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Wild type: GAC AGC ATCGCCAGT 
Mutant; GACAGCAT - GCCAGT 
Converted: GAC AGC AT TIGCCAGT 
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TARGETED CHROMOSOMAL GENOMIC 
ALTERATIONS IN PLANTS USING MODIFIED 
SINGLE STRANDED OLIGONUCLEOTIDES 

FIELD OF THE INVENTION 

0001. The technical field of the invention is oligonucle 
otide-directed repair or alteration of plant genetic informa 
tion using novel chemically modified oligonucleotides. 

BACKGROUND OF THE INVENTION 

0002. A number of methods have been developed spe 
cifically to alter the genomic information of plants. These 
methods generally include the use of VectorS Such as, for 
example, T-DNA, carrying nucleic acid Sequences encoding 
partial or complete portions of a particular protein which is 
expressed in a cell or tissue to effect the alteration. The 
expression of the particular protein then results in the 
desired phenotype. See, for example, U.S. Pat. No. 4,459, 
355 which describes a method for transforming plants with 
a DNA vector and U.S. Pat. No. 5,188,642 which describes 
cloning or expression vectors containing a transgenic DNA 
Sequence which when expressed in plants conferS resistance 
to the herbicide glyphosate. The use of Such transgene 
containing vectors adds one or more exogenous copies of a 
gene in a usually random fashion at one or more integration 
Sites of the plant's genome at Some variable frequency. The 
introduced gene may be foreign or may be derived from the 
host plant. Any gene which was originally present in the 
genome, which may be, for example, a normal allelic 
variant, mutated, defective, and/or functional copy of the 
introduced gene, is retained in the genome of the host plant. 
0003. These methods of gene alteration are problematic 
in that complications which can compromise the Vigor, 
productivity, yield, etc. of the plant may result. One Such 
problem is that insertion of exogenous nucleic acid at 
random location(s) in the genome can have deleterious 
effects. The random nature of this insertion and/or the use of 
exogenous promoters can also cause the timing, location or 
Strength of expression of the introduced transgene to be 
inappropriate or unpredictable. Another problem with Such 
Systems includes the addition of unnecessary and unwanted 
genetic material to the genome of the recipient, including, 
for example, T-DNA ends or other vector remnants, exog 
enous control Sequences required to allow production of the 
transgene protein, which control Sequences may be exog 
enous or native to the host plant and/or the transgene, and 
reporter genes or resistance markers. Such remnants and 
added Sequences may have presently unrecognized conse 
quences, for example, involving genetic rearrangements of 
the recipient genomes. In addition, concerns have been 
raised with consumption, especially by humans, of plants 
containing Such exogenous genetic material. 
0004 More recently, simpler systems involving poly- or 
oligo-nucleotides have been described for use in the alter 
ation of genomic DNA. These chimeric RNA-DNA oligo 
nucleotides, requiring contiguous RNA and DNA bases in a 
double-Stranded molecule folded by complementarity into a 
double hairpin conformation, have been shown to effect 
Single basepair or frameshift alterations, for example, for 
mutation or repair of plant, animal or fungal genomes. See, 
for example, WO 99/07865 and U.S. Pat. No. 5,565,350. In 
the chimeric RNA-DNA oligonucleotide, an uninterrupted 
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stretch of DNA bases within the molecule is required for 
Sequence alteration of the targeted genome while the obli 
gate RNA residues are involved in complex stability. Due to 
the length, backbone composition, and Structural configu 
ration of these chimeric RNA-DNA molecules, they are 
expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA 
oligonucleotide is designed So as to direct gene alteration, a 
Series of mutagenic reactions resulting in nonspecific base 
alteration can result. Such a result reduces the utility of Such 
a molecule in methods designed for targeted gene alteration. 
0005 Alternatively, other oligo- or poly-nucleotides have 
been used which require a triplex forming, usually polypu 
rine or polypyrimidine, Structural domain which binds to a 
DNA helical duplex through Hoogsteen interactions 
between the major groove of the DNA duplex and the 
oligonucleotide. Such oligonucleotides may have an addi 
tional DNA reactive moiety, Such as psoralen, covalently 
linked to the oligonucleotide. These reactive moieties func 
tion as effective intercalation agents, Stabilize the formation 
of a tripleX and can be mutagenic. Such agents may be 
required in order to Stabilize the triplex forming domain of 
the oligonucleotide with the DNA double helix if the Hoogs 
teen interactions from the oligonucleotide/target base com 
position are insufficient. See, e.g., U.S. Pat. No. 5,422,251. 
The utility of these oligonucleotides for directing targeted 
gene alteration is compromised by a high frequency of 
nonspecific base changes. 

0006. In more recent work, the domain for altering a 
genome is linked or tethered to the triplex forming domain 
of the bi-functional oligonucleotide, adding an additional 
linking or tethering functional domain to the oligonucle 
otide. See, e.g., Culver et al., Nature Biotechnology 17: 
989-93 (1999). Such chimeric or triplex forming molecules 
have distinct Structural requirements for each of the different 
domains of the complete poly- or oligo-nucleotide in order 
to effect the desired genomic alteration in either episomal or 
chromosomal targets. 

0007. Other genes, e.g. CFTR, have been targeted by 
homologous recombination using duplex fragments having 
Several hundred basepairs. See, e.g., Kunzelmann et al., 
Gene Ther. 3:859-867 (1996). Similar efforts to target genes 
by homologous recombination in plants using large frag 
ments of DNA had some success. See Kempin et al., Nature 
389:802-803 (1997). However, the efficiency and reproduc 
ibility of the published homologous recombination approach 
in plants has Severely limited the widespread use of this 
method. 

0008 Earlier experiments to mutagenize an antibiotic 
resistance indicator gene by homologous recombination 
used an unmodified DNA oligonucleotide rather than larger 
fragments of DNA, wherein the oligonucleotide had no 
functional domains other than a region of complementary 
Sequence to the target. See Campbell et al., New Biologist 1: 
223-227 (1989). These experiments required large concen 
trations of the oligonucleotide, exhibited a very low fre 
quency of episomal modification of a targeted exogenous 
plasmid gene not normally found in the cell and have not 
been reproduced. However, as shown in examples herein, 
we have observed that an unmodified DNA oligonucleotide 
can convert a base at low frequency which is detectable 
using the assay Systems described herein. 
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0009 Oligonucleotides designed for use in the targeted 
alteration of genetic information are significantly different 
from oligonucleotides designed for antisense approaches. 
For example, antisense oligonucleotides are perfectly 
complementary to and bind an mRNA strand in order to 
modify expression of a targeted mRNA and are used at high 
concentration. As a consequence, they are unable to produce 
a gene conversion event by either mutagenesis or repair of 
a defect in the chromosomal DNA of a host genome. 
Furthermore, the backbone chemical composition used in 
most oligonucleotides designed for use in antisense 
approaches renders them inactive as Substrates for homolo 
gous pairing or mismatch repair enzymes and the high 
concentrations of oligonucleotide required for antisense 
applications can be toxic with Some types of nucleotide 
modifications. In addition, antisense oligonucleotides must 
be complementary to the mRNA and therefore, may not be 
complementary to the other DNA Strand or to genomic 
Sequences that Span the junction between intron Sequence 
and eXOn Sequence. 

0.010 Artificial chromosomes can be useful for the 
Screening purposes identified herein. These molecules are 
man-made linear or circular DNA molecules constructed 
from essential cis-acting DNA sequence elements that are 
responsible for the proper replication and partitioning of 
natural chromosomes (Murray et al., 1983). The essential 
elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 
0011 Yeast artificial chromosomes (YACs) allow large 
Segments of genomic DNA to be cloned and modified 
(Burke et al., Science 236:806; Peterson et al., Trends Genet. 
13:61 (1997); Choi, et al., Nat. Genet., 4:117-223 (1993), 
Davies, et al., Biotechnology 11:911-914 (1993), Matsuura, 
et al., Hum. Mol. Genet., 5:451–459 (1996), Peterson et al., 
Proc. Natl. Acad. Sci., 93:6605-6609 (1996); and Schedl, et 
al., Cell, 86:71-82 (1996)). Other vectors also have been 
developed for the cloning of large Segments of genomic 
DNA, including cosmids, and bacteriophage P1 (Sternberg 
et al., Proc. Natl. Acad. Sci. U.S.A., 87: 103-107 (1990)). 
YACs have certain advantages over these alternative large 
capacity cloning vectors (Burke et al., Science, 236:806-812 
(1987)). The maximum insert size is 35-30 kb for cosmids, 
and 100 kb for bacteriophage P1, both of which are much 
Smaller than the maximal insert size for a YAC. 

0012. An alternative to YACs are cloning systems based 
on the E. coli fertility factor that have been developed to 
construct large genomic DNA insert libraries. They are 
bacterial artificial chromosomes (BACs) and P-1 derived 
artificial chromosomes (PACs) (Mejia et al., Genome Res. 
7:179-186 (1997); Shizuya et al., Proc. Natl. Acad. Sci. 
89:8794-8797 (1992); Ioannou et al., Nat. Genet., 6:84-89 
(1994); Hosoda et al., Nucleic Acids Res. 18:38.63 (1990)). 
BACs are based on the E. coli fertility plasmid (F factor); 
and PACs are based on the bacteriophage P1. These vectors 
propagate at a very low copy number (1-2 per cell) enabling 
genomic inserts up to 300 kb in size to be stably maintained 
in recombination deficient hosts. The PACs and BACs are 
circular DNA molecules that are readily isolated from the 
host genomic background by classical alkaline lysis (Birn 
boim et al., Nucleic Acids Res. 7:1513-1523 (1979)). In 
addition, BACs have been developed for transformation of 
plants with high-molecular weight DNA using the T-DNA 
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system (Hamilton, Gene 24:107-116 (1997); Frary & Hamil 
ton, Transgenic Res. 10: 121-132 (2001)). 
0013 A need exists for simple, inexpensive oligonucle 
otides capable of producing targeted alteration of genetic 
material Such as those described herein as well as methods 
to identify optimal oligonucleotides that accurately and 
efficiently alter target DNA. 

SUMMARY OF THE INVENTION 

0014 Novel, modified single-stranded nucleic acid mol 
ecules that direct gene alteration in plants are identified and 
the efficiency of alteration is analyzed both in vitro using a 
cell-free extract assay and in Vivo using a yeast System and 
a plant System. The alteration in an oligonucleotide of the 
invention may comprise an insertion, deletion, Substitution, 
as well as any combination of these. Site Specific alteration 
of DNA is not only useful for studying function of proteins 
in Vivo, but it is also useful for creating plants with desired 
phenotypes, including, for example, environmental StreSS 
tolerance, improved nutritional value, herbicide resistance, 
disease resistance, modified oil production, modified Starch 
production, and altered floral morphology including Selec 
tive Sterility. AS described herein, oligonucleotides of the 
invention target directed Specific gene alterations in genomic 
double-stranded DNA in cells. The target genomic DNA can 
be nuclear chromosomal DNA as well as plastid or mito 
chondrial chromosomal DNA. The target DNA can also be 
a transgene present in the plant cell, including, for example, 
a previously introduced T-DNA. For Screening purposes, the 
target plant DNA can also be extrachromosomal DNA 
present in plant or non-plant cells in various forms includ 
ing, e.g., mammalian artificial chromosomes (MACs), PACs 
from P-1 vectors, yeast artificial chromosomes (YACs), 
bacterial artificial chromosomes (BACs), plant artificial 
chromosomes (PLACs), as well as episomal DNA, including 
episomal DNA from an exogenous Source Such as a plasmid 
or recombinant vector. Many of these artificial chromosome 
constructs containing plant DNA can be obtained from a 
variety of Sources, including, e.g., the Arabidopsis Biologi 
cal Resource Center (ABRC) at the Ohio State University, 
and the Rice Genome Research Program at the MAFF DNA 
bank in Ibaraki, Japan. The target DNA may be transcrip 
tionally Silent or active. In a preferred embodiment, the 
target DNA to be altered is the non-transcribed strand of a 
genomic DNA duplex. In a more preferred embodiment, the 
target DNA to be altered is the non-transcribed strand of a 
transcribed gene of a genomic DNA duplex. 
0015 The low efficiency of targeted gene alteration 
obtained using unmodified DNA oligonucleotides is 
believed to be largely the result of degradation by nucleases 
present in the reaction mixture or the target cell. Although 
different modifications are known to have different effects on 
the nuclease resistance of oligonucleotides or Stability of 
duplexes formed by Such oligonucleotides (see, e.g., Kosh 
kinet al., J. Am. Chem. Soc., 120:13252-3), we have found 
that it is not possible to predict which of any particular 
known modification would be most useful for any given 
alteration event, including for the construction of gene 
alteration oligonucleotides, because of the interaction of 
different as yet unidentified proteins during the gene alter 
ation event. Herein, a variety of nucleic acid analogs have 
been developed that increase the nuclease resistance of 
oligonucleotides that contain them, including, e.g., nucle 
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otides containing phosphorothioate linkages or 2'-O-methyl 
analogs. We recently discovered that single-stranded DNA 
oligonucleotides modified to contain 2'-O-methyl RNA 
nucleotides or phosphorothioate linkages can enable specific 
alteration of genetic information at a higher level than either 
unmodified single-stranded DNA or a chimeric RNA/DNA 
molecule. See, for example, copending applications U.S. 
application Ser. No. 60/208,538, U.S. application Ser. No. 
60/244.989, U.S. application Ser. No. 09/818,875, interna 
tional application no. PCT/US01/09761 and Gamper et al., 
Nucleic Acids Research 28: 4332-4339 (2000), the disclo 
Sures of which are incorporated herein in their entirety by 
reference. We also found that additional nucleic acid analogs 
which increase the nuclease resistance of oligonucleotides 
that contain them, including, e.g., "locked nucleic acids” or 
“LNAs, xylo-LNAS and L-ribo-LNAS; see, for example, 
Wengel & Nielsen, WO 99/14226; Wengel, WO 00/56748; 
Wengel, WO 00/66604; and Jakobsen & Koshkin, WO 
01/25478 also allow specific targeted alteration of genetic 
information. 

0016. The assay allows for determining the optimum 
length of the oligonucleotide, optimum Sequence of the 
oligonucleotide, optimum position of the mismatched base 
or bases, optimum chemical modification or modifications, 
optimum Strand targeted for identifying and Selecting the 
most efficient oligonucleotide for a particular gene alteration 
event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double 
hairpin oligonucleotide directing the same gene alteration 
event, an oligonucleotide that matches its target completely, 
an oligonucleotide in which all linkages are phosphorothi 
olated, an oligonucleotide fully substituted with 2'-O-methyl 
analogs or an RNA oligonucleotide. Such control oligo 
nucleotides either fail to direct a targeted alteration or do So 
at a lower efficiency as compared to the oligonucleotides of 
the invention. The assay further allows for determining the 
optimum position of a gene alteration event within an 
oligonucleotide, optimum concentration of the Selected oli 
gonucleotide for maximum alteration efficiency by System 
atically testing a range of concentrations, as well as optimi 
Zation of either the Source of cell extract by testing different 
plants or Strains, or testing cells derived from different plants 
or Strains, or plant cell lines. Using a Series of Single 
stranded oligonucleotides, comprising all RNA or DNA 
residues and various mixtures of the two, Several new 
Structures are identified as viable molecules in nucleotide 
conversion to direct or repair a genomic mutagenic event. 
When extracts from mammalian, plant and fungal cells are 
used and are analyzed using a genetic readout assay in 
bacteria, Single-Stranded oligonucleotides having one of 
Several modifications are found to be more active than a 
control RNA-DNA double hairpin chimera structure when 
evaluated using an in vitrogene repair assay. Similar results 
are also observed in Vivo using yeast, mammalian and plant 
cells. Molecules containing various lengths of modified 
bases were found to possess greater activity than unmodified 
single-stranded DNA molecules. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.017. The present invention provides oligonucleotides 
having chemically modified, nuclease resistant residues, 
preferably at or near the termini of the oligonucleotides, and 
methods for their identification and use in targeted alteration 
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of plant genetic material, including gene mutation, targeted 
gene repair and gene knockout. The oligonucleotides are 
preferably used for mismatch repair or alteration by chang 
ing at least one nucleic acid base, or for frameshift repair or 
alteration by addition or deletion of at least one nucleic acid 
base. The oligonucleotides of the invention direct any Such 
alteration, including gene correction, gene repair or gene 
mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate ("knockout”) a 
particular protein activity. For example, gene alterations that 
knockout a particular protein activity can be obtained using 
oligonucleotides designed to convert a codon in the coding 
region of the protein to a stop codon, thus prematurely 
terminating translation of the protein. Oligonucleotides that 
introduce Stop codons in the open-reading-frame of the 
protein are one embodiment of the invention. Generally, 
oligonucleotides that introduce Stop codons early in the 
open-reading-frame of the protein are preferred. If the 
open-reading-frame contains more than one methionine, 
oligonucleotides that introduce Stop codons after the Second 
methionine are preferred. Additionally, if the gene exhibits 
alternative Splice Sites, oligonucleotides that introduce Stop 
codons in exons after the alternative splice Site are preferred. 
The following table provides examples of codons that can be 
converted to Stop codons by altering a single oligonucle 
otide. A skilled artisan could readily identify other codons 
that can be converted to Stop codons by altering one, two or 
three of the base pairs in a given codon. Similarly, a skilled 
artisan could readily identify codons that can be converted 
to Stop codons by a frameshift mutations that inserts or 
deletes one or two base pairs in the open-reading-frame. It 
is also understood that more than one Stop codon can be 
generated in a Single open-reading-frame and that these Stop 
codons can be adjacent in the Sequence or Separated by 
intervening codons. Where more than one Stop codon is 
introduced into a single open-reading-frame, Such alter 
ations can be generated by a single or multiple oligonucle 
otides and can be generated Simultaneously or by Sequential 
mutagenesis of the target nucleic acid. 

Corresponding 
Original codons stop codon 

GGA (glycine), AGA (arginine), CGA (arginine), TTA TGA 
(leucine), TCA (serine), TGT (cysteine), TGG 
(tryptophan), TGC (cysteine) 
AAG (lysine), GAG (glutamate), CAG (glutamine), TTG TAG 
(leucine), TCG (serine), TGG (tryptophan), TAT 
(cysteine), TAC (tyrosine) 
AAA (lysine), GAA (glutamate), CAA (glutamine), TTA TAA 
(leucine), TCA (serine), TAT (cysteine), TAC 
(tyrosine) 

*The amino acid encoded by the original codon is shown in parentheses 
and the base targeted for alteration to convert the codon to the correspond 
ing stop codon is underlined and in bold 

0018. The oligonucleotides of the invention are designed 
as Substrates for homologous pairing and repair enzymes 
and as Such have a unique backbone composition that differs 
from chimeric RNA-DNA double hairpin oligonucleotides, 
antisense oligonucleotides, and/or other poly- or oligo 
nucleotides used for altering genomic DNA, Such as triplex 
forming oligonucleotides. The Single-Stranded oligo-nucle 
otides described herein are inexpensive to Synthesize and 
easy to purify. In Side-by-Side comparisons, an optimized 
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Single-Stranded oligonucleotide comprising modified resi 
dues as described herein is significantly more efficient than 
a chimeric RNA-DNA double hairpin oligonucleotide in 
directing a base Substitution or frameshift mutation in a 
cell-free extract assay. 
0.019 We have discovered that single-stranded oligo 
nucleotides having a DNA domain Surrounding the targeted 
base, with the domain preferably central to the poly- or 
oligo-nucleotide, and having at least one modified end, 
preferably at the 3' terminal region, are able to alter a target 
genetic Sequence and with an efficiency that is higher than 
chimeric RNA-DNA double hairpin oligonucleotides dis 
closed in U.S. Pat. No. 5,565,350. Preferred oligonucle 
otides of the invention have at least two modified bases on 
at least one of the termini, preferably the 3' terminus of the 
oligonucleotide. Oligonucleotides of the invention can effi 
ciently be used to introduce targeted alterations in a genetic 
Sequence of DNA in the presence of human, animal, plant, 
fungal (including yeast) proteins and in cells of different 
types including, for example, plant cells, fungal cells includ 
ing S. cerevisiae, UstillagO maydis, Candida albicans, and 
mammalian cells. Particularly preferred are cells and cell 
extracts derived from plants including, for example, experi 
mental model plants Such as Chiamydomonas reinhardtii, 
Physcomitrella patens, and Arabidopsis thaliana in addition 
to crop plants Such as cauliflower (Brassica oleracea), 
artichoke (Cynara Scolymus), fruits Such as apples (Malus, 
e.g. domesticus), mangoes (Mangifera, e.g. indica), banana 
(Musa, e.g. acuminata), berries (Such as currant, Ribes, e.g. 
rubrum), kiwifruit (Actinidia, e.g. chinensis), grapes (Vitis, 
e.g. vinifera), bell peppers (Capsicum, e.g. annuum), cher 
ries (Such as the Sweet cherry, Prunus, e.g. avium), cucum 
ber (Cucumis, e.g. Sativus), melons (Cucumis, e.g. melo), 
nuts (Such as walnut, Juglans, e.g. regia, peanut, Arachis 
hypogeae), orange (Citrus, e.g. maxima), peach (Prunus, 
e.g. persica), pear (Pyra, e.g. communis), plum (Prunus, e.g. 
domestica), Strawberry (Fragaria, e.g. moschata or veSca), 
tomato (Lycopersicon, e.g. esculentum); leaves and forage, 
Such as alfalfa (Medicago, e.g. Sativa or truncatula), cab 
bage (e.g. Brassica oleracea), endive (Cichoreum, e.g. endi 
via), leek (Allium, e.g. porrum), lettuce (Lactuca, e.g. 
Sativa), Spinach (Spinacia, e.g. Oleraceae), tobacco (Nicoti 
ana, e.g. tabacum); roots, Such as arrowroot (Maranta, e.g. 
arundinacea), beet (Beta, e.g. vulgaris), carrot (Daucus, e.g. 
carota), cassava (Manihot, e.g. eSculenta), turnip (Brassica, 
e.g. rapa), radish (Raphanus, e.g. Sativus), yam (DioScorea, 
e.g. eSculenta), Sweet potato (Ipomoea batatas); seeds, 
including oilseeds, Such as beans (Phaseolus, e.g. vulgaris), 
pea (Pisum, e.g. Sativum), Soybean (Glycine, e.g. max), 
cowpea (Vigna unguiculata), mothbean (Vigna aconitifolia), 
wheat (Triticum, e.g. aestivum), Sorghum (Sorghum e.g. 
bicolor), barley (Hordeum, e.g. vulgare), corn (Zea, e.g. 
mays), rice (Oryza, e.g. Sativa), rapeseed (Brassica napus), 
millet (Panicum sp.), Sunflower (Helianthus annuus), oats 
(Avena Sativa), chickpea (Cicer; e.g. arietinum); tubers, Such 
as kohlrabi (Brassica, e.g. Oleraceae), potato (Solanum, e.g. 
tuberOSum) and the like; fiber and wood plants, Such as flax 
(Linum e.g. usitatissimum), cotton (GOSSypium e.g. hirsu 
tum), pine (Pinus sp.), oak (Quercus sp.), eucalyptus (Euca 
lyptus sp.), and the like and ornamental plants Such as 
turfgrass (Lolium, e.g. rigidum), petunia (Petunia, e.g. x 
hybrida), hyacinth (Hyacinthus Orientalis), carnation (Dian 
thus e.g. caryophyllus), delphinium (Delphinium, e.g. aja 
cis), Job’s tears (Coix lacryma-jobi), Snapdragon (Antirrhi 
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num majus), poppy (Papa ver; e.g. nudicaule), lilac (Syringa, 
e.g. vulgaris), hydrangea (Hydrangea e.g. macrophylla), 
roses (including Gallicas, Albas, Damasks, Damask Perpetu 
als, Centifolias, Chinas, Teas and Hybrid Teas) and orna 
mental goldenrods (e.g. Solidago spp.). Such plant cells can 
then be used to regenerate whole plants according to meth 
ods described herein or any method known in the art. The 
DNA domain of the oligonucleotides is preferably fully 
complementary to one Strand of the gene target, except for 
the mismatch base or baseS responsible for the gene alter 
ation event(s). On either side of the preferably central DNA 
domain, the contiguous bases may be either RNA bases or, 
preferably, are primarily DNA bases. The central DNA 
domain is generally at least 8 nucleotides in length. The 
base(s) targeted for alteration in the most preferred embodi 
ments are at least about 8, 9 or 10 bases from one end of the 
oligonucleotide. 
0020. According to certain embodiments, one or both of 
the termini of the oligonucleotides of the present invention 
comprise phosphorothioate modifications, LNA backbone 
(including LNA derivatives and analogs) modifications, or 
2'-O-methyl base analogs, or any combination of these 
modifications. Oligonucleotides comprising 2'-O-methyl or 
LNA analogs are a mixed DNA/RNA polymer. The oligo 
nucleotides of the invention are, however, Single-Stranded 
and are not designed to form a stable internal duplex 
Structure within the oligonucleotide. The efficiency of gene 
alteration is Surprisingly increased with oligonucleotides 
having internal complementary Sequence comprising phos 
phorothioate modified bases as compared to 2'-O-methyl 
modifications. This result indicates that Specific chemical 
interactions are involved between the converting oligonucle 
otide and the proteins involved in the conversion. The effect 
of other Such chemical interactions to produce nuclease 
resistant termini using modifications other than LNA 
(including LNA derivatives or analogs), phosphorothioate 
linkages, or 2'-O-methyl analog incorporation into an oli 
gonucleotide can not yet be predicted because the proteins 
involved in the alteration proceSS and their particular chemi 
cal interaction with the oligonucleotide Substituents are not 
yet known and cannot be predicted. 
0021. In the examples, oligonucleotides of defined 
Sequence are provided for alteration of genes in particular 
plants. Provided the teachings of the instant application, one 
of skill in the art could readily design oligonucleotides to 
introduce analogous alterations in homologous genes from 
any plant. Furthermore, in the tables of these examples, the 
oligonucleotides of the invention are not limited to the 
particular Sequences disclosed. The oligonucleotides of the 
invention include extensions of the appropriate Sequence of 
the longer 120 base oligonucleotides which can be added 
base by base to the smallest disclosed oligonucleotides of 17 
bases. Thus the oligonucleotides of the invention include for 
each correcting change, oligonucleotides of length 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34, 
35, 36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 
51, 52, 53, 54, 55, 56, 57,58, 59, 60, 61, 62, 63, 64, 65, 66, 
67, 68, 69, 70, 71, 72, 73,74, 75, 76, 77,78, 79,80, 81, 82, 
83, 84, 85, 86, 87, 88, 89,90,91, 92,93, 94, 95, 96, 97,98, 
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 
111, 112, 113, 114, 115, 116, 117, 118, 119, or 120 with 
further Single-nucleotide additions up to the longest 
Sequence disclosed. In Some embodiments, longer nucleic 
acids of up to 240 baseS which comprise the Sequences 
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disclosed herein may be used. Moreover, the oligonucle 
otides of the invention do not require a symmetrical exten 
sion on either side of the central DNA domain. Similarly, the 
oligonucleotides of the invention as disclosed in the various 
tables for alteration of particular plant genes contain phos 
phorothioate linkages, 2'-O-methyl analog or LNA (includ 
ing LNA derivatives and analogs) or any combination of 
these modifications just as the assay oligonucleotides do. 

0022. The present invention, however, is not limited to 
oligonucleotides that contain any particular nuclease resis 
tant modification. Oligonucleotides of the invention may be 
altered with any combination of additional LNAS (including 
LNA derivatives and analogs), phosphorothioate linkages or 
2'-O-methyl analogs to maximize conversion efficiency. For 
oligonucleotides of the invention that are longer than about 
17 to about 25 bases in length, internal as well as terminal 
region Segments of the backbone may be altered. Alterna 
tively, Simple fold-back Structures at each end of a oligo 
nucleotide or appended end groups may be used in addition 
to a modified backbone for conferring additional nuclease 
resistance. 

0023 The different oligonucleotides of the present inven 
tion preferably contain more than one of the aforementioned 
backbone modifications at each end. In Some embodiments, 
the backbone modifications are adjacent to one another. 
However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary 
with the length of the oligonucleotide and the particular type 
of backbone modification(s) that are used. If constructs of 
identical Sequence having phosphorothioate linkages are 
compared, 2, 3, 4, 5, or 6 phosphorothioate linkages at each 
end are preferred. If constructs of identical Sequence having 
2'-O-methylbase analogs are compared, 1, 2, 3 or 4 analogs 
are preferred. The optimal number and type of backbone 
modifications for any particular oligo-nucleotide useful for 
altering target DNA may be determined empirically by 
comparing the alteration efficiency of the oligonucleotide 
comprising any combination of the modifications to a con 
trol molecule of comparable Sequence using any of the 
assays described herein. The optimal position(s) for oligo 
nucleotide modifications for a maximally efficient altering 
oligonucleotide can be determined by testing the various 
modifications as compared to control molecule of compa 
rable Sequence in one of the assays disclosed herein. In Such 
assays, a control molecule includes, e.g., a completely 
2'-O-methyl Substituted molecule, a completely complemen 
tary oligonucleotide, or a chimeric RNA-DNA double hair 
pin. 

0024. Increasing the number of phosphorothioate link 
ages, LNAS or 2'-O-methyl bases beyond the preferred 
number generally decreases the gene repair activity of a 25 
nucleotide long oligonucleotide. Based on analysis of the 
concentration of oligonucleotide present in the extract after 
different time periods of incubation, it is believed that the 
terminal modifications impart nuclease resistance to the 
oligo-nucleotide thereby allowing it to Survive within the 
cellular environment. However, this may not be the only 
possible mechanism by which Such modifications confer 
greater efficiency of conversion. For example, as disclosed 
herein, certain modifications to oligonucleotides confer a 
greater improvement to the efficiency of conversion than 
other modifications. 
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0025. Efficiency of conversion is defined herein as the 
percentage of recovered Substrate molecules that have 
undergone a conversion event. Depending on the nature of 
the target genetic material, e.g. the genome of a cell, 
efficiency could be represented as the proportion of cells or 
clones containing an extrachromosomal element that exhibit 
a particular phenotype. Alternatively, representative Samples 
of the target genetic material can be sequenced to determine 
the percentage that have acquired the desire change. The 
oligonucleotides of the invention in different embodiments 
can alter DNA two, three, four, five, Six, Seven, eight, nine, 
ten, twelve, fifteen, twenty, thirty, and fifty or more fold 
more than control oligonucleotides. Such control oligo 
nucleotides are oligonucleotides with fully phosphorothi 
olated linkages, oligonucleotides that are fully Substituted 
with 2'-O-methyl analogs, a perfectly matched oligonucle 
otide that is fully complementary to a target Sequence or a 
chimeric DNA-RNA double hairpin oligonucleotide such as 
disclosed in U.S. Pat. No. 5,565,350. 
0026. In addition, for a given oligonucleotide length, 
additional modifications interfere with the ability of the 
oligonucleotide to act in concert with the cellular recombi 
nation or repair enzyme machinery which is necessary and 
required to mediate a targeted Substitution, addition or 
deletion event in DNA. For example, fully phosphorothi 
olated or fully 2-O-methylated molecules are inefficient in 
targeted gene alteration. 
0027. The oligonucleotides of the invention as optimized 
for the purpose of targeted alteration of genetic material, 
including gene knockout or repair, are different in Structure 
from antisense oligo-nucleotides that may possess a similar 
mixed chemical composition backbone. The oligonucle 
otides of the invention differ from Such antisense oligonucle 
otides in chemical composition, Structure, Sequence, and in 
their ability to alter genomic DNA. Significantly, antisense 
oligonucleotides fail to direct targeted gene alteration. The 
oligonucleotides of the invention may target either Strand of 
DNA and can include any component of the genome includ 
ing, for example, intron and eXon Sequences. The preferred 
embodiment of the invention is a modified oligonucleotide 
that binds to the non-transcribed strand of a genomic DNA 
duplex. In other words, the preferred oligonucleotides of the 
invention target the sense strand of the DNA, i.e. the 
oligonucleotides of the invention are complementary to the 
non-transcribed strand of the target duplex DNA. The 
Sequence of the non-transcribed Strand of a DNA dupleX is 
found in the mRNA produced from that duplex, given that 
mRNA uses uracil-containing nucleotides in place of thym 
ine-containing nucleotides. 
0028 Moreover, the initial observation that single 
Stranded oligonucleotides comprising these modifications 
and lacking any particular triplex forming domain have 
reproducibly enhanced gene alteration activity in a variety of 
assay systems as compared to a chimeric RNA-DNA 
double-Stranded hairpin control or Single-Stranded oligo 
nucleotides comprising other backbone modifications was 
Surprising. The Single-Stranded molecules of the invention 
totally lack the complementary RNA binding structure that 
Stabilizes a normal chimeric double-Stranded hairpin of the 
type disclosed in U.S. Pat. No. 5,565,350 yet is more 
effective in producing targeted base conversion as compared 
to such a chimeric RNA-DNA double-stranded hairpin. In 
addition, the molecules of the invention lack any particular 
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triplex forming domain involved in Hoogsteen interactions 
with the DNA double helix and required by other known 
oligonucleotides in other oligonucleotide-dependant gene 
conversion Systems. Although the lack of these functional 
domains was expected to decrease the efficiency of an 
alteration in a Sequence, just the opposite occurs: the effi 
ciency of Sequence alteration using the modified oligonucle 
otides of the invention is higher than the efficiency of 
Sequence alteration using a chimeric RNA-DNA hairpin 
targeting the same Sequence alteration. Moreover, the effi 
ciency of Sequence alteration or gene conversion directed by 
an unmodified oligonucleotide is many times lower as 
compared to a control chimeric RNA-DNA molecule or the 
modified oligonucleotides of the invention targeting the 
Same Sequence alteration. Similarly, molecules containing at 
least 3 2'-O-methyl base analogs are about four to five fold 
less efficient as compared to an oligonucleotide having the 
Same number of phosphorothioate linkages. 
0029. The oligonucleotides of the present invention for 
alteration of a single base are about 17 to about 121 
nucleotides in length, preferably about 17 to about 74 
nucleotides in length. Most preferably, however, the oligo 
nucleotides of the present invention are at least about 25 
bases in length, unless there are Self-dimerization Structures 
within the oligonucleotide. If the oligonucleotide has Such 
an unfavorable structure, lengths longer than 35 bases are 
preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligo 
nucleotides herein function as gene repair or gene knockout 
agents and are within the Scope of the present invention. 
0.030. Once an oligomer is chosen, it can be tested for its 
tendency to Self-dimerize, Since Self-dimerization may result 
in reduced efficiency of alteration of genetic information. 
Checking for Self-dimerization tendency can be accom 
plished manually or, preferably, using a Software program. 
One Such program is Oligo Analyzer 2.0, available through 
Integrated DNA Technologies (Coralville, Iowa 52241) 
(http://www.idtdna.com); this program is available for use 
on the world wide web at http://www.idtdna.com/program/ 
oligoanalyzer/oligoanalyZer.asp. 
0.031) For each oligonucleotide sequence input into the 
program, Oligo Analyzer 2.0 reports possible Self-dimerized 
duplex forms, which are usually only partially duplexed, 
along with the free energy change associated with Such 
Self-dimerization. Delta G-values that are negative and large 
in magnitude, indicating Strong Self-dimerization potential, 
are automatically flagged by the Software as “bad”. Another 
Software program that analyzes oligomers for pair dimer 
formation is Primer Select from DNASTAR, Inc., 1228 S. 
Park St., Madison, Wis. 53715, Phone: (608) 258-7420 
(http://www.dnastar.com/products/PrimerSelect.html). 
0032) If the sequence is subject to significant self-dimer 
ization, the addition of further Sequence flanking the “repair' 
nucleotide can improve gene correction frequency. 
0.033 Generally, the oligonucleotides of the present 
invention are identical in Sequence to one Strand of the target 
DNA, which can be either strand of the target DNA, with the 
exception of one or more targeted bases positioned within 
the DNA domain of the oligonucleotide, and preferably 
toward the middle between the modified terminal regions. 
Preferably, the difference in Sequence of the oligonucleotide 
as compared to the targeted genomic DNA is located at 
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about the middle of the oligo-nucleotide Sequence. In a 
preferred embodiment, the oligonucleotides of the invention 
are complementary to the non-transcribed Strand of a duplex. 
In other words, the preferred oligonucleotides target the 
sense strand of the DNA, i.e. the oligonucleotides of the 
invention are preferably complementary to the Strand of the 
target DNA the sequence of which is found in the mRNA. 
0034. The oligonucleotides of the invention can include 
more than a Single base change. In an oligonucleotide that is 
about a 70-mer, with at least one modified residue incorpo 
rated on the ends, as disclosed herein, multiple bases can be 
Simultaneously targeted for change. The target bases may be 
up to 27 nucleotides apart and may not be changed together 
in all resultant plasmids in all cases. There is a frequency 
distribution Such that the closer the target bases are to each 
other in the central DNA domain within the oligonucleotides 
of the invention, the higher the frequency of change in a 
given cell. Target bases only two nucleotides apart are 
changed together in every case that has been analyzed. The 
farther apart the two target bases are, the less frequent the 
Simultaneous change. Thus, oligonucleotides of the inven 
tion may be used to repair or alter multiple baseS rather than 
just one single base. For example, in a 74-mer oligonucle 
otide having a central base targeted for change, a base 
change event up to about 27 nucleotides away can also be 
effected. The positions of the altering bases within the 
oligonucleotide can be optimized using any one of the 
assays described herein. Preferably, the altering bases are at 
least about 8 nucleotides from one end of the oligonucle 
otide. 

0035. The oligonucleotides of the present invention can 
be introduced into cells by any Suitable means. According to 
certain preferred embodiments, the modified oligonucle 
otides may be used alone. Suitable means, however, include 
the use of polycations, cationic lipids, lipoSomes, polyeth 
ylenimine (PEI), electroporation, biolistics, microinjection 
and other methods known in the art to facilitate cellular 
uptake. For plant cells, biolistic or particle bombardment 
methods are typically used. According to certain preferred 
embodiments of the present invention, isolated plant cells 
are treated in culture according to the methods of the 
invention, to mutate or repair a target gene. Alternatively, 
plant target DNA may be modified in vitro or in another cell 
type, including for example, yeast or bacterial cells and then 
introduced into a plant cell as, for example, a T-DNA. Plant 
cells thus modified may be used to regenerate the whole 
organism as, for example, in a plant having a desired 
targeted genomic change. In other instances, targeted 
genomic alteration, including repair or mutagenesis, may 
take place in Vivo following direct administration of the 
modified, Single-stranded oligonucleotides of the invention 
to a Subject. 
0036) The single-stranded, modified oligonucleotides of 
the present invention have numerous applications as gene 
repair, gene modification, or gene knockout agents. Such 
oligonucleotides may be advantageously used, for example, 
to introduce or correct multiple point mutations. Each muta 
tion leads to the addition, deletion or Substitution of at least 
one base pair. The methods of the present invention offer 
distinct advantages over other methods of altering the 
genetic makeup of an organism, in that only the individually 
targeted bases are altered. No additional foreign DNA 
Sequences are added to the genetic complement of the 
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organism. Such agents may, for example, be used to develop 
plants with improved traits by rationally changing the 
Sequence of Selected genes in isolated cells and using these 
modified cells to regenerate whole plants having the altered 
gene. See, e.g., U.S. Pat. No. 6,046,380 and U.S. Pat. No. 
5,905,185 incorporated herein by reference. Such plants 
produced using the compositions of the invention lack 
additional undesirable Selectable markers or other foreign 
DNA sequences. Targeted base pair Substitution or frame 
shift mutations introduced by an oligonucleotide in the 
presence of a cell-free extract also provides a way to modify 
the Sequence of extrachromosomal elements, including, for 
example, plasmids, cosmids and artificial chromosomes. 
The oligonucleotides of the invention also simplify the 
production of plants having particular modified or inacti 
Vated genes. Altered plant model Systems. Such as those 
produced using the methods and oligonucleotides of the 
invention are invaluable in determining the function of a 
gene and in evaluating drugs. The oligonucleotides and 
methods of the present invention may also be used to 
introduce molecular markers, including, for example, SNPs, 
RFLPs, AFLPs and CAPs. 
0037. The purified oligonucleotide compositions may be 
formulated in accordance with routine procedures depend 
ing on the target. For example, purified oligonucleotide can 
be used directly in a Standard reaction mixture to introduce 
alterations into targeted DNA in vitro or where cells are the 
target as a composition adapted for bathing cells in culture 
or for microinjection into cells in culture. The purified 
oligonucleotide compositions may also be provided on 
coated microbeads for biolistic delivery into plant cells. 
Where necessary, the composition may also include a Solu 
bilizing agent. Generally, the ingredients will be Supplied 
either Separately or mixed together in Single-use form, for 
example, as a dry, lyophilized powder or water-free concen 
trate. In general, dosage required for efficient targeted gene 
alteration will range from about 0.001 to 50,000 tug/kg target 
tissue, preferably between 1 to 250 tug/kg, and most prefer 
ably at a concentration of between 30 and 60 micromolar. 
0.038 For cell administration, direct injection into the 
nucleus, biolistic bombardment, electroporation, lipoSome 
transfer and calcium phosphate precipitation may be used. In 
yeast, lithium acetate or Spheroplast transformation may also 
be used. In a preferred method, the administration is per 
formed with a liposomal transfer compound, e.g., DOTAP 
(Boehringer-Mannheim) or an equivalent Such as lipofectin. 
The amount of the oligonucleotide used is about 500 nano 
grams in 3 micrograms of DOTAP per 100,000 cells. For 
electroporation, between 20 and 2000 nanograms of oligo 
nucleotide per million cells to be electroporated is an 
appropriate range of dosages which can be increased to 
improve efficiency of genetic alteration upon review of the 
appropriate Sequence according to the methods described 
herein. For biolistic delivery, microbeads are generally 
coated with resuspended oligonucleotides, which range of 
oligonucleotide to microbead concentration can be similarly 
adjusted to improve efficiency as determined using one of 
the assay methods described herein, starting with about 0.05 
to 1 microgram of oligonucleotide to 25 microgram of 1.0 
micrometer gold beads or similar microcarrier. 
0039. Another aspect of the invention is a kit comprising 
at least one oligonucleotide of the invention. The kit may 
comprise an additional reagent or article of manufacture. 
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The additional reagent or article of manufacture may com 
prise a delivery mechanism, cell extract, a cell, or a plasmid, 
Such as one of those disclosed in the Figures herein, for use 
in an assay of the invention. Alternatively, the invention 
includes a kit comprising an isogenic Set of cells in which 
each cell in the kit comprises a different altered amino acid 
for a target protein encoded by a targeted altered gene within 
the cell produced according to the methods of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040 FIG. 1. Flow diagram for the generation of modi 
fied Single-Stranded oligonucleotides. The upper Strands of 
chimeric oligonucleotides I and II are separated into path 
ways resulting in the generation of Single-Stranded oligo 
nucleotides that contain (A) 2'-O-methyl RNA nucleotides 
or (B) phosphorothioate linkages. Fold changes in repair 
activity for correction of kan in the HUH7 cell-free extract 
are presented in parenthesis. HUH7 cells are described in 
Nakabayashi et al., Cancer Research 42: 3858-3863 (1982). 
Each Single-Stranded oligonucleotide is 25 bases in length 
and contains a G residue mismatched to the complementary 
Sequence of the kan gene. The numbers 3, 6, 8, 10, 12 and 
12.5 respectively indicate how many phosphorothioate link 
ages (S) or 2'-O-methyl RNA nucleotides (R) are at each end 
of the molecule. Hence oligo 12S/25G contains an all 
phosphorothioate backbone, displayed as a dotted line. 
Smooth lines indicate DNA residues, wavy lines indicate 
2'-O-methyl RNA residues and the carat indicates the mis 
matched base site (G). FIG. 1(C) provides a schematic 
plasmid indicating the Sequence of the kan chimeric double 
stranded hairpin oligonucleotide (left; SEQ ID NO: 2673) 
and the Sequence the tet chimeric double-Stranded hairpin 
oligonucleotide used in other experiments (right, SEQ ID 
NO: 2674). FIG. 1(D) provides a flow chart of a kan 
experiment in which a chimeric double-Stranded hairpin 
oligonucleotide (SEQ ID NO: 2673) is used. In FIG. 1(D), 
the Kan mutant sequence corresponds to SEQ ID NO: 2675 
and SEQ ID NO: 2676; the Kan converted sequence corre 
sponds to SEQ ID NO: 2677 and SEQ ID NO: 2678; the 
mutant Sequence in the Sequence trace corresponds to SEQ 
ID NO: 2679 and the converted sequences in the sequence 
trace correspond to SEQ ID NO: 2680. 
0041 FIG. 2. Genetic readout system for correction of a 
point mutation in plasmid pK maO21. A mutant kanamycin 
gene harbored in plasmid pK maO21 is the target for cor 
rection by oligonucleotides. The mutant G is converted to a 
C by the action of the oligo. Corrected plasmids confer 
resistance to kanamycin in E.coli (DH10B) after electropo 
ration leading to the genetic readout and colony counts. The 
wild type sequence corresponds to SEQ ID NO: 2681. 
0042 FIG. 3: Target plasmid and sequence correction of 
a frameshift mutation by chimeric and Single-Stranded oli 
gonucleotides. (A) Plasmid pT A208 contains a single base 
deletion mutation at position 208 rendering it unable to 
confer tet resistance. The target Sequence presented below 
indicates the insertion of a T directed by the oligonucleotides 
to re-establish the resistant phenotype. (B) DNA sequence 
confirming base insertion directed by Tet 3S/25G; the yellow 
highlight indicates the position of frameshift repair. The wild 
type sequence corresponds to SEQID NO: 2682, the mutant 
sequence corresponds to SEQ ID NO: 2683 and the con 
verted sequence corresponds to SEQ ID NO: 2684. The 
control Sequence in the Sequence trace corresponds to SEQ 
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ID NO: 2685 and the 3S/25A sequence in the sequence trace 
corresponds to SEQ ID NO: 2686. 
0.043 FIG. 4. DNA sequences of representative kan" 
colonies. Confirmation of Sequence alteration directed by 
the indicated molecule is presented along with a table 
outlining codon distribution. Note that 10S/25G and 12S/ 
25G elicit both mixed and unfaithful gene repair. The 
number of clones Sequenced is listed in parentheses next to 
the designation for the Single-Stranded oligonucleotide. A 
plus (+) symbol indicates the codon identified while a figure 
after the (+) symbol indicates the number of colonies with a 
particular Sequence. TAC/TAG indicates a mixed peak. 
Representative DNA sequences are presented below the 
table with yellow highlighting altered residues. The 
Sequences in the Sequence traces have been assigned num 
bers as follows: 3S/25G, 6S/25G and 8S/25G correspond to 
SEQ ID NO: 2687, 10S/25G corresponds to SEQ ID NO: 
2688, 25S/25G on the lower left corresponds to SEQID NO: 
2689 and 25S/25G on the lower right corresponds to SEQ ID 
NO: 2690. 

0044 FIG. 5. Gene correction in HeLa cells. Represen 
tative oligonucleotides of the invention are co-transfected 
with the pCMVneo()FIASH plasmid (shown in FIG.9) into 
HeLa cells. Ligand is diffused into cells after co-transfection 
of plasmid and oligonucleotides. Green fluorescence indi 
cates gene correction of the mutation in the antibiotic 
resistance gene. Correction of the mutation results in the 
expression of a fusion protein that carries a marker ligand 
binding site and when the fusion protein binds the ligand, a 
green fluorescence is emitted. The ligand is produced by 
Aurora BioSciences and can readily diffuse into cells 
enabling a measurement of corrected protein function; the 
protein must bind the ligand directly to induce fluorescence. 
Hence cells bearing the corrected plasmid gene appear green 
while “uncorrected” cells remain colorless. 

004.5 FIG. 6. Z-series imaging of corrected cells. Serial 
cross-sections of the HeLa cell represented in FIG. 5 are 
produced by Zeiss 510 LSM confocal microscope revealing 
that the fusion protein is contained within the cell. 
0046 FIG. 7. Hygromycin-eGFP target plasmids. (A) 
Plasmid paQRHYG(ins)GFP contains a single base inser 
tion mutation between nucleotides 136 and 137, at codon 46, 
of the Hygromycin B coding Sequence (cds) which is 
transcribed from the constitutive ADH1 promoter. The target 
Sequence presented below indicates the deletion of an A and 
the substitution of a C for a T directed by the oligonucle 
otides to re-establish the resistant phenotype. In FIG. 7A, 
the sequence of the normal allele corresponds to SEQ ID 
NO: 2691, the Sequence of the targe/existing mutation 
corresponds to SEQ ID NO: 2692 and the sequence of the 
desired alteration corresponds to SEQ ID NO: 2693. (B) 
Plasmid paURHYG(rep)GFP contains a base substitution 
mutation introducing a G at nucleotide 137, at codon 46, of 
the Hygromycin B coding sequence (cds). The target 
Sequence presented below the diagram indicates the amino 
acid conservative replacement of G with C, restoring gene 
function. In FIG. 7B, the sequence of the normal allele 
correspond to SEQ ID NO: 2691, the sequence of the 
targe/existing mutation corresponds to SEQ ID NO: 2694 
and the Sequence of the desired alteration corresponds to 
SEO ID NO: 2693. 
0047 FIG. 8. Oligonucleotides for correction of hygro 
mycin resistance gene. The Sequence of the oligonucleotides 

Dec. 25, 2003 

used in experiments to assay correction of a hygromycin 
resistance gene are shown. DNA residues are shown in 
capital letters, RNA residues are shown in lowercase and 
nucleotides with a phosphorothioate backbone are capital 
ized and underlined. In FIG. 8, the sequence of HygE3T/25 
corresponds to SEQID NO: 2695, the sequence of HygE3T/ 
74 corresponds to SEQ ID NO: 2696, the sequence of 
HygE3T/74a corresponds to SEQ ID NO: 2697, the 
sequence of HygGG/Rev corresponds to SEQ ID NO: 2698 
and the sequence of Kan70T corresponds to SEQ ID NO: 
2699. 

0.048 FIG. 9. p.AURNeo(-)FIASH plasmid. This figure 
describes the plasmid structure, target Sequence, oligonucle 
otides, and the basis for detection of the gene alteration 
event by fluorescence. In FIG. 9, the sequence of the 
Neo/kan target mutant corresponds to SEQID NO: 2675 and 
SEQ ID NO: 2676, the converted sequence corresponds to 
SEO ID NO: 2677 and SEO ID NO: 2678 and the FIASH 
peptide sequence corresponds to SEQ ID NO: 2700. 
0049 FIG. 10. pYESHyg(x)eGFP plasmid. This plasmid 
is a construct similar to the paURHyg(x)eGFP construct 
shown in FIG. 7, except the promoter is the inducible GAL1 
promoter. This promoter is inducible with galactose, leaky in 
the presence of raffinose, and repressed in the presence of 
dextrose. 

0050 FIG. 11. pBI-HygeCFP plasmid. This plasmid is a 
construct based on the plasmids p3I101, pBI 101.2, 
pBI101.3 or pBI 121 available from Clontech in which 
HygeGFP replaces the beta-glucuronidase gene of the Clon 
tech plasmids. The different Clontech plasmids vary by a 
reading frame shift relative to the polylinker, or the presence 
of the Cauliflower mosaic virus promoter. 
0051. The following examples are provided by way of 
illustration only, and are not intended to limit the Scope of 
the invention disclosed herein. 

EXAMPLE 1. 

Assay Method for Base Alteration and Preferred 
Oligonucleotide Selection 

0052. In this example, single-stranded and double-hair 
pin oligonucleotides with chimeric backbones (see FIG. 1 
for Structures (A and B) and Sequences (C and D) of assay 
oligonucleotides) are used to correct a point mutation in the 
kanamycin gene of pK maC21 (FIG. 2) or the tetracycline 
gene of pTA208 (FIG. 3). All kan oligonucleotides share 
the same 25 base Sequence Surrounding the target base 
identified for change, just as all tet oligonucleotides do. The 
sequence is given in FIG. 1C and FIG. 1D. Each plasmid 
contains a functional amplicillin gene. Kanamycin gene 
function is restored when a G at position 4021 is converted 
to a C (via a Substitution mutation); tetracycline gene 
function is restored when a deletion at position 208 is 
replaced by a C (via frameshift mutation). A separate plas 
mid, paURNeo(-)FIASH (FIG. 9), bearing the kan gene is 
used in the cell culture experiments. This plasmid was 
constructed by inserting a Synthetic expression cassette 
containing a neomycin phosphotransferasea (kanamycin 
resistance) gene and an extended reading frame that encodes 
a receptor for the FIASH ligand into the pauR123 shuttle 
vector (Panvera Corp., Madison, Wis.). The resulting con 
Struct replicates in S. cerevisiae at low copy number, confers 



US 2003/0236208A1 

resistance to aureobasidinA and constitutively expresses 
either the Neo--/FIASH fusion product (after alteration) or 
the truncated Neo-/FIASH product (before alteration) from 
the ADH1 promoter. By extending the reading frame of this 
gene to code for a unique peptide Sequence capable of 
binding a Small ligand to form a fluorescent complex, 
restoration of expression by correction of the Stop codon can 
be detected in real time using confocal microscopy. 
0.053 Additional constructs can be made to test addi 
tional gene alteration events or for Specific use in different 
expression Systems. For example, alternative comparable 
plant plasmids or integration vectorS Such as, e.g. those 
based on T-DNA, can be constructed for stable expression in 
plant cells according to the disclosures herein. Such con 
Structs would use a plant Specific promoter Such as, e.g., 
cauliflower mosaic virus 35S promoter, to replace the pro 
moters directing expression of the neo, hyg or aureoba 
SidinA resistance gene disclosed herein, including for 
example, in FIGS. 7B, 9 and 10 herein. Moreover, the green 
fluorescent protein (GFP) sequence used herein may be 
modified to increase expression in plant cells Such as Ara 
bidopsis and the other plants disclosed herein as described in 
Haseloff et al., Proc. Natl. Acad. Sci. 94(6): 2122-7 (1997), 
Rouwendal et al. Plant Mol. Biol. 33(6): 989-99 (1997) and 
Hu et al. FEBS Lett. 369(2-3): 331-4 (1995). Codon usage 
for optimal expression of GFP in plants results from increas 
ing the frequency of codons with a C or a G in the third 
position from 32 to about 60%. Specific constructs are 
disclosed and can be used as follows with Such plant specific 
alterations. 

0.054 We also construct three mammalian expression 
vectors, pHyg(rep)eGFP, pHyg(A)eGFP, pHyg(ins)eGFP, 
that contain a Substitution mutation at nucleotide 137 of the 
hygromycin-B coding sequence. (rep) indicates a T1374->G 
replacement, (A) represents a deletion of the G137 and (ins) 
represents an A insertion between nucleotides 136 and 137. 
All point mutations create a nonsense termination codon at 
residue 46. We use pHYGeGFP plasmid (Invitrogen, CA) 
DNA as a template to introduce the mutations into the 
hygromycin-e GFP fusion gene by a two step site-directed 
mutagenesis PCR protocol. First, we generate overlapping 5' 
and a 3' amplicons surrounding the mutation site by PCR for 
each of the point mutation sites. A215bp 5' amplicon for the 
(rep), (A) or (ins) was generated by polymerization from 
oligonucleotide primer HygEGFPf(5'-AATACGACTCAC 
TATAGG-3'; SEQID NO: 2701) to primer Hygrepr(5"GAC 
CTATCCACGCCCTCC-3'; SEQ ID NO: 2702), HygAr 
(5'-GACTATCCACGCCCTCC-3'; SEQ ID NO: 2703), or 
Hyginsr (5'-GACATTATCCACGCCCTCC-3'; SEQ ID NO: 
2704), respectively. We generate a 300 bp 3' amplicon for 
the (rep), (A) or (ins) by polymerization from oligonucle 
otide primers Hygrepf (5'-CTGGGATAGGTCCTGCGG-3'; 
SEQ ID NO: 2705), HygAf (5'-CGTGGATAGTCCT. 
GCGG-3'; SEQID NO: 2706), Hyginsf(5'-CGTGGATAAT 
GTCCTGCGG-3'; SEQ ID NO: 2707), respectively to 
primer HygEGFPr (5'-AAATCACGCCATGTAGTG-3'; 
SEQ ID NO: 2708). We mix 20 ng of each of the resultant 
5' and 3' overlapping amplicon mutation Sets and use the 
mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene Spanning the KpnI and RSrII restriction 
endonuclease sites. We use the Expand PCR system (Roche) 
to generate all amplicons with 25 cycles of denaturing at 94 
C. for 10 seconds, annealing at 55 C. for 20 seconds and 
elongation at 68 C. for 1 minute. We digest 10 ug of vector 
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pHYGeGFP and 5 lug of the resulting fragments for each 
mutation with KpnI and RsriI (NEB) and gel purify the 
fragment for enzymatic ligation. We ligate each mutated 
insert into pHYGeGFP vector at 3:1 molar ratio using T4 
DNA ligase (Roche). We screen clones by restriction digest, 
confirm the mutation by Sanger dideoxy chain termination 
Sequencing and purify the plasmid using a Qiagen maxiprep 
kit. 

0055 Oligonucleotide synthesis and cells. Chimeric oli 
gonucleotides and Single-stranded oligonucleotides (includ 
ing those with the indicated modifications) are Synthesized 
using available phosphoramidites on controlled pore glass 
Supports. After deprotection and detachment from the Solid 
Support, each oligonucleotide is gel-purified using, for 
example, procedures Such as those described in Gamper et 
al., Biochem. 39, 5808-5816 (2000) and the concentrations 
determined spectrophotometrically (33 or 40 ug/ml per Ago 
unit of single-stranded or hairpin oligomer). HUH7 cells are 
grown in DMEM, 10% FBS, 2 mM glutamine, 0.5% pen/ 
strep. The E.coli strain, DH10B, is obtained from Life 
Technologies (Gaithersburg, Md.); DH10B cells contain a 
mutation in the RECA gene (recA). 
0056 Cell-free extracts. Although this portion of this 
example is directed to mammalian Systems, Similar extracts 
from plants can be prepared as disclosed elsewhere in this 
application and used as disclosed in this example. We 
prepare cell-free extracts from HUH7 cells or other mam 
malian cells, as follows. We employ this protocol with 
essentially any mammalian cell including, for example, 
H1299 cells (human epithelial carcinoma, non-small cell 
lung cancer), C127I (immortal murine mammary epithelial 
cells), MEF (mouse embryonic fibroblasts), HEC-1-A 
(human uterine carcinoma), HCT15 (human colon cancer), 
HCT116 (human colon carcinoma), LoVo (human colon 
adenocarcinoma), and HeLa (human cervical carcinoma). 
We harvest approximately 2x10 cells. We then wash the 
cells immediately in cold hypotonic buffer (20 mM HEPES, 
pH7.5; 5 mM KCl; 1.5 mM MgCl; 1 mM DTT) with 250 
mM Sucrose. We then resuspend the cells in cold hypotonic 
buffer without sucrose and after 15 minutes we lyse the cells 
with 25 Strokes of a Dounce homogenizer using a tight 
fitting pestle. We incubate the lysed cells for 60 minutes on 
ice and centrifuge the sample for 15 minutes at 12000xg. 
The cytoplasmic fraction is enriched with nuclear proteins 
due to the extended co-incubation of the fractions following 
cell breakage. We then immediately aliquote and freeze the 
Supernatant at -80 C. We determine the protein concentra 
tion in the extract by the Bradford assay. 
0057 We also perform these experiments with cell-free 
extracts obtained from fungal cells, including, for example, 
S. cerevisiae (yeast), Ustilago maydis, and Candida albi 
cans. For example, we grow yeast cells into log phase in 2L 
YPD medium for 3 days at 30° C. We then centrifuge the 
cultures at 5000xg, resuspend the pellets in a 10% sucrose, 
50 mM Tris, 1 mM EDTA lysis solution and freeze them on 
dry ice. After thawing, we add KCl, Spermidine and lyticase 
to final concentrations of 0.25 mM, 5 mM and 0.1 mg/ml, 
respectively. We incubate the suspension on ice for 60 
minutes, add PMSF and Triton X100 to final concentrations 
of 0.1 mM and 0.1% and continue to incubate on ice for 20 
minutes. We centrifuge the lysate at 3000xg for 10 minutes 
to remove larger debris. We then remove the Supernatant and 
clarify it by centrifuging at 30000xg for 15 minutes. We then 
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add glycerol to the clarified extract to a concentration of 
10% (v/v) and freeze aliquots at -80° C. We determine the 
protein concentration of the extract by the Bradford assay. 

0.058 Reaction mixtures of 50 til are used, consisting of 
10-30 ug protein of cell-free extract, which can be optionally 
Substituted with purified proteins or enriched fractions, 
about 1.5 lug chimeric double-hairpin oligonucleotide or 
0.55 ug single-stranded molecule (3S/25G or 6S/25G, see 
FIG. 1), and 1 lug of plasmid DNA (see FIGS. 2 and 3) in 
a reaction buffer of 20 mM Tris, pH 7.4, 15 mM MgCl, 0.4 
mM DTT, and 1.0 mM ATP Reactions are initiated with 
extract and incubated at 30° C. for 45 min. The reaction is 
Stopped by placing the tubes on ice and then immediately 
deproteinized by two phenol/chloroform (1:1) extractions. 
Samples are then ethanol precipitated. The nucleic acid is 
pelleted at 15,000 rp.m. at 4 C. for 30 min., is washed with 
70% ethanol, resuspended in 50 ul H2O, and is stored at 
-20° C. 5ul of plasmid from the resuspension (~100 ng) was 
transfected in 20 ul of DH10B cells by electroporation (400 
V, 300 uF, 4 kS2) in a Cell-Porator apparatus (Life Tech 
nologies). After electroporation, cells are transferred to a 14 
ml Falcon Snap-cap tube with 2 ml SOC and shaken at 37 
C. for 1 h. Enhancement of final kan colony counts is 
achieved by then adding 3 ml SOC with 10 ug/mlkanamycin 
and the cell Suspension is shaken for a further 2 h at 37 C. 
Cells are then spun down at 3750xg and the pellet is 
resuspended in 500 ul SOC. 200 ul is added undiluted to 
each of two kanamycin (50 ug/ml) agar plates and 200 ul of 
a 10 dilution is added to an amplicillin (100 ug/ml) plate. 
After overnight 37 C. incubation, bacterial colonies are 
counted using an Accucount 1000 (Biologics). Gene con 
version effectiveness is measured as the ratio of the average 
of the kan colonies on both plates per amp colonies multi 
plied by 10 to correct for the amp dilution. 
0059. The following procedure can also be used. 5 ul of 
resuspended reaction mixtures (total volume 50 ul) are used 
to transform 20 til aliquots of electro-competent DH10B 
bacteria using a Cell-Porator apparatus (Life Technologies). 
The mixtures are allowed to recover in 1 ml SOC at 37 C. 
for 1 hour at which time 50 lug/ml kanamycin or 12 tug/ml 
tetracycline is added for an additional 3 hours. Prior to 
plating, the bacteria are pelleted and resuspended in 200 ul 
of SOC. 100 ul aliquots are plated onto kan or tet agar plates 
and 100 ul of a 10' ' dilution of the cultures are concur 
rently plated on agar plates containing 100 lug/ml of ampi 
cillin. Plating is performed in triplicate using Sterile Pyrex 
beads. Colony counts are determined by an Accu-count 1000 
plate reader (Biologics). Each plate contains 200-500 ampi 
cillin resistant colonies or 0-500 tetracycline or kanamycin 
resistant colonies. Resistant colonies are Selected for plas 
mid extraction and DNA sequencing using an ABI Prism kit 
on an ABI 310 capillary sequencer (PE Biosystems). 
0060 Chimeric single-stranded oligonucleotides. In 
FIG. 1 the upper strands of chimeric oligonucleotides I and 
II are separated into pathways resulting in the generation of 
Single-stranded oligo-nucleotides that contain (FIG. 1A) 
2'-O-methyl RNA nucleotides or (FIG. 1B) phosphorothio 
ate linkages. Fold changes in repair activity for correction of 
kan in the HUH7 cell-free extract are presented in paren 
thesis. Each Single-Stranded oligonucleotide is 25 bases in 
length and contains a G residue mismatched to the comple 
mentary Sequence of the kan gene. 
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0061 Molecules bearing 3, 6, 8, 10 and 12 phospho 
rothioate linkages in the terminal regions at each end of a 
backbone with a total of 24 linkages (25 bases) are tested in 
the kan System. Alternatively, molecules bearing 2, 4, 5, 7, 
9 and 11 in the terminal regions at each end are tested. The 
results of one Such experiment, presented in Table 1 and 
FIG. 1B, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illus 
trative example, the most efficient molecules contained 3 or 
6 phosphorothioate linkages at each end of the 25-mer, the 
activities are approximately equal (molecules IX and X with 
results of 3.09 and 3.7 respectively). A reduction in alter 
ation activity may be observed as the number of modified 
linkages in the molecule is further increased. Interestingly, a 
Single-Strand molecule containing 24 phosphorothioate link 
ages is minimally active Suggesting that this backbone 
modification when used throughout the molecule Supports 
only a low level of targeted gene repair or alteration. Such 
a non-altering, completely modified molecule can provide a 
baseline control for determining efficiency of correction for 
a specific oligonucleotide molecule of known Sequence in 
defining the optimum oligonucleotide for a particular alter 
ation event. 

0062) The efficiency of gene repair directed by phospho 
rothioate-modified, Single-stranded molecules, in a length 
dependent fashion, led us to examine the length of the RNA 
modification used in the original chimera as it relates to 
correction. Construct III represents the “RNA-containing” 
strand of chimera I and, as shown in Table 1 and FIG. 2A, 
it promotes inefficient gene repair. But, as shown in the same 
figure, reducing the RNA residues on each end from 10 to 3 
increases the frequency of repair. At equal levels of modi 
fication, however, 25-mers with 2'-O-methyl ribonucleotides 
were less effective gene repair agents than the same oligo 
mers with phosphorothioate linkages. These results rein 
force the fact that an RNA containing oligonucleotide is not 
as effective in promoting gene repair or alteration as a 
modified DNA oligonucleotide. 
0063 Repair of the kanamycin mutation requires a G->C 
eXchange. To confirm that the Specific desired correction 
alteration was obtained, colonies Selected at random from 
multiple experiments are processed and the isolated plasmid 
DNA is Sequenced. AS Seen in FIG. 4, colonies generated 
through the action of the single-stranded molecules 3S/25G 
(IX), 6S/25G (X) and 8S/25G (XI) respectively contained 
plasmid molecules harboring the targeted base correction. 
While a few colonies appeared on plates derived from 
reaction mixtures containing 25-mers with 10 or 12 thioate 
linkages on both ends, the Sequences of the plasmid mol 
ecules from these colonies contain nonspecific base changes. 
In these illustrative examples, the Second base of the codon 
is changed (see FIG. 3). These results show that modified 
Single-Strands can direct gene repair, but that efficiency and 
Specificity are reduced when the 25-mers contain 10 or more 
phosphorothioate linkages at each end. 

0064. In FIG. 1, the numbers 3, 6, 8, 10, 12 and 12.5 
respectively indicate how many phosphorothioate linkages 
(S) or 2'-O-methyl RNA nucleotides (R) are at each end of 
the examplified molecule although other molecules with 2, 
4, 5, 7, 9 and 11 modifications at each end can also be tested. 
Hence oligo 12S/25G represents a 25-mer oligonucleotide 
which contains 12 phosphorothioate linkages on each Side of 
the central G target mismatch base producing a fully phos 
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phorothioate linked backbone, displayed as a dotted line. 
The dots are merely representative of a linkage in the figure 
and do not depict the actual number of linkages of the 
oligonucleotide. Smooth lines indicate DNA residues, wavy 
lines indicate 2'-O-methyl RNA residues and the carat 
indicates the mismatched base site (G). 
0065 Correction of a mutant kanamycin gene in cultured 
mammalian cells. Although this portion of this example is 
directed to cultured mammalian cells, comparable methods 
may be used using cultured plant cells or protoplasts of those 
cells from the plant Species disclosed herein. The experi 
ments are performed using different eukaryotic cells includ 
ing plant and mammalian cells, including, for example, 293 
cells (transformed human primary kidney cells), HeLa cells 
(human cervical carcinoma), and H1299 (human epithelial 
carcinoma, non-Small cell lung cancer). HeLa cells are 
grown at 37 C. and 5% CO in a humidified incubator to a 
density of 2x10 cells/ml in an 8 chamber slide (Lab-Tek). 
After replacing the regular DMEM with Optimem, the cells 
are co-transfected with 10 ug of plasmid pAURNeo(-) 
FIASH and 5 lug of modified Single-Stranded oligonucleotide 
(3S/25G) that is previously complexed with 10 ug lipo 
fectamine, according to the manufacturer's directions (Life 
Technologies). The cells are treated with the liposome 
DNA-oligo mix for 6 hrs at 37 C. Treated cells are washed 
with PBS and fresh DMEM is added. After a 16-18 hr 
recovery period, the culture is assayed for gene repair. The 
Same oligonucleotide used in the cell-free extract experi 
ments is used to target transfected plasmid bearing the kan 
gene. Correction of the point mutation in this gene elimi 
nates a stop codon and restores full expression. This expres 
Sion can be detected by adding a Small non-fluorescent 
ligand that bound to a C-C-R-E-C-C sequence (SEQID NO: 
2717) in the genetically modified carboxy terminus of the 
kan protein, to produce a highly fluorescent complex 
(FIASH system, Aurora Biosciences Corporation). Follow 
ing a 60 min incubation at room temperature with the ligand 
(FIASH-EDT2), cells expressing full length kan product 
acquire an intense green fluorescence detectable by fluores 
cence microScopy using a fluorescein filter Set. Similar 
experiments are performed using the HygeGFP target as 
described in Example 2 with a variety of mammalian cells, 
including, for example, COS-1 and COS-7 cells (African 
green monkey), and CHO-K1 cells (Chinese hamster ovary). 
The experiments are also performed with PG12 cells (rat 
pheochromocytoma) and ES cells (human embryonic stem 
cells). 
0.066 Summary of experimental results. Tables 1, 2 and 
3 respectively provide data on the efficiency of gene repair 
directed by Single-Stranded oligonucleotides. Table 1 pre 
Sents data using a cell-free extract from human liver cells 
(HUH7) to catalyze repair of the point mutation in plasmid 
pkanmA021 (see FIG. 1). Table 2 illustrates that the oligo 
mers are not dependent on MSH2 or MSH3 for optimal gene 
repair activity. Table 3 illustrates data from the repair of a 
frameshift mutation (FIG. 3) in the tet gene contained in 
plasmid pTetA208. Table 4 illustrates data from repair of the 
pkanmA021 point mutation catalyzed by plant cell extracts 
prepared from canola and musa (banana). Colony numbers 
are presented as kan" or tet" and fold increases (single Strand 
versus double hairpin) are presented for kan' in Table 1. 
0067 FIG. 5A is a confocal picture of HeLa cells 
expressing the corrected fusion protein from an episomal 
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target. Gene repair is accomplished by the action of a 
modified Single-stranded oligonucleotide containing 3 phos 
phorothioate linkages at each end (3S/25G). FIG. 5B rep 
resents a “Z-series” of HeLa cells bearing the corrected 
fusion gene. This Series Sections the cells from bottom to top 
and illustrates that the fluorescent Signal is “inside the cells'. 
0068 Results. In summary, we have designed a novel 
class of Single-Stranded oligonucleotides with backbone 
modifications at the termini and demonstrate gene repair/ 
conversion activity in mammalian and plant cell-free 
extracts. We confirm that the all DNA strand of the RNA 
DNA double-stranded double hairpin chimera is the active 
component in the process of gene repair. In Some cases, the 
relative frequency of repair by the novel oligonucleotides of 
the invention is elevated approximately 3-4-fold in certain 
embodiments when compared to frequencies directed by 
chimeric RNA-DNA double hairpin oligonucleotides. 

0069. This strategy centers around the use of extracts 
from various Sources to correct a mutation in a plasmid using 
a modified single-stranded or a chimeric RNA-DNA double 
hairpin oligonucleotide. A mutation is placed inside the 
coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or tetracycline. The appearance of 
resistance is measured by genetic readout in E.coli grown in 
the presence of the Specified antibiotic. The importance of 
this System is that both phenotypic alteration and genetic 
inheritance can be measured. Plasmid pKma(021 contains a 
mutation (T->G) at residue 4021 rendering it unable to 
confer antibiotic resistance in E.coli. This point mutation is 
targeted for repair by oligonucleotides designed to restore 
kanamycin resistance. To avoid concerns of plasmid con 
tamination skewing the colony counts, the directed correc 
tion is from G->C rather than G->T (wild-type). After 
isolation, the plasmid is electroporated into the DH10B 
strain of E.coli, which contains inactive RecA protein. The 
number of kanamycin colonies is counted and normalized by 
ascertaining the number of amplicillin colonies, a process 
that controls for the influence of electroporation. The num 
ber of colonies generated from three to five independent 
reactions was averaged and is presented for each experi 
ment. A fold increase number is recorded to aid in compari 
SO. 

0070 The original RNA-DNA double hairpin chimera 
design, e.g., as disclosed in U.S. Pat. No. 5,565,350, consists 
of two hybridized regions of a single-Stranded oligonucle 
otide folded into a double hairpin configuration. The double 
Stranded targeting region is made up of a 5 base pair 
DNA/DNA segment bracketed by 10 base pair RNA/DNA 
Segments. The central base pair is mismatched to the cor 
responding base pair in the target gene. When a molecule of 
this design is used to correct the kan mutation, gene repair 
is observed (I in FIG. 1A). Chimera II (FIG. 1B) differs 
partly from chimera I in that only the DNA strand of the 
double hairpin is mismatched to the target Sequence. When 
this chimera was used to correct the kan mutation, it was 
twice as active. In the same Study, repair function could be 
further increased by making the targeting region of the 
chimera a continuous RNA/DNA hybrid. 
0071 Frame shift mutations are repaired. By using plas 
mid pTA208, described in FIG. 1(C) and FIG. 3, the 
capacity of the modified single-Stranded molecules that 
showed activity in correcting a point mutation, can be tested 
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for repair of a frameshift. To determine efficiency of cor 
rection of the mutation, a chimeric oligonucleotide (Tet I), 
which is designed to insert a T residue at position 208, is 
used. A modified single-Stranded oligonucleotide (Tet IX) 
directs the insertion of a T residue at this same site. FIG. 3 
illustrates the plasmid and target bases designated for 
change in the experiments. When all reaction components 
are present (extract, plasmid, oligomer), tetracycline resis 
tant colonies appear. The colony count increases with the 
amount of oligonucleotide used up to a point beyond which 
the count falls off (Table 3). No colonies above background 
are observed in the absence of either extract or oligonucle 
otide, nor when a modified Single-Stranded molecule bearing 
perfect complementarity is used. FIG. 3 represents the 
Sequence Surrounding the target Site and shows that a T 
residue is inserted at the correct site. We have isolated 
plasmids from fifteen colonies obtained in three independent 
experiments and each analyzed Sequence revealed the same 
precise nucleotide insertion. These data Suggest that the 
Single-Stranded molecules used initially for point mutation 
correction can also repair nucleotide deletions. 
0.072 Comparison of phosphorothioate oligonucleotides 
to 2'-O-methyl substituted oligonucleotides. From a com 
parison of molecules VII and XI, it is apparent that gene 
repair is more subject to inhibition by RNA residues than by 
phosphorothioate linkages. Thus, even though both of these 
oligonucleotides contain an equal number of modifications 
to impart nuclease resistance, XI (with 16 phosphorothioate 
linkages) has good gene repair activity while VII (with 16 
2'-O-methyl RNA residues) is inactive. Hence, the original 
chimeric double hairpin oligonucleotide enabled correction 
directed, in large part, by the Strand containing a large region 
of contiguous DNA residues. 
0.073 Oligonucleotides can target multiple nucleotide 
alterations within the same template. The ability of indi 
vidual Single-Stranded oligonucleotides to correct multiple 
mutations in a Single target template is tested using the 
plasmid pKma(021 and the following single-stranded oli 
gonucleotides modified with 3 phosphorothioate linkages at 
each end (indicated as underlined nucleotides): Oligo1 is a 
25-mer with the sequence TTCGATAAGCCTATGCTGAC 
CCGTG (SEQ ID NO: 2709) corrects the original mutation 
present in the kanamycin resistance gene of pK maC21 as 
well as directing another alteration 2 basepairs away in the 
target Sequence (both indicated in boldface); Oligo2 is a 
70-mer with the 5'-end sequence TTCGGCTAC 
GACTGGGCACAACAGACAATTGGC (SEQ ID NO: 
2710) with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also 
ending in 3 phosphorothioate linkages at the 3' end. Oigo2 
directs correction of the mutation in pK maC21 as well as 
directing another alteration 21 basepairs away in the target 
Sequence (both indicated in boldface). 
0.074. We also use additional oligonucleotides to assay 
the ability of individual oligonucleotides to correct multiple 
mutations in the pKM4021 plasmid. These include, for 
example, a Second 25-mer that alters two nucleotides that are 
three nucleotides apart with the sequence 5'-TTGTGC 
CCAGTCGTATCCGAATAGC-3' (SEQ ID NO: 2711); a 
70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence 5'-CATCAGAGCAGCCAAT 
TGTCTGTTGTGCCCAGTCGTAGCCGAAT. 
AGCCTCTCCACCCAAGCGGCCGGAGA-3' (SEQ ID 
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NO: 2712); and another 70-mer that alters two nucleotides 
that are 21 nucleotides apart with the sequence 5'-GCTGA 
CAGCCGGAACACGGCGGCATCAGAG 
CAGCCAATTGTCTGTTGTGCCCAGTCG 
TAGCCGMTAGCCT-3' (SEQ ID NO: 2713). The 
nucleotides in the oligonucleotides that direct alteration of 
the target Sequence are underlined and in boldface. These 
oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

0075) We assay correction of the original mutation in 
pKma-021 by monitoring kanamycin resistance (the Second 
alterations which are directed by Oligo2 and Oligo3 are 
Silent with respect to the kanamycin resistance phenotype). 
In addition, in experiments with Oligo2, we also monitor 
cleavage of the resulting plasmids using the restriction 
enzyme Tsp5091 which cuts at a specific site present only 
when the second alteration has occurred (at ATT in Oligo2). 
We then sequence these clones to determine whether the 
additional, Silent alteration has also been introduced. The 
results of an analysis are presented below: 

Oligo 1 (25-mer) Oligo 2 (70-mer) 

Clones with both sites changed 9 7 
Clones with a single site changed O 2 
Clones that were not changed 4 1. 

0076) Nuclease sensitivity of unmodified DNA oligo 
nucleotide. Electrophoretic analysis of nucleic acid recov 
ered from the cell-free extract reactions conducted here 
confirm that the unmodified single-stranded 25-mer did not 
survive incubation whereas greater than 90% of the termi 
nally modified oligos did Survive (as judged by photo-image 
analyses of agarose gels). 
0077 Plant extracts direct repair. The modified single 
Stranded constructs can be tested in plant cell extracts. We 
have observed gene alteration using extracts from multiple 
plant Sources, including, for example, Arabidopsis, tobacco, 
banana, maize, Soybean, canola, wheat, Spinach as well as 
Spinach chloroplast extract or extracts made from other plant 
cells disclosed herein. We prepare the extracts by grinding 
plant tissue or cultured cells under liquid nitrogen with a 
mortar and pestle. We extract 3 ml of the ground plant tissue 
with 1.5 ml of extraction buffer (20 mM HEPES, pH7.5; 5 
mM KCl; 1.5 mM MgCl; 10 mM DTT, and 10% v/v) 
glycerol). Some plant cell-free extracts also include about 
1% (w/v) PVP. We then homogenize the samples with 15 
Strokes of a Dounce homogenizer. Following homogeniza 
tion, we incubate the Samples on ice for 1 hour and centri 
fuge at 3000xg for 5 minutes to remove plant cell debris. We 
then determine the protein concentration in the Supernatants 
(extracts) by Bradford assay. We dispense 100 ug (protein) 
aliquots of the extracts which we freeze in a dry ice-ethanol 
bath and store at -80 C. 

0078 We describe experiments using two sources here: a 
dicot (canola) and a monocot (banana, Musa acuminata cv. 
Rasthali). Each vector directs gene repair of the kanamycin 
mutation (Table 4); however, the level of correction is 
elevated 2-3 fold relative to the frequency observed with the 
chimeric oligonucleotide. These results are similar to those 
observed in the mammalian System wherein a significant 
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improvement in gene repair occurred when modified single 
Stranded molecules were used. 

0079 Tables are attached hereto. 

TABLE I 

Gene repair activity is directed by single-stranded Oligonucleotides. 

Oligonucleotide Plasmid Extract (ug) kan' colonies Fold increase 

I pKma,021 O 3OO 
I w 2O 418 1.0 x 
II w O 537 
II w 2O 748 1.78 x 
III w O 3 
III w 2O 5 O.O1 x 
IV w O 112 
IV w 2O 96 O.22 x 
V w O 217 
V w 2O 342 O.81 x 
VI w O 6 
VI w 2O 39 O.O93 x 
VII w O O 
VII w 2O O Ox 
VIII w O 3 
VIII w 2O 5 O.O1 x 
IX w O 936 
IX w 2O 1295 3.09 x 
X w O 1140 
X w 2O 1588 3.7 x 
XI w O 48O 
XI w 2O 681 1.6 x 
XII w O 18 
XII w 2O 25 O.O59 x 
XIII w O O 
XIII W 2O 4 OOO9 x 

w 2O O 

I w O 

0080 Plasmid pK maO21 (1 lug), the indicated oligo 
nucleotide (1.5 lug chimeric oligonucleotide or 0.55 ug 
Single-Stranded oligonucleotide; molar ratio of oligo to 
plasmid of 360 to 1) and either 10 or 20 lug of HUH7 
cell-free extract were incubated 45 min at 37 C. Isolated 
plasmid DNA was electroporated into E. coli (strain 
DH10B) and the number of kan' colonies counted. The data 
represent the number of kanamycin resistant colonies per 
10 amplicillin resistant colonies generated from the same 
reaction and is the average of three experiments (standard 
deviation usually less than +/-15%). Fold increase is defined 
relative to 418 kan" colonies (Second reaction) and in all 
reactions was calculated using the 20 ug Sample. 

TABLE II 

Modified single-stranded oligomers are not dependent on MSH2 
or MSH3 for optimal gene repair activity. 

A. Oligonucleotide Plasmid Extract kan' colonies 

IX (3S/25G) HUH7 637 
X (6S/25G) HUH7 836 
DX MEF2/ 781 
X MEF2. 676 
DX MEF3/ 582 
X MEF3/ 530 
DX MEF/ 332 
X MEF/+ 497 

MEF2. 1O 
MEF3/ 5 
MEF/ 14 
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0081 Chimeric oligonucleotide (1.5 lug) or modified 
Single-stranded oligonucleotide (0.55 ug) was incubated 
with 1 lug of plasmid pK ma021 and 20 ug of the indicated 
extracts. MEF represents mouse embryonic fibroblasts with 
either MSH2 (2) or MSH3 (3) deleted. MEF' indi 
cates wild-type mouse embryonic fibroblasts. The other 
reaction components were then added and processed through 
the bacterial readout System. The data represent the number 
of kanamycin resistant colonies per 10 amplicillin resistant 
colonies. 

TABLE III 

Frameshift mutation repair is directed by 
single-stranded oligonucleotides 

Oligonucleotide Plasmid Extract tet" colonies 

Tet IX (3S/25A: 0.5 lug) pTA208 (1 lug) 
20 lig 

Tet IX (0.5 lug) 48 
Tet IX (1.5 lug) 130 
Tet IX (2.0 ug) 68 

Tet I (chimera; 1.5 lug) 48 

0082 Each reaction mixture contained the indicated 
amounts of plasmid and oligonucleotide. The extract used 
for these experiments came from HUH7 cells. The data 
represent the number of tetracycline resistant colonies per 
10 amplicillin resistant colonies generated from the same 
reaction and is the average of 3 independent experiments. 
Tet I is a chimeric oligonucleotide and Tet IX is a modified 
Single-Stranded oligonucleotide that are designed to insert a 
T residue at position 208 of pTA208. The oligonucleotides 
are equivalent to structures I and IX in FIG. 2. 

TABLE IV 

Plant cell-free extracts support gene repair by 
single-stranded oligonucleotides 

Oligonucleotide Plasmid Extract kan' colonies 

II (chimera) pKSm402 30 tug Canola 337 
IX (3S/25G) Canola 763 
X (6S/25G) Canola 882 

II Musa 2O3 
DX Musa 343 
X Musa 746 

Canola O 
Musa O 

DX - Canola O 
X - Musa O 

0083 Canola or Musa cell-free extracts were tested for 
gene repair activity on the kanamycin-Sensitive gene as 
previously described in (18). Chimeric oligonucleotide II 
(1.5 lug) and modified single-stranded oligonucleotides IX 
and X (0.55 ug) were used to correct pKmá021. Total 
number of kan' colonies are present per 107 amplicillin 
resistant colonies and represent an average of four indepen 
dent experiments. 
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TABLE V 

Gene repair activity in cell-free extracts prepared from yeast 
Saccharomyces cerevisiae 

Cell-type Plasmid Chimeric Oligo SS Oligo kan'?amp' x 10° 
Wild type pKanmA021 1 lig O.36 
Wild type 1 tug O.81 
ARAD52 1 lig 10.72 
ARAD52 1 tug 17.41 
APMS1 1 lig 2O2 
APMS1 1 tug 3.23 

In this experiment, the kan gene in pKan4021 is corrected by either a 
chimeric double-hairpin oligonucleotide or a single-stranded oligonucle 
otide containing three thioate linkages at each end (3S/25G). 

EXAMPLE 2 

Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

0084. In this example, single-stranded oligonucleotides 
with modified backbones and double-hairpin oligonucle 
otides with chimeric, RNA-DNA backbones are used to 
measure gene repair using two episomal targets with a fusion 
between a hygromycin resistance gene and eGFP as a target 
for gene repair. These plasmids are paURHYG(rep)GFP, 
which contains a point mutation in the hygromycin resis 
tance gene (FIG. 7), p.AURHYG(ins)GFP, which contains a 
Single-base insertion in the hygromycin resistance gene 
(FIG. 7) and pAURHYG(A)GFP which has a single base 
deletion. We also use the plasmid containing a wild-type 
copy of the hygromycin-eGFP fusion gene, designated paluj 
RHYG(wt)GFP, as a control. These plasmids also contain an 
aureobasidinA resistance gene. In paURHYG(rep)GFP, 
hygromycin resistance gene function and green fluorescence 
from the eGFP protein are restored when a Gat position 137, 
at codon 46 of the hygromycin B coding Sequence, is 
converted to a C thus removing a premature Stop codon in 
the hygromycin resistance gene coding region. In paluRHY 
G(ins)GFP, hygromycin resistance gene function and green 
fluorescence from the eGFP protein are restored when an A 
inserted between nucleotide positions 136 and 137, at codon 
46 of the hygromycin B coding Sequence, is deleted and a C 
is substituted for the T at position 137, thus correcting a 
frameshift mutation and restoring the reading frame of the 
hygromycin-e GFP fusion gene. 
0085 We synthesize the set of three yeast expression 
constructs pAURHYG(rep)eGFP, pAURHYG(A)eGFP, 
pAURHYG(ins)eGFP, that contain a point mutation at 
nucleotide 137 of the hygromycin-B coding Sequence as 
follows. (rep) indicates a T137->G replacement, (A) repre 
sents a deletion of the G137 and (ins) represents an A 
insertion between nucleotides 136 and 137. We construct 
this set of plasmids by excising the respective expression 
cassettes by restriction digest from pHyg(x)EGFP and liga 
tion into pAUR123 (Panvera, Calif.). We digest 10 ug 
pAUR123 vector DNA, as well as, 10 ug of each pHyg(x- 
)EGFP construct with KpnI and SalI (NEB). We gel purify 
each of the DNA fragments and prepare them for enzymatic 
ligation. We ligate each mutated insert into pHygEGFP 
vector at 3:1 molar ratio using T4DNA ligase (Roche). We 
Screen clones by restriction digest, confirm by Sanger 
dideoxy chain termination Sequencing and purify using a 
Qiagen maxiprep kit. 
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0086 We use this system to assay the ability of five 
oligonucleotides (shown in FIG. 8) to support correction 
under a variety of conditions. The oligonucleotides which 
direct correction of the mutation in paURHYG(rep)GFP 
can also direct correction of the mutation in paURHYG(in 
s)GFP. Three of the four oligonucleotides (HygE3T/25, 
HygE3T/74 and HygGG/Rev) share the same 25-base 
Sequence Surrounding the base targeted for alteration. 
HygGG/Rev is an RNA-DNA chimeric double hairpin oli 
gonucleotide of the type described in the prior art. One of 
these oligonucleotides, HygE3T/74, is a 74-base oligonucle 
otide with the 25-base Sequence centrally positioned. The 
fourth oligonucleotide, designated HygE3T/74C, is the 
reverse complement of HygE3T/74. The fifth oligonucle 
otide, designated Kan70T, is a non-specific, control oligo 
nucleotide which is not complementary to the target 
Sequence. Alternatively, an oligonucleotide of identical 
Sequence but lacking a mismatch to the target or a com 
pletely thioate modified oligonucleotide or a completely 
2-O-methylated modified oligonucleotide may be used as a 
control. Alternatively, oligonucleotides containing one, two, 
three, four, five, Six, eight, ten or more LNA modifications 
on at least one of the two termini (and preferrably the 3' 
terminus) may be used in different embodiments. 
0087 Oligonucleotide synthesis and cells. We synthe 
sized and purified the chimeric, double-hairpin oligonucle 
otides and Single-stranded oligonucleotides (including those 
with the indicated modifications) as described in Example 1. 
Plasmids used for assay were maintained Stably in yeast 
(Saccharomyces cerevisiae) strain LSY678 MATC. at low 
copy number under aureobasidin Selection. Plasmids and 
oligonucleotides are introduced into yeast cells by electropo 
ration as follows: to prepare electrocompetent yeast cells, we 
inoculate 10 ml of YPD media from a single colony and 
grow the cultures overnight with shaking at 300 rpm at 30 
C. We then add 30 ml of fresh YPD media to the overnight 
cultures and continue Shaking at 30° C. until the ODoo was 
between 0.5 and 1.0 (3-5 hours). We then wash the cells by 
centrifuging at 4 C. at 3000 rpm for 5 minutes and twice 
resuspending the cells in 25 ml ice-cold distilled water. We 
then centrifuge at 4 C. at 3000 rpm for 5 minutes and 
resuspend in 1 ml ice-cold 1M sorbitol and then finally 
centrifuge the cells at 4 C. at 5000 rpm for 5 minutes and 
resuspend the cells in 120 ul 1M Sorbitol. To transform 
electrocompetent cells with plasmids or oligonucleotides, 
we mix 40 ul of cells with 5 lug of nucleic acid, unless 
otherwise stated, and incubate on ice for 5 minutes. We then 
transfer the mixture to a 0.2 cm electroporation cuvette and 
electroporate with a BIO-RAD Gene Pulser apparatus at 1.5 
kV, 25 uF, 200 S2 for one five-second pulse. We then 
immediately resuspend the cells in 1 ml YPD supplemented 
with 1M Sorbitol and incubate the cultures at 30° C. with 
shaking at 300 rpm for 6 hours. We then spread 200 ul of this 
culture on Selective plates containing 300 ug/ml hygromycin 
and spread 200 ul of a 10 dilution of this culture on 
Selective plates containing 500 ng/ml aureobasidinA and/or 
and incubate at 30° C. for 3 days to allow individual yeast 
colonies to grow. We then count the colonies on the plates 
and calculate the gene conversion efficiency by determining 
the number of hygromycin resistance colonies per 10 
aureobasidinA resistant colonies. 

0088 Frameshift mutations are repaired in yeast cells. 
We test the ability of the oligonucleotides shown in FIG. 8 
to correct a frameshift mutation in vivo using LSY678 yeast 
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cells containing the plasmid paQRHYG(ins)GFP. These 
experiments, presented in Table 6, indicate that these oligo 
nucleotides can Support gene correction in yeast cells. These 
data reinforce the results described in Example 1 indicating 
that oligonucleotides comprising phosphorothioate linkages 
facilitate gene correction much more efficiently than control 
duplex, chimeric RNA-DNA oligonucleotides. This gene 
correction activity is also specific as transformation of cells 
with the control oligonucleotide Kan70T produced no 
hygromycin resistant colonies above background and thus 
Kan70T did not Support gene correction in this System. In 
addition, we observe that the 74-base oligonucleotide 
(HygE3T/74) corrects the mutation in pAURHYG(ins)GFP 
approximately five-fold more efficiently than the 25-base 
oligonucleotide (HygE3T/25). We also perform control 
experiments with LSY678 yeast cells containing the plasmid 
pAURHYG(wt)GFP. With this strain we observed that even 
without added oligonucleotides, there are too many hygro 
mycin resistant colonies to count. 
0089. We also use additional oligonucleotides to assay 
the ability of individual oligonucleotides to correct multiple 
mutations in the paQRHYG(x)eGFP plasmid. These 
include, for example, one that alters two basepairs that are 
3 nucleotides apart is a 74-mer with the Sequence 
5'-CTCGTGCTTTCAGCTTCGATGTAG 
GAGGGCGTGGGTACGTCCTGCGGG 
TAAATAGCTGCGCCGATGGTTTCTAC-3' (SEQ ID NO: 
2714); a 74-mer that alters two basepairs that are 15 nucle 
otides apart with the sequence 5'-CTCGTGCTTTCAGCT. 
TCGATGTAGGAGGGCGTGGATACGTCCT. 
GCGGGTAAACAGCTGCGCCGATGGTTTCTAC-3' 
(SEQ ID NO: 2715); and a 74-mer that alters two basepairs 
that are 27 nucleotides apart with the sequence 5'-CTCGT. 
GCTTTCAGCTTCGATGTAGGAGGGCGTG 
GATACGTCCTGCGGGTAAATAGCTGCGC 
CGACGGTTTCTAC (SEQ ID NO: 2716). The nucleotides 
in these oligonucleotides that direct alteration of the target 
Sequence are underlined and in boldface. These oligonucle 
otides are modified in the same ways as the other oligo 
nucleotides of the invention. 

0090. Oligonucleotides targeting the sense strand direct 
gene correction more efficiently. We compare the ability of 
Single-Stranded oligonucleotides to target each of the two 
strands of the target sequence of both pAURHYG(ins)GFP 
and paQRHYG(rep)GFP. These experiments, presented in 
Tables 7 and 8, indicate that an oligonucleotide, HygE3T/ 
74C, with Sequence complementary to the Sense Strand (i.e. 
the Strand of the target Sequence that is identical to the 
mRNA) of the target Sequence facilitates gene correction 
approximately ten-fold more efficiently than an oligonucle 
otide, HygE3T/74, with sequence complementary to the 
non-transcribed Strand which Serves as the template for the 
synthesis of RNA. As indicated in Table 7, this effect was 
observed over a range of oligonucleotide concentrations 
from 0–3.6 tug, although we did observe some variability in 
the difference between the two oligonucleotides (indicated 
in Table 7 as a fold difference between HygE3T/74C. and 
HygE3T/74). Furthermore, as shown in Table 8, we observe 
increased efficiency of correction by HygE3T/74C. relative 
to HygE3T/74 regardless of whether the oligonucleotides 
were used to correct the base Substitution mutation in 
pAURHYG(rep)GFP or the insertion mutation in paURHY 
G(ins)GFP. The data presented in Table 8 further indicate 
that the Single-Stranded oligonucleotides correct a base 
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Substitution mutation more efficiently than an insertion 
mutation. However, this last effect was much leSS pro 
nounced and the oligonucleotides of the invention are 
clearly able efficiently to correct both types of mutations in 
yeast cells. In addition, the role of transcription is investi 
gated using plasmids with inducible promoterS Such as that 
described in FIG. 10. 

0091. Optimization of oligonucleotide concentration. To 
determine the optimal concentration of oligonucleotide for 
the purpose of gene alteration, we test the ability of increas 
ing concentrations of Hyg3T/74C. to correct the mutation in 
pAURHYG(rep)GFP contained in yeast LSY678. We chose 
this assay System because our previous experiments indi 
cated that it Supports the highest level of correction. How 
ever, this Same approach could be used to determine the 
optimal concentration of any given oligonucleotide. We test 
the ability of Hyg3T/74C. to correct the mutation in pau 
RHYG(rep)GFP contained in yeast LSY678 over a range of 
oligonucleotide concentrations from 0-10.0 ug. AS Shown in 
Table 9, we observe that the correction efficiency initially 
increases with increasing oligonucleotide concentration, but 
then declines at the highest concentration tested. 

0092 Tables are attached hereto. 

TABLE 6 

Correction of an insertion mutation in paCRHYG (ins)GFP by 
HygGG/Rev, HygE3T125 and HygE3T/74 

Colonies on Colonies on Correction 

Oligonucleotide Tested Hygromycin Aureobasidin (10) Efficiency 

HygGG/Rev 3 157 O.O2 

HygE3T125 64 147 0.44 

HygE3T/74 28O 174 1.61 

KanTOT O 

0093) 

TABLE 7 

An oligonucleotide targeting the sense strand of the target sequence 
corrects more efficiently. 

Colonies per 
hygromycin plate 

Amount of Oligonucleotide (ug) HygE3T/74 HygE3T/74c. 

O O O 

O6 24 128 (8.4x)* 
1.2 69 140 (7.5x)* 
2.4 62 167 (3.8x)* 
3.6 29 367 (15x)* 

*The numbers in parentheses represent the fold increase in efficiency for 
targeting the non-transcribed strand as compared to the other strand of a 
DNA duplex that encodes a protein. 
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0094) 

TABLE 8 

Correction of a base substitution mutation is more efficient than correction 
of a frame shift mutation. 

Oligonucleotide Plasmid tested (contained in LSY678 

Tested (5 ug) pAURHYG(ins)GFP pAURHYG(rep)GFP 

HygE3T/74 72 277 
HygE3T/74c. 1464 2248 

KanTOT O O 

0.095 

TABLE 9 

Optimization of oligonucleotide concentration in electroporated yeast cells. 

Colonies on Colonies on Correction 
Amount (ug) hygromycin aureobasidin (10) efficiency 

O O 67 O 
1.O 5 64 O.08 
2.5 47 3O 1.57 
5.0 199 33 6.08 
7.5 383 39 9.79 

1O.O 191 33 5.79 

EXAMPLE 3 

Cultured Cell Manipulation 
0.096 Although disclosure in this example is directed to 
use of Stem cells or human blood cells and microinjection, 
the microinjection procedures may also be used with cul 
tured plant cells or protoplasts using any plant species, 
including those disclosed herein. Mononuclear cells are 
isolated from human umbilical cord blood of normal donors 
using Ficoll Hypaque (Pharmacia Biotech, Uppsala, Swe 
den) density centrifugation. CD34+ cells are immunomag 
netically purified from mononuclear cells using either the 
progenitor or Multisort Kits (Miltenyi Biotec, Auburn, 
Calif.). LinCD38 cells are purified from the mononuclear 
cells using negative Selection with StemSep System accord 
ing to the manufacturer's protocol (Stem Cell Technologies, 
Vancouver, Calif.). Cells used for microinjection are either 
freshly isolated or cryopreserved and cultured in Stem 
Medium (S Medium) for 2 to 5 days prior to microinjection. 
S Medium contains Iscoves Modified Dulbecc's Medium 
without phenol red (IMDM) with 100 lug/ml glutamine/ 
penicillin/streptomycin, 50 mg/ml bovine Serum albumin, 
50 ug/ml bovine pancreatic insulin, 1 mg/ml human trans 
ferrin, and IMDM; Stem Cell Technologies), 40 ug/ml 
low-density lipoprotein (LDL; Sigma, St. Louis, Mo.), 50 
mM HEPEs buffer and 50 uM 2-mercaptoethanol, 20 ng/ml 
each of thrombopoietin, flt-3 ligand, Stem cell factor and 
human IL-6 (Pepro Tech Inc., Rocky Hill, N.J.). After 
microinjection, cells are detached and transferred in bulk 
into wells of 48 well plates for culturing. 
0097 35 mm dishes are coated overnight at 4°C. with 50 
ug/ml Fibronectin (FN) fragment CH-296 (Retronectin; 
TaKaRa Biomedicals, Panvera, Madison, Wis.) in phosphate 
buffered saline and washed with IMDM containing 
glutamine/penicillin/streptomycin. 300 to 2000 cells are 

Dec. 25, 2003 

added to cloning rings and attached to the plates for 45 
minutes at 37 C. prior to microinjection. After incubation, 
cloning rings are removed and 2 ml of S Medium are added 
to each dish for microinjection. Pulled injection needles with 
a range of 0.22 um to 0.3 um outer tip diameter are used. 
Cells are visualized with a microscope equipped with a 
temperature controlled Stage set at 37 C. and injected using 
an electronically interfaced Eppendorf Micromanipulator 
and Transjector. Successfully injected cells are intact, alive 
and remain attached to the plate post injection. Molecules 
that are flourescently labeled allow determination of the 
amount of oligonucleotide delivered to the cells. 

0098. For in vitro erythropoiesis from LinCD38 cells, 
the procedure of Malik, 1998 can be used. Cells are cultured 
in ME Medium for 4 days and then cultured in E Medium 
for 3 weeks. Erythropoiesis is evident by glycophorin A 
expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured cells. The 
injected cells are able to retain their proliferative capacity 
and the ability to generate myeloid and erythoid progeny. 
CD34+ cells can convert a normal A (B) to sickle T (B) 
mutation in the B-globin gene or can be altered using any of 
the oligonucleotides of the invention herein for correction or 
alteration of a normal gene to a mutant gene. Alternatively, 
Stem cells can be isolated from blood of humans having 
genetic disease mutations and the oligonucleotides of the 
invention can be used to correct a defect or to modify 
genomes within those cells. 

0099 Alternatively, non-stem cell populations of cul 
tured cells can be manipulated using any method known to 
those of skill in the art including, for example, the use of 
polycations, cationic lipids, liposomes, polyethylenimine 
(PEI), electroporation, biolistics, calcium phosphate precipi 
tation, or any other method known in the art. 
0100 Biolistic delivery of oligonucleotide into plant cells 
may be accomplished according to the following method. 
One milliliter of packed cell Volume of plant cell Suspen 
Sions are Subcultured onto plates containing Solid medium 
with Murashige and Skoog salts from Gibco/BRL, 500 
mg/liter Mes, 1 mg/liter thiamin, 100 mg/liter myo-inositol, 
180 mg/liter KH2PO4, 2.21 mg/liter 2,4-dichlorophenoxy 
acetic acid (2,4-D), and 30 g/liter sucrose (pH 5.7) and 
having 8 g/liter agar-agar from Sigma added before auto 
claving. By using a helium-driven particle gun Such as that 
from BioPad and following manufacturers directions, oli 
gonucleotides may be introduced to cells after precipitation 
onto 1 micrometer or comparable gold microcarriers (Bio 
Rad). To precipitate onto microcarriers, 35 microliters of a 
particle suspension (60 mg of microcarriers per ml of 100% 
ethanol) is transferred to a 1.5 ml microcentrifuge tube, 
which is agitated on a vortex mixer. Then 40 microliter of 
resuspended oligonucleotide (60 ng/microliter water) is 
added; then 75 microliter of ice-cold 2.5 M CaCl2 is added; 
then 75 microliter of ice-cold 0.1 M spermidine is added. 
The tube is mixed vigorously or a vortex mixer for 10 min 
at room temperature. The particles are allowed to Settle for 
10 min and are centrifuged at 11,750 g for 30 Sec. The 
Supernatant is removed and the particles are resuspended in 
50 microliter of 100% ethanol. An aliquot of 10 microliter 
of the resuspended particles are applied to each macro 
projectile which is used to bombard each plate once at 900 
psi (1 psi=6.89 kPa) with a gap distance (distance from 
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power Source to macroprojectile) of 1 cm and a target 
distance (distance from microprojectile launch site to target 
material) of 10 cm. 
0101. An alternative method of delivery can be used as 
follows. Cultured cells are suspended in liquid N6 medium 
and then plated on a VWR Scientific glass fiber filter. About 
0.4 microgram of oligonucleotide are precipitated with 15 
microliter of 2.5 mM CaCl2 and 5 microliter of 0.1 M 
Spermidine onto 25 microgram of 1.0 micrometer gold 
particles. Microprojectile bombardment is performed by 
using a Bio-Rad PDS-1000 He particle delivery system or 
comparable machine following manufacturers instructions. 
Alterations in oligonucleotide concentrations can be 
employed to determine the optimum concentration of oli 
gonucleotide according to the procedures described herein 
for any particular oligonucleotide of the invention. 
0102 Alternatively, the oligonucleotide of the invention 
may be delivered to a plant cell by electroporation of a 
protoplast derived from a plant part. The protoplasts may be 
formed by enzymatic treatment of a plant part, particularly 
a leaf, according to techniqueS Such as those in Gallois et al., 
Methods in Molecular Biology 55: 89-107 by Humana 
Press. Such conditions for electroporation use about 3x10 
protoplasts in a total volume of about 0.3 ml with a con 
centration of oligonucleotide of between 0.6 to 4 microgram 
per ml. 

EXAMPLE 4 

Plant Cells 

0103) The oligonucleotides of the invention can also be 
used to repair or direct a mutagenic event in plants and 
animal cells. Although little information is available on plant 
mutations amongst natural cultivars, the oligonucleotides of 
the invention can be used to produce "knock out' mutations 
by modification of Specific amino acid codons to produce 
Stop codons (e.g., a CAA codon specifying Gln can be 
modified at a specific Site to TAA, a AAG codon Specifying 
Lys can be modified to UAG at a specific site; and a CGA 
codon for Arg can be modified to a UGA codon at a specific 
Site). Such base pair changes will terminate the reading 
frame and produce a defective truncated protein, Shortened 
at the Site of the Stop codon. 
0104. Alternatively, frameshift additions or deletions can 
be directed into the genome at a Specific Sequence to 
interrupt the reading frame and produce a garbled down 
Stream protein. Such stop or frameshift mutations can be 
introduced to determine the effect of knocking out the 
protein in either plant or animal cells. 
0105 For introduction of a T-DNA, including the T-DNA 
in the plasmid of FIG. 11, into a plant cell, Agrobacterium 
tumefacienS is used. These techniques are routine Standard 
techniques known in the art. For example, one method 
follows. We transform A. tumefaciens is transformed by 
electroporation (using a BioRad Gene PulserTM). Competent 
A. tumefacienS is prepared using a method Similar to that of 
preparing competent E. coli by Suspending a freshly grown 
culture three times in ice-cold water and a final resuspension 
in 10% glycerol. Electroporation conditions are a 0.2 cm gap 
cuvette at a setting of 25 uP,200 S2 and 2.5 kV. 
0106 A. tumefaciens containing a plasmid with a T-DNA 
is then used to introduce the T-DNA into a plant cell using 
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routine Standard techniques known in the art. For example, 
we transform Arabidopsis by vacuum infiltration or by 
dipping flowers in an Agrobacterium Solution containing a 
Surfactant, e.g. L-77. Seeds are then collected, grown and 
screened for presence of the T-DNA. Alternatively, Agro 
bacterium can be used to transform callus tissue and the 
callus tissue can then be used to regenerate transformed 
plants. 
0107 All publications and patent applications cited in 
this specification are herein incorporated by reference as if 
each individual publication or patent application were spe 
cifically and individually indicated to be incorporated by 
reference. Although the foregoing invention has been 
described in Some detail by way of illustration and example 
for purposes of clarity of understanding, it will be readily 
apparent to those of ordinary skill in the art in light of the 
teachings of this invention that certain changes and modi 
fications may be made thereto without departing from the 
Spirit or Scope of the appended claims. 

0108) Notes on the Tables Presented Below: 
0109 Each of the following tables presents, for the 
Specified gene, a plurality of mutations that are known to 
confer a relevant phenotype and, for each mutation, the 
oligonucleotides that can be used to correct the respective 
mutation site-specifically in the genome according to the 
present invention. 
0110. The left-most column identifies each alteration or 
mutation and the phenotype that the alteration/mutation 
confers. 

0111 For most entries, the mutation/alteration is identi 
fied at both the nucleic acid and protein level. At the amino 
acid level, mutations are presented according to the follow 
ing Standard nomenclature. The centered number identifies 
the position of the mutated codon in the protein Sequence; to 
the left of the number is the wild type residue and to the right 
of the number is the mutant codon. Terminator codons are 
shown as “TERM'. At the nucleic acid level, the entire 
triplet of the wild type and mutated codons is shown. 
0112 The middle column presents, for each mutation, 
four oligonucleotides capable of repairing the mutation 
Site-specifically in the genome or in cloned DNA including 
DNA in artificial chromosomes, episomes, plasmids, or 
other types of vectors. The oligonucleotides of the invention, 
however, may include any of the oligonucleotides sharing 
portions of the Sequence of the 121 base Sequence. Thus, 
oligonucleotides of the invention for each of the depicted 
targets may be 18, 19, 20 up to about 121 nucleotides in 
length. Sequence may be added non-Symmetrically. 

0113 All oligonucleotides are presented, per convention, 
in the 5' to 3' orientation. The nucleotide that effects the 
change in the genome is underlined and presented in bold. 
0114. The first of the four oligonucleotides for each 
mutation is a 121 nt oligonucleotide centered about the 
repair/altering nucleotide. The Second oligonucleotide, its 
reverse complement, targets the opposite Strand of the DNA 
duplex for repair/alteration. The third oligonucleotide is the 
minimal 17 nt domain of the first oligonucleotide, also 
centered about the repair/alteration nucleotide. The fourth 
oligonucleotide is the reverse complement of the third, and 
thus represents the minimal 17 nt domain of the Second. 
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0115 The third column of each table presents the SEQ ID 
NO: of the respective repair oligonucleotide. 

EXAMPLE 5 

Engineering Herbicide Resistant Plants 
0116 Chemical weed control is an important tool of 
modern agriculture and many herbicides have been devel 
oped for this purpose. Their use has resulted in Substantial 
increases in the yields of many crops, including, for 
example, maize, Soybeans, and cotton. Thus while the use of 
fertilizers and new high-yielding crop varieties have con 
tributed greatly to the “green revolution, chemical weed 
control has also been at the forefront of technological 
achievement. 

0117 Herbicides having broad-spectrum activity are par 
ticularly useful because they obviate the need for multiple 
herbicides targeting different classes of weeds. The problem 
with Such herbicides is that they typically also affect crops 
which are exposed to the herbicide. One way to overcome 
this is to generate plants which are resistant to one or more 

Dec. 25, 2003 

broad-spectrum herbicides. Such herbicide-tolerant plants 
may reduce the need for tillage to control weeds, thereby 
effectively reducing Soil erosion and can reduce the quantity 
and number of different herbicides applied in the field. 
0118 Common herbicides used, for example, include 
those that inhibit the enzyme 5-enolpyruvyl-3-phospho 
shikimic acid synthase (EPSPS), for example N-phospho 
nomethyl-glycine (e.g. glyphosate), those that inhibit aceto 
lactate Synthase (ALS) activity, for example the 
sulfonylureas and related herbicides, and those that inhibit 
dihydropteroate Synthase, for example methyl(4-amino 
phenyl)sulfonylcarbamate (e.g. ASulam). Herbicide-toler 
ant plants can be produced by Several methods, including, 
for example, introducing into the genome of the plant the 
ability to degrade the herbicide, the capacity to produce a 
higher level of the targeted enzyme, and/or expressing an 
herbicide-tolerant allele of the enzyme. 
0119) The attached tables disclose exemplary oligonucle 
otides base Sequences which can be used to generate Site 
Specific mutations in plant genes that confer herbicide 
resistance. 

TABLE 10 

Genome-Altering Oligos Conferring Glyphosate Resistance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Glyphosate Resistance 

EPSPS 
Arabidopsis thaliana 
Gly97 Ala 
GGC-GCC 

Glyphosate Resistance 
EPSPS 

Brassica napus 
Gly93AIa 
GGA-GCA 

Glyphosate Resistance 
EPSPS 1 

Nicotiana tabacum 
Gly95Ala 
GGT-GCT 

Glyphosate Resistance 
EPSPS 2 
Nicotiana tabacum 
Gly62Ala 
GGA-GCA 

Glyphosate Resistance 
EPSPS 

Zea mays 
Gly168Ala 

Altering Oligos NO 

AAGCGTCGGAGATTGTACTTCAAC- 1. 
CCATTTAGAGAAATCTCCGGTC 
TTATTAAGCTTCCTGCCTCCAAGTCTCTATCAAATCGGATCCTGC 
TTCTCGCTGCTCTGTCTGAGGTATATATCAC 
GTGATATATACCTCAGACAGAGCAGCGAGAAGCAGGATCCGATT 2 
TGATAGAGACTTGGAGGCAGGAAGCTTAATAAGACCGGAGATTT 
CTCTAATGGGTTGAAGTACAATCTCCGACGCTT 

GCTTCCTGCCTCCAAGT 3 
ACTTGGAGGCAGGAAGC 4 

AAGCTTCAGAGATTGTGCTTCAACCAATCAGAGAAATCTCGGGTC 5 
TCATTAAGCTACCCGCATCCAAATCTCTCTCCAATCGGATCCTCC 
TTCTTGCCGCTCTATCTGAGGTACATATACT 
AGTATATGTACCTCAGATAGAGCGGCAAGAAGGAGGATCCGATT 6 
GGAGAGAGATTTGGATGCGGGTAGCTTAATGAGACCCGAGATTT 
CTCTGATTGGTTGAAGCACAATCTCTGAAGCTT 

GCTACCCGCATCCAAAT 7 
ATTIGGATGCGGGTAGC 8 

AGCCCAACGAGATTGTGCTGCAACCCATCAAAGATATATCAGGC 9 
ACTGTTAAATTGCCTGCTTCTAAATC 
CCTTTCCAATCGTATTCTCC 
TTCTTGCTGCCCTTTCTAAGGGAAGGACTGT 
ACAGTCCTTCCCTTAGAAAGGGCAGCAAGAAGGAGAATACGATT O 

GGAAAGGGATTTAGAAGCAGGCAATTTAACAGTGCCTGATATATC 
TTTGATGGGTTGCAGCACAATCTCGTIGGGCT 

ATTGCCTGCTTCTAAAT 1 
ATTTAGAAGCAGGCAAT 2 

ATTGTTTCCTTGGTACGAAATGTCCTCCTGTTCGAATTGTCAGCA 3 
AGGGAGGCCTTCCCGCAGGGAAGGTAAAGCTCTCTGGATCAATT 
AGCAGCCAGTACTTGACTGCTCTGCTTATGGC 
GCCATAAGCAGAGCAGTCAAGTACTGGCTGCTAATTGATCCAGA 4 

GAGCTTTACCTTCCCTGCGGGAAGGCCTCCCTTGCTGACAATTC 
GAACAGGAGGACATTTCGTACCAAGGAAACAAT 

CCTTCCCGCAGGGAAGG 5 
CCTTCCCGCGGGAAGG 6 

ATTGTTTCCTTGGCACTGACTGGCCACCTGTTCGTGTCAATGGAA 7 

TCGGAGGGCTACCTGCTGGCAAGGTCAAGCTGTCTGGCTCCATC 
AGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 
GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAGCCAGA 8 
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TABLE 10-continued 

Genome-Altering Oligos Conferring Glyphosate Resistance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

GGT-GCT 

Glyphosate Resistance 
EPSPS 

Cryza sativa 
Gly115Ala 

Glyphosate Resistance 
EPSPS 

Petunia X hybrida 
Gly93Ala 
GGC-GCC 

Glyphosate Resistance 
EPSPS 

Lycopers icon 
esculentum 
Gly97 Ala 
GGT-GCT 

Glyphosate Resistance 
EPSPS 
Lolium rigidium 
Gly107 Ala 

0120 

Altering Oligos 

CAGCTTGACCTTGCCAGCAGGTAGCCCTCCGATTCCATTGACAC 
GAACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 

GCTACCTGCTGGCAAGG 
CCTTGCCAGCAGGTAGC 

ACTGTTTCCTTGGCACTGAATGCCCACCTGTTCGTGTCAAGGGA 

ATTGGAGGACTTCCTGCTGGCAAGGTTAAGCTCTCTGGTTCCAT 
CAGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 
GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAACCAGA 
GAGCTTAACCTTGCCAGCAGGAAGTCCTCCAATTCCCTTGACAC 
GAACAGGTGGGCATTCAGTGCCAAGGAAACAGT 

ACTTCCTGCTGGCAAGG 
CCTTGCCAGCAGGAAGT 

AGCCTTCTGAGATAGTGTTGCAACCCATTAAAGAGATTTCAGGCA 
CTGTTAAATTGCCTGCCTCTAAATCAT. 
TATCTAATAGAATTCTCCT 
TCTTGCTGCCTTATCTGAAGGMCAACTGT 
ACAGTTGTTCCTTCAGATAAGGCAGCAAGAAGGAGAATTCTATTA. 
GATAATGATTTAGAGGCAGGCAATTTAACAGTGCCTGAAATCTCT 
TTAATGGGTTGCAACACTATCTCAGAAGGCT 
ATTGCCTGCCTCTAAAT 

ATTTAGAGGCAGGCAAT 

AACCCCATGAGATTGTGCTAGNACCCATCAAAGATATATCTGGTA 
CTGTTAAATTACCCG 

CTTCGAAATCCCTTTCCAATCGTATTCTCCT 
TCTTGCTGCCCTTTCTGAGGGAAGGACTGT 
ACAGTCCTTCCCTCAGAAAGGGCAGCAAGAAGGAGAATACGATT 

GGAAAGGGATTTCGAAGCGGGTAATTTAACAGTACCAGATATATC 
TTTGATGGGTNCTAGCACAATCTGATGGGGTT 

ATTACCCGCTTCGAAAT 
ATTTCGAAGCGGGTAAT 

ATTGTTTCCTTGGCACTGACTGCCCACCTGTTCGKATCAACGGGA 
TTGGAGGGCTACCTGCTGGCAAGGTTAAGCTGTCTGGTTCCAIT 
AGCAGCCAATACTTGAGTTCCTTGCTGATGGC 
GCCATCAGCAAGGAACTCAAGTATTGGCTGCTGATGGAACCAGA 

CAGCTTAACCTTGCCAGCAGGTAGCCCTCCAATGCCGTTGATCG 
AACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 

GCTACCTGCTGGCAAGG 
CCTTGCCAGCAGGTAGC 

TABLE 11 

Genome-Altering Oligos Conferring Imidazolinone 
and Sulfonylurea Herbicide Resistance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Sulfonylurea 
Resistance 
ATS 

Arabidopsis thaliana 
Pro197Ser 
CCT-TCT 

Sulfonylurea 
Resistance 
ATS 

Arabidopsis thaliana 

Altering Oligos 

AGCGGATTAGCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 

ATCACAGGACAAGTCTCTCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 
AACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 

CAATCATACGACGAGAGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATCCGCT 

GACAAGTCTCTCGTCGT 
ACGACGAGAGACTTGTC 

AGCGGATTAGCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 

ATCACAGGACAAGTCCAGCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 
AACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 

19 
2O 

21 

22 

23 
24 

25 

26 

27 
28 

29 

30 

31 
32 

33 

34 

35 
36 

38 

39 
40 

41 

42 
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TABLE 11-continued 

Genome-Altering Oligos Conferring Imidazolinone 
and Sulfonylurea Herbicide Resistance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

ATS 

Gossypium hirsutum 
Ser642Asn 
AGT-AAT 

Sulfonylurea 
Resistance 
ATS 

Amaranthus powellii 
Pro192Ser 
CCC-TCC 

Sulfonymurea 
Resistance 
ATS 

Amaranthus powellii 
Pro192Glin 
CCC-CAA 

Sulfonylurea 
Resistance 
ALS 
Amaranthus powellii 
Pro192Glin 
CCC-CAG 

Imidazolinone 
Resistance 
ATS 

Amaranthus powellii 
Ser652Asn 
AGC-AAC 

0121) 

Altering Oligos 

GGGTGATGGAAGAACACAATATTGACCTCA 
TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCCCCTCCATGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 
GATCCCCAATGGAGGGG 
CCCCTCCAee TGGGGATC 

TCTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGTTTCCCGGCGTATGATTGGTACTGATGCTTTTCA 
AGAGACTCCAATTGTTGAGGTAACTCGAT 
ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 
AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 
GGCAAGTTCCCGGCGT 
ACGCCGGGAAACTTGCC 

CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCAT 
TACTGGGCAAGTTCAACGGCGTATGATTGGTACTGATGCTTTTCA 
AGAGACTCCAATTGTTGAGGTAACTCGATC 
GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTGAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAG 
GCAAGTTCAACGGCGTA 
TACGCCGGAACTTGC 

CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCAT 
TACTGGGCAAGTTCACGGCGTATGATTGGTACTGATGCTTTTCA 
AGAGACTCCAATTGTTGAGGTAACTCGATC 
GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 
ACTGAGTCAAGAAGTGCATCAGCAAGACCAG 
GCAAGTTCAGCGGCGTA 
TACGCCGCGAACTTGC 

GACCGTATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGC 
TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 
AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 
ACCAACTAATAAGCCCTTCTTCCATCACCCCTGTTATGGGTCCT 
TGAAGGCGGCACCGTAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTG 
GATCCCTAACGGTGCCG 
CGGCACCGTAGGGATC 

TABLE 12 

SEQ ID 
NO 

282 

283 
284 

285 

286 

287 
288 

289 

290 

291 
292 

293 

2.94 

295 
296 

297 

298 

299 
3OO 

Genome-Altering Oligos Conferring Porphyric Herbicide Resistance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Porphyric Herbicide 
Resistant 
PPO 

Arabidopsis thaliana 
Wall365Met 

Porphyric Herbicide 
Resistant 
PPO 

Altering Oligos 

TCTTGCGCCCTCTTTCTGAATCTGCTGCAAATGCACTCTCAAAACT 

ATATTACCCACCAATGGCAGCAGTATCTATCTCGTACCCGAAAGA 
AGCAATCCGAACAGAATGTTTGATAGATGG 
CCATCTATCAAACATTCTGTTCGGATTGCTTCTTTCGGGTACGAGA 

TAGATACTGCTGCCATGGTGGGTAATATAGTTTTGAGAGTGCATT 
TGCAGCAGATTCAGAAAGAGGGCGCAAGA 
CCCACCAATGGCAGCAG 

CTGCTGCCATGGTGGG 

TATTACGTCCTCTTTCGGTTGCCGCAGCAGATGCACTTTCAAATTT 

CTACTAICCCCCAATGGGAGCAGTCACAATTTCATATCCTCAAGAA 
GCTATTCGTGATGAGCGTCTGGTTGATGG 

SEQ ID 
NO 

301 

303 

305 
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TABLE 12-continued 

Genome-Altering Oligos Conferring Porphyric Herbicide Resistance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Nicotiana tabacum 
Wal376Met 

Porphyric Herbicide 
Resistant 
PPO 

Cichorium intybus 
Wal383Met 

Porphyric Herbicide 
Resistant 
PPO 

Spinacia oleracea 
Wall 39 OMet 

Porphyric Herbicide 
Resistant 
PPO 

Zea mays 
Wall363Met 

Porphyric Herbicide 
Resistant 
PPO 

Oryza sativa 
Wall364Met 

Porphyric Herbicide 
Resistant 
PPO 
Chlamydomonas 
reinhardtii 
Wall 389 Met 

0122) 

Altering Oligos 

CCATCAACCAGACGCTCATCACGAATAGCTTCTTGAGGATATGAA 
ATTGTGACTGCTCCCAGGGGGATAGTAGAAATTTGAAAGTGCA 
TCTGCTGCGGCAACCGAAAGAGGACGTAATA 
TCCCCCAATGGGAGCAG 
CTGCTCCCATGGGGGA 

TGTTGCGTCCGCTTTCGTTGGGTGCAGCAGATGCATTGTCAAAAT 
TTTATTATCCTCCGATGGCAGCTGTATCAATTTCATATCCAAAAGA 
CGGAATTCGTGCTGACCGGCTGATTGATGG 
CCATCAATCAGCCGGTCAGCACGAATTGCGTCTTTTGGATATGAA 
ATTGATACAGCTGCCATCGGAGGATAATAAAATTTTGACAATGCAT 
CTGCTGCACCCAACGAAAGCGGACGCA ACA 
TCCTCCGATGGCAGCTG 
CAGCTGCCATCGGAGGA 

TCCTTCGTCCACTTTCAGATGTCGCCGCAGAATCTCTTTCAAAATT 
TCATTATCCACCAATGGCAGCTGTGTCACTTTCCTATCCTAAAGAA 
GCAATTAGATCAGAGTGCTTGATTGACGG 
CCGTCAATCAAGCACTCTGATCTAATTGCTTCTTTAGGATAGGAAA 
GTGACACAGCTGCCATGGTGGATAATGAAATTTTGAAAGAGATT 
CTGCGGCGACATCTGAAAGTGGACGAAGGA 
TCCACCAATGGCAGCTG 
CAGCTGCCATGGTGGA 

TTTTGCGTCCACTTTCAAGCGATGCTGCAGATGCTCTATCAAGATT 
CTATTATCCACCGATGGCTGCIGTAACTGTTTCGTATCCAAAGGAA 
GCAATTAGAAAAGAATGCTTAATTGATGG 
CGATCAATTAAGCATTCTTTTCTAATTGCTTCCTTTGGATACGAAAC 
AGTTACAGCAGCCATCGGTGGATAATAGAATCTTGATAGAGCATC 
TGCAGCATCGCTTGAAAGTGGACGCAAAA 
TCCACCGATGGCTGCTG 
CAGCAGCCATCGGTGGA 

TCTTGCGGCCACTTTCAAGTGATGGAGCAGATGCTCTGTCAATATT 
CTATTATCCACCAATGGCTGCTGTAACTGTTTCATATCCAAAAGAA 
GCAATTAGAAAAGAATGCTTAATTGACGG 
CCGTCAATTAAGCATTCTTTTCTAATTGCTTCTTTTGGATATGAAAC 
AGTTACAGCAGCCATGGTGGATAATAGAATATTGACAGAGCATC 
TGCTGCATCACTTGAAAGTGGCCGCAAGA 
TCCACCAATGGCTGCTG 
CAGCAGCCATGGTGGA 

CTGGTCAAGGAGCAGGCGCCCGCCGCCGCCGAGGCCCTGGGCT 
CCTTCGACTACCCGCCGATGGGCGCCGTGACGCTGTCGTACCCG 
CTGAGCGCCGTGCGGGAGGAGCGCAAGGCCTCGG 
CCGAGGCCTTGCGCTCCTCCCGCACGGCGCTCAGCGGGTACGAC 
AGCGTCACGGCGCCCATCGGCGGGTAGTCGAAGGAGCCCAGGG 
CCTCGGCGGCGGCGGGCGCCTGCTCCTTGACCAG 
ACCCGCCGATGGGCGCC 
GGCGCCCATCGGGGGGT 

TABLE 13 

Genome-Altering Oligos Conferring Triazine Resistance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 

Altering Oligos 

AAACTTACAACATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 

TTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCTT 
AGCGGCTTGGCCGGTAGTAGGTATTTG 

CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

CGAGAATIGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 

309 

321 

322 

323 
324 

325 

326 

327 
328 

330 
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TABLE 13-continued 

Genome-Altering Oligos Conferring Triazine Resistance 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

AACCGTGAGCAGCTACAATGTTGTAAGTTT 

ATATGCTACTTTCAACA 331 
TGTTGAAAGTAGCATAT 332 

Triazine Resistant AAACTTATAACATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 333 
D1Protein CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
Nicotiana tabacum TAGCTGCTTGGCCTGTAGTAGGTATCTG 
Ser264Thr CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 334 
AGT-ACT CGAGAGtTGTIGAAAGTAGCATATTGGAAGATCAAtCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 
ATATGCTACTTTCAACA 335 
TGTTGAAAGTAGCATAT 336 

Triazine Resistant AAACTTATAATATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 337 
D1Protein CTTCCAATATGCTACTTTTAACAACTCTCGCTCTTTACATTTCTTCT 
Populus deltoides TAGCTGCTTGGCCTGTAGTAGGTATCTG 
Ser264Thr CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 338 
AGT-ACT CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 
ATATGCTACTTTTAACA 339 
TGTTAAAAGTAGCATAT 340 

Triazine Resistant AAACTTATAATATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 341 
D1Protein CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
Petunia X hybrida TAGCTGCTTGGCCTGTAGTAGGTATCTG 
Ser264Thr CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 342 
AGT-ACT CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 
ATATGCTACTTTCAACA 343 
TGTTGAAAGTAGCATAT 344 

Triazine Resistant AAACTTATAAATCGTAGCTGCTCATGGTTATTTTGGCCGATTGAT 345 
D1Protein CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCC 
Magnolia pyramidata TAGCTGCTTGGCCTGTAGTAGGTATCTG 
Ser264Thr CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 346 
AGT-ACT CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCAGCTACGATATTATAAGTTT 
ATATGCTACTTTCAACA 347 
TGTTGAAAGTAGCATAT 348 

Triazine Resistant AAACCTATAATATTGTAGCAGCTCATGGTTATTTTGGCCGATTGAT 349 
D1Protein CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACATTTCTTCC 
Medicago sativa TAGCTGCTTGGCCTGTAGTAGGTATCTG 
Ser264Thr CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 350 
AGT-ACT CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAAGCATGAGCTGCTACAATATTATAGGTTT 
ATATGCTACTTTCAACA 351 
TGTTGAAAGTAGCATAT 1352 

Triazine Resistant AAACCTATAATATTGTAGCTGCTCATGGTTATTTGGCCGATTGAT 353 
D1Protein CTTCCAATATGCAACTTTCAACAATTCTCGTTCTTTACATTTCTTCT 
Glycine max TAGCTGCTTGGCCTGTAGTAGGTATTTG 
Ser264Thr CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 354 
AGT-ACT CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCAGCTACAATATTATAGGTTT 
ATATGCAACTTTCAACA 355 
TGTTGAAAGTTGCATAT 356 

Triazine Resistant AAACTTACAACATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 357 
D1Protein CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCT 
Brassica napus TAGCGGCTTGGCCGGTAGTAGGTATTTG 
Gly264Thr CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 358 
GGT-ACT CGAGAAITGTTGAAAGAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCGTGAGCAGCTACAATGTTGTAAGTTT 
ATATGCTACTTTCAACA 359 
TGTTGAAAGAGCATAT 360 

Triazine Resistant AAACTTATAATATTGTGGCCGCTCATGGTTATTTTGGCCGATTAAT 361 
D1Protein CTTCCAATATGCTACTTTTAACAACTCTCGTTCTTTACACTTCTTCT 
Oryza sativa TGGCTGCTTGGCCTGTAGTAGGGATTTG 
Ser264Thr CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 362 
AGT-ACT CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 

AACCATGAGCGGCCACAATATTATAAGTTT 
ATATGCTACTTTTAACA 363 
TGTTAAAAGTAGCATAT 364 

Triazine Resistant AGACTTATAATATTGTGGCTGCTCACGGTTATTTTGGTCGATTAAT 365 
D1Protein CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACACTTCTTCT 
Zea mays TGGCTGCTtGGCCTGTAGTAGGGATCitG 
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TABLE 13 

31 

continued 

Genome-Altering Oligos Conferring Triazine Resistance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Ser264Thr 
AGT-ACT 

Triazine Resistant 
D1Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 

Triazine Resistant 
D1Protein 
Nicotiana tabacum 
Ser264Thr 
AGT-ACT 

Triazine Resistant 
D1Protein 
Papulus deltoides 
Ser264Thr 
AGT-AGT 

Triazine Resistant 
D1Protein 
Petunia X hybrida 
Ser264Thr 
AGT-ACT 

Triazine Resistant 
D1Protein 
Magnolia pyramidata 
Ser264Thr 
AGT-ACT 

Triazine Resistant 
D1Protein 
Medicago sativa 
Ser264Thr 
AGT-ACT 

Triazine Resistant 
D1Protein 
Glycine max 
Ser264Thr 
AGT-ACT 

Triazine Resistant 
D1Protein 
Brassica napus 
Gly264Thr 
GGT-ACT 

Altering Oligos 

CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGTTGAAAG AGCATATTGGAAGA 
AACCGTGAGCAGCCACAATATTATAAGTCT 
ATATGCTACTTTCAACA 
TGTTGAAAGTAGCATA 
AAACTTACAACATTGTAGCTGCTCACGGTTA 
TTTCCAATATGCTACT TCAACAATTCTCGT 
AGCGGCTTGGCCGGTAGTAGGTATTTG 
CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGITGAAAG AGCATATTGGAAAA 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 
ATATGCTACTTTCAACA 
TGTTGAAAGTAGCATA 

CTTCCAATATGCTACT 

CGAGAGTTGTTGAAAG 

TGTTGAAAGTAGCATA 

CTTCCAATATGCTACT 

CGAGAGTTGTTAAAAG 

TGTTAAAAGTAGCATA 

CTTCCAATATGCTACT 

CGAGAGTTGTTGAAAG 

TGTTGAAAGTAGCATA 

CTTCCAATATGCTACT 

CGAGAATTGTTGAAAG 

TGTTGAAAGTAGCATA 

CTTCCAATATGCTACT 

CGAGAGTTGTTGAAAG 

TGTTGAAAGTAGCATA 

CTTCCAATATGCAACT 

CGAGAATTGTTGAAAG 

TGTTGAAAGTTGCATA 

CTTCCAATATGCTACT 

CGAGAATTGTTGAAAG 

AAACTTATAACATCGTAGCCGCTCATGGTTA 
TCAACAACTCTCGT 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 
CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

TAATCGACCAAAAT 

TTTGGCCGATTGAT 
CTTTACATTTCTTCTT 

CAATCGGCCAAAAT 

TTTGGCCGATTGAT 
CGTTACACTTCTTCC 

AGCATATTGGAAGA 
TAACCATGAGCGGCTACGATGTTATAAGTTT 
ATATGCTACTTTCAACA 

AAACTTATAATATCGTAGCCGCTCATGGTTA 
TTAACAACTCTCGC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 
CAGATACCTACTACAGGCCAAGCAGGTAAGAAGAAATGTAAAGAG 

AGCATATTGGAAGA 
TAACCATGAGCGGCTACGATATTATAAGTTT 
ATATGCTACTTTTAACA 

AAACTTATAATATCGTAGCCGCTCATGGTTA 
TCAACAACTCTCGT 

TAGCTGGTTGGCCTGTAGTAGGTATCTG 
CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

AGCATATTGGAAGA 
TAACCATGAGCGGCTACGATATTATAAGTTT 
ATATGCTACTTTCAACA 

AAACTTATAATATCGTAGCTGCTCATGGTTA 
TCAACAATTCTCGT 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 
CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 

CAATCGGCCAAAA 

TTTGGCCGATTGAT 
CTTTACATTTCTTCT 

CAATCGGCCAAAA 

TTTGGCCGATTGAT 
CGTTACACTTCTTCC 

CAATCGGCCAAAA 

TTTGGCCGATTGAT 
CTTTACATTTCTTCC 

AGCATATTGGAAGA 
TAACCATGAGCAGCTACGATATTATAAGTTT 
ATATGCTACTTTCAACA 

AAACCTATAATATTGTAGCAGCTCATGGTTA 
TCAACAACTCTCGT 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 
CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 

AGCATATTGGAAGA 
TAACCATGAGCTGCTACAATATTATAGGTTT 
ATATGCTACTTTCAACA 

AAACCTATAATATTGTAGCTGCTCATGGTTA 
TCAACAATTCTCGT 

TAGCTGCTTGGCCTGTAGTAGGTATTTG 
CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 

CAATCGGCCAAAA 

TTTGGCCGATTGAT 
CTTTACATTTGTTCC 

CAATCGGCCAAAA 

TTTGGCCGATTGAT 
CTTTACATTTCTTCT 

TGCATATTGGAAGA 

TAACCATGAGCAGCTACAATATTATAGGTTT 
ATATGCAACTTTCAACA 

AAACTTACAACATTGTAGCTGCTCACGGTTA 
TCAACAATTCTCGT 

TAGCGGCTTGGCCGGTAGTAGGTATTTG 

CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

CAATCGGGCAAAA 

TTTGGCCGATTGAT 
CTTTACATTTCTTCT 

AGCATATTGGAAGA 
TAACCGTGAGCAGCTACAATGTTGTAAGTTT 

ATATGCTACTTTCAACA 
TGTTGAAAGAGCATA 

CAATCGGCCAAAA 

367 
368 
369 

370 

371 
372 
373 

374 

375 
376 
377 

378 

379 
380 
381 

382 

383 
384 
385 

386 

387 
388 
389 

390 

391 
392 
393 

394 

395 
396 
397 

398 

399 
400 
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Genome-Altering Oligos Conferring Triazine Resistance 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

ATATGCAACTTTCAACA 435 
TGTTGAAAGTTGCATAT 436 

Triazine Resistant AAACTTACAACATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 437 
D1Protein CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCT 
Sinapis alba TAGCGGCTTGGCCGGTAGTAGGTATTTG 
Ser264Thr CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 4.38 
AGT-ACT CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCGTGAGCAGCTACAATGTTGTAAGTTT 
ATATGCTACTTTCAACA 439 
TGTTGAAAGTAGCATAT 4 40 

Triazine Resistant AAACCTATAATATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 441 
D1Protein CTTCCAATATGCTACTTTCAACAATTCTCGCTCTTTACATTTCTTCC 
Pisum sativum TAGCTGCTTGGCCTGTAGTAGGTATCTG 
Ser264Thr CAGATACCTACTACAGGCCAAGCAGCTIAGGAAGAAATGTAAAGAG 442 
AGt-ACT CGAGAATTGTTGAAAGTAGCAtATTGGAAGATCAATCGGCCAAAA 

TAACCGTGAGCAGCTACAATATTATAGGTTT 
ATATGCTACTTTCAACA 4 43 
TGTTGAAAGTAGCATAT 444 

Triazine Resistant AAACTTATAATATCGTAGGTGCTCATGGTTATTTTGGTCGATTGAT 4 45 
D1Protein CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACACTTCTTCT 
Spinacia oleracea TAGCTGCTTGGCCTGIAGTAGGTATTTG 
Ser264Thr CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 4 46 
AGT-ACT CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGACCAAAA 

TAACCATGAGCAGGTACGATATTATAAGTTT 
ATATGCTACTTTCAACA 447 
TGTTGAAAGTAGCATAT 4 48 

Triazine Resistant AAACTTATAACATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 449 
D1Protein CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
Nicotiana debneyi TAGCTGCTTGGCCTGTAGTAGGTATCTG 
Ser264Thr CAGAtACCtACTACAGGCGAAGCAGCtAGGAAGAAGTGTAACGAA 450 
AGT-ACT CGAGAGtTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 
ATATGCTACTTTCAACA 451 
TGTTGAAAGTAGCATAT 452 

Triazine Resistant AAACTTATAATATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 453 
D1Protein CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
Solanum nigrum TAGCTGCTTGGCCTGTAGTAGGTATCTG 
Ser264Thr CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 454 
AGT-ACT CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 
ATATGCTACTTTCAACA 455 
TGTTGAAAGTAGCATAT 456 

Triazine Resistant AAACTTATAACATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 457 
D1Protein CTTCCAATATGCTACTTTCAACAACTCTCGTCGTTACACTTCTTCC 
Nicotiana TAGCTGCTTGGCCTGTAGTAGGTATCTG 
plumbaginifolia CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 458 
Ser264Thr CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
AGT-ACT TAACCATGAGCGGCTACGATGTTATAAGTTT 

ATATGCTACTTTCAACA 459 
TGTTGAAAGTAGCATAT 460 

EXAMPLE 6 

Engineering Male- or Female-Sterile Plants 

0123 Flower development in distantly related dicot plant 
Species is increasingly better understood and appears to be 
regulated by a family of genes which encode regulatory 
proteins. These genes include, for example, AGAMOUS 
(AG), APETALA1 (AP1), and APETALA3 (AP3) and PIS 
TILLATA (PI) in Arabidopsis thaliana, and DEFICIENS A 
(DEFA), GLOBOSA (GLO), SQUAMOSA (SQUA), and 
PLENA (PLE) in Antirrhinum majus. Genetic studies have 
shown that the DEFA, GLO and AP3 genes are essential for 
petal and Stamen development. Sequence analysis of these 

genes revealed that the gene products contain a conserved 
MADS box region, a DNA-binding domain. Using these 
clones as probes, MADS box genes have also been isolated 
from other species including tomato, tobacco, petunia, Bras 
Sica napus, and maize. 

0.124. Altering the expression of these genes results in 
altered floral morphology. For example, mutations in AP3 
and PI result in male-sterile flowers because petals develop 
in place of Stamens. 
0.125 The attached tables disclose exemplary oligonucle 
otide base Sequences which can be used to generate Site 
Specific mutations that confer altered floral Structures in 
plants. 
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TABLE 1.4 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Male-sterile 
AP3 
Arabidopsis thaliana 
Arg3 Term 
AGA-TGA 

Male-sterile 
AP3 
Arabidopsis thaliana 
Lys5Term 
AAG-TAG 

Male-sterile 
AP3 
Arabidopsis thaliana 
GlnTTerm 
CAG-TAG 

Male-sterile 
AP3 
Arabidopsis thaliana 
Lys9Term 
AAG-TAG 

Male-sterile 
AP3 
Brassica oleracea 
Lys23Term 
AAG-TAG 

Male-sterile 
AP3 
Brassica oleracea 
Arg24Term 
AGA-TGA 

Male-sterile 
AP3 
Brassica oleracea 
Arg25Term 
AGA-TGA 

Male-sterile 
AP3 
Brassica oleracea 
Leu28Term 
TTG-TAG 

Altering Oligos 

TTGTCCTCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAG 

AGAAGAATATGGCGTGAGGGAAGATCCAGATCAAGAGGATAGAGA 
ACCAGACAAACAGACAAGTGACGTATTCAA 
TTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTCTTGATC 

TGGATCTTCCCTCACGCCATATTCTTCTCTCTTIGTTTAATCTTTTT 
GTTGAAGAGATTTGGTGGAGAGGACAA 

ATATGGCGTGAGGGAAG 
CTTCCCTCACGCCATAT 

TCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGA 

ATATGGCGAGAGGGTAGATCCAGATCAAGAGGATAGAGAACCAGA 
CAAACAGACAAGTGACGTATTCAAAGAGAA 
TTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCT.C 

TTGATCTGGATCTACCCTCTCGCCATATTCTTCTCTCTTTGTTTAAT 
CTTTTTGTTGAAGAGATTTGGTGGAGA 

CGAGAGGGTAGATCCAG 
CTGGATCTACCGTCTCG 

CCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGG 

CGAGAGGGAAGATCTAGATCAAGAGGATAGAGAAGCAGACAAACA 
GACAAGTGACGTATTCAAAGAGAAGGAATG 
CATTCCTTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCT 

ATCCTCTTGATCTAGATCTTCCCTCTCGCCATATTCTTCTCTCTTTG 
TTTAATCTTTTTGTTGAAGAGATTTGG 

GGAAGATCTAGATCAAG 
CTTGATCTAGATCTTCC 

CTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGGCGAGAG 

GGAAGATCCAGATCTAGAGGATAGAGAACCAGACAAACAGAGAAG 
TGACGTATTCAAAGAGAAGGAATGGTTTAT 
ATAAACCATTCGTTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGG 

TTCTCTATCCTCTAGATCTGGATCTTCCCTCTCGCCATATTCTTCTC 
TCTTTGTTTAATCTTTTTGTTGAAGAG. 

TCCAGATCTAGAGGATA 
TATCCTCTAGATCTGGA 

AGAGGGAAGATCGAGATGAAGAGGATAGAGA ACGAGAGGAACCG 

ACAAGTGACGTATTCTTAGAGAAGAAATGGTTTGTTCAAGAAAGCT 
CACGAGCTTACAGTTTTATGTGATGCTAGGG 
CCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAACAA 

ACCATTTCTTCTCTAAGAATACGTCACTTGTCGGTTGGTCTGGTTC 
TCTATCCTCTTGATCTGGATCTTCCCTCT 

CGTATTCTTAGAGAAGA 
TCTTCTCTAAGAATACG 

GGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAA 

GTGACGTATTCTAAGTGAAGAAATGGTTTGTTCAAGAAAGCTCACG 
AGCTTACAGTTTTATGTGATGCTAGGGTTT 
AAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAA 

CAAACCATTTCTTCACTTAGAATACGTCACTTGTGGGTTGGTCTGG 
TTCTCTATCCTCTTGATCTGGATCTTCCC 

ATTCTAAGTGAAGAAAT 
ATTTCTTCACTTAGAAT 

AAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAAGTG 

ACGTATTCTAAGAGATGAAATGGTTTGTTCAAGAAAGCTCACGAGC 
TTACAGTTTTATGTGATGCTAGGGTTTCGA 
TCGAAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTT 

GAACAAACCATTTCATCTCTTAGAATACGTCACTTGTCGGTTGGTC 
TGGTTCTCTATGCTCTTGATCTGGATCTT 

CTAAGAGATGAAATGGT 
ACCATTTCATCTCTTAG 

TCAAGAGGATAGAGAACCAGACCAACCGACAAGTGACGTATTCTA 

AGAGAAGAAATGGTTAGTTCAAGAAAGCTCACGAGCTTACAGTTTT 
ATGTGATGCTAGGGTTTCGATTATCATGTT 
AACATGATAATCGAAACCCTAGCATCACATAAAACTGTAAGCTCGT 

GAGCTTTCTTGAACTAACCATTTCTTCTCTTAGAATACGTCACTTGT 
CGGTTGGTCTGGTTCTCTATCCTCTTGA 

462 

463 
464 

465 

466 

4.67 
468 

469 

470 

471 
472 

473 

474 

475 
476 

477 

478 

479 
480 

481 

482 

483 
484 

485 

486 

487 
488 

489 

490 
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TABLE 14-continued 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Male-sterile 
AP3 

Brassica napus 
Tyr21Term 
TAC-TAG 

Male-sterile 
AP3 
Brassica napus 
Lys23Term 
AAG-TAG 

Male-sterile 
AP3 
Brassica napus 
Arg24Term 
AGA-TGA 

Male-sterile 
AP3 

Brassica napus 
Arg25Term 
AGA-TGA 

Male-sterile 
DEFA 

Antirrhinum maius 
Arg3 Term 
CGA-TGA 

Male-sterile 
DEFA 

Antirrhinum maius 
Lys5Term 
AAG-TAG 

Male-sterile 
DEFA 

Antirrhinum maius 
GlnTTerm 
CAG-TAG 

Male-sterile 
DEFA 

Antirrhinum maius 
Lys9Term 
AAG-TAG 

Altering Oligos 

AAATGGTTAGTTCAAGA 
TCTTGAACTAACCATTT 

GGCTCGAGGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAA. 

CAGGCAGGTCACCTAGTCCAAGAGAAGAAATGGTTTGTTCAAGAA 
AGCACACGAGCTCTCTGTTCTCTGTGATGC 
AGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAAACC 

ATTTCTTCTCTTGGACTAGGTGACCTGCCTGTTTGTTTGGTTCTCTA 
TCCTCTTAATCTGGATCTTCCCTCGAGCC 

GTCACCTAGTCCAAGAG 
CTCTTGGACTAGGTGAC 

CGAGGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGG 

CAGGTCACCTACTCCTAGAGAAGAAATGGTTTGTTCAAGAAAGCAC 
ACGAGCTCTCTGTTCTCTGTGATGCTAAAG 
CTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAA 

ACCATTTCTTCTCTAGGAGTAGGTGACCTGCCTGTTTGTTTGGTTC 
TCTATCCTCTTAATCTGGATCTTCCCTCG 

CCTACTCCTAGAGAAGA 
TCTTCTCTAGGAGTAGG 

GGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAG 

GTCACCTACTCCAAGTGAAGAAATGGTTTGTTCAAGAAAGCACACG 
AGCTCTCTGTTCTCTGTGATGCTAAAGTTT 
AAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAA 

CAAACCATTTGTTCACTTGGAGTAGGTGACCTGCCTGTTTGTTTGG 
TTCTCTATCCTCTTAATCTGGATCTTCCC 

ACTCCAAGTGAAGAAAT 
ATTTCTTCACTTGGAGT 

AAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAGGTC 

ACCTACTCCAAGAGATGAAATGGTTTGTTCAAGAAAGCACACGAG 
CTCTCTGTTCTCTGTGATGCTAAAGTTTCCA 
TGGAAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTT 

GAACAAACCATTTCATCTCTTGGAGTAGGTGACCTGCCTGTTTGTT 
TGGTTCTCTATCCTCTTAATCTGGATCTT 

CCAAGAGATGAAATGGT 
ACCATTTCATCTCTTGG 

GGAGAGAAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGG 

TAGTGGTTCGATGGCTTGAGGGAAGATCCAGATTAAGAGGATAGA 
GAACCAAACAAACAGGCAGGTCACCTACTCCA 
TGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCCTCTTAAT 

CTGGATCTTCCCTCAAGCCATCGAACCACTACCACTACTGCTCTTG 
TTTTCTTCTTCCAGCTTTCCTTTCTCTCC 

CGATGGCTTGAGGGAAG 
CTTCCCTCAAGCCATCG 

AAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGT 

TCCATGGCTCGAGGGTAGATCCAGATTAAGAGGATAGAGAACCAA 
ACAAACAGGCAGGTCACCTACTCCAAGAGAA 
TTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCCT 

CTTAATCTGGATCTACCCTCGAGCCATCGAACCACTAGCACTACTG 
CTCTTGTTTTCTTCTTCCAGCTTTCCTTT 

CTCGAGGGTAGATCCAG 
CTGGATCTACCCTCGAG 

AAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATG 

GCTCGAGGGAAGATCTAGATTAAGAGGATAGAGAACCAAACAAAC 
AGGCAGGTCACCTACTCCAAGAGAAGAAATG 
CATTTCTTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTC 

TATCCTCTTAATCTAGATCTTCCCTCGAGCCATCGAACCACTACCA 
CTACTGCTCTTGTTTTCTTCTTCCAGCTT 

GGAAGATCTAGATTAAG 
CTTAATCTAGATCTTCC 

GAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATGGCTCGA 

GGGAAGATCCAGATTTAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGAGAAGAAATGGTTTGT 
ACAAACCATTTCTTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTG 

GTTCTCTATCCTCTAAATCTGGATCTTCCCTCGAGCCATCGAACCA 

493 

494 

495 
496 

497 

498 

499 
5 OO 

5 O1. 

503 
504 

505 

507 
508 

509 

522 

Dec. 25, 2003 



US 2003/0236208A1 
36 

TABLE 14-continued 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Male-sterile 
AP3 
Nicotiana tabacum 
Lys5Term 
AAG-TAG 

Male-sterile 
AP3 
Nicotiana tabacum 
GlnTTerm 
CAG-TAG 

Male-sterile 
AP3 
Nicotiana tabacum 
Lys9Term 
AAG-TAG 

Male-sterile 
AP3 
Nicotiana tabacum 
Arg10Term 
AGA-TGA 

Male-sterile 
AP3 
Medicago sativa 
Tyr21Term 
TAC-TAG 

Male-sterile 
AP3 
Medicago sativa 
Ser22Term 
TCA-TGA 

Male-sterile 
AP3 
Medicago sativa 
Lys23Term 
AAA-TAA 

Male-sterile 
AP3 
Medicago sativa 

Altering Oligos 

CTACCACTACTGCTCTTGTTTTCTTCTTC 

TCCAGATTTAGAGGATA 
TATCCTCTAAATCTGGA 

TCAGTAATTCTTAAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAAC 

TATGGCTCGTGGGTAGATCCAGATCAAGAGAATAGAGAACCAAAC 
AAACAGACAAGTCACTTATTCTAAGAGAA 
TTCTCTTAGAATAAGTGACTTGTCTGTTTGTTTGGTTCTCTATTCTC 

TTGATCTGGATCTAccoACGAGCCATAGTTTTTTTTTCTTTTTGCTC 
AAAGTTTGAGATCTTAAGAATTACTGA 

CTCGTGGGTAGATCCAG 
CTGGATCTACCCACGAG 

ATTCTTAAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGC 

TCGTGGGAAGATCTAGATCAAGAGAATAGAGAACCAAACAAACAG 
ACAAGTCACTTATTCTAAGAGAAGAAATG 
CATTTCTTCTCTTAGAATAAGTGACTTGTCTGTTTGTTTGGTTCTCT 

ATTCTCTTGATCTAGATCTTCCCACGAGCCATAGTTTTTTTTTCTTT 
TTGCTCAAAGTTTGAGATCTTAAGAAT 

GGAAGATCTAGATCAAG 
CTTGATCTAGATCTTCC 

AAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTG 

GGAAGATCCAGATCTAGAGAATAGAGAACCAAACAAACAGACAAG 
TCACTTATTCTAAGAGAAGAAATGGACTTT 
AAAGTCCATTTCTTCTCTTAGAATAAGTGACTTGTCTGTTTGTTTGG 

TTCTCTATTCTCTAGATCTGGATCTTCCCACGAGCCATAGTTTTTTT 
TTCTTTTTGCTCAAAGTTTGAGATCTT 

TCCAGATCTAGAGAATA 
TATTCTCTAGATCTGGA 

ATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTGGGA 

AGATCCAGATCAAGTGAATAGAGAACCAAACAAACAGACAAGTCA 
CTTATTCTAAGAGAAGAAATGGACTTTTCA 
TGAAAAGTCCATTTCTTCTCTTAGAATAAGTGACTTGTCTGTTTGTT 

TGGTTCTCTATTCACTTGATCTGGATCTTCCCACGAGCCATAGTTT 
TTTTTTCTTTTTGCTCAAAGTTTGAGAT 

AGATCAAGTGAATAGAG 
CTCTATTCACTTGATCT 

GGCTCGAGGAAAGATCCAGATCAAGAGAATAGAGA ACACAACGAA 

CAGACAAGTAACTTAGTCAAAACGAAGGGATGGTCTTTTCAAGAAG 
GCCAATGAGCTCACTGTTCTTTGTGATGCT 
AGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGACCA. 

TCCCTTCGTTTTGACTAAGTTACTTGTCTGTTCGTTGTGTTCTCTAT 
TCTCTTGATCTGGATCTTTCCTCGAGCC 

GTAACTTAGTCAAAACG 
CGTTTTGACTAAGTTAC 

CTCGAGGAAAGATCCAGATCAAGAGAATAGAGA ACACAACGAACA 

GACAAGTAACTTACTGAAAACGAAGGGATGGTCTTTTCAAGAAGG 
CCAATGAGCTCACTGTTCTTTGTGATGCTAA 
TTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGAC 

CATCCCTTCGTTTTCAGTAAGTTACTTGTCTGTTCGTTGTGTTCTCT 
ATTCTCTTGATCTGGATCTTTCCTCGAG 

AACTTACTGAAAACGAA 
TTCGTTTTCAGTAAGTT 

CGAGGAAAGATCCAGATCAAGAGAATAGAGA ACACAACGAACAGA 

CAAGTAACTTACTCATAACGAAGGGATGGTCTTTTCAAGAAGGCCA 
ATGAGCTCACTGTTCTTTGTGATGCTAAGG 
CCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAG 

ACCATCCCTTCGTTATGAGTAAGTTACTTGTCTGTTCGTTGTGTTCT 
CTATTCTCTTGATCTGGATCTTTCCTCG 

CTTACTCATAACGAAGG 
CCTTCGTTATGAGTAAG 

GGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGACAA 

GTAACTTACTCAAAATGAAGGGATGGTCTTTTCAAGAAGGCCAATG 
AGCTCACTGTTCTTTGTGATGCTAAGGTTT 

523 
524 

525 

526 

527 
528 

529 

530 

531 
532 

533 

534 

535 
536 

537 

538 

539 
540 

541 

542 

543 
544 

545 

546 

547 
548 

549 

550 

551 
552 

553 
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TABLE 14-continued 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Arg24Term 
CGA-TGA 

Male-sterile 
DEF4 
Solanum tuberosum 
Tyr21Term 
TAT-TAG 

Male-sterile 
DEF4 
Solanum tuberosum 
Ser22Term 
TCA-TGA 

Male-sterile 
DEF4 
Solanum tuberosum 
Lys23Term 
AAG-TAG 

Male-sterile 
DEF4 
Solanum tuberosum 
Arg24Term 
AGA-TGA 

Male-sterile 
AP3 
Lycopers icon 
esculentum 
Gly27Term 
GGA-TGA 

Male-sterile 
AP3 
Lycopers icon 
esculentum 
Lys28Term 
AAA-TAA 

Male-sterile 
AP3 
Lycopers icon 
esculentum 
Glu31Term 
GAG-TAG 

Altering Oligos 

AAACCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAA 

AAGACCATCCCTTCATTTTGAGTAAGTTACTTGTCTGTTCGTTGTGT 
TCTCTATTCTCTTGATCTGGATCTTTCC 

ACT CAAAATGAAGGGAT 
ATCCCTTCATTTTGAGT 

GGCTCGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAAT 

AGGCAAGTGACTTAGTCAAAGAGAAGAAATGGGCTATTCAAGAAG 
GCTAATGAACTTACAGTTCTTTGTGATGCT 
AGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGCCCA 

TTTCTTCTCTTTGACTAAGTCACTTGCCTATTTGTTTGGTTTTCTATT 
TTCTTGATCTGGATCTTACCACGAGCC 

GTGACTTAGTCAAAGAG 
CTCTTTGACTAAGTCAC 

CTCGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAG 

GCAAGTGACTTATTGAAAGAGAAGAAATGGGCTATTCAAGAAGGC 
TAATGAACTTACAGTTCTTTGTGATGCTAA 
TTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGCC 

CATTTCTTCTCTTTCAATAAGTCACTTGCCTATTTGTTTGGTTTTCTA 
TTTTCTTGATCTGGATCTTACCACGAG 

GACTTATTGAAAGAGAA 
TTCTCTTTCAATAAGTC 

CGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGG 

CAAGTGACTTATTCATAGAGAAGAAATGGGCTATTCAAGAAGGCTA 
ATGAACTTACAGTTCTTTGTGATGCTAAAG 
CTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAG 

CCCATTTCTTCTCTATGAATAAGTCACTTGCCTATTTGTTTGGTTTT 
CTATTTTCTTGATCTGGATCTTACCACG 

CTTATTCATAGAGAAGA 
TCTTCTCTATGAATAAG 

GGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGCAA 

GTGACTTATTCAAAGTGAAGAAATGGGCTATTCAAGAAGGCTAATG 
AACTTACAGTTCTTTGTGATGCTAAAGTTT 
AAACTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAAT 

AGCCCATTTCTTCACTTTGAATAAGTCACTTGCCTATTTGTTTGGTT 
TTCTATTTTCTTGATCTGGA 

ATTCAAAGTGAAGAAAT 
ATTTCTTCAGTTTGAAT 

GCTAATGAACTTACTGTTCT 

GATTTCTAGTACTTGAAAAC 
CGACCAAACAATTGTTCGATCTG 
GGTACAGATCGAACAATTGT 

CTCATGAAGTTTTCAAGTACT 
CATCACAAAGAACAGTAAGT 

CTAGTACTTGAAAACTT 
AAGTTTTCAAGTACTAG 

AATGAACTTACTGTTCTTTG 

CA 

GA 

CTTACC 

GATGCTAAAGTTTCAATTGTTAT 
TCATGAGTTTATAAGTCCCTCTATCA 

ACC 
TGGTCGTGATAGAGGGACTTATAAA 
AGAAATCATAACAATTGAAACTTTAG 

TAGC 

GCTAAAGTTTCAATTGTTATGAT 

TTCTAGTACTGGATAACTTCATGAGTTTATAAGTCCCTCTATCACGA 
CCAAACAATTGTTCGATCTG 
TCTGGTACAGATCGAACAAT 

AAACTCATGAAGTTATCCAG 
GT 

AC 
TAGCATCACAAAGAACAGTAAGT 

GTACTGGATAACTTCAT 
ATGAAGTTATCCAGTAC 

ACTGTTCTTTGTGATGCTAAAGT 

TGGAAAACTTCATTAGTTTATAAGTCCCTCTATCACGACCAAACAAT 
TGTTCGATCTGTACCAGAAGACTATTG 
CAATAGTCTTCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGA 

GGGACTTATAAACTAATGAAGTT 
ATTGAAACTTTAGCATCACAAAGAACAGT 

AACTTCATTAGTTTATA 
TATAAACTAATGAAGTT 

ACCAGA 
TGGTCGTGATAGAGGGACTTAT 

AGAAATCATAACAATTGAAACTT 
CATT 

TCAATTGTTATGATTTCTAGTAC 

TCCAGTACTAGAAATCATAACA 

555 
556 

557 

558 

559 
560 

5 61 

5 62 

563 
564 

565 

566 

567 
568 

569 

570 

571. 
572 

573 

574 

575 
576 

577 

578 

579 

581 

582 

583 
584 
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TABLE 15-continued 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Male-sterile 
AG 

Arabidopsis thaliana 
Gln36Term 
CAA-TAA 

Male-sterile 
AG 
Arabidopsis thaliana 
Ser37Term 
TCG-TAG 

Male-sterile 
AG 
Arabidopsis thalana 
Glu38Term 
GAG-TAG 

Male-sterile 
AG 

Brassica napus 
Glu3Term 
GAA-TAA 

Male-sterile 
AG 

Brassica napus 
Glu11Term 
GAG-TAG 

Male-sterile 
AG 

Brassica napus 
Lys14Term 
AAG-TAG 

Male-sterile 
AG 

Brassica napus 
Lys15Term 
AAG-TAG 

Male-sterile 
AG 
Lycopers icon 
esculentum 

Altering Oligos 

ACGGCGTAGCAATCGGA 
TCCGATTGCTACGCCGT 

CTGTACTAATCAAATTTTGCCCTAAACGTTTTTGGCTTTGGAGCAG 

CAATCACGGCGTACTAATCGGAGCTAGGAGGAGATTCCTCTCCCT 
TGAGGAAATCTGGGAGAGGAAAGATCGAAA 
TTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCC 

TCCTAGCTCCGATTAGTACGCCGTGATTGCTGCTCCAAAGCCAAA 
AACGTTTAGGGCAAAATTTGATTAGTACAG 

CGGCGTACTAATCGGAG 
CTCCGATTAGTACGCCG 

ACTAATCAAATTTTGCCCTAAACGTTTTTGGCTTTGGAGCAGCAAT 

CACGGCGTACCAATAGGAGCTAGGAGGAGATTCCTCTCCCTTGA 
GGAAATCTGGGAGAGGAAAGATCGAAATCAA 
TTGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAAT 

CTCCTCCTAGCTCCTATTGGTACGCCGTGATTGCTGCTCCAAAGC 
CAAAAACGTTTAGGGCAAAATTTGATTAGT 

GTACCAATAGGAGCTAG 
CTAGCTCCTATTGGTAC 

TAATCAAATTTTGCCCTAAACGTTTTTGGCTTTGGAGCAGCAATCA 

CGGCGTACCAATCGTAGCTAGGAGGAGATTCCTCTCCCTTGAGGA 
AATCTGGGAGAGGAAAGATCGAAATCAAAC 
GTTTGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGA 

ATCTCCTCCTAGCTACGATTGGTACGCCGTGATTGCTGCTCCAAA 
GCCAAAAACGTTTAGGGCAAAATTTGATTA. 

ACCAATCGTAGCTAGGA 
TCCTAGCTACGATTGGT 

CTCTCCCACTTCTTTTCGGTGGTTTATTCATTTGGTGACGATATCA 

CAGAAGCAATGGATTAAGGTGGGAGTAGTCACGATGCAGAGAGT 
AGCAAGAAGATAGGTAGAGGGAAGATAGAGA 
TCTCTATCTTCCCTCTACCTATCTTCTTGCTACTCTCTGCATCGTGA 

CTACTCCCACCTTAATCCATTGCTTCTGTGATATCGTCACCAAATG 
AATAAACCACCGAAAAGAAGTGGGAGAG 

CAATGGATTAAGGTGGG 
CCCACCTTAATCCATTG 

TATTCATTTGGTGACGATATCACAGAAGCAATGGATGAAGGTGGG 

AGTAGTCACGATGCATAGAGTAGCAAGAAGATAGGTAGAGGGAA 
GATAGAGATAAAGAGGATAGAGAACACAACAA 
TTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTCCCTCTACCTATC 

TTCTTGCTACTCTATGCATCGTGACTACTCCCACCTTCATCCATTG 
CTTCTGTGATATCGTCACCAAATGAATA 

ACGATGCATAGAGTAGC 
GCTACTCTATGCATCGT 

GGTGACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCA, 

CGATGCAGAGAGTAGCTAGAAGATAGGTAGAGGGAAGATAGAGA 
TAAAGAGGATAGAGAACACAACAAATCGTCAAG 
CTTGACGATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTCCCT 

GTACCTATCTTCTAGCTACTCTCTGCATCGTGACTACTCCCACCTT 
CATCCATTGCTTCTGTGATATCGTCACC 

AGAGTAGCTAGAAGATA 
TATCTTCTAGCTAGTCT 

GACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCACGA 

TGCAGAGAGTAGCAAGTAGATAGGTAGAGGGAAGATAGAGATAAA 
GAGGATAGAGAACACAACAAATCGTCAAGTAA 
TTACTTGACGATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTC 

CCTCTACCTATCTACTTGCTACTCTCTGCATCGTGACTACTCCCAC 
CTTCATCCATTGCTTCTGTGATATCGTC 

GTAGCAAGTAGATAGGT 
ACCTATCTACTTGCTAC 

CAACCAAAAAACTTAAAAATCTTCTCTTTCCTTTCCTTACAAGGTGA 

AGTAATGGACTTCTAAAGTGATCTAACCAGAGAGATCTCACCACAA 
AGGAAACTAGGAAGGGGGAAAATTGAGA 
TCTCAATTTTCCCCCTTCCTAGTTTCCTTTGTGGTGAGATCTCTCT 

641 

642 

643 
644 

645 

646 

647 
648 

649 

650 

651 
652 

653 

654 

655 
656 

657 

658 

659 
660 

661 

662 

663 
664 

665 

666 

667 
668 

669 

670 
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TABLE 15-continued 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

Glu4Term GGTTAGATCACTTTAGAAGTCCATTACTTCACCTTGTAAGGAAAGG 
CAA-TAA AAAGAGAAGATTTTTAAGTTTTTTGGTTG 

TGGACTTCTAAAGTGAT 671 
ATCACTTTAGAAGTCCA 672 

Male-sterile AAAATCTTCTCTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCC 673 
AG AAAGTGATCTAACCTGAGAGATCTCACCACAAAGGAAACTAGGAA 
Lycopers icon GGGGGAAAATTGAGATCAAAAGGATCGAAA 
esculentum TTTCGATCCTTTTGATCTCAATTTTCCCCCTTCCTAGTTTCCTTTGT 674 
Arg9Term GGTGAGATCTCTCAGGTTAGATCACTTTGGAAGTCCATTACTTCAC 
AGA-TGA CTTGTAAGGAAAGGAAAGAGAAGATTTT 

ATCTAACCTGAGAGATC 675 
GATCTCTCAGGTTAGAT 676 

Male-sterile ATCTTCTCTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAA 677 
AG GTGATCTAACCAGATAGATCTCACCACAAAGGAAACTAGGAAGGG 
Lycopers icon GGAAAATTGAGATCAAAAGGATCGAAAACA 
esculentum TGTTTTCGATCCTTTTGATCTCAATTTTCCCCCTTCCTAGTTTCCTT 678 
Glu10Term TGTGGTGAGATCTATCTGGTTAGATCACTTTGGAAGTCCATTACTT 
GAG-TAG CACCTTGTAAGGAAAGGAAAGAGAAGAT 

TAACCAGATAGATCTCA 6.79 
TGAGATCTATCTGGTTA 680 

Male-sterile CTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAAGTGATCT 681 
AG AACCAGAGAGATCTGACCACAAAGGAAACTAGGAAGGGGGAAAA 
Lycopers icon TTGAGATCAAAAGGATCGAAAACACGACGAA 
esculentum TTCGTCGTGTTTTCGATCCTTTTGATCTCAATTTTCCCCCTTCCTAG 682 
Ser12Term TTTCCTTTGTGGTCAGATCTCTGTGGTTAGATCACTTTGGAAGTCC 
TCA-TGA ATTACTTCACCTTGTAAGGAAAGGAAAG 

AGAGATCTGACCACAAA 683 
TTTGTGGTCAGATCTCT 684 

Male-sterile GTACTCTCTATTTTCATCTTCCAACCCTTTCTTTCCTTACCAGGTGA 685 
NAG1 AAGTATGGACTTCTAAAGTGATCTAACAAGAGAGATCTCTCCACAA 
Nicotiana tabacum AGGAAACTGGGAAGAGGAAAGATTGAGA 
Gln 4Term TCTCAATCTTTCCTCTTCCCAGTTTCCTTTGTGGAGAGATCTCTCTT 686 
CAA-TAA GTTAGATCACTTTAGAAGTCCATACTTTCACCTGGTAAGGAAAGAA 

AGGGTTGGAAGATGAAAATAGAGAGTAC 

TGGACTTCTAAAGTGAT 687 
ATCACTTTAGAAGTCCA 688 

Male-sterile ATCTTCCAACCCTTTCTTTCCTTACCAGGTGAAAGTATGGACTTCC 689 
NAG1 AAAGTGATCTAACATGAGAGATCTCTCCACAAAGGAAACTGGGAA 
Nicotiana tabacum GAGGAAAGATTGAGATCAAACGGATCGAAA 
Arg9Term TTTCGATCCGTTTGATCTCAATCTTTCCTCTTCCCAGTTTCCTTTGT 690 
AGA-TGA GGAGAGATCTCTCATGTTAGATCACTTTGGAAGTCCATACTTTCAC 

CTGGTAAGGAAAGAAAGGGTTGGAAGAT 

ATCTAACATGAGAGATC 691 
GATCTCTCATGTTAGAT 692 

Male-sterile TTCCAACCCTTTCTTTCCTTAGCAGGTGAAAGTATGGACTTCCAAA 693 
NAG1 GTGATCTAACAAGATAGATCTCTCCACAAAGGAAACTGGGAAGAG 
Nicotiana tabacum GAAAGATTGAGATCAAACGGATCGAAAACA 
Glu10Term TGTTTTCGATCCGTTTGATCTCAATCTTTCCTCTTCCCAGTTTCCTT 694 
GAG-TAG TGTGGAGAGATCTATCTTGTTAGATGACTTTGGAAGTCCATACTTT 

CACCTGGTAAGGAAAGAAAGGGTTGGAA 

TAACAAGATAGATCTCT 695 
AGAGATCTATCTTGTTA 696 

Male-sterile CTTTCCTTACCAGGTGAAAGTATGGACTTCCAAAGTGATCTAACAA 697 
NAG1 GAGAGATCTCTCCATAAAGGAAACTGGGAAGAGGAAAGATTGAGA 
Nicotiana tabacum TCAAACGGATCGAAAACACAACGAATCGTC 
Gln14Term GACGATTCGTTGTGTTTTCGATCCGTTTGATCTCAATCTTTCCTCTT 698 
CAA-TAA CCCAGTTTCCTTTATGGAGAGATCTCTCTTGTTAGATCACTTTGGA 

AGTCCATACTTTCACCTGGTAAGGAAAG 

TCTCTCCATAAAGGAAA 699 
TTTCCTTTATGGAGAGA 7 OO 

Male-sterile GCCTATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAA 701 
AG AGAAGATTGGGAAGGTGAAAGATCGAGATCAAGCGGATCGAAAA 









US 2003/0236208A1 Dec. 25, 2003 
45 

TABLE 15-continued 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

GAG-TAG CGGTTCGTCGTGTTCTAGATCCGCTTTATCTCGATCTTCCCCCTCC 
CCATCTTCTCGCTGCTCCCCGCCGCCACCGC 

AGCGGATCTAGAACACG 795 
CGTGTTCTAGATCCGCT 796 

O127) 

TABLE 16 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

Male-sterile GGGAAGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAA 797 
P1 TAGACAAGTTACATAGTCAAAGAGAAGAAATGGTATCATCAAAAAA 
Cucumis sativus GCCAAAGAAATTACTGTTCTTTGCGATGCT 
Tyr21Term AGCATCGCAAAGAACAGTAATTTCTTTGGCTTTTTTGATGATACCAT 798 
TAT-TAG TTCTTCTCTTTGACTATGTAACTTGTCTATTGCTTGAGTTCTCTATTC 

TTTTTATTTCTATTTTCCCTCTTCCC 

GTTACATAGTCAAAGAG 799 
CTCTTTGACTATGTAAC 8 OO 

Male-sterile GAAGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATA 801 
P1 GACAAGTTACATATTGAAAGAGAAGAAATGGTATCATCAAAAAAGC 
Cucumis sativus CAAAGAAATTACTGTTCTTTGCGATGCTCA 
Ser22Term TGAGCATCGCAAAGAACAGTAATTTCTTTGGCTTTTTTGATGATAC 802 

TCA-TGA CATTTCTTCTCTTTCAATATGTAACTTGTCTATTGCTTGAGTTCTCTA 
TTGTTTTTATTTCTATTTTCCCTCTTC 

TACATATTGAAAGAGAA 803 
TTCTCTTTCAATATGTA 804 

Male-sterile AGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGAC 805 
P1 AAGTTAGATATTCATAGAGAAGAAATGGTATCATCAAAAAAGCCAA 
Cucumis sativus AGAAATTACTGTTCTTTGCGATGCTCAAG 
Lys23Term CTTGAGCATCGCAAAGAACAGTAATTTCTTTGGCTTTTTTGATGATA 806 
AAG-TAG CCATTTCTTCTCTATGAATATGTAACTTGTCTATTGCTTGAGTTCTC 

TATTCTTTTTATTTCTATTTTCCCTCT 

CATATTCATAGAGAAGA 807 
TCTTCTCTATGAATATG 808 

Male-sterile GGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGACAAG 809 
P1 TTACATATTCAAAGTGAAGAAATGGTATCATCAAAAAAGCCAAAGA 
Cucumis sativus AATTACTGTTCTTTGCGATGCTCAAGTTT 
Arg24Term AAACTTGAGCATCGCAAAGAACAGTAATTTCTTTGGCTTTTTTGATG 810 
AGA-TGA ATACCATTTCTTCACTTTGAATATGTAACTTGTCTATTGCTTGAGTT 

CTCTATTCTTTTTATTTCTATTTTCCC 

ATTCAAAGTGAAGAAAT 811 
ATTTCTTCACTTTGAAT 812 

Male-sterile GGGACGTGGGAAGGTTGAGATCAAGAGGATTGAGAACTGAAGTAA 813 
P1 CAGGCAGGTGACCTAGTCCAAGAGGAGGAATGGGATTATCAAGAA 
Malus domestica GGCAAAGGAGATCACTGTTCTATGTGATGCT 
Tyr21Term AGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATCCCA 814 
TAG-TAG TTCCTCCTCTTGGACTAGGTGACCTGCCTGTTACTTGAGTTCTCAA 

TCCTCTTGATCTCAACCTTCCCACGTCGC 

GTGACCTAGTGCAAGAG 815 
CTCTTGGACTAGGTCAC 816 

Male-sterile CGTGGGAAGGTTGAGATCAAGAGGATTGAGAACT CAAGTAACAGG 817 

P1 CAGGTGACCTACTCCTAGAGGAGGAATGGGATTATCAAGAAGGCA 
Malus domestica AAGGAGATCACTGTTCTATGTGATGCTAAAG 
Lys23Term CTTTAGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATC 818 
AAG-TAG CCATTCCTCCTCTAGGAGTAGGTCACCTGCCTGTTACTTGAGTTCT 

CAATCCTCTTGATCTCAACCTTCCCACG 
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TABLE 16-continued 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Male-sterile 
P1 
Malus domestica 
Lys30Term 
AAG-TAG 

Male-sterile 
P1 
Malus domestica 
Lys31Term 
AAG-TAG 

Male-sterile 
globosa 
Antirrhinum maius 
Gly27term 
GGA-TGA 

Male-sterile 
globosa 
Antirrhinum maius 
Arg3 Term 
AGA-TGA 

Male-sterile 
globosa 
Antirthinum maius 
Gly4Term 
GGA-TGA 

Male-sterile 
globosa 
Antirrhinum maius 
Lys5Term 
AAA-TAA 

Male-sterile 
P1 
Zea mays 
Lys5Term 
AAG-TAG 

Male-sterile 
P1 
Zea mays 
Lys7Term 

Altering Oligos 

CCTACTCCTAGAGGAGG 
CCTCCTCTAGGAGTAGG 

AGGATTGAGAAGTCAAGTAACAGGCAGGTGACCTACTCCAAGAGG 

AGGAATGGGATTATCTAGAAGGCAAAGGAGATGACTGTTCTATGT 
GATGCTAAAGTATCTCTTATCATTTATTCTA 
TAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGTGAT 

CTCCTTTGCCTTCTAGATAATCGCATTCCTCCTCTTGGAGTAGGTC 
ACCTGCCTGTTACTTGAGTTCTCAATCCT 

GGATTATCTAGAAGGCA 
TGCCTTCTAGATAATCC 

ATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGGAGG 

AATGGGATTATCAAGTAGGCAAAGGAGATCACTGTTCTATGTGATG 
CTAAAGTATCTCTTATCATTTATTCTAGCT 
AGCTAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGT 

GATCTCCTTTGCCTACTTGATAATGCCATTCCTCCTCTTGGAGTAG 
GTCACCTGCCTGTTACTTGAGTTCTCAAT 

TTATCAAGTAGGCAAAG 
CTTTGCCTACTTGATAA 

CATTTTTACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAA 

AAACAAAAAAATGTGAAGAGGAAAAATTGAGATCAAAAGAATTGAG 
AACTCAAGCAACAGGCAGGTTACTTACT 
AGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTTTTGATCTCA 

ATTTTTCCTCTTCACATTTTTTTGTTTTTGTTTTTCTCTCTTGTTTTTG 
TTTGCAGATAACTATTGTAAAAATG 

AAAAAATGTGAAGAGGA 
TCCTCTTCACATTTTTT 

TTTTACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAA 

CAAAAAAATGGGATGAGGAAAAATTGAGATCAAAAGAATTGAGAAC 
TCAAGCAACAGGCAGGTTACTTACT CAA 
TTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTTTTGATC 

TCAATTTTTCCTCATCCCATTTTTTTGTTTTTGTTTTTCTCTCTTGTTT 
TTGTTTGCAGATAACTATTGTAAAA 

AAATGGGATGAGGAAAA 
TTTTCCTCATCCCATTT 

TACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACA 

AAAAAATGGGAAGATGAAAAATTGAGATCAAAAGAATTGAGAACTC 
AAGCAACAGGCAGGTTACTTACT CAAAGA 
TCTTTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTTTTG 

ATCTCAATTTTTCATCTTCCCATTTTTTTGTTTTTGTTTTTCTCTCTTG 
TTTTTGTTTGCAGATAACTATTGTA 

TGGGAAGATGAAAAATT 
AATTTTTCATCTTCCCA 

AATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAAAA 

AAATGGGAAGAGGATAAATTGAGATCAAAAGAATTGAGAACTCAAG 
CAACAGGCAGGTTACTTACTCAAAGAGAA 
TTCTCTTTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTGTT 

TTGATCTCAATTTATCCTCTTCCCATTTTTTTGTTTTTGTTTTTCTCT 
CTTGTTTTTGTTTGCAGATAACTATT 

GAAGAGGATAAATTGAG 
CTCAATTTATCCTCTTC 

GCTGAGCTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGC 

AGTATGGGGCGCGGCTAGATCAAGATCAAGAGGATCGAGAACTCT 
ACCAACCGGCAGGTGACCTTCTCCAAGCGCC 
GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 

TCTTGATCTTGATCTAGCCGCGCCCCATACTGCGTTCTCCACTCCC 
AAACAGATCCAAGGGCAGCAAGAGCTCAGC 

GGCGCGGCTAGATGAAG 
CTTGATCTAGCCGCGCC 

CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 

GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 
CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

821 

822 

823 
824 

825 

826 

827 
828 

829 

830 

831 
832 

833 

834 

835 
836 

837 

838 

839 
840 

841 

842 

843 
844 

845 

846 

847 
848 

849 

850 
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TABLE 16-continued 

Oligonucleotides to produce male-sterile plants 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

Oryza sativa AACCGCCAGGTGACCTTCTCCAAGCGCAGGAGCG 
GluTTerm CGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTCT 882 
GAG-TAG CGATCCTCTTGATCTAGATCTTCCCGCGCCCCATCCCGCCTCCTC 

CTCCTCCTCCTCCTTCCTCCAGCTAGCTTAG 

GGAAGATCTAGATCAAG 883 
CTTGATCTAGATCTTCC 884. 

Male-sterile TAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGC 885 
P1 GCGGGAAGATCGAGATCTAGAGGATCGAGAACTCCACCAACCGC 
Oryza sativa CAGGTGACCTTCTCCAAGCGCAGGAGCGGGATCC 
Lys9Term GGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTG 886 
AAG-TAG GAGTTCTCGATCCTCTAGATCTCGATCTTCCCGCGCCCCATCCCG 

CCTCCTCCTCCTCCTCCTCCTTCCTCCAGCTA 

TCGAGATCTAGAGGATC 887 
GATCCTCTAGATCTCGA 888 

Male-sterile GAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGCGCGGGAAG 889 
P1 ATCGAGATCAAGAGGATCTAGAACTCCACCAACCGCCAGGTGACC 
Oryza sativa TTCTCCAAGCGCAGGAGCGGGATCCTCAAGAAGG 
Glu12Term CCTTCTTGAGGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGC 890 
GAG-TAG GGTTGGTGGAGTTCTAGATCCTCTTGATCTCGATCTTCCCGCGCC 

CCATCCCGCCTCCTCCTCCTCCTCCTCCTTC 

AGAGGATCTAGAACTCC 891 
GGAGTTCTAGATCCTCT 892 

EXAMPLE 7 adaptation or tolerance of plants to osmotic stresses is the 
accumulation of compatible, low molecular weight 
oSmolytes Such as Sugar alcohols, Special amino acids, and 
glycinebetaine. Such accumulation can be engineered, for 
example, by removing feedback inhibition on 1-pyrroline 
t-carboxylate Synthetase, which results in accumulation of 
proline. Additionally, recent experiments Suggest that alter 
ing the expression or activity of Specific Sodium or potas 
sium transporters can confer enhanced Salt tolerance. 

Engineering Plants for Abiotic Stress Tolerance 
0128 Environmental stresses, Such as drought, increased 
Soil Salinity, Soil contamination with heavy meals, and 
extreme temperature, are major factors limiting plant growth 
and productivity. The worldwide loss in yield of three major 
cereal crops, rice, maize, and wheat due to water StreSS 
(drought) has been estimated to be over ten billion dollars 
annually and many currently marginal Soils could be brought 
into cultivation if suitable plant varieties were available. 

0.130 Plant tolerance of contamination by heavy metals 
Such as lead and aluminum in Soils has also been investi 
gated and one mechanism underlying tolerance is the pro 
duction of dicarboxylic acids Such as oxalate and citrate. In 
addition, individual genes involved in heavy metal Sensitiv 
ity have been identified. 

0129. Physiological and biochemical responses to high 
levels of ionic or nonionic Solutes and decreased water 
potential have been Studied in a variety of plants. It is 
known, for example, that increasing levels of alcohol dehy 
drogenase can confer enhances flooding resistance in plants. 
There are also Several possible mechanisms to enhance plant 
Salt tolerance. For example, one mechanism underlying the 

0131 The attached tables disclose exemplary oligonucle 
otide base Sequences which can be used to generate Site 
Specific mutations that confer StreSS tolerance in plants. 

TABLE 1.7 

Genome-Altering Oligos Conferring Stress Tolerance 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

Salt Tolerance CGTCTTTTTGTGTGGTAGTTGGATGTGACGGTTGCTCAAATGCTT 893 
P5CS GTGACCGATAGCAGTGCTAGAGATAAGGATTTCAGGAAGCAACTT 
Arabidopsis thaliana AGTGAAACTGTCAAAGCGATGCTGAGGATGA 
Phel28Ala TCATCCTCAGCATCGCTTTGACAGTTTCACTAAGTTGCTTCCTGAA 894 

TTT-GCT ATCCTTATGTCTAGCACTGCTATCGGTCACAAGCATTTGAGCAACC 
GTCACATCCAACTACCACACAAAAAGACG 

ATAGCAGTGCTAGAGAT 895 
ATCTCTAGCACTGCTAT 896 
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TABLE 1.7-continued 

Genome-Altering Oligos Conferring Stress Tolerance 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

Salt Tolerance GAGAGTATGTTTGACCAGCTGGATGTGACGGCTGCTCAGCTGCTG 897 
P5CS 1 GTGAATGACAGTAGTGCCAGAGACAAGGAGTTCAGGAAGCAACTT 
Brassica napus AATGAGACAGTGAAGTCCATGCTTGATTTGA 
Phel28Ala TCAAATCAAGCATGGACTTCACTGTCTCATTAAGTTGCTTCCTGAA 898 
TTC-GCC CTCCTTGTCTCTGGCACTACTGTCATTCACCAGCAGCTGAGCAGC 

CGTCACATCCAGCTGGTCAAACATAGTGTC 

ACAGTAGTGCCAGAGAC 899 
GTCTCTGGCACTACTGT 9 OO 

Salt Tolerance GAGACTATGTTTGACCAGATGGATGTGACGGTGGCTCAAATGCTG 901 
P505 2 GTGACTGATAGCAGTGTCAGAGATAAGGATTTCAGGAAGCAACTT 
Brassica napus AGTGAGACAGTCAAAGCTATGCTGAAAATGA 
Phel29Ala TCATTTTCAGCATAGCTTTGACTGTCTCACTAAGTTGCTTCCTGAA 9 O2 
TTC-GCC ATCCTTATCTCTGAcACTGCTATCAGTCACCAGCATTTGAGCCACC 

GTCACATCCATCTGGTCAAACATAGTCTC 

ATAGCAGTGTCAGAGAT 9 O3 
ATCTCTGACACTGCTAT 904 

Salt Tolerance GATATGTTGTTTAACCAACTGGATGTCTCGTCATCTCAACTTCTTG 9 O5 
P5GS TCACCGACAGTGATGCTGAGAACCCAAAGTTCCGGGAGCAACTCA 
Oryza sativa CTGAAACTGTTGAGTCATTATTAGATCTTA 
Phel28Ala TAAGATCTAATAATGACTCAACAGTTTCAGTGAGTTGCTCCCGGAA 9 O6 
TTT-GCT CTTTGGGTTCTCAGCATCACTGTCGGTGACAAGAAGTTGAGATGA 

CGAGACATCCAGTTGGTTAAACAACATATC 

ACAGTGATGCTGAGAAC 9. Of 
GTTCTCAGCATCACTGT 9 O8 

Salt Tolerance GATATTTTGTTTAGTCAGCTGGATGTGACACTGCTCAGCTTCTTG 9 O9 

P5CS TTACTGACAATGATGCTAGAGACCAAGATTTTAGAAAGCAACTTTC 
Medicago sativa TGAAACTGTGAGATCACTTCTAGCACTAA 
Phel28Ala TTAGTGCTAGAAGTGATCTCACAGTTTCAGAAAGTTGCTTTCTAAA 910 
TTT-GCT ATCTTGGTCTCTAGCATCATTGTCAGTAAGAAGAAGCTGAGCAGAT 

GTCACATCCAGCTGACTAAACAAAATATC 

ACAATGATGCTAGAGAC 911 
GTCTCTAGCATCATTGT 912 

Salt Tolerance GATACATTGTTTAGTCAGCTGGATGTGACATCAGCTCAGCTACTC 913 
P5CS GTTACTGATAATGATGCTAGGGATCCAGAATTCAGGAAGCAACTT 
Actinidia deliciosa ACTGAAACTGTAGAATCACTATTGAATTTGA 
Phel28Ala TCAAATTCAATAGTGATTCTACAGTTTCAGTAAGTTGCTTCCTGAAT 914 
TTT-GCT TCTGGATCCCTAGCATCATTATCAGTAACGAGTAGCTGAGCTGAT 

GTCACATCCAGCTGACTAAACAATGTATC 

ATAATGATGCTAGGGAT 915 
ATCCCTAGCATCATTAT 916 

Salt Tolerance GACACACTCTTCAGTCAACTGGATGTGACATCAGCACAGCTTCTT 917 
P5CS GTAACAGATAATGACGCCAGAAGTCCAGAATTTAGAAAACAACTTA 
Cichorium intybus CTGAAACAGTCGATTCTTTATTATCTTATA 
Phel22Ala TATAAGATAATAAAGAATCGACTGTTTCAGTAAGTTGTTTTCTAAAT 918 
TTC-GCC TCTGGACTTCTGGCGTCATTATCTGTTACAAGAAGCTGTGCTGAT 

GTCACATCCAGTTGACTGAAGAGTGTGTC 

ATAATGACGCCAGAAGT 919 
ACTTCTGGCGTCATTAT 92.0 

Salt Tolerance GATTCTTTGTTCAGTCAGTTGGATGTGACACAGCTCAGCTTCTGG 921 

P5CS TGACTGATAATGACGCTAGAGATCCAGATTTTAGGAGACAACTCA 
Lycopers icon ATGACACAGTAAATTCGTTGCTTTCTCTAA 
esculentum TTAGAGAAAGCAACGAATTTACTGTGTCATTGAGTTGTCTCCTAAA 922 

Phel2BAla ATCTGGATCTCTAGCGTCATTATCAGTCACCAGAAGCTGAGCTGA 
TTT-GCT TGTCACATCCAACTGACTGAACAAAGAATC 

ATAATGACGCTAGAGAT 923 
ATCTCTAGCGTCATTAT 924 

Salt Tolerance GATACCATGTTCAGCCAGCTTGATGTGACTTCTTCCCAACTTCTTG 925 

P5CS TGAATGATGGATTTGCTAGGGATGCTGGCTTCAGAAAACAACTTT 
Vigna unguiculata CGGACACAGTGAACGCGTTATTAGATTTAA 
Phel62Ala TTAAATCTAATAACGCGTTCACTGTGTCCGAAAGTTGTTTTCTGAA 926 

TTT-GCT GCCAGCATCCCTAGCAAATCCATCATTCACAAGAAGTTGGGAAGA 
AGTCACATCAAGCTGGCTGAACATGGTATC 
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TABLE 1.7-continued 

Genome-Altering Oligos Conferring Stress Tolerance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

precursor 
Arabidopsis thaliana 
Arg7Term 
CGA-TGA 

Freezing Tolerance 
proline oxidase 
precursor 
Arabidopsis thaliana 
Arg13Term 
CGA-TGA 

Freezing Tolerance 
praline oxidase 
precursor 
Arabidopsis thaliana 
Tyr15Term 
TAG-TAG 

Freezing Tolerance 
praline oxidase 
precursor 
Arabidopsis thaliana 
Leu17Term 
TTA-TAA 

Freezing Tolerance 
proline oxidase 
precursor 
Arabidopsis thaliana 
Gly42Term 
GGA-TGA 

Lead Tolerance 
cyclic nucleotide 
regulated ion channel 
Arabidopsis thaliana 
Arg4 Term 
CGA-TGA 

Lead Tolerance 
cyclic nucleotide 
regulated ion channel 
Arabidopsis thaliana 
Gln5Term 
CAA-TAA 

Lead Tolerance 
cyclic nucleotide 
regulated ion channel 
Arabidopsis thaliana 
GluéTerm 
GAG-TAG 

Altering Oligos 

CCGCTTTTAGCCCGGTGGGTCCTCCCA 
TGGGAGGACCCACCGGGCTAAAAGCGGGTAAACGGTAAGATCGC 

GGGATAAAGTTTGTTCAGAGAAGACGGGTTGCCATAAAATTCAAA 
GATTTTGTTTTTGAAAACGAAAACAAAAAAAA 

GTCTTCTCTGAACAAAC 
GTTTGTTCAGAGAAGAC 

TCAAAAACAAAATCTTTGAATTTTATGGCAACCCGTCTTCTCAGAA 

CAAACTTTATCCGGTGATCTTACCGTTTAccCGCTTTTAGCCCGGT 
GGGTCCTCCCACCGTGACTGCTTCCACCG 
CGGTGGAAGCAGTCACGGTGGGAGGACCCAGCGGGCTAAAAGC 

GGGTAAACGGTAAGATCACCGGATAAAGTTTGTTCTGAGAAGACG 
GGTTGCCATAAAATTCAAAGATTTTGTTTTTGA 

TTATCCGGTGATCTTAC 
GTAAGATCACCGGATAA 

AAAATCTTTGAATTTTATGGCAACCCGTCTTCTCCGAACAAACTTT 

ATCCGGCGATCTTAGCGTTTACCCGCTTTTAGCCCGGTGGGTCCT 
CCCACCGTGACTGCTTCCACCGCCGTCGTC 
GACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGG 

CTAAAAGCGGGTAAACGCTA AGATCGCCGGATAAAGTTTGTTCGG 
AGAAGAGGGGTTGCCATAAAATTCAAAGATTTT 

CGATCTTAGCGTTTACC 
GGTAAACGCTAAGATCG 

CTTTGAATTTTATGGCAACCCGTCTTCTCCGAACAAACTTTATCCG 

GCGATCTTACCGTTAACCCGCTTTTAGCCCGGTGGGTCCTCCCAC 
CGTGACTGCTTCCACCGCCGTCGTCCCGGA 
TCCGGGACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCA 

CCGGGCTAAAAGCGGGTTAACGGTAAGATCGGCGGATAAAGTTT 
GTTCGGAGAAGACGGGTTGCCATAAAATTCAAAG 

TTACCGTTAACCCGCTT 
AAGCGGGTTAACGGTAA 

CCGGTGGGTCCTCCCACCGTGACTGCTTCCAGCGCCGTGGTCCC 

GGAGATTCTCTCCTTTTGACAACAAGCACCGGAACCACCTCTTCA 
CCACCCAAAACCCACCGAGCAATCTCACGATG 
CATCGTGAGATTGCTCGGTGGGTTTTGGGTGGTGAAGAGGTGGT 

TCCGGTGCTTGTTGTCAAAAGGAGAGAATCTCCGGGACGACGGC 
GGTGGAAGCAGTCACGGTGGGAGGACCCACCGG 

TCTCCTTTTGACAACAA 
TTGTTGTCAAAAGGAGA 

ACATGAAGCAGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCT 

AAACTATGAATTTCTGACAAGAGAAGTTTGTAAGGTCAGTGTTCCA 
GATTTGTCTCATTGAATTCTAAGTCGTGA 
TCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACCTTAC 

AAACTTCTCTTGTCAGAAATTCATAGTTTGAGACTAATAAGATTCAA 
TACAAACAGAGATTTCACTGCTTCATGT 

TGAATTTCTGACAAGAG 
CTCTTGTCAGAAATTCA 

TGAAGCAGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAA 

CTATGAATTTCCGATAAGAGAAGTTTGTAAGGTCAGTGTTCCAGAT 
TTGTCTCATTGAATTCTAAGTCGTGAAGC 
GCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACCT 

TACAAACTTCTCTTATCGGAAATTCATAGTTTGAGACTAATAAGATT 
CAATACAAACAGAGATTTCACTGCTTCA 

ATTTCCGATAAGAGAAG 
CTTCTCTTATCGGAAAT 

AGCAGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAACTAT 

GAATTTCCGACAATAGAAGTTTGTAAGGTCAGTGTTCCAGATTTGT 
CTCATTGAATTCTAAGTCGTGAAGCTTA 
TAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGA 

CCTTACAAACTTCTATTGTCGGAAATTCATAGTTTGAGACTAATAA 
GATTCAATACAAACAGAGATTTCACTGCT 

TCCGACAATAGAAGTTT 
AAACTTCTATTGTCGGA 

990 

991 
992 

993 

994 

995 
996 

997 

998 

999 
OOO 

OO1 

OO2 

OO6 

O OF 

OO 9 
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TABLE 1.7-continued 

Genome-Altering Oligos Conferring Stress Tolerance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Lead Tolerance 
cyclic nucleotide 
regulated ion channel 
Arabidopsis thaliana 
Lys7Term 
AAG-TAG 

Lead Tolerance 
cyclic nucleotide 
regulated ion channel 
Arabidopsis thaliana 
Gln12Term 
CAA-TAA 

Lead Tolerance 
cyclic nucleotide 
gated calmodulin 
binding ion channel 
(CBP4) 
Nicotiana Tabacum 
Gln5Term 
CAA-TAA 

Lead Tolerance 
cyclic nucleotide 
gated calmodulin 
binding ion channel 
(CBP4) 
Nicotiana Tabacum 
Gly7Term 
GAG-TAG 

Lead Tolerance 
cyclic nucleotide 
gated calmodulin 
binding ion channel 
(CBP4) 
Nicotiana Tabacum 
Gln12Term 
CAG-TAG 

Lead Tolerance 
cyclic nucleotide 
gated calmodulin 
binding ion channel 
(CBP4) 
Nicotiana Tabacum 
Trp14 Term 

Lead Tolerance 

cyclic nucleotide 
gated calmodulin 
binding ion channel 
(CBP4) 
Nicotiana Tabacum 
Lys15Term 
AAA-TAA 

Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Glu2Term 
GAA-TAA 

Altering Oligos 

AGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAACTATGAA 

TTTCCGACAAGAGTAGTTTGTAAGGTCAGTGTTCCAGATTTGTCTC 
ATTGAATTCTAAGTCGTGAAGCTTAATT 
AATTAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACAC 

TGACCTTACAAACTACTCTTGTCGGAAATTCATAGTTTGAGACTAA 
TAAGATTCAATACAAACAGAGATTTCACT 

GACAAGAGTAGTTTGTA 
TACAAACTACTCTTGTC 

CATTGAATTCTAAGTCGTGAAGCTTAATTCGATTCTTCTTCACTTTC 

TCGGATCAGGTTTTAAGATTGGAAGTCGGATAAGACTTCCTCCGA 
CGTGGAATATTCCGGTAAAAACGAGATTC 
GAATCTCGTTTTTACCGGAATATTCCACGTCGGAGGAAGTCTTATC 

CGACTTCCAATCTTAAAACCTGATCCGAGAAAGTGAAGAAGAATC 
GAATTAAGCTTCACGACTTAGAATTCAATG 

TCAGGTTTTAAGATTGG 
CCAATCTTAAAACCTGA 

TGGAAGTCAATCCCCCACGTTGAGCAGGTTGATGCATTGGGTAAA 

GTTATGAATCACCGCTAAGACGAGTTTGTGAGGTTTCAGGATTGG 
AAATCAGAGAGAAGCTCTGAGGGAAATTTTC 
GAAAATTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTGAAACCT 

CACAAACTCGTCTTAGCGGTGATTCATAACTTTAGCCAATGCATCA 
ACCTGCTCAACGTGGGGGATTGACTTCCA 

ATCACCGCTAAGACGAG 
CTCGTCTTAGCGGTGAT 

TCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAAGTTATG 

AATCACCGCCAAGACTAGTTTGTGAGGTTTCAGGATTGGAAATCA 
GAGAGAAGCTCTGAGGGAAATTTTCATGCTA 
TAGCATGAAAATTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTG 

AAACCTCACAAACTAGTCTTGGCGGTGATTCATAACTTTAGCCAAT 
GCATCAACCTGCTCAACGTGGGGGATTGA 

GCCAAGACTAGTTTGTG 
CACAAACTAGTCTTGGC 

GAGCAGGTTGATGCATTGGCTAAAGTTATGAATCACCGCCAAGAC 

GAGTTTGTGAGGTTTTAGGATTGGAAATCAGAGAGAAGCTCTGAG 
GGAAATTTTCATGCTAAAGGTGGAGTCCACC 
GGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAGCTTCTCTC 

TGATTTCCAATCCTAAAACCTCACAAACTCGTCTTGGCGGTGATTC 
ATAACTTTAGCCAATGCATCAACCTGCTC 

TGAGGTTTTAGGATTGG 
CCAATCCTAAAACCTCA 

TGATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAGTTTGT 

GAGGTTTCAGGATTGTAAATCAGAGAGAAGCTCTGAGGGAAATTT 
TCATGCTAAAGGTGGAGTCCACCGAAGTAAA 
TTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAG 

CTTCTCTCTGATTTACAATCCTGAAACCTCACAAACTCGTCTTGGC 
GGTGATTCATAACTTTAGCCAATGCATCA 

CAGGATTGTAAATCAGA 
TCTGATTTACAATCCTG 

GATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAGTTTGTG 

AGGTTTCAGGATTGGTAATCAGAGAGAAGCTGTGAGGGAAATTTT 
CATGCTAAAGGTGGAGTCCACCGAAGTAAAG 
CTTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGA 

GCTTCTCTCTGATTACCAATCCTGAAACCTCACAAACTCGTCTTGG 
CGGTGATTCATAACTTTAGCCAATGCATC 

AGGATTGGTAATCAGAG 
CTCTGATTACCAATCCT 

CTTGAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGG 

TGGAGATAATGATGTAAAGAGAGGACAGATATGTTAGATTTCAGG 
ACTGCAAATCAGAGCAATCTGTTATCTCAG 
CTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATGTAACATA 

TCTGTCCTCTCTTTACATCATTATCTCCACCAGGCGAACAGTTAGC 
AGCTA AGAGTGGTAGATCAATTCTTCAAG 

O22 

O23 
O24 

O25 

O26 

O27 
O28 

O29 

O31 

O38 

O 41 

O 42 

O43 
04 4 

Dec. 25, 2003 



US 2003/0236208A1 
54 

TABLE 1.7-continued 

Genome-Altering Oligos Conferring Stress Tolerance 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Arg3 Term 
AGA-TGA 

Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Glu4Term 
GAG-TAG 

Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Argé Term 
AGA-TGA 

Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Tyr7Term 
TAT-TAG 

2, 4-DB resistance 
3-ketoacyl-CoA 
thiolase 
Arabidopsis thaliana 
Glu2Term 
GAG-TAG 

2, 4-DB resistance 
3-ketoacyl-CoA 
thiolase 
Arabidopsis thaliana 
Lys3Term 
AAA-TAA 

2, 4-DB resistance 
3-ketoacyl-CoA 
thiolase 
Arabidopsis thaliana 
GluéTerm 
GAG-TAG 

2, 4-DB resistance 
3-ketoacyl-CoA 
thiolase 
Arabidopsis thaliana 
Arg7Term 

Altering Oligos 

TAATGATGTAAAGAGAG 
CTCTCTTTACATCATTA 

GAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTG 

GAGATAATGATGGAATGAGAGGACAGATATGTTAGATTTCAGGAC 
TGCAAATCAGAGCAATCTGTTATCTCAGAGA 
TCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAAC 

ATATCTGTCCTCTCATTCCATCATTATCTCCACCAGGCGAACAGTT 
AGCAGCTAAGAGTGGTAGATCAATTCTTC 

TGATGGAATGAGAGGAC 
GTCCTCTCATTCCATCA 

GAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAG 

ATAATGATGGAAAGATAGGACAGATATGTTAGATTTCAGGACTGC 
AAATCAGAGCAATCTGTTATCTCAGAGAACG 
CGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCT 

AACATATCTGTCCTATCTTTCCATCATTATCTCCACCAGGCGAACA 
GTTAGCAGCTAAGAGTGGTAGATCAATTC 

TGGAAAGATAGGACAGA 
TCTGTCCTATCTTTCCA 

ATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATG 

ATGGAAAGAGAGGACTGATATGTTAGATTTCAGGACTGCAAATCA 
GAGCAATCTGTTATCTCAGAGAACGCAGTTT 
AAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTG 

AAATCTAACATATCAGTCCTCTCTTTCCATCATTATCTCCACCAGG 
CGAACAGTTAGCAGCTAAGAGTGGTAGAT 

GAGAGGACTGATATGTT 
AACATATCAGTCCTCTC 

CCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATGATGGA 

AAGAGAGGACAGATAGGTTAGATTTCAGGAGTGCAAATCAGAGCA 
ATCTGTTATCTCAGAGAACGCAGTTTCACCA 
TGGTGAAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCA 

GTCCTGAAATCTAACCTATCTGTCCTCTCTTTCCATCATTATCTCCA 
CCAGGCGAACAGTTAGCAGCTAAGAGTGG 

GACAGATAGGTTAGATT 
AATCTAACCTATCTGTC 

ATCCTTCTCTGAGAAAAAACAACAGATCCGAATTTTATCTTTAATCA 

GCCGGAAAAAATGTAGAAAGCGATCGAGAGACAACGCGTTCTTCT 
TGAGCATCTCCGACCTTCTTCTTCTTCTT 
AAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGTTGT 

CTCTCGATCGCTTTCTACATTTTTTCCGGCTGATTAAAGATAAAATT 
CGGATCTGTTGTTTTTTCTCAGAGAAGGAT 

AAAAAATGTAGAAAGCG 
CGCTTTCTACATTTTTT 

CTTCTCTGAGAAAAAACAACAGATCCGAATTTTATCTTTAATCAGC 

CGGAAAAAATGGAGTAAGCGATCGAGAGACAACGCGTTCTTCTTG 
AGCATCTCCGACCTTCTTCTTCTTCTTCGC 
GCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGT 

TGTCTCTCGATCGCTTACTCCATTTTTTCCGGCTGATTAAAGATAA 
AATTCGGATCTGTTGTTTTTTCTCAGAGAAG 

AAATGGAGTAAGCGATC 
GATCGCTTACTCCATTT 

GAAAAAACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAA 

TGGAGAAAGCGATCTAGAGACAACGCGTTCTTCTTGAGCATCTCC 
GACCTTCTTCTTCTTCTTCGCACAATTACG 
CGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGA 

AGAACGCGTTGTCTCTAGATCGCTTTCTCCATTTTTTCCGGCTGAT 
TAAAGATAAAATTCGGATCTGTTGTTTTTTC 

AAGCGATCTAGAGACAA 
TTGTCTCTAGATCGCTT 

AAAACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAATGG 

AGAAAGCGATCGAGTGACAACGCGTTCTTCTTGAGCATCTCCGAC 
CTTCTTCTTCTTCTTCGCACAATTACGAGG 
CCTCGTAATTGTGGGAAGAAGAAGAAGAAGGTCGGAGATGCTCAA 

GAAGAACGCGTTGTCACTCGATCGCTTTCTCCATTTTTTCCGGCT 

O 60 

O 61 

O 62 

O 63 
O 64 

O 65 

O 66 

O 67 
O 68 

O 69 

OFO 
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Genome-Altering Oligos Conferring Stress Tolerance 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

CTCATCAGAAACGCAA 75 
TTGCGTTTACTGATGAG 76 

2, 4 DB resistance CTTTTGCCGCTTGGATTCTTCCAAGGTTAGTGAGCTGCTATGGCA 77 
Pex14 ACTCATCAGCAAACGAACCTCCTTCCGATTTTCCCGCTCTTGCCG 

Arabidopsis thaliana ATGAAAATTCCGAGATTCCAGGTTCAATTT 
Glin8Term AAATTGAACCTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAA 78 
CAA-TAA AATCGGAAGGAGGTTACGTTTGCTGATGAGTTGCCATAGCAGCTC 

ACTAACCTTGGAAGAATCCAAGCGGCAAAAG 
AGCAAACGAACCTCCT 79 
AGGAGGTTACGTTTGCT 8O 

2, 4 DB resistance GCTGCTATGGCAACTGATGAGCAAACGCAACCTCCTTCCGATTTT 81 
Pex14 CCCGCTCTTGCCGATAAAATTCCCAGATTCCAGGTTCAATTTACA 

Arabidopsis thaliana CCTTCTAATCATTATTTCTTAATTTTTCTT 
Glu19Term AAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATTGAACCTGG 82 
GAA-TAA AATCTGGGAATTTTAATCGGCAAGAGCGGGAAAATCGGAAGGAG 

GTTGCGTTTGCTGATGAGTTGCCATAGCAGC 
TTGCCGATAAAATTCC 83 
GGAATTTTAATCGGCAA 84 

2, 4 DB resistance GCAACTCATCAGCAAACGCAACCTCCTTCCGATTTTCCCGCTCTT 85 
Pex14 GCCGATGAAAATTCCAGATTCCAGGTTCAATTTACACCTTCTAAT 

Arabidopsis thaliana CATTATTTCTTAATTTTTCTTTGGTGGATT 
Gln22Term AATCCACCAAAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAAT 86 
CAG-TAG TGAACCTGGAATCTAGGAATTTTCATCGGCAAGAGCGGGAAAATC 

GGAAGGAGGTTGCGTTTGCTGATGAGTTGC 
AAAATTCCAGATTCCA 87 
TGGAATCTAGGAATTTT 88 

EXAMPLE 8 realized when it is efficiently converted into chemical energy 

Production of Albino Mutants for the Analysis of 
Photosynthetic Processes 

0132 Plant productivity is limited by resources available 
and the ability of plants to harneSS these resources. The 
conversion of light to chemical energy, which is then used to 
Synthesize carbohydrates, fatty acids, Sugars, amino acids 
and other compounds, requires a complex System which 
combines the light harvesting apparatus of pigments and 
proteins. The value of light energy to the plant can only be 

by photosynthesis and fed into various biochemical pro 
cesses. Significant effort has therefore been directed at 
Studying photosynthetic processes in plants in order to 
improve productivity and/or the efficiency of photosynthe 
Sis. The analysis of the photosynthetic proceSS is Substan 
tially aided by the ability to produce albino plants. 

0133. The attached table discloses exemplary oligonucle 
otide base Sequences which can be used to generate Site 
Specific mutations in genes involved in Starch metabolism. 

TABLE 1.8 

Oligonucleotides to produce albino plants 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

White leaves 
Immutans 

Arabidopsis thaliana 
Ser5Term 
TCA-TGA 

White leaves 
Immutans 

Arabidopsis thaliana 

SEQ ID 
Altering Oligos NO 

TTCTTTCCTGTGAAATTATCTGCTCAAATCTTTGGTTCCTGACGGAG 11.89 

ATGGCGGCGATTTGAGGCATCTCCTCTGGTACGTTGACGATTTCA 
CGGCCTTTGGTTACTCTTCGACGCTCTAG 

CTAGAGCGTCGAAGAGTAACCAAAGGCCGTGAAATCGTCAACGTA 11.90 

CCAGAGGAGATGCCTCAAATCGCCGCCATCTCCGTCAGGAACCAA 
AGATTTGAGCAGATAATTTCACAGGAAAGAA 

GGCGATTTGAGGCATCT 1.191 
AGATGCCTCAAATCGCC 1.192 

GCTCAAATCTTTGGTTCCTGACGGAGATGGCGGCGATTTCAGGCA 11.93 

TCTCCTCTGGTACGTAGACGATTTCACGGCCTTTGGTTACTCTTCG 
ACGCTCTAGAGCCGCCGTTTCGTACAGCTC 
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Oligonucleotides to produce albino plants 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

TAT-TAG CGTAGTCGCGGTCACGCTACAGAATATCGAGTATAAAGATGACAG 
TATCCGTGAGGAATACGTTGAAGGACTGCTCG 

ATTCTGTAGCGTGACCG 1287 
CGGTCACGCTACAGAAT 1288 

EXAMPLE 9 of shifts in the overall protein profile of the grain. For 

Altering Amino Acid Content of Plants 
0134) Another aim of biotechnology is to generate plants, 
especially crop plants, with added value traits. An example 
of Such a trait is improved nutritional quality in food crops. 
For example, lysine, tryptophan and threonine, which are 
essential amino acids in the diet of humans and many 
animals, are limiting nutrients in most cereal crops. Conse 
quently, grain-based diets, Such as those based on corn, 
barley, wheat, rice, maize, millet, Sorghum, and the like, 
must be Supplemented with more expensive Synthetic amino 
acids or amino-acid-containing oilseed protein meals. 
Increasing the lysine content of these grains or of any of the 
feed component crops would result in Significant added 
value. 

0.135 Naturally occurring mutants of plants that have 
different levels of particular essential amino acids have been 
identified. However, these mutants are generally not the 
result of increased free amino acid, but are instead the result 

Genome-Altering Oligos Conferring Amino Acid Overproduction 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Met Overproduction 
CGS 

Arabidopsis thaliana 
Arg77His 
CGT-CAT 

Met Overproduction 
CGS 

Arabidopsis thaliana 
Ser81Asn 
AGC-AAC 

Met Overproduction 
CGS 

Arabidopsis thaliana 
Gly84Ser 
GGT-AGT 

example, in maize, reduced levels of lysine-deficient 
endosperm proteins (prolamines) are complemented by 
elevated levels of more lysine-rich proteins (albumins, 
globulins and glutelins). While nutritionally Superior, these 
mutants are associated with reduced yields and poor grain 
quality, limiting their agronomic usefulness. 
0.136 An alternative approach is to generate plants with 
mutations that render key amino acid biosynthetic enzymes 
insensitive to feedback inhibition. Many such mutations are 
known and mutation results in increased free amino acid. 
The increased production can optionally be coupled to 
increased expression of an abundant Storage protein com 
prising the chosen amino acid. Alternatively, a normally 
abundant protein can be engineered to contain more of the 
target amino acid. 
0.137 The attached table discloses exemplary oligonucle 
otide base Sequences which can be used to generate Site 
Specific mutations that remove feedback inhibition in plant 
amino acid biosynthetic enzymes. 

TABLE 1.9 

SEQ ID 
Altering Oligos NO 

TATCCTCCAGGATCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCT 289 

GAGCATTAAAGCCCATAGAAACTGTAGCAACATCGGTGTTGCACA 
GATCGTGGCGGCTAAGTGGTCCAACAACCC 
GGGTTGTTGGACCACTTAGCCGCCACGATCTGTGCAACACCGAT 290 

GTTGCTACAGTTTCTATGGGCTTTAATGCTCAGCTGACGGACGAA 
ATTAGGAGGAAATCTTAAGATCCTGGAGGATA 

TAAAGCCCATAGAAACT 291 
AGTTTCTATGGGCTTTA 292 

TCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGC 293 

CCGTAGAAACTGTAACAACATCGGTGTTGCACAGATCGTGGCGG 
CTAAGTGGTCCAACAACCCATCCTCCGCGTT 

AACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCCACGATCTG 2.94 

TGCAACACCGATGTTGTTACAGTTTCTACGGGCTTTAATGCTCAGC 
TGACGGACGAAATTAGGAGGAAATCTTAAGA 

AAACTGTAACAACATCG 295 
CGATGTTGTTACAGTTT 296 

TTTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAA 297 

ACTGTAGCAACATCAGTGTTGCACAGATCGTGGCGGCTAAGTGGT 
CCAACAACCCATCCTCCGCGTTACCTTCGG 

CCGAAGGTAACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCC 298 

ACGATCTGTGCAACACTGATGTTGCTACAGTTTCTACGGGCTTTAA 
TGCTCAGCTGACGGACGAAATTAGGAGGAAA 















US 2003/0236208A1 
69 

TABLE 1.9-continued 

Dec. 25, 2003 

Genome-Altering Oligos Conferring Amino Acid Overproduction 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

Glycine max CATGCTGCCCTTCACATAAACCCTTACTATG 
Ala112Thr CATAGTAAGGGTTTATGTGAAGGGCAGCATGGATTCCAACAGCAA 486 
GCC-ACC AACCCTGCTCAGTGGTATGAATTGCTTCCCTGGTGGAGTTGCTTC 

CAGTATTTCCAATAACCTTAATTTTCCCACC 

CAATTCATACCACTGAG 487 
CTCAGTGGTATGAATTG 488 

Trp Overproduction CTTGCAGGAGACATATTTCAGATCGTGCTGAGTCAACGTTTTGAG 489 
AS CGGCGAACATTTGCAAACCCCTTTGAAGTTTATAGAGCACTAAGA 
Arabidopsis thaliana GTTGTGAATCCAAGTCCGTATATGGGTTATT 
Asp341Asn AATAACCCATATACGGACTTGGATTCACAACTCTTAGTGCTCTATA 490 
GAG-AAC AACTTCAAAGGGGTTTGCAAATGTTCGCCGCTCAAAACGTTGACT 

CAGCACGATCTGAAATATGTCTCCTGCAAG 

CATTTGCAAACCCCTTT 491 
AAAGGGGTTTGCAAATG 492 

Trp Overproduction GCTGCAGGAGACATATTTCAAATCGTTTTAAGTCAACGCTTTGAGA 493 
AS GAAGAACATTTGCTAACCCATTTGAAGTGTACAGAGCATTAAGAAT 
Nicotiana tabacum TGTGAATCCAAGCCCATATATGACTTACA 
Asp326Asn TGTAAGTCATATATGGGCTTGGATTCACAATTCTTAATGCTCTGTA 494 
GAC-AAC CACTTCAAATGGGTTAGCAAATGTTCTTCTCTCAAAGCGTTGACTT 

AAAACGATTTGAAATATGTCTCCTGCAGC 

CATTTGCTAACCCATTT 495 
AAATGGGTTAGCAAATG 496 

Trp Overproduction CTAGCTGGTGACATTTTTCAAGTAGTCTTAAGCCAGCGTTTTGAGA 497 
AS GGCGTACATTTGCTAACCCCTTTGAGGTGTACCGTGCATTGCGTA 
Oryza sativa TTGTCAATCCTAGTCCTTATATGGCCTATC 
Asp323Asn GATAGGCCATATAAGGACTAGGATTGACAATACGCAATGCACGGT 498 
GAC-AAC ACACCTCAAAGGGGTTAGCAAATGTACGCCTCTCAAAACGCTGGC 

TTAAGACTACTTGAAAAATGTCACCAGCTAG 

CATTTGCTAACCCCTTT 499 
AAAGGGGTTAGCAAATG 5 OO 

Trp Overproduction CTTGCTGGTGACATATTCCAGATCGTACTAAGTCAGCGTTTTGAAA 5 O1. 
AS GGCGAACGTTCGCAAACCCATTTGAAATCTATAGATCACTGAGGA 
Ruta graveolens TTGTTAATCCAAGCCCATATATGACTTATT 
Asp354Asn AATAAGTCATATATGGGCTTGGATTAACAATCCTCAGTGATCTATA 5 O2 
GAC-AAC GATTTCAAATGGGTTTGCGAACGTTCGCCTTTCAAAACGCTGACTT 

AGTACGATCTGGAATATGTCACCAGCAAG 

CGTTCGCAAACCCATTT 503 
AAATGGGTTTGCGAACG 504 

Trp Overproduction CTGGCTGGGGACATATTCCAGCTTGTCCTAAGTCAGCGTTTTGAA 505 
AS CGGCGAACATTTGCAAATCCATTTGAAGTCTACCGAGCATTGAGA 
Catharanthus roseus ATTGTCAACCCAAGTCCATATATGACTTATT 
Asp354Asn AATAAGTCATATATGGACTTGGGTTGACAATTCTCAATGCTCGGTA 5 O6 
GAT-AAT GACTTCAAATGGATTTGCAAATGTTCGCCGTTCAAAACGCTGACTT 

AGGACAAGCTGGAATATGTCCCCAGCCAG 

CATTTGCAAATCCATTT 507 
AAATGGATTTGCAAATG 508 

EXAMPLE 10 

Production of Modified Starch in Plants 

0138 Aprincipal aim of biotechnology is the improve 
ment of crop plants for food value, agriculture, and to 
produce a range of plant-derived raw materials. Along with 
oils, fats and proteins, polysaccharides constitute the main 
raw materials derived from plants, and apart from cellulose, 
the Storage polymer Starch is the most important polysac 
charide raw material. Starch is derived from a range of 
plants, but maize is the most important cultivated plant for 
the production of Starch. 

0.139. The polysaccharide starch is a polymer made up of 
glucose molecules. However, Starch is not a homogeneous 
raw material and is, in fact, a highly complex mixture of 
various types of molecules which differ from each other, for 
example, in their degree of polymerization and in the degree 
of branching of the glucose chains. For example, amylose 
Starch is a basically non-branched polymer made up of 
C-1,4-glycosidically branched glucose molecules, and amy 
lopectin-Starch is a complex mixture of variously branched 
glucose chains. The branching results from additional C-1, 
6-glycosidic linkages. In plants from which Starch is typi 
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cally isolated, for example maize or potato, the Starch is 
approximately 25% amylose-starch and 75% amylopectin 
Starch. 

0140. In maize, various mutants in starch metabolism are 
known, for example waxy, Sugary, shrunken and opaque-2. 
In addition to producing a modified Starch, these mutations 
greatly improve grain quality in maize, and thus expand the 
use of maize not only as the food but also for the important 
industrial materials in food chemistry. It would therefore be 

70 
Dec. 25, 2003 

advantageous to be able readily to obtain mutants in these 
genes in particular maize genotypes as well as other plants. 
Such plants can be obtained, for example, using traditional 
breeding methods and through Specific genetic modification 
by means of recombinant DNA techniques. 

0.141. The attached tables disclose exemplary oligonucle 
otide base Sequences which can be used to generate Site 
Specific mutations in genes involved in Starch metabolism. 

TABLE 2.0 

Genome-Altering Oligos Conferring Increased Starch 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Increased Starch 
ADPGPP 
Arabidopsis thaliana 
Ala99Lys 
GCA-AAA 

Increased Starch 
ADPGPP 
Arabidopsis thaliana 
Pro127Leu 
CCA-CTA 

Increased Starch 
ADPGPP 
Arabidopsis thaliana 
Gly162Asn 
GGA-AAT 

Increased Starch 
ADPGPP 
Arabidopsis thaliana 
Gly162Asn 
GGA-AAC 

Increased Starch 
ADPGPP 
Arabidopsis thaliana 
Asn100Lys 
AAT-AAA 

Increased Starch 
ADPGPP 
Arabidopsis thaliana 
Pro128Leu 

Increased Starch 
ADPGPP 

Arabidopsis thaliana 

SEQ ID 
Altering Oligos NO 

GAACTTGAGACTGAGAAAAGGGATCCAAGGACAGTTGCTTCCATT 509 

ATTCTTGGAGGTGGAAAAGGAACTCGACTCTTTCCTCTCACAAAA 
CGCCGCGCCAAGCCTGCCGTTCCTATCGGGG 
CCCCGATAGGAACGGCAGGCTTGGCGCGGCGTTTTGTGAGAGGA 510 

AAGAGTCGAGTTCCTTTTCCACCTCCAAGAATAATGGAAGCAACT 
GTCCTTGGATCCCTTTTCTCAGTCTCAAGTTC 

GAGGTGGAAAAGGAACT 511 
AGTTCCTTTTCCACCTC 512 

CAAAACGCCGCGCCAAGCCTGCCGTTCCTATCGGGGGAGCCTAT 513 

AGGTTGATAGATGTACTAATGAGCAATTGTATTAACAGCGGAATCA 
ACAAAGTCTACATACTCACACAATATAACTC 
GAGTTATATTGTGTGAGTATGTAGACTTTGTTGATTCCGCTGTTAA 514 

TACAATTGCTCATTAGTACATCTATCAACCTATAGGCTCCCCCGAT 
AGGAACGGCAGGCTTGGCGCGGCGTTTTG 

AGATGTACTAATGAGCA 515 
TGCTCATTAGTACATCT 516 

TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 517 

TTACAACTCCAATAATCTTGGCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 
GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 518 

TCTCCAAAGCCAAGATTATTGGAGTTGTAAGCACGGGGTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 

CTCCAATAATCTTGGCT 519 
AGCCAAGATTATTGGAG 52O 

TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 521 

TTACAACTCCAATAACCTTGGCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 
GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 522 

TCTCCAAAGCCAAGGTTATTGGAGTTGTAAGCACGGGCTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 

CTCCAATAACCTTGGCT 523 
AGCCAAGGTTATTGGAG 524 

GTTTGAGAGAAGAAAGGTAGACCCGCAAAATGTGGCTGCAATCAT 525 

TCTAGGAGGAGGCAAAGGAGCTAAACTCTTCCCTCTTACAATGAG 
AGCCGCAACACCAGCTGTAAATATTCATCTT 
AAGATGAATATTTACAGCTGGTGTTGCGGCTCTCATTGTAAGAGG 526 

GAAGAGTTTAGCTCCTTTGCCTCCTCCTAGAATGATTGCAGCCAC 
ATTTTGCGGGTCTACCTTTCTTCTCTCAAAC 

GGAGGCAAAGGAGCTAA 527 
TTAGCTCCITTGCCTCC 528 

CTTGTGTCTTCAAATTATGTTAGGTTCCTGTTGGTGGATGCTACAG 529 

GCTGATCGATATCCTGATGAGTAACTGTATTAACAGCTGCATCAAC 
AAGATATTTGTGCTGACACAGTTCAA.C.T.C 
GAGTTGAACTGTGTCAGCACAAATATCTTGTTGATGCAGCTGTTAA 530 

TACAGTTACTCATCAGGATATCGATCAGCCTGTAGCATCCACCAA 
CAGGAACCTAACATAATTTGAAGACACAAG 

CGATATCCTGATGAGTA 531 
TACTCATCAGGATATCG 532 

TGACACAGTTCAACTCAGCTTCCCTTAATCGACATTTAGCACGAAC 533 
TTATTTTGGGAATAAATAAACTTTGGAGGTGGTTTCGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 
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TABLE 2 O-continued 

Genome-Altering Oligos Conferring Increased Starch 

Phenotype, Gene, 
Plant & Targeted SEQ ID 
Alteration Altering Oligos NO 

Increased Starch TATTTGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 689 
ADPGPP GCTGGGTGGTGGTAACGGGACTCGCCTCTTTCCTCTTACTAGCAG 
Beta vulgaris GAGAGCTAAGCCAGCAGTGCCAATTGGAGG 
Ala88Lys CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 690 
GCT-AAC AAGAGGCGAGTCCCGTTACCACCACCCAGCACAATTGCAGCCAC 

ATTTTTTGGGTCAGCTTTTGGAGATTCAAAA 

TGGTGGTAACGGGACTC 691 
GAGTCCCGTTACCACCA 692 

Increased Starch CTAGCAGGAGAGCTAAGCCAGCAGTGCCAATTGGAGGGTGTTAC 693 
ADPGPP AGGCTGATTGATGTGCTTATGAGCAACTGCATCAACAGTGGCATT 
Beta vulgaris AGAAAGATTTTCATTCTTACCCAGTTCAATTC 
Pro126Leu GAATTGAACTGGGTAAGAATGAAAATCTTTCTAATGCCACTGTTGA 694 

CCT-CTT TGCAGTTGCTCATAAGCACATCAATCAGCCTGTAACACCCTCCAA 
TTGGCACTGCTGGCTTAGCTCTCCTGCTAG 

TGATGTGCTTATGAGCA 695 
TGCTCATAAGCACATCA 696 

Increased Starch CCCAGTTCAATTCGTTTTCGCTTAATCGTCATCTTGCTCGAACCTA 697 
ADPGPP TAATTTTGGAGATAATGTGAATTTTGGGGATGGCTTTGTGGAGGTT 
Beta vulgaris TTTGCTGCTACACAAACACCTGGAGAATC 
Gly162Asn GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 698 
GGT-AAT TCCCCAAAATTCACATTATCTCCAAAATTATAGGTTCGAGCAAGAT 

GACGATTAAGCGAAAACGAATTGAACTGGG 

TGGAGATAATGTGAATT 699 
AATTCACATTATCTCCA 7 OO 

Increased Starch CCCAGTTCAATTCGTTTTCGCTTAATCGTCATCTTGCTCGAACCTA 701 

ADPGPP TAATTTTGGAGATAACGTGAATTTTGGGGATGGCTTTGTGGAGGT 
Beta vulgaris TTTTGCTGCTACACAAACACCTGGAGAATC 
Gly162Asn GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 7 O2 
GGT-AAC TCCCCAAAATTCACGTTATCTCCAAAATTATAGGTTCGAGCAAGAT 

GACGATTAAGCGAAAACGAATTGAACTGGG 

TGGAGATAACGTGAATT 703 
AATTCACGTTATCTCCA 704 

0142) 

TABLE 21 

Oligonucleotides to produce plants with waxy starch 

Phenotype, Gene, 
Plant & Targeted SEO ID 
Alteration Altering Oligos NO: 

Waxy starch GAATCCAGGTAAACGGGTAGTTCAT. 705 
AATGGCAACTGTGACTGCTT 

GBSS CTTCTAACTTTGTGT 
GAAGAACTTCACTTTTCAACAATCATGGTGCT 

Arabidopsis thaliana TCTTCATGCTCTGATGTCGCTCAGATTAC 
Ser12Term GTAATCTGAGCGACATCAGAGCATGAA- 7O6 

GAAGCACCATGATTGTTG 
TCA-TGA AAAAGTGAAGTTCTT 

CACACAAAGTTAGAAGAAGCAGTCACAGTTG 
CCATTATGAACTACCCGTTTACCTGGATTC 
CTTTGTGTGAAGAACTT 707 
AAGTTCTTCACACAAAG 708 

Waxy starch ATCCAGGTAAACGGGTAGTTCATAATG- 709 
GCAACTGTGACTGCTTCTT 

GBSS CTAACTTTGTGTCA 
TGAACTTCACTTTTCAACAATCATGGTGCTTCT 

Arabidopsis thaliana TCATGCTCTGATGTCGCTCAGATTACCT 
Arg13Term AGGTAATCTGAGCGACATCAGAGCAT 710 

GAAGAAGCACCATGATTGT 
AGA-TGA TGAAAAGTGAAGTTC 

ATGACACAAAGTTAGAAGAAGCAGTCACAGT 
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Oligonucleotides to produce plants with waxy starch 

Phenotype, Gene, 
Plant & Targeted 
Alteration 

Waxy starch 

GBSS 

Astragalus 
membranaeuS 

Gln19Term 

CAG-TAG 

Waxy starch 

GBSS 

Soianum tuberosum 
Ser7Term 

TCA-TGA 

Waxy starch 

GBSS 

Soianum tuberosum 
Ser12Term 

TCA-TGA 

Waxy starch 

GBSS 

Soianum tuberosum 
Arg13Term 

AGA-TGA 

Waxy starch 

GBSS 

Soianum tuberosum 
Gln15Term 

CAA-TAA 

Waxy starch 

80 

TABLE 21-continued 

Altering Oligos 

TCACCGTTGCCATTCTGTGAGAGAGCAGT 
AGCGCGTGATTCAATTC 
GAATTGAATCACGCGCT 

CACAGAATGGCAACGGTGACGGGGTCT 
TATGTGGTGTCGAGAAG 
CGCGTGGTTCAATTCCTAGGGAAGAACA 
GAAGCCAAAGTGAATTC 
ACCTCAGAAGATAAATCTCAATAGCCAAGCAT 
ATGCTTGGCTATTGAGATTTATCTTCT 
GAGGTGAATTCACTTTGGCT 
TCTGTTCTTCCCTAGGAATTGAAG 
CACGCGCTTCTCGACACCACAT 
AAGACCCCGTCACCGTTGCCATTCTGTG 
TCAATTCCTAGGGAAGA 
TCTTCCCTAGGAATTGA 

TGTAGCTTGGTAGATTCCCCTTTTTGTC 
GACCACACATCACATGGC 
AAGCATCACAGCTT 
GACACCACTTTGTGTCAAGAAGCCAAACTTCA 
CTAGACACCAAATCAACCTTGTCACAGAT 
ATCTGTGACAAGGTTGATTTGGT 
GTCTAGTGAAGTTTGGCTTCTTG 
ACACAAAGTGGTGT 
CAAGCTGTGATGCTTGCCATGTGATGTGTGG 
TCTACAAAAAGGGGAATCTACCAAGCTACA 
CACAGCTTGACACCACT 
AGTGGTGTCAAGCTGTG 

TCCCCTTTTTGTAGACCACACATCA 
CATGGCAAGCATCACAGCTTC 
ACACCACTTTGTGT 
GAAGAAGCCAAACTTCACTAGACACCAAATCA 
ACCTTGTCACAGATAGGACTCAGGAACCA 
TGGTTCCTGAGTCCTATCTGTGACAAG 
GTTGATTTGGTGTCTAGTG 
AAGTTTGGCTTCTT 
CACACAAAGTGGTGTGAAGCTGTGATGCTTGC 
CATGTGATGTGTGGTCTACAAAAAGGGGA 

CTTTGTGTGAAGAAGCC 
GGCTTCTTCACACAAAG 

CCCTTTTTGTAGACCACACATCACATG 
GCAAGCATCACAGCTTCAC 
ACCACTTTGTGTCATGAAGCCAAACT 
TCACTAGACACCAAATCAAC 
CTTGTCACAGATAGGACTCAGGAACCATA 
TATGGTTCCTGAGTCCTATCTGTGA 
CAAGGTTGATTTGGTGTCTAG 
TGAAGTTTGGCTTC 
ATGACACAAAGTGGTGTGAAGCTGTGATGCTT 
GCCATGTGATGTGTGGTCTACAAAAAGGG 

TTGTGTCATGAAGCCAA 
TTGGCTTCATGACACAA 

TTGTAGACCACACATCACATGGCAAG 
CATCACAGCTTCACACCACT 
TTGTGTCAAGAAGCTAAACTTCACTAGA 
CACCAAATCAACCTTGTC 
ACAGATAGGACTCAGGAACCATACTCTGA 
TCAGAGTATGGTTCCTGAGTCCTATCT 
GTGACAAGGTTGATTTGGT 
GTCTAGTGAAGTTT 
AGCTTCTTGACACAAAGTGGTGTGAAGCTGTG 
ATGCTTGCCATGTGATGTGTGGTCTACAA 
CAAGAAGCTAAACTTCA 
TGAAGTTTAGCTTCTTG 

CCACACATCACATGGCAAGCATCA 
CAGCTTCACACCACTTTGTGTC 

SEO ID 
NO: 

779 
78O 

781 

782 

783 
784 

785 

1786 

1787 
1788 

1789 

1790 

1791 
1792 

1793 

1794 

1795 
1796 

1797 

1798 

1799 
1800 
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