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DESCRIPTION

REGULATION OF REPRESSOR GENES USING NUCLEIC ACID
MOLECULES

Backeround of the Invention

This invention relates to a novel method for the inhibition of repressor genes.
Specifically, inhibition of these repressor genes allows for the increased expression
of beneficially gene products. Increasing the expression of beneficial gene products
may be useful as therapeutic treatments for a wide range of indications.

The following is a discussion of relevant art, none of which is admitted to be

prior art to the present invention.

RNA synthesis in a biological system involves a number of regulatory steps.
For instance in a eukaryotic cell, RNA is synthesized from DNA genes via a process
termed transcription. Transcription of RNA is an exquisitely regulated process.
Transcription may be positively regulated when the RNA synthesis 1s stimulated or
negatively regulated when the RNA synthesis is inhibited. This level of RNA
synthesis regulation is facilitated by the interaction of one or more protein factors
that generally exert their effect on transcription by interacting with specific cis-
acting elements in thc gene. While, positive regulation of gene expression is far
more prevalent in eukaryotic cells, negative regulation plays an important role for
many genes. These protein factors involved in negative regulation (*“repressors’™)
generally bind to cis-acting elements, usually upstream to genes, and cause the down
regulation of that gene’s transcription into RNA (“repression”). Only when these
repressors are released from their targets can unhindered gene expression take place.
Repressors can also function via other mechanisms such as interacting with protein
factors involved in transcription thereby blocking transcription (e.g. protein-protein
interaction; modification). A number of genes have been identified in eukaryotic
systems that encode repressors. A few non-limiting examples of these repressor

genes include:
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GATA Transcription Factors: Currently 5 factors make up the human GATA family
of transcription factors: hGATA-1 (also known as Eryfl, GF-1, or NF-E1) (Trainor
et al., 1990, Nature 343, 92-96; Genbank Accession No. X17254); hGATA-2
(Dorfman et al., 1992, J. Biol. Chem. 167, 1279-1285; Genbank Accession No.
M77810); hGATA-3 (Joulin et al., 1991, EMBO J. 10, 1809-1816; Genbank
Accession No. X58072); hGATA-4 (Genbank Accession No. 1L.34357); and hGATA-
6 (Huggon et al., 1997, Biochim. Biophys. Acta 1353, 98-102; Genbank Accession
No0.X95701). The GATA element or binding region for the GATA protein is

present ~30bp upstream of the erythropoietin (Epo) gene. Transfection of QT6 cells
with hGATA-1, -2, and -3 have shown that all three factors were able to bind to the
GATA element. In addition, all three factors were shown to down regulate the
expression of Erythropoietin in Hep3B cells (Imagawa et al, 1996, Acta Haematol.
95, 248-256).

EAR3/COUP-TF-1: EAR3/COUP-TF-1 (Miyajima et al., 1988, Nucleic Acids
Research 16, 11057-11074; Genbank Accession No0.X12795) has been shown to

bind to the promoter region of Erythropoietin gene and negatively regulate its
expression. This transcription factor appears to compete with hepatic nuclear factor
4 (HNF-4) which is believed to positively regulate Epo expression (Galson et al.,
1995, Mol. Cell Biol. 15, 2135-2144).

TR2 & TR2-11 Orphan Receptors: TR2 orphan receptor (Chang et al., 1989,

Biochem. Biophys. Res. Commun. 165, 735-741; Genbank Accession Co. M29959)
and TR2-11 orphan receptor (Chang et al., supra; Genbank Accession No. M29960)
are another set of transcription factors believed to negatively regulate Epo
expression. The isolated TR2 cDNA encodes for a 603 amino acid protein with a
mass of 67 kDa. This protein is believed to bind to a 3’ enhancer region of the Epo
gene and repress the expression of Epo (Lee et al., 1996, J. Biol. Chem. 271, 10405-
10412).

CCAAT Displacement Protein (CDP): CDP (Neufeld et al., 1992, Nature Genet. 1,
50-55; Genbank Accession No. M74099) is a 180-200 kDa protein that has been

shown to negatively regulate a number of genes including gamma-globin, NCAM,
and gp91-phox gene, neutrophil collagenase, neutrophil gelatinase, and granulocyte

colony stimulating factor (G-CSF) (Khanna-Gupta et al., 1997, Blood 90, 2784-
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2795). Elevated levels of G-CSF would be beneficial for treatment during
myelosuppressive chemotherapy, AIDS, and chronic neutropenia.

Genesis: Also known as HNF-3/Forkhead, Genesis is a member of the winged helix
transcriptional regulatory family and is believed to function as a repressor gene with
activity in embryonic differentiation in drosophilia (Sutton et al., 1996, J. Biol.
Chem. 271, 23126-23133). Studies in 32D cells indicate that protein products of the
Genesis gene may inhibit G-CSF gene expression (Xu et al., 1997, Leukemia 12,
207-212). A human homolog of this gene may have the same effect in human cells
and is likely to regulate G-CSF gene expression.

Interferon regulatory Factor-2 (IRF-2): IRF-2 (Itoh et al., 1989, Nucleic Acids
Research 17, 8372; Genbank Accession No. X15949) is a member of the interferon

regulatory factors of which more than 10 members exist. IRF-2 is believed to play a
role in the regulation of expression for interferon-beta, interferon-alpha, and MHC
class I (Nguyen et. al., 1997, Cytokine & Growth Factor Reviews 8, 293-312). The
DNA binding domain of IRF-2 is located within the N-terminus of the protein.
Imagawa et al., 1997, Blood 4, 1430-1439, describes the use an antisense
phosphorothioate oligodeoxynucleotide having the sequence
CGGGCGCCACCTCCATGGCCGGCCGGGCGG to inhibit hGATA-2

transcription factor expression in Hep3B cells.

Summary Of The Invention

The invention features novel nucleic acid-based techniques (e.g., enzymatic
nucleic acid molecules, antisense nucleic acids, 2-5A antisense chimeras, triplex
DNA, antisense nucleic acids containing RNA cleaving chemical groups).

In one aspect, the invention features use of one or more of the nucleic acid-
based techniques to inhibit the expression of repressor genes. Inhibition of the
repressor gene can then result in the increased expression of genes repressed by these
repressor genes.

By “repressor genes” is meant genes whose expression can directly or

indirectly down regulate or repress or suppress the expression of other genes.

By “inhibit” it is meant that the activity of repressor genes or level of

mRNAs or equivalent RNAs encoding repressor genes is reduced below that
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observed in the absence of the nucleic acid. In one embodiment, inhibition with
ribozymes preferably is below that level observed in the presence of an
enzymatically attenuated nucleic acid molecule that is able to bind to the same site
on the mRNA, but is unable to cleave that RNA. In another embodiment, inhibition
with nucleic acid molecules, including enzymatic nucleic acid and antisense
molecules, is preferably greater than that observed in the presence of for example, an
oligonucleotide with scrambled sequence or with mismatches. In another
embodiment, inhibition of repressor genes with the nucleic acid molecule of the
instant invention is greater than in the presence of the nucleic acid molecule than in

its absence.

By “antisense nucleic acid” it is meant a non-enzymatic nucleic acid
molecule that binds to target RNA by means of RNA-RNA or RNA-DNA or RNA-
PNA (protein nucleic acid; Egholm et al., 1993 Nature 365, 566) interactions and
alters the activity of the target RNA (for a review see Stein and Cheng, 1993 Science
261, 1004).

By "2-5A antisense chimera" it is meant, an antisense oligonucleotide
containing a 5' phosphorylated 2'-5'-linked adenylate residues. These chimeras bind
to target RNA in a sequence-specific manner and activate a cellular 2-5A-dependent
ribonuclease which, in turn, cleaves the target RNA (Torrence et al, 1993 Proc.

Natl. Acad. Sci. USA 90, 1300).

By "triplex DNA" it is meant an oligonucleotide that can bind to a double-
stranded DNA in a sequence-specific manner to form a triple-strand helix.
Formation of such triple helix structure has been shown to inhibit transcription of the

targeted gene (Duval-Valentin et al., 1992 Proc. Natl. Acad. Sci.USA 89, 504).

By "gene" it is meant a nucleic acid that encodes an RNA.

By "enzymatic nucleic acid" it is meant a nucleic acid molecule capable of
catalyzing reactions including, but not limited to, site-specific cleavage and/or
ligation of other nucleic acid molecules, cleavage of peptide and amide bonds, and
trans-splicing. Such a molecule with endonuclease activity may have

complementarity in a substrate binding region to a specified gene target, and also has
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an enzymatic activity that specifically cleaves RNA or DNA in that target. That 1is,
the nucleic acid molecule with endonuclease activity is able to intramolecularly or
intermolecularly cleave RNA or DNA and thereby inactivate a target RNA or DNA
molecule. This complementarity functions to allow sufficient hybridization of the
enzymatic RNA molecule to the target RNA or DNA to allow the cleavage to occur.
100% complementarity is preferred, but complementarity as low as 50-75% may also
be useful in this invention. The nucleic acids may be modified at the base, sugar,
and/or phosphate groups. The term enzymatic nucleic acid 1s used interchangeably
with phrases such as ribozymes, catalytic RNA, enzymatic RNA, catalytic DNA,
catalytic oligonucleotides, nucleozyme, DNAzyme, RNA enzyme, endoribonuclease,
endonuclease, minizyme, leadzyme, oligozyme or DNA enzyme. All of these
terminologies describe nucleic acid molecules with enzymatic activity. The specific
enzymatic nucleic acid molecules described in the instant application are not limiting
in the invention and those skilled in the art will recognize that all that is important in
an enzymatic nucleic acid molecule of this invention is that it has a specific substrate
binding site which is complementary to one or more of the target nucleic acid
regions, and that it have nucleotide sequences within or surrounding that substrate
binding site which impart a nucleic acid cleaving activity to the molecule (Cech et

al., U.S. Patent No. 4,987,071; Cech et al., 1988, JAMA).

By "enzymatic portion" or “catalytic domain” is meant that portion/region of
the ribozyme essential for cleavage of a nucleic acid substrate (for example see

Figure 1).

By "substrate binding arm" or "substrate binding domain" is meant that
portion/region of a ribozyme which is complementary to (i.e., able to base-pair with)
a portion of its substrate. Generally, such complementarity is 100%, but can be less
if desired. For example, as few as 10 bases out of 14 may be base-paired. Such arms
are shown generally in Figure 1 and 3. That is, these arms contain sequences within a
ribozyme which are intended to bring ribozyme and target RNA together through
complementary base-pairing interactions. The ribozyme of the invention may have
binding arms that are contiguous or non-contiguous and may be of varying lengths.

The length of the binding arm(s) are preferably greater than or equal to four
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nucleotides; specifically preferably 12-100 nucleotides; more preferably 14-24
nucleotides long. If two binding arms are chosen, the design is such that the length
of the binding arms are symmetrical (i.e., each of the binding arms is of the same
length; e.g., five and five nucleotides, six and six nucleotides or seven and seven
nucleotides long) or asymmetrical (i.e., the binding arms are of different length; e.g.,
six and three nucleotides; three and six nucleotides long; four and five nucleotides

long; four and six nucleotides long; four and seven nucleotides long; and the like).

In one of the preferred embodiments of the inventions herein, the enzymatic
nucleic acid molecule is formed in a hammerhead or hairpin motif, but may also be
formed in the motif of a hepatitis 8 virus, group I intron, group II intron or RNase P
RNA (in association with an RNA guide sequence), Neurospora VS RNA,
DNAzymes, NCH cleaving motifs, or G-cleavers. Examples of such hammerhead
motifs are described by Dreyfus, supra, Rossi et al., 1992, AIDS Research and
Human Retroviruses 8, 183; of hairpin motifs by Hampel et al., EP0360257, Hampel
and Tritz, 1989 Biochemistry 28, 4929, Feldstein et al., 1989, Gene 82, 53, Haseloff
and Gerlach, 1989, Gene, 82, 43, and Hampel et al., 1990 Nucleic Acids Res. 18,
299; Chowrira & McSwiggen, US. Patent No. 5,631,359; of the hepatitis & virus
motif is described by Perrotta and Been, 1992 Biochemistry 31, 16; of the RNase P
motif by Guerrier-Takada et al., 1983 Cell 35, 849; Forster and Altman, 1990,
Science 249, 783; Li and Altman, 1996, Nucleic Acids Res. 24, 835; Neurospora VS
RNA ribozyme motif is described by Collins (Saville and Collins, 1990 Cell 61,
685-696; Saville and Collins, 1991 Proc. Natl. Acad. Sci. USA 88, 8826-8830;
Collins and Olive, 1993 Biochemistry 32, 2795-2799; Guo and Collins, 1995,
EMBO. J. 14, 363); Group II introns are described by Griffin ef al., 1995, Chem.
Biol. 2, 761; Michels and Pyle, 1995, Biochemistry 34, 2965; Pyle et al.,
International PCT Publication No. WO 96/22689; of the Group I intron by Cech et
al., U.S. Patent 4,987,071 and of DNAzymes by Usman et al., International PCT
Publication No. WO 95/11304; Chartrand et al., 1995, NAR 23, 4092; Breaker et al.,
1995, Chem. Bio. 2, 655; Santoro et al., 1997, PNAS 94, 4262. NCH cleaving
motifs are described in Ludwig & Sproat, International PCT Publication No. WO
98/58058; and G-cleavers are described in Kore et al., 1998, Nucleic Acids Research

26, 4116-4120. These specific motifs are not limiting in the invention and those
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skilled in the art will recognize that all that is important in an enzymatic nucleic acid
molecule of this invention is that it has a specific substrate binding site which is
complementary to one or more of the target gene RNA regions, and that it have
nucleotide sequences within or surrounding that substrate binding site which impart

an RNA cleaving activity to the molecule (Cech et al., U.S. Patent No. 4,987,071).

In preferred embodiments of the present invention, a nucleic acid molecule,
e.g., an antisense molecule, a triplex DNA, or a ribozyme, is 13 to 100 nucleotides in
length, e.g., in specific embodiments 35, 36, 37, or 38 nucleotides in length (e.g., for
particular ribozymes). In particular embodiments, the nucleic acid molecule 1s 15-
100, 17-100, 20-100, 21-100, 23-100, 25-100, 27-100, 30-100, 32-100, 35-100, 40-
100, 50-100, 60-100, 70-100, or 80-100 nucleotides in length. Instead of 100
nucleotides being the upper limit on the length ranges specified above, the upper
limit of the length range can be, for example, 30, 40, 50, 60, 70, or 80 nucleotides.
Thus, for any of the length ranges, the length range for particular embodiments has
lower limit as specified, with an upper limit as specified which is greater than the
lower limit. For example, in a particular embodiment, the length range can be 35-50
nucleotides in length. All such ranges are expressly included. Also in particular
embodiments, a nucleic acid molecule can have a length which is any of the lengths

specified above, for example, 21 nucleotides in length.

By "equivalent” RNA to repressor genes is meant to include those naturally
occurring RNA molecules having homology (partial or complete) to repressor genes
or encoding for proteins with similar function as repressor genes in various animals,
including human, rodent, primate, rabbit and pig. The equivalent RNA sequence
also includes in addition to the coding region, regions such as 5’-untranslated region,

3’-untranslated region, introns, intron-exon junction and the like.

By "complementarity" is meant that a nucleic acid can form hydrogen bond(s)
with another RNA sequence by either traditional Watson-Crick or other non-
traditional types. In reference to the nucleic molecules of the present invention, the
binding free energy for a nucleic acid molecule with its target or complementary
sequence is sufficient to allow the relevant function of the nucleic acid to proceed,

e.g., ribozyme cleavage, antisense or triple helix inhibition. Determination of
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binding free energies for nucleic acid molecules is well-known in the art (see, e.g.,
Turner et al., 1987, CSH Symp. Quant. Biol. LII pp.123-133; Frier et al., 1986, Proc.
Nat. Acad. Sci. USA 83:9373-9377; Turmner et al., 1987, J. Am. Chem. Soc.
109:3783-3785. A percent complementarity indicates the percentage of contiguous
residues in a nucleic acid molecule which can form hydrogen bonds (e.g., Watson-
Crick base pairing) with a second nucleic acid sequence (e.g., 5, 6, 7, 8, 9, 10 out of
10 being 50%, 60%, 70%, 80%, 90%, and 100% complementary). ‘“Perfectly
complementary” means that all the contiguous residues of a nucleic acid sequence
will hydrogen bond with the same number of contiguous residues in a second nucleic

acid sequence.

In preferred embodiments of the present invention, inhibition of expression of
repressor genes is related to treatment of a disease or conditions. By “related” is
meant that the inhibition of repressor gene RNAs and thus reduction in the
respective levels of protein activity will relieve to some extent the symptoms of the

disease or condition.

In another preferred embodiment, the invention features nucleic acid based
techniques (e.g., enzymatic nucleic acid molecules (ribozymes), antisense nucleic
acids, 2-5A antisense chimeras, triplex DNA, antisense nucleic acids containing
RNA cleaving chemical groups) and methods for their use to down regulate or
inhibit the expression of genes capable of repressing interferon-alpha (IFN-o).
Repressors of IFN-a include, but are not limited to, IRF-2 (Lopez et al., 1997, J.
Biol Chem 272, 22788-22799).

In another preferred embodiment, the invention features nucleic acid
techniques (e.g., enzymatic nucleic acid molecules (ribozymes), antisense nucleic
acids, 2-5A antisense chimeras, triplex DNA, antisense nucleic acids containing
RNA cleaving chemical groups) and methods for their use to down regulate or
inhibit the expression of genes capable of repressing Granulocyte colony-
stimulating factor (G-CSF). These repressor genes include, but are not limited to,
CCAAT displacement protein (CDP) (Khanna-Gupta et al, 1997, Blood 90, 2784-
2795) and Genesis (Xu et al, 1998, Leukemia, 12, 207-2012).
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In another preferred embodiment, the invention features the use of enzymatic
nucleic acids (e.g. ribozymes) that cleave the RNAs encoded by repressor genes
capable of repressing erythropoietin (Epo) expression. The list of genes capable of
inhibiting Epo include, but are not limited to, TR2 Orphan Receptor (Lee et al., The
Journal of Biological Chemistry, 271, 10405-10412), EAR3/COUP-TF-1 (Galson et
al., 1995, Molecular and Cellular Biology, 15, 2135-2144), and GATA
Transcription Factors (Imagawa et al., 1997, Blood, 89, 1430-1439). The inhibition
of one or more of these repressing factors would increase cellular production of Epo
which would be beneficial for applications including but not limited to: adjuvant

therapy for chemotherapy and treatment during renal dialysis.

In preferred embodiments, the ribozymes of the present invention have
binding arms that are complementary to the target sequences in Tables III-VII (i.e.,
Tables III, IV, V, VI, and VII). Examples of such ribozymes are also shown in
Tables ITI-VIII. Table III displays target sequences and ribozymes targeting GATA
transcription factors (1,2,3,4,6). Table IV displays target sequences and ribozymes
targeting TR2 & TR2-11 Orphan Receptors, table V displays target sequences and
ribozymes for EAR3/COUP-TF-1, table VI displays target sequences and ribozymes
for IRF-2, and table VII displays target sequences and ribozymes for CDP.

Examples of such ribozymes consist essentially of sequences defined in these
Tables.

In yet another embodiment, the invention features antisense nucleic acid
molecules and 2-5A chimera including sequences complementary to the target
sequences shown in tables III-VII. Such nucleic acid molecules can include
sequences as shown for the binding arms of the ribozymes in Tables III-VII (i.e., the
left-most and right-most sequence portions in the columns headed “RZ.” Similarly,
triplex molecules can be provided targeted to the corresponding DNA target regions,
and containing the DNA equivalent of a target sequence or a sequence
complementary to the specified target (substrate) sequence. Typically, antisense
molecules will be complementary to a target sequence along a single contiguous
sequence of the antisense molecule. However, in certain embodiments, an antisense

molecule may bind to substrate such that the substrate molecule forms a loop, and/or
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an antisense molecule may bind such that the antisense molecule forms a loop.
Thus, the antisense molecule may be complementary to two (or even more) non-
contiguous substrate sequences or two (or even more) non-contiguous sequence

portions of an antisense molecule may be complementary to a target sequence or

both.

By “consists essentially of” in connection with ribozyme sequences is meant
that the active ribozyme contains an enzymatic center, or core, equivalent to those in
the examples, and binding arms able to bind RNA such that cleavage at the target
site occurs. Other sequences may be present which do not significantly interfere
with such cleavage. Thus, a core region may, for example, include one or more loop
or stem-loop structures which do not prevent enzymatic activity. “X” in the

sequences in Tables III-VII can be such a loop.

Thus, in one aspect, the invention features ribozymes that inhibit repressor
gene expression. These chemically or enzymatically synthesized ribozyme molecules
contain substrate binding domains that bind to accessible regions of their target
RNAs. The ribozymes also contain domains that catalyze the cleavage of target
RNA. The enzymatic nucleic acid molecules are preferably ribozymes of the
hammerhead or hammerhead-like motif (Kore et al., 1998, Nucleic Acids Research
26, 4116-4120; Ludwig & Sproat, International PCT Publication No. WO 98/58058
) or hairpin motif. Alternatively, the ribozymes are DNAzymes. Chemically
synthesized ribozyme molecules also include ribozymes assembled together from
various fragments of nucleic acid using a chemical or an enzymatic ligation method.
Upon binding, the ribozymes cleave the target RNAs, preventing translation and
protein accumulation. The expression of genes repressed by repressor genes
(“repressed genes”) may be elevated in the absence of or under reduced level of
repressor genes. This elevated level of the repressed gene may be beneficial to the
cell and target organism. In a preferred embodiment, ribozymes are added directly,
or can be complexed with cationic lipids, packaged within liposomes, or otherwise
delivered to target cells. The nucleic acid or nucleic acid complexes can be locally
administered to relevant tissues ex vivo, or in vivo through injection, infusion pump

or stent, with or without their incorporation in biopolymers. In another preferred
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embodiment, the ribozyme is administered to the site of TR2 Orphan Receptor,
TR2-11 Orphan Receptor, EAR3/COUP-TF-1, and GATA transcription factors,
CDP, or IRF-2 expression (e.g. liver cells, cancer cells) in an appropriate liposomal

vehicle.

In another aspect of the invention, ribozymes that cleave target molecules and
TR2 Orphan Receptor, TR2-11 Orphan Receptor, EAR3/COUP-TF-1, and GATA
transcription factors, CDP, or IRF-2 activity are expressed from transcription units
inserted into DNA or RNA vectors. The recombinant vectors are preferably DNA
plasmids or viral vectors. Ribozyme expressing viral vectors could be constructed
based on, but not limited to, adeno-associated virus, retrovirus, adenovirus, or
alphavirus. Preferably, the recombinant vectors capable of expressing the ribozymes
are delivered as described above, and persist in target cells. Alternatively, viral
vectors may be used that provide for transient expression of ribozymes. Such vectors
might be repeatedly administered as necessary. Once expressed, the ribozymes
cleave the target RNA. Delivery of ribozyme expressing vectors could be systemic,
such as by intravenous or intramuscular administration, by administration to target
cells ex-planted from the patient followed by reintroduction into the patient, or by
any other means that would allow for introduction into the desired target cell (for a
review see Couture and Stinchcomb, 1996, TIG., 12, 510). In another aspect of the
invention, ribozymes that cleave target molecules and inhibit cell proliferation are
expressed from transcription units inserted into DNA, RNA, or viral vectors.
Preferably, the recombinant vectors capable of expressing the ribozymes are locally
delivered as described above, and transiently persist in smooth muscle cells.
However, other mammalian cell vectors that direct the expression of RNA may be

used for this purpose.

By "patient” is meant an organism which is a donor or recipient of explanted
cells or the cells themselves. "Patient" also refers to an organism to which
enzymatic nucleic acid molecules can be administered. Preferably, a patient is a

mammal or mammalian cells. More preferably, a patient is a human or human cells.

By “vectors” is meant any nucleic acid- and/or viral-based technique used to

deliver a desired nucleic acid.
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In another aspect, the nucleic acid molecule of the present invention is
administered individually or in combination or in conjunction with other drugs, can
be used to treat diseases or conditions. For example, to treat a disease or condition
associated with cancer, the patient may be treated, or other appropriate cells may be

treated, as is evident to those skilled in the art.

By "comprising" is meant including, but not limited to, whatever follows the
word "comprising”". Thus, use of the term "comprising” indicates that the listed
elements are required or mandatory, but that other elements are optional and may or
may not be present. By "consisting of" is meant including, and limited to, whatever
follows the phrase "consisting of". Thus, the phrase "consisting of" indicates that
the listed elements are required or mandatory, and that no other elements may be
present. By "consisting essentially of" is meant including any elements listed after
the phrase, and limited to other elements that do not interfere with or contribute to
the activity or action specified in the disclosure for the listed elements. Thus, the
phrase "consisting essentially of" indicates that the listed elements are required or
mandatory, but that other elements are optional and may or may not be present
depending upon whether or not they affect the activity or action of the listed

elements.

Other features and advantages of the invention will be apparent from the

following description of the preferred embodiments thereof, and from the claims.

Description Of The Preferred Embodiments

The drawings will first briefly be described.

Figure 1 shows the secondary structure model for seven different classes of
enzymatic nucleic acid molecules. Arrow indicates the site of cleavage. --------- indicate
the target sequence. Lines interspersed with dots are meant to indicate tertiary
interactions. - is meant to indicate base-paired interaction. Group I Intron: P1-P9.0
represent various stem-loop structures (Cech et al., 1994, Nature Struc. Bio., 1, 273).
RNase P (M1RNA): EGS represents external guide sequence (Forster et al., 1990,
Science, 249, 783; Pace et al., 1990, J. Biol. Chem., 265, 3587). Group II Intron: 5°SS
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means 5’ splice site; 3’SS means 3’-splice site; IBS means intron binding site; EBS
means exon binding site (Pyle et al., 1994, Biochemistry, 33, 2716). VS RNA: [-VI are
meant to indicate six stem-loop structures; shaded regions are meant to indicate tertiary
interaction (Collins, International PCT Publication No. WO 96/19577). HDV
Ribozyme: : I-IV are meant to indicate four stem-loop structures (Been et al., US Patent
No. 5,625,047). Hammerhead Ribozyme: : I-III are meant to indicate three stem-loop
structures; stems I-III can be of any length and may be symmetrical or asymmetrical
(Usman et al., 1996, Curr. Op. Struct. Bio., 1, 527). Hairpin Ribozyme: Helix 1,4 and 5
can be of any length; Helix 2 is between 3 and 8 base-pairs long; Y is a pyrimidine; Helix
2 (H2) is provided with a least 4 base pairs (i.e, nis 1, 2, 3 or 4) and helix 5 can be
optionally provided of length 2 or more bases (preferably 3 - 20 bases, i.e., m is from 1 -
20 or more). Helix 2 and helix 5 may be covalently linked by one or more bases (i.e., ris
> 1 base). Helix 1, 4 or 5 may also be extended by 2 or more base pairs (e.g., 4 - 20 base
pairs) to stabilize the ribozyme structure, and preferably is a protein binding site. In each
instance, each N and N' independently is any normal or modified base and each dash
represents a potential base-pairing interaction. These nucleotides may be modified at the
sugar, base or phosphate. Complete base-pairing is not required in the helices, but is
preferred. Helix 1 and 4 can be of any size (i.e., o and p 1s each independently from 0 to
any number, e.g., 20) as long as some base-pairing is maintained. Essential bases are
shown as specific bases in the structure, but those in the art will recognize that one or
more may be modified chemically (abasic, base, sugar and/or phosphate modifications)
or replaced with another base without significant effect. Helix 4 can be formed from two
separate molecules, i.e., without a connecting loop. The connecting loop when present
may be a ribonucleotide with or without modifications to its base, sugar or phosphate.
"q" > is 2 bases. The connecting loop can also be replaced with a non-nucleotide linker
molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. " "referstoa
covalent bond. (Burke et al., 1996, Nucleic Acids & Mol. Biol., 10, 129; Chowrira et al.,
US Patent No. 5,631,359).

Figure 2 is an example of the secondary structure of a hammerhead ribozyme

targeting hGATA-2 which has the sequence contained in Seq. I.D. No. 281.
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Figure 3 is a schematic diagram indicating the mechanism of action by the
nucleic acid molecules of the present invention. The regulation of transcription
initiation can occur by one or more transcription factors working together. When
more than one factor is involved the transcription factors can be present as
homodimers or heterodimers. In some cases, the formation of heterodimers would
result in repression of transcription, while homodimers would form inactive
transcription complexes. By blocking the expression of one subunit of the
heterodimer, the equilibrium would shift towards formation of more homodimers

resulting in a reduced formation of active repressors and enhanced transcription.

Figure 4 is a graph demonstrating increased erythropoietin synthesis in
Hep3B cells following cobalt induction and administration of ribozymes targeting
GATA transcription factor 2, TR2 orphan receptor and EAR3/COUP-TR1 compared
to the irrelevant controls (IR1 and IR2).

Figure 5 is a graph demonstrating increased erythropoietin synthesis in
Hep3B cells without cobalt induction and administration of ribozymes targeting
GATA transcription factor 2, TR2 orphan receptor and EAR3/COUP-TR1 compared
to the irrelevant controls (IR1 and IR2).

Figure 6 is a bar graph demonstrating increased Epo expression compared to
irrelevant controls in Hep3B cells following continuous delivery of ribozymes

targeting hGATA-2 transcription factor RNA.

Figure 7 is a bar graph demonstrating increased Epo expression compared to
irrelevant controls in Hep3B cells following continuous delivery of ribozymes

targeting EAR3/Coup-TR1 RNA.

Figure 8 is a bar graph demonstrating increased Epo expression compared to
irrelevant controls in Hep3B cells following pulsed delivery of ribozymes targeting

hGATA-2 transcription factor RNA.

Figure 9 is a bar graph demonstrating increased Epo expression compared to
irrelevant controls in Hep3B cells following pulsed delivery of ribozymes targetiﬁg

EAR3/Coup-TR1 RNA.
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Eukaryotic Gene Repression

For the transcription of genes, a number of transcription factors are required for
gene expression and its modulation. The most prevalent type of regulator genes
within eukaryotes appear to be those that function to aid RNA polymerase in the
initiation of gene expression, however, many examples exist of genes under negative
control. This important class of factors is known as negative regulators or repressors.
These trans-acting protein factors (repressor proteins) generally modulate the rates of
transcription by binding to a specific site on a gene. The binding site is typically a
cis-element upstream to the target gene, often within the promoter and is in many
cases less than 10 nucleotides in length. Genes under negative control are those that

are generally constitutively expressed unless turned off by repressor protein(s).

In certain situations, the expression of repressed genes become highly
desirable. Therefore stimulating the expression of repressed genes by inhibiting the
expression of repressor genes would have a beneficial effect in treating a variety of
diseases. A number of proteins and/or peptides exist which would have such
beneficial effects on cells or patients. Several non-limiting examples are described
below. Those of ordinary skill in the art will recognize that other genes exist which

an organism would benefit from their increased expression.

Erythropoietin: Erythropoetin is a 30.4 kDA glycoprotein hormone which is
produced in the kidney and fetal liver as a response hypoxia (Galson et al., supra).
The hormone regulates erythrocyte production and functions as a survival factor for
the precursors of erythrocytes in bone marrow (Maxwell & Radcliffe, 1998, Curr.
Opin. in Hematol. 5, 166-170). 1t is believed that a hemoglobin like sensor which is
present within cells producing Epo, acts as a receptor for oxygen molecules
(Goldberg et al., 1988, Science 242, 1412-1415). When the level of oxygen falls
below tightly regulated parameter, Erythropoietin synthesis is induced.

A number of indications may be treated using Epo. For example, patients with
renal disease may develop anemia which is defined as an absence of erythrocytes
within blood. Treatment with recombinant Epo can significantly enhance the

production of these red blood cells (Maxwell & Radcliffe, supra). By inhibiting the
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production of Epo repressors, the kidneys or liver and other parts of the body may be
induced to synthesize erythropoietin to counter anemia. Another application of the
present invention is as an adjuvant for chemotherapy. During chemotherapy, the
patient may lose a large quantity of red blood cells. By inhibiting a repressor gene
for erythropoietin, the Epo protein could be expressed in elevated quantities in the

kidneys or liver which would in turn stimulate the production of more erythrocytes.

Granulocyte Colony Stimulating Factor (G-CSF): Granulocyte colony
stimulating factor (G-CSF) is a hematopoietic growth factor that regulates the
production and function of neutrophils from committed progenitor cells. It is
produced in vivo by monocytes, fibroblasts and endothelial cells. Recombinant G-
CSF 1is given clinically to decrease neutropenia associated with chemotherapy as
well as treatment for congenital diseases such as severe chronic neutropenia . An
alternative to exogenous addition of G-CSF would be to produce more endogenous
G-CSF, thus potentially avoiding the limitations and complications associated with
injection of therapeutic proteins. There are several potential molecular targets that
may act as indirect or direct repressors of G-CSF production or activity. CDP or
CCAAT displacement protein is a known transcription repressor that binds to a
negative regulatory element to block gene expression. It has extensive homology to
the Drosophila cut protein. Reports indicate that CDP binds to the Lactoferrin gene
and suppresses basal promoter activity. Overexpression of CDP blocks G-CSF -
induced neutrophil maturation in cultured myeloid stem cells (Blood 90, 2784-95,
1997). Another potential target is Genesis, a transcriptional repressor which blocks
granulocytic differentiation of myeloid cells (Leukemia 12, 207-212, 1998). Genesis
is a member of the “winged-helix” transcription factor regulatory family. 32D
myeloid cells that are over-expressing Genesis fail to mature when stimulated with
G-CSF. Genesis is expressed almost exclusively in embryonic stem cells and
embryonal carcinoma cells. Both CDP and Genesis appear to be involved in the
regulation of development and down-regulation of these could relieve a blockage in
stem cell maturation.

Interferon-alpha: Interferon exhibits multiple biological effects through the

induction of over 30 genes encoding proteins that have antiviral, antiproliferative,

immunomodulatory and cytokine stimulation functions. Alpha interferon (IFN-A) is
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a critical immune system modulator. IFN-A is encoded by a large family of
structurally related genes. Interferon therapy is used for cell proliferation disorders
(cancer) and viral infection (HBV, HCV). Interferon-alpha differential gene
expression 1s accomplished by a complex interaction between cis-acting DNA
regulatory regions and the corresponding trans-acting factors. One potential
limitation for expression of the interferon-alpha genes is the repressor transcription
factor IRF-2 (JBC 272, 22788-99, 1997). There are also other negative regulatory
regions for which the trans-acting repressors have not yet been identified, but which
could be additional targets inhibition by nucleic acid molecules of the present
invention. Inhibiting expression of this transcriptional repressor could allow
increased levels of endogenous interferon-alpha to be produced. There are also other
negative regulatory regions for which the trans-acting repressors have not yet been
identified, but which could be additional targets for inhibition by nucleic acid
molecules of the present invention. An advantage of this approach would be the
avoidance of the production of antibodies to exogenous interferon as well as the
avoidance of the autoimmune complications often seen with exogenous interferon-

alpha administration.

Mechanism of action of Nucleic Acid Molecules of the Invention

Antisense: Antisense molecules may be modified or unmodified RNA, DNA,
or mixed polymer oligonucleotides and primarily function by specifically binding to
matching sequences resulting in inhibition of peptide synthesis (Wu-Pong, Nov
1994, BioPharm, 20-33). The antisense oligonucleotide binds to target RNA by
Watson Crick base-pairing and blocks gene expression by preventing ribosomal
translation of the bound sequences either by steric blocking or by activating RNase
H enzyme. Antisense molecules may also alter protein synthesis by interfering with
RNA processing or transport from the nucleus into the cytoplasm (Mukhopadhyay &
Roth, 1996, Crit. Rev. in Oncogenesis 7, 151-190).

In addition, binding of single stranded DNA to RNA may result in nuclease
degradation of the heteroduplex (Wu-Pong, supra; Crooke, supra). To date, the only

backbone modified DNA chemistry which will act as substrates for RNase H are
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phosphorothioates and phosphorodithioates. Recently it has been reported that 2’-
arabino and 2’-fluoro arabino- containing oligos can also activate RNase H activity.

A number of antisense molecules have been described that utilize novel
configurations of chemically modified nucleotides, secondary structure, and/or
RNase H substrate domains (Woolf et al., International PCT Publication No. WO
98/13526; Thompson et al., USSN 60/082,404 which was filed on April 20, 1998;
Hartmann ez al., USSN 60/101,174 which was filed on September 21, 1998) all of
these are incorporated by reference herein in their entirety.

Triplex Forming Oligonucleotides (TFQO): Single stranded DNA may be

designed to bind to genomic DNA in a sequence specific manner. TFOs are
comprised of pyrimidine-rich oligonucleotides which bind DNA helices through
Hoogsteen Base-pairing (Wu-Pong, supra)The resulting triple helix composed of the
DNA sense, DNA antisense, and TFO disrupts RNA synthesis by RNA polymerase.
The TFO mechanism may result in gene expression or cell death since binding may
be irreversible (Mukhopadhyay & Roth, supra)

2-5A Antisense Chimera: The 2-5A system is an interferon mediated

mechanism for RNA degradation found in higher vertebrates (Mitra et al., 1996,
Proc Nat Acad Sci USA 93, 6780-6785). Two types of enzymes, 2-5A synthetase
and RNase L, are required for RNA cleavage. The 2-5A synthetases require double
stranded RNA to form 2’-5” oligoadenylates (2-5A). 2-5A then acts as an allosteric
effector for utilizing RNase L which has the ability to cleave single stranded RNA.
The ability to form 2-5A structures with double stranded RNA makes this system

particularly useful for inhibition of viral replication.

(2°-5”) oligoadenylate structures may be covalently linked to antisense
molecules to form chimeric oligonucleotides capable of RNA cleavage (Torrence,
supra). These molecules putatively bind and activate a 2-5A dependent RNase, the
oligonucleotide/enzyme complex then binds to a target RNA molecule which can

then be cleaved by the RNase enzyme.

Enzymatic Nucleic Acid: Seven basic varieties of naturally-occurring

enzymatic RNAs are known presently. In addition, several in vitro selection

(evolution) strategies (Orgel, 1979, Proc. R. Soc. London, B 205, 435) have been
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used to evolve new nucleic acid catalysts capable of catalyzing cleavage and ligation
of phosphodiester linkages (Joyce, 1989, Gene, 82, 83-87; Beaudry et al., 1992,
Science 257, 635-641; Joyce, 1992, Scientific American 267, 90-97; Breaker et al.,
1994, TIBTECH 12, 268; Bartel et al.,1993, Science 261:1411-1418; Szostak, 1993,
TIBS 17, 89-93; Kumar et al., 1995, FASEB J., 9, 1183; Breaker, 1996, Curr. Op.
Biotech., 7, 442; Santoro et al., 1997, Proc. Natl. Acad. Sci., 94, 4262; Tang et al.,
1997, RNA 3, 914; Nakamaye & Eckstein, 1994, supra; Long & Uhlenbeck, 1994,
supra; Ishizaka et al., 1995, supra; Vaish et al., 1997, Biochemistry 36, 6495; all of
these are incorporated by reference herein). Each can catalyze a series of reactions
including the hydrolysis of phosphodiester bonds in ¢rans (and thus can cleave other
RNA molecules) under physiological conditions. Table I summarizes some of the
characteristics of some of these ribozymes. In general, enzymatic nucleic acids act
by first binding to a target RNA. Such binding occurs through the target binding
portion of an enzymatic nucleic acid which is held in close proximity to an
enzymatic portion of the molecule that acts to cleave the target RNA. Thus, the
enzymatic nucleic acid first recognizes and then binds a target RNA through
complementary base-pairing, and once bound to the correct site, acts enzymaticélly
to cut the target RNA. Strategic cleavage of such a target RNA will destroy its
ability to direct synthesis of an encoded protein. After an enzymatic nucleic acid has
bound and cleaved its RNA target, it is released from that RNA to search for another

target and can repeatedly bind and cleave new targets.

The enzymatic nature of a ribozyme has significant advantages, such as the
concentration of ribozyme necessary to affect a therapeutic treatment is lower. This
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a single
ribozyme molecule is able to cleave many molecules of target RNA. In addition, the
ribozyme is a highly specific inhibitor, with the specificity of inhibition depending
not only on the base-pairing mechanism of binding to the target RNA, but also on
the mechanism of target RNA cleavage. Single mismatches, or base-substitutions,
near the site of cleavage can be chosen to completely eliminate catalytic activity of a

ribozyme.
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Nucleic acid molecules having an endonuclease enzymatic activity are able to
repeatedly cleave other separate RNA molecules in a nucleotide base sequence-
specific manner. Such enzymatic nucleic acid molecules can be targeted to virtually
any RNA transcript, and efficient cleavage achieved in vitro (Zaug et al., 324,
Nature 429 1986 ; Uhlenbeck, 1987 Nature 328, 596; Kim et al., 84 Proc. Natl.
Acad. Sci. USA 8788, 1987; Dreyfus, 1988, Einstein Quart. J. Bio. Med., 6, 92,
Haseloff and Gerlach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; and
Jefferies et al., 17 Nucleic Acids Research 1371, 1989; Santoro et al., 1997 supra).

Because of their sequence-specificity, trans-cleaving ribozymes show promise
as therapeutic agents for human disease (Usman & McSwiggen, 1995 Ann. Rep.
Med. Chem. 30, 285-294; Christoffersen and Marr, 1995 J. Med. Chem. 38, 2023-
2037). Ribozymes can be designed to cleave specific RNA targets within the
background of cellular RNA. Such a cleavage event renders the RNA non-
functional and abrogates protein expression from that RNA. In this manner,

synthesis of a protein associated with a disease state can be selectively inhibited.

Svynthesis of Nucleic acid Molecules

Synthesis of nucleic acids greater than 100 nucleotides in length 1s difficult
using automated methods, and the therapeutic cost of such molecules is prohibitive.
In this invention, small nucleic acid motifs (“small refers to nucleic acid motifs no
more than 100 nucleotides in length, preferably no more than 80 nucleotides in
length, and most preferably no more than 50 nucleotides in length; e.g., antisense
oligonucleotides, hammerhead or the hairpin ribozymes) are preferably used for
exogenous delivery. The simple structure of these molecules increases the ability of
the nucleic acid to invade targeted regions of RNA structure. Exemplary molecules
of the instant invention were chemically synthesized, and others can similarly be
synthesized. Oligodeoxyribonucleotides were synthesized using standard protocols
as described in Caruthers et al., 1992, Methods in Enzymology 211,3-19, and is

incorporated by reference.

The method of synthesis used for normal RNA including certain

enzymatic nucleic acid molecules follows the procedure as described in Usman et
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al., 1987 J Am. Chem. Soc., 109, 7845; Scaringe et al., 1990 Nucleic Acids Res.,
18, 5433; and Wincott et al., 1995 Nucleic Acids Res. 23, 2677-2684 and makes use
of common nucleic acid protecting and coupling groups, such as dimethoxytrityl at
the 5'-end, and phosphoramidites at the 3'-end. In a non-limiting example, small
scale syntheses were conducted on a 394 Applied Biosystems, Inc. synthesizer using
a 0.2 pmol scale protocol with a 7.75 min coupling step for alkylsilyl protected
nucleotides and a 2.5 min coupling step for 2’-O-methylated nucleotides. Table II
outlines the amounts and the contact times of the reagents used in the synthesis
cycle. Alternatively, syntheses at the 0.2 umol scale can be done on a 96-well plate
synthesizer, such as the instrument produced by Protogene (Palo Alto, CA) with
minimal modification to the cycle. A 15-fold excess (31 pL of 0.1 M = 3.1 umol) of
phosphoramidite and a 38.7-fold excess of S-ethyl tetrazole (31 pL of 0.25 M =7.75
umol) relative to polymer-bound 5°-hydroxyl was used in each coupling cycle.
Average coupling yields on the 394 Applied Biosystems, Inc. synthesizer,
determined by colorimetric quantitation of the trityl fractions, were 97.5-99%. Other
oligonucleotide synthesis reagents for the 394 Applied Biosystems, Inc. synthesizer;
detritylation solution was 3% TCA in methylene chloride (ABI); capping was
performed with 16% N-methyl imidazole in THF (ABI) and 10% acetic
anhydride/10% 2,6-lutidine in THF (ABI); oxidation solution was 16.9 mM I, 49
mM pyridine, 9% water in THF (PERSEPTIVE™). Burdick & Jackson Synthesis
Grade acetonitrile was used directly from the reagent bottle. S-Ethyltetrazole

solution (0.25 M in acetonitrile) was made up from the solid obtained from

American International Chemical, Inc.

Deprotection of the RNA was performed using either a two-pot or one-pot
protocol. For the two-pot protocol, the polymer-bound trityl-on oligoribonucleotide
was transferred to a 4 mL glass screw top vial and suspended in a solution of 40%
aq. methylamine (1 mL) at 65 °C for 10 min. After cooling to —20 °C, the
supernatant was removed from the polymer support. The support was washed three
times with 1.0 mL of EtOH:MeCN:H20/3:1:1, vortexed and the supernatant was
then added to the first supernatant. The combined supernatants, containing the
oligoribonucleotide, were dried to a white powder. The base deprotected

oligoribonucleotide was resuspended in anhydrous TEA/HF/NMP solution (300 pL
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of a solution of 1.5 mL N-methylpyrrolidinone, 750 L. TEA and 1 mL TEA<3HF to
provide a 1.4 M HF concentration) and heated to 65 °C. After 1.5 h, the oligomer
was quenched with 1.5 M NH,HCO;.

Alternatively, for the one-pot protocol, the polymer-bound trityl-on
oligoribonucleotide was transferred to a 4 mL glass screw top vial and suspended in
a solution of 33% ethanolic methylamine/DMSQ:1/1 (0.8 mL) at 65 °C for 15 min.
The vial was brought to r.t. TEA«3HF (0.1 mL) was added and the vial was heated at
65 °C for 15 min. The sample was cooled at —20 °C and then quenched with 1.5 M
NH4HCO;.

For purification of the trityl-on oligomers, the quenched NH,HCO solution

was loaded onto a C-18 containing cartridge that had been prewashed with
acetonitrile followed by 50 mM TEAA. After washing the loaded cartridge with
water, the RNA was detritylated with 0.5% TFA for 13 min. The cartridge was then
washed again with water, salt exchanged with 1 M NaCl and washed with water

again. The oligonucleotide was then eluted with 30% acetonitrile.

Inactive hammerhead ribozymes or binding attenuated control (BAC)

oligonucleotides) were synthesized by substituting a U for G5 and a U for Aj4g
(numbering from Hertel, K. J., et al., 1992, Nucleic Acids Res., 20, 3252).

The average stepwise coupling yields were >98% (Wincott et al., 1995
Nucleic Acids Res. 23,2677-2684). Those of ordinary skill in the art will recognize
that the scale of synthesis can be adapted to be larger or smaller than the example
described above including but not limited to 96 well format, all that is important is

the ratio of chemicals used in the reaction.

Alternatively, the nucleic acid molecules of the present invention can
be synthesized separately and joined together by ligation (Moore et al., 1992,
Science 256, 9923; Draper et al., International PCT publication No. WO 93/23569;
Shabarova et al., 1991, Nucleic Acids Research 19, 4247)

Administration of Nucleic Acid Molecules
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Methods for the delivery of nucleic acid molecules is described in Akhtar et al.,
1992, Trends Cell Bio., 2, 139; and Delivery Strategies for Antisense Oligonucleotide
Therapeutics, ed. Akhtar, 1995 which are both incorporated herein by reference.
Sullivan et al., PCT WO 94/02595, further describes the general methods for delivery of
enzymatic RNA molecules . These protocols may be utilized for the delivery of virtually
any nucleic acid molecule. Nucleic acid molecules may be administered to cells by a
variety of methods known to those familiar to the art, including, but not restricted to,
encapsulation in liposomes, by iontophoresis, or by incorporation into other vehicles,
such as hydrogels, cyclodextrins, biodegradable nanocapsules, and bioadhesive
microspheres. For some indications, nucleic acid molecules may be directly delivered ex
vivo to cells or tissues with or without the aforementioned vehicles. Alternatively, the
nucleic acid/vehicle combination is locally delivered by direct injection or by use of a
catheter, infusion pump or stent. Other routes of delivery include, but are not limited to,
intravascular, intramuscular, subcutaneous or joint injection, aerosol inhalation, oral
(tablet or pill form), topical, systemic, ocular, intraperitoneal and/or intrathecal delivery.
More detailed descriptions of nucleic acid delivery and administration are provided in
Sullivan et al., supra and Draper et al., PCT W(093/23569 which have been incorporated

by reference herein.

The molecules of the instant invention can be used as pharmaceutical agents.
Pharmaceutical agents prevent, inhibit the occurrence, or treat (alleviate a symptom

to some extent, preferably all of the symptoms) of a disease state in a patient.

The negatively charged polynucleotides of the invention can be administered
(e.g., RNA, DNA or protein) and introduced into a patient by any standard means,
with or without stabilizers, buffers, and the like, to form a pharmaceutical
composition. When it is desired to use a liposome delivery mechanism, standard
protocols for formation of liposomes can be followed. The compositions of the
present invention may also be formulated and used as tablets, capsules or elixirs for
oral administration, suppositories for rectal administration; sterile solutions;

suspensions for injectable administration; and the like.

The present invention also includes pharmaceutically acceptable formulations

of the compounds described. These formulations include salts of the above
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compounds, e.g., acid addition salts, for example, salts of hydrochloric,

hydrobromic, acetic acid, and benzene sulfonic acid.

A pharmacological composition or formulation refers to a composition or
formulation in a form suitable for administration, e.g., systemic administration, into
a cell or patient, preferably a human. Suitable forms, in part, depend upon the use or
the route of entry, for example oral, transdermal, or by injection. Such forms should
not prevent the composition or formulation to reach a target cell (i.e., a cell to which
the negatively charged polymer is desired to be delivered to). For example,
pharmacological compositions injected into the blood stream should be soluble.
Other factors are known in the art, and include considerations such as toxicity and

forms which prevent the composition or formulation from exerting its effect.

By “systemic administration” is meant irn Vvivo systemic absorption or
accumulation of drugs in the blood stream followed by distribution throughout the
entire body. Administration routes which lead to systemic absorption include,
without limitations: intravenous, subcutaneous, intraperitoneal, inhalation, oral,
intrapulmonary and intramuscular. Each of these administration routes expose the
desired negatively charged polymers, e.g., nucleic acids, to an accessible diseased
tissue. The rate of entry of a drug into the circulation has been shown to be a
function of molecular weight or size. The use of a liposome or other drug carrier
comprising the compounds of the instant invention can potentially localize the drug,
for example, in certain tissue types, such as the tissues of the reticular endothelial
system (RES). A liposome formulation which can facilitate the association of drug
with the surface of cells, such as, lymphocytes and macrophages is also useful. This
approach may provide enhanced delivery of the drug to target cells by taking
advantage of the specificity of macrophage and lymphocyte immune recognition of

abnormal cells, such as the cancer cells.

The invention also features the use of a composition comprising surface-
modified liposomes containing poly (ethylene glycol) lipids (PEG-modified, or long-
circulating liposomes or stealth liposomes). These formulations offer an method for
increasing the accumulation of drugs in target tissues. This class of drug carriers

resists opsonization and elimination by the mononuclear phagocytic system (MPS or
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RES), thereby enabling longer blood circulation times and enhanced tissue exposure
for the encapsulated drug (Lasic et al. Chem. Rev. 1995, 95, 2601-2627; Ishiwata et
al., Chem. Pharm. Bull. 1995, 43, 1005-1011). Such liposomes have been shown to
accumulate selectively in tumors, presumably by extravasation and capture in the
neovascularized target tissues (Lasic et al., Science 1995, 267, 1275-1276; Oku et
al.,1995, Biochim. Biophys. Acta, 1238, 86-90). The long-circulating liposomes
enhance the pharmacokinetics and pharmacodynamics of DNA and RNA,
particularly compared to conventional cationic liposomes which are known to
accumulate in tissues of the MPS (Liu et al., J. Biol. Chem. 1995, 42, 24864-248770;
Choi et al, International PCT Publication No. WO 96/10391; Ansell et al,
International PCT Publication No. WO 96/10390; Holland et al., International PCT
Publication No. WO 96/10392; all of these are incorporated by reference herein).
Long-circulating liposomes are also likely to protect drugs from nuclease
degradation to a greater extent compared to cationic liposomes, based on their ability
to avoid accumulation in metabolically aggressive MPS tissues such as the liver and

spleen. All of these references are incorporated by reference herein.

The present invention also includes compositions prepared for storage or
administration which include a pharmaceutically effective amount of the desired
compounds in a pharmaceutically acceptable carrier or diluent. Acceptable carriers
or diluents for therapeutic use are well known in the pharmaceutical art, and are
described, for example, in Remington's Pharmaceutical Sciences, Mack Publishing
Co. (A.R. Gennaro edit. 1985) hereby incorporated by reference herein. For
example, preservatives, stabilizers, dyes and flavoring agents may be provided. Id.
at 1449. These include sodium benzoate, sorbic acid and esters of p-hydroxybenzoic

acid. In addition, antioxidants and suspending agents may be used. Id.

A pharmaceutically effective dose is that dose required to prevent, inhibit the
occurrence, or treat (alleviate a symptom to some extent, preferably all of the
symptoms) of a disease state. The pharmaceutically effective dose depends on the
type of disease, the composition used, the route of administration, the type of
mammal being treated, the physical characteristics of the specific mammal under

consideration, concurrent medication, and other factors which those skilled in the
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medical arts will recognize. Generally, an amount between 0.1 mg/kg and 100
mg/kg body weight/day of active ingredients is administered dependent upon
potency of the negatively charged polymer.

The nucleic acid molecules of the present invention may also be administered
to a patient in combination with other therapeutic compounds to increase the overall
therapeutic effect. The use of multiple compounds to treat an indication may

increase the beneficial effects while reducing the presence of side effects.

Alternatively, the nucleic acid molecules of the instant invention (e.g.
ribozyme and antisense molecules) can be expressed within cells from eukaryotic
promoters (e.g., Izant and Weintraub, 1985 Science 229, 345; McGarry and
Lindquist, 1986 Proc. Natl. Acad. Sci. USA 83, 399; Scanlon et al., 1991, Proc.
Natl. Acad. Sci. USA, 88, 10591-5; Kashani-Sabet et al., 1992 Antisense Res. Dev.,
2, 3-15; Dropulic et al., 1992 J. Virol, 66, 1432-41; Weerasinghe et al., 1991 J.
Virol, 65, 5531-4; Ojwang et al., 1992 Proc. Natl. Acad. Sci. USA 89, 10802-6;
Chen et al., 1992 Nucleic Acids Res., 20, 4581-9; Sarver et al., 1990 Science 247,
1222-1225; Thompson et al., 1995 Nucleic Acids Res. 23, 2259; Good et al., 1997,
Gene Therapy, 4, 45; all of the references are hereby incorporated 1n their totality by
reference herein). Those skilled in the art realize that any nucleic acid can be
expressed in eukaryotic cells from the appropriate DNA/RNA vector. The activity
of such nucleic acids can be augmented by their release from the primary transcript
by a ribozyme (Draper et al., PCT WO 93/23569, and Sullivan et al., PCT WO
94/02595; Ohkawa et al., 1992 Nucleic Acids Symp. Ser., 27, 15-6; Taira et al.,
1991, Nucleic Acids Res., 19, 5125-30; Ventura et al., 1993 Nucleic Acids Res., 21,
3249-55; Chowrira et al., 1994 J. Biol. Chem. 269, 25856; all of the references are

hereby incorporated in their totality by reference herein).

In another aspect of the invention, enzymatic nucleic acid molecules that
cleave target molecules are expressed from transcription units (see for example
Couture et al, 1996, TIG., 12, 510) inserted into DNA or RNA vectors. The
recombinant vectors are preferably DNA plasmids or viral vectors. Ribozyme
expressing viral vectors could be constructed based on, but not limited to, adeno-

associated virus, retrovirus, adenovirus, or alphavirus. Preferably, the recombinant
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vectors capable of expressing the ribozymes are delivered as described above, and
persist in target cells. Alternatively, viral vectors may be used that provide for
transient expression of ribozymes. Such vectors might be repeatedly administered as
necessary. Once expressed, the ribozymes cleave the target RNA. The active
ribozyme contains an enzymatic center or core equivalent to those in the examples,
and binding arms able to bind target nucleic acid molecules such that cleavage at
the target site occurs. Other sequences may be present which do not interfere with
such cleavage. Delivery of ribozyme expressing vectors could be systemic, such as
by intravenous or intramuscular administration, by administration to target cells ex-
planted from the patient followed by reintroduction into the patient, or by any other
means that would allow for introduction into the desired target cell (for a review see

Couture et al., 1996, TIG., 12, 510).

In one aspect the invention features, an expression vector comprising nucleic
acid sequence encoding at least one of the nucleic acid molecules (ribozyme,
antisense) of the instant invention is disclosed. The nucleic acid sequence encoding
the nucleic acid molecule of the instant invention is operably linked in a manner

which allows expression of that nucleic acid molecule.

In another aspect the invention features, the expression vector comprises: a
transcription initiation region (e.g., eukaryotic pol I, IT or III initiation region); b) a
transcription termination region (e.g., eukaryotic pol I, II or III termination region);
c) a gene encoding at least one of the nucleic acid molecule of the instant invention;
and wherein said gene is operably linked to said initiation region and said
termination region, in a manner which allows expression and/or delivery of said
nucleic acid molecule. The vector may optionally include an open reading frame
(ORF) for a protein operably linked on the 5' side or the 3'-side of the gene encoding

the nucleic acid molecule of the invention; and/or an intron (intervening sequences).

Transcription of the ribozyme or antisense sequences are driven from a
promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II (pol II), or
RNA polymerase IIT (pol III). Transcripts from pol II or pol III promoters will be
expressed at high levels in all cells; the levels of a given pol II promoter in a given

cell type will depend on the nature of the gene regulatory sequences (enhancers,
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silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are also
used, providing that the prokaryotic RNA polymerase enzyme is expressed in the
appropriate cells (Elroy-Stein and Moss, 1990 Proc. Natl. Acad. Sci. U §S A4, 87,
6743-7, Gao and Huang 1993 Nucleic Acids Res., 21, 2867-72; Lieber et al., 1993
Methods Enzymol., 217, 47-66; Zhou et al., 1990 Mol. Cell. Biol., 10, 4529-37).
Several investigators have demonstrated that ribozymes expressed from such
promoters can function in mammalian cells (e.g. Kashani-Sabet et al., 1992
Antisense Res. Dev., 2,3-15; Ojwang et al., 1992 Proc. Natl. Acad. Sci. U S A4, 89,
10802-6; Chen et al., 1992 Nucleic Acids Res., 20, 4581-9; Yu et al., 1993 Proc.
Natl. Acad. Sci. U S A4, 90, 6340-4; L’Huillier et al., 1992 EMBO J. 11, 4411-8,;
Lisziewicz et al., 1993 Proc. Natl. Acad. Sci. U. S. A., 90, 8000-4; Thompson et al.,
1995 Nucleic Acids Res. 23, 2259; Sullenger & Cech, 1993, Science, 262, 1566).
More specifically, transcription units such as the ones derived from genes encoding
U6 small nuclear (snRNA), transfer RNA (tRNA) and adenovirus VA RNA are
useful in generating high concentrations of desired RNA molecules such as
ribozymes in cells (Thompson et al., supra, Couture and Stinchcomb, /996, supra;
Noonberg et al., 1994, Nucleic Acid Res., 22, 2830; Noonberg et al., US Patent No.
5,624,803; Good et al., 1997, Gene Ther. 4, 45; Beigelman et al., International PCT
Publication No. WO 96/18736; all of these publications are incorporated by
reference herein. The above transcription units can be incorporated into a variety of
vectors for introduction into mammalian cells, including but not restricted to,
plasmid DNA vectors, viral DNA vectors (such as adenovirus or adeno-associated
virus vectors), or viral RNA vectors (such as retroviral or alphavirus vectors) (for a

review see Couture and Stinchcomb, 1996, supra).

In yet another aspect the invention features an expression vector comprising
nucleic acid sequence encoding at least one of the nucleic acid molecule of the
invention, in a manner which allows expression of that nucleic acid molecule. The
expression vector comprises in one embodiment; a) a transcription initiation region;
b) a transcription termination region; c¢) a gene encoding at least one said nucleic
acid molecule; and wherein said gene is operably linked to said initiation region and
said termination region, in a manner which allows expression and/or delivery of said

nucleic acid molecule. In another preferred embodiment the expression vector
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comprises: a) a transcription initiation region; b) a transcription termination region;
¢) an open reading frame; d) a gene encoding at least one said nucleic acid molecule,
wherein said gene is operably linked to the 3'-end of said open reading frame; and
wherein said gene is operably linked to said initiation region, said open reading
frame and said termination region, in a manner which allows expression and/or
delivery of said nucleic acid molecule. In yet another embodiment the expression
vector comprises: a) a transcription initiation region; b) a transcription termination
region; ¢) an intron; d) a gene encoding at least one said nucleic acid molecule; and
wherein said gene is operably linked to said initiation region, said intron and said
termination region, in a manner which allows expression and/or delivery of said
nucleic acid molecule. In another embodiment, the expression vector comprises: a)
a transcription initiation region; b) a transcription termination region; c) an intron;
d) an open reading frame; €) a gene encoding at least one said nucleic acid molecule,
wherein said gene is operably linked to the 3'-end of said open reading frame; and
wherein said gene is operably linked to said initiation region, said intron, said open
reading frame and said termination region, in a manner which allows expression

and/or delivery of said nucleic acid molecule.

In another aspect, the invention features a method of increasing the level of
target protein in a cell comprising the step of contacting the cell with nucleic acid
molecules capable of specifically inhibiting the expression of a repressor protein that
represses the expression of the target protein under conditions suitable for increasing

the level of target protein in the cell.

In another aspect, this invention features a method of increasing the level of
target protein in a cell comprising the step of isolating cells from a patient,
introducing the nucleic acid molecule (synthetic or vector) capable of inhibiting the
expression of a repressor of target protein, introducing the cells into same or a

different patient under conditions for the increased expression of the target protein.

Optimizing Ribozyme Activity

Catalytic activity of the ribozymes described in the instant invention can be

optimized as described by Draper et al., supra. The details will not be repeated here,
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but include altering the length of the ribozyme binding arms, or chemically
synthesizing ribozymes with modifications (base, sugar and/or phosphate) that
prevent their degradation by serum ribonucleases and/or enhance their enzymatic
activity (see e.g., Eckstein ef al., International Publication No. WO 92/07065;
Perrault et al., 1990 Nature 344, 565; Pieken et al., 1991 Science 253, 314; Usman
and Cedergren, 1992 Trends in Biochem. Sci. 17, 334; Usman et al., International
Publication No. WO 93/15187; and Rossi et al., International Publication No.
WO 91/03162; Sproat, US Patent No. 5,334,711; and Burgin et al, supra; all of
these describe various chemical modifications that can be made to the base,
phosphate and/or sugar moieties of enzymatic RNA molecules). Modifications
which enhance their efficacy in cells, and removal of bases from stem loop structures
to shorten RNA synthesis times and reduce chemical requirements are desired. (All

these publications are hereby incorporated by reference herein).

There are several examples in the art describing sugar, base and phosphate
modifications that can be introduced into enzymatic nucleic acid molecules without
significantly effecting catalysis and with significant enhancement in their nuclease
stability and efficacy. Ribozymes are modified to enhance stability and/or enhance
catalytic activity by modification with nuclease resistant groups, for example, 2'-
amino, 2'-C-allyl, 2'-fluoro, 2'-O-methyl, 2'-H, nucleotide base modifications (for a
review see Usman and Cedergren, 1992 TIBS 17, 34; Usman et al.,, 1994 Nucleic
Acids Symp. Ser. 31, 163; Burgin et al., 1996 Biochemistry 35, 14090). Sugar
modification of enzymatic nucleic acid molecules have been extensively described in
the art (see Eckstein et al., International Publication PCT No. WO 92/07065;
Perrault et al. Nature 1990, 344, 565-568; Pieken et al. Science 1991, 253, 314-
317; Usman and Cedergren, Trends in Biochem. Sci. 1992, 17, 334-339; Usman et
al. International Publication PCT No. WO 93/15187; Sproat, US Patent No.
5,334,711 and Beigelman et al., 1995 J. Biol. Chem. 270, 25702; all of the
references are hereby incorporated in their totality by reference herein). Such
publications describe general methods and strategies to determine the location of
incorporation of sugar, base and/or phosphate modifications and the like into

ribozymes without inhibiting catalysis, and are incorporated by reference herein. In
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view of such teachings, similar modifications can be used as described herein to

modify the nucleic acid catalysts of the instant invention.

Nucleic acid catalysts having chemical modifications which maintain or
enhance enzymatic activity are provided. Such nucleic acid is also generally more
resistant to nucleases than unmodified nucleic acid. Thus, in a cell and/or in vivo the
activity may not be significantly lowered. As exemplified herein such ribozymes are
useful in a cell and/or in vivo even if activity over all is reduced 10 fold (Burgin et
al., 1996, Biochemistry, 35, 14090). Such ribozymes herein are said to "maintain"
the enzymatic activity on all RNA ribozyme.

Therapeutic ribozymes delivered exogenously must optimally be stable within
cells until translation of the target RNA has been inhibited long enough to reduce
the levels of the undesirable protein. This period of time varies between hours to
days depending upon the disease state. Clearly, ribozymes must be resistant to
nucleases in order to function as effective intracellular therapeutic agents.
Improvements in the chemical synthesis of RNA (Wincott et al., 1995 Nucleic Acids
Res. 23,2677, incorporated by reference herein) have expanded the ability to modify
ribozymes by introducing nucleotide modifications to enhance their nuclease

stability as described above.

By "enhanced enzymatic activity" is meant to include activity measured in
cells and/or in vivo where the activity is a reflection of both catalytic activity and
ribozyme stability. In this invention, the product of these properties is increased or
not significantly (less that 10 fold) decreased in vivo compared to an all RNA
ribozyme.

In yet another preferred embodiment, nucleic acid catalysts having chemical
modifications which maintain or enhance enzymatic activity is provided. Such
nucleic acid is also generally more resistant to nucleases than unmodified nucleic
acid. Thus, in a cell and/or in vivo the activity may not be significantly lowered. As
exemplified herein such ribozymes are useful in a cell and/or in vivo even if activity
over all is reduced 10 fold (Burgin et al., 1996, Biochemistry, 35, 14090). Such

ribozymes herein are said to "maintain” the enzymatic activity on all RNA ribozyme.
ym ym y ym
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Use of these molecules will lead to better treatment of the disease progression
by affording the possibility of combination therapies (e.g., multiple ribozymes
targeted to different genes, ribozymes coupled with known small molecule
inhibitors, or intermittent treatment with combinations of ribozymes (including
different ribozyme motifs) and/or other chemical or biological molecules). The
treatment of patients with nucleic acid molecules may also include combinations of
different types of nucleic acid molecules. Therapies may be devised which include a
mixture of ribozymes (including different ribozyme motifs), antisense and/or 2-5A

chimera molecules to one or more targets to alleviate symptoms of a disease.

Animal Models

In order to evaluate the therapeutic potential nucleic acid targeting repressors
of Epo synthesis, two animals models of chronic anemia exist. These models are: 1)
chemotherapy-induced anemia in mice and 2.) chronic renal failure-induced anemia
in mice. Both of these murine models closely mimic the pathophysiology of the

corresponding disease in human patients.

1) Chemotherapy-Induced Anemia in C57/B16 Mice: The primary goal

of these studies 1s to evaluate the effectiveness of nucleic acid therapy targeted at
increasing the body’s ability to produce red blood cells and thus counteract
chemotherapy-induced severe anemia.

Many drugs used to treat cancer patients (cytotoxic compounds) adversely
effect the bone marrow and markedly reduce the number of circulating red blood
cells. This is primarily due to a decrease in the hormone erythropoietin (Epo) which
stimulates the production of red blood cells. Many types of chemotherapy also
induce hemolytic anemia. The severe anemia that occurs with many forms of
chemotherapy has a marked impact on the patients’ quality of life (exercising,
performing job duties, etc.) and normal daily activities are difficult to perform.

Nucleic acid molecules targeting repressors of Epo are evaluated for their
ability to improve severe loss of circulating red blood cells (anemia) associated with

chemotherapy in C57Bl/6 mice which is an indication of enhanced Epo production.
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Experimental Procedure: All studies are performed on pathogen-free, 20-
25g female C57Bl/6 mice. Mice are housed in a pathogen-free environment and
allowed food and water ad lib. For induction of anemia, all animals receive an
intraperitoneal injection of 3.5 mg/kg Cisplatin (CDDP), in a 200 pL volume (Day-
0).

For all blood sample collection, animals are euthanized by CO, asphyxiation.
Baseline blood samples are obtained via cardiac puncture for hematological and
biochemical analyses prior to initiating chemotherapy (Day-0). Blood samples
obtained via cardiac puncture, body weights and spleen weights from groups of 10
CDDP-treated animals are obtained beginning on Day-1 and three times weekly for
27 days. Acute renal failure with marked uremia (elevation of BUN) and anemia is
apparent within 1 day post-single dose chemotherapy. Hematocrits are measured, in
triplicate, using a Clay Adams microhematocrit centrifuge on a pooled whole blood
sample (in EDTA) from each group of 10 animals at each termination. In addition, a
complete blood cell count is obtained from whole blood. The remaining sample is
spun down and plasma samples are saved at —70°C for later determination of plasma
erythropoietin levels.

Plasma Epo levels A determined by a commercially available ELISA (R&D
Systems, Minneapolis, MN) using the manufacturer’s protocol.

Compound Efficacy Studies Four groups of animals are tested per drug: Group 1
receives active nucleic acid molecules (e.g. ribozyme), Group 2 receives scrambled
attenuated control nucleic acid molecules as therapy and Group 3 receives vehicle as
therapy. Group 4 serves as a positive therapeutic control and receives recombinant
human erythropoietin (rhu-Epo; 2500 U/kg, thrice weekly). There are 10 animals
per group per time point and up to three doses of nucleic acid molecules per group
for groups 1 and 2. There are 13 time points (Days 0, 1, 3, 5, 8, 10, 12, 15, 17, 19,
22, 24, 26) in each study. Ten animals per group per time point per dose are
euthanized and blood samples collected and tested as described above. Test agents
may be delivered via an ALZET™ osmotic pump (Alza Scientific Products)
subcutaneously or intravenously, subcutaneous bolus, direct i.p. injection or

intravenously via the tail vein.
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(2) Chronic Renal Failure-Induced Anemia in C57/Bl6 Mice (Zhang et al.,

1996, Nephron 72: 654-661): The primary goal of these studies is to evaluate the
effectiveness of nucleic acid therapy targeted at increasing the body’s ability to
produce red blood cells and thus counteract chronic renal failure-induced severe
anemia.

Chronic renal failure (CRF) is a functional clinical diagnosis characterized by
a progressive and irreversible decline in the kidneys’ ability to filter the blood
(glomerular filtration rate; GFR). This condition is associated with a number a
primary diseases including, but not limited to, glomerulonephritis, cardiovascular
disease and hypertension, diabetes, kidney infections and urinary tract disease. CRF
afflicts more than 370,000 patients in the U.S. alone. Most of these patients' disease
will progress to end stage renal disease (ESRD) and will require renal replacement
therapy (hemodialysis, peritoneal dialysis, kidney transplant) to survive. Both the
loss of functional kidney tissue and the dialysis procedure cause a severe reduction
in the red blood cell count of these patients. This primarily due to a decrease in the
hormone erythropoietin (Epo) which stimulates the production of red blood cells.
The severe chronic anemia has a marked impact on the patients’ quality of life
(exercising, performing job duties, etc.) and normal daily activities are difficult to
perform.

Experimental Procedure: All studies are performed on pathogen-free,
female 20-25g C57Bl/6. Mice are housed in a pathogen-free environment and
allowed food and water ad lib. To establish CRF in these animals, two surgical
procedures are required separated by a two week recovery period.

For the first surgical procedure, animals are anesthetized with a ketamine/
xylazine cocktail (1.2 mg/kg and .14 mg/kg) and a right lateral laparotomy is
performed. The entire surface of the right kidney, excluding a 2 mm rim around the
hilum, is electrocoagulated using a disposable vasectomy cautery (2250°F). The
kidney is returned to the renal fossa and wounds are aseptically closed with 4-0 silk
suture and surgical clips Animals are allowed to recover for two weeks before the
second surgical procedure is performed. For the second procedure, animals are
anesthetized with a ketamine/ xylazine cocktail (1.2 mg/kg and .14 mg/kg) and a left

lateral laparotomy is performed. The left kidney is removed and the wound
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aseptically closed with 4-0 silk suture. All animals receive penicillin G (Durapen -
30,000 U, IM) following each surgical procedure.

For all blood sample collections, animals are euthanized by CO;
asphyxiation. Blood samples, body weights and spleen weights are obtained from
groups of 8 animals each weekly beginning at week 1 post-second surgery for
evaluation of disease progression up until week 14 post-Nx. A group of 8 normal
animals are euthanized and blood samples obtained for control hematology and
biochemistry determinations. Therefore, there are 12 euthanization time points
including the control group. From reports in the literature, CRF with marked uremia
(persistent elevation of BUN) and anemia will be present within 8 weeks post-Nx.
At necropsy, blood samples will be obtained via cardiac puncture for clinical
chemistry (BUN and creatinine) and hematology (WBC, Diff., platelet count) tests
are performed by an external laboratory (IDEXX, Inc.).

Compound Efficacy Studies: There are four groups of animals per drug
tested: Group 1 receives active nucleic acid molecules of the invention (e.g.
ribozyme), Group 2 receives scrambled attenuated nucleic acid as therapy and Group
3 receives vehicle as therapy. Group 4 serves as a positive therapeutic control and
receives recombinant human erythropoietin (rhu-Epo; 250 U/kg; thrice weekly).
There are 8 animals per group and up to three doses of nucleic acid per group for
groups 1 and 2.

Test agents may be delivered via an ALZET™ osmotic pump (Alza
Scientific Products) subcutaneously or intravenously, subcutaneous bolus, direct i.p.

injection or intravenously via the tail vein.

(3) Chemotherapy-Induced Myelosuppression in C57/B16 Mice (Misaki et

al., 1998, British Journal of Cancer 77:884-889) : The primary goal of these studies
is to evaluate the effectiveness of therapy targeted at increasing the body’s ability to
produce white blood cells and thus counteract chemotherapy-induced neutropenia.
The ability of these nucleic acid molecules to improve severe loss of
circulating white blood cells (neutropenia) associated with chemotherapy in Balb/c

mice is tested . A protocol modified from that of Misaki, et al. (1998) is utilized.



10

15

20

25

30

WO 00/61729 36 PCT/US00/09721

Experimental Procedure: All studies are performed on pathogen-free, 25-30g
female Balb/c mice. Mice are housed in a pathogen-free environment and allowed
food and water ad lib. For induction of myelosuppression, all animals receive an
intraperitoneal injection of 200 mg/kg Cyclophosphamide (CPA), in a 200 pL
volume (Day-0).

There are 16 time points for blood sampling. Samples are obtained to
evaluate plasma G-CSF levels and CBCs. A single vehicle control group and a
thuG-CSF group is used for all ribozyme formulation testing protocols. Body and
spleen weights are recorded.

For all blood sample collections, animals are euthanized by CO;
asphyxiation. Baseline blood samples are obtained via cardiac puncture for
hematological analyses prior to initiating chemotherapy (Day-0). One group of ten
animals is euthanized pre- CPA, 4 days post-CPA( at 6am, at 12 noon and at 6pm)
and daily thereafter. Two mls of whole blood is sent to IDEXX veterinary laboratory
for a complete blood cell count. The remaining samples are spun down and plasma
samples are saved at —70°C for later determination of plasma G-CSF levels. Plasma
G-CSF levels are determined in-house by a commercially available ELISA.
Remaining plasma samples are frozen for future analyses.

Compound Efficacy Studies: There are four groups of animals per drug
tested: Group 1 receives active nucleic acid molecules of the invention (e.g.
ribozyme), Group 2 receives scrambled attenuated nucleic acid as therapy and Group
3 receives vehicle as therapy. Group 4 serves as a positive therapeutic control and
receives recombinant human rhu-G-CSF (5 pg/kg, daily). There are 10 animals per
group per time point and up to three doses of ribozyme per group for groups 1 and 2.
On day 0 animals receive cyclophosphamide (CPA; 200 mg/kg, IP). On day 4,
nucleic acid therapy is initiated. Therapy is continued daily until Day 16. There are
16 time points (Days 0-17) in each study. Ten animals per group per time point per
dose are euthanized and blood samples collected. One group of ten animals is
euthanized pre- CPA, 4 days post-CPA, at 6 and at 12 hrs. after nucleic acid dosing
and daily thereafter. Two mls of whole blood are sent to IDEXX veterinary
laboratory for a complete blood cell count. The remaining sample is spun down and

plasma samples are saved at —70°C for later determination of plasma erythropoietin
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levels. Plasma G-CSF levels is determined in-house by a commercially available
ELISA. Remaining plasma samples are frozen for future analyses. Test agents may
be delivered via an ALZET™  osmotic pump (Alza Scientific Products)
subcutaneously or intravenously, subcutaneous bolus, direct 1.p. injection or

intravenously via the tail vein.

(4) Chronic, Relapsing Experimental Autoimmune Encephalitis in Rats:

Multiple sclerosis is a disorder of unknown cause that has a number of symptoms
(weakness, numbness, lack of coordination, headaches) which are caused by
destruction of the protective tissue (myelin) surrounding the spinal cord. Many
studies have been published which support both a possible immune system problem
and/or an infectious agent. It is a chronic debilitating disease with a clinical course
from onset to death of approximately 35 years. There are no spontaneous animal
models of MS but an autoimmune disorder which resembles MS can be induced in
rodents. This is accomplished by either injection under the skin of a crude brain
mixture or purified proteins obtained from the brain. The goal of this model is to
evaluate the effectiveness of therapy with nucleic acid targeted against the
interferon-  repressor in improving the symptoms with this disease in an animal
model.

Experimental Procedure: All studies are performed on pathogen-free, male
Dark Agouti (DA) rats 7-9 weeks of age obtained from Harlan, Inc. Rats are housed
in a pathogen-free environment and allowed food and water ad lib for one week
prior to initiation of the study. All animals are immunized with syngeneic spinal
cord (SSC) in incomplete Freund’s adjuvant (IFA). For the preparation of the spinal
cord emulsion, cords from donor DA rats are removed and minced thoroughly. One
part spinal cord to one part IFA (v/W) is used to prepare emulsion. The appropriate
dose of emulsion is determined in the pilot study. 0.2 ml of homogenate (SSC and
IFA) is injected into the dorsal base of the tail root on day 0. All animals receive 75
mg/kg of syngeneic spinal cord. The primary endpoint of these studies is a clinical

score. The clinical scoring system is as follows:

0.0 = Normal
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0.5 = Partial loss of tail tone

1.0 = Complete loss of tail tone

2.0 = Hindlimb weakness or dragging one hindlimb

3.0 = Paralysis of both hindlimbs

4.0 = Paralysis of both hindlimbs and weakness in forelimbs

5.0 = Morbund

Histopathologic evidence of demyelination is a secondary endpoint. Clinical
scores and body weights are determined daily for 21 days and EOD thereafter until
day 90. At the termination of this study (90 days post-immunization), animals are
euthanized. At necropsy, brain and spinal cord are removed, fixed in 10% buffered
formalin and submitted for histopathologic analyses. The experimental method (dose
of SSC) which provides the greatest reproducibility and the pathophysiology that
most closely mimics the human clinical disease is then chosen for use in the
compound efficacy studies.

Compound Efficacy Studies: This study evaluates the efficacy of nucleic acid
molecules targeted against the interferon-alpha repressor gene on severity of clinical
score and on histopathological changes in the spinal cord and brain of these animals.
There are two main groups of animals per drug tested: one prophylactic treatment
(beginning three days post-immunization) and one therapeutic treatment (following
the first paralytic episode- at approximately day 15 post-immunization). Each main
group has four subgroups: Group 1 receives vehicle as therapy, Group 2 receives
scrambled attenuated nucleic acid control as therapy, Group 3 receives active nucleic
acid (e.g. ribozyme) and Group 4 receives recombinant human interferon-a (8§ M.U.,
SC, per animal, EOD for 90 days). Nucleic acid molecules are administered at 30
mg/kg, EOD, SC for 90 days. There are 10 animals per subgroup and up to three
doses per subgroup for dose/response studies.

Test agents may be delivered via an ALZET™ osmotic pump (Alza
Scientific Products) subcutaneously or intravenously, subcutaneous bolus, direct 1.p.
injection or intravenously via the tail vein.

(6)_B16 melanoma in C57/BI6 Mice (Nishimura et al., 1985, Clin Exp

Metastasis 3, 295-304): The primary goal of these studies is to evaluate the
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effectiveness of nucleic acid therapy targeted increasing the body’s ability to produce
interferon-alpha and thus augment the immune response and inhibit cell
proliferation. Two syngeneic melanoma cell lines, B16/Bl6 and B16/F10, are
utilized.

Experimental Procedure: All studies are performed on pathogen-free, 25-
30g female C57/B16 mice. Mice are housed in a pathogen-free environment and
allowed food and water ad lib.

B16/Bl6: On Day 0, animals are injected with B16/BI6 cells (5x10°), SC in
100 pl normal saline, mid-dorsal, in the scapular region. Primary tumor volume are
measured using microcalipers. triplicate length and width measurements are
obtained from each tumor three days per week. Tumor volumes are calculated from
tumor length and width measurements according to the equation:

Tumor volume = 0.5ab’ where
a=longest axis of the tumor
b=shortest axis of the tumor

In one set of animals (Group I), primary tumors are allowed to grow for up to
25 days. Therapeutic endpoints in this group are primary tumor volume, metastases
and survival. In the second set of animals (Group II), once B16BL6 tumor growth
reaches 500 mm’, the primary tumors are removed. Therapeutic endpoints in this
group are metastases and survival. Metastatic growth in the lungs is observed at
death or at day 25 (final day of experiment). Metastasis is observed in the lungs at
the end of the experiment by weighing the lungs and by counting the
macrometastases under 25X magnification. If no macrometastases are present, the
lungs are perfusion fixed in formalin for subsequent sectioning and histological
examination of micrometastases and survival time is recorded.

Compound Efficacy Studies: There are four subgroups of animals for Groups I and II
per drug tested: Subgroup A receives active nucleic acid molecules of the present
invention, Subgroup B receives scrambled attenuated nucleic acid control as
therapy, and Subgroup C receives vehicle as therapy. Subgroup D serves as a
positive therapeutic control and receives recombinant human IFN-alpha A/D (8
M.U., SC, per animal, EOD for 30 days). There are 15 animals per group and up to
three doses of nucleic acid per group for groups A and B. Therapy begins on day-3
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and is continued daily until Day 25. At necropsy, blood samples are obtained via
cardiac puncture, spun down and plasma samples are saved at —70°C for future
analyses.

Test agents may be delivered via an ALZET™ osmotic pump (Alza
Scientific Products) subcutaneously or intravenously, subcutaneous bolus, direct i.p.
injection or intravenously via the tail vein.

B16/F10: On Day 0, animals are injected with B16/F10 (5x10*) IV in 100 pl

normal saline. Therapeutic endpoints in this group are metastases and survival.
Metastatic growth in the lungs is observed at death or at day 25 (final day of
experiment). Metastasis is observed in the lungs at the end of the experiment by
weighing the lungs and by counting the macrometastases under 25X magnification.
If no macrometastases are present the lungs are perfusion fixed in formalin for
subsequent sectioning and histological examination of micrometastases and survival
time is recorded.
Compound Efficacy Studies: There are four groups of animals per drug tested: Group
1 receives active nucleic acid molecules (e.g. ribozymes), Group 2 receives
scrambled attenuated nucleic acid control as therapy, and Group 3 receivesvehicle as
therapy. Group 4 serves as a positive therapeutic control and receives recombinant
human IFN-alpha A/D (8 M.U., SC, per animal, EOD for 30 days). There are 15
animals per group and up to three doses of nucleic acid molecules per group for
groups 1 and 2. Therapy begins on day-3 and is continued daily until Day 25. At
necropsy, blood samples are obtained via cardiac puncture, spun down and plasma
samples are saved at —70°C for future analyses.

Test agents may be delivered via an ALZET™ osmotic pump (Alza
Scientific Products) subcutaneously or intravenously, subcutaneous bolus, direct i.p.

injection or intravenously via the tail vein.

(7)_Colorectal Carcinoma (COLON-26) in Balb/c Mice (Sanada et al., 1990,
Acta Med Okayama 44, 217-222, Ramani et al., 1989, Int J Cancer 43, 140-146,

1989): The primary goal of these studies is to evaluate the effectiveness of nucleic
acid therapy targeted increasing the body’s ability to produce interferon-alpha and

thus augment the immune response and inhibit cell proliferation.The study evaluates
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nucleic acid molecules targeting repressors of [FN-alpha on their ability to improve
survival and reduce metastases in Balb/c mice with COLON-26 carcinoma.
Experimental Procedure: All studies are performed on pathogen-free, 18-20g female
Balb/c mice. Mice are housed in a pathogen-free environment and allowed food and
water ad lib. On Day 0, animals are injected with COLON-26 cells (1x10% in 100 pl
normal saline into the splenic capsule.

On day-5 following tumor cell inoculation, the primary tumors are removed.
Therapeutic endpoints are metastases and survival. Metastatic growth in the lungs
and in the liver is observed at death or at day 40 (final day of experiment).
Metastasis is observed in the lungs and liver at the end of the experiment by
weighing the organs and by counting the macrometastases under 25X magnification.
If no macrometastases are present in these tissues, the organs are perfusion fixed in
formalin for subsequent sectioning and histological examination of micrometastases
and survival time is recorded.

Compound Efficacy Studies There are four groups of animals per drug tested:
Group 1 receives active nucleic acid molecules of the invention (e.g.ribozymes),
Group 2 receives scrambled attenuated nucleic acid control as therapy, and Group 3
receives vehicle as therapy. Group 4 serves as a positive therapeutic control and
receives recombinant human IFN-alpha A/D (8 M.U., SC, per animal, EOD for 30
days). There are 15 animals per group and up to three doses of nucleic acid
molecules per group for groups 1 and 2. Therapy begins on day-3 and is continued
daily until Day 40. At necropsy, blood samples are obtained via cardiac puncture,
spun down and plasma samples are saved at —70°C for future analyses.

Test agents may be delivered via an ALZET™ osmotic pump (Alza Scientific
Products) subcutaneously or intravenously, subcutaneous bolus, direct i.p. injection

or intravenously via the tail vein.

Examples
The following are non-limiting examples showing the selection, isolation,

synthesis and activity of enzymatic nucleic acids of the instant invention.

The following examples demonstrate the selection of ribozymes that cleave

TR2 Orphan Receptor, EAR3/COUP-TF-1, GATA transcription factors, IRF-2,
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Genesis, and CDP. The methods described herein represent a scheme by which
ribozymes may be derived that cleave other RNA targets expressed from repressor
genes. Those of ordinary skill in the art will recognize that other ribozymes with
motifs other than hammerhead may also be devised in a similar fashion and are

within the scope of the invention.

Example 1: Identification of Potential Ribozyme Cleavage Sites in GATA
Transcription Factor 2 (hGATA-2)

The sequences of human GATA transcription factor 2 (HUMGATA2A,
Genbank Accession No. M77810 (Dorfman et al., 1997, J. Biol. Chem, 267, 1279-
1285) were screened for accessible sites using a computer folding algorithm.
Regions of the RNA that did not form secondary folding structures and contained
potential hammerhead cleavage sites were identified. The sequences of these

cleavage sites are shown in Table III.

Example 2: Selection of Ribozyme Cleavage Sites in Human GATA transcription

factor

To test whether the sites predicted by the computer-based RNA folding
algorithm corresponded to accessible sites in GATA transcription factor, 70
hammerhead sites were selected for analysis. Ribozyme target sites were chosen by
analyzing genomic sequences of hGATA-2 (Dorfman, supra) and prioritizing the
sites on the basis of folding. Hammerhead ribozymes were designed that could bind
each target (see Figure 1) and were individually analyzed by computer folding
(Christoffersen et al., 1994 J. Mol. Struc. Theochem, 311, 273; Jaeger et al., 1989,
Proc. Natl. Acad. Sci. USA, 86, 7706) to assess whether the ribozyme sequences fold
into the appropriate secondary structure. Those ribozymes with unfavorable
intramolecular interactions between the binding arms and the catalytic core were
eliminated from consideration. As noted below, varying binding arm lengths can be
chosen to optimize activity. Generally, at least 5 bases on each arm are able to bind
to, or otherwise interact with, the target RNA. An example of a ribozyme targeted
to hGATA-2 is shown in figure 2.
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Example 3: Chemical Synthesis and Purification of Ribozymes for Efficient

Cleavage of GATA Transcription Factor 2 RNA

Ribozymes of the hammerhead and/or hammerhead like motifs were
designed to anneal to various sites in the RNA message. The binding arms are
complementary to the target site sequences described above. The ribozymes were
chemically synthesized. The method of synthesis used followed the procedure for
normal RNA synthesis as described in Usman et al., (1987 J. Am. Chem. Soc., 109,
7845), Scaringe et al., (1990 Nucleic Acids Res., 18, 5433) and Wincott et al., supra,
and made use of common nucleic acid protecting and coupling groups, such as
dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'-end. The average

stepwise coupling yields were >98%.

Inactive ribozymes were synthesized by substituting a U for G5 and a U for
Al4 (numbering from Hertel ef al., 1992 Nucleic Acids Res., 20, 3252). Hairpin
ribozymes are synthesized in two parts and annealed to reconstruct the active
ribozyme (Chowrira and Burke, 1992 Nucleic Acids Res., 20, 2835-2840).
Ribozymes are also synthesized from DNA templates using bacteriophage T7 RNA
polymerase (Milligan and Uhlenbeck, 1989, Methods Enzymol. 180, 51). Ribozymes
were modified to enhance stability by modification with nuclease resistant groups,
for example, 2'-amino, 2'-C-allyl, 2'-fluoro, 2'-O-methyl, 2'-H (for a review see
Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes were purified by gel
electrophoresis using general methods or were purified by high pressure liquid
chromatography (HPLC; See Wincott et al., supra; the totality of which is hereby
incorporated herein by reference) and were resuspended in water. The sequences of
the chemically synthesized ribozymes used in this study are shown below in Table
III-VL

Example 4: Ribozyme Cleavage of hGATA-2 RNA Target in vitro

Ribozymes targeted to the human hGATA-2 RNA are designed and
synthesized as described above. These ribozymes can be tested for cleavage activity
in vitro, for example using the following procedure. The target sequences and the

nucleotide location within the hGATA-2 mRNA are given in Table IIL.
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Cleavage Reactions: Full-length or partially full-length, internally-labeled
target RNA for ribozyme cleavage assay is prepared by in vitro transcription in the
presence of [a-32p] CTP, passed over a G 50 Sephadex column by spin

chromatography and used as substrate RNA without further purification.

Alternately, substrates are 5'-32P-end labeled using T4 polynucleotide kinase
enzyme. Assays are performed by pre-warming a 2X concentration of purified
ribozyme in ribozyme cleavage buffer (50 mM Tris-HCI, pH 7.5 at 37°C, 10 mM
MgCly) and the cleavage reaction was initiated by adding the 2X ribozyme mix to an

equal volume of substrate RNA (maximum of 1-5 nM) that was also pre-warmed in

cleavage buffer. As an initial screen, assays are carried out for 1 hour at 37°C using
a final concentration of either 40 nM or 1 mM ribozyme, i.e., ribozyme excess. The
reaction is quenched by the addition of an equal volume of 95% formamide, 20 mM

EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol after which the sample is
heated to 95 C for 2 minutes, quick chilled and loaded onto a denaturing
polyacrylamide gel. Substrate RNA and the specific RNA cleavage products
generated by ribozyme cleavage are visualized on an autoradiograph of the gel. The

percentage of cleavage is determined by PHOSPHOR IMAGER® quantitation of

bands representing the intact substrate and the cleavage products.

Example 5: Increased Expression of Erythropoietin by Inhibition of Repressors of
Erythropoietin

Transcriptional repressors of the erythropoetin gene were targeted with

ribozymes in order to increase Epo levels. Ribozymes were synthesized targeting
hGATA-2, TR-2, and EAR3/Coup-TF1. Ribozyme screening was performed by
complexing with lipid, delivering to the appropriate cell line, and monitoring for Epo
production. The ability of these ribozymes to increase Epo expression in both
induced (with CoCl,) and non-induced cells was also tested. Erythropoietin (Epo) is
produced in the adult kidney and fetal liver in response to hypoxia and CoCl,. Two
human hepatoma cell lines, Hep G2 and Hep 3B, exhibit regulated expression of
Epo in response to hypoxia and CoCl,. Ribozymes were tested under non-induced
and induced conditions to determine if Epo levels could be increased under one or

both conditions.
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Hep3B cells were plated at 1.8 x 10° cells per well in a 96 well plate.
Ribozymes were then transfected into cells using cationic lipids 24 hours after
seeding the plates. Two concentrations of each ribozyme (100 and 400 nm) were
tested using 5 or 7.5 ug/ml of cationic lipid. The sequences for the ribozymes and
the irrelevant controls (IR1 & IR2) are given in table VIII. Cells were then induced
to express Erythropoietin by applying cell culture media containing CoCl, (50 nM).
After 24 hours, 100 ml of media was removed from the plate well and added into a
plate for an ELISA assay. The remaining media is aspirated off and the cells were
frozen at —70°C until tested by CYQUANT™ assay using the manufacturer’s
protocol. The ELISA for quantification of erythropoietin was performed using
QUANTIKINE IVD™ kit sold by R&D Systems (Minneapolis, MN) by using the
manufacturers protocol. The data indicates that a number of ribozymes were able to
cause elevated expression of Epo in these cells compared to the inactive controls.

Results are shown in Figures 4 and 5 for cobalt-induced and without cobalt

induction respectively.

Example 6: Elevated Expression of Erythropoietin Over Time Using Ribozymes

Targeting Epo Repressors

Hep3B cells were prepared as described in example 5. Ribozymes (RPI No. 14260
(targeting hGATA-2) & 144521 (targeting EAR3/COUP-TRI1; table VIII) at a
concentration of 100nm were transfected into Hep3B cells using 5 pg/ml of cationic
lipid. Epo expression in these cells was measured at 36 and 48 hours for continuous
delivery and at 12, 24, and 36 hours for pulsed delivery using an ELISA assay from
example 5. The data was compared to two irrelevant and an untreated control (Unt) .
The sequences for the ribozymes and the irrelevant controls (IR-1 & IR-2) are given
in table VIII. The ribozyme was either delivered continuously during the incubation
period or added for just 4 hours and then replaced with fresh media (pulsed
delivery). The data is shown in figures 6-9 which demonstrate that either continuous
or pulsed delivery of ribozymes targeting hGATA-2 or EAR3/Coup-TR1 will result
in elevated expression of Epo in Hep3B cells compared to irrelevant and untreated

controls.
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Diagnostic uses

Nucleic acid molecules of this invention may be used as diagnostic tools to
examine genetic drift and mutations within diseased cells or to detect the presence of
specific RNA in a cell. For instance, the close relationship between ribozyme
activity and the structure of the target RNA allows the detection of mutations in any
region of the molecule which alters the base-pairing and three-dimensional structure
of the target RNA. By using multiple ribozymes described in this invention, one
may map nucleotide changes which are important to RNA structure and function in
vitro, as well és in cells and tissues. Cleavage of target RNAs with ribozymes may
be used to inhibit gene expression and define the role (essentially) of specified gene
products in the progression of disease. In this manner, other genetic targets may be
defined as important mediators of the disease. Other in vitro uses of ribozymes of
this invention are well known in the art, and include detection of the presence of
mRNAs associated with related conditions. Such RNA is detected by determining
the presence of a cleavage product after treatment with a ribozyme using standard

methodology.

In a specific example, ribozymes which can cleave only wild-type or mutant
forms of the target RNA are used for the assay. The first ribozyme is used to
identify wild-type RNA present in the sample and the second ribozyme will be used
to identify mutant RNA in the sample. As reaction controls, synthetic substrates of
both wild-type and mutant RNA will be cleaved by both ribozymes to demonstrate
the relative ribozyme efficiencies in the reactions and the absence of cleavage of the
“non-targeted” RNA species. The cleavage products from the synthetic substrates
will also serve to generate size markers for the analysis of wild-type and mutant
RNAs in the sample population. Thus each analysis will require two ribozymes,
two substrates and one unknown sample which will be combined into six reactions.
The presence of cleavage products will be determined using an RNase protection
assay so that full-length and cleavage fragments of each RNA can be analyzed in one
lane of a polyacrylamide gel. It is not absolutely required to quantify the results to
gain insight into the expression of mutant RNAs and putative risk of the desired

phenotypic changes in target cells. The expression of mRNA whose protein product
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is implicated in the development of the phenotype is adequate to establish risk. If
probes of comparable specific activity are used for both transcripts, then a
qualitative comparison of RNA levels will be adequate and will decrease the cost of
the initial diagnosis. Higher mutant form to wild-type ratios will be correlated with

higher risk whether RNA levels are compared qualitatively or quantitatively.

Additional Uses

Potential usefulness of sequence-specific enzymatic nucleic acid molecules
of the instant invention might have many of the same applications for the study of
RNA that DNA restriction endonucleases have for the study of DNA (Nathans et al.,
1975 Ann. Rev. Biochem. 44:273). For example, the pattern of restriction fragments
could be used to establish sequence relationships between two related RNAs, and
large RNAs could be specifically cleaved to fragments of a size more useful for
study. The ability to engineer sequence specificity of the ribozyme is ideal for

cleavage of RNAs of unknown sequence.

The nucleic acid molecules of the present invention may also be used for
small and large scale synthesis of proteins. Nucleic acids such as enzymatic nucleic
acids and antisense molecules may be administered into cells in culture to initiate in
vitro synthesis of such repressed proteins as erythropoietin, G-CSF, or interferon-
alpha. The method involves the steps of contacting or introducing into a cell a
nucleic acid molecule (e.g. ribozyme or antisense) capable of down-regulating
(inhibition) expression of a repressor protein which represses the expression of a
target protein (repressed protein), such that the level of repressor protein will be
decreased, resulting in the stimulation of expression of target protein in the cell. The
target protein can then be purified from the cells using standard techniques known in
the art. Those of ordinary skill in the art will recognize that the method could also
be utilized for the increase expression of other repressed proteins in addition to the

proteins mentioned above.

The inhibition of expression of repressor transcription factors using nucleic
acids may also be utilized in non-human organisms. Particularly since negative

regulation of genes has been demonstrated in plants (Preston et al., 1998, J.
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Bacteriol. 180, 4532-4537). For example, plants and fungi may have repressor
transcription factors which, when inhibited, would allow for the increased
expression of beneficial proteins for increased crop yield, disease resistance, and
increases in synthesis for desired amino acids, oils, and the like. Ladner & Bird,
International Publication No. WO8806601 describe the suppression of genes to
inhibit the proliferation of viruses. Applicant describes the use of nucleic acid
molecules to down-regulate gene expression of repressors in bacterial, microbial,

fungal, viral, and eukaryotic systems including plant, or mammalian cells.

All patents and publications mentioned in the specification are indicative of
the levels of skill of those skilled in the art to which the invention pertains. All
references cited in this disclosure are incorporated by reference to the same extent as

if each reference had been incorporated by reference in its entirety individually.

One skilled in the art would readily appreciate that the present invention is
well adapted to carry out the objects and obtain the ends and advantages mentioned,
as well as those inherent therein. The methods and compositions described herein as
presently representative of preferred embodiments are exemplary and are not
intended as limitations on the scope of the invention. Changes therein and other
uses will occur to those skilled in the art, which are encompassed within the spirit of

the invention, are defined by the scope of the claims.

It will be readily apparent to one skilled in the art that varying substitutions
and modifications may be made to the invention disclosed herein without departing
from the scope and spirit of the invention. Thus, such additional embodiments are

within the scope of the present invention and the following claims.

The invention illustratively described herein suitably may be practiced in the
absence of any element or elements, limitation or limitations which is not
specifically disclosed herein. Thus, for example, in each instance herein any of the
terms “comprising”, “consisting essentially of” and “consisting of” may be replaced
with either of the other two terms. The terms and expressions which have been

employed are used as terms of description and not of limitation, and there is no

intention that in the use of such terms and expressions of excluding any equivalents
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of the features shown and described or portions thereof, but it is recognized that
various modifications are possible within the scope of the invention claimed. Thus,
it should be understood that although the present invention has been specifically
disclosed by preferred embodiments, optional features, modification and variation of
the concepts herein disclosed may be resorted to by those skilled in the art, and that
such modifications and variations are considered to be within the scope of this

invention as defined by the description and the appended claims.

In addition, where features or aspects of the invention are described in terms of
Markush groups or other grouping of alternatives, those skilled in the art will
recognize that the invention is also thereby described in terms of any individual

member or subgroup of members of the Markush group or other group.

Thus, additional embodiments are within the scope of the invention and within

the following claims
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TABLEI

Characteristics of naturally occurring ribozymes

Group | Introns

Size: ~150 to >1000 nucleotides. :

Requires a U in the target sequence immediately 5' of the cleavage site.

Binds 4-6 nucleotides at the 5'-side of the cleavage site.

Reaction mechanism: attack by the 3’-OH of guanosine to generate cleavage products with
3’-OH and 5’-guanosine.

Additional protein cofactors required in some cases to help folding and maintainance of
the active structure.

Over 300 known members of this class. Found as an intervening sequence in Tetrahymena

thermophila rRNA, fungal mitochondria, chloroplasts, phage T4, blue-green algae, and

others.

*  Major structural features largely established through phylogenetic comparisons,
mutagenesis, and biochemical studies [',"]. o

Complete kinetic framework established for one ribozyme [*,*,*,"].

LA AN

Studies of ribozyme folding and substrate docking underway [, ]

Chemical modification investigation of important residues well established [*,“].

The small (4-6 nt) binding site may make this ribozyme too non-specific for targeted RNA
cleavage, however, the Tetrahymena group I intron has been used to repair a “defective”

B-galactosidase message by the ligation of new f-galactosidase sequences onto the
defective message [™].

RNAse P RNA (M1 RNA)

*  Size: ~290 to 400 nucleotides.

¢  RNA portion of a ubiquitous ribonucleoprotein enzyme.

. Cleaves tRNA precursors to form mature tRNA [“4].

*  Reaction mechanism: possible attack by M**-OH to generate cleavage products with 3'-
OH and 5’-phosphate.

¢ RNAsePis found throughout the prokaryotes and eukaryotes. The RNA subunit has

been sequenced from bacteria, yeast, rodents, and primates.

Recruitment of endogenous RNAse P for therapeutic applications is possible through

hybridization of an External Guide Sequence (EGS) to the target RNA v,

*  Important phosphate and 2’ OH contacts recently identified [*",*""]

Group Il Introns

e Size: >1000 nucleotides. .
*  Trans cleavage of target RNAs recently demonstrated [, **].
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. Sequence requirements not fully determined.

Reaction mechanism: 2’-OH of an internal adenosine generates cleavage products with 3'-
OH and a “lariat” RNA containing a 3'-5’ and a 2'-5' branch point.

Only natural ribozyme with demonstrated participation in DNA cleavage [**,*] in
addition to RNA cleavage and ligation.

*  Major structural features largely established through phylogenetic comparisons [*].

*  Important 2’ OH contacts beginning to be identified [**¥]

*  Kinetic framework under development [*¥]

Neurospora VS RNA

Size: ~144 nucleotides.

Trans cleavage of hairpin target RNAs recently demonstrated [**'].

Sequence requirements not fully determined.

Reaction mechanism: attack by 2’-OH 5’ to the scissile bond to generate cleavage products
with 2’,3’-cyclic phosphate and 5’-OH ends.

Binding sites and structural requirements not fully determined.

*  Only 1 known member of this class. Found in Neurospora VS RNA.

Hammerhead Ribozyme

(see text for references)

*  Size: ~13 to 40 nucleotides.

*  Requires the target sequence UH immediately 5' of the cleavage site.

*  Binds a variable number nucleotides on both sides of the cleavage site.

*  Reaction mechanism: attack by 2-OH 5’ to the scissile bond to generate cleavage products
with 2°,3'-cyclic phosphate and 5-OH ends.

14 known members of this class. Found in a number of plant pathogens (virusoids) that
use RNA as the infectious agent.

Essential structural features largely defined, including 2 crystal structures [ "]
Minimal ligation activity demonstrated (for engineering through in vitro selection) [*"]
Complete kinetic framework established for two or more ribozymes [**].

Chemical modification investigation of important residues well established [**].

Hairpin Ribozyme

*  Size: ~50 nucleotides.

*  Requires the target sequence GUC immediately 3' of the cleavage site.

*  Binds 4-6 nucleotides at the 5'-side of the cleavage site and a variable number to the 3'-
side of the cleavage site.

*  Reaction mechanism: attack by 2-OH 5’ to the scissile bond to generate cleavage products
with 2,3’-cyclic phosphate and 5'-OH ends.

* 3 known members of this class. Found in three plant pathogen (satellite RN As of the
tobacco ringspot virus, arabis mosaic virus and chicory yellow mottle virus) which uses
RNA as the infectious agent.

*  Essential structural features largely defined [, ¥t xxil xxxiv]
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Ligation activity (in addition to cleavage activity) makes ribozyme amenable to
engineering through in vitro selection [**"]

. Complete kinetic framework established for one ribozyme [**].
Chenucal modification investigation of important residues begun [¥*V# *i],

Hepatitis Delta Virus (HDV) Ribozyme

. Size: ~60 nucleotides.

*  Trans cleavage of target RNAs demonstrated [***].

Binding sites and structural requirements not fully determined, although no sequences 5' of
cleavage site are required. Folded ribozyme contains a pseudoknot structure [*].

Reaction mechanism: attack by 2'-OH 5’ to the scissile bond to generate cleavage products
with 2’,3’-cyclic phosphate and 5-OH ends.

¢ Only 2 known members of this class. Found in human HDV.

Circular form of HDV is active and shows increased nuclease stability [*']

i Michel, Francois; Westhof, Eric. Slippery substrates. Nat. Struct. Biol. (1994), 1(1), 5-7.
Lisacek, Frederique; Diaz, Yolande; Michel, Francois. Automatic identification of group I
intron cores in genomic DNA sequences. ]. Mol. Biol. (1994), 235(4), 1206-17.

i Herschlag, Daniel; Cech, Thomas R.. Catalysis of RNA cleavage by the Tetrahymena
thermophila ribozyme. 1. Kinetic description of the reaction of an RNA substrate complementary to
the active site. Biochemistry (1990). 29(44), 10159-71.

iv
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thermophila ribozyme. 2. Kinetic description of the reaction of an RNA substrate that forms a
mismatch at the active site. Biochemistry (1990), 29(44), 10172-80.

‘. Knitt, Deborah S.; Herschlag, Daniel. pH Dependencies of the Tetrahymena Ribozyme Reveal
an Unconventional Origin of an Apparent pKa. Biochemistry (1996), 35(5), 1560-70.
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activation parameters for binding of a pyrene-labeled substrate by the Tetrahymena ribozyme: docking
is not diffusion-controlled and is driven by a favorable entropy change. Biochemistry (1995), 34(44),
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i Banerjee, Aloke Raj; Turner, Douglas H.. The time dependence of chemical modification reveals
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Table II: 0.2 pmol RNA Synthesis Cycle

Reagents Equivalents Amounts (uL) Wait time (sec)
Phosphoramidites 15 31 465
v SET 38.7 31 465
Acetic anhydride 655 124 5
N-methyl-imidazole 1245 124 5
TCA 700 732 10

lodine 20.6 244 15

* Wait time does not include contact time during delivery.
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Table OI. Hammerhead ribozymes targeting GATA Transcription factors (1, 2, 3, 4, and

6) and the complementary Sequences

Pos Target Seq. RZ Seq. Substrate
I.D. b I.D. M
37 HSERYF1 1 CURAUGAG X CGRA AUCCCAGS 1697 CCTGGGAT C ACACTGAG
48 HSERYF1 2 CUGADGAG X O@A AGOKAGU 1698 ACTGAGCT T GOCACATC
56 HSERYFL 3 CORAUGAG X CCAA -ALGUGGCA 1699 TGCCACAT C COCAMIC
76 HSERYF1 4 CUGRALIGAG X CGRAA AGGGUICG 1700 CGARCCCT C OGCRACCA
% HSERYF1 5 CUGAGAG X OGAA ACCUGEEC 1701 GOCCAGGT T AATOOCCA
97 HSERYFL 6 CUGAGAG X (GAA AACCUGGG 1702 COCAGGTT A ATCOOCAG
100 HSERYF1 7 CUGAIGAG X C@A AUURACCU 1703 AGGTTAAT C OCCRAGAT:
m HSERYF1 8 CUGAGEG X OGRA ACCCUOUG 1704 CAGAGXT C CATGEAGT
120 HSERYF1 9 CUGAUGRAG X CGRA ACUCCALG 1705 CATGGAGT T COCTEECC
. 121 HSERYFL 10 CUGALGAG X CGRAA AACUCCAU 1706 ATGGAGIT € CCTGECT
135 HSERYF1 1 CUGALGAG X OGAA ACCCCAGG 1707 QCTGAEGT € OCTGOEEA
147 HSERYF1 12 CUGALGAG X CGAA AGGUOOCC 1708 GEGGACCT C AGAGCOCC
157 HSERYFL 13 QUGALGAG X ORA AGEGGCUC 1709 GAGOCOCT C QOCCAGTT
165 HSERYF1 14 CUGAIIGAG X CGRA ACUGEEES 1710 COCOCAGT T TGTGGATC
166 HSERYF1 15 CUGAIXZEG X OGAA  AMCUGEES 1711 COCCAGTIT T GIGGATCC
173 HSERYFL 16 CUGAUGAG X CGAA AUCCACRA 1712 TIGIGRT C CTCCICTIG
179. HSERYF1 17 . CUGRARG X CGAR AGCAGEAD 1713 ATCCTGCT C TGGIGIOT
186 HSERYF1 18 CUGAIKGAG X OGAA ACAOCAGA 1714 TCIGGIGT C CTCCACAC
189 HSERYF1 19 CUGALGAG X CGAA AGGACACC 1715 GQGTGTCCT C CACACCAG
201 HSERYF1 20 CUGAUGAG X OGAA AIXXCUGSU 1716 ACCAGAAT C AGGGGTTT
208 HSERYF1 pal CUGALIGAG X CGAA ACCOCUGA 1717 TCAGGGGT T TTCTTOC
209- HSERYF1 2 CUGAGAG X CGAA ANCOCUG 178 CAGRGGETT T TCTTOOC
210 HSERYF1 3 CUGAIXRAG X OA ARMCOCU 1719 AGGOGTTT T CTTCCCCT
211 HSERYF1 24 CUGAUGAG X OGAA AARACCCC 1720 GEGGTTTT C TTOCCCTC
213 HSERYF1 25 CUGAUGAG X CGAA AGAAANCC 1721 GGTITICT T COCCTCTG
214 HSERYF1 26 CUGAIGAG X CGAA AAGARAAC 1722 GTTTTCIT C COCICTGG
219 HSERYF1 27 CUGAIGAG X CCR2A ACGGGGARG 1723 CTTOOXCT C TGEECCIG
234 HSERYF1 28 CUGAGAG X CGRAA AGOCCUCA 1724 TGAGEGCT T GGATGCAG
248 HSERYF1 29 CUGAGAG X OGAA AGCUGCUG 1725 CAGCAGCT ‘T CCTOCACT
249 HSERYF1 30 CUGAIXAG X QA AMCUECU 1726 AGCAGCTT C CTOCACTG
252 HSERYF1 31 CUGAGAG X CGAA AGGARGCU 1727 AGCTTCCT C CACTGOCC
297 HSERYF1 k7) CURIGAG X ORA AGCCAGU 1728 ACTGXCT A CTACAGGG
300 HSERYF1 33 CUGADGAG X CGRA AXIAGGC 1729 GGOCTACT A CAGGGACG
318 HSERYF1 k7 CUGAIGAG X CGAA AGGOCUCA 1730 TGAGACCT A CAGACACT
327 HSERYF1 35 CUGAUGAG X ORA AGUGUCUG 1731 CAGACRCT C COCAGICT
334 HSERYF1 36 CUGALGAG X CGAA ACUGEIGA 1732 TCOOCAGT C TTTCAGGT
336 HSERYF1 kY] CUGAUGAG X CGRAA AGACUGEG 1733 QOCAGICT T TCAGGIGT
337 HSERYF1 38 CURIGAG X ORA AAGACXG 1734 CCAGICIT T CAGGIGTA
338 HSERYF1 39 CUGAIGAG X CGRAA ARAGRACUG 1735 CAGICTTT C AGGIGIAC
345 HSERYF1 40 CUGAUGAG X CGAA ACACCUGA 1736 TCASGIGT A CCCATTGC
351 HSERYF1 a CUGAIGAG X CGAA AUGGERAC 1737 GTACCCAT T GCTCAACT
355 HSERYF1 2 CUGADGAG X OEAA AGCAAIKG 1738 CCATTGCT C AACTGTAT
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Table III. Hammerhead ribozymes targeting GATA transcription factors (1, 2.3, 4, and
6) and the complementary sequences

362 HSERYF1 43 COOCUCCA CUGRDGAG X OGAA ACRGUUGA 1739 TCAACTGT A TCGACESG
373 HSERYFL 44 COOCCUGG CUGAUGAG X QGRA. ACCOUC 1740 GAOGGAT C CCACEEG
384 HSERYF1 45 CAIAIGGU CUGADGAG X CGRA  AGCOOCCU 1741 AGGCAGCT C ACCATATG
390 HSERYF1 46 A00000CA CURAGAG X ORRA AUGGUEAG 1742 CTCAOCAT A TGOOGGCT
405 HSERYF1 47 UCUUGACG CUGRUGAG X OGAA. AGGOCCRG 1743 CIGAGCCT A CGGCARGA
421 HSERYF1 48 GCAGGGIRA COGAUGAG X O3RA AGCCCOSU 1744 AQGEOGCT C TACCCTAC
423 HSERYF1 49 ACGCAGGG CUGALGAG X CGRA AGRAGOCCC 1745 QRGCCTCT A COCTeCCT
432 HSERYF1 0 ACACAGUU CUGAUGAG X CGPA AGGCAGEG 1746 CCCTGCCT C AACTGIGT
443 HSERYF1 51 COCEEUEG CUGAGAG X CRAA ACACACAG 1747 CTGIGIGT C CCAOQQGC
459 HSERYF1 52 COGEAGRA CUGAUGAG X (GRA. AGUOCUCG 1748 CGAGGACT C TCCTOOXC
461 HSERYF1 3 CUGGGERG CUGADGAG X CGRA AGAGIXCCU 1749 AGERLTICT C CTOCCCRAG
464 HSERYFL 54 CEOOUGEG CUGAIGAG X CGRA AGGRGRGU 1750 . | ACTCICCT. € QOCAGECC
482 HSERVFL 55 UCCAIXCCA CUOGAIGAG X CGAA ALCUXCA 1751 TORAMAT C TCRATGEA
507 HSERYF1 56 UCUOOCAG CUGADGAG X CGRA  AGCUGEKG 1752 CACCARCCT T CCTCGAGA
508 HSERYF1 57 GXUCCAG CUGADGAG X CGRAA  ARGCUGGU 1753 AOCACCTIT C CTGERAGRLC
518 HSERYF1 58 UGUCUCA CURAGAG X QA AGUCUCCA 1754 TCGAGACT T TGARGACA
519 HSERYF1 59 COGXCUC COGALGAG X CGRAA AAGUCUCC -1755 QGARCIT T GRAGACRG
547 HSERYFL 60 AOEEICAG COGAUGAG X CGAA  AGGUCUSG 1756 CCAGACCT C CTGAOCCT
572 HSERYFL 61 GAGUGAG CUGADGRAG X CGRA AGGCAGSG 1757 CACTGCCT T CATCACIC
573 HSERYF1 62 GGEAGUGA CUGAGRG X CGAA AAGGCAGU 1758 ACTACCTIT C ATCACICC
576 HSERYF1 &3 CAOGARU CUGAUGRAG X CGAA ALGARGC 1759 GCITCAT C ACTCCCTG
580 HSERYF1 64 CEGACAG COGALGRG X CGRA AGUGRIGA 1760 TCATCACT C CCTGTOC
586 HSERYF1 & CQUAIUGEG CAURG X CGAA ACROCEAG 1761 CTCCCIGT C COCRATAG
593 HSERVF1 66 AIPAAGCAC CUGADGAG X QGRA AUUGGGGA 1762 TCOOCCAAT A GTGCTTAT
599 HSERVF1 - 67 GOOOCCAU CUGRIGAG X CGRA  AGCACUAD 1763 ATAGTCCT T ATGGGEEEC
600 HSERYF1 68 GEOO0CCA CUGAIGRG X (GRAA. ARGCACUA 1764 TAGICCIT A TGEEGEEAC
615 HSERYF1 €9 UACUGEAA CGAIGAG X QGRA AGUCAGSG 1765 QCCTGACT T TICCAGTA
616 HSERYF1 70 QRAOUGRA COURAERAG X CGAA ARGXCAGG 1766 CCTGACIT T TCCAGIRC
617 HSERYF1 7L GACUGE CORAGAG X OGAA  AAAGUCAG 1767 CTGACTTT T CCAGTACC
618 HSERYF1 72 AGRAOUG COGRIIGAG X CGAA AAAAGICA 1768 TGACITIT C CAGIALCT
623 HSERYF1 I£) AARGAAG (UGADGAG X CGAA ACUGGRAAA 1769 TTTCCAGT A CCTICTIT
627 HSERYF1 74 GAGAAANG CURAIGAG X CGAA AGEIACUG 1770 CAGTACCT T CTTTICIC
628 |- HSERYFl =] GGAGARAA CUGAGRG X CGAA AAGGURCU 1Tl AGTACCTT C TTITCTCC
630 HSERVYF1 76 UGGGAGAA (CUGRAIIGRG X CGAA AGRAGGUA 1712 TARCCTTCT T TTCTCCCA
631 HSERYF1 77 GUGGGAGA CUGALGAG X CGRA AAGARGSU 1773 ACCTICTT T TCTOCCAC
632 HSERYF1 78 GUEEERAG OXRAGAG X (AR AMRGRAGG 1774 CCTICTTT T CTCCCACC
633 HSERVYF1 L] OGUGERA CUGAIGRG X CGAA AARRGARG 1775 CTICTITIT C TOCCAOG
635 HSERYF1 80 COOEUGE CUGAIXGRG X CGAA AGRRAAGA 1776 TCTITTCT C OCACCEG
652 HSERYF1 gL GCUGARU CUGAUGRG X CGAA AGGGGXU 1777 AGCOOOCT C AATTCAGC
656 HSERYF1 g2 GECUCOUG CGADGRG X CGEAA. AUGRAGSG 1778 CCCICAAT T CAGCAGOC
657 HSERYF1 8 ACGCUCU CUGADGAG X CGAA AAIUGAG 1779 CCICRATT C AGCAGCCT
666 HSERYF1 84 GRGGEA (URAERG X GGRA AU 1780 AGCPGCCT A TTCCTCIC
668 HSERYF1 85 COGAGAEG CUGRAGRG X CGAA AUAGGOG 1781 CAGCCTAT T CCTCTOCC
669 HSERYF1 86 UCCGAGRG QUGAIGAG X OGAA AAIRGCU 1782 ACCCIATT C CTCTCOCA
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Table III. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and
6) and the complementary sequences

572 HSERYFL 87 GCUUGEEA CUGALGRG X CGRAA AGGAAIRG 1783 CTATTCCT C TCOCARGC
574 HSERYF1 88 AACUUGG CUGAUGAG X CGAA AGAGGAAU 1784 ATTCCTCT C CCARCCIT
632 HSERYF1 89 GUUCCACG QUGAGAG X CGAA ACCUUREG 1785 COCAACCT T CGTGGRAC
583 HSERYF1 0 AGUUCCAC CUOGAUGRG X CRAA  AALCCUUGG 1786 - CCARGCTT C GTGGAACT
692 HSERYF1 gl CAOGGEGEA. CUGAUGRG X QGAA  AGUUCCAC 1787 GIGGAACT C TCOQCCTG
694 HSERYF1 2 CCCAGEEG CUGAUGAG X QGAA AGRGUUXC 1788 GERACTICT C COOCTACC
704 HSERYFL a3 COCACAGG CUGALGAG X CGAA AGGCAGGG 1789 QCCIGCCT C CCTIGIGRG
- 749 HSERYFL A CCACAGUG CUGAUGAG X QGAA  AGUGGOUG 1790 CAGCCACT C CACTGIGG
780 HSERYFL 95 UCCAUAGG CUGRADGAG X OGRA  AGUGGCCU 1791 AGGOCACT A CCTATGCA
784 HSERYF1 96 COEUURCA CUGAURG X CGAA AGGUAGRIG 1792 CACTACCT A TGCAACGC
802 HSERYF1 97 UUGUGALA CUGAUGAG X CQGRAA ACGOCGCA 1793 TGOGECCT C TATCACAA
804 HSERYF1 98 UCUOGUGA. COGAUGAG X QEAA. AGRGGOCG 1794 CGECTCT A TCACAAGA
806 HSERYFL 9 QXU COGAGAG X QA AURGROGC . 1795 GCCICTAT C ACAAGATG
835 HSERYF1 100 GGCCCGAU CUGAUGAG X CGAA  AGGRECCU 1796 AGGCCCCT C ATCOEXCC
838 HSERYF1 101 UUCEEOCG CUGADGAG X QGAA  AUGRGGGSG 1797 COCCTCAT C CGGCQCRA
859 HSERYF1 102 UUACUGAC CUGALGRAG X CGRAA AXCAGGOG 1798 CCCCTGAT T GICAGTRA
862 HSERYF1 103 CGUURALU COGALGAG X CGAA ACRAIXCAG 1799 CIGATIGT C AGTAAALG
866 HSERYF1 104 UGCOCGUU CUGAUGAG X CGAA  ACUGACAA 1800 TIGICAGT A AARCGEXA
878 HSERVF1 105 CCACUGAG CUOGAUGAG X CGAA  ACCRCCC 1801 OGOCAGGT A CTCAGIGC
881 HSERYFL 106 GEICCACU CUGADERG X CRAA AGTRACCUG 1802 CAGGTACT C AGTGCALC
941 HSERYFL 107 GQCACACGG CUGALGAG X CGAA AIXOOCAC 1803 GIGEEGAT C QOGIGTCC
964 HSERYF1 108 UUGIAGUA CUGAGAG X QGAA  AGGOOGCA 1804 TCOGCCT C TACTACAA
966 HSERYF1 109 CCUUGAG COGADGRG X CGAA  AGHOEOXG 1805 CGGCCTICT A CTACRAAGC
969 HSERYF1 110 GRECUUG CUGAIGRG X QGRAA AGURGAGG 1806 CCICTACT A CAAGCTRC
976 HSERYF1 111 AOCUCEIG COGRADGRAG X O3AA AOCULKXA 1807 TACAAGCT A CACCAGGT
1016 HSERYFL 112 ACUGAA CUGAGAG X CQGAA  ACCADCCU 1808 AGGATGGT A TICAGRCT
1018 HSERYF1 113 QGGG COGAGRG X CGAA  ALACCRIC 1809 GATGGTAT T CRGACTCG
1019 HSERYFL 114 UORGCU CORGAG X OGAA  AAIACCAU 1810 ATGGTATT C AGARCTCGA
1025 HSERYF1 s GO CUGAIGRAG X (GRAA AGUCUGAA 1811 TTCGCT C GRAACCCC
1041 HSERYF1 116 CUOUOCCA. CUGAGAG X CGAA  ALGCCUUG 1812 CAAIGCAT C TGGAAARG
1068 HSERYF1 17 OCAGACUG CUGALGRG X CGAA - AGCOQOT 1813 AOOEEECT C CAGTCIRG
1073 HSERYFL 18 GOOUOCCA. CUGALGAG X CGRA. ACUGGAGC 1814 GCTQAGT C TAEGAEC
1113 HSERYF1 119 CCAOCAIA. CURDGAG X CGAA ACCCACCA 1815 TGGIGECT T TATGGIGG
1114 HSERYF1 120 ACCAOCAD COGAIGAG X CGAA. AAGOCALC 1816 GGETGECTT T ATGGTGET
115 HSERYFL 121 CAOCACCA CUOGAIGRG X QGRA. ARRGCCRC 1817 GIGCTTIT A TGGIGGIG
1139 HSERYFL 12 AUUCOOGC CUORDGAG X OGAA ACCUGC 1818 QCAGOGGT A GOGGGRAAT
1148 HSERYF1 123 CUOCCCAC COGAGRAG X CGAA ADCOCC 1819 GOGGGAAT T GICEGERAG
1163 HSERYF1 124 CACGOCUG CUGAGRAG X CGAA  AGCCACCU 1820 AGGTACCT T CASGCCIG
1164 HSERYF1 15 UCAGCCCU COGAGAG X OGAA  ARGOCRLOC 1821 GGICCCIT C AGGOCTGA
1190 HSERYFL 126 AUGGCAG CORDRG X ORA ACCUAEG 1822 COCCAGGT A CTGCCCAT
1199 HSERYF1 127 UTOGGUAGRA. CUGAIGRG X OGAA AGGGCRAG 1823 CTGOCCAT C TCTACCRA
1201 HSERYFL 128 QCUUGER CURADEG X CRAA ARDEXC 1824 GOCCATCT C TAOCARGG
1203 HSERYFL 129 QCOCUUGG CUGAIXRAG X CGRA  MEAGAIXG 1825 CCATCICT A CCARGECC
1230 HSERYF1 130 CAEO0CU CUOGAUGAG X CEAA ACAGCACC 1826 GGIGCTGT C AGGECCIG
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1240

HSERYF1 131 CUGAUGEG X OGAA ACAGCOCC 1827 GOOCCTGT T AGCCACCT
1241 HSERYF1 132 CUGALIGAG X CGAA AACAOGCC 1828 GGCCTGIT A GOCAQCIC
1249 HSERYF1 133 CUGALIGAG X OGAA AGCUGGCU 1829 ACCCACCT € ATGOCTTT
1256 HSERYF1 134 CUGALIGAG X CGAA AGGCALGA 1830 TCATGCCT T TOCCTGEA
1257 HSERYF1 135 CUGAUGAG X CGAA AAGGCAIG 1831° CATGCCTT T COCTGGAC
1258 HSERYF1 136 CUGAUGAG X CGAA AAAGGCAD 1832 ATGCCTTT C CCTGGACC
1270 HSERYF1 137 CUGAIGEG X CQGRAA AGGGEXC 1833 GGACCCCT A CTGAECIC
1278 HSERYF1 138 CUGAUGRG X CGAA ACOUCAGU 1834 ACTGOGCT € ACCCACSG
1290 HSERYF1 139 CUGAIGAG X ORA AGCOORG 1835 CACGEGCT C CTTCOCCA
1293 HSERYFL 140 CUGALGAG X CGAA AGGAOXXC 1836 "GQGGCTCCT T COCCACRG
1294 HSERYF1 141 CUGAUGAG X CGAA AAGGAGCC 1837 QGCTCCIT € CCCACAGG
1328 HSERYF1 142 CUGAIGAG X CERA AGUGCUSG 1838 CCAGCACT A CIGIGGIC
1340 HSERVF1 143 CUGALIGAG X CGAA ACCCACCA 1839 TCGIGECT C CGCTCARC
1345 HSERYF1 144 CUCADGAG X CGPA AGCGGAGC 1840 GCTOOXT € ACCICATG
1350 HSERYFL 145 CUGAGAG X CGAA AOCUGAGC 1841 CCTCAGCT C ATGAERC
1373 HSERYF1 146 CUGALGRG X CGRAA AGGCCALG 1842 CATGGCCT C CAGAGGRG
1391 HSERYF1 147 CUGNIGAG X CGAA ACROCALC 1843 GGIGGIGT C CTICIOCT
1394 HSERYF1 148 CUGALIGAG X CGAA AGGACACC 1844 GGTGTCCT T CTOCIETT
1395 HSERYF1 149 CUOGAGAG X CGAA AMGGACAC 1845 GIGICCIT € TCCICTTG
1397 HSERYF1s 150 CUGAGRG X CGAA AGAAGGAC 1846 GICCTICT C CICTTGTA
1400 HSERYF1 151 CUGALGAG X CGRAA AGGRAGARG 1847 CTTCICCT C TIGTAXC
1402 HSERYF1 152 CUGALIGAG X CGRAA AGRAGGRAGA 1848 TCTCCICT T GTAGCCAG
1405 HSERYFL 153 CUGAGAG X OGAA ACARGACGS 1849 CCICTIGT A GOCAGAAT
1414 HSERYF1 154 CUGAGAG X CGAA ADUCUGGC 1850 GOCAGAAT T CIGGACRA
1415 HSERYF1 155 CUGAGAG X CGAA AALUCUGE 1851 CCAGRATT C TGGACARC
1430 HSERYF1 156 CUGRIGAG X OGA ACTUGE 1852 ACCCAAGT C TCTOEXC
1432 HSERYF1 157 CUGAUGAG X CGAA AGACUURG 1853 CCAAGTCT € TGEEOCC
1456 HSERYFL 158 CUGAGAG X CGRA ACCCACSG 1854 COCTAXT T GAACCTTC
1463 HSERYF1 159 CUGRIGRG X (GAA AGGUUCRAA 1855 TTGAACCT T CRAMXTIT
1464 HSERYF1 160 CUGAIGAG X CGAA AAGGUICA 1856 TGAACCTT C AAAGCTTT
1471 HSERYF1 161 CUGAIGAG X (XA ACCUUUGA 1857 TCAARGCT T TIGTAAAA
1472 HSERYF1 162 CUGAIGRG X CGRA AMGCUKRG 1858 CAARAGCTT T TGTAAAAT
1473 HSERYF1 163 CUGADGAG X OGAA ARRMGCUU 1859 AARGCTTT T GIAAAATA
1476 HSERYF1 164 CUGAIG X CGAA ACAAANGC 1860 GCTTITGT A AAATAARA
1481 HSERYF1 165 CUGRARG X CGAA AUUUUACA 1861 TGTAAAAT A AARCCACC
18 HUMGATR2A 166 CUGAGAG X ORAA ACUGOXC 1862 GEORCACT C TACCOOCA
20 HUMGATA2A 167 CUGAIGAG X CGAA  AGAGUROG 1863 COCACTCT A QOOCCACC
30 HOMGATA2A 168 CUGADGAG X CEAA ACCUCEEG 1864 COCCAGCT € CTACCCTIG
3 HUMGATA2A 169 CURADGEAG X CERA ACGROOUG 1865 CAGCTCCT A COCTIGTAA
40 HUMGATA2A 170 COGAGAG X OGAA ACPGGXA | 1866 TAOCCIGT A AGOOQORC
55 HIMGATA2A 7 CUGAGAG X CGAA ACCUGEC 1867 GOCAGOCT C OCRACGIG
68 HUMGATA2A 172 CURDGAG X CGRAA ACAGCAOG 1868 CGTGCTGT C CTEEEXC
L) HIMGATA2A i73 CUGAUGAG X CGAA AT 1869 GOOCGT € GOOCTORG
85 HUIMGATA2A 174 CQUGARG X CCAA AGGCOGRC 1870 GTOROXCT C GEREIOC
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9L HOMGATA2A 175 UOOGE0aG QUGAUGAG X (GAA  ACCCCGAG 1871 CTOGGEEGT © C0COOEEA
103 HUMGATA2A 175 GAGUGAAG CUGAUGAG X OGAA AGUUCOSG 1872 CCAGEAACT C CTTCACIC
106 HUMGATAZA 177 URARAGG CUGAGAG X CGRAA AGGRGUUC 1873 GAACTCCT T CACTCTCA
107 HUMGATAA 178 CORGAGT CUGAUGAG X CGAA AAGGAGUU 1874 AACTCCIT C ACTCTCAG
111 HUMGATA2A 179 GCOOXUGA CUGRUGAG X OGAA AGUGAAGG 1875 CCTTCACT C TCAGAGRC
113 HIMGATA2A 180 CoACXU CUGAUGAG X CZRA AGRGUGRA 1876 TTCACICT C AGAGCOCG
125 HUMGATA2A 181 AOEEAG QUGRUGAG X QA ACUOGECC 1877 GGCORAGT € CCTOCCT
129 HUMGATARA 182 GECEAGEG CUGAUGAG X OQGRAA  AGGGACUC 1878 GAGTCQCT C CCCTCOCC
134 HUMGATA2A 183 GOOCUAEG CUGAUGAG X CGAA ACGGEAGG 1879 CCTCCOCT & QQCALGEC
156 HUMGATA2A 184 CCAROC CUGALGAG X CGAA AQGGCOCAC 1880 GIGAGQCGT T GOGICTRC
161 HUMGATA2A 185 UCGGUGCA CUGAUGAG X CRAA ACGCARLG 1881 CQGTTGOGT C TCCACCCA
264 HUMGATARA - 186 QCUEGUEU CORAUGAG X CQGAA  AGUOGESG 1882 COCCGEACT C MACCACC
291 HIMGATA2A 187 QUUCCALG CUGAUGAG X CGAA  AGUUEGC 1883 GCACAACT A CATGGAAC
317 HUMGATAZA 188 COOCAG QUGAGRAG X (GAA AGGCAGCA 1884 TCCTGCCT C CAGACRG
334 HUMGATA2A 189 UUGAAGAA COGAGAG X OGAA AOGUCCAC 1885 GIGGACGT C TICTTCRA
336 HUMGATA2A 190 GAUUGAAG CUGALGAG X O3A AGROEAXC 1886 GEACGTICT T CTTCRATC
337 HOMGATA2A 191 URADUGRA CUGRDEAG X CRA AAGROGC 1887 GACGICIT C TTCAATCA
339 HUMGATA2A 192 GGUGALLG CUGAUGAG X ORA AGRAGNG 1888 QGICTICT T CARTCALC
340 HUMGATA2A 193 MGUGAUU COGALIGAG X CRA AAGRAGAC 1889 GICTTCIT C AATCRCCT
344 HUMGATAA 194 GRS CUGAUERAG X (GAA AUUGAAGA 1850 TCTTCAAT C ACCTCGAC
349 HUMGATA2A 195 UCOGAGUC COGAIGRG X (GAA  ACGUGADU 1891 AATCACCT C GACTCXCA
354 HIMGATARA 196 UOOOCUC QXRAIXRG X QGRAA  AGUCGAEG 1892 CCTOGACT C GCAGEGCA
369 HRMGATA2A 197 UGGCAIRG CUGRGAG X OGAA  ACGCEUUG 1893 CAAOCCCT A CTATGOCA
372 HUMGATA2A 198 GGUUGGCA CUGALGRAG X CGAA AGURGERG 1894 COCCTACT A TGOCARCC
386 HOMGATA2A 199 GOCEOCU COGAGRG X QGA  AGCGGEEGU 1895 ACOCOGCT C AGE0EAEEC
397 HUMGATA2A 200 CUOGRARA CORDERG X CRAA A0COEG 1896 CEOEEAGT C TCCTACAG
399 HOMGATA2A 201 GCCUGUAG CUOGRDGAG X CGAA AGROACOG 1897 CQGGOGICT C CTACAGCC
402 HIMGATAA 202 QUG OXAUGRG X QGRA  AGGRGACG 1898 CGICTCCT & CAEOOOG
453 HUMGATA2A 203 UGUGCAAC CUGAIGAG X (GAA  AGUGESG 1899 COCACACT T GTTGCACA
456 HUMGATA2A 204 COCUGUC CUGAIGGAG X CGRA  ACARGUGU 1900 ACACTTGT T GCACAGCC
470 HRMGATA2A 205 CCACGCA CORAGRG X 03dA  A000EEAC 1901 GOOOGEET T TACCTIEG
471 HIMGATAZA 206 COCACGC CUORRIGAG X (GRA  ARCCOGG 1902 CQOXGIT T GOCCTEEC
502 HIMGATA2A 207 COOCAGA CUGAUGRG X CGRAA AGGGCUCC 1903 GCAGOCCT C TCTGOEC
504 HOMGATA2A 208 CGOGOOCA COUGALGAG X (GRA  AGRGGCCU 1504 ACCCCTCT C TAOGEACC
540 HIMGATA2A 209 UDCUURAG CUGALGAG X CGRA  AGGGEAUC 1905 GAGOOCCT T CTCCRAGA
541 HIMGATA2A 210 AUV CUGAGAG X OGA  AMGGEGCU 1906 AGCCCCIT C TCCAAGRC
543 HUIMEATA2A 211 GOEUCUUG CUOGAIGRAG X CGRAA  AGAAGEG 1907 CQCCCTICT C CARGAOGC
564 HIMGATA2A 212 CAOCAGCU CUGAGAG X (GAA. AGEEGUGC 1908 GCALOCCCT C AGCICCIG
591 HUMGATA2A 213 ACACAGEA. COGAGRG X (GRA  AGUGAOXT 1909 AGGCCALT C TCIGIGTA
593 HUMGATA2A 214 GHACACA CURAUGRG X CGAA AGRGUREC 1910 GCCACTCT C TGIGTACC
599 HUMGATARA 215 QOOOUGG CUGALGAG X CRAA ACRCAGRG 1511 CICIGIGT A COCACESG
639 HIMGATA2A 216 AGOCACU CUGADGRAG X CRRA  ACCUQOG 1912 QGEGAGCT C AGTGXCT
648 HUMGATA2A 217 GEEUGAG CUGAGAG X CGAA  AGGCOCALU 1913 AGTGECCT C CCTCOXC
652 HUMGATA2A 218 QUAGCERU CUOGRAUGAG X QGAA AGGERAGGC 1914 GCCTOCCT C AQCCCTAC
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559 HUMGATA2A 219 GEOUCAG CUGADRAG X CGAA AGCCGXGA 1915 TCAOCCCT A CAGCAOCC
672 HUMGATA2A 220 GGGAGCCA CUGARAG X CGRA AGUGGGCU 1916 AGCCCACT C TOOCTCCC
678 HIMGATA2A 221 BANGUGG CUGAGAG X CGAA AGOCAGRAG 1917 CTCTGGCT C CCACCTTT
685 HUMGATA2A 222 - AAOCCGAA CUGADGAG X CGRA  ACGUAGGA 1918 TOCCACCT T TTOGCCIT
686 HUMGATA2A 223 GAAGCCOGA CUGAUGAG X CGRAA AACGIEG 1919 QCCACCTT T TCECTIC
687 HIMGATA2A 224 GRAAGOOG CUGAUGRAG X CGAA AAMGEXG 1920 CQCACCTTIT T CGCCTTCC
688 HOMGATA2A 225 GEGRAACCC CUGAUGAG X CGRA AAARCIG 1921 CACCTTTT C GGCTTOCC
693 HUMGATAZA 226 GUCGEIGEG CUGAIGAG X CGAA. AGCCGAAA 1922 TTTOGCT T COCACCAC
694 HUMGATA2A 227 QUGG CUGAGAG X CGRA. ARGOCGRA 1923 TTCAGCIT C CCAOCALG
720 HIMGATA2A 228 GGUCACGA CUGAUGAG X CQGRA  ACAGUUCC 1924 GGAACTGT C TCCTGRCC
722 HUMGATA2A 229 AGGEUCAG CUGRUGAG X QGRA AGRCRGUU 1925 ARCTGICT C CTGACCCT
731 HUMGATA2A 230 QGUEGEUGC. CUGAUGAG X CGRA AGCGUCRAG 1926 CTGACOCT A CCACCAOG
750 HUMGATA2A 231 AGCUCGA CUGADGAG X CGRA AQGCUGCC 1927 QGCAGOGT C TCCAGCCT
752 HIMGATA2A 232 UERAECAUG CORAGRG X CGRRA  AGROGAUG 1928 CAGOGTCT C CAGCCTCA
759 HUMGATA2A 233 CORAGAU CUGADGRAG X (GRA AGGCUGGA 1929 TCCAGCCT C ATCTTIOG
762 HIMGATA2A 234 COCCGGAA CUGRAGRG X CGAA  AUGAGGCU 1930 AGCCTCAT C TTCOGOGG
764 HUMGATA2A 235 COOOGOG CURAIGAG X ORRA - AGALGAGG 1931 CCTCATCT T COXGEEG
765 HUMGATAZA 236 COOOCG CUGAUGAG X CGAA AMGAUGRG 1932 CICATCIT C Co0edG
T76. HUMGATA2A 237 CECURAC CUGAGAG X OGRA  A00CCCCG 1933 QEGEGEGT A GITCAGCC
779 HIMGATA2A 238 UOCECAUG CUOGAGRG X CGAA. ACUACCCC 1934 GOGGTAGT T CAGOCCGA
780 HOMGEATA2A 239 COOGEU CUGAGAG X OGAA  AACUIACCC 1935 GEGTAGTT C AGCOCGAG
808 HIMGATA2A 240 USHACUU CORIGRG X CGRA  ACGOOEC 1936 GOGEOGT C AAGTACCA
813 HIMGATAA 241 ACCCCUAG CUGAGAG X OGAA  ACUUGROG 1937 QGTCAAGT A COCAGRQGT
822 HIMGATA2A 242 COGICAGU COGRAGAG X CGAA  ACCOCUGG 1938 CCAOGOGT C ACTGROGG
857 HUIMGATA2A 243 COCAGG CURAGAG X QGRA ACCGCCRC 1939 GIGEOOGT C COCTeOC
874 HUIMGATA2A 24 ARGIAC CUGRAURAG X CGRAA AGGOCG 1940 CCAGGCCT A GCTACTAT
878 HOMGATA2R 245 GOCCAIRG CUGAIGAG X CGRA AGCURAGGC 1941 GOCTACCT A CTATGEC
88L HOMGATA2A 246 CGUOOCCA CUGAGAG X CQGAA  AGUACCUA 1942 TAGCTACT A TGGGCROC
899 HUMGATA2A 247 UGG CUORRDGAG X CQRA  ACCAGCGQT 1943 AGCCTCCT A CACACCRC
913 HIMGATA2A 248 AECEEG UGG X CRRA  AUGGEEEUG 1944 CAROOCCAT C CCCACCTA
921 HUMGATA2A 249 ACAEG CURAGAG X ORRA  ACEG 1945 OQOOCACCT A QOQCTCCT
927 HIMATA2A 250 QCACAIRG COGAIGAG X CGAA AGGGGURG 1946 CTAOCCCT C CTATGIGC
930 HUMGATAZA 251 OCOXCACA CUGAIGRG X CQGAA AGGRGIG 1947 CCCCTCCT A TCTAOOG
954 HIMGATA2A 252 UGG COGAUGRG X QRA ACUCEXG 1948 QCAQEALT A CACCAEG
967 HIMGATA2A 253 GEUGEAA. CUGRGAG X OGRA  AGUOXCU 1949 200GGACT C TTCCROCC
969 HOMGATA2A 254 CCEHEUGE URARC X CGAA AARAGKCG 1950 QXRCICT T CACCOOG
970 HUMGATA2A 255 QOEEEEUG COGAUGRG X CGAA  AAGAGOCC 1951 GACICIT C CAOCQOSG
984 HIMGATA2A 256 COCOCAG CUGAUGRG X CGAA  ACCUOOCG 1952 OGEACCT T CCTEEEEG
985 HIMGATA2A 257 COOCOAG CURARG X CGAA  AAGCUCCC 1953 QGGACCIT C CTAOXIG
1002 | HUMGATA2A 258 UGAAGCUG COGADGRG X CRAA AGGOOSEU 1954 ACOGCCT C CAGCTTCA
1008 | HOMGATA2A 259 AGEEEUG CUGADGAG X ORAA  ACCUGGAG 1955 CTCCACCT T CAOCCCTA
1009 | HUMGATA2A 260 UAGEOEU CUGAUGAG X CGAA ARGCUGGA 1956 TCCACCTT C ACCCCTRA
1016 | HIMGATA2A 261 GOCCUGU CUGAIGAG X OGAA  ACGGEGA 1957 TCAOOCCT A AGCAGOGC
1034 | HUMGATA2A 262 ACAOGANC CORADGRAG X CRAA  AGUCUUEC 1958 GCAAGRACT C GITCCIGT




WO 00/61729

62

PCT/US00/09721

Table III. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and
6) and the complementary sequences

263

1037 | HIMGATA2A CUGRGAG X CRA ACGAGCU 1959 AGACTOGT T OCTGTICA
1038 | HUMGATA2A 264 CUGAUGAG X CGAA AACGARC 1960 GACTCGIT C CIGITCRG
1043 | HUMGATA2A 265 CUGRALGAG X OGAA ACAGGAAC 1961 GITCCIGT T CAGAAGEC
1044 | HUMGATA2A 266 CUGALGAG X CGAA AACAGGAA 1962 TTCCIGIT C AGAAGGCC
1063 | HIMGATA2A 267 CUGALGAG X CGAA ACACACC 1963 GAGTGTGT C AACTGIGG
1088 | HIMATAZA 268 QUGAGEG X CRA ASEGEUUG 1964 CAAQCCCT C TCTEOSG
1080 | HUOMEATA2A 269 CUGNIXGAG X CRAA AGAGGERU 1965 ACCOCICT C TOECaaCG
1116 | HUMGATA2A 270 CUGAIKGAG X CRA AGUIEEOSG 1966 OGGOCACT A CCTGTCA
1137 | HMRATA2A 271 CUGAIGAG X CRAA AGCOCCAG 1967 CTGOGGCT T CTACCACA
1138 | HUMGATA2A 272 CUGRAIXZAG X CGAA ARGOCGCA 1968 TGOGGCTT C TACCACAA
1140 | HRTRTA2A 273 CUGALIGAG X CGAA ACRAGCCG 1969 CQGGCTICT A CCACRAGA
1171 | HIMGATA2A 274 AGAGAG X CGAA AGUGRS 1970 CQGACCACT C ATCANCC
1174 | HIMRATA2A 275 CUGAGAG X CRA ARG 1971 CCACTCAT C AAGOCCRA
1194 | HIMRATA2A 276 CUGALIGAG X CGRA ACAGUCUU 1972 AMGACTGT C GEOCCA
1220 | HUMRATA2A 277 CUGAIXGAG X CGPA ACARGGUGRC 1973 GCACCTGT T GIGCAAAT
1229 | HUMGATA2A 278 CUGALIGAG X (GRAA AUUUGAC 1974 GIGCAAAT T GICAGKTG
1232 | HIMGATAZA 279 CUGNIGRG X CGAA ACAAIIUUG 1975 CRAATTGT C AGAOGACA
1251 | HUMGATA2A 280 CUGAIGEG X O3A ACGUGRUG 1976 CACCACCT T ATEGCGC
1252 | HUMGATA2A 281 CUGAGAG X GRA AASSUGRU 1977 ACCACCTT A TG
1282 | HUMGATA2A 282 CUGAUGAG X CGAA ACAGERC 1978 GACCCTGT C TGCAACGC
1300 | HOMRATA2A 283 CUGAIGAG X CGAA AGGCCRACA 1979 TGTGGCCT C TACTACAA
1302 | HIMATA2A 284 QUGALIGAG X CGAA AGAGGOCA 1980 TEXCICT A CTACAAC
1305 | HIMGATA2A 285 CQUGAIGAG X CGPA AGURGAGG 1981 CCICTACT A CRAGCIRC
1321 | HIMGATAZA 286 CURAUGAG X CGAA ACAIIUGUG 1982 CACANIGT T AACAGIC
1322 | HMRTA2A 287 CUGAGAG X CGAA ARCAIUGU 1983 ACANTGTT A ACAGXXCA
1354 | HUMGATA2A 288 CUGALGAG X OGRAA ADOCCUUC 1984 GARGGGAT C CAGACIXG
1361 | HRMCATAZA 289 CUGAUGAG X CGAA ACUCUGGA 1985 TCCAGACT C GRAAOOG
1377 | HUMRATA2A 290 CUGALGEG X CGAA ACAUCUUC 1986 GAAGATGT C CAACAAGT
1386 | HUMGATA2A 291 CUGAUGAG X OGAA ACUUGUUG 1987 CAACAZGT C CARGARGA
1416 | HIMGATARA 292 QUGAGAG X QGRAA. AGCACIXC 1988 GGAGTGCT T CRAGERLC
1417 | HRMATA2A 293 QUGAGG X CGAA AACRLUC 1989 GAGTGCTT C GAGGAGCT
1428 | HMRATA2A 294 CUGAIXGAG X CGAA. ACAGCIXC 1990 GGAGCTGT C ARAGTGCA
1449 | HIMGATA2A 295 CUGAGAG X OGAA ACUUCIXC 1991 GGAGANGT C ATCOXXT
1452 | HMRATA2A 296 CUGALGAG X OGRA AUGACIC 1992 GARGTCAT C CCCOCTICA
1458 | HIMGATA2A 297 " CUGALGAG X CGAA  ACGEEGAU 1993 ATCOOCCT T CAGTGCAG
1459 | HIMGATAZA 208 CUGALGAG X OGAA AMNGCOCRA 1994 TOOCCCTIT C AGTGCAGC
1493 | HIMGATA2A 299 CUGAIGAG X OGAA ACGUGOCA 1995 TGGCACCT A TGEGOCAC
1504 | HMGATA2A 300 CUGRAUGAG X OGAA AGGUAECC 1996 GGOCACCT € CORCOCTT
1512 | HIMGATA2A 301 CUGAUGAG X OGAA AGREOEG 1997 OOCORXCT T CAGCCACT
1513 | HOMGATA2A 302 CUGADGAG X OGAA ANGSEOG 1998 COXXCCIT C AGOCACTIC
1521 | HIMGATAA 303 CUGAIXGG X CGRAA ACUGEOUG 1999 CAGOCACT C CGEACRECA
1531 | HUMGATA2A 304 CUGADGAG X CGRA ALGUEXC 2000 GEACACAT C CTGOQCAC
1541 | HUMGATA2A 305 CUGRIGAG X CGAA AGUGGECA 2001 TGOCCACT C QGAORCC
1552 | HUMGATRA2A 306 CUGRGAG X CGAA AGGGORU 2002 ACGOCCAT C CAOOCCTC
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1560

HUMGATA2A 307 CUGAGAG X CGRAA AGOEERG 2003 QCAXXCT C CTCCACT
1563 | HUMGATAZ2A 308 CUGAUGAG X CGAA ACCAGESG 2004 QCCCICCT C CAGCCICT
1570 | HUMGATA2A 309 CUGAUGAG X CGRA ACGCUGGA 2005 TOCAGCCT C TOCTTORG
1572 | HUMGATAZA 310 CUGALGAG X CGAA AGAGGCUG 2006 CAGOCICT C CTTOEXC
1575 | HUMGATA2A 31 CUGAIGEG X OGRA AGGAGAGG 2007 CCTCTCCT T OGGCCACT
1576 | HUMGEATA2A 312 CUGALGAG X OGAA AAGGAGAG 2008 CTCICCTT C GGOCACCC
1593 | HIMGATA2A 313 CUGAGAG X CGAA ACGGGUGG 2009 CCACCOGT C CAGCATGG
1617 | HUMGATAZA 314 CUGALIGAG X OGRA ACCCCALG 2010 CATGOGGT A GGGAACAG
1634 | HIMGATAZA 315 CUGAIGAG X CEAA ACGUOCGU 2011 MOGGACGT C GAGGACKS
1649 | HUMGATA2A 316 CUGAUGAG X OGA AGIGOOOG 2012 CGOGCACT C COGGGATG
1673 | HUMGATA2A 317 CUGALGAG X O3A ACGGUUUG 2013 CAAMCCCT T ACCAGOCC
1674 | HUMGATA2A | 318 CUGRAGRG X CGAA ARGCGUUU 2014 AAAOCCTT A QCRAGOOCA
1687 | HUIMGATAZA 319 CUGAIGAG X OGAA ALGCUGGG 2015 QCCAGCAT T TCOOOGAAC
1688 | HIMEATA2A 320 CUGAGAG X CGAA AAIGAGG 2016 CCAGCATT T COOGRAACC
1689 | HUMGATA2A 321 CUGAIGAG X CGAA ARAGUG 2017 CAGCATTT C COGAACCC
1708 | HUMGATAA 322 CUGALGAG X CGAA AGUGGURT 2018 MACCACT C CTGOCAGC
1724 | HUMGATA2A 323 CUGALIGAG X CGRA AGCOOGEG 2019 COOGORCT ¢ GOOCCARC
1740 | HUMGATA2A 324 CUGALIGAG X OGRA ACGEEGUG 2020 CACCOCCT C TOCTGGAG
1742 | HUMGATAZA 325 CUGALGAG X CGAA AGAGEESG 2021 COOCCICT C CTGGAGSG
1775 | HOMGATA2A 326 CUGALGIG X OGRA ACUGCUGG 2022 CCAGCAGT T ACTGTGAA
1776 | HIMGATA2A 327 CUGAIGAG X CGAA AACUGOUG 2023 CAGCAGIT A CIGTGAAT
1787 | HIMGATA2A 328 CUGADGAG X QGAA ACAIUCRC 2024 GIGAATGT T COOCAOCG
1788 | HUMGATA2A 329 CUGAGAG X CGARA AACAIUCA 2025 TGAATGIT C COCAROOGC
1810 | HUMGATA2A 330 CUGAIGRAG X OGAA AGGCACC 2026 GECTGCT € CECACCIG
1838 | HIMGATR2A 331 CUGAIIGAG X CGAA ACCCCACC 2027 QGTGEEGT T TCCTGCAT
1839 | HUMGATA2A 332 CUGAIIGAG X OGAA AAOCOCAC 2028 GIGEGTT T CCIGCATG
1840 | HUMEATA2A 333 CUGAGAG X CGRAA AAACCOCA 2029 TEEAGTIT C CTGCATGG
1854 | HUMGATR2A 334 CURAIGAG X CERA ACUGUOCA 2030 TCGACAGT T GTITTGGEAG
1857 | HUMGATAZA 335 CUGAIKRG X OGAA ACRACUGU 2031 ACAGTTGT T TGGAGAAC
1858 | HUMGATAZA 336 CUGAIGAG X CGRA ANANG 2032 CAGTIGIT T GGRAGAACA
1879 | HUMGATA2A 337 CUGAIKAG X (GAA AGUUGRKC 2033 GGACAACT T TATGIAGA
1880 | HIMGATA2A 338 CUGAIXAG X CGAA AAGUURXC 2034 GACAACTT T ATGTAGRG
1881 | muMcaTAZA 339 CUGRI2G X OGAA AARGIUGU 2035 ACAACTTT A TGTAGAGA
1885 | HIMGATA2A 340 CUGAIGAG X OGAA ACAIARAG 2036 CITIATGT A GAGAMARG
1923 | HIMGATA2A 341 CUGAIGAG X CGAA ALGGUIRC 2037 GCARCCAT T TTTAGAAG
1924 | HUMGATA2A 342 CUGAIGAG X (GAA AAUGGIRG 2038 CAAOCATT T TTRGRAGG
1925 | HUMGATAZA kl'x] CUOGAIGAG X CERA AANIGGUU 2039 AACCATIT T TAGAAGGA
1926 | HOMGATA2A 344 CUGAGAG X CCRAA AAMALGRU 2040 MOCATTTT T AGAAGAA
1927 | HUMGATA2A 345 CUGAIGAG X CGAA AAAANIG 2041 CCATTTIT A GAAGGAAA
1942 | HIMGATA2A 346 CUOGAGAG X CEAA AICUUUU 2042 APAAGGAT T AGGCAAAA
1943 | HUM3ATA2A 347 CUOGAIIGAG X CGRA AACCUUU 2043 ARAGGATT A GGCAARAA
1953 | HIMGATA2A 348 CUGAIGAG X CERA AUUUGC 2044 GCAADAAT A ATTTATTT
1956 | HUMGATA2A 349 CUGALXAG X CGRA. ALTALUUU 2045 AMAATAAT T TATTTIGC
1957 | HUMGATA2A 350 COCAGAG X OA ARDUALIUU 2046 AAATAMTT T ATTTTGCT
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1958 | HUMGATA2A 351 CUGAIGAG X CGAA AAAINALU 2047 AATAATIT A TTTIGCIC
1960 | HUMGATA2A 352 CUGAUGAG X CGAA AURAAIXRA 2048 TAATTTAT T TTGCICIT
1961 | HUMGATA2A 353 CUGAUGAG X OGAA AAIRAAALU 2049 AATTTAIT T TGCTCTIG
1962 | HIMGATA2A 354 CUGAUGAG X QGAA AAALIRAAU 2050 ATTTATIT T GCTCTIGT
1966 HIMGATAA 355 CURAURG X CGAA ACCRAAAD 2051 ATTTICCT C TIGTTICT
1968 | HUMGATA2A 356 CUGAGAG X (GAA AGRGCARA 2052 TTTGCICT T GITTCTAA
1971 | HUMGATR2A 357 CUGADGAG X CGAA ACARGAGC 2053 GCICTTGT T TCTAACAA
1972 HUMGATA2A 358 CORAGAG X CGAA AACARGRG 2054 CICTIGIT T CTAACARG
1973 | HUMGATR2A 359 CUGAUGAG X CGAA AAACAAGA 2055 TCTTGTIT C TAACAAGG
1975 HOMEATAA 360 CUGADGAG X CGAA AGAAACAA 2056 “TIGTTICT A ACAAGECT
1984 | HUIMGATA2A 361 COGAIGAG X QEAA ACCCUUGU 2057 ACANIOCT T GGAAACTT
1992 | HIMGATA2A 362 CUGAIGAG X CGAA AGUUUCCA 2058 TGGAAACT T GETGGICT
1999 HIMGATA2A 363 COGADEAG X OGAA ACCACCRA 2059 TIGGTAGT C TGAGCTAT -
2006 | HUMGATR2A 364 CUGADGAG X CGAA AGCUCAGA 2060 TCTGAGCT A TCOCAAGT
2008 | HUMGATA2A 365 CUGADGAG X CGAA ALRGCUCA 2061 TGAGCTAT C CCAAGICT
2015 HIMGATARA 366 CURADGAG X OEAA ACUUCEERA 2062 TOCCAAGT C TQOGGTIC
2017 HOMGATA2A 367 COGALGRG X CGAA ARRLUUGG 2063 QCAAGTCT C OGGTFICIT
2022 | HIMGATA2A 368 CUGAIGAG X CGAA ACCOGAGA 2064 TCTCOGGT T CTTCCICG
2023 | HUMGATA2A 369 CUGALIGRG X CGAA AACCGERG 2065 CTOOGGIT C TTCCTOSG
2025 | HUMGATA2A 370 CUGAGAG X CGAA AGAAOOGG 2066 COGGTTCT T CCTOGEGA
2026 HIMGATA2A kyal CORADGG X CRRA AARAKXG 2067 QEGETICIT C CTOCCEAT
2029 | HUMGATA2A 372 CUGAIGAG X CGAA ACGAAGAR 2068 TICTTCCT C GEEATIG
2035 | HIMGATAZA 373 CUGAIGAG X (GEAA ACCOEAG 2069 CTOGGEAT T GOOREETC
2043 | HUMGATR2A 374 CUGAGAG X OGAA ACCCOCCA 2070° | TGGOGGGT C CACTIGOC
2048 | HUMGATA2A 375 CUGAIGAG X CGAA AGUGGACC 2071 GGTCCACT T GOCAGRC
2058 | HUMGATAZA 376 CUGAIXAG X CGAA AGCCCURG 2072 CCAGEGCT C TGEEEECA
2070 | HUMGATA2A 377 CUGAIGAG X CGRA AXUACCC 2073 CQGGCAGAT T TGTGEGEGA
2071 | HM=ATA2A 378 CURDGAG X C@A ANXUXT 2074 CGCAGATT T GIGOGEC
2082 | HIMGATA2A | - 379 CUGAGAG X CEAA AGCUOXC 2075 GGGGACCT C AGOCTIGCA
2095 | HUMGATA2A 380 CUGRGAG X CGAA ACGGUGCA 2076 TGCACCCT C TTCICCIC
2097 | HUMGATA2A 381 CUGAGRG X A GGG 2077 CACCCICT T CTCCICTG
2098 | HUMGATA2A 3 CUGAGAG X CGAA ARGAGEGU 2078 ACCCICTT C TCCICTOG
2100 | HIMGATA2A 383 CUGAIGAG X CGRAA AGANGACG 2079 CCTCTICT C CTCTACT
2103 | HIMGATA2A 384 QUGG X CGRA AGGRAGAAG 2080 CTTCTCCT C TURCTTCC
2109 | HUMGATR2A 385 CUGAIGAG X OGRA AGCCAGRG 2081 CICTGECT T CCCICICT
2110 | HMGATA2A 386 CUGRAGAG X CGAA AAGOCAGA 2082 TCIGECIT C QCICICIG
2114 | HRGATA2A g7 CRAIGAG X CGAA MEGGARGC 2083 GCTTCCOCT C TCTGAAAT
2116 | HIMGATA2A 388 CUGAIGAG X CGAA AGAGGGAA 2084 TICCCICT 'C TGARATAG
2123 | HUMGATA2A 389 CUGRIGAG X (GAA AUUUCREGA 2085 TCIGARAT A GOCGAACT
2132 | HUMGATA2A 390 CUGAGAG X OGAA AGUUOEC 2086 GOOGARCT C CAGGCTGG
2193 | HIMGATRA2A 391 CUGAIXAG X (GAA AGCRGCA 2087 TGOCTACT T TGAOGRCC
2194 | HUMGATA2A 392 CUORAIGAG X CGAA ARMGCAARC 2088 GOCTGCIT T GAOXXCA
2225 HMGATA2A 393 CURIXRAG X CERA ADUEXUC 2089 GAGACAAT C ALQEEXSG
2235 | HOMGATRA2A 394 CUGAGAG X CGAA ACCEOOG 2090 OOGEOGGT C CTGCAGRA
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2248 HUMGATAZA 395 CUGAUGAG X QGAA AUUCCUCC 2091 GCAGGAAT T CGRAGCTCG
2247 HUMGATA2A 396 COGAUGAG X OGRA AAUUCCUG 2092 CAGGAATT C GACTCG
2253 HUMGATA2A 397 CUOGAUGAG X CGAA AGCUCEAA 2093 TTCGAGCT C GGTALCCT
2257 HUMGATAZA 398 CUGAUGAG X CGAA ACCGACCU 2094 AGCTOGGT A CCCTGCRAA
2271 HUMGATAZA 399 COGADGAG X QGAA  AIXCUGUUG 2095 CAMCAGAT T COCAGGCC
2272 HUMGATA2A 400 CUGAGAG X CRAA AAICURUU 2096 AACAGATT C CCAGROCA
2290 HUMGATA2A 401 CUGADGAG X (CGAA ACCC2GCC 2097 GCCTGEGT C ACRGGARG
2309 HIMGATA2A 402 CUOGAIGAG X OGAA ALGUUGU 2098 AACARCAT T TICTTGRA
2310 HOMGATA2A 403 COGAIXAG X CGAA AAIGUUGU 2099 ACAACATT T TCTIGAAA
2311 HIMGATA2A 404 CURAUGG X CGAA ARAGUUG 2100 CAACATTT T CTIGRARAAG
2312 HIMGATA2A 405 CUORUGAG X OGAA AAAAIGUU 2101 AACATTTT C TTGARAGG
2314 HUMGATA2A 406 COGAUGAG X CGAA AGAAAAIG 2102 CATTTTICT T GAAAGEEG
2329 HUIMGATARA 407 CUGAUGRG X CEA AQGEUUUCC 2103 GGAAACGT T TCCAGATC
2330 HIMGATAZA 408 COGADGAG X ORAA AAOGUUUC 2104 GAARCGTT T CCAGATCC
2331 | HUMGATA2A 409 CORRDGAG X CGAA AAMOGUUU 2105 AAACGTTT C CAGATCCT
2337 HUMGATAZA 410 COGAGAG X OGAA AUCUCGRA 2106 TIOCCAGAT C CIGTQCT
2342 HUMGATA2A 411 COGRARAG X CRRA ACAGGAIC 2107 GATCCIGT C CCITIGC
2346 HIMGATA2A 412 CUOGAGRG X CGAA AGGGEACRG 2108 CTGTOCCT T TGGCTITIG
2347 HUMGATA2A 413 CUGAIGAG X CGRA ARGGGRCA 2109 TGICCCTT T GGCITIGA
2352 | HUMGATA2A 414 COGRDGRAG X CGAA ACCCAARG 2110 CITIGCT T TGREXOG
2353 HUMGATA2A 415 CURAGRG X CGAA AAGCCAAA 2111 TTTGCTT T GAGGOOGA
2379 HUMGATA2A 416 CUGAGRG X ORAA ACRCRGUC 2112 GACTGIGT C CCCTTTAC
2384 HUIMGATAA 417 CUGADGRG X CGAA ACCGGRACA 2113 TGICOCCT T TACTGACC
2385 HUMGATA2A 418 CUGAIGAG X CGAA ARGGGRGRC 2114 GICCCCIT T ACTGAGCG
2386 | HOMGATA2A 419 CQOGADRG X CGRAA AAPGAGA 2115 TCOOCTTT A CTGAEGC
2408 HUMGATA2A 420 CORIGAG X CEAA ACRCOOXG 2116 CAECTGT C TTCTCAG
2410 HUMGATA2A 421 CORUGAG X OGAA AGRCRGGC 2117 GCCIGICT T CTCAGGTG
2411 | HIMGATA2A 422 CORADRE X QRAA AMGACAGG 2118 CCIGICIT C TCAGGIGG
2413 HIMGATA2A 423 CORURG X CGAA AGAMGACA 2119 TGICTTICT C AGGIGERLC
2428 HIMGATA2A 424 CUOGRUGAG X CQRAA ACADAGEU 2120 AXXCATGT A AATAGAIC
2432 | HMGATRA2A 425 CUOGRIGRAG X ORA AIXXIACAU 2121 ATGTAAAT A GATCCTIT
2436 | HIMGATA2A 426 CORAIGAG X (GAA AXUADUU 2122 AAATAGAT C CTTTTICT
2439 HIMGATA2A 427 CQUGAGAG X CGRA AGRAICUA 2123 TAGATCCT T TTICTGCT
2440 HUIMGATA2A 428 CUGADGAG X CGRAA  AAGGAIXU 2124 AGATCCTT T TICIGCIA
2441 HIMGATA2A 429 CUGAGAG X CGAA. AARGGRDC 2125 GATCCTIT T TCTGCTRA
2442 HMGATAZA 430 CUGAUGAG X CGAA AAAAGRU 2126 ATCCITIT T CTGCTAAC
2443 HIMGATA2A 431 CUGRAUGAG X CGAA ARAANGA 2127 TCCITTIT C TGCTAACC
2448 HIMGATA2A 432 COGAGAG X QGAA AGCAGRAA 2128 TTICTIGCT A ACCCTICA
2454 | HMGATA2A 433 COGRURG X ORRA ARG 2129 CTAACCCT T CARCCOCA
2455 HIMGATA2A 434 CUORDGAG X OGAA ARGGEXIA 2130 TAAOCCTT C ARCCCCRG
2474 HIMGATA2A 435 CUOGRAIGAG X CGAA ACARCAGCC 2131 GCCIGIGT C CTGACTGG
2485 HIMGATARA 436 CQXRAREG X OGRA AQCCHC 2132 GACTEEGT C TCAGGTCC
2487 HIMGATA2A 437 CORUGAG X CGAA AGRCCCAG 2133 CIGSGICT C AGGTCCAG
2492 HUMGATARA 438 CUGAEG X O3A ACCUGRGA 2134 TCTCAGGT C CAGACTTT
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2499 | HUIMGATA2A 439 CCACAGUA CUGAUGAG X CGAA AGUCTGGA 2135 TOCAGACT T TRACTGTGG
2500 | HIMGATA2A 440 GOCACAG CUGRALIGAG X CGAA AAGUCUGG 2136 CCAGACTT T ACTGTAC
2501 | HUMGATAZA 441 AGCCACAG CUGADGAG X CGRA ARAGUAUG 2137 CAGACTIT A CTGTGOCT
2516 | HUMGATA2A 442 UUGGGAAG CUGALIGAG X CGRA AUCCACRG 2138 CTGTGGAT C CTTCCCRA
2519 | HUMGATARA 443 AQCUUGEG CUGADGAG X OGAA AGGAIXXCA 2139 TGCRATCCT T CCCAAGGT
2520 | HUMGATA2A 444 ROCUUGG CUGAUGAG X CGAA. AAGGAIXC 2140 GGATCCIT C CCAAGGTA
2528 | HUMGATA2A 445 ACAGCUG CUGALUIGAG X CGAA AQCUUGRG 2141 COCAAGGT A CAGCTGTA
2536 | HUMGEATA2A 446 CGUUUALA. CUGAUGAG X CGAA ACAGCUGU 2142 ACAGCTGT A TATAANG
2538 | HUMGATA2A 447 CACGUUUA CUGALGRAG X CGAA AURCAGCU 2143 ACCTGTAT A TAAACGTG
2540 HUMGATA2A 448 GACACGUU CUGADGAG X CGAA AIRAURACREG 2144 CIGTATAT A AACGTIGIC
2548 | HUMGATA2A 449 AAGCUCRG CUGAIGAG X CGAA ACAOGUUU 2145 AAACGTGT € COGAGCTT
2556 | HUMGATA2A "450 CAGANICU CUGALGAG X CGRA ACCUORG 2146 CCOGAGCT T AGATTCIG
2557 | HUMGATA2A 451 ACARCAAIC CUGAUGAG X (GAA AAGCUOEG 2147 COGAGCTT A GATTCTIGT
2561 | HUMGATARA 452 CCAIRCAG CUGAUGAG X CGAA AUCURAGC 2148 GCTTAGAT T CTGTATGC
2562 | HUMGATA2A 453 CGCAIRCA CUGAIGAG X (GAA AAUCUAAG 2149 CTIAGATT C TGTATG
2566 | HUMGEATAZA 454 UCACOGCA CUGAUGAG X QGAA ACAGAAIC 2150 GATTCIGCT A TOOGGIGA
10 HSGATA3R 455 GRADEG CUGADGAG X (GAA. ACCUEEG 2151 COCAGCCT T QOCATOCC
11 HSGATA3R 456 GOGGALGG QUGALGRAG X CGAA  AAGGCUGG 2152 CCAGCCTT € CCATOOCC
16 HSGATA3R 457 CEUCEEG CUGAGRAG X CGRA AUGCEAAG 2153 CTTOCCAT C QOOCCACC
35 HSGATA3R 458 CGUUGAAU CUGAUGAG X CGAA ADUUGCUU 2154 AAGCAAAT C ATTCANG
38 HSGATA3R 459 GEUOCUUG CUOGRIXRAG X CGAA AIGAIUUG 2155 CAAATCAT T CARCGRACC
39 HSGATA3R 460 GEGUOGUU CUGAGAG X CGAA AAUGAIUU 2156 ARATCATT C AACGEACC
56 HSGATA3R 461 UCOOGUOG CUGRAIGAG X OEBRA  ACEEUOG 2157 | COGAOOCT € CGACGOCA
80 HSGATA3R 462 COCCCUGG CUGRDGRG X OGRA  AGGUORG 2158 COORALCT C CCACEOEG
g7 HSGATA3R 463 CCCERAGRG CURAGEG X CEAA AGEEOREU - 2159 ACCEXCT T CocToe
98 HSGATASR | 464 COGEEAGG CUORIGAG X CGAA AAGGGOG 2160 COOOCIT C OCTO00G
102 HSGATA3R 465 CCOOEG CURALGAG X (3AA  AGGRAAG 2161 CCTTOXCT C Qo006
114 HSGATA3R 466 GOEO0OEG CUGRAIGAG X CGRAA AC00EOC 2162 [cecaceecigliffeccccees
115 HSGATA3R 467 OOEEO0G CUGAGAG X CGRA  AACOOCG 2163 QGOEEGIT C CEEEG
208 HSGATA3R 468 UG00OGUU CUOGAUGAG X CGRA  AGCAOGC 2164 GOOGTACT C AMOGGCA
244 HSGATA3R 469 GAGUGEU CUGAIGAG X OGAA ACQGOOOG 2165 QOE3ECT C AGCCRCIC
252 HSGATA3R 470 CCAGIAG CURAGAG X CGAA 2C0ECAUG 2166 CAGOCACT C CTRCATGG
255 HSGATA3R 471 CGUOCALG CUGADGAG X OGAA  AOERGUSG 2167 QCACTCCT A CATGGAOG
273 HSGATA3R 472 CCAC0GEG CUGAIGAG X OGRAA ACUGORXC 2168 GOOXAGT A COORCTGC
301 HSGATA3R 473 AUGINRAAA CURAIGAG X CGAA AGCACAIC 2169 GATGIGCT T TTIRACAT
302 HSGATA3R 474 GAGURPA CUGAIAG X CGAA AMGCACAU 2170 ATGIGCIT T TTAARCATC
303 HSGATA3R 475 CRGA COGAIGAG X OGAA AAAGCACA 2171 TGIGCTIT T TAACATOG
304 HSGATA3R 476 UCRDGUU CUGRAIGRG X CRA AAAACAC 2172 GIGCTTIT T AACATOGA
305 HSGATA3R 477 GO CUORDGAG X CGAA AAAANCA 2173 TGCTTIIT A ACATCRALC
310 HSGATA3R 478 UGACOEC CUGALGAG X CGRA AUGUUAAA 2174 TTTAACAT C GAOGGICA
317 HSGATA3R 479 GUUGCCUU CUGALGAG X CERA AOOGUOGA 2175 TOROGGT C ANXCAAC
331 HSGATA3R 480 AGEGOSG CUGAGAG X OEAA A0GUEU 2176 AMCCACGT C CO3CCCTA
339 HSGATA3R 481 UUCOGUAG COGADGAG X OGRAA ACRCOIG 2177 QOOGCCT A CTAOGGRA
342 HSGATAIR 482 ACOUUOCG QURAIKRG X CGRAA AGIAGEEC 2178 GOOCTACT A CCGAAACT
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351 HSGATA3R 483 CCCUGACC X QGAA AGUUUCOG 2179 CGGAAALT C GGTCAESG
355 HSGATA3R 484 ciecasai) X OGRA AOQERGUU 2180 AACTOGGET C AGGGCCAC
375 HSGRATA3R 485 [teeeeee X CEAA ACCOCRC 2181 GCAGAGGT A COCTCCRA
380 HSGATA3R 486 GUEEEXG X CGRA ACCGUACC 2182 QGTACCCT C QGRCCCAC
416 HSGATA3R 487 AUGAAGCA X CGAA ACGOEXEC 2183 GOCCGCCT C TGCTTCAT
421 HSGATA3R 488 GALCCALG X QGAA AOCAGAGG 2184 QCTCTCCT T CATGGAIC
422 HSGATA3R 489 GGRAICCAT X CGAA AMCAGRAG 2185 CICIGCIT C ATGGATCC
429 HSGATA3R 490 AOCURGG X CGAA AUCCAUGA 2186 TCATGGAT C CCTACCCT
433 HSGATA3R 491 AE0CAEG X CGAA ACGGAIXC 2187 GGATCCCT A COCTGXCT
480 HSGATASR 492 TOCACEEG X QRA AEGOEEG 2188 CACOGCCT C CCCCTGGEA
491 HSGATA3R 493 ccecaley X QERA AUUCCAGG 2189 CCTGGRAAT C TCAECOCC
493 HSGATA3R 494 . AAGGECCU X QRA MGAIUCCA 2190 TGERATCT C AGCCCCIT
501 HSGATA3R 495 UCUUGGAG X OGRA ARGCEUG 2191 CAGOCCCT T CICCARGA
502 HSGATA3R 496 GUCUOGEA X QA AMGGECU 2192 AGOCCCIT C TCCAAGRC
504 HSGATA3R 497 AOGIUOG X QGAA AGRARGSG 2193 COCCTTICT C CAAGACGT
513 HSGATA3R 498 CEXGEALG X QA AOGEXG 2194 CRAGAQOGT C CATOCRLC
517 HSGATA3R 499 [seciccie X QA ALGGROGU 2195 AOGTCCAT C CACCALOLG
528 HSGATA3R 500 [caseecee X QGAA ACCOESG 2196 CCACOGCT C COoEEXce
541 HSGATA3R 501 UAGRCOGA X QA ACGEE0CC 2197 GGOCCCT C TCCGICTA
543 HSGATA3R 502 CGURGACG X CGAA AGREEEC 2198 GCOCCCICT C QGICTALC
547 HSGATA3R 503 [ceceeciy X CGAA AOGGRGRG 2199 CICTOCGT C TACCOCCC
549 HSGATA3R 504 [seceeece) X QA AGAOGERG 2200 CTCOGICT A COCOCOG
561 HSGATA3R 505 AOGACGRC X CRAA AEECAEG 2201 CCOEECCT C GTOCTCCT
564 HSGATA3R 506 POGAOGAG X GGRAA AOERACCC 2202 GXCTCGT C CTCCTCCT
567 HSGATASR 507 ACANGERG X QGAA MCRACRRG 2203 CTOGTCCT C CTOCTIGT
570 HSGATA3R 508 COGRLANG X CGAA AGGACGAC 2204 GICCICCT C CTTGCTOG
573 HSGATA3R 509 COO0CGAC X OA MGEREEG 2205 CTCCTCCT T GTOEEEG
576 HSGATA3R 510 [cescacee X QA ACAAGGERG 2206 CICCTIGT C GEEEEEXC
601 HSGATA3R 511 AAGGUGRA X QGAA GGG 2207 OOGCACCT C TTCACCIT
603 HSGATA3R 512 GRMNEG X GRA AGAGEXC 2208 GCALOCTCT T CACCTTCC
604 HSGATA3R 513 jece i eei] X QGRAA AMGAGEXG 2209 CACCICIT C ACCTTOOC
609 HSGATA3R 514 jseccecee] X QA AGGUGARG 2210 CTTCACCT T COOGCOCA
610  HSGATA3R 515 GXIEG X CGRA AAERA 2211 TTCAOCTT. C QOCOCCRC
634 HSGATA3R 516 jleaccee Y X CGRAA 20T 2212 AMGEROGT C TOOOCRA
636 HSGATA3R 517 [cedencee X QGA ACEOEXC 2213 CGACGTCT C COOGEACC
648 HSGATA3R 518 UGGACAC X O3A AEEEXC 214 GERAOCCAT C GCTGICCA
654 HSGATA3R 519 [ebeccctel X CRAA ACAGAD 2215 ATOCCIGT C CAROCCCAG
666 HSGATA3R 520 AE00EC X CRAA ACCEG 2216 QOCAEECT C GEOOGCT
§75 HSGATA3R 521 cacccees X QGAA ACOOEXC 217 ecescesifogiccanse el
703 HSGATA3R 522 UGGUACUU X CGAA AGGCACC 2218 GAGIGCCT C ARGTACCA
708 HSGATA3R 523 GCACUG X CGAA ACUUGAGG 2219 CCICAAGT A QCAGGIGC
744 HSGATA3R 524 jiedeee s X CERA ACOCAGC 2220 CCTGEAGT C GTCOCCACT
747 HSGATA3R 525 cee coeel X CGERA AGAXC 2221 GERGIOGT C CCACTOCC
753 HSGATA3R 526 UGCCACEG X CRAA AGXEERC 2222 GICCCACT C CCGTGCA
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786 HSGATA3R 527 X CGAA AGGCUCCA 2223 TCGAGCT C CTOGTCGA
789 HSGATA3R 528 X CQGAA AGGRAGCCU 2224 AGCCTOCT C GTOGRAOCC
792 HSGATA3R 529 X CGAA ACGAGGAG 2225 CTCCTCGT C GACCCACT
308 HSGATA3R 530 X CGRA ALXGEGUG 2226. | CACCCCAT C ACCACCTA
816 HSGATAIR 531 X CGAA ACCUCRUG 2227 CAQCACCT A COOGOCCT
825 HSGATA3R 532 X CGAA AGEEOESG 2228 COCGOCCT A CGIGOC0G
837 HSGATA3R 533 X CE@A ACUOGEEC 2229 GOOCGAGT A CAGCTOCG
843 HSGATA3R 534 X CGAA AGCUGURC 2230 GTACAGCT C OGGACTCT
850 HSGATA3R 535 X CGAA AGXOGEA 2231 TCOGEACT C TTOOOCC
852 HSGATA3R 536 X CGPA AGAGEIXXG 2232 CGGACTCT T COOCOCCA
853 HSGATA3R 537 X QGA AANEAGEIXC 2233 GGEACTCTT C QCOOOCAG
879 HSGATA3R 538 X QA AGOOGRCC 2234 GEEOGACT C OCOCAOCG
891 HSGATA3R 539 X CGAA ACCOCEUG. 2235 CAOCGGCT T COGATGCA
892 HSGATA3R 540 X CGAA AAGOOSGU 2236 ACCEGCTT C GGATGCRA
903 HSGATAR 541 X CGAA ACUUGCAU 2237 ATGCAAGT C CAGGOOCA
921, HSGATA3R 542 X CGAA ACCEEECC 2238 GEOOOGGT C CAGCACRAG
960 HSGATA3R 543 X CGAA AGEULXCC 2239 GGCAALCT C GACOCCAC
996 HSGATA3R 544 X Q@A AGUGUOCC 2240 GGGACACT A CCTGTGCA
1018 HSGATA3R 545 X QGAA AGCOOCA 2241 TGOGEXT C TATCACAA
1020 HSGATA3R 546 X CGAA AGACOCOCG 2242 CGGGCTCT A TCACAARA
1022 HSGATA3R 547 X CGAA AIRGAXC 2243 GGCICTAT C ACAAARTG
1051 HSGATA3R 548 X QA A6 2244 COGOOCCT C ATTAAGOC
1054 HSGATA3R 549 X CGAA AGAGEG 2245 COCCTCAT T AAGOCCAA
1055 HSGATA3R 550 X CGAA AALGAXSG 2246 CCCTCATT A AGCCCARG
1074 HSGATAIR 551 X CGAA ACAGOCUU 2247 AMGCTGT C TGCAGCA
1098 HSGATAIR 552 X CRAA A0RI00CY 2248 AXGAGT C CTGTGOERA
1112 HSGATA3R . 553 X CGAA ACAGUIXG 2249 CGARCTGT C AGACCACC
1132 HSGATA3R 554 X CGAA ACUGUSSU 2250 ACCACACT C TOGAGERG
1162 HSGATA3R 555 X (@A ACHOOXX 2251 GACCCTGT C TGCAATGC
1180 HSGATA3R 556 X QGAA RAGOOCECA 2252 TGIGGECT C TACTACAA
1182 HSGATA3R 557 X CGAA AGRGOCCA 2253 TGECTCT A CTACAAGC
1185 HSGATA3R 558 X CGAA AGURGACC 2254 GCICTACT A CARGCTIC

o 1192 HSGATA3R 559 X GAA ACUUGRA 2255 TACAMXT T CACAATAT
1193 HSGATA3R 560 X CE@A AACUUGU 2256 ACRAGCTT C ACAATATT
1199 HSCATAIR 561 X CRA AUGUGAA 2257 TTCACAAT A TTRACHGA
1201 HSGATA3IR 562 X CGAA ALRAUUGUG 2258 CACAATAT T AACAGACC
1202 HSGATASR 563 X CGAA AAIAIU 2259 ACAATATT A ACAGACCC
1217 HSGATA3R 564 X CGAA 2ACUCAG 2260 COCTGACT A TGAMGAAG
1234 HSGATA3R 565 X CEAA AUGOCUUC 2261 GAAGCAT C CAGACCAG
1257 HSGATA3R 566 X CCAA ACAUUULU 2262 AMAAATGT C TAGCAAAT
1259 HSGATA3R 567 X CQRA ARCAU 2263 AMATGTCT A GCAAATCC
1266 | HSGATA3R 568 X CGAA AUUUGCUA 2264 TAGCARAT C CAAARAGT
1293 HSGATA3R 569 X CGAA AGUCAIGC 2265 GCATGACT C ACTOGAG
1305 HSGATAIR 570 X CGAA AGIOCIRG 2266 QGAGEACT T COOCARGA
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1306 | HSGATA3R ST1 X CGAA ARGUCCUC 2267 GAGGACIT C COCARGAA
1320 | HSGATA3R 572 X CGAA AGCUGULC 2268 GAACAGCT C GITTAACC
1323- | HSGATA3R 573 X CGRAA ACGAGOUG 2269 CAGCTOGT T TAACCSG
1324 | HSGATA3R 574 X CGAA AAGAGCU 2270 ACTOGIT T ARCOOGEC
1325 | HSGATA3R 575 X CGAA AARCGAGC 2271 GCTOGTIT A ACCOECC
1339 | HSGATA3R 576 X ORA ACGGORC 2272 GOOGXXXT C TCCAGACA
1341 | HSGATA3R 577 X CRA AGAGEEOG 2273 QBOCCICT C CAGACACA
1353 | HSGATA3R 578 X CGAA ACAUGUGU 2274 ACACATGT C CTOCCTGA
1356 | HSGATA3R 579 X CGAA AGQGACAIG 2275 CATGTCCT C CCTGARCC
1369 | HSGATA3R 580 X O@A AUGUGECU 2276 MCCCACAT C TOGOCCTT
1371 | HSGATA3R 581 X QRA AGIGUIG 2277 CCACATCT C GOOCTICA
1377 | HSGATA3R 582 X CGAA AGGGCOERG 2278 CTOSCCCT T CAGOCACT
1378 | HSGATA3R 583 X CRA AMGGGORA 2279 TOGOCTT C AGOCACIC
1386 | HSGATA3R 584 X CGAA AGUEUG 2280 CAGCC2CT C CAGOCACR
1428 | HSGATA3R 585 X OGAA AGCOXSG | . 2281 CQOOCOCAT C CAGOCTGT
1437 | HSGATA3R 586 X CRAA ACAGGOUG 2282 CAGCCTGT C CTTIGGAC
1440 | HSGATA3R 587 X OGAA AGEACHIG 2283 CCTGICCT T TGGACCAC
1441 | HSGATA3R 588 X CRAA AMGGACAG 2284 CIGICCIT T GGACCECA
1458 | HSGATA3R 589 X CRAA ACE0EGG 2285 CQCAOOCCT C CAGCATGS
1468 | HSGATA3R 590 X OGAA ACCAIGCU 2286 AGCATGGT C ACCGOCAT
1481 | HSGATA3R 591 X CRA ACOCAUGS 2287 CCATGGGT T 2AGAGOOCT
1482 HSGATA3R 592 X CGAA ARCOCAG 2288 CATGRGTIT A GAGOCCTG
1493 | HSGATA3R 593 X ORA AGCAGERC 2289 GOOCTGCT C GATGCICA
1500 | HSGATA3R 594 X CRAA AGCAIXGA 2290 TOGATGCT C ACAGGEXC
1521 | HSEATA3R 595 X QEA ACUCIXOC 2291 GCGAGAGT C CCTGCAGT
1530 | HSGATA3R 596 X OGAA ACUGCAGG 2292 COCTGCAGT C CCTTTOGA
1534 | HSGATA3R 597 X CRA 2CENUG 2293 CAGTOOCT T TCRACTIG
1535 | HSGATA3R 598 X OGAA ANGECU 2294 AGTCCCIT T CGACTICC
1536 | HSEATA3R 599 X CGAA AARGGGEAC 2295 GICCCTIT C GACTTGCA
1541 | HSGATA3R 600 X CGAA AGUCGRAAA 2296 TITOGACT T GCATTITT
1546 | HSGATA3R 601 X QA AUGCANGY 2297 ACTTGCAT T TTIGCAG
1547 | HSGATA3R 602 X GGAA AAGCARG 2298 CTIGCATT T TTGCAGRA
1548 | HSGATA3R 603 X CGAA AAAIXICAA 2299 TIGCATTT T TOCAGRG
1549 | HSGATA3R 604 X QGAA AAAAIGCA 2300 TGCATTTT T GCAGGAGC
1561 | HSGATA3R 605 X Q@A ACUGCXC 2301 GEAGCAGT A TCATGAAG
1563 HSGATA3R 606 X CGAA ALACUGCU 2302 AGCAGTAT C ATGAAGCC
1573 HSGATA3R 607 X CGRAA AGCUIKA 2303 TGAAGCCT A AACGOGAT
1586 | HSGATAIR 608 X @A AIXCAIXG 2304 CGATGGAT A TATGTTIT
1588 | HSGATA3R 609 X CGAA AIRIXCAU 2305 ATCGATAT A TGTTTTIG
1592 | HSGATA3R . 610 X CGAA ACAITALRAU 2306 ATATATGT T TTIGAAGG
1593 | HSGATA3R 611 X CGAA ANCAIIA 2307 TATATGIT T TTGAAGC
1594 | HSGATA3R 612 X CRA ARACAIRD 2308 ATATGTTT T TGAAGGCA
1595 | HSGATA3R 613 X CGRAA AAMACAIA 2309 TATGITIT T GAAGGCAG
1614 | HSGATA3R 614 X CGRA ADUUUCU 2310 ACAAAAT T AIGTTIGC
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1615

HSGATA3R 615 GGCARACA CUGALGAG X CGAA ARUUUUGC 2311 GCAAAATT A TGITTCC

1619 HSGATA3R 616 ANGOGGCA CUGAUGRAG X CGAA ACALRAUU 2312 AATTATGT T TGCOCACTT
1620 HSGATA3R 617 AMAGUGGC CUGAUGAG X CGAA AACAURALT 2313 ATTATGTT T GOCACTIT
1627 HSGATA3R 618 CCUUUGCA CUGALGRAG X OGAA AGUGGCAA 2314 TTOCCACT T TGCAAAGG
1628 HSGATA3R 619 UCQUUUGC  CUGAIGAG X OGAA ARAGUGGCA 2315 TGOCACTT T GCAARGEA
1640 HSGATA3R 620 ACCACALU CUGAUGAG X QGAA AGCUCCUU 2316 ARGGAGCT C ACTGICGT
1651 HSGATA3R 621 GGAACACA. CUGRAIXAG X CGAA ACAOCACA 2317 TGIGGIGT C TGIGTICC
1657 HSGATA3R 622 GUGEUUGG CUGRIGAG X COGAA ACACAGAC 2318 GICIGIGT T CCAACCAC
1658 HSGATA3R 623 AGUGGUUG CUGRUGAG X QGAA AACACAGA 2319 TCTIGIGIT C CAACCACT
1671 HSGATA3R 624 GGEGCCA CUGALGAG X CGRA  ALUCAGUG 2320 CACTGAAT C TGGACCCC
1682 HSGATA3R 625 UADUCACA CUGAUGRG X ORAA AUGGGEUC 2321 GACCOCCAT C TGTGAATA
1690 HSGATASR 626 GAAUGECU CUGAIGRG X CGAA AUUCACRG 2322 CIGTGAAT A AGCCATIC
1697 HSGATASR 627 UGAGCAG CUGAGRAG X OGAA AUGGCUUA 2323 TAAMGOCAT T CTGACTCA
1698 HSGATR3R 628 ADGAGUCA CUGAGAG X OEA AAIGGOUU 2324 AAGCCATT C TGACTCAT
1704 HSGATASR 629 COGGAIAU CUGALGRAG X OGRA AGUCAGAA 2325 TTCTGACT C ATATOOCC
1707 HSGATA3R 630 AUAGGEGA CUGAIGAG X CGAA ALGAGICA 2326 TGACTCAT A TCCCCTAT
1709 HSGATASR 631 AAAIAGGG CUOGAGAG X CGAA ALRUGAGU 2327 ACTCATAT C CCCTATTT
1714 HSGATA3R 632- CUOGUUARA CUGRGRAG X CGAA AGGGGAIRA 2328 TATCOCOCT A TTTAACAG
1716 HSGATA3R 633 COCUGUUA CUGADGEG X OGRAA AIRGGGGA 2329 TOCCCTAT T TAACAGG
1717 HSGATA3IR 634 ACCCUGUU. AGAUGAG X OGAA ARIAGGGG 2330 QOCCTAIT T AACPGEAGT
1718 HSGATA3R 635 GACCCUGU QUGALXAG X GEA AAAIRGGG 2331 CCCTATTT A ACAGRCGIC
1726 HSGATA3R 636 GCACUAGA CUGAIXAG X CGAA ACCCUGU 2332 AMNRGIET C TCTAGIGC
1728 HSGATA3R 637 CAGCACUA CUGALGAG X (GRA ACAOCOG 2333 CAEEGICT C TAGTCCIG
1730 HSGATA3R 638 CACAGCAC CUGAGAG X OAA AGMGALCC 2334 GEGETCICT A GIGCTGIG
1751 HSGATA3R 639 AGUUCAG CORAIXAG X CGAA AUUUUUU 2335 AARAAAAT C CTGAACAT
1760 HSGATA3R 640 UUATALGC CUGAUGAG X CGRA ALGUUCAG 2336 CIGARCAT T GCATATAA
1765 HSGATA3R 641 AIRAGUUA CUOGAGAG X ORAA AUGCAALG 2337 CATTGCAT A TAACTTAT
1767 HSGATA3R 642 AUAIAACT CUGAIGAG X CGAA AIRIXXCAA 2338 TIGCATAT A ACTTATAT
1771 HSGATA3R 643 UACAAIAY CUGRUGAG X CGAA AGUUALRL 2339 ATATAMNCT T ATATIGTA
1772 HSGATA3R 64 UUACAAIA CUGAUGRG X CGRA ARGUURIRA 2340 TATAACTT A TATTGIRA
1774 HSGATA3R 645 UCOUACRA CUOGAUGAG X OGRA AIARGIUA 2341 TAACTTAT A TIGTAAGA
1776 HSGATA3R 646 UUUCUUAC COGADGAG X OGAA  AIRAIAAGU 2342 ACTTATAT T GTARGRAAA
1779 HSGATA3R 647 GUAUUCU CUGADGAG X CGAA ACAAUAIA 2343 TATATTGT A AGRARTAC
1786 HSGATA3R 648 UOGACAG CUGRUGAG X (GRA AUUUCULA 2344 TARGAAAT A CIGIACAA
1791 HSGATA3R 649 AGOCAUG COGAUGAG X OGRRAA  ACRAGUAIXT 2345 AATACTGT A CAATGACT
1800 HSGATA3R 650 ADCRAIA CORADGAG X CRAA  ACUCAIUG 2346 CAATGACT T TATTGCAT
1801 HSGATA3R 651 GAUGCAAU COGAUGAG X (GAA ARGXAIU 2347 AATGACTT T ATTGCATC
1802 HSGATA3R 652 AGAIGCAA CQUGRAIKAG X CRRA ARAGUCAD 2348 ATGACTIT A TIGCATCT
1804 HSGATA3R 653 CC2GAIC COGAUGAG X OGRA AIRAMIC 2349 GLCTTTAT T GCATCTG
1809 HSGATA3SR 654 COUACCCA. COGALGAG X OGAA AUGCAAIA 2350 TATTGCAT C TGGGTAGC
1815 HSGATA3R 655 CQUUACRGC CUGADGAG X QGRAA ACOCAGRD 2351 ATCTGGGT A GCIGTRAG
1821 HSGATA3SR 656 UCADGOCU CURURAG X QERA ACACURC 2352 GIACCTIGT A AGCCATGA
1845 HSGATA3R 657 AUOCCUUA CUGAGRAG X OGRA  ACUUCUUG 2353 CARGARNGT T TAAGGAAT
1846 HSGATA3R 658 TAUUCCUU. CUOGADGAG X CCAA  ARCULCWU 2354 ARGAAGIT T AMGGAATA
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1847 | HSGATA3R 659 CUGAUGAG X CGRA ARACUUCU 2355 AGAAGTTT A AGGAATAT
1854 | HSGATA3R 660 CUGAUGAG X CGRA AUUCCUUA 2356 TAAGGAAT A TGGGAGAA
1865 | HSGATA3R 661 CUGAUGAG X CGAA ALUUCIXCC 2357 GGAGARAT A GTGTGGAA
1876 | HSGATA3R 662 CUGAIGAG X CGRA ALUUCCAC 2358 GTGGAAAT T AAGARGAA
1877 | HSGATA3R 663 CUGALGAG X CGAA AADUUCCA 2359 TGGAAATT A AGAAGRAAA
1888 | HSGATA3R 664 CUGAUIGAG X CGAA AGUUUCUU 2360 | ARGAAACT A GGICTGAT
1892 | HSGATA3R 665 CUGAGAG X CGAA ACCURGUU 2361 | AACTAGGT C TGATATTC
1897 | HSGATAR 666 CUGAIGAG X OA ALCAGACC 2362 GGICTGAT A TTCAAATG
1899 | HSGATA3R 667 CUGALGAG X CGAA AIRUCAGA 2363 TCTGATAT T CAAATGGA
1900 | HSGATA3R 668 CUGAGRG X CGAA AAUAUCAG 2364 CTGATATT C AAATGGAC
1920 | HSGATA3R 669 QUGALGAG X CGAA ACUGGCAG 2365 CTGQCAGT T TTGITICC
1921 | HSGATA3R 670 CUGAIGAG X OA AACUGGCA | 2366 TGOCAGTT T TGITTCCT
1922 | HSGATA3R 671 CUGAIGAG X QRA ARACUGEC 2367 GOCAGTTT T GITTCCTT
1925 | HSGATAIR 672 CUGALGAG X CGAA ACAARACU 2368 AGTTTIGT T TOCTTICA
1926 | HSGATA3R 673 CUGAUGAG X CGAA ARCARAAC 2369 GITTIGIT T CCTTICAC
1927 | HSGATASR 674 CUGALIGAG X CGAA ARACAAAA 2370 TTTTGTIT C CTTTCACT
1930 | HSGATAIR 675 CUGAUGAG X CGAA AGGAAACA | 2371 | TGITICCT T TCACTGC
1931 | HSGATAIR 676 CUGAUGAG X CGAA AAGGARAC 2372 GITICCTT T CACTERC
1932 | HSGATA3R 677 CUGAUGG X CGRA AAAGGARA | 2373 TTTCCTTT C ACTGGCCA
1945 | HSGATA3R 678 CUGAGAG X CGRA ACUGUGAC 2374 | GOCACAGT T GITIGATG
1948 | HSGATA3R 679 CUGAIGAG X CGAA ACAACUGU 2375 | ACAGTTGT T TGATGCAT
1949 | HSGATAIR 680 CUGAIGAG X CGAA ARCAAOUG 2376 CAGTTGIT T GATGCATT
1957 | HSGTA3R 681 CUGAUGAG X CGAA ALGCALXCA 2377 TGATGCAT T AAAAGAPA
1958 | HSGATA3R 682 CUGAIIGAG X CGAA ARIGCAIC 2378 | GATGCATT A AAAGRARA
1968 | HSGATA3R 683 CUGADGAG X CGAA AUUUUCWU 2379 | AMGARAAT A AAAAAANAG
2009 | HSGATAIR 684 CUGAUGAG X CGAA ACUULULU 2380 | AAAAAAGT T GIAGGCGA
2012 | HSGATA3R 685 CUGAIGAG X OGAA ACARCUUU 2381 | AAAGTTGT A GGOGAAIC
2020 | HSGATA3R 686 CUGADGAG X CGAA AIXKIGOCU 2382 | AGGOGAAT C ATTTGITC
2023 | HSGATA3R 687 CUGALGAG X CGAA AUGAIXG 2383 CGAATCAT T TGTTCARA
2024 | HSEATAR 688 CUGALGRAG X OGAA AAUGAIRX 2384 | GAATCATT T GTTCRAAG
2027 | HSGATA3R 689 CUGALGAG X CGAA ACRAAIGA | 2385 | TCATTIGT T CRAAGCIG
2028 | HSGATA3R 690 CUGALGAG X CGRA ARCARALG 2386 | CATTIGIT C AAAGCIGT
2037 | HSGATA3R 691 CUGAUGAG X CGAA ACAGCUU 2387 | BAAAGCTGT T GGOCCICT
2044 | HSGATA3R 692 CUGALGREG X OGAA AGGGOCAA | 2388 | TTGGOCCT C TGCRARAGG
2057 | HSGATAIR 693 CUGAIGAG X CGAA. AUUUCCUU 2389 | AAGGAAAT A CCAGTICT
2063 | HSGATAIR 694 CUGAUGAG X OA ACUGGURU | 2390 | ATROCAGT T CTGGGCRA
2064 | HSGATA3R 695 CUGAGEG X OGAA ANCUGGUA | 2391 | TACCAGIT C TGGGECAAT
2073 | HSGATAIR 696 CUCAUGAG X OGAA AUGCOCA | 2392 | TOGGCAAT C AGTGITAC
2079 | HSGATA3R 697 CUGAGAG X OGRA ACACUGRD 2393 | ATCAGIGT T ACCGTICA
2080 | HSGATA3R 698 CUGAGAG X CGAA ARCACUGA | 2394 | TCAGTGIT A CCOGTTCEC
2085 | HSGATA3R 699 CUGAIGAG X CGAA ACGXIAAC 2395 | GITROOGT T CACCAGIT
2086 | HSGATA3R 700 CUCAIGAG X OGAA AACGGURA | 2396 | TTROCGIT C ACCRAGTTG
2093 | HSGATA3R 701 CUGAIXGAG X CGAA ACUGGUGA | 2397 TCACCAGT T GOCATTGA
2099 | HSGATA3R 702 CUGAG2G X CGAA ALGGCAAC 2398 GTTGOCAT T GAGGGTTT
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2106 HSGATA3R 703 CUGAUGAG X OGAA ACCCUCAA 2399 TTGAGGGT T TCAGAGG
2107 HSGATA3R 704 CUGAIGAG X CGAA AACCCUCA 2400 TGAGGGTT T CAGAGAGC
2108 HSGATA3R 705 CUGADIGAG X CGRA AAACCCIC 2401 GAQGGTTT C AGAGAGCC
2118 HSGATA3R 706 CUGAUGAG X CGRAA AL 2402 GAGAGCCT T TTTCTAGG
2119 HSGATA3IR 707 CUGAIIGAG X CGAA AAGGCUCU 2403 PAGAGCCTT T TICTAGEC
2120 | HSGATA3R 708 CUGAIGAG X CGAA AARGGOC 2404 GAGCCTTT T TCTAGGECC
2121 | HSGATA3R 709 CUGAUGAG X CRA AAAAGCU 2405 AGCCTTIT T CTAGGOCT
2122 HSGATA3R 710 CUGADGAG X CGAA AARAAGGC 2406 GCCTTTIT C TAGGOCTA
2124 | HSGATA3R 711 CUGAGAG X CGRAA AGAARAAG 2407 CTTTTICT A GGCCTACA
2130 | HSGATAIR 712 CUGAUGAG X CCRA ACCOCIRG 2408 CTAGGCCT A CATGCTIT
2137 | HSGATAIR. 713 CUGAIGAG X ORA AGCAIRA 2409 TACATGCT T TGTGAACA
2138 | HSGATA3R 714 CUGAUGAG X OGRAA AXMCAIGU 2410 ACATGCTT T GIGAACAA
2149 | HSGATA3R 715 CUGADGAG X CEAA ACUUGULC 2411 GAACAAGT C CCTGTAAT
2155 | HSGATA3R 716 CUGAUGAG X OGRA ACAGGEAC 2412 GICCCIGT A ATTGTIGT
2158 | HSGATA3R 717 CUGAIGAG X CCGAA AUUACAGS 2413 CCTGTAAT T GTTGITIG
2161 | HSGATA3R 718 CUGAUGAG X CGAA ACRAINRC 2414 GTAATTGT T GITTGTAT
2164 | HsGATAIR 719 CUGAUGAG X CGEAA ACRACAALT | . 2415 ATTGTTGT T TGTATGTA
2165 | HSGATA3R 720 CURDGAG X OGAA AACAACAA 2416 TTGTTGIT T GTATGTAT
2168 | HSGATA3IR 721 CUGAIGAG X OGAA ACAAACAA 2417 TTGITIGT A TGTATRAT
2172 | HSGATAIR 722 CUGAIGAG X CGAA ACAIACAA 2418 TTGTATGT A TAATICAA
2174 | HSGATAIR 723 CUGAGAG X CGAA ALRCAIRC 2419 GTATGTAT A ATTCARAG
2177 | HS®ATAIR 724 CUGAIGAG X CRA AINRAIRCA 2420 TGTATAAT T CAAAGCAC
2178 | HSGATAIR - 725 CUGAUGEG X CGRAA AAINAIRC 2421 GTATRATT C AARGCAC
2192 | HSGATA3R 726 CUGALIGAG X CGAA ALUUUGEU 2422 ACCAAAAT A AGAARAGA
2204 | HSGATA3R 727 CUGALGAG X OGA ACAICUUU 2423 AAMGATGT A GATTTATT
2208 { HSGATA3R 728 CUGALIGAG X CGAA ALCUACA 2424 ATGTAGAT T TATTTCAT
2209 | HSGATA3R 729 CUGAUGAG X CGAA RAALCURACA 2425 TGIAGATT T ATTTCATC
2210 | HSGATA3R 730 CUGAIGAG X QA ARAUCURC 2426 GTAGATTT A TTICATCA
2212 | HSGATAIR 731 CUGALIGAG X CGAA AIRAAICU 2427 AGATTTAT T TCATCATA
2213 HSGATA3R 732 CUGAUGAG X CGAA AAIRAAIC 2428 GATTTAIT T CATCATAT
2214 | HSGATASR 73 CUGAUGAG X CGAA AAAUAAAD 2429 ATTTATTT C ATCATATT
2217 | HSEATA3R T34 CUGAIGRG X CGAA ALGAAAIA 2430 TATTICAT C ATATTATA
2220 |. HSGATA3R 735 CURIGAG X (GAA AUGAUGAA 2431 TTCATCAT A TTATACAG
2222 | HsGATA3IR 736 CUOGRIGAG X OGRA AIRUGALG 2432 CATCATAT T ATACAGAC
2223 HSGATAIR 737 CUGAGAG X OGAA AARIGAL 2433 ATCATATT A TACAGACC
2225 | HSGATAIR 738 CUGAIXG X CGAA AIPAIRIG 2434 CATATTAT A CAGRACCGA
2239 | HSGATA3R 739 CUGAIIGAG X CGRA ACAGUUCG 2435 CGARCTGT T GTATAAAT
2242 HSGATA3R 740 CUGAIXRG X CGRA ACARCAGU 2436 ACTGTIGT A TRAATTTA
2244 | HSGATA3R 41 CUGAGAG X ORA AIRCAACA | - 2437 TGTIGTAT A AATTTATT
2248 | HseATAIR 742 CUGAIGAG X CGAA AUUUAURC 2438 GTATAAAT T TATTTACT
2249 | HSGATA3R 743 CUGAUGRAG X CGAA AAIXRRAIA 2439 TATAARTT T ATTTACIG
2250 | HSGATA3R 744 CUGAIGAG X OGRAA AAAUNRL 2440 ATRAATTT A TTTACTCC
2252 | HSGATAIR 745 CUGADGAG X CGAA ALRAAIXK 2441 ARATTTAT T TACTGCTA
2253 HSGATAR 746 CUGAIXRG X CGAA ARIPAAIXS 2442 AATTTATT T ACTCCTAG
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2254 HSGATA3R 747 - AUAGCAG CUGAUGAG X CGAA AAAIIAAALY 2443 ATTTATIT A CTGCTAGT
2260 HSGATA3R 748 CUUAAGRC CUGRIIGRAC X OGRA AGCAGUAA 2444 TTACICCT A GICTTAXG
2263 HSGATA3R 749 GUUCUURA. CUGAIGAG X OGRA ACUAGCRG 2445 CIGCTAGT C TTARERARC
2265 ESRATA3R 750 CAGUUAUU CUGAGAG X CGRA 2GRCUIAGC 2446 CCTAGICT T ANRRACTG
2266 HSGATA3R 751 CCAGUUCU CUGAIKGAG X CGRA AAGACUAG 2447 CTAGICTT A AGAACTCC
2276 HSGATAIR 752 ACGARAGA CUGAIKGRG X CRRAA AGCAGUUC 2448 GAACTGCT T TCTTTOGT
2277 HSGATA3R 753 AACGAARG CUGAUGRG X CGAA ARGCAGUIU 2449 AACTCCIT T CTTICGIT
2278 HSGATA3R 754 AAACGAAA CUGAIGAG X CGPA AARGCAGU 2450 ACTCCTTT C TTTCGITT
2280 HSGATA3R 755 ACAAACCGA CUGAIKAG X CGAA AGRAAGCA 2451 TGCTTICT T TCGITIGT
2281 HSGATA3R 756 AACAANCG CUGAUGAG X CGRAA ARGRARCC 2452 GCTTICIT T CGITIGIT
2282 HSGATA3R 757 AARCAMAC CUGAUGEG X (GPA AARGAAAG 2453 CITICTTT C GITIGTIT
2285 HSGATAIR 758 AACAAMCA CUGRAUGAG X OGAA ACGRAARGA 2454 TCTTTOGT T TGTTIGTT
2286 HSGATA3R 759 AAACAAAC CUGAGAG X CGRA ARCGRAAG 2455 CTTTCGIT T GITTGITT
2289 HSGATA3R 760 UUGRAACA CUGAUGAG X OGRA ACAARMOGA 2456 TCGITIGT T TGITICRA
2290 HSGATASR 761 AUUGAAAC CUGADGAG X CGPA AACAARALG 2457 QGTTIGIT T GITTCAAT
2293 HSGATASR 762 ANRUUGA CUGAUGAG X CGAA ACAARCAA 2458 TTGITIGT T TCAATRIT
2294 HSGATAIR 763 AAARAUG CUGAGAG X OGRA AMCARRCA 2459 TGITIGIT T CAATATIT
2295 HSGATA3R 764 AAAAIADU CUGAIKGRG X CGRA AAACAARC 2460 GITIGITT C AATATTIT
2299 HSGATA3R 765 AAGGAAAR CUGAGRAG X CGRA RAUUGAAAC 2461 GITICAAT A TTTTCCIT
2301 HSGATA3R 766 MGAMGGAA CUGAUGRG X CGRA ALRUUGAA 2462 TICAATAT T TICCTICT
2302 HSGATASR 767 GAGAACGA CUGADGRG X CGAA ARUAUUGA 2463 TCAATATT T TCCITCIC
2303 HSGATA3R 768 AGAGANGG CUGADGAG X OGRA AAAIRDUG 2464 CAATATTT T CCTTCICT
2304 HSGATA3R 769 GAGAGAAG CUGAUGAG X CGAA ARARUAINY 2465 AATATTTT C CTICTCIC
2307 HSGATA3R 710 UGAGAGAG CUGAGAG X CGAA ACGAAAAU 2466 ATTTTCCT T CICICICA
2308 HSGATA3SR Tl UURGAGA CUGADGAG X CGAA ARGGAAAA 2467 TTTICCIT . C TCTCTCAA
2310 HSGATA3R 772 AAUUGAGA CUGAUGAG X CGRA AGAAGGRA 2468 TTCCTICT C TCICAAIT
2312 HSGATA3R 773 AARAUGA CUGRUGEG X CGRA AGAGAALG 2469 CCTICICT C TCAATTIT
2314 HSGATA3R T4 CGARARAINY CUGRIGAG X CGAA AGAGAGRA 2470 TICICICT C AATTTTICG
2318 HSGATA3SR 775 CAMCCGAA CUGALGAG X CGAA AUUGAGRAG . 2471 CICTCAAT T TICGGITG
2319 HSGATA3R 716 UCAROOGA CURARAG X CGAA AAUUGAGA 2472 TCTCAATT T TOGITGR
2320 HSGATA3R 777 TOCAAOOG CUGAUGRAG X CGAA. ARADUGAG 2473 CTCAATTT T CGGTIGRA
2321 HSGATA3R 718 AIXAAC CUGRAUGAG X CGAA AAAAIUGA 2474 TCANITIT C GGTTGAAT
2325 HSGATASR 719 GUAIC CUGAGAG X CGRA ACCGAAAA 2475 TTTTOGGT T GAATAAAC
2330 HSGATASR 780 ADQRGUU CUGADGRG X CGAA AUUCAACC 2476 GGTTGAAT A AACTRAGAT
2335 HSGATASR 781 ADGURAIC CUGADGAG X CGAA AGUUUAIXY 2477 AATAAACT A GATTRCAT
2339 HSGATASR 782 CUGRAIGU CUGAUGAG X CGAA AUCURGIU 2478 AACTAGAT T ACATTCRAG
2340 HSGATA3R 783 ACUGANIG CUGAUGAG X OGPA AAICUAGU 2479 ACTAGATT A CATTCAGT
2344 HSGATA3R 784 GOCAACUG CUGAIGAG X (GAA  AUGURAIXC 2480 GATTACAT T CAGTTGXC
2345 HSGATA3R 785 UCOCAACU CUGADGAG X CGAA ARUGUAAU 2481 ATTACATT C AGTTGGCA
2349 HSGATA3R 786 UUUUUGCC CUGALGAG X (GRA. ACUGAAIKG 2482 CATTCRGT T GGCRARAA

13 HIMGATAA 787 CCRAUUG CUGAIXRAG X CRRAA AUUULUGG 2483 CCAARAAT T CAAATTCG

14 HIMGATAA 788 COCAAUUU CUOGRADGAG X CGAA AAUUTUUG 2484 CAARAATT C AAATTGSG

19 HRCATAA 789 AAAAICCC CUGAUGAG X CGAA AUUUGRAL 2485 ATTCAAAT T GGGRITIT

25 HIMGATAR 790 CUOCGGAA. CUGALIGAG X CGRAA AUXCCOCAAD 2486 ATTAGGAT T TIOOGGAG
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26 HUMGATRA 791 COGRADGAG X CGAA AADCCCAA 2487 TIGGGATT T TOOGGAGT
27 HUMGATAA 792 CUGAUGAG X OGAA AAAUCCCA 2488 TGGGATIT T CCGGAGTA
28 HUMGATAA 793 CUGADGAG X CGAA AAAACCC 2489 GGGATTIT C CGGAGTAA
35 HOMGATAA 794 CUGAUGRG X CGAA ACUCCGGA 2490 TOOGGAGT A AACAAGAG
47 HUIMGATAA 795 CUGALGAG X CRA ACGCOCUU 2491 ARGAGCCT A GRGCCCIT
S5 HIMGATAA 796 QUGADGAG X CEAA  ACCCCUCU 2492 AGAGOCCT T TGCTCRAT
56 HUMGATAA 797 CUGAUGAG X QRA AAEGCC 2493 GAGCCCTT T GCTCAATG
60 HIMGATAA 798 CUGAUGAG X C3A ACCAAAG 2494 CCTTTCCT C AATGCTGG
71 HIMGATAA 799 CURAUGAG X CRAA AUCCAGCA 2495 TGCTGGAT T TAATACGT
72 HUMGATAA 800 CUOGADGAG X CGAA AAICCAGC 2496 ‘GCTGGATT T AATACGTA
3 HUMGATAA 801 CUGAUGAG X (GRA AARACCAG 2497 CIGGATIT A ATACGTAT
76 HUMGATAA 802 CUGAUGAG X QGAA AUURAAIC 2498 GATTTRAT A CGTATATA
80 HIMGATAA 803 CORAUGRAG X CQRAA ACGUAUUA 2499 TAATACGT A TATATTIT
82 HOMGATAA 804 CUGRURG X CERA AUACGIRU 2500 ATACGTAT A TATTTITA
84 HIMGATAA 805 COGALGAG X CGAA AIAIAOGT | | 2501 ACGTATAT A TITTTARG
86 HOIMGATAA 806 COGAGRG X CGAA ALRDAILRC 2502 GTATATAT T TTTAAGCG
g7 HIMGATRAA 807 CUGAUGAG X CGAA AAIRAIAUA 2503 TATATATT T TTARGCGA
88 HUMGATAA 808 COGAUGAG X CGAA AAAUAUALY 2504 ATATATIT T TARGCGAG
89 HIMGATAA 809 COGAGRAG X CGAA AAAAUAIA 2505 TATATTTT T ARGCGAGT
90 HIMGATAA 810 CORAUGAG X CGAA AAAAAIIRDY 2506 ATATTTIT A ACCGAGIT
98 HIMGATRA 811 CORAGAG X CGEAA  ACUOCCUU 2507 AAGCGAGT T GGITTTIT
102 HIMGATRA 812 COGRAIRG X GRA ACCAAIC 2508 GACGTTGGT T TTTTOOCC
103 HIMGATAA 813 COGAXRAG X CRA AACCAACU 2509 AGTTGGTT T TITCOCCT
104 HMGATAA 814 QUGG X CGAA AAACCAAC 2510 GTTIGGTIT T TTOCOCCIT
105 HIMGATRA 815 COGAGAG X CGAA ARANCRAA 2511 TTGGTTIT T TCOCCTIT
106 HIMGATAA 816 CUGRAUGAG X CGAA AAARRCCA 2512 TGGTTTTT T CCCCITIG
107 HIMGATAA 817 COGAGRG X CGAA AARARACC 2513 GGTITITIT C OCCTTTGA
112 HIMGATRAA 818 CORRDGAG X CGAA AGGGGAAA 2514 TTTOCCCT T TGATTTIT
113 HIMGATAA 819 CXGADRG X CGAA AAGGGGAA 2515 TTCOCCIT T GATTITIG
117 HIMGATRA 820 CUORURG X GRA AICAAAGG 2516 CCTTTGAT T TTIGAICT
118 HIMGATAA 821 CUGRIGRAG X QGBA ARAICAARG 2517 CTTIGATT T TIGATCIT
119 HOMGATAA 822 CUGAUGRG X CGAA AARICAAA 2518 TTIGATTT T TGAICTTC
120 HIMGATAA 823 COGADGRG X OGAA AAAAIXRAA 2519 TTGATTIT T GAICTTOG
124 HIMGATAA 824 CUGAGAG X OGAA AIXCAAAAA 2520 TTTTTGAT C TTOOCGRALC
126 HOMGATAA 825 CUGAXRAG X CGAA AGRICAAA 2521 TTTGATCT T CCORALAG
127 HUIMGATAA 826 CUGAAG X CGAA AAGRIXCRA 2522 TIGATCIT C GOGACAGT
136 HIMGATAA 827 CUGADGAG X CGAA ACUGUOGC 2523 GOGRACAGT T CCTCCCAC
137 HIMGATAA 828 COGAIRAG X OGRA ARG 2524 CQGACAGTT C CTOOCALG
140 HIMGATAA 829 COGADGEG X CGAA AGGARCG 2525 CAGTTCCT C CCACGCAT
149 HIMZATAA 830 CORUGAG X CGAA A0S 2526 CCACCCAT A TTATQGIT
151 HIMGATAA 831 CORIRAG X CRA ARDGOEU 2527 ACCCATAT T ATOGTIGT
152 HIMGATAA 832 CUOGRALGAG X CGAA AAIADXG 2528 CGCATATT A TOGTTGIT
154 HIMGATAA 833 COGADGAG X CGRA AIRALALG 2329 CATATTAT C GTTGITGC.
157 HIMGATAA 834 COGAXRAG X CGRA ACGAIRAL 2530 ATTATCGT T GITGOCGT
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160 HUMGATAA 835 ACGOGOC CUOGAUGAG X CEAA ACAACGAD 2531 ATQGTIGT T GOOGTOGT
166 HUMGATAA 836 GAGAARAC CUGRUGAG X OGAA ACGGCAALC 2532 GTTGCQGT C GITTICTC
-169 HUMGATAA 837 GGRAGAGAA CUGAUGAG X CQERAA ACGAOERC 2533 QQOGTQGT T TTCICICC
170 HOMGATAA 838 CORAGAEA CUGAUGAG X ORA AACGAG 2534 CCGTICOGIT T TCICTOCC
171 HIMGATAA 839 CGGGAGAG CUGAUGAG X OGAA AARCGAG 2535 CGTQGTIT T CTCTOOCC
172 HUIMGATRA 840 COGGEAGA. CUGADGRAG X OGAA AAAACGAC 2536 GTQGITIT C TCTOOCCG
174 HIMGATAA 841 CQCOGGEGA CUGAUGAG X GGAA AGAAAA(G 2537 CGTTTICT C TCOCOG
176 HOMGATAA 842 CAOGCGEG CUGAGAG X CGRA AGRGARAA 2538 TITICICT C CCOEOGIG
188 HIMGATAA 843 AGGUCAAG CUGAUGAG X QGAA ACCCAORC 2539 GOGTCGCT C CTTGALCT
191 HOMGATAA 844 QECAGGEC CUOGALGAG X CGAA AGGAGCCA 2540 TGECTCCT T GROCTGOG
231. HOMGATAA 845 GUOCCUGC CUGAUGRG X CQGAA  ACCUXXG 2541 QGEEAGCT C GCAGGGAC
245 HIMGATAA 846 ACCUCUGA. CUGADGRRG X ORA ACALGGUC 2542 GACCATGT A TCAGAGCT
247 HIMGATAA 847 CAACCUCU CUGADGAG X OGAA AURCAUGG 2543 CCATGTAT C AGMCCTIG
254 HIMGATAA 848 CCAIGGCC CUGAUGAG X CGAA AGCUCUGA 2544 TCAGRCCT T GGCCATGG
293 HIMGATAA 849 COCOTGG CUGADGAG X CGRA  ACGCACCG 2545 CGGTECCT A CCACEOGG
317 HIMGATAA 850 QGUCCAG CUOGAIGRAG X CGAA ACEEENCG 2546 QEACCCCT T CATGCROG
318 HIMGATAA 851 QOGUCCAU CUGRAUGAG X CGAA ARMGGGEECC 2547 GGOCCCIT C ATGCAOLG
341 HIMGATAA 852 CUOCGOGAG CUOGAGAG X CGAA ACCOEXG 2548 CECCGCGT C CTOCOCAG
344 HOMGATAA 853 AGROUGEC CUOGAUGAG X CGAA ACGACCOG 2549 QGOGTCCT C GOCAGICT
351 HUMGATAA - 854 CCGGA CUGAIGRG X CGAA ACUGEOERA 2550 TOGCCAGT C TAOCTRCC
353 HIMGATAA 855 UGGGCAGG CUGRALGRG X CGAA AGACUARC 2551 GOCAGTCT A CCTGOXCA
377 HOMGATAA 856 GAMGRG CUGRAIGAG X CGAA AGGGCALC 2552 GGTGCCT C CTOOGTTC
380 HIMGATRA 857 CCRGANG CUORALGRAG X CGAA ACGAGEC 2553 GCCCTCCT C CGTTCTGG
384 HIMGATAA 858 ACCCCAG CUGAIGRG X CGAA ACCGAGGA 2554 TCCTCQGT T CTGERCCT
385 HIMGATAA 859 CAGGCCCA. CUOGALGRAG X CGAA  ARCCGASG 2555 QCTCOCGIT C TAEXCIG
395 HIMGATAA 860 CEAGHIRAG CUGALGAG X OGAA ACRGGROCC 2556 GEGOCIGT C CTACCTCC
398 HIMGATAA 861 QCUGERGG CURAIXAG X OGAA AGRACAGS 2557 CCIGICCT A CCTOCAGG
402 HIMGATAA 862 COCCCAG CUGAGAG X OGAA AGGUAGA 2558 TCCTACCT C CACOGOG
422 HORMGATAA 863 CQGGAOCCA CUGALGRAG X OGAA  ACOCOXG 2559 OOOEEECT C TAOGTOOG
428 HIMGATAA 864 CEOCUO0G CXRAIGAG X CGAA ACGCRAGAG 2560 CICTCOGT C QOEAGC
440 HIMGATAA 865 UGOOGOCC CUGRAUGAG X OGAA  ACCGECU 2561 AGEC0QCT C GIOECA
467 HIMGATAA 866 QOCCACCA. COGALGRG X QGAA  ACCOECC 2562 [ccecceciyyoieciicece]
535 HOMEATAA 867 QEEGIU CUGRAGAG X CGRA  AGCEEC 2563 GAGCOGCT T ACROOOCG
536 HRMGATAA 868 COEEG CUOGAIGAG X OGRA AAGORCU 2564 ACCOGCTT A CACOOQRC
554 HIMEATAA 869 2E0C0GEC CUGRADGAG X QGAA  ACROORC 2565 GCOGIGT C GOOGAGCT
563 HOMATAA g70 CERMERG (RAUGG X OGRRA AG0C0EC 2566 GCOECECT T CTOCTTICC
564 HOMGATAA 871 CORAMGA CUOGAIRAG X OGRA AACOGOGG 2567 COROECIT C TCCTTCOCC
566 HRMGATAA 872 COXGARMG CUGAGAG X CGRA AGRAGCC 2568 QOCCTTICT C CTTOOOG
569 HIMGATAA 873 000G CURADGRAG X CGAA ACEAGARG 2569 CTTICTOCT T COCCEEEA
570 HUMCGATAA 874 GUOOOOG CUOGAIXRAG X CGRA AAGGAGRA 2570 TICICCIT C COEGGEAC
587 HUMGATAA 875 COCCAG CUORAGAG X CRA  ACOOEEG 2571 CAOOGEGT C CCTEEAG
635 HIMGATAA 876 CACUGAUG CUGADGAG X CGAA ACGOOCCA 2572 TCOAGCCT A CROCAGIG
686 HIMGATAA - 877 OGAEC0G CUGAGAG X CGRA  ACUGCXG 2573 QGRGCAGT A OCCEOG
701 HIMGATRA 878 A00CCCCG CURIGAG X CGAA 200G 2574 QEOQEECT T CGCAGEECT
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HIMGATAA 879 GAGCCQGC CUGAUGAG X CGAA  AACOOCRC 2575 GOCGECIT C GUOGRCIC
710 HUMGATAA 880 UGGAGUAG CUGAUGAG X CGAA  AGCCOOCG 2576 CCOGEECT C CTACTCCA
713 HIMGATAA 881 QCOUCEAG CUGAUGAG X OGFAA AGGAGCCC 2577 GGGCTCCT A CTOCAGCC
716 HIMGATAA 882 ACAECAUG CUGAUGRAG X CGAA AGIRAGGEAG 2578 CICCTACT C CRAGOCCCT
725 HUMGATAA 883 ARGOORRG CUGAUGAG X OGAA  ACGGGOUG 2579 CAGCCCCT A QOOGGCIT
733 HIMGATAA 884 GOCCAT CUGARUGRG X CGRA 2G00CGU 2580 ACCQGECT T ACATGC
734 HIMGATAA 885 CQCOOCALG CUGAUGRAG X CGAA  AACCCCGG 2581 CCOGCCTT A CATGEOCG
755 HIMGATRA 886 CECCOAG CUGAUGAG X QGAA. ACGOGCCC 2582 GGGAGCET € CTEEENG
719 HIMGATAA 887 GGOCGO0G CUGRAUGAG X CRA  AECOEXG 2583 [sesscesigogocasceas
791 HRGATRAA 888 QGCUGICG CUGAIXGAG X CGAA  AGGEGECCG 2584 QGGOCCCT T CRACAOCC
792 HIMGATAA 889 GCOCUEIC CUGAGRAG X CGRA AACGGEC 2585 GGOCCCTT C GACAGCCC
804 HIMGATRAA 890 CUGRAG CORRUGAG X GRA ACCGEECU 2586 AGOCQGGT C CTCCACRG
853 HUIMGATAA 891 CAIAUCA CURUGEAG X CGRA  AUUGEERT 2587 ACCOCAAT C TCGATATG
855 HUMGATAA 892 AACAITAC CUGADGRG X GRRA  AGAUUGEG 2588 QCCAATCT C GATATGIT
859 HIMGATAA 893 GUCAAXA COGRUGRAG X CRA AUCGARGRD 2589 ATCTCGAT A TGITIGAC
863 HIMGATAA 894 AXOGICA COGAUGAG X OGRA  ACAURIOG 2590 QGATATGT T TGACGACT
864 HUMGATAA 895 AAGOOGUC QUGAGAG X CGAA AACALIAIC 2591 GATATGIT T GROGACIT
872 HUMGATAA 896 CUUCUGRG CUGAXGAG X CGAA AGICGICA 2592 TGROGALT T CICAGAAG
873 HIMGATAA 897 CCUUCUGA. CUGRDGEAG X CEA  ARGUOEXC 25383 GACGRCTT C TCAGAMG
875 HOMGATAA 898 UGOCUCU QUGADRAG X CGRA  AGRAGOG 2594 QGACTTCT C AGAMOCCA
894 HUIMGATAA 899 . CCACAGUU CUOGADXRG X CGRAA ACACAOC 2595 GAGIGIGT C AACTGIGS
907 HOMGATAA 900 GGUGGACA CUOGRIXRAG X CERA AGCCOCRC 2596 GIGGGECT A TGTOCACC
911 HIMGATAA 901 COGAUG CUGRDGRG X CGAA ACAIIRGOC 2597 GGCTATGT C CAOOQOC
921 HUMGATAA 902 QOCUCCA CUGADGAG X QA ACCECEGU 2598 ACCOOCCT C TCGACG
943 HUMGRTAA 903 QAN CCRIEAEG X CGAA  A000EXC 2599 QGROGGGT C ACTATCIG
947 HUMGATAA 904 UCCACAGA COGARAG X QA AMGUGRLOCC 2600 GAGTCACT A TCTGIGCA
949 HIMGATAA 505 GUUCACA CURRDRAG X CRRA AIRGUGAC 2601 GICACTIAT C TGTCCAAC
969 HOMGATRAA 206 UUGUGEA CUOGRUGAG X QGRA  AGGCCACA 2602 TGIGGCCT C TACCACPA
971 HIMGATAA 907 UOUUGRUEG COGAIGRG X OGAA. AGRGEOCA 2603 TGEOCICT A CCACARGA
950 HIMGATAA 908 GEOOGENU COGADGRG X CGAA  ADGOCGEIU 2604 AAGGCAT C ARCOEECC
1002 HIMGATAA 909 GO CUGADEAG X QERAA  ACOEEOCG 2605 QEGOOGCT C ATCARMCC
1005 HIMEATAA 910 UGASCU CUGAIGAG X OGAA  ALGRGOG 2606 COGCTCAT C AMGCCTCA
1012 HOMGATRA 911 QOEEOEU CUOGAUGAG X OGAA ACCCUUGA 2607 TCARGOCT C ACCEOOSG
1025 HOMGATAA 912 GEEARG CURAIGRG X CGRA  ACRGXXGG 2608 QOGGECIGT € QCCTOCC
1031 HOMGATAA 913 COOEOG CUOGRDGAG X QGRAA  AGGOGGRC 2609 GIOOGCCT C QOGCOERG
1047 HIMATRA 914 CCACRGERA CUORRAG X GRAA AGGOOCAC 2610 GIGGGCCT C TCCIGIGC
1049 HOMGATAA 915 UGGCACRAG CUGADGAG X CGRA AGROGCCOC 2611 GEECCICT C CTGTGCCA
1131 HIMGATAA 916 UOCADGA CXRARAG X OGRA  AGGOOGCA 2612 TCOGGOCT C TACATGRAA
1133 HOIMGATAA 917 GUUOCALG CUORAIRAG X ORA AGAEROCG 2613 CEGCCICT A CATGARGC
1143 HIMGATAA 918 ACCOOGUG COGAUGAG X CGRAA  AGCUUCAU 2614 ATGRAGCT C CAOGERGT
1162 HIMGATAA 919 CAUUCCAA CUGADGAG X CGAA AGCOCUAG 2615 CCAGGCCT C TTCCAATG
1164 HOMGATAA 920 CCAUC CURADGAG X CERRA  AGRGACCU 2616 MCCCTCT T GCAATGCG
1185 HOVGATAA 921 CUCGUUUG COGADGAG X CGRAA. AL 2617 GAGGGGAT C CAAACCAG
1219 HIMGATAA 922 CUAGAU CUGALGAG X CGAA AUUCAGSU 2618 ACCTGAAT A AATCTAAG




WO 00/61729

77

PCT/US00/09721

Table III. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and
6) and the complementary sequences

1223 | HUMGATRA 923 GUGUCUUA CUGADGAG ¥ OGAA AUUUADUC 2619 GAMNTAPAAT C TAAGRCAC
1225 | HUMGATRA 924 UOGUGUCU CUGALGAG X CGAA  AGAUUUAU 2620 ATAAATCT A AGACACCA
1240 | HUMGATRAA 925 GOCUGAAG CUGADGAG X (GAA ACCUGCUG 2621 CAGCAGCT C CTTCAXC
1243 | HUMGATAA 926 ACUCCOUG CUGAIGAG X CGAA  AGGAGCUG 2622 CAGCTOCT T CAGGCAGT
1244 | HIMGATRA 927 CACUGOCU CUGAUGAG X (GAA AAGGAGCU 2623 AGCTCCTT C ACGCAGIG
1260 | HIMGATAA 928 GOGGGAGG CUGAUGAG X CGAA AGSCUCIC 2624 GAGNGOCT T CCTOO0GC
1261 | HOMGATAA 929 GOOGCEAG CUGADGAG X (GAA ARGSCUCU 2625 AGAGOCTT C CTO0OGCC
1264 | HUMGATAA 930 GOUGGORG CUGAUGAG X CGAA AGGANGGC 2626 GOCTTOCT C COGOCEGC
1279 | HUMGATAA 931 GUUGCUGG CUGAUGAG X CGRA AGCACCC 2627 GOGGTGCT T CCAGCARC
1280 | HUMGATAA 932 ACUUGCUG CUGALGAG X OGRAA AAGCACCG 2628 OGGIGCTT C CAGCAACT
1289 | HIMGATRA 933 CCUUGOUG CUGAIGAG X OGAA AGUUGCLG 2629 CAGCAMCT C CAGCANG
1327 | HUMGATAA 934 CUUGAIGG CUGALIGAG X CGAA ACGCAIXU 2630 MGATGOGT C CCATCAAG
1332 | HMGATAA 935 UCOGUCUU CUGADGAG X CGRA ALGGGACG 2631 CGICCCAT C ARGACOGA
1352 | HUMGATAA 936 MGUGAGAU CUGAUGAG X CGAA ACAGGOCA 2632 TGECCIGT C ATCTCACT
1355 | HUMGATAA 937 ORXBGUGA CUGAGAG X CGAA AUGACATS 2633 CCIGICAT C TCACTACG
1357 | HUMGATRA 938 COORUAGU CUGAUGAG X CGRAA AGRAUGACA 2634 TGICATCT C ACTACSSG
1361 | HMGATRA 939 UGUGOO0G CUGALGAG X (GAA AGUGAGA | . 2635 ATCTCACT A CGGGCACA
1376 | HUMGATAA 940 GOGACACG CUGAUGAG X CGAA AGCUGUG 2636 CRAGCAGCT C CGIGTOC
1382 | HUMGEATAA 941 ACGUCUGG CUGAUGAG X OCRA ACROGEAG 2637 CTOOGIGT C CCAGACGT
1391 | HUMGATRA 942 UGACUGAG CUGALGAG X CGPA ACGUCUGG 2638 CCAGACGT T CTCAGICA
1392 | HIMGATAA 943 CUGACUGA. CUGAGRAG X CGAA ARCGUCUG | 2639 CAGRACGTIT C TCAGTCAG
1394 | HIMGATRA | 944 CACUGAU CUGAIGAG X OGAA AGAAOGC 2640 GACGTICT C AGICAGIG
1398. | HIMGATRAA 945 AIOGCACU CUGRDGAG X OGAA. ACUGRAGRA 2641 TICTCAGT C AGTGOGAT
1409 | HIMGATRA 946 CAIGGGOCA CUGAUGAG X OGAA ACAIXICA 2642 TGOGATGT C TGGCCATG
1424 | HIMGATRA 947 GGUGGALG CUGAIXEAG X CGAA AGGECOCA 2643 TGGGEOCCT C CATOCACC
1428 | HUMGATAA 948 ACAIGUG CUGAIGAG X CGAA AIGGAGSG 2644 COCTOCAT C CACOCTGT
1437 | HIMGATRA 949 GOCAGAG CUGAIGAG X OGAA ACAGGRUG 2645 CACCCTGT C CTCTORRC
1440 | HIMGATRAA 950 AGGGOCGA. CUGAIGAG X OGRAA AGGACASS 2646 CCTGICCT C TOGEOCCT
1442 | HIMGATAA 951 UCAGEGC CUGADGAG X OGAA AGRGGACA 2647 TGTOCTCT C GGCOCTGA
1455 | HIMGATAA 952 UGUGOGGA CUGAIGAG X OGRAA ACCUUCEG 2648 CTGAAGCT C TOCOCACA
1457 | HMeATRA 953 CUUGUGEG CUGAIGAG X OGAA AGRGCUC 2649 GAAGCTICT C CCCACRAG
1469 | HIMGATAA 954 @EAOGCA CUGARG X (GAA AGOCUUGU 2650 ACAAGGCT A TGOGICTC
1475 | HBMEATRA 955 UROGGEA. CUGAGAG X OGAA ACGCAIRG 2651 CTATGOGT C TOCOGICA
1477 | HaMEATAA 956 GO0 CUGAIGAG X OGAA AGROGCAL 2652 ATGOGTCT C COGTCAGC
1482 | HIMGATRA 957 GACUGECU CUGAIIGAG X OGRAA ACGGGAR 2653 TCTOCOGT C AGCCAGIC
1490 | HIMGATRA 958 UOUGUGGA. CUGADGAG X CGRA ACUGOOUG 2654 CAGOCAGT C TCCACAGA
1492 | HUMGATRAA 959 GEUOUGUG CUGALGAG X OGAA AGACTIGC 2655 GOCAGICT C CACAGACC
1505 | HUMGATAA 960 CCUGCUUG CUGADGAG X OGAA AGCUGRK 2656 GACCAGCT C CRAGCAGG
1517 | HIMGATAA 961 UGUUOCRAA CUGADGAG X CGAA AGUOCUGC 2657 GCRGGACT C TTGGAACA
1519 | HIMGATRA 962 ACUGUUCC CUGRAUGRAG X OGAA  AGAGUOCU 2658 AOGACTCT T GGRACAGT
1528 | HavaTRA 963 CAAGACCA CUGAUGAG X OGRAA ACUGIXC 2659 GEAACAGT C TGGICTIG
1533 | HIMGATAA 964 UOGOCAA CUGRADGAG X OGAA ACCAGACU 2660 2GICTGGT C TTGGOCGA
1535 | HIMGATAA - 965 UGUOGECC CUGRIXAG X CGRAA AGRCCAGA 2661 TCIGGICT T GGOOGACA
1546 | HUMGATAA 966 GUOCOOGRU CUGAIGAG X CGAA ACUGUORG 2662 COGACAGT C ACGGEGAC
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1557 HIMGATRA 967 GCOAGUGAD CUGALGAG X CGAA ALGUCCCC 2663 GGGGACAT A ATCACICC
1560 HRMGATAA 968 UACGCAGU CUGAUGAG X CGRAA  AUUAUGUC 2664 GACATAAT C ACTGOGTA
1568 HOMGATAA 969 GGEARRAU CUGADRG X CRAA ACCCARG 2665 CACTGOGT A ATCTTCCC
1571 HUMGATAA 970 AGAGERA CURADGRG X CGAA AUURACGCA 2666 - | TGOGTARAT C TTCCCICT
1573 HUMGATAA 971 GAAGAGGG CUGAIXRG X CGAA ACALIUACG 2667 CGTAATCT T QOCTCTIC
1574 HIMGATAA 972 GGAAGAGG CURAIKRG X (GAA ARGAUURC 2668 GTAATCIT C CCICTTICC
1578 HIMGATAA 973 QGAGGGAA CUGALGAG X (GAA AGGGAAGA 2669 TCTTOCCT C TTCCCTCC
1580 HIMGATAA 974 GAGGAGSG CUGRRG X CGAA AGAGGGRA 2670 TTCCCICT T CCCTOCIC
1581 HIMGATRA 975 UGRGGACG CURAURG X CGAA AMGRGCGGA 2671 TCCCTCIT C CCTCCTCA
1585 HUMGATAA 976 AAUUUGAG CUGADGAG X CGAA AGGGRAGA 2672 TCTTCCCT C CTCAAATT
1588 HIMGATRA - 977 AGGAAUU CUOGARG X OAA MRAGTA 2673 TCCCTCCT C AMATTCCT
1593 HUMGATAA 978 QGUGCAG (UGG X CRAA AUUUGAGG 2674 CCTCAAAT T CCTGCALG
1594 HUMGATRAA 979 COGUGCAG CUGRAURAG X CGAA ARUUUGHEG - 2675 CTICAARTT C CTCCACGG
1613 HUMGATAA 980 TADCCUCC CUGADGERG X COGAA  AGUCCCRAG 2676 CIGEEACT T GGAGGATA
1621 HUMGATRAA 981 UUCUUUGC CUGAGAG X CGAA AUCCUCCA 2677 TCGEGGAT A GCAARGAA
1644 HUMGATAA 982 GOCCCUG CURIRAG X CRAA  AGCCCAGG 2678 QCTGGCT C CCAGGEEC
1655 HUMGRTAA 983 ACCCAGAG CURAGRG X CEA ACGCQERC 2679 GOCEEACT € CTCTGCCT
1662 HUMGATAA 984 ACCAGGCA. CRAUGG X CGAA AGGRGECC 2680 QGCCTCCT € TGOCTSGT
1671 HUMGATAA 985 GGAGUCAD CUGRDGRAG X OGAA ACCAGGCA 2681 TCCCTGGT A ATGACTCC
1678 HUMGATAA 986 UUGUUCUG  CUGAGRG X CGAA  AGUCAUUA 2682 TAATGACT C CAGARCRA
1703 HUMGATRA 987 UOGACULC CUGADGAG X QRRA  AGUUUCUU 2683 ARAGARALCT T GAAGTOGA
1709 HOMGATAA 988 ACADUGC CUGRAIXGRG X CGRAA ACUUCARG 2684 CTTGAAGT C GACARTCT
1716 HOMGATRA 989 CURAACCA CUGRAGEG X CGAA AUUGUCGA 2685 TOGACAAT C TOGTTIASG
1721 HIMGATRA 990 CUUCOOCU. CUGAUGRG X CGAA  ACCAGADU 2686 AATCTGGT T AGGGGARG
1722 HUMGATRA 991 GCUUOCCC CUGRALGRG X CGAA  AACCAGAD 2687 ATCTGGIT A GGEEGRAGC
1737 HUIMEATRA 992 GARAAICC CUGALGAG X CGAA ACACQORC 2688 GOGEGIGT T GGATTTIC
1742 HUMGATAA 993 UCUGAGRA CUGAUGAG X CGAA ADUCCAACA 2689 TGTTGRT T TICTCAGA
1743 HIMGATRA 994 AUCUGRACGA CUGAGREG X CGAA AAIXCARC 2690 GTTGEATT T TCTCAGRAT
1744 HIMGATAA 995 CAICUGAG CUOGRIXAG X OGAA ARAICCAA 2691 TIGGATIT T CTCAGRIG
1745 HIMEATAA 996 QCAXURA CUGAXRAG X CGRA AARAUCCA 2692 TGRAITIT C TCAGATGC
1747 HIMGATRAA 597 AGGCAIXU CUGAGRAG X OGAA AGAAAALC 2693 GATITICT C AGATGOCT
1756 HMGATAA 998 A00C0FA CUOGAIKRG X CGAA  AGGCADCU 2694 AGATGCCT T TACAOGCT
1757 HOMGATAA 999 CAGOGUX CUGRAGRAG X CGAA AAGGCRIC 2695 GATGCCIT T ACAROCTG
1758 HUMGATAA 1000 UCACOEG QUGRDGRG X CGAA AARGGCRD 2696 ATCCCTTT A CROGCTGA
1790 HOIMGATAA 1001 UOCUGCUG CUOGAIGRAG X OGAA. AGCGUGSG 2697 CCCACCCT T CACCAOGA
1791 HIMGATAA 1002 QUOGUGCU CUGALGAG X QGAA  AMGGGUSG 2698 CCROCCIT C ACCACGRG
1810 HUIMGATAA 1003 AAGAGA CUGAGRG X CGAA  AGCAGUG 2699 CACTGCAT C TCTICCIGT
1812 HUMGATAA 1004 UCACAGRA CURAUGAG X CGRAA  AGRUGCRAG 2700 CTGCATCT C TCCIGIGA
1814 HIMGATAA 1005 ACUCACRG CUGAUGAG X CGRA AGRGAIC 2701 GCATCICT C CTGIGRGT
1823 HUMGATAA 1006 AMGOCUCC CUGRADGRG X QGRAA ACUCACRAG 2702 CIGTGAGT T GGRGACIT
1831 HOGATAA 1007 UGGERAAAG CUGAGRAG X CRAA AGUCICCA 2703 TCRGACT T CTTTOOCA
1832 HOMGATAA 1008 UOGGGRAA CUGAGRG X CGAA. AAGUCXCC 2704 QEAGACTT C TTTOCCRAA
1834 HIMCATAA 1009 UCUOGGGA CURAIRG X OGRA. AGAAGUCU 2705 AGRCTICT T TCOCAAGA
1835 HOMGRTRA 1010 ACUUGEG CUOGAIGRAG X CGRA  ARMGARNGC 2706 GACTTCIT T CCCARGAT
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1836 HUMGATAA 1011 CADANGG CUGADGAG X CGAA AAAGANCU 2707 ACTTCTIT C CCAAGATG
1346 HUMGATAA 1012 GGACAAG CUGAUGAG X CGAA ACAIXUUG 2708 CAAGATGT C CTTGTOCC
1849 HIMGATAA 1013 CAGGGGAC CUGRUGAG X GEAA AGGACALC 2709 GATGTCCT T GIOOCCIG
1852 HUMGATAA 1014 ACGCAGG CUGAUGRG X CGAA ACAAGGAC 2710 GICCTIGT C COCTGOGT
1861 HIMGATAA 1015 CAGUGGEG CUGAUGAG X CGAA  ACCCACGG 2711 CCCTGCGT T COCCACTG
1862 HIMGATAA 1016 ACARGUGEG CORAUAAG X CRAA AAOGCAOG 2712 CCTGCGIT C COCACTGT
1876 HUMGATAA 1017 CCACOEXC CUGAUGAG X CGAA AGCCCACA 2713 TGIGGCCT A GAOOGTOG
1887 HIMGATAA 1018 CAAIIGCAA. CUGALGAG X CGAA ACCCASG 2714 COGIGGGT T TTIGCATIG
1888 HUMGATAA 1019 ACRADGCA CUGALGAG X OGA AROCCACG 2715 QGIGGGIT T TCCATTGT
1889 HIMGATAA 1020 CACRAUGC CUGRUGAG X CGAA AAACCCRC 2716 ‘GTGAGTIT T GCATTGIG
1894 HUIMGATAA 1021 AGAAACAC CUGAGAG X CGAA AUGCAAAA 2717 - TTTTGCAT T GIGTTICT
1899 HIMGATAA 1022 GUOCURAGA CUORAUGRG X CGRA ACACARALG 2718 CATIGIGT T TCTAGCAC
1900 HOMGATAA 1023 GACUAG CUGALXRAG X CGAA AACACAAD 2719 ATTGIGIT T CIAGCAC
1901 HIMGATAA 1024 CCEXCUA CUGALGAG X CGAA AAACACRA 2720 TIGIGTIT C TAGCAOCG
1903 HUMGAT2A 1025 UUOGEUEC COGAGAG X CGRA AGAAACRAC | . 2721 GIGITICT A GCAOCGAA
1916 HUMGATAA 1026 UUUCUCA CUGADGRG X (OGAA  ADCCUG 2722 CGAAGGAT C TGAGAMCA
1955 HIMGATRA 1027 UOGEECUG CUGADGAG X OGRA AGCAGCSG 2723 COCCTGCT C CAGOOCEA
1974 HIMGATAA 1028 GGCAARCA CUGALGAG X CGAA ALGCCEXC 2724 GAQGGCAT C TGITTIGCC
1978 HOMGATAA 1029 ACAUGGCA CUGALIGAG X CGAA ACAGAIIC 2725 GCATCIGT T TGOCATGT
1979 HIMGATAA 1030 ACADGCC CORALGAG X CGARA AACAGAIG 2726 CATCIGIT T GCCATGTA
1987 HOIMGATAA 1031 CALCCAGG CUGAIXZRG X QGAA ACAGGCA 2727 TGCCAIGT A CCICGATG
2021 HAMGATAA 1032 GAUGEEEC CUOGALGAG X CGRA  AGECOCG 2728 CAGECCCT T GOQOCATC
2029 HUMGATAR 1033 ACOCGALG CUGRAGRG X OGRA.  AUGGACA 2729 TGOOCCAT C CATOQCCT
2033 HIMGATAA 1034 COCRRCOG CUGADGRAG X CGRA  AUGGAIG 2730 QCATOCAT C OCTIGRG
2038 HIMGATAA 1035 CALCCCUC CUGADGAG X CGAA  AGOGGAIG 2731 CATOOCCT T GAGGCATG
2061 HIMGATRA 1036 GRUUAGG CUGAGRG X CGAA AGCAGSG 2732 QCCTGCAT C CCTAATAC
2065 HUMGATRA 1037 UUUGERAU CUGAIXGAG X OGAA AGGGALXC 2733 GCATOCCT A ATACCAAA
2068 HIMGATAA 1038 AGAUUGG COGAUGAG X OGAA AUUAGGGA 2734 TCCCTAAT A CCAAATCT
2075 HIMGATAA 1039 UCGAGUCA. CUGRIGAG X OGRA  AUUUGGUA 2735 TACCAAAT C TGRCTCCA
2081 HIMGATAA 1040 CAGEIUUNG CUOGALGAG X QGRA AGUCAGRU 2736 ATCTGACT C CRAARCTG
2120 HRGATAA 1041 UOCOCAGG CUGAIGRAG X OGAA AGUGCIXCA 2737 TGACCACT T CCTGEEA
2121 HOMGEATRA 1042 COOCOAG CUGAIXRAG X QGRA  ARCUCUC 2738 GAGCACTIT C CTGECEG
2132 HOMGATAA 1043 UEOOCAG CUGAGRG X QGAA. AGCUIOCCC 2739 GEGACCT A CAGGGECA
2143 HOMGATAA 1044 GO CUGAIGAG X QGAA AGUGOOCC 2740 GCGGECACT T AACCCALC
2144 HIMCATAA 1045 UEER COGRAGAG X CERA. AMGIGOCC 2741 QGCCACTIT A ACCCACCA
2164 HOMGATRAA 1046 AUUUOGAD COGADGAG X (GAA  ACCUROG 2742 CQGCAGCCT C ATCAAAAT
2167 HUMGATAA 1047 UGCAUUUU COGADGRG X CGAA  AGARGECU 2743 AXCTCAT C AARATGCA
2186 HIMGATAA 1048 UGG CUOGAIGRAG X CGRA AGUUGCCA 2744 TGGCAACT T CTOOOCCA
2187 HIMGATAA 1049 CUGEEEGA CUGADGRG X OERA AAGUURCC 2745 GGCAACTT C TOOCCCAG
2189 HUMGATAA 1050 AOOUGGG CUOGAARAG X QGERA AGARMGUUG 2746 CAACTTICT C COCCAGGT
2202 HIMGATAA 1051 CCACOGG CUGAGAG X GGRA AGGCAOCU 2747 AGGTGCCT T CCOCCTAC
2203 HOMGATAA 1052 AOCAGEEG COGAUGRAG X CGAA  AAGGCRCC 2748 GGTOCCIT C CCCCTGCT

21 HSGATAG6PR 1053 CCUCEO0G CUOGAIGAG X CGRA  AGEGUGCC 2749 GGCACCCT T CQEGOGAGC
2 HSGATA6PR 1054 CECUOGC CUGAGAG X CGRAA AAOGEXC 2750 GCACCCIT C GGG
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35 HSGATAGPR 1055 CCUAAACA CUGADGAG X CGRA ACARGOGU 2751 AGCGCTGT T TGTTTASG
36 HSGATAGPR 1056 COCUARAC CUGAUGAG X QGAA AACALCGC 2752 CCCTGTT T GITITACGG
39 HSGATAGPR 1057 GAGOCCUA CUGAUGAG X CGRAA ACAAACRG 2753 CTGITIGT T TACGGCIC
40 HSGATAG6PR 1058 QGACOCCU CUGADGAG X CGAA AACAAACA 2754 TGTTTGIT T ACGGCTCOG
41 HSGATAG6PR 1059 CQOEALCCC CUOGAUGAG X CGAA AAACAAALC 2755 GITIGTIT A QQCCTOSG
47 HSGATAGEPR 1060 GACUCACC CUGADGRG X CGRAA ACCCCURA 2756 TTAGGCT C GGTGAGIC
S5 HSGATAGPR 1061 CCUORAIG CUGAUGARG X CEAA ACUCACCG 2757 COGTGAGT C CAATCAGG
&0 HSGATA6PR 1062 GEGCUCCU CUGADGAG X CGAA  AUUGGALU 2758 AGTCCAAT C AOGAGCCC
79 HSGATAG6FR 1063 UGCOGEAA CUGADIGEG X CGAA ACUGCRLC 2759 GCTGCAGT T TTCOGA
80 HSGATAGPR 1064 COGOOGEAA CURADGAG X CQRAA AMCUCCRG 2760 CTGCAGIT T TCQOGGCAG
81 HSGATAGPR 1065 TCUEO0G CUGAIAG X GGAA AAMCUGCA 2761 TGCAGTTT T CCGGCAGA
82 HSGATAGPR 1066 CAGOG QUGAGAG X CGRA AAAACCC 2762 GCAGITIT C COGCAGAG
95 HSGATAG6PR 1067 GOOCCUCU CUGADGAG X CGRAA ACUGCUXU 2763 AGACCAGT A AERGOOC
106 HSGATAGFPR 1068 GEAGAGRG CURAGAG X CERAA ACCOGCCU 2764 AGGOGOCT C CTCICTICC
109 HSGATAGPR 1069 AAACGAGA CUGADGRG X CGAA  AGGACEG 2765 QGCCTCCT C TCTCCTIT
111 HSGATAG6PR 1070 AAAARMCGA CUGAUGAG X CGAA AGAOGHG 2766 CCTCCICT C TCCTTTIT
13 HSGATAGPR 1071 AURAAARG CUOGAUGAG X CGAA AGAGROGA -2767 TCCICICT C CTITTTAT
116 HSGATA6PR 1072 UGAAAAA COGRDGAG X CGAA AGGRGAGA 2768 TCTCTCCT T TTTATTCA
117 HSGATAGEPR 1073 GUGRARA CUGADGAG X CGAA ARGGRGAG 2769 CICICCIT T TTATTCAC
118 HSGATA6PR 1074 CEURAARA COGRRUGAG X CGAA AMGGRGA 2770 TCTCCTTT T TATTCALC
119 HSGATA6PR 1075 UGGUGAAY COGRDGRAG X CGAA AMAACGRAG 2771 CICCTITIT T ATTCACCA
120 HSGATAG6FR 1076 CUGXGAA CUOGAUGRG X OGAA AARMARCGA 2772 TCCTITIT A TICACCAG
122 HSGATAG6PR 1077 UECUGEDG CUOGAGRAG X CGAA AURARAAG 2773 CITITIAT T CAOCAGCA
123 HSGATAGFR 1078 COGOUEEU COGAIXGAG X (GAA AAUBARAA 2774 TITITAIT C ACCAGCAG
152 HSGATRA6PR 1079 COGRGORC CUGRAIRAG X QA 200G 2775 COOGEALT C GOGCTORC
158 HSGATAGPR 1080 CAGOGEEC CRAGAG X CRA AC0C0EG 2776 CTCEORCT C GAOOsCTG
174 HSGATAGPR 1081 GAGAAGCC CQUGALGAG X OGRA  ACEGAXC 2777 GGOCCCT C GACTTCIC
179 HSGATAGPR 1082 COCGAGRG CUGRIXRAG X CA ACCCERAGG 2778 QCTCGCT T CTICTCORC
180 HSGATAG6PR 1083 COGGAGA. CUGALGAG X CGAA ARGOCGAG 2779 CTOECIT C TCTOOXG
182 HSGATAG6PR 1084 CCOOGA CUGRDGAG X OGAA  AGARLOCG 2780 QGCCTICT C TOCGOCC
184 HSGATAEFR 1085 CAGOG QARG X OAA AGAGAACC 2781 GCTTCICT C QEOCCCIG
203 HSGATRA6PR 1086 QOEOCE0G CUGAGAG X CGAA  ACEECU 2782 ACCROOCT € OE0OEGG
216 HSGATA6FR 1087 CCAGGAG CUGRADGAG X CRAA  ACCECGC 2783 GOEECOGT T CTCCATGC
217 HSGATAG6PR 1088 GCAUGAA CQUGRAIXAG X CRAA AAOEXXG 2784 QEEQCGIT C TOCATOOG
219 HSGATAG6PR 1089 UGQGCAIG CUGAGAG X CGAA. AGRACGGC 2785 GOCGTTCT C CATGOGCA
246 HSGATAGPR 1090 CUGRROGC CURAXRAG X CGAA ACUCCUC 2786 GRCGRARCCT A GACGTCAG
252 HSGATAGPR 1091 UOCAACCU CUGADERG X CRAA  A0GOCURAG 2787 CTAGROGT C AGCTTCRA
257 HSGATAEPR 1092 QOO CUGRRLGAG X CGAA  ACCUGROG 2788 QGTCAGCT T GGRGOC
285 HSGATA6PR 1093 QGUCAGIC CUGRDGAG X CEAA  AGGOCALC 2789 GATGGCCT T GACTGACG
306 HSGATA6PR 1094 QQUUOGEC QUGALGAG X OGAA  AGCROCAG 2790 CTGGICCT . T GOCGEAAGC
318 HSGATA6PR 1095 CECCOO0G CUGALGAG X QGRA  AGOECUTC 2791 GAROCCCT T OaEE0G
319 HSGATAG6FR 1096 GOGEECQC QXARAGAG X CRAA AACCCCUU 2792 ARCQSCIT C QEEE0RC
348 HSGATA6FPR 1097 ACCOUAG CUGRADGAG X CEAA  AGUOCCUG 2793 CACGACT C CAGARCCT
357 HSGATAGFR | - 1098 GOGCUGGA CURAIGAG X CRAA 203CUXUG 2794 CRGAGOCT T TCCAGCEC
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Table 1. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and
6) and the complementary sequences

358 HSGATAGPR 1099 CUGAIKRAG X CGRAA AAGAUCU 2795 AGAGCCTT T CCAGORCG
359 HSGATAGPR 1100 CUGAUGAG X CGAA AAMGECUC 2796 GAGCCTTIT C CAGOROEG
375 HSGATAGPR 1101 CUGAGAG X CGAA AGRGCIXC 2797 GERAGOCCT C CAOGOCRC
386 HSGATAGPR 1102 CUGRIGEG X OGAA AGCOECG 2798 - | OGOQGCCT T COOCCAIC
387 HSGATAGER 1103 CUGAGRG X CGAA AMGGOEC 2799 GOORCOCTT C CCCCATCT
394 HSGATAGPR 1104 CUGADGEG X (GAA AGGEGGA 2800 TOCCOCAT C TCTICCIC
396 HSGATAGER 1105 CUGAIGAG X CGAA AGAIXIIG 2801 COCCATCT C TTCCTOGT
398 HSGATAG6ER 1106 CUGAIXRAG X CGAA AGAGAIG 2802 CCATCTCT T CCTCGICC
399 HSGATAGFR 1107 CUGADGAG X CGAA AMGAGALG 2803 CATCICTT C CTCGTCCT
402 HSGATAGFR 1108 CUGAIIGAG X OGRAA AGGARGAG 2804 CTCTTCCT C GTOCTCCT
405 HSGATAGFR 1109 CUGAUGAG X OGAA ACGAGGAA 2805 TTCCTCGET - C- CTOCTCCT
408 HSGATAGPR 1110 CUGAGRG X CGAA AGGRAOGAG 2806 CTCSTCCT C CIOCTGCT
411 | HSGATAGPR 1111 CUGAIGAG X CGAA AGGAGGRC .| 2807 GICCIOCT € CTOCTOCC
417 HSGATAGPR 1112 CUGAIKGAG X CGAA AGCAGGAG 2808 CTCCTACT € OOEXs
467 HSGATA6ER 1113 CUGAIIGAG X OGRA AGCORXC 2809 QGACGCCT C AGCTORAC
472 HSGATAGPR 1114 CUGADGAG X OGAA AGCUGAEG 2810 CCICAGCT C GACROXA
507 HSGATASPR 1115 CUGAIXAG X (GAA AGOREC 2811 GE000XCT € GOTECTRR
517 HSGATA6FR 1116 CUGAIXRG X CGAA AGCRCCAG 2812 CTGCTGCT C AGTICCTA
521 | HSGATAGPR 1117 CUGAGRG X CGAA ACUGAGCA 2813 TGCTCAGT T CCTACKT
522 HSGATAGPR 1118 CUGALGAG X CGAA AACUGRLC 2814 GCTCAGIT C CTACGCIT
525 HSGATAGPR 1119 CUGRIGAG X CGRA AGGAMING 2815 CAGTTCCT A CGCTTOC
530 | HSGATAGPR 1120 CUGAIGAG X OGAA AOCCURGG 2816 CCTACGCT T COCATCCC
531 | HSGATA6FR 1121 CUOGAIXRG X CGAA AAGORIG 2817 CTACGCIT C GCATOCCT
536 | HSGATAGPR 1122 CUGRIGAG X OGAA ALGCGRAG 2818 CTTOXCAT C CCTTORG
540 | HSGATAEPR 1123 - CUGAIGAG X OGAA AGEGAIC 2819 GCATCCCT T COGAEECIC
541 | HSGATAGPR 1124 CUGAGAG X OGAA ANIGALG 2820 CATCCCTT C GEEGCTCC
548 | HSGATAGFR 1125 CUGAIIGAG X (GAA AGCOOOGA 2821 TOSIECT ¢ COCACERA
S60 | HSGATAGPR 1126 CURIERAG X (GRA AGKIOOGU 2822 AOGGACCT T OEGOEXT
561 | HSGATA6PR 1127 CUGAIGAG X CGRA ANIIXXG 2823 CCEACCTT C GEOGCCTIG
S74 | HSGATAGPR 1128 CUGRIXRG X (GAA ACCOCAGG 2824 CCTGEGET € GOEEEXC
597 | HSGATAGFR 1129 CUGAIGAG X CGAA ACAGGUG 2825 CARCCTGT C GAGCTGEG
612 | HSGATAGFR 1130 CUGAIXIAG X CGAA AGUOCXC 2826 GEAEACT T GCTGCIGT
621 | HSGATAGPR | 1131 CUGAIXAG X CGAA ACAGCACC 2827 GCTGCIGT T CACTGC
622 HSGATAGPR 1132 CUGADG2G X CRAA AACACGCAG 2828 CTGCTGIT C ACTGACCT
631 | HSGATAGFR 1133 CUGAIXRAG X CGAA AGGUCAGU 2829 ACTGACCT C GACCRARGC
666 | HSGATAGFR 1134 CUGAIXRG X (GAA AOCACROC 2830 QCIGIGET € CAROOOG
693 HSGATA6PR 1135 CUGAGAG X OGAA AR 2831 GAGOOCCT T CGCAOXS
694 | HSGATAGPR 1136 CUGAIXRG. X OGAA AAGEEU 2832 ASOCCCIT C GCAOCORA
720 | HSGATAGFR 1137 CUEDERAG X (GAA ACAIXIXC 2833 GGAGATGT A CCAGAOXC
730 | HSGATAG6PR 1138 CUGADGAG X OGRA ACEEUUG 2834 CAGAOCCT C GOXXCICT
737 | HSGATAGPR 1139 CUGAIGAG X QGRA ACCGGOGA 2835 TOGCOGCT € ‘TCTOCAGC
739 | HSGATAGPR 1140 CUGAIIGAG X OGAA ACGACORC | 2836 GOOGCICT C TOCAGCCA
741 | HSGATAGPR 1141 CORLGAG X OGAA 2GAGRG 2837 CGCTCICT C CAGOCHG
752 | HSGATASFR 1142 CURIRAG X (GAA ACCCUERC 2838 GOCAGGET € OEE00C
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Table I1I. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and
6) and the complementary sequences

762 HSGAT= 7R 1143 CUOGAUGAG X CGAA AGCOGRCC 2839 GGOCGOCT A CRALERG
783 HSGATAG6FPR 1144 QUGAUGAG X CGAA AGCORXG 2840 OGGCGACT T OGTGCACT
784 HSGATAGPR 1145 CQORGAG X CRA AACCOGCC 2841 GGOGGCTIT C GIGCACTC
792 HSGATAGPR 1146 CUOGAUGAG X CGRA AGUGCAOG 2842 CGTGCACT C TEOEEG
831 HSGATASFR 1147 QURIGAG X CERA ACCAXCC 2843 GGCCAGCT ¢ COUSGICT
838 HSGATAGPR 1148 CUGADGAG X CQGAA ACCCGRA 2844 TOCOOGGT € TROGTRCC
840 HSGATAGPR 1149 CURARG X (GRA AGAOOOEG 2845 COOGGICT A QGIGCCCA
863 HSGATAGFR 1150 CURUGG X CGAA ACCCACRC 2846 GOGTGAGT T CCATGCIG
864 HSGATA6PR 1151 CUGAUGAG X CGRA ARCOCALG 2847 CGTGRGTT C CATGCTGC
880 HSGATA6FR 1152 CURAUGAG X CGAA ACC0CEEG 2848 COCGGACT A COGTACCA
885 HSGATAGFR 1153 CUOGRDGRAG X OGAA ACGRUAG 2849 CCTACCGT A CCALCCTRC
900 HSGATAGFR 1154 CURADGAG X CGERA  ACCOQUGC 2850 GCAGGGGT C GOCCAGIG
956 HSGATAEFR 1155 CORADRG X OGRA ACGCCAGC 2851 GCTACCT C AQECCIOG
963 HSGATAGPR 1156 CURADGRAG X CGAA ACCOAXA 2852 TCAGGOCT C GEOOGAA
o977 HSGATA6FPR 1157 CUGAGAG X OGAA  ACGECUT 2853 ACAGOCCT C CATAQEGC
981 HSGATA6PR 1158 CURADGRAG X CRA AUGGACCG 2854 QCCTCCAT A OGGCAG
1038 HSGATAGFR 1159 CORDGRG X RAA ACCCAOG 2855 QCCTGECT € AGOOEOSG
1054 HSGATA6PR 1160 CUORUGAG X CGEAA ACGGOSC 2856 GOGCAQGT C TOGGONG
1056 HSGATAG6PR 1161 CUGAGAG X CGAA ACAOGIXC 2857 GCAOGTCT C GOCGOXT
1065 HSGATAGFR 1162 CUOGRUGAG X CGRA  AGOEOC 2858 GGOGCGCT T CCCCTACT
1066 HSGATA6PR 1163 COGADGRAG X CGRA  AAGOCOGC 2859 GOOCGCTT C COCTACTC
1071 HSGATA6FPR 1164 CURDGAG X CAA ACCRRAG 2860 CTTCOCCT A CICTCCCA
1074 HSGATASFR 1165 CUGAUGRAG X CRRA ARG 2861 COCCTACT C TOCCARCC
1076 HSGATA6FR 1166 COGAUGAG X CGAA AGAGURCG 2862 CCTACICT C CCRGOOCG
1120 HSGATAGFR 1167 CUGAUGRG X CEAA ACOOOG 2863 COGGGAGT T TACGAAEC
1121 | HSGATRA6FR 1168 CUGADGAG X CQGRA AACUOCXG 2864 QGERGTT T 200G
122 HSGATAGFR 1169 COGAIGRG X CGAA AAACUOCC 2865 GGERGTTT A QOO0
1172 HSGATAGFR 1170 CORUGRG X CEAA ACUCOCCC 2866 GCOCCAGT A GOCTAECG
1206 HSGATAGFR 1171 CUOGAUGAG X CGAA ACUCEEXC 2867 GOQCCAGT A CACCTOEC
1212 HSGATAGFR 1172 CURAIRG X CRAA ACUGIAC 2868 GTACALCT C CCTGIOSG
1218 HSGATA6FR 1173 CURGAG X CRA ACACOGAG 2869 CTCCTGT C GEOOXC
1245 HSGATAGFR 1174 CUORAIGAG X CGRA  ACGOOXG 2870 COGEACGT A CCAOCRLC
1277 HSGATAGFPR 175 CUGAGAG X CCAA AUGGUCU 2871 ACCAOCAT C CGACOCCC
1287 | HSGATAGPR 1176 CUORDGAG X CGRA ACCACTC 2872 GAGOCCCT A CTQGOCCT
1290 | HSGATAGFR un CURDRG X CGAA MEIRGIG 2873 COCCTACT C GOCCTIAOG
1296 | HSGATAG6FR 1178 CORAGRG X CRA ACOGRG 2874 CTCXCCT A CGTCAEG
1338 HSGATAGPR 1179 CUORUGAG X CGAA ACSGXG 2875 QGGACCCT T CGAGAOCC
1339 HSGATAGFPR 1180 CORUGG X A AAMGEXXC 2876 GGACCCIT C GAGAQCCC
1387 | HSGATAGPR 1181 CUGAUGAG X CGAA AC0CEEEC 2877 COOCOCT C COEETAC
1403 HSGATAG6FPR 1182 CUOGRUGRG X CGAA AOOCOEG 2878 QCOGEGT € CCAGTGCA
1431 | HSGATA6PR 1183 CUORLGAG X CGAA ACACGEXC 2879 GGACCTGT C CGAGACC
1461 | HSGATA6PR 1184 COGRAGRG X CGAA AGQOCCAG 2880 CIGOCT C CATCCAGA
1465 HSGATAGFPR 1185 CURAIGAG X CGRA AUGGAGCC 2881 GGCTCCAT C CAGAOCC
1503 HSGATASPR 1186 CUORADGAG X CRAA AGKOG 2882 QEGCCACT A CCTGTACA
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Table IIT. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and
6) and the complementary sequences

1525 HSGATAGFR 1187 UUOCUGUA CUGAUGAG X QGAA  AGCCCECA 2883 TOOGACCT C TACACRA
1527 | HSGATAGPR 1188 UCUUGCUG CURAUGRG X CGRAA  AGAGCOOG 2884 CGGCCTCT A CAGCRAGA
1546 | HSGATAGFR 1189 GGOCGEQU CUOGRDGAG X QA AGOCCCUU 2885 AAOCGCCT C AGCORGCC
1558 | HSGATA6FR 1190 GGCUUGA CUGRUGAG X CRA ACC00G 2886 QEEOCCT C ATCAAGCC
1561 | HSGATAGPR 1191 UGOGGCUU CUOGAGRAG X OAA ARGESG 2887 COCCTCAT C AAGCOGCA
1583 HSGATAGPR 1192 COGUGALG CUGAUGAG X ORA AOCCAOC 2888 GOGTGOCT T CATCACSG
1584 | HSGATAGPR 1193 GOCGUGAU CUGAUGAG X CGAA AAGGCALG 2889 QGTAOCTT C ATCACAC
1587 HSGATAG6PR 1194 GOCCO0GU CUGAUGAG X QRAA AlRAAGRC 2890 GCCTTCAT C ACGGEOESC
1597 HSGATAGPR 1195 GACAALICC CUGAUGAG X ORA ACCOEOOG 2891 CGGCGCCT T GGATTGIC
1602 HSGATAGFR 1196 CACAGGRC CUGADGAG X COGAA AXCCAAGC 2892 CCTIGGAT T GICCIGIG
1605 HSGATAGFR 1197 UGGCACAG CUGALGRG X COGAA ACAAIXCCA 2893 TGGATTIGT C CTGIGCCA
1619 HSGATAGPR 1198 UGUGEU . CUGAIGRG X CGRA  ACAGUUGG 2894 CCRACTGT C ACRCCACA
1631 | HSGATAGPR 1199 TAANGGURG CUGRDGRG X CRAA AUUGG 2895 CCACAACT A CCACCTTA
1638 HSGATAGFPR 1200 UGOGCCAU CUGALGAG X OGAA AGGUGEUA 2896 TAOCAQCT T ATGGOGCA
1639 HSGATAG6PR 1201 CUCOGCCA CURALGAG X CQRAA  AAGGUGGU 2897 AOCACCTT A TOEOGCAG
1679 HSGATAG6PR 1202 GGUOCAC CUGRUGRG X CGRA AGCAIGC 2898 GCAATGCT T GIGGACIC
1687 HSGATAG6PR 1203 UUCADGUA CUGAGRG X OGAA AGUCCACA 2899 TGIGGACT C TACATGRA
1689 | HSGATAGPR 1204 GUUUCALUG CUGRUGAG X CGAA AGAGUCCA 2900 TCGRACTCT A CATGAARC
1699 HSGATAGFPR 1205 ACCCCAG CUGADGAG X QERAA  AGUUUCA 2901 ATGRAACT C CATGOSCT
1720 HSGATAG6PR 1206 UOCAIRGC CUGADGRG X CGAA  ACUGEXU 2902 AGARCCACT T GCTATGAA
1724 HSGATAGFR 1207 UUUUUCA CUGAGAG X CGAA AGCAAGUG 2903 CACTIGCT A TGAAAARA
1741 HSGATAGPR 1208 CUGGUUUG CURUEAG X CQAAA  Aucoge 2904 | GACGAAT T CARACCAG
1742 HSGATA6PR 1209 QQUGGUUU COGRIXRAG X CRAA  AADUCCCU 2905 AOCGAATT C AARCCAGG
1763 HSGATAGPR 1210 TADGUOCU CUGRIGRG X QA ACGUUUOC 2906 GRAARCCT A AGAACATA
1771 | HSGATA6FR 1211 GADUUAIU CUGRRAUGAG X CGRA  AGUUCUU 2907 AMRACAT A AATAMATC
1775 HSGATA6PR 1212 CUUUGADU CUGRGAG X CQGRA  AUUURLGU 2908 ACATAAAT A AATCAAAG
1779 HSGATAGPR 1213 AAGOCUUU CUGALGRG X CGRA  AUUTIAIIUU 2909 ARATAAAT C AAAGACTT
1787 HSGATAG6PR 1214 AOCAGAGC CUGADGRG X OGAA  AGUCUUUG 2910 CAANGALCT T GCTCTGGT
1791 | HSGATA6FR 1215 TADUROCA CUGAIIGAG X CGRA AGCAMGXC 2911 GACTTGCT C TGGTAATA
1796 HSGATAGPR 1216 AUUDCCUAD CUGAIGRAG X CGRAA  A0CAGAGCC 2912 GCICTGGT A ATAGCAAT
1799 HSGATAG6PR 1217 ADWRAINC CUOGADGRARG X CGAA AUACCRG 2913 CTGGIRAT A GCAATAAT
1805 HSGATA6PR 1218 ARDGGARDY COGRDGAG X QGRA  ADUGCUAL 2914 ATACCAAT A ATTCCATT
1808 HSGATASPR 1219 CCGAAGG CUGRUGAG X CGAA AUAIXXC 2915 GCAATAAT T CCATTOCC
1809 HSGATAGFR 1220 UGOGAADG CORUGAG X (GRA  AAIUAUUG 2916 CAATAATT C CATTOOCA
1813 HSGATAGPR 1221 GUCAIGEG CURIRG X OGRA  AIGGAAI 2917 AATTCCAT T QOCATGRC
1814 HSGATAGFR 1222 AGUCAG COGADGAG X CGAA  AAUGGAAU 2918 ATTCCATT C CCATGRCT
1823 HSGATAGFR 1223 QGAMGUUG CUOGAUGRG X (GRAA AGUCAGG 2919 CCATGACT C CARCTTCC
1829 HSGATAGFR 1224 AGAOGIG CURAGAG X CEAA  AGUUGGERAG 2920 CTOCAARCT T OCACCICT
1830 HSGATAG6PR 1225 ANGAGEUG COGAGRG X CGRA AAGUUGGA | 2921 TOCAARCTT C CAOCTCTT
1836 HSGATAGFR 1226 AGOURGAA CUOGAIGRG X CGAR AOGUGRAA 2922 TICCACCT C TTCTARCT
1838 HSGATAGFR 1227 URGURG CUOGADGAG X OGAA  AGRCEUG 2923 CCACCICT T CTARCTCA
1839 HSGATAGFR 1228 CUOGAGUUA. CUGALGAG X OGRA AMGARGG 2924 CAOCTCIT C TARCTCAG
1841 | HSGATAGFR 1229 ADCUGAST CQUGAGAG X QGRA  AGARGACG 2925 CCTCTICT A ACTCAGAT
1845 HSGATAG6PR 1230 DAIADCU CUGADGRG X CGRA ACUUAGRAA 2926 TICTAACT C AGATGATT
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1853 HSGATAG6PR 1231 UUUCCUGC CUGAUGAG X CGRA  AUCAUCUG 2927 CAGATGAT T GCAGCAAA
1865 HSGATAGPR 1232 GCGEGAAG CUGRUGRG X CGAA  AUUULRXC 2928 GCAAAMAT A CTTOCCCC
1368 HSGATA6FR 1233 UGUGEEEG CUGAUGAG X OGAA  AGUADUUU 2929 AAMAATACT T CCCCCACA
1869 HSGATA6PR 1234 UUGUGEAG CUGAIGAG X CGAA  AAGUAUUU 2930 AAATACTT C COCCACAA
1886 | HSGATAG6PR 1235 UGRGGCUG CUGAUGAG X CGAA  ACGUUGLG 2931 CACAACCT A CACCCTCA
1893 HSGATA6FR 1236 QOGOOCCU CUGAGAG X CGRA. AGCCUGLA 2932 TACAGCCT C ACEEOOG
1940 HSGATA6FR 1237 GQUUAUCG CUGAUGRAG X CGERA  AUUGGUGC 2933 GCACCAAT C CORAGRAC
1957 HSGATAE6FR 1238 GAAIRCUU CUGRADGAG X CGAA ACCUQCU 2934 ACCGACCT C AAGTATTC
1962 HSGATAG6FPR 1239 GOCOGAA CUGRDRAG X CRAA ACUUGARGC 2935 GCTCAAGT A TTCAGGIC
1964 HSGATAG6FR 1240 UUGACOOG CUGADGAG X CGAA  AIACUUGA 2936 TCARGTAT T QGGGTCRA
1965 HSGATAGFR 1241 CUUGACCC CUGAGAG X OGAA AAUACUUG 2937 CARGTATT C GGGTCARG
1970 HSGATA6FR 1242 CCCAIXUU CUGARRG X CGAA  ACCCQGARU 2938 ATTCGGGT .C AAGATAG
1981 | HSGATAGFR 1243 CCURADGUA CUGAUGAG X CGAA  AGCCCAC 2939 GATOGECT C TACATAGG
1983 HSGATAG6PR 1244 CCOORAG CUGAUERAG X CGAA AGAGQOCA 2940 TGCICT A CATAGACG
1987 HSGATA6FR 1245 CUOGACGCC CURAGRAG X QGAA AUGUAGRG 2941 CTCTACAT A GGOGTCAG
1993 HSGATAGPR 1246 GOGAGACU CUGADGAG X CGAA ACGOCUAL 2942 ATAGGCGT C AGTCTORC
1997 HSGATAGFR 1247 CERACCCGA. CUGADGAG X CGAA ACUGROGC 2943 GOGTCACT C TOXCTCG
1999 | HSGATAG6FR 1248 GOOGAGC CUGAUGAG X QGAA AGRCUGRC 2944 GICAGICT C GCCTOCC
2004 | HSGATAGFR 1249 COE00EEC CURAIRAG X OGRA AGGCGAGA 2945 TCTCCCCT C oG
2017 | HSGATAGFR 1250 GAGGACGU CRADGAG X CQGRA  ACUUOEEC 2946 GCQGARGT C A0GTOCTIC
2022 | HSGATAEPR 1251 GCAOGERG CURADGAG X GGRA  ACGUGACU 2947 AGTCAQGT C CTOOGTGC
2025 | HSGATAGFR 1252 GUOGCAOG CUGRAGRAG X CGAA  AGGROGUG 2948 CAOGTCCT C QGTGCERLC
2039 | HSGATAGPR 1253 CCAOCAGG CURALGRG X CGAA ALXCOGEXC 2949 GAOOGGAT T CCTGGTGC
2040 | HSGATAGPR 1254 CCACCAG CUOGAIXRG X CGRA  AADCCLRU 2950 ACQGEATT C CTGCTEOG
2095 | HSGATRAGFR 1255 COGOEG CUOGRGAG X CRAA  ACCOCC 2951 [cerecesigegocascece
2108 | HSGATAG6PR 1256 AGUGEEAGU CUGAIGAG X CGAA  AGGOCOEC 2952 GOGEGCCT C ACTOCACT
2112 | HSGATA6FPR 1257 CAORAGUG CUOGRUGRG X CGRAA  AGUGRGGC 2953 GCCTCALT C CACTOGTG
2117 | HSGATAG6PR 1258 GCAGACRLC COGAUGRAG X O3A ACUGGAGU 2954 ACTCCACT C GIGICITGC
2122 | HSGATA6FR 1259 CAAARGCA CURRIGAG X QGRA ACACGACU 2955 ACTOGIGT C TCCTITIG
2127 | HSGATAGPR 1260 CUGCACAA. CUGRADGRAG X CGRA AOCRAGRCA 2956 TGICTGCT T TIGICCRAG
2128 | HSGATAG6PR 1261 GCUCCACA CURAIDGAG X OGAA ARGCAGRC 2957 GICTGCIT T TGIGCAC
2129 | HSGATAGPR 1262 USCUGCAC CUGRUGAG X CGRA AARGCAGA 2958 TCIGCTTIT T GTGCAGCA
2140 | HSGATAG6PR 1263 ACUGOAOUG CUGALGRG X CGRA. ACUGCUGC 2959 GCCAXCAGT C CAGRLCAGT
2174 | HSGATRGFR 1264 COCAOGAG CUGAGAG X CGRA  ACAOGUU 2960 AMOGTGAT T CTOGTAXC
2175 | HSGATASPR 1265 MIXCAGA CUGAURG X CGAA ARCAOGU | - 2961 AGTGATT C TOGTGCCT
2177 | HSGATAGPR 1266 AMMIGCRC CUGAIGRG X CGAA AGARAUCAC 2962 GIGATTCT C GTGCCITT
2184 | HSGATA6FR 1267 UCAAANA CUOGRIGRG X CGAA AGGCACGA 2963 TOGIGCCT T TATTTTGA
2185 | HSGATAGPR 1268 UOCAAAAD CUGAIIGAG X OGAA ANGCACG 2964 OGIGCCIT T ATTITGRA
2186 | HSGATA6PR 1269 UUCAAAA. CUGRDGRAG X OGPA AARGGCAC 2965 GICCCTTT A TTTTGARA
2188 | HSGATAGFR 1270 UCUUOCRAA COGAGRAG X OGAA AUAAAGGC 2966 GOCTTTAT T TIGRARGA
2189 | HSGATA6PR 1271 COCUUUCA. CUOGAIGAG X CAA AALRAMG 2967 CCITTAIT T TGAANZG
2190 HSGATAGPR 1272 UCOCUUUC CUGALGAG X OGRA  AAALRAXG 2968 CITIATTT T GAARGRAGA
2202 | HSGATAGEPR 1273 UUGGGAAA. CUGAGAG X CGRA  ACAUCICU 2969 AGAGATGT T TTTOCCRA
2203 HSGATAG6PR 1274 CUUGGGRA CUGRAGRG X O3A AMCAICC 2970 GAAATGIT T TTCOCAANG
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Table III. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and
6) and the complementary sequences

2204 HSGATAGFR 1275 UCCUUGEEA. CUGAUGAG X CGAA  AAACALICU 2971 AGATGTTT T TCCCAAGA
2205 HSGATAGPR 1276 QXUUGEG CUGAGAG X CGAA AAAACAIXC 2972 GATGITIT T COCARAGRAG
2206 HSGATAGPR 277 CCUCUUGG CUGAUGEG X CGAA  AAAAACAIT 2973 ATGTTITIT C CCRAAGAGG
2217 | HSGATA6PR 1278 CUUUCAGC CUGAGAG X OGAA AGCCUCUU 2974 AAGRGGCT T GCTGAARG
2269 HSGATAGER 1279 AGUGGOCC. CUGAUGRAG X OGAA AGOGOCCA 2975 TGGGEOGCT T GGGCCALT
2278 HSGATA6PR 1280 GOUGGAUG CUGRAUGAG X QGAA AGUGEOCC 2976 GGGQOCACT C CAGCCAGC
2293 HSGRTAGPR 1281 CCGCOOG CUGRADGAG X OGAA  AGGOGEERC 2977 GOCCGCCT C OEEEEG
2310 HSGATA6PR 1282 UGGRAAGLG CUGAUGAG X QGRA AGCAGERU 2978 ACCCTGCT C CACTTCCA
2315 | HSGATAGPR 1283 GCUUCUGG CUGADGAG X CGAA. AGUGGAGC 2979 CCTCCACT T CCRGAAC
2316 | HSGATR6FR 1284 GGOUUCUG CUOGAGAG X OGAA  ARGUGEAG 2980 CTCCACTT C CAGAAGCC
2331 | HSGATAG6PR 1285 CCAGGUCC CUGAIGAG X OGAA  AGUOCURG 2981 CCAGGACT A GERACCTG
2344 HSGATAG6PR 1286 UAGCAGGC CUGAIGAG X CQGAA ACGGOCCAG 2982 CTGAECCT T GCCTGCTA
2352 HSGATA6PR 1287 AIRADUCCA CUGADGAG X (GAA AGCAGCA 2983 TGCCTGCT A TGGAATAT
2359 | HSGATAGPR 1288 UCUCUCAA CUGADGAG X CGRAA ADUCCAIA 2984 . | TATGGAAT A TTGAGAGA
2361 | HSGATRG6FR 1289 TCCUAC. CUGAGAG X OGAA. ALIAUUCCA 2985 TOGAATAT T GAGAGRGA
2371 | HSGATAG6FR 1290 CUUURAAA CUGALGAG X CGRAA AIXUCUCU 2986 AGAGAGAT T TTTTAAAA
2372 | HSGATA6FR 1291 UOUUUAAA CUGADGRAG X CQEAA  AAICUCUC 2987 GAGRGATT T TTTRAARA
2373 HSGATAGFR 1292 CUUUUUAA CUGADGAG X CGAA AAALXIXU 2988 AGAGATTT T TTAARARA
2374 HSGATAGPR 1293 CUUUUUIA. CURRIGAG X OGAA AAAAICLC 2989 GAGATTTT T TRAAAAAG
2375 HSGATAGPR 1294 UCUOUUU. CUGALGRAG X OGAA. AARAAICU 2990 AGATTTTT T AAADARGA
2376 | HSGATAGFR 1295 ADCUUUUU. CUGALGAG X CGAA  AARAAAIC 2991 GATTITTT A AARARGAT
2385 HSGATAGPR 1296 AAMAIGCAA. CUGAGAG X QGERA  ALCUUUUU 2992 ARAANGAT T TIGCATIT
2386 | HSGATAGFR 1297 AAMAGCA CUGADGAG X QGAA  AAICUUUU 2993 AAARGATT T TGCATTIT
2387 | HSGATAGFR 1298 CAARAUC COGAUGAG X CGAA ARAIXCUUU 2994 AAMGATTT T GCATTITIG
2392 HSGATAG6FPR 1299 UUGGACAA CIXRAGAG X CGAA AUGCAAAA 2995 TTTIGCAT T TTGICCAA
2393 HSGATAGPR 1300 UUUGGACA. CUGRDGAG X CGRAA AAUGCARA 2996 TTTGCATT T TGTCCARA
2394 | HSGATAGFR 1301 UUUUGGAC CUGRDGAG X CGGAA AAAUGCRAA 2997 TTIGCATTT T GICCAAAA
2397 | HSGATAGPR 1302 UGAIUUUG CUGRIXAG X QGAA ACARAAIKG 2998 CATTTTGT C CAAAATCA
2404 | HSGATR6FR 1303 AMCACAU CUGAIXRAG X CGAA ADUUUGEA 2999 TCCAARAT C ATGIGCIT
2412 HSGATA6PR 1304 AXCRGAAG CUGAIXRG X (GRA AGCACALG 3000 CATGIGCT T CTTCIGAT
2413 HSGATAGFR 1305 GAIXCAGAA CUGAIGAG X QGAA AMGCACAD 3001 ATGIGCIT C TTCTGATC
2415 | HSGATAGFR 1306 UUGAIXAG CUGAIXAG X OZRA ACAACCAC 3002 GIGCTICT T CIGATCRA
2416 | HSGATAGFPR 1307 AUUGAICA CUGALXAG X CGAA AAGAAGCA 3003 TGCTICIT C TGATCAAT
2421 | HSGATAGPR 1308 CCAMAAIU CUGRLIGAG X OGRA AUCAGAAG 3004 CTICTGAT C AATITIGG
2425 | HSGATR6PR 1309 ACAMOCRA. CUGAUGRG X CGAA AIUGAICA 3005 TGATCAAT T TTGGTIGT
2426 HSGATAGFR 1310 AACPACCA, CUGAIGAG X QGAA AAIUGAIXC 3006 GATCAATT T TGGTIGIT
2427 | HSGATR6FR 1311 GAACAACC CUGAIGAG X OGAA AAADUGAL 3007 ATCAATTT T GGTTGIIC
2431 | HSGATAGFR 1312 UCUGGRAC CUGAGAG X QGAA ACCAAAAD 3008 ATTTTGGT T GTTCCARA
2434 | HSGATAG6FR 1313 AAUDCUSG CUGRUGAG X CGAA ACAACCRA 3009 TTGGTTCT T CCAGAMIT
2435 | HSGATAGFR 1314 AAATUCUG CUGAGAG X QGAA AACARACCA 3010 TAGTTGIT C CAGRATIT
2442 HSGATAG6PR 1315 UAUGAAGA CORAGRAG X OGRA AUUCUGGA 3011 TOCAGAAT T TCTTCATA
2443 HSGATAGFR 1316 GUADGAAG CUGAUGAG X QRA AAUUOUGG 3012 CCAGAATT T CTTCATAC
2444 | HSGATAGPR 1317 CGUAUGRA. CUOGAUGRG X (GAA ARAUICUG 3013 CAGAATTT C TTCATACC
2446 | HSGATAEPR 1318 AAGAG CUGAGRAG X ORA AGPAADUC 3014 GAATTTCT T CATROCTT
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2447 | HSGATAGER 1319 | AAAGGUAU X OGAA AMGAAAIU 3015 AATTTCTT C ATACCTTT
2450 | HSGATAGER 1320 GGAAAAGG X OGAA AIGAAGAA 3016 TICTICAT A CCTTTICC
2454 | HSGATAGER 1321 AIGUGGAA X OGRAA ACGUALGA 3017 TCATACCT T TTCCACAT
2455 | HSGATAGPR 1322 CAUGUGGA X CGAA ARGGURAIG 3018 . | CATACCTT T TCCACATC
2456 | HSGATAGPR 1323 GGAUGUGS X CGAA AMAGGUAU 3019 ATACCTTT T CCACATCC
2457 | HSGATAGPR 1324 UGGADGUG X CGAA AAAAGHIA 3020 TACCTTIT C CACATOCA
2463 HSGATAG6PR 1325 GARAUCUG X CRRA AUGUGGRA 3021 TICCACAT C CAERATTIC
2469 | HSGATASFR 1326 GCACAIGA X ORAA AICUGGAU 3022 ATCCAGAT T TCATGTGC
2470 | HSGATAGFR 1327 OGCACAIG X OGRA ANXCUGGA 3023 TOCAGATT T CATGTEOG
2471 | HSGATAGER 1328 ACGCACAU X OGAA ARAIXUGG 3024 CCAGATTT C ATGIGOGT
2480 | HSGATAGFR 1329 UCUCCALG X CGAA ACGCACAU 3025 ATGTGOGT T CATGGAGA
2481 | HSGATAGPR 1330 UUCUOCAL X CGPA AAOGCACA 3026 TGIGOGIT C ATGGEAGAA
2493 | HSGATAGER 1331 QCUCARGT X CGAA ALCUUCILC | 3027 GACAAGAT C ACTTGAGG
2497 | HSGATAGER 1332 AUGECOUC X CCAA AGUGAIXU 3028 PMGATCACT T GAGGOCAT
2506 | HSGATAGFR 1333 GUGRCCA X CGAA ADGGEOCIC 3029 GAGGOCAT T TGGTACAC
2507 | HSGATASPR 1334 UGURACC X CGAA AAUGGOCU 3030 AGGCCATT T GGTACACA
2511 | HSGATAG6FR 1335 GAGAIGG X (GAA ACCAAAIG 3031 CATTTGGT A CACATCTC
2517 | HSGATAGFR 1336 QCUCCAGA X CGRAA AUGURRC 3032 GIACACAT C TCTGGRGG
2519 | HSGATAGER 1337 AGCCUCCA, X O@A AGAIGUGU 3033 ACACATCT C TGGAGECT
2532 | HSGATAG6FR 1338 CAUGAAC X CA ACUCAGCC 3034 GGCTGAGT C GGITCATG
2536 | HSGATAGFR 1339 ACCUCALG X G@A ACCERAX 3035 GAGICGGT T CATGAGGT
2537 | HSGATAGER 1340 GACCUCAL .- X CGRA AROCRCU 3036 AGTOGGIT C ATGAGGIC
2545 | HSGATAGFR 1341 UGAIIRAGA X QA AOCUCAG 3037 CATGAGGT C TCTTAICA
2547 | HSGATAGER 1342 UUUGAIRA X OE@BA AGAOCUCA | . 3038 TGAGGICT C TTATCAAA
2549 | HSGATAGER 1343 UUUUUGAL X OGAA AGRGACCU | . 3039 AGGICTCT T ATCAARAA
2550 | HSGATASPR 1344 AUUUUUGA X OGAA AMGAGACC 3040 GOICICIT A TCAAAAAT
2552 | HSGATAGFR 1345 AU X OAA APAGRR 3041 TCTCTTAT C AAAAATAT
2559 | HSGATAEPR 1346 CUGRGURA X Q@A AUUUUUGA 3042 TCARAAAT A TTACTCAG
2561 | HSGATASFR 1347 AACUGAGU X @A ARIUUR 3043 AAAAATAT T ACTCAGIT
2562 | HSGATAGFR 1348 AANCUGRG X CGAA AAIRIUUU 3044 AADATATT A CTCAGTTT
2565 | HSGATAGFR 1349 UGCRARCU X CRA AGUAAIAL 3045 ATATTACT C AGTTIGCA
2569 | HSGATASFR 1350 GUCIUGCA X O2A AUGAGRA 3046 TACTCAGT T TGCRAGEC
2570 | HSGATRGPR 1351 JYeieiicel X CRA RACURAGU 3047 ACTCAGTT T GCAAGACT
2583 | HSGATAGPR 1352 AAMGUURC X Q@A AUGCAGC 3048 GACTGCAT T GIAACTTT
2586 | HSGATAGPR 1353 GUURAAGT X CGRAA ACRAIGCA 3049 TGCATTGT A ACTTTAAC
2590 | HSGATAGPR 1354 GRLGHRA X CGAA AGKIACAA 3050 TIGTRACT T TAACATAC
2591 | HSGATRGFR 1355 UGUALGUU X CGAA AMNGUUACA 3051 TGTAACTT T AACATACA
2592 | HSGATASFR 1356 GUGIALGT X ORA AAAGIRC 3052 GTRAACTTT A ACATACAC
2597 | HSGATAGPR 1357 | ucAcAGeG X CEAA AUGUURAA 3053 TTTAACAT A CACTGIGA
2613 | HSGATAGPR 1358 CULUGAGA. X CGRA ACGUCAGU 3054 ACTGACGT T TCTCARAG
2614 | HSGATAGFR 1359 ACUUUGAG X ORA AAOGUCAG 3055 CTGAOGIT T CTCAAAGT
2615 | HSGATAGFR 1360 AACUUUGA X OGAA AAROGICA 3056 TGACGTTT C TCAAAGTT
2617 | HSGATA6FR 1361 UGRACUUU X CGPA AGRAACT 3057 ACGITICT C ARAGTTICA
2623 | HSGATAGFR 1362 ACPAUAUG X CEAA ACUUUGRG 3058 CTCAAAGT T CATATTGT
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2624 HSGATAG6PR 1363 X CERA AACUUUGA 3059 TCAAAGIT C ATATIGIG
2627 | HSGATABPR 1364 X CRA AUGAACUU 3060 AAGTTCAT A TICTGICG
2629 | HSGATAGPR 1365 X O2A AURDGAAC 3061 GITCATAT T GIGTGXT
2641 | HSGATAGPR 1366 X OGA AUCAGOCA 3062 TGGCTGAT C TGAAGTCA
2648 | HSGATAGPR 1367 X CRA ACUUCARA 3063 TCTGAMGT C AGTCGGAA
2652 | HSGATAGPR 1368 X OGAA ACUGACUU 3064 AAGTCAGT C GERATTIG
2658 | HSGATASER 1369 X CRAA AUUCCGAC 3065 GICGGAAT T TGTRAACA
2659 | HSGATAG6PR 1370 X CGAA AAUUCOGA 3066 TCGGAATT T GTRAACAG
2662 | HSGATREER 1371 X OGAA ACAAAIRIC 3067 GAATTTGT A AACAGGGT
2671 | HSGATAGPR 1372 X CGAA ACCCURKI 3068 AACPOGGT A CCRAACAA
2683 | HSGATAGPR 1373 X CRAA AICUUGUU 3069 AACARGAT A TTTTICIT
2685 | HSGATA6PR 1374 X CGAA AURLICUUG 3070 CARGATAT T TTTCTICC
2686 | HSGATAGPR 1375 X QGAA AAIAICUU 3071 AAGATATT T TICTICCA
2687 | HSGATAGPR 1376 X CGRAA AAAIIXU 3072 AGATATIT T TCITCCAT
2688 | HSGATR6PR 1377 X CGAA AAAAIAIC 3073 GATATTIT T CTTCCATG
2689 | HSGATAG6PR 1378 X CGAA AAAAAITALY 3074 ATATTTTT C TICCATGT
2691 | HSGATR6FR 1379 X CGAA 2GARMAALS 3075 ATTTTICT T CCATGTAT
2692 | HSGATAG6PR 1380 X CGAA AAGRAAAA 3076 TTTTICITT C CATGTATA
2698 | HSGATAGER 1381 X OAA ACALGGRA 3077 TICCATGT A TACAATAA
2700 | HSGATAGFR 1382 X CA AIRCAIXG 3078 CCATGTAT A CAATAATT
2705 | HSGATREFR 1383 X CGAA ALUGUALRA 3079 TATACAAT A ATTTTTTT
2708 | HSGATR6PR 1384 X CGAA AINAIUGT 3080 ACANTAAT T TITTTAAA
2709 | HSGATRAG6PR 1385 X CGAA AAIUAING 3081 CAATAATT T TTTTARAA
2710 | HSGATAGPR 1386 X CGAA RAAIRIAIU 3082 AATAATTT T TTTAAAAA
2711 | HSGATA6PR 1387 X CGAA RAARIURAL 3083 ATAATTTT T TTRARRAG
2712 | HSGATAGPR 1388 X OGAA AAAARITUA 3084 TAATTTTT T TAAARAGT
2713 | HSGATAGFR 1389 X CGAA AAAARAU 3085 AATTITTT T ARARAGTG
2714 | HSGATAGPR 1390 X CGAA AAAADAMD 3086 ATTTTTIT A AARAGTGC
2726 | HSGATAGFR 1391 X (GAA AUUGCRCU 3087 AGTGCAAT T TGOGTTCC
2727 | HSGATAGPR 1392 X CGAA AAIUGCAC 3088 GIGCAATT T GOGTTGCA
2732 | HSGATASFR 1393 X CGRA ACGCARALY 3089 ATTTGOGT T GCAGCAAT
2741 | HSGATAEPR 1394 X A ADUGCURC 3090 GCAGCAAT C AGTCITAA
2747 | HSGATAGPR 1395 X OGAA ACACUGAD 3091 ATCAGTGT T AMATCAIT
2748 | HSGATAGPR 1396 X CGAA AACACUGA 3092 TCAGIGIT A ANTCATIT
2752 | HSGATAG6PR 1397 X OAA AUUAACA 3093 TGTTAAAT C ATTIGCAT
2755 | HSGATASER 1398 X OGAA AUGAIRXIA 3094 TAMATCAT T TGCATAGG
2756 | HSGATAGFR 1399 X CGAA ARUGAIIUU 3095 AANTCATT T GCATRGRRA
2761 | HSGATAGFR 1400 X CGAA AGCAARD 3096 ATTIGCAT A GGATTTAA
2766 | HSGATAGFR 1401 X CGAA ADCCUALG 3097 CATRGGAT T TAACAGCA
2767 | HSGATAGPR 1402 X CGAA AAUOCURL 3098 ATAGGATT T AACAGCAT
2768 | HSGATAGEPR 1403 X CRAA ARAICCUA 3099 TAGGATTT A ACAGCATT
2776 | HSGATAG6PR 1404 X CEA ACCUGUU 3100 ARCAGCAT T TTTTATAA
2777 | HSGATAGPR 1405 X CGRA AALGCUGU 3101 ACACXCATT T TTTATAAT
2778 | HSGATAGPR 1406 X CGRA AAAIGCUG 3102 CRAGCATTT T TTATRATG
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2779 | HSGATAGFR 1407 UCADURAIA. CUGAUGAG X OGAA AAAAICU 3103 AGCATTIT T TATAATGA
2780 HSGATAGFPR 1408 UUCAINALY CUGAUGAG X CGAA AAAAAIXC 3104 GCATTTIT T ATAATGAA
2781 | HSGATAGER 1409 AIUCAIUA CUGALIGAG X CGAA ARARAAIG 3105 CATTTTTT A TRATGAAT
2783 | HSGATAGPR 1410 ACAIUCA CUGADGAG X CGAA AURRAAAA 3106 TTITITAT A ATGAATGT
2792 HSGATAGPR 1411 AAAAIGUU CUGAUGRAG X CRAA  ACAUUCAU 3107 ATGAATGT A AACATTIT
2798 | HSGATREER 1412 UARGUURA CUGAUGAG X CGAA AUGUUUAC 3108 GTAMACAT T TTRACTTA
2799 | HSGATAGPR 1413 URAGUUA CUGALGAG X CGAA AAUGUUUA 3109 TAAACATT T TAACTTAA
2800 | HSGATAGPR 1414 ANAAGIU CUGAIGAG X CGAA ARALGUUU 3110 AAACATTT T AACTTAAT
2801 | HSGATAGPR 1415 CAUURAAGY CUGAGAG X CGAA ARAAIGUU 311 AMCATTTT A ACTTAAIG
2805 HSGATA6FR 1416 GIACCADU CUGADGAG X CGAA AGUURAAA 3112 TTTTARCT T AAIGGIAC
2806 | HSGATA6PR 1417 AFRACCAD CUGAUGAG X CGAA ARGUUARA 3113 TTTAACTT A ATGGTACT
2812 | HSGATA6PR 1418 AUUUURAG CUGAIGAG X CGAA ACCAIURAA 3114 TTAANTGGT A CTTRAAAT
2815 HSGATAEPR 1419 AUADUUU CUGAIGRG X CGARA AGUIACCAU 3115 ATGGTACT T AAAATAAT
2816 | HSGATA6FR 1420 AAINAIUU CUGADGREG X OGPA ARGURACCA 3116 TGGTACTT A AAATAATT
2821 | HSGATAEPR 1421 UUULRAAD CUGAGAG X CGAA AUIUARG 3117 CTTRARAT A ATTTAAAA
2824 | HSGATAGPR 1422 UXCUUDUA. CUGAUGAG X CGRAA ARAIUIU 3118 AAMATAAT T TAAAAGDA
2825 | HSGATREPR 1423 UUUCUUUU CUGRAUGAG X CGAA. AAIAUUU 3119 AAATANTT T AARAGAPA
2826 HSGATAGPR 1424 UUULCUUU CUGAIGRG X CGAA AAAUUAINT 3120 AATAATTT A AARGRAAA
2839 | HSGATAEFR 1425 UCURAGUU CUGADGAG X CGRA ACRUUUUU 3121 AAAMATGT T ARCTTAGA
2840 | HSGATAGFR 1426 GUCURAGU CUGARG X CGAA AACADUUU 3122 ARANTGIT A ACTIAGEC
2844 HSGATAGFR 1427 QAU CUGAIGAG X CRAA AGUUAANCA 3123 TGTTAACT T AGACATIC
2845 | HSGATAGFR 1428 IGARNIGUC CUGAUGAG X CGAA ARGUURAC 3124 GITAACTT A GACATICT
2851 | HSGATAGFR 1429 AOCAIRAG CUGAIEG X OGRA AUGUCURA 3125 TIAGACAT T CTTATGCT
2852 | HSGATAEPR 1430 AAGCAIAA CUGAGAG X CGAA AAIGUCA 3126 TAGACATT C TTATGCIT
2854 | HSGATAGPR 1431 MCARGCA CUGRUGAG X CGAA AGARIGRIC 3127 GACATICT T ATGCTICT
2855 | HSGATAGFR 1432 ARGAAGCA CUGAGAG X CGRAA AAGAAIGU 3128 ACATTCTT A TGCTICIT
2860 | HSGATAGPR 1433 USRAAAG CUGAUGAG X CGRAA AGCAIRAG 3129 CTTATGCT T CTITTACA
2861 | HSGATAGFR 1434 UOGUAAMA. CUGAIKRG X CGEAA ARGCAIAA 3130 TTATGCTT C TTTTACRA
2863 | HSGATAGPR 1435 AGUUGURA - CUGAIGAG X CGAA AGAMGCAD 3131 ATGCTICT T TTRACAACT
2864 | HSGATAGPR 1436 PCUOGA CUGAUGAG X OGRA ARGARGCA 3132 TGCTICIT T TACAACTA

2865 | HSCATAGPR 1437 GQRGUUGT CUGAIXRAG X CGAA AAMGARCC 3133 GCTICTTT T ACAACTAC
2866 | HSGATA6PR 1438 UGEGUUG CUGALIGAG X CGAA AAARGARG 3134 CTTCTTIT A CAACTACA
2872 | HSGATR6FR | - 1439 AGOGAIG CUGADGAG X CGAA AGUGUAA 3135 TTACAACT A CATOCCAT
2876 | HSGATASER 1440 UAARAIGG CURIGAG X (GAA AUGUAGU 3136 AACTACAT C CCATTTTA
2881 | HSGATRAGFR 1441 AAAIAIRA CUGAIGEG X CGAA AUGGAG 3137 CATCOCAT T TTATRITT
2882 | HSGATASFR 1442 GAMAUAIA CUGAUGAG X CGAA ARIGGGAU 3138 ATOOCATT T TATATTIC
2883 | HSGATASER 1443 GGAAMTL CUGAUGAG X CGAA AAMXIRA 3139 TOOCATIT T ATATTICC
2884 | HSGATAEPR 1444 UCRANTA CUGAGAG X CCAA ARAAIGG 3140 COCATTTT. A TATTTCCA
2886 | HSGATAGFR 1445 MJUGGAAA CUGAUGAG X CGAA AIAARALG 3141 CATTTTAT A TTTCCAAT
2888 | HSGATRAGFR 1446 CAAUCCA CUGAIGAG X CGAA ALRIAAAA 3142 TTTIATAT T TOCAATIG
2889 | HSGATA6FR 1447 ACAAUUGG CUGRALGAG X CGAA AAIRIRAA 3143 TTTATATT T CCAATIGT
2890 | HSGATRAEFR 1448 DACARAING CUGAIGRAG X CGAA ARAIAIRA 3144 TTATATIT C CAATTGIT
2895 | HSGATAGPR 1449 UCUURANC CUGAGRAG X CGAA AUGGARA 3145 TTICCAAT T GITARAGA
2898 | HSGATAEPR 1450 UUUOCUUU CUGALGEG X CGAA  ACARIXIGG 3146 CCAATTGT T AAAGARAA
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2899 HSGATAG6PR 1451 UUUUUCUU CUGADGRG X CGAA  AACAAULG 3147 CAATTGIT A AAGAMADA
2909 HSGATA6PR 1452 UCUUGAAA. CUGAUGAG X CGAA AUUUULCU 3148 AGAAARMAT A TITCAAGA
2911 | HSGATAGPR 1453 GUuCUUGA CUGADGAG X QGRA  AUAUUUUU 3149 AAAMATAT T TCRAGANC
2912 HSGATAG6PR 1454 UGUUCUUG CUGAUGAG X CGAA  AAUALUUU 3150 AAAATATT T CAAGAACA
2913 HSGATA6PR 1455 UUGUUCUU QUGADGRAG X CGRA  AAAURAUUU 3151 AARTATIT C AAGAACAA
2924 HSGATAG6FR 1456 UGAGAGAA CUGAUGAG X CGAA AUUUGUUC 3152 GAACARAT C TICICTCA
2926 | HSGATAG6FPR 1457 CCUGRAGAG CUGAGAG X CGAA  AGAUUURU 3153 ACAAATCT T CTCICAGG
2927 | HSGATAGPR 1458 UOCUGAGA. CUGAURRG X CGAA ARGALUUG 3154 CARATCIT C TCTCRAGGA
2929 | HSGATAGPR 1459 UUUCCUGA CUGRUGAG X CGAA  AGAAGAUU 3155 AATCTTCT C TCAGGARA
2931 | HSGATAGPR 1460 ADUUUCCU CUGRDGAG X CGAA AGRGARGA 3156 TCTICICT C AGGAAART
2940 | HSGATAGFR 1461 AGAAAGGC CUGALGAG X CGAA  AUUUUOCU 3157 ACGAAART T GOCTITICT
2945 HSGATA6PR 1462 AAIRGAGA CUGADGRG X OGFA AGGCAAU 3158 BATTGCCT T TCTICTAIT
2946 | HSGATAGPR 1463 AAAIPGAG CUGAGRG X (GAA AAGGCAAU 3159 ATTGCCIT T CTCTATIT
2947 HSGATAGPR 1464 CAAAIAGA CUGALGAG X CGAA AAAGOCAA 3160 TTGCCTIT C TCTATTIG
2949 HSGATA6PR 1465 AACAANIA. CUGAUGRG X OGRA AGAAAGGC 3161 CCCTTTICT C TATTIGIT
2951 | HSGATAGPR 1466 UUARCAAA CUGAUGAG X CGAA AGRGARAG 3162 CITICICT A TTIGTTRA
2953 HSGATAGFR 1467 CURACA CUGADERG X OGAA AURGAGRA 3163 TICICIAT T TGITAARGA
2954 | HSGATAGPR 1468 UUCUURAC CUGAUGRG X CGRA AAIIAGAGA 3164 TCTCTATT T GTTAAGRA
2957 HSGATAGPR 1469 AMAIUCUU CUGRAUGRAG X COGAA ACARAUAG 3165 CTATTTGT T ARMGANTTT
2958 HSGATAEPR 1470 AARADUCU CUGAUGRG X CGAA AACAARLIA 3166 TATTIGIT A AGAATTIT
2964 HSGATA6PR 1471 UGUAIRAA CUGADGAG X CGRA AUUCUUAA 3167 TTAAGAAT T TTTATACA
2965 HSGATAGPR 1472 UUGUAIRA CUGALGRAG X CGAA AAUUCUUA 3168 TARGANTT T TTATACAA
2966 | HSGATAGFPR 1473 CUUGUAIA CUGALGAG X CGAA AAAIUCUU 3169 ANATIT T TATACAAG
2967 HSGATAGFR 1474 UCUUGAD CUGAIGAG X CGAA ARAAALOCU 3170 AGAATTIT T ATACARGA
2968 HSGATAGPR 1475 UOCUUGUA CUGRUIGAG X CGAA ARARAIXXC 3171 GAATTTIT A TACAAGAA
2970 HSGATAGFR 1476 UGUUCUUG COGRIGAG X CGRA. AUARAAAD 3172 ATTTTTAT A CARGARCA
2984 HSGATAEPR 1477 AC00GGUA CUGRUGAG X CGAA  AUUGGIXEU 3173 ACACCAAT A TROOOCCT
2986 HSGATAGPR 1478 AANCOOGG CUGAIGRG X CRAA AUAUUGGU 3174 ACCARTAT A COCCCTIT
2993 HSGATASPR 1479 GUAAAAIA CUGALGAG X (GAA AGGGGGUA 3175 TACCCCCT T TATTITAC
2994 HSGATAGPR 1480 2CURAARNDT CUGAIXRG X CGRA. AMGGGESU 3176 200CCCIT T ATTTTACT
2995 | HSGATASFR 1481 CAGURAARA. CUGAIGAG X CGAA AAAGEGEEG 317 CQCCCCTTT A TITIACTG
2997 HSGATASFR 1482 CACAGIAA. CUGAUGAG X CGAA AIRAAGG 3178 QCCTTTAT T TIACIGIG
2998 | HSGATAGFR 1483 CCACAGUA CUGRAIGAG X CGAA AAIARAGG 3179 CCTITATT T TACIGIGG
2999 | HSGATAGFR 1484 UCCACAGU CUGAUGAG X CGAA ARAUAAAG 3180 CITTATIT T ACTGTGGEA
3000 | HSGATAGFR 1485 TUOCACRG CUGRUGEG X CGAA ARAAIIAAA 3181 TTTATTIT A CIGIGGRA
3010 | HSGATAGFR 1486 CCAGCACA. CUGAUGAG X CGAA AUCCRCA 3182 TCIGGRAAT A TCICCIOG
3025 HSGATAGPR 1487 GUUGUUGC CUOGRDGAG X CGAA  ALUUUXCC 3183 GGRAAAAT T GCAACARC
3037 HSGATAGFR 1488 ACGUAGUA. CUGRUGAG X CGRA  AGUGUUGU 3184 ACAACACT T TRCTRCCT
3038 | HSGATAGFR 1489 ROIAGU CUGAUGAG X CGAA RAAGUGUUG 3185 CARCACTT T ACTACCTA
3039 | HSGATAGFR 1490 URGARG CUGAIGAS X CGAA ARAGUGU 3186 ARCACTIT A CTRCCTRA
3042 | HSGATRGEER 1491 COGUIRGG CUGAIXRAG X CGAA AGURAAGU 3187 ACTTTACT A CCTRAOGG
3046 | HSGATRGFR 1492 CUACCGU CUGADGAG X OGRA  AGURGUA 3188 TACTACCT A MOCGATAG
3053 | HSGATAGPR 1493 ACRAAIXC CUGAIXAG X CGAA AUCCGUUA 3189 TAACGGAT A GCATTIGT
3058 | HSGATAGPR 1494 ADUUACA CUGAIGRAG X CGAA.  AUGCUALC 3190 GATAGCAT T TGIRAATA
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3059 HSGATAGFR 1495 COGADGAG X CRAA AAIGCUAD 3151 ATRAGCATT T GTAAATAC
3062 HSGATAGPR 1496 CUGAUGRG X CGAA ACAAAIXC 3192 GCATTTGT A AATACTCT
3066 | HSGATAGPR 1497 COGAUGAG X CGRA AUUUACAA 3193 TIGIAAAT A CICTAGGT
3069 | HSGATAGPR 1498 CUGALGAG X CCAA AGUAUUUA 3194 TAAATACT C TAGGTATC
3071 | HSGATA6PR 1499 COGRUGAG X CGAA AGAGUALU 3195 AATACTCT A GGTATCIG
3075 HSGATAG6PR 1500 CUGAUGAG X (GAA ACCIIAGRG 3196 CICTAGGT A TCTGTAAA
3077 HSGATAG6FPR 1501 QUGG X CGAA AIRCCRAG 3197 CTAGGTAT C TGTAAACA
3081 HSGATAGPR 1502 CURAUGRAG X C3AA ACAGAIRC 3198 GTATCTGT A AACACICT
3088 HSGATAG6PR 1503 CUGAIGAG X CGRA  AGUGUUUA 3199 TAAACACT C TGATGARG
3098 HSGATAGFR 1504 CUORUGAG X (GAA ACUUCALC 3200 GATGAAGT C TGTATRGT
3102 HSGATAG6PR 1505 COGAGAG X CGAA ACAGACUU 3201 AAGTCTGT A TAGIGIGA
3104 | HSGATAG6PR 1506 CUORAURG X CGAA AUACAGAC 3202 GICIGTAT A GIGTGALT
3113 HSGATAGPR 1507 CORRUGAG X CCAA AGUCALAC 3203 GIGTGACT A ACCCACAG
3128 | HSGATAGFR 1508 CORDARAG X CRAA AccuecU 3204 AOGCAGGT T GGITTACA
3132 HSGATA6PR 1509 CUOGAUGAG X CGEAA ACCAACCU 3205 AGGITGGT T TACATTAA
3133 HSGATAGFR 1510 COGAUERAG X CRA AACCAALC 3206 GGTTGGIT T ACATTRAT
3134 | HSGATA6PR 1511 COGAIGAG X CGAA AARCCARC 3207 GITGGTIT A CATTAATT
3138 | HSGATR6FR 1512 CORAUGRAG X CGAA AUGUAARC 3208 GITIACAT T AATTTITT
3139 | HSGATA6FR 1513 COGAGAG X (AA AAUGUARA 3209 TTTACATT A ATTTTITT
3142 | HSGATAGPR 1514 CUGADRG X CGAA AUUAALGU 3210 ACATTAAT T TTTITTIT
3143 HSGATAEPR 1515 CUGAUGRG X CRAA AAURAALG 3211 CATTAATT T TTITTTIT
3144 | HSGATAG6FR 1516 CUOGRDGAG X CGRA AAAIURALY 3212 ATTAATTT T TITTITIG
3145 | HSGATA6PR 1517 CUGRDGRAG X CGAA AAAAINUAA 3213 TTAATTTT T TTTITTIGA
3146 | HSGATAGFR 1518 CUGRDGAG X (GRA AAAAAIUA 3214 TAATTTIT T TTTTIGRA
3147 | HSGATAGFR 1519 COGAUGAG X CGAA AAAAMAINT 3215 AATTTTIT T TITTGAAT
3148 | HSGATAGFR 1520 COGADGAG X OGAA ARAAARALY 3216 ATTTTTIT T TTIGAAIG
3149 | HSGATA6PR 1521 CUGADGG X (GAA AAAAAAAA 3217 TITTITIT T TIRATSG
3150 | HSGATA6PR 1522 CUOGRAUGAG X CGAA ADAAAARA 3218 TTTTITIT T TGAATGASG
3151 | HSGATAG6FR 1523 COGADGAG X CAA AAAAAADA 3219 TITTTTIT T GAATGGGA
3163 HSGATA6FR 1524 CUOGAUGRG X O3A ACAIOCCA 3220 TGAGATGT C CIATGGAA
3166 | HSGATAG6FR 1525 QUGALGRG X OGAA AGGACADC 3221 GATGICCT A TGGAAACC
3176 | HSGATAGPR 1526 QGARG X (RA AGGCUUOCC 3222 GEAAXCT A TTTCAOCA
3178 | HSGATAGPR 1527 CUOGADGRG X (GAA ARGGUXJ 3223 AAACCTAT T TCAOCAGA
3179 | HSGATAG6PR 1528 CUGAGRG X CGAA AAIAGGIU 3224 AMCCTAIT T CROCAGRG
3180 HSGATR6PR 1529 QUGG X CAA AAAIIAGGU 3225 ACCTATTT C ACCAGAGT
3189 | HSGATAEPR 1530 CORUGAG X QA ACUCUEET 3226 ACCACGRAGT T TTAARAAT
3190 HSGATA6FR 1531 COGALGRG X CGRA AACUXUXG 3227 CCAGAGTT T TAAAAATA
3191 | HSGATA6FR 1532 CUGRIGAG X OGRA ARACTUG 3228 CAGAGTTT T AADAATAA
3192 HSGATA6PR | . 1533 COGRLGAG X CGAA. AAAROIXCU 3229 AMGAGTTIT A ADAATAZA
3198 | HSGATAGFR 1534 COGAIGRG X QGRA AIJUUUUAA 3230 TTAAAAAT A AAAAGCGT
3207 | HSGATAEFR 1535 CORDGG X 0FA AOCCUUUU 3231 AAAMGEGT A TIGTITIG
3209 | HSGATAGFR 1536 CUGAGAG X QGAA AUACOCXT 3232 ARGEGTAT T GITTIGIC
3212 HSGATAEPR 1537 COGAIGAG X (GRA ACAAIIRLC 3233 QGTATTGT T TIGICTIC
3213 HSGATAGPR | = 1538 CORUGAG X CGAA AACAAIIAC 3234 GIATIGIT T TGICTICT
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Table III. Hammerhead ribozymes targeting GATA transcription factors (1, 2. 3, 4, and

6) and the complementary sequences

HSGATAGPR

3214 1539 -CAGAAGRC CUGAUGAG X CGAA AANCANIA 3235 TATIGTIT T GICTICIC
3217 HSGATAGFR 1540 GUACAGAA CUGAUGAG X CGAA ACAAARCA 3236 TGTITIGT C TICIGTAC
3219 HSGATAG6PR 1541 COGUACAG CUGRUGAG X OGRAA AGACAADA 3237 TITIGICT T CIGIACRG
3220 HSGATAGPR 1542 ACUGUACA. CUGRAUGAG X CQGAA ARAGACRAA 3238 - TTTGICTT C TGTACAGT
3224 | HSGATAGFR 1543 ACUCACUG CUGAUGAG X (GAA ACAGAAGA 3239 TCTICIGT A CAGIGAGT
3233 HSGATAGPR 1544 AGGAAGG CUGAUGAG X OGAA ACUCACUG 3240 CAGTGAGT T CCTTOCT
3234 HSGATAG6PR 1545 AACGANG CUGAGRAG X CGAA AACUCACT 3241 MGTGGIT C CTTCCCTT
3237 HSGATAGPR 1546 GAAAAGGG CUGAUGRAG X CGAA ACGARCILC 3242 GAGTTCCT T OCCTTITIC
3238 HSGATAGPR 1547 UGAAAAGG CUGAUGAG X CGRA ARGGAACU 3243 AGTTCCTT C CCTITICA
3242 HSGATAGPR 1548 GCUUUGAA CUGAUGAG X CGAA ACGGAMGG 3244 CCTTCCCT T TTCAAAGC
3243 HSGATAGPR 1549 ACCUUUGA. COGRDGRAG X CGAA AAGGRAMG 3245 CTTCCCIT T TCAAAGCT
3244 HSGATAGPR 1550 AAGCUUUG CUGAGAG X OGAA AAMGGGMA 3246 TICCCTIT T CRAAGCTT
3245 HSGATAGPR 1551 AARGCUUU CUGALXAG X CGRA AAAAGEGA . 3247 TCCCTTIT C AAMGCTTT
3252 HSGATAGPR 1552 UAARARGR, CUCAUGAG X O3A AGCUUUGA 3248 TCAAAGCT T TCTTTITA
3253 HSGATAGPR 1553 AUAAAARG CUGAUGRAG X ORAA AACCUUUG 3249 CAARGCTT T CTTTTTAT
3254 HSGATAGFR 1554 CAIRAAAA CUGAUGAG X CGRA AAAGCUUU 3250 AAAGCTTT C TTTTTAIG
3256 HSGATAGPR 1555 AGCAUAAA. QUGALGAG X CO3AA AGAAAXCU 3251 ACCTTICT T TTTATGCT
3257 HSGATAGPR 1556 CAGCAIAA CUGAGAG X OGAA AAGARACC 3252 GCTTTCTIT T TTATGCIG
3258 HSGATA6PR 1557 ACAGCAIA. CUGAIXR2G X CGAA ARAGAARG 3253 CITICTIT T TATGCIGT
3259 HSGATAGPR 1558 UACAGCAU CUOGAGAG X OGRA AAAAGAAA 3254 TTICITIT T ATGCIGIA
3260 HSGATAGPR 1559 AUACAGCA CUGAXRG X (GAA AAAARGAA 3255 TICITTIT A TGCIGIAT
3267 HSGATAGFR 1560 AGICACA. CUGAUGAG X OGRA  ACAGCAIA 3256 TATGCIGT A TGIGACTA
3275 HSGATAGPR 1561 AARIXUA CUGAUGAG X OGRA AGUCACALY 3257 ATGIGACT A TRGATATT
3277 HSGATAG6PR 1562 UGAAIIALC CUGRGRG X CGRA AIRGICAC | - 3258 GITGACTAT A GATATICA
3281 HSGATAG6FR 1563 AIAUGRA. CUGAXRAG X COGAA AIXUAIRG 3259 CTATAGAT A TTCATATA
3283 HSGATAG6PR 1564 UUUAIALG COGADGAG X CGAA AIRUCUAU 3260 ATAGATAT T CATATAAA
3284 HSGATAGFPR 1565 UUUUALRU CUOGRIGAG X CGAA AAIALCUA 3261 TAGATATT C ATATAARA
3287 HSGATAG6FR 1566 UUGUUUUA. CUGAIGRAG X CEAA ALGAAIRD 3262 ATATTCAT A TAAAACRA
3289 HSGATAGFPR 1567 ACUUGXU CUGAIIGAG X CGAA AUAIGAAU 3263 ATTCATAT A AAACANGT
3309 HSGATAG6FR 1568 AUUUCA CGRUGRAG X (OGRA  ACUUCACG 3264 CGTGAAGT T TGCAAAAT
3310 HSGATAG6FR 1569 CAUUGC CUOGAGAG X (EAA ARCULCAC 3265 GIGRAAGTT T GCAARATG
3321 HSGATAG6FR 1570 ACOCCUUA. CUGRAIGAG X CGAA  AGCAINXXT 3266 AARATCCT T TAMGXCT
3322 HSGATRAEFR 1571 ARG QUGADGRAG X CGAA  AAGCAINU 3267 AAAMTGCTT T AAGCCIT
3323 HSGATAGPR 1572 GARGOOCU CUGRGAG X CGAA ARAGCALXS 3268 AATGCTTT A AGCCTIC
3330 HSGATAG6PR 1573 UOGARAGG CUGRAUGAG X OGAA AGOCUA 3269 TAARGGCCT T CCTTICAA
3331 HSGATAGPR 1574 UUUGRAARG CUGRAIGAG X CGRA ARGGOCU 3270 AASGCCIT C CTTTCAAA
3334 HSGATAGFR 1575 UCCUUURA. CRALGAG X CGAA AGGRAGGC 3271 CGCCTTCCT T TCAAAGCA
3335 HSGATAGFR 1576 ADGOUUG CUGRIXRAG X OGRA AAGGRAACG 3272 CCTICCIT T CAARAGCAT
3336 HSGATAGPR 1577 TAUGCUU CUGALGAG X OGRA ARAGGEANG 3273 CTTCCTTT C ARAGCATA
334 HSGATAGPR 1578 APARGGAC CUGADGAG X CGRA ALGCUUUG 3274 CAARGCAT A GICCTTIT
3347 HSGATAGPR 1579 UCCAAAAG CURALGAG X CGAA ACUAIGCU 3275 2GCATAGT C CTTTIGERA
3350 HSGATA6PR 1580 GGOUCCAA CUGAXRAG X CRA AGGACUAU 3276 ATAGTCCT T TTOGAGC
3351 | HSGATAGFR 1581 QCGCUOCA. CUGAGAG X CGRA ARGGRACUA 3277 TAGTCCIT T TGGROG
3352 HSGATAG6PR 1582 AQGGOXC CUGAGAG X QAR AAMGGACU 3278 AGTCCTIT T GGAGOQGT
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Table IMI. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and

6) and the complementary sequences

3361 | HSGATAGPR 1583 X CGAA ACOGCUCC 3279 GEAGOCGT T TGGTRACCT
3362 | HSGATAGER 1584 X OGA ARCGECUC 3280 GAGOOGIT T GGTACCTT
3366 | HSGATAG6PR 1585 X CGAA ACCAAACG 3281 OGTTTGGT A CCTTTITAT
3370 | HSGATAGPR 1586 X CGAA AGGURCCA 3282 TGGTACCT T TTATACCT
3371 | HSGATAG6PR 1587 X CGAA ARAGRIACC 3283 GGTACCTT T TATACCIT
3372 | HSGATAGER 1588 X CGAA ARAGGUIAC 3284 GIACCTTT T ATACCTTG
3373 | HSGATAGPR 1589 X CGAA ARAAGGUA 3285 TACCTTTT A TACCTIGG
3375 | HSGATA6PR 1590 X CGAA AIRAARCG 3286 CCTTTTAT A CCTTGECT
3379 | HSGATAG6PR 1591 X CRAA AGKRAIAA 3287 TTATACCT T GOCTTATT
3384 | HSGATAGFR 1592 X CGAA AGCCAMNGG 3288 CCTTGGCT T ATTTGAAG
3385 | HSGATAGPR 1593 X CGAA ARGOCRAAG 3289 CTTGSCIT A TTIGAAGT
3387 | HSGATAGPR 1594 X CGRAA ALRAGCCA 3290 TOGCTTAT T TGAAGITG
3388 | HSGATAGPR 1595 X CCAA AAIRMXC 3291 GGCTTATT T GAAGTTGA |
3394 | HSGATRAGPR 1596 X CGAA ACUUCARA 3292 TTTGAAGT T GACACATG
3407 | HSGATA6FR 1597 X OGAA -ACCOCAIG 3293 CATGGGGT T AGTTACTA
3408 | HSGATAG6PR 1598 X CGRA ARCOCCAD 3294 ATGEAGIT A GTTACTAC
3411 | HSGATA6PR 1599 X CRA ACUANXC 3295 GGGTTAGT T ACTACICT
3412 HSGATAGFPR 1600 X CGAA ARCUAACC 3296 GCGTTAGIT A CTACICIC
3415 | HSGATA6PR 1601 X CGAA AGRACUA 3297 TAGITACT A CICTCCAT
3418 . | HSGATAGFR 1602 X OGAA AGUAGIRA 3298 TTACTACT C TCCATGIG
3420 | HSGATAG6FR 1603 X CRA AGGUAGU 3299 ACTACTCT C CATGIGCA
3430 | HSGATAGPR 1604 X CGRAA AUCCACAD 3300 ATGTGCAT T GOOGACAG |
3440 | HSGATAGFR 1605 X CEAA ACUGCC 3301 GGGACAGT T TTTATAAG
3441 | HSGATAGPR 1606 X GEA AACEICC 3302 GGACAGTT T TTATAAGT
3442 | HSGATREPR | 1607 X CGAA AAROGIXC 3303 GACAGTTT T TATAAGIG
3443 | HSGATA6PR 1608 X CGAA AARACUGU 3304 ACAGTTTT T ATRAGIGG
3444 | HSGATAGPR 1609 X CGAA ARRAMCIG 3305 CAGTTTIT A TAAGIGEG
3446 | HSGATAG6PR 1610 X CERA AIRAAARC 3306 GITTTIAT A AGTGGGAA
3460 | HSGATA6PR 1611 X CRBA AGUCURC 3307 GANGGEACT C AGTATTAT
3464 | HSGATAGPR 1612 X RA AUGARX 3308 GACTCAGT A TTATTATA
3466 | HSGATAGPR 1613 X CGAA AIRCUGAG 3309 CTCAGIAT T ATTATATT
3467 | HSGATRASPR 1614 X CGRA ANPOUGA | 3310 TCAGTAIT A TTATATIT
3469 | HSGATAGPR 1615 X CEA AIRAIRCU 3311 AGTATTAT T ATATTIGA
3470 | HSGATAGEFR 1616 X CGAA AAIRAIRC 3312 GTATTAIT A TATTTGRG
3472 | HSGATAGFR 1617 X CGAA AIRAIRAU 313 ATTATTAT A TTTGAGAT
3474 | HSGATAGER 1618 X CGAA AIRIRAIA 3314 TATTATAT T TGAGATGA
3475 | HSGATAG6FR 1619 X CGAA AAIAIRAD 3315 ATTATATT T GAGATGAT
3484 | HSGATAGPR 1620 X CGAA AICAIUC 3316 GAGATGAT A ACSCATTTT
3490 | HSGATAGPR 1621 X Q@A AGCIIAU 3317 ATAAGCAT T TTGITIGG |
3491 | HSGATAGPR 1622 X OGAA AAIGCWA 3318 TAAGCATT T TGITICG
3492 | HSGATAG6FR 1623 X CGAA AARIGCUU 3319 AAGCATTT T GITIGEGA
3495 | HSGATAG6PR 1624 X CGAA ACARAANIG 3320 CATTTIGT T TGGGAACA
3496 | HSGATAGPR 1625 X QDA ANCAARNU 3321 ATTTTGIT T GGGARCRAA
3509 | HSGATAEFR 1626 X CRAA AGCAIGU 3322 ACAATGCT T AARAATAT
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Table III. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and

6) and the complementary sequences

3510 | HSGATAGER 1627 X CGAR AAGCAIUG 3323 CAATGCTT A AAAATATT
3516 | HSGATAGFR 1628 X C®A AUUUUURA 3324 TTAAAAAT A TTCCAGAA
3518 | HSGATAGFR 1629 X OGRAA AIRUULK 3325 AMMAATAT T OCRAGAMAG
3519 | HSGATAGPR 1630 X CRA ANRUUUU 3326 AAMATATT C CAGAAMGT
3528 * | HSGATASER 1631 X CRA ACUUUCUG 3327 CAGAAMGT T CAGATTIT
3529 | HSGATAGER 1632 X GRAA ANUUCU 3328 AGAAAGTT C AGATTTTT
3534 | HSGATAGFR 1633 X CGRA AUCUGAAC 3329 GTTCAGAT T TTTTTICT
3535 | HSGATASER 1634 X CGAA AAICUGAA 3330 TICAGATT T TTTTTCIT
3536 | HSGATAGPR 1635 X CGAA AAAICUGA 3331 TCAGATIT T TTTICITT
3537 | HSGATASER 1636 X CGRA ARAALICUG 3332 C2GATTIT T TTICITIG
3538 | HSGATAGPR 1637 X QGAA AAAAAIXU 3333 AGATTTTT T TICTTIGT
3539 | HSGATA6PR 1638 X OGAA AARABAIC 3334 GATTTITT T TCTTIGIG
3540 | HSGATAGPR 1639 X CGAA ABAARAAU 3335 ATTTTTIT T CTTTGIGA
3541 | HSGATAGER 1640 X CGAA APAAAAAA 3336 TTITTTIT C TTIGIGAA
3543 | HSGATAGER 1641 X OGAA AGAAAAAA 3337 TTTTTICT T TGIGAATG
3544 | HSGATAGPR 1642 X CGRA ARGAARAA 3338 TTTTICTT T GIGAATGA
3556 | HSGATASFR 1643 X CGAA ALUUCALU 3339 AATGARAT A TATTCIGS
3558 | HSGATAGER 1644 X OGA AUAUUUCA 3340 TGAAATAT A TICTGIXC
3560 | HSGATAGPR 1645 X Q@A AURUAUDU 3341 BAARTATAT T CTGGOCA
3561 | HSGATAGER 1646 X CGAA AAIRUAIU 3342 AATATATT C TGGOOCAC
3582 | HSGATAGPR 1647 X CGAA AOGOOCU 3343 ACGEOGAT T TOCTTICA
3583 | HSGATASER 1648 X Q@A ARDOGICC 3344 GIXGATT T CCTTTCAG
3584 | HSGATAEPR 1649 X OGRA ARALXC 3345 GGOGATTT C CTTICAGT
3587 | HSGATA6FR 1650 X CGAA AGGARAIXC 3346 GATTICCT T TCAGITIT
3588 | HSGATASFR 1651 X OGAA ARGGARAD 3347 ATTTCCIT T CAGITTIT
3589 | HSGATA6PR 1652 X OGRA PAMGGRAA 3348 TTICCTIT C AGTTTTIT
3593 | HSGATASPR 1653 X CGAA ACUGARAG 3349 CTTTCAGT T TTTICCIT
3594 | HSGATAGFR 1654 X OGAA AACUGAAA 3350 TTTCAGIT T TTICCTIT
3595 | HSGATAGPR 1655 X CGAA AAACUGAA 3351 TTCAGITT T TTCCTTIT
3596 | HSGATREFR 1656 X CGAA ARARCIXRA 3352 TCAGITIT T TCCTTTIG
3597 | HSGATAGER 1657 X CGAA ARAANCIG 3353 CAGTTTIT T CCTTTIGC
3598 | HSGATAGFR 1658 X CGAA ARRAANCU 3354 AGTTTTTT C CTTTIGCA
3601 | HSGATRSFR | - 1659 X OGAA ICGAAAMA 3355 TTTTICCT T TTGCAAG
3602 | HSGATAGPR 1660 X CGAA ARGGAAAA 3356 TTTICCIT T TGCAACGT
3603 | HSGATASPR 1661 X CGAA AAAGGARA 3357 TTTCCTIT T GCRACGIG
3615 | HSGATAGPR 1662 X QA AGGCAGT 3358 2A0GIGOCT T GAAGTCIC
3621 | HSGATAGPR 1663 X OGRA ACUUCRAG 3359 CTTGAAGT C TCRANGCT
3623 | HSGATAGPR 1664 X ORAA AGACUICA 3360 TGAAGTCT C AAACCTCA
3630 | HSGATAGFR 1665 X OGAA AGCUUUGA 3361 TCAAAGCT C ACCTGAGG
3640 | HSGATASPR 1666 X OGAA ACCUCAGS 3362 CCTGAGGT T GCAGACGT
3649 | HSGATAGPR 1667 X CGAA AQCUCURC 3363 GCAGAOGT T ACOCCCRA
3650 | HSGATAGPR 1668 X ORA AAGUOUG 3364 CAEAOGTT A COCCCARC
3666 | HSGATAGPR 1669 X CGAA ALCUUCLG 3365 CAGARGAT A GGTAGRAA
3670 | HSGATAGFR 1670 X QGAA ACCUAIXU 3366 AGATAGGT A GAAATGAT
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Table ITI. Hammerhead ribozymes targeting GATA transcription factors (1, 2, 3, 4, and
6) and the complementary sequences

3679 HSGATA6FR 1671 GCCACUGG COGALGAG X CGRAA AUCALRC 3367 GAAATGAT T CCAGTEEC
3680 HSGATAGPR 1672 GEOCACUG CUGALGAG X CGRA AALCAUUU 3368 ARATGATT C CAGTGGCC
3690 HSGATAGPR 1673 AAIRCAAA COGADGAG X OEAA 2GG0CACU 3369 AGTGECCT C TTTGTATT
3692 HSGATA6PR 1674 AARAIACA CUGALGAG X COGRA AGAGGCCA 3370 TGGCCTCT T TGTATTIT
3693 HSGATAG6FR 1675 GAARAIRC CUGAGRAG X (EAA AAGAGCC 3371 GECCICIT T GIATITIC
3696 HSGATAG6FPR 1676 GAMGAMAA CUGAIXGAG X ORA ACAANGAG 3372 CICITIGT A TTTICTIC
3698 HSGATAG6PR 1677 AGAAGAA CUGALXAG X CGAA AIRCAAAG 3373 CTTIGIAT T TICTICAT
3699 HSGATAEPR 1678 AAUGAAGA CUGRIGRAG X CGAA. AAIACARA 3374 TTIGTATT T TCTTCATT
3700 | HSGATAEPR 1679 CAAGAAG CUGRLIGAG X (GAA AAAITACAA 3375 TIGIATTT T CTTCATTG
3701 HSGATAGPR 1680 ACAAIGAA CUGRIXGAG X CGAA AAAAIACA 3376 TGIATTIT C TTCATIGT
3703 HSGATAGPR 1681 CAACAAIG CUGAUGRG X CGPA AGAARAIR 3377 TATTTICT T CATIGTTG
3704 HSGATAG6PR 1682 UCAACRAL CUGAIXGAG X CGAA AAGAAAAD 3378 ATTTICIT C ATTGTIGA
3707 HSGATA6PR 1683 UACUCAAC CUGRAIXGRG X OGRA AIGRAAGAA 3379 TICTICAT T GTTGAGTA
3710 HSGATA6PR 1684 ACUACC CUGAIXGAG X CGRA ACAAIKGAA 3380 TICATTGT T GAGTAGAT
3715 | HSGATAGFR 1685 QUGARAIC CUGALIGAG X CGAA ACUCRACA 3381 TGTTGAGT A GATTICAG
3719 | HSGATAGPR 1686 UUUCCUGA. CUGRAUGAG X QGRA. ALXCUACIC 3382 GAGTAGAT T TCAGGARA
3720 | HSGATAGPR 1687 ADUUCCUG CUGAGAG X (GAA AADCURCU 3383 AGTAGATT T CAGGAAAT
3721 | HSGATAGFR 1688 QAUUCU CGAGRG X CGAA AAAIXURC 3384 GTAGATTT C AGGAAANTC
3723 | HSGATAGPR 1689 CAOUCU COGALGAG X CRAA  AIUUOCUG 3385 CAGGAMAT C AGGAGGIG
3739 | HSGATAG6PR 1690 UADUGUGA. CUOGAUGAG X CEAA ACROCIXCC 3386 GGACGTGT T TCACAATA
3740 | HSGATAGPR 1691 GUAUUG COGALGAG X CGAA. ARCACCIC 3387 GAGIGIT T CACAATRC
3741 | HSGATAGFR 1692 USAUUGU CUGALXRAG X OGAA AMACAOCU 3388 AGGIGTIT C ACAATALA
. 3747 | HSGATA6PR 1693 CRADCUG. CUGAIXAG X CGRA. AUGUGAA 3389 TICACAAT A CAGAMTGA
3762 | HSGATAGFR 1694 CACAGIUA. CUGAIXAG X (GAA AGGCCAIC 3390 GATGCOCT T TAACTGIG
3763 HSGATAG6PR 1695 UCACAGUU COGAIGAG X CGAA  AAGGOCAL 3391 ATGOCCIT T AACTGIGA
3764 | HSGATA6FR 1696 UOCACAGTD CUGAXRAG X CGAA AAAGCCA 3392 TGGCCTTT A ACTGIGAA

Where “X” represents stem II region of a HH ribozyme (Hertel et al., 1992 Nucleic Acids
Res. 20: 3252). The length of stem II may be > 2 base-pairs.
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Table [V. Hammerhead Ribozymes to TR2-9 and TR2-11 Orphan Receptor Genes

Pos Target Seq. Rz Seq. Substrate
I.D. No. . I.D. No.

El HOIMTR211 3393 GCOGACGC CUGAUGAG X CGRA ACREXCC 4172 GOGACTGT C GOGTOC
4 HUMIR211 3394 CCRGOGCC CUGAUGAG X CGAA ACGOGRCA 4173 TGTOGOGT ¢ QEORCCG
32 HUMIR211 3395 CCOCUGCU UGALIGAG X QGAA ACTXOXXG 4174 QCOGGAGT C AGCAACG
32 HOMTRZ211 3396 CCAUGALC CUGALIGAG X CGAA ACQRCUUU 4175 ARAGCCGGT A GATCATGG
) HUMIR211 3397 GUUGOCAU CUGALGAG X CGAA AICUACCG 4176 QOGTAGAT C ATGCCAAC
8 HUMIR211 3398 ALTUCUUC CUGALGAG X CGAA ALOGUXC 4177 GCAACCAT A GRAGAAAT
T | HOMIR211 3399 UGAUGUGC CUGAUGAG X CGAA  AUULCULC 4178 GAACAAAT T GCACATCA
4 HUMIR211 3400 AARADUU CUOGAIGAG X CGRA AUGUGCAA 4179 TIGCACAT C AAATTATT
89 HMIR211 3401 UGUUCAAD COGALGAG X (CGRA  ALUUGRLIG 4180 CATCAAAT T ATTGAACA
%0 HUMIR211 3402 UUGUUCAA CUGADGAG X CGAA AAUUUGAU 4181 ATCAAATT A TTGAACRA
R HIMIR211 3403 UGUUGULC CUGALGAG X CERAA AIRAUUUG 4182 CAAATTAT T GAACAACA
113 HMIR211 3404 WCUARAC CUOGAIGAG X CGAA AT 4183 CGAGAGAT T GTTACAGA
116 HOMIR211 3405 UCUCUGU CUGALGAG X CGAA ACAAIC 4184 GRGATTGT T ACAGAGCA
117 HMIR211 3406 CGCICUG CUGRIGAG X CGAA ARCAAIXCU 4185 AGATTGIT A CAGNGCAG
43 HIMIR211 3407 ACAAIXUG CUGAIKGAG X CGAA AUUUXCUG 4186 CAGAAAAT C CRGATIGT
149 HIMIRZ211 3408 GOUGCAC CUGAIGAG X CGAA ALUCUGEAU - 4187 ATCCAGAT T GIGACAC
161 HIMIR211 3409 UALUGALC CUGAIGAG X CGAA AGUGCUU 4188 ACAGCACT T GATCATAA
165 HUIMIR211 3410 GGUAUUAU CUGALGAG X (GRA ACAAGG 4189 CACTTGAT C ATAATALC
168 HIMIR211 3411 UUGGGAU CUOGAUGAG X CGRA ALGRICAA 4190 TIGATCAT A ATACCCAA
171 HIMIR211 3412 GOCUUGGG CUGAIGRG X OGAA  AUUALGRL 4191 ATCATAAT A COCAAGCC
187 HIMIR211 3413 UCAGAAIG CUGAUGRAG X CGAA ACUCCUUG 4192 CAAGCAGT T CATTCTGA
188 HMIR211 3414 GXAGAA CUGRLGAG X CGAA ARCUGCUU 4193 AAGCAGTIT C ATTCIGAC |.
191 HMIR211 3415 TUURCAG CUGRLIGAG X CRAA  AUGAMCUG 4194 CAGITCAT T CIGACARA
192 HIMIR211 3416 ADUUGUCA COGRAUGRAG X OGAA ARLGAALU 4195 AGTTCATT C TGACAAAT
201 HMIR211 3417 COOGOGU CUGAUGAG X (GAA  AUUUGXCA 4196 TGACAAAT C AORAOSC
211 HUMTR211 3418 UOGGAA CUOGAIGRG X CGAA  ACQOGIAG 4197 QGRAOGCT C TACTCCRA
213 HUIMTR211 3419 CCUUGEAG CUGAUGAG X CGAA AGAGOCGU 4198 AOGGCICT A CTCCAACC
216 HIMIR211 3420 UUUGCUUG CUGALGRG X OGRA  AGUIAGAGC 4199 GCICTACT C CAAGCARA
227 HMIR211 3421 GOCAGRAU CUGRLGAG X CGAA  ACUUUGCU 4200 AGCAAAGT C ATTCTIGEC
230 HMIR211 3422 CUEGCCAG QGAGAG X (GRA AUGARCUUU 4201 AAMGTCAT T CTGCCAG
231 HMIRZ211 3423 QCUGECCA CUGALGAG X QGRA  AAIIGACUU 4202 ARGTCATT C TGROCAOLG
246 "HIMIR211 3424 OEAGISG CUGALGAG X OGAA  ALCUUCC 4203 GGCARGAT T CCRACTCCG
247 HMIR211 3425 COGAGG CUGALGRAG X CGRA AAICUC 4204 GCAAGATT C CACTOOG
252 HIMIR211 3426 TUUUOOOG CUGALGAG X CGGRA  AGUGGARD 4205 ATTCCACT C OGGGAAAA
263 HIMIR211 3427 GRAGAA CUGALGAG X -CGRA  ACUUULCC 4206 GGAAAAGT T TICCTTAC
264 HMIRZ211 3428 UGUARGGA CUGALGAG X QGAA AACUUURXC 4207 GAAARGTT T TCCTTACA
265 HUMIR211 3429 UUGIRAAGG CUGALGAG X CGAA AAACUUIU 4208 AAAMGTIT T CCITRCAA
266 HIMIR211 3430 GUUGIRAG CUGALGAG X CGAA AAARCUUU 4209 AAMGTTIT C CITACARC
269 HIMIR211 3431 GEAGUUGU CUGALGAG X CGAA AGGAAARC 4210 GITTICCT T ACARCICC
270 HIMIR211 3432 UEGAGIUG CUGAUGRG X CGRA AMIGAAAA 4211 TTTTCCIT A CAACTCCA
276 HIMIR211 3433 UGCALCUG CUGALGAG X GGRA AGUUGURA 4212 TTACAACT C CAGATGCA
293 HIMIR211 3434 ANCUGGUU CUGAGAG X CGAA ACACCUXC 4213 GCAGGIGT C AACCAGTIT
301 HMR211 3435 UAAAAAAL CUGALGRAG X OGAA ACUCGUUG 4214 CARCCRGT T ATTITTTA
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Table IV. Hammerhead Ribozymes to TR2-9 and TR2-11 Orphan Receptor Genes

102 HUMTR211 3436 &= CUGAUGAG X CGAA AACUGGUU 4215 22CCAGTT A TTTTITRC
304 HMIR211 3437 UGGURAAA CUGRAUGAG X CGRA AUAACUGG 4216 CC2GTTAT T TTTTACCA
305 HUMTR211 3438 GQUGERARA CUGAUGAG X CGRAA ANIAAOG 4217 CAGTTATT T TITAOCAC
206 HRMIR211 3439 ATGGAA CUGAUGAG X CGAA AAALAACU 4218 AGTTATTT T TTACCACT
307 HIMTR211 3440 GEUGRUA CUGAIGAG X CGAA AAAAIRAC 4219 ° | GITATTIT T TACCACIC
308 HUMTR211 3441 GEAGUGGU CUGALGAG X CGAA AAAAAIRA 4220 TTATTTTT T ACCACTCC
309 HUMIR211 3442 ATCAGUGG CUGAGAG X CGAA AMAARALA 4221 TATTTTTT A CCACTCCT
315 HUMTR211 3443 CACAICAG CUGAIGAG X CGAA AGUGGURA 4222 TTACCACT C CTGATCIG
321 HUMIR211 3444 UGCAGACA CUGAIGAG X CGAA AUCAGGAG 4223 CTCCTGAT C TGICTGCA
325 HOMTR211 3445 GUGUGCA CUGAUGAG X CGAA ACAGAICA 4224 TGATCTGT C TOCACAAD
44 HUMTR211 3446 CUGUUAG CUGALIGAG X CGAA AOCUGCAG 4225 CTGCAGCT C CTAACAGA
347 HUMIR211 3447 TRAICUGU CUGAGAG X CGRA  AGGAOCUG 4226 CACCTCCT A ACAGATAA
354 HUMIR211 3448 UGGAGAAL] CUGAIGAG X CGRA ALCUGUUA 4227 TAACAGAT A ATTCICCA
357 HUMIR211 3449 GUCUGGAG CUGAIGAG X CGAA AUUACUG 4228 CACATAAT T CTCCAGAC
358 HUMIR211 3450 GECUGGA CUGALGAG X CGAA AALUAICU 4229 2CATAATT C TOCAGACC
360 HUMIR211 3451 UUGGUCUG CUGALGAG X (CGAA  AGARINRAU 4230 ATAATTCT C CRGACCRA
378 HUMIR211 3452 AAAANCCU CUGAAG X CGRA  AUUUGGUC 4231 GACCAAAT A AGGTTTTT
383 HUMTR211 3453 2CAICARA. CUGAGAG X CGAA ACCUURLU 4232 RATARGGT T TTTGAICT
384 HUMIR211 3454 AAGAICAA CUGALGAG X CGAA ARCCUURAU 4233 ATAAGGTT T TTGATCTT
385 HUMIR211 3455 AMGAICA CUGALGAG X CGPA AAACCUUA 4234 TAAGGTTT T TGATCTTT
386 HUMIR211 3456 CAMAGAIC CUGALGAG X CGAA AAAACCUU 4235 AMGGTTTT T GAICTTIG
390 HIMIR211 3457 URCGCAAA CUGALGAG X CGAA ALCAARARA 4236 TTTTIGAT C TTTGCGIA
392 HIMTR211 3458 ACVAOCA CUGALGAG X OGAA AGRAICAAA 4237 TTTGATCT T TGOGTAGT
393 HIMIR211 3459 (ROUACGC CUGALGAG X CGRA  ARGAICAA 4238 TIGATCIT T GOGTAGTA
398 HUIMTR211 3460 CCACAIRC QUGALGAG X CGRA AOGCARRG 4239 CTTTGOGT A GTATGIGG
401 HUMTR211 3461 UCLOCACA CUGAUGAG X (GAA  ACUACGCA 4240 TOOGTAGT A TCTGGAGA
418 HIMIR211 3462 GACGOCU CUGALGAG X (GAA ALGCUULG 4241 CRAAMYCAT C ACGAOGIC
426 HUMTR211 3463 UCCALRAD CUGAIGAG X CGAA ACGUOCUG 4242 CAGGAOGT C ATTATGGA
429 HUMIR211 3464 UGCUCCAD CUGALGAG X CGAA  ALGAOGUC 4243 GRAOGTCAT T ATGGAGCA
430 HUMIR211 3465 CUGCIXCA CUGALGAG X CGAA AAIGROGU 4244 ACGTCATT A TGGACAG
440 HIMIR211 3466 UCACARGU CUGALGAG X CGAA ACUGCUCC 4245 GGAGCAGT A ACTIGIGA
444 HUMIR211 3467 GOOUCAC CUGALGAG X OGA AGUUACUG 4246 CAGTRACT T GIGAAGEC
463 HIMIR211 3468 UUUUARAA CUGALIGEG X CGAA ALCCUUIG 4247 CAPAGEAT T TTTTRAAA
464 HMIR211 3469 CUUtUAAA CUGALIGAG X CGAA AALCCUU 4248 AAMOGATT T TTTAARAG
465 HIMIR211 3470 UCUUURAA CUGALGAG X CGAA ARALIOCWU 4249 MAGGATTT T TTARARGA
466 HIMIR211 3471 UUCUUUUA CUGALIGAG X OGAA  AAAAICU 4250 ACGATTTT T TAARRGAA
467 HMIR211 3472 CUUCUUUU CUGRDIZAG X CGAA. ARAAAIXTC 4251 GGRATTTTT T ARARGARG
468 HMIR211 3473 QOUUCUUU CUGALGAG X CGAA ARARAAIC 4252 GATTTTTT A ARRGARC
479 HUMIR211 3474. UUUUUIOG CUGALIGAG X CGAA  ALGCUUCU 4253 AGAAGCAT C CGAAAARA
489 HIMIR211 3475 AUAIACUA CUGAIGAG X CGAA  AUUUUUUC 4254 GAARAAAT T TAGTATRT
490 HIMIR211 3476 AATNRACU CUGAIGAG X CGAA AAIUUUU 4255 AAMARATT T AGTATATT
491 HIMIR211 3477 GAAIAIAC CUGAIGAG X CGAA AAAUULU 4256 DAMAATTT A GIATATIC
494 HIMIR211 3478 CALGAAIA CUGAIKGAG X CGAA ACURARINJ 4257 MATTTAGT A TATTCATG
496 HIMIR211 3479 GACAUGAA CUGALGAG X CGAA AUACURAA 4258 TTTAGTAT A TICATGIC
498 HIMIR211 3480 UCGACALG CUGALGAG X (GRA AIRIACTA 4259 TAGTATAT T CATGTCGA
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HUMTR211 3481 CUCGACAU CUGALGAG X QGAA AALALRACU 4260 AGTATATT C ATGICGAG
304 HIMIR211 3482 UGALCCUC CUGALIGAG X QGAA ACAUGRAU 4261 ATTCAIGT C GAGGATCA
511 HUMTR211 3483 AAOCUUU CUGALGAG X QGAA  AUCCUCGA 4262 TCGAGGAT C AAMOGATT
519 HIMIR211 3484 AAPAIRC CUGALGAG X CGAA AUCCUUUG 4263 CRAMGGAT T GTATTATT
322 HUMTR211 3485 AIXAAIAA CUGAIGAG X CGAA ACAAIIOCU 4264 AGGATTGT A TTATTAAT
324 HMIR211 3486 UUAUAALJ CUGALIGAG X CGPA ALRCAALC 4265 GATTGTAT T ATTAATAA
325. HMIR211 | - 3487 CUUMJURA. CUGALGAG X CGAA AALRCAAL 4266 ATTGTATT A TTRAATARG
527 HIMIR211 3488 UCCUUALU CUGALIGAG X CGAA  ALRALRCA 4267 TGTATTAT T AATAAGCA
328 HUMIR211 3489 GUECUURAU CUGAUCAG X OGAA AMRAIRC 4268 GTATTATT A ATAAGCAC
531 HUMIR211 3490 GUSGUGCU CUGAUGAG X CGAA AUURAIRA 4269 TTATTAAT A AGCAOCAC
352 HIMIR211 3491 GCAGUADU CUGALGAG X QGAA ACAGOGRU 4270 'ACCGCTGT C AATACTGC
356 HIMIR211 3492 ACCUGCAG CUGALGAG X CGAA AUUGACAG 4271 CIGICAAT A CTGCAGGT
565 HMIR211 3493 ACUCUGU CUGALGAG X CGRA  ACCUGCAG 4272 CTGCAGGT T ACAGACAT
566 HIMIR211 3494 CALCUCUG CUGALGAG X CGAA AACCUGCA 4273 TQCAGGIT A CAGAGATG |
576 HIMIR211 3495 AANGCAA CUGAIGAG X CGAA ACRICUCU 4274 AGAGATGT A TTGCGTTT
578 HIMIR211 3496 CCAARCGC CUGALGAG X CGAA AURCAIXU | - 4275 ACATGTAT T GOGTTICG
583 HIMTR211 3497 UCAJUCCA CUGALGAG X CGAA ACGCANIA 4276 TATTGOGT T TGGAATGA
384 HUIMIR211 3498 UUCAUDCC CUGAUGRG X CGRA  AACGCARAU 4277 ATTGCGIT 7T

501 HIMIR211 3499 AUUGGACA CUGAUGAG X CGAA AGUCUUGC 4278 GCAAGACT C TGICCRAT
&05 HIMIR211 3500 UCACAIUG CUGAUGAG X CGRA ACAGRIC 4279 GACTCTGT C CAATGIGA
526 HIMIR211 3501 GAIRCUUC CUGALGAG X CGAA. AUGGGUUU 4280 AAMOCCAT T GAAGTATC
632 HIMIR211 3502 CUOGUGA. CUGAIXGAG X CGAA  ACUUCAAU 4281 ATTGAAGT A TCACGAGA
634 HUMIR211 3503 UUUCUOGU CUGALIGAG X QGRA  ALIACUUCA 4282 TGAMGTAT C ACGAGAARA
646 HMIR211 3504 AGIXGAA CUGAIGAG X CGAA AUUUUUCU 4283 AGAAAAAT C TTCCAACT
648 HUMTR211 3505 ACAGUUGG CUGALGAG X CGRA AGAUUUUY 4284 AAADATCT T CCAACTGT
549 HIMIR211 3506 CACAGUUG CUGAIIGAG X CGAA  ARGAIIUUU 4285 ARAATCTT C CAACTGIG
663 HIMIR211 3507 UCUGUUG CUGAIGAG X CGAA  AGCEOCEC 4286 GTGOOGCT T CAACAGAA
564 HIMIR211 3508 UUUCUGUU  CUGAIGAG X OGAA ARGOOGCA 4287 TGOOGCTT C AACRGARA
&77 HIMIR211 3509 COGAIAIA CUGALGAG X CGRA  AUUUUUUC 4288 GAADAAAT C TATATOOG
679 HIMIR211 3510 UUCGGAIA CUGALGAG X CGAA AGAIUUUU 4289 ARAAATCT A TATCOGAA
681 HUMIR211 3511 CUUCOGGA CUGALGRG X CGRA ALBGAUUU 4290 AAATCTAT A TCCGAAMG
€83 HMIR211 3512 UOCUUXG CUGAIGAG X CGAA  ATRIAGAU 4291 ATCTATAT C CGAAAGGA
695 HMIR211 3513 GIOUARCG CUGAIGAG X CGAA AGGUOCWU 4292 AMOGACCT T QGETAIXCC
696 HUMIR211 3514 UGGCUAC CUGALGAG X OGRA  ARGEUOCU 4293 MIGAOCTT C GTAGCOCA
699 HUMIR211 3515 TANIGEEC CUGALGAG X CGAA ACGAMNGRU 4294 ACCTTOGT A GOOCATTA
706 HUMIR211 3516 UUCCAGUU CUGALGAG X CGAA AIGGGCUA 4295 TAGOCCAT T AACTGCAA
707 HIMIR211 3517 GUUGCAGU CUGAIGAG X CGAA  AAIIECU 4296 AOOCATT A ACTGCARC
717 HMIR211 3518 AARACUUG CUGALGAG X CGRAA AGUUCCAG 4297 CTGCAACT C CARCTTIT
723 HIMIR211 3519 UGUACAA CUGAIGAG X CGAA 2GUUGEAG 4298 CTCCAACT T TIGTAACA
724 HIMIR211 3520 CUGRCA CUGALGAG X CGAA AAGUUGGA 4299 TOCARCIT T TGTRACAG
725 HIMIR211 3521 UCUGUUAC CUGALIGAG X CGAA AANGIUGG 4300 CCAACTTT T GTAACAGA
728 HIMIR211 3522 QRAICUGU CUGAIGAG X CGAA ACARARGU 4301 ACTTTIGT A ACRAGATRG
735 HMIR211 3523 ACUUUCAC CUGAIGAG X CGAA AUCUGUUA 4302 TARCAGAT A GIGAMMGT
744 HIMIR211 3524 UGAOCUUG CUGALGAG X CGAA ACUUUCAC 4303 GIGAAMGT A CRAAGGICA
751 HIMIRZ211 3525 GIOCUGUU CUGAUGAG X CGAA ACCLUGUA 4304 TACARGGT C ARCAGGRC
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763

HUMIR211

3526

CGAALCU CUGAUGAG X CGAA ACAGUCCU 4305 AGGACTGT T *CGATTICAG
764 HMIR211 3527 CCUGRALC CUGAGAG X CGAA AACAGUCC 4306 GGACIGIT = =
768 HIMIR211 3528 CAUUCCUG  CUGALIGAG X QGAA AUCURACA 4307 TGTTAGAT T~ MEGAATG
769 HUMIR211 3529 ACAITUOCU CUGALGAG X CGRA AALICURAC 4308 GITAGATT C XGGAAIGT
778 HIMIR211 3530 UADUCAUG CUGALGAG X QGAA ACAUUCCU 4309 ACGARTGT = CATGAATA
779 HUMIR211 3531 AUAUUCAU CUGALGAG X QGAA AACAIUCC 4310 GGAATGIT C MTGAATAT
786 HOMIR211 3532 UCGAUGAA CUGALGAG X CGAA AUCALGA 4311 TCATGAAT = TTCATCCA
788 HIMIR211 3533 GAIXGAUG CUGALGAG X CGAA AIRIUCAU 4312 ATGAATAT - CATCCATC
789 HIMIR211 3534 AGAUGGA CUGALGAG X CGAA AAUALUCA 4313 TGAATATT C XTCCATCT
792 HUMIRZ211 3535 UCCAGALG CUGALGAG X CGAA ALGAAIAU 4314 ATATTCAT T Z=ICTCGA
796 HUMIR211 3536 UUACUCCA CUGALGAG X OGRA AUGGAIGA 4315 TCATCCAT T TCGAGTRA
803 HMIR211 3537 UCAGUUUU CUGALGAG X CGGAA ACUCCAGA 4316 TCIGGAGT = ZAAACTGA
814 HIMTR211 3538 GCACAGLU CUGALGAG X CGAA ACUCAGUU 4317 ARCTGAGT C ACCIGTC
832 HUMTR211 3539 CQUUALXY CUGALGAG X CGAA ALGUCAIC 4318 GATGACAT C CATANSG
837 HIMIR211 3540 UUCAGOCU CUGALGAG X CGAA  AUCUGALG 4319 CATCAGAT X 3GCIGRA
847 HIMIR211 3541 CCUGACAD CUGAUGAG X OGAA AUUCAGCC 4320 GXCTGAAT C XGICAG
852 HIMIR211 3542 AUCUCCCU . CUGALGAG X OGRA  ACAUGAU 4321 AATCATGT T CCGAGAT
861 HIMIR211 3543 UFACUUA CUGADGAG X CGAA AUCUOCCU 4322 ACGGRAGAT ~— =
862 HUMIR211 3544 AGUACUU CUGALGAG X CGAA  AAIUXCC 4323 GGGAGATT 7 2>GTACAT
863 HIMIR21L 3545 AADGUACU CUGADGAG X OGAA AAADCIXC 4324 GGAGATTT = XCTACATT
867 HIMIR211 3546 CGOCRAALG CUGALGAG X OGRA ACUURARAL 4325 ATTTAAGT 2 CATTOACC
871 HMIR211 3547 CAUUGGCC CUGALGRAG X CGAA AUGUACUU 4326 ARGTRACAT T SCCAATG
884 HMIR211 3548 ARUGAGU CUGRAUGAG X CGRA ACCACAUU 4327 AATGTGGT T ACATCATT
885 HIMIR211 3549 UAAUGALG CUGALGAG X CGAA ARCCACAT 4328 ATGIGCIT 2 CATCATTA
889 HIMIR211 3550 UCGCUAAD CUGALGAG X CGAA AUGUAACC 4329 GGTTACAT C ATTAGCGA
892 HOMIR211 3551 GAUUOCU CUGALGAG X (GAA ALGADGUA 4330 TACATCAT 7 OCOGAATC
893 HIMIR211 3552 AGAUUORC CUGALGAG X (GRA  AAIIGALGU 4331 ACATCATT = SOGRATICT
900 HIMIR211 3553 UOUUCC2A. CUGRAIGAG X CGRA  AUUCGCUA 4332 TAGOGAAT C TTGGAAAA
902 HIMIR211 3554 GUUUUCC CUGALGAG X OGRA AGAUOGC 4333 GQGAATCT T CCARAAAAC
912 HIMIR211 3555 AAGAICUU CUGALGAG X CGRAA AGUUUUUC 4334 GAAAARCT 3 AAGATCIT
918 HMIR211 3556 UUGRGRAA CUGALGRG X CGAA AUCUURG 4335 CTAAMGAT C TTTICTCAA
920 HMR211 3557 UOUUGAGA. CUGAGAG X CGRAA AGAIXTUUU 4336 AAMGATCT T TCTCRARA
921 HIMIR211 3558 AJUUUGAG CUGRUGAG X OGRA AMGAICUU 4337 AMGATCTT T CTCAAAAT
922 HIMIR211 -3559 ADUOUGA CUGRLGAG X OGAA  AAAGAICU 4338 AGATCTTT C TCAAAATA
924 HIMIR211 3560 AYAUUUU CUGAGAG X CGAA AGAAAGAU 4339 ATCTTICT C AAAATAGT
930 HIMIR211 3561 UUCADURC CUGAUGAG X CGRA AUUUUGAG 4340 CITCAAAAT 2 GTAATGRPA
933 HIMIR211 3562 CAUUCA CUGALGAG X OGRA ACUAUUUU 4341 AMAATRGT 2 XTGAAATG
943 HUMIR211 3563 CAADCAUA CUGALGRAG X QGRA ACAIUUCA 4342 TGAAATGT C TATGATIG
945 HIMIR211 3564 UUCAAUCA CUGALGAG X OGAA AGACAIUU 4343 APATGICT 2 TGATTGRA
950 HUIMIR211 3565 ARGCUUUC CUGALGAG X CGRAA AUCAUAGA 4344 TCTATGAT T GAAACIT
958 HIMIR211 3566 CAUUCUU CUGALGAG X OGAA AGCUUUCA 4345 TGAAMGCT T AAGCAATG
955 HIMIR211 3567 UCADUGCU CUGALIGAG X QGRA  ARGCUUIC 4346 GARACCTT 2 2GCAATGA
972 HIMIR211 3568 CAAMGAGG CUGAUGAG X CGRA AUCAIXCAU 4347 ATGATGAT > CCICTTIG
976 HIMIR211 3569 CRCACAAA CUGALGAG X CGAA AGGURLICA 4348 TGATALCT C TTTGIGIG
978 HIMIR211 3570 UUCACACA CUGALGAG X CGAA AGAGGUAU 4349 ATACCTCT T TGIGIGRA




WO 00/61729

PCT/US00/09721

99
Table IV. Hammerhead Ribozymes to TR2-9 and TR2-11 Orphan Receptor Genes
979 HUMIR211 3571 ALUCACAC CUGALIGAG X CGRAA ARGAGGUA 4350 TACCTCIT T GIGIGRAT
988 HUMTR211 3572 ULUCUUGA CUGALIGAG X CGAA AUUCACAC 4351 GIGIGRAT T TCAAGAMA
989 HOMIR211 3573 AUUAUUG CUGADGAG X CGAA AAUUCRCA 4352 TGIGAATT T CRAAGAAAT
990 | HMIR211 3574 | CAUUCWU CUGAUGAG X CGAA AAAUUCAC 4353 | GTGAATTT C AAGAAATG
1016 | HMIR211 3575 GOOCUUGA CUGALIGAG X QGAA ACALCACC 4354 GGIGATGT T TCAAMIIX
1017 | HMIR211 3576 UCCOCUUG CUGALGAG X CGAA AACAIXCAC 4355 GIGATGTT T CAAGGGCA
1018 | HUMIR211 3577 ABOCCWU CUGAGAG X CGAA AARCAICA 4356 TGATGTTT C AAGGGCAT
1027 HUIMIR211 3578 GEUGCA COGAGAG X CGAA AUGCCCUU 4357 ARMGGGCAT T TGACACIC
1028 | HIMIR211 3579 AGAGUIGUC CUGRAGAG X CGAA. AADGOCCU 4358 AGOGCATT T GACACICT
1035 HIMIR211 3580 CCUUGCAA CUGRIGAG X CGAA AGUGUCAA 4359 TIGACACT C TTGCAARA
1037 | HIMIR211 3581 COUUUUGE CUGALIGAG X (GAA AGAGUGC 4360 GACACICT T GCARAAC |
1048 HIMIR211 3582 CAOGAUUC CUGAUGAG X CGAA  AGCUULU 4361 AARAGCAT T GAATCCIG
1053 HOMIR211 3583 CUOCCAG CUGAUGAG X OGRA AUUCAALG 4362 CATTGRAT C CTOGAGAG
1081 | HIMIR211 3584 COGCURACU CUGALGAG X OGAA  AGCUCUGG 4363 CCAGAGCT C AGTACGG
1085 HUMIR211 3585 ACOOOSC CUGAUGAG X CGAA  ACUGAGCU 4364 AGCTCAGT A GOGGGCAT
1106 | HUMIR211 3586 AUAGGUG CUGAUGAG X CGRA ACACUICC 4365 GGAAGTGT A CACCTAAT
1112 | HMIR211 3587 CCAGUGAU CUGALIGAG X CGAR AGGUGUAC 4366 GTACACCT A ATCACTGS
1115 HOMIR211 3588 UCUCCAGU CUGAUGAG X CGAA AUUACEDG 4367 CACCTAAT C ACTGGAGA
1125 | HUMIR211 3589 RIGCUUG CUGALIGAG X CGAA AUCUCCAG 4368 CTGGAGAT T CAAGCATA
1126. | HIMIR211 3590 UUALGCUU. CUGALGAG X CGAA. ARLCUCCA 4369 TGGAGATT C AMNGCATAA
1133 HIMIR211 3591 GUGUAAUU CUGALGAG X CGAA AUGCUUGA 4370 TCAAGCAT A AATTACRAC
1137 HIMIR211 3592 UUOGEUGU CUGAIGAG X CGRA  AUUADGC 4371 CCATAAAT T ACACCGAA
1138 HIMIR211 3593 UUUCGEG CUGAUGAG X OGRA  ARLUUALXG 4372 CATARATT A CROOGRAAA
1160 HIMIR211 3594 UOUGEAG CUGAUGAG X CGRA AGUEECC 4373 GEGCCACT T CTCACOGA
1161 | HUMIR211l 3595 AUOGOUGA. CUGAUGAG X CGRAA AAGUGGCC 4374 GGOCACTT C TCAGOGAT
1163 HUMIR211 3596 GAAGCU CUGALIGAG X CGAA AGARGUG 4375 CCACTICT C AGOGATIC
1170 HOMIR211 3597 RCAG CUGAUGAG X CGAA ALCGCUGA 4376 TCAGCGAT T CACATGTA
1171 | HMIR211 3598 CUACAGU CUGAGAG X CGAA ARG 4377 CAGOGAIT C ACAIGTAG
1178 HIMIR211 3599 CURRARGC CUGAGAG X CGAA ACAUGUGA 4378 TCACATGT A GCITICAG
1182 HIMIR211 3600 GOCUGA CUGRAIGAG X CGAA ACCURACAL 4379 ATGTAGCT T TCAGSCIC
1183 | HIMIR211 3601 UGAGOOUG CUGAIGAG X GGRA AAGCURCA 4380 TGTAGCTT T CAGGCTCA
1184 HIMIR211 3602 GUGRAOXCU CUGAUGAG X CGRA ARAGCURC 4381 GIAGCTIT C AGGCTCAC
1190 HUMIR211 3603 GXAGU CUGAUGAG X CGARA AGCCUGRAA 4382 TTCAGECT C ACCATACC
1200 HUMIR211 3604 CAIRGRG CUGAGRAG X CGAA AGGCAGG 4383 CCATGCCT T CTCCIATG
1201 HIMIR211 3605 CCAIIRGGA CUGARAG X OGRA AMGGCALG 4384 CATCCCIT C TCCTAIGC
1203 HUMIR211 3606 AQGCAIRG CUGALIGAG X CGAA AGRAAGGCA 4385 TOCOCTICT C CTATAXCT
1206 HUMIR211 3607 CUCAGGCA CUGALIGAG X CGAA AGGRGAAG 4386 CTTCICCT A TOCCTERG
1216 HIMIR211 3608 CAUUCAGG CUGAIIGAG X CGRA ACUCAGLC 4387 GCCTGAGT A CCTGRATG
1231 | HMIR211 3609 CQOCCAALG CUGALIGAG X OGRAA AGUGCACA 4388 TGIGCACT A CATTOGSG
1235 HIMIR211 3610 GACIOOCC CUGALGAG X QGRA  ALGURGUG 4389 CACTACAT T GRGGAGIC
1243 HIMIR211 3611 UGGAGCA CUGAIGAG X CGAA ACUOCOCCA 4390 TAGEAGT C TCCTCCA
1249 | HMIR211 3612 GCAGUCUG CUGAUGRG X (GAA AGGCAGAC 4391 GTCTGCCT C CAGACTGC
1261 HIMIR211 3613 UUGAIRAG CUGRUGAG X QGRA ACAGCAGU 4392 ACTGCIGT T CTTATCAA
1262 HIMIR211 3614 AUUGAIIAA CUGALGAG X OGRA ARCPGCRG 4393 CIGCTGIT C TTATCAAT
1264 HMIR211 3615 GCAUUGAU CUGALXGAG X CGRAA AGARCAGC 4394 GCTGTICT T ATCAATGC
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1265 | HUMIR211 3616 UGCAUUGA CUGALIGAG X CGAA AMGAACAG 4395 CIGITCTT A TCAATGCA
1267 | HUMIR211 3617 AGUGCAUU CUGALGAG X CGAA  AUAAGAAC 4396 GTTCITAT C AATGCACT
1283 HUMIR211 3618 GGRAACGA CUGALGAG X (GAA AGUGCCCA 4397 TAGGCACT T TOGATTCC
1284 | HUMIR211 3619 AGGAAIXG CUGALGAG X CGAA AAGUGOCC 4398 GGGCACTT T CGATTOCT
1285 HUMIR211 3620 AMGAAIC CUGALGAG X QGAA ARAGIGCC 4399 QCCACTIT C GATTICCIT
1289 HUMIR211 3621 AMGAAGG CUGAUGAG X CGAA ALCGAAAG 4400 CITTCGAT- T CCTICTIT
1290 HIMIR211 3622 GAAAGAAG CUGALIGAG X CGAA AAIXGAAA 4401 TTTCGATT C CTTCTTIC
1293 HMIR211 3623 CUGGARAG CUGAUGAG X (GAA AGRAAING 4402 CGATTCCT T CTTTCCAG
1294 | HUMIR211 3624 QCUGGAAA CUGALGAG X CGRA AAGGAALC 4403 GATTCCTT .C TTTOCAGG
1296 HUMIR211 3625 ACCCUGGA CUGAIGAG X CGAA AGARGGAA 4404 TTCCTICT T TCCAGCT
1297 | HUMIR21l 3626 GACCOURG CUGALGAG X OGRA AAGRACGA 4405 TOCTICTT T CCAGGCIC
1298 | HMIR211 3627 ACAGOCUG CUGALGAG X CGRA AMAGANTGG 4406 CCTICTTT C CAGGCICT
1305 | HUMIR21l 3628 UUGOCCUA  CUGALGAG X CGRAA  AGCCUGGA 4407 | TOCAGGCT C TAGGGCAA
1307 | HMIR21L 3629 UCUUGCOC. CUGALGAG X CGAA  AGAGOCUG 4408 CRAGGCTCT A GRGCAAGA
1325 | HMIR211 3630 ACCAGUGA. CUGALGAG X CGRAA  ALIGCUGUU 4409 AACPGCAT A TCACTGGT
1327 HMIR211 3631 UCACCAGU CUGAUGAG X CEAA ALALLCUG 4410 CAGCATAT C ACTGGTGA
1341 HIMIR211 3632 AUUDCCAGU CUGAUGAG X CGAA ACCUUCA 4411 TGAAAGCT T ACTGGAAT
1342 HUMIR211 3633 CAUUCCAG CUGALGAG X QGAA AACRCUUUC 4412 GRAMCTT A CICGAATG
1355 | HUMIR21L 3634 AGAGUAAA CUGAUGAG X CGRA RGUUCAIU 4413 ANTGAACT T TITACICT
1356 HUIMIR211 3635 AAGAGUAA CUGALGAG X OGAA AAGUIXCALS 4414 ATGAACTT T TTACICIT
1357 HUMTR211 3636 CAAGAGUA CUGAUGAG X CGAA AAAGUUCA 4415 TGAACTIT T TACICTIG
1358 HIMIR211 3637 QCANGAGU CUGAIIGAG X (OGAA AAAAGUUC 4416 GAACTTIT T ACICTTGG
1359 | HMR211 3638 ACCARGAG CUGAUGAG X CGRA APARAGUU 4417 AACTTTIT A CTCTTGGT
1362 | HMIR211 3639 ANGACCAR CUGALGAG X CGAA AGUARAAA 4418 TTTTTACT C TIGGICIT
1364 HOMTR211 3640 GCAMGNC CUGAUGAG X CGRA AGAGIIARA 4419 TTTACTCT T GGICTIGC
1368 HIMIR211 3641 CUGCGCRAA CUGALGAG X (OGAA ACCAAGRG 4420 CICTIGGT C TTGOOCAG
1370 HIMIR211 3642 CAOUCGEC CUGALGRAG X CGRA AGACCAAG 4421 CTTIGGICT T GOOCAGIG
1397 | HMIR211 3643 AURGUUGC CUGALIGAG X CGAA ACALUCAL 4422 ATGAATGT A GCAACTAT
1404 HIMIR211 3644 UCCUAAIA CUGAUGAG X OGRA AGUUGCUA 4423 TAGCCAACT A TATTAGCA
1406 HIMIR211 3645 GUUCCIRA CUGAIGAG X (OGRA AIRGUUGC - 4424 GCAACTAT A TIAGCARC
1408 HIMIR211 3646 AGUUCCU CUGALUGAG X (CGAA  AUALIAGU 4425 AMCTATAT T AGCAMCAT
1409 HMIR211 3647 ANTCICC CUGADRG X CGRA AAIAIIACU 4426 ACTATATT A GCAACATT
1417 HIMIR211 3648 AAUGACA CUGAUGAG X OGRA ALIGLRCCU 4427 ACAMCAT T TGICAAIT
1418 | HMIR211 3649 CAAIRIGAC CUGALIGAG X CGAA ANGUURC 4428 GCARCATT T GICRATIG
1421 HIMIR211 3650 AGACAAUU CUGAIGAG X CGAA ACAAAIGU 4429 ACATTIGT C AATIGICT
1425 HIMIR211 3651 GURAMAL CUGAUGRAG X CGRAA AUUGALCAA 4430 TIGTCAAT T GICTICAC
1428 | HIMIR211 3652 AGUGAA CUGALGAG X CGAA ACAAIUGA 4431 TCAATTGT C TICACAAT
1430 HUIMIR211 3653 QRAIGG CUGAUGAG X CGAA AGACARIU 4432 AATTGICT T CACAATAG
1431 HIMIR211 3654 ACUADUGU CUGALGRAG X CGAA  AAGRCAALS 4433 ATTQICIT C ACAATAGT
1437 HIMTR211 3655 UGAMRLC CUGAIGAG X CGRA AUGUGAA 4434 TICACAAT A GICTICARA
1440 HMIR211 3656 UUGUUGAA CUGALGAG X CGRA ACTAUUGT 4435 ACAATAGT C TTCARCAA
1442 | HMIR211 3657 CUUGUUG CUGAUGAG X (GAA  AGACTAUU 4436 ARTAGICT T CAMCAAGA
1443 HIMIR211 3658 ADCUUGOU CUGALGRG X CGAA AAGRCURAU 4437 ATAGICIT C AACAMGAT
1452 HIMIR211 3659 UGACAUUU CUGAGAG X CGAA ALCUUGUU 4438 ANCAAGAT A ARATGICA
1459 | HIMIR211 3660 UUUCUGUU CUGALGAG X CGAA. ACAUUUUA 4439 TAAAATGT C AACAGAAA
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1477 HMER211 3661 CCAUCAAD CUGAUGRG X GGAA AUUUUCUU 4440 AAGAAAAT T ATTGATGG
1478 HOCR211 3662 UCCAUCRA CUGRUGAG X CGRA. AALIUUUCU 4441 AGAAAATT A TTCATGGA
1480 | HOCR21L 3663 GCUCCAC CUGALGAG X CGAA  ALRAUUUU 4442 AAAATTAT T GATCGAC
1493 HOMIR211 3664 AGUUUGAA CUGAGAG X QGRA  AUGUGCUC 4443 GRAGCACAT C TTCAAACT
1495 HOMER211 3665 GIARGUUUG CUGALGAG X CGAA AGADGICC 4444 - GCACATCT T CAAACTRC
1496 HOMIR211 3666 UGUAGUUU CUGALGAG X OGAA AACGAGUG 4445 CACATCTT C AAACTACA
1502 HIMIRZ11 3667 AACUCCUG CUGAUGAG X CGAA  AGUUUGRA 4446 TICARACT A CAGGAGIT
1510 HAMIR211 3668 UGUUACAA CUGAGAG X CRRA 2CUCCUGUT 4447 ACRAGGRAGT T TIGIAACA
1511 HUMIR21L 3669 CUGUURCA CUGALGAG X CGRA.  AACTOCUG 4448 CAOGAGTT T TGIRACRG
1512 HUMIR211 3670 GCUGUUAC CUGALGAG X QGRA AAACUCCU 4449 AGGAGTTT T GTRACRCC
1515 HAMCR211 3671 CAUGCUGU CUGAUGRG X CGRA ACAAAACU 4450 AGTTTIGT A ACACCATG
1526 HUMIR211 3672 CAGAGUUU CUGAUGAG X CGAA  ACCAIGCU 4451 AGCATGGT T 2AAACTCIG
1527 HIMIR211 3673 GCAGAGUU CUGALGAG X CGRA  AACCAIC 4452 GCATGGIT A AACTCIGC
1532 HIMIR211 3674 UCAAGCA CUGAUGAG X CGRA AGUUUARC - 4453 GITAAACT C TGCATTGA
1538 HIMIR211 3675 (AUCCALC CUGALGAG X CGRA AUGCAGAG 4454 CTCTGCAT T GATGGATA
1546 HIMIR211 3676 CAIAUCG CUGALGAG X CGAA AUCCALCA 4455 TGATGGAT A CGAATATG
1552 HMTR211 3677 CGUAGCCA CUGAUGAG X CGAA ADUCGUAU 4456 ATAOGAAT A TGCCIALC
1558 HUIMTR211 3678 CCUUCAG CUGAUGAG X CGAA AGGCAURU 4457 ATATGCCT A CCTGAMGG
1571 HUMIR211 3679 AMGAGUAC CUGALGAG X CGAA  AUUGCCUU 4458 AMXCAAT A GIACTCIT
1574 HUMIR211 3680 CUGAAGAG CUGAUGRAG X CGAA ACUAUUCC 4459 GCAATAGT A CICTTCRG
1577 HIMIR211 3681 GGACUGRA CUGAUGAG X CGAA AGURCURU 4460 ATAGTACT C TTICAGICC
1579 HIMIR211 3682 CUGACUG CUGAAG X OGAA AGRGUACU 4461 AGTACTCT T CAGTCCAG
1580 HIMIR211 3683 UCUGGACU CUGAGRG X CGAA  ARGAGUAC 4462 GIACICIT C AGTCCAGA
1584 HIMIR211 3684 AUGAICUG CUGAUGAG X OGRAA ACUGARGA 4463 TCTTCAGT C CAGATCAT
1590 HIMIR211 3685 GCUUGEAD CUGRDGAG X CGAA AUCUGGAC 4464 GICCAGAT C ATCCAARC
1593 HIMIR211 3686 UAGECUUG CUGRAIGAG X QGRAA  AUGRAIXUG 4465 CAGATCAT C CAAGCCTA
1601 HIMIR211 3687 AGUUUUC CUGAIGAG X QGAA  AGGCUUGRG 4466 CCAAGCCT A GAAAACAT
1619 HMIR211 3688 AAJUUCUC COGRIGAG X QGAA  ALCAGUUC 4467 GAACTGAT A GAGAAATT
1627 HIMIR211 3689 UUUCCUR. CUGRDGAG X CERAA  AUUUCUCU 4468 AGRAGAAAT T TCRAGGAAA
1628 HIMIR211 3690 UOUUCCUG CUGAIGAG X CGAA  AAUUUCLC 4469 GAGAAATT T CAGGAAAA
1629 HIMIR211 3691 CUOUUCCU CUGAGAG X CQGRA  AARIUCU 4470 AGAAATTT C AGGRARAG
1641 HMIR211 3692 UUOCACAU CUGRJGRG X CGAA  AGCCUUU 471 AAPAGCCT T ATGTGRA
1642 HIMIR211 3693 ADUCCACA CUGALGRG X CGAA  ARGOCUUU 4472 AMGOCTT A TGTGGAAT
1651 HMIR211 -3694 ARXCUUGG CUGAUGAG X CGRA AUCCACA 4473 TGIGGAAT T CCARGATT
1652 HIMIR211 3695 TAACUUG QUGALIGRG X CGRA AAINXCCRC 4474 GIGGAATT C CARGATTA
1659 HIMIR211 3696 CGUUALA CUGAUGAG X CGAA AUCUUGGA 4475 TCCAAGAT T ATATARCC
1660 HIMIR211 3697 UGGUUAIA CUGAIGRAG X CGAA AADCUUGG 4476 CCAAGATT A TATAAMCA
1662 HMR211 3698 UUUGGUUA CUGALGAG X CGRA  AURAIXUU 4477 AMGATTAT A TARCCAAA
1664 HIMIR211 3699 GUUUUGGU CUGAURAG X CGAA AURAURALC 4478 GATTATAT A ACCRAARC
1675 HIMIR211 3700 CAICUGGA. CUGRAIXRAG X CGAA AUGUUUUG 4479 CAAARCAT A TCCAGRTG
1677 HIMIR211 3701 GUCAUCUG CUGRLGAG X CGAA ALRLGUUU 4480 AARCATAT C CAGATGRAC
1690 HIMIR211 3702 ARACCUG CUGRAIGAG X CGRA AGGUGUCA 4481 TGACACCT A CAGGTTAT
1696 HIMIR211 3703 GUCUGGAU CUGAIGAG X CGRA AQCUGAG 4482 CTACAGT T ATCCAGRC
1697 HIMIR211 3704 AGOCUGGA. CUGAIGAG X CGAA AACCUGUA 4483 TACASGTT A TCCRAGRCT
1699 HIMIR211 3705 GRGICUG CUGAUGRG X CGAA ALIRAOCUG 4484 CAGGTTAT C CAGACTAC
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1706 | HUMIR211 3706 CUCAGAG CUGALGAG X CGAA AGUCUGGA 4485 TCCAGACT A CTACICAG
1709 HOMIRZ211 3707 AMCUGAG CUGAGAG X CGRA ARG 4486 AGACTACT A CTCAGATT
1712 | HUMIR211 3708 GOCAALCU CUGRDAG X CGRA AGIRGIRG 4487 CTACTACT C AGATTGCC
1717 HUIMIR211 3709 ANGCUGRC CUGALGAG X CGAA  ACUGAGU 4488 ACTCAGAT T GCCACCIT
1725 HMIRZ211 3710 CAGUCUUA CUGALGAG X OGAA AGCUGGCA 4489 TGOCACCT T TAMGACTG
1726 | HUMIR211 3711 UCAGUCUU CUGALIGAG X CGRA  ARGCUGC 4490 GOCAGCTT T ARGACTGA
1727 HIMIR211 - 3712 AUCAGICU CUGALGAG X CGAA AARGCUGG 4431 CCAGCTTT A AGACTGAT
1743 | HUMIR211 3713 MGUGAIGG CUGAUGAG X CGAA AGCAUUCA 4492 TGAATGCT A CCATCACT
1748 HOMIR211 3714 UCUUCAGU CUGALIGAG X CGRA ALGGUAGC 4493 GCTACCAT C ACTGARGA
1759 HIMIR211 3715 UGRAAMAAC CUGALGAG X CGRA ALUCUUCA 4494 TGARGAAT T GITITICA
1762 HUMIR211 3716 CUUUGARA CUGAIGA3 X CGRA ACRAIUCU 4495 AGAATTGT T TTTCAAAG
1763 HUMIR211 3717 CCUUGAA. CUGALIGAG X CGRA. AACAAUUC 4496 GAATTGIT T TTCAAAGG
1764 HIMIR211 3718 AOCUUUGA. CUGALGAG X OGAA  RAACRAIU 4497 AATTGTTT T TCAAAGGT
1765 HIMIR211 3719 GAOCUUUG CUGALGAG X CGRA. AAAACAAD 4498 ATTGITIT T CAAAGGIC
1766 HUIMIR211 3720 AGACCUUU CUGADGAG X CGAA AAARACAA 4499 TIGTITIT C AAAGGICT
1773 HIMIR211 3721 GCCAAMGA CUGAUGAG X CGRAA ACCUUUGA 4500 TCAAMGT C TCATTGEC
1775 | HUMIR211 3722 UUGCCAAL CUGALIGAG X CGAA AGACCUU 4501 AMAGGTCT C ATTGGCARA
1778 HRMMR211 3723 AIRUUOCC CUGAUGAG X CGRA. AUGRGACC 4502 GGTCTCAT T GGCAATAT
1785 HUMIR211 3724 AMTUOGA CUGALGAG X CGAA AUUGCCAA 4503 TIGGCAAT A TACGAATT
1787 HIMIR211 3725 UCARCG CUGALGAG X CGAA  AUADUGCC 4504 GGCAATAT A CGAATTGA
1793 HIMIR211 3726 ACACUGIC CUGAIGAG X CGAA  AUUCGUAU 4505 ATACGAAT T GRCAGIGT
1802 HIMIR211 3727 UGUOEGAU CUGAIIGAG X QGERA ACRCUGUC 4506 GRCRAGIGT T ATCCCACA
1803 HIMIR211 3728 AGUGEGA CUGADGAG X CGRA AACROUGU 4507 ACAGIGIT A TCCCACAT
1805 HIMIR211 3729 ARADGUGG CUGAUGEG X (GRA AURACACU 4508 AGIGITAT C COCACATAT
1812 | HUMIR211 3730 UUUCAARA CUGALGAG X OGAA ALUGUGGGA 4509 TCOCACAT A TTTIGAAA
1814 HIMIR211 3731 AUUUUCAA CUGALGAG X CGRA ARUGUSG 4510 CCACATAT T TTGARAAT
1815 HUMIR211 3732 CAUUUCA CUGRALGAG X CGAA AALRUGUG 4511 CACATATT T TGAAMNIG
1816 HIMIR211 3733 CCAUUUUC CUGALGAG X CGAA ARAUAIT 4512 ACATATTT T GADAATGG
1836 | HUMIR211 3734 AGAGUUAI CUGALGAG X (GAR ALCUGCRAG 4513 CTGCAGAT T ATAACICT
1837 HIMIR211 3735 GAGAGUUA. CUGALRAG X CGAA  AAUCUGCA 4514 TCCAGATT A TARCTCIC
1839 HIMIR211 3736 UUGAGAGU QUGAIGAS X CGRA  AIRACUG 4515 CAGATTAT A ACICTCRA
1843 HIMIR211 3737 UMRANUGA QUGG X CGRA AGIUAIRAA 4516 TTATAACT C TCAAATAA
1845 HIMIR211 3738 ANKIRIUU QUGAIGAG X CGRAA AGRGUURAU 4517 ATAACTCT C AAATAATT
1850 HIMIR211 3739 UGACCAAU CUGRUGRAG X CGAA AUUUGRGA 4518 TCTCARAT A ATTGGICA
1853 HIMIR211 3740 CUGUGACC QUGAIGAG X QGRA  AUURDUUG 4519 CAAATAAT T GGICACRG
1857 | HUMIR211 3741 ANICUGU CUGALGAG X CGRA ROCRAIRA 4520 TAATTGGT C ACAGCATT
1865 HIMIR211 3742 AGUUUUCA CUGALGAG X CGRA ALGCUGUG 4521 CACACCAT T TGAAARCT
1866 HRMIR211 3743 CAGUUUUC CUGAIGAG X CGRA AAUGCUGU 4522 ACPAGCATT T GARAACTG
1890 HIMIR211 3744 GUAMGUU CUGALGAG X CGAA ACAGCACU 4523 AGIGCIGT A ARCTTRAAC
1895 HOMIR211 3745 GARCAGUU CUGAGAG X (GAA AGUUURACA 4524 TGIAAACT T AACIGTIC
1896 HOMIR211 3746 AGAACAGU CUGALGAG X CGRA ARGUUUAC 4525 GIAAACTT A ACTGTICT
1902 HIMIR211 3747 UGGCAAAG CUGALTAG X CGRA ACRGUUAA 4526 TTAACIGT T CTTIGOCA
1903 HIMIR211 3748 CUGGCARA CUGAGAG X CGRA ARCAGUUA 4527 TAACTGIT C TTTCCCAG
1905 | HUMIR211 3749 UUCUGGCA CUGALGREG X (GRA AGAMCAGD 4528 ACTGTTCT T TCCCAGRA
1906 HUMTR211 3750 GUUCUGEC CUGALGAG X CGRA ARGAACHSS 4529 CIGTTCIT T GCCAGAAC




WO 00/61729

PCT/US00/09721

103
Table [V. Hammerhead Ribozymes to TR2-9 and TR2-11 Orphan Receptor Genes
1929 HOMIR211 3751 GUGAGUUC CUGRIGAG X CGRA AUUUGESG 4530 CACCAAAT T CRACTCAC
1935 FUMTR211 3752 2AMOCAGU CUGAUGRG X CGAA AGUUCAAL 4531 ATTGAACT C ACTCCTIT
1942 HMIR211 3753 UGCCUCAA CUGAUGAG X CGRA AGCAGUGA 4532 TCACTGCT T TTGAGGCA
1943 HIMIR211 3754 AUGCCUCA CUGALGAG X CGRA ANGCAGRIG 4533 CACTGCTT T TGAGGCAT
1944 HIMIR211 3755 GAUGOCUC CUGALGAG X CGAA  AAAGCAGU 4534 ACTCCTTT T GAGQCATC
1952 HIMIR211 3756 AADUUCCA CUGAUGAG X CGAA AUGCCICA 4535 TGAGCCAT C TCGARATT
1960 | HUMIR211 3757 AAAGUAAA CUGAILGAG X CGAA ALUUCCAG 4536 CTGGAAAT T TTTACTIT
1961 | HUMTR211 3758 UAAAGUAA CUGALGAG X CGAA AAIULKCCA 4537 TGGAAATT T TTACTTTA
1962 HIMIR211 3759 UURAAGUA CUGALRAG X CGRA ARALUUCC 4538 GGAAATTT T TACTTTAA
1963 HIMIR211 3760 UOUAAAGU CUGALGAG X CGAA AARAUULC 4539 GAAATTTT T ACTTTAAA
1964 | HMIR211 3761 UUUUARAG CUGAUGAG X CGRA AAAARIU 4540 AARTTTTT A CTTTAAAA
1967 HLIMIR211 3762 ACUUUUUA CUGALGAG X CGAA AGUIAAAAA 4541 TTTTTACT T TAAAMAGT
1968 HIMIR211 3763 UACUUUUU CUGAUGAG X CGAA AAGUAARA 4542 TITTACTT T AAAAAGTA
1969 | HUMTR211 3764 UUACUUUU CUGAIIGAG X CGAA AAAGUARA 4543 TTTACTTT A AAAAGTAA
1976 HIMTR211 3765 AUUCUGGU CUGAUGAG X CGAA ACUUUULA 4544 TAAAAMGT A ACCRAGAAT
1985 HUMIR211 3766 AIROCUUG CUGALGAG X (GARA  AUUCUGRT 4545 AOCRAGAAT C CAMGTAT
1992 HUMIR211 3767 AAUAAAAA CUGALGAG X CGRA AQCUUGEA 4546 TCCAAQGT A TTTTTATIT
1994 | HIMIR211 3768 AAAAIAAA. CUGALIGAG X CERA AURCCUUG 4547 CAAGGTAT T TTTATTIT
1995 | HUMIR211 3769 UAARAIAA CUGALGAG X QGAA AAURCCUU 4548 ARGGTATT T TTATTTTA
1996 | HUMIR211 3770 CURAMALR. CUGALGAG X CGRA AMALIAOCU 4549 MGGTATIT T TATTITAG
1997 HUMTR211 3771 GOURAAA CUGALIGAG X CGAA. ARRALIACC 4550 GGIATTIT T ATTTTAGC
1998 HIMIR211 37172 ACURAAA CUGAUGAG X CGAA AARAAURC 4551 GIATTTIT A TITIAGCT
2000 HUMIR211 3773 GAMGCUAA CUGALGAG X CGAA ALRAAAALY 4552 ATTITTAT T TTAGCTIC
2001 HIMIR211 3774 GGAAGCUA CUGAUGAG X CGAA ARIIARAAA 4553 TTTTIATT T TAGCTICC
2002 HUMIR211 3775 GOGAACU CUGRLGAG X CGAA AAAIIAMAA 4554 TITTATTT T AGCTICCC
2003 HIMIR211 3776 AGCGAAGC CUGRIGAG X CGAA AAAAUAAA 4555 TTTATTIT A GCTICCCT
2007 HIMIR211 3777 CURAGRG CUGAIGAG X (GAA AGCUAAAA 4556 TITTAGCT T CCCITARG
2008 HIMIR211 3778 CURAAG CUGAUGAG X OGRAA ARGCURAA 4557 TITAGCTT C QCTTAAGA
2012 HUMIR211 3779 AMAUUCUU CUGAIXRG X CGAA AGGGANK 4558 QCTICCCT T ARGAATTT
2013 HOMTR211 3780 ARANRXCU CUGAUGAG X CGAA AMIEGAAG 4559 CTTCCCIT A AGAATTTT
2019 HIMIR211 3781 ACUUCAAA CUGRALGAG X CGAA AUUCUURA 4560 TTARGAAT T TITGAAGT
2020 HUMIR211 3782 CACOXCAA CUGALGARG X (GAA AAUUCUUA 4561 TAAGAATT T TIGAAGIG
2021 | HMIR211 3783 UCACUICA CUGALGAG X OGRA AAAIXICUU 4562 AMGARTTT T TGAAGTGA
2022 HIMIR211 3784 GUCACUUC CUGAIGRG X CGAA AAAALXCU 4563 ARANTTIT T GAAGIGRC
2049 HUIMTR211 3785 AUUCAUUU CUGALIGAG X (OGAA AU 4564 GCAGARAAT T AAATGAAT
2050 HIMIR211 3786 AMJUCAIU CUGALGAG X CGAA AADUAG 4565 CAGAAATT A AATGAATT
2058 HUMIR211 3787 GGARGARAA CUGAIGAG X (GRRA AUUCAXU 4566 AAATGAAT T TTICTICC
© 2059 | HUMIR211 3788 AGARGAA CUGALIGAG X CGRA AALXXCAIN 4567 AATGAATT T TICTICCT
2060 HIMIR211 3789 CAOGAAGA CURALGAG X CGAA AAAIUCAU 4568 ATGAATTT T TCITCCIG
2061 HUMTR211 3790 UCAGGAAG CUGALGAG X CGAA AAAAIRXA 4569 TGAATTTT T CTICCT&RA
2062 | HMIR211 3791 AUCAGGAA CUGALGAG X CGAA AARAAINC 4570 GAATTTTT C TTCCTGAT
2064 HMIR211 3792 GRAAIXCALG CUGALGAG X QGAA AGRAAAALY 4571 ATTITICT T CCIGATIC
2065 HUMIR211 3793 GRAIXCAG CUGALGAG X CGAA ARGARAAA 4572 TITTICTT C CIGATICC
2071 | HRMIR211 3794 UUUARAG CUGALGAG X CGAA AUCAGGRAA 4573 TICCTGAT T CCTTTAAA
2072 HIMIR211 3795 AUUUAANG CUGALGAG X CGAA AAICACGA 4574 TCCTGATT C CTTTAAAT
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2075

HUMIR211 3796 UUCAUUUA CUGAUGAG X CGRAA AGGAAICA 4575 TGATTCCT T TAAATGAA

2076 HUMIR211 3797 AUUCAUUU CUGALGAG X CGAA  AAGGAAIC 4576 GATTCCTT T AAATGAAT
2077 HUMIR211 3798 UAUUCAUU CUGAUGEC X CGRA AAAGGAAL 4577 ATTCCTIT A ARTGAATA
2085 HIMIR211 3799 CUGUUUCA CUGALGAG X CGRAA  AUUCALUU 4578 AAATGAAT A TGAAACAC
2095 HIMIR211 3800 UAAAIUUG CUGALGAG X CGAA AGUGUULC 4579 GAARCACT A CARATTTA
2101 HUMTR211 3801 CAAGRAUA CUGALGAG X CGAA AUUUGIRG 4580 CTACAAAT T TATTCTIG
2102 HUMIR211 3802 CCAAGAAL CUGALGAG X CGAA AAUUUGUA 4581 TACAAATT T ATTCTICG
2103 HUMIR211 3803 ACCAMGAA CUGRUGAG X CGAA AMAUUUGU 4582 ACARATTT A TTCTIGGT
2105 HIMIR211 3804 UCACCAAG CUGRIGAG X CGAA AURAAUIUU 4583 AARTTTAT T CTTIGGIGA
2106 HIMIR211 3805 CUCACCAA CUGALGRG X CGAA AARAAIU 4584 AATTTATT C TIGGIGAA
2108 HOMIR211 3806 CCUUCACC CUGALGAG X CGAA AGAALIARAA 4585 TTTATICT T GGIGAAGA
2121 HUMIR211 3807 GCUUCAGG CUGAUGAG X CGAA AUCAIXUU 4586 AAGRTGAT A QCTGAAGC
2133 HUMIR211 3808 CAAGRGGU CUGALGAG X CGAA ACAGCULC 4587 GAAGCTGT .C ACCICTIG
2138 HIMIR211 3809 AUAADCAA CUGALGAG X OGRA POGUGACA 4588 TGTCACCT C TTIGATTAT
2140 HUMIR211 3810 AGAIAADC CUGALGAG X CGAA AGAGGUGA 4589 TCACCICT T GATTAICT
2144 HUMIR211 3811 GUUUAGA CUGAIGAG X CRAA AUCAAGRAG 4550 CICTIGAT T ATCTAAAC
2145 HIMIR211 3812 AGUUUAGA CUGALICAG X OGAA AAUCAAGA 4591 TCTTGATT A TCTRAACT
2147 HIMIR211 3813 CURGUOUA CUGRLGAG X CGAA. AURAIXCAA 4592 TTGATTAT C TAAACTAA
2149 HIMIR211 3814 CCUUAGUU CUGALGAG X OQEAA AGAUAAIC 4593 GATTATCT A AACTARGC
2154 HIMIR211 3815 UGAGOCCU CUGALGRG X CGAA  AGUUUAGA 45594 TCTAAACT A AGOGCTCA
2161 HIMIR211 3816 ANAGAAU CUGALGRAG X CGAA AGQGCUA 4595 TAMGOGCT C ATICIATT
2164 HIMIR211 3817 UAAANIRG CUGALGAG X OGRA AUGROORC | 4596 GOCICAT T CIATTTTA
2165 HIMIR211 3818 AURAAAUA CUGAUGAG X OGRA AAGROOG 4597 QGCICATT C TATTTTAT
2167 HIMIR211 3819 UUAUAARMA. CUGALGRAG X CGAA AGRAIGRAG 4598 CTCATTCT A TTTTATAA
2169 HIMIR211 3820 UUUUALRA CUGAIGRG X CGAA AIRGRALG 4599 CATTCTAT T TTATAARAA
2170 HIMIR211 3821 GUUUUAUA CUGAIGAG X OGRA AAIRGAAL 4600 ATTCTATT T TATAAAAC
2171 HUMIR211 3822 UGUUUUAU CUGRAIGAG X CGAA ARAIRGAA 4601 TICTAITT T ATAARACA
2172 HIMIR211 3823 UUGUUUUA CUGALIGAG X CGRA AAAAIIAGA 4602 TCIATTTT A TRAAACRA
2174 HMIR211 3824 ADUUGUUU CUGALIGAG X CGRA  AIIRAAAITA 4603 TATTTTAT A AARCAAAT
2183 HUMIR211 3825 GRCUAAUU CUGAIKRG X CGRA  AUUUGUT 4604 AAMCAMAT A AATTAGIC
2187 HUMIR211 3826 APGAGNU CUGALGAG X QGRA AUUUADUU 4605 AARTAAAT T AGICICIT
2188 HIMIR211 3827 AAMGAGAC CUGAIGAG X COGAA AAIXNAI 4606 AATARATT A GICICTIT
2191 HIMIR211 3828 AAAARMGA CUGAIGAG X OGRA ACUAAIXU 4607 AAATTAGT C TCTTTTIT
2193 HIMIR211 -3829 AGAAAMAA CUGALGAG X QGRA AGACUAAU 4608 ATTAGICT C TTITTICT
15 HUMIR29 3830 AGAARGCC CUGAIGAG X OQGRA AOEEXXC 4609 GEEOCOGT C GOCTTICT
20 HIMIR29 3831 GUUGAAGA CUGALGAG X CEAA AOOGAOG 4610 CGIOGACT T TCTTCAAC
pal HIMIR29 3832 GGUUGAAG CUGAIGAG X (GAA AACCURLC 4611 GICGXTT T CTTCAACC
2 HUMIR29 3833 GGUUGAA. CUGAGAG X OGRA AAAGOCGA 4612 TQGCTIT C TTCAACCC
A4 HUMIR29 3834 GAOGEUUG CUGRIGAG X OGAA AGRAAGCC 4613 GCCTTICT T CAACCCIC
25 HIMIR29 3835 AGMEGIU QUGALGAG X OQGAA ARAGRANGC 4614 GCTTICIT C AACCCICT
2 HUIMIR29 3836 COGGAAGA CUGALGRAG X CGAA AGCGUUGA 4615 TCAACCCT C TCTTCCNG
4 HIMIR29 3837 UOCGGGAA CUGALGAG X CGRA  AGAGEGUU 4616 AMOCCICT C TTCCCGGA
36 HUMIR29 3838 GOOGEG CUGAIGAG X CRRA ARG 4617 CQCTICICT T COCGGAGC
37 HUMIR29 3839 QCOICSG CUGALGAG X CGRA  AAGAGAGG 4618 CCTCICTT C QOOGAACG
54 HUMIR29 3840 CAOXGG CUGALGAG X CGAA AGEEG 4619 CCCCCAAT C CACGAGTG
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79 HIMIR29 3841 COCGALGC CUGAIGAG X CGAA ACxExC 4620 GOGACTGT C QOGTOC
% HQMIR29 3842 CGECXC AXGAIGAG X CGAA ACCOGRCA 4621 TCTCGT C GoOEXG
102 HIMIR29 3843 QQOCCUCCU CcuaalrarG ¥ QGRA ACIXOGOG 4622 QCOGGAGT C AGCAORG
122 HMIR29 3844 CCADGALC CUGAIGAG X CGAA ACCCCUUU 4623 AARGOOGT A GATCATRG
126 HMIR29 3845 GUGCCAU CUGALGAG X CGRAA ARG 4624 CGGTAGAT C ATGGCAAL
138 HUMTR29 3846 AUUUCUUC CUGAUGAG X QGAA ADGGUUGC 4625 GCAACCAT A GAAGAAAT
147 HUMTR29 3847 UGAGUGC CUGAUGAG X CGRA AUUUCUUC 4626 | GAMGAAMT T GCACATCA
154 HUMTR29 3848 AARAIUU CUGAUGAG X CGAA ALGUGCAA 4627 TIGCACAT C AAATTATT
159 HUMIR29 3849 UGUUCAADD CUGAGAG X CGAA AUUUGALG 4628 CATCAAAT T ATTGAACA
160 HUMIRZ29 3850 UUGUUCAA CUGALGAG X CGAA RAUUUGAU 4629 ATCAAATT A TIGAACAA
162 HUMIR29 3851 UGUUGUUC CUGALGAG X OGAA. ALAAUUUG 4630 | CAAATTAT T GAACAACA
183 HUMIR29 3852 UOUGURAAC CUGADGAG X CGRA AUCUCUCC 4631 | GGAGAGAT T GTTACAGA
186 HIMTR29 3853 UCCUCUGU CUGAGAG X CGAA ACAAIXTUC 4632 GAGATTIGT T ACAGAGCA
187 HIMIR29 3854 CUGCUCUG COGAUGAG X CGAA AACAAIXU 4633 AGATTIGTT A CAGAGRCAG
213 HUMIR29 3855 ACAAIXCUG CUGALGAG X CGRA  ALTUUCUG 4634 CAGAAAAT C CAGATTGT
219 HUMIR29 3856 GOUGUCAC CUGALGAG X (GAA ALCUGGAU 4635 | ATCCAGAT T GIGACAGC
231 HIMTIR29 3857 UCADGAIC CUGALGAG X CGAA AGUGCUU 4636 ACAGCACT T GATCATAA
235 HUMTR29 3858 GGUALUAU CUGALGAG X CGAA AUCAAGUG | " 4637 | CACTTGAT C ATAATACC
238 HUMIR29 3859 UUGGGUAU CUGALGAG X CGAA AUGAUCAA 4638 | TTGATCAT A ATACCCAA
241 HUMIR29 3860 QUGG CUGAUGAG X CGAA AUUAUGAL 4639 ATCATAAT A COCAARSC
257 HIMIR29 3861 UCAGAALG CUGAIGAG X CGAA ACUGCIUG 4640 | CAMGCAGT T CATICTGA
258 HUMTR29 3862 . GOCAGAAU CURADRAG X Q@A AAXXXUU 4641 AMGCAGTIT C ATTCIGRC
261 HIMIR29 | - 3863 UUUGUCAG CUGALGAG X CGAA AUGAACUG 4642 | CAGTICAT T CIGACAAA
262 HIMTR2S 3864 AIUGXCA CURALGAG X QGAA ARIGAACU 4643 AGTTCATT C TGACAAAT
271 HIMIR29 3865 COCEXGU CUGAIGAG X (GAA AUUUGUCA 4644 TGACAAMAT C ACGAOEXC
281 HUMIR29 3866 UUGGAGUA CUGAIGAG X CGAA AGOOGUCG 4645 | CGACGRCT C TACTCCAA
283 HUMIR29 3867 GOUUGGAG CUGAIGAG X CGAA AGASOOGU 4646 | AOGOCTCT A CTCCRRGC
286 HIMIR29 3868 UUORCUUG CUGAIGAG X OGAA AGUAGACC 4647 GCTCTACT C CAAGCAAA
297 HIMTR29 3869 GOCAGAAD CUGALKGAG X COGAA ACUUUGCU 4648 | AGCAAAGT C ATTCTGRC
300 HIMTR29 3870 CUREOCAG CUGALGAG X CGAA AUGACUUU 4649 | AAAGTCAT T CTGROC2G
301 HIMIR29 3871 CCUGECCA CUGAIGAG X QGRA AAIGRCUT 4650 ARMGTCATT C TGXCASG
316 HIMIR29 3872 COGAGUIRG (UGAIGAG X QGAA AUCUUGOC 4651 | GECAMGAT T CCACTOOG
317 HUMTR29 3873 COGGAGUG CUGALGAG X OGAA AAUCUUGC 4652 | GCAMGATT C CACICOGG
322 "HMIR29 3874 UOUO0G CUGALIGAG X QRAA  AGUGGRAL 4653 ATTCCACT C CGQGRARA
333 HIMIR29 3875 GUANGGAA CUGALGAG X CGAA ACUUUUCC 4654 | GGARAAGT T TTCCTTAC
334 HUMIR29 3876 UGUARGGA CUGRAIGAG X OGAA AACUUULC 4655 | GAAMAGIT T TOCTTACA
335 HUMIR29 3877 UUGUAAGG CUGALIGAG X QGAA AAACUUUU 4656 | AAAAGTTT T CCTTACAA
336 HUMIR29 3878 GUUGUAAG CUGALIGAG X O@A AAAACIUU 4657 | ARAGITTT C CTTACAAC
339 HUMIR29 3879 GEAGUUGU CUGALIGAG X CGAA AGGRAAAC 4658 GITTICCT T ACARCTCC
340 HUMIR29 3880 UGGAGUUG CUGALGAG X CGAA AAGGAARA 4659 | TTTTCCTT A CAACTCCA
346 HUIMIR29 3881 UCCAUCUG CUGAUGAG X OGAA AGUUGURA 4660 | TTACAACT C CRGATGCA
363 HIMTR29 3882 AMCUGGUU CUGADGAG X OGAA ACAOCUGC 4661 | GCAGGIGT C AMCCAGIT
371 HUMIR29 3883 URAAMAAL CUGAIGAG X CGAA ACUGGIUG 4662 | CAMOCAGT T ATTTTTTA
372 HIMIR29 3884 GUAARAAA CUGAUGAG X QGAA ARCUGGUU 4663 | AACCAGTT A TTTTITAC
374 HUMIR29 3885 UCGURARA. CUGALGAG X CGAA ALRACUGG 4664 | CCAGTTAT T TTTTACCA
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375

HUMTR29 3886 CUOGIAAA CUGALGAG X CGRA ANRACUG 4665 CAGTTATT T TITACCAC
376 HUMIR29 3887 CAGUOGUAA CUGAIGAG X CGRA AAAIAACU 4666 AGITATTT T TTACCACT
377 HUMTR29 3888 GACUCGGUA CLGAUGAG X CGRA AAAALARC 4667 GITATTTT T TACCACTC
378 HIMIRZS 3889 GEAGUOGU CUGALGRG X CGRA AAARAIRA 4668 TTATTTIT T AOCRCTCC
379 HIMIR29 3890 ACEAGUGG CUGALIGAG X CGAA  AAAAAAIIA 4669 TATTTTTT A QCACTCCT
385 HUMIR29 3891 CAGAAG CUGAUGAG X OGRA AGUGGUAA 4670 TTACCACT C CTGATCIG
391 HUMIR29 3892 UCCAGACA CUGALIGAG X QGAA AUCAGGRG 4671 CICCTGAT C TGTCTGCA
395 HIMIR2S 3893 - GUUGLGCA CUGALGAG X CGAA  ACAGAICA 4672 TGATCIGT C TCCACARC
414 HUIMIR29 3894 UCUGUUAG CUGRUZAG X QGRA AGCUGCRG 4673 CIQCACCT C CTAACAGA
417 HUMIR2.9 3895 CUADCUGU CUGAUGAG X CQGAA AGGROCUG 4674 CAGCTCCT A ACRCATAA
424 HUMIR29 3896 UGCAGAAU CUGAIGAG X CGAA ALXUGUUA 4675 TAACAGAT A ATTCTCCA
427 HUMIR29 3897 GICUGAG CUGALGAG X CGAA AUUALCUG 4676 CAGATAAT T CTCCRGAC
428 HUMIR29 3898 GEXUGGA CUGALGAG X CGAA AAUUAIXU 4677 AGATAATT C TOCAGACC
430 HUMIR29 3899 UUEGUCUG CUGALGAG X QGAA  AGAALUAU 4678 ATAATTCT C CAGRCCAA
448 HUMIR29 3900 AAAAACCU CUGAUGAG X CGAA  AUUUGEC 4679 GACCAAAT A AGGTTTIT
453 HUMIR29 3901 AGAUCAAA CUGAIGAG X CGRA ACCUUALU 4680 AATAMGGT T TTTGATCT
454 HIMIR29 3902 AAGAIXCAA CUGALGAG X CGRA AACCUUAU 4681 ATAAGGTT T TTGAICIT
455 HIMTR29 3903 AAAGAICA CUGALGAG X CGAA AARCCUUA 4682 TAAGGTTT T TGAICTIT
456 HUMIR29 3904 CAAAGAIIC CUGALGAG X CGAA ARARCCUU 4683 AAGGTTTT T GATCTTIG
460 HUMIR29 3905 UACGCAAA CUGRUGAG X CGAA ALCARARA 4684 TTTTTGAT C TTTGOGTA
462 HOMIRZ9 3906 ACUAQGCA CUGRUGAG X CQGPA  AGAICRAA 4685 TTTGAICT T TGOGTAGT
463 HUMIR29 3907 ACURCCC CUGAUGAG X CGAA ARGAIXCRA 4686 TIGATCIT T GOGTAGTA
468 HIMIR29 3908 CCACAIAC CUGALGAG X CGAA ACGCAARG 4687 CTTTGOGT A GTAIGICG
471 HUMIR29 3909 UCOCCACA QUGAIGRAG X OGRA  ACUROGCA 4688 TGOGTAGT A TGTGGAGA
488 HIMIR29 3910 GAOGUCCU CUGALGAG X CGRA  ALGCUULG 4689 CAARGCAT C ACGAGIC
496 HIMIR29 3911 UOCAIAAU CUGAUGAG X QGAA  ACGICQUG 4690 CAGGAOGT C ATTATGGA
499 HIMIR2S 3912 UCCUOCAU CUGAUGARG X GGAA  ALGROGC 4691 GROGICAT T ATGGAGCA
500 HUMIR29 3913 COCCXCA CUGAGAG X CGRAA AALGAOGU 4692 ACGTCATT A TOGAGCAG
510 HIMIR29 3914 UCACAAGU CUGAUGAG X CGAA ACUGCUCC 4693 GGAOCAGT A ACTTGIGA
514 HMIR29 3915 GOCUUCAC CUGALGAG X CGAA AGIUACG 4694 CAGTAALT T GIGAAGEC
533 HUIMIR29 3916 UUOUAAAA. CUGAGRG X CGRA AUCCUUUG 4655 CAARGGAT T TTTTAAAA
534 HUMIR29 3917 COUARA CUGAIGAG X QGRA  AALCCUUU 4696 ARMGGATT T TTTRARRG
535 HIMIR29 3918 CUUUAA QGAIXAG X CGAA  AAALCCUU 4697 ARMGGATTT T TTRAAAXGA
536 HIMIR29 3919 UUCUUUA CUGAIXGAG X CGRA AARAUCCU 4698 AGGATTTT T TAAAAGRA
537 HIMIR29 3920 CUUCUUOU CGALGAG X CGAA AAARAIXCC 4699 GGATTTIT T ARAMGANG
538 HIMIR29 3921 CCUCUUU CUGALGAG X OGAA AAARAALC 4700 GATTTITIT A AAAGAACC
549 HIMIR29 3922 UUOUUCG CUGALGAG X QGRA  ALGCUUCU 4701 AGARGCAT C CGAAARAA
559 HMIR29 3923 AUAIRCUA CUGALGRG X OGRA  AUUUUUUC 4702 GAAAAMAT T TAGTATAT
560 HRMIR29 3924 AAAUACU CUGRLGAG X CGRA AAUUUUUU 4703 ARAAPDATT T AGTATAIT
561 HIMIR29 3925 GAAIAIRC CUGAIGAG X CGAA AARIUUU 4704 AAAMATTT A GTATATIC
564 HIMIR29 3926 CAUGAAIA CUGAIGAG X CGAA ACUAAAL 4705 AATTTAGT A TATTCATG
566 HIMIR29 3927 GACALGAA CUGAUGAG X COGAA AUACUAAA 4706 TTTAGTAT A TTCATGIC
568 HMIR29 3928 UOGACAG CUGALGAG X CGAA AUAURCUA 4707 TAGTATAT T CATGTCGA
569 HIMIR29 3929 CUCGACAU CUGALGAG X CGAA AAUALRCU 4708 AGTATATT C ATGICGAG
574 HIMIR29 3330 UGADCCUC CUGALGAG X CGAA ACAUGAAL 4709 ATTICATGT C GAGGATCA
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581 HUMIR29 3931 AAICCUUU CUGALGAG X (GAA AUCCIXGA 4710 TCGAGGAT C AAMGGATT
389 HIMIR29 3932 AMPAUAC CUGAUGAG X CGAA AUCCUUUG 4711 CAAAGGAT T GTATTATT
532 =HIMIR29 3933 AUUAAUAA CUGALGAG X CGRA ACARICCU 4712 AGGATTGT A TTATTRAT
594 HUMIR29 3934 UUAUURAAU CUGAUGAG X CGAA AUACAALC 4713 GATTGTAT T ATTAATAA
595 EUMIR29 3935 CUUAUUPA CUGAIGAG X OGRA AAIACAAU 4714 ATTGTATT A TTRAATRAG
597 HIMIR29 3936 UGCUUAUU  CUGAUGAG X CGRA AURAURACA 4715 TGTATTAT T AATAAGCA
598. HIMIR29. 3937 GUGCUUAU CUGALGAG X CGAA AAIBALRC 4716 GTATTATT A ATAAGCAC
801 HUMIR29 3938 GURGUACU CUGAUGAG X OGRA AUURAAIRA 4717 TTATTAAT A AGCACCAC
622 HUMIR29 3939 GCAGUALIU CUGAUGAG X CGAA ACROOGGU 4718 ACOGCTGT C AATACTGC
626 HUMIR29 3940 ACCUGCAG CUGAUGAG X CGAA AUUGACAG 4719 CIGICAAT A CTGCAGGT
635 HUMIR29 3941 AUCUCUGU CUGAUGAG X OGAA ACCUGCAG 4720 | CTGCAGGT T ACAGAGAT
636 HUMIR29 3942 CAUCUCUG CUGALGAG X QGRA. AACCIGCA 4721 TGCAGGTT A CAGAGATG
646 HUMIR29 3943 AMOGCAA CUGALGAG X CGAA ACAICUCU 4722 AGAGATGT A TIOOGITT
648 HUMIR29 3944 CCAMACGC CUGAUGAG X CGAA AURCAICU 4723 AGATGTAT T GOGTTTGG |
653 HIMIR2S 3945 UCAUUCCA CUGRIXAG X CGAA ACGCAAIA 4724 TATIGOGT T TGGAATGA
654 HUMIR29 3946 UOCAUUCC CUGALGAG X CGAA AACGCAALT | - 4725 ATTGOGIT T GGAATGRA
571 HUMIR29 3947 ADUGGACA CUGALIGAG X CGAA AGUCUURC 4726 GCARGACT C TGTCCAAT
575 HUMTR29 3948 UCACAIUG CUGADGAG X CGAA ACRGRGC 4727 GACTCTGT C CAATGTGA
696 HUMIR29 3949 GAUACULC CUGALGAG X CGAA ALGGGEUUU 4728 AAACCCAT T GAAGTATC
702 HUMIR29 3950 UCUOGUGA CUGAGAG X OGAA  ACUUCAAU 4729 -ATTGAAGT A TCACGAGA
704 HUMIR29 3951 UUUCOCCU CUGAGAG X CGRA. AIRCTIUCA 4730 TGAAGTAT C ACGAGRAA
716 HUMIR29 3952 AGUUGGAA CUGAIGAG X CGAA AUUUUCU 4731 AGAAAAAT C TTCCAACT |-
718 HUMIR29 3953 ACAGUUGG CUGADGAG X CGAA  AGRIJUUU 4732 AARAAATCT T CCAACTGT
719 HUMIR2S 3954 CACAGUUG CUGALIGRG X CGAA AAGADUUU 4733 AAMATCIT C CAACTGIG
733 HUMIR29 3955 UUCUGUUG CUGALIGAG X CGAR.  AGOGGCAC 4734 GIGCOGCT T CAACAGRAA
734 HIMIR29 3956 UUUCOET CUGAGAG X CGAA  ARGOGRCA 4735 TGOORCTT C ARCAGARA
47 HUMIR29 3957 CGGALAIA CUGADGAG X CGRAA ADUUUUUC 4736 GAAAMRAT C TATATOCG
749 HIMIR29 3958 UUCGGALA. CUGAIGAG X CGAA AGAUUULU 4737 AMAAATCT A TATOCGAA
751 HUMIR29 3959 CUUUCGGA CUGAUGAG X CGAA AUAGAUUU 4738 AMATCTAT A TOCGARAG
753 HUMTR29 3960 UOCUUUCG CUGAIGAG X OGAA  ALAUAGAIY 4739 ATCTATAT C CGAAMGA
765 HUIMIR29 3961 CEOUACG CUGAIGAG X CRAA  ACGCUU 4740 AMGGROCT T QGTAGOCC
766 HUMTR29 3962 UGGOUAC CUGAIGRG X QRRA AAGEIXCU 4741 AGGACCTT C GTAGOCCA
769 HIMIR29 3963 UAAGGGC CUGAUGAG X CGAA ACGAAGGU 4742 ACCTTCGT A GOOCATTA
776 HIMIR29 3964 UUGCAGUU CUGAIIZAG X CAA AGECUA 4743 TAGOCCCAT T AACTGCRA
777 HIMIR29 3965 GUUGCAGU CUGRLGAG X OGRA AAIGEXCU 4744 AGCCCATT A ACTGCARC
787 HIMIR29 3966 ARAAGUIUG CUGAUGAG X CGAA AGUUGCAG 4745 CTGCAACT C CAACTTIT
793 HIMIR29 3967 UGUURCAA CUGAGRG X CGRA AGUUGGAG 4746 CICCAACT T TIGTAMCA
794 HIMIR29 3968 CUGUUACA CUGAIIGAG X CGAA AMGUUGGA 4747 TOCARCTT T TGTAACAG
795 HIMIR29 3969 UOUGUUAC CUGAIGAG X QGAA  AANGUUGG 4748 CCAACTTT T GTAACAGA
798 HIMIR29 3970 CRAICUU CUGAUGAG X CGRAA - ACRARAGT 4749 ACTTTIGT A ACPGATAG
805 . HIMIR29 3971 ACUUUCAC COGALGAG X CQGAA  ACUGUUA 4750 TAACAGAT A GTGARAGT
814 HMIR29 3972 UGRROCUUG CUGALGAG X CQGRAA ACUUUCAC 4751 GIGARAGT A CARAGGTCA
821 HUMIR29 3973 GOOOUGIU CUGRALGRAG X CRRA ACCUUGUA 4752 TACAMGGT C AACAOGAC
833 HUMIR29 3974 CUGRAICU CUGALGEG X QGRA ACRGUOCU 4753. | MGGACTGT T AGATTCAG
834 HUMIR29 3975 CCUGAALC CUGALGAG X CGRA AACRGIXC 4754 GGACTGIT A GATTCAGG
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838 | HIMIR29 3976 CAUUCCUG CUGALGAG X CGAA AICUPACA 4755 | TOTTAGAT T CAGGAATG
839 HUMIR29 3977 ACAUUOCU CUGAUGAG X CGAA AALCUAAC 4756 GTTAGATT C XGGAATGT
348 HMIR29 3978 UAUUCALG CUGALGAG X CQGAR ACAUUCCU 4757 ACGAATGT T CATGAATA
249 HUIMIR29 3979 AUAUUCA CUGALGAG X CGAA AACALIUCC 4758 GGAATGTT C ATGRATAT
856 HUMIR29 3980 UGGALGAA CUGALGAG X QGRA AUUCALGA 4759 TCATGAAT A TTCATCCA
858 HUIMIR29 3981 GAUGGAUG CUGALGAG X CGAA ALRUUCAU 4760 ATGAATAT T CATCCATC
859 HIMIR29 3982 AGAIGGAU CUGAUGAG X CGRA  AAURUUCA 4761 TGAATATT C ATCCATCT
862 HUMIR29 3983 UCCAGALG CUGAUGAG X CGAA ALGAALIAL 4762 ATATTCAT C CATCTGGA
866 HUMIR29 3984 UUACUCCA CUGAGAG X CGAA ALIGGALIGA 4763 TCATCCAT C TCGAGIRA
873 HMIR29 3985 UCAGUUUU CUGAUGAG X CGAA ACUCCAGA 4764 TCIGGAGT A ARPACTGA
884 HUMIR29 3986 GCACAGCU CUGAIGAG X CGAA ACUCAGUU 4765 AACTGAGT C ACGCTGIGC
902 HUMIR29 3987 CCUUAICU CUGALGAG X CGAA AUGUCALC 4766 GATGACAT C AGATAMGG
907 HIMIR29 3988 UUCAGOCU CUGALGAG X CGRA  AUCUGALG 4767 CATCAGAT A AGGCTGAA
917 HUMIR29 3989 CCUGACAU CUGAUGEG X CGAA AUUCRGCC 4768 GGCTGAAT C ATGICAGG
922 HUMIR29 3990 AICUCCCU CUGAGAG X CGRA ACAUGALU 4769 AATCATGT C ACGGAGAT
931 HUMIR29 3991 UGACUUA CUGAUGAG X CGAA ALCUCCCU 4770 RAGGGAGAT T TAAGTRCA
932 HUMIR29 3992 AUGUACUU CUGALGAG X QGRA  AALCXCC 4771 CGGAGATT T AAGTACAT
933 HIMIR29 3993 AAUGUACU CUGALGAG X CGRA AAALUCC 4772 GGAGATTT A AGIACATT
937 HUMIR29 3994 GGOCAALG CUGALGAG X CGAA ACUUAAAU 4773 ATTTAAGT 3 CATTORC
941 HUMTR29 3995 CAUUGGCC CGAUGAG X CGAA  AGURCUU 4774 ARGTACAT T GGQCARATG
954 HIMIR29 3996 AAUGAGU CUGRUGAG X CGAA  ACCACALU 4775 AMTGIGGT T ACATCATT
955 HUMIR29 3997 UAAGALG CUGALIGAG X (GRA ARCCRCRAU 4776 ATGIGGIT A CATCATTA
959 HUMIR29 3998 UCGCUAAD CUGALIGAG X CQGRA. AUGURACC 4777 GGTTACAT C ATTAGCGA
962 HUMIR29 3999 GAUOGCU CUGAUGEG X CGAA ALGALGUA 4778 TACATCAT T AGCGAATC
963 HUMIR29 4000 ACAIXGC CUGALIGAG X CGRA ARUGAUGU 4779 ACATCATT A GOGRATCT
970 HUMIR29 4001 UOUUCCAA CUGALGRG X CGRA AUUCGCUA 4780 TAGOGART C TTGGAARA
972 HIMIR2S 4002 GUUUUUCC CUGAGAG X CGAA AGAUUCGC 4781 GOGAATCT T GGAAAARC
982 HUMIR29 4003 ANGAICUU CUGAUGAG X CGAA AGUUUUUC 4782 GARARACT A ARGATCIT
988 HIMIR29 4004 UUGAGARA CUGAIAG X CGAA AUCUUURG 4783 CTAAMGAT C TTICTCRA
990 HIMIR29 4005 UUUUGAGA CUGAUGAG X CGAA  AGAUCUUU 4784 AARGATCT T TCTCAARA
991 HIMIR29 4006 ARUUGAG CUGRALGAG X CGAA AAGAIICUKJ 4785 ARGATCTT T CTCAARAT
992 HMIR29 4007 AUUUGA CUGALGAG X CGAA AAAGRAICU 4786 AGATCTTT C TCAAAATA
994 HIMIR29 4008 ACUAUUUU CUGRIGAG X CGRA AGAARGAU 4787 ATCITICT C AAAATAGT
1000 HIMIR29 4009 UCAIXEC CUGAGRG X CGAA ADUUUGAG 4788 CTCAAAAT A GTRATGRA
1003 HIMIR29 4010 CAUUUCAL CUGAIGAG X CGRAA ACURIUUU 4789 ADAATAGT A ATGARATG
1013 HUMIR29 4011 CAACAIRA CUGAIGAG X CGAA ACAUULCA 4790 TGAAATGT C TATGATTG
1015 HUMIR29 4012 UUCAAICA CUGAUGAG X CGRA AGACAIUU 4791 AAATGICT A TGATTIGRA
© 1020 HIMTR29 4013 AMCUUUC CUGRLIGAG X CGAA ALCALRGA 4792 TCTATGAT T GAAACCIT
1028 HIMIR29 4014 CADUCUU CUGALGAG X CGPAA  AGCUUUCA 4793 TGAARGCT T AAGCAATG
1029 HIMIR29 4015 UCAUUGCU CUOGRAIIGAG X CGAA  AAGCUIUC 4794 GAAAGCTT A AGCRATGA
1042 HIMIR29 4016 CAARGRAOG CUGAUGAG X CGAA AUCALCAL 4795 ATGATGAT A CCICTTIG
1046 HIMIR29 4017 CACACAAA CUGALGAG X CGAA AGGUAUCA 4796 TGATACT C TTTIGCIGIG
1048 HIMIR2S 4018 UUCACACA CUGAUGAG X QGAA AGAGGUAU 4797 ATACCTCT T TGIGIGRA
1049 HUMTR29 4019 ANCACAC CUGAIKGAG X CGAA AAGAGGUA 4798 TAOCICIT T GIGIGAAT
1058 HUMIR29 4020 UUOCUUGA CUGAUGRG X CGAA  RAUUCACRC 4799 GIGIGAAT T TCAAGAAA
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CUGRLXGAG

1059 HUMTR29 4021 AUUUCULUG X CGAA AAUUCACA 4800 TGTGAATT T CAAGAAAT
1060 HUMIR29 4022 CAUUUCUU CUGAUGAG X CGAA AAAIUCAC 4801 GTGAATTT C AAGAAATG
1086 HUMTR29 4023 GOCCUUGA CUGAUGAG X CGAA ACAICACC 4802 GGTGATGT T TCANIGRC
1087 HUMTR29 4024 UGCOCUUG CUGADGAG X OGAA AACAUCAC 4803 GIGATGIT T CAAMGGGCA
1088 HUMTR29 4025 AGCOCUU CUGALGAG X CGAA  AAACAUCA 4804 TGATGITT C AAGGGCAT
1097 HUMIR29 4026 GAGUGUCA CUGAUGAG X CGAA AUGOCCUU 4805 AMGGGCAT T TGACACTC
1098 HUMTR29 4027 ACAGUGUC CUGAUGAG X CGAA AAIGOOCU 4806 AGGGCATT T GACACTCT
1105 HUMIR29 4028 UUUUGCAA CUGADGAG X CGRAA AGUGUCAA 4807 TTGACACT C TTGCAMAA
1107 HUMTR29 4029 GCUUUUGC CUGAUGAG X CGAA AGAGUGC 4808 GACACTCT T GCRAAAAGC
1118 HUMTR29 4030 CAGGAIUC CUGALGAG X CGAA ALGCUULU 4809 AAAMGCAT T GARTCCTG
1123 HUMIR29 4031 CUCUCCAG CUGAUGAG X CGAA AUUCAALG 4810 CATTGAAT C CTGGAGRG
1151 HUMTR29 4032 OOGOURCU CUGAUGAG X CGAA ACCUCUSG 4811 CCAGAGCT C AGTRGOGG
1155 HUMIR29 4033 AUGCOOGC. CUGALKAG X CGAA  ACUGAGCU 4812 AGCTCAGT A GOGGGCAT
1176 HUMIR29 4034 AUURGEUG CUCAUGAG X CGAA ACACUIXC 4813 GGAAGTGT 2 CACCTAAT
1182 HUMIR29 4035 CCAGUGAU CUGALGAG X CGRA AGGUGUAC 4814 GTACACCT A ATCACTGG
1185 HUMTR29 4036 UCUOCAGU CUGAUGAG X CGAA AUURGGUG 4815 CACCTRAT C ACTGGAGA
1195 HUMIR29 4037 UAUGCUUG CUGALGAG X CGRA AIKCICCAG 4816 CTGGAGAT T CAAGCATA
1196 HUMIR29 4038 UURALUGCUU CUGALGAG X CGAA -AAUCUCCA 4817 TGGAGATT C AAGCATAA
1203 HIMIR29 4039 GUGURAUU CUGAUGAG X CGAA AUGCUUGA 4818 TCAAGCAT A AATTACAC
1207, | HUMIR29 4040 UUOGGUGU CUGAIGAG X CGAA ALUUALGC 4819 GCATAMAT T ACACCGAA
1208 HUMIR29 4041 UUUOGGUG CUGAIGAG X CGAA AALTUALG 4820 CATAAATT A CACCGAAA
1230 HUMIR29 4042 UOGCUGAG CUGAIGAG X OGRA AGUEGXCC 4821 GEECCACT T CTCAGCOGA
1231 HUMTR29 4043 AUCGOUGA CUGAUGAG X CGAA AAGUGAC 4822 GGOCACTT C TCAGCGAT
1233 HUMIR29 4044 GAAXOGCU CUGAIGAG X QGAA AGARGIG 4823 QCACTICT C AGOGATIC
1240 HUMIR29 4045 UACAIGUG CUGAUGAG X OGAA AIXGCUGA 4824 TCAGCGAT T CACATGTA
1241 HUMIR29 4046 QUACAUGU CUGAIGAG X CGAA AAIGCUG 4825 CAGCGATT C ACATGTRG
1248 HUMTR29 4047 CUGARAGC CUGALGAG X CGRA ACAIGUGA 4826 TCACATGT A GCTTICAG
1252 HUMIR29 4048 GAGCCUGA CUGAUGAG X CGRAA AGCURCAL 4827 ATGTAGCT T TCAGGCIC
1253 HUIMIR29 4049 UGAGOCUG CUGAIGAG X CGRAA ARGCUACA 4828 TGTAGCTT T CAGGCICA
1254 HUMIR29 4050 GUGAGOCU CUGAUGAG X CGAA AAAGCURC 4829 GTAGCTTT C AGGCTCAC
1260 HIMIR29 4051 GOCAUGGU CUGALGAG X QGRAA AGCCUGRA 4830 TICAGGCT C ACCATRCC
1270 HUMIR29 4052 CAIAGGAG CUGAUGAG X CGAA AGGCAIGG 4831 CCATGOCT T CTCCTAIG
1271 HIMIR29 4053 GCAURGGA CUGAIGAG X OGAA AAGGCALG 4832 CATGOCTT C TOCTATGC
1273 HLIMIR29 -4054 AGGCAIRG CUGAIGAG X QGAA AGAAGGCA 4833 TGCCTTCT C CTATGOCT
1276 HUMIR29 4055 CUCAGECA CUGAIGAG X OGAA AGGAGANG 4834 CTICTOCT A TOCTGAG
1286 HIMIR29 4056 CAINICAGG CUGALGAG X OGAA ACUCAGRC 4835 GOCTGAGT A CCTGARTG
1301 HUMIR29 4057 COOCANTG CUGAUGAG X OGAA AGUGCACA 4836 TGTGCACT A CATTGIIS
1305 HUMIR29 4058 GACUOOCC CUGALGRG X (GRAA  ALGURGUG 4837 CACTACAT T GQ3OGAGIC
1313 HUMTR29 4059 UGGAGGCA CUGAIGAG X CGRAA ACUXCOCCA 4838 TGEGEAGT C TGOCTCCA
1319 HUMTR29 4060 GCAGCUG CUGALGAG X CGRA AGGCAGAC 4839 GICTGCT C CRGACTGC
1331 HUMTR29 4061 UUGALRAG CUGALIGAG X CGAA ACAGCRGU 4840 ACTGCIGT T CTTATCAA
1332 HUMIR29 4062 AUUGAIRA CUGAUGAG X QGRA ARCAGCAG 4841 CTGCTGIT C TTATCAAT
1334 HUMTR29 4063 GCAIUGAU CUGAIGAG X CGAA AGANCACC 4842 GCTGTICT T ATCAATGC
1335 HIMIR29 4064 UCCAIUGA CUGALGAG X CGAA AMGARCAG 4843 CIGTTICTT A TCAATGCA
1337 HUMIR29 4065 AGUGCAIU CUGALGAG X OGAA AUAAGAAC 4844 GTTCTTAT C AATGCACT
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1353

HUMIR29 4066 CRAALXGA CUGALGAG X CGAA AFIQQCA 4845 TGGGCACT — TCRATTCC
1354 HOMIR29 4067 20GAAICG CLGAIGAG ¥ CGAA ARGFIGCCC . 4846 GGGCACTT ~ {CGATTCCT
1355 HUMTR29 4068 AMGANC CUCALGAG X CGAA ARRGUGCC 4847 GGCACTTT C GATTOCTT
1359 HUMIR29 4069 AMAGANGG CUGALGAG X CGAA ALXGAANG 4848 CTTTCGAT T CCTTCITT
1360 HIMIR29 4070 GAAAGAAG CUGAUGAG X CGAA AAICGAAA 4349 TTTCGATT C CTICTTIC
1363 HUMTR29 4071 CUGGAARG CUGAIGAG X CGRAA AGGAAIXG 4850 CGATTCCT T CTTTOCAG
1364 HUMIR29 4072 CCUGGRAAA CUGAITEAG X CGAA AAGGAALC 4851 GATTCCTT C TTTCCAGG
1366 HUMIR29 4073 MOCCUCGA CUGAIGAS X CGAA AGAAGGRA 4852 TTOCTICT = TOCAGGCT
1367 HUMIR29 4074 GAOOCUGG CUGALGAG X CGAA AAGAAGGA 4853 TCCTICIT ~ JCAGXCTC
1368 HMIR29 4075 AGAGOCUG CUGALIGAG X CGAA AAMGAAG 4854 CCTICTIT T CACCICT
1375 HIMIR29 4076 UUGCOCUA CUGALGAG X CGAA  ACCCUGEA 4855 TOCAEECT T TAGRECRA
1377 HUMIR29 4077 UCUUGCOC CUGALIGAG X CGRAA  AGRGOQUG 4856 CAGGCTCT = GOGCAAGA
1395 HUMIR29 4078 ACCAGUGA CUGALGAG X CGAA ALGCUGUU 4857 BACAGCAT X TCACTGGT
1397 HUMIR29 4079 UCACCAGU CUGAUGAG X OGAA ALALGCUG 4858 CAGCATAT C ACTGGIGA
1411 HUMTR29 4080 AUUCCAGU CUGALGAG X CGAA AGCUUUCA 4859 TGAAAGCT T ACTGGRAT
1412 HIMTR29 4081 CAUTXCAG CUGALGAG X CEA AAGCUULC 4860 GRAACCTT > CIGGAAIG
1425 HUMTR29 4082 AGAGUAAA CUGALIGAG X CGAA AGUUCALU 4861 AATGAACT = TTTACTCT
1426 HIMIR29 4083 ANGAGUAA CUGALGAG X CGAA AAGUUCAU © 4862 ATGARCTT ~ TIACICIT
1427 HUMIR29 4084 CAMGAGRIA CUGAITEAG X CGAA ARAGUUCA 4863 TGAACTTT - TACTCTTG
1428 HUMTR29 4085 CCARGAGU CUGALIGAG X CGAA ARARGUUC 4864 GAACTTTT - ACTCTTGG
1429 HIMIR29 4086 ACCAAGAG CUGAIGAG X CA AAAAMNGIU 4865 AACTTTIT ~ CICTIGGT
1432 HUMTR29 4087 ARGAOCAA. CUGAUGAG X CGAA AGUAAARA 4866 TTTTTACT C TTGGICTT
1434 HUMIR29 4088 GCARGACC CUGALIGAG X CGAA AGAGUARA 4867 TITACICT T GGICTIGC
1438 HUMTR29 4089 CUGGGCAA CUGALGAG X CGRA ACCARGRG 4868 CICTTGET C TTGOOCAG
1440 HUMTR29 4090 CACUGEC CUGALGAG X CGAA AGRACCAMG 4869 CTTGGICT = GOOCAGTG
1467 HIMIR29 4091 ARGUUGC CUGAUGAG X CGAA ACAUUCAU 4870 ATGAATGT > GCAACTAT
1474 HUMIR29 4092 UGCURAUA CUGALGAG X CGAA AGUUGOLA 4871 TAGCAACT > TATTAGCA
1476 HUMIR29 4093 GUICQRA CUGAIGRAG X OGAA AUAGUUCC 4872 GCAACTAT > TTAGCAAC
1478 HUMTR29 4094 AGUUGCU CUGALGAG X CGRA. ALRLAGUU 4873 AACTATAT T AGCAACAT
1479 HUMTR29 4095 AAGUUGC CUGAUGAG X OGAA AAUAIRGU 4874 ACTATATT - GCAACATT
1487 HIMIR29 4096 ANJUGACA CUGAIGAG X CGRA  ALGUUCCU 4875 ACCAACAT T TGICAAIT
1488 HIMIR29 4097 CRAUGAC CUGAIGAG X CGAA ARUGUUGC 4876 GCAACATT T GICAATIG
1491 HIMIR29 4098 AGRCANTU CUGRALGAG X CGAA ACAAAIGU 4877 ACATTTGT C AATTGICT
1495 |- HIMIRO9 - 4099 GUGARGAC CUGAGAG X CGAA AUUGACRA 4878 TTGICAAT T GICTTCAC
1498 HIMIR29 4100 AIUGUGAA CUGAIGAG X CGRA ACAAIXGA 4879 TCAATTGT C TTCACRAT
1500 HLMIR29 4101 CUAUUGUG CUGALGAG X CGAA AGACAAIU 4880 AATTGICT T CACAATAG
1501 HIMIR29 4102 ACURIUGU CUGALGAG X CGAA AAGACARD 4881 ATTGICTT C ACAATAGT
1507 HUMIR29 4103 UUGARGAC CUGALGAG X CGPA AUGUGRA 4882 TTCACAAT = GICTICRA
1510 HIMIR29 4104 UUGUUGAA CUGAICAG X CGRA ACURIUGU 4883 ACAATRGT C TICAACRA
1512 HUMIR29 4105 GCUUGUUG CUGAIKGRAG X CGAA AGRCUAINU 4884 AATAGICT T CAACAAGC
1513 HIMIR29 4106 UGCUUGUU CUGAIIGAG X CGAA ARGACUAU 4885 ATAGICIT C AACPAGCA
1529 HUMIR29 4107 AMIGUGA CUGALGAG X CGAA ACCOCUCU 4886 AGAGEEGT A ATCACCTT
1532 HIMIR29 4108 UUURAAGGU CUGALKAG X CGAA AUURCOCC 4887 GGEGTRAT C ACCTTAAA
1537 HUMIR29 4109 GACAUUU CUGAUGAG X CCAA AGGUGAIU 4888 AATCACCT T AAAATGIC
1538 HIMIR29 4110 UGACAIUU CUGAIGREG X (GRA AAGGUGAL 4889 ATCACCIT A AAATGICA
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1545 HOMIR29 4111 UUUUUGAU CUGALGAG X CGAA ACAUUUUA 4890 TARAATGT C ATCRAAAA
1544 HUMTR29 4112 CQRUUUUU CUGAUGAG X CGAA AUGACAUU 4891 AATGICAT C AARAATREG
1555 HUMIR29 4113 AGUAGALC CUGALGAG X OGAA ADUUUUGA 4892 TCAAMAAT A GATCTACT
1559 HUMTR29 4114 UUCURGUA CUGALGAG X CGAA AUCIRALUU 4893 AAATRAGAT C TACTAGAA
1561 HUMIR29 4115 QCUUCURG CUGALUGAG X CGAA AGAICUAL 4894 - | ATAGATCT A CTRGAACG
1564 HUMIR29 4116 CUGOOUUC CUGALGAG X OGAA AGUAGAIC | - 4895 GATCTACT A GAAGCAG
1576 HUMIR29 4117 GEGRAALGU CUGAIGAG X CGAA AIGOUC 4896 GGCAGCAT C ACATTOCC
1581 HUMIR29 4118 ARGAIXGG CUGALGAG X CGAA AIXXIGALG 4897 CATCACAT T CCCATCIT
1582 HUMTR29 4119 UAAGAUGG CUGALGAG X OGAA AAUGUGAU 4898 ATCACATT C CCATCTTA
1587 HUMIR29 4120 AIRPAGAA CUGALGAG X QGAA AUGGGAAU 4899 ATTCCCAT C TTACTTAT
1589 HUMIR29 4121 CCAIRAGU CUGALGAG X CGAA AGAIGRGA 4900 TCOCATCT T ACTTATGEG |
1590 HUMTR29 4122 UCCAIAAG CUGALGAG X CGAA AAGAIXGG 4901 COCATCTT A CTTATGEA
1593 HIMIR29 4123 GAGUCCAU CUGALGAG X CGAA AGURAGAI 43902 ATCTTACT T ATGGACIC
1594 HUMIR29 4124 CGAGUCCA CUGAUGAG X CGAA AAGUAAGA - 4903 TCTTACIT A TGGACICC
1601 HUMIR29 4125 MOOERAG CUGALGRAG X CGAA AGUOCAIA 4904 TATGGACT C CTACCCCT
1604 HIMIR29 4126 AQCAGGGRG CUGALUGAG X CGAA AGGAGICC 4905 GGACTCCT A QCCCTGGT
1613 HIMIR29 4127 ARGACAIG CUGALIGAG X CGRA ACCAGERG 4906 COOCTAGT T CATGICIT
1614 HUMIR29 4128 UAAGACAIJ CUGALGAG X CGAA AACCAGSS . 4907 CCCIGEIT C ATGICTIA
1619 HUMTR29 4129 GCAIINIAA CUGALGAG X QGAA ACAUGAAC 4908 GTTCATGT C TTATAIGC
1621 HIMIR29 4130 ACGCAIRAU CUGRAUGAG X OGAA AGACAIGA 4909 TCATGICT T ATATGOCT
1622 HUMTR29 4131 CAOOCAIRA. CUGALGAG X CGAA AAGHCALG 4910 CATGICIT A TATGCCTG
1624 HIMIR29 4132 URACAGGCA CUGALGAG X CGRAA ALRAGACA 4911 TGICTTAT A TCCCIGTA
1632 HUMIR29 4133 AUAMCAU CUGALGAG X CGAA ACAGGCAU 4912 ATGCCTGT A ATGGITAT
1638 HUMIR2S 4134 GOCUUALl CUGAIIGAG X QGAA  ACCAIURC 4913 GTAATGGT T ATAANCC
1639 HUMIR29 4135 ACUUUA. CUGAIIGAG X OGAA ARCCAIUA 4914 TAATGGTT A TAAACCT
1641 HUMIR29 4136 GROCUU CUGAIGAG X CGAA ALRACCAL 4915 ATGGTTAT A AAGCCTAC
1648 HUMTR29 4137 CCUGAAGG CUGADEAG X CGAA AGGCUUA 4916 TAARGCCT A CCTICAG
1652 HIMIR29 4138 CUUUOCUG CUGALIGAG X CGAA  20GEUIAGC 4917 GCCTACCT T CAGGAAAG
1653 HUMIR29 4139 GCUUUCCU CUGAIIGAG X CGRA.  AAGEIRGG 4918 CCTACCIT C AGGARMC
1663 HUIMIR29 4140 GUCAMCA CUGAIGAG X CGAA AGCUUUCC 4919 GEAAMCT A TGGTIGAC
1668 HUMIR29 4141 AAURGUC CUGAIGRAG X CGAA ACCALAGC 4920 GCTATGGT T GACTAATT
1673 HIMIR29 4142 URGRAD CUGAIGAG X (GAA ASCANC 4921 GGTTGACT A ATTACTRA
1676 HUMIR29 4143 CCAUURAGU CUGAIGAG X CGAA ALURAGUCA 4922 TGACTART T ACTAATGG
1677 HUMIR29 4144 UCCAIURAG CUGAIGAG X CGRA ARIXIAGC 4923 GACTAATT A CTRATGGA
1680 HUMIR29 4145 CCACCAD CUGAIGA: X OGAA ACURAIXA 4924 TAATTACT A ATGGATGG
1691 HIMIR29 4146 AGUUURA CUGAIIGAG X CGRA ACCCAIXC 4925 GGATGGGT T TTAAACAT
1692 HIMIR29 4147 CAUGUUUA CUGAIGAG X CGRA ARCCCALC 4926 GATGGGIT T TRAACATG
1693 HIMIR29 4148 ACAIGUUU CUGALGAG X QGRA  ARACCCAU 4927 ATGGGTIT T AAACATGT
1694 HUMIR29 4149 GACAIGUU CUGALGAG X CGAA ARARMOCCA 4928 TGEGTTIT A AACATGIC
1702 HIMIR29 4150 UGRGAGG CUGAIGAG X CGRA ACALGUUU 4929 AAACATGT C CCTCTRCA
1706 HIMIR29 4151 UAUUGUA CUGALGAG X CGAA AGAGACAD 4930 ATGTCCCT C TRACAATRA
1708 HIMIR29 4152 AUUUADUG CUGALGAG X OGAA AGAGGGAC 4931 GICCCICT A CAATARAT
1713 HIMIR29 4153 UUUURAALU CUGAIGAG X CGAA AUUGRGA 4932 TCTACAAT A AATTARAA
1717 HUMIR29 4154 AMGAIUUU CUGALIGAG X O3AA AUUURAIG 4933 CAATAAAT T AMAATCIT
1718 HUIMIR29 4155 AAAGAITUU CUGALIGAG X CGAA  AAUUUALU 4934 AATAAATT A AAATCTIT
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1723 HUMIR29 4156 QGAUGAG X OGRA AUUUUAAL 4935 ATTAAAAT C TTTCAATG
1725 HUMIR2S 4157 CUGALGAG X CGRA AGAUUUUA 4936 TARANICT T TCAATGIT
1726 HUMIR29 4158 CUOGAUGEG X QGPA AAGADUUU 4937 AAAATCTT T CAATGITT
1727 HUMIR2S 4159 CUGAUGAG X CGAA AAAGAIUU 4938 AAATCTIT C AATGITIG
1733 HIMIR2S 4160 CUGAILGAG X CGPA ACAUUGRA 4939 TTCAATGT T TGAATATA
1734 HIMIR29 4161 CUOGAUGAG X CGRA AACAUUGA 4940 TCAATGTT T GAATATAA
1739 HUMTR29 4162 ‘CUGRLUGAG X CGRA AUUCAARC 4941 GTTTGAAT A TAATGTICG
1741 HUMIR29 4163 CUOGALIGAG X CGAA AUAUUCAA 4942 TIGAATAT A ATGIGEAG
1754 HLMIR29 4164 CUGRUGAG X QGRA ACAOCUOC 4943 GGAGGIGT T TACCTGEG
1755 HIMIR29 4165 CUGRLGAG X CEA AACAOCUC 4944 GAGGIGIT T ACCTGAGG
1756 HUMIR29 4166 CUGAUGAG X CGRA AAACACCU 4945 AGGTGITT A CCTGAOGG
1768 HMIR2S 4167 CUGALGAG X CGAA AGGOOCC 4946 GAGGRCCT C TCTATCIC
1770 HIMIR29 4168 CUGALGAG X CGAA AGAECC 4947 GAECCICT C TATCTCCC
1772, HUMIR29 4169 QUGADZAG X CGAA AGRGROGC 4948 GCCTCICT A TCTCCOOG
1774 HMIR2S 4170 CUGAGAG X CGRA AUAGRAGAG 4949 CICICTAT C TCQCCGAA
1776 HUMIR29 4171 CUGALGAG X CGAA AGAIRCRAG - 4950 CICTAICT C CCOGAATT

Where “X" represents stem II region of a HH ribozyme (Hertel et al., 1992 Nucleic Acids
Res. 20: 3252). The length of stem II may be > 2 base-pairs.
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No. No.

16 4951 AAAUCAGA CUGALGAG X CGRA. ALGIGCACA 5248 TGTGCCAT T TCTGATTT
17 4952 AAMAIXAG CUGAUGAG X OGRAA AAUGGCAC 5249 GIGCCAIT T CTGATTTT
18 4953 CAAMAICA. CURIGEAG X CGAA AAAIGGCA 5250 TGOCATIT C TGATTTIG
23 4954 AGUUGCAA. CUGAIKGAG X CGAA AIXAGAAA 5251 TTTCTGAT T TTGCAACT
24 4955 AMGIUGCA QXRDGAG X OGAA AMXAGAA 5252 TICTGATT T TGCAACIT
25 4956 CAATOC CRALGAG X CGAA  AAAICAGA 5253 TCIGATTT T GCRACTIG
2 4957 UCUOCOCC. CORAIGAG X CQGAA. AGUUKCAA 5254 TIGCAACT T GGCGAAMGA
65 4958 OGEOEACC CURAIAG X (GAA AGCUOOCU 5255 AGGGAGCT T GCTOSOG
69 4959 QOCOOEEC CUGAIKAG X CGRA  AGCARGCU 5256 AGCTTGCT C GOOsEx G
154 4960 QOCO0CCC. CUGRIXRAG X CGAA. ACROOCU 5257 AGRGTGT T GG
275 4961 GOOEOOEC CUGRDRAG X CGEA  ACUGOCC 5258 GAGGCAGT A GOEEOEC
317 4962 CORGOG AXARG X (GAA ACAOOGSC 5259 GOOGGIGT C OEGCTOSG
323 4963 CCGAGOC CUGAGAG X CERA  2C00GEC 5260 GTOOGGECT C GECTAG
329 4964 CAOGAGOC QUGRIGAG X CEAA  ACOOOGERG 5261 CTOSGECT € GECTOCIG
334 4965 CGUOGCAG QGAUGRG X CERA AGCOEAGC 5262 GCTOGGCT € CTGOGAC
373 4566 CCREEG (IRARAG X CRA ARG 5263 CECCOCCT € QOOCTOCC
379 4967 GAAGGERG CUGAGAG X OGRA  AGGOOERG 5264 CTQOCCCT € COXXCTTC
386 4968 CRAGEG CURIRAG X (A ACEIEGEA 5265 TOCCOXCT T QOCCTTCC
387 4969 GGGAAGEG CUGAIIGAG X CGRAA AACCOESG 5266 COOCCCIT C CCCTTOCC
392 4970 CERAAGEG CUGRAIGRAG X (GAA AGGGGARG 5267 CTTQOCCT T COCCTTCC
393 4971 CEGRAGEG QUGAIGAG X CGRA AAGGEGRA 5268 TTOOCCTIT C OOCTTOCC
398 4972 CCREEG CXRAGAG X CGAA AGGEGRAG 5269 CTTCOCCT T OOOCTOCC
399 4973 UGGERGEG CUGAGAG X OGAA. AAGEGGRA 5270 TTOCCTIT C OOCTOA
404 4974 OCOUSG AXRAUGRG X OGRA AGGIRARG 3271 CTTOCCCT C CCAGOsG
433 4975 UGCUOG0C. QUGAUGAG X QA AGEAORC 5272 GOGEXCT C GOOEAEA
445 4976 GEEAGC QXRAGAG X CGAA  ACCUCUC 5273 GAGCAECT C GECTOOC
450 4977 GOUEEEEG CUGAGAG X CGRA.  AGOOGAGC 5274 GCTOGGCT € OOO0CAGC
462 4978 GEOOOEG CUGAGAG X CEAA  ACCECURG 5275 Q2G0T C COOEEX T
478 4979 CAUGOCA. CORAGAG X CGRA  AIXUUURG 5276 CCAARGAT A TQOCAATG
489 4980 QUCORAC QARG X GEAA AOCAIGC 5277 GCAATGGT A GITRCCAG
492 4981 CAOOUGCU AGAUGAG X QAR ACROCAD 5278 ATGGTAGT T ACATG
493 4982 CAOUC OGAIGRG X (GRA AAOIAOCA 5279 TGGTAGTT A GCAGCTGG
508 4983 OO AGAGAG X CGRA  ADCUOEC: 5280 QORGAT C OCAGRC
614 4984 GOEGOOC CUGAIGRG X OGAA AC00OXC 5281 [eececceigioficececacs
706 4985 A0G AGAXEAG X ORA AOEIRG 5282 scessceigiececes e
707 4986 UCUGGOOC. COGAGRG X QGAA. AACOEIC 5283 COOOGGIT C GAEOCARA
729 4987 ACGCAQC CUGRAIGAG X CQRAA AlGUGUG 5284 CACACAT C GAGTGOGT
755 4988 UCOOGAC QARG X (GAA  AOEIXC 5285 GERACAMGT C GAEOGECA
770 4989 AUUO0G CUGRAIGRG X C3AA  AGUGCING 5286 CARGCACT A QGGCCAAT
779 4990 GGG QGRIRG X CEA AGEO0G 5287 QEXXCAAT T CAOCTAG
780 4991 UOGCAGEU QIGAGAG X QRAA AAIUGXC 5288 GECCAATT C ACCTGORA
802 4992 CUUGAAGA CUGALGAG X (QGAA ACUUUUGC 5289 GCRARAGT T TCTTCAAG
803 4993 UCUUGARG CURARAG X CRAA AANUG 5290 CAAARGTT T CTTCARGA
804 4994 COCUUGAA. CUGRLXAG X CEAA AAACUIU 5291 AAMGTIT C TTCANGG
806 4995 UCCUCUUG CUGAIGAG X CGRA  AGAAACIXT 5292 ARGTTTCT T CARGRGGA
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807 4996 CUGAUGAG X OQRAA AAGAARCU 5293 ACTTICIT C AAGAGEAG
819 4997 COGAUERG X QGRA ACCCIXCU 5294 AOGAGOGT C CGCAGGRA
830 4998 CURAXRG X CGAA AEU0CUG 5295 CRGGAACT T AACTTRCA
831 4999 CUGAUGAG X CGAA AAGUUCCU 5296 AGEAACTT A ACTTACAC
835 5000 CORAURG X (GRA ACUURAGU 5297 ACTTAACT T ACACATGC
836 5001 CQURIXRAG X (GAA AAGUURAG 5298 CTTAACIT A CACATGCC
862 5002 QUGAXRG X QGAA ACARGUUCC 5299 GGRACTGT C CCATCGRC
867 5003 CUGAGAG X OGAA AGGACA 5300 TGTCCCAT C GAOCAGCA
896 5004 QUGAUGAG X CGAA AUUGECAC 5301 GIGOCAAT A CTGOOXC
906 5005 COGAGRG X ORA AQGOIECA 5302 TCCOGCCT C AAGAAGTG
918 5006 QARG X QRAA AGCACU 5303 ARMGTGCCT C AAAGTGRG
945 5007 CORIGEAG X GFAA ACOCUC 5304 GAAGCGGT T CAEOGAEG
946 5008 CUOGAUGAG X OG3AA AAOOXCUU 5305 AMOGGTT C AGOGAGA
964 5009 CUGRUGAG X CGAA AGCCAINC 5306 GAATCOCT C CAACOCAG
979 5010 CURDGAG X CGRRA AUCeECU 5307 AGOCCAAT C CACGCOCAG
989 5011 CORUGAG X CRRA ACUEEOXU 5308 AGGOCAGT A QGCACTCA
996 5012 COGRUGAG X OGAA AGUGOGA 5309 TAQGCACT C ACCAROG
1014 5013 COGRDGAG X CGAA AGEEEAC 5310 GAOOCCCT C ARCCGCCA
1028 5014 QUGG X (GAA ACCAEIRG 5311 CCACTECT A CCIGIOXG
1034 5015 CUORDERG X CRAA ACZCARG 5312 CTACCTGT C CGCCTACA
1040 5016 COGAUGAG X CGPA AGOOGEAC 3313 GIQOGXT A CATCTCGC
1044 5017 COGAGAG X OGAA AUGUAGCC 5314 GGCTACAT C TOGCTOCT
1046 5018 CURAIGAG X QA ARUCIAG 5315 CTACATCT C GCTGCTRC
1070 5019 COGAUGAG X CGRAA  ACCEOIXG 5316 QGAGCCCT A CCOCALGT
1079 5020 COGAXR2G X (GRA A0EUESG 5317 OQCQCAQGT C GOCCTAOG
1085 5021 CQGAIXRG X CGRA AOOGOGRC 5318 GITOEOECT A COGCAEC
1116 5022 COGADERG X QGRA AUGUUGU 5319 ARCAACAT T ATGSECAT
117 5023 CORIRG X CRAA AU 5320 ACARCATT A TCGCCAIC
1125 5024 CUGRAIGAG X CGAA AGCCCAU 5321 ATGGGCAT C GAGAACAT
1134 5025 CUGRAXRAG X CEAA ADGUUAC 5322 GAGAACAT C TOOGAGCT
. 1158 5026 CURIGAG X QA ACCAG 5323 QEOCTCT C TTCAGOEC
1160 5027 CORDRG X GAA AGACCAG 5324 CCTCCICT T CAGOROOG
1161 5028 QGRAXRAG X CGAA ARG 5325 CICICTT C ACCEOAGT
1170 5029 CUGRIXRAG X QGRA  ACEEOXU 5326 ACCECOGT C GAGTGAC
1188 S030 QUGG X CRA AIGUUXG 5327 QECAACAT C OCCTTCIT
1193 5031 CORAXRG X CA ARG 5328 CATOOCCT T CTTOOOSG
1194 5032 COGAGAG X QGRAA. AMCCEGRU 5329 ATOOCCIT C TTOCQSERA
1196 5033 CQGAGAG X CGRA ACANGESG 5330 CCCCTICT T COOGGEAIC
1197 5034 COGAGAG X OGRA AARMIG 5331 QCCTTCIT C CCGGATCT
1204 5035 CQOGRRG X CAA ADOOGEEA 5332 TCOOGGAT C TGCRGATC
1212 5036 CORXRAG X (GRA AUCUCAG 5333 CTCCAGAT C ACGROCA
1226 5037 CUOGRDGAG X A ACAOQXG 5334 QCAGETGT C CCTGCTRC
1233 5038 CXRAIGAG X CRA ACAGTRA 5335 TOCCTGCT A CGOCTCRC
1239 5039 COGRURG X OGPA ACCCERG 5336 CTROGCCT C ACCTGGERG
1256 5040 CQORIGAG X CRAA ACAGOG 5337 QEACCIGT T CGTGCTCA
1257 5041 CURIGRG X C3A AACACCC 5338 GACCIGIT C GTGCICRA
1263 5042 COGAGAG X (GAA ACCACRA 5339 TTOGIGCT C AACGOERC
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1280

5043

X CQRA ACACG

5340

CCAGTGCT C TATGOCC

1282

5044

X QEA AGAGCRLU

5341

AGTGCTICT A TGOOGCTG

1304

5045

X CRAA ACCOXC

5342

GGAGOOGT T GCTGRO0G

1331

5046

X CEA ACGCAUGC

5343

GCATGCCT C GOOCATGT

1340

5047

X QRA ACAUGIC

5344

GCOCATGT C TGOOGACC

1353

5048

X (EA AOCOGEXC

5345

GACCCOGT C GIEXCIT

1361

5049

X CGAA AGCCCAOG

5346

QGTGGCCT T CATGEOC

1362

3050

X QRA ANGEOCAC

5347

GIGECCTT C ATGGACCA

1374

5051

X CQGRA ADGUGEC

5348

GACCALAT C CGCATCIT

1380

5052

X GQERA ACORAL

5349

ATCOGCAT C TTOCAGGA

1382

5053

X QA AGAIGOSG

5350

QQGCATCT T CCAGGAGC

1383

5054

X QEA ANGAIG

5351

QGCATCIT C CAGGAGCA

1404

5055

X CGAA ACCUUDAXC

5352

GAGRACCT C AAGGORCT

1413

5056

X CERAA ACCCOOU

5353

AMGGOGCT A CACGTCRA

1419

5057

X CRA ACCUGUAG

5354

CTACACGT C GACTCAC

1424

5058

X CRA AUOROG

5355

QGTQGALT C AGOCGAGT

1433

5059

X CQRA ACOECU

5356

AGCOGAGT A CACTGCC

1443

5060

X CRA MXAEU

5357

AGCTGOCT C AAAGOCAT

1452

5061

X CRA AICCCUU

5358

AAAGCCAT C GIGCIGIT

1460

5062

X QGAA ACAGCACG

5359

CGICCTGT T CAOGICAG

1461

5063

X QGA ARCAGCAC

5360

GIGCTGTIT C ACGTCAGA

1466

5064

X QRA AGUGARC

5361

GITCAOGT C AGACGCCT

1484

5065

X QGAA ACAGOCA

5362

TACCIGT C GGATEOG

1500

5066

X QA AGUEXC

5363

GOOCALCAT C GAGAGCT

1520

5067

X GRAA AUaXC

5364

GEGAAGT C CCAGTEG

5068

X 03A ACOOOxXC

5365

GQGAGGAGT A OGTGAGGA

1556

5069

X CEGAA AROCECUC

5366

GAGCCAGT A CCOCAAC

1576

5070

X CGAA ACGGOUGG

5367

CCAGOQGT T TTGGCAAA

1577

5071

X GARA ANCG

5368

CAGCCGTT T TGGCAAAC

1578

5072

X GRAA AANOCU

5369

ACQOGTIT T GGCRAACT

1604

5073

X CAA AGGCARU

5370

ACTGOCCT C GCTGOA

1619

5074

X QGAA ACAOGEG

5371

CACCGIGT C CTCCTOG

1622

5075

X CGAA ACGACAOG

5372

CGIGIOCT C CTOOGICA

1625

5076

X CRRA ACGAARC

5373

GITCCTCCT C QGTCATOG

1629

X CGAA ACGEAGGA

5374

TCCICOGT C ATOGRGCA

1632

X OGA AUGAOGA

5375

TOQGTCAT C GRGCARCT

1641

X CGA ACCuEaC

5376

GAGCAGCT C TTCTDOGT

1643

- X CGAA AGAGCUCC

5377

GCAGCTCT T CTTOGICC

1644

X QRAA ARG

5378

CAGCICIT C TTCGTOG

1646

X Q3A AGAAGACC

5379

GCTCTICT T COGTCOGIT

1647

X CRAA ANGANCAG

5380

CICTTCIT C GTCOGTIT

1650

X CGAA ACGAAGRA

5381

TICTIOGT C CGTTTEGET

1654

X QGRA AOGAOGA

5382

TOGTOOGT T TGGTAGGT

1655

X QGA ARG

5383

CGTQOGIT T GGTAGGTA

1659

X QA AOCARAG

5384

QGTTTGGT A GGTAAARC

1663

X CGAA ACCURCCA

5385

TGGTAGGT A AAACCOCC

1674

X CGEAA AUCGEEU

5386

ACOOCCAT C GAAACTCT
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1681 5090 QIAURG X CGAA AGUUKGA 5387 TOGAAACT C TCATOORC
1683 S091 CURAGAG X (GAA AGRGUUUC 5388 GAAACTCT C ATOCGCGA
1686 5092 CUGAIGAG X OGAA ALGAGAGU 5389 ACTCTCAT C QGOGATAT
1693 5093 CUGAIXAG X OGAA AIOGOGGA 5330 TOORCGAT A TGTTACTG
1697 5094 CURARG X CGRA ACAIIG 5391 QGATATGT T ACTGICIG
1698 5095 CUGAIKAG X CGAA AACAUAIX 5392 GATATGIT A CTGICIGG
1703 5096 CUGAGAG X CGAA ACAGURAAC 5393 GITACTGT C TGGGAGCA
1715 5097 CUGARG X OGRA AGCUGAC 5394 GACCAGCT T CAACTGGC
1716 5098 CUGALIGAG X CRA AAGCUGCU 5395 AGCAGCTT C AACTGIC
1726 5099 CUGAIGRG X CGAA AGGOCAGU 5396 ACTCGGCCT T ACATGICC
1727 5100 CUGAGAG X CGRA ANTOCAG 5397 CIGXCCIT A CATGTCCA
1733 5101 CUGAUGAG X CGAA ACAUGURA 5398 TTACATGT C CATCCAGT
1737 5102 CUGALIGAG X OGAA AIGGACAD 5399 ATGTCCAT C CRAGIGCIC
1745 5103 CUGRAIX2G X CGAA ARCACUGG 5400 CCAGIGCT C CTRAGACCT
1748 5104 CUGRIGRAG X CGAA ASGAGCAC 5401 GICCIOCT A GACCTTIOG
1754 5105 CGAGAG X ORA AGUOURG 5402 - | CTAGACCT T GISOGCIT
1762 5106 CUGAGAG X (OCRAA 2G0G00CA 5403 TGAECGCT T COCACCIG
1763 5107 COGALGAG X CGAA ARGOROCC 5404 GXXGECTT C CCACCTSC
1777 5108 CUGAGAG X OGAA ACGOGCA 5405 TGOOXCGT C COCCTARA
1783 5109 CUOGAGEG X CGAA AGGEEEAC 5406 GICCCCOCT A GAGRACTGA
1790 5110 CUOGAIGEG X ORA AGXKICUA 5407 TAGRGACT C AGAGGACC
1816 5111 CUOGAGAG X (GRAA ACUCCUUG 5408 CAAGERLT C CAARGOOG
1910 5112 CUGAGAG X (GAA ADUUCUGC 5409 GCAGAAAT A CAATCCGA
1915 5113 CUGAIXAG X CGAA AUUGIAIU 5410 ARTACAAT C QGRGCTAC
1922 5114 CUGRAIGAG X OGAA AGCUCGGA 5411 TCOGAGCT A CAAAGCAT
1945 5115 CUGAIX2G X (A ASKUCWU 5412 ARGAGACT C TTTTAGGA
1947 5116 CUOGRAIXGAG X CGAA AGRGUCIC 5413 GAGACTCT T TTAGERIC
1948 5117 CURDGAG X ORA ANREXU 5414 AGACTCTT T TAGGATCA
1949 5118 CUGAIGAG X (GAA AARGAGIC 5415 GACTCTTT T AGGATCAG
1950 5119 CUGALIGAG X CCGAA AMAAGAU 5416 ACTCTTTT A GGATCAGA
1955 5120 COGALGAG X CGPA AUCCURAA 5417 TTTAGGAT C AGATCIGT
1960 5121 CUGAIGAG X (UGAA AICUGAIC 5418 GATCAGAT C TGIGAGCA
1972 5122 CXRAIGG X 0RA AGUIC 5419 GACROGT T GOGAXRA
2009 5123 CURAIGAG X QGRRAA ACCUUCUU 5420 ARGARCCT T GIGICTGT
2014 5124 CQRAIGAG X QA ACACAAG 5421 CCTIGIGT C TGICTGGT
2018 5125 CXRALGAG X CGAA ACAGACAC 5422 GIGICIGT C TGGTGAAA
2042 5126 CUGAIXRAG X QA AUGUIU 5423 ARACAAAT T GGANGAGA
2064 5127 CUGAIXRG X (GAA AUUCUCAD 5424 ATGAGAAT T TTAATRAA
2065 5128 CUGALGAG X CGAA AAIXCICA . 5425 TGAGAATT T TAATAAAA
2066 5129 CURLGEG X (A ARADUCIC 5426 GAGAATTT T AATAAAAC
2067 5130 CUGAIXRG X CEAA AAAALIY 5427 AGDATTTT A ATRAANCA
2070 5131 CUGRAIGAG X CGAA ALXAARAL 5428 ATTTTAAT A ARACAGAA
2086 5132 CURIGAG X CRAA ASUUCU 5429 AGGAANCT A ATGGACCT
2095 5133 CURRLGRG X (CAA AGGUOCAU 5430 ATGGACCT T CCAGGATT
2096 5134 CUGALAG X CRA AAGGIKCA 5431 TEEROCTT C CAGGATTT
2103 5135 CQUCAIXAG X (GAA AUCCUGGA 5432 TOCAGERAT T TATTCTGE
2104 5136 CUGAIG2G X CGRA AAICCURG 5433 CCACGATT T ATTGTGGA
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2105

5137

X CQRBA AAADQG

CAGGATTT A TIGTGGAC

2107

5138

X CERRA AUAAAIXC

GGATTTAT T GIGGAOGG

2124

5139

X Q@A AUCCACAL

ATGTGGAT A TATTCIGT

2126

5140

X CQGRA AUALCCAC

GIGGATAT A TICIGTRC

2128

5141

X A ARIAIXC

GGATATAT T CIGTACAG

2129

5142

X OGAA AAIAIAIC

GATATATT C TGTACAGG

2133

5143

X CGAA ACAGAAIRA

TATICIGT A CACGAACA

2148

514

X CGAA ALGDGUUG

CAACACAT A TOGAAGIG

2168

5145

X CGAA AGGCUUCA

TGARGCCT A TGTAGAAA

2172

5146

X CQGAA ACAUAGGC

GCCTATGT A GAAACACA

2195

5147

X GRA ALGUUCAG

CIGAACAT T GTTATICA

2198

5148

X QA ACAAIGUU

AACATTGT T ATTCATTT

2199

5149

X CGGRA AACAAIGU

ACATTGIT A TTCATITT

2201

5150

X QGAA ALRACAAT

ATTGTTAT T CATTTIGT

2202

5151

X CGAA AAURACRA

TIGTTAIT C ATITIGTA

2205

5152

X CGAA AUGAAIIRA

TTATTCAT T TTGTAAAA

2206

5153

X CGAA AAIGAAIIA

TATTCATT T TGTAAAAT

2207

5154

X CGAA AAAIXAAU

ATTCATIT T GTAAAATA

2210

5155

X CGRAA MAAAAIG

CATTTIGT A AAATACTA

5156

X CQGAA AUUUURCA

TGTAARAT A CTAGTCIT

5157

X CGAA AGIADUOT

AAAATACT A GICITTAT

5158

X CGA AEIRAU

ATACTAGT C TTIATTIT

5159

X GRA ARG

ACTAGICT T TATTTICA

5160

X CRAA ARG

CTAGICIT T ATTTICAT

5161

X CRAA AANGAOA

TAGICTIT A TTTTCATT

5162

X CGAA AIIRAAGAC

GICITIAT T TTICATTIT

5163

X CAA ARIRAACA

TCTTTAIT T TCATTTIT

5164

X CGRA AAAIRARG

CTTIATIT T CATTTTIT

5165

X CGAA ARAAIARA

TTTATTIT C ATTTITIG

5166

X CEA AUGARAAU

ATTITCAT T TITIGIRA

5167

X CRRA AAIGAAAA

TTTTCAIT T TTIGTAAA

5168

X CGAA AAADGRAA

TITCATIT T TIGTARAA

5169

X QGRA ARAAIGAA

TTCATTIT T TGTAAAAT

5170

X CGAA AAARAIGA

TCATTTTT T GIAAAATT

5171

X CGAA ACRARDAA

TTTTTIGT A AAATTTAA

5172

X QGAA AUDUUACA

5469

TGTAARAAT T TAAACATC

- 5173

X CGRA ARIUIAC

5470

GIRAAAATT T AAMCATOG

5174

X CGAA AAAUUXA

5471

TAAAATTT A AACATCGT

5175

X CGAA ALGUUURAA

5472

TTAAACAT C GTATGOGC

5176

X QGRAA ARG

5473

AACATOGT A TGOGCATA

5177

X C3A AUGOCAU

5474

ATGOGCAT A AAGAARAA

5178

X QERAA AXUUT

5475

AANRAT T AGGOGARA

5179

X CRA AADDCG

5476

CAAGAATT A GGGGAAAA

5180

X CERA ATUOO0C

5477

GCGGAARAT A ACATTTIC

5181

X GGRA AUGUUAIXT

5478

AATAACAT T TTCCAAAT

5182

X @A AAIGXIAI

5479

ATAACATT T TOCAAATA

5183

X CGAA ARAUGIUA

5480

TAMCATTT T CCAAATRA
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2304 5184 AUUAUUG CUGAUGAG X OGAA AMAAUGUU 5481 AMCATTTT C CADATAAT
2310 5185 UUALRAL CUGADGAG X QGAA AUUUGGAA 5482 TTCCARAT A ATTATAAA
2313 5186 UUCUUUAU CUGALGAG X CGAA AUADUUG 5483 CAPATAAT T ATAAMAAA
2314 5187 AUUUUUUA CUGALGAG X CGAA AAUUAUUU 5484 ADATAATT A TRAAAAAT
2316 5188 CPAUUULU CUGALXAG X CGAA ALRAIUAU 5485 ATAATTAT A AMAAATTG
2323 5189 CACRGEAC CUGAGAG X OGAA AUUUUUA 5486 TARARAAT T GICCTGIG
2326 5190 AGACACAG CUOGAGAG X CGAA ACAAUUUU 5487 AMAATTGT C CTGIGICT
2333 5191 GAIACAIR CUGAGAG X CGAA ACACACGA 5488 TCCTGIGT C TATGTATC
2335 5192 WPGAIRCA CUGAIGAG X CGAA AGACACAG 5489 CIGIGICT A TGTATCTA
2339 5193 GALAIRGA CUGAXGAG X QGAA ACAIRGAC 5490 GICTATGT A TCTATATC
2341 5194 CAGIAA CUGRAGAG X (GAA ARCAIRG 5491 CTATGTAT C TATATCTG
2343 5195 AMCAGAIA. CUGAUGAG X QGAA AGAIACAU 5492 ATGTATCT A TATCTGIT
2345 5196 ARAACAGA CUGAUGAG X QGAA ALRGAIRC 5493 GTATCTAT A TCIGITIT
2347 5197 ACAAPMCA CUGAIGAG X CGAA AURIRGAU 5494 ATCTATAT C TGITTIGT
2351 5198 ARAIACAR CUGAIKAG X CGAA ACAGAIAI 5495 ATATCTGT T TTGTATTT
2352 5199 AAANIRCA CURAUGEG X CGAA AACEGAIRA 5496 TATCTGIT T TGTATTTT
2353 5200 PAAPAIRC CUGAUGAG X QGAA AAACAGAU 5497 ATCTGITT T GIATTTIT
2356 5201 GAAAAAAA CUGAUGAG X CGAA ACARARCA 5498 TGITTIGT A TTTTTTIC
2358 5202 CAGAAAPA CUGALIGAG X CGAA AUACRAAA 5499 TTTTGIAT T TTITICIG
2359 5203 CC2GAAMA. CUGAGAG X CGAA AAIIRCAMA 5500 TTIGIATT T TTTICTEG
2360 5204 ACCRGARA CUOGALXRAG X (GAA AAAIIRCAA 5501 TIGIATTT T TTTCTGGT
2361 5205 AACCAGAA CUGAUGAG X (GAA AMAARUACA 5502 TGTATTIT T TTCIGGIT
2362 5206 GAACCAGA CUGAIXRAG X (GAA AAARAIRC 5503 GIATITIT T TCIGGTIC
2363 5207 GRACAG CUGAIRAG X OGAA AAAAAAIRA 5504 TATTTTIT T CTGGITCC
2364 5208 UCGAACCA CUGAUGAG X (GRA AAAAARALS 5505 ATTTTTIT C TGGTTOCA
2369 5208 USEOUUGG CUGAIKGAG X (GAA ACCAGARA 5506 TTTCTGGT T CCAAACXCA
2370 5210 COGUUG COGAUGRAG X CGRA AMOCAGAA 5507 TICTGGIT C CRAACCAG
2381 5211 UCACAGGA CUGAUGAG X CGAA ACUGGN 5508 RACCAGAT T TOCTGIGA
2382 5212 ADCACAGG CUCAIXRG X CGAA AALCUGEU 5509 ACCAGATT T CCIGTGAT
2383 5213 AACACAG CUGAIIGAG X CQGRAA AARIICUGG 5510 CCAGATIT C CIGIGAIT
2391 5214 PGRAIRG CUGAIKAG X QGAA AIXACAGG 5511 CCTGIGAT T CTATACTA
2392 5215 UAGIAIA CXRIRAG X ORAA AAICACAG 5512 CIGIGATT C TATACTAA
2394 5216 ARGIA CUGAIGAG X CGRA AGAAICAC 5513 GIGATICT A TACTAATA
2396 5217 ADRDRAG COGAIXAG X OGAA AIRGAAIC 5514 GATTCTAT A CTAATAAT
2399 5218 AAANTRALY QGAUGRG X ORRA ARIAGA 5515 TCIATACT A ATAATTIT
2402 5219 UCAARRAL CUGAUGAG X CGAA AIXRGIAU 5516 ATACTAAT A ATTTTTGA
2405 - 5220 AURUDCAAA CUGRIXRAG X OGAA ARG 5517 CTAATAAT T TTIGATAT
2406 5221 UAIRDCAA. CUGAIXGRG X OGRA AAINAIXA 5518 TAATARTT T TTGATATA
2407 5222 UAIACA CUGAUGAG X CGAA AAALIRAIN 5519 AATAATTT T TGATATAA
2408 5223 GUUAIRIC CUGAGAG X CGAA AAAAIXRADU 5520 ATAATTIT T GATATARC
2412 5224 ARGRGUUA CUGAIXR2G X OGAA AIXCARARA 5521 TITTIGT A TARACCCIT
2414 5225 CRAAGGU CUGRALIGAG X OGAA AURAICAAA 5522 TITGATAT A ACCCTTIG
2420 5226 AMGRAGCA CUGADGAG X OGAA ACGGUURL 5523 ATARCCCT T TGCTICTT
2421 5227 AAGAAGC CUGAUGAG X OGAA AACGGIXA 5524 TAACCIT T GCTTCTTA
2425 5228 AUAIAAG QGAGAG X (GRA AGCAAAGG 5525 CCTITGCT T CTTATAAT
2426 5229 CARIRA CUGAGREG X OGRA AARCARAG 5526 CITIGCIT C TTRIAATG
2428 5230 CUCALUAD CUGALXAG X CGAA AGAAGCAA 5527 TIGCTICT T ATRATGRAG
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2429 5231 ACUCAUUA. CUGRIXGAG X CGAA AAGAAGCA 5528 TCCTTICIT A TAATGAGT
2431 5232 CCACUCAU CUOGAUGEG X OGRA AlRAGARG 5529 CTICTTAT A ATGAGICC
2443 5233 ACAACAIA CUGAIXEAG X CGAA ALOGCACY 5530 AGTGOGAT A TATGTTGT
2445 5234 CERCAACA. COGAIGAG X CGAA AIRDOGCA 5531 TCCGATAT A TGITGICG
2449 5235 GOCUCGAC CUGADGAG X CGAA  ACAUAIIALY 5532 ATATATGT T GIOGAX
2452 5236 ACGOOUC CUGAUGAG X CGAA  ACRAACATIA 5533 TATGTTGT C GAGGCIGT
2461 5237 UCUGARG CUGAITGAG X (AR ACGOCUC 5534 GAGGCIGT T CTTCAMGA
2462 5238 UOUUGAA. CUGRAIGAG X OGAA AACAOOCU 5535 AGXCTGIT C TTCARGAA
2464 5239 AAUCUUG CUGRUGRG X (GAA AGAACACC 5536 GCIGTTCT T CAAGAATT
2465 5240 RAUCUU. CUGALGRG X CGAA, ARGANCAG 5537 CIGTTCIT C AAGAATTA
2472 5241 UCRAUUU CUGADGAG X CGAA  AUUCUUGA 5538 TCAAGAAT T AAAATTGA
2473 5242 UOCAAUUT CUGAUGRAG X CGRAA  AAITUOUUG 5539 CAMGAATT A ARATTGAA
2478 5243 UDCACIC. CUGAIGAG X OGAA. ADUUUUAAD 5540 ATTAAMAT T GAAGTGAA
2490 5244 TOUGUUUA. CUGALIGAG X CGAA  AUUCAC 5541 GIGAAAAT T TAAACAAA
2491 5245 UUGUWU CUGAIGRG X QGAA AAIUUUCA 5542 TGARANTT T AAACAAAA
2492 5246 UOUOUGU CUOGAIXGAG X CGAA ARAITUUUC 5543 GAAAATTT A AACAMAAA
2502 5247 AACUU CGAGAG X QGAA. AUDUDUGU 5544 ACAAADAT A ARAGAATT

Where “X” represents stem II region of a HH ribozyme (Hertel et al., 1992 Nucleic Acids

Res. 20: 3252). The length of stem IT may be > 2 base-pairs.




WO 00/61729 PCT/US00/09721
Table V1. Hammerh.  .ibozymes to IRF-2
120
Seq. Rz Seq. Substrate
I.D. No. I.D. No.

13 5545 GRAMAITA QUGRAIRG X (GAA AGOOOGC 5967 GOBEU U UCaLuuoe
14 5546 UGGRARALG (UGALGAG X Q@A AAGOOORJ 5968 200EGCUWU U CAIUUCCA
15 5547 AUGEAPAD) CUGRLIGAG X CGAA ARG 5969 CEECUU € ALUUOCAD
18 5548 GARAAIXA. CUGAIKAG X OGAA AUGAAAGC 5970 GOUUUCAL U UCCALTUUC
19 5549 UGAAAIXG CUGALGAG X CGRAA AALGAMAG 5971 QUUUCALU U CCAUUUCA
20 5550 GUGRAAALG CUGAIXRAG X CGAA AAAIKAAA 5972 UOUCADUU C CAIUUCRES
24 5551 GUUGA CUGAIGAG X OGAA AIGGAAAL 5973 ADOUCCAU U UCACACAC
25 5552 UGG CUGAIXAG X OGAA AAIGGAAA 5974 UUUOCALU U CACACAOC
26 5553 COGUU CUGALGAG X CGAA AAAIXGAA 5975 UDOCAIUU € ACACAOOC
36 5554 AUGUIC QURDGRAG X (GAA ARG 5976 CALO00U A GCARCACY
45 5555 CQAGIAU CUGAIGAG X OGAA ACUGURC 5977 GCRACALU U AIROCUUG
46 5556 CCAMGERA CUOGAIGAG X CGAA AMNGUGIUG 5978 CAACACUU A UACCUG
48 5557 COGCAAGG CUGRAIKRAG X CGAA AIRAGI 5979 AU A COUUGOG
2 5558 ARJUOOC QUGAIGAG X OGAA AGXIAUAA 5980 UAROU U GOGGAALN
&0 5559 AOCAAIRC CUGALGAG X QGAA AUOCGCA 5981 UCORAAD U GUALUGSU
a 5560 COUAOCAA. CUGAIGAG X CGAA ACAAIXXC 5982 GRANGU A UUGEUIAC
&5 5561 AGORAC CUGAGAG X OGAA ALTCAAIXS 5983 AGRD U GEUAGORT
& 5562 UUUCACGC CUGAIXAG X CGAA ACCAAIRC 5984 GRIUGEU A GOGUGARA
146 5563 UUGGAGU CUGRAIGAG X CGEAA ALCIEUC 5985 GACAGAD A AACUOCRAA
151 5564 UOGUGUUG CUGAIGAG X CGRA  ACGUUUAIC 5986 GIRAACU C CAACAORA
161 5565 200006 QURAIGRG X 0RA AUOSUE 5987 AARORII C QOEEaU
170 5566 ACOCACI CUGALGAG X CERA AGCOOOOSG 5988 sececcaifielp¥Veicei
179 5567 UOCUUGU. QUGAIGAG X OGAA AGOCACTU 5989 AAGIGCU U AACAAGGA
180 5568 UOCCIGU. QUGAGAG X CGAA.  AAGOCACU 5990 AGUCCOU A ACAAGGAA
197 5569 AUCURAA QUGG X ORA AUCUUOU 5991 AARACN U UUUCAGAD
198 5570 GIXURA QURADRG X (GAA AAIOUCY 5992 ARACIU U UUCAGAIC
199 5571 GRICUA QRAIGAG X (GAA ARAICIXC 5993 GRGAIUU U UCAGAIIC
200 5572 CRG CUGAIGAG X OGAA AAAAIXIX) 5994 ARGRIUUU U CAREAIC
201 5573 GCEEACU CUGAGAG X CGAA  AAAAADCU 5995 AU C AGAIXOOC
206 5574 ACAGS CURIGAG X GGRA AICUGAAA 5996 UOUCRGAD C CCCURED
225 5575 COCARC QUGAIGAG X QRA AGOOCAD 5997 AGEXU A GACAUGES
260 5576 DOUA2A QUGAIKAG X CEAA  AGUGEIC 5998 CCAOCAQU C ULUAGAAA
262 5577 GEUUOXUA (UGADGAG X (GAA AGAGIRRU 5999 AOCAOUOU U URAGAAACC
263 5578 | OGEXXXU COXRAIGAG X OGRA AAGAGTDG 6000 QCACUCWU U AGRAAACG
264 5579 OOGERNC CUGRAIGAG X CGAA AAMGRGHG 6001 QOO A GARAOOG
278 5580 QUGALG CUGAIXAG X CEAA  AUUGONG 6002 QEECAA C CRIACAR
282 5581 QUOOUG CUGAIXRG X CGAA AIGGAING 6003 CRALCCAU A CAGGAAAG
294 5582 UOOUGEU CUGAGAG X CGAA  AIGCUUUC 6004 GAAMGCA C AACCRGRA
305 5583 GCUAIC CUGRGAG X CGAA ACTOOUGG 6005 QARG A GARANYT
309 5584 ACAGGU CUGAIGAG X CGAA. AICIIACIC 6006 GAGRGAD) A ARCCUGAL
318 5585 UGUIUUGG CUGALGAG X (CAA. ALCAGEU 6007 AU C CCRAAACA
339 5586 CAURA CUGAIGAG X CGAA AINOGEU 6008 AGOOGARD U UCAGAIGC
340 5587 - CCCADG CUGRUGRG X CGAA ARIUOGC 6009 GORAN U CACADEG
341 5588 COOAIY CUGAIGAG X CGRAA AAAIXIOGC 6010 GORAIN C ACALGRC
357 5589 ACANGG QUGRAIGAG X CGAA ARG 6011 QCAIGRAU U COUUE0y




WO 00/61729

Table VI. Hammerheau Ribozymes to IRF-2

121

PCT/US00/09721

358 5590 CAGGCAAG CURADRAG X (GAA AAIUCALG 6012 C QueoaG
361 5591 UADCGEC CUGAGAG X CGAA  AGGAALUC 6013 U GCUGALA
369 5592 UOCUUCAA CUGAGAG X (GAA AICAGEA 6014 A UUGRAGRA
371 5583 ACUOCUUC CUGADGRAG X CGAA. ALIAUCAGG 6015 U GAAMGAART
380 5594 UUAICCUU. COGRAIXAG X (QGAA  ACUUCUUC 6016 C AMGGAIIAA
387 5595 TAUGCUUU. CUGAIXAG X CGAA AOCUUGA 6017 A AAMGCAIIA
395 5596 CCOUUCUU CUGAGAG X OGAA AGOUUUYT 6018 A AAGRANG
408 5597 GARGGCAU CUGAGAG X CGAA AUUOCIKT 6019 A AUGCCUOC
415 5598 ACACOOG CUGAGAG X (GAA  AGGCAINA 6020 U CAEEECU
416 5599 URGAOCOCU CUGALIGAG X CGAA  AAGGCAIU 6021 C ACEECUA
422 5600 ATICGGIA CUGAGRAG X (GAA ACCCUGRA. 6022 C UACCGARAL
424 5601 GCCAUOSG CUGAIXRAG X CEA AGROCOUG 6023 A QCGAALXC
440 5602 CEUOCUGA. CUGAGAG X CGRAA. AGGEGCAG 6024 A UCAGAAG
© 442 5603 GCOUUCU CUGAGAG X CGRA AIRGEGEC 6025 C AT
453 5604 UUUCUUAG CUGRAIXRG X (GAA AGCOOGU 6026 U CUARGRAA
454 5605 CUNCUA CUGRDGAG X OGAA ANSCOOGU 6027 C URAGRANG
456 5606 OO CUGRAGEAG X CGRAA.  AGAAGCC 6028 A MGAANTRA
497 5607 AUGICUU CORAGRG X OGRA.  ACUUUGUC 6029 U AMGCACRL
498 5608 GAUGUCCU CUGAIXRAG X CGRA  AACUUUGY 6030 A ACACAIXC
506 5609 UCUUGAUU. COGAIGAG X CGAA  AUGUGRCUU 6031 C AMCCAMGA
521 5610 GAUGACC CUGRUGAG X CGRAA. ACUSERRIC 6032 U GRGXCAIXC
526 5611 CCAGMRADU CUGAGAG X CGAA ACUCANT 6033 C AXUCUG
529 5612 GCOOOAGA CUGAIGAG X CGAA AUGACUCA 6034 C aEasc
531 5613 AMGOCOCA. CIGADGAG X CGAA. AGALGACT 6035 C UeEEEy
539 S614 CCAXACU CUGAIXRG X (GRA AGOOCCAG 6036 U ACIAAIXG
540 5615 UCCAIUAC CUGAIXAG X CGAA AMGOOCCA 6037 A GIRAUGERA
543 5616 UACUCCAD QUGAINGAG X OGRA ACTRAXC 6038 A AXGAMIA
551 5617 AACACU QOGRDRAG X CRA ACUCCAIY 6039 A MUORIXU
558 3618 ACGRGRAAA. CUGRAIXRAG X CGAA AICACIXRA 6040 C Uuucuecy
560 5619 UCAGGRGA CUGAUGAG X CGRA. AGRAIXCALU 6041 U 0O
561 5620 QUCAGAG CUGAGRG X CORA AAGAICAC 6042 U QX226
562 5621 ACUCAGGA. CGAIXAG X CGAA AAACAIXA 6043 C OORGT
564 5622 AIRCUCAG COGAIXAG X CGAA AGAARGAD 6044 C QGG
571 5623 CGAOCCA CUGAIXRG X OGAA ACUCAGGA 6045 A UCEEIXC
578 . 5624 GARGCAG CUGRIXAG X OGAA ACCGCAIA 6046 C QxRaAxxC
585 5625 UAIRGUUG CUGAGRG X (GAA AGUCAGGA 6047 U CARORIA
586 3626 UARGU COGAIXEG X CGAA AMGICAGS 6048 C ARCUAIIAA
591 3627 AUDOUCA. COGAGAG X CRRAA AGUUGRAAG 6049 A UAAAAARDY
593 5628 UCAUUU CUGAIXAG X (GAA AIRGUUGA 6050 A AAARRIGA
609 5629 CAOOGIAC CUGAIGRG X CGRA  AUCCACIXT 6051 A GROEG
612 5630 GUUCAOCG CUGADGEG X QAR ACTAICCA 6052 A CGEXRARC
623 5631 ACAMOAD CUOGAUGRAG X CGARA ALGUUCAC 6053 C AIRGUOU
626 5632 COACARC CUGAUGAG X CGAA AUGRIGUU 6054 A CUGCIRGG
629 5633 UGUCCUAC CQUGAIXRAG X CGRAA ACTRAIGAL 6055 U GRGGRCA
632 5634 GAAUGUCC CUGADRG X CEAA  ACAACTIAL 6056 A GRCAEXC
640 5635 CCARIG CURAEAG X ORA 20U 6057 C QCAXIXG
645 5636 COUGXCA CUGRIXRG X CGAA AUGEGACU 6058 C USGACAGC
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659 5637 URAUCC CUGAIGAG X OGAA ALGUUGCU 6059 AGCARCAU U GAGAALCA
666 5638 AAICUCUU. CUGALIGAS X (GAA. ALUCUCAA 6060 UOGAGAAY C AAGAGALTU
674 5639 UUCGRAC CUGAGAG X ORA ALCUOUUG 6061 CAMGAGA U GUCACCAA
6877 5640 GGAUUGGRU CURIGAG X QGAA ACAALCLC 6062 GAGAIUGU C ACCAALCC
684 5641 GIOUGEG CUGAIGAG X OCAA AUUGGUGA 6063 UCACCAAD C QEOCAGAC
695 5642 ACUUGEA CUGRALGAG X QGAA ALGUCUGG 6064 . CCAGRACAU U UGCCAATT
696 5643 AAUUGEC CURLGEEG X OEAA ARIGUOUG 6065 CAGACAIU U GOCRAGU
704 5644 ACCUCIAC CUGALIGAG X OGRAA ACUUGECA 6066 UGCCAAGU U GUAGAISU
707 5645 GOCACAXC CURIGAG X.CRAA ACAACUUG 6067 CAAGIUGRU A GAGGUGAC
740 5646 QAU CUGAGAG X O@A ACTGACUG 6068 CAOOGT € ACCAGRG
755 5647 ARACCEA CURAIGAG X ORA AUOCU 6069 A00RACCU C UARCCCUCU
757 5648 CCAGAGGG CUGALGAG X CGRA AGRGCUOG 6070 CEAGCUCU A COCUCURC
762 5649 GAUCUGCA. CURIGAG X CGRAA ACCXAGA 6071 UOUACCCU C UGCAGAIC
770 5650 AOGGGEEA CURAGAG X CGRAA AICUGCAG 6072 CUOCAGAU C Uooooosy
T72 5651 ACAOGEEG QUGAGAG X OGAA  AGALCIIC . 6073 CCAGAIXU ¢ COooEUsy
781 5652 CAIRGERA CURAIGEC X CGRA ACAOSSG 6074 QOCOGUGU C UUOCURALG
783 5653 UCCALRGG CUGAGAG X ORA AGACAG 6075 QQGEUGUCU U CCUALGCA
784 5654 CUGCAIRG CURRUGAG X OGBA AAGACAG 6076 QEEUU ¢ QRUGCAG
187 5655 UUOCUGCA. CUGAIIGAG X CGAA AGGANAC 6077 GUCUXCU A UCAGAAA
810 5656 CGECACAC CUGAIGAG X CGAA ALCACXG 6078 CERACUGAU A GURUIEOCE
867 5657 GOOUUC2A CUGALGAG X CGAA ALY 6079 AGAIGARD A UUGAAGC
869 5658 UUGOCUUC CUGRALIGAG X OGAA  ALRIUOCU 6080 AGGAAIIAY U GAACCCRAA
883 5659 UGUGAGG CORAGAG X CGRA  ACUEINUG 6081 CAANCAGU A CCUCRGCA
887 5660 ATUUCU CUGAIGAG X OGRAA 2OXIACUG 6082 CAGIROU C AGCAMCAI
903 5661 CREOCC. CUGRAIGAG X CGAA  AGIOCOCA 6083 UGGEEACU C GAGGCICS
910 5662 CCAGGUAG CUGALGAG X OGRAA AGOCUCOGA 6084 [Sec'ccaifiefoi Tenicel
913 5663 GCAGCAGE CURAUGRG X ORAA AGGAEOCU 6085 AGCCUOCU A QUG
934 5664 . UGAOGAAG CURDGRAG X CGAA. ACGOCAIG 6086 CAGGORU € CUUORCA
937 5665 ARGIGAOG CUGRALGAG X CGAA AGGAOCC 6087 [ceectenifiiffecioveiil
938 5666 GRAGORAC CURIGEG X ORAA AN 6088 GOEXCWU C GUCACIAC
941 5667 UUGGAAGTU QUGAIGAG X OGAA. ACGRAGGA 6089 UOCUUOGU € ACIXXCAA
945 5668 UOUGUUGG CUGRALGAG X CGAA AGUGAOCA 6090 DOGX20U U CCAACAAA
946 5669 GUUCOUG CUGALGEG X CGRAA AAGTIGAOG 6091 QGUCAOT C CAACAAAC
962 5670 COROOG CORIGAG X ORAA AU 6092 QR0 C CAGEICAC
968 5671 URLGCU QGAIGAG X O3A ARG 6093 CUOCAGSU C ACCAICAA
974 5672 UCCUU. CUGRIGRG X CGAA  AGEIGAC 6094 GUCAOCAU C AAAGAXRA
990 5673 AGGCACOG CUGAIGAG X CGAA  AUGACU 6095 AROCANT C OEEUEOCU
999 5674 GOUGIUGU QUGG X O3RA AGCAONS 6096 QEEIGOU U ACAACAGC
1000 5675 ACUGIG CUGAIIGAG X CGRA AAGCAOD 6097 GEUEOCWU A CRACARCU
1009 5676 GG CURUGAG X OGAA AGCUGXG 6098 CAACAGOU C QUGB
1020 5677 GUIOUOGRA. CUGAGEG X CGAA AT 6099 GEO0O0U U UUCAAGAC
1021 5678 GGOCUUGA. CUGALGAG X OGRAA AAGEIC 6100 GOCO0OU U UCARGALC
1022 5679 AEXCUUG CUGAGAG X OGAA AAMNCORG 6101 QOCCCUU U CARGROCU
1023 5680 GAEEXUU CURLGRG X CGAA AAMAGYG 6102 QQOCUUUU € AMROAC
1031 5681 GARACARG CUGAIGAG X CGAA  2GECUXG 6103 CARGAOCU € QOOCUXC
1037 5682 GAGGANGA CUGAIGAG X OGRAA AGCORGAS 6104 atcsccaifiiftnticniel
1038 5683 6105 [l eccsaiifioNeiionies

GEAGGAAG CUGARAG X (GAA ANIGERA
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5684

X CGAA ARAEOEEG

6106

5685

X CRA MRAAGEG

6107

5686

X CGAA ARGARNG

6108

5687

X CGAA ACGARGAA

6109

5688

X CRA AUCUGEG

6110

5689

X CGRA ACUGCUGC

6111

5690

X GEA AOGCUEC

6112

5691

X CGA AGROXU

6113

5692

X QRA AUEUUULIC

6114

5693

X QA AUOORALG

6115

5694

¥ QGAA AIRADOOGA

6116

5695

X QGAA AOGOEEC

6117

5696

X CGA ACAGOXU

6118

5657

X CGAA AACAGCUC

6119

5698

X CGA ACUUAA

6120

5699

X CGAA AGUCAGRG

6121

5700

X CGAA ARGCRG

6122

5701

X (GAA ACCAOOSC

6123

5702

X CGAA ACAACCRC

6124

5703

X QE3AA AC0COCAA

6125

5704

X CEA ANGOCOCA

6126

5705

X CRA AGRAGXC

6127

5706

X CGAA AGCCRAGA

6128

5707

X CGAA ANGOCRAG

6129

5708

X CGAA ACAARGCC

6130

5709

X CERA AACAANC

6131

5710

X QGAA AANCAAAG

6132

5711

X CGRA ACRAANCA

6133

5712

X CGAA ACAACARAA

6134

5713

X CGAA PACANCAA

6135

5714

X QGRA ACRANCRA

6136

5715

X CGAA AACARAACA

6137

5716

X QGAA ACAAACRA

6138

5717

X CGAA AlRCAAAC

6139

5718

ARAAMAIIA CUGALGAG

X CGAA AAUACARA

6140

5719

ARRAAMAD) CIGRAIGRG

X QGAA AAAIACAA

6141

1214

.5720

.GARAAAAA CURRIGRAG

X QGEA AAAAIIACA

6142

1216

5721

GRGAAMMA. CUGALGRG

X CGAA AIAAAAIIA

6143

1217

5722

ACAGAMAN CUGRAUGRG

X OGRA ARIRAAAL

6144

1218

5723

GAGAGAAA. CURIGRAG

X CAA ARAIRAANA

6145

5724

ACAGHNRDA QUGG

X CGAA AAAAIIAAA

6146

5725

CARGAGA. CURURG

X QGRA ARARAIRA

6147

5726

UCAGAGRAG CUGRALGAG

X CGAA AARAAAIRA

6148

5727

GOCPGAGA CURIGAG

X QGAA AAAAARAL

6149

5728

GUGXC2GA CURLGAG

X CGAA AGAAAAMA

6150

5725

AUGCA AGAXRG

X CGAA AGRAGAARA

6151

5730

CUOAARA CUGALRAG

X CGAA AGGUGIXCA

6152
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1237

5731

UUGCURA.  CUGALXGRG

X QGRA AL

6153

ACAOCUAU U WUAGACRA

1238

5732

UUUGDCUA  CUGALIGAG

X CGRA RPAIRGEG

6154

= -

1239

5733

ATCUGUCU - CUGALRG

X QGRA. ARAIGGU

6155

ACCUALUU U AGACAAAL

1240

5734

GALTUGX CUGALIGEG

X CGAA AAAAIIAGG

6156

CCUAUUUU A GACAAAIXC

1248

5735

X CGRA AUUUGXCU

6157

AGACARAI] C URAGGGAA

1250

5736

X CGAA AGAIUUGU

6158

ACAAAIXU A AGGGAAAA

1264

5737

X CEA AECUUUU

6159

AAANGOCU U GACAAILIRAG

1271

5738

X CGAA AUGUCRAA

6160

UUGRCAALT A GARCALTG

1278

5739

X CGRA AIGUUCUA

6161

UAGARCAT U GADUGCUG

1282

5740

X CGRA AIXCAAIGU

6162

ACAIUGAD U GCUGUEC

1290

5741

X OGAA ACACACCA

6163

UGCUGUGU C CRACTIOCA

1296

5742

X CGRA AGUUGGEAC

6164

GUCCAACU C CAGtAOTY

1301

5743

X O3A 006U

6165

ACUCCAGU A OCUGGEAGC

1311

574

X Q3 ACUOCRG

6166

CUGEAGCU U CUCUIURA

1312

5745

X CEA AACCUOCA

6167

UGERGCUU C UCUUUARC

1314

5746

X CGRA AGARGCC

6168

GAGCUCU C UR2aOC

1316

5747

X QEA AGRGAAGC

6169

GCUOCUCU U TRACICAG

1317

5748

X QRA MAGRGANG

6170

CUUCOCUU U ARCUCAGG

1318

5749

X CCAA AAAGNGAA

6171

UOCUCUUU A ACUCAGGA

1322

5750

X CRAA AGUAARG

6172

CUUUAACU C 2GEACCC

1329

5751

X CGAA AGUOCUGA

6173

OCAGGACU C CAGOoCcal)

1338

5752

X CRAA AIGEEUG

6174

CAGCCCAU U GIXRGAOG

1342

5753

X CGAA 20CAALGG

6175

CCAGU A GAOGUGEIG

1352

5754

X CCAA ACACRORU

6176

AOCUGUGU U IAGARC

1353

5755

X GE3A AACACNG

6177

ecscscriffifailelead

1354

5756

X CRA AANCACAC

6178

GUGUOGUUU C (AGAGOCY

1356

5757

X CGRA MEAANCAC

6179

GCUSOUUCU A @EOAXC

1370

5758

X CGAA AUCCAGCA

6180

UGCUGGAD C UOOCAGES

1372

5759

X GRA AAIOCAG

6181

CUGGAIXU C OCAGEECU

1381

5760

X QE@A 200006

6182

CCAGEECU A CUCACIXCA

1384

5761

X QRAA 23T

6183

GEECUACY C_ACUCAZGU

1388

5762

X CGRA AGUGRGUA

6184

UACICACU C AAGIXCAA

1393

5763

X O3A ANOUGAGT

6185

ACUCAAND U CARGGEACT

1394

5764

X CGRA AMOIIRG

6186

CQUCAAGUU C AAGGRACCA

1427

5765 .

X QA AGCAGCA

6187

UGUGCAU U GOOUasG

1437

5766

X QRA AOGCAG

6188

[sascacesfioliieces.e]

1465

5767

X CEA 2GGCAIC

6189

GRIOCU C AGAAMGA

1480

5768

X C3A AUOXEXC

GAOGRGRD A AUGUGARC

1490

5769

X CRA AMIJUCACA

6191

UGURAACU A GOUGGAAU

1499

5770

X CRRA AUUOCARC

GCUGGAA U UDUDUALXXC

1500

ST71

X QA ARG

CUGGAAIU U UIXAUCU

1501

ST72

X CGAA AAAIUCA,

6194

UGGAAIU U DRV

1502

5773

X CGAA AAPAIXXC

6195

CGAADUUU U TADDCUUG

1503

5774

X CGAA AAAARIXXC

6196

GAAUUUU U AUUCOUGY

1504

5775

X CGAA AAAAARI

6197

ARIUUUUU A UOCUUGUG

1506

X CGRA AIAAAAAA

6198

UUUCUUAD U CQUUGUGRAA

1507

5T

X CGAA ANIAARAA

6199

UUUUADU C UUGUGAAL
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1509 5778 CUGAGAG X CCAA AGAAIIAAA 6200 UUUALUCU U GUGAAIRD
1516 5779 CUGAXRG X CGAA ALTUCACAA 6201 UUGUGARD) A UGUACALIA
1520 5780 QUGALGAG X OGRA ACALAINC 6202 GAAIRAIGU A CALRGECA
1524 5781 CUGAGAG X CGAA ALGUACAD 6203 AUGUACAL A GRCRAGCAC
1534 5782 QURIGAG X (GAA AGUGCIEC 6204 GCAGCACU A GOGACAIU
1542 5783 QUGG X CGRAA AUGUOCU 6205 AGCGACAU U GC2GUOUG
1548 5784 QUGALGAG X OGAA ACUGCAR 6206 AUUGCACU C UGCUUCUG
1553 | 5785 CURGAG X ORAA AGCACACU 6207 AGUCUGCU U QUGCAOCY
1554 5786 CUGALIGAG X (GAA ANCCRGAC 6208 cioicalillclice Yoars)
1562 5787 CURUGG X (A ACCUGCAG 6209 CUOGCACCU U ALCUURAA
1563 5788 UGG X OGRA AAGGIXCA 6210 UGCACCUU A UCUURAAG
1565 5789 CUGRAIGAG X QGAA ALRAGGG 6211 CACCUIRD C WURAAGCA
1567 5790 CURAGAG X QA ARAIRAG 6212 CCQUUAIXCTU U A22GCACU
1568 5791 QURAIGAG X OGRA ANGAIRAG 6213 CUUALCUU A AAGCACUU
1576 5792 QARG X 0RA AGCUU 6214 ARMGCACU U ACAGAIRG
1577 5793 QUG X CGAA AAGUGCUU 6215 ARGCACUU A CAGAIIAGG
1583 5794 CURAIRAG X CGRAA AUCURRA 6216 UUACAGAD A GEOCUCU
1589 5795 CUGAIGAG X OGRA AGGCCIRD 6217 AUAGGOCU U CUUGUGALT
1590 5796 CUGAIXR2G X CGRAA AMGGOCIA 6218 UAGGOCUU € UUGUGALC
1592 5797 QURIGAG X OGRA ACANSXC 6219 GECCULCU U GUGALCUY
1598 5798 CURIGAG X (GAA AICACANG 6220 CUUGUGAD C UUGCUCUA
1600 5799 CURIGAG X CGAA AGAUCACA 6221 UGUGAIXU U GCUCUALC
1604 5800 QURDGG X CGAA AGCAAGAD 6222 ADCUUGCU C URAUCUCRC
1606 5801 CUGRALGAG X CEAA AGAGCANG 6223 CUUGCICU A UCUCACAG
1608 5802 CURERG X (RAA AIRGAGA 6224 UGCUCUAU C UCACAGCA
1610 5803 CQURIGAG X CGAA AGAIRGRAG 6225 CUCALXY C ACAGCACA
1621 5804 CURAUGARG X (GRA AGUGURCU 6226 AGCACACU C 26020000
1632 5805 QERAIGAG X (A ARG 6227 CACOCOOU U CUCURee
1633 5806 CURIGAG X CRA AU 6228 ACCOOCUU C UCUGOCCA
1635 5807 RIGARG X CGAA MRANTG 6229 QQOCUOCU € UCCOCAIT
1643 5808 QUGAIRG X (GAA AUGEGGCAG 6230 CUGOCCAD U COCCAC
1644 5809 CURIGAG X CRAA AAUGEXA 6231 UGCCALU ¢ OOCAGOCU
1653 5810 CURIGAG X (GAA AQGCUREG 6232 QOCAGOCU C UCIRIKCUA
1655 5811 QGAGAG X CGRAA AGRGROUG 6233 CAGOOUXCU € UUCCUAIC
1657 5812 CQGAIGAG X CEAA AGRGACC 6234 GOOUCICU U OCUAIS
1658 5813 QARG X CGAA AAGAGAGG 6235 CCUCUOUU € CUAIOOCA
1661 5814 QARG X OGAA ACANZG 6236 COCUUCCU. A UCCCAIOC
1663 5815 QARG X OGAA ALGGRAAG 6237 CUCCIAU C CCAIOCCA
1668 5816 CUGRAIGAG X CGAA AUGGGAIA 6238 UALCOCAU C CCADOOCA
1673 5817 OXAX2G X CGAA ALGGGAUG 6239 CAUCCCAU C CCAIXCCA
1678 5818 QGGG X CGAA AIGGGEAG 6240 CAOCAI C CCAOOCA
1683 5819 CXRAIGAG X CGAR ARG 6241 CALXOCCAIl C CCAIKOCA
1688 5820 CURIGAG X 0GRA ATGRLG 6242 CAUCCCAD C CCAIXCCA
1693 5821 QUGAIGAG X CRAA AUGGGAIG 6243 CALCCCAD C OCADOOOG
1698 5822 OXRAIGAG X CRAA AUGGGALG 6244 CADOOCAI € COaCUcwy
1704 5823 CUGAIX2G X CRA ACOOERU 6245 AICOOCU C UUUUOOURA
1706 5824 URIZAG X CGRA 2AGA0E0G 6246 [eaccassifiiBiioci e
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1707 5825 ANFRAGGA CUGAGAG X (GAR AMGAGOCG 6247 QOGUCUU U DOCURACUU
1708 5826 AANFINGG CUGALIGEG X CGAA ARAGACOG 6248 QCCUCUUU U cpcuuy
1709 5827 _AAANGIRG CUGAUGAG X CGAA AAAAGAGC 6249 GCOCUUUU ¢ CUACUUUU
1712 5828 ACGAARAG CUGALIGAG X (GAA AGGAAANG 6250 CUUUUCCU. A CUUUUOCY
1715 5829 GGAANGERA CUGAUGAG X CGAA AGIAGGRAA 6251 UUCCUACU U Uuocuuee
1716 5830 CCRAMIRA CUGAGAG X (GAA AAGUAGGA 6252 UCCUACUU U UoCcuueCe
1717 5831 ACRAAG CUGAUGAG X CGAA AAACUAGG 6253 CCACUUU U CCUUCOCU
1718 5832 GAGGGAAG CUGAIXGAG X (GRA AARAGIRG 6254 QRCUUUU C CuucocLe
1721 5833 UUUGAGG QUGALIGAG X OGAA AGGAAAAG 6255 CQUUUOCCU U COCUCAAA
1722 5834 CUUUGAGG CUGAIGAG X OGBA AAGGAAAA 6256 UUUUCCUU C CCUCARRG
1726 5835 GARGCUUU CUGAIGRG X CGAA AGCGAAGS 6257 QCUOCOCU € AAAGCULC
1733 5836 UCRAGG CUGAGAG X CGAA AGCULUGA 6258 UCRAAGCU U CCAUUCCA
1734 5837 CUGGRALG CUGAIXRG X CEAA AACCUUUG 6259 CAAAGCUU C CADUCCAC
- 1738 5838 CGAGUGG CUGAUGRAG X OGAA  ALGAAGC 6260 GCUUCCAU U CCACAIXC
1739 5839 CCRAUGUG CUGAIXAG X CGAA AAUGGAAG 6261 QUUCCADU C CACAIXCG
1745 5840 AOG QUGAUGRAG X CGAA ALGUGGAA 6262 UUOCACAD C OGRAGERG
1769 5841 UGAGRGA. QUGALGAG X CGAA  AUUCAIUU 6263 AARIGAAD U UCUCURACA
1770 5842 CUCIAGRG CUGRAUGAG X CGRAA AAINCAIU 6264 AADGRAU U CUOURCRAG
1771 5843 UCUGAGA CUGALGAG X OGAA ARAIUCAL 6265 AUGAAUU C UCUACREGA
1773 5844 CAICUGA. CUGALGRG X (GAA  AGRAAIXIC 6266 GAADUUCU C UACAGAIXS
1775 5845 GACAICUG CUGAGAG X CGAA  AGAGAAA 6267 AUUUCUCU A CAGAIGUC
1783 5846 GRAAAAIIG CUGAIGAG X CGRAA ACAIXUGU 6268 ACAGAIXGI C QCAUUULC
1788 5847 AGUCUGAA CUGAIXAG X CGEAA AGGGACA 6269 UGUOCCAD U UUCAGACU
1789 5848 CAGUCUGA. CUGALGRG X (GAA. AALIGEGAC 6270 GUOOCALU U UCAGACUG
1790 5849 GCAGUUG CUGAGAG X CGAA AAAUGGA 6271 UCQCAUU U CRGACUGC
1791 5850 AGCAGUCU CUGAIXAG X QGRA ARAALGG 6272 CCCADUUU C AGACUGCU
1800 5851 UUUUUDUA. COGADGAG X CGRA. AGCAGICU 6273 AGAOUGCU U URAAAAAA
1801 5852 UUUUUUUU CUGRIXAG X QEAA AAGCAGIC 6274 GACOGCUU U AAARAAAA
1802 5853 AUUUUUUU CUOGALXRAG X CGRAA ARMACCACU 6275 ACUGCUUU A AARAAAAL
1811 5854 AUURGRAG CUGRDGRAG X QGRA AU 6276 AARAAAAD C CUUCURAL
1814 5855 GGG QUGG X (ERA AGGAUU 6277 AARAICCU U CURAIXUG
1815 5856 GCAGRAINA CUGAIXAG X CGAA AMNGGAIXXS 6278 AAAICCUU C TRADCUGC
1817 5857 UAGCARGAD QGAGAG X OGAA AGAMGGAI 6279 AUCCUXCU A ADCUGCIA
- 1820 5858 GCAIRGCA CUGAGEG X QRRAA AIXRGAAG 6280 QUUCIRAD C UGCUALIC
1825 5859 UOCAAGCA CIXRAIXAG X CEAA AGCRAGAIXS 6281 AAXUGCU A UGCUUGRA
1830 5860 UGGCAC CUGAGRG X CGRA.  AGCAIIRGC 6282 CQUAICU U GRADGOCA
1845 5861 UOOOUUG. CUGRALGRG X 0EAA 20000506 6283 CACGOGGU A CAARGGRA
1859 5862 UOOCALGA CQUGALGAG X OGAA 2CUUIC 6284 GARAAAGU A UCAIIGGRA
1861 5863 AJUOCCAD CGAIGAG X CGAA  AIRCUXXXJ 6285 AAARGUAII C AIGGAAAL
1870 5864 UUGCAIRA CGRAIGAG X GEAA ADUUCCRL 6286 ADRAA A UUAUGCAA
1872 5865 AUUUGCA COGRIGAG X CGAA AUADUUCC 6287  GGAAMIRU U AUGCAARD
1873 5866 AAIUUGCA CUGAIGRAG X CGAA AAIRAIXXC 6288 GAAAAIU A UGCAAAINI
1881 5867 ARDCUGEG OGRAIXAG X GGAA ADUUGCAL 6289 AIXCRAAU U COCAGRIN
1882 5868 ARAICUGG CUGRDGAG X CGRA  AAUUUGCA 6290 UGCAAAU C CCAGAUUU
1889 5869 UGUCUCA. COGAIXGAG X OGRA  AUCUGGGA 6291 UOCCAGAU U UGAAGRCA
1890 5870 UOGICUUC. CUGAGRG X (QGAA  AALCUGGG 6292 OCCAGAIU U GARGACRA
1503 5871 AANRGRG COGADGAG X CGAA AIXUUUGU 6293 ACAAAAZDY A CUCURRLU
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1506 5872 X GGAA AGUAUUUU 6294 C IRAUUCUA
1908 5873 X QGAA AGAGUAINT 6295 A AUDUCURAC
1911 5874 X C3A ARGACU 6296 U CWAACCAG
1912 5875 X (GAA AANUAGAG 6297 C WRACCAGA
1914 5876 X CGRA AGAAUUAG 6298 A AOCAGHC
1928 5877 X QRAA ACUUGCU 6299 U UOURALIUU
1929 5878 X QA AACCUUGC 6300 U UUUADUUU
1930 5879 X C3A AANGOUUG 6301 U UTADUUOU
1931 5880 X (A AAARCCIU 6302 U TAIUUUUU
1932 5881 X CGAA AAAAACU 6303 U ADUUUUUA
1933 5882 X QRAA AARAAAGC 6304 A UXUXRU
1935 5883 X CGAA AIAARAAA 6305 U UUUUALIAC
1936 5884 X CGAA AAIRARAA 6306 U UUURUACA
1937 5885 X CGRA AAAIAARMA 6307 U UUAIRCRAG
1938 5886 X CGAA ARAAIAAA 6308 U TAIRACASG
1939 5887 X QA RAAPARIAA 6309 U AUACAISG
1940 5888 X CGAA AARRAAIA 6310 A TACAOOG
1942 5889 X CGAA AIPAAAAA 6311 A CAGCGRA
1952 5890 X CRAA AUUOCoCU 6312 A UUUDUAIUC
1954 5891 X CGAA AIRADUOCC 6313 U UUALRXRA
1955 5892 X CGAA AAIRDUCC 6314 U TACARG
1956 5893 X CGRA ARRRAIXC 6315 U ADUCAALG
1957 5894 X CEA AARAIRIY 6316 A UXCAAU
1959 5895 X CGAA AURAAAIRA 6317 U CAACGIRA
1960 5896 X CRAA AAIRAAAD 6318 C AMIIRAA
1966 5897 X CGA ACUGRA 6319 A AAAUDCA
1971 5898 X Q@A AUURROC 6320 U CUARAIIRA
1972 5899 X QGA AAUUUAC 6321 C UAAAIIAAA
1974 5900 X QA APAIXXN 6322 A AAIIAAARD
1978 5901 X QGAA AXNAGAA 6323 A AANIAIIAA
1983 5902 X CGRAA AUUAU 6324 A TAAXU
1985 5903 X CGA AIRUUICA 6325 A AU
1988 3904 X QGAA ADUAIAIU 6326 U GOUUOXA
1991 5505 X QRA ACRADURD 6327 U UUXRARIXT
1992 5906 X CGAA AACAAINIA 6328 U UUUADCDU
1993 5907 X CGRAA AAANCANINT 6329 U UTADCUU
1994 5908 X CGAA AAAACAALY 6330 U UADCOUTU
1995 5309 X CQGAA AAAAANCRA 6331 U ADCIOOC
1996 5910 X CGAA AAAAANCA 6332 A DUy
1998 5911 X QA AURAARAA 6333 C UUUDARC
2000 5912 X QGAA AGAIRARA 6334 U UDCACAG
2001 5913 X CGAA AMGAIIAAA 6335 U UDCUACAGC
2002 5914 X CGAA AARGAIIRA 6336 U CUACAGCA
2003 5915 X CGAA AAAAGAIA 6337 C UACAGCAA
2005 5916 X CGAA AGRAAMGA 6338 A CRGCARAD
2014 5917 X QRAA A00AG 6339 U UALARDOT
2015 5918 X QGRA AU 6340 U ALRAUIOU
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2016 5919 X CGAA ARAITUUGC 6341 A UAAUUUUA
2018 5920 X RA AURAAIUY 6342 A AUUUURAG
2021 5921 X CGAA ALUAURAA 6343 U UURAGRIIU
2022 5922 X CQGAA AAIUAIRA 6344 U UAAGALTUC
2023 5923 X CGAA AAAUURAIA 6345 U AMGAIOCC
2024 5924 X CGAA AAAAIMALY 6346 A AGADUCCU
2029 5925 X CAA ALCUURAA 6347 U couuuoey
2030 5926 X CGAA ARICUURA 6348 C CuuuuCcUuU
2033 5927 X (GRAA AR 6349 U UCUUG
2034 5928 X CGAA AAGGAALC 6350 U UCUUGUUU
2035 5929 X CGAA AAMGGAALT 6351 U CUUGUUA
2036 5930 X OGAA ARAAGGEAA 6352 C UUGUUUAD
2038 5931 X CGAA 2GAAAAGG 6353 U GUUUALXCA
2041 5932 X CRAA ACAAGAAA 6354 U (RICAGCA
2042 5933 X CCAA ARCAAGRA 6355 U AUCAGCAG
2043 5934 X CGAA AAMCANGA 6356 A UCAGCAGU
2045 5935 X CERAA AURANCAA 6357 C AGCAGUUG
2052 5936 X CE@A AUGCUGERA 6358 U GUUAIXRC
2055 5937 X CRAA ACAROGC 6359 U AUURCAIC
2056 5938 X QGAA AACAACG 6360 A UUACAICG
2058 5939 X (GAA AUPACARC 6361 U ACAOCUY
2059 5940 X CGAA AAIAACAA 6362 A CAIOCULG
2063 5941 X C3AA AUGRAIA " 6363 C CUUGUC
2066 5942 X ORAA AGAIGRA 6364 U GUICACA
2076 5943 X CRA AGUGOCA 6365 U UOUUUUUA
2077 5944 X CRA AAIGUC 6366 U UUUUURRA
2078 5945 X CGAA AAADGUGC 6367 U UUUUURAL
2079 5946 X C3A PAANGG 6368 U UUURAAIXS
2080 5947 X CGAA AARAAT 6369 U UUURALTUU
2081 5948 X CGAA AAAAAAIG 6370 U UURALCUU
2082 5949 X CGAA AAAAAANT 6371 U TRAIRIRG
2083 5950 X CGAA ADRADAAA 6372 U 2AIUOGU
2084 5951 X CGAA AAAAARAA 6373 A AIXUUGA
2087 5952 X CGAA AIXIAAAAA 6374 U UUGURARG
2088 5953 X OGAA AAIXIAARA 6375 U UGIRANGG
2089 5954 X CGAA ARAINAAA 6376 U GUARMGT
2092 5955 X CGRA ACAAAAINY 6371 A ARGGUGAA
2108 5956 X CE@A 20U 6378 U MRAUGGC
2109 5957 X OGAA AAGCUXJ 6379 U AGRGU
- 2110 5958 X CRA ARGCUXT 6380 U ADGAGCUC
2111 5959 X OGAA AAAACCIU 6381 A UGRGCUCA
2118 5960 X CE@A ACUCAIRA 6382 C AIXURGCA
2121 5961 X GRAA AR 6383 C AGCARIC
2123 5962 X QGRAA ACAIGAGC 6384 A GCRALCRG
2129 5963 X CGRAA ARGORG 6385 C AGAIUC
2134 5964 X CGAA AUCUGAIU 6386 jsRsiessciel
2135 5965 X ORA AAUCUGA 6387 jsfiseaieiee]
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[ 2136 [ 5966 | UOCACAGG CUGAIGRG X CGAA AAAICGA. | 6388 | UCAGWU U CCUGUGGA. |
Where “X” represents stem II region of a HH ribozyme (Hertel et al., 1992 Nucleic Acids
Res. 20: 3252). The length of stem Il may be > 2 base-pairs.
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Fos Seq. RZ Seq. I.D. Substrate
I.D. MNo. No.

3 6389 AOCUGGCA CUGAIGAG X CGRA. AGUOCOGG 6929 QOGEGACT C TGOCAGET
48 6390 GROAC CUGAUGAG X QGRA ACAIKCAC 6930 GIGGATGT T GIGOGIAC
55 6391 CCUOOGE CUGAIGAG X OGAA ACGCACAA 6931 TIGIGGT A QOGGAGS
69 6392 CUCUCUC CUGRIGAG X OEAA. AOCUOGCY 6932 AOOCAGT T GAMGARG
8 6393 GUGGCAIC CUGAIG X CGRA AGUUCIXCU 6933 2GAGANCT C GATGOCAC
100 6394 UDOGCCAA CUGRIGAG X OGAA ACCGUUGC 6934 QCANOGGT A TTGGOGRA
102 6395 GGUUOEC CUGALGAG X ORA AIRCOGUU 6935 AACGGTAT T GEOGAACC
132 6396 CUUUAG CUGAIGAG X CEAA ACUGCIXA 6936 TGAGCAGT C CAGARNC
145 6397 UGUUOGAD COGALIGAG X CGAA. AGOCGRCUU 6937 AAGOGCCT T ATOGAACA
146 6398 ° | CUGUIXGA CUGAIGAG X CGRA ANCORCU 6938 AGOGGCTT A TOGANCRG
148 6399 QUG CUGALGAG X CGAA. AIRACOG 6939 QGCCTTAT C GRACAGRG
165 6400 UCUCUUG CUGRAIGAG X Q@A ACU000EG 6940 OOGGGAGT T CAAGAAGA
166 6401 UOCUUCUU. CUGAIGAG X CEAA AACOOOG 6941 OGIRGIT C AMGAAGAA
179 6402 AXCUG QGAGAG X ORA AGIGRXU 6942 AGAMCRACT C CRAGAGEAT
188 6403 CUUGECA. CUGRLGAG X CGRAA AU 6943 CAGACEAT T TGOGCAG
189 6404 CCUUGCEC CUGAIXRG X CGEAA AAUCCUCY 6944 AGAGATT T GOGCARGC
202 6405 AOEE0C CUGAIGAG X Q@A AOCUGOU 6945 AMCPOGT A GOGOOXCT
21 6406 UOCUUGGA. CUGAIIGAG X CGAA. ACUCUCA, 6946 TGAAGEGT T TOCAAGRA
222 6407 COOUUGG CUGAIXAG X CGAA AACIXUUC 6947 GAAGAGIT T CCAAGERAG
223 6408 UCUCCUUG CUGALIGAG X OGRAA. ARACTXUU 6948 AMGGTTIT C CAMIR@
235 6409 AGUCAIC QURAIGZG X CGRA. AIXCTXUCC 6949 GGAGARAT T GATGCACT
248 6410 CCUUCUUU CUGAIGAG X CRA ACUCAGG 6950 CACTGAGT A ARAGAAGC
275 6411 AUUCAAGA. CUGAIGEG X OGAA AGCUGO 6951 AAGCAGCT T TCTTGAAT
276 6412 CALUCAAG CUGAIRAG X OGEAA AN 6952 AXCPCCTT T CTIGRAATG
277 - 6413 ACRIXPA CUGALXREG X OGAA ARAGUGC 6953 GCAGCTIT C TTGAATGT
279 6414 AGACADUC CUGALXRAG X CGAA AGRAAGCYS 6954 2GCTTICT T GAATGICT
286 6415 COUUUGIA. CUGAIGRG X CGRA ACAICAA 6955 TTGAATGT C TACAAAAG
288 6416 AXUUUNG QXRAIXAG X QGAA AGRCAINC 6956 GAMIGICT A CAAARGAT
297 6417 CGUCRAAIC CUGAIGAG X CGAA AICUUUUG 6957 CAARAGAT T GATTGAG
301 6418 GCROIC COXRAIKAG X OGRA AICAAICY 6958 2GATTGAT T GROGTOOC
307 6419 CRIGG (UGAIGAC X GRA A0FCAAD 6959 ATTGACGT C CCAGRTCC
314 6420 UGROG OXRAIGAG X OEA AXUGRA 6960 TOOCAGAT C COGTACCA
319 6421 AAAOUGG CUGAGAG X OGAA  ACGGGAIC 6961 GATCOOGT A OCAGCTTT
326 M2 | GGRUCA CUGAIEAG X ORA AUER 6962 TACCAGCT T TGERICIC
327 6423 QRGAIXC CGAIGAG X CGRA AMGOUGRT 6963 MC2GCTT T GGATCTOS
332 6424 CUGUOGA. CGAIGAG X ORA AICCAAAG 6964 CTTIGERT C TOGGACAG
334 6425 OO CUGAIGAG X CGAA AGAIXCAA 6965 TIGGATCT C GGEACAGCA
346 6426 WIR0OG CGAGAG X OEAA AGUEUG 6966 CAGCAACT C CAGCTCAA
352 6427 USCAQUU. COGAIGRG X QAR ACCURGAG 6967 CTCCAGCT € AAMGTGCA
374 6428 UGDUUCAA. CUGAIG2G X ORA AINGUCA 6968 TGCACGAT A TTGAAACA
376 6429 UCUGUUC CUGAIGAG X CGAA.  AIAIOGUG 6969 -CACGATAT T GAAACAGRA
397 6430 GUUIOCCU CUGAIGAG X CGRA. ACDUUOUG 6970 CAGAAACT T AGGGAARC
398 6431 AGOOOC CUGAIGAG X (AR AARUUCY 6971 2GADACTT A GOGARACT
407 6432 UUCUOXOCA. CUGALUGRG X OGRA AGUIUOCC 6972 GEGAMACT C TGCANRA
417 6433 QUGG CUGAIGAG X (A ARG 6973 GGARGAAT A CARCAAG
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429 6434 CORUGRG X OGAA AUUOCUUG 6974 CARGGAAT T TGCTGARG
430 6435 CUOGALGREG X CGRA  AAUUCCUU 6975 AAGRATT T GCTGAAGT
446 6436 CUOGAUGAG X CGAA ADUUUUCA 6976 TGAAAMAT C AAGAGGTT
454 6437 CUOGAUGRG X OFRA ACCUAUUG 6577 CAAGRGGT T ACGATARA
455 6438 CORAGEG X CGAA AAOCIXUU 6978 AMRLGTT A CQGATAAAA
460 6439 CQURADGRG X CGAA AICGRAAC 6979 GITACGAT A AAAGCACT
469 6440 CUGRAUGAG X CRRAA AGGOUUU 6980 AAMGCACT T AAAGAGAA
470 6441 QURGAG X CGRAA AAGIGCWU 6981 AMCACTT A AMGAGAAA
481 6442 CURIGAG X CGRA ADUUDOC 6982 GAGAAAAT C OGAGAATA
489 6443 CUGRUGRG X ORA ADUCUOSG 6983 CORGAAT A TGAACAGA
523 6444 CUOGAIXAG X QGAA AUGGUUUC 6984 GAAACCAT A GCICTIGA
527 6445 CURADGRG X O3A ACORIGG 6985 CCATAGCT C TTGAGARG
529 6446 CORIGAG X CRAA AGRCCUAL 6986 ATACCICT T GRAGARGGA
546 6447 CQURADGG X CGAA ACUUAUGU 6987 ACAGARGT T ACAGAATG
547 6448 QURADGRG X CGERA 2200006 6988 CAGAMGTT A CAGAATGA
558 6449 COGADGRG X CGRAA AGUCAIXC 6989 GAATGACT T TGCAGAAA
559 6450 QRAGRG X GERA AAGXCAIU 6990 AATGACTT T GCRAGARAA
597 6451 QURADERG X CE2A AU 6991 ACAGATGT C CAOCACCT
606 6452 QURDRG X ORA ARG 6992 CACCACCT C RARGCTGG
629 6453 CORAGRG X CGAA AUCCUCG 6993 CTRGCAT A MGTICAG
634 6454 QARG X CGAA ACCUIRALG 6994  CATAAGGT T CAGRGCCT
635 6455 CQIRAGAG X CGRA AACCUURL 6995 ATAAGGTT C AGAGCOCTA
643 6456 CURGAG X CEAA AS0UG 6996 CAGAMGOCT A CAAACAC
665 6457 QURDGG X ORA AGUUUUNU 6997 AAAMARCT C GARCAGAA
675 6458 CUGAIGRG X CGRA  AUUCUGU 6998 ARCAGAAT T ATTTGAC
676 6459 QURAGG X CRA AADDOXU 6999 ACAGARIT A TTTGAOCT
678 6460 CUGRIGRAG X QA AIRADCU 7000 AGAATTAT T TGACCTGRA
679 6461 CURAIRAG X CGAA AAIRAIXIC 7001 GAATTATT T GACCTGAA
696 6462 QUGALGRG X CEAA AOUEXU 7002 ARCCAAAT A CGATGARG
710 6463 QUGADERG X OGRA AGUUCUU 7003 ARGAAACT A CTGCAARG
730 6464 QXRDGRG X CGRA AR 7004 GAORGAT T GAAATGAT
739 6465 QUGAIGARG X QGAA AIXCAIXC 7005 GAATGAT C ATGAOGRA
751 6466 QGRATRAG X CRRA AU 7006 AOGEACT T GAAAGISC
782 6467 QUGRGAG X CRAA  ACOCAOCU 7007 AGGIXCT C AGAGRAGAG
801 6468 CUGAGEG X OGRA AGXXIXC 7008 GGAGACT T RAAGGGAAC
802 6469 QGGG X QGRA AAGGIC 7009 GAGRCCTT A AGGGANA
814 6470 QUGRGAG X OGRA ACCUGEIC 7010 GAAACCT C TCATORSC -
816 6471 CQRARG X CRA AR 7011 AC2GCTCT C ATOGGOA -
819 6472 OORAXRAG X CGRRA AGAGARC 7012 GCTCTCAT C GECCAATC
827 6473 OREFG X (GRA A0S 7013 CQCOCRAAT C ACTCCCIC
831 6474 CORGRG X ORA AGTRAIXG 7014 CARTCACT C CCTCCAGC
835 6475 QRRG X CRAA ARG 7015 CACTOCCT C CAGCTGREC
846 6476 COGRIXRAG X CGRA ACGGOCACRC 7016 GCIGXXT C ACAGATCC
853 6477 CURIGRAG X O3A AXUGURA 7017 TCACAGAT C CAGRAGRC
883 6478 CORIXRAG X QA AUCG 7018 CAGOCAT A GAGGTGCT
900 6479 CORAIAG X OGRA ACOEEAXC 7019 GOOCCT C CAGCCTAG
907 6480 QURIGRG X CGRA AGCUGRA 7020 TORGOCT A GAAGTTGRA
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913 6481 CORACIC CURIRG X CGAA ACUUCRG 7021 CTAGAZGT T RCTTC
918 6482 USGOGEC CUGAIIAG X (GAA ACUCAACU 7022 AGTTGAGT T GGOOGOCA
940 6483 mmxmm 7023 CGGGAGAT C GCACRGCT
970 6484 CUGGCCUG CQUGALGAG X CGBAA. AGUCUCUG 7024 CQRGACT C CACCAG
982 6485 ACCUOGEY QUGAIGRG X CCRAA j;ccaiecs 7025 GOCAGCCT C AOCAARCT
1001 6486 CCUGGOG CUGAIGRG X OGAA Apucuoc 7026 . CGRGAAT T O0CAGC
1002 6487 GABE CUGRGAG X ORA ARIUCUCC 7027 GEGAATT C GEOCACC
1015 6488 ACQUIGURA CUGALGRG X O@A AX UG 7028 AGCC2GAT C TCACACT
1017 6489 CAMGCURU QUGALXRAG X OGAA AGAICURG 7029 QCAGATCT C ACACCTIC
1024 6490 UG QGADGAG X CEAA AGCUGGER 7030 TCACAGCT T GAGCAGCA
1057 6491 AMUUGUIU. CUGAIGAG X QEAA  ACUGURCU 7031 AGCACACT C AAACAACT
1078 6492 UETUWU. QUGALGRG X QGRAA. AGUUUUNC 7032 GARAAACT C AAMGOCA
1095 6493 CUUUCA. CURAIGAG X OGRA. AGUCAGOC 7033 GGCTGACT A TGAAGHTG
1123 6494 GAOUUCAG QUGALGAG X QEAA AUGUUCAG 7034 CIGAACAT T CIGARGIC
1124 6495 GEROUUCA CUGAIGAG X QGAA AAIGUUCA 7035 TGANATT C TGAAGTCC
131 6496 AOUOCALG CUGALGAG X QGAA ACTRXCAGA 7036 TCTGAAGT C CATGGAGT
1140 6497 AMGUGCA QUGAIGAG X CQGRA  ACUCCALG 7037 CATGERAGT T TGCAOXGT
1141 6498 GACGEUC CUGAUGRAG X CGAA AACTXOCAL 7038 ATGRGIT T QCACOGIC
1149 6499 CECCG CUGAIXAG X CGAA ACIXGCA 7039 TOCACCGT C CGAGAXG
1197 6500 DCUOCAGC. QUGAIGAG X OQGAA ACRGCACC 7040 GGIGCTGT T GCTORAGA
1215 6501 ACUGCAC CUGAIIAG X CGRA 2G0GEGUUC 7041 GAROOGCT C GCTGCRGT
1224 6502 QEUUCG CUGAIGAG X OGRA  ACUGCAGC 7042 GCIGCAGT C CGRGANG
1246 6503 QGIUGRA. CURIGRG X (GAA AUCOGCAG 7043 . CTGOGCAT C TCCRACRAG
1248 6504 CEOUGUUG. CUGALIGAG X CGAA  ACAIIGOGRC 7044 GOGCAICT C CAACARG
1269 6505 UCOUGGCU. CUGAIGAG X CGAA. ACCOGCYC 7045 GAGOIEGT C AQCAGRA
1304 6506 OEEERC CUGRDGAG X OA ACUUUCAG 7046 CTR22CT C QG
1317 6507 COGGCARA CURIKRAG X ORA AOOIG 7047 OCOECRAT C TTTEOG
1319 6508 CEOOGCA CUGAIGAG X OEAA AGADOOG 7048 CGEERICT T TEOEXC
1320 6509 GGGOOGEEC CUGAUGAG X CEAA AAGAIXT 7049 GEERICIT T OEEXT
1334 6510 CUGRGRAG CUGAGAG X (GRA AGEEGEEG 7050 CCCOOCCT C CTTCTCRAG
1337 6511 CARCUGAG OXRAIGAG X ORAA AQREIG 7051 QOCCICCT T CTCAGTIG
1338 6512 CCAACUGA, CURGAG X OFAA AN 7052 QCCTCCTT C TCAGTTRC
1340 6513 CGECAACY QUGG X CRRAA AGAMIEAG 7053 CICCTICT C AGTTEOCC
1344 6514 UGOGEEC CUGAIKAG X OGAA ACUGAGAA 7054 TTCTCAGT T GOXXGCA
1370 6515 AAIUGG CUGAIGAG X ORA AGCUSCU 7055 AGCCAOCT T CCAATACT
1371 6516 AGAIG CUGAIGAG X CRA 22000 7056 GCAGCCTT C CAATACTA
1376 6517 ACCAIRRG CUGAIGAG X ORAA AUUGGANG 7057 CTTOCAAT A CTAATGGT .
1379 6518 UGIACCA CUGAIGAG X OGAA AGUAIUGG 7058 CCAATACT A ATGGTACA
1385 6519 QUEGEIEG COGAUGAG X CGAA ACCAINRG 7059 CTAATGGT A CACAOCRG
1385 6520 QGERG CUGAGAG X OEAA ACUGSGUCU 7060 ACAOCAGT T CTCAOC2G
1396 6521 COUGGA CUGAIGAG X CEAA AACUSRG 7061 CAOCAGTT C TCAOCAGC
1398 6522 QOGCUCU CURUGAG X CRA AGRAOIG 7062 CCAGTTCT C AOCAGOG
1410 6523 QUUGAC) CUGAGEG X CERA  AC00OXCY 7063 ACGOGEAGT T AAGTCRAAG
1411 6524 DUURCU CUGAIGAG X (GAA. AROOOORC 7064 GOEEGGIT A AGTCARGA
1415 6525 ARAGOT CUGADGAG X QGRA ACIXIRACC 7065 GGTTAAGT C AMRACTIT
1422 6526 ACOUGAPA CUGAIXRG X GRAA AGXUUGA 7066 TCARGACT T TTTCACT
1423 6527 GAGCUGRAA. CGAIGAG X CEAA AAGUCIUG 7067 CAXGACTT T TTCACIC
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1424 6528 UGAGOUGA. CUGAUGAG X CGAA AAAGUCUU 7068 T TCAGCTCA
1425 6529 AUGAGOUG CUGAIGAG X CGAA AAARGUCU 7069 T CAGCTCAT
1426 6530 GAUGAGCU CUGAIGAG X CGAA AARRAGC 7070 C AGCTCATC
1431 6531 QCAGGGAU CUGAUGAG X CGAA ACCUGARA 7071 C ATCCCTGG
1434 6532 UUGCCAGG CUGAUGEG X CGAA AUGAGCUG 7072 C CCTGCAA
1453 6533 COCAGEEG CUGAGAG X CGAA AGGCUGRG 7073 A COCCTGEC
1463 6534 UCCUGURG CUGALGAG X (GRA AGOCAGEG 7074 T CTACAXGA
1464 6535 UUCCUGA. CUGAUKGAG X (GAA ANCCAGG 7075 C TACAGGRA
1466 6536 UUUUOCUG CUGALIGAG X OGAA AGAAGOCA 7076 A CACGAAMA
1476 6537 UAGOGCA. CUGALIGAG X OGAA ALUUUCCU 7077 T TGCACTRA
1477 6538 UUUAGUCC CUGAUGAG X CGAA AALUUUCS 7078 T GCACTARA
1483 6539 2GACAGIU CUGADGEG X OGAA AGUGCARA 7079 A AACTCTCT
1488 6540 CGAANGA. CUGAUGAG X CGAA AGUIAGU 7080 C TCTICICC .
1490 6541 CUGGAGRAA. CUGRAIIGAG X CGAA AGRAGUUUA 7081 C TTCTOCAG
1492 6542 OGCUCGAG CUGAIXRG X (CAA ACRGAEN 7082 T CTOCAXG
1493 6543 QOCUGGA. CUGAIGRG X (GAA  AAGAGAGU 7083 C TOCAGOG
1495 6544 UGOOGCUG CUGAUGEG X OGAA AGRAGRGA 7084 C CAGOEXA
1507 6545 GACUGCA CUGALGEG X CGEAA AGCUGOG 7085 A ATGCAGIC
1515 6546 AGUAGARG CUGAUGAG X CGAA ACUGCAIN 7086 C CTICTACT
1518 6547 UGG CUGADGAG X CGRA AGGRACURC 7087 T CTACTCCA. -
1519 6548 UUGRGRA CUGAUGAG X OGRA AMGGAIG 7088 C TACTCC2A
1521 6549 OCUUGEAG CUGAUGAG X CGAA AGAAGGAC 7089 A CTOCAAGG
1524 6550 AGOCUG CURUGAG X (CAA AURAGARG 7090 C CARGXCTA
1532 6551 UUOCUGCA. CUGAGAG X CGAA. AGCCUUGG 7091 A TGCAGGAA
1561 6552 GUUGAARA CGAIKAG X CGAA AUCAUGCU 7092 T TTTICAAC
1562 6553 UGUUGAAA CUGAIGAG X CGAA AAICALGC 7093 T TTTCAACA
1563 6554 QUGUUGAA CUGAGAG X CGAA AAAICALG 7094 T TICAACAG
1564 6555 CCUGUUGA. CUGRLGAG X CGAA AAAAICAI 7095 T TCRACATS
1565 6556 ACUGUG COGALGAG X OGAA AARAAIXA 7096 T CAACAGGT,
1566 6557 GAOOUGUU CUGAUGAG X CGAA AAAAAAIC 7097 C AMPEGIC
1574 6558 CUGALG CUGAGAG X CGAA ACCUGUG 7098 C CATACAGC
1578 6559 UUGUGAUG CUGAIIGRG X CGRA AUGEACCU 7099 A CAGCACRA
1590 6560 ARGAIRIG CUGAIGAG X OGRAA ACUUURUG 7100 C CATATCTT
1594 6561 UOCGAMA CUGADGAG X (GAA ARG 7101 A TCTICOCA
1596 6562 UUUGEEAA CUGAGAG X OGAA ALAIGGRG 7102 C TTCOCARA
1598 6563 AUUUEG CUGALGAG X OGRAA AGAITAIGG 7103 T COCARAGT
1599 6564 GACUUUGG CUGAUGAG X CCRAA AAGAIRIG 7104 C CCRAAGIC
. 1607 6565 UUGRAIG CURIGRAG X (GAA ACUUUGES 7105 C CATTACPA
1611 6566 UUUGUUGY CUGAUGAG X CGAA. AUGGACUU 7106 T ACAACAMA
1612 6567 CUUUGUUG CUGAGAG X CGRAA AAIIGGACU 7107 | A CAACARAG
1630 6568 AGOCAIU CUGAIGAG X OGAA ACACUGG 7108 C AATGGCAT
1647 6569 GOCUEG CUGAGRAG X CRA AIGEEXC 7109 C COOCAC
1659 6570 CACUUUCY CUGAIGAG X OGAA ACUEECUG 7110 C ANRAAGIG
1678 6571 COCIOGGA. CUGAUGAG X CGRAA ACGCUONC 7111 C TOOGAGG
1680 6572 CUOCCUG CUGAGAG X OERA  AGAOGAC 7112 C CEROTEG
1711 6573 UCO0GEEC CUGAUGAG X CGAA  AUUUCUGC 7113 C GOOOGCA
1738 6574 UUGUGCUU CUGADXGAG X ORAA AUCAGUG 7114 T AAGCACPAA
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1739 6575 CUGALIGAG X CGAA AALCAGCU 7115 2GCTGATT A AGCACAAT
1748 6576 QLGALGAG X CGRA ALUGUGCU 7116 ACCACAAT A TCGGACPA
1750 6577 CUGAUGAG X QGRAA AIRIUGUG 7117 CACPATAT C GGACRAACG
1760 6578 CUGAUGAG X OGAA  ACGUUGLC 7118 GACAACGT A TTTTCGGA
1762 6579 CUGRUGAG X OGAA AIROCGXG 7119 CAAOGTAT T TTOGGACA
1763 6580 CUGAUGAG X CGRA AAIROGUU 7120 AAQGTATT T TOGGACAT
1764 6581 QUGAGAG X OGAA AAALIACGY 7121 ACGTATTT T CGGACATT
1765 6582 CURALGAG X OGAA AAAAIIAG 7122 CGTATTIT C GGACATTA
1772 6583 QUGG X OGAA ALGUORA 7123 TCGERLAT T ATGIGTIG
1773 6584 CUGAIXAG X (GAA AALGUCOG 7124 CCGACATT A TGIGTTIGG
1779 6585 CUGRALGAG X CGAA ACACAITRA 7125 TTATGIGT T GIRACIGT
1788 6586 CUGRUGAG X QGAA  ACAGUCCC 7126 GGGACTGT C TCAAGRGT
1790 6587 QARG X OGAA AGACAGUC 7127 GACTGTCT C AAGGGICC
1797 6588 CQURAIGAG X QGRAA ACOCUUGA 7128 TCAAGGGT C COTGAGCG
1810 6589 CUGAGAG X QGAA  AUCUORCU 7129 ACOGAGAT T CTORO0CG
1811 6590 CUGRALGAG X OGAA AALXUOC 7130 GOERAGATT C TaEO0CSG
1835 6591 COGRUGRG X OQGRA AIUCCALG 7131 CATGGRAT A ARCTGALT
1846 6592 QUGRADGRG X CGAA ACAGICRG 7132 CTGACIGT T OGIGGCAA
1847 6593 CUOGAUGAG X CGRA AACAGRIXCA 7133 TGACTGIT C GIGGCAAG
1863 6594 CUGAGAG X CRA AUGIXC 7134 GERGEOCAT T TCACARMGA
1864 6595 CUGAGAG X CGAA AAIGCUC 7135 GAGCCATT T CACARGAT
1865 6596 CUORAGAG X CERAA AAADGECU 7136 ACGCCATTT C ACARMGATG
1881 6597 QURDGG X QRAA ACUGUULC 7137 GAAACAGT T QCICTOOG
1882 6598 CUGRALGAG X CRA ARCUGUUU 7138 ARACAGTT C CICTOOGA
1885 6599 CUORAUGAG X OGRA ACGANTG 7139 CAGTTCCT C TOOGATGA
1887 6600 CQURAIGG X OGAA AGRGGANC 7140 GITCCICT C CERATGACC
1903 6601 QGRARG X CGAA ALGUUCUG 7141 CAGRAACAT C CTGGQOCT
1812 6602 QURAGRG X CGAA ACECE0CAG 7142 CTGGCCCT C OGTAGCAT
1916 6603 QURAGG X CRA AEEG 7143 CCCTOOGT A GCATCCAA
1921 6604 CURALGRG X CGAA ALGCUALG 7144 CGTAGCAT C CARGOCAG
1943 6605 CUGAUGEG X CEAA AUUCUCLC 7145 GAGAGAAT C CAGGOCRG
1966 6606 QUXRUGAG X ORAA AGUCUEXT 7146 AMCAGACT A TTTCAGGA
1968 6607 QURAIGAG X CRA ARG 7147 CAGACTAT T TCAGGAAG
1969 6608 QRAUGEG X ORAA AAIRGIXU 7148 AGACTATT T CAGGAAGT
1970 6609 QUGRUERG X OGRA AAAIRGIC 7149 GACTATIT C AGGAAGTA
1978 6610 CURIGAG X CGAA ACUDOCUG 7150 CAGERARGT A COGAAACG
1998 6611 CUOGAUGRG X OGAA AQQCAIRU 7151 AAATGGGT C TGAAGGTA
2006 6612 CUOGAGAG X QGAA ACCUUCAG 7152 CTGAAGGT A ACATCRLC
2011 6613 QURAZG X CRA AUGUUALC 7153 GGTAACAT C ACCACONG
2023 6614 CGRURAG X GRA AR 7154 ACCOGGAT C QEAGOCTIC
2031 6615 QARG X (GAA AGECUORG 7155 COGAGCCT C GRAGACTG
2043 6616 CURIRG X OGARA ARG 7156 GCTCECT C TCATGAAG
2056 6617 QUREG X CRAA ADGEOUC 7157 GAMGOCAT C AAGTCCAT
2061 6618 CUXRAUGAG X OGAA ACUIGALG 7158 CATCAAGT C CATCCTAG
2065 6619 CUGAIGAG X QGAA AUGGROU 7159 AAGTCCAT C CTAGAGCA
2068 6620 CUGRUGAG X (GRA AGGAUGRA 7160 TOCATCCT A GAGCRAGC
2089 6621 CIRAGAG X QGAA A00U00CU 7161 PAGCGAGCT C CAAGTGCA
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2123 6622 UGOGGAGG CUGAUGAG X OGRA ACGCURGG 7162 CQCAGCCT T CCTOCCCA
2124 6623 AIGCGEAG CUGAIGRG X CGRAA AAGGCURG 7163 CCACCTIT C CTOOGCAT
2127 6624 CGRALXG QUGAUGRG X OEA AQGAACC 7164 GCCTTCCT € OGCATOG
2133 6625 CCAUGCCG CRADGAG X CGAA AIGOGEAG 7165 CTCOGCAT C QEOCAG
2148 6626 CCUCAUCA CURARG X (EAA ARIUOOCG 7166 CGGGAACT C TGATGACC
2161 6627 AXGAGG CUGAUGREG X ORAA ALGEECUC 7167 GAGOCCAT C QGCTOCAT
2166 6628 CCAGGALG CUGRAUGAG X CGAA AGOGGALG 7168 CATOOCCT C CATOCTGC
2170 6629 GGG CUGAGAG X CGAA AUGCAGS 7169 GGCTOCAT C CTGCAGCA
2215 6630 CCAGGAUC CUGAUGAG X CGAA AGEECAGC 7170 GCTGCCCT € GALCCTRC
2226 6631 CCUGCUUU CUGAUGAG X CGRA AGGCAGES 7171 CCCTGCCT T AAMGCAGG
2227 6632 GOCUGCUU CUGAUGAG X OCRAA  AMGGCAG 7172 CCIGCCIT A AAGCAGC
2244 6633 CACUCGG CUGADGAG X CGAA ACAGRR 7173 ACCACTGT C CCAGAGIG
2257 6634 ACGADGRT CUGAUGAG X CGAA ALGUCACY 7174 AGTGACAT C ACCATOCT
2263 6635 GGG COGAIGAG X ORA ADGEUGAU 7175 ATCACCAT C CTCACCCC
2266 6636 UUGEGEEU CUGALIGAG X CGRAA  AGGAIGGU 7176 ACCATCCT C ACCOCCAA
2278 6637 GIGRCG (UGAIRG X A ACCUURG 17 COCAAGCT T CTIGTCCAC
2279 6638 GGUGGAA. CUGAIGAG X CEA AMNGCUUGG 7178 CCAAGCTT C TGTOCACC
2283 6639 CORGAG CUGAGAG X OGAA ACRGAAC 7179 GCTTCTGT C CROCTORC
2289 6640 GCAUGERC CUGAGAG X OGAA AGGUGERC 7180 GICCACCT C GOOCATSC
2307 6641 GGUAGCUG CUGAIRAG X ORA ACAOGRG 7181 CAOOGTGT C CAGCTACC
2313 6642 GAGGUGEG CUOGAUGAG X CGAA  AGCUGERC 7182 GICCACCT A COCACCTC
2321 6643 GAUGGOGA. CORAIGAG X CGRA AGGURRU 7183 ALCCACT C TQRCCATC
2323 6644 GAGAUGEC CUGAUGAG X CGRAA AGACEXG 7184 CCALCICT C GOCATCIC
2329 6645 UUCAGGERA. CUGRAGRG X CGRA  AUGGORAG 7185 CIOGCCAT C TOCCTGAA
2331 6646 UCUUCAGG CUGRIGAG X OGAA AGAIXGOS 7186 CQGOCATCT C CCTGAAGA
2346 6647 GGECUEG CURDRG X OGAA  AGGGCUUC 7187 GARGOOCT C QGCAGCTC
2354 6648 GG CUGAUGAG X ORAA ACCURORG 7188 QOCCACCT C CTEAGC
2370 6649 COAGAGA CURAIXRG X (GARA AGCAOCG 7189 CEGTECCT C TGCTCTRS
2375 6650 GQUUCGCA CUGAUGEG X CGAA AGCAGAGG 7190 CCICTGCT C TGOOGRAC
2395 6651 UOCUUULU - COGAGAG X CGAA  AGEGOORG 7191 QOGECCCT C AAAAAGA
2447 6652 UUUGCAC CUGRDIGAG X CEAA ADOGECUG 7192 CACOCGAT T GIGCALRA
2461 6653 UGUCUC2G CUORAGAG X OGAA  ACOCCUUG 7193 CAAGGOGT C CTGAGRCA
2553 6654 CCCGEG CUGRUGAG X (GAA ACGORCA 7194 TGCOGCCT C CTOOGEAG
2556 6655 UG CUGRDGAG X OGAA ACGAGG 7195 QGCCTOCT C OGAGEAG
2633 6656 COOE0C ARG X CGAA ACGCURC 7196 GOCAGCCT C GEOEAG
2648 6657 UGG QUGAIGAG X OGAA ACUQXCU 7197 AOGCAGT C AGCTOCRG
2653 6658 GEUOOOG CURALGAG X OGAA AGCUGACY 7198 AGTCACCT C CAGRRCC .
2664 6659 COROGAC CUGRAGRG X CEAA ARSI 7199 GEGRACCCT C GICGTCRG
2667 6660 ACCUERC CUGAIGAG X CGAA ACCAGSU 7200 ACCCTOGT C GICAGAGT
2670 6661 ARROCU CUGADGAG X CGAA AOGACRAG 7201 CIQGIOGT C AGRGTALT
2676 6662 CCUCC2G CUGRLGAG X OEA ACUCURC 7202 GTCAGAGT A CTGCRANSG
2703 6663 AFIADGEG COGARAG X CRAA ACUCAG 7203 OGCTGAGT C COCATACT
2709 6664 CUGEG CUGADGEAG X CGRA ANGOOGAC 7204 GICOCCAT A CTOCCRGA
2712 6665 ACCUGG CORARAG X CGRA  ACTRAUGSG 7205 QCCATACT C CCAGRCCT
2721 6666 RGO COGAGAG X CRAA ARG 7206 CCARLCT C AGACCTGA
2732 6667 QOOGUCA. CURIRG X ORA ACUCACU 7207 AGCTGAGT C TGAOOSG
2781 6668 UCOC0ERG CUGAGAG X CRAA AUGGCASG 7208 CCTCCCAT C CTOOCCRA
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2784 6669 CUGALKRAG X CGAA AGGALGGC 7209 GCCATCCT C COOGATOG
2791 6670 CUGAIXRG X (GAA AUKGGEGA 7210 TCOCCGAT C GTGOCCAT
2802 6671 CUGAUGAG X CGAA ACAIGEEC 7211 GOCCATGT C CAAGOCCA
2820 6672 CORIERG X GRAA ACEECUUG 7212 CAAGOCCT € GGETOCOCC
2824 6673 CURARG X GGAA ACORAASG 7213 CCCTCGGT € QQOOORCT
2847 6674 COGAURG X CERAA ACUCCIXG 7214 CGAGCAGT A CGAGGTCT
2854 6675 CUGAGAG X CGAA ACCUORA 7215 TAQGAGGT C TACATGIA
2856 6676 CURARG X CRA AGROCUOG 7216 CGEAGGICT A CATGTALC
2862 6677 QURAUERG X CGAA ACAIGRG 7217 CTACATGT A CCAORAGG
2881 6678 CUAUGAG X CGRAA ALGGURC 7218 GACACCAT C GACCTCAC
2887 6679 CUORDGAG X QGAA AGCUCQRAD 7219 ATOGAGCT C ACCOGGCA
2899 6680 CUGADEAG X CGAA ACCUGOOG 7220 COGCAGGT T ARMGGAAAA
2900 6681 QUGAGAG X QGAA AACCUGOC 7221 GGCAGGTT A ACGRAAAG
12926 6682 CUORARAG X (GRA AIGCOOUU 7222 AMOGGCAT C TGOCAMERG
2938 6683 CUORRG X GRAA AUUCUOG 7223 CAGAGAAT C TTOOGIRA
2940 6684 CUORRG X GRA AGAIUCUC 7224 GAGAATCT T OGGGGAGA
2941 6685 CURIGAG X OGAA AARIICU 7225 AGAATCTT C GGOGAGAA
2964 6686 CUOGAUGAG X QA ACAGGEOOC 7226 GOCCTGT C CCAGGECA
2977 6687 CUOGAGRAG X CGAA ACGCURCC 7227 GGCAGOGT C AGOGACAT
2991 6688 CORUGG X Q3A ACACCAIG 7228 CATCCTGT C COGACCEA
3039 6689 CUGALGAG X CGAA AGGGUUCU 7229 "AGAROCCT T CATOCGR
3040 6690 CUGRIGAG X CRRA ARGEEULC 7230 GAACCCTT C ATCOGGAT
3043 6691 CURIRG X (GAA AIGRAAGG 7231 CCCITCAT C CGRTGCA
3055 6692 CUGALXAG X CGAA AGCUGCAY 7232 ATGCAGCT C TCOCTGRA
3073 6693 CURGAG X OGRA ACCIXCC 7233 GEOERACCT A GOOCAGEG
3085 6694 QGRDRAG X ORAA 220006 7234 CAGGGIGT T CTACCCGT
3086 6695 CURDEAG X OGRA AACACOCU 7235 AGIGIT C TACCOEIC
3088 6696 QARG X (GAA AGAACACC 7236 GGIGTICT A COOGICCA
3094 6697 CUOGAIRAG X CRAAR AOCERG 7237 CTACCCOGET C CRGEECCA
3118 6698 CORAURG X QEAA ACUECC 7238 GOGOCAGT C CTOCACTC
3121 6699 QURDGG X OGRA AGACKG 7239 CGTOCT C CACTOCGT
3126 6700 CUGAGAG X CRRA AGUGGAGG 7240 CCTCCACT C OGTGRCAT
3135 6701 CURAXRG X CRA AUGUCACG 7241 CQGTRCAT C GCTOCAGG
3139 6702 CQREAG X QE3RA A0 7242 ACATOGCT C CARGROCC
3171 6703 CQURAGAG X CERA ACCICACA 7243 TGIGAGCT C AGRAAGCA
3182 . 6704 QGAKRAG X QRAA AGUICUUU 7244 AARGCACT C CRARGALT
3192 6705 CORIGAG X OGRA ACUCUU 7245 AMGALCT C OGOCAGCT
3219 6706 CUGRAGAG X CGAA ACICAGG 7246 COCTGAGT C OOCGATGA
3230 6707 CORIGAG X OGAA ACUCAIXG 7247 CGATGRGT T OCAGTGAG
3231 €708 CUORDEG X OGRA AACUCAIC 7248 GTRGIT C AGIGAGT
3240 6709 CUGARG X ORRA ACUCAOG 7249 CAGTGAGT C GGTGARGA
3265 6710 CURRAG ¥ CRAA ACACOX 7250 GACTGGT C CACCAGOC
3278 6711 QURIGAG X ORAA AU 7251 AG0CCTGT C OOCCCATC
3286 6712 CUGAIXZAG X CEAA AUGGGRIEG 7252 COOOCCAT € GAGGORRG
3336 6713 CURAIGAG X (GAA ALRCURC 7253 GCCAGCAT C QERLCTOC
3342 6714 CURIGAG X OQGAA AGUOGRAD 7254 ATCOGACT C CCAGQCA
3365 6715 CUGRIRAG X (GAA AGGCAOOG 7255 COGCTECT C TCTCOGA
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3367 6716 UGDO0OGA. CUGALGAG X CGRAA  AGAGGCAG 7256 CTGCCICT C TOOGGACA
3369 6717 MEGOOG QUGAIGRG X CG2A. AGAGARC 7257 GCCTCICT C CGGACACT
3378 6718 UGAGGGOC QUGAIIGAG X O@A AGUGUOOG 7258 CGRACACT C GGOOCTCA
3385 6719 UGGAUGCU CUGALIGAG X CGRAA  ACCGOCCA 7259 TOGEOXCT C AGCATOCA
3391 6720 AATOCUUG CUGALGAG X OGAA AUCCUGAG 7260 CTCAGCAT C CAAGAATT
3399 6721 UGGCUACU CUGAIXGAG X OCRAA AUOCUOSG 7261 CCAAGAAT T AGTAGCCA
3400 6722 ADGORC CUGALGAG X CGRAA AAUUCUUG 7262 CAAGAATT A GTAGOCAT
3403 6723 GACAUGGC CUGAIIGAG X CGRA ACURAIUC 7263 GRATTAGT A GOCATGIC
3411 6724 GG CUGAGAG X CGRAA ACAIGECU 7264 AGCOCATGT C COOGRAGC
3429 6725 UIALGOOG CUGALGAG X QAR ACGUGOC 7265 GGACACCT A CGGCATRA
3436 6726 CCOUGU CUGAIXAG X O2A ARXOGA 7266 TACGGCAT A ACCAMCG
3475 6727 CGCUGGOC CUGAIGAG X QCAA yeevsen i) 7267 ARCAACCT C QEOCAOG
3486 6728 CCCCRAAU CUGAIGAG X QGAA 200U 7268 CCAGOGCT T ATTIORG
3487 6729 UCOOCARA QURAIGAG X ORA AACOEG 7269 CAGCGCIT A TTICARA
3489 6730 COOCCCA. CUGAIGAG X ORA AIRAGOGC 7270 GOGCTTAT T TGO
3490 6731 GUCUOOC CURIGAG X QRAA AARAXG 7271 QCCTTATT T COEEAGAC
3502 . 6732 AGOOCUAA. CUGAIGAG X CGAA ADGCUCUC 7272 GACGACCAT C TTAGICT
3504 6733 UGACOOU CUGAIIGRAG X QA ACAIGEC 7273 GACCATCT T AGCTCA
3505 6734 CUGAGOC CUGAIGAG X QA ARG 7274 ACCATCTT A @CCTICAC
3511 6735 mmmxcrmm 7275 TIAQGXT C ACCCANGG
3522 6736 CACAGACA CUGAIXAG X QGRA AGOCUUGS 7276 CCARGGCT C TGICICIG
3526 6737 AGGUCAGA. CUGALIGAG X OA APCAGC 277 GGCTCIGT C TCTGACCT
3528 6738 GGAOGUCA CUGAIGAG X OA AGACAIG 7278 CICTGICT C TGACCICC
3535 6739 CCOCCAAG CUGAIGAG X CGAA AGCACA 7279 TCIGACCT C CTTCOOG
3538 6740 CECOEC (UGRAIRG X ORA AGAIT 7280 GAOCTCCT T Goooeee
3560 6741 ACURGU CUGAIGRAG X O@A AIOCAG 7281 . CCIGGCAT A AGCTCAGT
3565 6742 UOCAGAT CUGAIXRG X OEaA 20CUTADG 7282 CATAAGCT C 2AGTCTGAA
3569 6743 UCCUUUCA. (QUGRIGAG X CEAA ARG 7283 ACCTCAGT C TGAAAGEA
3588 6744 UG CUGALGAG X CGRA AGCOCU 7284 AGAGCCCT T CGTOOXRA
3589 6745 AOOGEAC CURAIGAG X CGAA ANEEAC 7285 GAGCCCTT C GTOOGGAT
3592 6746 UGCAOG QUGAGAG X O2A Jee v 'eee] 7286 CCCTTCGT C OGGATGCA
3669 6747 GOUUCALG CUGAUGAG X OAA AGCCULUOC 7287 GAAAGCCT A CATGAAGC
3690 6748 CAOGACU QOGRALGAG X ORAA 200030 7288 GCACACCT C AGTCACTG
3694 6749 COGICACU QUGAIGRAG X QRAA ACVCACY T 7289 ACCTCAGT C AGTGACAG
3723 6750 UCOOGACA. AGRADGAG X OEAA Ao 7290 A00CCCT C TGTOEA
3727 6751 OEEE0C QUGALGAG X CGAA. ACACAGG 7291 QCCTICIGT C GCAOORA
3738 6752 QOUGEAG CQUGAIGAG X OEA A0U0030G 7292 CAOOGGT A CAOCCAG
3800 6753 QUOCUG CUGALGAG X (GRAA. AGOCACCA 7293 TCCIGECT C CGGRAGEAG
3831 6754 UOCCURA. RIGAG X CCAA J;ecerecif 7294 AOGAGCGT A TCAGCAAA
3833 6755 QUUIU CUGAIGAG X ORA ALAUC 7295 GAGOGTAT C AGCAAAAG
3846 6756 GXRACG CUGAIKAG X ORAA AU 7296 AARCCCAT A COOGTCAC
3852 68757 UUUUUGEU CUGAGRG X CGAA  ACOCXRAL 7297 ATACCOGT C ACCAAAAA
3865 6758 AGCUC CUGALAG X CQCRA  AUGGUUUU 7298 AAMMOCAT C GAAGAOCT
3874 6759 UGGEIEEC CUGAUGAG X CEAA. 20000UC 7299 GAMGRCCT C GOCALCCA
3886 6760 UOCAQE COGAIXAG X QGRAA ACCUOSU, 7300 ACQCAGCT C AACCTGRA
3907 6761 CAGUIGAU QUGAIGAG X CGAA AOCGUCU 7301 ACCAOCGT C ATCARCTG
3910 6762 AAOCAGUU CUGRIGRG X ORAA AUGACGGU 7302 ACQGTCAT C AACTGGIT
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3918

CUGAUGAG X (GAA ACCAGULG

7303

CAACTGET T CCACAACT

3919

CUGAURG X ORA AACCAGUU

7304

AACTGGIT C CACAACTA

3927

CQURARAG X C3A AGUUGRS

7305

CCACAACT A CAQGTCIC

3933

COGAGAG X CGRA ACCUEIRAG

7306

CTACAGGT C TOGGATCC

3935

COGAUGAG X OEAA AGROCIRU

7307

ACALGTICT C GERATOORC

3940

CUGRDGRAG X A ALCOGARA

7308

TCTCGGAT C OGCAGRGA

3954

CUOGAIGRG X CFRA ACAGUICU

7309

AGAACTGT T CATTGASG

3955

QURAGG X CGRA AACAGUUC

7310

GACTGIT C ATTGAGEA

3958

CQUGRALGAG X CGAA AUGRACAG

7311

CTGTTCAT T GAGGAAAT

3967

CUORIRAG X ORAA AU

7312

GAGGAAAT T CAGGCORG

3968

CUGAGAG X CGRA AADUUCCU

7313

AGGANTT C ABGOOEEG

3980

QUGRAIGRAG X OEA ACUOOOEG

7314

COGEGERGT C AGGGOCAG

4005

CUOGRAIGAG X OGRA AGUOGCOUG

7315

CAOGALCT C ACCCTOSG

4011

CQURARG X CFAA ARG

7316

CTCAOCCT C GOOOGCA

4041

CURIRAG X ORAA ACOEEC

7317

GQCCAGCT C GRAGEXTC

CURRG X CRA ACUUEEC

7318

GOOCARGT C TCRAGRGRAG

QURAXRG X GRA AGACUGG

7319

CCAAGTCT C AGGAGRG

4176

CUGAGAG X CRAA AGEEORC

7320

GOOGCCCT C GEEEALCC

4263

CURAIRG X CGERA ACCOREEG

7321

QOOOGCCT C COGAOOG

4307

CUGARG X CQRA AC06e03U

7322

AQGCORCT A CCTCARCC

4311

CUGADGRAG X CRRA ACGIAOOG

7323

QECTACCT C ACCOOG

4353

CURAIGEG X QA ARG

7324

CCCERAOGT C OSOGCCRC

4407

QURUGAG X ORA ACCUEXC

7325

GOCCAGCT C GCTGCRGA

COGAGRAG X QEA AGTIXUG

7326

CAGAGCCT T TTOGECT

CUGAIXZRG X CRA ANGGOXU

7327

AGRGCCTT T TOEGOCIC

COGADGAG X CERA AAACGCIC

7328

GAGCCTTT T QEECCICC

QURAIGAG X CFAA AARAGCU

7329

ACCCTTTT C G3OCTOCC

QUGAIXRAG X (GRA AEOOGRA

7330

TTOGGCCT C QOOEAGRC

CURDGRG X CRA A0

7331

COGEGACT C GOGOGACA,

CUOGAGRARG X OQRAA AGUUOG

7332

QGOGAACT T GAAMCRAGCA

CUGADGAG X CGAA ALGCUGIXT

7333

AACRGCAT C ATOCAOCG

CUORUGAG X (A AUGRALGLU

7334

AGCATCAT C CAOOGCCT

COGAGAG X QRAA ACEU0CU

7335

AT A TORAATGG

CUGADGAG X CGAA AIRGEC

7336

GAACCTAT C GAATGEGA

COGRUGAG X CRAA ACUCCCAU

7337

ATGEGAGT T CTREALH

COGRIGRG X CRRA AACUOOCA

7338

TOEAGIT C TGAGEEEC

CURUGAG X CRA A0OOEC

7339

GAOGEEET C GRAOOEEE

CURRRG X GRA ACCOCAG

7340

CCTAEECT T Q00X G

COGRDGAG X CGRA AQEEEEC

7341

GAOCOCCT € CAOGBGTOC

CQGAGAG X CRA AOOGUGRA

7342

TOCAOGET C OB0GGEACT

CURAIRAG X CGAA AU

7343

GOCCAGAT C CAAGEOG

CQRAGRG X CGAA AGIEEXC

7344

GAOOCACT C TOOEEXC

COGAGAG X CGAA 2C000GCA

7345

TCOEEOCT C CAOCAALC

CUGADGRG X QRA ACOEEIXC

7346

GEOOT T TGOXRLT

CUGAGAG X CGRRA AAEOEEXC

7347

GAOQGCTT T GOGCACTIT

CUGRUGAG X CEAA AGUGOGCA

7348

TCOGCACT T AT

COGADGAG X CGRA AAGGOSC

7349

GOGACTT A OOGECOCCIG
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4889 6810 COUALGGC CUGALGAG X CGAA AUUUUGCC 7350 QGCAAAAT C GOCATRGG
4895 . 6811 CCUUGGOC CUGALIGRG X QGRA AUGOCGAD 7351 ATOGOCAT A GXOCAAGG
4909 6812 GUUULCIA CUGAIGAG X OGA ALGCACCU 7352 AGICCAT A TRGAANAC
4911 6813 UUGUUULC CUGALGAG X OGRA  ALRUGCAC 7353 GIGCATAT A GAAAACPA
4928 6814 UUGEGCLU. CUGALGRG X OGAA  AUGCUOCU 7354 AGAGCAT T AAGOCCAA
4929 6815 AUUGEGU CUGALGRAG X CGRA  AAUGOIXC 7355 GGAGCATT A AGOCCAAT
4938 68156 ACRCMA CUGAIXGAG X OGAA ALUGEGCU 7356 AGCOCAAT C TATGTOST
4940 6817 ACAOGACA CUGALGAG X OGAA ACAUUGGG 7357 QCCAATCT A TGTOGIGT
4944 6818 GAAAACRC CUGALIGAG X (GAA ACAIRGAD 7358 ATCTATGT C GIGTTTIC
4949 6819 UCCUUGAA CUGALIGAG X OGAA ACACGACH 7359 TGIOGTGT T TTCAMGGA
4950 6820 UUCCUUGA. CUGRLGAG X OGAA AACACGAC 7360 GIOGIGIT T TCAAGGAA
4951 6821 CUUCCUUG CUGALIGAG X CRAA AAACACGA 7361 TOGIGTIT T CAAGGARG
4952 6822 UCUUCCUU. CUGAIGAG X CGAA ARAACACG 7362 CGTGTTIT C AMGAAGA
4978 6823 AAAMCUC CUGAGAG X QGRA ACCACACA 7363 TCIGTGET C GAGCTTIT
4984 6824 GUACRAMA. CUGAIKGAG X CCAA ACCUOGAC 7364 GICGACCT T TTITIGTAC
4985 6825 GEUACAAA. CUGAIGAG X CGAA ARGCUXGA 7365 TOGAGCTIT T TTTGTACC
4986 6826 GOGRACA CUGAIXRAG X OGMA ARAGOUCG 7366 QGACCTTT T TIGIAOCC
4987 6827 MOGARLA CUGAGAG X CGAA AAMAGCUC 7367 GRAGCTTIT T TGTACOCT
4988 6828 CACGERL CUGAIXRAG X CGAA AAAAMGCY 7368 2GCTTTIT T GTACCCIG
4991 6829 QUUCAGEE CUGAIIGAG X (GRA ACRARARA 7369 TTTTTIGT A COCTGAAG
5003 6830 AIRAAMAA CUGADGAG X CGAA ACACUUCA 7370 TGAMGTGT T TTTTTTAT
5004 6831 ANTRAANA CUGAUGAG X CGRAA AACACTUC 7371 GAMGTGIT T TTTTIATT
5005 6832 CANAANA CUGAGAG X CGRA ARACACUU 7372 AMGTGTIT T TITTRTIG
5006 6833 CCANIAAA. CUGRIIGAG X CGRAA AAMACACU 7373 AGTIGITIT T TTTATIGC
5007 6834 GCCRAAIRA CUGAIXAG X CGAA ARAAACAC 7374 GIGTITIT T TTATIGC
5008 6835 CGGCAAIA CUGAIXGAG X CGAA AAAAMACA 7375 TGTTTTIT T TATTGOOC
5009 6836 ACGCAAD CUGAUGAG X CGAA AARAARAC 7376 GITTITIT T ATTGOOCT
5010 6837 UAGOGCRA CUGAIGRAG X (GAA AAAAARAA 7377 TITTTTIT A TTGOCCTA
5012 6838 CULRGGE. CUGAIXAG X CRAA AIAAAAMA 7378 TTTTITAT T GOOCTAAG
5018 6839 AAAIXCZCU CUGALGAG X OGRA ACGGCRAA 7379 ATTGOCCT A AGTGATIT
5025 6840 CCUGUEGA. CUGAIGAG X CGAA AUCACULR 7380 TAAGTGAT T TCCACAGG
5026 6841 200UGUG CUGAIGAG X ORA AALCACUU 7381 ARGTGATT T OCACAGT
5027 6842 AROCUGUG CUGAIGAG X CGRAA AAAICACY 7382 2GTGATTT C CACAGGIT
5035 6843 ADUOCAG CUGRAGAG X @A ACCUEXG 7383 CCACAGGT T CTGGAATA
5036 6844 WANXCA CUGAIGAG X OGA - AAOCUEG 7384 CACAGGIT C TGGAATAA
5043 6845 | GURAGAGU CUGAIGAG X CGAA AUUCCAGA 7385 TCTGGAAT A ACTCTTAC
5047 6846 AGCUGIAA CURIGAG X CGAA AGUURAIRC 7386 GANTAXCT C 'TTRCAGCT
5049 6847 AMACURU CIGADGAG X CGAA  ACAGUUAU 7387 ATARCTCT T ACAGCTIT
5050 6848 CAARGOUG CUGAIGAG X CGEAA AMGAGUUA 7388 TAACTCIT A CAGCTTIG
5056 6849 MNAMGA CUGAUGAG X CRAA AGCUGRA 7389 TIACACCT T TGOCTIGT
5057 6850 CACAAGC CUGAIXAG X CERA AMURRA 7390 TACRGCTT T GOCTTGIG
5062 6851 GAORCAC CUGAIGAG X CORA ACGCAARG 7391 CTTTGCCT T GIGTOCTC
5067 6852 AACANZG CUGAIKRG X QRAA ACACANG 7392 CCITGIGT C CICTIGIT
5070 6853 CGGAACAA CUGAGAG X CGAA AGGACACA 7393 TETGICCT C TIGTIONG
5072 6854 CAOGGARC CUGAIGAG X CGRA AGAGGACA 7394 TGTCCICT T GTTOOGEIG
5075 6855 CCACAOSG CUGAIKRAG X OGRA ACAMNGAG 7395 CCICTTGT T COGTCIGS
5076 6856 OCCACAOG CUGRAIIGRAG X (GAA AACANGAG 7396 CICTICIT C OGIGIGEG
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5087 6857 UUCUUUUA CUGADGAG X CCAA AGOQCACA 7397 TGIGGECT T TAAAAAA
5088 5858 CUUCUUUU CUGAUGAG X CGAA  AMGCOCAC 7398 GTGGGCTT T AARAGAAA
5089 6859 UUUUCULU CUGAIGRG X QGAA AAAGCOCA 7399 TGQECTTT A AAAGADMAA
5103 6360 GUCGEUUU CUGADGAG X QA AUUUUUUY 7400 AAAAAAAT C AAACCCAL
5114 6861 CCUURA CUGAGAG X OEA AUGUGESU 7401 ACOCACAT A TTARANGG
5116 6862 CCOCUUU CUGAGAG X (GAA AUAIGUGG 7402 CCACATAT T AARAGEG
5117 6863 CCCOOUU CUGALIGAG X OGRAA AAIRIGUG 7403 CACATATT A ARACGEG
5128 6864 CAGAIIAAA CUGAUGAS X CGAA AGOOOOCU 7404 ACQACT T TTTAICIG
5129 6865 GCAGAIRA CUGAIGGAG X QGAA AAGCOOCC 7405 GEEGCTT T TTATCTGC
5130 6866 QOCAGAIA. CUGAIGAG X CGAA AAMGOOOC 7406 QOOGCTTT T TATCTGOC
5131 6867 UGGCAGAD CUGAIGAG X CGAA ARAAGOCC 7407 QECTTIT T ATCTGOCA
5132 6868 AUGGCAGA CUGAUGAG X QGAA AARAAGOC 7408 QGCTTTIT A TCTGOCAT
5134 6869 AGAUGGCA CUGAIGAG X OGAA AIRANANG 7409 CTTTTTAT C TGOCATCT
5141 6870 AGCCAIVA CUGALGAG X OEA ALGGCAGA 7410 TCTGOCAT C TAATGRCT
5143 6871 GAAGOCAU CUGAUGAG X OGAA AGAUGGCA 7411 TGOCATCT A ATGGCTIC
5150 6872 UCGCUQG CUGALGAG X OGRA ACCCALUA 7412 TAATGGCT T CAGAGCGA
5151 6873 AUCGOUCU CUGAIXAG X OGAA AAGOCAIU 7413 ANTGGCTT C AGAGOGAT
5160 6874 UAGURRAD CUGAIGAG X OGAA AGCUCU 7414 AGACOGAT A ATRCACTA
5163 6875 PAIRGIG CUGADGAG X OGAA ADUAIGC 7415 GOGATAAT A CACTATTA
5168 6876 GAAGAIRA CUGAIXRAG X OGAA ACUGIRIU 7416 AATACACT A TTATCTIC
5170 6877 ARGARGAD) CUGAIGAG X CGAA AIRGURA 7417 TACACTAT T ATCTICIT
5171 6878 UAMGAZGA. CUGAIGAG X OGRAA AAIRGUGU 7418 ACACTATT A TCTICTTA
5173 6879 UUUARAGAA. CUGAIXAG X OGAA AURAIRGU 7419 ACTATTAT C TICTTRAA
5175 6880 GGUUUARG CORADGAG X OGAA AGAIIAALIA 7420 TATTATCT T CITAARCC
5176 6881 UGGUUURA CUGAIXRAG X CCAA ANGAIRAD 7421 ATTATCIT C TTRAMCA
5178 6882 OCUGGUUU CUGAIKAG X OGAA AGANGRAIA 7422 TATCTICT T AAACCAGGS
5179 6883 UOCUGGUU CUGAGAG X CGAA ARGAMGAU 7423 ATCTICIT A AACCATGA
5194 6884 COCOCULY CUGAIGAG X OGAA. AUUUUUUC 7424 GADAAMAT A RARGEIG
5211 6885 UUCUGAAA CUGRALRAG X (GRAA AOOCACC 7425 GGIGEGAT T TTICAGRA
5212 6886 UUCUGRA. CUGAUGAG X CGAA AAICOCAC 7426 GIGGGATT T TTCAGARA
5213 6887 UUUUCUGA CURLGAG X OGRA ARAIXOCA 7427 TGGGATTT T TCAGAARA
5214 6888 UUUUUCUG CUGALGAG X QGAA  AARAICC 7428 GQGATTIT T CAGARARA
5215 6889 AUUUUCU CUGALXAG X CGAA AARAAIXC 7429 GGATTTIT C ACAMARAT
5224 6890 UCUUULOU CUGRADGAG X CGAA  AUTUTUCY 7430 AGARAAAT A ARAAANGR
5237 6891 GCUACAAA. CUGAIXAG X QRAA ACUUUCUU 7431 AAGARAGT T TTIGTAGC
5238 6892 ACCACPA CUGAGAG X ORA AACURCU 7432 2GAMAGTT T TIGTAGCT
5239 6893 CACCUACA. CUGAIIRG X (GAA ARACUUUC 7433 GARXGTTT T TGTACIG
5240 6894 ACACOURC COGAUGAG X CGAA ARMACIRIU 7434 AARGTTTT T GIAGCIGT
5243 6895 UGARCAGC CUGRAIGAG X CGAA ACRAAARC 7435 GITTTTGT A GCTGTICA
5249 6896 CECAACUG CUGAGRG X OAA ACAGORC 7436 GTAGCTGT T CAGTTGCC
5250 6897 UGGCAACU CUGAGAG X OGAA AMCAGUA 7437 TAGCIGIT C AGTIGOCA
5254 6898 UUAGUEC CUGAGAG X CGAA ACUGAACA 7438 TGTTCAGT T GOCACTRA
5261 6899 CAADCUCU CORIGAG X CRAA AGUGGCPA 7439 TICOCACT A NRAGATIG
5268 6900 GAOUGC CUGAGAG X CGAA ADCUCUUA 7440 TAAGAGAT T GCRCAGIC
5276 6901 GG CURADEAG X ORA ACUGUA 7441 TGCACAGT C ARAANCTC
5284 6902 UCUGUUUA. CUGAGAG X CGAA AGUUUUUG 7442 CARAARCT C TRAACACA
5286 6903 2EUGUGUU CUGALKGRG X OGRA AGRGUUUU 7443 AAAACTCT A AACACACT
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5295 6904 AUCCAMAC (CUGAUGAG X OGAA AGUGCUGUU 7444 AACACACT A GITTGGAT
5298 6905 GGAACCA CUGAUGAG X CGRA  ACTIAGUGU 7445 ACACTAGT T TGRATICC
5299 6906 ASGAAIXC CURAIKRAG X CRAA AACIAGUG 7446 CACTAGIT T GGATTCCT
5304 6907 TAUUUAGG CUGAUGAG X OGAA ALCCAAAC 7447 GTTTGGAT T CCTAAATA
5305 6508 ATADUIRG CUGADGAG X OGAA AAIXCAAA 7448 TTTGGATT C CTAAATAT
5308 6909 ARANTAU CORUGAG X QEAA AGGAAINC 7449 GGATTCCT A AATATTIT
5312 6910 CUGAARA CURALIGAG X OFAA AUUURGEA 7450 TCCTAAAT A TITTCAAG
5314 6911 UODCUUGAA CURADGRG X OGRA  ALRUOURAG 7451 CTAAATAT T TTCAAGAA
5315 6912 UOUCUUGA COGADGAG X OERAA AAUAUUUA 7452 TAAATATT T TCAAGAAA
5316 6913 UUUCUUG CUGALIGAG X OGAA  ARAIRAIUU 7453 AAATATIT T CAAGAAAA
5317 6914 QUUUUCUU COGAGAG: X OGAA  ARAAIALU 7454 AATATTTT C AAGAAAAG
5329 6915 AMOGAGAA CUGALGAG X CGRA ADUCUUUU 7455 AMAAGAAT C TICTOGIT
5331 6916 CAAACGRG CURADGRAG X CGEAA  ACAUUCUU 7456 AMGAATCT T CIOGTTIG
. 5332 6917 UCAAACGA CUGAUGAG X CEAA AAGAIIUCY 7457 AGRATCIT C TOGTTIGA
5334 6918 UUUCA2AC CUGALGRAG X CGAA ACANRAIU 7458 AATCTICT C GITTGAAA
5337 6919 AAUCA CUGAIGAG X OGAA ACGAGAAG 7459 CTTCICGT T TGAMACTT
5338 6920 AARGUUOC CUGADGRAG X CGAA ARCGAGAA 7460 TICTOGIT T GAAACTTIT
5345 6921 UUAADUCA CUGRUGRG X CGAA AGUUUCAA 7461 TIGRAACT T TGAATTAA
5346 6922 UUUAAIUC CUGALKGAG X CEAA AAGUUUCA 7462 TGAAACTT T GAATTARA
5351 6923 UUADUUU COGAUGAG X CGRA  AUCA2AG 7463 CTTIGAAT T AAAATARA
5352 6924 UUUUADUU CUOGALGAG X CGAA AAUUCAAA 7464 TTTGAATT A AAATAMAA °
5357 6925 ADGUGUU CUGAGAG X OGRA  AUUUURAL 7465 ATTAAAAT A AMACACAT
5366 6926 GUGGAGIA CUGAUGAG X CGAA AUGUGUUU 7466 AMACACAT T TACTOCAC
5367 6927 UGUEEART CUGADGRG X CGAA  AALGUGUU 7467 AMNPLATT T ACTCOCACA
5368 6928 QUGG CORIGAG X CGAA  ARADGUGRU 7468 AMCACATTT A CTOCACAG

Where “X” represents stem II region of a HH ribozyme (Hertel et al., 1992 Nucleic Acids
Res. 20: 3252). The length of stem II may be > 2 base-pairs.
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SEQ. I.D. RPI Sequence
NO. Numbex
196 14240 CsCsCstge  CUGALGaggceguuaggeoGaa, _Aqucgag B
278 14244 FsWCl.gac cUGALGaggccguuaggeoGaa Alnnugeca B
204 14252 | giCugage cUGAIGagyeeguuaggecGaa Acaagqug B
281 14260 Cig:cca cUGALGaggecguuaggcaGaa, Aaggugg B
3581 14336 CUGALGaggecguuaggecGaa Alucuu. B
3504 14341 | quug.gea cUGAUGaggcoguuaggecGaa Auanuc B
4993 14437 Cuug.aag cUGAUGaggccguuaggeaGaa Aacunu B
5090 14452 Sg:g:asuga cUGAUGaggceguuaggecGaa  Aguuaucg B
IRl 13196 Ca.Cg.guc cUGAUGaggccguuaggecGaa  Acgagac B
IR2 13201 CaGe3:J.gcu CUAGUGaggecguuaggecGau  Aaugege B
6929 S uucu cCOGALGaggccguuaggecGaa. Icucuue B
6930 C.aGucoc cUGAUGAaggcoguuaggecGaa Iecuucu B
6931 Y.g.g.a,00@ cUGAGaggcoguuaggecGaa  Igqugga B
6932 Wo.C.a,gn cUGAuGaggeoquuaggecGaa  Tuaguag B
6933 Ga.an cUGAUGaggecquuaggecGaa Icacaac B
6934 WCCuuce cUGAUGaggceguuaggecGaa Tugaccc B
6935 1.g.CUuag  cUGALGaggcoquuaggecGaa Igugaag B
6936 wuaa.can cGAnGaggcoguuaggccGaa Tugcage B
6937 Caugu  cUGALGaggecguuaggecGaa Iuagagg B
6938 a, cUGAuGaggcoguuaggecGaa  Igquage B
6939 LR-NeA:s e coguuaggecGaa Iccacag B
6940 SWwg,cuia ¢ cGaa T B
6941 cUAuGaggeoguuaggecGaa  Touggag B
6942 c c ggccGaa  Icugugg B
6943 G&.d:.g.can cUOGALGaggcoquuaggecGaa  Icacagg B
6944 CU.g.g,acy cUGAuGaggcoquuaggecGaa  Tuggggg B
6945 el g.coc cUGAnGaggeoquuaggecGaa  Iogague B
6946 TG a,coc cUAUGaggcoquuaggecGaa Teccugg B
6947 SLWC.cg cUGAGaggecquuaggecGaa  Tacccag B
6948 & uuguge  cUGAnGaggccguuaggecGaa  Touugua B
6949 cANGaggeequuaggecGaa  Igaggee B
6950 %3,69,90u clGAUGaggecguuaggecGaa  Iggguoy B
6951 SaU3,200 cUShuGaggecguuaggecGaa Tqugaquu B
6952 2,U,3,3,00u cUGALGaguccguuaggecGaa _ Tuguuy B
6953 C.Caaugeu  cUGRuGaggcoquuaggecGaa Jlacgggu B
6954 agud.gec  cURLGaggcoguuaggecGaa  Tuuaaca B
6955 2,0.g.u.g0u cUGAuGaggccquuaggecGaa Tuugueg B
6956 Cad.C.age  cUGRAuGaggcoquuaggecGaa  Tagggqu B
6957 9.9:3,C. gy cUGRLGaggeoquuaggecGaa Iggggug B
6958 Gacca cUEuGaggeoguuaggecGaa Teuggac B
6959 SatLbU.gog cUEALGaggecquuaggecGaa Igogugg B
6960 Sag.cuga cUGRuGaggecoquuaggecGaa  Iggqugea B
6961 SGAGagu cUGAUGaggecoguuaggecGaa Iacacac B
6962 WJ.0.uggu cUGALGaggccquuaggecGaa  Tuogucu B
6963 9.C:2,0.Clg  cWGAuGaggeoquuaggecGaa  Tggguge B
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6964 Cagdagag clGAuGaggccguuaggecGaa  Icugouu B
6965 auuuge cUGAUGaggccquuaggecGaa  Tugcaau B
6966 g.Cu.g.cuc  cUGANGaggccguuaggecGaa  Iuaacaa B
6967 aaug.aac cCOGAUGaggccguuaggccGaa  Icuugee B
6968 aauc.om cUGALGaggcoguuaggecGaa  Icagecu B
6969 ag.agucu cUGANGaggecguuaggecGaa  Icuucau B
6970 uu.caayg cUGALGaggcoguuaggecGaa Tuuucu B
6971 G caam  cUGALGaggcoguuaggeeGaa  Iquuuue B
6972 aGuu.caa cUGALGaggccguuaggecGaa  Igguuuue B
6973 aguugga cUGAUGaggcequuaggecGaa  Taunnu B
6974 Cacagu cUGALGaggccquuaggecGaa  ITaagawu B
6975 9.C.2,C.agu  cUGALGaggceguuaggecGaa  Igaagau B
6976 uug.aage cUGAuGaggecoguuaggecGaa Icacagu B
6977 wuuuame cOGANGaggeoguuaggecGaa  Tuugaag B
6978 aug.c.ccu cUGAUGaggecquuaggecGaa  Taaacau B
6979 Wu.g.c.aag cUGAuGaggecguuaggecGaa  Tugucaa B
6980 ag.d.a.0ea cOGAUGaggcoguuaggccGaa  Icauggqu B
6981 wagg.aga cUGAuGaggcoquuaggeccGaa Igcaugy B
6982 g.9.0a,cuc  cUGRUGaggecquuaggecGaa  Igcauag B
6983 wa.ag.aac cUGANGaggcoquuaggceGaa  Icagucu B
6984 A.C.C.aag cUGAUGaggcoguuaggccGaa  Juaaaaa B
_ 6985 c.a.g,c.acu cUGAuGaggcequuaggecGaa  Igcaaga B
6986 acuugee cUGALGaggecquuaggecGaa Icacugg B
6987 wug.aace cUGAUGaggcoguuaggecGaa  Tugocuce B
6988 Gcacaa cUGAuGaggcoguuaggecGaa  Ieonam B
6989 auaaucu cUGAuGaggccquuaggecGaa  Igaawuc B
6990 g.CCasany cUGANGaggcoguuaggecGaa  Tacouuu B
6991 wug.c.cea cOGALGaggcoguuaggecGaa  Tagaccu B
6992 aucugea cUGAuGaggeoguuaggeeGaa  Icuccau B
6993 cuaccan cUGAUGaggecquuaggecGaa  Iccauau B
6934 GuC g2y cUGAuGaggcoguuaggeeGaa  Teugeug B
6995 Sacuoga cUGALGaggcegquuaggecGaa  Tugocuge B
6996 cucg.acu cUGAUGaggccguuaggecGaa  Tucccog B
6997 aam cUGAuGaggecoguuaggecGaa  Icoguag B
6998 WC.g.C.agg  cUGAMGaggeogquuaggecGaa  Jaauugg B
6999 cuuuue cOGALGaggecquuaggecGaa  Icccuoy B
7000 cucuu@ ¢ ccGaa Tasacu: B
7001 wa.agua cUGAuGaggcoquuaggecGaa  ITuuccug B
7002 aug.ugua cOGANGaggcoguuaggecGaa Tuuaagu B
7003 c! ccquuaggecGaa  Tuaaquu B
7004 We,Gu.gu cUGAuGaggeequuaggecGaa Icacgge B
7005 caguuce cUGALGaggeoguuaggecGaa  Tuuggea B
7006 w.g.g.ugou cOGhuGaggccguuaggecGaa  Tucgaug B
7007 wucuuga cUGANGaggcoguuaggecGaa  Ioggcag B
7008 acuuuga cUGAUGaggcoquuaggecGaa  Icacuuc B
7009 gguugga cUGANGaggcoquuaggecGaa Icauucu B
7010 g.a,c.a.g0u_ cUGAuGaggcogquuaggecGaa  Icaquog B
7011 uguugu cUGALGaggccquuaggecGaa Igcugea B
7012 a,cu.c.gac cUGALGaggcoquuaggecGaa  Iogouga B
7013

ca.g.auce cUGAuGaggccquuaggecGaa
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7014 a8 0.augc cUGALuGaggecquuaggecGaa  Tauqugg B
7015 9.Gea.C.gal1 cUGALGaggccguuaggecGaa  Ianuga B
7016 a,9,c.a.00a cUGALGaggceguuaggecGaa  Igaunug B
7017 Wog.uu0g COGANGaggceguuaggecGaa  Tuacugg B
7018 CUug.guyg cUGALGaggeeguuaggccGaa Iguacug B
7019 Cga.ugac cUGALGaggecguuaggecGaa  Iaggagg B
7020 9.9,8,u.gag cUGANGaggeccguuaggecGaa  Tuncga B
7021 ag.g.aca cUGAUGaggccquuaggecGaa  Tuaagge B
7022 aGug.gan cUGALGaggecguuaggecGaa  Jacaugu B
7023 Cacugga cUGAUGaggecguuaggecGaa  Igacaug B
7024 weCaaa cUGAUGaggccguuaggecGaa Tagucuc B
7025 GG ucu cUGAUGaggccguuaggecGaa Icucuc B
7026 C.acucec cUGALGaggecquuaggecGaa_ Iccuucu B
7027 wo.d.agga cUGAUGaggccguuaggeoGaa Iggugga B
7028 Wd.Cagou clGAnGaggecguuaggecGaa Iuaguag B
7029 d.a:Caam cUGAuGaggcogquuaggecGaa  Icacaac B
7030 wc.cuuce cUGAUIGaggecguuaggecGaa  Tugacce B
7031 U.0,cuiag cUGANGaggecguuaggecGaa Igugaag B
7032 uu.a.a.can cUGALGaggccquuaggecGaa  Tugcage B
-7033 a0.Cuugu  cCUGALGaggecquuaggecGaa  Tuagagg B
7034 2:C0,g,guy cUGAIGaggceguuaggecGaa  Iggugge B
7035 wa.guagm cUGAuNGaggeccgquuaggccGaa  Iccacag B
7036 S g,Cua cUGAuGaggecquuaggecGaa Iggugaa B
7037 999,90 cUGALCaggecquuaggecGaa  Tauggag B
7038 cUGALGaggcequuaggecGaa  Icuquexy B
7039 Sag,g.car cUGAGaggeccguuaggecGaa  Icacagg B
7040 SWL.g.9.30y cUGALGaggccquuaggecGaa  Tuggggg B
7041 Zuu.g.ccc cUGAUGaggcequuaggecGaa  Iogaguc B
7042 gccc cUGAUGaggcoguuaggecGaa Icccugg B
7043 Suuc.cuy cUGAUGaggcoquuaggecGaa  Tacccag B
7044 auuguge cUGAUGaggeequuaggecGaa Icuugua B
7045 CUGALGagyC! ccGaa Igaggcc B
7046 %:3,Cg,gou cUGAuGaggecgquuaggecGaa Igggugg B
7047 Saua.agg CUGRUGaggcoguuaggecGaa  Igugouu B
7048 auaagou cUGANGaggecquuaggecGaa  Tugguug B
7049 SGaugou cUGAUGaggecquuaggecGaa  Jacgggu B
7050 agug.gec cUGAUGaggecguuaggecGaa  Tuuaaca B
7051 cUGALGaggcequuaggecGaa  Tuguog B
7052 S gcage cGAuGaggecguuaggecGaa  Taggoou B
7053 d. CUGRuGaggecquuaggecGaa  Iggogug B
7054 gMGacoa cUGAuGaggecquuaggecGaa  Icuggac B
7055 SUuu.gyy clGAUGaggcoquuaggecGaa  Tgogugg B
7056 C:ag.Gua  cUGAuGaggcequuaggecGaa  Tggugea B
7057 SCi3,Ca0u  cUGALGaggcoguuaggccGaa  Jacacac B
7058 ud.gugqu cUGAUGaggcoquuaggecGaa  Tuogucu B
7053 cUGALGaggeoguuaggecGaa  Igoguge B
7060 Cad.ageg cUGAUGaggcoguuaggecGaa  Teugouu B
7061 aauuuga cUGANGaggcoguuaggecGaa  Jugcaau B
7062 g.Cug.cuc  UGAUGaggcequuaggcoGaa  Juaacaa B
7063 a.aw.g.2ac cUGALGaggecquuacggecGaa  Icuugee B
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7064 Aaca  cUGALGaggccquuaggecGaa, Icagccu B
7065 a0.a.gucu cGANGaggccguuaggeeGaa Iamucau B
7066 WU, C.a.aug cmmlcaggcwmaa ITunucu B
7067 C.lLu.C.aau c%mg%@a Igunuc B
7068 a.cuucaa cUGAUGaggecquuaggecGaa Iggunm B
7069 aguugga cGALGaggeoquuaggcoGaa  Tainnnu B
7070 C&:G:a,0u  cUGAuGaggccauuaggecGaa Iaagauu B
7071 C c C cGaa Igaagau B
7072 wLug.aage cUGAUGaggccguuaggecGaa Icacagu B
7073 LutLuie cUGAUGaggecquuaggecGaa Tuugaag B
7074 AL g.c.ocu cUSANGaggcoquuaggecGaa  Tasacau B
7075 2.0.C.88g cUGAuGaggeoquuaggecGaa Tugucaa B
7076 ag.ga.gea cUGAnGaggecquuaggecGaa Icauggu B
7077 Wagd.aga clEAuGaggccqumaggecGaa A Igcaugg B
7078 gcuc cUGhuGaggecquuaggecGaa  Igcauag B
7079 WLa.ag.aac cUGAuGaggecquuaggecGaa Icagucu B
7080 Fa8,C,C.28g cUGAUGaggcoguuaggecGaa Tuaaaaa B
7081 Gag.cacu cUGAUGaggecguuaggecGaa Igcaaga B
7082 aCMugee COGALGaggcoquuaggeeGaa  Icacugg B
7083 Uhg.a.ace clGEAuGaggecquuaggccGaa  Tugcuce B
7084 CiC.a.Caua  cUGANGaggcoguuaggecGaa  Icaunnm B
7085 aua.aucu mcﬁggwcGaa Igaauuc B
7086 cequuaggecGaa  Tacowu B
7087 uu.g.c.caa cmcaggccg% Iagaccu B
7088 aucugea ciGAuGaggcoguuaggecGaa Icuccaun B
7089 Gua.ccan cUGALGaggcoguuaggecGaa  Iccanau B
7090 SULc.g.aug cUGnGaggccguuaggecGaa  Tougeug B
7091 Sa,cu.cga cUGAUGaggeoquuaggecGaa Tugcuge B
7092 SUcg.acu cUGAuGaggcoguuaggecGaa  Tucccog B
7093 g,am cUuGaggccquuaggecGaa Icoguag B
7094 L59,Ga0y cUGRuGaggeegquuaggecGaa Taauugy B
7095 SGunuuge cUGAUGaggccguuaggecGaa  Icccucy B
7096 SGUuga cUGANGaggccquuaggecGaa  Taaacuu B
7097 Ya.agua diuGaggccquuaggecGaa Tuuccug B
7098 @Mcmﬂmma Tuuaagu B
7099 cGaa Tuaagquu B
7100 U,C,C,E‘SLM cmmm_ass@a Icacgge B
7101 Saguuce cOuGaggeoguuaggecGaa  Tuuggea B
7102 Yg,gaugen clnGaggecquuaggecGaa  Tucgaug B
7103 LLGWuga cUGAuGaggcoguuaggecGaa Toggeag B
7104 aGLuura cUGAUGAggcoquuaggecGaa. Icacue B
7105 WLugga cUGALGaggcoquuaggecGaa  Icauucu B
7106 cUFuGaggcoquuaggecGaa  Icagugg B
7107 Lo cUGALGaggccgquuaggecGaa Igcugca B
7108 aGucgec cOGAuGaggcoquuaggecGaa Iogcuga B
7109 C.a.g.aucc  cUGALGaggcoguuaggccGaa Igeagaa B
7110 a,3.g.3,u0c cUGAuGaggcoquuaggecGaa Taugqugg B
7111 aC.gan cUGALGaggcoguuaggecGaa Icunga B
7112 C cORLGaggccguuaggecGaa  Igouuug B
7113 u, ¢ coguuaggecGaa  Tuacugg B
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7114 Sg.d.uy cUGAUGAaggcogquuUaggecGaa  Iguacug B
7115 C, Ugac cUGAUGaggccguuaggecGaa Taggagg B
7116 gu9:3,U:0eg cUGALGaggCccquuaggecGaa  Tuuucga B
7117 2L9.g.aca cUEAuGaggecguuaggecGaa  Tuaagge B
7118 aCW.g.gau cUGALGaggcequuaggecGaa  Jacauqu B
7119 GacUgR  cUGALGaggcequuaggeoGaa Igacaug B
7120 LG Guaaa cCOGRUGaggcoguuaggecGaa  Tagucuc B
7121 2,%,Guuu cUAuGaggeequuaggecGaa  Tuagagg B
7122 S g.cua cGAuGaggccquuaggecGaa  Iggugea B
7123 cUGALGaggccquuaggecGaa  Tcuggag B
7124 9:3.9.9.9gu _cUGALGaggecguuaggecGaa  Tougugg B
7125 Sucoy clEAuGaggccguuaggecGaa Tacccag B
7126 9:9.9.0:.u0a cUGAuGaggeoquuaggecGaa  Igaggee B
7127 9:2:6:g00 cUGALGaggeequuaggecGaa  Igggquog B
7128 a,4,3,3,g0u cUAuGaggecguuaggecGaa  Tugguug B
7129 SGaugou cUGAUGaggceguuaggecGaa Jacggou B
7130 9.52.g,cug  cUGALGaggeequuaggecGaa  Tggguge B
7131 ag. CUGALGaggcoguuaggecGaa  JTauuam B
7132 Lu.g,3.a0c cUGAuGaggeeguuaggecGaa  Icacagu B
7133 C.CaCan cUGALGaggceguuaggecGaa  Iecuunm B
7134 Sucuue cUGAuGaggcequuaggecGaa  Taaacuu B
7135 acucgac cUGALGaggcoguuaggecGaa Iogcuga B
7136 28,0 2,ugc cUAuGaggcogquuaggecGaa  Taugugg B
7137 a,g,6.a,00m cUGALGaggccguuaggecGaa  Igouung B
7138 cOGALGaggccquuaggecGaa  Tuacugg B
7139 aGug.gan cUGAuGaggcoquuaggecGaa  Tacaugu B
7140 u.C.Guasa cUGRUGaggeccquuaggecGaa  Tagucuc B
7141 caccuc GgagoasacucC QU UCAAGGACAUCGUCOGESG auggu B
7142 g WRAJ.2g geauGeacuauge gog augaucuace B
7243 i, WADZg geauGeacuauge gog auaucmgy B

lower case = 2'0OMe
U =2'-C-Allyl-U
GA, U=rbo GA, U

s = phosphorothioate linkages

s2=dithioate linkages
B = inverted abasic
|=ribo-Inosine
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13.

Claims

. A nucleic acid molecule capable of specifically inhibiting expression of gene

encoding TR2 Orphan Receptor.

The nucleic acid molecule of claims 1, wherein said nucleic acid molecule is an
enzymatic nucleic acid molecule.

The nucleic acid molecule of claim 1, wherein said nucleic acid molecule is an
antisense nucleic acid molecule.

The nucleic acid molecule of claim 2, wherein the binding arms of said nucleic
acid molecule comprise sequences complementary to any of sequences of Seq ID
Nos 4172-4950.

The nucleic acid molecule of claim 3, wherein the nucleic acid molecule
comprises sequences complementary to any of sequences of Seq ID Nos 4172-
4950.

The nucleic acid molecule of claim 2, wherein said nucleic acid molecule is in a
hammerhead motif.

The nucleic acid molecule of claim 2, wherein said nucleic acid molecule is in a
hairpin, hepatitis Delta virus, group I intron, VS nucleic acid or RNase P nucleic
acid motif.

The nucleic acid molecule of claims 2 or 3, wherein said nucleic acid molecule
comprises between 12 and 100 bases complementary to RNA encoding the TR2
Orphan Receptor.

The nucleic acid molecule of claims 2 or 3, wherein said nucleic acid molecule
comprises between 14 and 24 bases complementary to RNA encoding the TR2
Orphan Receptor.

The nucleic acid molecule of claim 6, wherein said nucleic acid molecule
comprises any of sequence of Seq ID Nos 3393-4171.

The nucleic acid molecule of claim 2, wherein said nucleic acid molecule is an
enzymatic DNA molecule.

The nucleic acid molecule of claim 1, wherein said TR-2 Orphan Receptor is TR2-
11 Orphan Receptor.

The nucleic acid molecule of claim 1, wherein said TR-2 Orphan Receptor is TR2-

9 Orphan Receptor.
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14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

A nucleic acid molecule capable of specifically inhibiting expression of gene
encoding EAR3/ COUP-TF-1.

The nucleic acid molecule of any of claims 14 wherein said nucleic acid molecule
is an enzymatic nucleic acid molecule.

The nucleic acid molecule of any of claims 14 wherein said nucleic acid molecule
is an antisense nucleic acid molecule.

The nucleic acid molecule of claim 15, wherein the binding arms of said nucleic
acid molecule comprise sequences complementary to any of sequences of Seq ID
Nos 5248-5544.

The nucleic acid molecule of claim 16, wherein the nucleic acid molecule
comprises sequences complementary to any of sequences of Seq ID Nos 5248-
5544.

The nucleic acid molecule of claim 15, wherein said nucleic acid molecule is in a
hammerhead motif.

The nucleic acid molecule of claim 15, wherein said nucleic acid molecule is in a
hairpin, hepatitis Delta virus, group I intron, VS nucleic acid or RNase P nucleic
acid motif.

The nucleic acid molecule of claims 15 or 16, wherein said nucleic acid molecule
comprises between 12 and 100 bases complementary to RNA encoding EAR3/
COUP-TF-1.

The nucleic acid molecule of claims 15 or 16, wherein said nucleic acid molecule
comprises between 14 and 24 bases complementary to RNA encoding EAR3/
COUP-TF-1.

The nucleic acid molecule of claim 19, wherein said nucleic acid molecule
comprises any of the sequences of Seq ID Nos 4951-5247.

The nucleic acid molecule of claim 15, wherein said nucleic acid molecule is an
enzymatic DNA molecule.

A nucleic acid molecule with RNA cleaving activity, wherein said nucleic acid
molecule cleaves RNA encoded by a GATA transcription factor gene.

The nucleic acid molecule of claim 25, wherein said GATA transcription factor
gene is GATA transcription factor 2 gene.

The nucleic acid molecule of claim 25, wherein said GATA transcription factor

gene is GATA transcription factor 3 gene.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

The nucleic acid molecule of claim 25, wherein said GATA transcription factor
gene is GATA transcription factor 4 gene.

The nucleic acid molecule of claim 25, wherein said GATA transcription factor
gene is GATA transcription factor 6 gene.

The nucleic acid molecule of claim 25, wherein said nucleic acid molecule is an
enzymatic nucleic acid molecule.

The nucleic acid molecule of claim 30, wherein the binding arms of said nucleic
acid molecule comprise sequences complementary to any of sequences of Seq ID
Nos 1-1696.

An antisense nucleic acid molecule capable of specifically inhibiting the
expression of a GATA transcription factor gene, wherein said antisense nucleic
acid molecule comprises sequences complementary to any of sequences of Seq ID
Nos 1-1696.

The nucleic acid molecule of claim 30, wherein said nucleic acid molecule is in a
hammerhead motif.

The nucleic acid molecule of claim 30, wherein said nucleic acid molecule is in a
hairpin, hepatitis Delta virus, group I intron, VS nucleic acid or RNase P nucleic
acid motif.

The nucleic acid molecule of claims 30 or 32, wherein said nucleic acid molecule
comprises between 12 and 100 bases complementary to RNA encoding a GATA
transcription factor.

The nucleic acid molecule of claims 30 or 32, wherein said nucleic acid molecule
comprises between 14 and 24 bases complementary to RNA encoding GATA
transcription factor.

The nucleic acid molecule of claim 33, wherein said nucleic acid molecule
comprises any of the sequences of Seq ID Nos 1697-3392.

The nucleic acid molecule of claim 30, wherein said nucleic acid molecule is an
enzymatic DNA molecule.

A nucleic acid molecule capable of specifically inhibiting expression of gene
encoding IRF-2.

The nucleic acid molecule of any of claims 39 wherein said nucleic acid molecule

1s an enzymatic nucleic acid molecule.
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41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

The nucleic acid molecule of any of claims 39 wherein said nucleic acid molecule
is an antisense nucleic acid molecule.

The nucleic acid molecule of claim 40, wherein the binding arms of said nucleic
acid molecule comprise sequences complementary to any of sequences of Seq ID
Nos 5967-6388.

The nucleic acid molecule of claim 41, wherein the nucleic acid molecule
comprises sequences complementary to any of sequences of Seq ID Nos 5967-
6388.

The nucleic acid molecule of claim 40, wherein said nucleic acid molecule is in a
hammerhead motif.

The nucleic acid molecule of claim 40, wherein said nucleic acid molecule is in a
hairpin, hepatitis Delta virus, group I intron, VS nucleic acid or RNase P nucleic
acid motif.

The nucleic acid molecule of claims 40 or 41, wherein said nucleic acid molecule
comprises between 12 and 100 bases complementary to RNA encoding IRF-2.

The nucleic acid molecule of claims 40 or 41, wherein said nucleic acid molecule
comprises between 14 and 24 bases complementary to RNA encoding IRF-2.

The nucleic acid molecule of claim 44, wherein said nucleic acid molecule
comprises any of sequence of Seq ID Nos 5545-5966.

The nucleic acid molecule of claim 40, wherein said nucleic acid molecule is an
enzymatic DNA molecule.

A nucleic acid molecule capable of specifically inhibiting expression of gene
encoding CAATT Displacement Protein (CDP).

The nucleic acid molecule of any of claims 50 wherein said nucleic acid molecule
is an enzymatic nucleic acid molecule.

The nucleic acid molecule of any of claims 50 wherein said nucleic acid molecule
is an antisense nucleic acid molecule.

The nucleic acid molecule of claim 51, wherein the binding arms of said nucleic
acid molecule comprise sequences complementary to any of sequences of Seq ID
Nos 6929-7468.

The nucleic acid molecule of claim 52, wherein the nucleic acid molecule

comprises sequences complementary to any of sequences of Seq ID Nos 6929-

7468.
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55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

The nucleic acid molecule of claim 51, wherein said nucleic acid molecule is in a
hammerhead motif.

The nucleic acid molecule of claim 51, wherein said nucleic acid molecule is in a
hairpin, hepatitis Delta virus, group I intron, VS nucleic acid or RNase P nucleic
acid motif.

The nucleic acid molecule of claims 51 or 52, wherein said nucleic acid molecule
comprises between 12 and 100 bases complementary to RNA encoding CDP.

The nucleic acid molecule of claims 51 or 52, wherein said nucleic acid molecuie
comprises between 14 and 24 bases complementary to RNA encoding CDP.

The nucleic acid molecule of claim 55, wherein said nucleic acid molecule
comprises any of sequence of Seq ID Nos 6389-6928.

The nucleic acid molecule of claim 51, wherein said nucleic acid molecule is an
enzymatic DNA molecule.

A cell including a nucleic acid molecule of any of claims 1, 14, 25, 32, 39, or 50.
The cell of claim 61, wherein said cell is a mammalian cell.

An expression vector comprising nucleic acid sequence encoding the nucleic acid
molecule of any of claims 1, 14, 25, 32, 39, or 50, in a manner which allows
expression and/or delivery of that nucleic acid molecule.

A method for synthesis of erythropoietin protein, comprising the steps of: (a)

contacting a cell with a nucleic acid molecule of any of claims 1, 14, 25 or 32
under conditions suitable for the synthesis of said erythropoietin protein; and (b)
purification of the erythropoietin protein from said cell.

A method for synthesis of granulocyte colony-stimulating factor (G-CSF) protein,
comprising the steps of: (a) contacting a cell with a nucleic acid molecule of claim

39 under conditions suitable for the synthesis of said G-CSF protein; and (b)
purification of the G-CSF protein from said cell.

A method for synthesis of interferon alpha protein, comprising the steps of: (a)
contacting a cell with a nucleic acid molecule of claim 50 under conditions
suitable for the synthesis of said interferon alpha protein; and (b) purification of
the interferon alpha protein from said cell.

A method of increasing the level of erythropoietin protein in a cell, comprising the

step of contacting the cell with a nucleic acid molecule of any of claims 1, 14, 25
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68.

69.

or 32 under conditions suitable for achieving said increase in the level of said
erythropoietin protein.

A method of increasing the level of G-CSF protein in a cell, comprising the step of
contacting a cell with a nucleic acid molecule of claim 39 under conditions
suitable for achieving said increase in the level of said G-CSF protein.

A method of increasing the level of interferon alpha protein in a cell, comprising
the step of contacting a cell with a nucleic acid molecule of claim 50 under
conditions suitable for achieving said increase in the level of said interferon alpha

protein.
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