean, 
maize, turf grass, wheat, rice, barley, Sorghum, oat, oak, 
eucalyptus, walnut, and palm. Thus, a plant may be a 
monocot or a dicot. The word “plant, as used herein, also 
encompasses plant cells, Seed, plant progeny, propagule 
whether generated Sexually or asexually, and descendents of 
any of these, Such as cuttings or Seed. Plant cells include 
Suspension cultures, callus, embryos, meristematic regions, 
callus tissue, leaves, roots, shoots, gametophytes, Sporo 
phytes, pollen, Seeds and microSpores. Plants may be at 
various Stages of maturity and may be grown in liquid or 
Solid culture, or in Soil or Suitable media in pots, green 
houses or fields. Expression of an introduced leader, trailer 
or gene Sequences in plants may be transient or permanent. 
A “Selected plant Species' may be, but is not limited to, a 
Species of any one of these “plants.” 

0214) Precise breeding: refers to the improvement of 
plants by Stable introduction of nucleic acids, Such as native 
genes and regulatory elements isolated from the Selected 
plant Species, or from another plant in the same Species as 
the Selected plant, or from Species that are Sexually com 
patible with the Selected plant Species, into individual plant 
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cells, and Subsequent regeneration of these genetically 
modified plant cells into whole plants. Since no unknown or 
foreign nucleic acid is permanently incorporated into the 
plant genome, the inventive technology makes use of the 
Same genetic material that is also accessible through con 
ventional plant breeding. 
0215 Plant species: the group of plants belonging to 
various officially named plant species that display at least 
Some Sexual compatibility. 
0216 Plant transformation and cell culture: broadly 
refers to the proceSS by which plant cells are genetically 
modified and transferred to an appropriate plant culture 
medium for maintenance, further growth, and/or further 
development. 

0217 Recombinant: Was used herein, broadly describes 
various technologies whereby genes can be cloned, DNA 
can be sequenced, and protein products can be produced. AS 
used herein, the term also describes proteins that have been 
produced following the transfer of genes into the cells of 
plant host Systems. 
0218 Selectable marker: a “selectable marker” is typi 
cally a gene that codes for a protein that conferS Some kind 
of resistance to an antibiotic, herbicide or toxic compound, 
and is used to identify transformation events. Examples of 
Selectable markers include the Streptomycin phosphotrans 
ferase (spt) gene encoding Streptomycin resistance, the 
phosphomannose isomerase (pmi) gene that converts man 
nose-6-phosphate into fructose-6 phosphate, the neomycin 
phosphotransferase (nptI) gene encoding kanamycin and 
geneticin resistance, the hygromycin phosphotransferase 
(hpt or aphiv) gene encoding resistance to hygromycin, 
acetolactate Synthase (als) genes encoding resistance to 
Sulfonylurea-type herbicides, genes coding for resistance to 
herbicides which act to inhibit the action of glutamine 
Synthase Such as phosphinothricin or basta (e.g., the bar 
gene), or other similar genes known in the art. 
0219 Sense Suppression: reduction in expression of an 
endogenous gene by expression of one or more an additional 
copies of all or part of that gene in transgenic plants. 
0220 T-DNA-Like: a “T-DNA-like” sequence is a 
nucleic acid that is isolated from a Selected plant Species, or 
from a plant that is Sexually compatible with the Selected 
plant species, and which shares at least 75%, 80%, 85%, 
90%, or 95%, but not 100%, sequence identity with Agro 
bacterium species T-DNA. The T-DNA-like sequence may 
contain one or more border or border-like Sequences that are 
each capable of integrating a nucleotide Sequence into 
another polynucleotide. A “P-DNA,” as used herein, is an 
example of a T-DNA-like Sequence. 
0221 Trailer: Transcribed but not translated sequence 
following (or 3'to) a gene. 
0222 Transcribed DNA: DNA comprising both a gene 
and the untranslated leader and trailer Sequence that are 
asSociated with that gene, which is transcribed as a Single 
MRNA by the action of the preceding promoter. 
0223 Transcription and translation terminators: the 
expression vectors of the present invention typically have a 
transcription termination region at the opposite end from the 
transcription initiation regulatory region. The transcription 
termination region may be Selected, for Stability of the 
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MRNA to enhance expression and/or for the addition of 
polyadenylation tails added to the gene transcription product 
(Alber & Kawasaki, Mol. & Appl. Genetics 4: 19-34, 1982). 
Illustrative transcription termination regions include the E9 
sequence of the pea RBCS gene (Mogen et al., Mol. Cell 
Biol., 12: 5406-14, 1992) and the termination signals of 
various ubiquitin genes. 

0224 Transformation of plant cells: a process by which 
DNA is stably integrated into the genome of a plant cell. 
“Stably” refers to the permanent, or non-transient retention 
and/or expression of a polynucleotide in and by a cell 
genome. Thus, a stably integrated polynucleotide is one that 
is a fixture within a transformed cell genome and can be 
replicated and propagated through Successive progeny of the 
cell or resultant transformed plant. Transformation may 
occur under natural or artificial conditions using various 
methods well known in the art. Transformation may rely on 
any known method for the insertion of nucleic acid 
Sequences into a prokaryotic or eukaryotic host cell, includ 
ing Agrobacterium-mediated transformation protocols, viral 
infection, whiskers, electroporation, heat shock, lipofection, 
polyethylene glycol treatment, micro-injection, and particle 
bombardment. 

0225. Transgene: a gene that will be inserted into a host 
genome, comprising a protein coding region. In the context 
of the instant invention, the elements comprising the trans 
gene are isolated from the host genome. 
0226 Transgenic plant: a genetically modified plant 
which contains at least one transgene. 
0227 Using/Use of: The present invention envisions the 
use of nucleic acid from Species other than that of the 
Selected plant Species to be transformed to facilitate the 
integration of native genetic elements into a Selected plant 
genome, So long as Such foreign nucleic acid is not stably 
integrated into the Same host plant genome. For instance, the 
plasmid, vector or cloning construct into which native 
genetic elements are cloned, positioned or manipulated may 
be derived from a species different to that from which the 
native genetic elements were derived. 

0228. Variant: a “variant,” as used herein, is understood 
to mean a nucleotide or amino acid Sequence that deviates 
from the Standard, or given, nucleotide or amino acid 
Sequence of a particular gene or protein. The terms, “iso 
form,”“isotype,” and “analog” also refer to “variant' forms 
of a nucleotide or an amino acid Sequence. An amino acid 
Sequence that is altered by the addition, removal or Substi 
tution of one or more amino acids, or a change in nucleotide 
Sequence, may be considered a “variant Sequence. The 
variant may have “conservative' changes, wherein a Substi 
tuted amino acid has similar structural or chemical proper 
ties, e.g., replacement of leucine with isoleucine. A variant 
may have “nonconservative' changes, e.g., replacement of a 
glycine with a tryptophan. Analogous minor variations may 
also include amino acid deletions or insertions, or both. 
Guidance in determining which amino acid residues may be 
Substituted, inserted, or deleted may be found using com 
puter programs well known in the art such as Vector NTI 
Suite (InforMax, MD) software. 
0229. It is understood that the present invention is not 
limited to the particular methodology, protocols, vectors, 
and reagents, etc., described herein, as these may vary. It is 
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also to be understood that the terminology used herein is 
used for the purpose of describing particular embodiments 
only, and is not intended to limit the Scope of the present 
invention. It must be noted that as used herein and in the 
appended claims, the Singular forms “a,”“an,” and “the 
include plural reference unless the context clearly dictates 
otherwise. Thus, for example, a reference to “a gene' is a 
reference to one or more genes and includes equivalents 
thereof known to those skilled in the art and so forth. Indeed, 
one skilled in the art can use the methods described herein 
to express any native gene (known presently or Subse 
quently) in plant host Systems. 
0230 P-DNA Vectors 
0231 Agrobacterium-mediated transformation methods 
are the preferred means of incorporating recombined DNA 
into plant cells. According to the present invention, a binary 
vector was developed to produce genetically modified potato 
plants that contain only native potato nucleic acids. Such a 
vector is different from conventional, Agrobacterium-medi 
ated, transformation vectors in three ways: (1) instead of an 
Agrobacterium-derived T-DNA sequence delineated by 
T-DNA borders, the present vector contains a native plant 
DNA (P-DNA) fragment that is flanked by border-like 
sequences, which support P-DNA transfer from Agrobacte 
rium to plant cells although they are structurally and func 
tionally different from T-DNA borders, (2) the backbone of 
the present vector may contain a marker that, if integrated 
into the plant cell's genome, prevents these cells from 
developing into mature plants, and (3) the present vector 
does not contain a foreign Selectable marker gene between 
P-DNA termini. 

0232 The present invention demonstrates, Surprisingly, 
that P-DNA fragments flanked by border-like sequences 
support DNA transfer from Agrobacterium into plant cells. 
P-DNA can be isolated from the genome of any plant by 
using primers that are designed on the basis of homology 
between the termini of a potato P-DNA and conventional 
T-DNA borders. Such fragments can then be tested and, if 
efficacious, used to transform that plant with native DNA 
exclusively. It is also possible to Search plant genomic 
databases for DNA fragments with regions that show homol 
ogy with T-DNA borders by using programs such as “blastin 
(Altschul et al., J Mol Biol 215: 403-10, 1990). The iden 
tified P-DNAS may then be modified to increase their utility. 
For instance, internal fragments of the isolated P-DNAS may 
be deleted and restriction Sites may be added to facilitate 
cloning. It may also be efficacious to introduce point muta 
tions at the terminal sequences to render the P-DNA more 
effective in transferring DNA. 
0233. Any gene expression cassette can be inserted 
between P-DNA border-like sequences. For potato transfor 
mations, Such an expression cassette could consist of a 
potato promoter, operably linked to a potato gene and/or a 
leader or trailer Sequence associated with that gene, and 
followed by a potato terminator. The expression cassette 
may contain additional potato genetic elements Such as a 
Signal peptide Sequence fused in frame to the 5'-end of the 
gene, and a potato intron that could, for instance, be placed 
between promoter and gene-of-interest to enhance expres 
Sion. For transformation of wheat with a modified P-DNA, 
all genetic elements that are inserted on the wheat P-DNA, 
including the P-DNA itself would be derived from wheat or 
plant Species that are Sexually compatible with wheat. 
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0234. Another way to isolate P-DNAS is by generating a 
library of Agrobacterium Strains that contain random plant 
DNA fragments instead of a T-DNA flanking a selectable 
marker gene. Explants infected with this library can be 
placed on proliferation medium that contains an appropriate 
selectable agent to identify P-DNAS that support the transfer 
of the marker gene from the vector in Agrobacterium to the 
plant cell. 
0235. It is possible that not just the native modified 
P-DNA, but also additional plasmid Sequences are co 
transferred from Agrobacterium to the plant cell during the 
transformation process. For the purposes of the present 
invention, this is an undesirable process because Such plas 
mid “backbone' Sequences represent non-plant, foreign 
DNA, such as bacterial DNA. The present invention pre 
vents transformed plant cells that contain backbone 
Sequences from developing into mature plants. Thus, the 
present invention makes it possible to distinguish backbone 
containing and backbone-free transformation events during 
the regenerated Shoot phase. 
0236. The method to select or screen against backbone 
integration events relies on the presence of an expression 
cassette for a marker, Such as the isopentenyl phosphotrans 
ferase (IPT) gene, in the vector backbone, outside of the 
P-DNA. Upon backbone integration, the accumulation of 
IPT-induced cytokinin will alter the shape of transformed 
shoots, and prevent these shoots to develop roots. Instead of 
the IPT gene, any other gene that alters the shape, texture or 
color of the transformed plant's leaves, roots, stem, height or 
Some other morphological feature can be used to Screen 
and/or Select against backbone integration events. Such a 
gene is referred to herein as a “backbone integration 
marker.” Thus, the transformed plant that exhibits an altered 
morphological feature attributable to the expression of the 
backbone integration marker gene is known to, contain in its 
genome foreign DNA in addition to the desired P-DNA. 
Accordingly, plants that exhibit a phenotype associated with 
the backbone integration marker are not desired. 
0237) The present invention is not limited to the use of 
only an IPT gene as a backbone integration marker; other 
genes can be used in Such fashion. For example, a backbone 
integration marker may be an Agrobacterium transZeatine 
synthase (TZS) gene (Krall et al., FEBS Lett 527: 315-8, 
2002) or a recessive Arabidopsis gene hod (Catterou et al., 
Plant J 30: 273-87.2002). This method can be more easily 
applied for use in the present invention than Some methods 
that insert toxic genes in vector backbone Sequences. See, 
for instance, EP 1 009,842. 
0238. By positioning a backbone integration marker 
gene, Such as a functional cytokinin gene upstream or 
downstream of the P-DNA, it is straightforward to distin 
guish between transformation events. Transformed plants 
that exhibit an altered morphological feature are discarded 
because they contain non-native DNA sequences integrated 
into the genome. 
0239). Another strategy for identifying plants that are 
stably transformed with only native DNA, is to employ the 
polymerase chain reaction. By using primers that are spe 
cifically designed to detect backbone Sequences, plants can 
be identified and discarded that contain foreign backbone 
sequences in addition to the P-DNA. Other primer sets can 
Subsequently be used to confirm the intact transfer of the 
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P-DNA. Thus, by either using the expression of a gene to 
change a morphological feature of a plant, or by Screening 
for Stably integrated foreign DNA in a transformed plant, 
plants stably transformed with only native DNA sequences 
can be identified and Selected. 

0240 Genetic elements from a particular host plant can 
be inserted into the P-DNA sequence of a binary vector 
capable of replication in both E. coli and Agrobacterium. 
Introduction of the resulting vectors into disarmed Agrobac 
terium strains such as LBA4404 can be accomplished 
through electroporation, triparental mating or heat-Shock 
treatment of chemically competent cells. The new Strains 
can then be used to transform individual plant cells through 
infection of whole plants or explants. 

0241 Genetic elements from a particular host plant can 
be inserted into the P-DNA sequence of a binary vector 
capable of replication in both E. coli and Agrobacterium. 
Introduction of the resulting vectors into Agrobacterium 
Strains Such as LBA4404 can be accomplished through 
electroporation, triparental mating or heat-Shock treatment 
of chemically competent cells. The new Strains can then be 
-used to transform individual plant-cells through infection of 
whole plants or explants. LBA4404 contains the disarmed 
Ti-plasmid paL4404, which carries the virulence functions 
and a Streptomycin resistance gene. 

0242 LifeSupport Vectors 

0243 Although the stable integration of bacterial marker 
genes into the genomes of plant cells facilitates the identi 
fication of transformation events, Such modifications of 
plant genomes are undesirable because marker genes repre 
Sent foreign DNA. Use of a foreign marker gene can be 
avoided by developing new Agrobacterium-based transfor 
mation methods. 

0244. One preferred embodiment is a novel method that 
relies on the use of two Agrobacterium Strains: one Strain 
containing a binary vector with a Selectable marker gene 
intended for transient expression in plant nuclei, and another 
strain carrying the P-DNA with the actual sequences of 
interest intended for stable integration in plant genome (see 
Example 7). 
0245. Upon co-infection with the Agrobacterium strains, 
Some plant cells will receive both a T-DNA with the marker 
gene and a P-DNA with the sequences of interest. Instead of 
Subsequently Selecting for Stable integration of the marker 
gene by Subjecting the infected explants for a long period of 
time to the appropriate antibiotic, explants are only briefly 
exposed to the antibiotic. In this way, all plant cells that 
transiently express the marker gene will Survive. Because 
T-DNAS will in most cases degrade due to endogenous 
nuclease activities rather than Stably integrate into their 
host's genome, the majority of plant cells that Survived the 
transient Selection are shown here to develop into shoots 
lacking a marker gene. The present invention, furthermore, 
demonstrates that a significant proportion of these marker 
free shoots contain stably integrated P-DNAS. 

0246 There are various tools to enhance the efficiency of 
marker-free transformation. First, the present invention 
demonstrates that this frequency can be increased by 
Sequentially infecting-explants with two Agrobacterium 
strains carrying the T-DNA/marker and P-DNA/sequences 
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of-interest, respectively. Explants are first infected with the 
P-DNA strain, and after about 4 to 6 hours with the T-DNA 
Strain. 

0247 Second, the T-DNA strain can be modified to 
express an omega-mutated Vir)2 gene. The modified Vir)2 
protein will still support T-DNA transfer to plant nuclei but 
limit the efficiency of a Subsequent genomic integration of 
T-DNAs (Shurvinton et al., Proc Natl Acad Sci USA, 89: 
11837-11841, 1992; Mysore et al., Mol Plant Microbe 
Interact, 11: 668-683, 1998). The most preferred method of 
expressing a modified Vir)2 gene is by inserting an omega 
mutated vir)2 gene driven by the virl) promoter in the 
backbone of the T-DNA vector. 

0248. Third, stable T-DNA integration can be further 
impaired by inserting telomere Sequences close to the left 
and right-border sequences of the T-DNA (Chiurazzi & 
Signer, Plant Mol. Biol., 26: 923–934, 1994). 
0249 Fourth, the size of the T-DNA region carrying the 
marker gene can be increased to enhance the frequency of 
T-DNAS and P-DNAS moving together into the plant cell 
nucleus, and to reduce the frequency of genomic integration 
of the T-DNA. 

0250 Fifth, the frequency of T-DNAS and P-DNAS mov 
ing together into the plant cell nucleus can also be enhanced 
by using a single Agrobacterium Strain carrying two com 
patible binary vectors with the T-DNA and P-DNA, respec 
tively. An example of is two compatible binary vectors are 
a pSIM 1301-derived vector and a pBI121-derived vector. 
0251 Because the transiently expressed marker gene will 
usually not integrate into the plant genome, it is not neces 
Sary that both this gene and its regulatory Sequences repre 
Sent native DNA. In fact, it may be advantageous to use 
foreign regulatory Sequences to promote high levels of 
transient gene expression in infected plant cells. A Surprising 
discovery of the present invention is that an expression 
cassette containing the GUS gene followed by the terminator 
of the yeast alcohol dehydrogenase 1 (ADH1) was tran 
Siently expressed at high levels in potato cells. A similar 
construct with the yeast CYC1 terminator, however, did not 
function adequately. It may also be possible to enhance 
transient expression levels by operably linking a marker 
gene to a non-native promoter. Examples of Such promoters 
are, e.g., Synthetic promoterS Such as glucocorticoid-induc 
ible promoters (Moriet al., Plant J., 27: 79-86, 2001; Bohner 
et al., Mol. Gen. Genet., 264: 860-70 2001), and non-native 
promoters such as the 35S promoters of cauliflower mosaic 
Virus and figwort mosaic virus, and fungal promoters. 
0252) As an alternative to the two-strain Agrobacterium 
mediated transformation approach described above, plants 
may also be transformed with a single Strain that contains a 
P-DNA with both a native marker gene and the actual 
Sequences of interest. The present invention demonstrates 
that it is possible to use Salt tolerance genes as native 
markers for transformation. Such Salt tolerance genes 
include crop homologs of the Arabidopsis genes SOS1 (Shi 
et al., Nat Biotechnol. 2002), AtNHX1 (Apse et al., Science. 
285: 1256-8, 1999), Avp1 (Gaxiola et al., Proc Natl AcadSci 
USA. 98: 11444-9.2001), and CBF3 Kasuga et al., Nat 
Biotechnol. 17: 287-91, 1999). 
0253) The rearrangements of genetic elements accom 
plished through the inventive Precise Breeding methodology 
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could also occur Spontaneously through the process of 
genetic recombination. For instance, all plants contain ele 
ments that can transpose from one to another chromosomal 
location. By inserting into promoters or genes, Such trans 
posable elements can enhance, alter, and/or reduce gene 
expression. For instance, the AMu-4 insertion of the maize 
Mutator element in the promoter of the transcriptional 
regulator gene P-Wr causes Stripy red pericarps. Insertion of 
the same element in the promoter of the leaf-specific 
MADS-box gene ZMM19 resulted in expression of this gene 
in the inflorescences of maize, causing a foliaceous elonga 
tion of the glumes and other changes in male and female 
inflorescences, resulting in the famous phenotype of pod 
corn. Because of its bizarre tassels and ears, pod corn was of 
religious significance for certain native American tribes. 
Many genes are also rearranged through other transposon 
induced modifications Such as inversions, deletions, addi 
tions, and ectopic recombinations (Bennetzen, Plant Mol 
Biol 42: 251-69, 2000). Furthermore, plant DNA rearrange 
ments frequently occur through the process of intragenic 
recombination. For instance, by recombining genes involved 
in resistance against Specific pathogens, plants are able to 
develop resistance genes with new specificities and, thus, 
co-evolve with their pathogens (Ellis et al., Trends Plant Sci 
5:373-9, 2000). Another example of intragenic recombina 
tion relates to how plants reproduce: plants transition from 
cross-fertilizing to Self-fertilizing by recombining genes 
involved in self-incompatibility (Kusaba et al., Plant Cell 
13: 627-43, 2001). Other processes that promote genome 
evolution include, for instance, chromosome breakage and 
interchromosomal recombination. 

0254 Enhancing Tie Nutritional Value of Plants and 
Food Crops 

0255 To modify negative traits such as acrylamide accu 
mulation during processing, glycoalkaloid accumulation, 
accumulation of undesirable advanced glycation products, 
CIPC accumulation, low levels of resistant starch, bruise 
Susceptibility, cold-induced Sweetening, disease Susceptibil 
ity, low yield and low quality in crop plants through precise 
breeding, at least one specific expression cassette is incor 
porated into a host genome. Three different methods are 
used to eliminate negative traits: (1) overexpression of genes 
that prevent the occurrence of negative traits, (2) overex 
pression of mutated versions of genes associated with nega 
tive traits in order to titrate out the wild-type gene products 
with non-functional proteins, and (3) Silencing specific 
genes that are associated with a negative trait by expressing 
at least one copy of a leader or trailer fragment associated 
with that gene in the Sense and/or antisense orientation. 
0256. One example of an endogenous gene that is asso 
ciated with a negative trait in potato and can be modified in 
Vitro So that it encodes a non-functional protein is the 
polyphenol oxidase (PPO) gene. Upon impact injury, the 
PPO gene product is released from the plastid into the 
cytoplasm (Koussevitzky et al., J. Biol. Chem., 273: 27064 
9, 1998), where it will mediate the oxidation of phenols to 
create a variety of phenoxyl radicals and quinoid derivatives, 
which are toxic and/or ultimately form undesirable polymers 
that leave dark discolorations, or “black Spots” in the crop. 
0257. Overexpressing a mutant PPO gene that contains a 
non-functional copper-binding domain can lower the activ 
ity of all PPO genes that are mainly expressed in tubers and 
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asSociated organs Such as Sprouts. The mutations render the 
polyphenol Oxidase protein inactive because it is unable to 
bind copper. The skilled artisan would know where to make 
point mutations that would, in this case, compromise the 
function of a gene product. The applicants identified the 
copper binding domain in potato PPO by aligning the potato 
PPO protein sequence with a Sweet potato PPO protein 
sequence (Klabunde et al., Nat Struct. Biol., 5:1084-90, 
1998). Areas of conservation, particularly those containing 
conserved histidine residues in copper-binding Sites, were 
targets for inactivating the transgene product. Because the 
almost complete absence of PPO activity in Such organs may 
negatively impact the plants ability to resist pathogens, the 
present invention also describes an improved method of only 
lowering a specific PPO gene that is predominantly 
expressed in all parts of the mature tuber except for the 
epidermis. Silencing of this Specific PPO gene by using a 
trailer Sequence associated with that gene does not reduce 
PPO expression in the tuber epidermis, the part of the tuber 
that is most directly exposed to pathogens attempting to 
infect. 

0258 Enzymatic browning induced by the PPO gene not 
only reduces the quality of potato tubers; it also negatively 
affects crop foods Such as wheat, avocado, banana, lettuce, 
apple, and pears. 

0259) Other genes that are associated with negative traits 
and can be Silenced by using the leader or trailer Sequences 
associated with those genes include the potato R1 gene and 
L-type phosphorylase genes. Both genes are involved in the 
degradation of Starch to reducing Sugars, Such as glucose and 
fructose, which upon heating participate in the Maillard 
reaction to produce toxic products Such as acrylamide. The 
present invention demonstrates that a reduction of cold 
induced Sweetening by lowering R1 or phosphorylase activ 
ity leads to a reduction of both non-enzymatic browning and 
acrylamide accumulation during the frying process of pota 
toeS. 

0260 The invention also demonstrates the utility of over 
expressing certain native genes in genetically modified 
crops. Levels of Maillard-reaction products Such as acryla 
mide were reduced significantly by lowering the conversion 
of Sucrose to reducing Sugars through overexpression of a 
newly isolated vacuolar invertase inhibitor gene in potato. 
0261) The present invention also predicts that potato 
tubers displaying either an increased level of invertase 
inhibitor expression or a reduced level of R1 or phospho 
rylase expression will not require the intensive treatment 
with chemical sprout inhibitors such as CIPC prior to 
Storage because their lowered levels of reducing Sugars will 
(1) delay sprouting, and (2) allow storage at lower tempera 
tures, thus further delaying Sprouting. The highly reduced 
CIPC-residue levels, or the absence thereof, further 
enhances the nutritional value of processed foods derived 
from plants containing certain modified P-DNAS described 
here. 

0262 Thus, French fries or chips derived from tubers that 
contain the modified P-DNA will contain strongly reduced 
CIPC residue levels, further boosting their nutritional value. 
0263. The effect of simultaneously downregulating the 
expression of the PPO and either R1 or phosphorylase genes 
in potato tuberS is Synergistic because reducing Sugars are 
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not only required for non-enzymatic browning through the 
Maillard reaction but also for browning mediated by the 
PPO enzyme. Decreased levels of reducing Sugars in trans 
genic potato tubers will, therefore, also limit PPO activity 
and black spot bruise susceptibility. Thus, PPO, R1, and 
phosphorylase genes, and/or the leader or trailer Sequences 
that are associated with these genes, represent DNA seg 
ments of interest that can be isolated, modified and reintro 
duced back into the plant to down-regulate the expression of 
these genes. 
0264. Apart from developing bruise resistance and 
reduced cold-induced Sweetening, there are many other 
traits that can be introduced through Precise Breeding with 
out using foreign DNA. For instance, disease resistance 
genes can be isolated from wild potato Species and inserted 
into the genomes of disease Susceptible varieties. 
0265). The Environmental Benefits of Modified Plants 
and CropS 
0266. As described above, reduced levels of either R1 or 
phosphorylase result in a reduced phosphorylation of Starch. 
This reduction in starch phosphorylation results in a 90% 
decrease in phosphate content of potato tubers (VikSo 
Nielsen, Biomacromolecules, 2: 83643, 2001). This will 
result in a reduction in phosphate levels in wastewaters from 
potato processing plants, which are currently about 25-40 
mg/L. Thus, the use of low-phosphate tubers will reduce the 
release of phosphates into the environment and help to 
protect important ecosystems. Furthermore, low-phosphate 
potatoes may require leSS phosphate fertilization for optimal 
growth and yield, which would Support a more Sustainable 
agriculture by delaying the depletion of available phosphate 
CSOUCCS. 

0267 Enhancing the Agricultural Performance of Plants 
and Food Crops 
0268 Apart from reduced bruise Susceptibility and 
reduced cold-Sweetening, which are two important proceSS 
ing traits, the present invention also provides Salt tolerance, 
an increasingly important input trait. Some of the modified 
P-DNA constructs described in the present invention contain 
a Salt tolerance gene as native marker for transformation. 
Importantly, the utility of this gene is not limited to a 
Screening Step in the transformation procedure. Overexpres 
Sion of the Salt tolerance gene in potato plants reduces StreSS 
Symptoms induced by high Salinity Soil levels, and will make 
it possible to grow new varieties containing a modified 
P-DNA on a growing percentage of agricultural lands that 
contain Salinity levels exceeding the maximum 2 millimhos/ 
cm electrical conductivity levels that are optimal for grow 
ing conventional varieties. 
0269. Using Regulatory Elements Isolated from a 
Selected Plant Species or from a Species Sexually Compat 
ible with the Selected Plant Species 
0270. Once the leader, gene or trailer has been isolated 
from the plant species of interest, and optionally modified, 
it can be operably linked to a plant promoter or similar 
regulatory element for appropriate expression in plants. 
Regulatory elements Such as these Serve to express untrans 
lated Sequences associated with a gene of interest in Specific 
tissueS or at certain levels or at particular times. 
0271 Dependent on the strategy involved in modifying 
the trait, it may be necessary to limit Silencing to a particular 
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region of the plant. The promoter normally driving the 
expression of the endogenous gene may not be Suitable for 
tissue-specific expression. AS described in the Section above, 
Stable integration of bacterial or viral regulatory compo 
nents, such as the cauliflower mosaic virus 35S “Super” 
promoter, can result in unpredictable and undesirable events. 
Thus, one aspect of the present invention uses promoters that 
are isolated from the Selected host plant species. 
0272. In a preferred embodiment of the instant invention, 
for use in S. tuberOSum, the leader or trailer Sequences 
asSociated with R1, phosphorylase, and PPO genes are 
operably linked to the granule-bound Starch Synthase gene 
promoter (Rohde et al., J Gen & Breed, 44, 311-315, 1990). 
This promoter has been used frequently by others to drive 
gene expression and is particularly active in potato tubers 
(van der Steege et al., Plant Mol Biol. 20: 19-30, 1992; 
Beaujean et al., Biotechnol. Bioeng, 70: 9-16, 2000; Oxen 
boll et al., Proc Natl AcadSci USA, 9: 7639-44, 2000). This 
promoter may also be used, in a preferred embodiment, for 
expression of the modified leader or trailer Sequences of R1, 
phosphorylase, and PPO genes. 
0273 Alternatively, other potato promoters can be oper 
ably linked to Sequences of interest from potato. Such 
promoters include the patatin gene promoter (Bevan et al., 
Nucleic Acids Res, 14: 4625-38, 1986), or a fragment 
thereof, that promotes expression in potato tubers, the potato 
UDP-glucose pyrophosphorylase gene promoter (U.S. Pat. 
No. 5,932,783) and the promoter of the ubiquitin gene 
(Garbarino et al., Plant Physiol, 109: 1371-8, 1995). 
0274 The transcription of leaders and/or trailers can also 
be regulated by using inducible promoters and regulatory 
regions that are operably linked in a construct to a poly 
nucleotide of interest. Examples of inducible promoters 
include those that are Sensitive to temperature, Such as heat 
or cold shock promoters. For instance, the potato ci21A-, 
and C17-promoters are cold-inducible (Kirch et al., Plant 
Mol. Biol, 33: 897-909, 1997; Schneider et al., Plant 
Physiol, 113: 335-45, 1997). 
0275 Other inducible promoters may be used that are 
responsive to certain Substrates like antibiotics, other chemi 
cal Substances, or pH. For instance, abscisic acid and gib 
berellic acid are known to affect the intracellular pH of plant 
cells and in So doing, regulate the Rab 16A gene and the 
alpha-amylase 1/6-4 promoter (Heimovaara-Dijkstra et al., 
Plant Mol Biol, 4815-20, 1995). Abscisic acid, wounding 
and methyl jasmonate are also known to induce the potato 
pin2 promoter (Lorberth et al., Plant J, 2: 477-86, 1992). 
0276. In another example, Some nucleotide Sequences are 
under temporal regulation and are activated to express a 
downstream Sequence only during a certain developmental 
Stage of the plant or during certain hours of the day. For 
instance, the potato promoter of the Small Subunit of ribu 
lose-1,5-bisphosphate carboxylase (rbcS) gene can direct 
cell-specific, light-regulated expression (Fritz et al., Proc 
Natl AcadSci USA, 88: 4458-62, 1991). The skilled artisan 
is well versed in these exemplary forms of inducible pro 
moters and regulatory Sequences. 
0277. The use of certain polyadenylation signals may 
also be useful in regulating expression, by varying the 
stability of the MRNA transcript. In particular, some poly 
adenylation Signals when operably linked to the 3 end of a 
polynucleotide cause the mRNA transcript to become acces 
Sible to degradation. 
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0278 Thus, it is possible to regulate expression of a gene 
by operably linking it with one or more of Such promoters, 
regulatory Sequences, 3' polyadenylation signals, 3' untrans 
lated regions, Signal peptides and the like. According to the 
instant invention, DNA sequences and regulatory elements 
such as those described herein, and which will ultimately be 
integrated into a plant genome, are obtained from DNA of 
the selected plant species to be modified by the Precise 
Breeding process of the present invention. That is, DNA 
Sequences and regulatory elements that are derived, isolated 
and cloned from other species, Such as from bacteria, 
Viruses, microorganisms, mammals, birds, reptiles and Sexu 
ally incompatible plant Species are not integrated into the 
genome of the transformed plant. DNA foreign to the 
Selected plant Species genome may be used in the present 
invention to create a transformation construct, So long as that 
foreign DNA is not integrated into a plant genome. 
0279. Not only does the present invention provide a 
method for transforming a plant Species by integrating DNA 
obtained from the Selected plant species, or from a plant that 
is Sexually-compatible with the Selected plant Species, it also 
provides a means by which the expression of that DNA can 
be regulated. Accordingly, it is possible to optimize the 
expression of a certain Sequence, either by tissue-specific or 
Some other Strategy, as previously described. 
0280 Using 3' Terminator Sequences Isolated from a 
Selected Plant Species 
0281. In addition to regulatory elements that initiate 
transcription, the native expression cassette also requires 
elements that terminate transcription at the 3'-end from the 
transcription initiation regulatory region. The transcription 
termination region and the transcription initiation region 
may be obtained from the Same gene or from different genes. 
The transcription termination region may be Selected, par 
ticularly for stability of the mRNA to enhance expression. 
0282. This particular element, the so-called “3'-untrans 
lated region' is important in transporting, Stabilizing, local 
izing and terminating the gene transcript. In this respect, it 
is well known to those in the art, that the 3'-untranslated 
region can form certain hairpin loop. Accordingly, the 
present invention envisions the possibility of operably link 
ing a 3' untranslated region to the 3' end of a cloned 
polynucleotide Such that the resultant mRNA transcript may 
be exposed to factors which act upon Sequences and Struc 
tures conferred by the 3' untranslated region. 
0283. A 3' sequence of the ubiquitin gene can be sub 
cloned from the plant Species from which the promoter and 
transgene were isolated and inserted downstream from a 
transgene to ensure appropriate termination of transcription. 
Both exemplary transgenes can be fused to the terminator 
Sequence of the potato Ubiquitin gene (Ubi3) regardless of 
which promoter is used to drive their expression. 

EXAMPLES 

Example 1 

Cloning of P-DNAS 

0284. This example demonstrates that T-DNAborders are 
Specific to Agrobacterium. It also shows that plants contain 
T-DNA border-like Sequences, and it provides the Sequence 
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of DNA fragments isolated from potato and wheat that are 
delineated by Such border-like Sequences. 
0285 Conventional transformation systems use Agrobac 
terium-derived T-DNAS as vehicles for the transfer of for 
eign DNA from Agrobacterium to plant cells (Schilperoort 
et al., U.S. Pat. No. 4,940,838, 1990). Although T-DNAS 
usually comprise Several hundreds of basepairs, delineated 
by a left-border (LB) and right-border (RB) repeat, they can 
also merely consist of such borders. The T-DNA borders 
play an essential role in the DNA transfer process because 
they function as Specific recognition sites for Vir)2-cata 
lyzed nicking reaction. The released single Stranded DNA, 
complexed with Agrobacterial virl)2 and virE2, is trans 
ferred to plant cell nuclei where it often integrates Success 
fully into the plant genome. All T-DNA borders that have 
been used for foreign DNA transfer are derived from nopa 
line and Octopine Strains of Agrobacterium tumefacienS and 
A. rhizogenes (Table 2). These borders and often some 
flanking Agrobacterium DNA are present in thousands of 
binary vectors including, for example, pPAM (AY027531), 
pJawohl (AF408413), pYL156 (AF406991), pINDEX 
(AF294982), pC1300 (AF294978), pBI121 (AF485783), 
pLH9000 (AF458478), p.AC161 (AJ315956), BinHygTOp 
(Z37515), pHELLSGATE (AJ311874), pBAR-35S 
(AJ251014), pGreen (AJO07829), pBIN19 (X77672), 
pCAMBIA (AF354046), pX6-GFP (AF330636), pER8 
(AF309825), pBI101 (U12639), pSKIO74 (AF218466), 
pAJ1 (AC138659), p.AC161 (AJ315956), pSLJ8313 
(Y18556), and pGV4939 (AY147202). Recently, two 
homologs of T-DNA borders were identified in the 
chrysopine-type Tiplasmid pTiChrys (Palanichelvam et al., 
Mol Plant Microbe Interact 13: 1081-91, 2000). The left 
border homolog is identical to an inactive border homolog 
located in the middle of the T-DNA of pTi15955. The right 
border homolog is unusually divergent from the Sequence of 
functional T-DNA borders. It is therefore unlikely that these 
homologs are functionally active in Supporting DNA transfer 
from pTiChrys to plant cells. 
0286) Development of a new method that makes it pos 
sible to transform plants with only native DNA requires, in 
the first place, a replacement of the T-DNA including LB and 
RB. Unfortunately, advanced BLAST searches of public 
databases including those maintained by The National Cen 
ter For Biotechnology Information, The Institute for 
Genomic Research, and SANGER failed to identify any 
border Sequences in plants. It was therefore necessary to 
consider plant DNA sequences that are similar but not 
identical to T-DNAborders, designated here as “border-like” 
(border-like). Examples of plant border-like sequences that 
were identified in public databases are shown in Table 2. The 
challenge in trying to replace T-DNA borders with border 
like Sequences is that border Sequences are highly conserved 
(see Table 2). A large part of these sequences is also highly 
conserved in the nick regions of other bacterial DNA trans 
fer systems such as that of IncP, PC194, and pX174, 
indicating that these Sequences are essential for conjugative 
like DNA transfer (Waters et al., Proc Natl Acad Sci 
88: 1456-60, 1991). Because there are no reliable data on 
border Sequence requirements, the entire border Seems 
therefore important in the nicking process. A Single Study 
that attempted to address this issue by testing the efficacy of 
border mutants in Supporting DNA transfer is unreliable 
because negative controls did not appear to function appro 
priately (van Haaren et al., Plant Mol Biol 13: 523-531, 
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1989). Furthermore, none of the results of this study were 
confirmed molecularly. Despite these concerns, two possibly 
effective border mutants are shown in Table 2 as well. 

0287 Based on the homology among border sequences, 
a T-DNA border motif was identified (Table 2). Although 
this motif comprises 13,824 variants, many of which may 
not function-or may be inadequate-in transferring DNA, 
it represents the broadest possible definition of what a 
T-DNAborder sequence is or may be. This border motif was 
then used to search publicly available DNA databases for 
homologs using the “Motif Alignment and Search Tool” 
(Bailey and Gribskov, Bioinformatics 14: 48-54, 1998) and 
“advanced BLASTN” (“penalty for nucleotide mis 
match"--1; “expect"=10; Altschulet al., Nucleic Acids Res 
25:3389-3402, 1997). Again, these searches did not identify 
any identical matches in organisms other than Agrobacte 
lift. 

0288 To try and increase the chance of isolating a potato 
DNA fragment containing border-like Sequences that corre 
spond to the border motif, DNA was isolated from 100 
genetically diverse accessions (the So-called “core collec 
tion,” provided by the US Potato Genebank, WI). This DNA 
was pooled and used as template for polymerase chain 
reactions using a variety of oligonucleotides designed to 
anneal to borders or border-like Sequences. Amplified frag 
ments were Sequence analyzed, and the Sequence was then 
confirmed using inverse PCR with nested primers. One of 
the potato DNA fragments that was of particular interest 
contains a novel Sequence without any major open reading 
frames that is delineated by border-like sequences (Table 2). 
One of the border-like Sequences of this fragment contains 
at least 5 mismatches with T-DNAborders; the other border 
like Sequence contains at least 2 mismatches. Although both 
Sequences contain one mismatch with the border motif, they 
were tested for their ability to support DNA transfer. For that 
purpose, the fragment was first reduced in Size to 0.4-kilo 
basepairs by carrying out an internal deletion (SEQ ID NO. 
1). The resulting fragment was designated “P-DNA” (plant 
DNA) to distinguish it from the Agrobacterium-derived 
T-DNA. A similar fragment was isolated from the genome of 
the potato variety Russet Ranger, but has not been used for 
any further experiments. 
0289 Based on the divergence between P-DNA and 
T-DNA borders, the elongase amplification system (Life 
Technologies) was used with the following degenerate prim 
ers to isolate a P-DNA from wheat: 5'-GTTTACANHNB 
NATATATCCTGYCA-3' (Bor-F) (SEQ ID NO. 56), and 
5'-TGRCAGGATATATNVNDNTGTAAAC -3' (Bor-R) 
(SEQ ID NO. 57). The resulting 825-bp fragment is shown 
in SEQ ID NO. 2, and was used to replace the T-DNA of a 
conventional binary vector. The efficacy of this construct can 
be tested by inserting an expression cassette for the GUS 
gene between P-DNA termini, and infecting wheat with an 
Agrobacterium Strain carrying the resulting vector. 

Example 2 

Tobacco Transformation with P-DNA Vectors 

0290 This Example demonstrates that, despite structural 
(Sequence divergence) and functional (transformation fre 
quencies) differences between P-DNA termini and T-DNA 
borders, a P-DNA can be used in a similar way as a T-DNA 
to transfer DNA from Agrobacterium to tobacco cells. 
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0291 AT-DNA-free vector that can be maintained in 
both E. coli and A. tumefaciens was obtained by removing 
the entire T-DNA region of the conventional binary vector 
pCAMBIA1301 (Cambia, AU). This was accomplished by 
simultaneously ligating a 5.9 kb SacII-Sphi fragment of 
pSIM1301 with 2 fragments amplified from pCAMBIA1301 
using the oligonucleotides pairs: 5'-CCGCGGTGATCA 
CAGGCAGCAAC-3' (SEQ ID NO. 58) and 5'-AAGCTTC 
CAGCCAGCCAACAGCTCCCCGAC-3' (SEQ ID NO. 
59), and 5'- AAGCTTGGCTACTAGTGC 
GAGATCTCTAAGAGAAAAGAGCGTTTA-3' (SEQ ID 
NO. 60), and 5'-GCATGCTCGAGATAGGTGACCA 
CATACAAATGGACGAACGG-3' (SEQ ID NO. 61), 
respectively. 
0292 To make it possible to screen against backbone 
integration events, an expression cassette comprising the 
Agrobacterium isopentenyl transferase (IPT) gene driven by 
the Ubi3 promoter and followed by the Ubi3 terminator 
(SEQID NO. 3) was inserted as 2.6 kbp SacII fragment into 
the backbone of the T-DNA-free vector described above, 
yielding pSIM100-OD-IPT. Transformed plant cells 
expressing the IPT gene are expected to accumulate cyto 
kinins and grow into abnormal shoots that cannot develop 
rOOtS. 

0293. The 0.4 kb P-DNA fragment described in Example 
1 was inserted into pSIM100-OD-IPT to generate pSIM 111 
(FIG. 1; SEQ ID NO. 4). 
0294 To test whether pSIM111 can be used to obtain 
transformed plants carrying P-DNAS (including any 
sequences located between P-DNA termini) without the 
additional vector backbone, a neomycin phosphotransferase 
(NPTII) gene expression cassette was inserted into the 
P-DNA of pSIM111 to create pSIM108 (FIG. 1). 
0295) The efficacy of P-DNA termini in supporting DNA 
transfer was tested by comparing transformation frequencies 
between pSIM108 and a control vector that contained a 
modified P-DNA with conventional T-DNA borders. This 
control vector, designated pSIM109, was generated by 
amplification of the entire P-DNA containing the NPTII 
gene expression cassette with the oligonucleotide pairs: 
5'-ACTAGTGTTTACCCGCCAATATATCCTGTCAGAG 
3' (SEQ ID NO. 62), and 5'-AAGCTTTGGCAGGATATAT 
TGTGGTGTAAACGAAG-3' (SEQ ID NO. 63). A second 
control vector that was used for these experiments is the 
conventional binary vector pBI121 (Genbank accession 
number AF485783), which contains the same NPTII expres 
sion cassette inserted on a regular T-DNA. The binary 
vectors were introduced into Agrobacterium tumefacienS 
LBA4404 cells as follows. Competent LB4404 cells (50 uL) 
were incubated for 5 minutes at 37 C. in the presence of 1 
lug of vector DNA, frozen for about 15 seconds in liquid 
nitrogen (about -196° C), and incubated again at 37° C. for 
5 minutes. After adding 1 mL of liquid broth (LB), the 
treated cells were grown for 3 hours at 28 C. and plated on 
LB/agar containing Streptomycin (100 mg/L) and kanamy 
cin (100 mg/L). The vector DNAS were then isolated from 
overnight cultures of individual LBA4404 colonies and 
examined by restriction analysis to confirm the presence of 
intact plasmid DNA. 
0296 Test transformations of the model plant tobacco 
were carried out by growing a 10-fold dilution of overnight 
grown LBA4404::pSIM108 cells for 5-6 hours, precipitating 
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the cells for 15 minutes at 2,800 RPM, washing them with 
MS liquid medium (Phytotechnology) supplemented with 
Sucrose (3%, pH 5.7) and resuspending the cells in the same 
medium to an ODoo of 0.2. The Suspension was then used 
to infect leaf explants of 4-week-old in vitro grown Nicoti 
ana tabacum plants. Infected tobacco explants were incu 
bated for 2 days on co-culture medium (1/10 MS salts, 3% 
sucrose, pH 5.7) containing 6 g/Lagar at 25°C. in a Percival 
growth chamber (16 hrs light) and Subsequently transferred 
to M401/agar medium containing timentine (150 mg/L) and 
kanamycin (100 mg/L). The number of calliper explant that 
developed within the next 4 weeks is shown in Table 3. Our 
data demonstrate that P-DNAS delineated by either native 
termini or conventional T-DNAborders are about 50% more 
effective in transforming tobacco than T-DNAS. The 
increased efficiency of P-DNA transfer may be due to either 
its different CG content or other unknown structural features 
of the P-DNA. 

Example 3 

Potato Transformation with P-DNA Vectors 

0297. This Example demonstrates that a P-DNA can be 
used in a similar way as a T-DNA to transfer DNA from 
Agrobacterium to potato cells. 

0298 Potato transformations were carried out by infect 
ing Stem explants of 4-week-old in vitro grown Russet 
Ranger plantlets with Agrobacterium strains according to 
the following procedure. Ten-fold dilutions of overnight 
grown cultures were grown for 5-6 hours, precipitated for 15 
minutes at 2,800 RPM, washed with MS liquid medium 
(Phytotechnology) supplemented with Sucrose (3%, pH 5.7), 
and resuspended in the same medium to an ODoo of 0.2. 
The resuspended cells were then used to infect 0.4–0.6 mm 
internodal potato Segments. Infected Stems were incubated 
for 2 days on co-culture medium (1/10MS salts, 3% sucrose, 
pH 5.7) containing 6 g/Lagar at 22°C. in a Percival growth 
chamber (16 hrs light) and Subsequently transferred to callus 
induction medium (CIM, MS medium supplemented with 
3% sucrose 3, 2.5 mg/L of Zeatin riboside, 0.1 mg/L of 
naphthalene acetic acid, and 6 g/L of agar) containing 
timentine (150 mg/L) and kanamycin (100 mg/L). After 1 
month of culture on CIM, explants were transferred to shoot 
induction medium (SIM, MS medium supplemented with 
3% sucrose, 2.5 mg/L of Zeatin riboside, 0.3 mg/L of 
giberelic acid GA3, and 6 g/L of agar) containing timentine 
and kanamycin (150 and 100 mg/L respectively). After 3-4 
weeks, the number of explants developing transgenic calli 
and/or shooting was counted. AS shown in tobaco, the 
number of stem explants infected with pSIM108 that 
showed calli was higher than those in control experiments 
with the conventional binary vector pBI121 (Table 3). 
Shoots that subsequently arose from these calli could be 
grouped into two different classes. The first class of Shoots 
was phenotypically indistinguishable from control shoots 
transformed with LBA::pBI121. The second class of shoots 
displayed an EPT phenotype. Shoots of the latter class were 
Stunted in growth, contained only very Small leaves, dis 
played a light-green to yellow color, and were unable to root 
upon transfer to hormone-free media. To confirm that shoots 
with an IPT phenotype contained the IPT gene stably 
integrated in their genomes, all shoots were transferred to 
Magenta boxes containing MS medium Supplemented with 
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3% sucrose and timentine 150 mg/L, allowed to grow for 3 
to 4 additional weeks, and used to isolate DNA. This plant 
DNA served as template in PCR reactions with an oligo 
nucleotide pair designed to anneal to the IPT gene: 5'-GTC 
CAACTT GCA CAG GAA AGA C-3', and 5'-CAT GGA 
TGA AAT ACT CCT GAG C-3'. As shown in Table 4, the 
PCR experiment confirmed a strict correlation between IPT 
phenotype and presence of the IPT gene. The presence of 
backbone DNA was also examined in plants obtained from 
a transformation with p3I121. This was done by performing 
PCR reactions on DNA isolated from the transformation 
events with the pB121 backbone primers: 5'-CGGTG 
TAAGTGAACTGCAGTTGCCATG-3' (SEQ ID NO. 64), 
and 5'-CATCGGCCTCACTCATGAGCAGATTG-3' (SEQ 
ID NO. 65). Amplification of a 0.7 kbp band is indicative for 
backbone integration. By comparing the data presented in 
Table 4, it can be concluded that backbone integration 
frequencies are similar for P-DNA vectors and T-DNA 
VectOrS. 

0299. A second PCR experiment was carried out to test 
whether IPT-free plants did not contain any other backbone 
Sequences. Because the IPT expression cassette is positioned 
close to the left border-like Sequences, the oligonucleotide 
pair for this experiment was designed to anneal to backbone 
Sequences close to the right border-like Sequence: 
5'-CACGCTAAGTGCCGGCCGTCCGAG-3' (SEQ IDN.O. 
66), and 5'-TCCTAATCGACGGCGCACCGGCTG-3' 
(SEQ ID NO. 67). Data from this experiment confirm that 
plants that are positive for the IPT gene are also positive for 
this other part of the backbone. 
0300 Similar experiments were carried out with the 
potato variety Russet Burbank. Based on an assessment of 
IPT phenotypes, the backbone integration frequencies for 
pSIM108 and pSIM109 were shown to be comparable to 
-those in Russet Ranger (see Tables 4 and 5). 

Example 4 

Potato Invertase Inhibitor Gene 

0301 Using conventional transformation methods, this 
Example demonstrates that overexpressing a novel potato 
invertase inhibitor gene enhances the processing and health 
characteristics of potato tubers. 
0302) The following primers were designed to amplify a 
new potato homolog of the tobacco vacuolar invertase 
inhibitor Nt-inhh1 (Greiner et al., Nature Biotechnology, 17, 
708–711, 1999):5'-AAAGTTGAATTCAAATGAGAAATT. 
TATTC-3' (SEQ ID NO. 68), and 5'-TTTTAAGCTTTCAT. 
AATAACATTCTAAT-3' (SEQ ID NO. 69). The amplifica 
tion reaction was performed by mixing the following 
components: 4 ul plant DNA, 2 ul forward primer (10 
pM/ml), 2 ul reverse primer, 25 ul Hot Start Master Mix 
(Qiagen Catalog Nr. 203443), and 17 ul water. This reaction 
mix was Subjected to the following polymerase chain reac 
tion (PCR) conditions using a PTC-100 thermocycler (MJ 
Research): (1) 5 minutes at 95 C. (1 cycle), (2) 1 minute at 
94° C., 1 minute at 45° C. and 4 minutes at 72° C. (35 
cycles), and (3) 10 minutes at 72OC (1 cycle). The total 
product was loaded on a 0.8% agarose gel, and a 540 base 
pair band was purified from gel using QIAquick Gel Extrac 
tion Kit (Qiagen, Calif.). This purified fragment was then 
ligated into pGEM-T Easy (Promega, Wis.) and transformed 
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into E. coli DH5-alpha using Max Efficiency Competent 
Cells (GibcoBRL, MD). Sequence analysis of recombinant 
plasmid DNA isolated from transformed DH5-alpha 
revealed the presence of a single open reading frame con 
Sisting of 543 base pairs that encodes for a putative 181 
amino acid protein (SEQ ID NO. 5); clustal-aligment 
revealed 70% homology to Nt-inhh (FIG.2). This high level 
of homology extends to the 15-amino acid N-terminal 
domain, indicating that the potato homolog is targeted to the 
vacuole. Interestingly, the potato invertase inhibitor 
homolog, designated St-inh1, shares only 43% homology 
with the patented tobacco cell wall invertase inhibitor des 
ignated Nt-inh1 (Patent WO98/04722; FIG. 2). 
0303 Although the St-inh1 gene is present in unmodified 
potato tubers, its expression level is inadequate for full 
inhibition of invertase and reduced cold-induced Sweeten 
ing. To increase the Storage characteristics of potato, the 
St-inh1 gene was fused to a new tuber-enhanced promoter of 
the granule-bound Starch Synthase (GBSS) gene, which is 
known to promote high levels of gene expression in tubers. 
The GBSS promoter was isolated from the potato cultivar 
Russet Ranger by carrying out a PCR reaction using the 
forward primer 5'-GAACCATGCATCTCAATC-3' (SEQ ID 
NO. 70) and the reverse primer 5'-GTCAGGATCCCTAC 
CAAGCTACAGATGAAC-3' (SEQ ID NO. 71). Sequence 
analysis of the amplified product cloned in pCEM-T dem 
onstrated that this new promoter contains 658 basepairs 
(SEQ ID NO.: 6). The resulting promoter/gene fusion was 
then ligated to the 3' regulatory sequence of the potato 
ubiquitin gene (UbiT, SEQ ID NO.: 7), thus ensuring 
appropriate termination of transcription of the invertase 
inhibitor gene. 
0304. This expression cassette was inserted between 
T-DNA borders of a binary vector, and the resulting vector 
pSIM320 was used to transform Russet Ranger as described 
above. Three cuttings of nine independent transgenic lines 
were planted in Soil and grown for four weeks in a growth 
chamber (11 hrs light; 20° C.). At least 3 minitubers were 
then harvested from each line and transferred to a refrigera 
tor set at 4 C. to induce cold-Sweetening. After 4 weeks, the 
glucose levels in these cold-stored minitubers were deter 
mined by using either an Accu-Chek meter and test Strips 
(Roche Diagnostics, IN) or a glucose oxidase/peroxidase 
reagent (MegaZyme, Ireland). These levels were compared 
with the average glucose levels in both 6 untransformed 
lines and 6 "vector control” lines transformed with a 
pSIM110-derived vector lacking the invertase inhibitor 
gene. AS shown in Table 6, three transgenic lines accumu 
lated less than 40% of the glucose in “vector control” lines 
demonstrating that the potato invertase inhibitor homologis 
functionally active. 
0305 The following experiment showed that the amount 
of reducing SugarS present in tubers correlates with acryla 
mide production during tuber processing. Russet Ranger 
potato tubers were freshly harvested from the field and 
Stored at 4 C. to induce cold-Sweetening; control tubers 
were stored at 18 C. After 4 weeks, glucose levels were 
determined in both groups of tuberS. Subsequently, tubers 
were washed, blanched for either 8 minutes or 12 minutes at 
165 F., cut into 0.290x0.290 shoestring strips, dipped in a 
1% sodium acid pyrophosphate solution at 160 F., dried at 
160 F. until 14+2% dryer weight loss is achieved, fried at 
390 F. for 40 seconds to attain 64+2% first fry moisture, and 
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frozen for 20 minutes at -15 F., shaking the tray 2-3 times 
in the first 6 minutes. The resulting French fries were then 
analyzed for acrylamide levels by Covance laboratory (WI). 
As shown in Table 7, the glucose levels in tubers stored at 
18 C. were below the detection level of 0.1 mg/g whereas 
cold-Stored tubers contained on average 3.4 mg/g glucose. 
This table also shows that fries produced from the latter 
potatoes contain about 10-fold higher levels of acrylamide 
than fries produced from potatoes stored at 18 C. Even by 
using a shorter blanch time for 18 C.-stored potatoes than 
for 4 C.-stored potatoes to produce fries with a similar color 
(color ids of 78 and 71, respectively), a 5-fold difference in 
acrylamide accumulation was obtained (Table 7). Thus, 
there appears to be a Straight correlation between the amount 
of reducing SugarS Such as glucose in tubers and the accu 
mulation of acrylamide in fries derived from these tubers. 
0306 To determine whether the reduced glucose levels in 
pSIM320 lines would limit the processing-induced accumu 
lation of acrylamide, cold-stored pSIM320 minitubers were 
processed by cutting into wedges, blanching for 8 minutes, 
dipping in 0.5% SAPP for 30 seconds, drying for 4.5 
minutes at 160 F., frying for 40 seconds at 380. F., freezing 
for 15 minutes at -15 F., and finally drying for 3 minutes 
and 10 seconds at 160 F. The processed material was then 
Shipped to Covance laboratory for acrylamide determina 
tions. As shown in Table 6, French fries obtained from 
minitubers with the lowest amounts of glucose accumulated 
the lowest levels of acrylamide. A 40% reduction in glucose 
levels in lines "320-2 and "320-4” is associated with a 
5-fold reduction in acrylamide levels. 

Example 5 

Leader and Trailer Sequences ASSociated with the 
Potato R1 Gene 

0307 Using conventional transformation methods, this 
Example demonstrates that a novel leader Sequence associ 
ated with the potato R1 gene can be used effectively to 
enhance the processing and health characteristics of potato 
tubers. It also predicts that a novel trailer associated with 
that Same gene can be exploited in the same way. 
0308 As an alternative to overexpressing the invertase 
inhibitor gene, methods were developed to limit acrylamide 
production without using any actual gene Sequences. One 
Such method is based on Silencing the tuber-expressed R1 
gene. Previously, it was shown that this Starch-related gene 
can be Silenced through antisense expression of a 1.9-kb 
gene fragment derived from that gene (KOSSmann et al., U.S. 
Pat. No. 6,207,880). However, the antisense expression of 
large DNA fragments is undesirable because Such fragments 
contain new open reading frames (Table 1). As a safer 
approach to the one described above, a Small leader 
Sequence associated with the R1 gene was isolated from 
potato. This leader was obtained by performing a rapid 
amplification of cDNA ends with the 5' RACE kit supplied 
by GIBCO BRL on total RNA from the tubers of Russet 
Ranger potato plants. Sequence analysis demonstrated that 
the R1-associated leader consists of 179 basepairs (SEQ ID 
NO.: 8). Both a sense and antisense copy of this leader 
Sequence, separated by the potato Ubiquitin intron (SEQ ID 
NO.: 9), were placed between the GBSS promoter and UbiT. 
The resulting expression cassette for the leader Sequence 
associated with R1 is shown in FIG. 3 (SEQ ID NO. 10). 
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A similar cassette containing a Spacer derived from the 
GBSS promoter (SEQ ID NO. 11)-instead of the Ubi 
intron-separating the Sense and antisense copies of the R1 
trailer is shown in (FIG. 3; SEQ ID NOS.: 12). Additional 
variants with a longer version of the GBSS promoter (SEQ 
ID NO.: 13) are shown in FIG. 3 (SEQ ID NOS.: 14-15). 
0309 To test the efficacy of the R1-associated leader in 
limiting acrylamide production, the expression cassette 
shown in FIG. 3 was inserted as KpnI-Xbal fragment 
between T-DNA borders of a binary vector. An Agrobacte 
rium LBA4404 strain carrying the resulting vector pSIM332 
was used to transform Russet Ranger potato. To induce tuber 
formation, 25 shoots representing independent transforma 
tion events were transferred to Soil and placed in a growth 
chamber (11 hours light, 25 C.). After three weeks, at least 
3 minitubers/line were stored for 4 weeks at 4 C. to induce 
Starch mobilization. The glucose levels in these cold-Stored 
minitubers were Subsequently determined as described in 
Example 4, and compared with the average glucose levels in 
untransformed plants and vector controls. AS shown in Table 
8, minitubers derived from all 25 lines displayed reduced 
levels of glucose after cold-storage. An approximate 2-fold 
reduction in acrylamide levels in expected in French fries 
derived from minitubers displaying reduced R1 expression 
levels compared to controls. Much Stronger effects of down 
regulating R1 gene expression are anticipated in mature 
tubers. 

0310 AS an alternative to the leader-based approach, 
expression cassettes that contained both a Sense and anti 
Sense copy of the trailer Sequence associated with R1 were 
generated. This trailer was obtained by performing a reverse 
transcription polymerase chain reaction (RT-PCR) on total 
RNA isolated from microtubers of the potato cultivar Russet 
Ranger. Complementary DNA was generated using the 
Omniscript RT Kit (Qiagen, Calif.) and then used as a 
template for a PCR reaction with Hot start DNA polymerase 
(Qiagen, Calif.) with the gene-specific reverse primer R1-1 
(5'-GTTCAGACAAGACCACAGATGTGA-3). Sequence 
analysis of the amplified DNA fragment, cloned in pGEM-T 
demonstrated that the trailer associated with R1 consists of 
333 basepairs (SEQ ID NO. 16). The sense and antisense 
copies of the trailer were separated by either the Ubi intron 
or the GBSS spacer- and sandwiched between GBSS pro 
moter and Ubi3 terminator (FIG. 3; SEQ ID NOS.: 17-18). 
Similar versions with the larger GBSS promoter are shown 
in FIG. 3 (SEQ ID NOS.: 19-20). 
0311. Glucose and acrylamide levels can be determined 
as described above. Tubers displaying about 50% or greater 
reductions in glucose concentrations are expected to also 
accumulate about 50% less acrylamide during the frying 
process. The improved health and Storage characteristics of 
modified, plants can be confirmed in mature field-grown 
tubers. 

0312 Phosphate levels in potato tubers can be deter 
mined by using AOAC Method 995.11 Phosphorus (Total) 
in Foods (45.1.33 Official Methods of Analysis of AOAC 
International, 17th Edition). Samples are prepared by dry 
ashing in a muffle furnace followed with an acid digestion. 
The dissolved samples are then neutralized and treated with 
a molybdate-ascorbic acid Solution and compared to a Series 
of phosphorus Standards (treated Similarly). A dual beam 
Spectrophotometer would be used for the calorimetric analy 
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sis at 823 nanometers. A significant decrease in phosphate 
content, which is beneficial for the environment, is expected. 

Example 6 

Leader Sequence ASSociated with the L-Alpha 
Glucan Phosphorylase Gene 

0313 Using conventional transformation methods, this 
Example demonstrates that a novel leader Sequence associ 
ated with the potato L-alpha glucan phosphorylase gene can 
be used to effectively enhance the processing and health 
characteristics of potato tubers. 
0314 Previously, it was shown that cold-induced Sweet 
ening can be reduced through antisense expression of 0.9-kb 
fragments derived from alpha glucan phosphorylase genes 
(Kawchuk et al., U.S. Pat. No. 5,998,701, 1999). However, 
the antisense expression of these relatively large DNA 
fragments is undesirable because they contain new and 
uncharacterized open reading frames that may impact the 
nutritional quality of foods if expressed in transgenic plants 
(Table 1). 
0315. As a safer approach to the one described above, 
Small leader and trailer Sequences that are associated with a 
L-type glucan phosphorylase gene were isolated from RNA 
of mature tubers. The primer pair used for this purpose is: 
5'-GGATCCGAGTGTGGGTAAGTAATTAAG-3' (SEQ ID 
NO. 72), and 5'-GAATTCTGTGCTCTCTATG 
CAAATCTAGC-3' (SEQ ID NO. 73). The resultant leader 
sequence of 273 bp was amplified and is shown in SEQ ID 
NO. 21. Similarly, the “direct” primer, 5'-GGAACAT. 
TGAAGCTGTGG-3' (SEQ ID NO. 74), was used -with an 
oligo-dT primer to amplify a 158bp “trailer sequence” that 
is associated with the L-type phosphorylase gene (SEQ ID 
NO.: 22). 
0316 Expression cassettes were then designed using 
these trailer or leader Sequences to modify the expression of 
L-type phosphorylase gene and, in So doing, lowering acry 
lamide levels in fried products by limiting Starch mobiliza 
tion. These cassettes were constructed in a similar way as 
described in Example 5, and are depicted in FIG. 3 (SEQ ID 
Nos.: 23-26). An Agrobacterium strain containing a binary 
vector with this expression cassette, designated pSIM216, 
was used to infect potato Stems, and generate 25 transgenic 
plants. Minitubers derived from these plants were stored for 
4 weeks at 4 C. to induce cold-sweetening. The cold-stored 
minitubers were then analyzed for glucose levels. AS shown 
in Table 9, minitubers from all transgenic lines displayed 
reduced glucose levels. 
0317 Four lines that displayed at least 50% reduced 
glucose concentrations (lines 216-2,216-5,216-10, and 216 
21) were used to assess processing-induced acrylamide 
levels. Although acrylamide levels in fried tubers derived 
from the first three lines were similar to those of controls, 
French fries that were derived from line 216-21 accumulated 
only 45% of the wild-type acrylamide levels (136 vs. 305 
parts per billion). These results confirm the experiments 
described in Example 4 for tubers overexpressing the potato 
invertase inhibitor gene, in that relatively large reductions in 
glucose (and fructose) concentrations are needed to limit the 
heating-induced acrylamide accumulation in cold-Stored 
minitubers. Because Silencing of the phosphorylase gene is 
expected to be more effective in mature "216" tubers, 
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reductions in acrylamide levels are also anticipated to be 
more pronounced in the French fries produced from Such 
tubers. The improved health and Storage characteristics of 
modified plants can be confirmed in mature tubers. 

Example 7 

Modified Polyphenol Oxidase Gene 
0318 Using conventional transformation methods, this 
Example demonstrates that a modified polyphenol oxidase 
gene lacking a functional copper-binding site can be used 
effectively to reduce bruise susceptibility in tubers. 
0319 Previously, it was shown that black spot bruise 
Susceptibility can be reduced through antisense expression 
of the 1.8-kb PPO gene (Steffens, U.S. Pat. No. 6,160,204, 
2000). However, expression of the reverse complement of 
this large gene is undesirable because it contains new and 
uncharacterized open reading frames encoding peptides con 
Sisting of more than 100 amino acids, which may potentially 
impact the nutritional quality of foods (Table 1). As a safer 
approach to the one described above, the PPO gene was 
modified to encode a non-functional protein. 
0320 The wild-type potato PPO gene was isolated from 
Russet Ranger by using a polymerase chain reaction (PCR) 
method. First, genomic DNA was isolated from sprouts of 
Russet Ranger. The potato PPO gene was then amplified 
from the potato genomic DNA using DNA polymerase and 
oligonucleotide primers: 5': CGAATTCATGGCAAGCT. 
TGTGCAATAG-3' (PPO-F) (SEQ ID NO. 75), and 
5'-CGAATTCTTAACAATCTGCAAGACTGATCG-3' 
(PPO-R) (SEQ ID NO. 76). These were designed to comple 
ment the 5’- and 3'-ends of the potato PPO gene. The 
amplified 1.6 kb fragment was cloned into a pCEM-T EASY 
vector (Promega) and confirmed to represent a functional 
PPO gene by sequence analysis (SEQ ID NO. 27). 
0321) The copper binding domain in potato PPO was 
identified by aligning this protein with a Sweet potato PPO 
protein that was shown to contain conserved Cysteine (CyS) 
residue at position 92, Glutamine residue (Glu) at position 
236, and Histidine (His) residues at positions 88, 109, 118, 
240, 244 and 274 coordinating the two active site coppers 
(Klabunde et al., Nature Structural Biol. 5: 1084-1090, 
1998). These Cys, Glu, and His residues are also present in 
potato PPO. 
0322 The inactive PPO gene was created by using a PCR 
mutation replacement approach. Three fragments were 
amplified by Proof Start Taq DNA Polymerase (Qiagen) 
using 3 pairs of primers and wild-type Russet Ranger PPO 
as a template. The Sequences of the first pair, designated 
P1-F and P2-R, respectively, are: 5'-GAGAGATCT 
TGATAAGACACAACC -3' (SEQ ID NO. 77), and 
5'-CATTACCATAAGCC’CACTGTATATTAG CTTGT 
TGC-3' (SEQ ID NO. 78) (1: “A” to “C” mutation, resulting 
in Cysteine to Glycine substitution at position 186; 2: “A” to 
“C” mutation, resulting in Cysteine to Tryptophan Substitu 
tion at position 183; 3: “A” to “C” mutation, resulting in 
Histine to Glutamine substitution at position 182). The 
Sequences of the Second pair, designated P3-F and P4-R, 
respectively, are 5'-GTGCTTATAGAATTGGTGGC-3' 
(SEQ ID NO. 79), and 5'-TAGTTCCCGGGAGTTCAGTG 
3' (SEQ ID NO. 80). The sequences of the third pair, 
designated P5-F and P6-R, respectively, are 
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5'-CTCCCGGGAACTATAGGAAACATTC 
CTCTCGGTCCTGTCCACATCTGGTC-3' (SEQ ID NO. 
81) and 5'-GTGTGATATCTGTTCTTTTCC-3' (SEQ ID 
NO. 82) (4: “A” to “G” mutation, resulting in Glutamine to 
Glycine substitution at position 326; 5: “A” to “T” mutation, 
resulting in Histine to Leucine substitution at position 330). 
0323. An 80 bp fragment was amplified using primer 
P1-F and P2-R and digested with BglII. This fragment 
contains one Sticky end (BglI) and one blunt end, and 
carries three mutations in copper binding site I. A 0.4 kb 
fragment amplified using primer P3-F and P4-R and 
digested with Xmal contains one blunt end and one Sticky 
end (Xmal). A 0.2 Kb fragment was amplified using primer 
P5-F and P6-R and digested with Xmal and EcoRV. This 
third fragment with a sticky end (Xmal) and a blunt end 
EcoRV) has two mutations in copper binding site II. The 
BglII and EcoRV fragment from cloned wild-type potato 
PPO was then replaced with the above three ligated PCR 
amplified fragments. The presence of a total of 5 point 
mutations in the modified PPO gene was confirmed by 
sequence analysis (SEQ ID NO. 28). To create an expres 
sion cassette for modified PPO (mPPO), the following four 
fragments were simultaneously ligated together: (1) a 
BamHI-HindIII fragment containing the GBSS promoter, 
(2) a HindIII-SacI fragment containing mutant PPO, (3) a 
SacI-Kpnl fragment containing the Ubi-3 terminator, and (4) 
plasmid pBluescript, digested with KpnI and BamHI. This 
expression cassette was then inserted between borders of a 
binary vector to create pSIM314. 
0324. The efficacy of the mPPO gene expression cassette 
was assessed by transforming Russet Ranger Stem explants 
with pSIM314. Nodal cuttings of transgenic plants contain 
ing this expression cassette were placed on MS medium 
supplemented with 7% sucrose. After a 5-week incubation 
period in the dark at 18 C., microtubers were isolated and 
assayed for PPO activity. For this purpose, 1 g of potato 
tubers was pulverized in liquid nitrogen. This powder was 
then added to 5 ml of 50 mM MOPS (3-(N-morpholino) 
propane-Sulfonic acid) buffer (pH 6.5) containing 50 mM 
catechol, and incubated at room temperature with rotation 
for about 1 hour. The solid fraction was then precipitated, 
and the Supernatant transferred to another tube to determine 
PPO activity by measuring the change of OD-410 over time. 
As shown in Table 10, rmicrotubers isolated from Some of 
the transgenic lines displayed a significantly reduced 
polyphenol oxidase activity compared to either untrans 
formed controls or controls transformed with a construct not 
containing the mutant PPO gene. The Strongest reduction in 
PPO activity was observed in lines “314-9”, “314-17”, and 
“314-29". To test whether expression of the mutant PPO 
gene also reduced PPO activity in minitubers, rooted plant 
lets of transgenic lines were planted in Soil and incubated in 
a growth chamber for 4 weeks. A PPO assay on isolated 
minitubers demonstrated that reduced PPO activity in micro 
tubers correlated in most cases with reduced activities in 
minitubers (Table 10). Transgenic lines displaying a reduced 
PPO activity can be propagated and tested both in the 
greenhouse and the field to confirm the “low bruise” phe 
notype in mature tubers. Because micro- and minitubers 
express a variety of polyphenol oxidases, Some of which 
share only limited Sequence homology with the targeted 
polyphenol oxidase that is predominantly expressed in 
mature tubers, an even more profound reduction of PPO 
activity may be anticipated in the mature tubers of lines Such 



US 2005/0229267 A1 

as “314-9 and "314-17”. The data indicate that overexpres 
sion of a functionally inactive PPO gene can result in 
reduced bruise susceptibility. The improved health and stor 
age characteristics of modified plants can also be confirmed 
in mature field-grown tubers. 

Example 8 

Trailer Sequence of a Polyphenol Oxidase Gene 
that is Specific for the Non-Epidermal Tissues of 

Potato Tubers 

0325 Using conventional transformation methods, this 
Example demonstrates that a novel trailer Sequence associ 
ated with the potato PPO gene can be used effectively to 
reduce bruise Susceptibility in tubers. 

0326 Reverse transcription PCR was used to also isolate 
the trailer Sequence associated with the PPO gene expressed 
in potato tubers. The primers for the first PCR reaction were 
PPO-1 (5'-GAATGAGCTTGACAAGGCGGAG-3', (SEQ 
ID NO. 83)) and oligo-dT; primers for a second nested PCR 
reaction were PPO-2 (5'-CTGGCGATAACGGAACT 
GTTG-3', (SEQ ID NO. 84)) and oligo-dT. Sequence analy 
sis of the amplified DNA fragments cloned into pGEM-T 
revealed the presence of a 154-bp trailer (SEQ ID NO. 29). 
A Sense and antisense copy of this trailer, Separated by the 
Ubi intron, was then fused to the GBSS promoter and Ubi3 
terminator as described above to generate an expression 
cassette shown in FIG. 3 (SEQ ID NO. 30). An alternative 
construct containing the trailer Segments Separated by a 
GBSS spacer is shown in FIG.3 (SEQID NO.: 31). Similar 
versions with the larger GBSS promoter are shown in FIG. 
3 (SEQ ID NOS.:32-33). Interestingly, the trailer of the PPO 
gene that is predominantly expressed in mature tubers 
(indicated with P-PPO3 in FIG. 4) is different from the 
trailer of PPO genes that are predominantly expressed in 
other tissues including microtubers (indicated with PPOM 
41 and PPOM-44 in FIG. 4). Because of the low homology 
between trailers associated with different PPO genes, the use 
of the P-PPO3 trailer will result in a silencing of the mature 
tuber-specific PPO gene only. This very specific gene silenc 
ing would be difficult to accomplish with Sequences derived 
from the PPO gene itself, thus demonstrating the advantage 
of using non-coding Sequences for gene Silencing. To visu 
alize the extend of PPO activity, 0.5 mL of 50 mM catechol 
was pipetted on the cut Surfaces of Sliced genetically modi 
fied minituberS. Compared to controls, visual browning of 
the tuber regions was about 5 to 10-fold reduced. Interest 
ingly, though, no reduced browning was observed in the 
potato skin. It appears that the trailer Sequence used spe 
cifically silenced the PPO gene that is predominantly 
expressed in cortex and pith but not in the epidermal skin. 
This unexpected finding may be beneficial for tubers to 
protect themselves against Some pathogens attempting to 
infect through the skin because the PPO gene may play some 
role in certain defense responses. To quantitatively deter 
mine PPO activity, an assay was performed as described in 
Example 7. Table 11 shows up to 80% reduction of PPO 
activity in transformed minitubers compared to untrans 
formed controls. The level of reduction is expected to be 
even greater in mature tubers because these tubers express 
the targeted PPO gene more predominantly than mini- and 
microtubers. The improved characteristics of lines Such as 
“217-7 and “217-26' can be confirmed in mature tubers. 
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Example 9 

An Expression Cassette to Increase Levels of 
Resistant Starch 

0327 Increasing the amylose/amylopectin ratios in 
tubers can further enhance the nutritional value of potato 
products. One method that makes it possible to increase 
amylose content is based on the antisense expression of 
genes encoding for the Starch branching enzyme (SBE) I and 
II (Schwall et al., Nature Biotechnology 18:551-554, 2000). 
The disadvantages of this method are that (1) the efficiency 
of Simultaneously silencing two different genes through 
exploitation of antisense technologies is very low, (2) the 
antisense expression of the relatively large SBE-I and SBE 
II gene Sequences results in the undesirable expression of 
open reading frames (Table 1) (3) corresponding constructs 
that harbor the two antisense expression cassettes are unnec 
essarily large and complex, thus, increasing chances of 
recombination and lowering transformation frequencies. 
0328 Our approach to increase amylose content in potato 
is based on the expression of the trailer Sequences that are 
associated with-both genes. These trailers (SEQ ID No.:34 
and 35) were isolated with the primer pairs 5'-GTCCAT. 
GATGTCTTCAGGGTGGTA-3' (SEQ ID NO. 85), and 
5'-CTAATATTTGATATATGTGATTGT-3' (SEQ ID NO. 
86), and 5'-ACGAACTTGTGATCGCCITTGAAAG-3' 
(SEQ ID NO. 87), and 5'-ACTAAGCAAAACCTGCT 
GAAGCCC-3' (SEQ ID NO. 88). A single promoter drives 
expression of a Sense and antisense fusion of both trailers, 
separated by the Ubiquitin-7 intron, and followed by the 
Ubiquitin-3 terminator. The size of the entire expression 
cassette is only 2.5-kb. 

Example 10 

Development of Marker-Free Transformation 
Methods 

0329. This Example demonstrates that plants can be 
transformed effectively without to need for stable integration 
of Selectable marker genes. 
0330. This method is the first to take advantage of the 
phenomenon that DNAS targeted to the nuclei of plant cells 
often fails to Subsequently integrate into the plant cells 
genome. The inventors made the Surprising discovery that it 
is possible to Select for cells that temporarily express a 
non-integrating T-DNA containing a Selectable marker gene 
by placing infected explants for 5 days on a plant medium 
with the appropriate Selective agent. A Second phenomenon 
that was applied to develop the current method is that 
T-DNAS from different binary vectors often target the same 
plant cell nucleus. By using two different binary vectors, one 
containing the selectable marker on a T-DNA, and the other 
one carrying a T-DNA or P-DNA with the actual sequences 
of interest, it was possible to apply a transient Selection 
System and obtain populations of calli, Shoots or plants, a 
Significant portion of which represents marker-free transfor 
mation events. 

0331. A conventional binary vector designated pSIM011 
was used to represent the vector with the “Sequence of 
interest', which is, in this test case, an expression cassette 
for the beta glucuronidase (GUS) gene located oil a con 
ventional T-DNA. The second binary vector that was used 
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for these experiments contains an expression cassette com 
prising the neomycin phosphotransferase (NPTII) gene 
driven by the Strong promoter of the Ubiquitin-7 gene and 
followed by the terminator Sequences of the nopaline Syn 
thase (nos) gene between the borders of the T-DNA of a 
pSIM011-derivative. 

0332 Surprisingly, a strong level of transient NPTII gene 
expression levels could also be obtained by replacing the noS 
terminator with the terminator of the yeast alcohol dehy 
drogenase 1 (ADH1) gene (Genbank accession number 
V01292, SEQ ID NO. 56). This finding is interesting 
because the yeast ADH1 terminator does not share homol 
ogy with any plant terminator. Importantly, it should be 
noted here that many yeast terminators do not function 
adequately in plants. For instance, almost no GUS gene 
expression was observed in a similar experiment as 
described above with the GUS gene followed by the yeast 
iso-1-cytochrome c (CYC1) terminator (Genbank accession 
number SCCYT1). An improved vector carrying the select 
able marker gene NPTII was generated by replacing the noS 
terminator with the yeast ADH1 terminator. The binary 
vector containing a Selectable marker gene for transient 
transformation is designated “LifeSupport” (FIG. 5). 
0333 Potato stem explants were simultaneously infected 
with two A. tumefaciens LBA4404 strains containing 
pSIM011 and LifeSupport, respectively. A 1/10 dilution of 
overnight-grown cultures of each Strain were grown for 5-6 
hours before they were precipitated, washed and resus 
pended an ODoo of 0.4 as described in Example 3. The 
resuspended cells were then used to infect 0.4–0.6 cm 
internodal potato Segments at a final density of each bacteria 
of 0.2 (ODoo). Infected Stems were treated as in Example 
3 with a main difference: the Selection with kanamycin was 
limited to the first 5 days of culture on callus induction 
medium. Then, explants were allowed to further develop in 
fresh CIM and SIM containing only timentine 150 mg/L but 
no selective antibiotic. Within about 3 months from the 
infection day leaves from shoots derived from calli devel 
oped in 40-60% of the infected stems were both tested for 
GUS expression and PCR analyzed to identify events that 
contained the Sequences of interest but no marker gene. AS 
shown in Table 12, 11% of shoots represented marker-free 
transformation events. 

0334. The two-strain approach described above was also 
used to transform tobacco. Shoots that developed within 
about 2 months were GUS assayed and PCR analyzed. The 
high frequency of marker-free transformation events iden 
tified (18%) implies that the developed method is applicable 
to plant species other than potato (Table 12). 
0335 Importantly, sequential rather than simultaneous 
infection with the two different Agrobacterium strains 
resulted in an increase in the efficiency of marker-free 
transformation. The Surprising effect of Sequential infections 
was discovered by infecting potato Stem explants with the 
Agrobacterium Strain containing pSIM011, placing the 
infected explants on co-cultivation plates for 4 hours, and 
then re-infecting them with the LifeSupport vector. The 
doubly infected explants were treated as previously 
described in this example. As shown in Table 13, the lag time 
of 4 hours between the two different infections resulted in a 
2-fold increased frequency of marker-free transformation 
events in potato. 
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Example 11 

Precise Breeding with pSIM340 
0336. This Example demonstrates the efficacy of precise 
breeding. The health and agronomic characteristics of potato 
plants are enhanced by inserting potato genetic elements 
(see Examples 1, 4, and 7) into potato, using marker-free 
transformation (Example 10). 
0337. A binary vector containing two expression cas 
Settes for the invertase inhibitor and mutant polyphenol 
oxidase genes inserted between P-DNA termini, designated 
pSIM340 (FIG. 1), was created by inserting both expression 
cassettes of mutant PPO and invertase inhibitor into a binary 
vector pSIM112. Potato stem explants were infected simul 
taneously with pSIM340 and a further improved LifeSup 
port vector. The infected explants were then co-cultivated, 
Subjected to transient Selection, and induced to proliferate 
and develop shoots as discussed earlier. After 3 months, 
Small shoots were transferred to new media and allowed to 
grow for 3 additional weeks. Shoots were then phenotypi 
cally analyzed, and leaf material was collected for molecular 
analyses to determine the presence of backbone, marker 
gene and P-DNA with the sequences of interest, as described 
in Examples 2 and 3. As shown in Table 14, 1.2% of events 
represented a plant that contained the modified P-DNA of 
pSIM340 without LifeSupport. This frequency of maker 
free transformation is lower than found for a T-DNA, again 
revealing a functional difference between P-DNA and 
T-DNA 

Example 12 

Selecting Against Stable Integration of LifeSupport 
T-DNAS 

0338. This Example demonstrates that the efficiency of 
precise breeding methods can be increased by Selecting 
against Stable integration of LifeSupport T-DNAS using the 
bacterial cytosine deaminase gene. 
0339. The previous example demonstrates that the effi 
ciency of marker-free transformation is Several-fold lower 
with a modified P-DNA than with a conventional T-DNA. To 
improve the efficiency of generating shoots only containing 
a modified P-DNA, an expression cassette for a Suicide gene 
fusion comprising the bacterial cytosine deaminase (codA) 
and uracil phosphoribosyltransferase (upp) genes (Invivo 
Gen, CA) was inserted between T-DNA borders of the 
LifeSupport vector, generating pSIM346 (FIG. 5). Potato 
Stem explants were infected with one Strain carrying 
pSIM340 and the other carrying pSIM346, and Subsequently 
placed on the following media: (1) co-cultivation media for 
2 days, (2) CIMTK media to select for transient marker gene 
expression for 5 days, (3) CIMT media to allow proliferation 
of plant cells that transiently expressed the marker gene for 
30 days, (4) SIMT media with 500 mg/L of non-toxic 
5-fluorocytosine (5-FC), which will be converted by plant 
cells expressing codA::upp into the toxic toxic 5-fluorouracil 
(5-FU), to Select against stable integration of the LifeSup 
port TDNA. Callus gave rise to shoots on SIMT within 4 
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weeks. These shoots were transferred to MS media with 
timentin and allowed to grow until Sufficient tissue was 
available for PCR analysis. DNA was then extracted from 
100 shoots and used to determine the presence of P-DNA, 
LifeSupport and backbone. As shown in Table 15, none of 
the shoots analyzed contained a LifeSupport T-DNA, indi 
cating, for the first time, that the codA::upp gene fusion can 
be used as negative Selectable marker prior to regeneration. 
More importantly, our results demonstrate that a negative 
Selection against LifeSupport T-DNA integration increases 
the frequency of shoots that only contain a modified P-DNA. 
By coupling a positive Selection for transient marker gene 
expression with a negative Selection against Stable integra 
tion of the codA::upp gene fusion, the frequency of Shoots 
only containing a modified P-DNA is about 5-fold higher 
than by only employing the positive Selection for transient 
marker gene expression (Table 15). 
0340 An even greater increase in the efficiency of 
marker-free transformation was obtained by using the Life 
Support vector pSIM350 (FIG. 5), which is similar to 
pSIM346 but contains the codA gene instead of the 
codA::upp gene fusion. Potato Stem explants simultaneously 
infected with pSIM340 and pSIM350 were treated as 
described above, and 51 resulting shoots were molecularly 
tested for the occurrence of events only containing-the 
T-DNA region from pSIM340. Interestingly, this PCR analy 
sis revealed that Some shoots contained the codA gene 
(Table 15). This finding demonstrates that codA is not as 
tight a negative Selectable marker as codA::upp in plants. 
More importantly, a large number of shoots (29%) were 
shown to represent marker-free transformation events. 

0341) Efficiencies can be further increased by not infect 
ing explants simultaneously with pSIM340 and pSIM350 
but sequentially. By infecting the explants with pSIM340 
and re-infecting them with pSIM350 after 4 hours, marker 
free transformation frequencies are expected to be approxi 
mately 30-40%. 

Example 13 

Impairing Integration of LifeSupport T-DNAS 

0342. This Example demonstrates that the efficiency of 
precise breeding methods can be increased by impairing 
integration of the LifeSupport T-DNA into the plant genome 
using an omega-mutated Vir)2 gene. 
0343. It has been shown that the omega domain of the 
Agrobacterium protein Vird2 is important for the ability of 
that protein to Support T-DNA integration into plant 
genomes (Mysore et al., Mol Plant Microbe Interact 11: 
668-83, 1998). Based on this observation, modified Life 
Support vectors were created that contain an expression 
cassette for an omega-mutated Vir)2 protein inserted into 
the Sac Site in their backbone Sequences. The expression 
cassette was obtained by amplifying a 2.2-kb DNA fragment 
from plasmid pCS45 (courtesy of Dr. Walt Ream-Oregon 
State University, OR, USA-, SEQ ID NO. 36). A LifeSup 
port-derivative carrying this expression cassette, designated 
pSIM4012 (FIG. 5), was used to support the transformation 
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of potato plants with the modified P-DNA of pSIM340. After 
transient Selection and shoot induction, 100 shoots were 
molecularly tested for the presence of transgenes. AS shown 
in Table 15, 4.4% of shoots only contained the modified 
P-DNA, indicating that the use of omega-virl)2 increases 
the efficiency of marker-free transformation about 4-fold 
(Table 15). 
0344) Efficiencies are further improved by increasing the 
size of the LifeSupport T-DNA from 3.7 kb (in pSIM4012) 
to 8.1 kb (in the pSIM4012-derivative designated 
pSIM3412; FIG. 5). By regenerating shoots from potato 
stem explants simultaneously infected with pSIM340 and 
pSIM3412, 7 of 81 analyzed events (7%) were shown to 
represent marker-free transformation events (Table 15). 
0345 A further improvement can be obtained by infect 
ing explants Sequentially rather than Simultaneously with 
pSIM340 and LifeSupport. In a similar way as described in 
Example 10, the frequency of plants that only contain a 
modified P-DNA can be about doubled by infecting the 
explants with pSIM340 and re-infecting them with LifeSup 
port after 4 hours. 

Example 14 
Development of a 1-Strain Approach 

0346) This Example demonstrates that high frequencies 
of marker-free transformation can also be obtained by using 
a single Agrobacterium strain that contains both the P-DNA 
vector and Life Support 
0347 Two compatible binary vectors were created that 
can be maintained Simultaneously in Agrobacterium. Instead 
of using this System to Stably integrate two T-DNAS carrying 
the DNA-of-interest and a marker gene, respectively 
(Komari et al. U.S. Pat. No. 5,731,179, 1998), it is intended 
for integration of only the modified P-DNA. 
0348 The first vector, designated pSIM356, contains an 
expression cassette comprising the GUS gene driven by the 
UbiT promoter and followed by UbiT inserted between 
P-DNA termini. The backbone portion of this vector con 
tains bacterial origins of replication from pVS1 and 
pBR322, a Spectinomycin resistance gene for bacterial 
Selection, and an expression cassette for the IPT gene to 
enable Selection against backbone integration in plants 
(FIG. 1). The second vector, designated pSIM363, contains 
an expression cassette comprising the NPTII gene driven by 
the UbiT promoter and followed by the yeast ADH1 termi 
nator inserted between conventional T-DNA borders (FIG. 
5). The backbone portion of this vector contains bacterial 
origins of replication from ColE1 (Genbank number 
V00268) and ori V (Genbank number M20134), and a 
kanamycin resistance gene for bacterial Selection. 
0349 The concept of increasing marker-free transforma 
tion frequencies using pSIM356 and pSIM363 was tested in 
100 tobacco shoots. As shown in Table 16, about 19% of 
regenerated shoots contained the DNA of interest without 
marker gene. An increase in marker-free transformation 
efficiency was also found by applying this 1-Strain approach 
to potato. Nine of 60 independent shoots tested (15%) 
contained the pSIM340 T-DNA and lacked the LifeSupport 
T-DNA (Table 16). 
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0350. The 1-strain approach can be combined with the 
method described in Example 12 to couple a positive 
Selection for transient marker gene expression with a nega 
tive Selection against Stable integration of the coda gene. For 
this purpose, the LifeSupport vector pSIM365 was devel 
oped (FIG. 5). An Agrobacterium strain carrying this vector 
together with a P-DNA vector can be used to efficiently 
develop plants that only contain an expression cassette-of 
interest located within a P-DNA stably integrated in their 
genomes. 

Example 15 

Precise Breeding Method Relying on a Native 
Marker 

0351 Apart from transforming crop plants with P-DNAS 
that only contain the desirable Sequences to introduce ben 
eficial traits, the present invention also provides a method of 
transforming such plants with P-DNAS that contain an 
additional native marker gene. Our novel and native marker 
genes of choice are potato homologs of the Arabidopsis 
vacuolar Na+/H+ antiporter gene and alfalfa alfin-1 gene. 
Expression of these genes do not only allow the identifica 
tion of transformation events, but also provides Salt toler 
ance to transformed plants. High Salinity levels in an 
increasing acreage of agricultural land will therefore leSS 
affect potato plants containing the Salt tolerance marker. 
0352. Two versions of a vacuolar Na+/H+antiporter 
homolog, designated Pst (Potato Salt tolerance) were ampli 
fied from cDNA of a late blight resistant variety obtained 
from the US Potato Genbank (WI), designated “LBR4', 
using the oligonucleotide pair 5'-CCCGGGATGGCTTCT 
GTGCTGGCT-3' (SEQ ID NO. 89) and 5'-GGTACCT 
CATGGACCCTGTTCCGT3' (SEQ ID NO. 90). Their 
sequences are shown in SEQID NO.:37 and 38. A third gene 
(SEQ ID NO.:39)with homology to alfin-1 was amplified 
from LBR4 potato DNA using the primers 5'-CCCGGG 
TATGGAAAATTCGGTACCCAGGACTG-3' (SEQ IDN.O. 
91) and 5'-ACTAGTTAAACTCTAGCTCTCTTGC -3' 
(SEQ ID NO. 92). The efficacy of the Pst genes to function 
as transformation marker was assessed by inserting a fusion 
with the UbiT promoter between conventional T-DNA bor 
ders of a modified pSIM341 vector. After a transient selec 
tion period, kanamycin-resistant cells are allowed to prolif 
erate and develop Shoots. These shoots are then transferred 
to media that contain 100-150 mM Sodium chloride. Salt 
tolerant shoots represent transformation events that contain 
the T-DNA of the modified pSIM341. 

Example 16 

Tuber-Specific Promoter 

0353 A newly isolated tuber-specific promoter can 
replace the GBSS promoter used to develop the expression 
cassettes described in previous examples. This promoter was 
isolated from the genome of Russet Burbank potato plants 
by using the inverse polymerase chain reaction with primers 
Specific for a potato proteinase inhibitor gene (Genbank 
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Accession D17332) (SEQ ID NO. 39). The efficacy of the 
PIP promoter was tested by creating a binary vector that 
contains the GUS gene driven by this promoter and an 
expression cassette for the NPTII marker gene. A similar 
construct with the PIP promoter replaced by the GBSS 
promoter was used as control. Transformed shoots were 
obtained by infecting Stem explants with Agrobacterium 
Strains carrying the binary vectors, co-cultivation for 2 days, 
and selection on CIMTK medium for 2 months. These 
shoots were transferred to new media to induce root forma 
tion, and then planted into Soil. Tubers can be assayed for 
GUS expression after a 3-month growth period in the green 
house. 

Example 17 

Preferred Constructs and Transformation Methods 
for Precise Breeding 

0354 Apart from pSIM340, many other vectors can be 
used to improve potato plants by transforming them with 
modified P-DNAS. Two of such vectors contain an expres 
Sion cassette for a Sense and antisense copy of the trailer 
associated with a PPO gene that is expressed in all tuber 
tissues except for the epidermis (see Example 8). Vector 
pSIM370 contains an additional expression cassette for a 
Sense and antisense copy of the leader associated with 
phosphorylase gene (see Example 6). Vector pSIM371 con 
tains a third expression cassette for the potato alfin-1 
homolog (FIG. 1). 
0355) A third alternative vector, designated pSIM372, 
contains both an expression cassette for the potato alfin-1 
homolog, and an expression cassette for a Sense and anti 
sense copy of a fusion of the PPO-associated trailer, R1-as 
Sociated leader, and phosphorylase-associated leader. 
0356. The preferred LifeSupport vector for a 1-strain 
approach is pSIM365. For a 2-strain approach, the preferred 
vector is pSIM367, which contains expression cassettes for 
both NPTII and coda between T-DNA borders, and an 
additional expression cassette for omega Vir)2 in the plas 
mid backbone (FIG. 5). 
0357 Potato stem explants are infected with 1 strain 
carrying both pSIM365 and any of the vectors pSIM370, 
371, and 372, or Sequentially with 2 Strains carrying 
pSIM366 and any of the preferred vectors-of-interest, 
respectively. After a 2-day co-cultivation and a 5-day tran 
Sient Selection period, the explants are transferred to media 
for proliferation/regeneration and elimination of Agrobac 
terium. Thirty days later, explants are transferred again to 
the same media but now also containing 5-FU to eliminate 
events containing LifeSupport T-DNAS. Shoots that Subse 
quently arise on calli are transferred to regeneration media 
that may contain 100-200 mM salt to screen for salt tolerant 
events. The IPT-negative shoots are allowed to root and 
develop into mature plants. A large proportion of these 
plants (10%-100%) are predicted to represent marker-free 
and backbone-free plants containing a P-DNA with nucle 
otide Sequences of interest stably integrated into their 
genomeS. 





US 2005/0229267 A1 

0362 

TABLE 7 

Acrylamide levels in French fries derived from 
untransformed mature tubers 

Stored at Stored at 
18° C. (colorid.) 4° C. (colorid.) 

Glucose levels <0.1 mg/g 3.4 mg/g 
8-minute blanch 53 PPB (78) 603 PPB (56) 

12-minute blanch 28 PPB (84) 244 PPB (71) 

* a higher value indicates a lighter color of the finished Fry product 

0363) 

TABLE 8 

Glucose levels in cold-stored pSIM332 minitubers 

Line glucose mg/g (%-reduced) 

Untransformed control 11.6 - 0.5 
Vector control 11.5 + 0.5 
332-1 5.4 (53%) 
3.32-2 4.8 (58%) 
332-4 7.0 (39%) 
332-5 5.8 (50%) 
332-6 6.9 (40%) 
332-7 6.0 (48%) 
332-8 6.8 (41%) 
332-9 6.6 (43%) 
332-10 5.4 (53%) 
332-11 6.1 (47%) 
332-12 6.4 (44%) 
332-13 6.4 (44%) 
332-15 7.7 (33%) 
332-16 6.5 (43%) 
332-17 5.3 (54%) 
332-18 7.1 (38%) 
332-21 6.3 (46%) 
3.32-22 5.4 (53%) 
3.32-23 4.2 (63%) 
332-31 6.0 (48%) 
332-34 6.2 (48%) 
332-35 6.4 (44%) 
332-39 6.7 (41%) 
332-40 7.5 (35%) 
332-41 5.7 (50%) 

0364 

TABLE 9 

Glucose levels in cold-stored pSIM216 minitubers 

Line glucose mg/g (%-reduced) 

Untransformed control 
Vector control 
216-2 
216-3 
216-4 
216-5 
216-8 
216-10 
216-11 
216-12 
216-13 
216-15 
216-16 
216-17 
216-19 

11.6 - 0.5 
11.5 + 0.5 
5.5 (52%) 
8.8 (23%) 
7.4 (36%) 
5.8 (50%) 
8.4 (27%) 
5.1 (56%) 

10.1 (19%) 
9.3 (19%) 
6.4 (44%) 
8.8 (23%) 
9.7 (16%) 
6.4 (44%) 
8.7 (24%) 

Oct. 13, 2005 

TABLE 9-continued 

Glucose levels in cold-stored pSIM216 minitubers 

Line 

216-21 
216-24 
216-26 
216-29 
216-30 
216-32 
216-34 
216-35 
216-38 
216-42 
216-44 
216-45 

0365) 

glucose mg/g (%-reduced) 

TABLE 10 

3.2 (72%) 
9.4 (18%) 
9.3 (19%) 
7.1 (38%) 
8.2 (29%) 
9.3 (19%) 
7.1 (38%) 
7.8 (32%) 
7.1 (38%) 
8.1 (30%) 
9.4 (18%) 

10.2 (11%) 

PPO activity in potato lines expressing a modified PPO gene 

Line 

Untransformed 
controls 
Vector controls 

4-1 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4-2O 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

0366) 

OD-410/gram 

micro tubers 
(%-reduced) 
24.59 - 2.22 

22.59 - 3.36 
2.36 (90%) 
1.52 (-76%) 
8.40 (22%) 
8.49 (64%) 
6.04 (32%) 
4.86 (37%) 
5.43 (77%) 
9.35 (18%) 
8.17 (23%) 
8.64 (21%) 
3.92 (41%) 
5.19 (78%) 

26.66 (-13%) 
1.32 (52%) 
3.45 (43%) 
5.19 (78%) 
5.10 (36%) 

23.12 (2%) 
3.45 (43%) 

26.42 (–12%) 
31.85 (-35%) 
3.77 (84%) 

23.83 (–1%) 
28.78 (-22%) 

4 

TABLE 11 

mini-tubers 
(%-reduced) 
2O.O7 1.21 

1955 - 143 
7.8 (11%) 

21.3 (-7%) 
5.4 (73%) 
9.1 (4%) 
16 (20%) 
17 (15%) 
4.3 (78%) 
9.6 (2%) 
5.4 (23%) 

17.32 (13%) 
8.2 (9%) 
2.4 (88%) 
3.2 (34%) 
7.6 (12%) 
8.8 (6%) 

7.8 (11%) 
9.4 (3%) 
9.4 (3%) 
4.8 (26%) 

21.2 (-6%) 
20 (0%) 

PPO activity in potato minitubers expressing a modified 
trailer sequence associated with the PPO gene 

Line 

Untransformed controls 
Vector controls 
217-1 
217-4 
217-5 
217-6 

OD-410/gram (%-reduced) 

20.6 - 1.3 
17.9 2.1 

12.5 (39.4%) 
12.6 (38.6%) 
11.3 (45.0%) 
6.1 (70.4%) 
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TABLE 11-continued 

PPO activity in potato minitubers expressing a modified 
trailer sequence associated with the PPO gene 

Line OD-410/gram (%-reduced) 

217-7 5.7 (72.5%) 
217-9 10.4 (49.6%) 
217-10 15.2 (26.3%) 
217-11 15.2 (26.3%) 
217-12 6.6 (67.9%) 
217-14 15.4 (25.4%) 
217-15 13.5 (34.6%) 
217-16 6.0 (71.0%) 
217-17 9.7 (53.0%) 
217-19 8.6 (58.4%) 
217-21 14.2 (31.1%) 
217-22 9.7 (53.0%) 
217-23 15.2 (26.3%) 
217-24 8.2 (60.1%) 
217-25 11.9 (42.2%) 
217-26 3.1 (84.8%) 
217-27 6.2 (69.9%) 
217-29 7.2 (65.1%) 

0367) 

TABLE 12 

Marker-free transformation with the LifeSupport 
Vector + pSIM011 

Gene-of 
Plant Co-transformed Marker only interest only Untransformed 

Potato O% 33% 11% 56% 
Tobacco 20% 26% 18% 36% 

Co-transformed: PCR-positive for both GUS and NPT 
Gene-of-interest only: PCR-positive for GUS 
Untransformed: Plants are PCR-negative for both GUS and NPT 

0368) 

TABLE 13 

Sequential potato transformation with the 
LifeSupport vector and pSIM011 

Time Gene-of 
window Co-transformed Marker only interest only Untransformed 

O hrs 9% 36% 9% 46% 
4 hrs 20% 30% 20% 30% 

Untransformed: Plants are PCR-negative for marker and gene-of-interest 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 124 

<210> SEQ ID NO 1 
<211& LENGTH: 416 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 1 

34 
Oct. 13, 2005 

0369) 

TABLE 1.4 

Marker-free transformation with the P-DNA 

vector pSIM340 + LifeSupport 

Gene-of 

Plant Co-transformed Marker only interest only Untransformed 

Potato 17% 52.8% 1.2% 29% 

Co-transformed: PCR-positive for both the PPO gene of pSIM340 and the 
NPT gene from LifeSupport 
Untransformed: Plants are PCR-negative for PPO and NPTII 

0370 

TABLE 1.5 

Marker-free potato transformation with pSIM340 + improved 
LifeSupport vectors 

LifeSupport Co- Gene-of 
wector transformed Marker only interest only Untransformed 

PSM346 O% O% 4% 96% 
PSM350 10% 10% 29% 51% 
PSM4O1 6% 34% 5% 55% 
pSIM341S2 16% 23% 7% 54% 

Co-transformed: PCR-positive for both the PPO gene of pSIM340 and the 
NPT gene from LifeSupport 
Untransformed: Plants are PCR-negative for PPO and NPTII 

0371) 

TABLE 16 

Marker-free potato transformation with a single Agrobacterium strain 
carrying both pSIM356 and pSIM363 

Gene-of 
Plant Co-transformed Marker only interest only Untransformed 

Tobacco 50% 15% 19% 16% 
Potato 22% 5% 15% 58% 

Co-transformed: PCR-positive for both the GUS gene of pSIM356 and the 
NPT gene from LifeSupport 
Untransformed: Plants are PCR-negative for PPO and NPTII 

0372) 
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gtttacagta ccatatat co totcagaggt atagagg cat gactogcatg atcactaaat 60 

tgatgcc.cac agaggagact tatalaccitac agggg cacgt agttctagga cittgaaagtg 120 

actgaccgta gtccaacticg gtataaagcc tactic coaac taaatatatgaaatttatag 18O 

catalactoca gatgagctic g attctagagt aggtacc gag citcga attcc titacticcitcc 240 

acaaag.ccgt aactgaag.cg acttctattt ttctgaacct tcggacctga C gatcaagaa 3OO 

totcaatagg tagttctt.ca taagtgagac tat cott cat agctacactt totaaaggta 360 

cgatagattt toggatcaa.cc acacacactt cqtttacacc ggtatatato citgc.ca 416 

<210> SEQ ID NO 2 
<211& LENGTH: 824 
&212> TYPE DNA 

<213> ORGANISM: Triticum sp. 

<400 SEQUENCE: 2 

tggcaggata tatgagtgtg taaacaacca taatcaggct gtaattatca agagaactaa 60 

tgacaagaag cagagctitat caagtgtttc gttc.ca.gctgt alacatgggca caaaagcttg 120 

cittgatgcat gtctggcttt toaaagagca atgtattoto aggtacctgc acgtttgatc 18O 

ccctaccacg tacaagacga gcagaaagga catgtctgca gaaacttaga cacatcc att 240 

gcagacitcgt toc gaag cat caggagagta gtcagdaatg gtcatctgct gatgtaaatt 3OO 

aattgattgttggtaatcaa attittaacag caatatatat aatatatoaa tagtatattg 360 

aactatoa aa gacitgtaatc atatataa.ca gcatacaaat tdtcgtggala acaagaggag 420 

citcatcaagt gtttagttca gaaatagota accaagaatg caatataata gggg tactga 480 

gctoccitt.ca aaattacitaa cittcagaaat agcta accala gaatgcaat g g cattgcata 540 

atttaaacaa citgtcago ac caatctotga citgaagg cag titt acco att cagaagagca 600 

cacattttct gaacgacaac totgagcggg gattgttgac agcagdaatt aatctggcct 660 

caagatggitt to caacaa.ca tag atcagat acago actoa agc accolaat aatcago cag 720 

tact gatctg gttaccactd caattgatta acagatgaac totgaaatta agatttalact 78O 

gacagtaata tataccagtt go caggatat atcc.citctgt aaac 824 

<210> SEQ ID NO 3 
&2 11s LENGTH 2595 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Expression 

cassette for the IPT gene 

<400 SEQUENCE: 3 

citgcagocaa agcacatact tatcgattta aattt catcg aagagattaa tatcgaataa 60 

toatatacat actittaaata cataacaaat tittaaataca tatatotggit atataattaa 120 

ttttittaaag to atgaagta totatoaaat acacatatgg aaaaaattaa citattoataa 18O 

tittaaaaaat agaaaagata catctagtga aattaggtgc atgitatcaaa tacattagga 240 

aaaggg cata tatcttgatc tagataatta acg attittga tittatgtata attitccaaat 3OO 

galaggtttat atctact tca gaaataacaa tatacttitta totagaacatt caacaaagta 360 

acaaccaact agagtgaaaa atacacattg ttctotaaac atacaaaatt gagaaaagaa 420 
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totcaaaatt tagagaaa.ca aatctgaatt totagaagaa aaaaataatt atgcactittg 480 

citattgctcg aaaaataaat gaaagaaatt agacittttitt aaaagatgtt agacitagata 540 

tactcaaaag citatcaaagg agtaatatto ttcttacatt aagtattitta gttacagtcc 600 

tgtaattaaa gacacattitt agattgttatc taaacttaaa totatotaga atacatatat 660 

ttgaatgcat catata catg tatcc gacac accalattcto ataaaaag.cg taatatocta 720 

aactaattta toctitcaagt caacttaagc ccaatataca ttittcatcto taaagg.ccca 78O 

agtggcacaa aatgtcaggc cca attacga agaaaagggc titgtaaaacc ctaataaagt 840 

ggcactggca gagcttacac totcattcca toaacaaaga aaccotaaaa gocgcagogc 9 OO 

cact gattitc. tcticcitccag gogaagatgc agatctt.cgt galagacccta acggggalaga 96.O 

cgatcaccct a gaggttgag tottc.cgaca ccatcgacaa totcaaagcc aagatcc agg O20 

acaaggaagg gattcc.ccca gaccagoagc gtttgattitt cqc.cggaaag cagottgagg O8O 

atggtogtac tottgc.cgac tacaa.catcc agaaggag to aactotc.cat citcgtgcto c 14 O 

gtotcc.gtgg toggtggatcc atggacct gc atctaattitt cqgtocaact to cacaggaa 200 

agacgacgac cqc gatagot cittgcc.ca.gc agacagggct tccagtc.citt togcttgatc 260 

gggtocaatig citgtc.citcaa citatcaa.ccg gaag.cggacg accaa.ca.gtg gaagaactoga 320 

aaggaacgac gogtc.tctac Cttgatgatc ggc citctggit ggagggitatic atc.gcago.ca 38O 

agcaa.gctca toataggctg atcgaggagg togtataatca taggccaac gg.cgg gCtta 4 40 

ttcttgaggg aggatccacc togttgctica actgcatggc gcgaalacago tattggagtg 5 OO 

cagattitt.cg ttgg catatt attc.gc.caca agttaccc.ga cca agaga.cc titcatgaaag 560 

cggcca aggc cagagittaag cagatgttgc acco.cgctgc aggcc attct attattoaag 62O 

agttggttta totttggaat galaccitcggc tigaggcc cat totgaaagag atc gatggat 680 

atcgatatgc catgttgttt gctagocaga accagat cac ggcagatatgctattgcago 740 

ttgacgcaaa tatggaaggit aagttgatta atgggat.cgc ticaggagtat titcatcCatg 800 

cgc.gc.caa.ca ggalacagaaa titcc.cccaag ttaacgcago C gotttcgac ggatticgaag 860 

gtocatc.cgtt cqgaatgitat taggittacgc cagcc ctg.cg togcaccitgt citt catctgg 920 

ataagatgtt cqtaattgtt tittggctttgtcc tdttgttg gcagggcggc aaatact tcc 98O 

gacaatcc at cqtgtc.ttca aactittatgc tiggtgaacaa gtottagttt coacgaaagt 20 40 

attatgttaa attittaaaat titcgatgitat aatgttggcta taattgtaaa aataaactat 2100 

cgtaagtgtg cqtgttatgt ataatttgtc taaatgttta atatatato a tagaacgcaa. 216 O 

taaatattaa atatagogct tittatgaaat ataaatacat cattacaagt tatttatatt 2220 

togggtggac tagtttittaa tatttagdaa atgtc.ctato agttittctot ttttgtcgaa 228O 

cggtaattta gagtttittitt togctatatgg atttitcgttt ttgatgitatg tdacaaccot 234. O 

cgggattgtt gatttatttcaaaactaaga gtttittgctt attgttctog totattittgg 24 OO 

atatoaatct tagttittata tottttctag ttctotacgt gttaaatgtt caacacacta 2460 

gcaatttggc tigcagogt at ggattatgga act atcaagt citgtgggat.c gataaatatg 252O 

cittcto agga atttgagatt ttacagtott tatgctoatt goggttgagta taatatagta 258O 

aaaaaatagg aattic 2595 

<210> SEQ ID NO 4 
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ttttittaaag to atgaagta totatoaaat acacatatgg aaaaaattaa citattoataa 6660 

tittaaaaaat agaaaagata catctagtga aattaggtgc atgitatcaaa tacattagga 672O 

aaaggg cata tatcttgatc tagataatta acg attittga tittatgtata attitccaaat 678 O. 

galaggtttat atctact tca gaaataacaa tatacttitta totagaacatt caacaaagta 6840 

acaaccaact agagtgaaaa atacacattg ttctotaaac atacaaaatt gagaaaagaa 69 OO 

totcaaaatt tagagaaa.ca aatctgaatt totagaagaa aaaaataatt atgcactittg 696 O 

citattgctcg aaaaataaat gaaagaaatt agacittttitt aaaagatgtt agacitagata 7 O2O 

tactcaaaag citatcaaagg agtaatatto ttcttacatt aagtattitta gttacagtcc 708O 

tgtaattaaa gacacattitt agattgttatc taaacttaaa totatotaga atacatatat 714. O 

ttgaatgcat catata catg tatcc gacac accalattcto ataaaaag.cg taatatocta 72OO 

aactaattta toctitcaagt caacttaagc ccaatataca ttittcatcto taaagg.ccca 726 O 

agtggcacaa aatgtcaggc cca attacga agaaaagggc titgtaaaacc ctaataaagt 732O 

ggcactggca gagcttacac totcattcca toaacaaaga aaccotaaaa gocgcagogc 738O 

cact gattitc. tcticcitccag gogaagatgc agatctt.cgt galagacccta acggggalaga 440 

cgatcaccct a gaggttgag tottc.cgaca ccatcgacaa totcaaagcc aagatcc agg 7500 

acaaggaagg gattcc.ccca gaccagoagc gtttgattitt cqc.cggaaag cagottgagg 756 O 

atggtogtac tottgc.cgac tacaa.catcc agaaggag to aactotc.cat citcgtgcto c 762O 

gtotcc.gtgg toggtggatcc atggacct gc atctaattitt cqgtocaact to cacaggaa 768O 

agacgacgac cqc gatagot cittgcc.ca.gc agacagggct tccagtc.citt togcttgatc 774. O 

gggtocaatig citgtc.citcaa citatcaa.ccg gaag.cggacg accaa.ca.gtg gaagaactoga 7800 

aaggaacgac gogtc.tctac Cttgatgatc ggc citctggit ggagggitatic atc.gcago.ca 786 O 

agcaa.gctica toataggctg atc gaggagg totataatca to aggccaac gg.cgggctta 7920 

ttcttgaggg aggatccacc togttgctica actgcatggc gcgaalacago tattggagtg 798O 

cagattitt.cg ttgg catatt attc.gc.caca agttaccc.ga cca agaga.cc titcatgaaag 804. O 

cggcca aggc cagagittaag cagatgttgc acco.cgctgc aggcc attct attattoaag 8100 

agttggttta totttggaat galaccitcggc tigaggcc cat totgaaagag atc gatggat 81 60 

atcgatatgc catgttgttt gctagocaga accagat cac ggcagatatgctattgcago 8220 

ttgacgcaaa tatggaaggit aagttgatta atgggat.cgc ticaggagtat titcatcCatg 828O 

cgc.gc.caa.ca ggalacagaaa titcc.cccaag ttaacgcago C gotttcgac ggatticgaag 8340 

gtocatc.cgtt cqgaatgitat taggittacgc cagcc ctg.cg togcaccitgt citt catctgg 84 OO 

ataagatgtt cqtaattgtt tittggctttgtcc tdttgttg gcagggcggc aaatact tcc 84 60 

gacaatcc at cqtgtc.ttca aactittatgc tiggtgaacaa gtottagttt coacgaaagt 852O 

attatgttaa attittaaaat titcgatgitat aatgttggcta taattgtaaa aataaactat 858O 

cgtaagtgtg cqtgttatgt ataatttgtc taaatgttta atatatato a tagaacgcaa. 864. O 

taaatattaa atatagogct tittatgaaat ataaatacat cattacaagt tatttatatt 87 OO 

togggtggac tagtttittaa tatttagdaa atgtc.ctato agttittctot ttttgtcgaa 876O 

cggtaattta gagtttittitt togctatatgg atttitcgttt ttgatgitatg tdacaaccot 882O 

cgggattgtt gatttatttcaaaactaaga gtttittgctt attgttctog totattittgg 888O 
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<210 SEQ ID NO 7 
&2 11s LENGTH 355 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 7 

ttittaatgtt tag caaatgt cottatcagtt ttctotttitt gtcgaacggit aatttagagt 60 

tttittittgct atatggattt togtttittga tigtatgttgac aaccotcggg attgttgatt 120 

tatttcaaaa citaagagttt ttgcttattg ttctogtota ttittggatat caatcttagt 18O 

tittatatott ttctagttct citacgtgtta aatgttcaac acactag caa tittggctgca 240 

gc gitatggat tatggalacta totalagtotgt gggat.cgata aatatgcttic toaggaattit 3OO 

gagattittac agt citt tatg citcattgggit tagtataat atagtaaaaa aatag 355 

<210 SEQ ID NO 8 
&2 11s LENGTH 179 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 8 

accittattitc actaccactt tocactcitcc aatcc.ccata citctotgctc caatcttcat 60 

tittgctitcgt gaattcatct tcatcgaatt totcgacgct tctitc.gctaa tittccitcgtt 120 

actt cactaa aaatcgacgt ttctagotga acttgagtga attaa.gc.cag toggaggat 179 

<210 SEQ ID NO 9 
&2 11s LENGTH 569 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 9 

gttagaaatc ttctotattt ttggitttittg totgtttaga ttctogaatt agctaatcag 60 

gtgctgttat agcc.cittaat tittgagttitt tttitcggttg ttittgatgga aaaggcctaa 120 

aatttgagtt tttittacgtt gotttgatgg aaaaggccta caattggagt titt.ccc.cgtt 18O 

gttittgatga aaaag.cccct agtttgagat tttittittctg. tcg attcg at totaaaggitt 240 

taaaattaga gtttittacat ttgtttgatgaaaaaggcct taaatttgag tttitt.ccggit 3OO 

tgatttgatgaaaaag.ccct agaatttgttg ttttittcgtc. g.gtttgattic toga aggccta 360 

aaatttgagt ttctoc ggct gttittgatga aaaag.cccta aatttgagtt totcc.ggctg 420 

ttittgatgaa aaag.ccctaa atttgagttt tttcc.ccgtg ttittagattig tittggittitta 480 

attcto gaat cagotaatca gggagtgttga aaag.cccitaa aatttgagtt tttitt.cgttg 540 

ttctgattgttgtttittatg aatttgcag 569 

<210> SEQ ID NO 10 
&2 11s LENGTH 1738 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Expression 

cassette for a sense and antisense copy of the 
leader associated with the R1 gene 

<400 SEQUENCE: 10 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 
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gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

ccaccittatt toactaccac tittccactict coaatcc.cca tactcitctgc ticcaatctitc 480 

attittgctitc gtgaattcat cittcatcgaa tittctogacg cittctitc.gct aattitccitcg 540 

ttacitt cact agaaatcgac gtttctagot gaacttgagt gaattaa.gcc agtgg gagga 600 

tgaattcaag gttagaaatc ttctotattt ttggitttittg totgtttaga ttcto gaatt 660 

agctaatcag gtgctgttat agcc.cittaat tittgagttitt tttitcggttg ttittgatgga 720 

aaaggccitaa aatttgagtt tttittacgitt gotttgatgg aaaaggccta caattggagt 78O 

tittccc.cgitt gttittgatga aaaag.cccct agtttgagat tttittittctg. tcg attcgat 840 

totaaaggitt taaaattaga gtttittacat ttgtttgatgaaaaaggcct taaatttgag 9 OO 

tttittcc.ggit tdatttgatg aaaaag.ccct agaatttgttg tttitttcgtc. g.gtttgattc 96.O 

tgaaggccita aaatttgagt ttcto cqgct gttittgatga aaaag.cccta aatttgagtt O20 

totccggctg. ittittgatgaa aaag.ccctaa atttgagttt tttcc.ccgtg ttittagattg O8O 

tittggittitta attcto gaat cagctaatca gggagtgttga aaag.cccitaa aatttgagtt 14 O 

tttittcgttg ttctgattgttgtttittatgaatttgcaga tiggatatoat cotcc cactg 200 

gottaattica citcaagttca gctagaaacg. tcgatttcta gtgaagtaac gaggaaatta 260 

gc gaagaa.gc gtc.gagaaat to gatgaaga t gaattcacg aag caaaatg aagattggag 320 

cagagagtat ggggattgga gagtggaaag togtagt gala ataaggtaag cittittgattit 38O 

taatgtttag caaatgtcct atcagtttitc. tcttitttgtc gaacggtaat ttagagttitt 4 40 

ttittgctata toggattittcg tttittgatgt atgtgacaac cotcgggatt gttgattitat 5 OO 

ttcaaaacta agagtttittg cittattgttc. tcgtotattt toggatatoaa tottagttitt 560 

atatotttitc tagttctota cqtgttaaat gttcaacaca citagcaattt ggctgcagog 62O 

tatggattat ggalactatoa agtctgtggg atcgataaat atgcttcto a ggaatttgag 680 

attittacagt citt tatgcto attgg gttga gtataatata gtaaaaaaat agtictaga 738 

<210> SEQ ID NO 11 
&2 11s LENGTH 237 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

spacer sequence 

<400 SEQUENCE: 11 

gtaacttitta citcatctoct coaattattt citgattitcat gcatgtttcc ctacattcta 60 

titatgaatcg tdttatggtg tataaacgtt gtttcatato tcatcto atc tattotgatt 120 

ttgattctict tcc tact ga atttgaccct act gtaatcg gtgataaatg togaatgcttic 18O 

citcttcttct tcttcttctd agaaatcaat ttctgttttgtttttgttca totgtag 237 

<210> SEQ ID NO 12 
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&2 11s LENGTH 1406 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 
expression cassette for a sense and antisense 
coopy of the leader associated with the R1 gene 

<400 SEQUENCE: 12 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

ccaccittatt toactaccac tittccactict coaatcc.cca tactcitctgc ticcaatctitc 480 

attittgctitc gtgaattcat cittcatcgaa tittctogacg cittctitc.gct aattitccitcg 540 

ttacitt cact agaaatcgac gtttctagot gaacttgagt gaattaa.gcc agtgg gagga 600 

tgaatticgtg gtaacttitta citcatctoct coaattattt citgattitcat gcatgtttcc 660 

citacattcta titatgaatcg tattatgg to tataaacgtt gtttcatato tcatcto atc 720 

tattotgatt ttgattctot tacctactga atttgaccot actgtaatcg gtgataaatg 78O 

tgaatgctitc citcttcttct tcttcttctd agaaatcaat ttctgttttgttitttgttca 840 

totgtag citt gatato atcc toccactggc titaattcact caagttcago tagaaacgtc 9 OO 

gatttctagt galagtaacga ggaaattagc gaagaag.cgt cq agaaattic gatgaagatg 96.O 

aattcacgaa gcaaaatgaa gattggagca gagagtatgg ggattggaga gtggaaagtg 1020 

gtag togaaat aaggtaagct tittgattitta atgtttagca aatgtccitat cagttitt citc 1080 

ttitttgtcga acggtaattt agagttttitt ttgctatatg gattittcgtt tittgatgitat 1140 

gtgacaacco togggattgttgatttattt caaaactaag agtttittgct tattgttcto 1200 

gtotattittg gatatoaatc ttagtttitat atcttittcta gttctotacg tdttaaatgt 1260 

tdaacacact agcaatttgg citgcagogta toggattatgg alactato aag totgtgg gat 1320 

cgataaatat gottct cagg aatttgagat tttacagtct titatgct cat tdggttgagt 1380 

ataatatagt aaaaaaatag totaga 1406 

<210> SEQ ID NO 13 
&2 11s LENGTH 686 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 13 

gaac catgca totcaatctt aatactaaaa aatgcaacaa aattic tagt g gagggiaccag 60 

taccagtaca ttagatatta tottttatta citataataat attittaatta acacgag aca 120 

taggaatgtc. aagtggtagc ggtag gaggg agttggttca gttttittaga tactaggaga 18O 

caga accgga ggggcc catt gcaaggcc.ca agttgaagttc cago.cgtgaa toaacaaaga 240 

gagggcc.cat aatactgtcg atgag cattt Coctataata cagtgtc.cac agttgcc titc 3OO 
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cgctaaggga tagccaccc.g. citattotott gacacgtgtc. actgaaacct gctacaaata 360 

aggcaggcac citcc to attc. tca cactcac toacticacac agctoaacaa gtggtaactt 420 

ttactcatct cotccaatta tittctgattt catgcatgtt tocctacatt citattatgaa 480 

togtgttatg gtgtataaac gttgtttcat atcto atcto atctattotg attittgattc 540 

tottgcctac tdaatttgac cctact.gitaa toggtgataa atgtgaatgc titcctcittct 600 

tottcttctt citcagaaatc aatttctgtt ttgttitttgttcatctgtag cittgg tagat 660 

tocc ctittitt gtag accaca catcac 686 

<210> SEQ ID NO 14 
&2 11s LENGTH 2.046 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 

expression cassette for a sense and antisense copy 
of the leader associated with the R1 gene 

<400 SEQUENCE: 14 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accqgagggg CCC attgcaa gg.cccaagtt gaagtcCagc cqtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

ccitcatatto tagttgtatgttgttcagag aagaccacag atgttgatcat attct cattg 480 

tatcag atct gtgaccactt acctgatacc toccatgaag titacctgitat gattatacgt 540 

gatccaaagc catcacatca tottcaccitt cagctattgg aggagaagtg agaagtagga 600 

attgcaatat gaggaataat aagaaaaact ttgtaaaag.c taaattagct g g g tatgata 660 

tagg gaga aa totgtaaa.ca ttgtactata tatagtatat acacacgcat tatgtattgc 720 

attatgcact gaataatacc gcagoatcaa agaaggaatt caaggittaga aatcttctot 78O 

atttittggitt tttgttctgtt tag attctog aattagctaa toaggtgctg. ittatagocct 840 

taattittgag titttitttitcg gttgttittga tiggaaaag.gc ctaaaatttg agtttittitta 9 OO 

cgttggtttg atggaaaagg cctacaattg gagttitt.ccc cqttgttittg atgaaaaag.c 96.O 

ccctagtttg agattitttitt totgtcgatt cq attctaaa ggtttaaaat tag agitttitt O20 

acatttgttt gatgaaaaag gocittaaatt tagtttittc cqgttgattt gatgaaaaag O8O 

ccctagaatt tatgttttitt cqtcggitttg attctgaagg cctaaaattt gagtttctoc 14 O 

ggctgttittg atgaaaaagc cctaaatttg agtttct cog gotgttittga tigaaaaag.cc 200 

ctaaatttga gtttitttccc cgtgttittag attgtttggit tittaattcto gaatcagota 260 

atcagg gagt gtgaaaagcc ctaaaatttg agtttitttitc gttgttctga ttgttgttitt 320 

tatgaatttg cagatggata to cittctttg atgctg.cggt attattoagt gcataatgca 38O 

atacataatg cgtgttgtata tactatatat agtacaatgt ttacacattt citccctatat 4 40 

catacccago taatttagct tttacaaagt ttittcttatt attccitcata ttgcaatticc 5 OO 
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tactitctoac ttctoctoca atagotgaag gtgaacatga tigtgatggct ttggatcacg 1560 

tataatcata caggta actt catgg gaggt atcaggtaag togg to acaga totgatacaa 1620 

tgagaatatg atcacatctg togtottcto tdaacaa.cat acaactagaa tatgaaagct 1680 

tittgattitta atgtttagca aatgtccitat cagttittctd tttttgtcga acggtaattit 1740 

agagttttitt ttgctatatg gattittcgtt tittgatgitat gtgacaa.ccc togggattgt 1800 

tgatttattt caaaactaag agtttittgct tattgttcto gtctattittg gatatoaatc 1860 

ttagttittat atcttittcta gttctotacg tdttaaatgttcaacacact agcaatttgg 1920 

citgcagogta toggattatgg alactatoaag totgtgggat cqataaatat gottctgagg 1980 

aatttgagat tttacagtct titatgcto at tdggttgagt ataatatagt aaaaaaatag 20 40 

totaga 2O46 

<210 SEQ ID NO 15 
&2 11s LENGTH 1714 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 

expression cassette for a sense and antisense copy 
of the leader associated with the R1 gene 

<400 SEQUENCE: 15 

ggtaccgaac Catgcatcto aatcttaata citaaaaaatg Caacaaaatt Citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

ccitcatatto tagttgtatgttgttcagag aagaccacag atgttgatcat attct cattg 480 

tatcag atct gtgaccactt acctgatacc toccatgaag titacctgitat gattatacgt 540 

gatccaaagc catcacatca tottcaccitt cagctattgg aggagaagtg agaagtagga 600 

attgcaatat gaggaataat aagaaaaact ttgtaaaag.c taaattagct g g g tatgata 660 

tagg gaga aa totgtaaa.ca ttgtactata tatagtatat acacacgcat tatgtattgc 720 

attatgcact gaataatacc gcagoatcaa agaaggaatt cqtggtaact titt acto atc 78O 

toctocaatt atttctgatt toatgcatgt titccctacat tctattatga atcgtgttat 840 

ggtgtataaa cigttgtttca tatctoatct catctattot gattittgatt citcttgccta 9 OO 

citgaatttga cccitactgta atcggtgata aatgttgaatg ctitccitctitc ttcttcttct 96.O 

totcagaaat caatttctgt tttgtttittg titcatctgta gcttgatato cittctittgat 1020 

gctg.cggitat tattoagtgc ataatgcaat acataatgcg totgtatata citatatatag 1080 

tacaatgttt acacatttct coctatatoa tacccag cta atttagcttt tacaaagttt 1140 

ttcttattat tccitcatatt gcaatticcita cittctoactt citcctccaat agctgaaggit 1200 

gaac at gatg tdatggctitt goatcacgta taatcataca ggtaact tca toggaggitat 1260 

caggtaagtg gtcacagatc tdatacaatg agaatatgat cacatctgtg gtottct citg 1320 



US 2005/0229267 A1 Oct. 13, 2005 
47 

-continued 

aacaa.catac alactagaata togaaagcttt tattittaat gtttagcaaa totccitatca 1380 

gttittctott tttgtcgaac ggtaatttag agtttitttitt gctatatgga tttitcgttitt 1440 

tgatgitatgt gacaa.cccitc gggattgttg atttatttca aaactaa gag tttittgctta 15 OO 

ttgttctogt citattittgga tatcaatctt agttittatat cittittctagt totctacgtg 1560 

ttaaatgttcaacacactag caatttggct gcagog tatg gattatggaa citatcaagtic 1620 

tgtgggat.cg ataaatatgc titcto aggaa tittgagattt tacagtottt atgct cattg 1680 

ggttgagtat aatatagitaa aaaaatagtc. taga 1714 

<210> SEQ ID NO 16 
&2 11s LENGTH 333 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 16 

toatattota gttgtatgtt gttcagagaa gaccacagat gtgat catat totcattgta 60 

toagatctgt gaccacttac citgataccto coatgaagtt acctgitatga ttatacgtga 120 

to caaag.cca toacat catg titcaccittca gctattggag gagaagtgag aagtaggaat 18O 

tgcaatatga ggaataataa gaaaaactitt gtaaaagcta aattagotgg gtatgatata 240 

gggagaaatg totaaacatt gtactatata tagtatatac acacgcatta totattgcat 3OO 

tatgcactga ataataccgc agcatcaaag aag 333 

<210 SEQ ID NO 17 
&2 11s LENGTH 2.046 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 

expression cassette for a sense and antisense copy 
of the trailer associated with the R1 gene 

<400 SEQUENCE: 17 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

ccitcatatto tagttgtatgttgttcagag aagaccacag atgttgatcat attct cattg 480 

tatcag atct gtgaccactt acctgatacc toccatgaag titacctgitat gattatacgt 540 

gatccaaagc catcacatca tottcaccitt cagctattgg aggagaagtg agaagtagga 600 

attgcaatat gaggaataat aagaaaaact ttgtaaaag.c taaattagct g g g tatgata 660 

tagg gaga aa totgtaaa.ca ttgtactata tatagtatat acacacgcat tatgtattgc 720 

attatgcact gaataatacc gcagoatcaa agaaggaatt caaggittaga aatcttctot 78O 

atttittggitt tttgttctgtt tag attctog aattagctaa toaggtgctg. ittatagocct 840 

taattittgag titttitttitcg gttgttittga tiggaaaag.gc ctaaaatttg agtttittitta 9 OO 
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cgttggtttg atggaaaagg cctacaattg gagttitt.ccc cqttgttittg atgaaaaag.c 96.O 

ccctagtttg agattitttitt totgtcgatt cq attctaaa ggtttaaaat tag agitttitt O20 

acatttgttt gatgaaaaag gocittaaatt tagtttittc cqgttgattt gatgaaaaag O8O 

ccctagaatt tatgttttitt cqtcggitttg attctgaagg cctaaaattt gagtttctoc 14 O 

ggctgttittg atgaaaaagc cctaaatttg agtttct cog gotgttittga tigaaaaag.cc 200 

ctaaatttga gtttitttccc cgtgttittag attgtttggit tittaattcto gaatcagota 260 

atcagg gagt gtgaaaagcc ctaaaatttg agtttitttitc gttgttctga ttgttgttitt 320 

tatgaatttg cagatggata to cittctttg atgctg.cggt attattoagt gcataatgca 38O 

atacataatg cgtgttgtata tactatatat agtacaatgt ttacacattt citccctatat 4 40 

catacccago taatttagct tttacaaagt ttittcttatt attccitcata ttgcaatticc 5 OO 

tactitctoac ttctoctoca atagotgaag gtgaacatga tigtgatggct ttggatcacg 560 

tataatcata caggta actt catgg gaggt atcaggtaag togg to acaga totgatacaa 62O 

tgagaatatg atcacatctg togtottcto tdaacaa.cat acaactagaa tatgaaagct 680 

tittgattitta atgtttagca aatgtccitat cagttittctd tttttgtcga acggtaattit 740 

agagttttitt ttgctatatg gattittcgtt tittgatgitat gtgacaa.ccc togggattgt 800 

tgatttattt caaaactaag agtttittgct tattgttcto gtctattittg gatatoaatc 860 

ttagttittat atcttittcta gttctotacg tattaaatgttcaacacact agcaatttgg 920 

citgcagogta toggattatgg alactatoaag totgtgggat cqataaatat gottctgagg 98O 

aatttgagat tttacagtct titatgcto at tdggttgagt ataatatagt aaaaaaatag 20 40 

totaga 2O46 

<210> SEQ ID NO 18 
&2 11s LENGTH 1714 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 
expression cassette for a sense and antisense copy 
of the trailer associated with the R1 gene 

<400 SEQUENCE: 18 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

ccitcatatto tagttgtatgttgttcagag aagaccacag atgttgatcat attct cattg 480 

tatcag atct gtgaccactt acctgatacc toccatgaag titacctgitat gattatacgt 540 

gatccaaagc catcacatca tottcaccitt cagctattgg aggagaagtg agaagtagga 600 

attgcaatat gaggaataat aagaaaaact ttgtaaaag.c taaattagct g g g tatgata 660 

tagg gaga aa totgtaaa.ca ttgtactata tatagtatat acacacgcat tatgtattgc 720 
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attatgcact gaataatacc gcagoatcaa agaaggaatt cqtggtaact titt acto atc 78O 

toctocaatt atttctgatt toatgcatgt titccctacat tctattatga atcgtgttat 840 

ggtgtataaa cigttgtttca tatctoatct catctattot gattittgatt citcttgccta 9 OO 

citgaatttga cccitactgta atcggtgata aatgttgaatg ctitccitctitc ttcttcttct 96.O 

totcagaaat caatttctgt tttgtttittg titcatctgta gcttgatato cittctittgat O20 

gctg.cggitat tattoagtgc ataatgcaat acataatgcg totgtatata citatatatag O8O 

tacaatgttt acacatttct coctatatoa tacccag cta atttagcttt tacaaagttt 14 O 

ttcttattat tccitcatatt gcaatticcita cittctoactt citcctccaat agctgaaggit 200 

gaac at gatg tdatggctitt goatcacgta taatcataca ggtaact tca toggaggitat 260 

caggtaagtg gtcacagatc tdatacaatg agaatatgat cacatctgtg gtottct citg 320 

aacaa.catac alactagaata togaaagcttt tattittaat gtttagcaaa totccitatca 38O 

gttittctott tttgtcgaac ggtaatttag agtttitttitt gctatatgga tttitcgttitt 4 40 

tgatgitatgt gacaa.cccitc gggattgttg atttatttca aaactaa gag tttittgctta 5 OO 

ttgttctogt citattittgga tatcaatctt agttittatat cittittctagt totctacgtg 560 

ttaaatgttcaacacactag caatttggct gcagog tatg gattatggaa citatcaagtic 62O 

tgtgggat.cg ataaatatgc titcto aggaa tittgagattt tacagtottt atgct cattg 680 

ggttgagtat aatatagitaa aaaaatagtc. taga 714. 

<210 SEQ ID NO 19 
<211& LENGTH 2.322 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 

expression cassette for a sense and antisense copy 
of the trailer associated with the R1 gene 

<400 SEQUENCE: 19 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caacaagtgg 420 

taacttittac to atctocto caattatttctgattitcatg catgtttccc tacattctat 480 

tatgaatcgt gttatggtgt ataaacgttg titt catatot catctoatct attctgattit 540 

tgattotott gcc tactgaa tittgaccota citgtaatcgg togataaatgt gaatgct tcc 600 

tottcttctt cittcttctda gaaatcaatt totgttttgt titttgttcat citgtagcttg 660 

gtag attccc cittitttgtag accacacatc acggatccto atattotagt totatgttgt 720 

totagagaaga ccacagatgt gat catatto tcattgttatc agatctgttga ccacttacct 78O 

gatacctocc atgaagttac citgitatgatt atacgtgatc caaag.ccatc acatcatgtt 840 

caccittcago tattggagga gaagtgagaa gtaggaattg caatatgagg aataataaga 9 OO 
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aaaactttgt aaaagctaaa ttagotgggt atgatatagg gagaaatgtg taalacattgt 96.O 

actatatata gtatatacac acgcattatg tattgcatta tocactgaat aataccgcag O20 

catcaaagaa gaattcaag gttagaaatc ttctotattt ttggitttittg totgtttaga O8O 

ttctogaatt agctaatcag gtgctgttat agcc.cittaat tittgagttitt tttitcggttg 14 O 

ttittgatgga aaaggccitaa aatttgagtt tttittacgtt gotttgatgg aaaaggccta 200 

caattggagt tittccc.cgitt gttittgatga aaaag.cccct agtttgagat tttittittctg 260 

to gattic gat totaaaggitt taaaattaga gtttittacat ttgtttgatgaaaaaggcct 320 

taaatttgag titttitccggit tdatttgatgaaaaag.ccct agaatttgttg tttitttcgtc 38O 

ggitttgattctgaaggccita aaatttgagt ttctocq got gttittgatga aaaag.cccta 4 40 

aatttgagtt totcc.ggctg. ittittgatgaa aaag.cccitaa atttgagttt titt.ccc.cgtg 5 OO 

ttittagattg tittggttitta attct cqaat cagotaatca gggagtgttga aaag.ccctaa 560 

aatttgagtt tttittcgttg ttctgattgttgtttittatgaatttgcaga tiggatatoct 62O 

totttgatgc tigcggt atta titcagtgcat aatgcaatac ataatgcgtg totatatact 680 

atatatagta caatgtttac acatttctoc ctatatoata cocagotaat ttagotttta 740 

caaagtttitt cittattatto citcatattgc aatticcitact tctoacttct cotccaatag 800 

citgaaggtga acatgatgtg atggctttgg atcacgtata atcatacagg taactitcatg 860 

ggaggitatca ggtaagtggit Cacagatctg atacaatgag aatatgatca Catctgtggit 920 

cittctotgaa caa.catacaa citagaatatgaaagcttittg attittaatgt ttagcaaatg 98O 

toctatoagt tittctotttt tdtcgaacgg taatttagag titttittittgc tatatggatt 20 40 

titcgtttittg atgitatgtga caa.cccitcgg gattgttgat ttatttcaaa actaagagtt 2100 

tittgcttatt gttctogtot attittggata totaatcttag titttatatot tittctagttc 216 O 

totacgtgtt aaatgttcaa cacactagoa atttggctgc agc gitatgga titatggaact 2220 

atcaagttctg toggat.cg at aaatatgctt citcaggaatt to agattitta cagtc.ttitat 228O 

gcto attggg ttgagtataa tatagtaaaa aaatagticta ga 2322 

<210> SEQ ID NO 20 
&2 11s LENGTH 1714 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 
expression cassette for a sense and antisense copy 
of the trailer associated with the R1 gene 

<400 SEQUENCE: 20 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

ccitcatatto tagttgtatgttgttcagag aagaccacag atgttgatcat attct cattg 480 
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tatcag atct gtgaccactt acctgatacc toccatgaag titacctgitat gattatacgt 540 

gatccaaagc catcacatca tottcaccitt cagctattgg aggagaagtg agaagtagga 600 

attgcaatat gaggaataat aagaaaaact ttgtaaaag.c taaattagct g g g tatgata 660 

tagg gaga aa totgtaaa.ca ttgtactata tatagtatat acacacgcat tatgtattgc 720 

attatgcact gaataatacc gcagoatcaa agaaggaatt cqtggtaact titt acto atc 78O 

toctocaatt atttctgatt toatgcatgt titccctacat tctattatga atcgtgttat 840 

ggtgtataaa cigttgtttca tatctoatct catctattot gattittgatt citcttgccta 9 OO 

citgaatttga cccitactgta atcggtgata aatgttgaatg ctitccitctitc ttcttcttct 96.O 

totcagaaat caatttctgt tttgtttittg titcatctgta gcttgatato cittctittgat O20 

gctg.cggitat tattoagtgc ataatgcaat acataatgcg totgtatata citatatatag O8O 

tacaatgttt acacatttct coctatatoa tacccag cta atttagcttt tacaaagttt 14 O 

ttcttattat tccitcatatt gcaatticcita cittctoactt citcctccaat agctgaaggit 200 

gaac at gatg tdatggctitt goatcacgta taatcataca ggtaact tca toggaggitat 260 

caggtaagtg gtcacagatc tdatacaatg agaatatgat cacatctgtg gtottct citg 320 

aacaa.catac alactagaata togaaagcttt tattittaat gtttagcaaa totccitatca 38O 

gttittctott tttgtcgaac ggtaatttag agtttitttitt gctatatgga tttitcgttitt 4 40 

tgatgitatgt gacaac Cotc gggattgttg atttatttca aaactaagag tttittgctta 5 OO 

ttgttctogt citattittgga tatcaatctt agttittatat cittittctagt totctacgtg 560 

ttaaatgttcaacacactag caatttggct gcagog tatg gattatggaa citatcaagtic 62O 

tgtgggat.cg ataaatatgc titcto aggaa tittgagattt tacagtottt atgct cattg 680 

ggttgagtat aatatagitaa aaaaatagtc. taga 714. 

<210> SEQ ID NO 21 
&2 11s LENGTH 273 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 21 

ttagagtgtg g gtaagta at taagttaggg atttgtggga aatggacaaa tataaga gag 60 

tgcaggggag tagtgcagga gattittcgtg cittittattga taaataaaaa aagggtgaca 120 

tittaattitcc acaagaggac goalacacaac acacttaatt cotgtgttgttgaatcaataat 18O 

tgacittctoc aatcttcatc aataaaataa titcacaatcc toactictott atcactcitca 240 

titcgaaaag.c tagatttgca tagaga.gcac aaa 273 

<210> SEQ ID NO 22 
&2 11s LENGTH 158 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 22 

gagggggaag togaatgaaaa ataacaaagg cacagtaagt agtttcticitt tittat catgt 60 

gatgaaggta tataatgitat gtgtaagagg atgatgttat taccacataa taagagatga 120 

agagtc.tcat tittctgctta aaaaaacaat to actggc 158 

<210> SEQ ID NO 23 
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&2 11s LENGTH 1917 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Expression 

cassette for a sense and antisense copy of the 
leader associated with the L. glucan phosphorylase gene 

<400 SEQUENCE: 23 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

cc.gagtgtgg gtaagtaatt aagttaggga tttgttgg gala atggacaaat ataagagagt 480 

gcaggggagt agtgcaggag attitt.cgtgc titt tattgat aaataaaaaa agggtgacat 540 

ttaattitcca caagaggacg caacacaa.ca cacttaattic citgtgttgttga atcaataatt 600 

gactitctoca atcttcatca ataaaataat tcacaatcct cactcitctta toactictoat 660 

togaaaagct agatttgcat agaga.gcaca gaattcaagg ttagaaatct tctotattitt 720 

tggittitttgt citgtttagat tctdgaatta gctaatcagg tactgttata gcc cittaatt 78O 

ttgagtttitt titt.cggttgt tittgatggaa aaggcctaaa atttgagttt ttttacgttg 840 

gtttgatgga aaaggcctac aattggagtt titc.ccc.gttg ttittgatgaa aaa.gc.cccta 9 OO 

gtttgagatt tttitttctgt cq attcgatt citaaag.gttt aaaattagag tittttacatt 96.O 

tgtttgatga aaaaggccitt aaatttgagt tttitc.cggitt gatttgatga aaaag.cccta O20 

gaatttgttgt tttittcgtcg gtttgattct gaaggccitaa aatttgagtt totcc.ggctg O8O 

ttittgatgaa aaag.cccitaa atttgagttt citc.cggctgt tittgatgaaa aagcc ctaaa 14 O 

tittgagttitt titcccc.gtgt tittagattgt ttggittittaa ttctdgaatc agctaatcag 200 

ggagtgttgaa aagcc.ctaaa atttgagttt tttitcgttgttctgattgtt gtttittatoga 260 

atttgcagat ggatat citgit gct citctato caaatctago ttt to gaatg agagtgataa 320 

gag agtgagg attgttgaatt attittattga tigaagattgg agaagttcaat tattgatto a 38O 

cacacaggaa ttaagtgtgt totgttgcgt cottcttgttgg aaattaaatg to accottitt 4 40 

tittatttatc aataaaag.ca cqaaaatcto citgcactact cocctgcact citcttatatt 5 OO 

tgtccatttc ccacaaatcc ctaacttaat tacttaccoa cactctaagc titttgattitt 560 

aatgtttagc aaatgtc.cta toagttittct cittitttgtcg aacggtaatt tag agitttitt 62O 

tittgctatat ggattittcgt titttgatgta tatgacaacc citcgggattg ttgatttatt 680 

tdaaaactaa gagtttittgc titattgttct cqtctattitt ggatatoaat cittagttitta 740 

tatcttittct agttctotac gitgttaaatg ttcaacacac tag caatttg gctgcagogit 800 

atggattatg galactato aa gtctgtggga to gataaata togcttcticag gaatttgaga 860 

ttttacagtc tittatgctica ttgggttgag tataatatag taaaaaaata gtctaga 917 

<210> SEQ ID NO 24 
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&2 11s LENGTH 1585 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 
expression cassette for a sense and antisense copy of the leader 
associated with the L. glucan phosphorylase gene 

<400 SEQUENCE: 24 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

cc.gagtgtgg gtaagtaatt aagttaggga tttgttgg gala atggacaaat ataagagagt 480 

gcaggggagt agtgcaggag attitt.cgtgc titt tattgat aaataaaaaa agggtgacat 540 

ttaattitcca caagaggacg caacacaa.ca cacttaattic citgtgttgttga atcaataatt 600 

gactitctoca atcttcatca ataaaataat tcacaatcct cactcitctta toactictoat 660 

togaaaagct agatttgcat agaga.gcaca gaattcgtgg taacttittac to atcto Ctc 720 

caattatttctgattitcatg catgtttccc tacattctat tatgaatcgt gittatggtgt 78O 

ataaacgttg titt catatot catctoatct attctgattt to attctott gcc tactgaa 840 

tittgaccota citgitaatcgg tdataaatgt gaatgctitcc tottcttctt cittcttctoa 9 OO 

gaaatcaatt totgttttgt titttgttcat citgtagcttg atatatgtgc tictotatgca 96.O 

aatctagott titc gaatgag agtgataaga gagtgaggat tdtgaattat tittattgatg O20 

aagattggag aagtcaatta ttgattcaca cacaggaatt aagtgttgttg tdttgcgtoc O8O 

tottgttggaa attaaatgtc. accottttitt tatttatcaa taaaag.cacg aaaatctoct 14 O 

gcactactcc cct gcactict cittatatttgtccatttccc acaaatccct aacttaatta 200 

cittacccaca citctaagctt ttgattittaa tatttagcaa atgtc.ctato agittittctot 260 

ttttgtc.gaa ciggtaattta gagtttittitt tactatatgg atttitcgttt ttgatgitatg 320 

tgacaaccot cqggattgtt gatttatttcaaaactaaga gtttittgctt attgttctog 38O 

totattittgg atatoaatct tagttittata tottttctag ttctotacgt gttaaatgtt 4 40 

caac acacta gcaatttggc tigcagogt at ggattatgga act atcaagt ctotgggatc 5 OO 

gataaatatg cittcto agga atttgagatt ttacagt citt tatgctoatt go.gttgagta 560 

taatatagta aaaaaatagt citaga 585 

<210> SEQ ID NO 25 
&2 11s LENGTH 21.93 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 

expression cassette for a sense and antisense copy of the leader 
associated with the L. glucan phosphorylase gene 

<400 SEQUENCE: 25 
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ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caacaagtgg 420 

taacttittac to atctocto caattatttctgattitcatg catgtttccc tacattctat 480 

tatgaatcgt gttatggtgt ataaacgttg titt catatot catctoatct attctgattit 540 

tgattotott gcc tactgaa tittgaccota citgtaatcgg togataaatgt gaatgct tcc 600 

tottcttctt cittcttctda gaaatcaatt totgttttgt titttgttcat citgtagcttg 660 

gtag attccc cittitttgtag accacacatc acggatc.cga gtgtgggtaa gtaattaagt 720 

tagggatttg toggaaatgg acaaatataa gagagtgcag gggagtagt g caggagattit 78O 

togtgcttitt attgataaat aaaaaaaggg togacatttaa titt.ccacaag aggacgcaac 840 

acaacacact taattic ctgt gtgttgaatca ataattgact tctocaatct tcatcaataa 9 OO 

aataattcac aatcctcact citcttatcac totcattcga aaagctagat ttgcatagag 96.O 

agcacagaat tcaaggittag aaatcttcto tatttittggit ttttgttctgt ttagattcto O20 

gaattagota atcaggtgct gttatagocc ttaattittga gtttitttittc g gttgttittg O8O 

atggaaaagg cctaaaattt gagttitttitt acgttggttt gatggaaaag goctaca att 14 O 

ggagitttitcc cc.gttgttitt gatgaaaaag cccctagttt gagatttittt ttctgtcgat 200 

to gattictaa aggtttaaaa ttagagttitt tacatttgtt tatgaaaaa goc cittaaat 260 

ttgagtttitt Coggttgatt togatgaaaaa goccitagaat ttgttgtttitt togtoggttt 320 

gattctgaag goctaaaatt to agtttcto cqgctgttitt gatgaaaaag coctaaattit 38O 

gagtttctoc ggctgttittg atgaaaaag.c cctaaatttg agtttitttcc cc.gtgttitta 4 40 

gattgtttgg ttittaattct c gaatcagct aatcagg gag totgaaaagc cctaaaattit 5 OO 

gagtttittitt cqttgttctg attgttgttt titatgaattit gcagatggat atctgtgctc 560 

totatocaaa totagotttt cqaatgagag tataagaga gtgaggattg tdaattattt 62O 

tattgatgaa gattggagaa gtcaattatt gattcacaca cagga attaa gtgttgttgttg 680 

ttgcgtccitc ttgttggaaat taaatgtcac cctttittitta tittatcaata aaag cacgaa 740 

aatctoctg.c act actcc cc td cactcitct tatatttgtc. catttcc cac aaatccctaa 800 

cittaattact tacccacact citaagcttitt gattittaatg tittagcaaat gtoctatoag 860 

ttittctottt ttgtcgaacg gtaatttaga gtttitttittg citatatggat tittcgtttitt 920 

gatgtatgtg acaa.ccct cq ggattgttga tittatttcaa alactaagagt ttittgctitat 98O 

tgttctogto tattittggat atcaatctta gttittatato ttittctagtt citctacgtgt 20 40 

taaatgttca acacactago: aatttggctg cagog tatgg attatggaac tat caagtct 2100 

gtgg gatcga taalatatgct tcticagga at ttgagattitt acagt ctitta to citcattgg 216 O 

gttgagtata atatagtaaa aaaatagt ct aga 21.93 

<210> SEQ ID NO 26 
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&2 11s LENGTH 1861 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Alternative 
expression cassette for a sense and antisense copy of the leader 
associated with the L. glucan phosphorylase gene 

<400 SEQUENCE: 26 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caacaagtgg 420 

taacttittac to atctocto caattatttctgattitcatg catgtttccc tacattctat 480 

tatgaatcgt gttatggtgt ataaacgttg titt catatot catctoatct attctgattit 540 

tgattotott gcc tactgaa tittgaccota citgtaatcgg togataaatgt gaatgct tcc 600 

tottcttctt cittcttctda gaaatcaatt totgttttgt titttgttcat citgtagcttg 660 

gtag attcCC Ctttttgtag accacacatc acggatc.cga gtgtgggtaa gtaattaagt 720 

tagggatttg toggaaatgg acaaatataa gagagtgcag gggagtagt g caggagattit 78O 

togtgcttitt attgataaat aaaaaaaggg togacatttaa titt.ccacaag aggacgcaac 840 

acaacacact taattic ctgt gtgttgaatca ataattgact tctocaatct tcatcaataa 9 OO 

aataattcac aatcctcact citcttatcac totcattcga aaagctagat ttgcatagag 96.O 

agcacagaat tcgtggtaac titttactcat citcctccaat tatttctgat titcatgcatg O20 

tittccctaca ttctattatg aatcgtgtta tdgtgtataa acgttgtttc atatotcatc O8O 

tdatctatto tgattittgat tctdttgcct actgaatttg accotact.git aatcggtgat 14 O 

aaatgttgaat gctitccitctt cittcttctitc ttctdagaaa toaatttctg. titttgtttitt 200 

gttcatctgt agcttgatat citgtgctotc tatgcaaatc tagctttitcg aatgaga.gtg 260 

ataaga gagt gaggattgttgaattattitta ttgatgaaga ttggagaagt caattattga 320 

ttcacacaca gga attaagt gtgttgttgtt gcgtoctott gtggaaatta aatgtcaccc 38O 

tttittittatt tatcaataaa agcacgaaaa totcctgcac tactcccctg. cactcitctta 4 40 

tatttgtcca tttcccacaa atccctaact taattacitta cocacactct aagcttittga 5 OO 

ttittaatgtt tag caaatgt cottatcagtt ttctotttitt gtcgaacggit aatttagagt 560 

tttittittgct atatggattt togtttittga tigtatgttgac aaccotcggg attgttgatt 62O 

tatttcaaaa citaagagttt ttgcttattg ttctogtota ttittggatat caatcttagt 680 

tittatatott ttctagttct citacgtgtta aatgttcaac acactag caa tittggctgca 740 

gc gitatggat tatggalacta totalagtotgt gggat.cgata aatatgcttic toaggaattit 800 

gagattittac agt citt tatg citcattgggit tagtataat atagtaaaaa aatagtctag 860 

a. 861 

<210 SEQ ID NO 27 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Expression 

cassette for a sense and antisense copy of the trailer 
associated with a PPO gene 

<400 SEQUENCE: 30 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

ccttagtcto tattgaatct gctgagatta cactittgatg gatgatgctc tattitttgtt 480 

ttcttgttct gtttitttcct citgttgaaat cagotttgtt gcttgattitc attgaagttg 540 

ttattoaaga ataaatcagt tacaattatg gaattcaagg ttagaaatct tctotattitt 600 

tggittitttgt citgtttagat tctdgaatta gctaatcagg tactgttata gcc cittaatt 660 

ttgagtttitt titt.cggttgt tittgatggaa aaggcctaaa atttgagttt ttttacgttg 720 

gtttgatgga aaag.gc.ctac aattggagtt titc.ccc.gttg ttittgatgaa aaag.cccCta 78O 

gtttgagatt tttitttctgt cq attcgatt citaaag.gttt aaaattagag tittttacatt 840 

tgtttgatga aaaaggccitt aaatttgagt tttitc.cggitt gatttgatga aaaag.cccta 9 OO 

gaatttgttgt tttittcgtcg gtttgattct gaaggccitaa aatttgagtt totcc.ggctg 96.O 

ttittgatgaa aaag.cccitaa atttgagttt citc.cggctgt tittgatgaaa aagcc ctaaa O20 

tittgagttitt titcccc.gtgt tittagattgt ttggittittaa ttctdgaatc agctaatcag O8O 

ggagtgttgaa aagcc.ctaaa atttgagttt tttitcgttgttctgattgtt gtttittatoga 14 O 

atttgcag at ggatatoctit citttgatgct gatccataat tigtaactgat ttattottga 200 

ataacaactt caatgaaatc aag caacaaa gotgattitca acagaggaaa aaacagaa.ca 260 

agaaaacaaa alacagag cat catccatcaa agtgtaatct cagoagattic aatagagact 320 

aagcttittgattittaatgtt tag caaatgt cotatoagitt ttctotttitt gtogaacggit 38O 

aatttagagt tttittittgct atatggattt togtttittga tigtatgttgac aaccotcggg 4 40 

attgttgatt tatttcaaaa citaag agttt ttgcttattg ttctogtota ttittggatat 5 OO 

caatcttagt tittatatott ttctagttct citacgtgtta aatgttcaac acactagdaa 560 

tittggctgca gcgitatggat tatggaacta totalagtotgt gggat.cgata aatatgcttic 62O 

to agga attt gagattittac agt ctittatg citcattgggit tagtataat atagtaaaaa 680 

aatagtictag a 691 

<210> SEQ ID NO 31 
&2 11s LENGTH 1359 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Expression 

cassette for a sense and antisense copy of the trailer 
associated with a PPO gene 
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<400 SEQUENCE: 31 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caagaaggat 420 

ccttagtcto tattgaatct gctgagatta cactittgatg gatgatgctc tattitttgtt 480 

ttcttgttct gtttitttcct citgttgaaat cagotttgtt gcttgattitc attgaagttg 540 

ttattoaaga ataaatcagt tacaattatg gaattcgtgg taacttittac to atctocto 600 

caattatttctgattitcatg catgtttccc tacattctat tatgaatcgt gittatggtgt 660 

ataaacgttg titt catatot catctoatct attctgattt to attctott gcc tactgaa 720 

tittgaccota citgitaatcgg tdataaatgt gaatgctitcc tottcttctt cittcttctoa 78O 

gaaatcaatt totgttttgt titttgttcat citgtagcttg atatoctitct ttgatgctga 840 

to cataattg taactgattt attcttgaat aacaact tca atgaaatcaa goaacaaag.c 9 OO 

tgatttcaac agaggaaaaa acagaacaag aaaacaaaaa Cagag catca tocatcaaag 96.O 

tgtaatctoa gcagattcaa tagagacitaa gottttgatt ttaatgttta gcaaatgtc.c 1020 

tatcagttitt citcttitttgt cqaacggtaa tittagagittt tttittgctat atggattittc 1080 

gtttittgatg tatgtgacaa cccitcgggat tdttgattta tittcaaaact aagagtttitt 1140 

gcttattgtt citcgtotatt ttggatatoa atcttagttt tatatotttt citagttctot 1200 

acgtgttaaa tottcaacac act agcaatt togctgcago gtatggatta toggaactato 1260 

aagttctgtgg gatcgataaa tatgcttcto aggaatttga gattittacag totttatgct 1320 

cattgg gttg agtataatat agtaaaaaaa tagtctaga 1359 

<210> SEQ ID NO 32 
&2 11s LENGTH 1967 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Expression 

cassette for a sense and antisense copy of the trailer 
associated with a PPO gene 

<400 SEQUENCE: 32 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caacaagtgg 420 

taacttittac to atctocto caattatttctgattitcatg catgtttccc tacattctat 480 
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tatgaatcgt gttatggtgt ataaacgttg titt catatot catctoatct attctgattit 540 

tgattotott gcc tactgaa tittgaccota citgtaatcgg togataaatgt gaatgct tcc 600 

tottcttctt cittcttctda gaaatcaatt totgttttgt titttgttcat citgtagcttg 660 

gtag attccc cittitttgtag accacacatc acggatcctt agtctotatt gaatctgctg 720 

agattacact ttgatggatg atgctctgtt tttgttttct tattotgttt tittccitctgt 78O 

tgaaatcago tttgttgctt gattt cattg aagttgttat tdaagaataa atcagttaca 840 

attatggaat tcaaggittag aaatcttctd tatttittggit ttttgttctgt ttagattcto 9 OO 

gaattagota atcaggtgct gttatagocc ttaattittga gtttitttittc g gttgttittg 96.O 

atggaaaagg cctaaaattt gagttitttitt acgttggttt gatggaaaag goctaca att O20 

ggagitttitcc cc.gttgttitt gatgaaaaag cccctagttt gagatttittt ttctgtcgat O8O 

to gattictaa aggtttaaaa ttagagttitt tacatttgtt tatgaaaaa goc cittaaat 14 O 

ttgagtttitt Coggttgatt togatgaaaaa goccitagaat ttgttgtttitt togtoggttt 200 

gattctgaag goctaaaatt to agtttcto cqgctgttitt gatgaaaaag coctaaattit 260 

gagtttctoc ggctgttittg atgaaaaag.c cctaaatttg agtttitttcc cc.gtgttitta 320 

gattgtttgg ttittaattct c gaatcagct aatcagg gag totgaaaagc cctaaaattit 38O 

gagtttittitt cqttgttctg attgttgttt titatgaattit gcagatggat atccttctitt 4 40 

gatgct gatc Cataattgta actgattitat tcttgaataa Caacttcaat gaaatcaag C 5 OO 

aacaaagctg atttcaa.cag aggaaaaaac agaacaagaa aacaaaaa.ca gag catcatc 560 

catcaaagtg taatctoragc agattcaata gagacitaagc titttgattitt aatgtttagc 62O 

aaatgtc.cta toagttittct cittitttgtcg aacggitaatt tag agitttitt tittgctatat 680 

ggattittcgt ttittgatgta totgacaa.cc citcgggattg ttgatttatt toaaaactaa 740 

gagtttittgc titattgttct cqtctattitt ggatatoaat cittagttitta tatcttittct 800 

agttct citac gtgttaaatg ttcaacacac tag caatttg gctgcagogt atggattatg 860 

galactato aa gtctgtggga to gataaata tottct cag gaatttgaga titttacagtic 920 

tittatoctica ttgggttgag tataatatag taaaaaaata gtotaga 967 

<210 SEQ ID NO 33 
&2 11s LENGTH 1635 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Expression 

cassette for a sense and antisense copy of the trailer 
associated with a PPO gene 

<400 SEQUENCE: 33 

ggtaccgaac catgcatcto aatcttaata citaaaaaatg caacaaaatt citagtggagg 60 

gaccagtacc agtacattag atattatctt ttattacitat aataatattt taattaacac 120 

gaga catagg aatgtcaagt ggtag cqgta ggagggagtt gottcagttt tittagatact 18O 

aggagacaga accggagggg cccattgcaa gqc coaagtt galagtocago C gtgaatcaa 240 

caaaga gagg gcc cataata citgtc gatga gcatttc.cct ataatacagt gttccacagtt 3OO 

gcct tcc.gct aagggatago cacco got at totcittgaca C gtgtcact g aaacctgcta 360 

caaataaggc agg caccitcc to attctoac act cacticac toacacagot caacaagtgg 420 
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taacttittac to atctocto caattatttctgattitcatg catgtttccc tacattctat 480 

tatgaatcgt gttatggtgt ataaacgttg titt catatot catctoatct attctgattit 540 

tgattotott gcc tactgaa tittgaccota citgtaatcgg togataaatgt gaatgct tcc 600 

tottcttctt cittcttctda gaaatcaatt totgttttgt titttgttcat citgtagcttg 660 

gtag attccc cittitttgtag accacacatc acggatcctt agtctotatt gaatctgctg 720 

agattacact ttgatggatg atgctctgtt tttgttttct tattotgttt tittccitctgt 78O 

tgaaatcago tttgttgctt gattt cattg aagttgttat tdaagaataa atcagttaca 840 

attatggaat tcgtggtaac titttactcat citcctccaat tatttctgat titcatgcatg 9 OO 

tittccctaca ttctattatg aatcgtgtta tdgtgtataa acgttgtttc atatotcatc 96.O 

tdatctatto tgattittgat tctdttgcct actgaatttg accotact.git aatcggtgat O20 

aaatgttgaat gctitccitctt cittcttctitc ttctdagaaa toaatttctg. titttgtttitt O8O 

gttcatctgt agcttgatat cottctittga tigctgatcca taattgtaac tdatttatto 14 O 

ttgaataa.ca acttcaatga aatcaa.gcaa caaagctgat ttcaacagag gaaaaaa.ca.g 200 

aacaagaaaa caaaaacaga gcatcatcca toaaagtgta atctorag cag attcaataga 260 

gactaagctt ttgattittaa tatttagcaa atgtc.ctato agttittctot titttgtcgaa 320 

cggtaattta gagtttittitt togctatatgg atttitcgttt ttgatgitatg tdacaaccot 38O 

cgggattgtt gatttatttcaaaactaaga gtttittgctt attgttctog totattittgg 4 40 

atatoaatct tagttittata tottttctag ttctotacgt gttaaatgtt caacacacta 5 OO 

gcaatttggc tigcagogt at ggattatgga act atcaagt citgtgggat.c gataaatatg 560 

cittcto agga atttgagatt ttacagtott tatgctoatt goggttgagta taatatagta 62O 

aaaaaatagt citaga 635 

<210> SEQ ID NO 34 
<211& LENGTH 24 O 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 34 

gtocatgatg tottcagggit ggtag cattg act gatggca totatagttitt ttttittaaaa 60 

gtatttccitc tatgcatatt attagtatcc aataaattta citggttgttg tacatagaaa 120 

aagtgcattt gcatgitatgt gtttctotga aattittcccc agtttittggit gctittgccitt 18O 

tggagccaag totctatatg tataagaaaa citaagaacaa toacatatat caaat attag 240 

<210 SEQ ID NO 35 
&2 11s LENGTH 228 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 35 

acgaacttgt gatc.gc gttgaaagatttga acgctacata gag cittcttg acgitatctgg 60 

caat attgca toagtc.ttgg cqgaattitca totgacaa.ca aggtttgcaa ttcttitccac 120 

tattagtagt gcaacgatat acgcagagat gaagtgctgaacaaacatat gtaaaatcga 18O 

tgaattitatgtcgaatgcto ggacgggctt cagoaggttt togcttagt 228 

<210 SEQ ID NO 36 
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titccaaatga taaatgatct cocaiacagtg tittgaagttg ttaccggagc tigctaaa.ca.g 420 

acacgtgatc ccc citcacaa caatagoaac aaaag caaat caagtggaaa goctogacag 480 

ccagagtc.cc aactcaaggc agtaaaggtg totccaccita aaatggagaa cqacagtggg 540 

gaggaggaag aagaagaaga ggatgaacaa gagcaactC totgtggagc titgtggtgat 600 

aattatgcca citgatgaatt citggatttgc tigtgatattt gtgagagatg gttccatggc 660 

aaatgtgttga agattacccc agcaaaagct gag catatoa agcagtacaa gtgtc.ctagt 720 

tgcagtag ca agagagctag agtttaa 747 

<210> SEQ ID NO 40 
&2 11s LENGTH 741 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 40 

tgacatctgc caataaagcc aagaataatt goc attaa.ca taccaaaaa aatggtttgg 60 

cago attaag toaaataaaa aagctactitt aatataaaat aat attaaaa to cittaataa 120 

ccaa.cagttt ataagaaggit taatgttaac atggatgagg aatgaccalaa aggggaatta 18O 

tatattaacc tittaaatcaa totaattctd totttttgtt totagctata tttactic gat 240 

agataaactc. tcttacttga cqaattittitt gatacaagaa gacatatttc atcatgattit 3OO 

taattcgtog tdtcaaattt attaaatagt ttaattittaa togtaaattt agatatgaaa 360 

tittaaaaaaa aataaatata tacatatttg aagaatacat aaaaagtaca tataaatcac 420 

aaatatttaa taattcaaga tattaaaa.ca catagaaaaa taattacitta caaagaaatt 480 

cittatttgaa to citctaa at to gagaagtg caacacaaac to agacgaag aaaatgaata 540 

atatttgata agaaattitat tataattgaa taccattta agtaattac g g gtaataa.ca 600 

acacaataag gaactgtagt catttittaat acatggcaag gaatatgaga gtgttgatgag 660 

totataaata gaaggottca ttagt gtaga ggagt cacaa acaa.gcaata cacaaataaa 720 

attagtagct taaacaagat g 74.1 

<210> SEQ ID NO 41 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Agrobacterium sp. 

<400 SEQUENCE: 41 

tgacaggata tattgg.cggg taaac 25 

<210> SEQ ID NO 42 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Agrobacterium sp. 

<400 SEQUENCE: 42 

tggcaggata tattgttgg to taaac 25 

<210> SEQ ID NO 43 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Agrobacterium sp. 

<400 SEQUENCE: 43 



US 2005/0229267 A1 

tggcaggata tataccgttg taatt 

<210> SEQ ID NO 44 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Agrobacterium sp. 

<400 SEQUENCE: 44 

cggcaggata tattoa attg taatt 

<210> SEQ ID NO 45 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Agrobacterium sp. 

<400 SEQUENCE: 45 

tggtaggata tataccgttg taatt 

<210> SEQ ID NO 46 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Agrobacterium sp. 

<400 SEQUENCE: 46 

tggcaggata tatggtactg. taatt 

<210> SEQ ID NO 47 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of 

sequence 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (16) 
<223> OTHER INFORMATION: a t c or g 

<400 SEQUENCE: 47 

ygryaggata tattwsnvbkg taawy 

<210> SEQ ID NO 48 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Rhizobium leguminosarum 

<400 SEQUENCE: 48 

cggcaggata tatcct gatg taaat 

<210 SEQ ID NO 49 
&2 11s LENGTH 25 
&212> TYPE DNA 

66 
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25 

25 

25 

25 

Artificial Sequence : Consensus 

25 

25 

<213> ORGANISM: Thermoanaerobacter tengcongensis 

<400 SEQUENCE: 49 

tggcaggagt tatto gaggg taaac 

<210 SEQ ID NO 50 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Arabidopsis thaliana 

25 
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<400 SEQUENCE: 50 

tgacaggata tatcgtgatg toaac 25 

<210 SEQ ID NO 51 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Arabidopsis thaliana 

<400 SEQUENCE: 51 

gggaagtaca tattgg.cggg taaac 25 

<21 Oc 
<211 

EQ ID NO 52 
ENGTH 25 
YPE DNA 

RGANISM: Oryza sativa 

<400 SEQUENCE: 52 

ttacaggata tattaatatg tatga 25 

EQ ID NO 53 
ENGTH 25 
YPE DNA 

RGANISM: Homo sapiens : 
<400 SEQUENCE: 53 

taacatgata tattoccittg taaat 25 

<210> SEQ ID NO 54 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 54 

tgacaggata tatggtaatg taaac 25 

<21 Oc 
<211 

EQ ID NO 55 
ENGTH 25 
YPE DNA 
RGANISM: Solanum tuberosum 

<400 SEQUENCE: 55 

tggcaggata tatacc gatg taaac 25 

EQ ID NO 56 
ENGTH 292 
YPE DNA 

RGANISM: Saccharomyces cerevisiae 

<400 SEQUENCE: 56 

ttctitcgc.ca gaggtttggit caagt citcca atcaaggttg toggcttgtc. taccttgc.ca 60 

gaaatttacg aaaagatgga aaagggtoaa atcgttggta gatacgttgttgacacttct 120 

aaataag.cga atttctitatg atttatgatt tittattatta aataagttat aaaaaaaata 18O 

agtgtataca aattittaaag tact cittag gttittaaaac gaaaattctt attcttgagt 240 

aact citttcc totaggtoag gttgctttct caggtatago atgaggtogc tic 292 

<210 SEQ ID NO 57 
&2 11s LENGTH 25 
&212> TYPE DNA 
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ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Primer 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (14) 
OTHER INFORMATION: a t c or g 
FEATURE: 

NAME/KEY: modified base 
LOCATION: (16) 
OTHER INFORMATION: a t c or g 
FEATURE: 
NAME/KEY: modified base 
LOCATION: (18) 
OTHER INFORMATION: a t c or g 

SEQUENCE: 57 

tgro aggata tatnvndntg taaac 25 

<400 

SEQ ID NO 58 
LENGTH 23 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Primer 

SEQUENCE: 58 

cc.gcggtgat cacagg cago aac 23 

<400 

SEQ ID NO 59 
LENGTH 30 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Primer 

SEQUENCE: 59 

aagctt.ccag ccagocaa.ca gct coccgac 30 

<400 

SEQ ID NO 60 
LENGTH 45 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Primer 

SEQUENCE: 60 

aagcttggct act agtgcga gatctotalag agaaaagagc gttta 45 

<400 

SEQ ID NO 61 
LENGTH 41 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Primer 

SEQUENCE: 61 

gcatgctoga gataggtogac cacatacaaa togac galacg g 41 

SEQ ID NO 62 
LENGTH 34 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Primer 
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<400 SEQUENCE: 62 

actagtgttt accogccaat atatoctoto a gag 34 

<210 SEQ ID NO 63 
&2 11s LENGTH 35 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 63 

aagctttggc aggatatatt gtggtgtaaa cqaag 35 

<210> SEQ ID NO 64 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 64 

cggtgtaagt gaactgcagt toccatg 27 

<210 SEQ ID NO 65 
&2 11s LENGTH 26 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 65 

catcggcc to act catgagc agattg 26 

<210 SEQ ID NO 66 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400 SEQUENCE: 66 

cacgctaagt gcc.ggcc.gto C gag 24 

<210 SEQ ID NO 67 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400 SEQUENCE: 67 

toctaatcga C gg.cgcaccg gctg 24 

<210 SEQ ID NO 68 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 68 
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aaagttgaat tdaaatgaga aatttatto 

<210 SEQ ID NO 69 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 69 

ttittaagctt toataataac attctaat 

<210 SEQ ID NO 70 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 70 

gaac catgca totcaatc 

<210 SEQ ID NO 71 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 71 

gtoaggat.cc ctacca agct acagatgaac 

<210 SEQ ID NO 72 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 72 

ggat.ccgagt gtgggtaagt aattaag 

<210 SEQ ID NO 73 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 73 

gaattctgtg citctotatgc aaatctago 

<210> SEQ ID NO 74 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 74 

ggaacattga agctgtgg 

<210 SEQ ID NO 75 

29 

28 

18 

30 

27 

29 

18 

Oct. 13, 2005 



US 2005/0229267 A1 
71 

-continued 

&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 75 

c gaatt catg gcaa.gcttgt gcaatag 27 

<210 SEQ ID NO 76 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 76 

c gaattctta acaatctgca agacitgatcg 30 

<210 SEQ ID NO 77 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 77 

gagagatctt gataag acac aacc 24 

<210 SEQ ID NO 78 
&2 11s LENGTH 35 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (7) 
<223> OTHER INFORMATION: 'a' to 'c' mutation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (14) 
<223> OTHER INFORMATION: 'a' to 'c' mutation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (17) 
<223> OTHER INFORMATION: 'a' to 'c' mutation 

<400 SEQUENCE: 78 

cattaccata agcc.cactgt atattagctt gttgc 35 

<210 SEQ ID NO 79 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 79 

gtgcttatag aattggtggc 20 

<210 SEQ ID NO 80 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
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-continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 80 

tagttc.ccgg gagttcagtg 20 

<210> SEQ ID NO 81 
&2 11s LENGTH 50 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (17) 
<223> OTHER INFORMATION: 'a" to 'g" mutation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (29) 
<223> OTHER INFORMATION: 'a' to 't' mutation 

<400 SEQUENCE: 81 

citcc.cgggaa citataggaaa cattcc to to ggtcc totcc acatctggto 5 O 

<210> SEQ ID NO 82 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 82 

gtgttgatato tgttctttitc c 21 

<210 SEQ ID NO 83 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 83 

gaatgagctt gaCaaggcgg ag 22 

<210> SEQ ID NO 84 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 84 

citgg.cgataa cqgaactgtt g 21 

<210 SEQ ID NO 85 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 85 

gtocatgatg tottcagggit ggta 24 

<210 SEQ ID NO 86 
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-continued 

<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 86 

ctaatatttg atatatgttga ttgt 24 

<210 SEQ ID NO 87 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 87 

acgaacttgt gatc.gc gttgaaag 24 

<210 SEQ ID NO 88 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 88 

actaagcaaa acctdctgaa gccC 24 

<210 SEQ ID NO 89 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 89 

cc.cgggatgg cittctgtgct ggct 24 

<210 SEQ ID NO 90 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 90 

ggtacctdat ggaccctgtt cogit 24 

<210 SEQ ID NO 91 
&2 11s LENGTH 32 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 91 

cc.cggg tatg gaaaattcgg tacccaggac to 32 

<210 SEQ ID NO 92 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
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-continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 92 

actagttaaa citctag citct cittgc 25 

<210 SEQ ID NO 93 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (2) 
<223> OTHER INFORMATION: a t c or g 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (6) 
<223> OTHER INFORMATION: a t c or g 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (10) . . (15) 
<223> OTHER INFORMATION: a t c or g 

<400 SEQUENCE: 93 

angatntatin nnnnntgt 18 

<210 SEQ ID NO 94 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Triticum sp. 

<400 SEQUENCE: 94 

tggcaggata tatgagtgtg taaac 25 

<210 SEQ ID NO 95 
&2 11s LENGTH 26 
&212> TYPE DNA 

<213> ORGANISM: Triticum sp. 

<400 SEQUENCE: 95 

ttgg caggat atatoc citct gtaaac 26 

<210 SEQ ID NO 96 
&2 11s LENGTH 74 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 96 

Met Ser Ser Thr Ser Asn Val Gly Glin Asp Cys Leu Ala Glu Val Thr 
1 5 10 15 

Ile Ser Tyr Gln Trp Val Gly Arg Val Ile Asn Tyr Asn Phe Phe Leu 
2O 25 3O 

Leu Ile His Trp Tyr Thr Val Val Glu Ala Ser Thr Gly Ile Thr Phe 
35 40 45 

Glin Ile Phe Pro Ile Gly Ile Arg Ser Glu Asp Asp Arg Ser Phe Tyr 
5 O 55 60 

Glu Lys Ala Asp Arg Phe Ala Trp Val Thr 
65 70 

<210 SEQ ID NO 97 
&2 11s LENGTH 51 
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&212> TYPE PRT 
<213> ORGANISM: Solanum 

<400 SEQUENCE: 97 

tuberosum 

75 

-continued 

Met Ser Ser Glu Ser Thr Phe Ser Lys Thr Pro Asn Gly Arg 
1 5 10 

Asp Val Gly Ile Pro Thr Glu Glu Gly Thr Phe Pro Phe 
25 

Ile Leu Arg Asp Leu Ala Pro Thir Ile Ser Lieu Val Asn 
35 

Asp Ile Ala 
5 O 

<210 SEQ ID NO 98 
&2 11s LENGTH 76 
&212> TYPE PRT 
<213> ORGANISM: Solanum 

<400 SEQUENCE: 98 

Met Ser Glu Gly Val Gly 
1 5 

Trp Arg Ser Ala Asn. Ile 
2O 

Phe Pro Phe Leu Ala Arg 
35 

Ser Gly Val Ile Arg Ala 
5 O 

Leu Thr Asp Phe Ala Thr 
65 70 

<210 SEQ ID NO 99 
&2 11s LENGTH 62 
&212> TYPE PRT 
<213> ORGANISM: Solanum 

<400 SEQUENCE: 99 

Val Cys Ser Pro Ala Leu 
1 5 

Thr Cys Val Asp His Ser 
2O 

Pro Gly Met Gly Thr Ser 
35 

Ile Glin Tyr Leu Phe Pro 
5 O 

<210> SEQ ID NO 100 
&2 11s LENGTH 50 
&212> TYPE PRT 
<213> ORGANISM: Solanum 

<400 SEQUENCE: 100 

40 

tuberosum 

Phe Lys Ser Lys 
10 

Leu Gly Ser Lys 
25 

Thr Glu Thr Cys 
40 

Thir Ala Pro Ser 
55 

Lys Ile Val Gly 

tuberosum 

Lys Ala Asp Lys 
10 

Arg Arg Lieu. Ile 
25 

Tyr Ala Thr Ala 
40 

Ser Asp Pro Val 
55 

tuberosum 

Ile Leu 

His Wall 

Glu Arg 

Gly Ile 
60 

Phe Ser 
75 

Ser Lys 

Wal Wall 

Phe Ile 

Glu Thr 
60 

45 

Pro 

Ala 

Thr 
45 

Ser 

Ser 

Teu 

Ser 
45 

Phe 

Met Leu Gly Ser Lieu Val Lieu Pro Llys Ser Pro Glu Asn 
1 5 10 

Ala Wall Pro Asn Pro His Phe Glin Glu Gln His Leu Val 
25 

Pro His Phe Lieu. Asp Cys Gly Glin Gly Phe Ser Lys Lieu 
35 40 45 

Arg 
3O 

Ser 

Ser 

Lys 
3O 

Ser 

Ser 

Ala 

Wall 
3O 

Ser 

Pro 

Arg 

Pro 
3O 

Pro 

Ala 
15 

Ser 

Phe 
15 

Glin 

Gly 

Ser 

Asp 
15 

Telu 

Pro 

Lys 
15 

Glu 

Glin 

Thr 

Ala 

Ala 

Ala 

Thr 

Met 

Pro 

Gly 

Pro 

Glin 

Met 
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-continued 

His Glin 
5 O 

<210> SEQ ID NO 101 
&2 11s LENGTH 65 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 101 

Met Val Asin Phe Leu Thr Glin Gly Ile Val Asp Met Glu Thr Ala Phe 
1 5 10 15 

Gly Ser Pro Lys Met Gly Gly Phe Gly Lys Glu Glin Phe Gly Ala Cys 
2O 25 3O 

Val Ser Arg Ser Glu Met Asp Glu Ser Gly Ile Gly Ala Val Met Val 
35 40 45 

Glu Glin Val Cys Ser Ile Cys Ser Arg His Phe Val Leu Ser Met Glin 
5 O 55 60 

Ile 
65 

<210> SEQ ID NO 102 
&2 11s LENGTH 77 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 102 

Met Leu Glu Gly Ser Met Trp Pro Trp Asin Gln Glu Ser Met Lys Arg 
1 5 10 15 

Ala Phe Leu Asn His His Phe Leu Met Leu. His Leu Phe Pro Ala Glin 
2O 25 3O 

Arg Pro Pro Glin Ala Ala Asp Pro Val Cys Lieu Lys His Glin His Met 
35 40 45 

His Cys Gly Cys Lieu Ser Phe Glin Lieu. His Leu Ser Lys Lieu Ala Pro 
5 O 55 60 

Gly Asp Thr Pro Leu Ile Ser Ser Met Phe Ala Leu Asp 
65 70 75 

<210> SEQ ID NO 103 
&2 11s LENGTH 49 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 103 

Met Lys Lieu. Cys Ser Ser Ile Ile Leu Ser Ile Ile Lys Glin Lys Glin 
1 5 10 15 

Val Glu Ile Leu Arg Ala Cys Phe Gly Phe Pro Glu Thir Lys Thr Ile 
2O 25 3O 

Ser Val Phe Ser Ser Val Ser Trp Asn Trp His Ile Ile Cys Lys Ser 
35 40 45 

Teu 

<210> SEQ ID NO 104 
&2 11s LENGTH 64 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 104 
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-continued 

Met Thr Lys Llys Pro Asp Arg Lys Asp Asn. Ile Met Pro Tyr Asn. Phe 
1 5 10 15 

Pro Gly. Thir Lys Phe Leu Gln Pro Ile Phe Arg Asn Phe Phe Leu Pro 
2O 25 3O 

Ser Lieu. Cys Asp Lys Lieu Lleu Lys Lys Ser Ile Ser Val Pro Glin Ala 
35 40 45 

Ile Thr Pro Cys Trp Llys Val Glin Cys Gly. His Gly Ile Lys Lys Ala 
5 O 55 60 

<210 SEQ ID NO 105 
&2 11s LENGTH 115 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 105 

Thir Ile Leu Lys Leu Asp Leu. His Thr Phe Asn Gly His Phe Phe Thr 
1 5 10 15 

Ala Ser Phe Trp Asn Glin Ser His Arg Asn Ser Ile Phe Ile Phe Glin 
2O 25 3O 

Ser Asn Ile Leu Gln Glin Phe Ser Tyr Arg Gln Leu Glu Ser Asn Thr 
35 40 45 

Gly Asn Met Ile Ser Ile Thr Ser Met Asn Met Arg Glin Ala Ser Ile 
5 O 55 60 

Thr Pro Cys Lys Lieu Arg Lieu. Ile Lys Lieu. Ile Cys Ile His Ser Lieu 
65 70 75 8O 

Val His Val Glin Lys His Ile Glu Pro Tyr Ile Val Pro Ile Ile Ile 
85 90 95 

Arg Tyr Phe Ile Glu Cys Glin Tyr Lieu Lleu Lleu Lieu. Ile Phe Lieu Lieu 
100 105 110 

115 

<210> SEQ ID NO 106 
<211& LENGTH 122 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 106 

Met Lys Gly Lys Glu Lys Pro Arg Glu Met Asn Lieu Glin Phe Phe Thr 
1 5 10 15 

Thir Asn. Phe Wal Ser Thr Wall Ala Ile Ser Thr Met Asn. Ile Ser Leu 
2O 25 3O 

Leu Phe Lys Ala Lys Arg Wall Lys Gly Val Phe Ile Lys Phe Pro His 
35 40 45 

Ser Thr Arg Ser Glin Lieu. Ile Leu Gly Tyr Val Lieu Lieu. Ile Arg Arg 
5 O 55 60 

Met Ser Arg Gly Ala Asp Ala Glu Phe Ser His Arg Arg Glu Lieu Val 
65 70 75 8O 

Val Arg Asn Thr Ile Asp Leu Ile Gly Tyr Arg Arg Ala Thr Thr Val 
85 90 95 

Tyr Tyr Ile Asn Thr Phe Phe Tyr Met Gly Ser Thr Thr Arg Leu Glu 
100 105 110 

Ile Arg Arg Trp Tyr Arg Cys Ser Ser Arg 
115 120 
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-continued 

<210 SEQ ID NO 107 
<211& LENGTH 104 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 107 

Met Glu Trp Ala Leu Ala Arg Asn Arg Ile Pro Phe Phe Tyr Cys Pro 
1 5 10 15 

Asn Ser Lieu Arg Thr Ser His Gly Lys Gly Tyr Asp Phe His Arg Arg 
2O 25 3O 

Lys Arg Ile Glin Ser Ser Thr Asn Leu Tyr Leu Leu Asn Pro Phe Phe 
35 40 45 

Ser Arg Gln Leu Ile Ser Ile His Ser Thr Ser Cys Pro His Trp His 
5 O 55 60 

Gly Gly Ser Lys Lys Ser Asp Lieu. Asn Arg Val Ser Arg Asn Tyr Pro 
65 70 75 8O 

Cys Lieu. His Arg Phe Phe Asp Glu Val Cys His Arg Ser Arg Cys Glu 
85 90 95 

Pro Glu Tyr Glu Gly Cys Phe Glin 
100 

<210 SEQ ID NO 108 
&2 11s LENGTH 92 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 108 

Met Asn Asn. Ile Thr His Ser Pro Ile Leu. Ile Pro Phe Leu Glu Glin 
1 5 10 15 

Leu Asin Pro Phe Ile Ser Asn Cys His Met Gln Pro Ile Val Lys Ala 
2O 25 3O 

Asn Thr Pro Ile Leu Asn Gly Asn. Thir Lys Cys Arg His Ser Ala Asn 
35 40 45 

Ile Phe Thr Asn Gly Asn. Cys Ile Trp Glu Lys Pro Met Asn Lys Ile 
5 O 55 60 

Val Asp Gln His Glin Ile His Asn Ser Ile His Ile Ser Cys Glu Ser 
65 70 75 8O 

Lys Val Phe Leu Val Val Pro Ser Glu Ser His Arg 
85 90 

<210 SEQ ID NO 109 
&2 11s LENGTH 57 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 109 

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

Ile Ile Lieu. Cys Asn Ala Ile Pro Arg Ser Ile Asn Asp Wall Asp Gly 
2O 25 3O 

Leu Ser Arg Ala Ile Lys Ser Tyr Ile Ser Lieu Ser Ile Ser Glin Asn 
35 40 45 

Ala Ile Val Leu Ser Pro Thr Arg Ala 
5 O 55 



US 2005/0229267 A1 Oct. 13, 2005 
79 

-continued 

<210> SEQ ID NO 110 
&2 11s LENGTH TO 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 110 

Met Val Asin Ile Met Thr Ser Ser Ser Met Ala Thr Lys Phe Pro Ser 
1 5 10 15 

Ile Thr Val Glin Cys Asn Ser Val Leu Pro Trp Glin Val Thr Ser Asn 
2O 25 3O 

Phe Ile Pro Phe Val Cys Val Leu Trp Val Glu Val Glu Tyr Lys Tyr 
35 40 45 

Glin Val Thr Thr Phe Lys His Asn Asn Leu Ile Ile Ile Ile His Ala 
5 O 55 60 

Ala Tyr Tyr Leu Phe Ser 
65 70 

<210> SEQ ID NO 111 
&2 11s LENGTH 51 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 111 

Met Ala Lys Leu Val Thr His Glu Ile Glu Val Pro Leu Ser Ser Glin 
1 5 10 15 

Gly His Cys Glu Lys Met Asp His Lieu Val Lys Arg Asn. Ser Ser Ile 
2O 25 3O 

Asn Asn Arg Arg Ser Ile Cys Glin Ala Arg His Ala Arg Ile His Lieu 
35 40 45 

Phe Wal His 
5 O 

<210> SEQ ID NO 112 
&2 11s LENGTH 72 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 112 

Met Phe Glu Thr Lys Leu Asn Ser Gly Val Val Trp Asn Asp Trp Leu 
1 5 10 15 

Thr Val Asin Ile Arg Asn Ser Asn Thr Pro Asn Thr Lys Leu Val Leu 
2O 25 3O 

Leu. His His Val Val Arg Thr Val Pro Ser Ile Glu Ile Ala Asn Asn 
35 40 45 

Phe Val Phe Leu Ser Ser Arg Ser Pro Phe Thr Ile Asp Tyr Ala Thr 
5 O 55 60 

Ile Phe Pro Val Glu Ser Lys Phe 
65 70 

<210> SEQ ID NO 113 
&2 11s LENGTH 66 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 113 

Met Leu Tyr Thr Ser Leu Tyr Ile Ser Tyr Leu Ser Asn Ser Met Leu 
1 5 10 15 
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Leu Pro Ser Trp Thr Asn Lieu. His His Ser Tyr Ser 
2O 25 

Ser Thr Tyr Leu Gly Leu Pro Leu Pro Gly Gly Asn 
35 40 

Leu Pro Gln Lys Glin Ala Gly Glin Gly Pro Ala Tyr 
5 O 55 60 

Arg Glin 
65 

<210> SEQ ID NO 114 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 114 

gttcagacaa gaccacagat gtga 

<400 

Met 
1 

Asn 

Ile 

Thr 

Ile 
65 

Ile 

Trp 

Arg 

Cys 
145 

Asn 

Ile 

<400 

SEQUENCE: 

Arg Asn Lieu 

Asn 

His 

Telu 
5 O 

Thr 

Glu 

Arg 

Ala 

Phe 
130 

Glu 

Telu 

Arg 

Asp 

Ala 
35 

Glin 

Thr 

Ile 

Ala 

Asp 
115 

Ala 

Ser 

Met 

Asn 

Thr 

Ser 

Telu 

Met 

Pro 
100 

Wall 

Glu 

Ser 

Arg 

Telu 
18O 

PRT 

SEQUENCE: 

SEQ ID NO 115 
LENGTH 18 
TYPE 
ORGANISM: Solanum 

1 

115 

Phe 
5 

Asn 

Cys 

Gly 

Gly 

Glu 
85 

Teu 

Thr 

Phe 

Glu 
1.65 

Teu 

SEQ ID NO 116 
LENGTH 17 
TYPE 
ORGANISM: Nicotiana tabacum. 

2 

116 

Pro 

Asn 

Arg 

Pro 

Teu 
70 

Ser 

Wall 

Gly 

Asn 
15 O 

Ile 

tuberosum 

Ile 

Asn 

Glu 

Arg 
55 

Ile 

Ile 

Glin 

Ala 

Met 
135 

Tyr 

Ile 

Telu 

Asn 

Thr 
40 

Ser 

Met 

Wall 
120 

Asp 

Tyr 

Glu 

Met 

Asn 
25 

Pro 

Asn 

Wall 

Glu 

Tyr 
105 

Glu 

Asp 

Asn 

Telu 

Telu 
10 

Asn 

Glu 

Asp 

Telu 
90 

Wall 

Ala 

Wall 

Ser 
170 

Ile 

Asn 

Wall 

Ala 
75 

Glu 

Ala 

Teu 

Wall 

Teu 
155 

-continued 

Thr 

Asn 

Ser 

Glu 
60 

Wall 

Ala 
1 4 0 

Asp 

Wall 

Teu 

Glin 
45 

Glin 

Asn 

Asn 

Teu 
45 

Gly 

Ser 

Asn 

Lys 
125 

Glu 

Phe 

Ala 

Asn 
3O 

Asn 

Telu 

Tyr 

Gly 

Ser 

Asn 

Ala 
110 

Gly 

Ala 

Pro 

Asn 

Glin 

His 

Ala 
15 

Asn 

Telu 

Asp 

Pro 
95 

Wall 

Ala 

Glin 

Ile 

Ser 
175 

Telu 

Phe 

Telu 

Telu 

Telu 

Thr 

Ala 

Ser 

Glu 

Telu 

Pro 

Thr 

Ser 
160 

Ile 
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-continued 

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

Asn Asp Asn. Asn. Asn. Ser Asn. Asn. Ile Ile Asn. Thir Thr Cys Arg Ala 
2O 25 3O 

Thir Thr Asn Tyr Pro Leu Cys Leu Thir Thr Leu. His Ser Asp Pro Arg 
35 40 45 

Thr Ser Glu Ala Glu Gly Ala Asp Leu Thir Thr Leu Gly Leu Val Met 
5 O 55 60 

Val Asp Ala Wall Lys Lieu Lys Ser Ile Glu Ile Met Lys Ser Ile Lys 
65 70 75 8O 

Lys Lieu Glu Lys Ser Asn Pro Glu Lieu Arg Lieu Pro Leu Ser Glin Cys 
85 90 95 

Tyr Ile Val Tyr Tyr Ala Val Leu. His Ala Asp Val Thr Val Ala Val 
100 105 110 

Glu Ala Lieu Lys Arg Gly Val Pro Llys Phe Ala Glu Asn Gly Met Val 
115 120 125 

Asp Val Ala Val Glu Ala Glu Thr Cys Glu Phe Ser Phe Lys Tyr Asn 
130 135 1 4 0 

Gly Lieu Val Ser Pro Val Ser Asp Met Asn Lys Glu Ile Ile Glu Lieu 
145 15 O 155 160 

Ser Ser Val Ala Lys Ser Ile Ile Arg Met Leu Lieu 
1.65 170 

<210> SEQ ID NO 117 
&2 11s LENGTH 181 
&212> TYPE PRT 
<213> ORGANISM: Solanum tuberosum 

<400 SEQUENCE: 117 

Met Arg Asn Lieu Phe Pro Ile Leu Met Lieu. Ile Thr Asn Lieu Ala Lieu 
1 5 10 15 

Asn Asn Asp Asn. Asn. Asn. Asn. Asn. Asn. Asn. Asn. Asn. Asn Tyr Asn Lieu 
2O 25 3O 

Ile His Ala Thr Cys Arg Glu Thr Pro Tyr Tyr Ser Leu Cys Leu Thr 
35 40 45 

Thr Lieu Glin Ser Gly Pro Arg Ser Asn. Glu Val Glu Gly Gly Asp Ala 
5 O 55 60 

Ile Thr Thr Leu Gly Leu Ile Met Val Asp Ala Val Lys Ser Lys Ser 
65 70 75 8O 

Ile Glu Ile Met Glu Lys Ile Lys Glu Lieu Glu Lys Ser Asn Pro Glu 
85 90 95 

Trp Arg Ala Pro Leu Ser Glin Cys Tyr Val Ala Tyr Asn Ala Val Lieu 
100 105 110 

Arg Ala Asp Val Thr Val Ala Val Glu Ala Lieu Lys Lys Gly Ala Pro 
115 120 125 

Lys Phe Ala Glu Asp Gly Met Asp Asp Val Val Ala Glu Ala Glin Thr 
130 135 1 4 0 

Cys Glu Tyr Ser Phe Asn Tyr Tyr Asn Lys Leu Asp Phe Pro Ile Ser 
145 15 O 155 160 

Asn Lieu Ser Arg Glu Ile Ile Glu Lieu Ser Lys Val Ala Lys Ser Ile 
1.65 170 175 

Ile Arg Met Lieu Lieu 
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<400 

18O 

SEQ ID NO 118 
LENGTH 166 
TYPE PRT 
ORGANISM: Nicotiana tabacum. 

SEQUENCE: 118 

Met Lys Asn Leu Ile Phe Leu Thr 
1 

Thir Asn Ala 

Tyr Glin Leu 
35 

Gly Asp Ile 
5 O 

Lys Ala Asn 
65 

Pro Pro Ala 

Lys Val Ile 

Lys Gly Asp 
115 

Asp Ala Glin 
1 30 

Ser Ala Lieu 
145 

Ile Val Arg 

<400 

5 

Asn. Asn. It 
2O 

eu Wall Glu 

Cys Lieu Lys Thr Lieu 

Th Thir I 

Glin Ala A 

40 

eu Ala Leu 
55 

la Wall Thr 
70 

Ala Trp Lys Gly Pro 
85 

Leu. Thir A 
100 

la Ser Lieu 

Pro Llys Phe Ala Glu 

Glu Cys G 

120 

lu Glu Tyr 
135 

Asn. Ile Ala Wal His 
1 

Asn Lieu. It 
1.65 

SEQ ID NO 119 
LENGTH 277 
TYPE DNA 

50 

el 

ORGANISM: Unknown Organism 
FEATURE: 

OTHER INFORMATION: Description of Unknown Organism: P-PPO3 
nucleotide sequence 

SEQUENCE: 119 

citgg.cgataa cqgaactgtt 

actctggtgc 

gcagattgtt 

tgttitttgtt 

attgaagttg 

<400 

citgg.cgataa cqgaactgtt gaggatatt gattggaag atgaagatac tattgcggta 

Caaaga gagg 

aattagtcto 

ttcttgttct 

ttattoaaga 

SEQ ID NO 120 
LENGTH 300 
TYPE DNA 

ggaggatatt 

tggtgaaggt 

tattgaatct 

gttttittcct 

ataaatcagt 

ORGANISM: Unknown Organism 
FEATURE: 

OTHER INFORMATION: Description of Unknown Organism: PPOM-41 
nucleotide sequence 

SEQUENCE: 120 

Met Phe 
10 

Th Thr 
25 

Teu Ser 

Ile Met 

Ile Ser 

Lieu Lys 
90 

Pro Glu 
105 

Asp Gly 

Phe Lys 

Glu Lieu 

ggtttgg 

atctoca 

gctgaga 

citgttga 

tacaatt 

Teu 

Asp 

Wall 

Lys 
75 

Asn 

Ala 

Met 

Gly 

Ser 
155 

aag 

ttg 

tta 

aat 

82 

-continued 

Thr 

Asp 
60 

Teu 

Ile 

Wall 

Ser 
1 4 0 

Asp 

Ile 

Asn 

Arg 
45 

Ala 

Arg 

Ala 

Glu 

Gly 
125 

Wall 

Telu 

Thr 

Ser 

Ile 

His 

Phe 

Ala 
110 

Ser 

Ser 

Gly 

atgaagatac 

aaagtgcgac 

cactittgatg 

cagotttgtt 

Telu 
15 

Pro 

Ala 

Ser 

Ser 
95 

Telu 

Ser 

Pro 

Arg 

tattgcggtg 

gatcagtctt 

gatgatgctic 

gcttgattitc 

Glin 

Asn 

Thr 

Ala 

Asn 

Thr 

Gly 

Phe 

Ala 
160 

60 

120 

18O 

240 

277 

60 
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-continued 

actittggttc caaaagtagg togtgaaggt gitatc cattgaaagtgtgga gatcaag citt 120 

gaggattgtt aagtc.citcat gagttggtgg citacggtacc aaattittatgtttaattagt 18O 

attaatgtgt gtatgtgttt gattatgttt cqgttaaaat gitatcagot g gatagotgat 240 

tact agccitt gcc agttgtt aatgctatot atgaaataaa taaataaatg gttgtc.ttct 3OO 

<210> SEQ ID NO 121 
&2 11s LENGTH 296 
&212> TYPE DNA 
<213> ORGANISM: Unknown Organism 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Unknown Organism: PPOM-44 
ucleotide sequence 

&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (54) 
<223> OTHER INFORMATION: a t c or g 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (166) 
<223> OTHER INFORMATION: a t c or g 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (223) 
<223> OTHER INFORMATION: a t c or g 

<400 SEQUENCE: 121 

Ctgg.cgataa C ggaactgtt ggaggataat ggattggaag atgaagg tactating cqgta 60 

actittggttc caaaagttgg togtgaaggt gitatc cattgaaagtgcgga gatcaag citt 120 

gaggattgtt aagtc.citcat gagttggtgg citatggtacc aaattntatgtttaattagt 18O 

attaatgtgt gtgtttgatt atgtttcggit taaaatgitat canctggata gctgattact 240 

agcctt.ccca gttgttaatg citatgtatga aatacataaa taaatggttg tottcc 296 

<210> SEQ ID NO 122 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 

<400 SEQUENCE: 122 

gtocaacttg cacaggaaag ac 22 

<210> SEQ ID NO 123 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400 SEQUENCE: 123 

catggatgaa atactic ct ga gc 22 

<210> SEQ ID NO 124 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
&220s FEATURE 
<221 NAME/KEY: modified base 
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-continued 

<222> LOCATION: (8) 
<223> OTHER INFORMATION: a t c or g 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (10) 
<223> OTHER INFORMATION: a t c or g 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (12) 
<223> OTHER INFORMATION: a t c or g 

<400 SEQUENCE: 124 

gtttacanhin bnatatatoc toyca 

What is claimed is: 
1. A method of modifying a trait of a Selected plant 

comprising: 

a. Stably transforming cells from Said Selected plant with 
a desired polynucleotide, wherein Said desired poly 
nucleotide consists essentially of a nucleic acid 
Sequence that is native to Said Selected plant, native to 
a plant from the same Species, or is native to a plant that 
is Sexually interfertile with Said Selected plant, 

b. obtaining a stably transformed plant from Said trans 
formed plant cells wherein Said transformed plant con 
tains said desired polynucleotide stably integrated into 
the genome and wherein Said desired polynucleotide 
modifies Said trait. 

2. The method according to claim 1, further comprising 
co-transfecting Said plant cells with a Selectable marker gene 
that is transiently expressed in Said plant cells, and identi 
fying transformed plant cells, and transformed plants 
obtained from Said transformed plant cells, wherein Said 
Selectable marker gene is not stably integrated and Said 
desired polynucleotide is Stably integrated into the genome. 

3. The method of claim 1, wherein the plant is a mono 
cotyledenous plant. 

4. The method of claim 3, wherein said monocotylede 
nous plant is Selected from the group consisting of wheat, 
turf, turf grass, cereal, maize, rice, oat, wheat, barley, 
Sorghum, orchid, iris, lily, onion, banana, Sugarcane, Sor 
ghum, and palm. 

5. The method of claim 1, where in the plant is a 
dicotyledenous plant. 

6. The method of claim 5, wherein said dicotyledenous 
plant is Selected from the group consisting of potato, 
tobacco, tomato, Sugarbeet, broccoli, cassava, Sweet potato, 
pepper, cotton, poinSetta, legumes, alfalfa, Soybean, carrot, 
Strawberry, lettuce, oak, maple, walnut, rose, mint, Squash, 
daisy, and cactus. 

7. The method of claim 1, wherein said trait is selected 
from the group consisting 

of enhanced health and nutritional characteristics, 
improved Storage, enhanced yield, enhanced Salt toler 
ance, enhanced heavy metal tolerance, increased 
drought tolerance, increased disease tolerance, 
increased insect tolerance, increased water-StreSS toler 
ance, enhanced cold and frost tolerance, enhanced 
color, enhanced Sweetness, improved vigor, improved 
taste, improved texture, decreased phosphate content, 
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increased germination, increased micronutrient uptake, 
improved Starch composition, improved flower longev 
ity. 

8. The method of claim 1, wherein said desired poly 
nucleotide comprises a P- DNA, GBSS promoter, UbiT 
promoter, Ubi3 promoter, PIP promoter, modified PPO gene, 
invertase inhibitor gene, Salt tolerance gene, R1-associated 
leader, phosphorylase-associated leader, R1-associated 
trailer, SBE-associated trailers, Ubi-intron, GBSS spacer, 
UbiT. 

9. The method of claim 1, wherein said plant cells are 
transformed Via Agrobacterium-mediated transformation. 

10. The method of claim 9, wherein Agrobacterium 
mediated transformation relies on the use of at least one 
binary vector. 

11. The method of claim 10, wherein the Agrobacterium 
mediated transformation method uses a first binary vector 
and a Second binary vector. 

12. The method of claim 11, wherein the first binary 
vector contains Said desired polynucleotide and the Second 
binary vector contains a functional Selectable marker gene, 
wherein Said functional Selectable marker gene is operably 
linked to a promoter and a terminator. 

13. A plant made by the method of claim 1. 
14. A method of modifying a trait in a Selected plant 

comprising: 

(a) identifying the trait to be modified; 
(b) constructing a first polynucleotide consisting essen 

tially of native genetic elements isolated from Said 
Selected plant, a plant from the same species, or a plant 
that is Sexually interfertile with Said Selected plant, 
wherein Said native genetic elements are capable of 
modifying the expression of a functional gene that 
controls Said trait 

(c) constructing a second polynucleotide comprising a 
functional Selectable marker gene; 

(d) co-transfecting plant cells from said Selected plant 
with Said first and Second polynucleotides, 

(e) selecting for the transient expression of said functional 
Selectable marker gene; 

(f) Screening for plant cells stably transformed with said 
first polynucleotide but do not contain Said Second 
polynucleotide integrated into the genome; and 
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(g) obtaining a stably transformed plant from Said trans 
formed plant cells that exhibit modified expression of 
Said trait. 

15. The method of claim 14, wherein in the plant is a 
monocotyledenous plant. 

16. The method of claim 15, wherein said monocotyle 
denous plant is Selected from the group consisting of wheat, 
turf, turf grass, cereal, maize, rice, oat, wheat, barley, 
Sorghum, orchid, iris, lily, onion, banana, Sugarcane, Sor 
ghum, and palm. 

17. The method of claim 14, where in the plant is a 
dicotyledenous plant. 

18. The method of claim 17, wherein said dicotyledenous 
plant is Selected from the group consisting of avocado, 
potato, tobacco, tomato, Sugarbeet, broccoli, cassava, Sweet 
potato, pepper, cotton, poinSetta, legumes, alfalfa, Soybean, 
carrot, Strawberry, lettuce, oak, maple, Walnut, rose, mint, 
Squash, daisy, and cactus. 

19. The method of claim 14, wherein said trait is selected 
from the group consisting of enhanced health and nutritional 
characteristics, improved Storage, enhanced yield, enhanced 
Salt tolerance, enhanced heavy metal tolerance, increased 
drought tolerance, increased disease tolerance, increased 
insect tolerance, increased water-StreSS tolerance, enhanced 
cold and frost tolerance, enhanced color, enhanced Sweet 
neSS, improved vigor, improved taste, improved texture, 
decreased phosphate content, increased germination, 
increased micronutrient uptake, improved Starch composi 
tion, improved flower longevity. 

20. The method of claim 14, wherein said genetic ele 
ments comprise at least one of a promoter, Sequence of 
interest, terminator, enhancer, intron, Spacer, or regulatory 
elements. 

21. The method of claim 14, wherein said plant cells are 
transformed Via Agrobacterium-mediated transformation. 

22. The method of claim 21, wherein Agrobacterium 
mediated transformation relies on the use of at least one 
binary vector. 

23. The method of claim 22, wherein the Agrobacterium 
mediated transformation method uses a first binary vector 
and a Second binary vector. 

24. The method of claim 23, wherein the first binary 
vector carries Said first polynucleotide and the Second binary 
vector carries said Second polynucleotide. 

25. A method of modifying the expression of a functional 
gene in a Selected plant comprising: 

(a) constructing a first polynucleotide consisting essen 
tially of native genetic elements isolated from Said 
Selected plant, a plant of the same Species as Said 
Selected plant, or a plant that is Sexually interfertile 
with Said Selected plant, wherein Said-native genetic 
elements are capable of modifying the expression of 
Said functional gene, 

(b) constructing a second polynucleotide comprising a 
Selectable marker gene operably linked to a promoter 
and terminator, 

(c) co-transfecting plant cells from Said Selected plant 
with Said first and Second poylnucleotides; 

(d) Selecting for the transient expression of Said Selectable 
marker gene, 
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(e) screening for plant cells stably transformed with said 
first polynucleotide but do not contain Said Second 
polynucleotide integrated into the genome; and 

(f) obtaining a transformed plant from said transformed 
plant cells that exhibit modified expression of Said 
gene. 

26. The method of claim 25, wherein said plant is a 
monocotyledenous plant. 

27. The method of claim 26, wherein said monocotyle 
denous plant is Selected from the group consisting of wheat, 
turf, turf grass, cereal, maize, rice, oat, wheat, barley, 
Sorghum, orchid, iris, lily, onion, banana, Sugarcane, Sor 
ghum, and palm. 

28. The method of claim 25, where in the plant is a 
dicotyledenous plant. 

29. The method of claim 28, wherein said dicotyledenous 
plant is Selected from the group consisting of potato, 
tobacco, tomato, Sugarbeet, broccoli, cassava, Sweet potato, 
pepper, cotton, poinSetta, legumes, alfalfa, Soybean, carrot, 
Strawberry, lettuce, oak, maple, walnut, rose, mint, Squash, 
daisy, and cactus. 

30. The method of claim 25, wherein said plant cells are 
transfected via Agrobacterium-mediated transformation. 

31. The method of claim 30, wherein Agrobacterium 
mediated transformation relies on the use of at least one 
binary vector. 

32. The method of claim 31, wherein the Agrobacterium 
mediated transformation method uses a first binary vector 
and a second binary vector. 

33. The method of claim 32, wherein the first binary 
vector carries Said first polynucleotide and the Second binary 
vector carries said Second polynucleotide. 

34. The method of claim 25, wherein said first polynucle 
otide comprises at least one of a P-DNA, GBSS promoter, 
Ubi7 promoter, Ubi3 promoter, PIP promoter, modified PPO 
gene, PPO-associated trailer, invertase inhibitor gene, Salt 
tolerance gene, R1-associated leader, phosphorylase-associ 
ated leader, R1-associated trailer, SBE-associated trailers, 
Ubi-intron, GBSS spacer, UbiT. 

35. The method of claim 25, wherein said second poly 
nucleotide comprises at least one of a Selectable marker 
gene, an omega-mutated Vir)2 polynucleotide, a codA poly 
nucleotide, and a codA::upp fusion polynucleotide. 

36. A plant made by the method of claim 25. 
37. A transgenic plant exhibiting modified expression of 

a trait compared to the non-trasgenic plant from which it was 
derived, wherein Said transgenic plant is stably transformed 
with a desired polynucleotide consisting essentially of native 
genetic elements isolated from Said plant, a plant in the same 
Species, or a plant that is Sexually interfertile with Said plant, 
and wherein Said polynucleotide modifies the expression of 
Said trait. 

38. The plant according to claim 37, wherein said plant is 
a monocotyledenous plant. 

39. The plant according to claim 38, wherein said mono 
cotyledenous plant is Selected from the group consisting of 
wheat, turf, turfgrass, cereal, maize, rice, oat, wheat, barley, 
Sorghum, orchid, iris, lily, onion, banana, Sugarcane, Sor 
ghum, and palm. 

40. The plant according to claim 37, wherein said plant is 
a dicotyledenous plant. 

41. The plant according to claim 40, wherein Said dicoty 
ledenous plant is Selected from the group consisting of 
potato, tobacco, tomato, Sugarbeet, broccoli, cassava, Sweet 
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potato, pepper, cotton, poinSetta, legumes, alfalfa, Soybean, 
carrot, Strawberry, lettuce, oak, maple, Walnut, rose, mint, 
Squash, daisy, and cactus. 

42. The trait according to claim 37, wherein said trait is 
Selected from the group consisting of enhanced health and 
nutritional characteristics, improved Storage, enhanced 
yield, enhanced Salt tolerance, enhanced heavy metal toler 
ance, increased drought tolerance, increased disease toler 
ance, increased insect tolerance, increased water-StreSS tol 
erance, enhanced cold and frost tolerance, enhanced color, 
enhanced Sweetness, improved vigor, improved taste, 
improved texture, decreased phosphate content, increased 
germination, increased micronutrient uptake, improved 
Starch composition, improved flower longevity. 

43. The desired polynucleotide according to claim 37, 
wherein Said polynucleotide comprises at least one of a 
P-DNA, GBSS promoter, Ubi7 promoter, Ubi3 promoter, 
PIP promoter, modified PPO gene, PPO-associated trailer, 
invertase inhibitor gene, Salt tolerance gene, R1-associated 
leader, phosphorylase-associated leader, R1-associated 
trailer, SBE-associated trailers, Ubi-intron, GBSS spacer, 
UbiT. 

44. An isolated, border-like nucleotide Sequence ranging 
in size from 20 to 100 bp that shares between 52% and 96% 
sequence identity with a T-DNA border sequence from 
Agrobacterium tunafaciens. 

45. The isolated nucleotide sequence of claim 44 wherin 
Said nucleotide Sequence is isolated from a monocotylede 
nous plant. 

46. The isolated nucleotide of claim 45, wherein said 
monotcotyledenous plant is Selected from the group con 
Sisting of Wheat, turf, turf grass, cereal, maize, rice, oat, 
wheat, barley, Sorghum, orchid, iris, lily, onion, banana, 
Sugarcane, Sorghum, and palm. 

47. The isolated nucleotide sequence of claim 44, wherein 
Said nucleotide Sequence is isolated from a dicotyledenous 
plant. 

48. The isolated nucleotide sequence of claim 47, wherein 
Said dicotyledenous plant is Selected from the group con 
Sisting of potato, tobacco, tomato, Sugarbeet, broccoli, cas 
Sava, Sweet potato, pepper, cotton, poinSetta, legumes, 
alfalfa, Soybean, carrot, Strawberry, lettuce, oak, maple, 
Walnut, rose, mint, Squash, daisy, and cactus. 

49. The nucleotide sequence of claim 44, isolated from 
potato, which has a nucleotide Sequence shown in either 
SEO ID NO. 54 or 55. 

50. The nucleotide sequence of claim 44, isolated from 
wheat, which has a nucleotide Sequence shown in either 
SEO ID NO. 94 or 95. 

51. A method of making a plant stably transformed with 
a desired polynucleotide comprising: 

(a) isolating a P-DNA that is flanked by border-like 
Sequences from Said plant wherein Said border-like 
sequences share between 52% and 96% sequence iden 
tity with an Agrobacterium tunafaciens T-DNA border 
Sequence, 

(b) inserting said desired polynucleotide between said 
P-DNA border-like sequences to form a P-DNA con 
Struct; and 

(c) transforming a plant cell from Said plant with said 
P-DNA construct; and 
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(d) recovering a plant from Said transformed plant cell 
stably transformed with said P-DNA construct. 

52. The method according to claim 51, wherein said 
P-DNA construct is carried on a vector comprised of a 
backbone integration marker gene and transformed plant 
cells are Selected that do not contain Said backone integra 
tion marker gene. 

53. The method according to claim 52, wherein said 
backbone integration marker gene is Selected from the group 
consisting of is a cytokinin gene, and wherein plant shoots 
are not Selected that exhibit a cytokinin-Overproducing phe 
notype. 

54. The method according to claim 53, wherein said 
backinone integraton marker gene is the IPT gene, and plant 
shoots are not Selected that exhibit an abnormal phenotype 
or cannot develop roots. 

55. The method of claim 52, wherein said plant cells are 
from a monocotyledenous plant. 

56. The method of claim 55, wherein said monocotyle 
denous plant is Selected from the group consisting of wheat, 
turfgrass, cereal, maize, rice, oat, wheat, barley, Sorghum, 
orchid, iris, lily, onion, banana, Sugarcane, Sorghum, and 
palm. 

57. The method of claim 52, where in the plant cells are 
from a dicotyledenous plant. 

58. The method of claim 57, wherein said dicotyledenous 
plant is Selected from the group consisting of avocado, 
potato, tobacco, tomato, Sugarbeet, broccoli, cassava, Sweet 
potato, pepper, cotton, poinSetta, legumes, alfalfa, Soybean, 
carrot, Strawberry, lettuce, oak, maple, Walnut, rose, mint, 
Squash, daisy, and cactus. 

59. The method of claim 51, wherein said plant cells are 
transfected via Agrobacterium-mediated transformation. 

60. The method of claim 59, wherein Agrobacterium 
mediated transformation relies on the use of at least one 
binary vector. 

61. The method of claim 60, wherein the Agrobacterium 
mediated transformation method uses a first binary vector 
and a Second binary vector. 

62. The method of claim 61, wherein the first binary 
vector carries said P-DNA construct. 

63. The method of claim 61, wherein the second binary 
vector comprises at least one of a negative Selectable marker 
gene and an omega-mutated Vir)2 gene, wherein the nega 
tive Selectable marker gene is positioned within the right 
T-DNA border and the left T-DNA border, and wherein the 
omega-mutated Vir)2 gene is positioned within the back 
bone of the second binary vector. 

64. A vector comprising the nucleotide Sequence of claim 
44. 

65. A P-DNA consisting essentially of, in the 5'- to 
3'-direction, a first T-DNAborder-like sequence, a promoter, 
a desired polynucleotide Sequence operably linked to the 
promoter, a terminator, and a second T-DNA border-like 
Sequence, wherein the border-like Sequences have less than 
100% sequence identity with T-DNA border sequences. 

66. The P-DNA of claim 65, wherein said T-DNAborder 
like Sequences, Said promoter, Said desired polynucleotide, 
and Said terminator, are all isolated from the same plant, the 
Same plant species, or plants that are Sexually interfertile. 

67. The P-DNA of claim 65, further consisting essentially 
of a Selectable marker gene. 

68. The P-DNA of claim 67, wherein said T-DNAborder 
like Sequences, Said promoter, Said desired polynucleotide, 
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Said terminator and Said Selectable marker gene, are all 
isolated from the same plant, the Same plant species, or 
plants that are Sexually interfertile. 

69. The P-DNA of claim 65, wherein the desired poly 
nucleotide Sequence is a Sequence upstream or downstream 
of the coding region of a gene, wherein the upstream 
Sequence is a leader Sequence, and wherein the downstream 
Sequence is a trailer Sequence. 

70. The P-DNA of claim 69, wherein said T-DNAborder 
like Sequences, Said promoter, Said leader Sequence, Said 
trailer Sequence, Said terminator and Said Selectable marker 
gene are all isolated from the same plant, the same plant 
Species, or plants that are Sexually interfertile. 

71. An isolated nucleotide sequence comprising the GBSS 
promoter isolated from S. tuberosum. 

72. The isolated nucleotide sequence of claim 71, which 
has the nucleotide sequence that is SEQ ID. NO. 6 or 13. 

73. A vector comprising the P-DNA of claim 65. 
74. A vector according to claim 74, wherein the promoter 

is a regulatable promoter. 
75. A vector according to claim 74, wherein the regulat 

able promoter is Sensitive to temperature. 
76. A vector according to claim 75, wherein the regulat 

able promoter is a wheat WCS120 promoter. 
77. A vector according to claim 74, wherein the promoter 

is under temporal regulation. 
78. A vector according to claim 77, wherein the promoter 

is a carboxylase promoter. 
79. A vector according to claim 78, wherein the carboxy 

lase promoter is a maize carboxylase promoter. 
80. A vector according to claim 74, wherein the promoter 

is regulated by any one of abscisic acid, wounding, methyl 
jasmonate or gibberellic acid. 

81. A vector according to claim 80, wherein the promoter 
is a promoter Selected from either a Rab 16A gene promoter, 
an a-amylase gene promoter or a pin2 gene promoter. 

82. A vector according to claim 73, wherein the promoter 
is a tissue-specific promoter. 

83. A vector according to claim 69, wherein the leader 
Sequence is a part of a 5'-untranslated region associated with 
a gene that is endogenous to a cell of the Selected plant 
Species. 

84. A vector according to claim 69, wherein the 5'-un 
translated region is upstream of a start codon of a gene that 
is Selected from the group consisting of a PPO gene, an R1 
gene, a HOS1 gene, a S-adenosylhomocysteine hydrolase 
gene, a class II cinnamate 4-hydroxylase gene, a cinnamoyl 
coenzyme A reductase gene, a cinnamoyl alcohol dehydro 
genase gene, a caffeoyl coenzyme A O-methyltransferase 
gene, an actin depolymerizing factor gene, a Nin88 gene, a 
Lol p 5 gene, an allergen gene, a P450 hydroxylase gene, an 
ADP-glucose pyrophosphorylase gene, a proline dehydro 
genase gene, an endo-1,4-beta-glucanase gene, a ZeaXanthin 
epoxidase gene, and a 1-aminocyclopropane-1-carboxylate 
Synthase gene. 

85. A vector according to claim 69, wherein the trailer 
Sequence is a part of the 3'-untranslated region associated 
with a gene that is downstream of a termination codon of a 
gene Selected from the group consisting of a PPO gene, an 
R1 gene, a HOS1 gene, a S-adenosylhomocysteine hydro 
lase gene, a class II cinnamate 4-hydroxylase gene, a cin 
namoyl-coenzyme A reductase gene, a cinnamoyl alcohol 
dehydrogenase gene, a caffeoyl coenzyme AO-methyltrans 
ferase gene, an actin depolymerizing factor gene, a Nin88 
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gene, a Lol p 5 gene, an allergen gene, a P450 hydroxylase 
gene, an ADP-glucose pyrophosphorylase gene, a proline 
dehydrogenase gene, an endo-1,4-beta-glucanase gene, a 
Zeaxanthin epoxidase gene, and a 1-aminocyclopropane-1- 
carboxylate Synthase gene. 

86. A vector according to claim 65, further comprising a 
Spacer element that is either an Ubi intron Sequence or a 
GBSS spacer Sequence. 

87. A vector according to claim 65, wherein the terminator 
is a Ubi3 terminator Sequence or a 3'-untranslated region of 
an endogenous plant gene. 

88. A vector according to claim 65, further comprising a 
Selectable marker gene operably linked to a constitutive 
promoter and a Cre gene operably linked to an inducible 
promoter, wherein the Selectable marker gene and the Cre 
gene are flanked by a first recombinase recognition site and 
a Second recombinase recognition site. 

89. A vector according to claim 88, wherein the first 
recombinase recognition site and the Second recombinase 
recognition Site are loX sites. 

90. A vector according to claim 88, wherein the inducible 
promoter is a temperature-Sensitive promoter, a chemically 
induced promoter, or a temporal promoter. 

91. A vector according to claim 88, wherein the inducible 
promoter is a Ha hsp17.7 G4 promoter, a wheat wes120 
promoter, a Rab 16A gene promoter, an O-amylase gene 
promoter, a pin2 gene promoter, a carboxylase promoter. 

92. A vector according to claim 65, further comprising a 
plant-derived marker gene. 

93. A vector according to claim 92, wherein the plant 
derived marker gene is an enolpyruvul-3-phosphoshikimic 
acid Synthase gene, a Salt-tolerance gene, or the PST1 gene, 
the PST2 gene, or the PST3 gene. 

94. A method for modifying a plant cell, comprising 
integrating a P-DNA sequence into the genome of a plant 
cell, wherein the P-DNA consists essentially of, in the 5'- to 
3'-direction, a first T-DNAborder-like sequence, a promoter, 
a desired polynucleotide Sequence operably linked to the 
promoter, a terminator, and a second T-DNA border-like 
Sequence, wherein the border-like Sequences have less than 
100% sequence identity with T-DNA border sequences, and 
wherein the T-DNAborder-like sequences, the promoter, the 
desired polynucleotide, and terminator, are all isolated from 
or native to the genome of the plant cell, wherein the desired 
polynucleotide comprises Sense and antisense Seqeunces of 
a leader Sequence or trailer Sequence that are associated with 
the upstream or downstream non-coding regions of a gene in 
the plant, and wherein expression of the desired polynucle 
otide produces a double-Stranded RNA transcript that targets 
the gene associated with the desired polynucleotide, thereby 
modifying the plant cell. 

95. A method for modifying a plant, comprising: 

(i) transfecting at least one cell in the plant with the vector 
of claim 88; 

(ii) Selecting a cell expressing the Selectable marker; 
(iii) isolating the cell expressing the Selectable marker; 
(iii) inducing the expression of the Cre gene in the isolated 

cell; 

(iv) culturing the isolated cell; and 
(ii) observing the phenotype of cultured cells; 
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wherein a phenotype that is different to an untransfected 
plant cell indicates that the target plant cell has been 
modified. 

96. A method according to claim 14 or 95, wherein the 
Selecting Step is performed by identifying which cells are 
resistant to an antibiotic. 

97. A method for identifying a target plant cell whose 
genome contains a P-DNA, comprising co-transfecting a 
plant target cell with the vector of claim 65 and a Second 
Agrobacterium-derived vector that comprises a marker gene 
flanked by a T-DNA borders or T-DNA border-like 
Sequences and a omega-mutated Vir)2 gene, wherein the 
P-DNA of the vector of claim 65 is integrated into the 
genome of the plant target cell, and wherein no part of the 
Second Agrobacterium-derived vector is integrated into the 
genome of the plant target cell, and wherein the omega 
mutated Vir)2 gene is in the backbone. 

98. A method according to claim 97, wherein the marker 
in the Second Agrobacterium-derived vector is a neomycin 
phosphotransferase gene. 

99. A method for identifying a target plant cell whose 
genome contains at least a part of an integration cassette 
according to claim 98, further comprising Selecting cells that 
Survive temporary growth on a kanamycin-containing 
media, wherein the genomes of the Selected cells contain 
only the integration cassette. 

100. A method according to any one of claims 94, 95, or 
97, wherein the target plant cell is within a plant. 

101. A plant comprising at least one cell whose genome 
comprises a P-DNA according to claim 65. 

102. A plant comprising at least one cell whose genome 
is artificially manipulated to contain only plant-derived 
nucleic acids, wherein no cells of the plant contain foreign 
nucleic acids integrated into the cell genome. 

103. The plant of claim 102, wherein the cell is capable 
of expressing at least one of the plant-derived nucleic acids, 
which expression modifies a trait associated with the plant. 

104. A method for reducing black spot bruising in a 
Selected plant Species, comprising (i) integrating into a 
genome of a Selected plant Species, a P-DNA, delineated by 
border-like Sequences, comprised only of polynucleotides 
native to, or isolated from the Selected plant species, or 
comprised of polynucleotides native to, or isolated from a 
plant Species that is Sexually compatible with the Selected 
plant species, wherein the P-DNA consists essentially of, in 
the 5'- to 3'-direction, a promoter; a Sense-orientated leader 
nucleotide Sequence from a PPO gene; an antisense-oriented 
Sequence of the leader nucleotide Sequence; and a termina 
tion Sequence, wherein the promoter produces a double 
stranded RNA molecule, and wherein the double-stranded 
RNA molecule brings about a reduction in the expression of 
the endogenous PPO gene, thereby reducing black Spot 
bruising in the plant. 

105. A method for reducing black spot bruising in a 
Selected plant Species, comprising integrating into a genome 
of a selected plant species a P-DNA, delineated by border 
like Sequences, comprised only of nucleotide Sequences 
native to, or isolated from the Selected plant Species or 
comprised of polynucleotides native to, or isolated from a 
plant Species that is Sexually compatible with the Selected 
plant species, wherein the P-DNA consists essentially of, in 
the 5'- to 3'-direction, a promoter, a Sense-orientated trailer 
nucleotide Sequence from a PPO gene; an antisense-oriented 
Sequence of the trailer nucleotide Sequence, and a termina 
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tion Sequence, wherein the promoter produces a double 
stranded RNA molecule, and wherein the double-stranded 
RNA molecule brings about a reduction in the expression of 
the PPO gene, thereby reducing black spot bruising in the 
plant. 

106. A method for reducing cold-induced Sweetening in a 
Selected plant Species, comprising integrating into a genome 
of a selected plant species a P-DNA, delineated by border 
like Sequences, comprised only of nucleotide Sequences 
isolated from the Selected plant Species or or comprised of 
polynucleotides native to, or isolated from a plant Species 
that is Sexually compatible with the Selected plant species, 
wherein the P-DNA consists essentially of, in the 5'- to 
3'-direction, a promoter; a Sense-orientated leader nucleotide 
Sequence associated with an R1 gene, an antisense-oriented 
Sequence of the leader nucleotide Sequence; and a termina 
tion Sequence, wherein the promoter produces a double 
stranded RNA molecule, and wherein the double-stranded 
RNA molecule reduces the expression of the R1 gene, 
thereby reducing cold-induced Sweetening in the plant. 

107. A method for reducing cold-induced Sweetening in a 
Selected plant Species, comprising integrating into a genome 
of a selected plant species an P-DNA, delineated by border 
like Sequences, comprised only of nucleotide Sequences 
isolated from the Selected plant Species or comprised of 
polynucleotides native to, or isolated from a plant Species 
that is Sexually compatible with the Selected plant species, 
wherein the P-DNA consists essentially of, in the 5'- to 
3'-direction, a promoter, a Sense-orientated trailer nucleotide 
Sequence associated with an R1 gene, an antisense-oriented 
Sequence of the trailer nucleotide Sequence; and a termina 
tion Sequence, wherein the promoter produces a double 
stranded RNA molecule, and wherein the double-stranded 
RNA molecule reduces the expression of the R1 gene, 
thereby reducing cold-induced Sweetening in the plant. 

108. The method of claim 8, wherein the sequence of 
interest is a gene. 

109. The method of claim 108, wherein the gene is a 
modified polyphenol oxidase, polyphenol oxidase gene, or a 
modified R1 gene, or an R1 gene. 

110. The method of claim 8, wherein the promoter is an 
inducible promoter. 

111. The method of claim 8, wherein the terminator is a 
yeast ADH terminator Sequence. 

112. The method of claim 8, wherein the sequence of 
interest is a leader or trailer Sequence, wherein the leader or 
trailer Sequence represents a Sequence upstream or down 
Stream of a gene that is native to the plant cell. 

113. The method of claim 112, wherein the sequence of 
interest comprises a Sense-oriented leader Sequence oper 
ably linked to an antisense leader Sequence. 

114. The method of claim 112, wherein the sequence of 
interest comprises a Sense-oriented trailer Sequence operably 
linked to an antisense trailer Sequence. 

115. The method of claim 113, wherein the leader con 
Struct comprises in 5'- to 3'-direction, a promoter, a Sense 
oriented leader Sequence, the antisense Sequence of the 
leader, and a terminator, wherein expression of the leader 
construct produces a double-stranded RNA molecule that 
facilitates the down-regulation of expression of the gene to 
which it is associated. 

116. The method of claim 115, wherein the leader 
Sequence is associated with, and located upstream of, the 
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coding region of the PPO gene, the R1 gene, an L-type 
phosphorylase gene, or an alpha glucan phosphorylase gene. 

117. The method of claim 113, wherein the trailer con 
Struct comprises in 5'- to 3'-direction, a promoter, a Sense 
oriented trailer Sequence, the antisense Sequence of the 
trailer, and a terminator, wherein expression of the trailer 
construct produces a double-stranded RNA molecule that 
facilitates the down-regulation of expression of the gene to 
which it is associated. 

118. The method of claim 117, wherein the trailer 
Sequence is associated with, and located downstream of, the 
coding region of the PPO gene, the R1 gene, an L-type 
phosphorylase gene, or an alpha glucan phosphorylase gene. 

119. The method of claim 9, further comprising exposing 
the plant cell to a Second vector that comprises a marker 
element, wherein the marker is transiently expressed in the 
transformed plant and is not stably integrated into the 
genome of the transformed plant. 

120. The method of claim 119, wherein the marker is a 
herbicide resistance gene. 

121. The method of claim 120, wherein the cytokinin gene 
is an antibiotic resistance gene. 

122. The method of claim 119, wherein the marker is a 
NPTII. 

123. A polynucleotide comprising the polynucleotide 
sequence of SEQ ID NO. 93, wherein the polynucleotide is 
between 20 and 80 nucleotides in length. 

124. The polynucleotide of claim 123, wherein the poly 
nucleotide is between 21 and 70 nucleotides in length. 

125. The polynucleotide of claim 123, wherein the poly 
nucleotide is between 22 and 50 nucleotides in length. 

126. The polynucleotide of claim 123, wherein the poly 
nucleotide is between 23 and 40 nucleotides in length. 

127. The polynucleotide of claim 123, wherein the poly 
nucleotide is between 24 and 30 nucleotides in length. 

128. The method of claim 4, wherein the plant cells are 
transfected with the first polynucleotide before the second 
polynucleotide. 

129. A tuber-specific promoter as shown in SEQ ID NO. 
40. 

130. AnAgrobacterium-based method of making trans 
genic plant cells that do not contain a Selectable marker gene 
Stably integrated in nuclear DNA comprising: 

a. constructing a first binary vector comprised of a poly 
nucleotide consisting essentially of a desired gene 
-operably linked to T-DNA borders or T-DNA border 
like Sequences at the 5' and 3' ends of Said desired gene; 

b. constructing a Second binary vector comprised of a 
selectable marker gene operably linked to T-DNA bor 
ders or T-DNA border-like sequences at the 5' and 3' 
ends of Said Selectable marker gene, 

C. incubating plants cells with: 
i. an Agrobacterium Strain carrying Said first and Said 

Second binary vectors, or 
ii. a first Agrobacterium Strain carrying Said first binary 

vector and a Second Agrobacterium Strain carrying 
Said Second binary vector; 
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d. Selecting plant cells wherein Said desired gene is 
integrated into plant nuclear DNA without integration 
of Said Selectable marker gene into plant nuclear DNA 
following incubation for an appropriate time period on 
a medium containing an appropriate Selection agent. 

131. The method according to claim 130, wherein said 
Selectable marker gene is a herbicide resistance gene or an 
antibiotic resistance gene. 

132. The method according to claim 131, wherein said 
antibiotic resistance gene is the nptI gene. 

133. The method according to claim 132, wherein said 
antibiotic resistance gene is the npt II Structural gene oper 
ably linked to the promoter from the Ubiquitin-7 gene and 
the termininator from yeast alcohol dehydrogenase 1 
(ADH1) gene. 

134. The method according to claim 130, wherein said 
plant cells are first incubated with said first Agrobacterium 
Strain and then Subsequently incubated with Said Second 
Agrobacterium Strain or Vice versa. 

135. The method according to claim 130, wherein said 
first binary vector further comprises a binary integration 
marker gene that can be used to detect plant cells Stably 
transformed with binary vector backbone Sequences. 

136. The method according to claim 135, wherein said 
binary vector integration marker gene is Selected from the 
group consisting of a herbicide resistance gene, antibiotic 
resistance gene, or NPTII. 

137. The method according to claim 130, wherein said 
Second binary vector further comprises a gene fusion 
between the bacterial cytosine deaminase (codA) and uracil 
phophoribsyltransferase (upp) genes, which is inserted 
between the T-DNA or T-DNA border-like sequences, and 
plant cells are exposed to 5-fluorocytosine following incu 
bation with Said first and Second Agrobacterium Strains in 
order to Select against those plant cells transformed with Said 
Second binary vector. 

138. The method according to claim 130, wherein said 
Secondary binary vector further comprises the omega-mu 
tated Vir)2 gene, wherein Said omega-mutated Vir)2 gene 
reduces the frequency of integration of Said Selectable 
marker gene into Said plant nuclear DNA. 

139. The isolated, border-like nucleotide sequence of 
claim 44, wherein the Sequence is 25 nucleotides in length. 

140. The method of claim 61, wherein the second binary 
vector comprises at least one of a negative Selectable marker 
gene and a gene that impairs integration, wherein the nega 
tive Selectable marker gene is positioned within the right 
T-DNA border and the left T-DNA border, and wherein the 
gene that impairs integration is positioned within the back 
bone of the second binary vector. 

141. The method of claim 99, wherein the temporary 
growth is from 1 to 5 days. 


